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Abstract Geneticvariability at 18 microsatellitesvas analysedon the basisof individual

genotypesn v e Spanishbreedsof sheep Churra,Latxa, CastellanaRasa-Aragonesand
Merino , with Awassialso being studiedas a referencebreed. The degree of population
subdvision calculatecbetweenSpanishbreedsfrom Fst diversity indiceswasaround7% of

totalvariability. A high degreeof reliability wasobtainedor individual-breedassignmenfrom

the18loci by usingdifferentapproacheamongwhichthe Bayesiarmethodprovidedto bethe

mostef cient, with anaccurag for nine microsatellitef over 99%. Analysisof the Bayesian
assignmentriterionillustratedthedivergencebetweerary onebreedandtheotherswhichwas
highestfor Awassisheepwhile no greatdifferencesvere evidentamongthe Spanishbreeds.
Relationshipshetweenindividuals were analysedrom the proportionof sharedalleles. The
resultingdendrogranshaved aremarkablébreedstructurewith the highestevel of clustering
amongmembersof the Spanishbreedsin Latxa and the lowestin Merino sheep,the latter
breedexhibiting a peculiarpatternof clustering,with animalsgroupedinto several closelyset
nodes.Analysisof individualgenotypegrovidedvaluableinformationfor understandingntra-

andinter-populationgeneticdifferencesandallowedfor a discussiorwith previously reported
resultsusingpopulationsastaxonomicunits.

microsatellites/ sheepbreeds/ population assignment individual clustering analysis

1.INTRODUCTION

Investigation of geneticrelationshipsamongpopulationshastraditionally
beenbasedntheanalysisof allelefrequenciestdifferentloci asanestimate
of geneticvariability, since a comparisonof populationparametersllows
for an inferenceof their evolutionary history. Highly variable loci such
as microsatellitesprovide a large amountof geneticinformation permitting
alternatve approachedasedon individual genotypeswhich help to clarify
the geneticrelationshipsetweerpopulationsor breeds. Two stratgieshave
beenfrequentlyused: the assignmenbf individualsto populationsand the
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analysisof interindividual distances.Differentassignmenproceduredave

beendeveloped,includingthosereportedby Paetkauet al. [16], Rannaleand
Mountain[18] andCornuetet al. [4]. Thesemethodsshav a large variety of

applicationgreviewedby [22]) suchastheidenti cation of the sourcepopula-
tion of anindividual genotypeandtheevaluationof populationdifferentiation.
For their part, interindividual distancesbasedon the proportionof shared
allelesallow for theconstructiorof dendrogramshaving thegenetiaelation-
shipsamongindividualswith no assumptiongoncerningpreviously de ned

populations.In fact,they have proved usefulin the analysisof human[2] and
animalpopulationg6,12,13].

The geneticrelationshipsof Spanishsheepbreedshave beenpreviously
studiedfrom populationparameter§l]. In this paperwe presenananalysis
basedon individual genotypesat 18 microsatellitesequencesvith a view
to obtaininga deeperinsightinto relationshipswithin and betweenbreeds.
An assignmentestwas performed,using several methods to evaluatetheir
accurag in the identi cation of breedsfrom genotypes. The information
derived from this analysiswas also usedwith a view to comparingbreeds.
Furthermoreintra-andinter-populationrelationshipsvereinvestigatedon the
basisof pairwiseindividual distanceglerived from the proportionof shared
alleles.

2. MATERIALS AND METHODS

Five Spanistbreedsvereanalysedor geneticvariationat 18 microsatellite
loci. The breedsandsamplesizeswere: Churra(50), Latxa (46), Castellana
(48), Rasa-Aragonesgt0), and Merino (48). Awassisheep(48) were also
studiedasareferenceoreed.

TheSpanistbreedstudiedareclassi edaccodingto morphologicalaspets
asfollows: Merinotype, entre no type(Rasa-AragonesadCastellanaand
churro type(ChurraandLatxa). For adescriptiornof thebreedssee[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,I1LSTS002,MAF33,
MAF36, MAF48, MAF64, MAF65, MAF70,OarCP340QarFCB11TGLA13,
TGLA53,CSSM06.andCSSM66.PCRampli cationswerecarriedout using
radioactve labelling (3°P), and productswere electrophoresedn polyacryl-
amidestandardsequencingels. Two independenalleleidenti cationswere
madeandthedifferencesvereclari ed later.

