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Abstract
Currently, there are 18 different religious communities living in Lebanon. While evolving primarily within Lebanon, these
communities show a level of local isolation as demonstrated previously from their Y-haplogroup distributions. In order to
trace the origins and migratory patterns that may have led to the genetic isolation and autosomal clustering in some of these
communities we analyzed Y-chromosome STR and SNP sample data from 6327 individuals, in addition to whole genome
autosomal sample data from 609 individuals, from Mount Lebanon and other surrounding communities. We observed Y
chromosome L1b Levantine STR branching that occurred around 5000 years ago. Autosomal DNA analyses suggest that the
North Lebanese Mountain Maronite community possesses an ancestral Fertile Crescent genetic component distinct from
other populations in the region. We suggest that the Levantine L1b group split from the Caucasus ancestral group around
7300 years ago and migrated to the Levant. This event was distinct from the earlier expansions from the Caucasus region that
contributed to the wider Levantine populations. Differential cultural adaption by populations from the North Lebanese
Mountains are clearly aligned with the L1b haplotype STR haplogroup clusters, indicating pre-existing and persistent
cultural barriers marked by the transmission of L1b lineages. Our findings highlight the value of uniparental haplogroups and
STR haplotype data for elucidating biosocial events among these populations.

Introduction

Lebanon is a compact country that is 217 km long and 56
km wide, located along the Eastern Mediterranean coast.
Geographically, Mount Lebanon refers to the coastal
mountain ridge that runs north to south and makes up about
30% of Lebanon’s territory. It is a continuous mountain
chain that rises sharply from the coast, peaking at a height
of around 3000 m in the north. Historically, Mount Lebanon
has been the most important constituent driving social and
cultural development of the country. Its natural ecosystem
makes it a hot spot for biodiversity that is ideal for farming
and cultivation. It has also historically served as a prime
refuge during political and religious conflict, due to its rich
habitat and protective terrain.

Currently, there are no written historical documents
describing the populations that may have occupied Mount
Lebanon during the Iron or Bronze Ages or before. Pre-
dynastic archeology attests to trade with Phoenicia for
cedar, that only grows in mountainous regions [1]. Yet,
many of the early archeologists and researchers who
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undertook archeological and historical studies on Mount
Lebanon believed that it was either not occupied, or very
sparsely populated up until the Arab-Muslim conquest in
the 7th century CE [2]. Apart from the name Amurru which,
in the first millennium BCE, was used to designate a geo-
graphical area in the north of hinterland modern-day
Lebanon, and its inhabitants (Amorites), there is no other
reference to the inhabitants of the Lebanese mountains in
the Iron Age [3].

In the first millennium AD, Roman historians, such as
Strabo, Pliny and Flavius Josephus referred to the inhabi-
tants of Mount Lebanon as Itureans [4, 5]. They were
described as mountain bandits who occupied a rugged ter-
rain that was impossible to cultivate, who lived in shelters
underground or in caves along with their livestock. Many of
the twentieth century archeologists and geographers who
investigated the question of the inhabitants of the mountains
of Lebanon and the nature of its human occupation also
concluded that it was an unpopulated region during anti-
quity that was only visited by loggers and hunters [2, 6].

Active archeological research is currently under way
investigating the question of the occupation of mountainous
and rural areas of Lebanon, in an attempt to better understand
the history of the region and to address what appears to be a
contradiction in historic reports and other archeological
remains showing evidence of active and persistent trade.
Recent archeological findings of some of the isolated sites in
Mount Lebanon show evidence of human occupation since at
least the Bronze Age (3200 BCE). Evidence of agglomera-
tions and fortifications from the Bronze and Iron Age are very
common in Mount Lebanon [7]. Further, a considerable
number of inhabited sites and sanctuaries dating to the Roman
(64 BCE-391/2 CE) and the Proto-Byzantine (391/2 – 635
CE) periods dot the Lebanese mountains from north to south
[8]. These sites, covering a large chronological range (from
the Bronze Age to the early Arab-Muslim conquest), indicate
an intense use of the mountainous territories as agricultural,
trade and worship centers.

Today Mount Lebanon is mostly inhabited by the Mar-
onite community. The Druze, a religious group of a com-
mon faith called “unitarians (Muwahhideen)” also inhabit
parts of Mount Lebanon. There are an estimated one million
people of the Druze faith living almost exclusively in the
Chouf area of Mount Lebanon, the Houran mountain in
Syria, and the mountainous areas west and north of Amman
Jordan and the Galilee [9]. The Maronites represent the
oldest and most dominant Christian branch within Lebanon
dating to the late 6th century CE [10, 11]. While Syriac
Orthodox may claim to be older, their presence in Lebanon
is the result of recent diaspora. The Maronite community is
spread throughout Lebanon but is the most prevalent
community in the North Lebanon Mountains and Mount
Lebanon in general. The Maronites draw their name from

the Syrian Monastery that was built to honor the pious
Marun or Maro, who, according to Maronite church his-
torians, lived in the early 6th century on the banks of the
Orontes river, between Emesa and Apamea [11, 12]. The
Maronite Church was thus formed during the tumultuous
times of the development of Christian doctrine during
Byzantine rule, continuing during the period of the Muslim
expansion and conquest of Lebanon by the Umayyad
Caliphate. The Maronites are the oldest historically attested
isolated community that found refuge in the mountainous
regions, which identifies it as a candidate for providing a
unique genetic window into the demographic history of the
region. Specifically, differentiation between mountain and
coastal Maronites may reveal patterns of immigration of
some specific genetic lineages.

