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Abstract. Dynamic advance in DNA sequencing methods and progress in formal popu- 
lation genetics analyses made it possible to infer aspects of human evolution from 

the DNA diversity distribution and frequency in contemporary populations. While pro- 

viding some general background concerning the origins of modern human, this paper 

focuses on the dynamics of prehistoric population in Europe. The relevance of the pres- 
ent-day genetic diversity studies in elucidating prehistoric events is presented in 

the context of archeological and paleoanthropological evidence. The questions of 
the Neanderthal admixture as well as of the relative contribution of different waves of 

prehistoric migrations to the gene pool of modern Europeans are discussed. 
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Introduction 

Population genetic in deciphering prehistoric demography 

Until little more than a decade ago, the study of human evolution relied on 

the analysis of fossils and archeological artifact assemblages. Paleontologists, 
‘onfronted with problems such as uncertainty about the validity of taxonomic 

units, disagreements about appropriate diagnostic criteria in the interpretation of 

Sites oy specimens with mixed diagnostic features, and— perhaps most importantly 

"With small, fragmentary, and generally inadequate samples for analysis, had no 

biological reference to cross-examine their theories. Added to these difficulties 
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were ambiguities in dating, particularly with older excavations characterized by 

the great stratigraphic complexity. 

Developments in molecular genetics revolutionized the field of human evolu- 

tion studies, undermining the importance of fossils as the primary source of infor- 

mation about our past. To some extent, a fusion of paleontological and genetic 

approaches came with the extraction and sequencing of ancient DNA from 

Neanderthal specimens (KRINGS et al. 1997, 1999, 2000, OVCHINNIKOV et al. 

2000), but understandably, this approach is likely to remain uncommon. More im- 

portantly, dynamic advance in DNA sequencing methods and progress in formal 

population genetics analyses made it possible to infer aspects of recent human his- 

tory from the DNA diversity distribution and frequency in contemporary popula- 

tions. 

According to the neutral theory of evolution (KIMURA 1983), most of 

the intra-specific variability at the molecular level is selectively neutral and is 

maintained within the species by the balance between the mutational input and 

random extinction, such that polymorphisms at the DNA level represent a tran- 

sient situation where one allele chosen at random is on its way to fixation. In 

the absence of selection, the amount of genetic variation in a population 1s shaped 

by the mutation rate (characteristic of a genomic segment) and random genetic 

drift (whose effect depends on the effective size of a population). Drift-driven dif- 

ferences between populations arise in the absence of gene flow (i.e. when popula- 

tions are separated either by distance, or by geographical or cultural barriers) 

and may or may not be maintained when populations come into contact. In sum- 

mary, when the mutation dynamics in the DNA segment under study is known, 

comparing genetic diversity observed in the present-day individuals with the theo- 

retical predictions may provide insight into the prehistoric population structure 

and dynamics. Importantly, these inferences cannot be made without considering 

the non-genetic context. In many cases, a number of evolutionary interpretations 

can be provided to explain a given pattern of genetic variation and the choice of 

the most realistic scenario has to be backed up by some external knowledge. Ar 

cheological and paleontological evidence — as uncertain and/or fragmentary as It 

might be — provides such framework and makes it possible to infer plausible mod: 

els, according to which predictions concerning levels and patterns of genetic di- 

versity can be made. . 

This paper will focus on the application of genetic diversity studies in elucidat- 

ing the demographic prehistory of populations in Europe — the continent for which 

the richest archeological and paleontological records existed and which, neverthe- 

less, still harbors many unanswered questions. To place the European реет, 

in a general context of human evolution, a short background concerning the globa 

question of the modern human origins will be given as well.
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Modern human origins 

Competing models 

The history of modern humans — when considered at the evolutionary time scale — 

isnot very long. Archaic subpopulations of Homo erectus colonized Eurasia from 

Africa almost 2 million years ago (SWISHER et al.1994, GABUNIA, VEKUA 1995), 

but H. sapiens sapiens did not appear until ~100 thousand years ago (Kya). 

The sites in Omo Kibbish (Ethiopia), the Klasies River Mouth (South Africa), 

Qafzeh and Skhul (Israel), where the earliest fossils of anatomically modern hu- 

man were found, are dated at ~120-100 Kya; similar findings outside Africa and 
Levant are much younger, ranging from ~60-50 Kya in South-East Asia and Aus- 

tralia and ~40-30 Kya in Europe (see e.g. BRAUER 1989, CHURCHILL, SMITH 
2000). 

