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Abstract � Geneticvariability at 18 microsatelliteswas analysedon the basisof individual
genotypesin �v e Spanishbreedsof sheep� Churra,Latxa, Castellana,Rasa-Aragonesaand
Merino �, with Awassialso being studiedas a referencebreed. The degreeof population
subdivision calculatedbetweenSpanishbreedsfrom FST diversity indiceswasaround7% of
totalvariability. A highdegreeof reliability wasobtainedfor individual-breedassignmentfrom
the18 loci by usingdifferentapproachesamongwhichtheBayesianmethodprovidedto bethe
mostef�cient, with anaccuracy for ninemicrosatellitesof over99%. Analysisof theBayesian
assignmentcriterionillustratedthedivergencebetweenany onebreedandtheothers,whichwas
highestfor Awassisheep,while no greatdifferenceswereevidentamongtheSpanishbreeds.
Relationshipsbetweenindividualswereanalysedfrom the proportionof sharedalleles. The
resultingdendrogramshoweda remarkablebreedstructure,with thehighestlevel of clustering
amongmembersof the Spanishbreedsin Latxa and the lowest in Merino sheep,the latter
breedexhibiting a peculiarpatternof clustering,with animalsgroupedinto severalcloselyset
nodes.Analysisof individualgenotypesprovidedvaluableinformationfor understandingintra-
andinter-populationgeneticdifferencesandallowedfor a discussionwith previously reported
resultsusingpopulationsastaxonomicunits.

microsatellites/ sheepbreeds/ population assignment/ individual clustering analysis

1. INTRODUCTION

Investigation of geneticrelationshipsamongpopulationshastraditionally
beenbasedon theanalysisof allelefrequenciesatdifferentloci asanestimate
of geneticvariability, since a comparisonof populationparametersallows
for an inferenceof their evolutionary history. Highly variable loci such
as microsatellitesprovide a large amountof geneticinformationpermitting
alternative approachesbasedon individual genotypes,which help to clarify
thegeneticrelationshipsbetweenpopulationsor breeds.Two strategieshave
beenfrequentlyused: the assignmentof individuals to populationsand the
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analysisof inter-individual distances.Differentassignmentprocedureshave
beendeveloped,includingthosereportedby Paetkauet al. [16], Rannalaand
Mountain[18] andCornuetet al. [4]. Thesemethodsshow a largevarietyof
applications(reviewedby [22]) suchastheidenti�cation of thesourcepopula-
tion of anindividualgenotypeandtheevaluationof populationdifferentiation.
For their part, inter-individual distancesbasedon the proportionof shared
allelesallow for theconstructionof dendrogramsshowing thegeneticrelation-
shipsamongindividualswith no assumptionsconcerningpreviously de�ned
populations.In fact,they have provedusefulin theanalysisof human[2] and
animalpopulations[6,12,13].

The geneticrelationshipsof Spanishsheepbreedshave beenpreviously
studiedfrom populationparameters[1]. In this paper, we presentananalysis
basedon individual genotypesat 18 microsatellitesequenceswith a view
to obtaininga deeperinsight into relationshipswithin and betweenbreeds.
An assignmenttestwasperformed,usingseveral methods,to evaluatetheir
accuracy in the identi�cation of breedsfrom genotypes. The information
derived from this analysiswas also usedwith a view to comparingbreeds.
Furthermore,intra-andinter-populationrelationshipswereinvestigatedonthe
basisof pairwiseindividual distancesderived from the proportionof shared
alleles.

2. MATERIALS AND METHODS

FiveSpanishbreedswereanalysedfor geneticvariationat18microsatellite
loci. Thebreedsandsamplesizeswere: Churra(50), Latxa(46), Castellana
(48), Rasa-Aragonesa(40), andMerino (48). Awassisheep(48) werealso
studiedasa referencebreed.

