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The island of Crete, credited by some historical scholars as a central crucible of western civilization, has
been under continuous archeological investigation since the second half of the nineteenth century. In the
present work, the geographic stratification of the contemporary Cretan Y-chromosome gene pool was
assessed by high-resolution haplotyping to investigate the potential imprints of past colonization episodes
and the population substructure. In addition to analyzing the possible geographic origins of
Y-chromosome lineages in relatively accessible areas of the island, this study includes samples from the
isolated interior of the Lasithi Plateau – a mountain plain located in eastern Crete. The potential
significance of the results from the latter region is underscored by the possibility that this region was used
as a Minoan refugium. Comparisons of Y-haplogroup frequencies among three Cretan populations as well
as with published data from additional Mediterranean locations revealed significant differences in the
frequency distributions of Y-chromosome haplogroups within the island. The most outstanding differences
were observed in haplogroups J2 and R1, with the predominance of haplogroup R lineages in the Lasithi
Plateau and of haplogroup J lineages in the more accessible regions of the island. Y-STR-based analyses
demonstrated the close affinity that R1a1 chromosomes from the Lasithi Plateau shared with those from
the Balkans, but not with those from lowland eastern Crete. In contrast, Cretan R1b microsatellite-defined
haplotypes displayed more resemblance to those from Northeast Italy than to those from Turkey
and the Balkans.
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Introduction
Referred to by some as the birthplace of western civiliza-

tion, the island of Crete is one of the most extensively

excavated locations in the world. Crete, which is situated

approximately equidistant from mainland Greece, Turkey

and Libya, and linked to the first two by archipelagos of

stepping-stone islands, has been influenced by periodic

waves of dispersing migrants.

The first permanent inhabitants of the island are believed

to have arrived around 7000 BC, possibly from Anatolia.1

This founding group was mainly composed of early

Neolithic farmers who established their first settlements

in the fertile lowland regions of Crete. Approximately 4000

years later, this population in part formed the basis of what
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has since been termed the Minoan culture, a pre-Hellenic

Bronze-Age civilization that prospered from mercantilism

and trade with other Mediterranean civilizations.

It is often argued that during the later Bronze Age, Crete

received an influx of Mycenaean Greeks who controlled

the island from ca. 1450 BC until the twelveth century BC.2

The end of the Bronze Age witnessed a considerable

amount of cultural disruption in Crete, for reasons that

remain disputed. One result of this upheaval, whether it

was caused by internal warfare or by invasion from the

north, was a population movement to upland refuges.3

After the Bronze Age, Crete came under the influence

and control of various external cultures, at times involving

the incursion of foreign populace. In 69 BC, Crete was

annexed by the Romans and was passed on to the

Byzantines almost five centuries later. The Arabs invaded

the island in the year 824 AD. It was reconquered by the

Byzantines in 961 AD. In spite of multiple local revolts, the

latter period was followed by more than four centuries of

Venetian rule that started in the early 1200s. Then, after a

two-decade siege by the Ottoman Empire of what is today

the city of Heraklion, the Turks controlled the island from

1669 AD until the early twentieth century, when it was

unified with mainland Greece.

Although these changes in cultural orientation and

human populations may have been concentrated initially

in the coastal and lowland regions of Crete, the upland

areas were not exempt from such external influences. For

example, in eastern Crete, the population of the Lasithi

Plateau in the Diktaian mountain range is also known to

have been influenced to some extent by the same complex

course of history. The first settlements of the Lasithi

highland mesa have been dated to the later Neolithic,

approximately 3500 BC, possibly as a result of population

expansions from coastal homesteads.4 The archeological

evidence suggests that, although they enjoyed a relative

physical isolation, the inhabitants of the Lasithi Plain were,

throughout its history, in communication with the

inhabitants of the coastal regions.

