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1 INTRODUCTION AND BACKGROUND

1.1 The Neolithisation of Europe

The spread of the Neolithic to centralirBpe, leading to a shift in human

subsistence from hunting and gathering to an agricultural way of life, is
undoubtedly one of the most important developmental processes in the
history of humankind, and has therefore been the focus of research for more
than a century, even before Gordon

Revolutiono.

The endeavour to understand neolithisation processes focuses on several
questions: These include the neattof cultural or demic diffusion, the
Neolithic contribution to the odern European gene pool, the route of
neolithisation and the relative contributions of male and female Near eastern
pioneers from the Near East. Although the first two questions caa, to
certain extent, be addressed using a multidisciplinary approachvimy
archaeological methods, genetic analyses can also provide objective data

where typological analyses can only make assumptions.

The degree to which the transmission to agriculivae the result of cultural

or demic diffusion(CavalliSforza et al.,1993) is an example for the
additional insights provided by genetic data. The former represents the
transfer of knowledge, the adoption of innovative agricultural technologies
and lifesyles by local, previously huntgatherer populations
(acculturation), i.e. new agricultural technologies and lifestyles were
adopted by the local, previously huntgatherer populations. The latter
denotes the replacement of the existing hugsgherer gne pool by that of
new settlers originating from the Near East, bringing with them new

agricultural technologies.

The traditional archaeological approach to this problem is a typological one:

Substantial continuity of artefact traditions such distincive stone tool

Chi
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shapes or pottery designs with a certain degree of innovation is usually cited
as an indication of acculturation. Abrupt changes toward artefact types
known from established Neolithic cultures elsewhere, such as the transition
from trapezoid asymmetric arrowheads to symmetrical blades east of the
Rhine and Neckar in the early Neolithic, or the sudden advent of
Linearbandkeramiktype pottery in Germany, are often interpreted as
evidence of demic diffusioriBarfield, 1971) Based onclassicalgenetic
markers, which indicated a geographic cline, Ca&fitirza(1993) argued

for the demic diffusion ofiwave of advanaemodel, i. e. replacement of
existing hunteigatherer populations by the incoming farmers with little
admixture betweerthe groups thereby inferring that modern European

populations are descended almost solely from these Neolithic pioneers.

However, it is unlikely that demic and cultural diffusion can be strictly
divided: In most cases the true question would probablybeotvhich
scenario is correct, but to what percentage the various models contributed to
demographic development in the region in question. And indeed, ancient
DNA studies (most based on mitochondrial DNA, but also an increasing
number of palaeogenomic stad in moe recent years) indicate very
different patterns of relative huntgatherer and Neolithic contributions and
general admixture and highlight the necessity of addressing this question on
a regional basis. Indeed, a study by Bollongino et28l13 demonstated a
co-existence of huntegatherers and farmers for over two millennia,
indicating that the entire question of cultural versus demic diffusion is by no
means as simple as originally thought. Furthermore, genetic studies indicate
that the Neal t hi ¢l Witrieend was by no means a nec:¢
uniform event, but rather seems to have taken place in a series of waves and
along different coastal and land rou{@nhasi et al., 2012Regarding the
source of these migrations, two recentdgts indcate a direct genetic link
between the first farmers and throughout Europe with Greek/Anatolian
Neolithic individuals(Hofmanova et al., 2016; Omrak et al., 2016)
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In general, ancient DNA studies indicate widespread demic diffusion
throughout Europe, revidag genetic discontinuity and the appearance of
new mitochondrial haplogroups which were not present in the previous
huntergatherer populations. For example, Beari et al. (2009)
demonstrated that mitochondrial haplogroup U was predominant in
huntergaherer populations (an observation that has been consistently
confirmed through subsequent analyses, see Sectior#.2.3)] while the
Neolithic LBK groups showedaplogroups which had been previously
absent, such as H, T, J and J. On the other hand;hmondrial haplogroup
Nla was observed at high frequencies in LBK individuals, but is almost
completely absent in modern European populatigti@ak et al., 2005)
Same studies, however, observe a certain degree of continuity between
Neolithic and modern paations, especially in SouWestern Europe
(Sampietro et al., 2007)n addition, a later influx from the Steppe region
(see Section 1.2) reintroduced certain tewgatherer haplogroups absent in
LBK populations, so that the presence of these haplograxged not

necessarily indicate local continuity.

Percentages of relative contribution calculated in population genetic studies
vary, depending on the type of dataalysed (mtDNA or Ychromosomal
DNA, reflecting maternal or paternal lineages, or autosomal
markers/genomic DNA) and the populations studied. A comparison of the
currently available European Neolithic genomes with a large number of
modern data setfazaidis et al., 2014¥5hows that this research question is
far more complicated: According tchdir findings, modern European
populations are derived from three ancestral groups: Ancient North
Eurasians (ANE), early European Farmers (EEF) and West European
Hunter Gatherers (WHG) in varying ratios. The EEF group, which resulted
from admixture betweenncoming NearEastern farmers and European
huntergatherer populations (although the specific times and places of this
admixture is not determined) constitutes tg 90% of Mediterranean

population ancestry (even >100% in Sicilians, indicating that thpsifation
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has more Near Eastern ancestry than can be explained by EEF admixture

alone).

In addition, not just the presence of a Near Eastern genetic signature is
decisive, but the time at which it was introduced into the population in
question. For exame] Achilli et al. (2007) analysed the preseday
mitochondrial DNA from three regions in Tuscany (Casentino, Murlo and
Volterra), one of which showed much higheead Eastern haplogroup
frequencies that the other two. As the region in question, Murlaf is
putative Etruscan origin, the authors inferred that the Near eastern signature
was introduced by incoming Etruscans, who were interpreted by the authors
as beingof direct Near eastern origin. However, a later direct analysis of
Etruscan ancient DNA bghirotto etal. (2013) indicates that the genetic
affinity between the Etruscan population and the Near East is over 5,000
years old, indicating a local origin ofhé¢ Etruscan culture. This
demonstrates the necessity of taking later demographic changes and
population histories into account when inferring Neolithic ancestry.

The routes wupon which the HANeolithic pa
various regions of Europe also subject to debate. The archaeological

record (pottery styles) indicates that thetardl innovations were spread

along different routes: On the one hand via the Danubian/Balkan route,

spreading into northern and central Europe as lthmearbandkeamik

culture, and on the other hand via a seafaring route along the Mediterranean

coast (Adratic Impressed Wape through Greece and the Mediterranean

islands, around Italy and up the Adriatic coastline to the Po Plain and the

later Cardial spreading into the Iberian peninsula and the South of France

(Burger and Thomas, 2011; Olalde et al., 2015

Paschou et al(2014) performed a population network analysis using
genomewide data from modern populations throughout the Mediterranean

and Anatolia. Their data indicate a higher rate of Neolithic gene flow via the
southern route, hooyppmeagros vealpeeindal by d
Dodecanese.
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1.2 Bronze Age Europe and the Pontic steppe migration

The Bronze Age is characterised by the advent of metallurggginning

with the Copper Age (or Eneolithic) and, after the addition of tin to copper
to form the hardebronze, folowed by the actual BronzAge. Whether
metallurgy was imported to Europe from other regions or whether it was
developed independently in various places of origin is still a point of debate
in archaeology. However, recent palaeogenomic stu@iéentoft et al.,
2015; Haak et al.2015) support thefiSteppe hypothesis i.e. a mass
migration during the early Bronze Age from the Pontic steppe in various
directions, including Europe. Specifically, the steppe herders of the
Yamnaya Culture appear to have expaththeir range, heavily fluencing

the Corded Ware and Bell Beaker cultures, possibly representing the origin
of the IndeEuropean languag@Haak et al., 2015)The second notable
technological advancement, namely domestication of the horse and use of
chaiots, can also be attribed to the incoming steppe herders
(Chechushkoet al., 2018).

The Bell Beaker culture spread throughout Europe from the Copper Age to

the early Bronze Age from approximately 2900 to 2100 cal. B@tler

and van Willigen, 2001) Bell Beaker assemblagesrea not only

characterised by their distinct, bslhaped pottery style, but also specific

met al object st spuedh a@cp pieBre ak®&gger s and a
arrowheadgqBarfield, 1971; Price et al., 1994Furthermore, Price et al.

note that Beaker bias are often those of robust males, and are frequently

associated with horses: either through animal bgAesaroli, 1972, 1985)

or through distinct osteological features in the region of the femur and

acetabulm indicative of horseback riding, such aQuedlinburg

individual 26 (Mathieson et al., 2015aJhis has led to theories of the Bell

Beaker folk representing a type of fAwarr

gener al interpretabheanomendbndhba8ebbeBeak
of long debat, with the Iberian Peninsulahaving been proposed as a

possible origin, as the earliest sites with Bell Bedlkpe assemblages were
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found here. However, Barfiell971) states that the Bell Beaker folk are
more fkely to have their roots in the Corded Wacultures of central
Europe, based on the typology of the pottery, arrowheads, daggers and
mortuary houses. This is supported by recent genomic analyses, which
revealed Bell Beaker samples, like those of thaezalorded Ware groups,

to have significah Yamnaya ancestr{Allentoft et al., 2015; Haak et al.,
2015) However, as the proportion of Yamnaya ancestry was lower in Bell
Beakers (approx. 50%, with around 35% early Neolithic ancestry and the
rest Western imtergatherer) than in Corded Ware sansp{@pprox. 75%
Yamnaya, with less than 20% early Neolithic), this may indicate that the
Bell Beakers were the result of admixture between Corded Ware groups
with local farming communitie§Haak et al., 2015)In paticular, the Bell
Beaker burials are assated with Y-chromosomal haplogroup R1b, which

is exceedingly rare in pfBronze Age European contexts, but frequent in
Yamnaya malegAllentoft et al., 2015; Haak et al., 201%Jowever, more
recent studies givese to the theory that the Bell Beakettate may have
been spread not only through demic, but also cultural diffusion: a genomic
analysis byOlalde et al. (2018hvolving 224 individuals from various areas
with Beakeftype burial assemblagésdicate hat the spread of the Beaker
culture is lkely to have been based on both demic diffusion as well as
cultural transmission, with some groups with clearly Bealssociated
material typologies lacking the Steppe genetic signature (e.g. in the Iberian
peningila), whereas others (notably Britain) sleal high levels of Steppe
ancestry.Focusing on Italy, Raveane et al. (2019) identified a reotith

cline with regard to relative Anatolian Neolithic ancestry in modern Italy,
ranging from 56% in the South and %2in the North The residual
percentages &re composed of WHG (Western Hun€atherer), CHG
(Caucasian HunteGatherer) and Eastern Hun@atherer) lineages, with

the CHG/EHG that predominated in Northern Italy being interpreted as
being a signature ohé Steppe dispersal. Sardinia representseshing of

an exception: Neolithic ancestry was determined by the same authors to be

80% an observation that is supported by a genomic analysis of Neolithic to
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Bronze Age Sardinians by Marcus et al. (2019), whidmfirmed the
Neolithic origins of the Bsnze Age group with relatively little influx from

Stepperelated groups

The spread of peoples originating from the Pontic Stappeesents the
second of twofimassd i s p e 1o significadtly shape the genetiad
cultural landscape of prehistoric Eueomfter the original migration of
anatomically modern humans out of Africand one of the threeost
frequently postulatedrigins of moderrday European populations: Western
HunterGatherers, NortherAnatolian Neolithic and the groups originating

from the Pontic Stepp@Raveane et al., 2019)

1.3 Relative maldfemale contribution during
Neolithic/Bronze Age migrations

Apart from investigating the extent of demic diffusion during these two
large migratiorprocesses, bioarchaeological studies also aim to establish the
relative contribution of male ral female migrants. Apart from genetic
analysis based on ngaecombinant uniparental markers (mtDNA and
Y-chromosomal DNA), archaeological methods to address phrpose
include osteological and strontium isotope analysis. Based on and admixture
model usng modern and ancient DNA datasets, Rasteiro & CHROL3)
established a similar dispersal history in which both males and females from
the Near East admixed thilocal hunteigatherer populations, but with a
higher mitochondrial gene flow and diversitgdicating a higher effective

female population size and mobility.

A possible explanation put forward by the authors is that the transition from
a huntergatheer to an agriculturdased lifestyle may have brought
promoted patrilocality as a result oktccumulation of wealth permitted by
the new lifestyle: males inherited wealth and remained at their birthplace,
whereas females were more mobile. Several ah€®&A studies by Lacan

et al.(2011a; b)on Spanish and French Neolithic samples come to dasim

result, namely a higher diversity for mtDNA thanciromosomal DNA.
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However, in this case, the mitochondrial signatures are interpreted as a
pre-Neolithic huwuntergatherer population, whereas the-cNromosomal
haplogroups are not associated with inaognNeolithic farmers, Neolithic,

but also with a very low diversity, with the majority (5 of 6 in Spanish
samples, 20 of 22 in French samples) of males belongingaplogroup

G2a, the others bearing haplogroups 12a and Elblblalb. From this, it is
inferred that a small effective incoming male population had a very high

reproductive impact on the extant population.

The same high frequency of G2a has been observesthier Neolithic
dat aset s, n (&2éeséniyNagy Sttalg 20158 BKo(Haak et al.,
2010, 2015; Mathieson et al., 2015b; Szécs&fagy et al., 2015and Near
eastern Neolithic sample groufMathieson et al., 2015b; Hofmanové et al.,
2016; Lazaidis et al., 2016)Analyses of strontium isotope signatures from
over 300 Neolithic skeletoraso indicated far lower geographic variance in
males, which also supports the theory of patrilocality becoming established
during this time(Bentley et al., 202). These findings are contradicted,
however, by a recent study by Goldberg et @016) in which
X-chromosomal data was compared to autosomal data for 20 early Neolithic
and 16 late Neolithic/Bronze Age individuals. From this comparison, the
authors dedee no difference in relative admixture for male and female
during spread of the Neolithic, oeaplanation being the migration of entire
family groups. However, the authors do not comment on how the pattern
observed in many other Neolithic datasets (noty oBNA, but also
isotopes), namely that of low male diversity and higher female diversity and
mobility, can be explained in the light of their proposed scenario. This
discrepancy may be due to the limited geographical scope of the samples
used by Goldbergt al.: of the 20 early Neolithic samples, all but one (the
Iceman, who is described by theuddy i n question as
although the individual is in fact late Neolithic/Copper Age) stem either
from the Hungarian Plain or from German LBK groupsSaxonyAnhalt.

Four of the samples in this group are significantly younger than the others

nearl
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(mid-fourth millennium BCE)i why these are termed early Neolithic is not

clear.

In the same study, the authors infer a high male bias for the Bronze Age
samples, with 5 to 14 migrating males per female, which is interpreted as a
maledriven migration fron the Pontic Steppe. However, the same
geographical constraints apply héreall samples included in the ENLB
group are Cor ded Waeedronothe séne Bites frore ,
SaxonyAnhalt mentioned above. It is also notable that, although the mean
X-chromosome ancestry is far lower in the ENLB group (0.366) than in the
early Neolithic group (0.913), the individual values obtained for
X-chromosomal acestries are extremely variable in the ENLB collective,
ranging from 0.01 ( baW@CordecdWaseassample e
10103). The observations put forward by Goldberg et al. were not replicated
by Lazaridis et al(Lazaridis and Reich, 2019n the basis of the Bronze
Age European population. One should therefore be cautious of applying
theoriesof generalised migration patterns to specific regions.

Other analyses for Bronze Age samples yield evidence for widespread
patrilocality and female exogamiputward marriages) during this period:
for example studies of craniofacial morphology in 171 e8ignze Age
individuals from Austrig(Pellegrini et al., 2008as well as isotope analyses
from South German Corded Ware collecti&odgren et al., 2016and

multidisciplinary analyses of Neolithic to Bronze Age remains from Bavaria

al | b L

RI SES57

(Knipper et al,, 2017) The phenfteméenfoanea of( f éir ei gn

women) is not uncommon in the Bronze A@geg. Frei et al., 2015)with
women interred in Bronze Ageemeteries with garb and grave goods that

are noticeably foreign to that region or culture.

Overall, the varyng results of ancient DNA studies underline the necessity
of investigating neolithisation processes and subsequent Bronze Age
population dynamicsprocesses on a regional level in order to aid

construction of the overall picture.
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1.4 Prehistory of South Tyrol and the Adige Valley

This section describes the current state of knowledge regarding the
chronology of the South Tyrol and Adige Valley regioonfrthe Mesolithic
onwards. Information is based largely on archaeological excasation
supplemented by bioarchaeological analyses (radiocarbon dating,

palynological analyses, archaeobotany, archaeozoology and osteology).

1.4.1 Mesolithic

After SemtAlpine envronments became increasingly accessible during the
Balling-Allergd interstadial atthe end of the last ice age, groups of
Epigravettian huntegatherers probably originating from the valley bottom

of the Adige migrated toward these mountainous reg{@assetti et al.,
2009) Characterisation of the Italian Mesolithic, in itself, isl dilpoint of
debate amongst some researchers: While some see the Mesolithic as having
no separate cultural identity, preferring to term it thepglaieolithic, others
regad it as a phase in which increasing shortages of available food sources,
due to risng forest lines and associated retreat of ibex and chamois to far
higher altitudegBroglio and Lanzinger, 1990raused the economy to shift
toward more diverse subsistenstrategies such as foraging and marine
resourceg¢Biagi, 2003)

The Mesolithic innorthern Italy consists of the earlier Sauveterrian phase,
characterised by very small, doultdacked pointMussi, 2006) dating
from 79505800 BCE during the Preboreahdh Boreal and the later
Castelnovian from about 5800 BCE during the Atlantiagi, 2003)
characterized by trapezoid blad@gussi, 2006) During the Sauveterrian,
mountain sites were generally above 1&D(Broglio and Lanzinger, 1990;
Dalmeri and Pedrtit 1992)

Migration may have been seasor{@roglio and Lanzinger, 199Qyith
temporary habitation of rock shelters in the valley and higher altitude open
air sites up to around 1500, less frequently higher. As few faunal remains

have been preserveddato the high soil acidity of the mountain si{Bsagi,
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2003) no generalised stateents can be made on the type of fauna hunted.
The Sauveterrian layers at Mondeval de SG@ntana et al., 2012; Thun
Hohenstein et al., 2016kituated in the Belluno Doinites, present an
exception: The most common remains were from red deer and tex, t
somewhat lesser extent roe deer and chamois. The assemblages also include
occasional remains from wild boar as well as from carnivores such as bear,
wolf and fox(ThunHohenstein et al., 20167 his site, which also includes

the burial of a 4@earold malé, also supports the perception of the
Mesolithic as a culturally separate phase from the latest Palaeolithic,
showing discontinuity with regard to flint assemblaggeial and subsistence
(Fontana et al., 2013)

Further climate warming in the Mesdlic led to a further northward
migration, due to the rising treeline, and possibly the first cultural contacts
with the region north of the Alps, as testified by raw maltgroriginating
from the south found at North Tyrolegi®chafer, 1998)and Bavarian
(Gehlen, 20103ites.