TheSpanishbreedsstudiedareclassi�edaccordingtomorphologicalaspects
asfollows: Merinotype,�entre�no� type(Rasa-AragonesaandCastellana)and
�churro� type(ChurraandLatxa). For a descriptionof thebreeds,see[1].

Loci selectionwas basedon a criterion of location on different chro-
mosomes,or of non-linkage for syntenic loci. The markers analysed
were: ADCYC, BM1258, BM143, BM4621, BM6444, ILSTS002,MAF33,
MAF36,MAF48,MAF64,MAF65,MAF70,OarCP34,OarFCB11,TGLA13,
TGLA53,CSSM06,andCSSM66.PCRampli�cationswerecarriedoutusing
radioactive labelling (32P), andproductswereelectrophoresedon polyacryl-
amidestandardsequencinggels. Two independentallele identi�cationswere
madeandthedifferenceswereclari�ed later.

Averageheterozygositieswerecomputedandpopulationsubdivision was
estimatedthroughtheWright FST diversity indicesobtainedbothby variance
and heterozygositymethods,using the MICROSAT programme[14]. The
formermethodologyestimatestheFST statisticasthestandardisedvariancein
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allelefrequenciesamongpopulations,while thelattermeasuresthereduction
in heterozygosityof subpopulationsdueto geneticdrift.

Individuals were assignedto populationsusing the Cornuet et al. [4]
GENECLASSprogramme,which allows for differentestimationprocedures,
whichhavebeenthoroughlydescribedbytheseauthorsandarebrie�y indicated
here. The frequencymethod[16] assignsa genotypeto the populationin
which it is most likely to occuron the basisof the allele frequenciesin the
candidatepopulations.TheBayesianmethod[18] computesthelikelihoodof
a genotypein eachpopulationbasedon theprobabilitydensityof population
allelefrequencies.Thedistancemethodsassignanindividualto thepopulation
showing the closestgeneticrelationshipto it. Six distancesareusedby the
programme,whichareadaptedtoobtainindividual-populationestimations:the
Nei standard(DS) andminimum(Dm) distances,Cavalli-SforzaandEdwards
chorddistance,DA of Nei etal. [15], DAS of ChakrabortyandJin[3] and.dm/2

of Goldsteinetal. [10].
FollowingBowcocketal. [2] andusingtheMICROSAT programme,asubset

of animals,genotypedfor all the loci, was usedto calculatethe proportion
of allelessharedby two individuals averagedover loci (Ps), a measureof
distancebetweentwo individualsbeing given as (1 � Ps). The neighbour-
joining methodology[19] was appliedand a tree was constructedfrom the
pairwisedistancesusingthePHYLIP package[8].

3. RESULTS

3.1. Geneticvariability and population subdivision

Locus heterozygosityaveragedover breedsrangedfrom 0.63 (BM1258
marker) to 0.86(MAF70) for theSpanishsheep,with ameanestimateof 0.77,
while overall meanheterozygosityincludingAwassisheepwasslightly lower
(0.75).

FST estimatesin Spanishsheep,indicatorsof populationsubdivision,reached
similar valueswhen calculatedby variance(0.073) and by heterozygosity
methods(0.068).An estimationwasalsoobtainedincludingAwassis,andthe
resultingaverageFST valueswereslightlygreater(0.092and0.087by variance
andheterozygositymethods,respectively).

3.2. Indi vidual-br eedassignment:accuracyof the method

TableI shows the resultsof theassignmenttestobtainedthroughdifferent
proceduresusingdatafromall 18microsatellites.Accuracy wasgenerallyhigh,
with apercentageof individualscorrectlyassignedto breedsof over95%in all
but oneanalysis.Thebestscores(> 99%)werecomputedwith theBayesian
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Table I. Percentageof correctindividual-breedassignmentfrom 18 microsatellites
estimatedusingdifferentmethods.

