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1. FFameworkof the researchn Lemnos

[ SYYy23aQ frming &domiga@d by dairy sheepamounting up t075%(10,580
LU of theA & f ltoyaR.Q &bat and bovine farming follow, contriliing to 12% {,730
LU and10%(1,400 LYofi KS A & f | yrBspectivalyghiédp tind foatgept on
the island show aemarkablyhigh phenotypicheterogeneity(Picture 1)

Picture 1.A flock of ewes and rams on Lemnos island demonstratiigh phenotypic
heterogeneity.

According to local reportand historical datgan extensivecrossingof the local sheep

population withthe Lesvossheep took placen the 1960s with the aim to upgrade

milk performance Thiscrossedpopulation was gradually expaed on the islandand

maintained for about thirty years when the introduction of oth&lmeepbreeds began

resulting innew crossingL y + NBOSy i &adz2NBSe 2y nn FlN¥Yaxz
Lemrh | € ecbJWB &ajority of farmers characterized their ar@ls as crossings
betweenthe local andthe Lesvossheepbreed Neverthelessalsopurebred animals

belonging to theso-calledlocal Lemnossheep(Pictures 2, 3, 4yvere also reported as

well as cossingswith the Chios(Picture 5)and/or other foreign breds (e.g. Lacaune)

(Picture 6)
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Picture 2 Sheepof the so-calledlocal Lemnogopulationranging the rough terrain of
Vigla mountain

Numerousvisitsof sheep farms, performedy the AUA teamAss. Rof. A. Kominakis
and Ass. Prof. |I. Hadjigeorgiamgnfirmed the high phenotypicvariability both within

and between sheep flocksThis variabilityvasassociated witHocal adaptation tahe

individual environmentl conditionsunder whichthe variaus flocks are maintained
with most distinctive that of theVigla mountain(Lemnos island)Driven from trese
observatiors, an exhaustive samplingnd genetic analysiswere undertakenaiming

first to explore the genetic differencesbetween the Lemnos, Le®s and Aios
Efstratiosislandsand secondto detect population structure of the sheepof the

Lemnossland
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2. Genetic diversity and population structuoé the sheepof
Lemnos

2.1. Dataand genetic analysis

A total number of n=44&nimals were genotyed with the ovine 50K SNP array
(n=54,227 SNPsJheanimalswere dispersed irthree Nath Aegeanislandsof Lemnos
(n=307 ewes distributed in 18 herds), Lesvos (n=117 ewes distributed in 6 herds) and
Agios Efstratios (n=21 ewes in 1 herQuality control(QC) wa performed atthe
marker (SNP)evel and SNPs were excluded due t@) call mte lower than 0.95(ii)

minor allele frequency (MAF) lower than 0.0%|) deviation from HardgWeinberg
genetic equilibrium based on the Fisher exact tegtvalue<l® and (iv) linkage
disequilibriumr? values greater than 0.5@vithin windows of 50 BPs and increment

size of 5 SNPs). Application of QC at the marker level resulted in a total number of
39,885 autosomal SNPs retained for furthgenetic analyses(GA) Subsequern GA
included: (i) estimation of genetic diversity levels at island levegdiiination of levels

of genetic differentiation between island populations and (iii) detection of population
structure via Principal Components Analysis (PCA).

Picture 3 Lanbs of thelocal sheep population afigla mountain.
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2.2.Results

2.2.1. Genetic dversity

Average expected heterozygosity (He) of across Lemnos, Lesvos and Agios Efstratios
islands was as high a$.388 (SD: 0.11), 0.386 (SD: 0.Hhd 0.374 (SD:0.14),
respectively. The respective averagebserved heterozygosity (Ho) w#&s376 (SD:

0.11), 0.384 (SD: 0.)2ad 0.372 (SD: 0.16) fdremnos, Lesvos and Agios Efstratios
islands As, br biallelic alleles(SNPs}kuch as those used herélo values can rmge

from 0.2 (low diversity) to 0.5 (highest diversitihe aforementioned values are
indicative of relativelyhighgenetic diversityf sheep raised oall the three islands

=

Picture 4 Ewes of tle indigenous sheep population ¥tgla mountain.