Notable Mesolithic sites in the Trentino region include Romagnano,
Pradestel, Colbricon and Vatte di Zambana, starting in the earliest
Mesolithic, at around 8000 BCRAlessio et al., 1984)and showing long
Mesolithic traditions fronthe Preboreal to thetlantic. However, the sites
with Mesolithic and Neolithic layers that have undergone extensive
radiocarbon dating, namely Riparo Gaban and Romagnano Ill, show a
conspicuous hiatus from the end of the Castelnovian to the earliesthideoli
(Gaban) layers, panning from approximately 5568000 BCE (Bagolini

and Biagi, 1990; Perrin, 20Q9Perrin (Perrin, 2009)argues that this
chronological gap indicates that the early Neolithic was brought about by
new settlers replacing the previous $déthic communitiesrather than a
gradual acculturation process amongst local groups. However, this view is

challenged by the continuation of the lithic industry, with Castelnovian

L While some of the faunal remains found at the site (European Bison) have undergone
palaeogenetic analysis, the human remains have not
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blades appearing in Gaban (early Neolithic) lay@agolini and Biagi,
1988; Pedrotti, 2001; (tiani et al., 2009)whereby the technology is too
similar to be put down to mere copyiiGristiani et al., 2009)However,
comparable!’C data is not (yet) available from several other sites which
have Mesolithic and Neolithic yars. Furthermore, arsilar phenomenon is
observed in various regions throughout Europe and need not necessarily
indicate population discontinuity, but may instead be caused by varied site
usage or simply imprecise radiocarbon results due to disturlssiphy.
Some autha have also proposed climate change, indicating that the gaps
are sedimentary in natuleM|l ekug et al ., 2008 a;
Perrin, 2009) The modifications may also date to the Neolithic, i.e.
Mesolithic layers were disrbed during the Neithic ( Ml e k u ¢ et
2008b) This may also be a result of the changed usage: throughout the
Adriatic, caves showing anthropomorphic traces are more commonly used

as animal shelters during the NeolitidMl ek ug et al ., 2008b)

1.4.2 Neolithic

Radiocarbon datesndicate that the Neolithic transition spread in a
northward direction, starting from the late 8th millennium to the-@tid
millennium BCE in southern Italy (Malone 2003) and not detectable until
around 4000 BCE in some of the rembt@®untainous regions northern
Italy. The islands of Sardinia and Corsica also underwent first Neolithisation
processes before these are observed in northernTigkpt, 1999; Malone,
2003)

According to Biagi (Biagi, 1977) first Neolithisation proesses are
attributableto the Gaban group from approximately 5000 BCE, starting
somewhat later than in the Po regiqPedrotti, 1998a) However,
AnnaluisaPedrotti notes that a barley seed from Isera dates to 5300 BCE,
possibly indicating an earlier coetésce of Mesolithic ash early Neolithic
groups.Potteryis of a typically impressed and incised ware with handles of
Fiorano and Vho types, which also document a technology spread from the

Po Plain, i.e. the spread of the Neolithic via the Mediterraneate ro
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(Adriatic Impressd Warg. However, some stylistic elements are
reminiscent of LBK patterns, indicating that this area rakp have been
influenced from the Balkan region via the Pusteria Valley (Bagolini &
Biagi, 1985).At the same time, Mesolithigaditionspersist in the earliest
Neolithic: not only do the lithic assemblies reflect a Castelnovian tradition,
but the subsistence strategies indicate a largely hgateerer lifestyle.
Domesticates (primarily sheep, goats and cattle bones and cegralie
observed in the later layers of the early Neolithiith regard to the more
recent layers, both at GabdRedrotti, 1998ajand La Vela(Bazzanella,
1998) the faunalremains from the latter still include wild animals, but
domesticates become more common in thterl phaes of the early
Neolithic. According to APedrotti (Pedrotti, 19983) the chronological
developments at the respective sites indicating advanced agricultural
processes in existing settlements (such as the construction of a ditch at La
Vela, or teraced gricultural area at Aica de Fié) with simultaneous
persistence of Mesolithic traditions (e.g. microliths) would seem to indicate
incoming cultures bringing farming traditions to small communities already
present in the area, and a process of giladoauluration rather than

replacement.

In the course of the full Neolithic, the artefacts typical of the Gaban group
are gradually replaced by a new typology: Sqguaoeithed pottery, vasi a
bocca quadrata (VBQ) rather than the impressed ware charactefisite

early Neolithic; the typically Mesolithic microliths are replaced by
flatretouched arrowheads and scrafg@edrotti, 1998a)The proportion of
domesticated animals increased further, with an emphasis on cattle, goats,
sheep and (to a lesser ent) pig (Bazzanella, 1998)Hunting focused
mainly on red deer. Much information on the full Neolithic in the Tirent
region was obtained during several excavations of the La Vela site. While
transhumance (seasonal use of kaffitude pastures) was thght tohave
started during the Neolithic, recent palynological studiesti et al., 2014)
indicate that, at least in the Otztal mountains, widespread grazing activity at

high altitudes was not practiced until the middle Bronze Age. Whether or
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not this was alsahe case for the plateaus to both sides of the Adige Valley
is not clear. Plant remains include both cultivated wheat and barley, as well
as gathered nuts and berri@edrotti, 1998a)Pottery is of the VBQ type
with flat bottoms. An obsidian bladorigirating in Lipari, as well as small
ollas in the typical Serra D'Alto style, document cultural contacts with
southern Italy(Pedrotti, 1998a)Similar trade connections are documented
by various other objects not derived from the vicinity (e.g. jedexe ad
ASchuhleistenkdiltype implement). Trade contacts with southern Germany
are indicated by pottery of South German origin at Rocca di RiBalifield

et al., 1976) Munchshofeftype pottery at Isera and North Italian flint and
VBQ pottery Northof the Alps (Pedrotti, 1998a) Influences from the
centralBalkan region are documented by pintaderas (stamp seals), figurines
and pottery decoration stylgBagolini & Biagi, 1985), indicating that
Neolithisation of Northern Italy tool place not only \caastal routes, but

possiblyal so from LBK/ Star|] evo sources from t

One notable aspect is that rock shelters are apparently almost all (with the
exception of Romagnand@Perini, 1971) abandoned during this time.
Although this is attributed to the demand for increlaspace for animal
husbandry and crops, use of rock shelis resumed later on, at least for
burial purposes. The last elements of the VBQ pottery style have been dated
to between 4500 and 4300 cal. BAtter on in the course of the Neolithic,

a deterioration in craftsmanghis observed both north and south of the
Alps, resultig in a simple vessel shape at the start of the Copper Age.
Pedrotti(1998a)regards this as an indication of the arrival of new people,

whose origin cannot be deduced from the archaeological typology.

1.4.3 Copper Age (Chalcolithic)

From the middth millennium BCE onward, the Neolithic was gradually
replaced by the Copper Age, which ranged from 32200 BCE(Bagolini
and Biagi, 1990; Pedrotti, 20Q4nd the copper artefacts giving the epoch
its name begato appear. The oldest coppatefactin a Neolithic level in
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northern Italy to date was found in Alba idBmont) and dates to
3430+ 40 BCE (Zoppi et al., 2001)

One particular find has become synonymous with the North Italian
Chalcolithic: the Tyroleanl ¢ e ma n , dis¥ovezed dy climbers on

19. September 1991 on the Tisenjoch on the Italian side of the Otztal Alps.
Since its find in 1991, this excellently preserved ice mummy has yielded a
wealth of information, not only on the personal life circumsésnof the
individual itself, but also on th€opper Age in general. As this individual

is, in a broader sense, a subject of this study, he is described in more detail
in Section 2.12.13.

Another site that provided much information on the North Italiapger

Age is Remedello di Sotto in Bresciapapximately 120 km souttvest of
Trento and around 140 km south of the
discovered in 1883, yielded 123 individual burials. Males were generally

buried in a crouching positimp facing northwest direction, and were uslal
accompanied by flint daggers, stone arrowheads and polished stone axes.
Some individuals had copper axes and daggers. Women were more
commonly buried in a supine position in easst direction; their grave

goods were largely restricted to pott¢Barfield, 1971; De Marinis, 1997,

2013) The proportion of copper axes and daggers to those made of stone,
however, is still low, indicating the beginnings of a possible social
stratification s ro(Def Bldrinig, €1997w ®edmotti, 0 r c |
20042004) Chamical analyses of the copper objects found in Remedello di

Sotto revealed different compositions: While the axes tended to consist of

pure copper, the daggers contained a higher proportion of arsenic

(De Marinis, 1992) This differentiation seems to havedn intentional (as

heated arsenic is easily detectable by gnasild has been proposed as a

further indicator of a social hierarcliiyearce, 1998)

The copper axes found in grave 102 of the Remedello necsapaé almost
identical in type to that foundith the Tyrolean Iceman. This is not the only

typological link between the Iceman and the Remedello necropdiath

as
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the | cemands dagger as well as the
shoulder both had palfels in the Remedello di Sotto cemetery.tBa basis

of the Remedello finds, a chronology was developed for the Copper Age in
northern lItaly, discerning phases Remedello | and Il for the early and late
Copper Age, respectivelyDe Marinis, 1997) On thewhole, the metal
objects found at Copper Agdtes from northern Italy show a variety of
external influences. For example, the dagger shapes are reminiscent of those
found at late 3rd millennium Aegean and Anatolian sites, silver pins
apparently copy Cortl Waretype pins and the pottery of the Rerakal |

phase has parallels in the South of FrafRarfield, 1971) While Copper

Age sites are more numerous in the Po ValBasfield (1971)suggests that

the metals (both silver and copper) wereanted from the known deposits

in the Alpine fathills and in the vicinity of the Adige Valley.

Cattoi et al.(2000) analysed Copper Age slag residues from sites in the
Trentino region, including Gaban, Acquaviva and Romagnano. The metal
composition was nlike that of the surrounding geological dspis, leading

the authors to conclude that the ore cannot have been mined in the direct
vicinity, have been obtained some distance away: most probably from the
phyllite basement of Val Sugana, of which the mogtortant deposit was
located at Calceranica walking distance of approximately 20 km east of
Acquaviva and Romagnano. Other potential provenance sites are Vetriolo
(35km walking distance east from Acquaviva and Romagnano) and Val
Sella (45km walking dstance east from Acquaviva and Romagnano)
(Cattoi et al., 2000)

How and from where the metalworking technology was introduced to
northern Italy is still a matter of debate, as so many different external
influences are seen in the Copper Age of northily,Iwhile still retaining
several aspects of the local VBQ cuéyBarfield, 1971) As described
above, the typology of the early copper objects shdifferent external
influences. The earliest evidence for copper metalworking in central Europe,

howeve, was found at a late Neolithic site belonging to the Miinchshofen

arro
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culture in Brixlegg in the Inn Valley of the Austrian Alps. Excavations at
this site revealed copper slag, as well as copper beads and a copper band, in
a late Neolithic layer. Radiocarbatating on charcoal fragments contained

in a lump of clay which atsheld green copper minerals revealed an age of
39603650 cal. BCE (HOppner et al.,, 2005) predating the earliest
radiocarbon dated Copper Age layers in the Trentino region. A copper strip
found at Isera 2 may be the earliest copper object found in thinkre
regioni however, no““C dates are available for this layer. As Isera 1 has
been dated to 4500300 cal. BCE and Isera 3 to 388600 cal. BCE, the
Isera 2 copper strip may be oldeamhthe Brixlegg object@Pedrotti, 1996,
2001) However, lacking may evidence for actual metallurgy iAlto
Adige-Trenino at this time, the copper strip is likely to have been imported,
whereas the Brixlegg site documents actual smelting processes. gkithou
the slags themselves seem to have been derived from locatherespper

strip could not have been produced from local ores, but was apparently an
import originating from the Carpathian Basin, the metal composition most
closely matching that of the @ found in Majdanpek in Serbjeoppner et

al., 2005) Furthermoe, the typology of the metal strip has close parallels in
the late Neolithic Jordandéw culture of MoraviRernicka et al., 1997;
Hoppner et al., 2005)These contacts are underlined by salvether
typological parallels (mainly pottery) between the Muindien culture and

the Carpathian Basin. This led the authors to conclude that the technological
knowledge of metalworking was introduced to the Alpine region through
contacts with the Carpaiitn Basin, which encouraged the local population
to experiment vih the ores found in the regigrioppner et al., 2005As

both Brixlegg and thdrentinoregion are situated directly upon the main
route traversing the Alps via the Brenner Pass, whi&hasvn to have been
used since Mesolithic times, it is thereforagtily likely that there were
contacts between the Brixlegg and theentino groups. The knowledge
regarding metalworking may well have been obtained from an eastern
direction via this nortfsouth contact and then established in Thentino

region due to tb wealth of ores in the vicinity. As with the spread of the
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Neolithic, the advent of metalworking gives rise to the question whether the
technology was simply adopted by local communities,whether new
incoming groups who already possessed metallurgmwvledge settled in
the Adige valley due to the accessibility of ore metals, either mixing with or

replacing the previous populations.

In northern Italy, the Bell Beaker sit§see Section 2) are generally
situated throughout the Po PlajBarfield, 1971) Although Bell Beaker
burials were found in the direct vicinity of the Remedello di Sotto
necropolis, they were culturally distinct from the latter. However, Marzatico
and Tecchiati(2002) point out that some artefacts that are described as
having been ifluenced by the Polada Culture may just as well be ascribed
t o the Acampshaped)traditiome\Whetbebae hot this may have
been due to admixture between Bell Beaker groupsauad tommunities is

not clear.The earliest Bell Beaker ware fourd the Adige Valley is a
handled pitcher of type 34/35, one of the most significant Bell Beaker
forms, found at the Pigloner Kopf near Pfatten, approximately 50 km north
of Trento, dating a approx. 2500 BCHPiguet and Besse, 200@nd
represents the daast occurrence of this type in Italy. This specific type first
appears in prBell Beaker groups in Poland, Slovakia, Hungary and
Moravia from about 2700 BCE, spreading through Centraloggirto
Northern Italy in 2500 BCE, then to Switzerland southeranEe by
2300BCE, and also to Sardinia, although no radiocarbon dates are available
for the latter and the admixture with the preceding Neolithic population in
Sardinia appears to have bemmor (Raveane et al., 2019; Mas et al.,
2019).

1.4.4 Bronze Age

The start of the Bronze Age, beginning with the first stage of the Polada
Culture, is generally said to be approximately 2200 BCE, although some
sites (e.g. Romagnano) show slightly earlieredaBased on radiocarbon
dates, the early Bronze Age lasts LlLn#pproximately 1600 BCE
(De Marinis, 1999)
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Early Bronze Age sites are characterized by an increased amount of
evidence for largescale metallurgic activity, such as copious amounts of
slag deosits and smelting ovens at the sites of Montesei di Sersvelad
Valbusa di Trento(Marzatico and Tecchiati, 2002Elements from the
Copper Age are observed, with an increasing eastern influence on metal
objects such as awl@arzatico and Tecchiati2002) In particular, the
groups in the Adige valley showed advanced metalworking technology,

far beyond the rest of Italy, leading to an accumulation of wéBHinfield,

1971)

A certain influence from the Bell Beakers is seen in Polada burials,

espeially regarding archery equipment: triangular barbed or hebaged

arrowheads as well as stone armguards show parallels to the Bell Beakers. A

Polada site south of Lake Garda, Barche di Solferino, not only yielded the

oldest Italian evidence for horserdestication (as wild horses appear to

have died out at the erad the Pleistocene, the animal in question can only

have been a domesticat@dzzaroli, 1972, 1985; Riedel, 1976hut also

what may be the oldest European spoked w(tgaifield, 1971) bothvery

probably a result of the Nordastern influence via BeBeaker/Corded

Ware groups. The metal objects associated with Polada sites are also firmly

l inked with cultures north of the Al ps,
Transalpine contacts arerfoer documented through finds from South

German lakeside dwatigs, such as Bodmé&dchachen and Hegau: e.g.

through the use of similar building technologies as those observed in Fiave,

si mi |l ar | yBrodaboaed a { ¢adoketi® .enigmatichefired clay

plaques with line and dot patterns, which may have bsed as a counting

device) to those found at Polada sites in northern Italy as well eashaged

crucibles and globbeaded needles most commonly found in Thentino

region(Koninger and Sdichtherle, 1999) According to BarfieldBarfield,

1971) simila r Brofiaibidoled wer e al so found in Slovaki
although the exact origin and purpose of these tablets is still a mystery, it
documents trade networks between these regions. Oantliee hand, the

Pol ada pottery, wi t éminiscens of fypes sedwd handl e
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southern Italy during the Copper Age. However, local subsistence and
settlement patterns dating back to the Neolithic still persist, as does the
predominant use oflifit over metal(Barfield, 1971; Riedel and@ecchiati,
2000)

Bronze artefacts seem to be rare in early Bronze Age sites. An early Bronze
Age grave excavated in Piedmont revealed a silver ring and a bronze blade.
The radiocarbon dating revealed an ag22i0-2030 calBCE, confirming
placement irthe early Bronze Age. A bronze pin with a tin proportion of
7.32% was found in a Bronze Age layer at Ledro; however, allocation to the
early Bronze Age was excluddde Marinis and Valzolgher, 2013This
relative scarcity of the use of bronze may well dee to the limited
availability of tin. In contrast to copper ore, which is available from
numerous sites throughout Europe (including the Valsugana site near
Trento), only a few tin deposits exist. The neareghé Trenino regionis

Monte Valerio in Twgcany, over 400 km from the Adige Valley
(VenerandiPirri and Zuffardi, 1981; Benvenuti et al., 2008)ther known
deposits exi st i n t he Erzgebirge
GermanCzech Republic border, whiovould have been over 700 km from
Trenting as well as deposits in Serbia and Romania, which would have been
even further away. On the other hand, copper alloy with a high arsenic
content, such as that found in certamefacs from Remedello di Sottos i
often ter med {Charlest967; LeehimantandKlein, 4399)

is harder than pure copper and may have been regarded as equivalent for the
purpose. No actual evidence for bronze (as opposed to copper) smelting
exists for Bronze Agdrentinoi the fewartefacs that were found during

later phases are likely to have been imported.

The middle Bronze Age in northern ltaly sees continued use of existing

early Bronze Age settlements, with innovations being adopted gradually.

One new development, f& x a mp | e, i Branddpferplaizeie o f
sacrificial bonfire sites, often located at highitude sites and used until

well into the Iron Age or even Roman tim@daupt, 2010) Another new

)]

( Or e
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practice is that of cremation, which is observed for the fiins¢ during the
middle Bronze Age, as is¢Hfunerary style of sword buriéBarfield, 1971)
Copper mining and metalworking continued to develop throughout the
middle and final Bronze Age, as documented by veritable hoards of copper
objects(Marzatico ad Tecchiati, 2002)During the late Bronze Age from
about 1300 BCE, the Laugévielaun (LuceMeluno) Culture became
established, bringing a variety of new pottery styles and cremation burials in
urns, analogous to the Urnfield culture of central Europepi®eshe new
impulses, continuity was observed with regard to settlement sites,
subsistence and the popularity of copper metall{Rjgdel and Tecchiati,
2000) The LaugefMelaun Culture lasted well into the Iron Age, despite
the declining popularity ofdienze since the gaisition of iron, until it was
replaced in the 6th century by the Rhaetian FritZegszeno Culture, a
group with a stron@eltic influence(Megaw and Megaw, 2001; Marzatico,
2014) The existence of individual prehisic cultures in theAlto
Adige-Trentino region came to an abrupt end in 15 BCE, when it was
occupied by the Roman Empire in the coul
Alpine campaign, during which the local populations were entberanised

or effectively destroyed(Barfield, 197). The extent to Wich the
preRoman populations in this region survived, perhaps by withdrawing to
the more remote regions of Alto AdiJeentino that are still populated to
this day, and contributed to the modern gene pool of these regions is not
known and is one of theasearch questions to be addressed in the course of

this study.

1.5 Population genetics of South Tyrol and the Adige Valley

Ancient DNA data from northern Italy remains sparse. A study by
Di Benedetto et al.(2000) attempted ancient DNA analgs of two
PreNeolithic (Villabruna, Vatte di Zambar® and three Neolithic

2 Vatte di Zambana is described as Neolithic in the cited publication. Howtbee
radiocarbin dates provided the same publicatidior Vatte di Zambanalearly indicates
Mesolithic origin and is described as suchAlgssio et al., 1984
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(Mezzocorona, Borgonuovo, Fiavé) and obtained reproduciigrl
sequences for the first two sites. However, the results for Villabruna are
ambiguous: Using a standard PCR approBciBenedettaDi Benedetto et

al., 2000)reported this individual as having mutations at positions 16261T
and 16274A. However, data from the more regamomicanalysis by(Fu

et al., 2016)show 16270T (14x coverage) and no mutations at either site
repoted by Di Bendetto. Figure 3 in the earlier paper shows the obtained
sequences per PCR/clone. The second fragment clearly shows that one of
the two PCRs did indeed amplify 16270T, whereas the other yielded
16261T and 16274A. Why the latter was selectedéothe correicone
without further analyses is not specified in the pdpkowever, in the light

of the more recent findings by Fu et al., the 16270T variant seems to be far
more likely, especially as this indicates U5, a haplotype far more common in
Pabkeolithic indviduals. The results obtained by Benedetto et al. for
Mezzocorona, however, are unambiguous, with all three observed mutations

reproduced in at least three PCRs.

The wellpreserved mummy of the Tyrolean Iceman, discovered on the
Tisenjoch athe ItalianrAustrian border in 1991, has yielded further genetic
data (albeit late Neolithic/Copper Age): TH¥R1 sequence was sequenced

in 1994 (Handt et al., 1994)the entire mitochondrial genome a few years
later (Ermini et al., 2008and recently thevhole nucleagenome(Keller et

al., 2012) Further information on the results of these analyses is provided in
section 2.12.13.

Recently, genomic data was generated for three individuals from the
Remedello di Sotto necropoli@Brescia, 25 km south of ka Garda)
descibed earlier (Allentoft et al., 2015). As all of the aforementioned
samples are used for reference purposes, they are described in more detail in
Section2.3.14.10.

