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SimpleȱSummary:ȱBiancaȱdiȱSaluzzoȱandȱBiondaȱPiemonteseȱareȱ twoȱ ItalianȱslowȬgrowingȱchickenȱ
breedsȱofȱ theȱPiemonteȱregionȱ (Northwestȱ Italy)ȱandȱareȱ rearedȱmainlyȱ forȱmeat.ȱTheyȱconserveȱ
adaptationȱtoȱfreeȱrangingȱlowȱinputȱrearingȱsystemsȱandȱareȱpromisingȱforȱantibioticȬfreeȱfarming.ȱ
Weȱ aimedȱ toȱ analyzeȱ theirȱgrowthȱusingȱ aȱmathematicalȱmodelȱ andȱ toȱ obtainȱ someȱ adviceȱ forȱ
improvingȱperformance.ȱPolymorphismȱofȱtheȱPAX7ȱgeneȱwasȱalsoȱstudiedȱtoȱincreaseȱconservationȱ
value.ȱTheȱresultsȱconfirmedȱthatȱtheseȱbreedsȱareȱlateȬmaturing.ȱWhereasȱselectionȱwouldȱincreaseȱ
inbreeding,ȱaȱmatingȱschemeȱtoȱbringȱinbreedingȱunderȱcontrolȱcouldȱbeȱtheȱmostȱproperȱwayȱtoȱ
increaseȱgrowthȱrateȱandȱreachȱcommercialȱmaturityȱearlier.ȱ

Abstract:ȱBiancaȱdiȱSaluzzoȱ(BS)ȱandȱBiondaȱPiemonteseȱ(BP)ȱareȱtwoȱItalianȱchickenȱbreeds,ȱmainlyȱ
rearedȱforȱmeatȱproduction,ȱprimarilyȱinȱantibioticȬfreeȱfarming.ȱHowever,ȱtechnicalȱinformationȱonȱ
theirȱgrowthȱpatternȱisȱstillȱmissing.ȱAtȱhatching,ȱ150ȱunsexedȱchicksȱofȱeachȱbreedȱwereȱweighed,ȱ
labeled,ȱandȱrearedȱinȱindoorȱpensȱupȱtoȱ8ȱwȱofȱage.ȱAtȱ8ȱwȱofȱage,ȱtheȱchicksȱwereȱseparatedȱbyȱsexȱ
andȱ randomlyȱ transferredȱ toȱgrowingȱpensȱwithȱaccessȱ toȱanȱexternalȱpaddockȱ (15ȱbirds/pen;ȱ4ȱ
pens/sexȱforȱeachȱbreed).ȱTheȱbodyȱweightȱ(BW)ȱwasȱrecordedȱbiweeklyȱforȱeachȱbird,ȱfromȱhatchingȱ
toȱ32ȱwȱofȱage.ȱInȱorderȱtoȱidentifyȱanȱimprovementȱstrategy,ȱtheȱobjectivesȱofȱourȱstudyȱwereȱtoȱ
analyzeȱtheȱgrowthȱpatternȱofȱtheseȱbirdsȱusingȱtheȱGompertzȱmathematicalȱmodelȱandȱcompareȱ
resultsȱwithȱotherȱchickenȱbreeds.ȱPolymorphismȱofȱ theȱPAX7ȱgeneȱwasȱalsoȱanalyzedȱ toȱ testȱ itsȱ
associationȱwithȱgrowthȱtraits.ȱBothȱBSȱandȱBPȱareȱcloseȱtoȱunselectedȱnativeȱbreedsȱand,ȱamongȱtheȱ
Italianȱlocalȱpoultry,ȱtheyȱareȱconfirmedȱtoȱbeȱslowȬgrowingȱbirdsȱwithȱanȱintermediateȱsizeȱbetweenȱ
heavyȱandȱlightȱchickenȱbreeds.ȱRegardingȱtheȱPAX7ȱgene,ȱtwoȱallelesȱwereȱfound,ȱFȱandȱG,ȱandȱ
showedȱanȱassociationȱwithȱtheȱactualȱBWȱinȱtheȱBPȱfemalesȱfromȱ14ȱwȱofȱageȱonwards.ȱTheȱGȱalleleȱ
alwaysȱexhibitedȱaȱmoreȱfavorableȱeffectȱthanȱtheȱFȱallele.ȱInȱsmallȱsizeȱpoultryȱpopulation,ȱaȱdelicateȱ
balanceȱbetweenȱpreservationȱofȱbiodiversityȱandȱperformanceȱimprovementȱshouldȱbeȱconsidered.ȱ
Consequently,ȱ theȱmostȱ properȱwayȱ couldȱ beȱ anȱ approachȱ basedȱ onȱ aȱmatingȱ schemeȱ toȱ keepȱ
inbreedingȱunderȱcontrol,ȱincreaseȱgrowthȱrate,ȱandȱimproveȱcommercialȱmaturity.ȱ
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1.ȱIntroductionȱ

Conservationȱ ofȱ nativeȱ breedsȱ isȱ anȱ importantȱ componentȱ ofȱ poultryȱ biodiversity.ȱ Localȱ
productionȱofȱmeatȱandȱ eggsȱneedsȱ toȱbeȱ increased,ȱalthoughȱ commercialȱhybridsȱhaveȱaȱhigherȱ
aptitudeȱforȱgrowingȱandȱlaying.ȱWorldwide,ȱindustrialȱsystemsȱprovideȱ67%ȱofȱpoultryȱmeatȱandȱ
50%ȱofȱeggȱproduction;ȱtherefore,ȱlocalȱpoultryȱpopulationsȱareȱgivenȱsomeȱpotentialȱeconomicȱprofitȱ
[1].ȱ

TheȱFoodȱandȱAgricultureȱOrganizationȱofȱ theȱUnitedȱNationsȱ (FAO)ȱ statedȱ thatȱ55%ȱofȱ theȱ
overallȱlocalȱavianȱbreedsȱareȱlocatedȱinȱEuropeȱandȱinȱCaucasianȱregionsȱ[1].ȱInȱItaly,ȱ22ȱbreedsȱhaveȱ
beenȱ includedȱ inȱ theȱRegistryȱofȱ IndigenousȱPoultryȱandȱmostȱofȱ themȱ areȱ includedȱ inȱ theȱFAOȱ
DomesticȱAnimalȱDiversityȱInformationȱSystemȱ(DADȬIS)ȱdatabaseȱ[2,3].ȱTherefore,ȱtheȱdescriptionȱ
ofȱmorphology,ȱ performanceȱ andȱmanagementȱ conditions,ȱ asȱwellȱ asȱ collectionȱ ofȱ geneticȱ andȱ
historicalȱinformationȱwouldȱbeȱnecessaryȱtoȱprovideȱcontributionȱtoȱDADȬIS.ȱ

InȱtheȱPiemonteȱregionȱ(NorthwestȱItaly),ȱthereȱareȱtwoȱlocalȱchickenȱbreeds,ȱBiondaȱPiemonteseȱ
(BP)ȱandȱBiancaȱdiȱSaluzzoȱ(BS)ȱ[4].ȱTheȱBPȱisȱcharacterizedȱbyȱaȱblondȱ(inȱItalianȱ“biondo”)ȱplumageȱ
andȱaȱblackȱtail,ȱwhileȱtheȱBSȱisȱcompletelyȱwhiteȱ(inȱItalianȱ“bianco”).ȱAtȱpresent,ȱBPȱandȱBSȱareȱrearedȱ
mainlyȱforȱmeatȱproductionȱandȱareȱslaughteredȱatȱaroundȱ180ȱdaysȱ(d)ȱofȱage,ȱalthoughȱtheyȱwereȱ
formerlyȱconsideredȱasȱdualȬpurposeȱbreeds.ȱInȱ2013,ȱtheȱtwoȱavianȱpopulationȱsizesȱwereȱ16,000ȱandȱ
4000ȱbirdsȱforȱtheȱBPȱandȱBS,ȱrespectively;ȱthus,ȱtheȱurgentȱneedȱtoȱpromoteȱpreservationȱprogramsȱ
isȱsuggestedȱ[5].ȱ

Sustainableȱuseȱofȱgeneticȱresourcesȱinȱextensiveȱandȱorganicȱsystemsȱisȱanȱalternativeȱpracticeȱ
toȱindustrialȱfarming;ȱitȱisȱperceivedȱtoȱbeȱmoreȱrespectfulȱofȱanimalȱwelfareȱandȱtheȱenvironmentȱ[6].ȱ
BSȱandȱBPȱperformȱwellȱunderȱtheseȱalternativeȱsystemsȱandȱconserveȱadaptationȱtoȱlowȱinputȱrearingȱ
systemsȱthatȱmayȱpositivelyȱaffectȱwelfareȱandȱquality;ȱtheirȱproductsȱhaveȱbeenȱofficiallyȱrecognizedȱ
asȱtraditionalȱandȱareȱusuallyȱsoldȱasȱwholeȱcarcassesȱand/orȱprocessedȱmeatȱproductsȱ[7–15].ȱTheseȱ
propertiesȱ provideȱ aȱ contributionȱ toȱ conservationȱ valueȱ andȱ supportȱ theȱ proposalȱ ofȱ anȱ inȱ situȱ
conservationȱaction.ȱTheȱ farmersȱofȱBSȱandȱBPȱareȱ includedȱ inȱ theȱconsortiumȱ forȱpreservationȱofȱ
BiancaȱdiȱSaluzzoȱandȱBiondaȱPiemonteseȱbreedsȱandȱinȱtheȱprojectȱconservationȱofȱbiodiversityȱinȱItalianȱ
poultryȱbreeds,ȱwhichȱisȱdevotedȱtoȱtheȱItalianȱpoultryȱbreedsȱ(https://www.pollitaliani.it/en/),ȱandȱ
supportedȱbyȱtheȱItalianȱMinistryȱofȱAgricultural,ȱFood,ȱandȱForestryȱPoliciesȱ[16–18].ȱ

BSȱandȱBPȱareȱconsideredȱslowȱgrowingȱandȱlateȬmaturingȱbreeds,ȱnevertheless,ȱthisȱfeatureȱisȱ
basedȱmainlyȱonȱanecdotalȱ informationȱandȱaccountȱofȱ farmers;ȱnoȱscientificȱpublicationȱhasȱbeenȱ
producedȱonȱthisȱtopicȱsoȱfar.ȱKnowledgeȱofȱgrowthȱperformanceȱisȱaȱfundamentalȱcontributionȱtoȱ
improvementȱ andȱ conservationȱ ofȱ localȱ poultryȱ breeds.ȱMathematicalȱ models,ȱ whichȱ applyȱ toȱ
analysisȱofȱgrowthȱbyȱfittingȱestimatedȱweightsȱtoȱactualȱdata,ȱareȱveryȱuseful.ȱTheseȱmodelsȱprovideȱ
parametersȱofȱbiologicalȱmeaningȱthatȱcanȱbeȱemployedȱinȱinvestigationȱonȱbodyȱcomposition,ȱproteinȱ
andȱ mineralȱ deposition,ȱ dietaryȱ intake,ȱ efficiencyȱ ofȱ nutrientȱ andȱ energyȱ utilization,ȱ proteinȱ
requirements,ȱasȱwellȱasȱchoiceȱofȱ theȱbestȱmanagementȱandȱbreedingȱstrategyȱ [19–24].ȱGompertzȱ
modelȱisȱoneȱofȱtheȱequationsȱmostȱfrequentlyȱusedȱtoȱanalyzeȱgrowth;ȱseveralȱversionsȱofȱtheȱmodelȱ
exist,ȱwhichȱwereȱdevelopedȱ inȱdifferentȱ fieldsȱofȱapplication,ȱsuchȱasȱgrowthȱofȱplants,ȱanimals,ȱ
bacteria,ȱandȱtumorȱcellsȱ[25–27].ȱ