Averageheterozygositiesvere computedand populationsubdvision was
estimatedhroughthe Wright Fst diversityindicesobtainedboth by variance
and heterozygositymethods,using the MICROSAT programme[14]. The
formermethodologyestimateshe Fst statisticasthe standardisedariancen
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allele frequenciemamongpopulationswhile the lattermeasureshereduction
in heterozygosityf subpopulationgueto geneticdrift.

Individuals were assignedto populationsusing the Cornuetet al. [4]
GENECLASSprogrammewhich allows for differentestimationprocedures,
whichhavebeernthoroughlydescribedby theseauthorsandarebrie y indicated
here. The frequencymethod[16] assignsa genotypeto the populationin
which it is mostlikely to occuron the basisof the allele frequenciesn the
candidatepopulations.TheBayesiammethod[18] computeghelik elihoodof
a genotypen eachpopulationbasedon the probability densityof population
allelefrequenciesThedistancamethodsssigranindividualto thepopulation
shaving the closestgeneticrelationshipto it. Six distancesare usedby the
programmewhichareadaptedo obtainindividual-populatiorestimationsthe
Nei standardDs) andminimum (D) distancesCavalli-Sforzaand Edwards
chorddistanceDa of Nei etal. [15], Das of ChakrabortyandJin[3] and. dmi?
of Goldsteinetal. [10].

Following Bowcocketal. [2] andusingtheMICROSAT programmeasubset
of animals,genotypedor all the loci, was usedto calculatethe proportion
of allelessharedby two individuals averagedover loci (P9, a measureof
distancebetweentwo individualsbeinggivenas(1 Ps). The neighbour
joining methodology[{19] was appliedand a tree was constructedrom the
pairwisedistancesisingthe PHYLIP packagd8].

3.RESULTS

3.1. Geneticvariability and population subdivision

Locus heterozygosityaveragedover breedsrangedfrom 0.63 (BM1258
marker)to 0.86(MAF70) for the Spanistsheepwith ameanestimateof 0.77,
while overall meanheterozygosityncluding Awassisheepwasslightly lower
(0.75).

Fstestimatein Spanistsheepindicatorsof populatiorsubdvision,reached
similar valueswhen calculatedby variance(0.073) and by heterozygosity
methodg0.068). An estimationwasalsoobtainedncluding Awassis andthe
resultingaveragd-st valueswereslightly greatei(0.092and0.087by variance
andheterozygositynethodsrespectiely).

3.2. Individual-br eedassignment:accuracyof the method

Tablel shaws the resultsof the assignmentestobtainedthroughdifferent
proceduressingdatafromall 18 microsatellies. Accuray wasgenerallyhigh,
with apercentagef individualscorrectlyassignedo breedof over95%in alll
but oneanalysis.The bestscoreq> 99%)werecomputedvith the Bayesian
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Table I. Percentagef correctindividual-breedassignmenfrom 18 microsatellites
estimatedisingdifferentmethods.

Method % Correctassignment
Bayesian 99.63
TheNeietal. Dp 99.25
Frequeng 98.88
Cavalli-Sforzaandthe Edwardschorddistance 98.50
TheNeiDg 97.00
TheNei Dy, 96.63
The ChakrabortyandJin Das 95.51
TheGoldsteinetal. .dm 2 43.07

Table 1l. Percentageof correctindividual-breedassignmentestimatedfor each
microsatelliteusingthe Bayesiarmethod.

% 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 TGLAS53 54.68
MAF36 43.82 BM143 55.81
MAF48 45.32 BM6444 61.05

methodandwith the Nei etal. D, distancemethodwhile the Goldsteinetal.
.dni? distancemethodprovedto be muchlessaccuratg43.07%).