Method % Correctassignment

Bayesian 99.63
TheNei etal. DA 99.25
Frequency 98.88
Cavalli-SforzaandtheEdwardschorddistance 98.50
TheNei DS 97.00
TheNei Dm 96.63
TheChakrabortyandJinDAS 95.51
TheGoldsteinetal. .dm/2 43.07

Table II. Percentageof correct individual-breedassignmentestimatedfor each
microsatelliteusingtheBayesianmethod.

% Correctassignment % Correctassignment

ADCYC 31.84 CSSM66 46.07
MAF65 35.58 BM4621 47.94
OarCP34 35.96 TGLA13 48.31
MAF64 36.70 OarFCB11 50.19
BM1258 37.45 MAF70 50.56
CSSM6 37.83 MAF33 51.31
ILSTS002 40.82 TGLA53 54.68
MAF36 43.82 BM143 55.81
MAF48 45.32 BM6444 61.05

methodandwith theNei et al. DA distancemethod,while theGoldsteinet al.
.dm/2 distancemethodprovedto bemuchlessaccurate(43.07%).

Theassignmentperformanceof eachof the18microsatelliteswasanalysed
usingtheBayesianmethodandresultsareshown in TableII. Thepercentage
of correctassignmentbasedon a singlelocusvariedfrom 31.84%(ADCYC)
to 61.05%(BM6444).Onthebasisof theseresultstwo separategroupsof loci
wereestablishedandeachsetof microsatelliteswasevaluatedby meansof the
Bayesianmethod.Thenineloci with thehighestindividual scores(CSSM66,
BM4621, TGLA13, OarFCB11,MAF70, MAF33, TGLA53, BM143, and
BM6444), whenusedtogether, correctlyassigned98.88%of individuals,as
opposedto 92.51%correct identi�cation for the nine loci with the lowest
individual scores(ADCYC, MAF65, OarCP34,MAF64, BM1258, CSSM6,
ILSTS002,MAF36, andMAF48).
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Table III. Comparisonof average� log10 likelihood(with standarderror, SE) that
genotypessampledfrom a givenbreedoccurin thesamebreed(left), contrastedwith
average� log10 likelihoodthat genotypessampledfrom anotherbreedoccur in the
samegivenbreed(right).

Individuals � log10 genotype SE Individuals � log10 genotype SE
sampled likehoodaverage sampled likehoodaverage

Awassi 15.70 0.29 Non-Awassi 46.45 0.41
Latxa 21.13 0.27 Non-Latxa 36.36 0.36
Castellana 21.59 0.36 Non-Castellana 35.02 0.31
RasaAra. 21.72 0.32 Non-RasaAra. 35.13 0.29
Churra 22.32 0.27 Non-Churra 32.14 0.32
Merino 24.50 0.27 Non-Merino 32.78 0.25

3.3. Indi vidual-br eedassignment:comparisonamongbreeds

In orderto comparebreeds,followingCornuetetal. [4], weanalysedresults
for the Bayesianmethodbasedon all 18 microsatellitesas shown below.
This methodcalculatesthe likelihood of observinga genotypein a breed
andexpressestheassignmentcriterionasminusthedecimallogarithmof that
value. Resultsobtainedfor theassignmentcriterionto a particularbreed(e.g.
Awassi)wereseparatedinto two setsof valuescorrespondingon theonehand
to individualssampledfrom thesamebreed(Awassianimals)andontheother
to individualssampledfrom anotherbreed(non-Awassianimals).

Thisprocedurewasperformedfor eachof thesixbreedsandthedistributions
of the resultingassignmentcriteria were plotted in eachcase. Awassiand
Merino sheepshowed the extremepatternsfor this kind of representation,
whichareshown in Figure1 (A andB) whereastheremainingbreedsproduced
intermediatepatterns(not shown). TableIII summarisestheresultsfor all the
breeds,andincludestheaverageof theassignmentcriteriato areferencebreed
calculatedfrom individualssampledin thereferencebreed(shown ontheleft)
or from any otherbreed(on theright).