The size of the Minoan population in the Lasithi Plateau

appears to have reached a peak around 1600 BC and

dropped sharply a couple of centuries later. The material

culture of the latest Bronze Age displayed the hybrid

Minoan/Mycenaean styles that were typical of this period

in Crete.4 After another reduction in population density

around the third century BC, the area became populous

again in the 4th century AD, presumably as a result of a

Roman settlement.4 During the period of Venetian rule,

the Lasithi Plateau served as a refuge for Cretan insur-

gents.5 The Venetian government reacted by banning

settlement and cultivation of the area from the mid 13th

century to 1463 AD.4,5 Subsequently, in an attempt to

increase grain production and alleviate the effects of the

Ottoman blockade, the Venetian government decided to

recolonize the plain in 1548 with settlers from the Greek

mainland (eastern Peloponnese4,5). Although some have

suggested that with every foreign intrusion into the Lasithi

Plateau the local residents deserted the area,4 it remains

entirely unclear as to what fraction, if any, of the local

population departed in each period and the geographical

origin(s) of those who remained.

A recent analysis of nine Y-chromosome markers defining

haplogroups A, DE, G2, I, J, P*, and R1a revealed a high

degree of heterogeneity within the island of Crete.6 Their

study uncovered that, although more than 96% of males in

the Cretan prefectures of Chania, Rethymno and Heraklion

can be assigned to the tested haplogroups, only 82% of the

Y chromosomes in Lasithi were derived at those markers.6

An analysis of J2 chromosomes from Crete, similarly

revealed additional examples of diversity within the island.7

In the present study, we explore Y chromosomal

diversity in the eastern half of Crete by typing a total of

77 markers in two general populations from the prefectures

of Heraklion and Lasithi, and in a relatively isolated group

from the Lasithi Plateau. The historical importance of the

latter region is underscored by the role played by mountain

plains, such as the one mentioned above, as natural refuges

for late Minoans.3 The relative geographic isolation that

has characterized the Lasithi Plateau even until the late

twentieth century (the first and only paved road connect-

ing the high plain with the outside world was built in the

1970s) provides a unique opportunity to study the genetic

contributions of past migrants and invaders to the

composition of the male population in this area, as

compared with the more accessible locations of the island.

Our results uncover significant frequency differences of the

J2 and R1 haplogroups between the inhabitants of the

isolated Lasithi Plateau and those of the surrounding

Heraklion and Lasithi Prefectures. We demonstrate a

nonuniform distribution of Y-chromosome signatures,

which reflects the complex colonization of the eastern

half of Crete by different mainland sources during the last

9000 years.

Materials and methods
Subjects

A total of 168 unrelated male samples were collected from

three locations in the island of Crete (Figure 1). Two

sample groups of 104 and 23 individuals were from the

general populations of the Heraklion and Lasithi Prefec-

tures, respectively. A third group of 41 individuals was

from the population of the Lasithi Plateau, a plain located

within the Diktaian mountain range, at a median elevation

of approximately 850 meters and encircled by 2000-m-high

mountains on all sides.

Individuals were identified, at the time of collection, by

biographical information dating back to at least two

generations. Samples were collected according to the

guidelines of the Institutional Review Board at Florida
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International University. Genomic DNA was isolated from

peripheral blood lymphocytes by standard phenol/chloro-

form extraction followed by ethanol precipitation.8

Y-chromosome haplotyping

Seventy-seven binary markers were hierarchically geno-

typed by standard methods, including PCR-RFLP and size

detection by PCR of the Y-specific polymorphic Alu

insertion (PAI) YAP. For those polymorphisms not amen-

able to detection by RFLP, genotyping was performed by

selective PCR.9,10 Supplementary Table 1 presents the

summary of Y-SNPs genotyped for all the Cretan samples.

Haplogroup diversity was calculated as h¼ (1�
P

xi
2)n/

(n-1).11 Information regarding the Y-chromosomal locations

of the binary markers, the original references reporting

their discoveries, the allelic states and the primer sequences

can be found at the YCC website under Supplementary

Data: http://ycc.biosci.arizona.edu/nomenclature_system/

frontpage.html.