The leading model of modern human origins based on these paleontological 
findings posits that a relatively small ancestral population of H. s. sapiens 

(10-20,000 of breeding individuals) appeared in Africa 150-100 thousand years 

ago (Kya) and expanded worldwide, replacing preexisting hominids, such as 

H. erectus in Asia or H. Neanderthalensis in Europe, with little or no interbreed- 

ing (STRINGER, ANDREWS 1988, LEAKEY 1994, LAHR, FOLEY 1994, 

MOUNTAIN, CAVALLI-SFORZA 1994, TATTERSALL 1997, KLEIN 1999). This “re- 

cent-out-of-A frica” model is consistent with the majority of genetic data, which 

teveal generally low genetic diversity of human species (LI, SADLER 1991) and its 
telative excess in African populations (e.g. CANN et al.1987, BOWCOCK et al. 
1991, 1994, CAVALLI-SFORZA et al. 1994, BATZER et al. 1994, TISHKOFF et al. 

1996, JORDE et al. 1997, HAMMER et al. 1998, CLARK et al. 1998, ZIETKIEWICZ et 

al. 1998). Increasing evidence indicates that the emergence of modern humans 

in Africa was temporally separated from their demographic growth and range ex- 

pansion, and that colonization of the world occurred in multiple waves of migra- 

tions along different geographical routes (CAVALLI-SFORZA et al. 1988, 1994, 

LAHR, FOLEY 1994, 1999, ROGERS, JORDE 1995, QUINTANA-MURCI et al. 1999, 
KIVISILD et al. 1999, LABUDA et al. 2000). 

Prevailing as it is, the “recent-out-of-Africa” model has its opponents, who 

propagate the model of “multiregional evolution”, according to which modern hu- 

mans evolved locally from preexisting hominids (WEIDENREICH 1943, 

WOLPOFF, CASPARI 1997, TEMPLETON 1997, WOLPOFF et al. 2001). The *multi- 

gional” model, assuming that the most recent common ancestor dates back to 

over one million years ago, requires long-term gene flow to be strong enough to 

maintain species unity. This implies that human population be in order of 100,000 

0 1 million, much larger than the present-day diversity data suggest 

(HARPENDING et al. 1993). In summary, most geneticists and a large part of 

the paleoanthropological community support the “recent-out-of-A frica” model. 

On the other hand, the possibility of a limited admixture from pre-modern homi- 

1145 to the genetic pools of expanding H. s. sapiens remains an open question, well
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exemplified by the debate on the place of Neanderthals in the evolution of modem 
Europeans (see below). 

The environmental context of the H. s. sapiens evolution in Europe 

The time span relevant for the evolution of modern humans in Europe encom- 

passes the Upper Paleolithic (UP) through Neolithic, i.e. the period between 

~50-5 Kya, during which the geo-climatic conditions in Europe oscillated be- 

tween favourable and extremely harsh. In response to these changing conditions, 

the size and distribution of human populations as well as the technologies 
these early people were using were constantly undergoing recurrent transforma- 

tions. In addition, all these processes were highly variable among different regions 

of Europe. A detailed review is far beyond the scope of this paper (more informa- 
tion can be found e.g. in CAVALLI-SFORZA et al. 1994, STRAUSS 1995, KLEIN 

1999), the information given is intended to provide a general framework for 

the latter discussions concerning the population genetics data. 
According to the fossil record, the first modern humans lived in the Levant 

(Near East) 120-100 Kya (the Middle Paleolithic/Middle Stone Age), but it was 

not until -40-30 Kya, during the early-UP, that they appeared in Europe, inhabited 
at that time by the Neanderthals (BRAUER 1989, CHURCHILL, SMITH 2000). 
The dating of ~40-30 Kya coincides with the Wiirm Interpleniglacial, a period 
of moderate temperatures when some of glacial barriers associated with the pre- 
ceding glacial maximum temporary melted. This might have promoted the first 

dispersals of the modern humans from the Near Eastern source. It is generally be- 

lieved that modern (Cro-Magnon) humans in the early-UP Europe were assoc!- 
ated with the Aurignacian technology, while the Neanderthals — with the mor¢ 
primitive Mousterian (and later, Chatelperronian) industries. The earliest Aurig- 

nacian artifacts, found together with the fossils characterized as modern, are dated 

at ~32 Kya, perhaps even 36 Kya (STRAUSS 1995), the most recent fossils with 
the Neanderthal anatomy are dated at 28-29 Kya (SMITH et al. 1999). The mid- 

dle-UP technology, Gravettian, dated at 26-22 Kya, long postdates the last 

Neanderthal sites. The middle-UP (~30-18 Kya) was characterized by the gradual 

cooling of the climate, which reached its bottom stage approximately ~21-18 Kya 
during the so-called Last Glacial Maximum, LGM. Glaciers extended down to 
the latitude of 50 (most of the British Isles the Scandinavian peninsula, the north 
coast of the Baltic sea, and the present-day Baltic republics, Belarus and 

the NW part of Russia, as well as the Alps, were covered with ice-sheets). Because 
of the cold and aridity, and the resulting deforestation, the central Europe turned 

into polar deserts. As a result, the overwhelming part of the previously inhabite 
continent became abandoned. The human populations were confined to the gla 

refuge areas in the South (the Iberian, Italian and Balkan peninsulas) as well as 
the Ukraine/Central Russian Plain. The development of new technologies, such as 
the early Epigravettian or Solutrean, as well as of cave art, was presumably a ró” 

cial



  