2.2.2 Geneticdifferentiation (BT and genetic distance

Table 1 presentsestimates of genetic diferentiation (Fsy for pairs of island
populations Note, that he value ofgenetic differentiation(Fsy) can theoretically range
from 0.0 (no differentiation) tal.0 (conplete differentiation). PresentFstestimates
ranged from0.009 (Lemnos- Lesvos) t00.028 (Lesvos- Agios Efstratiospnd are
indicative of little genetic differentiation between tharee island populations. This
finding fully complies with thescenarioof past interbreeding events in form of
extensivegene flow from Lesvo@ictures 78)to Lemnos and possibly from Lemnos to
Agios Efstratios
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Table 1.Pairwise genetic differentiation (§) among the threeNor t h Aegean i sl
sheep populatiors

Populaion Lemnos Lesvos
Lesvos 0.009 -
Agios Efstratios 0.022 0.028

LESVOS

LEMNOS 0.008 -

AGIOS EFSTRATIOS

AGIOS EFSTRATIOS LEMNOS LESVOS

o 0.007 0.010 0.020

Figure 1.Heatmap showingb SA Qa 3ISYySGA O RA alislaida Sheepdo S 6 SSy
populations

Results of & were also confirmed b$ & G A Y §Sa 2F bSAQantBeSYySiGAO
three populations(Figure 1) showing lowest genetic distances between Lengnos

Lesws (0.008) and (relatively) highe distancesbetween Lesvos; Agios Efstratios
(0.026)and Lesvog; Lemnos (0.022)Figure 1).

2.2.3.Population structure

Figure 2 sbws resuts of Principal Componenté&nalysis (PCA) in efforts to detect
population structue inthe threeislandpopulations The ® PCA plots preserthree
distinct clustersof genotypeswith two (Cluster_1 and Cluster_gjiginating fromthe
Lemnos islad (Figue 2) Thesegenotypesbelong to sheep raised onthree herds
(coded as herd_LEMNletd LEMNZ2, herd_LEMN3, Figurettat are basedon the
roughlandscapeof the Vigla mountainLemnosisland andare characterized by locals
as thelocal Lemnossheg. Note that the third cluster (Cluster_3) is formed by
genotypes originating from all theeislandsdenotinga rathergenetially homogenous

group.
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Figure 2.Two 3D scatterplos of the first 3 PCs of n=&lgenotypesoriginating from

three North Aegeanislands(different colors denote different island origin).
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Figure 3 3Dscatterpots of the first 3 PCs of 307 genotypesoriginating from
Lemnos islanddifferent colors denote different herd).
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Picture 5 Ewes and rams of a crossed populatamthe flat terrain of lowland Lemnos
island.

Picture 6 Eweson a semintensivefarm on Lemnos island representing the current
trend of crossing local animals with exotic breeds.
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Picture 7 Ewes and lambs of Lesvos breed ranging the rough terfairestem Lesvos
island.

Picture 8 Ewes of Lesvos breed ranging the rough terodiwestern Lesvos island.
10
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2.3. Conclusions

In general, the Lemnaosheep populatiormaintains reasonablyigh levels of genetic
diversity which should be conserved.

The bw levek of geneticdifferentiation between the threeislandpopulationsdenote
inter-breeding eventpossibly irthe form of gene flowfrom Lesvossland

Results of PCrlevealeddistinctve sheepgenotypesdispersed inthree flocks raised
on the highdnd ares of Vigla mountain(Lemnosisland. These animals clearly
differentiate from the restof the animals raisecither on Lemnosor Lesvosslandand
presumably belong to the locdlemnos sheementioned inhistorical reports and by
local sheep breeds. Theg encouragingesultscould befurther exploitedin efforts to
officially characteriz and registerthem asthe Lemnos sheepy the Greek Ministry of
Rural Development and Food
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