Correspondence analysis

Y-chromosome data from 23 additional populations were

obtained from the literature and were employed to perform

a correspondence analysis (CA). Supplementary Table 2

presents the list of all the populations included in the

study and their haplogroup frequencies. The CA was

performed using the NTSYSpc-2.02i software12 and was

based on the observed frequencies of haplogroups A, B, C,

E3, ExE3, F*, G, H, I, J2, JxJ2, K-M70, KxM70, L, N, PxR, R*,

and R1þR2 (Supplementary Table 2).

Y-STR genotyping and age estimations of Y-STR
variation

For the Y-chromosome haplogroups R1a1-M198 and

R1b-P25, Y-STR diversity at 10 markers (DYS19, DYS388,

DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393,

DYS439, and DYSA7.2) was assessed. The Y-STR data from

the populations of the Heraklion and Lasithi Prefectures

were combined and compared with the data from the

Lasithi Plateau group. In addition, a total of 40 P25-derived

samples from Ferrara, Italy, were also genotyped for the

same 10 Y-STR markers.

Genotyping of Y-STR markers was performed as reported

elsewhere13 and the age estimations of Y-STR variation

were calculated as previously described.14,15 For both the

R1a1-M198 and the R1b-P25 haplogroups, the Cretan Y-

STR data were analyzed with respect to published Y-STR

information from the Balkans16 and Turkey.13 Supplemen-

tary Table 3 presents the R1a1 and R1b-associated Y-STR

data from all the populations that were analyzed. As Y-STR

data on only seven markers were available for the Balkans

(DYS19, DYS389I, DYS389II, DYS390, DYS391, DYS392,

and DYS393), the age estimations of Y-STR variation were

obtained separately by using both the 7- and 10-loci data

sets (Table 1). BATWING expansion times were also

generated for comparisons (Table 1), using an average

STR mutation rate of 0.0007, an intergeneration time of 25

years and an exponential population growth from a

constant-size ancestral population.17 As mentioned above,

the R1b-P25 analysis included data presented for the first

time in this work from the population of Ferrara in

northern Italy. Population-specific and overall network

analyses were performed with 7 loci by using the reduced-

median algorithm of NETWORK 4.2.0.0 (Supplementary

Figures 1 and 2).18 The Y-STR loci DYS19, DYS389I,

DYS389II, DYS390, DYS391, DYS392, and DYS393 were

assigned weights of 5, 5, 2, 1, 2, 10, and 10, respectively.

For each of these haplogroups, Y-STR-based principal

component analyses (PCAs) were also generated using the

7-loci data sets (Figure 5). E3b1-M78 samples were

genotyped for Y-STR markers A7.1, DYS19, and DYS439 in

order to classify them into E3b1-M78a, b, g, and d lineages,

respectively.19

Results
Phylogeography

From a total of 77 binary markers typed in the three Cretan

populations, 35 were found to be polymorphic in the

overall group of 168 individuals. These define 21 paternal

haplogroups in the Heraklion Prefecture collection and 12

haplogroups in both the Lasithi Prefecture and the Lasithi

Plateau groups (Figure 2). Only seven of these 12

haplogroups are observed in common in the latter two

Lasithi Plateau

41
Heraklion Prefecture

104

23

Lasithi Prefecture

Rethymno Prefecture

Chania Prefecture

Figure 1 Geographic locations and number of samples of the three Cretan populations.
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populations from the Lasithi region. With the exception of

two Q-M242 individuals from the Lasithi Plateau, the rest

of the haplogroups detected in the Lasithi Prefecture and

Lasithi Plateau collections were also observed in the

province of Heraklion.