Genetic diversity and European prehistory 513 

sponse to the increased competition due to the population density in the glacial 
refugia (STRAUSS 1995). The harsh LGM conditions lasted until ~16 Kya, when 
a slow process of global warming began. Starting at ~13 Kya, temperatures rose 
rapidly (although with a sharp reversal for a short period of time): the glaciers re- 
treated, the sea level rose increased humidity promoted forestation of the conti- 
nent. The post-glacial period, often referred to as the Mesolithic, was conducive to 
the population growth — within few millennia northward dispersals from the gla- 

cial refugia led to the recolonization of the whole sub-Scandinavian Europe. Ap- 

proximately 10 Kya, the invention of farming in the Middle East changed the way 

of food production. This initiated the Neolithic revolution, i.e. the rapid spread of 

the new technologies (as reflected by the rich archeological records) and presum- 

ably of the Indo-European family of languages. As many believe, the Neolithic 
revolution was associated with the demographic expansion (demic diffusion) ra- 

diating from the Levant towards the West and the North (AMMERMAN, 

CAVALLI-SFORZA 1984). 

Modern Europeans and Neanderthals 

The dates associated with the modern human fossils in Qafzeh (~100 Kya) and 

the Neanderthal fossils from the nearby Kebara (~60 Kya) demonstrated a sub- 
stantial temporal overlap of these two human forms in the Levant (BRAUER 1989). 
In Europe, the period of their coexistence estimated from the age of the earliest 

modern human and the most recent Neanderthal fossils was much shorter, lasting 
from ~36-32 Kya to ~28-29 Kya (STRAUSS 1995, SMITH et al. 1999). While there 
is little doubt that the arrival of Cro-Magnons in the early-UP Europe contributed 

to the extinction of the Neanderthals, the mechanism of the replacement remains 

a matter of the debate. The most relevant question is to what extent 

the contemporaneity of these two human forms in Europe led to a gene flow be- 

tween them: in other words, did Neanderthals hybridize (and if so, to what extent) 

With the incoming modern humans? 

Morphological and morphometrical analyses of the Neanderthals yielded com- 

peting views in this respect. Some researches regarded the Neanderthals as a dis- 

tinct species with, at best, only marginal biological input into the early modern 

human populations in Eurasia (TATTERSALL, SCHWARTZ 1999). Others linked 

the Neanderthals in western Eurasia to early modern humans and advocated either 

some degree of ancestral status for the Neanderthals (WOLPOFF 1999) or 

a long-lasting period of genetic hybridization (DUARTE et al. 1999, CHURCHILL, 

SMITH 2000). | 
In face of the differing interpretations of the antropomorphological patterns, 

the genetic analyses received a lot of much-deserved attention. Two sequences of 

the control region fragments in the mitochondrial DNA (mtDNA) extracted from 

a single Neanderthal-type specimen from western Germany (KRINGS et al. 1997, 

1999), compared with the patterns of mtDNA variation in the contemporary hu-
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man samples, provided evidence that contradicted a Neanderthal contribution to 

the early modern human gene pool. Phylogenetic analyses based on these compar- 

isons demonstrated that the Neanderthal sequences fall outside the variation of 

modern humans (even if in pairwise comparisons several of the human sequences 

were found to differ more than the Neanderthal differed from some humans). Fur- 

thermore, the time of divergence between the Neanderthal and modern human 

mtDNAs, estimated to have occurred between 317 and 741 Kya, was four times 

greater than the age of the common ancestor of all human mtDNAs, suggesting 

that the Neanderthals became extinct without contributing mtDNA to modern hu- 

mans (KRINGS et al. 1999). Some researchers have questioned these conclusions, 

arguing that the genetic data were also compatible with models involving varying 

degrees of regional continuity (e.g. NORDBORG 1998). However, the most obvi- 

ous weakness of the Neanderthal mtDNA analysis was that the sequence was from 

a single individual. 
The recent sequencing of two other Neanderthal specimens, from the Caucasus 

(OVCHINNIKOV et al. 2000) and Croatia (KRINGS et al. 2000), not only confirmed 

distinct clustering of the Neanderthal and human mtDNA sequences, but made it 

possible to gain an admittedly shallow, but important insight into the Neanderthal 
genetic diversity. The estimated diversity of the Neanderthals was found to be re- 

stricted, resembling in this respect the diversity in modern humans rather than 

in the non-human primates (KRINGS et al. 2000). The age estimate of the most re- 

cent common ancestor of the mtDNA of the Neanderthals from Germany 
and the Caucasus (OVCHINNIKOV et al. 2000) pointed to 151-352 Kya, coinciding 

with the time of the Neanderthal lineage emergence in the palaeontological re- 

cords. Together with the time of the most recent common ancestor of the contem- 

porary human mtDNAs estimated at 106-246 Kya, and that of modern human and 

Neanderthal mtDNA at 365-853 Kya, these datings suggested that 

the Neanderthals did not contribute to the human mtDNA diversity. This still does 

not exclude the possibility that some Neanderthal genes entered the modern hu- 
man gene pool through some extent of interbreeding. It seems, however, that such 

a contribution would not be strong enough to seriously alter the variation obser ved 
today, and in any case it could not have happened after the Neanderthals disap- 

peared by ~28 Kya. 