Extensive genetic analyses have also been performed for extant populations
living in Alto Adige-Trentino. Initial studies of thelVR1 of Ladin groups
(Stenico et al., 1996, 199&ported a high mitochondrial variability within
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Ladin groups, argued againshy significant bottlenecks in the history of
present isolates and indiedt that genetic difference does not necessarily
correlate with language difference. However, this study seems to have been
affected by widespread sequencing er{darnesi et al.2002) A broader
genetic study, including Germapeaking isolates and alsabserving
Y-chromosomal DNA and microsatellit@Richler et al., 2006)eported that

the mtDNA diversity in the Ladin Val Badia group was slightly lower, and
Y-chromosomal variatkn much lower than in the neighbouring
Germanpeaking populations, indicaty a patrilocal population structure.
Overall, the authors identify reduced genetic diversity as well as significant
differentiation between groups, which also correlates with laggui.e. a
younger Germaspeaking and older Ladin contribution, but wsignificant
differences between localities. Thomas et(2D08) confirmed the lower
diversity of these isolates as compared to other regions of Italy, high
differentiation (also between the two Ladin groups sampled for that study)
and a low effective popation size leading to genetic drift. For Val Badia,
the authorsnfer a higher Palaeolithic contribution than for the neighbouring

groups.

While the abovenamed studies focused mainly on the Ladin and
Germanspeaking groups from the upper Adige valley &uadomites, Coia

et al. (2012, 2013)analysed isolates from fimer south, namely in the
Trentino region, observing a high level of mitochondrial differentiation
between groups and variable levels of irgraup diversity, the highest
found in the Adige Viey and lower levels (reflecting a smaller effective
populationsize) in the more geographically isolated localities to either side
of the Adige valley. A higher diversity for mtDNA than forchromosomal
DNA is observed, indicating different levels ofrgeflow for males and
females, possibly as a result of localditons in which agricultural
holdings can be inherited one son only, encouraging the others to relocate
elsewhergCoia et al., 2013)
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An osteological analysis, more specifically analysisnofrmetric dental
traits by Cucina et al. (1999) from sites iming La Vela, Martignano,
Solteri, Madonna Bianca, Moletta Patone, Paludei di Volano and Nogarole
indicated high similarity between groups from the Neolithic to the Bronze

Age.

1.6 Aim and objective

The aim of this study is to provide insights into the gensttiucture of the
Neolithic to Bronze Age population of the Alto Adige area of northern lItaly,
and area for which little ancient DNA data exists to date. Alongside analysis
of maternally inhdted mtDNA, the study will focus on the-¢hromosomal
haplogrop and certain phenotypic autosomal markers such as single

nucleotide polymorphisms determining lactase persistence and eye colour.

On the one hand, the resulting data should provide a morprebensive
image of prehistoric Europe as a whole, as data frmmhern Italy is
generally sparse. Comparison of ancient data with modern populations from
the same region could add information on the population history of these
areas from prehistoric tinseuntil today. Not lastly, the obtained data should
resolve therelationship between the Copper and Bronze Age Trentino
populations with the Tyrolean Iceman, a find of substantial archaeological

and public interest.
Specific questions this project aimsaddress are as follows:

Ancestry of ancientTrentino populations:

0 Do thegenetic data lend more weight to acculturation or replacement
models, i.e. are the haplogroups of Neolithic, Copper or Bronze Age
individuals more indicative of huntgatherer ancéy, lending
weight to the hypothesis of gradual acculturation of locakMithic
groups, or are they typicallyiNeolithico in origin (see Section
2.2.1)?
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In case of a likely Neolithic origin: Are these more closely linked
with the Mediterranean coastabwe of advance (Adriatitnpressed
Wardlater Cardial) or with the Neolithic advance via Transdanubia
into Central Europe (mainly LBK)?

Is a genetic diffenece discernible after the migration movements
originating from the Pontic steppe, and/or the BellalBs
settlements in northern Italy?

Which variants are observed for lactase persistence and blue eye
colour in the ancient samples, can any inferences aendifrom
these observations (especially regarding the higher frequencies of
lactase persistence inoalern nortkeastern Italy)?

What can be observed regarding the Hgreup diversity and
differentiation between local groups and what are the implications

regarding population history and expansion?

What similarities can be observed between the ancieantino
samples and the genetic data from the Tyrolean Iceman?

Continuity

0

0

Does the chronological gap between the late Mesolithic and the early
Neolithic ob®rved in the archaeological stratigraphy reflect actual
the population situation at the time?

Is any genetic continuity discernible from anciefirentino to

later/modern populations from the greater @rea
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2 MATERIAL AND METHODS

2.1 Sample material

The samples used for this study were all derived from prehistoric human
skeletal material dating from the Nedblit to Bronze AgeSampleswere
initially taken from atotal of 66individuals. Where possible, at least one
sample per site was subjected to radiocarbon dating if no reliable absolute or
chronological data was available. Radiocarbon dates for the saamgles
given in Section2.13. Some ind¥iduals which had previously been
described as prehistoric proved to date to the Middle Ages or later and were
thus not used for further analysis. The bulk of samples analyggbisistudy

were kindly provided by the Museo Tridentino di Scienze Natunalirento

and included skeletal human remains found in the Adige valley in the
vicinity of Trento, mainly in rock shelter@dditionally, sample material

from a Middle Bronze Ageindividual recently found near the village of
Schlanders (South Tyrol) was pided by the Archaeological Museum in
Bolzano. Finally, this general study also focuses upon genetic data of the
Tyrolean Iceman, whose genome was published by a research group
co-headed by the author of this thesis (Keller et al., 2012). The modern and

arcient sample data used as references are listed in S2Qidh

3 This reflects the status quo during the sampling process: Later, some bones/teeth allegedly
belonging to the same individl were from different individuals. After analysis and
reconstruction of sampling/archiving circumstances, the actual number ofdiral®/
sampled was 76.
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Figurel: Map of Northern ltaly showing lation of sampled sites
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1. Mezzocorona (NEO), 2. La Vela (NEO),/Aquaviva di Besenello (CA), 4. Martignano
(CA), 5. Solteri (CA), 6. Madonna Bianca (CA), 7. Moletta Patone (CA), 8. Nogarole (CA
& BA), 9. Fiave (BA), 10. Paludei di Volano (BA), 11. Ragnano (BA), 12. Schlanders
(LBA), p lceman find site

An enlarged mp of the sites in the vicinity of Trento 1) is shown
below. An interactive map of the sites in question can be accessed via the
URL trento.bioarchaeology.de.
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Figure2: Map of the Adige Valley showing location sdmpled sites
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1. Mezzocorona (NEO), 2. La Vela (NEO), 3. Acquavivddsenello (CA),

4. Martignano(CA), 5. Solteri (CA), 6. Madonna Bianc&A4), 7. Moletta Patone (CA),
8. Nogarole (CA & BA),9. Fiavé (BA), 10. Paludeli Volano (BA),

11.Romagnao (BA).
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2.1.1 Characteristics of sampled sites
Tablel: Overview of sites and their archaeological characteristics
Site Site type* Ind. Excavation| Latitude
sampled | year Longitude
here
Acquaviva di Besenello | Rock shelter 1 1980 45.978993,
11.116682
Fiave Open lakeside 1 1947 45.990884,
10.831488
La Vela Open, cist burials| 6 19601976 | 46.080416,
11.102362
Madonna Bianca Rock shelter 1 1986 46.043888,
11.133396
Martignano Open feld 1 1948 46.090131
11.129999
Mezzocorona Rock shelter 2 N/A 46.229584,
11.092947
Moletta Patone Rock shelter 11 1985 45.933248,
10.898639
Nogarole Rock shelter 6 1985 46.182144,
11.092261
Paludei di Volano Rock shelter 2 1978 45.916111,
11.084047
Romagnano Rock shelter 30 1970 1974 | 46.007295,
11.106394
Schlanders Openair site 1 2011 46.632845
10.772834
Solteri Rock shelter 14 1962 46.082856,
11.123866
Tyrolean Iceman Alpine glacier 1 1991 46.779034,
10.840009

4 The Tyrolean Iceman was not actually sampled in the course of this study (the history of
char act er 2.1z2a18 However,i s
as one ofhe aims of this study is to investigate the possible relationship between the newly
studied samples and the Tyrolean Icari@ho was not only a contemporary of some of the
samples, but also lived in the same greater region), site type and locatiotedrkdie to

thisindvi dual 6s

place the find into context.

genetic

descri

be
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2.1.2 Prehistoric samples

With the exeption of Schlanders and the Tyrolean Iceman, all sampled
individuals originated from sites along the Adige Valley in the vicinity of

Trento.

2.1.2.1 Acquaviva di Besenello

Acquaviva di Besenello lies In south of Trento along the Adige River.
During construgbn works for a mineral water plant in 1977, anthropogenic
layers were found within a rocky plateau. In the spring of 1980, the
Tridentine Museum of Natural Scienceseed out excavation works of this
area, which had already been patrtially disruptedhieyconstruction works.

The excavation brought to light several stratigraphic layers containing
anthropogenic residuggngelini et al., 198Q) Trapezoid microliths faud

in the oldest layer document human use since the Early Mesolithic. This
layer also cotained red and roe deer, chamois and wild boar residues, as
well as fish remains. Late Mesolithic layers contained traces of hearths, a
Castelnovian lithic industry wh bones from red and roe deer, wild boar and
fish. Another late Mesolithic layer was fidult to differentiate from the
abovelying layer: This combined part of the stratigraphy contained lithic
implements of Castelnovian type, but also arrowheads b&pessimilar to

those observed in the VBQ. The faunal remains contain domesticates: sheep
or goat as well as pig, but also red and roe deer. Although this does appear
to indicate that Mesolithic traditions were upheld until well into the
Neolithic, this canot be determined with certainty due to the indistinct
separation between the layefdngelini et al.,, 1980; Riedel, 1982)
Furthermore, it cannot be ascgearptéoai ned
between the late Mesolithic and early Neolithic, as is the case for
Romagnano Ill att Gaban, as n&'C data have been published for these
layers. Above Middle and Younger Neolithic layers (for which little
description is provided), the Copper Age levmntained a disturbed,
incomplete burial of one individual, which was sampled for $higly and

dated to the Early Copper Age. The general osteometry and gracility of the

w h
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human skeletal remains (comprising several vertebrae, sternum, left
humerus, radis, ulna and hand bones, left patella and several foot bones)
indicated an adult individuaf female sexCorrain, 1982; Paladin, 2013)
The Copper Age layer included the base of a copper smelting furnace.
Grave goods included a flint knife, an almesttaed flint tool and three
arrowheads, one with a convex base and one with a @adelini et al.,
1980) Analysis of the faunal remains showed that, although some domestic
animal residues (caprines, pig), were found in the Chalcolithic strata, wild
animals(primarily red deer) still formed the greater part of the Acquaviva
subsistence strateggt that time, supporting the notion of a very long

continuation of certain Mesolithic traditioRiedel, 1982)

2.1.2.2 Fiave-Carera

The prehistoric site of Fiave, first deibed by Battaglia in 1947, was a
lake-dwelling (stilt house) settlement near Trentoe Hettlement shows two
phases of occupation: During the late Neolithic (38&&D0 BCE, and again

from the later early Bronze Age to the advanced middle BronzgPagi,
1976)settlement was dated to the Bronze Age on the basis of the settlement

characeristics and accompanying finds.

The sample used for this study could not be dated due to the small amount
of sample material available (the other half of the molaalysed by
Benedetto et afDi Benedetto et al., 2000Yhis publication describes the
sample as Neolithic, stating that this was defined on archaeological grounds;
however, no specific publication was cited.ivénh that all found
archaeological publicatiendescribing human remains from Fiave refer to
Bronze Age materig|Battaglia, 1947; Coain and Capitanio, 1967; Perini,
1987; Pedrotti, 1998a; Marzatico and Tecchiati, 208B) it seems likely

that this applies to the sample in questidhis layer, Fi@é 2, coincides

with the Polada A phase.

According to the preliminary investigation, tBeonze Age human remains

found in the course of the excavations were those of 18 adults, 12 males and
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6 females, mostly subadults of-18 years of age. Skulls wererpeularly
abundant in contrast to other skeletal remains, and not always found in the
vicinity of the postcranial elements, leading Battaglia to hypothesise a
possible skull cul{Battaglia, 1947)A detailed osteological reinvestigation
by Corrain and Qaitanio (1967) largely confirmed the initial descriptions.
The proximity to the lakesidéed to the preservation of certain organic
materials such as wooden cups or whigkalmeri and Nicolodi, 2004)The

site also revealed abundant faunal (mostly sheeats and cattle) and
botanical remains, (including emmer and barley) indicating a
well-established agricultural econongyarman, 1975; Jarman and Gamble,
1975)

DNA analysis for thesample used in this study was already attempted
by Di Benedetto et al(2000) but no DNA could beamplified from the

sample.

2.1.2.3 La Vela

In 1960, during building work for a house in the town of La Vela near
Trento, traces of a prehistoric settlement wereught to light. A first
excavation was carried out in 1960, second and third campaigns were
performal in 19751976 and 19872988. The earliest layers are attributed to
the Early Mesolithic, containing typical lithic implements as well as roe deer
remains, ad to a lesser extent chamois, ibex, wild boar and badger. The
Late Mesolithic layers are presenitlpoorly documented, containing a few
remains from red deer, chamois and iljBazzanella, 1998; Bazzanella et
al., 2000) Domesticates (caprines, pigs)stimppear in the early Neolithic
layers, but wild animals are still abundant, indicating that stdrste was
based on both livestock and hunti(@agolini, 1987; Pedrotti and Demetz,
1997; Bazzanella, 1998yvhile domesticates became more frequent in the
Middle and late Neolithic. A clear shift in subsistence becomes apparent at
the start of the VBQ, ith oxen and other domesticates largely replacing
deer(Bazzanella, 1998)In contrast to the Middle Neolithic layers, which

have undergone extensive radidman dating, no absolute dates have been
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published for the Late Mesolithic. No statement can theeebe made
regarding habitation during the phase
Romagnano and Gabaimhe Middle Neolithic (VBQ) layers revealed a
numberof burials and were extensively excavated. A sandy layer (Ll&yer
0.30-1.0m) contained three buii cists of red limestone, placed in eastst
orientation. One cist measured 1rh& 0.60m, the other two could not be
measured due to disruption by thecavation machinery. The former cist
contained the skeleton of an adult, buried in a crouchedigrosin its left
side. Initial analysis described this individual as an adult male, whilst the
two other cists contained the (disturbed) remains of two a(liits1960/1).
Furthermore, the remains of a child (ind. 1960/4) were found outside the
cists. Ostological analyses of these human remains by Corrain and
Capitanio(1967)confirm the sex of the undisturbed individual as male. The
remains of the child ardescribed as being approximately 5 years of age.
The remains in the two disturbed cists are oldast) two adults. The skull
morphology of the adult individuals indicates male sex. Further excavations,
carried out from 19756, revealed 3nore undistused skeletons,
apparently all adult females, two aged-19, one aged 380 years
(Capitanio, 1978)A third excavation campaign from 198888 brought to
light another 7 tombs containing remains of 4 adults arstlibé&dults
(Corrain and Capitanio, 1994%ome burials indicate a NVBE orientation
(Malone, 2003) The cist burials also yielded various &at#s: a polished,
jadeite axéhead, a dark stone chisel or axe, a large blade of grey flint, seven
triangular arrowheads, a lealiaped arrowhead and a shtahngular blade
(Barfield, 1970) The layer above the anthropogenic layer contains alluvial
mateial, which Barfield interprets as signs of erosion possibly due to

deforestation for agricultural purpos@arfield, 1970)

2.1.2.4 Madonna Bianca

In September 186, a collection of lithic implements/as discovered by
chance in the hills near the town of MadanBiancaMalpensada, on the

left bank of the Adige River. This material contained artefacts from the

r
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Mesolithic to the Copper Age, initiating extensive syrveork on the area.

The following year, a small exploratory excavation was carried beneath a
rocky outcrop and revealed a stratigraphic sequence, partially disturbed by
building work. The site stratigraphy documents anthropogenic activity in the
late Mesaitthic, early Neolithic, Copper Age and Middle Bronze Age
(Dalmeri and Nicolodi, 2004)lthough, laking absolute data, it cannot be
ascertained whether use was continuous from the Mesolithic to the
Neolithic. Within a niche in the Copper Age layer, a Bludonsisting of
several teeth, long bones and fragments of skull was discovered. The same
area yidded a large arrowhead of the shafted Remedello type and a thin,
rod-shaped bone pendant of a type traditionally interpreted as belonging to
Bell Beaker culire and pottery sherds of Corded Ware type (Copper Age
horizon Isera V). However, due to the disted stratigraphy, these artefacts
cannot with certainty be associated with the buiaigelini et al., 2002;
Dalmeri and Nicolodi, 2004)As for other Coppeand Bronze Age groups,
Cucina (2002) documents a higher frequency of enamel hypoplasia for
Madonra Bianca, inferring a possible focus on early agriculture (and thus a

less varied diet).

2.1.2.5 Martignano

In March 1948, ploughing work in the nontvest of Trentorevealed a
prehistoric grave. The owner of the farmland recovered the skeleton and
handed it overto the archaeological cultural heritage department, who
carried out a survey of the site. The poor preservation state of the skeleton is
noted in the originareport, characteristic for human remains buried in sand
or exposed to the air. No mention is madéhe original study of how the

find was dated, but radiocarbon dating performed in the course of this study
indicates placement within the Early CoppereAdhe stratigraphic layer in
which the remains had been found contained limestone slabs forming a
rectangular cist of 8% 60cm, covered by an irregular slab. The skeleton
itself lay in a crouched position on its right side directly on a sand layer. Part

of the skull, mandible, the main long bones (incomplete), fragments of
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scapula and pelvis were netved. Osteological charaststics indicated an
adult male individual(Battaglia and Leonardi, 1950No information is

available regarding accompanying finds or faunal/plant remains.

2.1.2.6 Mezzocorona

Same confusion appears to hasgsen with regard to the site hame. Two
Neolithic sites are known within the locality of Mezzocorona (slightly north
of Nogarole): the Borgonuovo site with a documented chronology from the
Sauveterrian and Castelnovian Megwott to the mid Neolithic/VBQ
(Pedrotti, 1998bpand the Dos del la Forca site with known absolute dates
from the Castelnovian Mesolithic to the early Neolithic (Gaban). As the first
sample analysed ithe course of this studyo@th) is the same individual
studied by Benedetto et §Di Benedetto et al., 2000t dates to thesarly
Neolithic. Whether this sample was obtained from the Borgonuovo or the
Dos de la Forca sitecould not be ascertaied from the sample
documentation rd is not specified in the aboweamed publication.
Although Di Benedetto et al. also analysed a different sample named
ABorgonuovoo, indicating that the first
de la Forca site, this remains liguous.

To add to the comfion, a second sample obtained for this study was

labelled iMezzocorona Tierknocheén(Tierknochen is German for animal

bones), despite it being a human petrous hoRessibly due to some

language misunderstanding, it seem$iéwe been assumed at some point
thatfiMezzocorona Tierknochérwas the name of the site and was entered

as such on the initial osteological report. According to Dalmeri & Nicolodi

(2004) theemact | ocation for MAMezzocorona Tier k
The latter was*C dated to 4604536 cal. BCE in the course of this study,

thereby dating to the mid Neolithic VBQ thus somewhat youngéran the

sample studied by Benedetto et al (the ottaéf of which was also analysed

here) which was dated in theriginal study to the early Neolithi®ue to

5 |dentified as the petrous bone of an approximate8ry@arold female by A. Pladin,
Mastets Thesis
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the ambiguity regarding the exact site, both samples are simply referred to

as AMezzocoronaodod. As the generthkel l ocal it
precise allocation to one or the other site is of littmsequence for the

main purpose of this study. The molar studied by Benedetto et al. was sawn

in half for that analysis; the second half was used for this study, thereby

ensuring that any resuly sequences derive from the same individual.

Di Benedetto etal. were able to identify mutations at positions 16126,

16292 and 16294 in tHdVR1.

2.1.2.7 Moletta Patone

The site of Moletta Patone is a rock shelter near the town of Moletta which
was excavated bB. Bagolini in 1981(Angelini et al., 1982; Bagolini et al.,
1984) The site yielded layers from the Late Mesolithic, the early Neolithic
(Gaban), Middle Neolithic (VBQ) and the Copper, Bronze, Iron and Roman
ages. Lacking data from the layers earliernthidne Chalcolithic, no
deductions may be made regarding caritin from the Mesolithic to the

Neolithic, although there does seem to be a gap during the late Neolithic.