Greateruniformity amongthesampledAwassigenotypeswasindicatedby
their log-likelihoodaverage(15:70 � 0:29), which wasmuchlower thanthat
obtainedfor Spanishsheep(� 21:13),amongwhich thelargestheterogeneity
wascalculatedfor theMerinobreed(24:50� 0:27).

Comparisonof the distributionsof assignmentcriteria as in Figure 1 (A
andB) givesus informationaboutthedivergencebetweena particularbreed
andtheothers.This washighestfor theAwassibreed,with no overlappingof
distributions,andwith log-likelihoodaveragesof 15:70� 0:29vs. 46:45� 0:41
for Awassiandnon-Awassianimals,respectively (Tab. III). Someoverlapping
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Figure1. Distributionsof theassignmentcriteriato theAwassi(A) andto Merino(B)
breeds. In A and B the histogramabove representsthe distribution of the log-
likelihoodthatgenotypessampledfromagivenbreedoccurin thesamebreed,whereas
the histogrambelow representsthe distribution of the log-likelihoodthat genotypes
sampledfrom anotherbreedoccurin thesamegivenbreed.

did howeverappearin theanalysisof theSpanishbreedsandwasmostnotice-
ablein Merinosheep,with respective log-likelihoodaveragesof 24:50� 0:27
vs. 32:78� 0:25 for Merinoandnon-Merinoanimals.

3.4. Clustering analysisof individuals

Table IV shows the geneticdistancesestimatedwithin breedsfrom the
proportionof allelessharedby animals. The averagepairwisedistancewas
lowestin Awassisheep(0.51),while valuesin Spanishsheeprangedfrom 0.65
(Castellana)to 0.71(Merino).

Inter-individual geneticdistancesfor thewholepopulationshowedconsid-
erablevariation(0.28to 0.97),while estimatesbetweenanimalsfrom different
breedsvaried less (0.47 to 0.97). Averagevaluesbetweenanimals from
different breedscovered a narrow range: from 0.72 (averageof distances
for Awassi/Churrapairs)to 0.76(for Castellana/Latxapairs).
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Table IV. Sharedalleledistancesbetweenindividualswithin six sheepbreeds.

Max. dist. Min. dist. Average

Awassi 0.81 0.28 0.51
Castellana 0.89 0.39 0.65
Churra 0.97 0.39 0.68
Latxa 0.86 0.39 0.66
Merino 0.89 0.47 0.71
Rasa-Ara. 0.89 0.44 0.67
Mean 0.65

The meanpairwisedistancebetweenindividuals within breedswas 0.65
(Tab. IV), while for animalsfrom the whole populationit was0.73 andfor
animalsfrom differentbreeds,0.75.

Figure 2 shows the neighbour-joining tree constructedfrom the pairwise
inter-individualdistances.It revealsa considerabledegreeof breeddifferenti-
ation: outof the190individuals,147(77%)formeddiscreteclusters,eachone
coincidingwith aparticularbreed.

The �rst split separatesAwassifrom Spanishsheepandall but oneof the
Awassiswerefound in this cluster. It wastheonly casewherethenodewas
exclusive to animalsof a particularbreed,with no sheepfrom Spanishbreeds
includedin it.

Thepercentageof individualsfrom a Spanishbreedgroupinginto a single
claderangedfrom 54%in Merinoto 100%in Latxasheep,theonly casewhere
all theanimalsfrom aSpanishbreedclusteredtogether.

TheMerinobreedshowedapeculiarpatternof clustering,for only 19outof
35Merinoswerefoundin asingleclade,but themajorityof themwereincluded
in few nodes.Mostof theCastellanaanimalsweregroupedamongstthemselves
or with Merinos.Finally, Rasa-AragonesaandChurrasheepshoweda similar
degreeof clustering(61% and 64%, respectively) but with several animals
dispersedamongthenodesof theotherSpanishbreeds.