Prehistoric migrations in Europe 

The fossil and archeological records, backed up by the paleoclimatic data, clearly 

indicate that prehistoric populations in Europe experienced recurrent demo- 

graphic changes and movements. The three potentially most important large-scale 
phenomena are: the colonization of Europe by the first modern humans "| 

the early Upper Paleolithic ~40-30 Kya, the Mesolithic dispersal from the glacia 

refugia ~16-10 Kya and the Neolithic expansion of farmers starting „10 Kya
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To what extent the genetic diversity in the present-day Europe reflects these pro- 
cesses remains unclear. In particular, there is an ongoing discussion what propor- 
tion of the contemporary European gene pool is derived from the pre-agricultural, 
Paleolithic and Mesolithic people, as opposed to the Neolithic farmers migrating 
from the Middle East towards the West. It is not earlier than in the last two years 
that investigations of the mostly mitochondrial and Y-chromosome DNA vari- 
ability started to distinguish genetic contributions of these prehistoric population 
movements. 

Methodological considerations 

To gain insight into past population processes from the present-day patterns of ge- 
netic diversity, two different approaches can be adopted (CAVALLI-SFORZA 
1998). The remarks presented below are not intended to review the methodolo- 
gies, but rather to illustrate a few important points relevant for the analysis of pop- 
ulation histories. 

(a) The first type of analyses is based on analysing the genetic diversity differ- 

ences between populations. The diversity is expressed directly in the form 
of marker frequencies or as the derived genetic distances between pairs of popula- 

tions in the bifurcating tree of populations. The time since the divergence event 
separating two populations can be estimated using the knowledge of how the ge- 

netic distance depends on the mutation rate (CAVALLI-SFORZA 1998). If the pop- 

ulations are in equilibrium, this method facilitates more direct inferences about 
population history than those based on the measure of genetic diversity between 

sequences (see below). However, the genetic distances and time estimations may 
be distorted in the presence of gene flow (HEY 1998) and population size fluctua- 
tions (REICH et al. 1999), 

Although in principle this approach may be based on the allele frequencies 
from a single locus, it is always better to analyse data from different loci, as this 

not only makes it possible to overcome the possible impact of the selection, but 
also decreases the high variance intrinsic to the analysis of a single gene. 

To jointly analyse population data from many different loci, the so-called princi- 

pal component (PC) analysis is usually employed (CAVALLI-SFORZA et al. 1994, 

PIAZZA et al. 1995). PCs combine the diversity data from many genes, presenting 

them as distances between populations. Each PC (1st, 2nd etc.) depicts a fraction 

of the diversity grouped not by genes, but by scenarios; each next PC summarizes 
another part of the diversity that may reflect a different phenomenon. Similarly to 
allele frequencies, PC values can be plotted against the geographic distance or 

Presented as synthetic maps. If relations among populations predicted by an exter- 

nal scenario are consistent with the map ofa given PC, then the fraction of the total 

diversity summarized by this PC can be considered to reflect that scenario. | 

The significance of a correlation between genetic distances among populations 

and geographic distances between localities where the samples were collected can
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be estimated using the autocorrelation analysis. A spatially random distribution of 

the genetic distances results in a series of insignificant correlation values, a grad- 

ual change in the correlation values from significant to insignificant with the in- 

creasing geographic distance is expected under isolation by distance (i.e. when 

genetic diversity reflects only genetic drift and short-range gene flow); a set of 

correlation coefficients which are significant all along the analysed geographic 

distance may indicate a cline due to a migration event (BERTORELLE, BARBUJANI 

1995). 

A cline (frequency gradient or a gradient of genetic distances) may reflect 

a past population expansion (if the expanding population differed genetically 

from those already present in the fiewly occupied area) or a continuous gene flow 

between stationary groups that initially differed in allele frequencies. Clines may 

also reflect adaptation to variable environments (selection), but when observed 

for many loci, which are not likely to be affected in the same way, they usually re- 

flect demographic changes. 

(b) The other group of methods summarizes the DNA variation in the form of 

gene genealogies (trees or networks of sequences, not populations). This approach 

assumes a lack of recombination in the analysed segment. Sequential accumula- 

tion of mutations can be retraced along the lineages, making reconstruction of 

the resulting haplotypes’ genealogy relatively straightforward; groups of 

haplotypes sharing sequence variants inherited from a common ancestor are 

known as “haplogroups.” The uniparentally inherited (and therefore not recom 

bining) mtDNA and Y-chromosome have the potential of being particularly infor- 

mative for studies based on gene genealogies. Moreover, mtDNA 

and Y-chromosome have a 4 times smaller effective population size than 

autosomes, which makes them much more prone to the random drift and founder 

effects during population constrictions. 