Aȱfurtherȱtoolȱtoȱdescribeȱandȱevaluateȱtheȱlocalȱpoultryȱbreedsȱisȱtheȱmolecularȱanalysisȱ[4,6].ȱ
Investigationȱ onȱ polymorphismȱ ofȱ individualȱ candidateȱ genesȱ hasȱmoreȱ limitedȱ prospectȱ thanȱ
associationȱstudiesȱonȱhighȬdensityȱsingleȱnucleotideȱpolymorphismȱ (SNP)ȱarrays,ȱnevertheless,ȱ itȱ
mayȱbeȱusefulȱtoȱincreaseȱtheȱconservationȱvalueȱwithȱaȱfocusedȱapproachȱandȱtoȱcompareȱdifferentȱ
breedsȱwithȱeachȱother.ȱPairedȱboxȱ7ȱ(PAX7)ȱgeneȱisȱaȱmarkerȱofȱprecursorȱcellsȱduringȱmyogenesisȱ
andȱ itȱhasȱbeenȱproposedȱasȱaȱ candidateȱmarkerȱ forȱgrowth,ȱ carcass,ȱandȱmeatȱqualityȱ inȱaȱ fastȬ
growingȱchickenȱlineȱ[28].ȱ

Inȱtheȱpresentȱinvestigation,ȱtheȱgrowthȱperformanceȱofȱBSȱandȱBPȱchickensȱwasȱassessed.ȱInȱ
orderȱtoȱidentifyȱaȱstrategyȱofȱgeneticȱimprovement,ȱtheȱobjectivesȱwereȱ(1)ȱtoȱanalyzeȱtheȱgrowthȱ
fromȱhatchingȱtoȱ32ȱweeksȱ(w)ȱofȱageȱofȱchicksȱseparatedȱbyȱsexȱusingȱmathematicalȱmodels,ȱandȱ(2)ȱ
toȱcompareȱtheȱobtainedȱresultsȱwithȱtheȱgrowthȱpatternȱofȱotherȱbreeds/lines.ȱInȱadditionȱ(3),ȱtheȱ
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polymorphismȱofȱtheȱPAX7ȱgeneȱwasȱanalyzedȱtoȱtestȱitsȱassociationȱwithȱgrowthȱandȱtoȱincreaseȱtheȱ
conservationȱvalueȱofȱtheȱtwoȱbreeds.ȱ

2.ȱMaterialsȱandȱMethodsȱ

2.1.ȱEthicalȱStatementȱ

Qualifiedȱ coȬauthorȱ veterinariansȱ performedȱ allȱ handlingȱ practicesȱ aimedȱ atȱ identification,ȱ
sexing,ȱ andȱweighingȱ ofȱ chickens.ȱ Bloodȱ samplesȱwereȱ collectedȱ atȱ onceȱ duringȱ routineȱ healthȱ
controlsȱbyȱtheȱpublicȱveterinaryȱservice.ȱNoȱactionȱinvolvingȱpainȱorȱsufferingȱwasȱpracticed.ȱTheȱ
experimentalȱprotocolȱwasȱapprovedȱbyȱtheȱBioethicalȱCommitteeȱofȱtheȱUniversityȱofȱTurinȱ(prot.ȱn.ȱ
451944).ȱ

2.2.ȱManagement,ȱIdentification,ȱSexing,ȱandȱWeighingȱofȱChickensȱ

Allȱchicksȱwereȱpurchasedȱfromȱtheȱsameȱhatchery.ȱAtȱhatching,ȱ150ȱchicksȱofȱeachȱbreedȱwereȱ
transferredȱtoȱtheȱAvianȱConservationȱCentreȱofȱLocalȱGeneticȱResourcesȱofȱtheȱUniversityȱofȱTurinȱ
(Italy)ȱ (44°50ȝ58ȞȱNȱ andȱ 7°43ȝ13Ȟȱ E),ȱwhich,ȱ inȱ 2016,ȱwasȱ recognizedȱ byȱ theȱ ItalianȱMinistryȱ ofȱ
AgricultureȱandȱForestryȱPolicies.ȱAȱvaccinationȱprogramȱwasȱappliedȱagainstȱcoccidiosis,ȱMarek’s,ȱ
andȱNewcastleȱdiseases.ȱInȱtheȱAvianȱConservationȱCentre,ȱtheȱunsexedȱchicksȱwereȱweighed,ȱlabeledȱ
withȱaȱwingȱmetalȱ tagȱandȱ rearedȱ inȱ indoorȱpensȱ (2.0ȱ×ȱ1.0ȱm)ȱupȱ toȱ8ȱwȱofȱageȱ (25ȱbirds/pen;ȱ6ȱ
pens/breed).ȱBirdsȱwereȱ keptȱ inȱ aȱ thermoȬneutralȱ zoneȱ andȱ aȱ 16L:8Dȱ (light:darkȱ hours)ȱ lightingȱ
programȱwasȱapplied.ȱAtȱ8ȱwȱofȱage,ȱtheȱbird’sȱsexȱwasȱidentifiedȱbyȱdirectȱvisualȱexamination,ȱtheȱ
chicksȱwereȱthenȱseparatedȱbyȱsex,ȱselectedȱonȱtheȱbaseȱofȱaverageȱbodyȱweightȱ(BW),ȱandȱrandomlyȱ
transferredȱ toȱ growingȱ pensȱ (2.2ȱ ×ȱ 3.5ȱm)ȱwithȱ accessȱ toȱ anȱ externalȱ paddockȱ (2.2ȱ ×ȱ 4.5ȱm)ȱ (15ȱ
birds/pen;ȱ4ȱpens/sexȱforȱeachȱbreed).ȱAtȱ8ȱwȱofȱageȱonwards,ȱtheȱnaturalȱphotoperiodȱwasȱappliedȱ
(fromȱ June,ȱ 15L:9D,ȱ toȱNovember,ȱ 9L:15D).ȱ Theȱ BWȱwasȱ recordedȱ biweeklyȱ forȱ eachȱ birdȱ fromȱ
hatchingȱ(0ȱw)ȱtoȱ32ȱwȱofȱage,ȱforȱaȱtotalȱofȱ17ȱweighings.ȱTheȱchickensȱalwaysȱhadȱfreeȱaccessȱtoȱwaterȱ
andȱwereȱfedȱadȱlibitumȱaȱstandardȱcommercialȱstarterȱdietȱfromȱhatchingȱtoȱ8ȱwȱofȱageȱ(200ȱg/kgȱ
crudeȱproteinȱ(CP),ȱandȱ11.80ȱMJ/kgȱmetabolizableȱenergyȱ(ME)),ȱfollowedȱbyȱaȱgrowingȱdietȱfromȱ8ȱ
wȱtoȱ32ȱwȱofȱageȱ(185ȱg/kgȱCPȱandȱ12.20ȱMJ/kgȱME).ȱ

2.3.ȱAnalysisȱofȱGrowthȱPerformanceȱ(ActualȱData)ȱ

Growthȱanalysesȱwereȱ carriedȱoutȱ inȱRȱ environmentȱversionȱ 3.5.3ȱ [29].ȱAnalysisȱofȱvarianceȱ
(ANOVA)ȱwasȱperformedȱtoȱevaluateȱeffectsȱofȱsomeȱvariablesȱonȱtheȱactualȱBWȱatȱdifferentȱweeksȱ
ofȱageȱusingȱaȱlinearȱmodelȱ(LM)ȱ[30]:ȱ

Yiȱ=ȱΐȱ+ȱBrjȱ+ȱSxkȱ+ȱBrjȱ×ȱSxkȱ+ȱRlmȱ+ȱeȱ (LM1)

whereȱYiȱwasȱBWȱofȱanyȱchickenȱ(dependentȱvariable),ȱΐȱwasȱpopulationȱmean,ȱBrjȱwasȱfixedȱeffectȱ
ofȱbreedȱ(jȱ=ȱ1ȱandȱ2),ȱSxkȱwasȱfixedȱeffectȱofȱsexȱ(kȱ=ȱ1ȱandȱ2),ȱ(Brjȱ×ȱSxk)ȱwasȱinteractionȱinȱbreedȱandȱ
sexȱcombination,ȱRlmȱwasȱrandomȱeffectȱofȱrelationshipȱbetweenȱchicks,ȱandȱeȱwasȱrandomȱresidualȱ
error.ȱInȱabsenceȱofȱanyȱparentageȱinformation,ȱmolecularȱrelationshipȱwasȱestimatedȱasȱaȱproportionȱ
ofȱsharedȱallelesȱafterȱmicrosatelliteȱanalysisȱ[15].ȱEachȱindependentȱvariableȱinȱtheȱmodelȱwasȱtestedȱ
withȱ significanceȱ levelȱ pȱ <ȱ 0.05ȱ byȱ backwardȱ eliminationȱ approach.ȱDifferencesȱ inȱ averageȱ BWȱ
accordingȱ toȱ breedȱ andȱ sexȱ wereȱ investigatedȱ byȱ meansȱ ofȱWaller–Duncanȱ kȬratioȱ tȬtestȱ andȱ
significanceȱwasȱdeclaredȱatȱpȱ<ȱ0.05.ȱ

2.4.ȱAnalysisȱofȱGrowthȱPatternȱAccordingȱtoȱtheȱGompertzȱModelȱ(EstimatedȱData)ȱ

TheȱGompertzȱ(G)ȱmodelȱ[27]ȱ(equationȱ3)ȱwasȱusedȱtoȱanalyzeȱtheȱgrowthȱcurveȱofȱtheȱestimatedȱ
BWȱofȱeachȱchickenȱandȱtoȱobtainȱtheȱgrowthȱparametersȱ(growthȱrate,ȱinflectionȱpoint,ȱandȱadultȱ
BW)ȱ[31]:ȱ

BWtȱ=ȱBWaȱuȱexpȱ(�bȱuȱexp(�kt))ȱ (G1)
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whereȱBWtȱwasȱtheȱweightȱofȱanyȱchickenȱatȱaȱgivenȱtimeȱtȱ(wȱorȱd),ȱBWaȱwasȱupperȱasymptoteȱorȱ
adultȱweight,ȱbȱdescribedȱtheȱshapeȱofȱgrowthȱcurveȱbeingȱrelatedȱtoȱbothȱBWaȱandȱweightȱatȱhatchingȱ
orȱinitialȱweightȱ(BW0)ȱ(thatȱisȱb = ln(BWa/BW0)), andȱkȱwasȱinstantaneousȱrelativeȱgrowthȱrateȱ(dȭ1)ȱ
affectingȱslope.ȱ