We have previously shown, based on Y-chromosome
and mitochondrial DNA analyses, that religious commu-
nities in Lebanon genetically differentiated prior to the
establishment of religions [13–15]. We also showed that
these communities have been influenced by local isola-
tion, while evolving primarily within Lebanon, as evident
by their Y-haplogroup distributions [14–16]. Among
these, the haplogroup L1b (formerly L2), defined by
the M317 SNP (L1b-M317: GRCh38 Y-chromosome:
g.20592785–20592786 del GA) [17] is over-represented
(p value= 2.28 × 10−12) among the Maronites of the
North Lebanon Mountains. The L1 haplogroup is divided
into three sister branches, the L1a branch, defined by the
M2481 SNP, found mostly in India and Pakistan; the L1b
branch with representation in Central and Southwest Asia
and some parts of Europe, which is defined by the L656
SNP and the L1c branch defined by the M357 SNP
(https://isogg.org/tree/2011/ISOGG_HapgrpL11.html). The
abundance of L1b-M317 lineages in Mount Lebanon and its
near total absence from the rest of the Lebanese and sur-
rounding populations, irrespective of their religious back-
grounds including Maronites, calls for further analyses,
promising to identify the factors that may have created such
strong genetic stratification. Genetic analyses of the Mount
Lebanon and surrounding communities focusing primarily
on haplogroup L1b-M317 may provide details related to the
origin and the immigration time and dispersal routes of this
lineage into the mountain community and how it evolved
within the region.

In this study, we selected candidate populations that
may have contributed genetic admixture to the Lebanese
population in general, and to Mount Lebanon in parti-
cular. Throughout ancient and modern history, Lebanon
has been the site for multiple events that were associated
with major human mobility. Large scale population
movements have occurred in and out of Lebanon since the
rule of the Babylonians and Assyrians, and have con-
tinued through the Roman, Persian, Crusader, Islamic
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Expansion and Ottoman occupations. Some of these for-
eign conquests that involved large armies, and long-term
occupations, must have certainly led to noticeable gene
flow. While some of the more recent genetic admixture
events, like those resulting from the Crusades and Islamic
Expansion, are likely to be more readily detectable and
have indeed contributed genetically, their impact alone is
not significant enough to explain the observed genetic
diversity and its patterns observed in the modern popu-
lation that occupies Lebanon today, especially the popu-
lations of Mount Lebanon [14].

We used Y- chromosome data from Lebanon and other
surrounding regions, including populations from Arabia,
Armenia, the Caucasus, Greece, Italy, the Levant, Mesopo-
tamia, and Turkey, and autosomal data primarily from com-
munities in Mount Lebanon and from Beirut, to explore the
genetic makeup of the Mount Lebanon communities and to
trace the migration patterns that likely contributed to the
genetic patterns observed in the mountainous regions of
Lebanon. We also sought to investigate the presence or
absence of genetic clustering observed within the various
communities that currently occupy Mount Lebanon.

Material and methods

Populations and samples

For the Y chromosome analyses, a total of 6327 samples
were used in this study and were selected based on analysis
of their historic, ethnic, and geographical context. Of these,
2944 samples came from our group (511 genotyped for the
current study and 2433 genotyped and published previously
by our group [13, 14, 16]. These samples were actively
collected in the field, and included Lebanese (n= 1403),
Iranians (n= 416), Syrians (n= 552), Cypriotes (n= 166),
Kuwaitis (n= 42), and Palestinians (n= 365). Data for the
remaining 3383 samples came from the literature and
included Turkey (452 samples), Armenia (1010 samples),
Iran (104 samples), Kuwait (117 samples), Libya
(175 samples) and the Caucasus (1525 samples)
[14, 16, 18–23] (Supplementary Table 1).

The 178 Lebanese samples collected for autosomal ana-
lysis in the current study were obtained from the North
Lebanese Mountain Maronite (NLMM) community (n= 53),
from Other non-Maronite Lebanese Christians (OLC) living
in Beirut Greek Orthodox community (n= 43), from Shiia
community members (n= 35), and Sunni community mem-
bers (n= 47). An additional 431 samples were also collected
from Armenia (n= 61), Cyprus (n= 16), Iran (n= 148), Iraq
(n= 50), Jordan (n= 43), Syria (n= 71), Turkey (n= 39),
and the Ukraine (n= 3) making a total of 609 samples used in
the autosomal analyses (data shown in Supplementary

Table 2). These samples were selected based on analysis of
their historic, ethnic, and geographical context and were
actively collected in the field. For genotyping, 594 samples
were processed on Infinium Omni Express-24 v1.2 Bead Chip
in two experiments yielding 701800 SNPs and 677830 SNPs
respectively, and 15 of the samples were processed on the
Human 1M-duo v3.0 array, yielding 1089836 SNPs. Addi-
tional information on DNA extraction and genotyping are
presented in the Supplementary Information.

Published ancient DNA data were used representing
127 samples [24] from Anatolia_ChL (n= 1), Anatolia_N
(n= 24), Armenia_ChL (n= 5), Armenia_EBA (n= 3),
Armenia_MLBA (n= 9), Iran_ChL (n= 5), Iran_LN (n= 1),
Iran_N (n= 5), Levant_BA (n= 3), Levant_N (n= 13),
Natufian (n= 6), Steppe_EMBA (n= 28), Steppe_Eneolithic
(n= 3), Steppe_MLBA (n= 22). Details on these samples are
provided in Supplementary Table 3. Other samples were from
Mbuti.DG (n= 3) [25], and 1000 Genome Project samples
GBR (n= 91), CEU (n= 99), FIN (n= 99), GIH (n= 103),
and IBS (n= 107) [26]. Data sets were lifted to GRCh38,
checked against GRCh38, shared SNPs were selected, tri-
alleles, rare alleles, and extreme HW deviations were
removed, and phases corrected yielding 295,307 SNPs, and
the datasets were merged. Additional information on these
analyses can be found in the supplementary material.