Under reasonable assumptions about mutation rates, the lineages (or, more 

precisely, the underlying mutations) can be dated using the coalescent approach 

which estimates the time to the most recent common ancestor of the haplotype s& 

quences in the genealogy (see e.g. HARDING 1996). Geographical patterns in 

the distribution of ages of clusters or clades can be detected by superimposiné 
the population apportionment of the lineages on the sequence genealogy 

(phylogeography). Importantly, unless populations descend from genetically 

monomorphic set of founders (which rarely happens), gene trees are usually much 

older than population trees (TAJIMA 1983). 

European diversity — classical genetic markers and autosomal DNA sequences 

Synthetic PC maps based on a number of protein markers (MENOZZI et al. a 

CAVALLI-SFORZA et al.1994, PIAZZA et al. 1995) demonstrated that the first P 

accounting for 26% of the overall European genetic diversity, displayed a gradien



  

Genetic diversity and European prehistory 517 

extending from the Levant into the northern and western Europe. Spatial 
autocorrelation confirmed that one-third of the European diversity was clinally 
distributed over the entire continent (SOKAL et al. 1989, 1991). Allele frequencies 
summarized by the first PC correlated with the archeological dates that indicated a 
westward cline in the spread of the Neolithic technology (CAVALLI-SFORZA et al. 
1994). This frequency cline was also found to correlate with the distribution of 
the Indo-European family of languages (RENFREW 1987, BARBUJANI, SOKAL 
1990, PIAZZA et al. 1995). These highly correlated gradients were taken as an in- 
dication that farming spread through the process of demic (as opposed to cultural) 
diffusion and suggested that the present-day genetic structure of Europeans had 
been determined mainly by the Neolithic dispersal of farming population from 
the middle East (AMMERMAN, CAVALLI-SFORZA 1984). The second PC (~21% 
of the diversity) was suggested to be associated with the spread of Uralic lan- 
guages and the third one (8.8%) was found to correlate with the spread of the no- 
mad Kurgan people who, alternatively to Neolithic farmers, could be responsible 
for the spread of the Indo-European language (PIAZZA et al. 1995). 

Clinal patterns detected in the classical genetic markers were traditionally as- 
sociated, because of their consistency with the archeological and linguistic data, 
with the relatively recent population movements. However, theoretical analyses 
indicated that they could also reflect the earlier demographic events (BARBUJANI 
et al. 1995). For example, if the Upper Paleolithic population dispersal had been 
accompanied by the founder effects, then under the successive short-distance 
gene flow this would also have resulted in continent-wide clines of allele frequen- 
cles resembling the first PC. Discerning these possibilities obviously required in- 
corporating time estimates into the analysis of the genetic diversity distribution 
in European populations. 

The analysis of the autosomal DNA variants provided support for the major 
impact of the Neolithic expansion from the Middle East. In a spatial 
autocorrelation analysis of seven hypervariable loci, broad clinal patterns of DNA 
variation were recognized (CHIKHI et al. 1998). The observed clines closely 
matched those described at the protein level, with the Northern and Western popu- 
lations showing the highest divergence from the Middle Eastern ones, and the in- 

lrmediate situations in between. Importantly, estimates of the time since these 

Populations diverged , based on the microsatellite diversity in the analysed seg- 
Ment, provided no evidence for population splits older than 10 Ky. The only pre- 

dictable exception were the Saami (Lapps), well-recognized outliers, whose 
divergence from other populations was estimated at 20-25 Ky. 

European migrations from the Y-chromosome perspective 

Patterns revealed by the analyses of polymorphisms in the non-recombining por- 
lion of the Y-chromosome (NRY) demonstrated the presence of continent-wide 
lines jn European populations, broadly resembling the distribution of the protein 

Markers.
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An extensive analysis of biallelic polymorphisms and the derived NRY 

haplogroups in over 3,600 Y-chromosomes demonstrated highly nonrandom pat- 

terns of geographic differentiation among European populations (ROSSER et al. 

2000). Spatial autocorrelation analysis demonstrated significant clines 

in the haplogroups distribution. Two haplogroups, HG1 and HG9 (representing 

together 45% of the chromosomes), displayed continent-wide, south- 

east-to-northwest clines, resembling the first PC of the genetic variation in protein 

loci. Clines for three other haplogroups were regionally restricted and most likely 

reflected distinct population movements. One of these, HG3 gradient from 

the north of the Black Sea, resembled the third PC in protein analysis (PIAZZA et 

al. 1995, see also Eul9 below). PC analysis of the Y-chromosome haplotypes 

and genetic-barrier analysis suggested that the populations were related on the ba- 

sis of geography rather than linguistic affinity (see also ZERJAL et al. 2001). 