In terms of haplogroup frequencies, the most striking

differences among the three populations studied are

observed in the J2 and R1 haplogroups. Although 46.2

and 47.8% of the individuals in the Heraklion Prefecture

and Lasithi Prefecture populations, respectively, are derived

Heraklion Prefecture

n = 104

Lasithi Plateau

n = 41

Lasithi Prefecture

n = 23

h = 0.9053

h = 0.8670

h = 0.8934

Figure 2 Most parsimonious phylogeny of Y-chromosome haplogroups. The number of samples derived at each haplogroup, frequencies and
haplotype diversity (h) are indicated for each population. All M78-derived individuals belonged to the E3b1-M78a classification, except for two
samples in the Heraklion Prefecture population and one from the Lasithi Plateau, who were M78d. Mutations in italics were not genotyped and are
only included for phylogenetic context. Markers M3, M18, M20, M21, M25, M26, M37, M56, M65, M68, M72, M81, M120, M123, M136, M137,
M148, M153, M157, M158, M161, M163, M167, M204, M222, M224, M227, M231, M280, M281, M285, M286, M289, M290, M318, M320,
M321, M322, M323, M339, M340, M365, M368, M369, and V6 were found to have the ancestral state in all individuals genotyped.

Table 1 Ages of Y-STR variation and expansion times for lineages R1a1 and R1b

Haplogroup Population N

Age of Y-STR variation (kya)

BATWING expansion time (kya)

7 Loci 10 Loci

7 Loci 10 Loci Mean Median 2.50% 97.50% Mean Median 2.50% 97.50%

R1a1 Crete w/o L. Plateau 10 16.374.7 15.173.5 35.1 15.5 0.3 610.6 27.9 14.7 0.5 298.5
Lasithi Plateau 8 12.376.7 10.474.9 25.4 7.3 0.1 475.1 15.4 3.6 0.0 522.0
Turkey 36 11.573.4 10.072.6 9.0 6.8 1.3 45.5 46.2 10.8 0.1 758.8
Balkans 107 14.673.0 N/A 26.7 17.5 1.5 196.5 N/A N/A N/A N/A

Total: 3.0 2.5 1.0 8.0 N/A N/A N/A N/A

R1b Crete w/o L. Plateau 15 11.771.8 14.373.5 23.0 14.1 0.5 185.5 39.1 11.7 0.1 555.8
Lasithi Plateau 15 8.472.4 9.071.7 10.7 1.9 0.0 391.1 19.7 1.5 0.0 647.4
Turkey 80 13.171.6 13.472.0 7.7 6.4 2.2 23.6 32.1 16.1 0.8 289.1
Balkans 50 9.171.9 N/A 9.6 8.0 2.7 29.9 N/A N/A N/A N/A
North Italy 40 13.672.8 13.072.4 22.9 16.1 1.2 151.7 4.7 3.6 0.7 23.4

Total: 10.9 6.2 1.7 63.4 N/A N/A N/A N/A
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at M172, a frequency of only 9.8% is found in the Lasithi

Plateau group. Furthermore, not only does the highland

plain record a much lower percentage of J2 individuals, but

it is also characterized by a lower level of diversity. While a

total of seven and five J2 haplogroup types are detected in

the Heraklion Prefecture and Lasithi Prefecture popula-

tions, respectively, only two are observed in the Lasithi

Plateau group. In the case of the R1 haplogroup, while

frequencies of 19.2% and 21.7% are found in the Heraklion

Prefecture and Lasithi Prefecture populations, respectively,

more than half (56.1%) of the Lasithi Plateau individuals

are R1-M306-derived.

When such haplogroup distributions are compared with

those previously observed in other Mediterranean loca-

tions,20–24 it becomes evident that the low J2 frequency in

the Lasithi Plateau population is exceptional in the north-

eastern region of the Mediterranean (Figure 3). In this area,

only two collections, from Macedonia and Syria, have J2

frequencies that come close to the one observed in the

Lasithi Plateau (Figure 3). Equally discordant is the high

frequency of the R1 haplogroup in the Lasithi Plateau

group when compared to other groups in the northeastern

Mediterranean. Overall, the proportion of R1 individuals

found in the Lasithi Plain is actually more equivalent to the

frequencies detected in northwestern Mediterranean loca-

tions, such as central-northern Italy, Corsica, mainland

France and Spain (Figure 3).