The study participants recruited by our team provided three
generations of paternal ancestry and detailed information on
their geographical origin and religious group or religious
affiliation. They all signed an informed consent form
approved by the IRB of the Lebanese American University.
All the Lebanese samples shown in Supplementary Table 1
were used to calculate the L1b haplogroup frequencies across
the various religious communities and geographical regions
within Lebanon (Table 1 & Supplementary Table 4).

For our STR analyses and in order to have a balanced
representation of the L1b Haplogroup among the various
regions we included, in addition to our samples (n= 2524),
129 L1b samples from key comparative regions (Caucasus,
Turkey, Iran, Italy and Greece) obtained from published
work [27] and online available data from Family Tree DNA
(Supplementary Table 5).

Finally, for the L1b analyses the study samples were
divided into regions (10 in total) according to their geo-
graphic distribution (Supplementary Table 6). The North
Lebanon Mountain Maronites (NLMM) represent the
Maronite community in the Northern Lebanon Mountains.

Analyses

NETWORK 5 (Fluxus-Engineering: http://www.fluxus-
engineering.com/) was applied to determine a reduced med-
ian network of L1b STR haplotypes using a reduction
threshold of 1 [28]. These networks were constructed with the
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13 Y-STRs common to all samples DYS19, DYS389i,
DYS389b, DYS390, DYS391, DYS392, DYS393, DYS437,
DYS438, DYS439, DYS448, Y-GATA-H4, DYS456 (Sup-
plementary Table 6) as well as the truncated set DYS19,
DYS389i, DYS389b, DYS390, DYS391, DYS392, DYS393,
DYS437, DYS438, and DYS456, to test stability. “Virtual
UEPs” marking distinct L1b branches were identified in the
NETWORK output, with UEP assignments identified in SR4.

Arlequin 3.5 [29] was applied to compute RST distances
between populations. Euclidean distances between indivi-
dual STR genotypes were clustered via UPGMA and plot-
ted via heatmap in R 3.5.0 [30] (https://www.r-project.org/).

BATWING [31] was employed to compute TMRCAs for
the main NETWORK-identified branches characterizing
NLMM, as well as other L1b groups in Lebanon, and
overall, each marked with a “virtual” UEP. Mutation rate
sets were obtained from multiple published sources, with
Zhivotovsky’s evolutionary rate, as well as three pedigree
based [32–35] tabulations. Generation times were assumed
to be 25 years for the evolutionary rates, and 30 years for
the others. All were applied in separate runs to the 13 STRs
described above in the NETWORK analysis. Further the
Burgarella ImMR rates [32] were applied to the truncated
list of 10 STRs also described in the NETWORK analysis,
in order to test dependency on numbers of STRs. BATW-
ING was first applied to the L1b samples alone tabulated in
Table 2a, and then applied to a representative sample of the
region drawn across haplogroups including those tabulated
in Table 2b given that BATWING’s coalescence compu-
tations assume a random distribution of haplogroups and
that haplogroup distributions of STRs are not random.

Results

Haplogroup distribution and frequencies

Frequencies of Y-chromosome haplogroup L1b were
obtained from 10 different populations (Supplementary

Table 1). The L1b haplogroup frequencies were the highest
in Lebanon, reaching 3.06%, followed by Turkey (2.88%)
and Armenia (1.69%) (Supplementary Fig. 1, Table 1).
Libya, Syria and the Caucasus had the lowest frequencies,
at 0.57%, 0.54%, and 0.52% respectively. We note that L1b
is present along the Fertile Crescent, the Levant, the Cau-
casus, and through the Mediterranean where Phoenicians
traded, including Egypt, Cyprus, and Libya. Nowhere does
it rise to the 12.5% level seen in the NLMM. While Turkey
is unrepresented since the authors did not test SNPs infor-
mative of L1b, Kuwait showed no L1b. Within Lebanon
(Supplementary Table 7), the frequency of the L1b hap-
logroup was significantly higher in the Maronite community
of Northern Mount Lebanon (NLMM) compared to any
other community or any other group tested in the region
(Fisher exact test p value= 7.326 × 10−13) and for L1b with
Maronites compared to others in Northern Lebanon
Mountains as well (Fisher exact test p value= 0.0014),
consistent with our previously published results [13]. The
L1b haplogroup was present in 6.4% of the Maronites
compared to 3% in the general Lebanese population. Out of
the 43 L1b haplotypes found in Lebanon, 34 were from
Maronites from the North Lebanese Mountains.

The Y-haplogroup frequencies in our genotyped Leba-
nese population show gradients dominated by J2 (coastal)
and J1 (inland) with J2 being the most frequent (28.7%) and
J1 the second most frequent (18.3%) haplogroup. Hap-
logroup E1b shows strong differentiation by region irre-
spective of religious affiliations and was the third most
frequent haplogroup (16.3%) in Lebanon. R1b reaches a
frequency of 8.9% and its distribution behaves similarly to
E1b but without representation in South Lebanon (Supple-
mentary Table 4).

Network, clustering, and MDS analysis

We assessed the distribution of the L1b haplogroup through
STR network analysis by observing the geographic dis-
tribution of the L1b STR haplotypes. NETWORK results

Table 1 Haplogroup L1b M20
frequencies in Lebanon and
surrounding regions.