The limitation of this study was that no dates for the dispersal of the haplogroups 

were available. 

Another study of NRY haplotypes in 1007 chromosomes from European popu- 

lations (SEMINO et al. 2000) also demonstrated that the geographic distribution of 

the NRY haplotypes was correlated with the patterns displayed by the protein 

markers (PIAZZA et al. 1995). The coalescent age of the NRY haplotypes, estt- 

mated from the genealogical analysis of the haplotypes, was compatible with mul- 

tiple migratory episodes that have contributed to the modern European gene pool. 

Two clusters (including, respectively, haplotypes Eul8, Eul9 and Eu7, Eu8) ap- 

peared to have been present in Europe since the Paleolithic times (based on the age 

of the mutation defining these clusters, estimated at 30 Kya and 22 Kya, respec 

tively). The remaining lineages (Eu4, Eu9, Eul0 and Eull, estimated origin at 

15 to 20 Kya) entered Europe later, most likely during independent Neolithic mi- 

grations from the Middle East and the Urals; their spread correlated with the first 

PC based on autosomal protein markers, reflecting the diffusion of Neolithic 

markers (PIAZZA et al. 1995). The contribution of the Neolithic farmers to the Eu- 

ropean gene pool seemed to be more pronounced along the Mediterranean coast 

than in Central Europe. The differentiation and the distribution of Eul8 and Eul? 

(50% chromosomes) were interpreted as signatures of the post-glacial expansions 

of these Paleolithic lineages radiating from isolated population foci in the Iberian 

peninsula (reflected by the second PC in protein data) and the present-day Ukrain 
(associated with the spread of the Kurgan people revealed by the third PC in pr” 
tein data); Eu7 and Eu8 presumably underwent a secondary dispersal after LGM. 

The recent extension of this study to 2,235 chromosomes (PASSARINO et al. 

2001), including the Middle East populations, confirmed that Eul9 originated In 
the Ukraine, probably in a Paleolithic population; the spread of this lineage appa 

ently occurred at different waves over a few thousand years. 

As exemplified by the studies presented above, the Y-chromosome proved e 
be a sensitive system for detecting population movements that have shaped Eur ie 

pean genetic diversity. Generally, while retaining a strong (but not necessary
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prevailing, see SEMINO et al. 2000) signal of the Neolithic expansion from 
the Near East, Y-chromosome diversity data suggested that the demographic his- 
tory of Europe had been complex and influenced by other major population move- 
ments, as well as language, geography and the effects of the drift (SEMINO et al. 
1996, MALASPINA et al. 1998, QUINTANA-MURCI et al. 1999, ROSSER et al. 2000, 
SEMINO et al. 2000, ZERJAL et al. 2001, PASSARINO et al. 2001). 

European migrations from the mtDNA perspective 

Studies based on RFLP haplotype data from the mtDNA coding sequence com- 
bined with sequence data in its control region led to the complete characterization 
of the European mtDNA diversity (TORRONI et al. 1996, 2000, MACAULAY et al. 
1999). Seven haplogroups, H, V, I, J, K, T, and W, are Caucasoid-specific, 
whereas U and X are shared with the Africans and northern Amerindians, respec- 
tively. The presence ofthe Asian superhaplogroup M and the A frican haplogroups 
LI and L2 most probably represents recent admixture events. Analyses of both 
the frequency, variation, and distribution of the haplogroups within populations 
and of genealogical relations and sequence diversity among the haplogroups have 
been used to evaluate current models concerning the process of colonization of 
the European continent. 

In contrast to the autosomal and Y-chromosome studies, where strong conti- 

nentally-wide clinal patterns of the genetic diversity in Europe had been found 
and interpreted as consistent with the important impact of the Neolithic demic dif- 
fusion, mtDNA analyses suggested that such clines — if identified at all — often in- 
dicated earlier population movements. 

The population tree analysis based on the comparison of the mtDNA control 
Iegion sequences in European and West Asian populations (COMAS et al.1997) re- 
Vealed a gradient in spite of a generally low genetic heterogeneity: 
the within-population diversity ascertained through various parameters declined 
from the east to the west, ina pattern compatible with the ancient population mi- 

gration and expansion from the Middle East. The expansion time estimates, based 
0n the distribution of pairwise sequence differences within populations 
(from 135-50 Kya in the Middle East to 42-15 Kya in the Basques), indicated that 
the east-west gradient was compatible with the Upper Paleolithic rather than 
the Neolithic event. 

Phylogeographic analysis using median networks of the mtDNA haplotypes 

(RICHARDS et al. 1996, 1997) demonstrated a very low heterogeneity among Eu- 

‘pean populations and a sharp difference between the European and the Middle 
East diversities (the only clear within-continental difference being that between 

Basques and the other populations). The network-based coalescent time estimates 
indicated that most European mtDNA haplotype clusters coalesced much earlier 

than 10 Kya. The possible Upper Palaeolithic contribution to the present day di- 

Versity was estimated at 85%, while the Neolithic contribution at 15% only (see
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also discussion in CAVALLI-SFORZA, MINCH 1998 and RICHARDS et al. 1998a). 