In contrast with the results of the above comparisons,

both the Heraklion Prefecture and Lasithi Prefecture

populations present J2 and R1 frequencies comparable

with those previously observed in northeastern Medi-

terranean locations and even in Libya (Figure 3). Never-

theless, the frequency of J2 in these two Cretan groups is

much higher than in mainland Greece, Macedonia and

Albania.

Population relationships

In addition to the three Cretan populations examined in

this work, Y-chromosome data from 23 Mediterranean

groups were obtained from the literature (Supplementary

Table 2) and were used to perform a CA (Figure 4). These

same populations are included in Figure 3 for a visual

representation of Y-haplogroup distributions in the

Mediterranean region.

The CA illustrates very close genetic relationships

between three pairs of populations (Figure 4). These are

the Heraklion Prefecture and Lasithi Prefecture groups, the

populations from the islands of Corsica and Sardinia, and

the groups from Albania and mainland Greece. All of the

above populations, in turn, appear closely related to

those of Sicily, Calabria and Turkey. Furthermore, although

representing a slightly higher degree of separation, the

collections from Syria and Lebanon segregate close to the

latter group of populations.

In contrast with the positions of the other two Cretan

collections, the Lasithi Plateau population exhibits a close

genetic relationship with respect to groups from central

and southwestern Europe, including Andalusia, Basque

Country, Cataluña, Croatia, France and central-northern

Italy (Figure 4).

Figure 3 Distribution of Y-chromosome haplogroups in 26 Mediterranean populations. Original references, number of samples and name codes
for all populations are listed in Supplementary Table 2.
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Y-STR genotyping and age estimations

Microsatellite haplotypes based on 10 Y-STR markers were

assessed for individuals belonging to the haplogroups

R1a1-M198 and R1b-P25 (Supplementary Table 3). The

ages of Y-STR variation for the Heraklion Prefecture and

Lasithi Prefecture collections were estimated by combining

Y-STR data from both groups. The results are compared to

the ages determined for the Lasithi Plateau population, the

Balkans,16 Turkey13 and North Italy (i.e., Ferrara) (Table 1).

Table 1 indicates the age of Y-STR variation associated

with each haplogroup for every one of the populations

examined. BATWING expansion times are also included for

comparison. As Y-STR information for only seven markers

was available in the case of the Balkans, microsatellite-

based dating was performed separately using both the

7-loci and 10-loci data sets. The results indicate that for the

R1a1 haplogroup, the age of Y-STR variation in the Lasithi

Plateau is at least 10.474.9 kya, the same range as in the

case of Turkey (10.072.6, Table 1). Nevertheless, the

ages of Y-STR variation in both of these populations are

more recent than the dates estimated for the Balkans

(14.673.0 kya) and the rest of Crete (at least 15.173.5 kya).

In the case of the R1b haplogroup, the age of Y-STR

diversity in the Lasithi Plateau population is at least

8.472.4 kya, compared to at least 11.771.8 kya in the

surrounding two provinces. The former date is comparable

with the age estimated for the Balkans (Table 1). Unfortu-

nately, for many of the populations analyzed and for all

groups from Crete, the BATWING expansion analyses did

not generate credible 95% confidence intervals (Table 1). In

spite of that, with the exception of the R1b results for the

Lasithi Plateau and Turkey, the times of expansion

corroborate the above-mentioned ages.

The population-specific network analyses generated

star-like topologies in most of the groups analyzed

(Supplementary Figure 1). In addition, the overall networks

for haplogroups R1a1 and R1b demonstrate that all the

collections have representative haplotypes in, presumably,

the most ancestral node of their topologies (Supplementary

Figure 2). This explains the relatively old dates and the

similar ages of Y-STR variation estimated for all groups

studied.