Theassignmenperformancef eachof the 18 microsatellitesvasanalysed
usingthe Bayesiammethodandresultsareshavn in Tablell. Thepercentage
of correctassignmenbasedon a singlelocusvariedfrom 31.84%(ADCYC)
t0 61.05%(BM6444). Onthebasisof theseresultstwo separatgroupsof loci
wereestablishe@ndeachsetof microsatellitesvasevaluatecby meansf the
Bayesiarmethod. Thenineloci with the highestindividual scoreCSSM66,
BM4621, TGLA13, OarFCB11,MAF70, MAF33, TGLA53, BM143, and
BM6444), when usedtogethey correctly assigne®8.88%of individuals, as
opposedto 92.51%correctidenti cation for the nine loci with the lowest
individual scores(ADCYC, MAF65, OarCP34 MAF64, BM1258, CSSM6,
ILSTS002,MAF36, andMAF48).
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Table Ill. Comparisorof average log,, likelihood (with standarderror, SE) that
genotypesampledrom a givenbreedoccurin the samebreed(left), contrastedvith
average log,, likelihoodthat genotypesampledfrom anotherbreedoccurin the
samegivenbreed(right).

Individuals log,y genotype SE Individuals log,, 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-Ras@ra. 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. Individual-br eedassignment:comparisonamongbreeds

In orderto comparebreedsfollowing Cornuetetal. [4], we analysedesults
for the Bayesianmethodbasedon all 18 microsatellitesas shavn below.
This method calculatesthe likelihood of observinga genotypein a breed
andexpresseshe assignmentriterionasminusthe decimallogarithm of that
value. Resultsobtainedfor the assignmentriterionto a particularbreed(e.g.
Awassi)wereseparatehto two setsof valuescorrespondingn theonehand
to individualssampledrom the samebreed(Awassianimals)andonthe other
to individualssampledrom anothebreed(non-Avassianimals).

Thisproceduravasperformedor eachof thesix breedsindthedistributions
of the resultingassignmentriteria were plotted in eachcase. Awassiand
Merino sheepshaved the extreme patternsfor this kind of representation,
whichareshavnin Figurel (A andB) whereasheremainingoreedgproduced
intermediatepatterngnot shavn). Tablelll summarisesheresultsfor all the
breedsandincludestheaverageof theassignmentriteriato areferencéreed
calculatedrom individualssampledn thereferencéreed(shavn ontheleft)
or from ary otherbreed(ontheright).

Greatemniformity amongthe sampledAwassigenotypesvasindicatedby
their log-likelihoodaverage(15:70  0:29), which wasmuchlower thanthat
obtainedfor Spanistsheep 21:13),amongwhichthelargestheterogeneity
wascalculatedor the Merino breed(24:50 0:27).

Comparisonof the distributions of assignmentriteria asin Figure 1 (A
andB) givesusinformationaboutthe divergencebetweena particularbreed
andtheothers.This washighestfor the Awassibreed with no overlappingof
distributions,andwith log-likelihoodaverage®f 15:70 0:29vs.46:45 0:41
for Awassiandnon-Avassianimals respectiely (Tah Ill). Someoverlapping



534 J.-J.Arranzetal.

A B

Assignment to Awassi breed Assignment to Mertino breed
14 14

Awassis Metinos

12

10

No of ind

No of ind

a0

4 o 3
5 20 25 30 35 40 45 50 55 60 65 5 30 35 40 45 S0 55 60 65

% Non-Awassis
40

Mo of ind
Mo of ind

0 .
10 15 20 25 30 35 40 45 50 55 60 65
-log 10 genotype likelihood -log 10 genotype likelihood

Figure 1. Distributionsof theassignmentriteriato the Awassi(A) andto Merino (B)
breeds. In A and B the histogramabove representghe distribution of the log-
likelihoodthatgenotypesampledrom agivenbreedoccurin thesamebreedwhereas
the histogrambelav representshe distribution of the log-likelihoodthat genotypes
sampledrom anotherreedoccurin the samegivenbreed.

did however appeain theanalysisof the Spanishbreedsandwasmostnotice-
ablein Merino sheepwith respectie log-likelihoodaverageof 24:50 0:27
vs.3278 0:25for Merinoandnon-Merinoanimals.

3.4. Clustering analysisof individuals

Table IV shaws the geneticdistancesestimatedwithin breedsfrom the
proportionof allelessharedby animals. The averagepairwisedistancewas
lowestin Awassisheef0.51),while valuesin Spanistsheeprangedrom 0.65
(Castellanajo 0.71(Merino).