Further cladistic analysis of the phylogenetic networks performed separately for 

each major European lineage cluster, combined with the coalescent analysis of 

the time depth of each cluster (RICHARDS et al. 1998b), confirmed that only <20% 

of the contemporary European mtDNA lineages date back to the fresh immigra- 

tions during the Neolithic ~10 Kya. Interestingly, only ~10% (represented by 

haplogroup U5) was considered likely to have been introduced with the first mod- 

ern human migrants during the earliest Upper Palaeolithic settlement of the conti- 

nent —>50 Kya. The majority of the European lineages appeared to have been 
introduced during the early UP, ~20-50 Kya, and expanded during the post-glacial 

Mesolithic period ~15 Kya. Expansion time estimates in these analyses were de- 

rived from the coalescent analysis of the sequences assuming that the depth of 

the cluster genealogy (time to the founder) is supposed to well approximate 

the age of the population’s migration into the new territory. The cladistic character 

of the analyses (i.e. considering the depth of the genealogy only within clusters of 
lineages descending from a well-defined founder) seemingly validated this ap- 
proach (RICHARDS, SYKES 1998), although some criticism was raised concerning 

the application of the sequence genealogy results to date demographic events 

(BARBUJANI et al. 1998). This discussion aside, the extended phylogeographic 

analysis of the haplotype clusters derived from the well-defined founders analy- 
sis, performed using large samples from the Near Eastern, European, and north- 

ern-Caucasus populations (RICHARDS et al. 2000), indicated that 

(i) the immigrant Neolithic component is likely to comprise less than one-quarter 

of the mtDNA pool of the modern Europeans, (ii) the majority of extant mtDNA 
lineages entered Europe in several waves during the Upper Palaeolithic, (ii1) there 
was a founder effect or bottleneck associated with the Last Glacial Maximum 

(LGM), ~20 Kya, from which the largest fraction of surviving lineages derives. 

Extensive phylogeographic analyses of the European haplogroups H and У 

(TORRONT et al. 1998, 2001) provided support for a major Mesolithic population 

expansion from glacial refugia in southwestern Europe. The European-specific 
haplogroup V has been identified as a mtDNA marker for this expansion. 

Haplogroup V has a limited geographical distribution. Except for the Berbers of 

North Africa (~10%) it is observed only in Europe, where it reaches high frequen" 
cies in some Iberian populations (~20-30%) and Scandinavian Saami (~40%), be- 
ing absent among the populations of southeastern Europe (and the Near East). 
Its progenitor sequence, the rather uncommon haplogroup pre*V, is found scat- 

tered throughout Europe (and northwestern Africa; this distribution together with 

the age estimate support the scenario that pre*V originated in Europe before 
the LGM (TORRONI et al. 2001). The sequence divergence estimates suggest the! 
haplogroup V originated ~13 Kya in the Iberian Peninsula, ic. dutne 
the post-glacial period after the LGM. The haplogroup V gradient centered и 
the Iberian Peninsula, consistent with the second PC of Europe based on the 91511 
bution of classical markers (MENOZZI et al. 1978, CAVALLI-SFORZA et 21.1994)
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and with the Y-chromosome data (SEMINO et al. 2000), suggests that haplogroup 
V was dispersed throughout the continent during the Mesolithic population ex- 
pansion from southwestern to central Europe (but see IZAGIRRE, de la RUA 1999). 
Its sister haplogroup H is distributed throughout the entire range of Caucasoid 
populations, with the highest frequencies (40%-—60%) in western and northern Eu- 
rope. The age estimates based on its diversity suggest that haplogroup H origi- 
nated in the Near East ~30-25 Kya. It probably expanded in Europe ~25-20 Kya, 
before the LGM, becoming the most common haplogroup in the populations liv- 
ing in southwestern Europe during the LGM. Subsequent Mesolithic expansions 
from glacial refugia dispersed haplogroup H, along with haplogroup V, into cen- 
tral and northern Europe. In summary, phylogeographic analyses of haplotypes H 
and V/pre*V demonstrated that a substantial contribution of a Paleolithic popula- 
tion to the gene pool of all modern populations of central-northern Europe was 
achieved through a post-glacial expansion from the southwestern Ice Age refugia. 

In contrast, the possibility of a significant Mesolithic reexpansion from glacial 
refugia was not an option according to another work based on the spacial correla- 
tion analysis of the west Eurasian mtDNA control region sequences (SIMONT et al. 