Fromȱtheȱmodel,ȱsomeȱparametersȱwereȱderivedȱhavingȱbiologicalȱmeaningȱbecauseȱtheyȱwereȱ
referredȱtoȱtheȱinflectionȱpointȱ(ip),ȱorȱtimeȱatȱwhichȱtheȱgrowthȱrateȱreachedȱitsȱmaximum.ȱTheyȱwereȱ
ageȱTipȱ(wȱorȱd)ȱandȱweightȱBWipȱ(g),ȱsuchȱasȱBWipȱ=ȱ0.368BWaȱ(whereȱ0.368ȱ=ȱ1/e,ȱthatȱisȱtheȱconstantȱ
ofȱGompertzȱmodel)ȱandȱTipȱ=ȱln(b)/kȱ[25,27].ȱTheȱmaximumȱgrowthȱrateȱ(MGR)ȱorȱrateȱatȱinflectionȱ
pointȱ(g/d)ȱwasȱobtainedȱasȱBWipȱuȱk.ȱBWsȱwasȱtheȱestimatedȱweightȱatȱtheȱmeanȱslaughterȱageȱorȱ
ageȱforȱsaleȱ(180ȱd).ȱAȱdegreeȱofȱmaturityȱ(Dm)ȱwasȱalsoȱcomputedȱasȱBWs/BWa.ȱ

AȱfurtherȱGompertzȱmodelȱwasȱusedȱ[27]ȱ(equationȱ7),ȱaccordingȱtoȱtheȱfollowingȱequationȱ[32]:ȱ

BWtȱ=ȱBWaȱuȱexpȱ{ƺexpȱ((eȱuȱPȱ/ȱBWa)ȱ(Oȱƺȱt)ȱ+ȱ1)`ȱ (G2)

whereȱBWtȱwasȱweightȱofȱanyȱchickenȱatȱtimeȱt,ȱOȱwasȱlagȱtime,ȱthatȱisȱtheȱtimeȱ(d)ȱbeforeȱtheȱgrowthȱ
rateȱbeganȱtoȱincreaseȱuntilȱitsȱmaximumȱwasȱattained,ȱandȱPȱwasȱabsoluteȱgrowthȱrateȱatȱinflectionȱ
pointȱ (g/d);ȱ theȱcomponentsȱBWaȱandȱ tȱwereȱasȱ forȱG1.ȱSomeȱparametersȱwereȱderivedȱ fromȱ theȱ
model:ȱTipȱ=ȱtȱwhereȱBWtȱ=ȱBWipȱandȱBWsȱ=ȱBWtȱwhereȱtȱ=ȱ180ȱd.ȱBWipȱandȱDmȱwereȱcomputedȱasȱ
forȱtheȱmodelȱG1.ȱ

BothȱmodelsȱG1ȱ andȱG2ȱ providedȱ aȱ curveȱ ofȱ fittedȱ BWȱwithȱ parametersȱ forȱ eachȱ chicken.ȱ
Averageȱ valuesȱ accordingȱ toȱ breedȱ andȱ sexȱ wereȱ obtainedȱ forȱ eachȱ parameter.ȱ ANOVAȱ wasȱ
performedȱusingȱ theȱmodelȱLM1ȱonȱ theȱparametersȱasȱdependentȱvariables.ȱDifferencesȱbetweenȱ
breedȱandȱsexȱwereȱinvestigatedȱbyȱmeansȱofȱWaller–DuncanȱkȬratioȱtȬtest.ȱSignificanceȱwasȱdeclaredȱ
atȱpȱ<ȱ0.05.ȱ

Correlationȱwasȱestimatedȱonȱtheȱoverallȱdataȱsetȱbetweenȱ(1)ȱtheȱestimatedȱBWȱvaluesȱobtainedȱ
byȱtheȱtwoȱmodelsȱG1ȱandȱG2ȱandȱ(2)ȱtheȱdirectȱandȱderivedȱparametersȱofȱeachȱmodel.ȱ

Goodnessȱofȱ fitȱofȱ theȱ twoȱmodelsȱ toȱ theȱactualȱdataȱwasȱdeterminedȱonȱeachȱbreedȱandȱsexȱ
separatelyȱusingȱadjustedȱcoefficientȱofȱdeterminationȱ(r2)ȱandȱAkaike’sȱinformationȱcriterionȱ(AIC)ȱ
asȱaȱresidualȱerrorȱcomponent.ȱ

2.5.ȱAnalysisȱofȱPAX7ȱPolymorphismȱandȱItsȱAssociationȱwithȱGrowthȱParametersȱ

Inȱorderȱtoȱperformȱmolecularȱanalyses,ȱbloodȱsamplesȱwereȱcollectedȱfromȱ180ȱdȱoldȱchickensȱ
byȱ theȱwingȱveinȱ inȱheparinizedȱ tube;ȱaȱbloodȱaliquotȱwasȱ immediatelyȱ frozenȱatȱƺ20ȱ°Cȱpendingȱ
DNAȱanalysis.ȱDNAȱwasȱextractedȱwithȱ theȱNucleoSpin®ȱBloodȱQuickPureȱkitȱ (MachereyȬNagel,ȱ
Düren,ȱGermany).ȱ

TheȱPCRȱprotocolȱofȱZhangȱetȱal.ȱ[28]ȱwasȱusedȱtoȱamplifyȱtheȱPAX7ȱfragmentȱcontainingȱaȱ31bpȱ
indelȱ thatȱwasȱ reportedȱ toȱ beȱ aȱ candidateȱmarkerȱ inȱ fastȱ growingȱ chickens.ȱ Explanationȱ ofȱ theȱ
experimentalȱ details,ȱ namelyȱ sequencingȱ ofȱ amplicons,ȱ aligningȱ ofȱ sequences,ȱ designingȱ aȱ newȱ
primerȱpair,ȱandȱgenotypingȱbyȱcapillaryȱelectrophoresisȱwasȱpresentedȱinȱSupplementaryȱmaterialsȱ
(TableȱS1)ȱ[33].ȱExpectedȱgenotypicȱfrequenciesȱunderȱrandomȱmatingȱandȱdifferenceȱbetweenȱbreedsȱ
wereȱevaluatedȱusingȱtheȱFSTATȱ2.9.3.2ȱsoftwareȱ[34].ȱ

AnalysisȱofȱassociationȱofȱbodyȱweightȱwithȱeffectsȱofȱPAX7ȱgenotypeȱatȱdifferentȱweeksȱofȱageȱ
wasȱperformedȱonȱeachȱbreed–sexȱgroupȱusingȱtheȱlinearȱmodelȱ[30]:ȱ

Yiȱ=ȱΐȱ+ȱGjȱ+ȱeȱ (LM2)

whereȱYiȱwasȱBWȱofȱanyȱchickenȱ(dependentȱvariable),ȱΐȱwasȱpopulationȱmean,ȱGjȱwasȱfixedȱeffectȱ
ofȱPAX7ȱgenotypeȱ(jȱ=ȱ1ȱtoȱ3),ȱandȱeȱwasȱtheȱrandomȱresidualȱerror.ȱANOVAȱwasȱperformedȱusingȱ
theȱmodelȱLM2ȱonȱ theȱparametersȱ asȱdependȱvariablesȱ andȱdifferencesȱbetweenȱgenotypesȱwereȱ
investigatedȱbyȱmeansȱofȱWallerȬDuncanȱkȬratioȱtȬtest.ȱSignificanceȱwasȱdeclaredȱatȱpȱ<ȱ0.05.ȱ
ȱ ȱ
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3.ȱResultsȱ

3.1.ȱAnalysisȱofȱGrowthȱPerformanceȱ(ActualȱData)ȱ

Forȱtheȱpurposeȱofȱtheȱpresentȱtrial,ȱonlyȱbirdsȱwithȱcompleteȱweightȱrecordsȱ(fromȱweekȱ0ȱupȱ
toȱ32ȱweeksȱofȱage)ȱwereȱconsidered,ȱnamelyȱ46ȱBSȱfemales,ȱ47ȱBSȱmales,ȱ54ȱBPȱfemales,ȱandȱ54ȱBPȱ
males,ȱ forȱ aȱ totalȱ ofȱ 201ȱ chickens.ȱAsȱ aȱwhole,ȱ theȱmortalityȱ rateȱwasȱ 3.75%ȱ andȱ noȱ significantȱ
differenceȱwereȱobservedȱbetweenȱbreeds.ȱBiweeklyȱgrowthȱperformancesȱandȱresultsȱofȱtheȱanalysisȱ
ofȱfixedȱeffectsȱ(LM1)ȱwereȱreportedȱinȱTableȱ1.ȱ

Atȱhatchingȱ(wȱ0ȱ=ȱBW0),ȱallȱBPȱandȱBSȱchicksȱweighedȱonȱaverageȱ39ȱg;ȱthereafter,ȱtheȱgrowthȱ
rateȱbecameȱdifferentȱbetweenȱbreedsȱbeingȱtheȱBPȱheavierȱthanȱtheȱBSȱfromȱ2ȱtoȱ18ȱwȱofȱage.ȱFromȱ
20ȱwȱofȱageȱonwards,ȱtheȱBWȱwasȱnoȱmoreȱinfluencedȱbyȱbreed.ȱFromȱ4ȱwȱofȱageȱonwards,ȱtheȱgrowthȱ
rateȱshowedȱanȱincreasingȱsexualȱdimorphismȱ(pȱ<ȱ0.001)ȱwithȱmalesȱhavingȱhigherȱaverageȱBWȱthanȱ
females.ȱAtȱtheȱstandardȱslaughterȱageȱ(26ȱwȱƿȱ180ȱd),ȱmalesȱweighedȱmoreȱthanȱfemalesȱ(aboutȱ+33%).ȱ

Theȱinteractionȱbreed–sexȱwasȱnotȱsignificantȱthroughoutȱtheȱexperimentalȱperiod.ȱ

Tableȱ1.ȱAverageȱactualȱbodyȱweightȱ(g)ȱofȱtheȱmalesȱandȱfemalesȱofȱtheȱBiancaȱdiȱSaluzzoȱandȱBiondaȱ
Piemonteseȱchickensȱduringȱtheȱgrowingȱphase.ȱ

wȱ
BiancaȱdiȱSaluzzoȱ BiondaȱPiemonteseȱ

SEMȱ
pȱ

Femalesȱ
(nȱ=ȱ46)ȱ

Malesȱ
(nȱ=ȱ47)ȱ

Femalesȱ
(nȱ=ȱ54)ȱ

Malesȱ
(nȱ=ȱ54)ȱ Bȱ Sȱ Bȱ×ȱSȱ

0ȱ 38.8ȱ 39.8ȱ 39.1ȱ 38.7ȱ 0.42ȱ n.s.ȱ n.s.ȱ n.s.ȱ
2ȱ 138ȱaȱ 159ȱbȱ 186ȱcȱ 184ȱcȱ 7.5ȱ ***ȱ n.s.ȱ n.s.ȱ
4ȱ 235ȱaȱ 257ȱaȱ 304ȱbȱ 304ȱbȱ 9.2ȱ ***ȱ n.s.ȱ n.s.ȱ
6ȱ 365ȱaȱ ȱ 404ȱbȱ 429ȱbȱ 467ȱcȱ 10ȱ ***ȱ ***ȱ n.s.ȱ
8ȱ 595ȱaȱ 674ȱbȱ 667ȱbȱ 787ȱcȱ 14ȱ ***ȱ ***ȱ n.s.ȱ
10ȱ 772ȱaȱ 958ȱbȱ 868ȱcȱ 1076ȱdȱ 18ȱ ***ȱ ***ȱ n.s.ȱ
12ȱ 868ȱaȱ 1132ȱbȱ 949ȱcȱ 1222ȱdȱ 18ȱ ***ȱ ***ȱ n.s.ȱ
14ȱ 985ȱaȱ 1266ȱbȱ 1041ȱcȱ 1374ȱdȱ 20ȱ ***ȱ ***ȱ n.s.ȱ
16ȱ 1103ȱaȱ 1430ȱbȱ 1135ȱaȱ 1532ȱcȱ 23ȱ **ȱ ***ȱ n.s.ȱ
18ȱ 1277ȱaȱ 1652ȱbȱ 1363ȱcȱ 1710ȱbȱ 28ȱ *ȱ ***ȱ n.s.ȱ
20ȱ 1425ȱaȱ 1820ȱbȱ 1452ȱaȱ 1812ȱbȱ 33ȱ n.s.ȱ ***ȱ n.s.ȱ
22ȱ 1582ȱaȱ 2019ȱbȱ 1568ȱaȱ 2060ȱbȱ 34ȱ n.s.ȱ ***ȱ n.s.ȱ
24ȱ 1684ȱaȱ 2219ȱbȱ 1658ȱaȱ 2208ȱbȱ 36ȱ n.s.ȱ ***ȱ n.s.ȱ
26ȱ 1766ȱaȱ 2367ȱbȱ 1733ȱaȱ 2307ȱbȱ 37ȱ n.s.ȱ ***ȱ n.s.ȱ
28ȱ 1825ȱaȱ 2451ȱbȱ 1761ȱaȱ 2384ȱbȱ 37ȱ n.s.ȱ ***ȱ n.s.ȱ
30ȱ 1868ȱaȱ 2536ȱbȱ 1798ȱaȱ 2450ȱbȱ 38ȱ n.s.ȱ ***ȱ n.s.ȱ
32ȱ 1854ȱaȱ 2572ȱbȱ 1819ȱaȱ 2475ȱbȱ 38ȱ n.s.ȱ ***ȱ n.s.ȱ