The Mesolithic layer is not described in detail, the only information
provided is thatthe lithic implements date to the Castelnovian. The next
layers date to the early Neolithic, containing pottery fragments characteristic
of the Gaban group, and the Middle Neolithic, with VBQ potsherds and a
spondylus pendantDalmeri and Nicolodi, 2004)The following Copper
Age layer contained numerous disturbadidls, which were accompanied
by stone implements (mainly knives and arrowheads) of Copper Age
fiRemedello typology as well as other objects, such as a perforated jadeite
plate, a bone awl aseN as several copper spiral rings and beads wrapped in
copperfoil (Bagolini et al., 1984; Dalmeri and Nicolodi, 200Zhe burials
included the incomplete remains of 5 adults (3 femaad 2 males
according to Corrain(1984) and several subadults and infants. These
appear to have been secondary burials. Dentalyses performed by
Cucina et al.(1999; 2002)on samples from Neolithic to Bronze Age

Trentinorevealed an increasing rate of enamel defects such as hypoplasia in
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the later samples, which is interpreted possibly resulting from a less varied,
more carbohgratebased diet (i.e. subsistence based on agriculture with
little meat). However, the faunal analysis indicates no lack of meat, but
rather an established animal baadry. Faunal remains mainly consist of
domesticated animals (63%), mainly cattle (11&&prines (30%) and pigs
(22%). The residual wild animals mainly comprise foxes, hares and cats
which in all probability frequented the site when uninhabited by humans
(Riedel, 1984) Several remainsom this layer were sampled for this study.
The remains were stored in individual boxes marked Scatolthorhis was
initially assumed to denote separate burialsl @ampled accordingly;
however, at a later point, it became apparent on the basis o$tdwlogical
assemblies that there appears to have been some mixing due to the disturbed

nature of the burials.

2.1.2.8 Nogarole

In March 1985, two archaeologists discoveredrark shelter with
anthropogenic sediments near the locality of Nogarole di Mezzolombardo
The area is located on the right bank of the Noce River, just north of the
Adige River. The spot itself is located at the base of the cliffs, in the region
of the gavel quarries. The gradual depletion of one of these quarry pits
revealed a series of rocshelters, approximately 38 metres above the
current level of the quarry floor. Sondage trenches revealed three distinct
areas with anthropogenic traces, which eveiamed Nogarole-lll from

south to north, the results of which are described in onkcptibn to date
(Bagolini et al., 1985)Directly south of these areas, traces of an ancient
waterfall are visible in the rock. The first area, Nogarole I, consistea
single level containing early Neolithic traces (the nature of which is not
describedin the initial report). The second sector, Nogarole Il, contained
several layers with anthropogenic traces. In the second level from the top, a
tomb was discoveredpeered by a mound of stones and placed against the
rock face. The burials in this levef dlogarole Il are placed in a flexed

position on their left side, facing west and covered by rocks and can be
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dated to the Copper Age. The grave goods included vamegglace
pendants (shells, beads and bones), an antler awl and a pedunculate flint. On
the top layer, other items were found which may also be associated with this
level, including two leakhaped blades, a boar's tusk with four drilled holes,
an antler wl and a sherd of pottery with a horizontal corded pattern. The
levels below the burialdve not been excavated and might contain further
inhumations. The burial can be attributed to the Eneolithic (Copper Age).
The northernmost site, Nogarole Ill, has es&l anthropogenic layers. In a
recess within the shelter, in the third layer from thg, #@ small and much
disarrayed burial area with several burials was found against the rocky wall
of the recess. The only accompanying finds were small clay objeétsnif

of the tomb, charcoal residues were found. The burials were attributed to the
Bronze Age, although a more exact chronological or cultural placement was
not possible due to lack of grave goods. The underlying anthropogenic level
covers the entire flar surface of the shelter (38rand contains the burials

of babies and children in comicurns, reminiscent of those seen in the
Polada A layer at Romagnano. These were in turn contained within a type of
cist covered with a small stone pile. Similar umigh horizontal cording
were found at the cliff edge, sometimes covered by stone pdesetimes
simply placed on the floor. These were surrounded by traces of charcoal,
possibly indicating ritual fires as proposed for Romagn@harzatico and
Tecchiati,2002) While a Nogarole Il sample was subjected to radiocarbon
dating in the course ohts study, Nogarole Ill was allocated to the Polada A

phase of the Bronze Age based on the burial circumstances described above.

2.1.2.9 Paludei di Volano

Building work in the town of Paludei in the 1970s revealed prehistoric
human traces near the rock wall on dastern bank of the Adige valley. In
1978, excavations were carried out by the Tridentine Museum of Natural
Sciences. The older levels revealedptzoid blades and faunal remains
(including fish) attributed to the Late Mesolithic, while younger layers

contained the inhumations of three children, whose grave goods (two small
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cups with handles) indicated a placement within the late Neolithic or €oppe
Age (Bagolini et al.,, 1980) Later layers revealed no anthropogenic
materials(Dalmeri and Nicolodi, 2004)No faunal remains are reported.
Radiocarbon dating of individual T3 revealed an age of 2288 cal. BCE
(CurtEngelhoraZentrum Archaometrie gGhbiH, 2012, this study),
indicating that the individuals dated to the Early Bronze Age rather than the
Copper Aje. The burials contained three individuals, each in a good state of
preservation. Tomb 1 (T1) contained the remains of either a small neonate
or late foetus, with an incomplete and damaged skull, and fragments of
vertebrae, pelvis, scapulae and long boffesnb 2 (T2) consisted of the
remains of an approximately lygarold individual, the shape of whose
schiatic notch indicated female sex. Tombdhtained the almost complete
skeleton of a 1¥earold individual (age estimation based on osteometry of
long bones), also described as female, based on general gracility, angle of
frontal bone, size of mastoid and shape of the schiadic riGmirain and
Erspamer, 1978)

2.1.2.10Romagnano Loc

The prehistoric site of Romagnano Loc, adjacent to the Rio Bondone, was
disoovered at the foot of the cliffs in 1969 and excavated the following four
years by the Tridentine Museum and the University of Ferrara. The
excavaion work revealed several areas with chronologies ranging from the
Mesolithic to the Iron Age(Dalmeri and Nicolodi, 2004) Sector |
(excavated in 1969) contained chronological layers from the eauyitNic,
Bronze and Iron Ages. Sectors Il and IV (excavated in 1970) brought to
light various Bronze and Iro Age artefacts. Sector Il yielded the most
extensive chronology, with Mesolithic, Neolithic, Bronze and Iron Age
layers(Bagolini, 1971; Perini1l971, 1975)

Romagnano Ill, in particular, represents one of the most important
Mesolithic sites in southerBurope. The radiocarbon dates for the earliest
layers are the oldest Mesolithic dates yet determined, the oldest layer dating

from the earliest Saveterrian, 7880+90 BCE, with an uninterrupted
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Mesolithic continuity until the mig€Castelnovian, 5550+160 B.@lessio et

al.,, 1984) A layer dating to 4530+50 contains both Mesolisigle
microlith blades of local tradition and early Neolithic pottery bearing
similarities to Impressed Ware and FioranoetygeramicgBagolini, 1971;
Alessio et al., 1978; Broglio and Kozlowski, 1984) combination with
asymmetric arrowheads and rhomboid blades. This assemblage indicates
both the persistercof Mesolithic traditions as well as contacts to early
Neolithic groups from the Po Plain. This chronology reflects the general
observation for tb Mesolithic to Neolithic transition in thErentinoregion:

Al t hough there i s a héendofthe Castelnoiiee c hr on ol
from about 55066000 BCE, the lithic traditions seem to continue,

reappearing at the start of the Neolithic.

The stratigaphy spans the Early and Mikolithic, yielding pottery of the
VBQ tradition, sparse final Neolithic/earfyopper Age pottery and then an
extensive early Bronze Age necropolis in sectors Il and IV, dating to
approx. 2302100 BCE 13 separate tombs camitag 34 individuals, most
(but not all) placed in flexed positions were determined, as well as two
vessels:one larger jar containing two skulls, and several vases containing
the bones of infantéHarding and Fokkens, 20137 few scattered bones,
not in any anatomical connectioros§a erratichg were alsofound
(Capitanio, 1970, 1973; Perini, 1979he grave goods and the date clearly
indicate affinity to the Polada A culture. Some aspects ofrthemations,

with the body in a crouched position under a pile of stones, infant burials in
vases, skull burla and secondary inhumations are reminiscent of those
found in Borgonuovo di Mezzocorona, Nogarole di Mezzolombardo and
Colombo di Mori(Marzaticoand Tecchiati, 2002)

2.1.2.11Schlanders

This individual was discovered in 2011 in a sexpine spot above
Schlandes (Val Venosta, Vinschgau). The description of the find is as yet
unpublished (personal information Andreas Putzer, Archaeological Museum

Bolzano), but radiocarbon dates have attributed the skeleton an age of
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16901530 cal. BCE, placing it within the latestages of the early Bronze
Age or the earlier phase of the Middle Bronze Age.

2.1.2.12Solteri

The prehistoric cavshelter site of Solteri, located north of Trento near the
Martignano hill, was excavated by R. Perini from the Tridentine Museum in
1962(Corrainand Capitanio, 1967)'he excavation revealed anthropogenic
traces in the Middle Neolithi(VBQ pottery) Bronze and Iron Ages (Mottes
1996). One undisturbed burial, that of an adult male, was found in the
Copper Age layer. Three other graves contained nomsebones no longer

in anatomical connection(Dalmeri and Nicolodi, 2004) A recent
ostelogical analysis of thee remains, which were dated in the course of
this study to the Copper AgéPaladin, 2013)revealed a number of
13individuals (11 adults and &hildren). Several individuals, including the
undisturbed burial, were sampled for tetady. No information is available

on the exact typology of the accompanying finds in these layers or on any

faunal remains.

2.1.2.13Tyrolean Iceman

On September 19, 1991, avhikers discovered the body of a man, whose
head, arms and torso were visible aboveitiee at the Tisen Pass in the
Otztal Alps at an altitude of 3208 m. At first, it was assumed that the body
was a more recent one (perhaps that of a climber who ntetawiaiccident)

and the body was excavated with some haste from the shallow trench in
which it lay, causing damage to the body and its accompanying finds (for
example, the body's hip was damaged with a pickaxe when the body was
freed from the ice, and bottumeri were broken during recovery). The body
was then transported to the Legal Medicibepartment in Innsbruck in
Austria, where archaeologist Konrad Spindler recognised the true age on the

basis of the axe typology and thus the huge significance @hthe

The excellent preservation status of this find permitted insights into the
CopperAge far beyond anything known to that point. The clothes were
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intact, including a woven grass cape, leggings, a loincloth, shoes stuffed
with grass and a bearskin cadge had with him a hafted copper axe very
similar in shape to those known from Remedebo flint knife, birch
containers, birch and tinder fungi and a small antler tool. The assembly also
included an unfinished yew bow as well as a quiver containing rbdvay

all but two yet unfletched.

Several morphological and radiological analyses weesfopmed in
Innsbruck. (general morphology and radiology) As exact measurements at
the find site revealed that the mummy was in fact on the Italian side of the
border,in 1998 the mummy was transferred to the Archaeological Museum
of Bolzano, Italy, wherespecially equipped conservation facilities had been
established.

Analysis of contents of what was initially thought to be the stomach (but
later turned out to be thenall intestine) revealed red deer, ibex and cereals
(Rollo et al., 2002) More recent radlogical investigations identified the
stomach which was not empty, as previously thought, but was in fact
well-filled and had become displaced due to taphonomicgasegGostner

et al., 2011) As postgastric digestion of the stomach contents had etot y
begun, the meal must have been eaten very shortly before death.
in-depth analysis combining microscopy and genomic/proteomic methods
determined the stomach conte to consist of approx. 46% fat
(muscle/adipose tissue of wild ruminants), ibex/redr deeat as well as

einkorn grain (Maixner et al., 2018).

It was not until ten years after the find that Bolzdrased radiologist Paul
Gostner discovered anarrowheadd ged i n t he rGostmay 06 s
and EgarterVigl, 2002). A multislice CT examinatin revealed extensive
damage to the subclavian artery. Similar wounds are known from forensic
case reports to lead to death from haemorrhagic shock within a shoit time
left untreatedPernter et al., 2007¥0 this can certainly be regarded as the
causeof death. Although the arrowhead has not been extracted, shape

reconstructions from the CT images show that the arrowhead is also

shoul
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reminiscent of Remedello typology. Wead injury which had already been
discovered in Innsbruck and was later studied in ildeia proteomic
analysis (Maixner et al., 2013) Several proteins related to blood,
coagulation and stress response were identified. However, it is difficult to
say whether this may indicate a certain time lapse between the blow and the
time of death, owhether the blow may have occurred perimortally (not
necessarily by the assailant, but possibly resulting from a fall after

sustaining the arrow wound).

The additionaldi scovery of a wound on the
the thumb and the index fingéeminiscent of a wound sustained in a parry
movement to ward off a knife), which showed first traces of a healing
process, started to give an indication of a dramsdéiquence of events
during the | dNerichetéak 2003and the gallgmsofile
contained in the intestines documented that the Iceman hadlétafi®om

the valley bottom (around 1200 m) past the timber line (approx. 2500 m) to
the high #pine glacier levels (above 3000 m) within the space of
32-33 hours before deatf©eggl et al., 2007)

This indicated a scenario in which the Iceman became involved in a conflict

situation, in the course of which he sustained a wound to his hand fending

| cemal

of f an attackerdos knife. Heyintflygn ascende

from his pursuer. The fact that he partook of a large meal shortly before his
death makes it likely that he thought himself safe. However, he was struck
by an arrowi the entry anglendicated that he may have been crouched
over his meal at theéme, or that the assailant was standing further down
(Zink et al., 2011)

Ot her analyses revealed insights i
Iceman suffered from Helicobacter pyl¢kaixner et al., 2016)gallstones
(Gostner et al.,, 2011)degenerive arthritis and knee enthesopathies
(Murphy et al., 2003; Gostner et al., 201d¢ntal pathologie&Seiler et al.,

2013) which were possibly caused in part by the opportunistic parasite

Treponema denticol@Maixner et al., 2014)arteriosclerosigMurphy et al.,

nt o t
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2003) Lyme diseas€Keller et al., 2012and well as whipworm infestation
(Dickson et al., 2000)

Since the find in 1991, the Iceman underwent several genetic analyses. The

| ¢ e maitonéhendrialHVR1 mutations were first sequenced by in 1994

(Handt et al., 1994and identified as belonging to Haplogroup K1 in 2006

(Rollo et al., 2006) The complete mitochondrial genome was sequenced in

2008 (Ermini et al., 2008) permitting fine chaacterisation of the

mitochondrial haplotype (and the insight,h a t the | cemands mit o¢
haplotypei initially named K1*, later KIO@r A ¥t zi 0) and ul ti mat
(Coia et al., 2016) belongs to a novel branch not observed in other modern

or ancienthumans to date). The entire genome was sequenced four years

later (Keller et al., 2012)Apart from revealing that the Iceman had brown

eyes, belonged to blood group O, was lactose intolerant and had a
predisposition for cardiovascular disease (which ipbsdfacilitated the

development of the arteriosclerosis détecradiologically), analysis of the

Y chromosome showed that the Iceman belonged tohrémosomal

haplogroup G24&.91. Generally rare in modern populations, this haplogroup

G2a is observed at dtier frequencies in isolated regions such as Sardinia

and Corga (Keller et al., 2012; Rootsi et al., 2012; Francalacci et al., 2013)

as well as in the Alpine region (Berger et al., 2013). This haplogroup, which

has been detected in numerous prehistmddviduals, is described in more

detail in Sectior2.2.3. On a wholegenome level, the Iceman clustered most

closely with extant Sardinian populations, an observation which was

confirmed by Sikora et al. with other referertagaset¢Sikora et al., 2014)

This affinity indicaes that the Iceman shares a more recent common

ancestor with the Sardinian population than with other modern populations,

from which it can be inferred that these variants were widespread during the

late Neolithic, but disappeared in most areas as a resuftemographic

developments, only surviving at significant levels in isolated areas.
Sardiniads | argely Neolithic genetic her

involving both modern and ancient (Mareetsal., 2019) individuals.
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A

To determine whethertHec e manés mitochondri al | i neage
still exists in populations from the same region, Coia €fall6)sequenced

the mitogenomes of 42 individuals from the east Italian Alps and compared

these and the |l cemands mi basegNeitherrhe wi t h a
l cemands specific signatur e, nor a c¢l ose
Alpine populations or in worldwide databases, leading the authors to

conclude that t Hoagerlexdsestodag.6 s br anch no

2.1.3 Chronological overview

2.1.3.1 Radiocarbon dates determined for this study

As samples were selected and placed in a chronological context on the basis
of the radiocarbon dates determined at the start of the study, these results are

providedin this section.

With the exception of the Skadnders sample, the samples radiocarbon dated
in the course of this study were analysed at the-EngelhornZentrum
Archaometrie in Tibingen. Th&'C content was determined using the
MICADAS AMS system. Collgen was extracted from the bone and the
>30kD phase was removed, freedeed and burned. The gOwas
catalytically reduced to graphite. Calibration was performed using
INTCALO9 and SwissCal 1.0 software.

The sample from Fiavé was not dated in the cowkehis study as
insufficient material was avable, date allocation was performed on the

basis of the archaeological documentation.
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Table2: Radiocarbon dates determined in the course of this study
Site Ind. Sample | ¥Cage |+ |®C Call | Cal2 | Chrone
material | (BP sigma | sigma | |ogical
uncal) cal. —|cal. | placement
BCES I BCES (according to
Bagolini)
Acquaviva A Humerus | 4551 30 | -19.8 | 3363 | 3368 | Copper Age |
diaphysis 3125 3104
La Vela 60/1 Pars 5475 32 | -16.7 | 4353 | 4433 | mid Neolithic
petrosa 4270 | 4257 | VBQ 2
75/22 | Tibia Insufficient collagen
diaphysis
Martignano 73 Pars 4570 19 | -23.2 | 3366 | 3483 | Copper Age |
petrosa 3200 | 3129
Mezzocorona | T1 Pars 5731 21 | -22.7 | 4607 | 4679 | early Neolithic
Tierknochen petrosa 4536 | 4501 | Gaban
Moletta Sc. 1 Molar 4119 20 |-16.2 | 2851 | 2861 | Copper Age Il
Patoe 2626 2581
Sc. 4 Molar 4046 19 | -18.6 | 2617 | 2826 | Copper Age I
2496 2490
Nogarole Il 69 A Pars 4207 19 | -19.2 | 2886 | 2891 | Copper Age
petrosa 2764 2702
Paludei di 5 Molar 3788 24 |-19.2 | 2281 | 2289 | Bronze Age
Volano 2148 2141
Romagnano | 89/T2 | Femur 3770 20 |-23.9 | 2269 | 2284 | early Bronze
1 diaphysis 2142 | 2136 | Age
Polada A
Romagnano | 58 Pars 3744 20 |-17.9 | 2199 | 2266 | early Bronze
\% petrosa 2066 | 2043 | Age
Polada A
Solteri 67 Femur 4478 26 | -27.4 | 3327 | 3338 | Copper Age |
diaphysis 3097 3032

*cal. BCE unless stated otherwise
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2.1.3.2 Radiocarbon dates obtained from available literature
Table3: Available radiocarbon dates for relevant sites
Site Ind. calBCE Chrone Laboratory Refererce
logical
placement
Madonna B 28782836 Copper Age| Utrecht Van De | Pedrotti 2001
Bianca Graaff
Laboratorium
UTC 10557.
Mezzocorona | 2 6326 6444 BP | Early University of Di Benedetto
(54785292 Neolithic Utrecht, 1998 2000
calBQ
Romagnano Rom. lll | 3680-3580 Early University of Alessio 1978
4.7,P2.3 Bronze Age| Rome, 1978
R-770a
Schlanders 1 16901530 Bronze Age| CEDAD Centro | Personal
di Datazione e communication
Diagnostica, A. Putzer,
Dipartimento di | Archaeological
Ingegneria Museun
del | 61 nn| Bolzano
Universita di
Salento
Tyrolean 33703320 BC | Copper Age| Institute for Kutschera,
Iceman (34.3% Isotope Research 1994; Rom
probability), and Nuclear 1999
32303100 BC Physics
(61.1% University of
probabilityf Vienna
33003100
supported by
radiocarbon
measurement
of
accompanying
botanical
material
6Thevarying dates are due to-sama | | ed fdAwigglesodo in the

cal

difficult to pinpoint asingle age range in certain time periods (e.g. a curve plateau in the

area of the Neolithic or IrcA g e

AHal | 8 att

Pl

ateau

brati



Material and methods 50

2.2 Genetic markers

The following section describes the loci analysed for the samples in

guestion. Primer sequences are provideSeation 2.3.4.