In order to explore the genetic similarities of the R1a1

and R1b Cretan haplogroups with those from Turkey, the

Balkans and North Italy, Y-STR-based PCAs based on seven

microsatellite markers, were generated. These PCAs are

presented in Figure 5. The plot in panel A indicates a close

genetic relationship between the Lasithi Plateau and the

Balkans R1a1 lineages, whereas the Crete without the

Lasithi Plateau group exhibits little or no affinity with

respect to R1a1 lineages from the former populations and

from Turkey (Figure 5a). In the case of the R1b haplogroup

(Figure 5b), the PCA indicates that R1b lineages from both

Cretan groups are more related to the lineages from North

Italy than to those from Turkey or the Balkans. This

affinity, however, is much more evident in the case of the

Crete-without the Lasithi Plateau population.

Discussion
Neolithic and postneolithic signals from eastern Crete

The clinal frequency pattern of haplogroup E in the

Mediterranean region has been associated with several

dispersal events during and after the Neolithic peri-

od.19,25,26 Originally emanating from East Africa, hap-

logroup E3b-M35 and particularly subhaplogroup E3b1-

M78 are believed to be signatures of a demic diffusion of

Neolithic farmers from the Middle East to Europe. This

haplogroup has left its strongest imprint along the

Southern Mediterranean.20,26,27

Figure 4 Correspondence analysis of 26 Mediterranean populations based on the observed frequencies of haplogroups A, B, C, E3, ExE3, F*, G, H,
I, J2, JxJ2, K-M70, KxM70, L, N, PxR, R*, and R1þ R2. Original references, number of samples and name codes for all populations are listed in
Supplementary Table 2.
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In the three Cretan populations studied in this work, the

frequency of E3b-M35-derived chromosomes range from

4.9% in the Lasithi Plateau to 13% in the Lasithi Prefecture

population. As expected, the most common subhaplo-

group observed is E3b1-M78, which is the only one found

in the Lasithi Plateau collection (Figure 2). Further

genotyping of the M78-derived samples for the Y-STR

markers A7.1, DYS19 and DYS439, allowed their classifica-

tion into two of the four previously delineated E3b1-M78

lineages (ie, a, b, g, and d).19 One chromosome from the

Lasithi Plateau population and two chromosomes from the

Heraklion Prefecture belong to the lineage M78d, whereas

the remaining eight Cretan samples belong to the lineage

M78a. The highest frequency of the M78a lineage was

previously observed in the Balkans. This decreased in the

western and northeastern directions in European popula-

tions.19 Cluster M78d, on the other hand, was detected at

low frequencies in Europe, the Near East, eastern and

northern Africa,19 and it has been found to be associated

with at least three M78 downstream mutations.28 Given

the paraphyletic character of this cluster, it is not possible

to relate, at this juncture, the Cretan M78d chromosomes

with those found in neighboring locations. Considering

the relatively high frequency of E3b1-M78 chromosomes

in Albania, Macedonia and Greece,16,19,26 and particularly

the M78a lineage in the first two of these collections (data

not available for Greece), it is possible that the presence of

this lineage in Crete represents gene flow from mainland

Greece during and/or after the Neolithic.

In the case of Cretan E3b3-M123 (M34) chromosomes,

they most likely signal East African or Middle-Eastern gene

flow rather than European, due to the scarcity of this

lineage in the latter area.19,26 Similarly, the presence of

E3b-M35* individuals in the Heraklion Prefecture popula-

tion could probably be attributed to an East-African or

North-African contribution.

Like haplogroup E, the entire J clade is also of Middle

Eastern origin. It was most likely introduced into the

Mediterranean region during the diaspora of Neolithic

farmers.20,25,26 It has been suggested that this dispersal may

have occurred overseas,25,26 which implies a significant

role of the Mediterranean islands in the Neolithization of

southern continental Europe.