Region Nb. L1b (M20) Hg Total population Frequency Source

Lebanon 43 1403 3.06% Present Study; El-Sibai et al. [16]

Turkey 13 452 2.88% Cinnioğlu et al. [18]

Armenia 11 1010 1.09% Hovhannisyan et al. [19], Weale et al. [20]

Palestine 3 365 0.82% Zalloua et al. [14]

Iran 4 520 0.77% Alshamali et al. [21], El-Sibai et al. [16]

Kuwait 1 159 0.63% El-Sibai et al. [16], Triki-Fendri et al. [22]

Cyprus 1 166 0.60% Zalloua et al. [14], El-Sibai et al. [16]

Libya 1 175 0.57% Triki-Fendri et al. [23]

Syria 3 552 0.54% Zalloua et al. [14], El-Sibai et al. [16]

Caucasus 8 1525 0.52% Balanovsky et al. [41]

584 D. E. Platt et al.

https://www.r-project.org/


are shown in Fig. 1. NETWORK offers qualitative guidance
for phylogenetic relationships when applied to STR haplo-
types. The results were explored by application of
BATWING. This NETWORK has three heavily localized
branches, primarily composed of NLMM samples, that
share a common root from the L1b network in general. To
these three branches, virtual UEP (unique event poly-
morphism) labels UEP2, UEP3, and UEP4 were assigned.
UEP2 was comprised almost entirely of NLMM samples,
but includes one Italian; while UEP3 contained substantial
NLMM samples as well as samples from elsewhere in
Lebanon, and two Italians; and UEP4 was comprised of
individuals broadly distributed throughout Lebanon.
Among these, the UEP4 cluster did not maintain coherence
under NETWORK analysis using the 10 STR subset
(Supplementary Fig. 2). UEP1 represents the union of
UEP2, UEP3 and UEP4 capturing the entire Lebanese L1b.
The specificity of UEP2 to NLM p value was a significant
4.467 × 10−12 by Fisher exact test. UEP5 represents all L1b
samples for the TMRCA computation in the presence of
other haplogroups.

The NETWORK computation was cross-checked by
application of UPGMA clustering based on Euclidean dis-
tances between individual sample STRs, and plotted on a heat
map, shown in Supplementary Fig. 3. Sidebar colors corre-
spond to the NETWORK population colormap described

above, and show distinctive clusters marked pale and dark
green indicating NLMM (containing UEP2 and UEP3) and
Levantine samples (capturing UEP4), respectively. The three
virtual UEP groups identified by NETWORK are largely
confirmed by the Euclidean distance UPGMA clustering,
showing several branches carrying L1b lineages. The
UPGMA clusters agree with NETWORK in also indicating
that these clusters split relatively early in the history of L1b,
though they are all primarily found in Lebanon. One inter-
esting difference is that one of the Italians that the reduced
median network analysis placed in UEP2 was not associated
with UEP2 haplotypes by UPGMA clustering by Euclidian
distances. Turkish and Greek L1b haplotypes also tend to be
marked by a distinct division among L1b STR genotypes
compared to the other branches, also reflected in the NET-
WORK structure. The Arlequin RST population differences
were also subject to UPGMA (Supplementary Fig. 4) and
MDS clustering (Supplementary Fig. 5). The UPGMA RST

clustering separates the population groups identified in the
Euclidean distance UPGMA clustering between individuals in
the heatmap. Individuals tend to break into 3 major sub-
clusters, with some mixing between populations. The RST

statistics reflect the similarity among individuals in these
branches, accounting for admixture affinities. The Greek/
Caucasus/Turkish cluster emerges clearly in both clusters.
The RST grouping of populations included non-NLMM

Table 2 STR derived time estimates based on L1b samples. STR derived time estimates based on all haplogroups.

Mutation model L1b TMRCA UEP1 TMRCA UEP2 TMRCA UEP3 TMRCA UEP4 TMRCA

Zhivotovsky 36 (21–71) 27 (12–57) 16 (7.9–33) 17 (8.4–35) 17 (8.4–35)

Burgarella lmMR 11.5 (8.0–19.2) 9.0 (4.8–16.5) 5.5 (3.0–9.7) 5.7 (3.2–9.9) 5.8(3.2–9.8)

Shi OMR 10.9 (7.5–19.2) 8.2 (4.3–16.9) 5.0 (2.8–9.4) 5.2 (2.9–9.5) 5.4 (3.0–9.9)

Burgarella OMR 11.9 (8.2–20.2) 9.1 (4.7–17.7) 5.6 (3.1–10.0) 5.8 (3.2–10.2) 5.9 (3.3–10.6)

Mutation model L1b TMRCA UEP5 UEP1 TMRCA UEP2 TMRCA UEP3 TMRCA UEP4 TMRCA

Zhivotovsky 20 (13–28) 15 (6.9–23) 9.6 (4.9–17) 10 (5.1–17) 9.9 (5.0–18)

Burgarella lmMR 10.6 (7.4–14.6) 6.4 (4.3–10.2) 4.3 (2.6–6.8) 4.3 (2.6–6.8) 4.5 (2.8–7.2)

Shi OMR 10.8 (7.4–15.1) 7.3 (4.5–10.7) 4.6 (2.8–7.8) 4.8 (3.1–7.9) 4.6 (2.8–7.5)

Burgarella OMR 9.8 (7.5–13.8) 7.5 (4.8–10.5) 5.1 (3.1–8.2) 5.2 (3.2–7.9) 5.2 (3.2–8.5)

Burgarella lmMR cut STRs 7.6 (4.7–17.3) 5.4 (3.3–9.0) 3.8 (2.0–6.5) 3.9 (2.2–7.0) 3.8 (2.1–6.7)

“OMR” = “observed mutation rates” by both Shi et al. [33] and Burgarella et al. [32], “lmMR” = “logistic model mutation rates” by Burgarella et
al. – each with 30 year generation times, and Zhivotovsky “EMR” = “evolutionary mutation rates” estimated by Zhivotovsky et al. [35] with 25
years generation times. A recalibrated evolutionary mutation rate “rEMR” by Shi et al. differed from the Zhivotovsky EMR in an STR not included
in these analyses, so was identical to the Zhivotovsky EMR for our purposes. Shi et al. also presented summary parameters for the other references.
UEP2 is a NETWORK-determined branched cluster primarily comprised of NLMM, UEP3 is heavily NLMM but includes other Lebanese as well.
UEP4 is non-NLMM Lebanese. UEP1 is the union of these, representing modern L1b in Lebanon.