w:ȱweekȱofȱageȱatȱrecording;ȱn:ȱnumberȱofȱbirds.ȱSEM:ȱstandardȱerrorȱofȱmean;ȱvaluesȱwithinȱaȱrowȱ
withȱnoȱcommonȱsuperscriptȱletterȱ(a,ȱb,ȱc,ȱd)ȱdifferȱatȱpȱ<ȱ0.05ȱ(Waller–Duncanȱtest)ȱbetweenȱbreedȱandȱ
sex.ȱB,ȱS,ȱBȱ×ȱS:ȱbreed,ȱsexȱandȱbreedȱ×ȱsexȱinteractionȱfixedȱeffectsȱonȱBWȱ(modelȱLM1);ȱnotȱsignificantȱ
(n.s.)ȱpȱ>ȱ0.05,ȱ*ȱpȱ<ȱ0.05,ȱ**ȱpȱ<ȱ0.01,ȱ***ȱpȱ<ȱ0.001.ȱ ȱ

3.2.ȱAnalysisȱofȱGrowthȱPatternȱAccordingȱtoȱtheȱGompertzȱModelȱ(EstimatedȱData)ȱ

TheȱparametersȱofȱgrowthȱpatternȱofȱtheȱG1ȱandȱG2ȱmodelsȱwereȱprovidedȱinȱTableȱ2.ȱG1ȱshowedȱ
aȱbetterȱfitȱthanȱG2ȱdueȱtoȱaȱhigherȱefficiencyȱ(r2)ȱandȱaȱlowerȱerrorȱcomponentȱ(AIC).ȱCorrelationȱ
betweenȱactualȱandȱestimatedȱBWȱwasȱalsoȱcomputedȱforȱeachȱweekȱofȱageȱonȱtheȱoverallȱsampleȱ
(FigureȱS1);ȱnoȱ correlationȱwasȱdetectedȱatȱhatching,ȱwhereasȱ theȱ correlationȱbetweenȱactualȱandȱ
estimatedȱBWȱincreasedȱfromȱweekȱ2ȱ(pȱ<ȱ0.001)ȱandȱwasȱhigherȱinȱtheȱG2ȱmodelȱupȱtoȱ20ȱwȱofȱage.ȱ

Allȱ theȱ actualȱ growthȱ curvesȱ showedȱ aȱ biphasicȱ trendȱ betweenȱ 13ȱ andȱ 21ȱwȱ ofȱ age;ȱ asȱ aȱ
consequence,ȱ beforeȱ andȱ afterȱ thatȱ period,ȱ theȱG1ȱ andȱG2ȱmodelsȱdrewȱ aȱ regressionȱ curveȱ thatȱ
underfittedȱactualȱBWȱ(Figureȱ1).ȱ

Correlationȱbetweenȱdirectȱandȱindirectȱparametersȱofȱeachȱmodelȱwasȱcomputedȱ(TableȱS2).ȱInȱ
general,ȱtheȱcorrelationȱbetweenȱBWipȱandȱBWaȱwasȱtrivialȱbecauseȱtheȱfirstȱalwaysȱderivedȱfromȱtheȱ
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latterȱbyȱmeansȱofȱtheȱconstantȱ0.368ȱofȱtheȱGompertzȱmodel.ȱInȱaddition,ȱtheȱhighȱcorrelationȱofȱBWaȱ
withȱTipȱandȱBWsȱwasȱexpectedȱbecauseȱbothȱparametersȱreferredȱtoȱtheȱadultȱBW.ȱ

ȱ

Figureȱ1.ȱPredictedȱweightȱatȱdifferentȱageȱ forȱ theȱBiancaȱdiȱSaluzzoȱandȱBiondaȱPiemonteseȱchickenȱ
breedsȱaccordingȱtoȱtheȱGompertzȱ(G)ȱmodel.ȱBlueȱline,ȱG1ȱmodel;ȱredȱline,ȱG2ȱmodel;ȱtriangle,ȱactualȱ
data.ȱ

InȱtheȱG1ȱmodel,ȱparameterȱb,ȱwhichȱwasȱrelatedȱtoȱtheȱshapeȱofȱtheȱgrowthȱcurve,ȱshowedȱlowȱ
positiveȱcorrelationȱwithȱBWaȱ(TableȱS2)ȱandȱwasȱhigherȱinȱBSȱthanȱinȱBPȱandȱinȱmalesȱofȱbothȱbreedsȱ
(pȱ<ȱ0.001)ȱ(Tableȱ2).ȱTheȱrelativeȱgrowthȱrateȱk,ȱrelatedȱtoȱtheȱslopeȱofȱtheȱcurve,ȱwasȱhigherȱinȱBPȱ
thanȱinȱBSȱ(pȱ<ȱ0.001)ȱ(Tableȱ2).ȱInȱthisȱconcern,ȱaȱhigherȱkȱvalueȱcorrespondedȱtoȱaȱshorterȱtimeȱtoȱ
reachȱmaturity,ȱnamely,ȱaȱshorterȱageȱatȱinflectionȱpointȱwasȱrelatedȱtoȱaȱlowerȱweightȱattainedȱatȱthatȱ
timeȱandȱatȱtheȱmatureȱageȱ(TableȱS2).ȱ

Inȱ theȱG2ȱmodel,ȱ theȱ lagȱ timeȱOȱshowedȱmoderateȱandȱpositiveȱcorrelationȱwithȱallȱ theȱotherȱ
parametersȱ(TableȱS2),ȱnamelyȱtheȱlongerȱlagȱtimeȱ(beforeȱtheȱgrowthȱrateȱstartedȱtoȱincreaseȱupȱtoȱ
theȱinflectionȱpoint),ȱtheȱhigherȱvaluesȱofȱmatureȱweightȱandȱderivedȱparametersȱwereȱattained.ȱTheȱ
lagȱtimeȱwasȱshorterȱinȱtheȱBPȱthanȱinȱtheȱBSȱandȱinȱfemalesȱofȱbothȱbreedsȱ(pȱ<ȱ0.001)ȱ(Tableȱ2).ȱ

TheȱG1ȱandȱG2ȱmodelsȱprovidedȱalmostȱtheȱsameȱvaluesȱofȱgrowthȱrateȱevenȱifȱinȱG1ȱMGRȱwasȱ
aȱderivedȱparameterȱwhereasȱinȱG2ȱPȱwasȱaȱdirectȱparameterȱnotȱaffectedȱbyȱBWaȱ[27]ȱ(equationȱ7).ȱ
Theȱcorrelationȱbetweenȱweightsȱatȱslaughterȱage,ȱnamelyȱactualȱ(wȱ26)ȱandȱestimatedȱ(BWs),ȱwasȱ
+0.846ȱandȱ+0.879ȱforȱG1ȱandȱG2,ȱrespectivelyȱ(pȱ<ȱ0.001).ȱ

BothȱGompertzȱmodelsȱshowedȱdifferencesȱbetweenȱbreedsȱinȱallȱgrowthȱparametersȱexceptȱforȱ
BWsȱandȱMGR.ȱInȱtheȱtwoȱbreeds,ȱthereȱwasȱnoȱcorrelationȱbetweenȱPȱandȱTipȱ(TableȱS2)ȱandȱtheȱ
sameȱmaximumȱgrowthȱrateȱwasȱattainedȱatȱdifferentȱage.ȱTheȱBPȱreachedȱTipȱtwoȱweeksȱearlierȱthanȱ
theȱBSȱ(pȱ<ȱ0.001)ȱ(Tableȱ2)ȱwithȱaȱlowerȱBWip.ȱLaterȱon,ȱatȱtheȱaverageȱslaughterȱage,ȱaȱlowerȱDmȱwasȱ
observedȱinȱallȱBSȱchickensȱcomparedȱwithȱBPȱchickens,ȱevenȱifȱBWsȱdidȱnotȱshowȱdifferenceȱbetweenȱ
breedsȱ(Tableȱ2).ȱAtȱmatureȱweight,ȱBSȱwasȱpredictedȱtoȱbeȱheavierȱthanȱBPȱ(pȱ<ȱ0.001).ȱ
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Tableȱ2.ȱGrowthȱcurveȱparametersȱofȱtheȱtwoȱformsȱofȱGompertzȱmodelȱ(G1ȱandȱG2)ȱestimatedȱonȱtheȱ
malesȱandȱfemalesȱofȱBiancaȱdiȱSaluzzoȱandȱBiondaȱPiemonteseȱchickenȱbreeds.ȱ

Itemȱ ȱ
BiancaȱdiȱSaluzzoȱ BiondaȱPiemonteseȱ

SEMȱ
pȱ

Femalesȱ
(nȱ=ȱ46)ȱ

Malesȱ
(nȱ=ȱ47)ȱ

Femalesȱ
(nȱ=ȱ54)ȱ

Malesȱ
(nȱ=ȱ54)ȱ Bȱ Sȱ Bȱ×ȱSȱ

ModelȱG1ȱ
BWaȱ 2184ȱaȱ 3074ȱbȱ 201ȱcȱ 2745ȱdȱ 55ȱ ***ȱ ***ȱ n.s.ȱ
bȱ 3.32ȱaȱ 3.55ȱbȱ 2.99ȱcȱ 3.25ȱaȱ 0.05ȱ ***ȱ ***ȱ n.s.ȱ
kȱ 0.014ȱabȱ 0.014ȱbȱ 0.016ȱcȱ 0.015ȱacȱ 0.000ȱ ***ȱ n.s.ȱ n.s.ȱ