An analysis of J2-frequency clines in both continental

Italy and in Greece, as well as in the islands of Crete,

Mitilini and Khios, revealed high frequency values of J2-

chromosomes in all the four Cretan prefectures (26–45%)

with the lowest corresponding to Lasithi.6 Our study

corroborates the predominant frequency of the J2 haplo-

group in the Heraklion and Lasithi Prefecture populations

(46.2 and 47.8%, respectively), which are most comparable

with the values reported for Turkey20 and Libya24 (Figure 3).

In the case of the latter, however, the majority of J2

chromosomes correspond to the J2b2-M241 subha-

plogroup. This correspondence suggests little genetic

affinity with the Cretan collections.

Out of the total number of J2 chromosomes in the

Heraklion Prefecture and Lasithi Prefecture populations, 92

and 82% of the samples, respectively, are derived at J2-

DYS413 (Figure 2). As the CA illustrates (Figure 4), these

proportions suggest genetic affinity with groups from the

Turkish-Greek area, where this marker is believed to have

originated.7 Based on the generally low frequency of J2-

DYS413 chromosomes in present mainland Greece,6 the

Turkish region is favored as the origin of these lineages.

Furthermore, the high frequencies of DYS413-derived

chromosomes in the island of Crete, as well as in a number

of coastal locations from both mainland Greece and Italy,

together with the moderate frequencies of this mutation in

the Aegean islands,6 can be interpreted as the signals of a

maritime demic diffusion from Anatolia.

A previous study of DYS413-derived chromosomes from

the Mediterranean region also detected significant simila-

rities between Cretan and southern Anatolian populations.

These findings corroborated the proposed geographical

a

b

Figure 5 Y-STR-based principal component analyses of hap-
logroups R1a1 and R1b using microsatellite markers DYS19, DYS389I,
DYS389II, DYS390, DYS391, DYS392, and DYS393.
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origin of the earliest Cretan agriculturists.29 Nevertheless,

considering the number of colonizations experienced by

the island in more recent periods (including the Ottoman

penetration), the presence of DYS413 chromosomes in

Crete may not be necessarily solely related to the arrival of

its first farmers.

Of the 57 J2-DYS413 chromosomes in Crete, a total of

nine chromosomes are derived at J2a1h-M319 (Figure 2).

This mutation was recently discovered in one Iraqi and two

Moroccan chromosomes24 and to our knowledge, it has

not been reported in any other population. Interestingly,

seven out of the nine Cretan M319-derived chromosomes

have the (CA)16-(CA)18 genotype at the DYS413 micro-

satellite marker, a pattern that was not observed in any

other DYS413-derived lineage. A prominent frequency of

DYS413 (CA)16-(CA)18 chromosomes in Crete, and parti-

cularly in the prefecture of Chania, was detected in the past

and was attributed to a founder effect in the island.7 It

appears from our results that this founder effect is

associated with the introduction or origin in Crete of the

J2a1h-M319 mutation.

Archeological findings indicate that the first inhabitants

of Crete arrived during the Neolithic.1 It is therefore

intriguing that the Lasithi Plateau population only pre-

sents 12.2% of J chromosomes, compared with values of

more than 47% in both the Heraklion Prefecture and

Lasithi Prefecture collections. Similarly, only 4.9% of

chromosomes in the Lasithi Plateau group correspond to

the E haplogroup, compared to more than 10% in the

former two populations. The low frequencies of these

Neolithic haplogroups in the Lasithi Plateau population

contrast with the unusually elevated proportion of Paleo-

lithic R1 chromosomes for an eastern Mediterranean

location.

Haplogroup R1 chromosomes in eastern Crete

Previous studies of Y-chromosome polymorphisms in

Eurasian populations have suggested a Paleolithic origin

for the Y-haplogroup R1.20,30 The origin of the haplogroup

R1-M173 is believed to predate the Last Glacial Maximum.