4. DISCUSSION

4.1. Geneticvariability and population subdivision

Overall meanheterozygosityestimatedfrom 18 microsatellitesover the
�v e Spanishbreeds(0.77) re�ects a notablyhigh variability, a characteristic
of microsatelliteswhich derivesfrom a greatermutationin comparisonwith
other geneticmarkers, which makes them a valuableinstrumentin genetic
differentiationanalyses.Although somelimitations have beenindicatedfor
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Figure 2. Neighbour-joining treeconstructedfrom thepairwiseinter-individual dis-
tances. The numberof animalsfrom a particularbreedgroupedinto a cluster is
indicated.
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microsatelliteloci suchassizehomoplasyandconstraintsonallele-lengthvari-
ation,which would causeanunderestimationof geneticdifferentiation[2,6],
suchlimitationsseemto affect largely divergentpopulationsrathermorethan
breedslikeourswith closeevolutionaryrelationships[21].

Comparisonof averageandtotalheterozygositiesindicatedthatmostgenetic
diversity (93%) hadan intrapopulationalorigin, in accordancewith previous
�ndings for microsatellitesequencesandalsofor othermarkers. Suchresults
werealsoevidentfrom thecomparisonof theaverageinter-individualdistance
within breeds(0.65)andthemeanvaluebetweenanimalsfromdifferentbreeds
(0.75),calculatedfrom theanalysisof allelessharedby individualgenotypes.

Geneticdifferentiationamongbreedswasestimatedthroughthecomputa-
tionsof FST statistics.Otherestimateshavebeendevelopedundertheassump-
tionof astepwisemutationmodel,presumablymoreappropriatefor microsatel-
lite loci. However, it seemsthat the mutationmodel at thesesequencesis
irregular[9] andfor theparticularcaseof closelyrelatedpopulations,genetic
drift ratherthan mutationseemsto accountmore for geneticdifferentiation
in microsatellitedistributions[17]. Furthermore,FST valuesallow for a com-
parisonwith previous studies. In this regard, geneticdifferentiationamong
Spanishbreeds(about7% of total diversity) wasof the orderof magnitude
foundat microsatelliteloci in otherspecies,thoughslightly lower thanthose
obtainedin cattle by MacHughet al. [13] or in pigs by Laval et al. [12],
indicatinga closerrelationship. Moreover, the inclusionof Awassisheepin
the computationof geneticdifferentiationbroughtaboutan increasein the
estimatesby up to 9%,in accordancewith theirmoredistantrelationshipwith
Spanishsheep.All thesevaluesmustbeevaluatedin theparticularcontext of
microsatellitessince,asHedrick [11] pointsout, the high within-population
variability at thesemarkersmay result in a low magnitudeof differentiation
measures.

4.2. Indi vidual-br eedassignment

Assigningindividualsto populationshasmultipleapplications,asreviewed
by WaserandStrobeck[22], amongwhich we may cite the identi�cation of
the sourcepopulationof a given genotypeand the evaluationof population
differentiation.Bothareof interestto ourstudy, and,from a practicalpointof
view, we would mentionthe identi�cation of the breedof an animalproduct
(e.g. a carcass)when this hasan economicsigni�cance,as is the casewith
productswith designationof origin. Davies et al. [5] have reviewed the
advantagesandlimitationsof assignmentproceduresmadepossiblebythelarge
amountof geneticinformationavailablefrom markerssuchasmicrosatellites.
Theseproceduresarebasedonmultilocusgeneticdataandusebothindividual
genotypesandpopulationparameters.
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A high degreeof accuracy in breedassignmentwasestimatedfrom 18 loci
in our study. When the different methodswere compared,some-but not
total-agreementwas found with resultsreportedby Cornuetet al. [4] who
madeanevaluationof theseprocedureson thebasisof simulateddata. As in
theseauthors'results,theBayesianmethodwasthemostef�cient, while the
Goldsteinet al. .dm/2 distancemethodshoweda markedly low performance.
Thislow ef�ciency maybeexplainedby thefactthat,asindicatedbyGoldstein
andPollock[9] , the.dm/2 distanceperformsbetterfor largely divergentthan
for closelyrelatedpopulations.