BWipȱ 803ȱaȱ 1131ȱbȱ 740ȱcȱ 1010ȱdȱ 20ȱ ***ȱ ***ȱ n.s.ȱ
Tipȱ 86.0ȱaȱ 95.6ȱbȱ 71.6ȱcȱ 79.6ȱdȱ 1.9ȱ ***ȱ ***ȱ n.s.ȱ
BWsȱ 1647ȱaȱ 2188ȱbȱ 1634ȱaȱ 2177ȱbȱ 32ȱ n.s.ȱ ***ȱ n.s.ȱ
MGRȱ 11.3ȱaȱ 15.0ȱbȱ 11.2ȱaȱ 15.0ȱbȱ 0.3ȱ n.s.ȱ ***ȱ n.s.ȱ
Dmȱ 0.76ȱaȱ 0.72ȱbȱ ȱ 0.82ȱcȱ 0.79ȱcȱ 0.01ȱ **ȱ *ȱ n.s.ȱ
r²ȱ 0.99ȱ 0.991ȱ 0.99ȱ 0.99ȱ Ȭȱ Ȭȱ Ȭȱ Ȭȱ

AICȱ 196ȱ 199ȱ 196ȱ 200ȱ Ȭȱ Ȭȱ Ȭȱ Ȭȱ
ModelȱG2ȱ

BWaȱ 2508ȱaȱ 3383ȱbȱ 2193ȱcȱ 2819ȱdȱ 83ȱ ***ȱ ***ȱ n.s.ȱ
Oȱ 14.35ȱaȱ 20.63ȱbȱ 7.47ȱcȱ 12.58ȱaȱ 1.02ȱ ***ȱ ***ȱ n.s.ȱ
Pȱ 11.84ȱaȱ 15.83ȱbȱ 11.78ȱaȱ 15.65ȱbȱ 0.26ȱ n.s.ȱ ***ȱ n.s.ȱ

BWipȱ 922ȱaȱ 1244ȱbȱ 807ȱcȱ 1037ȱdȱ 30ȱ ***ȱ ***ȱ n.s.ȱ
Tipȱ 94.1ȱaȱ 101.4ȱbȱ 77.5ȱcȱ 81.0ȱcȱ 2.4ȱ ***ȱ *ȱ n.s.ȱ
BWsȱ 1748ȱaȱ 2302ȱbȱ 1718ȱaȱ 2225ȱbȱ 36ȱ n.s.ȱ ***ȱ n.s.ȱ
Dmȱ 0.72ȱaȱ 0.69ȱaȱ 0.80ȱbȱ 0.79ȱbȱ 0.01ȱ **ȱ n.s.ȱ n.s.ȱ
r²ȱ 0.97ȱ 0.99ȱ 0.98ȱ 0.99ȱ Ȭȱ Ȭȱ Ȭȱ Ȭȱ

AICȱ 206ȱ 201ȱ 197ȱ 200ȱ Ȭȱ Ȭȱ Ȭȱ Ȭȱ
SEM:ȱstandardȱerrorȱofȱmean;ȱvaluesȱwithinȱaȱrowȱwithȱnoȱcommonȱsuperscriptȱletterȱ(a,ȱb,ȱc,ȱd)ȱdifferȱatȱ
pȱ<ȱ0.05ȱ(Waller–Duncanȱtest)ȱbetweenȱbreedȱandȱsex.ȱBreedȱ(B),ȱSexȱ(S),ȱandȱBreedȱ×ȱSexȱ(Bȱ×ȱS):ȱfixedȱ
effectsȱonȱBWȱ(modelȱLM1);ȱnotȱsignificantȱ(n.s.)ȱpȱ>ȱ0.05,ȱ*ȱpȱ<ȱ0.05,ȱ**ȱpȱ<ȱ0.01,ȱ***ȱpȱ<ȱ0.001.ȱBWa:ȱ
asymptoticȱbodyȱweightȱ(g);ȱb:ȱshapeȱparameter;ȱk:ȱcoefficientȱofȱrelativeȱgrowth;ȱWip:ȱbodyȱweightȱ
atȱinflectionȱpointȱ(g);ȱTip:ȱageȱatȱinflectionȱpointȱ(d);ȱBWs:ȱbodyȱweightȱatȱtheȱageȱofȱ180ȱdȱ(g);ȱMGR:ȱ
maximumȱgrowthȱrateȱatȱinflectionȱpointȱ(g/d);ȱDmȱ(degreeȱofȱmaturity):ȱBWs/BWa;ȱO:ȱlagȱtimeȱ(d);ȱP:ȱ
absoluteȱgrowthȱrateȱatȱinflectionȱpointȱ(g/d);ȱr2:ȱ(adjusted)ȱgoodnessȱofȱfitȱcriteriaȱofȱtheȱmodel;ȱAIC:ȱ
Akaikeȱinformationȱcriterion.ȱ ȱ

Estimatedȱsexȱdifferencesȱwereȱobservedȱinȱallȱparametersȱexcludingȱtheȱslopeȱofȱgrowthȱcurveȱ
(k)ȱ(Tableȱ2).ȱFemalesȱreachedȱTipȱtenȱdaysȱbeforeȱmalesȱ(pȱ<ȱ0.05),ȱwhenȱtheyȱshowedȱaȱlowerȱBWipȱ
andȱaȱlowerȱMGRȱ(pȱ<ȱ0.001).ȱTheȱhensȱwereȱnotȱableȱtoȱfillȱthisȱgap,ȱasȱitȱwasȱobservedȱonȱtheȱactualȱ
data.ȱMalesȱwereȱheavierȱthanȱfemalesȱ(pȱ<ȱ0.001)ȱatȱ180ȱdȱ(BWs)ȱandȱatȱmatureȱageȱ(BWa).ȱ

Asȱpreviouslyȱstatedȱonȱtheȱobservedȱdata,ȱnoȱbreed–sexȱinteractionȱwasȱdetectedȱusingȱLM1ȱonȱ
theȱparametersȱofȱGompertzȱmodels.ȱ

3.3.ȱComparisonȱofȱActualȱandȱEstimatedȱGrowthȱDataȱbetweenȱtheȱBSȱandȱBPȱandȱOtherȱChickenȱ
Breeds/Hybridsȱ

Theȱcomparisonȱofȱ theȱactualȱgrowthȱphasesȱofȱBPȱandȱBSȱwithȱBWȱofȱdifferentȱbreedsȱwereȱ
reportedȱinȱTableȱ3ȱ[35–45].ȱTheȱtwoȱbreedsȱrankedȱbelowȱbroilersȱandȱheavyȱslowȬgrowingȱbreedsȱ
andȱaboveȱlightweightȱlocalȱbreeds.ȱ

Theȱgrowthȱparametersȱofȱtheȱtwoȱbreedsȱwereȱcomparedȱwithȱpatternsȱofȱotherȱbreedsȱorȱhybridȱ
linesȱthatȱwereȱanalyzedȱusingȱtheȱmodelȱG1ȱorȱaȱderivedȱversionȱ[27]ȱ(equationsȱ11ȱandȱ13)ȱ(Tableȱ4)ȱ
[22,23,25,46].ȱ Inȱotherȱ investigations,ȱ theȱmodelȱdirectlyȱprovidedȱTipȱ [27]ȱ (equationȱ1)ȱ (TableȱS3)ȱ
[19,20,47–49].ȱ
 ȱ



Animalsȱ2020,ȱ10,ȱ969ȱ 8ȱ ofȱ 16ȱ

Tableȱ3.ȱAverageȱactualȱbodyȱweightȱofȱtheȱBiancaȱdiȱSaluzzoȱandȱBiondaȱPiemonteseȱchickenȱbreedsȱ
duringȱtheȱgrowingȱphase:ȱcomparisonȱwithȱotherȱbreeds/hybrids.ȱ

Ageȱ(d)ȱ RSȱ SAȱ RMȱ ERȱ MILȱ CNȱ BSȱ BPȱ BRȱ PDȱ MOȱ ROȱ PEȱ
42ȱ 2936ȱ ȱ ȱ ȱ ȱ 396ȱ 385ȱ 448ȱ ȱ ȱ ȱ ȱ ȱ ȱ
84ȱ ȱ 2300ȱ ȱ ȱ ȱ 1095ȱ 1000ȱ 1086ȱ ȱ ȱ ȱ ȱ ȱ ȱ
108ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ 1300ȱ ȱ ȱ ȱ ȱ
140ȱ ȱ ȱ ȱ 2186ȱ ȱ 1812ȱ 1623ȱ 1632ȱ 1800ȱ ȱ ȱ ȱ ȱ
150ȱ ȱ ȱ ȱ ȱ 2381ȱ ȱ ȱ ȱ ȱ ȱ 1536ȱ ȱ ȱ ȱ
168ȱ ȱ ȱ ȱ 2395ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
175ȱ ȱ ȱ 2250ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
180ȱ ȱ ȱ ȱ ȱ 2541ȱ ȱ 2068ȱ 2020ȱ ȱ ȱ 1800ȱ ȱ ȱ ȱ
190ȱ ȱ ȱ ȱ 2900ȱ ȱ ȱ ȱ ȱ ȱ ȱ 2100ȱ ȱ ȱ 1500ȱ
210ȱ ȱ ȱ ȱ ȱ ȱ ȱ 2220ȱ 2147ȱ ȱ ȱ ȱ 2142ȱ 2175ȱ ȱ

d:ȱday.ȱValuesȱareȱaverageȱBWȱofȱmalesȱandȱfemales.ȱRS:ȱRossȱ708ȱ[35];ȱSA:ȱSASSOȱ[36];ȱRM:ȱRobustaȱ
maculataȱ[37];ȱER:ȱErmellinataȱdiȱRovigoȱ[37–39];ȱMIL:ȱMilaninoȱ[40];ȱCN:ȱCastellanaȱNegraȱ[41];ȱBS:ȱ
BiancaȱdiȱSaluzzo,ȱpresentȱ investigation;ȱBP:ȱBiondaȱPiemontese,ȱpresentȱ investigation;ȱBR:ȱBresseȱ
[42];ȱPD:ȱPadovanaȱ[38,43,44];ȱMO:ȱModeneseȱ[45];ȱRO:ȱRomagnoloȱ[45];ȱPE:ȱPepoiȱ[38].ȱ

WhenȱestimatedȱBWipȱandȱBWaȱwereȱappliedȱasȱcriteria,ȱtheȱBPȱandȱBSȱsharedȱwithȱotherȱlocalȱ
breedsȱanȱintermediateȱpositionȱbetweenȱbroilersȱandȱlightestȱbreeds.ȱAsȱregardsȱTip,ȱinȱlocalȱbreedsȱ
itȱrangedȱfromȱ70ȱdȱtoȱmoreȱthanȱ100ȱd,ȱunlikeȱbroilers,ȱwhichȱconcludedȱtheirȱproductiveȱcycleȱinȱ
lessȱthanȱ50ȱd.ȱInȱtheȱfastȬgrowingȱbroilers,ȱtheȱrelativeȱgrowthȱrateȱ(k)ȱwasȱhigherȱthanȱinȱlocalȱbreeds,ȱ
whereas,ȱ withinȱ population,ȱ itȱ usuallyȱ exhibitedȱ aȱ negativeȱ correlationȱ withȱ theȱ otherȱ growthȱ
parametersȱ(TableȱS2).ȱTheȱMGRȱwasȱveryȱdifferentȱacrossȱbreeds/hybridȱlinesȱrangingȱfromȱmoreȱ
thanȱ50ȱg/dȱinȱallȱfastȬgrowingȱbroilersȱtoȱlessȱthanȱ10ȱg/dȱinȱtheȱlightȱbreeds.ȱInȱmostȱofȱslowȬgrowingȱ
breeds,ȱMGRȱrangedȱfromȱ10–15ȱ(BSȱandȱBP)ȱtoȱ20–25ȱg/d. 