This haplogroup dispersed from east to west, possibly

30 kya, along with the spread of the Aurignacian cul-

ture.20,30 Different demographic processes have been

proposed to account for the current distributions of

subclades R1a and R1b in European populations.16,20,30,31

The R1 haplogroup frequencies obtained for the three

Cretan groups in the present work reveal remarkable

differences among them, as well as with respect to

neighboring Mediterranean collections. Although frequen-

cies of 19.2 and 21.7% were found in the Heraklion

Prefecture and Lasithi Prefecture populations, respectively,

a proportion of more than half (56.1%) was observed in

the Lasithi Plateau. The prominent frequency of the R1

haplogroup in the Lasithi Plateau collection does not

resemble the values published for any other group in the

northeastern Mediterranean. Although this high propor-

tion of R1 chromosomes in the Lasithi high plain could be

the result of genetic drift owing to founder effect and/or

to geographic isolation, the above observation prompted

us to explore the possible origins and ages of the R1

haplogroups in the island.

Similar ages of R1a1-associated Y-STR variation were

obtained for all the populations analyzed (Table 1). These

results are indicative of considerable microsatellite varia-

bility associated with this haplogroup in the island. The

Y-STR-based PCA of Figure 5a indicates a very close genetic

relationship between the R1a1 chromosomes from the

Lasithi Plateau and those from the Balkans. In contrast, the

rest of the R1a1 chromosomes from Crete (denoted as

’Crete without Lasithi Plateau’ in Figure 5a) do not appear

closely related to those from the Lasithi Plateau, Turkey or

the Balkans. These results suggest that the R1a1 chromo-

somes in the highland mesa may represent a unique

infiltration into Crete, distinct from the incursion of R1a1

types into the coastal regions.

In the case of the R1b haplogroup, the age of Y-STR

variation estimated for the Crete without Lasithi Plateau

population is similar to the dates obtained for Turkey and

North Italy (Table 1). The Y-STR-based PCA of this

haplogroup (Figure 5b) indicates a close genetic relation-

ship between the Crete without Lasithi Plateau collection

and North Italy. The Lasithi Plateau group segregates at a

slightly more distant point in the PCA plot, with respect to

North Italy. Based on the age of the R1b-associated Y-STR

variation for the Crete-without-Lasithi-Plateau population,

the genetic affinity between R1b haplogroups from North

Italy and Crete might be the imprints of an Italian gene

flow before the end of the Minoan civilization and/or more

recent migrations during the Roman and Venetian ruling

periods. Finally, it is possible that the more recent age for

the R1b-associated Y-STR variation in the Lasithi Plateau

population as compared with the estimate for the rest of

eastern Crete could have resulted from population bottle-

necks in the mountain plain. Alternatively, these lineages

might have been introduced to the Lasithi highland plain

long after their presence in other regions of the island.

Conclusions
The genetic complexity of the male population in Crete

is as fascinating as the history of the island. The diversity

of Y-chromosome haplogroups ascertained in the three

Cretan groups that were analyzed, and particularly in

the Heraklion Prefecture population, reflects the genetic

legacy of multiple migrations over the last 9000 years.

Equally significant is the predominant frequency of

Paleolithic haplogroups in the Lasithi Plateau, which

includes rare chromosomes such as I* and Q-M242 and is

perhaps an indication of the prehistorical complexity of
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this population. The differences in Y-haplogroup frequen-

cies between the Lasithi Plateau collection and the other

two Cretan groups analyzed are either due to genetic drift

favored by geographic isolation and/or to the replacement

by more recent migrations of a Lasithi Plateau-like genetic

composition in the other two Cretan populations. As a

whole, our results may be indicative of the utilization of

the Lasithi highland retreat as a long-standing repetitive

pre-Minoan refugium.
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