UEP5 marks all the L1b’s among all the samples, and it is used to compute L1b’s TMRCA. “OMR” = “observed mutation rates” by both Shi et al.
[33] and Burgarella et al. [32], “lmMR” = “logistic model mutation rates” by Burgarella et al. – each with 30 year generation times, and
Zhivotovsky “EMR” = “evolutionary mutation rates” estimated by Zhivotovsky et al. [35] with 25 years generation times. A recalibrated
evolutionary mutation rate “rEMR” by Shi et al. differed from the Zhivotovsky EMR in an STR not included in these analyses, so was identical to
the Zhivotovsky EMR for our purposes. Shi et al. also presented summary parameters for the other references. The ‘cut STRs’ line used the
Burgarella ImMR rates but with a truncated list of STRS DYS19, DYS389i, DYS389b, DYS390, DYS391, DYS392, DYS393, DYS437,
DYS438, and DYS456. UEP5 is all the L1b sets.
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Lebanon and Syria as the “Levant.” The MDS analysis in 2D
showed relatively poor STRESS (0.178) and R2 (0.406)
suggesting that the data are not well represented in a simple
2D plot. Nevertheless, the samples do reflect the organization
of the UPGMA clustering, except that MDS appears to agree
more closely with the Reduced Median network for the pla-
cement of the Egypt sample compared to the UPGMA RST

clustering.

Time and place of origin of L1b branches

We used BATWING to investigate timing of isolation or
group splits while taking into consideration admixture events
and immigration. In estimating times of splits, BATWING
will assign times based on dates of last admixture events, even
when limited gene flow is involved (by immigration or
admixture), thus it may significantly reduce split time esti-
mates. For that reason, this report focused on TMRCA times
of UEPs to mark expansion events.

BATWING computations were performed to estimate
the TMRCAs of UEP2, UEP3, and UEP4, their common
ancestor in UEP1, and L1b (Table 2). UEP1 is the union of
UPEs 2, 3, and 4, and represents a cluster of identifiably
Lebanese L1b haplotypes. Table 2a displays estimates
based only on L1b samples. The TMRCA for the whole

measures the age of L1b. Table 2b shows the results when
we applied BATWING to samples drawn from regional
populations across haplogroups, with UEP5 marking L1b in
this analysis. The first 4 entries applied mutation rates from
multiple studies yielding four distinct estimates of
TMRCAs, while the 5th entry applied Burgarella et al.’s
ImMR rates [32] to the 10 STR truncated set. BATWING
estimates for the virtual UEPs are each around 4.6–5 ky,
and results suggest that they shared a common ancestor
around 7.3 ky. We computed the age of L1b in two ways.
First, using only L1b haplotypes, BATWING identified an
overall TMRCA of around 11ky. When combined with
other haplogroups, for a more representative population,
UEP5 was assigned to mark L1b chromosomes (M317).
This showed a TMRCA of around 10.6ky. The UPGMA on
individual Euclidean distances does not suggest an oldest
region, though the NETWORK reduced median plot sug-
gests a center of radiation with the Caucasus near the center.
The Caucasus haplotypes, marked brown in Fig. 1, are also
distributed over a majority of the branches. Lastly, the
estimates based on the 10 STR subset tended to be slightly
later than the 13 STR set estimates based on the same
mutation rates, with UEP2 and UEP3 being most similar.
UEP4, which lost integrity as a NETWORK branch,
showed a larger but insignificant difference, as did the L1b
age estimate listed under UEP5.

Autosomal analyses

We applied Eigenstrat [36] for PCA, and we also applied
ADMIXTURE [37], qpGraph [38], and qpAdm [38] to
samples in Supplementary Tables 2 and 6 as well as to a
selected 1000 genome data set with Mbuti samples.

The PCA results, computed with least-squares projec-
tions, are shown in Fig. 2. Figure 2a highlights the sam-
ples sharing the most information with the principal
component. The PCA shows the North Lebanese Moun-
tain Maronite samples strongly localized in the upper-left
quadrant, Iranian and Iraqi samples in the upper-right
quadrant, Jordanian, Syrian samples with some Iraqis in
the lower quadrant. In the middle top, Armenians are
placed just above the ancient Steppes groups and Ukrai-
nians, and mix into Iraqi samples, then Turkish, and Ira-
nian samples are spread from center to the right. Moving
from the top center towards the left we see Cyprus and
other Lebanese Christians, and the tail of the North
Lebanese Mountain Maronite samples. Mutual informa-
tion, augmented by the sign, between two normal factors
A and B, shown in Fig. 2b, was computed as IMAB ¼
�sgn ρABð Þ ln

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� ρ2AB
p

(Supplementary Information). In
this case, we consider shared information between prin-
cipal component as B and individual scaled and centered
genotypes as A. We show in the Supplementary