Tableȱ4.ȱGrowthȱcurveȱparametersȱaccordingȱtoȱtheȱGompertzȱmodelȱ(G1)ȱforȱtheȱBiancaȱdiȱSaluzzoȱ
andȱBiondaȱPiemonteseȱchickenȱbreeds:ȱcomparisonȱwithȱotherȱbreeds/hybrids.ȱDataȱobtainedȱ fromȱ
references.ȱ

Itemȱ ȱ
RS1ȱ ȱ RS2ȱ ȱ HUBȱ Bȱ ȱ

Fȱ Mȱ ̇ȱ Fȱ Mȱ ̇ȱ Fȱ Mȱ ̇ȱ Fȱ Mȱ ̇ȱ
BWaȱ 6401ȱ 6949ȱ +9ȱ 4664ȱ 5475ȱ +17ȱ 3657ȱ 4362ȱ +19ȱ 2697ȱ 3880ȱ +44ȱ
bȱ 4.44ȱ 4.79ȱ +8ȱ 4.20ȱ 4.62ȱ +10ȱ 4.14ȱ 4.37ȱ +6ȱ 4.03ȱ 4.39ȱ +9ȱ
kȱ 0.039ȱ 0.042ȱ +8ȱ 0.036ȱ 0.036ȱ 0ȱ 0.031ȱ 0.031ȱ 0ȱ 0.021ȱ 0.019ȱ ƺ10ȱ

BWipȱ 2356ȱ 2557ȱ ȱ 1716ȱ 2015ȱ ȱ 1345ȱ 1605ȱ ȱ 992ȱ 1427ȱ ȱ
Tipȱ 39ȱ 37ȱ ƺ5ȱ 43ȱ 43ȱ 0ȱ 46ȱ 48ȱ +4ȱ 69ȱ 82ȱ +19ȱ
MGRȱ 92ȱ 107ȱ +16ȱ 62ȱ 73ȱ +18ȱ 42ȱ 50ȱ +19ȱ 21ȱ 27ȱ +29ȱ

Itemȱ ȱ
BSȱ ȱ PAȱ ȱ BPȱ ȱ PCȱ ȱ

Fȱ Mȱ ̇ȱ Fȱ Mȱ ̇ȱ Fȱ Mȱ ̇ȱ Fȱ Mȱ ̇ȱ
BWaȱ 2184ȱ 3074ȱ +41ȱ 2022ȱ 2245ȱ +11ȱ 2012ȱ 2745ȱ +36ȱ 1979ȱ 2558ȱ +29ȱ
bȱ 3.32ȱ 3.55ȱ +6ȱ 4.35ȱ 4.77ȱ +10ȱ 3.00ȱ 3.25ȱ +10ȱ 4.01ȱ 4.16ȱ +4ȱ
kȱ 0.014ȱ 0.014ȱ 0ȱ 0.021ȱ 0.020ȱ ƺ5ȱ 0.016ȱ 0.015ȱ ƺ6ȱ 0.020ȱ 0.019ȱ ƺ5ȱ

BWipȱ 804ȱ 1131ȱ ȱ 744ȱ 826ȱ ȱ 740ȱ 1010ȱ ȱ 728ȱ 941ȱ ȱ
Tipȱ 86ȱ 96ȱ +12ȱ 75ȱ 81ȱ +8ȱ 72ȱ 80ȱ +11ȱ 72ȱ 76ȱ +6ȱ
MGRȱ 11ȱ 16ȱ +45ȱ 16ȱ 17ȱ +6ȱ 12ȱ 15ȱ +25ȱ 15ȱ 18ȱ +20ȱ

Dataȱobtainedȱfromȱreferencesȱwhereȱ theȱmodelȱG1ȱorȱaȱderivedȱversionȱwasȱused.ȱF:ȱfemales;ȱM:ȱ
males;ȱ̇:ȱ((maleȱaverageȱƺȱfemaleȱaverage)/femaleȱaverage)ȱuȱ100;ȱBWa:ȱasymptoticȱbodyȱweightȱ(g);ȱ
b:ȱshapeȱparameter;ȱk:ȱcoefficientȱofȱrelativeȱgrowth;ȱBWip:ȱbodyȱweightȱatȱinflectionȱpointȱ(g);ȱTip:ȱ
ageȱatȱinflectionȱpointȱ(d);ȱMGR:ȱmaximumȱgrowthȱrateȱatȱinflectionȱpointȱ(g/d).ȱBreedȱRS1:ȱRossȱ308ȱ
[46];ȱRS2:ȱRossȱ708ȱ[25];ȱHUB:ȱHubbard,ȱcrossingȱJA57ȱ×ȱRedbroȱ[23];ȱB:ȱBerlandaȱ[22];ȱBS:ȱBiancaȱdiȱ
Saluzzo,ȱ presentȱ investigation;ȱ PA:ȱ Padovanaȱ Argentataȱ [22];ȱ BP:ȱ Biondaȱ Piemontese,ȱ presentȱ
investigation;ȱPC:ȱPadovanaȱCamosciataȱ[22].ȱExceptȱforȱ[46]ȱ(whichȱisȱaȱreview),ȱreportedȱdataȱdoȱnotȱ
considerȱanyȱdietaryȱtreatment:ȱforȱeachȱtrial,ȱallȱbirdsȱreceivedȱtheȱsameȱdiet.ȱ
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AsȱforȱotherȱslowȬgrowingȱbreeds,ȱmalesȱofȱBSȱandȱBPȱtookȱmoreȱtimeȱtoȱreachȱTipȱ(onȱaverageȱ
12%)ȱandȱachievedȱhigherȱBWipȱ(40%)ȱthanȱfemales.ȱTheȱsexualȱdimorphismȱatȱthisȱstageȱwasȱlessȱ
markedȱinȱbroilers,ȱwhereȱmalesȱcouldȱalsoȱreachȱtheȱmaximumȱgrowthȱearlierȱthanȱfemalesȱ(5%).ȱInȱ
someȱlocalȱbreeds,ȱtheȱrelativeȱgrowthȱrateȱ(k),ȱwhichȱaffectedȱtheȱslopeȱofȱgrowthȱcurve,ȱwasȱlowerȱ
inȱmalesȱthanȱinȱfemalesȱ(10%–20%),ȱaccordingȱtoȱtheȱlongerȱageȱatȱinflectionȱpointȱandȱtheȱhigherȱ
weights.ȱBSȱandȱBPȱbelongedȱtoȱaȱgroupȱofȱslowȬgrowingȱbreedsȱwithȱpoorȱorȱnoȱsexualȱdimorphismȱ
ofȱkȱwhereas,ȱonceȱagain,ȱtheȱbroilersȱdifferedȱbecauseȱtheȱmalesȱexhibitedȱhighȱrelativeȱgrowthȱrate.ȱ

3.4.ȱAnalysisȱofȱPAX7ȱPolymorphismȱandȱItsȱAssociationȱwithȱGrowthȱParametersȱ

PAX7ȱampliconsȱ showedȱpolymorphicȱpatternsȱonȱagaroseȱgelȱelectrophoresisȱ inȱwhichȱ twoȱ
bandsȱwereȱdetectedȱofȱapproximatelyȱ560ȱbpȱandȱ530ȱbpȱinȱsize,ȱrespectively.ȱTheȱampliconsȱwereȱ
thenȱsequencedȱandȱtheȱlengthsȱofȱtheȱtwoȱfragmentsȱwereȱexactlyȱ557ȱbpȱandȱ525ȱbp.ȱTheȱobtainedȱ
sequencesȱalignedȱwithȱNC_006108.5ȱonȱexonȱ3ȱandȱintronȱ3ȱofȱtheȱPAX7ȱgene.ȱTheȱ557Ȭbpȱampliconȱ
includedȱtheȱsequenceȱofȱtheȱFȱalleleȱreportedȱbyȱZhangȱetȱal.ȱ[28],ȱwhichȱwasȱanȱintronicȱminisatelliteȱ
regionȱformedȱofȱtwoȱidenticalȱrepeatȱunitsȱofȱ31ȱbp.ȱTheȱ525Ȭbpȱampliconȱcontainedȱonlyȱoneȱunitȱ
withȱ aȱ singleȱnucleotideȱdeletionȱ andȱ correspondedȱ toȱ aȱnewȱvariant,ȱwhichȱwasȱ calledȱGȱ alleleȱ
(FigureȱS2).ȱ

Byȱmeansȱofȱcapillaryȱelectrophoresis,ȱtwoȱallelesȱwereȱfoundȱonȱtheȱoverallȱ201ȱchickens,ȱFȱandȱ
G.ȱThereȱwasȱnoȱshiftȱfromȱtheȱexpectedȱgenotypeȱfrequenciesȱunderȱrandomȱmatingȱ(pȱ>ȱ0.05ȱafterȱ
2000ȱrandomizations)ȱ(TableȱS4).ȱTheȱtwoȱbreedsȱexhibitedȱlittleȱdifferencesȱinȱalleleȱfrequenciesȱ(Fstȱ
=ȱ0.028,ȱpȱ<ȱ0.05);ȱthisȱmeantȱthatȱmostȱgeneticȱdiversityȱdependedȱonȱdifferencesȱbetweenȱindividuals,ȱ
includedȱtheȱchickensȱbelongingȱtoȱtheȱsameȱbreed.ȱ

TheȱtwoȱallelesȱshowedȱassociationȱwithȱtheȱactualȱBWȱinȱtheȱBPȱfemalesȱstartingȱfromȱ14ȱwȱofȱ
age,ȱwhereȱ theȱFFȱhensȱdifferedȱ fromȱ theȱGGȱhensȱ (pȱ<ȱ0.05)ȱ (Figureȱ2)ȱTheȱGompertzȱmodelȱG1ȱ
showedȱdifferenceȱbetweenȱgenotypesȱconcerningȱBWaȱandȱBWip;ȱalsoȱBWsȱobtainedȱusingȱbothȱG1ȱ
andȱG2ȱmodelsȱwasȱdifferentȱ(pȱ<ȱ0.05)ȱ(TableȱS5).ȱTheȱGȱalleleȱalwaysȱexhibitedȱaȱmoreȱfavorableȱ
effectȱthanȱtheȱFȱallele.ȱTheȱresultsȱofȱtheȱotherȱgroupsȱ(BPȱmalesȱandȱBSȱofȱbothȱsexes)ȱshowedȱnoȱ
differenceȱbetweenȱgenotypesȱ(TablesȱS6–S8).ȱ

ȱ
Figureȱ2.ȱAverageȱactualȱbodyȱweightȱ(g)ȱofȱtheȱfemalesȱofȱtheȱBiondaȱPiemonteseȱchickensȱduringȱtheȱ
growingȱphaseȱdividedȱ intoȱ theȱ threeȱPAX7ȱgenotypeȱgroupsȱFFȱ (blueȱ line),ȱFGȱ(redȱ line)ȱandȱGGȱ
(greenȱline);ȱ*ȱpȱ<ȱ0.05ȱamongȱgenotypes.ȱ