2.2.1 Mitochondrial DNA

2.2.1.1 Hypervariable region 1 HVR1)

The hypervariable regions tfie mitochondrial DNA(mtDNA) include a

high number of known polymorphic sites. As mitochondrial DNA is
inherited maternally without recombination, these polymorphisms are used
to reconstruct maternal relationships over distaaed time. Due to the far
higher copy number of mitochondrial DNA in each cell, amplification of the
latter from ancient or forensic material is far more likely to be successful
than nuclear DNA. For these reasons, until the more widespread application
of wholegenome methods to arat DNA research, a large part of the
ancient DNA data obtained is limited to mtDNA, predominahtiyR1. For

this study, theHVR1 stretch spanning from positions 15996409 was
amplified, using a set of four standard primeirpaargeting fragments of
150-180bp to accommodate the fragmented nature of ancient DNa
HVRL1 testing permits general screening for all mitochondrial haplogroups,
no Alikelyd haplogroups needed to
Y-chromosomal haplogroups, as the definmutations are spread across a
far wider area). For this reason, infmation (such as frequency in other
ancient and modern populations, possible origins) on the specific haplotypes
detected in thelrentino samples are provided in the results section and

reviewed in detail in the discussion section.

2.2.1.2 Haplogroup U (12308)

Hapogroup U is largely regarded as having developed in Europe and is
therefore accepted as an indicator of Palaeolithic ancéRichards et al.,
1998, 2000; Bramanti et al., 2009; Malghuk et al., 2010; Bollongino et

" Primer design methods and primer sequences are described in 3edon

be
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al., 2013) with almost all Eurasiahuntergatherers tested to date having a
subbranch of U; mainly U5, but also U8 and (Ru et al., 2016; Posth et
al., 2016) However, as the main defining mutation for haplogroup U,
position 12308A/G, lies outside the hypervariable regi®orroni et al,
1996) this was therefore tested in samples whé$éR1 mutations
indicated a likely affinity to this haplogrofip

2.2.2 Functional and phenotypic markers

2.2.2.1 HERC2 (eye colour)

Since studies by ayser et al(2008) Eiberg et al(2008)and Sturm et al.
(2009) first demonstrated via genomede linkage studies that certain
SNPs are highly predictive of eye colour, this technique has been developed
further and used for forensic applications. GNP that can reliably predict
brown/norbrown eye colour even when gaded on its own is rs12913832
(A/G), a polymorphism located in the intron of the HERC2 gene on
chromosome 15, with G/G almost always being linked with blue, green or
grey eyes, and hete or homozygous A generally inferring a brown eye
phenotypgSturm et al., 2008)0n the basis of frequency and distribution in
modern populations, the derived allele is postulated by Eiberg tet lahve
originated in the Black Sea region approximatehl06 KYA and been
spread to Europe in the course of the Neolithic. However, the detection of
the G/G variant (denoting blue eye colour) in the Mesolithic Spanish La
Brana individualLazaridis et al.2014; Olalde et al., 2014ygues against a
(sole) Neolithic originfor this trait. While the origin remains uncertain, it
seems clear that the trait underwent strong positive selection throughout the
next millennia in some regions. By comparing datanfrancient Yamnaya

and modern samples, Wilde et gd014)demonstratedhat blue eye colour

has been under strong selection for the last 5000 years. Mathieson et al.
(2015a)observe differing patterns of selection, depending on region, with

slightly negatve selection in regions of southern Europe, indicating that the

8 This test was intrduced at a later stage of the study, at which point sample material was
no longer available for all individuals and was réfere not routinely tested for all
individuals
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trait may be more advantageous in northern than in southern regioas.
derived blue eye colour variant was detected in farmer groups from Hungary
(Gamba et al., 2014s well as nomadic Bronze and Iron Age groups from
Siberia and the Altai regio(Keyser et al., 2009)A genomic analysis of
Neolithic, Copper and Bronze Age individuals by Olalde et al. (2018)
revealed a significant increa in frequency of thipolymorghism between

the Neolithic and the Bronze Age in Britain, occurring at the same time at
which an almost complete genetic turnover occurred, associated with an
influx of Beakerfrelated groupsindicating that the spread ofishculture

may well have contrited to increasing frequencies of the derived

allele/blue eye colour.

In the course of the wholgenome analysis of the Tyrolean Icen{&eller

et al., 2012) specific analysis of pigmentatiorlated SNPs by this author
revealed that the Ilceman was homgauys for A/A at the rs12913832 site,
indicating that this individual very probably had brown eyes. This stood in
contrast with previous assumptions: Up to that point, the mummy's eyes had
been described in popular literatae being blue, and the recomstion of

the individual displayed at the Archaeological Museum in Bolzano showed
blue eyes accordingly. After the whedenome results had been obtained
and verified in separate PCRs, this author tried to determine hovner w
the blueeyes hypothesis haatiginated. However, no specific source could
be revealed. It may have arisen based on the fact that the mummy's irises
now have a greyish colour as a result of pigment decomposition, which may
have initially been interpret as bluegrey colour (personalommunication

E. EgarteVigl).

2.2.2.2 Lactase persistence-(3.910*T)

Lactase persistence, i.e. the ability to digest lactase (milk sugar) beyond
early childhood, is closely associated with the derived T variant at the
polymorphc site 13.910 bp upstream ofetHactase gene-13.910*T/Q.
Although rare in the early Neolithic, the derived allele underwent

unparalleled positive selection until it became almost ubiquitous in many
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regions of EuropéBurger et al., 2007; Itan et akD09) The spread of the
derivedallele is closely linked with the evolution of dairying, providing a
selective advantage on those able to digest milk without the need of
time-consuming processes to break down lactase, such as fermentation
(Burger and Thoms, 2011) Computational modelsdicate that the trait

was first selected approximately 7,500 years ago approximately between the
Balkans and central Europe, and whose spread may have been linked to the
Linearbandkeramikculture (Itan et al., 2009) Howewer, more recent,
extensive genoio studies of Bronze Age individuals show that the lactase
persistence allele was (in contrast to light skin pigmentation) not yet
particularly widespread in the Bronze Age, possibly indicating a more
recent selection thatr@viously thought(Haak et al.,2015 Olalde et al.,
2018. In the latter study, Olalde et al. established an almost complete
genetic turnover occurring in Britain between the Neolithic and the Bronze
Age associated with the influx of the Beaker culturewdver, at the same
time, the lactase persistence allele aered rare, indicating that the increase

of frequenciess not necessarily associated with the Beaker culture.

In modern European populations, the distribution follows a geographical
cline, rangirg from frequencies of as low as 10% in see#istern Europep
to 95% in northwestern Europ@ngram et al., 2009)

Although lactase persistence is generally rare throughout most regions of the
Italian peninsula, with frequencies of the derived alleleh@ region of
0.07-0.08 in Sardinia and southern Italy a@dl1-0.13 in central and
northerncentral Italy(Anagnostou et al., 2009; Santonocito et al., 20th%
region of Northeastern Italy (Bolzano, Bergamo, Udine, Castelmassa)
shows much higher fregncies of 0.23{Anagnostou et al., 200QVhether

this isdue to differing selective pressure in this wider area or is a result of
the ancestral population already possessing the derived allele is not clear.
For this reason, the status of the @/Ad910 hctase allele in
Neolithic/Bronze Age populations may hetpdiarify the origin of the allele

in this region.
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2.2.2.3 Amelogenin (sexdetermination)

The amelogenin locus, which is associated with tooth enamel production, is
a useful tool for sex determination farensic studies. Due to the length
polymorphism (¥chromosmal amelogenin is 112 bp in length, the
x-chromosomal variant 106 bp), sex can be determined by means of gel
electrophoresis alone without the need of sequencing the sample, provided
that the nua@ar DNA is sufficiently welpreservedMannucci et al., 199).

To be able to clearly distinguish the two bands from one another, either
SDSPAGE (polyacrylamide gel electrophoresis) or a higher concentration
of standard agarose gek486) in combination vth a low voltage current is

required (se&ection 2.37).

2.2.3 Y-chromosomalDNA

Due to the method used in this study (classical singleplex PCR rather than
STRs, multiplex assay or genomic approach), samples could not be
comprehensively screened for all possithaplogroups, as the defining
mutations are spread acroaslarge part of the Xhromosome. Instead,
Y-chromosomal analysis focused on the most likely haplogroups, which
therefore had to be selected a priori, based on considerations described in

the following.

Samples showing sufficiently promising nuclear DNbkeservation and
whose amelogenin samples and/or previous osteological an@hgdedin,
2013)indicated male sex were first screened for M201, the defining marker
for haplogroup G (a haplogroufpgerved in numerous prehistoric remains,
including the Iceran). Samples showing the derived allele at this site were
to be further subtyped for the markers described below; samples with the
ancestral allele for M201 were to be screened for haplogroupsREaland

R1b, which have also been observed in severaéansamples. As primers

for the latter were only to be designed and set up when actually needed (i.e.
haplogroup G subclade markers if any samples tested positive for G; other
haplogroups if any amnples tested negative for haplogroup G), only the

primersactually used in this study are listed in SecRdah4
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2.2.3.1 Haplogroup G

Haplogroup G, defined by a-&T mutation at polymorphic site M201
(rs2032636)Underhill et al.,2001) is strongly associated with the spread

of the Neolthic to Europe(Battaglia et al., 2009; Rootsi et al., 201anhd

has been found in numerous ancient samples to date. These include several
Near Eastern Neolithic samples: one from Iran datingpeéa8th millennium

BCE (Broushaki et al., 2016several fron Neolithic Anatolia dating to the
mid-7th millennium BCEMathieson et al., 2015a; Hofmanova et al., 2016;
Lazaridis et al., 20)6and another from Iran from the early 6th millennium
BCE. In Europe, this haplogroup was observed in high frequencies in

i ndividuals fr om t6theile8rtium({SiéeséngNagyu!l t ur e, m
et al., 2015)as well as LBK and other individuals from Hyary and
Germany(Haak et al., 2010, 2015; Brandt et alQ13; Mathieson et al.,
2015a; Szécseémpagy et al., 2015; Lazaridis et al., 201&Wwo Neolithic
populations from France and Spain revealed this haplogroup in almost all
individuals yielding autasmal DNA (Lacan et al., 2011&2011). A late
4th/early 3rd millennium individual from Greece also showed this

haplogroupHofmanova et al., 2016)

In the Copper and Bronze Ages, frequencies seem to be much lower: an
overview of individuals from Bronze Ag&urasian cultures only found
haplogroup G amongst Bronzeg& Hungarians. The Iceman is one notable
Copper Age individual with haplogroup &eller et al., 2012)which was

also found in two individuals from the Copper Age EIl Mirador cave in
Spain(Mathiesn et al., 2015aHaplogroup G seems to have been ousted in
many regions by haplogroups R1a and R1b, which were spread as a result of

the Steppe expansions, and survived, in particular, in isolated regions.

This specific haplogroup is most commonly obeertoday in th&€Caucasus
(where it reaches a frequency of up to 70%), with lower frequencies
(15-20%) in various regions of the Near East and southern E(iRusi et

al., 2012) but is rare in otéer parts in Europ, with the exception of
geographic refugia such as Sardi(f@ontu et al., 2008; Keller et al., 2012)


https://paperpile.com/c/x9buT4/VUXcs+UucME+3FT3m
https://paperpile.com/c/x9buT4/VUXcs+UucME+3FT3m
https://paperpile.com/c/x9buT4/lYtfN
https://paperpile.com/c/x9buT4/lYtfN
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Corsica (Rootsi et al., 2012)and Tyrol (Berger et al., 2013)with
particularly high frequencies (over 40%) in the more isolated Razaad

Otz Valleys in Austria. A similar pattern can be observed in the medayn
Trentino region, with frequencies reaching 49% in Val Prim{@oia et al.,
2013) On the basis of a calculated age for haplogroup G2 of 15,020 YBP,
and its generally higlirequency in Ital, Boattini (Boattini et al., 2013)
suggests that G2 might actually indicate Mesolithic continuity rather than
Neolithic introgression. However, this theory fails to explain the high levels
of G2a in most Neolithic groups throughout Eurcpaed in early Nea
Eastern Neolithic farmers, as well as its apparent absence in

huntergatherers.

For individuals testing positive for-81201, the following subclades are to

be tested:

0 Subclade G2 characterised by a -8T mutation at the P287
(rs41168205NP(Karafet et al., 2008)

Subclade G24&91, defined by a derived allele {€T) at
Y-chromosomal marker L91 (rs35474563). The haplogroup defined
by this marker has been renamed several tifGZa4 in ISOGG
Y-DNA haplogroup tree 2011, G2alb2 in ISOGG-DKA
haplogroup tree 2012, G2a21b in ISOGEDXA haplogroup tree

2013). To avoid confusion, therefore, this haplogroup is simply

O«

termed G24.91 here. L91 was detected in the Tyrolean Iceman in
the course of wholggenome sequencingeller et al., 2012)butis

rare in modern populations, constituting only a small proportion of
haplogroup G sample@Rootsi et al., 2012; Berger et al., 2013)
although it was detected in several unrelated men in Tputria)

by Berger et al(Berger et al., 2013)The frequacy of this subtype

in Alto Adige-Trentinohas not yet been established.

% Nomenclature differs across various publications. In some cssegles werdescribed
as G2a on the basis of the derived T allele at P287
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2.2.3.2 Haplogroup E

Samples yielding nuclear (male) DNA (e.g. through amelogenin testing) are
to be tested for haplogroup E, oefd by marker M96 (rs930684),
(Underhill et al., 2001)All haplogroup E individuals known from ancient
sample sets belong to a sgioup of Elblb. Haplogroup E has been
identified in Mesolithic samples from Israel dating to approximately
118409760 BCE a well as early Neolithic samples (839900 BCE) from
Jordan(Lazaridis et al., 2016)Haplogroup E samples from the European
Neolithic were found in SpainlLacan et al., 2011b)ynd Hungary
(SzécsényNagy, 2015) This is consistent with the theory thatphogroup

E was introduced to Europe in the course of thelidgo (Semino et al.,
1996; Hammer et al., 1998 present populations, haplogroup E reaches
relatively high frequencies in the Balkans and in Southern Italy. As is the
case for haplogroup Giaplogroup E also seems to be rare in the Copper
and Bronze A@es, only having been found in two middle Bronze Age
samples from Armeni@Allentoft et al., 2015)

Samples testing positive for M96 are also to be tested for M215, which

defines subclade E1blihe most common E subclade outside Africa.

2.2.3.3 Haplogroup |

Haplogroup I, characterised by marker M170, is occurs at high frequencies
in modern European populations, especially in Scandinavia and the Balkans
(Dupuy et al., 2006; Battaglia et al., 2008)though overall levels in Italy

are low (Di Giacomo et al.,, 2003)a few regions show higher rates.
Frequency is particularly high in Sardinia, especially one particular subclade
(M26) which is rare in other parts of Europe, consistent with a founder
effect in Sardinia(Contu et al., 2008)According to simulations, themost
recent common ancestor of M26 predates the start of the Neolithic in
Sardinia by several thousand years. This gives rise to the assumption that

while the modern population of Sardinia sfsa predominantly Neolithic

origin (Marcus et al. 2019; Raeme et al., 20199Sar di ni adés Pal

aeol
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and Mesolithic population must have been large tedlineagehas since

then undergone little drift.

Haplogroup | has been detected in several Palaeolithic samples from
Germany, Switzerland, Italy and Fran@es et al., 2016)in the Mesolithic
samples from Loschbour (Luxembourg) and Motala (Swefleaparidis et

al., 2014) During the Neolithic, this hdapgroup seems to become rarer,
constituting only a small percent of the-héplogroups determined for
Neolithic individuals to date. Several Copper Age individuals from the El
Mirador cave in Spain had haplogroug@GomezSanchez et al., 20143s

did all three individuals from the North Italian Remedello necropolis who
recently underwent genomic analysis, as veslBronze Age individuals
from Hungary and the Yamnaya gro{#dlentoft et al., 2015)

Due to the observations of haplogroup | in Palaeolithic remains and their
distribution argue for a European Palaeolithic origin for this haplogroup
(Semino et al., 2000)The varying clines of frequency and microsatellite
diversity for the major subcladesveal that they probably originated in
France and the Balkan regi@iRootsi et al., 2004)

2.2.3.4 Haplogroup Rla and R1b

Together, haplogroup Rla (M420) and R1b (M343) reprethe majority

of haplogroups amongst modern Europeans, with R1b dominating in
Westen Europe and Rla in the East. These haplogroups were found in
individuals from Russian steppe but appear to have been rare elsewhere
until the Copper and Bronze Ages, evl they were introduced into Europe

in the course of the Yamnaya migrations from toatle Steppe during this

time (Haak et al., 2015)Haplogroup G, which had been the predominant
type during the European Neolithic, was largely replaced by R1a and Rla,
indicating a significant population turnovéillentoft et al., 2015; Haak et

al., 2015 Underhill et al., 2015)

The earliest individual found to date with R1b was the Palaeolithic

Villabruna sample (14,1803,780 cal BP), indicating that R1 haplogroups
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were not completely absent in Europe prior to the Bronze Age migrations. It
was not unt the Copper and Bronze Ages, however, that these haplogroups
spread throughout Europe. The majority of Yamnaya samples belonged to
R1b (Allentoft et al., 2015)the Caoded Ware, on the other hand, showed
higher frequencies of Rla (despite the high leg€loverall genetic
similarity between the twojAllentoft et al.,, 2015; Haak et al., 2015)

very high frequency R1b was observed amongst the Bell Be@keeset al.,
2012; Allentoft et al., 2015; Lazaridis et al., 20Tdalde et al. 2018which,

bearigr i n mind this cul turedislikedyxtpgansi on tF
represent the basis farhi s hapl ogr oup 6day weterqui ty i n
Europe.

2.3 Ancient DNA analyses

2.3.1 General ancient DNA anticontamination and authentication
measures

The analysis of anent DNA required strict protocols to be observed in
order to minimize the risk of contamination from exogenous DNA. This is
particularly true when using PCR: high ogchumbers are required to
achieve sufficient amplification of the fragmented and degpagenetic
material which is typical for ancient samples, but this alsaroplifies any

trace contaminants that can be targeted by the primers in question. General

measires to minimise contamination included:

0 Care was taken to avoid any possiblgoduction of contaminant
DNA into the ancient DNA lab. This involved only entering the
facilities when absolutely necessary; with only trained personnel
allowed to enter theab. All consumables, reagents, equipment etc.
to enter the laboratory was ewntally cleaned with a soap solution
and either bleach or AppliChem DNE&xitusPlus.

0 Protective clothing was worn at all times inside the ancient DNA lab
area. These includedTayvek overall with hood, a clean headscarf,

paper shoes, a face mask, a visor, plastic sleeves and two pairs of
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latex gloves (so that the superficial pair could be exchanged after
critical steps without exposing the skin).

0 A fhavmag 0 | abor ateps were carged out im @der oS
susceptibility to contamination, e.g. PCR setup would be performed
before entering any other room in the ancient DNA lab, and neither
the PCR nor the extraction area would be entered after handling
samples in the milling&smng or irradiation area. Furthermore, the
ancient DNA area was never entered after work in the-PG&
area; the ancient DNA area was only entered after
showering/changing clothes.
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Measures to assess authenticity as described by Paab@e04d)included:

0 Co-preparation and amplification of PCR and extraction controls
(blanks without target DNA, but prepared from the same master mix

and under the same condition)

O«

Wherever possible, repeated extraction from the same or from other

extracts

O«

Reproductionn a second laboratory

O«

Comparison with modern samplésVR1 sequences of all persons

to enter the laboratory area were recorded in a database. These were
routinely compared with sample results as well as with any occurring
contaminants to identify possétontamination sources.

Further, stegspecific anticontamination measures are described in detail in

the next sections.

2.3.2 Selection and preparationof bone and tooth samples

Bones were visually inspected at their place of storage at the Museum in
Trento. Een though surface contamination from excavators and museum
personnel were to be expected, initial amntaminant measures in the form

of face masks, hair nets and gloves were already implemented at this point
to prevent further contamination. If availabteeth (preferably molars) or
dense, solid bone such as from the femoral shaft or the pars petrosa of the
temporal bone were selected for sampling, as removal of surface
contaminants is easier and solid bone structure is more likely to yield intact
geneic material. Bone material obviously discoloured by soil residues, as
humic acids are known to inhibit PQBurger et al., 1999; Sutlovic et al.,
2008) making successful and reproducible angdifion less likely.
Sampling was carried out in three campaigns: October 2011, November
2011 and April 2012. Selected bones and teeth Vedxelledaccording to

the original documentation, individually packed and transported to the
ancient DNA laboratoryof the EURAC Institute for Mummies and the
Iceman in Bolzano. Upon introduction to the ancient DNA laboratory,

samples were first irradiated under UV light for 4 hours from each side.


https://paperpile.com/c/x9buT4/BhDs4+M7wnM
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Samples from which not all cancellous bone could be remawedhich
appeared otherwise porous or damaged (e.g. cracked teeth) were
additionally treated with bleach (immersion in 3diumhypochlorite for
30seconds) to remove exogenous DNA that cannot easily be removed
mechanically. The samples then underwent surface rdr{eové removal of
cancellous bone, provided that enough compact bone material remained),
either with the edge of Bremel blade (e.g. for large, flat samples such as
from the femur diaphysis) or with a sand blasting machine (for uneven
surfaces such as tegtfheDremel blades were exchanged prior to sawing

in order to avoid transferring any residual surface contartsngm the
interior. After surface removal, the bone/tooth samples were sawn into small
fragments approx.-3 mm in size and irradiated once radrom both sides.