Fig. 1 Reduced median network of L1b M20 showing 13 STR
haplotype distribution among populations; area is proportional to
haplotype frequency, and color indicates populations. Connecting
lines represent putative phylogenetic relationships between haplotypes.
The three heavily localized branches that share a common root from
the L1b network are assigned on the figure as UEP2, UEP3, and
UEP4. Color code: Arabia - purple, Caucasus - brown, Egypt - yellow,
Greece - blue, Italy - pink, Levant - dark green, Libya - light blue,
NLMM - light green, Mesopotamia - orange, and Turkey - red.
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Information that the correlation between samples X and
singular value decomposition genotype components V is
U, which comprises the plotted Principal Components.
The information scaling in Fig. 2b suggests that the
principal components are dominated by inter-regional
genetic variations. PC1 is primarily Iranian. PC2 carries
Syrian, Jordanian, Lebanese Shiia and Sunni. Turkey,
Steppes, and Armenia project to the origin, suggesting
little shared information between their variation and PCs 1
and 2. Most of the NLMM samples share information with
both PC1 and PC2, but are anti-correlated with the others,
while a scattering of Iranian samples share information
with PC2.

ADMIXTURE over a range of K’s, shown in Fig. 3,
identified basal populations among Natufians, Early-Middle
Bronze Age Steppe, and Neolithic Anatolia. North Leba-
nese Mountain Maronites appear to be dominated almost
entirely by an ancestry component, colored pale blue in
K= 5, that is widely admixed across the Fertile Crescent
populations, including those represented in ancient DNA.
This suggests that this component’s presence in the North
Lebanese Mountains may be older than the aDNA dated
populations. Another component heavily represented
among Iranian samples, colored green, is also widespread
throughout the more modern Fertile Crescent populations,
and is represented in Armenia in most modern DNA sam-
ples. Anatolia_N is marked by an ancestral population in
yellow, and shows no Iranian genetic contributions, while
Turkey shows significant admixture. Lastly, Natufians are
identified as a population marked by dark blue, which
shows up in low contributions to modern Lebanese popu-
lations, North Lebanese Mountain Maronites least of all,
though Syria and Jordan show contributions.

ADMIXTURE had identified this ancestral component as
being relatively unmixed in the NLMM population, while
showing admixture contributions even in very ancient
aDNA samples. PCA had positioned this component in an
extreme position distinct from any other regional popula-
tion, and intermediary to no others.

This is suggestive either of a source ancestral to all other
ancient samples in the region, including Natufians, or else it
is a modern result of drift. Since NLMM showed such a
distinctive position in the PCA and appears to be such an
ancestral population in the ADMIXTURE analysis, we
sought to understand whether this was a highly isolated
population, or if this could be explained by modern
admixture. To perform these tests, we constructed two
candidate qpGraph topologies, working from a base in
Africa, building a base topology by testing likely coa-
lescences and admixtures, until two NLMM hypotheses
could be constructed: one with NLMM deriving primarily
from relatively ancient ancestral lineages similar to sur-
rounding populations derived ultimately from Africa (Sup-
plementary Fig. 6a), and the other candidate topology
representing a relatively modern admixture of neighboring
ancient populations (Supplementary Fig. 6b). The qpGraph
offers Z-scores as a measure of deviation of the model from
data. Without seeking to find a complete model, we sought
to test whether a model of recent drift vs. more ancient
expansions and admixtures mostly close corresponded to
the observed populations. The Z-scores showed much less
deviation for ancient admixtures vs. modern drift as an
explanation for the structure of NLMM populations, sug-
gesting that an ancient interpretation for NLMM fits the
observations from ADMIXTURE more closely. The
qpGraph tests yielded a z-score of 96.3 for the modern

Fig. 2 PCA computed and displayed for the full list of populations
indicated in Supplementary Tables 2 and 6. a PCA components
1 and 2 for recent and ancient regional populations, highlighting

differentiation of NLMM from all other regional populations. b Mutual
information scaling for principal components indicating shared bitwise
genotypic information between samples and principal components.
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Fig. 3 ADMIXTURE plot for admixtures computed on the full
population list with populations plotted listed in Supplementary
Tables 2 and 6. ADMIXTURE ancestral components computed for

regional populations with K= 4 and 5 shows that NLMM contains the
strongest regional representation of an ancestral component found
distributed among Levantine and Fertile Crescent populations.
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admixture topology, while the topology placing NLMM
origins in the more ancient derivation yielded a z-score of
18.98, supporting the notion that the ADMIXTURE iden-
tified an ancient North Lebanese Mountain populations’
ancestral component, rather than a product of more
recent drift.

The basal NLMM population that ADMIXTURE and
PCA identify, and that qpGraph supports does not provide
information about admixtures suggested by the Y-STR
analysis involving L1b admixture events. We note that
qpAdm provides a way to use the “right-hand” populations
to probe time slices by selecting differences primarily
marking the relevant time periods and locations, performing
a regression to test goodness of fit of candidate models
expressed in terms of F4 statistics. To that end, we selected
GBR as the right-hand “base,” and FIN, CEU, GIH, and
IBS as the remaining right-hand populations [38] to capture
Neolithic through iron-age events. Then we sought to test
which admixtures of either Neolithic Armenia or modern
Armenia together with Neolithic Levant, Neolithic Iran, and
Armenia most closely represented NLMM in the right-hand
population time-slices (Table 3).