Animalsȱ2020,ȱ10,ȱ969ȱ 10ȱ ofȱ 16ȱ

4.ȱDiscussionȱ

Theȱmathematicalȱmodelsȱhaveȱbeenȱ appliedȱmainlyȱ toȱ theȱ fastȬgrowingȱ chickenȱhybridsȱ toȱ
predictȱtheȱstageȱofȱmaximumȱgrowthȱrateȱandȱtheȱoptimumȱageȱforȱslaughterȱandȱsaleȱ[21,26].ȱTheyȱ
canȱalsoȱbeȱusefulȱinȱ(1)ȱdescribingȱtheȱresourcesȱofȱslowȬgrowingȱbreeds,ȱ(2)ȱevaluatingȱtheȱabilityȱofȱ
theseȱ breedsȱ toȱ adaptȱ toȱparticularȱ rearingȱ systemsȱ inȱ aȱ sustainableȱ andȱprofitableȱway,ȱ andȱ (3)ȱ
implementingȱtheȱselectionȱcriteria,ȱifȱnecessaryȱ[22–24].ȱThisȱinvestigationȱexaminesȱonlyȱtheȱfirstȱ
feature,ȱwhereasȱ theȱchickensȱhaveȱbeenȱmanagedȱaccordingȱ toȱveryȱsimilarȱconditionsȱofȱcurrentȱ
farmerȱrearingȱsystems.ȱ

Inȱliterature,ȱdifferentȱperiodsȱofȱageȱforȱweightȱmeasurementsȱhaveȱbeenȱproposedȱtoȱprovideȱ
aȱreliableȱestimateȱofȱtheȱparametersȱofȱaȱgrowthȱmodel,ȱandȱtheyȱvaryȱaccordingȱtoȱgrowthȱrateȱandȱ
managementȱ conditionsȱ ofȱ individualȱ breedsȱ andȱ hybridȱ lines.ȱ Theȱ finalȱ ageȱ ofȱ observationȱ isȱ
reportedȱ toȱ be:ȱ 56–112ȱ dȱ forȱ Rossȱ broilersȱ andȱRossȱ hybridsȱ [19,25,46],ȱ 180ȱ dȱ forȱ theȱ Padovanaȱ
Camosciataȱ[22],ȱ196ȱdȱforȱtheȱjunglefowlȱ[49],ȱandȱ240ȱdȱforȱPortugueseȱautochthonousȱbreedsȱ[48].ȱ
Theȱpresentȱinvestigationȱincludesȱ17ȱbiweeklyȱweighingȱperȱchickenȱ(fromȱwȱ0ȱtoȱwȱ32)ȱtoȱperformȱ
theȱgrowthȱpatternȱanalysisȱbeyondȱtheȱusualȱslaughterȱage,ȱwhichȱisȱusuallyȱsettledȱatȱ180ȱdȱforȱtheseȱ
slowȬgrowingȱbirds.ȱToȱourȱknowledge,ȱthisȱisȱoneȱofȱtheȱlongestȱexperimentalȱperiodsȱinȱthisȱfield,ȱ
thusȱtheȱestimationsȱareȱexpectedȱtoȱbeȱreliable.ȱ

TheȱGompertzȱmodelȱ isȱ frequentlyȱusedȱ toȱ studyȱgrowthȱpatternȱ andȱ severalȱversionsȱ existȱ
[26,27].ȱTheȱmodelȱG1ȱhasȱbeenȱpreferredȱhereȱbecauseȱ itȱ isȱ frequentlyȱ foundȱ inȱ theȱ literatureȱonȱ
poultryȱscienceȱandȱprovidesȱparametersȱthatȱareȱsharedȱbyȱotherȱversions,ȱsoȱaȱcomparisonȱcanȱbeȱ
madeȱwithȱpreviousȱstudiesȱ[19,20,22,23,25,29,46–51].ȱMoreover,ȱcorrelationsȱbetweenȱG1ȱparametersȱ
mayȱbeȱconfirmedȱ[50].ȱAnȱadditionalȱformȱofȱGompertzȱequationȱwasȱused,ȱthatȱisȱtheȱmodelȱG2,ȱ
which,ȱasȱfarȱasȱweȱknow,ȱhasȱbeenȱappliedȱtoȱbacterialȱgrowthȱinȱfoodȱsoȱfarȱ[27].ȱTheȱG1ȱshowsȱaȱ
betterȱgoodnessȱofȱfitȱthanȱG2ȱ(r2,ȱAIC)ȱand,ȱasȱaȱconsequence,ȱitȱprovidesȱanȱaccurateȱestimateȱofȱBWȱ
duringȱgrowth.ȱTheȱG2ȱprovidesȱtheȱestimationȱofȱtheȱtimeȱbeforeȱtheȱgrowthȱrateȱstartsȱtoȱincreaseȱ
towardsȱitsȱmaximum,ȱtheȱsoȬcalledȱlagȬtimeȱ(O),ȱwhichȱisȱnotȱincludedȱinȱtheȱG1ȱmodel.ȱInȱparticular,ȱ
OȱhighlightsȱtheȱdifferencesȱofȱBWȱincreaseȱbetweenȱbreedsȱduringȱtheȱfirstȱstageȱofȱgrowing;ȱtoȱsomeȱ
extentȱ(moderateȱcorrelation),ȱtheȱlongerȱlagȱtime,ȱtheȱhigherȱTip,ȱBWipȱandȱBWa. 

BothȱmodelsȱprovideȱanȱunreliableȱestimateȱofȱBW0,ȱasȱexpectedȱ [22,24,52].ȱHowever,ȱ inȱ theȱ
presentȱ investigationȱ theȱactualȱBW0ȱ isȱknown,ȱwhereasȱconcordanceȱwithȱ theȱactualȱBWȱrapidlyȱ
increasesȱfromȱ2ȱwȱofȱageȱonwards.ȱ

Theȱresultingȱgrowthȱpatternȱenvisagesȱthatȱsomeȱchickensȱ(1)ȱbelatedlyȱshowȱtheȱrapidȱphaseȱ
ofȱgrowth,ȱ(2)ȱbelatedlyȱattainȱtheȱinflectionȱpointȱwhenȱtheyȱshowȱaȱhighȱweight,ȱandȱ(3)ȱattainȱaȱ
highȱmatureȱweight.ȱTheȱBSȱbreedȱinȱcomparisonȱwithȱtheȱBPȱandȱtheȱmalesȱofȱbothȱbreedsȱfitȱtoȱthisȱ
pattern.ȱ Inȱ particular,ȱ theȱ maximumȱ growthȱ rateȱ atȱ inflectionȱ pointȱ showsȱ anȱ evidentȱ sexualȱ
dimorphism,ȱbeingȱtheȱmalesȱheavierȱthanȱtheȱ femalesȱofȱbothȱbreeds.ȱTheȱtwoȱbreedsȱexhibitȱtheȱ
sameȱgrowthȱrate,ȱevenȱifȱtheȱBPȱattainsȱthisȱphaseȱearlierȱatȱaȱlowerȱBW.ȱ

DifferencesȱofȱtheȱgrowthȱparametersȱdemonstrateȱthatȱtheȱBSȱandȱBPȱareȱtwoȱpopulationsȱwithȱ
distinctȱcharacteristics.ȱFurthermore,ȱanalysisȱofȱgeneticȱstructureȱandȱdiversityȱusingȱmicrosatelliteȱ
markersȱinfersȱthatȱtheseȱbreedsȱareȱseparatedȱfromȱotherȱItalianȱchickenȱbreedsȱlikeȱtheȱLivorneseȱ
andȱModeneseȱand,ȱatȱtheȱsameȱtime,ȱtheyȱareȱseparatedȱfromȱeachȱother,ȱalthoughȱtheyȱbranchȱveryȱ
closelyȱinȱtheȱcladogramȱdepictingȱgeneticȱdistancesȱbetweenȱbreedsȱ[4].ȱ

Inȱsynthesis,ȱifȱtheȱtwoȱbreedsȱareȱcompared,ȱtheȱBSȱisȱmoreȱlateȬmaturingȱandȱattainsȱhigherȱ
BW.ȱTheȱresultsȱonȱgrowthȱpatternȱshowȱthatȱtheȱBSȱandȱBPȱareȱtwoȱdistinctȱpopulations.ȱBothȱbreedsȱ
exhibitȱaȱgrowthȱsexualȱdimorphismȱfromȱ4ȱwȱofȱageȱonwards.ȱ

Withȱ regardsȱ toȱ theȱ comparisonȱwithȱ otherȱ slowȬgrowingȱ chickenȱ breedsȱ andȱ commercialȱ
hybridsȱforȱtheȱgrowthȱparametersȱofȱtheȱGompertzȱmodel,ȱnamelyȱBWa,ȱBWip,ȱTip,ȱandȱMGR,ȱtheȱ
BPȱandȱBSȱbreedsȱshareȱwithȱotherȱslowȬgrowingȱbreeds—suchȱasȱPadovana,ȱPedrêsȱPortuguesa,ȱandȱ
PretaȱLusitânicaȱ [22,48]—anȱ intermediateȱpositionȱbetweenȱbroilers,ȱalongȱwithȱ someȱmediumȱorȱ
slowȬgrowingȱhybrids,ȱsuchȱasȱHubbardȱandȱBerlandaȱ[19,22,23,47],ȱandȱtheȱlightestȱchickens,ȱsuchȱ
asȱtheȱredȱjunglefowlȱ[48,49].ȱTheȱBSȱisȱoneȱofȱtheȱmostȱlateȬmaturingȱpopulationsȱhavingȱTipȱofȱ86Ȭ
96ȱdȱvs.ȱ116–141ȱdȱofȱtheȱWhiteȱPlymouthȱRockȱselectedȱforȱlowȱbodyȱweightȱ[49].ȱBothȱPiedmonteseȱ
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breedsȱexhibitȱaȱslowȱgrowthȱrate,ȱthatȱisȱMGRȱ10–15ȱg/dȱvs.ȱ20–25ȱg/dȱofȱotherȱlocalȱbreeds,ȱcomparedȱ
toȱtheȱlightestȱbreedsȱasȱlightȱWhiteȱPlymouthȱRockȱandȱredȱjunglefowlȱwhichȱshowȱ<ȱ10ȱg/dȱ[49].ȱ

TheȱsexualȱdimorphismȱdistinguishesȱslowȬgrowingȱchickenȱbreedsȱfromȱbroilerȱchickens:ȱtheȱ
malesȱofȱBSȱandȱBPȱexhibitȱhighȱBWipȱandȱTip,ȱwhereasȱmalesȱofȱbroilersȱmayȱreachȱ theȱstageȱofȱ
maximumȱgrowthȱbeforeȱtheȱfemales,ȱasȱitȱhappens,ȱforȱexample,ȱforȱtheȱRossȱ308ȱ[19,46].ȱInȱgeneral,ȱ
malesȱexhibitȱhigherȱMGRȱthanȱfemales.ȱ

Comparisonȱ ofȱ actualȱweightsȱ betweenȱ differentȱ localȱ poultryȱ populationsȱ agreesȱwithȱ theȱ
estimatedȱ dataȱ in:ȱ (1)ȱ someȱ heavyȱ slowȬgrowingȱ chickenȱ breeds,ȱ suchȱ asȱ Robustaȱ Maculata,ȱ
ErmellinataȱdiȱRovigoȱandȱMilaninoȱfromȱtheȱruralȱareasȱofȱNorthernȱItalyȱ[37–40],ȱ(2)ȱaȱclusterȱofȱ
mediumȱweightȱslowȬgrowingȱchickenȱbreeds,ȱsuchȱasȱCastellaȱNegraȱ(Spain),ȱBS,ȱBP,ȱandȱPadovanaȱ
(Italy),ȱandȱBresseȱ(France)ȱ[38,41–44],ȱandȱ(3)ȱsomeȱotherȱlightweightȱItalianȱchickenȱbreeds,ȱsuchȱasȱ
Modenese,ȱRomagnolo,ȱandȱPepoiȱ[38,45].ȱ