The small bone fragments were then pulverized in a Retsch mixer mill
(oscillation speed and dation according to bone hardness) until a fine
powder was obtained. This powder was divided into aliquots af @&ch,

filled into previougy irradiated 15ml Falcon tubes and frozen until further
use. All surfaces and instruments coming into contath the sample
material (fume hood, saw blades, tweezers and spatulas, grinding jars and
steel balls etc.) were treated with bleach for attld#&s minutes and all
mobile parts were irradiated. Delicate machinery that could not be bleached

was cleaned witldetergent and treated with AppliChem DNEXitusPlus.

2.3.3 DNA extraction

All samples were extracted using a standard phelmolroform extraction
techni que. For initial l ysi sg L 25%% 0
sodium | auryl s Rrotainase K weaetaédedafrond a ngagter € L
mix to each 0.5 powder aliquot intended for extraction plus to one empty
Falcon tube as an extraction control. Tdaps were secured with parafilm
against leakage and the contents mixed well by shaking. The Faloes tu
were then placed on a rotating tray in an incubator and left to incubate at
37°C overnight. After lysis, &L phenolchloroformisoamyl alcohol
(25:241) was added to each Falcon tube, shaken well for one minute and

eL/ g
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subsequently centrifuged for b@inutes at 4000pm. The resulting upper,
agueous phase of each sample was then transferred to a mewHdcon

tube. 2.5mL of phenolchloroformisoamyl alohol (25:24:1) was then
added, the contenthakenand the centrifugation step repeated. The upper
agueous phase was again transferred to a new Falcon tube and 25
chloroform was added to remove phenolic residues. The shaking and
centrifuging step was repeated once again. The aqueous phase was then
transferred to previously irradiated B0. Amicons (50 kDa Amicon
centrifugal filter unit, Amicon® Millipore), filled to 3nL with irradiated
HPLC water and centrifuged for approximately 3 minutes at 400
(somewhat longer in case of very discoloured samples) until approximately
150mL liquid remainedn the filter. Another BnL of water was added and

the process repeated once, or several times in case of strongly coloured
residues, indicating a high demt of humic or fulvic acids which would
otherwise inhibit PCR. Once the colour of the liquid wdatieely clear, the
residue was aliquoted into three @b Eppendorf tubes and frozen until

further use. The extraction control was subjected to the pamsedure.

2.3.4 PCR primer design

Established primer pairs described in the literature or routinely usta a
Mainz laboratory. Further primer pairs were designed in the course of this
study using the DNAStar LaserGene PrimerSelect software. Primers used
here are listed in the table below. For mitochondrial DNA, fragments of
160-200bp are initially targetedif these fail to amplify, smaller fragments
(100-120bp) are targeted. As nuclear DNA is generally present in far lower
copy number, smaller fragmentseawusually targeted. The optimum
annealing temperaturfer newly designed primer paimgas determinedoy
means of a gradient PCRtarting with the temperature suggested by the

primer design software.

As noted in Sectio2.2.3 determination of the Xhromosomal haplogroup
followed a stegby-step approach, first focusing on haplogroup G and

subsequently designing only those primers that were actually required (i.e.
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primers targeting G subclades if G was confirmedgyromers tageting other
haplogroups if samples tested negative for G). In other words, primer design
was in part dependent on the first results (and not planned in full in
advance). The results on which the primer design steps are based are
provided in Seion 3.4.3

Table4: MitochondrialDNA primer pairs used in this study

. . Product
il 58430 sequence Annei!mg length | SNP/locus| Reference
name temp.
(bp)

115996 CTCCACCATTAGCACCCAAAGC MtDNA Endicott 2003
58°C 145 HVR1 Store &

H16142 ATGTACTACAGGTGGTCAAG Standard | Stoneking 1998

116117 TACATTACTGCCAGCCACCAT mtDNA Haak 2005
58°C 115 HVR1

H16233 GCTTTGGAGTTGCAGTTGATGTGT Standard | Haak 2005

116209 CCCCATGCTTACAAGCAAGT mtDNA Handt 1996
58°C 138 HVR1

H16348 ATGGGGACGAAGGGATTTG Standard | Haak 2005

116287 CACTAGGATACCAACAAACC mtDNA Handt 1996
58°C 122 HVR1

H16410 GCGGGATATTGATTTCACGG Standard | Handt 1996

116280 ACCCCTCACCCACTAGGATACC MtDNA This study
55°C 52 HVR1

H16333 AAGGGATTTGACTGTAATGTGCTA Short This study

L16055 GAAGCAGATTTGGGTACCAC mtDNA Handt 1996
58°C 87 HVR1 Sore &

H16142 ATGTACTACAGGTGGTCAAG Short Stoneking 1998

116209 CCCCATGCTTACAAGCAAGT mtDNA Handt 1996
53°C 94 HVR1

116303 TGGCTTTATGTACTATGTAC Short Handt 1996

116117 TACATTACTGCCAGCCACCAT mtDNA Haak 2005
58°C 100 HVR1

H16218 TGTGTGATAGTTGAGGGTTG Short Handt 1996

12303U GATAACAGCTATCCATTGGTCTTAGGC mtDNA Unterlander 2015
52°C 103 12308

12352L GGAAGTCAGGGTTAGGGTGGTTATAG AA G Unterlander 2015

10 As specified in the original publication or as determined laglignt PCR. The annealing
temperature specified by the primer design software sometimes differed significantly from
the temperatte that yielded the best results in a gradient PCR.
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Table5: NuclearDNA primer pairs used in this study

. . Product
Fi e 5430 sequence AT length SNP/locus | Reference
name temp.
(bp)

Amel-A CCCTGGGCTCTGTAAAGAATAGTG i Amelogenin Mannucci 1994
55°C 106/112 X/Y

Amel-B ATCAGAGCTTAAACTGGGAAGCTG Mannucci 1994

HERC2A | GATCCAAGAGGCGAGGCCAGTT Eye colour | Graefen 2009
55°C 33 rs12913832

HERC2B | GCCTCGGCCCCTGATGATGATA AA G Graefen 2009

Lac5u GCGCTGGCAATACAGATAAGATA Lactase Burger 2007
53°C 111 rs4988235

Lac5l AATGCAGGGCTCAAAGAACAA CAT Burger 2007

LactA CTGCGCTGGCAATACAGATA Lactase Graefen 2009
55°C 118 rs4988235

LactB GTACTACTCCCCTTTTACCTCGTT CAT Graefen 2009

Table6: Y-chromosomal primer pairs used in this study

Primer Annealin Product

5@ 30 usneeq 9 length SNP/locus | Reference
name temp

(bp)
2

L9L-A TTCTGGAGAGCACTAAGCCACTTCC . o (35474563 Graefen
L91-B CCAAAGCTGATCACATGAAAAAGATG CAT Graefen
M201-A | CTCAGATCTAATAATCCAGTATCAACTGA o ) 12032636 | Haak 2010
M201-B | CCTATCAGCTTCATCCAACACTAA GAT Haak 2010
P287ZA | TTGCAACCCAGGGCACAAGAGAT e o 'sa116820 | This study
P287B | CTAAAGCCACTGGCACTGAATGCTC GAT This study

2.3.5 Polymerase chain reactionPCR)

PCR setup, including preparation and aliquoting of reagents, was pedorm

in designated ancient laboratories (at the EURAC Institute of Mummies and
the Iceman in Bolzano, Italy, and later at the Palaeogenetics Group ancient
DNA laboratory at the Universit of Mainz, Germany for replication
purposes), both of which are spdtiateparate from pofRCR facilities.

PCR setup, as well as preparation/aliquoting of any necessary primers or
reagents, was performed in a UV cabinet, which is closed on all sitles wi

only two closableh ol es f or the analystdés ar ms,

11 For singleplex amplification of the lactase locus, the Lac5u/Lac5! ppaie was used.
The second primer pair for the lactase locus {Adtiact-B) had been originally designed
for a multplex PCR inorder to align annealing temperatures of the primer pairs run
together (Lact, HERC2 and Amel). The second lactase primewpaitherefore only used
if a multiplex or duplex was run.

21n the course of the Iceman Genome study (Keller et al. 2012)
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detergent . The cabinetds <cl ear wa l
detergent and subsequently treated with AppliChem EMAusPIlus,
whereas less sensitive surfaces such as bamchipette tip boxes, glove
boxes and general surface areas wereddeaith 3% sodium hypochlorite
solution after cleaning. The cabinet, as well as the pipettes and pipette tip
boxes were irradiated for 4hours prior to use. No consumablésbes,
pipette tips) or reagents were opened outside the ancient DNA laboratory
area. Tube preparation protocol differed slightly between the two
laboratories: In Mainz, tubes and pipette tips are irradiated prior to use. In
Bolzano, tube and pipette tipoxes are wiped down with sodium
hypochlorite solution and only opened inside theRPiibx, based on the
assumption that the irradiation procedure with open boxes may in itself pose
a contamination risk. When working inside the PCR cabinet, the analyst
weals two pairs of gloves and irradiated plastic sleeves. PCR was set up as a
master mixwith target DNA added after the mixture is divided amongst the
requisite number of tubes. At least one blank control containing H®O0C
instead of target DNA was set dpr each PCR. Additional tubes were
reserved for positive controls. Modern DNA waddad for the latter in a
separate podPCR area. As a general rule, thermocycling was performed at
a low cycle number for ancient mtDNA to prevent-araplification of
contaninants. This cycle number was increased for nuclear DNA and
experimentally for mitohondrial samples whose amplification was present
but too faint to be successfully sequenced, although these were discarded if

the blank controls were eamplified.

2.3.6 Multip lex PCR

In some cases, multiplex PCR wasplied (several primer paite amplify

more than one targéh one PCR). Multiplex PCR poses several advantages:
several loci can be analysed in one step and it saves sample extract (which is
often limited for anient material), as a multiplex PCR requires the same
amount on extract as a singlepl would. However, primer pairs used

together must have similar annealing temperatures, and should not interact
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to form undesired producté nuclear multiplex had been abtished in an
earlier study (Graefen, 2009) in which the HERC2, Amel and Lact mime
(as described in Section 2.3.4) were used. Although a functioning primer
pair for the lactase locus had already been available (Burger et al., 2007), a
new pair was degned to obtain a higher annealing temperature in line with
the other primers. In saencases, HERC2 and Lact were run together as a
duplex (excluding Amel), as this did not require higresolution gel
electrophoresis (see next Section).

2.3.7 Gel electrophoress

PCR amplicons were visualised by means of standard agarose gel
electrophoresis, sy 2% agarose gel to accommodate the small fragment

size (< 200 bp) of the amplicons studied here. A higher gel concentration

(4%) was used for amelogenin products at lowstage and higher runtime

in order to be able to differentiate the 106/112 bpdsakthidium bromide

(EtBr) was used as a dye and 1x-bwate was used as electrophoresis
buffer. To facilitate gel | oadi ng, 1 ¢l
of PCR product added to each | ane. 1.5 ¢
was added tone or both outermost lanes for size comparison purposes. The

gels were then illumiated ultraviolet light (which causes the amplicons to

fluoresce due to the intercalat&dBr) and photographed. The gels as well

as all instrumentssolutionsand cleaningutensils coming into contact with

EtBr were handled with nitrile gloves and disposed of accordingly.

2.3.8 DNA purification (PCR product)

PCR products were purified prior to cgcbequencing in order to remove

substances that would have an adverse effect oreseinqg (e.g. dNTPs or

primers). The silicdbbased MSB®Spin PCRapace kit (Invitek) was used for

this purpose according to the manufactur
to the PCR product, vortexed and transferred to the silica membrane, and

then centrifged at 12,000 rpm to remove superfluous substances

(sufficiently sized DNA adhering to the membrane via salt bridging). After
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addition of a lowsalt elution buffer (to bréaup the aforementioned salt
bridging) and a 18ninute incubation period, the DNA ¢entrifuged down

into a clean tube by centrifugation at 10,000 rpm for one minute. The eluate
containing the purified DNA is then frozen-20°C until required for cycle

sequencing.

2.3.9 Cycle sequencing

Cycle sequencing was performed according to the stdndaethod
described by Sanger (1977), involving the random incorporation of

fluorescencenarked ddNTPs which can be detected via -capillary

el ectrophoresis. Cycle sequencing setup
buffer (5x), 1.0 ¢l o/dle SBguandingeadent, Ter mi nat o
1.0 ¢l of the respective prcadmwihr (produc

each primer in turn), 1-:.0e | of PCR product (1.0 el f ol
2.0 ¢l for weaker product sHO. Bhed fill ed
thermocycler pogram involved 25 cycles, each cycle involving a

denaturation step at 92°C for 86cond , an annealing step at
optimum temperature (589°C) for 15 seconds and an elongation step at

60°C for 2.5 minutes.

2.3.10Purification Il (cycle sequencing prduct)

Cycle sequencing products were purified prior to capiddegtrophoresis to

remove substances that would adversely affect the electrophoresis process,

such as noifncorporated dNTPs and ddNTPs. Purification was conducted

using a sephadelxased gelTo prepare the purification gel for sequencing

on the ABI PRISM®3 100 genetic anaisy tirer |, Sephad
(GE Healthcare BieSciences) powder was distributed into each well of a

gel column plate by means of -HO di stri but
added to each and left to well up for Zhburs at 4°C. After cenfriging off

surplus water for 8inutes at 2750 rpm, the gel was cleaned by adding

another15@¢ | t o each well and centrifuging of

of the cycle sequencing products 7 ¢ | of formamide was add
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of a 96well plate inorder to prevent DNA renaturation and to ensure the
minimum volume required for capillary electrophoresis. The gel column
plate is placed on top of the 9l plate and the cycle sequencimgpducts
pipetted into the centre of each gel column. The bloak then centrifuged

at 2750rpm for 5 minutes, causing larger DNA strands to pass through the
gel into the formamiddilled wells, while retaining smaller fragments under
10 bp (dNTPs and ddIWPs) in the gel matrix. After centrifugation, the gel
column plag¢ was discarde@nd the 9éwell platelabelledand sealed with a
rubber lid and refrigerated until capillary electrophoresis. For sequencing
using the ABI PRISM® 310 genetic analyzer, sarapieere purified using

the same reagents, only using single tubes rather thanvalBgay.

2.3.11Capillary electrophoresis

Capillary electrophoresis was carried out using the ABI PRISM® 310
genetic analyzer (Applied Biosystems) at the Bolzano laboratory and th
ABI PRISM® 3100 genetic analyzer (Applied Biosystems) at the Mainz
laboratory. Injection time and runtime weset individually for each
fragment/sample, based on the fragment length and sample concentration.
Performance enhanced polymer (R@Pwas usedis a separation matrix.

The light signals emitted by the ddNTPs through stimulation by the

i nstr ume mderdae datectgddoyma QCD camera, which is translated
into an electropherogram by the ABI PRISM® DNA Sequencing Analysis
Software.

2.3.12Sequence aalysis

Initial sequence analysis (general sequence quality, review and correction of
basecalls) was performeding ABI PRISM® DNA Sequencing Analysis
Software. Sequences were then aligned against the respective reference

sequence using the DNASTAR LasangeSegMan application.
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2.3.13Scoring system

A variety of different criteria for establishing authenticity of ancieiAD
results have been proposed and applied by different autGorsper and
Poinar, 2000; Hofreiter et al., 2001; Paabo et al., 2004; Willeratel/
Cooper, 2005) These include assessment of fragment size, screening for
typical degradation products (e.gaail resulting from the deamination of
cytosine), blank controls, stringent cleanroom protocol and reproducibility.
For the latter, confirmatio of results in at least three PCRs from two
different extracts (and, where possible, in two different labaestpris
desired. However, for the reasons given in Section 3.2.1, repeating the

procedure with a second extract was not possible in each case.

Therefore, a scoring system was developed to determine overall sequence

guality, taking the following factors iataccount:

A) Number of extracts from which results were obtained

B) Replication in two separate laboratories (2 points for samples
replicated in a s®nd laboratory, otherwise no points)

C) Overall sequence quality (score from O=very poor to 5= very good)

D) Eachamplicon reproduced in at least 2 PCRs

The overall score is calculated as follows:

2A + B + C = Score

In addition, each amplicon must be reproduiceat least 2 PCRs (D). If this
is not the case, then the sequence does not meet the criteria, regartiless of

score.

Samples gaining at least 8 points (of a maximum number of 11) are
regarded as meeting authenticity criteria and were taken into régard
statistical analyses.

For example: If a sequence is obtained from only one extract (A=1), it can

only meet the overall requirements if the result is reproduced in a second
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laboratory, sequences are of good (=4) quality and the amplicons in question
are covered in at least 2 PCRs. Samples obtained from only one extract and
not replicated in another laboragotannot achieve the required score, even

with very good sequence quality.

Additional requirements apply with regard #VR1 sequences, which are
generated through four overlapping amplicons. Each of these amplicons
must be reproduced in at least two PGR®rder to be considered in full.
Sequences which could only be partially reproduced (i.e. only three of the
four amplicons could be reproduced kast twice) were taken into
consideration as shortened sequences (loci not reproduced twice were
denoted asunknown), provided that the overall score was sufficient.
Sequences lacking more than one of the four amplicons were not used for

statistical analsis.

All samples which yielded results but were not used for statistical analyses
for reasons described alare discussed individually, depending on the
likelihood of authenticity (which will then be addressed on a-tgsease

basis).

2.3.14Reference datasets

The reference data sets listed below are used for population genetic analysis
of mitochondrial sequence®Vherever a sufficient number of individual
sequences were available, published sequences were only included in the
respective reference data sefsthey covered all positions in which
polymorphisms were observed in tfAg@entino group (1603716362; for
details, see Section 3.4.1). Inclusion of too many samples with missing data
leads to certain loci of interest being disregarded by the Arlequiwanef,

potentially distorting the result.

Exceptions were made for sample sets which would otherwise inlgdasle
than 20 individuals. To ensure that all significant loci were used by the
Arlequin software, the allowed missing level per site was changed the
standard setting of 0.05 to 0.08.
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2.3.14.1Ancient DNA

Reference sample groups/populations were selected according to relevance
to the population analysed in the course of this study, analysis/replication
according to generally accepted standards and minisagquence length of
~250 bp. Populations of directlegance regarding ancestry of theentino

groups are described individually in the following sections.

Table7: Ancient reference sample groups

Group Abbr. | n References

Western Hunter- WHG | 30 Bramanti 2009Hervella 2012, Fu 2013,

Gatherers Lazaridis 204, Bollongino 2013, Haak 2015,
Posth 2016, Fu 2016

Pre-Pottery PPN | 18 Fernandez 2014, Keéel é

Neolithic

Anatolian and AAN | 30 Hofmanova 20&, Lazaridis 2016Mathieson

Aegean Neolithic 2015

Star| evo STA |31 SzécsényNagy 2015Hervella 2015

Linearbandkeramik | LBK 72 Haak 2005, 2010, 2015, Brothert?@13,
Brandt2013, Mathieson 2015

Yamnaya YAM | 39 Wilde 2014, Haak 2015, Mathieson 2015,
Allentoft 2015

Corded Ware CwW 29 Adler 2012, Allentoft 2015, Mathieson 2015,
Brandt 2013, Brotherton 2013, Haak 2008,
2015, Lazaridis 2016

Bell Beaker BB 36 Allentoft 2015,Lee 2012, Brandt 2013,
Mathieson 2015, Lazaridis 2016, Ha2k15

PnhDtice UNE | 28 Adler 2012, Haak 206, Mathiesor?015,
Allentoft 2015, Brandt 2013, Brotherton 2011
Lazaridis 2016

Neolithic France NEF 29 Lacan 2011

Neolithic Spain NES | 58 Hervella 2012, Lacan 2011, Fregal 2017
Nuraghi BAS | 32 Caramelli 2007, Der Sarkissian 2011
(BA Sardinia)

Etruscans ETR | 42 Vernesi 2004, Ghirotto 2013

Remedello REM | 3 Allentoft 2015

13 Samples and references are described in detail in supplementary information S2
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2.3.14.1. Western Hunter-Gatherers

Huntergatherer populations whimhabited Europe during the Palaeolithic
and Mesolithic, prior to the advent of the Neolithic pioneers, generally show
a very diferent genetic signature to the latter (documented by very hkigh F
values between the two). Almost all hunggtherer individals analysed to
date belong to mitochondrial haplogroup U, predominantly U2, U5 and U8
(Bramanti et al., 2009; Bollongino et @2013; Fu et al., 2016; Posth et al.,
2016) haplogroups that are rare in subsequent farming groups. In general,
haplogroup USs regarded as an indicator for hurg@therer ancestry and

is therefore suitable for identifying such genetic contributiofmNeolithic

and Bronze Age groups. Although-chromosomal data is naturally more
sparse than mitochondrial data (due to the tiaa&t cells of male individuals
contain only one copy of the-¥hromosome DNA, but thousands of copies

of the mitochondrial genomenaking the latter far more likely to survive
degradation processes in copy numbers sufficient for analysis), haplogroups
I, C and F have been identified in seveRdlaeolithicand Mesolithic
individuals(Fu et al., 2016; Posth et al., 20E) well as Rb in the case of

the Palaeolithic individual from Villabruna, Ita({fu et al., 2016)

Archaeological data shows that, in sooases, huntegatherer subsistence
strategies persisted long after the appearance of the first farmers in Europe.
For example, ethe Blatterhohle site in Germany, one group of burials could
be identified as Mesolithic huntgatherers solely on the basif the 1*C

data, while the other age group fell into the Neolithic period. However,
stable isotope signatures indicated thas fhaitter could be clearly divided

into two subsistence groups: one comprising farmers and one deriving their
food mainly from hlunting and fishing, the other from domestic herbivores
(Bollongino et al., 2013)

Western huntegatherer groups (WHG) show ansewhat different genetic
composition to Caucasian hunigatherers (CHG), the latter constituting a
significant part of the amstry of the Yamnaya herders who, in turn, had a

significant impact on western European populations during the Bronze Age
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(Haak & al., 2015; Jones et al., 201%) order to identify any possible local
Palaeolithic and Mesolithic ancestry, and to diffeise this from potential
Yamnaya lineages in the samples analysed in the course of this study, only

Western huntegatherers arased in this reference sample set.