Interindividual geneticdistancedor the whole populationshoved consid-
erablevariation(0.28to 0.97),while estimatedetweeranimalsfrom different
breedsvaried less (0.47 to 0.97). Averagevaluesbetweenanimalsfrom
different breedscovered a narrav range: from 0.72 (averageof distances
for Awassi/Churrgairs)to 0.76(for Castellana/Latxpairs).
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TablelV. Sharedlleledistancedetweerindividualswithin 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 meanpairwise distancebetweenindividuals within breedswas 0.65
(Tah 1V), while for animalsfrom the whole populationit was0.73 and for
animalsfrom differentbreeds.75.

Figure 2 shavs the neighboutjoining tree constructedrom the pairwise
inter-individual distanceslt revealsa considerablelegreeof breeddifferenti-
ation: outof the190individuals,147 (77%)formeddiscreteclustersgachone
coincidingwith a particularbreed.

The rst split separateswassifrom Spanishsheepandall but one of the
Awassiswerefoundin this cluster It wasthe only casewherethe nodewas
exclusive to animalsof a particularbreedwith no sheegdrom Spanishtbreeds
includedin it.

The percentagef individualsfrom a Spanishbreedgroupinginto a single
claderangedrom 54%in Merinoto 100%in Latxasheeptheonly casewhere
all theanimalsfrom a Spanistbreedclusteredogether

TheMerinobreedshavedapeculiarpatternof clustering for only 19 out of
35Merinoswerefoundin asingleclade butthemajority of themwereincluded
in few nodes MostoftheCastellananimalsveregroupedamongsthemseles
or with Merinos. Finally, Rasa-AragonesandChurrasheepphaveda similar
degreeof clustering(61% and 64%, respecirely) but with several animals
dispersecamongthe nodesof the otherSpanishoreeds.

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 microsatellitesvhich derivesfrom a greatermutationin comparisorwith
other geneticmarkers, which makes them a valuableinstrumentin genetic
differentiationanalyses. Although somelimitations have beenindicatedfor
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Figure 2. Neighbousjoining tree constructedrom the pairwiseinterindividual dis-
tances. The numberof animalsfrom a particularbreedgroupedinto a clusteris
indicated.
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microsatellitdoci suchassizehomoplasyandconstraint®nallele-lengthvari-
ation, which would causean underestimatiomf geneticdifferentiation[2, 6],
suchlimitations seemto affect largely divergentpopulationgathermorethan
breeddik e ourswith closeevolutionaryrelationshipg21].

Comparisomf averageandtotalheterozygositiemdicatedhatmostgenetic
diversity (93%) hadan intrapopulationabrigin, in accordancevith previous
ndings for microsatellitesequenceandalsofor othermarkers. Suchresults
werealsoevidentfrom thecomparisorof theaveragenterindividual distance
within breedg0.65)andthemearnvaluebetweeranimalsrom differentbreeds
(0.75),calculatedrom the analysisof allelessharedoy individual genotypes.

Geneticdifferentiationamongbreedswvas estimatedhroughthe computa-
tionsof Fsr statistics.Otherestimatehave beendevelopedundertheassump-
tion of astepwisanutationrmodel presumablynoreappropriatéor microsatel-
lite loci. However, it seemsthat the mutationmodel at thesesequencess
irregular[9] andfor the particularcaseof closelyrelatedpopulationsgenetic
drift ratherthan mutationseemsto accountmore for geneticdifferentiation
in microsatellitedistributions[17]. FurthermoreFst valuesallow for acom-
parisonwith previous studies. In this regard, geneticdifferentiationamong
Spanishbreeds(about7% of total diversity) was of the order of magnitude
found at microsatelliteloci in otherspeciesthoughslightly lower thanthose
obtainedin cattle by MacHughet al. [13] or in pigs by Laval et al. [12],
indicatinga closerrelationship. Moreover, the inclusion of Awassisheepin
the computationof geneticdifferentiationbroughtaboutan increasein the
estimatedy up to 9%, in accordancevith their moredistantrelationshipwith
Spanistsheep.All thesevaluesmustbe evaluatedn the particularcontext of
microsatellitessince,as Hedrick [11] points out, the high within-population
variability at thesemarkersmay resultin a low magnitudeof differentiation
measures.