The main differencebetweenour resultsand thoseof Cornuetet al. [4]
concernstheNei et al. DA distancemethod,which in our studyshowedgreat
accuracy, closeto that of the Bayesianmethodandgreaterthan that of the
frequency method;in contrastCornuetet al. [4] indicatedthat accordingto
preliminaryresults,theDA performedfarbelow likelihood-basedmethods.

A possibleexplanationfor this differencemight be the distinct natureof
the dataanalysed.On the onehandCornuetet al. [4] usedsimulateddata,
obtainedfrom theassumptionof exactHardy-Weinberg proportionsat all loci
andno linkagedisequilibrium. On the otherhand,genotypesweresampled
in our studyfrom realpopulationsandalthoughmarkerswereselectedon the
basisof non-linkage,linkagedisequilibriumwassigni�cant from ourdatain a
few cases,in accordancewith genome-widelinkagedisequilibriumdetectedin
animalpopulations,asin thecaseof Farniretal. [5] in cattle.

Moreover, Hardy-Weinberg contrastshadrevealeddeviationsfrom equilib-
rium for severalmicrosatellitesanalysedin our study[1] (Outof the108con-
trasts,seventestsshowedsigni�cantdeviationsafteraBonferronicorrectionfor
thenumberof multipletests).In thissituation,distancemethods,whichdonot
relyonaHWEassumption,mayproducebetterresults.Moreover,Takezakiand
Nei [21], whoevaluatedgeneticdistancesin phylogeneticanalyses,pointedout
thegoodperformanceof Nei etal. DA distanceunderdifferentcircumstances.

A degreeof accuracy (approximately99%) was also obtainedwhen the
assignmenttestwasbasedon nineloci which hadbeenselectedfor their high
individual performance,while thecontrasttestperformedusingthenine loci
with lowestindividualscoresrevealedadrop� althoughnotaseriousone� in
ef�ciency (to approximately92%). We would expectintermediateef�ciency
for nine randomlychosenmicrosatellites,a numberwhich has a practical
interestfrom ananalyticalpointof view, sincethemethodologywidely usedin
microsatellitegenotyping(�one lane- four colours�) permitsthesimultaneous
analysisof severalloci (�multiplex�), andnineis asuitablenumberof markers
for this technique.Furthermore,anumberof about10microsatelliteswasalso
suggestedassuf�cient for a Bayesianassignmentmethodin the theoretical
studyby Cornuetetal. [4], for conditionscloseto thosein ourstudyregarding
populationparameterssuchasheterozygosityandFST valuesaswell asnumber
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of individuals sampled. The resultsdescribedso far supportthe idea that
microsatellitesarea valuabletool for individual-breedassignment,and that
considerableaccuracy is obtainedfrom a fairly low numberof loci displaying
high laboratoryef�ciency.

4.3. Clustering analysisof individuals

Another strategy for extracting information from individual genotypesis
the analysisof inter-individual distancesbasedon the proportionof shared
alleles. This methodologyallows for the constructionof dendrogramsthat
show thegeneticsimilarityamongindividualswith noassumptionsconcerning
previously establishedpopulations.In recentyears,this peculiarityhasmade
them,a valuablecomplementto traditionalstudiesbasedon populationsas
geneticunits,helpingto clarify intra-andinter-populationrelationships.

Variousstudiesbasedon the investigation of geneticrelationshipsamong
individuals have beenperformedin humansand animals,and have shown
variableclusteringlevels,which aregenerallyhigherfor moredivergentpop-
ulations[2,6,12,13].