2.3.14.1. Pre-pottery Neolithic

The first Neolithic cultures emerged in the fertile crescent in b 1
millennium BCE, spreading to Anatolia by the 8th millennilmmerman

and CavaliSf or z a, 1984, Kantl &am- there trapiddy!| . |, 2016
spreading to Europe via two main routes, namely the Danubian/Balkan route

on the one hand and the Mediterraneante on the othe(Price 2000;

Burger and Thomas, 2011Recentanalyses have shown that genetic
diversity was low in the early preottery Neolithic (PPN) groups Kél én- et
al., 2016) and that modern haplogroup frequencies from the fertile crescent

do mot necessarily reflect the genetic composition of the origiaahérs

from this region(Fernandez et al., 2014; Broushaki et al., 20T6refore,

pre-pottery Neolithic individuals from Syria, Anatolia and Iran are observed

as a separate reference grogeveral samples from the data set of

Fernandez et al. wedBsregardediue to the sequencenigth of <244bp.

2.3.14.1.RAnatolian and Aegean Neolithic

Recent studies Ké | & n -  d&ave sadwn that gdttedy 6lgolithic groups
existing in Anatolia after the indi westward spread of the Neolithic had a
higher level of genetic diversity than the ettery groups, most likely due

to the more isolated social strughg of the latter (comparable to
huntergatherer groups). These analyses revealed that the eanisalce
Anatolian groups shared the same gene pool as modern Europeans, as did
early Neolithic groups in the Aegeditofmanova et al., 2016)These
groups cartherefore be regarded as the predecessors of the early European

Neolithic farmers, and are regardesla separate reference group.
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2314145t ar | evo

The Star]levo was an early Neolithic cult
and the Carpathian Basin during the 6th century BCE, and represents the

earliest advance of the Neolithic from the fertile crescent into Europe. The

t heory t h atultutehas thé&Spreaursbr ®fithe LBK, which spread

northward from Transdanubia into much of Central Europe, was confirmed

i n a genetic comparison of Starlevo and |
affinity between the two(Hervella et al., 2015; Szécsédyagy etal.,

2015) The majority of the 35t a r $amples used for reference purposes

in this study are from Hungary, with five from Croatia and four from

Romania.

2.3.14.1.8 inearbandkeramik

As elucidated in Section 1.1, thénearbandkeramiKLBK, Linear Pottey)
culture represent the spread of the Neolithic to Central Europe via the
Danube/Balkan route, reaching Germany by about 5500 BCE Genetic
studies on LBK individuals revealed that these earliest farmers in Central
Europe are very different from the contesrgry huner-gatherers, reflected

by a very high Er value. Instead of the mitochondrial U haplogroups
observed in huntegatherers, LBK samples showed a variety of mtDNA
haplogroups, including a variant of Nla which is exceedingly rare in
modern populatios (Haak et al., 2005; Bramanti et al., 2009)he same
applies to ¥chromosomal haplogroup G2a, which seems to have been
widespread in LBK populations, but is rare in most parts of modern Europe,
with the exception of some geographically isolated regizese Seabn
2.2.5.1). This Adilutiono of LBK geneti c:
least to some extent, by the subsequent Bronze Age migrations from the
Pontic steppe, the impact of which was demonstrated in recent studies
(Allentoft et al., 2015Haak et &, 2015) (see also Section 1.2). The LBK
reference data set includes samples from archaeologically confirmed LBK
sites mainly from Germany, with one individual from Austria and four from

Hungary.
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2.3.14.1.6Yamnaya

The Yamnaya Culture originated in thenfflo Stepe during the late Copper

and early Bronze Age (approx. 3,3@)700 BCE), and are associated with

NnSteppe Hypot hesi so, a massive popul at i
region into central Europe during this time, which is regarded as the source

of the IndeEuropean languagéAnthony, 2010) According to recent

genomic analysefHaak et al., 2015)the Yamnaya population combined

local huntergatherer with Near Eastern ancestrgnd, in turn, contributed

significantly to the Corded Ware Culture, whibad ampproximately 75%

Yamnaya component.

Wagons and carts had been common in Yamnaya burial contexts in the
Pontic Steppe, and horse domestication had already become established in
this region. The westward Yamnaya migration introduced these new
tecmologiesto WesternEurope andnay also account for the-eamergence

of huntergatherer haplogroups during the Bronze Age, after they had
initially become scarce during the NeolithiBrandt et al., 2013)
Furthermore, the derived allele for lactase p&rise wa®bserved in some
Yamnaya and other steppe samp(@élde et al., 2014; Allentoft et al.,
2015) Although the derived allele is still in the minority, these groups have
the highest derived allele frequencies of any ancient groups, leading to
speclation regarding a possible Steppe origin for this t{@lientoft et al.,
2015)

2.3.14.1.Corded Ware

The Corded Ware culture (Germdbdchnurkeramik named after the
characteristic pottery decoration style by impressing a twisted cord into the
clay, spread acrgsahuge part of Central and Northern Europe during the
late Neolithic to Early Bronze Age (approx. 28PP00 BCE). Recent
genomic analyses revealed that Corded Ware populations had a very high
proportion of Yamnaya ancestry (approx. 75%), driven by marafrom

the Pontic Steppe, although this may also have been in part from a

preYamnaya steppe populatiofHaak et al., 2015) Mitochondrial



Material and methods 77

haplogroup distribution is highly similar to the Yamnaya, whereas
Y -chromosomal haplogroup frequencies differ wilgard to R1a and Rlb

the latter being the most frequent in Yamnaya groups, and the former more
frequent in Corded Ware populations. Stable isotope analyses have
demonstrated that Corded Ware groups were highly mobile, especially
women, which is intergtedas a system of female exoga8jogren et al.,
2016) Corded Waraype pottery found at some of thHErentino sites
sampled for this study (see section 2.1.3) indicate that direct cultural contact

probably existed.

2.3.14.1.8ell Beaker culture

As described in etai in Section 1.4.3, the Copper/Bronze Age Bell Beaker
culture is of particular relevance to the Bronze Age samples analysed in the
course of this study, not least because direct cultural contacts are
documented from 2500 BCE onwards. The Bell Beakemp$ss used as a
reference group for this study are derived from various sites from East and
South Germany and the Czech Republic. As exemplified by the diagram
below, the haplogroup distribution differs significantly from the first
farmers in Central Eur@ haplogroup U, which was predominant in
huntergatherers but exceedingly rare during the Neolithic, becomes far
more frequent, constituting over one quarter of all samples in the data set.
This return of haplogroup U frequency was initially interpreted aa
re-emergence of remaining local huntgtherer groups and their admixture
with established farming populations. However, high haplogroup U
frequencies in Yamnaya samples indicates that haplogroup U is likely to
have been reintroduced to Central andsW#i| Europe at significant levels
during the migrations from the Pontic steppe of the Bronze Agst likely
through the Bell Beaker cultu(@llentoft et al., 2015; Haak et al., 2015)

From a Y:chromosomal point of view, haplogroup R1b has become firmly
eshblished as a marker of the spread of the Bell Beaker culture, as

documented, for example, by the recent study by Olalde et al. (2018): 84 out
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of 90 of the male, nctberian, Beakeassociated individuals analysed

belonged to this haplogroup.

2.3.14.1.9 n N tdultue

This culture, named after the cemetery o
fAunjetitzer Kultuo i n Ger man), was widespread thrc
during the early Bronze Age, especially in the Czech Republic, but also in

Poland, eastern Germaapdn or t her n Austria. The DnDtic
somewhat later than Bell Beakers, across a similar range. It has been

proposed According to Hagkaak et al., 2015) BDn Dt i ce ancestry ¢
of almost 50% Yamnaya, approx. 30% hurgatherer and 25% dg

Neolithic farmers. Li ke the Bel/l Beakers
Yamnaya component than the earlier Corded Ware, but a higher

huntergatherer ancestry than Bell Beakers.

The defining features of t hi spscul ture i
right-side crouched burials in flat pits as well as specific forms of flanged

axes, halberds and metalted daggergGimbutas, 1965; Harding, 2000)

Although metallurgy had already been practiced by the earlier Corded Ware

groups, large hoards of mpeo bj ect s i ndicate that t he
produced metal objects on a far larger scale. This culture established

far-reaching trade contacts, for example to the Wessex and Brittany Cultures

of Great Britain and France, respectivgyunliffe, 2001) Severh metal

objects associated with of burials of the Polada Culture of Northern Italy

show <cl ear PDnDti ce t 4ypehcoppdr orgyngotssuch as
which attest to a met al trade between t
Bronze Age Polada Cuite of e Trentinoregion(Barfield, 1971)

2.3.14.1.10 Remedello

The site of Remedello di Sotto in Brescia in northern Italy (south of Lake
Garda, approx. 12km from the Trentino sites sampled for this study),
which was excavated in the late®entury, revealed a totaf 124 Copper

Age graves, whose characterisgiave goods later defined the eponymous
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Remedello CulturéBiagi, 1989; De Marinis, 1997Due to the spatial and
chronological proximity of this site to those sampled for this project, a
certain affinity is 6 be expected, especially as typological lifdetween
grave goods from the Remedello necropolis and the Iceman’'s equipment
have been proposed. Allentoft et @015) in their genomic investigation of

101 ancient humans, also analysed three samplesReamedello di Sotto.

For these samples, theredonot only mtDNA is available, but also genomic
data for the other loci analysed for this project. However, as genetic data is
only available from three Remedello individuals, these were not used as a
refererce group for population genetic analyses dueht small sample

size, but regarded individually in each case.

2.3.14.1.11 Neolithic Spain

A study by Hervella et a(Hervella et al., 20123omparing Palaeolithic and
Neolithic samples from Spain with those of cenEalope revealed a clear
differentiation betweerCentral European and Spanish Neolithic groups.
One notable aspect was the lack of haplogroup Nla in the Spanish samples,
whereas this haplogroup is found frequently in the Central European
Neolithic groups. This genetic differentiation between the Iberiand
Central European Neolithic is confirmed by Gamba et al., who observed a
higher frequency of haplotypes that are rare in modern Europe but
somewhat higher in the Near EéSlamba et al., 2012jrom whichan early
Neolithic colonisation by groups frote fertile crescent is inferred. The
Spanish Neolithic groups show characteristics of the Cardial rather than the
LBK, reflecting a Neolithisation route from the Mediterranean rather than
through Central Euge via the LBK. These characteristics are akared

by the southernmost Andalusian Neolithic samples studied by Fregel et al.
(Fregel et al., 20173s well as with Neolithic samples from Morocco, which
also supports the theory of Neolithic pioneers hgvigached Spain via the

southern seafaring raait
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2.3.14.1.12 Bronze Age Sardinia

Genomic sequencing of the Tyrolean Iceman revealed a notable affinity
with modernday Sardinian populations, both on an autosomal as well as on
a Y-chromosomal leve(Keller et al., 2012; Sikora et al., 20143imilar
observations dr other ancient genomes indicate that a genetic structure
common in the Neolithic only survived to modern times in geographically

i sol ated regions, a theory that i s
outlier (Zei et al., 2003)However, patterns ahitochondrial diversity vary
greatly in different regions of Sardini@Morelli et al.,, 2000) Some
genetically homogenous regions show evidence of a Neolithic founder
event. On the other hand, the high frequency of a specific Sardinian variant
Y-chromosormal haplogroup | in some regions argue for a-Nemlithic

origin of the modern gene pool[Contu et al., 2008) whereas
Y-chromosomal haplogroup G2a, which also reaches high frequencies in
Corsica and Sardinia, is highly likely to be of Near Eastern orkgjmally,

the high level of regional variation as well as variation between the islands
of Corsica, Sardinia and SicilfFrancalacci et al., 2003hdicate that the
islands may have undergone subsequent demographic events or been
affected by genetic driftegecially due to small populations. Although
direct comparisons between ancient and modern Sardinian samples revealed
a certain continuityDer Sarkissian, 201 1potential subsequent influencing
factors must be borne in mind when comparing ancient andem

populations.

Therefore, a reference group included the earliest available ancient DNA
samples from Sardinia, attributed to the Bronze Age Nuraghic culture.
Direct archaeological links with the Polada culture of Timentino region

have been reportedor one subgroup of the Nuraghic culture, the
Bonnanaro culturd(Lilliu, 1988; Moravetti, 1992;Webster, 1996; Turfa,
2014) However, such a connection has not been substantiated in other

publications, so this must be regarded with caution.

suppoc
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2.3.14.1.13 Etruscans

The origins of the Iron Age Etruscans have long been a matter of debate,
with a local origin being regarded as one possibditg an Anatolian origin

(as mentioned by Herodotus) as another. A study by Achilli ¢aahilli et

al., 2007)on DNA from modernnhabitants of region formerly inhabited by

the Etruscans revealed high frequencies of Near Eastern haplogroups in
certainregions of Tuscany, which were interpreted as an indicator of a Near
Eastern Origin of Etruscans. On the other hand, a direct analfyaincient
Etruscan DNA including simulations with Etruscan, Medieval, Modern
Tuscan and Anatolian DNA by Ghirotto et(&hirotto et al., 20133howed

that the link between the Etruscans and Anatolia is more likely to date back
to approximately 3000 BCEpredating the Iron Age by two millennia, in
which case the Etruscan culture is more likely to have developed locally. A
genomic study of modern Tuscan DNA, on the other hand, also revealed a
significant Middle Eastern admixture, but more recent, nameftind the

Iron Age(PardeSeco et al., 2014)

As no Neolithic or Bronze Age material is available for the region of later
Etruria, this question cannot be addressed directly. However, similarity
between the Etruscans and the Neolithic and Bronze Age grofip
Northern Italy would lend weight to the theory of a local origin. The
available Etruscan data was therefore includedaareference group to

investigate this matter.

2.3.14.2Modern reference populations

A variety of modern populations throughout Europe, the Caucasus and the
Near East are included as reference data sets. These include isolated groups
from modernday South Tyrol ad Trentino. Although a certain degree of
populdion continuity may well be the case for these for prehistoric times, a
high degree of genetic drift is to be expected due to the small population
sizes, as well as the known demographic events that shapeggibn after

the Bronze Age. However,modern eference groups from Alto
Adige-Trentinowill not only be compared to the ancient samples according
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to geographic location, but also according to language (some of them belong

to linguistic isolates) to asdarn whether correlation can be observed.

A mapof the following local reference groups, which also includes sampled
ancient sites and copper ore resources, can be found online at
trento.bioarchaeology.de. Some of these groups represent linguisticssolate
speaking various forms of Romansch, mainlydibain the region of the
northern Dolomites, as well as Lombard or Venetian in regions west and
south of Trento. These groups, which lie in the direct vicinity of the ancient
samples in question, are analysaimarily to detect a potential genetic
legacy in modern groups reaching back to prehistoric times. With the
exception of the sample sets NE Italy and Tyrol, all groups in the following
table are relatively small communities subject to a certain amount of
isolation and endogamy. A substantial amoungeetic drift is expected

due to the small effective population sizes, so that haplotype frequencies are
expected to shift over time even without a significant degree of admixture.
However, other factors magiso reflect possible continuity, such as rare

haplotypes seldom observed in other regions.

2.3.14.2.1Modern reference groups in South Tyrol and Trentino

The first collection of modern reference samples consisted of data from the
region of South Tyrol and Trentind,e. the vicinity of the ancient
settlements.n order to determine whether possible correlations could be
linked with region and/or language, these factors wmmasideredwhen
constructing groups for later statistical analysisparticular, these regns

were to be investigated with regard to pbksigenetic continuity, i.e.

potential persistence of prehistoric lineages on a regional scale.
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Table8: Modern reference groups in South Tyfoentino
Group n Language | Region Reference
group
Val Badia 91 Romansch | South Tyrol Pichler 2006
(Ladin) (Northern Dolomites) Thomas 2008
Val di Fassa | 47 Romansch | South Tyrol Coia 2012
(Ladin) (Western Dolomites)
Val Gardena | 46 Romansch | South Tyrol Thomas 2008
(Ladin) (NorthernDolomites)
Lower Val 107 | German South Tyrol Thomas 2008
Venosta (Tyrolean (upper Adige valley,
dialect) Alpine foothills)
Upper Val 108 | German South Tyrol Pichler 2006
Venosta (Tyrolean (upper Adige valley, Thomas 2008
dialect) Alpine foothills)
Val Pusteria | 37 German South Tyrol Pichler 2006
(Northern Dolomites)
Val Isarco 34 German South Tyrol Pichler 2006
(Northern Dolomites)
Val D6 A 54 Italian Trentino Coia 2012
(central valley)
Val di 41 Italian Trentino Coia 2012
Fiemme (Western Dolomites)
Val di Non 48 Romansch | Trentino Coia 2012
(Nones) (plateau west of Adige valley)
Val di Sole 63 Romansch | Trentino Coia 2012
(Nones) (plateau west of Adige valley’
Val 52 Romansch | Trentino Coia 2012
Giudicarie (Lombard) | (plateau west of Adige valley)
Val Primiero | 40 Romansch | Trentino Coia 2012
(Venetian) | (plateau west of Adige valley]

2.3.14.2.rossregional modern reference groups

Apart from the modern populations listed above in the direct vicinity of the
Trentinosamples, several other larger regions of interest were also included
in the analysis. Tése was limited to areas on the Italian peninsula and its
surrounding islands, asell as neighbouring countries for which sufficient
data were availabléSelection wasnostly limited to regions/countries with
more substantial geographical boundaries iy the millennia, are likely

to have been less changed by demographic evesit® it). midcontinental

areas such as Germany and France. However, it should also be borne in

14 Exact differentiation of language groups is notgitale - firstly because most regions are
multilingual (speaking variants of German, Italian and Romansch) and secondigdeca
some differences are more a question of different dialects rather than different languages.
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mind that such more isolated regions are also more prone to genetic
drift/bottlenecks.Therefore, the inferences made from comparisons with this
group must be regded with cautiontaking demographic history into

account where possible.