2000). No global clines in the European variation distribution were detected 
in this study and limited geographic patterning observed in the global analysis was 
largely due to a marked difference between the Saami isolate and all the other pop- 
ulations. At the regional scale, an area of significant clinal variation was identified 
only around the Mediterranean Sea. No such cline was observed in the northern 

part of the continent, even though the allele frequencies in the two regions did not 

significantly differ. While the Paleolithic expansion rendering the observed pat- 

tern of mtDNA diversity remained an option, the authors considered the Neolithic 
demic diffusion of farmers as the most plausible cause for longitudinal clines of 
mtDNA. No south-north clines or genetic boundaries (zones of sharp genetic dif- 

ferences) expected to have occurred along the routes of a Mesolithic reexpansion 
from glacial refugia were found. 

In summary, while the analyses of nuclear loci underscore a crucial role of 
the Neolithic demographic transition, the interpretation of mtDNA evidence is 
controversial. Some of the studies support the major impact of the Neolithic 

(SIMONI et al. 2000), while some underscore the Paleolithic (COMAS et al. 1997) 

or Mesolithic (TORRONI et al. 1998, 2001) components, or both (RICHARDS et 
al.1996, 1998b, 2000). The discrepancies between nuclear genes and mtDNA may 

stem from the properties of the genetic systems analysed, but the incongruity 

among the mtDNA studies most probably reflects different approaches used in 

the analysis of the observed diversity. 
The “genetic system” problem might be that mtDNA and Y-chromosome re- 

lect separate histories of, respectively, maternal and paternal lineages (with 

autosomal data falling in between). The recent data indicate that some aspects of 

these histories may differ, reflecting for example different migration patterns 

inmen and women (e.g. SCOZZARI et al. 1997, SEIELSTADT et al. 2000, HAMMER
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et al. 2001). Moreover, because of a strict linkage among all the loci in 
the non-recombining portion of the mitochondrial genome, and similarly in 
the Y-chromosome, these genetic systems effectively behave as single loci; as 
a result, their evolution may be skewed by selection. Therefore, to infer conclu- 
sions about the history of modern humans from the patterns of genetic diversity, 
one has to consider a number of independent genomic segments, including 
autosomal and X-chromosome DNA. 

The second problem may be exemplified by the discussion surrounding 
the analysis of mtDNA using the “population trees” versus “gene trees” approach. 

Generally, the analyses based on the comparison of populations tend to return 

shorter times for the population splits than the analyses based on gene genealo- 
gies. It is possible to reconcile both approaches, but attention must be taken to re- 

alize the possible pitfalls of each methodology. 
The debate on just what proportion of the contemporary European gene pool 

is derived from the Paleolithic and Mesolithic people, as opposed to the Neolithic 

farmers migrating from the Middle East towards West, still continues. However, 

even if the discrepancies concerning the dating of European prehistoric migra- 

tions persist, the general picture is that, while the present day structure of both nu- 

clear and mitochondrial genetic diversity undoubtedly reflects the important 
contribution of the Neolithic farmers, the impact of pre-agricultural paleo- 

demographic events becomes increasingly evident as well. 

Conclusions 

Investigating the problems of modern human origins, the Neanderthal admixture 

or prehistoric migrations in Europe are just few — though by no means minor — ©x- 
amples of the applications of the population genetic diversity studies in elucidat- 

ing evolutionary and demographical processes of the past. There is a wide range of 
interesting questions that can be — and in many cases have actually been — ad- 

dressed. With the Middle East being the main source of the European gene pool, 
be it directly during the Paleolithic or Neolithic dispersals or indirectly during 
the Mesolithic reexpansions from glacial refugia, an input of genes from other lo- 
cations has to be considered too, although these effects are largely regional. 
For example, there is some discernible gene flow between Northwestern Africa 
and the Iberian Peninsula (RANDO et al. 1998, COMAS et al. 2000, FLORES et al. 
2000, BOSCH et al. 2001), while an Asian influence can be distinguished 
the Scandinavian populations of Saami (SAJANTILA et al. 1995, MEINILA et al. 
2001, LARSEN et al. 2001). The population of Basques — the isolate with the most 
evident signal of the pre-Neolithic genetic component — deserves the question 
in itself (BERTRANPETIT et al. 1995, COMAS et al. 1998, ALONSO, ARMOUR 
1998). Then, one has to consider the recent local European effects: bottlenecks 

and founder effects e.g. in Finns and the Saami (SAJANTILA et al. 1995, LAHERMO
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et al. 1999) or in the Romani (KALAYDJIEVA et al. 2001), the influence of geo- 
graphic and linguistic barriers on the local gene flow (HURLES et al. 1999, COMAS 
et al. 2000, BOSCH et al. 2001, STEFAN et al. 2001 ), recent local histories of partic- 
ular populations (SISTONEN et al. 1999, HELGASON et al. 2000, MALYARCHUK, 
DERENKO 2001, SCOZZARI et al. 2001, TOMAS et al. 2001), etc. The practical im- 
pact of these investigations goes well beyond the academic exercise — investigat- 
img population fissions and hybridizations as well as founder effects is necessary 
to understand how the diversity — both neutral and that involved in the disease — 
arises and is maintained in populations, and it constitutes a necessary step for 
the studies in genetic epidemiology and medical population genetics. 
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