The Armenia_ChL model scored a p value of 0.0290,
while the modern Armenia model scored 0.3510 (the better
fit), suggesting that modern Armenia includes more of the
admixing genetic lineages represented in modern NLMM
than Chalcolithic Armenians. Therefore, either the NLMM
were comprised of Chalcolithic Armenians, and both
Armenians and NLMM received subsequent admixture
from elsewhere, or Armenians had received post Chalco-
lithic admixture and the subsequent admixed Armenian
group admixed into NLMM. Further tests seeking to iden-
tify a later admixture to add to the Chalcolithic Armenians
among regional ancient populations (e.g., Neolithic
Levantines or Natufians) did not produce improved qpAdm
models. Therefore, among regional candidates, ancient
Chalcolithic admixture does not account for components
shared between modern Armenian and NLMM. The
admixture coefficients for this model were 0:773 ± 0:034 for
Armenia, 0:216 ± 0:023 for Levant_N, and 0:011 ± 0:013
for Iran_N, indicating that Iranian genetic contributions are
not significant, or were adequately explained by modern
Armenian contributions.

Homozygosity analysis was performed to see if the iso-
lation of NLMM was distinct from that of other groups
within Lebanon that we explored. Observations for similar

subpopulations in surrounding regions were not available for
comparison. Figure 4 indicates distributions of distinct
homozygosity inbreeding coefficients associated with each
population. Both the NLMM and OLC are relatively isolated
communities, though with different histories. The Sunni and
Shiia populations may have more broad regional distribu-
tion, yet show similar ranges of homozygosity, overall.
However, their homozygosity distributions are distinctive,
suggesting distinct origins of their homozygosity – perhaps
due to consanguineous autozygosity. Both the inbreeding
coefficients and runs of homozygosity present similar fea-
tures to each other for all populations, except for the Shiia,
which includes some samples with low inbreeding coeffi-
cient estimates, not reflected in the ROH estimates. All four
groups show individuals with very comparable homo-
zygosity. The modal inbreeding coefficients for NLMM are
largest across all groups, with the range of variation strongly
overlapping across populations. The Christian individuals do
not contain the tail of very strongly homozygous samples
suggestive of consanguineous autozygosity that was
observed in the Muslim samples. Autosomal data are
available via EVA Study Browser at https://www.ebi.ac.uk/
eva, Project #PRJEB39630 and Analyses #ERZ1468073.

Discussion

The NETWORK, UPGMA individual clustering and
BATWING analyses indicate that the L1b Levantine STR
cluster branches carry diversity that took around 5ky to
generate, and that these clusters shared a common ancestor
7300 years ago. NETWORK analyses strongly suggest a
common root for all the major expansions of L1b to be from
the Caucasus. BATWING analysis suggests that the times
of common ancestors between Greek/Turkish vs. Levan-
tines is much older than the evolution of L1b within
Lebanon, tending to refute other population expansion
centers. Therefore, the Levantine STR cluster population
most likely split from lineages from the Caucasus.

Migration from the Caucasus was likely triggered by the
amelioration of the climate and induced migratory events
driven by the search for better habitats throughout the
Northern Levant. A major climatic event around 8200 years
ago caused severe drought throughout the Levant and most
of Europe and southwest Asia [39], after which, multiple
expansion events took place across Southwest Asia.

Table 3 qpAdm runs predicting NLMM from Neolithic Levant, Neolithic Iran and either Armenia or Chalcolithic Armenia (labeled 1st
population). Right base population was GBR, with remaining populations being CEU, FIN, GIH, and IBS.

1st population χ22 p value 1st population Levant_N Iran_N

Armenia 2.090 0.3517 0.773 ± 0.034 0.216 ± 0.023 0.011 ± 0.013

Armenia_ChL 7.081 0.0290 0.446 ± 0.039 0.445 ± 0.026 0.109 ± 0.018
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After arriving in the Levant, NETWORK-identified STR
haplotype branches carrying lineages from these migrants
split into different groups, with sufficient specificity to be
statistically highly significant, such as the Northern Leba-
nese Mountains population, between 5000 and 4600 years
ago. All archeological evidence recovered to date from
various locations in Mount Lebanon provides dates that are
consistent with our DNA findings, suggesting assimilation
into community life in the Lebanese Mountains around the
early Bronze Age (5000 years ago) [7, 8].

The Lebanese Northern Mountains, with their steep topo-
graphy, constituted a suitable habitat for the Levantine tra-
velers, providing shelter, and lush and verdant spaces with
good precipitation. The inhabitants of Northern Lebanon have
therefore been present there since at least the early Bronze
Age, as attested to by archeological evidence. Interestingly,
the modern genetic record indicates complete affiliation with
the Maronite faith, without the conversions to Islam observed
in the regions outside of the northern Lebanese mountains.

The L1b haplogroup showed different frequencies and
haplotype differentiation among all regional and religious
groups in Lebanon. L1b was almost exclusively present in
the Maronites of Mount Lebanon and is nearly absent in all
of the other religious groups tested. This haplogroup is also
nearly absent from most of the Levant and the rest of
Southwest Asia, while it is present in Turkey and the
Caucasus. Two important observations can be stated about
the haplotype differentiation of this haplogroup in the
Levant. First, there is substantial geographical structure
seen in the Levant. The Network analyses identified STR

branches that are strongly localized to the Mount Lebanon
highlands (L1b NLMM). Second, this L1b NLMM is
exclusively found in Maronites and it is present within a
more diverse, but geographically restricted Levantine
branch (L1b Levant). These observations indicate that the
L1b NLMM marked by UEP2 has remained relatively
isolated over its estimated 5000-year history with very little
emigration to surrounding coastal or other inland popula-
tions that have been well established before then. Otherwise
we would have observed UEP2 members in other regions.
The Euclidean distance based UPGMA heat map clusters
support the NETWORK results showing distinctive clusters
of STRs strongly connected to the northern mountains of
Lebanon. UEP3 appears to be much more broadly dis-
tributed in Lebanon with some random sample of its STR
haplotypes appearing in the NLMM. It would appear that
this branch evolved in the Levant, with relatively recent
immigration into the NLMM. Both UEP2 and UEP3 have
very similar ages, with only slightly older UEP3 dates than
for UEP2. UEP4 is another non-NLMM Lebanese cluster
that shares a similar age with UEP2 and 3.