4.2. Individual-breedassignment

Assigningindividualsto populationshasmultiple applicationsasreviewed
by Waserand Strobeck{22], amongwhich we may cite the identi cation of
the sourcepopulationof a given genotypeand the evaluationof population
differentiation.Both areof interestto our study and,from a practicalpoint of
view, we would mentionthe identi cation of the breedof an animalproduct
(e.g. a carcasswhenthis hasan economicsigni cance, asis the casewith
productswith designationof origin. Davies et al. [5] have reviewed the
adwantagesndlimitationsof assignmerproceduremadepossibléby thelarge
amountof geneticinformationavailablefrom markerssuchasmicrosatellites.
Theseproceduresirebasedn multilocusgeneticdataandusebothindividual
genotypesandpopulationparameters.



538 J.-J.Arranzetal.

A highdegreeof accurag in breedassignmentvasestimatedrom 18 loci
in our study When the different methodswere compared,some-but not
total-agreemenivas found with resultsreportedby Cornuetet al. [4] who
madean evaluationof theseprocedure®n the basisof simulateddata. As in
theseauthors'results,the Bayesianmethodwasthe mostef cient, while the
Goldsteinetal. .dm? distancemethodshaved a markedly low performance.
Thislow ef ciency maybeexplainedby thefactthat,asindicatedoy Goldstein
andPollock[9] , the .dmi? distanceperformsbetterfor largely divergentthan
for closelyrelatedpopulations.

The main differencebetweenour resultsand thoseof Cornuetet al. [4]
concernghe Nei etal. D, distancemethod whichin our studyshaved great
accuray, closeto that of the Bayesianmethodand greaterthan that of the
frequeng method;in contrastCornuetet al. [4] indicatedthat accordingto
preliminaryresultsthe D, performedar below likelihood-basednethods.

A possibleexplanationfor this differencemight be the distinct natureof
the dataanalysed. On the one handCornuetet al. [4] usedsimulateddata,
obtainedrom theassumptiorof exactHardy-Weinbeg proportionsatall loci
andno linkage disequilibrium. On the otherhand,genotypesvere sampled
in our studyfrom real populationsandalthoughmarkerswereselectedn the
basisof non-linkagejinkagedisequilibriumwassigni cant from ourdatain a
few casesin accordancaith genome-widdinkagedisequilibriumdetectedn
animalpopulationsasin the caseof Farniretal. [5] in cattle.

Moreover, Hardy-Weinbeg contrastdadrevealeddeviationsfrom equilib-
rium for severalmicrosatellitesanalysedn our study[1] (Outof the 108con-
trasts seventestsshavedsigni cantdeviationsafteraBonferronicorrectonfor
thenumberof multipletests).In this situation,distancenethodswhichdonot
relyonaHWE assumptionmayproduceéetteresults.Moreover, Takezakiand
Nei [21], whoevaluatedhenetiddistancein phylogenetianalysespointedout
thegoodperformancef Nei etal. D5 distanceunderdifferentcircumstances.

A degreeof accurag (approximately99%) was also obtainedwhen the
assignmentestwasbasedon nineloci which hadbeenselectedor their high
individual performancewhile the contrastiestperformedusingthe nine loci
with lowestindividual scoregevealedadrop althoughnotaseriousone in
ef ciency (to approximately92%). We would expectintermediateef ciency
for nine randomly chosenmicrosatellites,a numberwhich hasa practical
interestfrom ananalyticalpointof view, sincethemethodologywvidely usedn
microsatellitegenotyping one lane- four colours) permitsthe simultaneous
analysisof severalloci ( multiplex ), andnineis asuitablenumberof markers
for thistechnique Furthermoreanumberof about10 microsatellitesvasalso
suggesteas sufcient for a Bayesianassignmenmethodin the theoretical
studyby Cornuetetal. [4], for conditionscloseto thosein our studyregarding
populationparametersuchasheterozygositandFst valuesaswell asnumber
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of individuals sampled. The resultsdescribedso far supportthe ideathat
microsatellitesare a valuabletool for individual-breedassignmentand that
considerable@ccuray is obtainedrom afairly low numberof loci displaying
high laboratoryef ciency.

4.3. Clustering analysisof individuals

Another stratgyy for extracting informationfrom individual genotypess
the analysisof interindividual distanceshasedon the proportionof shared
alleles. This methodologyallows for the constructionof dendrogramshat
shav thegeneticsimilarity amongndividualswith noassumptionsoncerning
previously establishegbopulations.In recentyears this peculiarityhasmade
them, a valuablecomplemento traditional studiesbasedon populationsas
geneticunits, helpingto clarify intra- andinter-populationrelationships.