Thepresentstudyconcerns�v eSpanishsheepbreedsandAwassi,included
asa referencebreed.Thetreeconstructedfrom pairwiseindividual distances
showed a remarkablebreed-clusteringpattern,taking into accountthe close
relationshipamongtheSpanishbreedsanalysed.Althoughthenumberof indi-
vidualsforming discreteclusters,eachonecoincidingwith a particularbreed
(77%), was lower than the scoresfor correctassignmentalreadydiscussed,
we have to take into considerationthe methodologicaldifferencesbetween
bothapproaches.Theassignmentmethodsarebasedon individual-population
relationshipsthat arede�ned by their allele frequencies,whereasthe second
kind of analysisrelieson inter-individual distancesandmakesno assumption
aboutpreviouslyde�ned populations.

In accordancewith expectations,Awassisheepbranchedoff from Span-
ish breedsin a private node. The greaterdivergenceof Awassiswas also
re�ected in the analysisof the Bayesianassignmentcriterion asrepresented
in Figure1A. Anothercharacteristicshown by Awassisheepwastheir higher
uniformityasindicatedbothfrom averagesharedalleledistances(Tab. IV) and
from log-likelihoodaverage(Tab. III). However, this lower geneticvariation
mustbecarefullyevaluatedsinceanimalsweresampledfrom SpanishAwassi
populationsandwecannotdisregardapossiblefoundationalbottleneckeffect.

Examinationof Spanishsheepin thetreerevealedfrequentcasesof animals
dispersedamongotherbreednodes,in accordancewith theircloserelationship.
Moreover, Spanishbreedsshowed differentpatternsof clusteringand these
resultsoffer complementaryinformation to that obtainedfrom a previous
analysisbasedonpopulations[1].
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It shouldbenotedthatMerinosdifferedsomewhatfromotherbreeds,for they
appearedatvariousnodes,in accordancewith theirgreaterwithin-breedinter-
individual distancere�ecting morevariability. Furthermore,severalMerinos
were found dispersedin other breedclustersand, out of these,all but one
appearedrelatedto Castellanasheep.

In accordancewith resultsfromthepreviousanalysisof populationsastaxo-
nomicunits,examinationof thetreerevealsthatindividualsof the�entre�no�
typedo not appeargroupedat a separatednodefrom theMerino andChurro
types.It is to benotedthatsucha resultalsoapplieshereto Castellanasheep,
whichwerenotincludedin previousstudiesandwhichshowedaclosergenetic
relationshipto Merinosthanto Rasa-Aragonesas.Thesedataareconsistent
with the ideathatbothMerinosandChurroshave a non-negligible degreeof
geneticrelationshipwith breedsof theentre�no type. This thencontributesto
weakeningthehypothesisof anindependentgeneticorigin for thelatter, which
hadbeensuggestedbySánchezandSánchez[20] onthebasisof morphological
traits.

Interestingly, theChurraandLatxabreeds,whichbelongto whatis referred
to asthe �churro� type showed a very differentpatternof clustering. Latxas
weretheonlySpanishsheepgroupedtogetherintoasingleclusterandnoLatxas
werefound outsidethat node. This result is indicative of greateruniformity
within theLatxabreedin comparisonwith Churras,which maybea resultof
theparticularhistoricalbackgroundof the former indicatinggreaterisolation
thanotherSpanishsheepduring the evolutionaryprocess.On the contrary,
Churrasheepshowedalowerlevel of clusteringwith variousanimalsscattered
amongtheotherSpanishbreeds,whichis in accordancewith breedassignment
dataalreadydiscussed,all theseresultssuggestingagreatergene�o w between
ChurrasandotherSpanishsheepin comparisonwith Latxas.

All these�ndings somewhat seemto contrastwith the small differencein
geneticvariationpreviouslydetectedbetweenthetwo breedsfrom population
parameterssuchasthe averagenumberof allelesandaverageheterozygosit-
ies[1].

The datareportedhereprovide a valuablepopulationinsight, andhelp in
assessinginter-populationdispersal,supportingthe idea that the analysisof
inter-individualrelationshipsisahelpfulcomplementtoallele-frequency-based
populationstudies.
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