Table9: Crossregional reference groups

Group n Region Referenc®
NE Italy 108 | Aviano, Treviso, Vicenza Boattini 2013
NW Italy 197 | Bologna, Cuneo, Brescia, Comd Boattini 2013
Savona, Genova
Tuscany 433 Murlo, Volterra, Casentino, Pistiog Boattini 2013 Varesi 2005
Grosseto Achilli 2007
Central Italy | 99 Terni, Perugia, Mcerata Boattini 2013
Southern 97 BeneventoCa mpobasso, Boattini 2013
Central Italy
Southern 109 | Cosenza, Catanzaro, Crotone, Materg Boattini 2013
Italy Lecce
Sicily 271 | Ragusa, Catania, Agrigento, Cali 2001 Boattini 2013
Castellammare del Golfo, Alia Vona 2001
Crete 186 | Not specified Villems 1999
Greece 284 | Northern Greece Irwin 2008
Turkey 73 Not specified Comas 1996Schoenberg 2011
Sardinia 367 Gallura, Nuoro, San Antioco Island, Falchi 2008, Calo 2005,
San Pietro Island, Olbia Tempo Nuord Boattini 2013 Fraumene 2006
Oristano, Oghstra, Trexenta Vares 2005
Corsica 99 Corte, Bonifacio Varesi 2000Giovannoni 2005
Switzerland | 74 Not specified Pult 1994
Austria 373 | Not specified Brandstatter 200%, Parson 1998
Bosnia 162 | Not specified Harvey 2000
Croatia 59 Not specified Harvey 2000
Serbia 56 Not specified Harvey 2000
Dobrudja 54 (Dobrudja, historical province of Co c 20k7
Romania)
Moldavia 235 (Moldavia, historical province of C o c 20k7
Romania)
Transylvania | 206 (Transylvaniahistoricalprovince of C o c 20k7
Romania)
Wallachia 226 (Wallachia historical province of C o c 20k7
Romania)
Andalusia 65 Not specified Via 2005
Balearic 67 Not specified Varesi 2005
Islands

* Denotes unpublished data submitted directly to GenBanksgpplement
S3for accession numbers

15 For full data on references, seepBlementary Data S3

®Whilet he source of the samples is not defined
the publication, the sample set was entered by the authors into the EMPOP database as

originating from Tyrol

on a
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2.3.15Statistical analyses (mtDNA)

Haplotype diversity, nucleotide diversity, mean number of pairwise
difer ences, T a jsanthravere dmputédwsirgy thé& Arlequin
software, version 3.5.@Excoffier andLischer, 2010)

Parameters were as follows: 10,000 permutations to calculste F
significance level 0.05, transition/trarersion/deletion weightach=1,
allowed missing level per site: 0.08. The latter parameter was adjusted
slightly from the standard setting (0.05) in order to incorporate shorter
reference sequences into groups for which not enough full sequences were
available, without causingositions of interest (i.e. positions at which the
Trentinosamples showed polymorphisms) to be disregarded by the Arlequin

software.

2.3.15.1Grouping of samples

For statistics calculations, the mtDNA sequences for the samples analysed
in the course of this studyere gouped according to archaeological context
and age in order to define groups (across different sites) that are likely to be
genetically closeAs most of the samples are from the same geographical
region (the few outliers possibly also belongingthe samegroups), the
specific site was not taken into account. Instead, the age of the sample was
considered, as was site continuity: for example, samples taken from the
same site would initially be assumed to belong to the same population if that
site edibited continuous habitation and/or use throughout that time.
Conversely, individuals buried centuries apart at a site with long periods

without human habitation or use were initially regarded as separate.

2.3.15.1.1Grouping based on archaeological characteristics

For a moe specific indication of possible cultural affinity, archaeological
characteristics such as burial type, location (e.g. rock shelter or open space)
and typology of the associated artefacts were observed. dihbeBveen

these groups was then conbgdi in ader to determine whether the defined

group structures are indeed plausible and significant.
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2.3.15.1.25patial analysis of molecular variance

In addition to the grouping based on archaeological characteristics, a spatial
analysis of molecular variance wasrfprmedfor the various sites using the
software SAMOVA 1.0, a tool to determine geographically homogeneous
but genetically differentiated population grouf3upanloup et al., 2002)
Input data includes, alongside genetic sequences, geographical cesdinat
of populations. The analyst selects the number of groups to be defined and
SAMOVA tests all possible grouping options to determine which group
formation shows the lowest intgroup variability and highest intgroup

variability.

2.3.15.2Haplotype diversity (G)

Haplotype diversityNei, 1973, 1987)s a measure of variability within a
group and denotdabe probability of two sequences (haplotypes) selected at
random from a given sample set differing from one another. H ranges from
0 (all samples & identica) lowest possible haplotype diversity) to 1 (all

samples differ, highest possible haplotype diversity).

It is estimated using the following formula:

" k

T _ . 2

H=—"(-2.p])
i=1

wherebyn denotes the number of gene copies in the sarkdehe number

of haplotypes, angi is the taplotype sample frequenékxcoffier and

Lischer)

2.3.15.3Nucleotide diversity (“ Vs

Nucleotide diversity(Tajima, 1983; Nei, 1987)s arother measure of
intra-group variability and isanalogous to haplotype diversity, only on a
nucleotide level: i.ethe probability of two homlogous nucleotides selected

at random from a given data set differing from one another.


https://paperpile.com/c/x9buT4/crkvy
https://paperpile.com/c/x9buT4/crkvy
https://paperpile.com/c/x9buT4/Jufes+6KvTC
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It is estimated using the following formulgxcoffier and Lischer)

k
2. PPy,

A izl ‘<i
A o= J

" L

23.154Mean number of pairwise differences (

This measure indicates theean number of differences between all pairs of

haplotypes in the sample.
It is estimated using the following formula:

k k

7%=LZ Z pipja?ij
n—14 =]

whereby ¥is an estimate of the number of mutations that have occurred
since the haplotypes$ &ndj) diverged; k is the number of haptgpes,pi is

the frequency of haplotype and n is the sample siz€Excoffier and
Lischer)

23.155Test of selective neutrality: Taji mabo

T aj i m@dirma, 1989)provides information on the probability of recent

population expanen in a given data setbymp ar i ng ~ ( mean numbe
pairwise differences) to S (the number of segregating sites, i.e. polymorphic

sites in the data set). In a theoretical population evolving at random (i.e.

with no selective pressure, with random matwystant population sizepn

mi grati on or recombination), Taji maods
neutrality. A negative Tajimaodos D value
recent population expansion, for example after a bottleneck or a founder

event; a vale greater than zero indieata reduction in population size, e.g.

during a bottleneck and a value of O indicates a balance between mutation

and drift, with no evidence of mutation.
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23.156Test of selectisve neutrality: Fubés F

F u 6(Fu,FL997)also tests for neutrality in a similar fashhn t o Taj i mad s

D, including ’ and S, but al so consi de
occurring in one sequence only). An excess of singletons leads to a negative

val ue f o, rindidating secerft population expsion. Although

Taji mads DRterdrbaorrélaiedthe laier is often more sensitive

and more suited to short DNA sequen@e&scoffier and Lischer)However,

it is also dependent on sample size. To be considered significanty ehaep

for this measure should be under 0.02 rather than QB¥coffier and

Lischer; Fu, 1997)

2.3.15.7Haplotype sharing

Haplotype sharing is defined as the likelihood of two samples selected at
random from two populations having identical haplotypes. Haplotype
sharing analysidbetween the study population and reference populations

was initially performedncorporating all haplotypes.

However, in the case of comparisons between ang€remtinosamples and
modern reference groups, one particular aspect had to be taken intotaccoun
One haplotypeé H2a2al, the revised Cambridge reference sequiense
very ommon across the modern reference groups used for this study
(frequency=0.153), occurring six times as frequently as the next most
common haplotyp€. In initial calculations, this uneven distribution shifted
the pattern in favour of this particular haplogy with the value determined

for haplotype sharing corresponding directly with the relative frequency of
H2a2al in the respective reference popoitatasdemonstrated later on the

basis of the results of this studyHigure4.

Il n ot her wotrydpse, sthhaer ifinhgadp lvoal ues cal cul at e
population corresponded largely to the frequency of H2a2al in that
population, with all other haplotypes having a negligible impact. This

skewed the obtained results, as the Higlguencies of H2a2al inadern

17 Based on the stretch of tht/R1 taken into account by Arlenn, 1603316382
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popul ations are not directly dependent o
prehistoric ancestral population, but developed over millennia due to various
demographic events. Therefore, to obtain a more representativeypaplo

sharing analysis redtting all haplotypes, haplotype sharing analyses

between anciernitrentinoand modern reference groups were excluded this

specific haplotypeComparisons between ancidntntinoand other ancient

reference groups, on the othembatook all haplotypes io account, as

relative frequencies of any particular haplotype do indeed play a role when

comparing (more or less) contemporary populations, especially with regard

to determining ancestry/admixture.

2.3.15.8Fixation index (FsT)

The ancént Trenino groups studi@ in this manner were then compared to
the other ancient reference sample groups listed in Se2t®i4.]1 to
determine potential genetic closeness between other prehistoric groups from
specific cultures, subsistence patterng.(Buntergatherers versufarmers)

or other geographic regions. Finally, the Tneatsamples were compared to
modern data sets. This was first carried out on a local level, with
contemporary populations from South Tyrol and Trentino. Comparisons
were nad only performed accordingo region, but also according to
language, to investigate any potential correlation. Comparison with modern
data sets were then conducted on a larger scale, with other regions of Italy
and others of potential relevance for Ndotitand Bronze Age populah

shifts, such as the Mediterranean islands of Crete, Corsica, Sardinia and

Sicily as well as the Balkans (see Ta®)e

To visualise the overall intgropulation structure, a multidimensional

scaling plot was used tepict genetic differences, basedR® y no krd 6 s F

values previously calculated with the Arlequin software and plotted in R

using RStudigRStudio Team, 2016)The isoMDS function of the MASS

package was used t o-oftteamsdtthe Kiresuvalkeal 6 s good
(which is stated in percebty iSOMDS) was evaluated according to Kruskal

(1964)
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Stress value

Goodnesof-fit

20% poor
10% fair

5% good
2.5% excellent
0% perfect
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3 RESULTS

3.1 Amplification and sequencing success

To assess the rate amplification success, PCRs performed on shsigdes

in Section 2.1.3 are taken into account. Although the Tyrolean Iceman is, in
a broader sense, also a subject of this study, PCRs performed on Iceman
DNA using loci of interest forhis study are not taken into account for
calculating the amplificatin rate as these were performed solely to confirm
the authenticity of the SOLiD4enomic data. As many amplification
attempts (using different approaches) were performed on the
poorly-preer ved | ceman DNA due to the individt
causea bias toward poorer amplification rates than is true forTtieatino
individuals as a whole. However, a similar bias still applies to the sample
group in general: For extracts that abuiot be amplified in a standard
approach, PCR was attempted moremf(e.g. using different primer pairs

for shorter target fragments, larger extract amounts, dilution series to
combat potential inhibiting substances etc.). As many of these attempts were
still unsuccessful despite the different approaches, this wouddralgate a

lower success rate if only the amplifications per attempt are taken into
account without observing the samples/extracts individually. On the other
hand, removing poorly presaxd samples early on from the analytical
workflow due to negligiblechances of successould also cause a bias,
although in the opposite direction. For this reason, both calculation types are

given and compared below.
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Table10: Overall amplification rates according to PCR attempts

DNA type Amplification | amplified Sequencing % sequenceéd
Locus attempts attempts

MtDNA 1026 852 (83%) 611 472 (77.4%)

ncDNA 279 143 (51.2%) | 102 73 (71.6%
-13.910*T/C 131 56 (42.7%) 52 30 (57.7%)
HERC2 76 54 (71%) 50 43 (86%)
Amelogenin 72 33 (45.8%) | Notsequenced | Notsequenced

Y-DNA 82 46 (56.1%) 35 32 (91.4%)
L91 11 10 (90.9%) 10 9 (90%)
M201 56 22 (39.3) 20 18 (90%)
P287 5 5 (100%) 5 5 (100%)

Tablell: Amplification rates according to numberinflividuals/samples

MtDNA ncDNA?®
Number of individuals tested 76
Number yielding amplicons 59 (77.6%) 36 (47.4%)
Number ofsamples test&d 127

Number yielding amplicons

84 (66.1%)

48 (37.8%)

Individuals sequenced & meeting
scoring requirements

-13.910*T/C 7 (9.2%)

36 HERC2: 16 (21.1%)

Amplification rates for mtDNA are consistent with many other studies on
ancient material. While amplification rates for nuclear DNA initially (when
observed according to PC&tempt$ appear higher than in many eth
studies, this is due to the fact thatlyo samples yielding good mtDNA
preservation were tested for ncDNA. For this reason, the amplification rates
shown in table 2 (according to individuals) are lower and concur with other
PCRbased ancient DNA studies

18

iSequencedo i s defined obtaini

bands/excessive background noise.

19 Amplicon obtained for any of the autosomal locichNromosomal loci are not included
in the tabé, as this would distort ¢hresult: PCRs for-ghromosomal loci also included
female samples as controls; these would not yield an amplicon even-gres#irved.

20 Amplicon obtained for at least oh#/R1 fragment

as ng a

cl ear |y
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3.2 Authentication & reproducibility

3.2.1 Discrepancies due to sampling errors

One of the main methods for evaluating authenticity is attempting to
reproduce sequencing results from a second extract from the same

individual. Three options are available:

v

0 The secondliquot of the first sample may be usdthis ensures that
both samples are derived from the same individuals. However,
contamination incurred up to or during the milling step could be
reproduced in two extracts.

0 A second sample may be taken from the shoree. This also

ensures that both saneglare derived from the same individual. As

the sample preparation steps are done at different times, there is less

chance that the same endogenous contamination incurred during
sample preparation would be presenbath extracts. However,

there is a cedin possibility that the bone in question contains the

same endogenous contamination, e.g. from the archaeologists or
museum personnel who originally handled the bone (and which
would be difficult to extinguish frorancient DNA, as some

degradation woulddexpected for decaadd genetic material).

Although steps may be taken to minimize contamination from

previous handlers, it cannot be excluded.

O«

Sampling two different bones/teeth from the same individual further
reduces the probability of reproducingwafaice contaminant in both
extracts. All laboratory steps from sampling to PCR are separate for
both extracts. This method would therefore be the most reliable way
of documenting authenticity.

This third method watherefore selected wherever possible. Samples were
taken from separate bones/teeth of collectildlled as one individual.

However, in the course of genetic analysis, some discrepancies became
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apparent. In 11 cases, the first anecand extracts vyielde different
sequence results which could be reproduced for each respective extract in
multiple PCRs. Contamination incurred during extraction were unlikely, as
strict anticontamination measures were observed and the extraction controls
were negative for & extractions in question. Later osteological analyses of
the skeletal material confirmed that some bones and teeth originally labelled
as belonging to one individual did, in fact, comprise several individuals
(Paladin, 2013)All three sites for which tisi was observed (Moletta Patone,
Romagnano and Solteri) revealed collective and/or disturbed burials, in
which it was not possible to differentiate individuals with certainty.

If two extracts obtained from the same bone hat yieldedréifit sequences,

this would have been a clear indicator of exogenous contamination.
However, in all cases, the differing extracts had been obtained from
different bones/teeth. Taking into account the low contamination rates for
extraction controls (see nexhapter), this cledy indicates that the
discrepancies are due to samples being obtained from different individuals
rather than to any exogenous contaminations incurred during the analysis.
Under ideal conditions, further extracts would have been téken the
bones/teethalready sampled. However, further extractions were no longer
possible due to time constraints and other circumstances. For this reason, a
scoring system was established to evaluate whether results can be regarded

as meeting the requuleauthenticity critaa (see Section 3.2.2).
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Tablel12 Samples with differing A and B extracts

Putative Extract No. Extracted Mutations | Grave
individual bone/ tooth
(orig.)
Moletta A (XVI), Lower 16037G | Scatolino 1
Patone 1 1stsampling molar 16126C | MNI=2 individuals
(adult) 162H9T | (Paladin 2013)
16296T | Scatolini 19 are all within
16304C | the same sector
B (XXXVIII), Caninus 16270T
3@ sampling (adult) 16311C
16355T
Moletta A (X), Molar 16069T | Scatolino 2
Patone 2 1stsampling 16126C | MNI=3 individuals
(Paladin 2013)
B (XXXVIII), Premolar | 16093C
34 sampling (adult) 16224C
16311C
Moletta A (XXI), Caninus 16270T | Scatolino 7
Patone 7 1stsampling (adult) 16311C | MNI=1 (Paladin 2013)
16355T
B (XXXIX), Incisor 16189C
34 sampling (adult)
Romagnan | A (XIV), Molar 16069T | Three of the individuals
191 2"d sampling 16126C | analysed in the course of
16261T | this study are from Tomb
2: Rom89, 90 and 91.
B (XXXIV), Pars 16189C | However, this tomb was
39 sampling petrosa 16223T | described as containing th
16278T | remains of four
individuals: Two adults
and twochildren. Rom 89
and 90 have identical
haplotypes: Unless the
same individual was
sampled twice by mistake
this may indicate mother
and child or siblings
whereas 91a and 91b may
therefore be from the othe
two individuals.
Romagnano| A (XIV), Molar CRS Tomb 5
111100 2"d sampling MNI=3 individuals
(Paladin 2013)
B (XXXXI), Caninus 16182C
3 sampling 16183C
16189C
16234T
16324C

12308G
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Tablel12 cont.
Putative Extract No Extracted Mutations | Grave
individual bone/ tooth
(orig.)
Romagnano| A (XXV), Pars 16294T | Tomb 910
111118 2"d sampling petrosa 16304C | MNI=6 individuals
16320T
B (XXXIV), Femur 16294T
3@ sampling diaphys 16304C
Romagnano| A (XV), Molar CRS Tomb 910
111120 2" sampling MNI=6 individuals
B (XXXVII), Caninus 16182C
3rd sampling 16183C
16189C
16234T
16324C
12308G
Romagnano| A (XVII), Molar M1 | 16294T | Tomb 11
INT11A 2nd sampling Molar M2 | 16304C | MNI=4 individuals
(XXXXI), 16320T
3rd sampling
B (XXV) Molar 16294T
2nd sampling (crown 16304C
only)
Romagnano| A (XVIII), Molar M1 | 16126C | Tomb 12
I T12E 2nd sampling 16292T | MNI=5 individuals
16294T
16296T
B (XXI1), Pars 16069T
2nd sampling petrosa 16126C
C (XXXIV + Humerus | 16294T
XXXV), + ulna 16304C
3rd sampling 16320T
Solteri 64 A (XIV), Molar M1 | 16093C | Scattered bones in two
2nd sampling (child) 16224C | sectors, 26 (MNI =4) and
16311C | 27 (MNI = 9). These two
individuals were among
B (XXXX), Incisor 12| 16300G | the larger collective
3rd sampling (7-8 years) (which comprised
Numbers 5%67). Eight
Solteri 65 A (XV), Molar M3 | 16294T | different haplotypes we
2nd sampling (Chl|d or | 16304C sequenced from the 11
small 16320T | samples taken from secto
adult) 27.
B (XXXX), Premolar | 16311C
3rd sampling P2
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Samples idetified as belonging to separate individuals were subsequently

labelled accordingly, e.g. Romlll118a, Romlli118b, RomllITEeetc.

Conversely, theobservation that bones could not always be allocated to

specific individuals within a collective or distudbéurial could also lead to

the opposite case, i.e. that bones from assumed separate individuals sharing

the same haplotype could possibly be frdra same individual, unless this

can be excluded on an osteological basis (e.g. age of the individuaher if t

same bone was sampled for each), causing anrepeesentation of actual

haplotype frequencies. If samples derived from the same documented
grawe/sector yielded identical sequences, these can only be identified with

certainty as separate individualsthe basis of an osteological analysis.

This applies to the following:

Romagnano Tomb 6

Grave No. | Shared Collective® | Individual Osteological analysis
haplotype by A. Paladin
Romagnano | rCRS 46 Romagnano 103 Female, 1720 years
IIl, Tomb 6
47 Romagnano @5 | Female, 67 years

Tomb 6 also contains the remains of two infants for whom no DNA could
be obtained. As the samples used for DNA analysis could be clearly
differentiated with regard to age (Romagnano 103 was an adult incisor,
Romagnano 108 molag,snadaertecgampling ffom the same
individual can be excluded. While both samples were extracted in the same

extraction run, all extraction and PCR blank controls were negative,

rendering crossontamination highly unlikely. While it seems liketiat

two individualssharing the same haplotype might be maternally related, the

21AIthough not

what was thought at excavation to belong to one individual (rather than burial collective of

several individuals)

entivelby seemsaitm, rfed e®lrl eco

anat omi
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high general frequency of this haplotype in ancient and modern populations
does not permit a significant observation in this case.
Figure3: Romagnaa Ill, Tomb 6 (Perini1975)

Romagnano Tomb 2

Grave No. Shared Collective Individual Osteological analysis

haplotype by A. Paladin
Romagnano | 16093C 39 Romagnano 89 | Female, 460 years
lll, Tomb 2 | 16179T

16189C

16223T

16278T

16362C 40 Romagnano 90 | Female, 310years

Romagnano Tomb 2 contained the remains of four individuals: two adult
females (3840 years and 460 years, respectively), one child off5ears
andone infant of 3840 weekqPaladin, 2013)The samples used for DNA
analysis werelerived from the two adufemales: For Romagnano 89 from

the femur diaphysis, for Romagnano 90 from a molar (i.e. differentiation















































































































































































































































































