We also observe that the NLMM community was not
completely isolated. Other UEPs, besides UEP2, that appear
to be rooted elsewhere in Lebanon include individuals now
living in the NLMM community, so immigration from sur-
rounding populations into the region did occur. Further, we
see indications that some NLMM of the inhabitants left the
region, as seen by the presence of the distinct genetic traces
identified as far away as Italy. However, the numbers are
quite low, perhaps due to the small population size in the

Fig. 4 Patterns of homozygosity in 4 religious groups in Lebanon. Plots of homozygosity computed a by co-ancestry, and b runs of
homozygosity between strands per sample, showing a frequency chart as a fiddle diagram, and median and 95% quantiles of the fixation
coefficients.
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region. Such low numbers would reduce the likelihood that
STR haplotypes carried by NLMM emigrants would become
fixed in the population rather than being lost to drift.

Y-chromosome haplogroups show differential religious
distributions in Lebanon [14], with L1b being notably found
in Maronites. The NLMM UEP2 cluster offers no evidence
that its members participated in the expansion of the Mar-
onite faith into regions outside of the Northern Lebanese
mountains since its haplotypes are not found outside of the
mountains, though as noted above, given the relatively
small NLMM population, the emigrant lineages from
NLMM impacting the spread of the Maronite Church could
have failed to fix in the population due to drift. Meanwhile,
the other Lebanese UEP3 and UEP4 groups are largely
Maronite with a few Muslim members, though they appear
not to represent NLMM rooted lineages, and split from
UEP2 much earlier than the establishment of the Maronite
Church around the 6th Century CE. The haplogroup affi-
nities and expansion associations further emphasize the
isolation of the NLMM UEP2 group, which reflects the
general very long-term resistance to successful emigration
of member lineages of that population in general. While the
two Sicilian individuals situated among the Lebanese UEPs
may have also been the descendants of Phoenician sailors,
there is another more plausible explanation. In 1584 the
Maronite College of Rome was founded to form a cultural
bridge between the Christians of the Levant and Rome [40].
It happened also that this College was established by a
Maronite Patriarch from the mountains of North Lebanon.
The College remained active for 228 years and was
instrumental in instituting similar cultural practices on both
sides of the Mediterranean that are still observed today. The
College staff of clerical and lay people provided education
to several hundreds of disciples from various age groups,
not limited to Lebanon alone but also included Maronites
from neighboring Syria and Cyprus. Most of these disciples
would arrive in Italy from North Lebanon through Sicily. In
fact, Sicily constituted a major hub of interaction between
the Maronite community and Europe throughout most of the
16th and 17th Centuries. A substantial number of the names
of the disciples of the Maronite College can be traced to the
northern Lebanese mountains and it is not unlikely that the
two Sicilian Levantine L1bs are present in Sicily as a result
of the cultural exchange activities between Rome and the
Christians of the Levant.

The results of the PCA (Fig. 2), ADMIXTURE (Fig. 3),
and qpGraph suggest that North Lebanese Mountain Mar-
onites carry a distinctive ancestral Fertile Crescent genetic
component far above all other populations in the region.
However, qpAdm explains its composition with much
stronger statistical agreement with its model than qpGraph
offered, but restricts these to expansions listed in the “right-

hand” population [38] list, marking admixture represented
among those expansions. The qpGraph, PCA, and ADMIX-
TURE results all reflect the ancient population component
preserved in the LNMM, while qpAdm appears to pick up
more recent admixture events. Given our selection of popu-
lations, local populations that ADMIXTURE picked up will
tend to be projected out by the F4 scores. However, the
qpAdm admixture model results are also consistent with the
L1b results identifying an admixture event into the North
Lebanese Mountain populations that originated in more
northern populations. This was a much more recent event than
the early basal expansion suggested by qpGraph.

In general, all populations within Lebanon present
similar pictures of homozygosity, with NLMM’s modal
homozygosity scores being largest among groups, yet the
ranges of all groups tend to overlap. Muslim populations
appear to present some autozygosity. This suggests that all
Lebanese populations are isolated, though with distinctive
features specific to each.

The PCA also showed affinity between the “Other
Christian Lebanese” (primarily Orthodox Catholic com-
munity members long present in Beirut) and Cyprus. The
remaining Shiia and Sunni communities showed population
similarities with other regions typical of what was observed
in prior Y-chromosome studies of Lebanon [14, 16].

Conclusion

Our results indicate that the Levantine L1b group split from
the Caucasus around 7300 years ago and those groups
migrated to the Levant, with different branches inhabiting
coastal and inland hills areas. The L1b immigration marks
one of possibly several layers of immigrations into an
otherwise genetically highly isolated population. Migration
from the Caucasus was likely triggered by the amelioration
of the climate and induced migratory events by groups in
search of better habitats throughout the Northern Levant.
The L1b haplogroup reached its highest frequency (12.5%)
among the NLMM. The L1b haplotype STR clusters are
suggestive of cultural barriers marked by the limited
transmission of L1b NLMM lineages outside the Northern
Lebanese mountains. These results highlight the value of
investigating uniparental haplogroups and STR haplotypes
to elucidate historical events among these populations.
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