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

Thepresenstudyconcernsv e SpanistsheepreedsandAwassi,included
asareferencebreed. Thetreeconstructedrom pairwiseindividual distances
shaved a remarkablebreed-clusteringpattern,taking into accountthe close
relationshipamongthe Spanistbreedsanalysed Althoughthe numberof indi-
vidualsforming discreteclusters,eachonecoincidingwith a particularbreed
(77%), was lower than the scoresfor correctassignmenalreadydiscussed,
we have to take into consideratiorthe methodologicaldifferencesbhetween
bothapproachesTheassignmenmethodsarebasednindividual-population
relationshipghat are de ned by their allele frequencieswhereaghe second
kind of analysisrelieson inter-individual distancesandmakesno assumption
aboutpreviously de ned populations.

In accordancevith expectations Awassisheepbranchedoff from Span-
ish breedsin a private node. The greaterdivergenceof Awassiswas also
re ected in the analysisof the Bayesianassignmentriterion asrepresented
in Figure1A. Anothercharacteristishavn by Awassisheepwastheir higher
uniformity asindicatedbothfrom averagesharedlleledistance¢Tah IV) and
from log-likelihoodaverage(Tah Ill). However, this lower geneticvariation
mustbe carefullyevaluatedsinceanimalsweresampledrom SpanishAwassi
populationsandwe cannotdisregarda possiblefoundationabottleneckeffect.

Examinatiorof Spanistsheepn thetreerevealedfrequentcase®f animals
disperse@mongotherbreednodesin accordancwith theircloserelationship.
Moreover, Spanishbreedsshaved different patternsof clusteringandthese
results offer complementaryinformation to that obtainedfrom a previous
analysishasedn populationg1].
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It shouldbenotedthatMerinosdifferedsomeavhatfromotherbreeds for they
appeareatvariousnodesjn accordancevith their greatemwithin-breedinter-
individual distancere ecting morevariability. Furthermoregseveral Merinos
were found dispersedn other breedclustersand, out of these,all but one
appearedelatedto Castellanaheep.

In accordancwith resultsfrom thepreviousanalysisof populationsastaxo-
nomicunits, examinationof the treerevealsthatindividualsof the entre no
type do not appeargroupedat a separatechodefrom the Merino andChurro
types.lt is to be notedthatsucha resultalsoapplieshereto Castellanaheep,
whichwerenotincludedin previousstudiesandwhichshavedaclosergenetic
relationshipto Merinosthanto Rasa-Aragonesasl hesedataare consistent
with the ideathatboth Merinosand Churroshave a non-ngligible degreeof
geneticrelationshipwith breedsof theentre notype. Thisthencontributesto
wealeningthehypothesif anindependengeneticorigin for thelatter, which
hadbeersuggestetly SancheandSanchef20] onthebasisof morphological
traits.

Interestinglythe ChurraandLatxabreedswhich belongto whatis referred
to asthe churro type shaved a very differentpatternof clustering. Latxas
weretheonly Spanistsheemroupedogetheinto asingleclugerandnoLatxas
werefound outsidethat node. This resultis indicative of greateruniformity
within the Latxabreedin comparisorwith Churraswhich may be a resultof
the particularhistoricalbackgroundf the formerindicatinggreaterisolation
than other Spanishsheepduring the evolutionary process. On the contrary
Churrasheeshavedalowerlevel of clusteringwith variousanimalsscattered
amongheotherSpanistbreedswhichis in accordancwith breedassignment
dataalreadydiscussedall theseresultssuggesting greateigene o w between
ChurrasandotherSpanistsheepn comparisorwith Latxas.

All these ndings somavhat seemto contrastwith the small differencein
geneticvariationpreviously detecteetweerthetwo breedsdrom population
parametersuchasthe averagenumberof allelesand averageheterozygosit-
ies[1].

The datareportedhere provide a valuablepopulationinsight, and help in
assessingnter-populationdispersal supportingthe ideathat the analysisof
inter-individualrelationshipss ahelpfulcomplemento allele-frequeng-base
populationstudies.
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