Theȱactualȱgrowthȱcurvesȱshowȱaȱbiphasicȱtrendȱatȱ13–21ȱwȱofȱage,ȱwhichȱisȱbeforeȱtheȱchickensȱ
reachȱsexualȱmaturityȱ(20–24ȱw).ȱAȱsimilarȱpatternȱhasȱbeenȱdescribedȱinȱtheȱMosȱbreedȱ(Galician)ȱ
andȱSassoȱTȬ44ȱlineȱ[53].ȱ

Inȱsynthesis,ȱ theȱgrowthȱparametersȱshowȱ thatȱBSȱandȱBPȱareȱcloseȱ toȱ theȱunselectedȱbreeds.ȱ
AmongȱtheȱItalianȱlocalȱpoultryȱbreeds,ȱtheȱBSȱandȱBPȱcanȱbeȱconsideredȱasȱslowȬgrowingȱchickensȱ
withȱanȱintermediateȱsizeȱbetweenȱheavyȱandȱlightȱchickenȱbreeds.ȱ

Theȱchickensȱofȱtheȱtwoȱbreedsȱareȱusuallyȱslaughteredȱatȱ180ȱd,ȱwhenȱonlyȱsexualȱdimorphismȱ
affectsȱBW.ȱInȱspiteȱofȱthis,ȱtheȱdegreeȱofȱmaturityȱputsȱtheȱBSȱatȱsomeȱdisadvantageȱcomparedȱtoȱtheȱ
BPȱ(Dmȱ<ȱ0.80)ȱandȱitsȱgrowingȱpotentialȱcouldȱbeȱnotȱfullyȱexploited.ȱPredictionȱofȱtheȱbestȱmaturityȱ
forȱ saleȱ isȱ aȱ complexȱ experimentalȱ taskȱ [54,55],ȱ particularlyȱ outsideȱ theȱ industrialȱ farming.ȱ
Nevertheless,ȱaȱroughȱestimateȱmayȱbeȱattempted.ȱIfȱaȱDmȱǃȱ0.80ȱwouldȱbeȱrequired,ȱchickensȱshouldȱ
beȱ rearedȱ aboveȱ 180ȱ dȱ ofȱ age.ȱ However,ȱ postponingȱ theȱ ageȱ forȱ saleȱ couldȱ beȱ economicallyȱ
questionableȱbecauseȱofȱadditionalȱcosts.ȱ

Selectionȱ toȱ increasedȱ BWȱ atȱ differentȱ agesȱ andȱ improvedȱ performancesȱ hasȱ beenȱ widelyȱ
evaluatedȱinȱcommercialȱlinesȱandȱheritabilityȱofȱtheȱgrowthȱcurveȱparametersȱshowsȱtoȱbeȱmoderateȱ
toȱhighȱ[24,26,52,56].ȱAȱbreedingȱstrategyȱtoȱmodifyȱtheȱgrowthȱcurveȱand,ȱultimately,ȱDmȱisȱfeasible.ȱ
InȱsomeȱslowȬgrowingȱchickens,ȱsexȱdifferencesȱfirstȱoccurȱfromȱ14–21ȱdȱofȱageȱ[23].ȱInȱchicksȱofȱBSȱ
andȱBP,ȱtheȱactualȱweightsȱdivergeȱafterȱ2ȱwȱandȱ4ȱwȱbetweenȱbreedsȱandȱsexes,ȱrespectively;ȱtheȱlagȱ
timeȱ startsȱ toȱ highlightȱ differencesȱ fromȱ 2ȱwȱ ofȱ ageȱ onwards.ȱ Itȱ isȱworthȱ investigatingȱ theȱ realȱ
usefulnessȱ ofȱ thisȱ parameterȱ asȱ aȱ selectionȱ criterionȱ becauseȱ theȱ earlyȱ growthȱmayȱ beȱ usefulȱ inȱ
assessingȱtheȱgrowthȱpotentialȱ[56].ȱ

Inȱlocalȱbreeds,ȱsustainabilityȱofȱaȱselectionȱprogramȱmustȱbeȱcarefullyȱassessedȱ[57].ȱSelectionȱ
decreasesȱ effectiveȱpopulationȱ size,ȱ soȱaȱ conservationȱprojectȱneedsȱ aȱpreciseȱ strategyȱ toȱ restrainȱ
inbreeding,ȱ firstȱ [4,6].ȱ Selectionȱ wouldȱ emphasizeȱ sexualȱ dimorphismȱ inȱ growth,ȱ feedingȱ
requirementsȱandȱDmȱatȱslaughterȱageȱbecauseȱgrowthȱrateȱandȱTipȱareȱcontrolledȱinȱpartȱbyȱdifferentȱ
genesȱinȱmalesȱandȱfemalesȱ[52].ȱ

Selectionȱ couldȱalsoȱmodifyȱ theȱadaptationȱ toȱ lowȱ inputȱ rearingȱ systems,ȱwhichȱ isȱ theȱmainȱ
conservationȱvalueȱofȱtheȱlocalȱbreedsȱandȱpositivelyȱaffectsȱrearingȱperformance.ȱTheȱBSȱandȱBPȱareȱ
wellȱadaptedȱtoȱtraditionalȱconditionsȱofȱruralȱareasȱandȱconserveȱabilityȱtoȱexploitȱfreeȱrangeȱ[8,9].ȱ
Asȱpreviouslyȱreported,ȱinȱpresenceȱofȱnovelȱstressȱandȱfearȱstimuli,ȱsuchȱasȱcratingȱassociatedȱwithȱ
transport,ȱtheȱheterophilȱtoȱlymphocyteȱratioȱshowedȱinȱtheȱBSȱandȱBPȱresultedȱmoreȱconstantȱthanȱ
theȱIsaȱBrownȱstrainȱ[10].ȱ

Asȱanȱalternativeȱtoȱselectionȱandȱinȱabsenceȱofȱparentageȱinformation,ȱaȱmatingȱschemeȱbasedȱ
onȱmolecularȱrelationshipȱisȱcurrentlyȱbeingȱcarriedȱoutȱoverȱsomeȱconsecutiveȱgenerationsȱofȱtheȱBPȱ
breedȱ [16].ȱ Investigationȱ isȱ stillȱ inȱ progress,ȱ butȱ theȱ hypothesisȱ isȱ thatȱ theȱ decreaseȱ ofȱ progenyȱ
inbreeding,ȱinȱbothȱfemalesȱandȱmales,ȱcouldȱanticipateȱTipȱandȱincreaseȱgrowthȱrateȱandȱBWipȱ(Tipȱ
andȱMGRƿPȱareȱnotȱcorrelated).ȱTheȱDmȱshouldȱincreaseȱwithȱnoȱadditionalȱcosts.ȱTheȱmathematicalȱ
modelsȱmayȱalsoȱprovideȱsuitableȱinformationȱtoȱoptimizeȱmanagementȱ(environmentalȱconditions,ȱ
diet)ȱandȱevaluateȱeffectsȱonȱcarcassȱcomponentsȱandȱmeatȱqualityȱtoȱguaranteeȱaȱsourceȱofȱnicheȱhighȱ
qualityȱfoodȱ[19,20,47,48,55,58].ȱ
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Inȱ synthesis,ȱ improvementȱofȱperformanceȱatȱageȱ forȱ saleȱwouldȱbeȱveryȱprofitableȱ inȱ slowȬ
growingȱlocalȱbreeds;ȱnevertheless,ȱanȱapproachȱbasedȱonȱmatingȱschemeȱtoȱbringȱinbreedingȱunderȱ
controlȱcouldȱbeȱtheȱmostȱproperȱwayȱtoȱattainȱthisȱobjective.ȱ

Aȱdetailedȱknowledgeȱofȱgeneticȱresourcesȱisȱusefulȱtoȱcarryȱoutȱprecisionȱlivestockȱbreedingȱandȱ
toȱestimateȱ theȱconservationȱvalueȱofȱ theȱ localȱbreedsȱ [57,59,60].ȱNonȬcodingȱanonymousȱmarkersȱ
(microsatellite,ȱSNP)ȱareȱusuallyȱrecommendedȱforȱbreedȱconservationȱpurposesȱ[61].ȱTheȱmolecularȱ
analysisȱusingȱmicrosatellitesȱshowsȱthatȱtheȱchickenȱbreedsȱofȱPiemonteȱretainȱaȱhighȱlevelȱofȱgeneticȱ
variationȱ [4].ȱAȱparticularȱ contributionȱ toȱ conservationȱvalueȱderivesȱ alsoȱ fromȱ candidateȱgenes,ȱ
whichȱareȱgenesȱexhibitingȱaȱfunction.ȱAssociationȱstudiesȱneedȱappropriateȱalgorithmsȱandȱaȱlargeȱ
wellȬplannedȱ sampleȱ thatȱ isȱ hardȱ toȱ achieveȱ fromȱ smallȱ localȱ populations.ȱ Nevertheless,ȱ anȱ
exploratoryȱinvestigationȱonȱtheȱextantȱvariationȱcouldȱbeȱuseful.ȱ

TheȱPAX7ȱgeneȱplaysȱaȱroleȱ inȱmyogenesisȱofȱskeletalȱmuscleȱandȱearlyȱdevelopmentȱandȱ itsȱ
polymorphismȱ isȱ associatedȱwithȱ growthȱ performanceȱ inȱ birdsȱ [62,63].ȱ PAX7ȱ polymorphismȱ inȱ
chickenȱisȱtheȱresultȱofȱaȱ31Ȭbpȱindelȱintoȱintronȱ3ȱ[28].ȱTheȱsequenceȱalignmentȱofȱtheȱEȱandȱFȱallelesȱ
withȱtheȱnewȱGȱalleleȱfoundȱinȱtheȱBSȱandȱBPȱrevealsȱtheȱexistenceȱofȱaȱminisatelliteȱregion;ȱtandemȱ
repetitionȱofȱtheȱ31Ȭbpȱunitȱgivesȱriseȱtoȱtheȱlengthȱvariationȱbasedȱonȱthreeȱunitsȱ(Eȱallele),ȱtwoȱunitsȱ
(Fȱallele),ȱandȱoneȱunitȱ(Gȱallele).ȱ

Inȱtheȱpresentȱinvestigation,ȱinformationȱonȱtheȱhypotheticalȱassociationȱofȱtheȱFȱandȱGȱallelesȱ
withȱdifferencesȱofȱgrowthȱpatternsȱisȱrestrictedȱtoȱtheȱfemalesȱofȱBP.ȱActualȱBWȱdifferencesȱbetweenȱ
genotypesȱstartȱafterȱ12ȱwȱofȱage.ȱTheseȱresultsȱareȱconsistentȱwithȱChangȱetȱal.ȱ[64],ȱwhoȱreportedȱ
thatȱtheȱexpressionȱofȱPAX7ȱisȱlowerȱduringȱchickenȱembryoȱphaseȱandȱitȱreachesȱtheȱhighestȱlevelȱinȱ
chicksȱatȱ8–10ȱwȱofȱage.ȱTheȱgeneȱexpressionȱcouldȱbeȱrelated,ȱalso,ȱtoȱtheȱgrowthȱrate.ȱInȱfact,ȱtheȱ
hybridȱ chickensȱ reportedȱ byȱZhangȱ etȱ al.ȱ [28]ȱ exhibitȱ theȱ associationȱwithȱBWȱ fromȱ 4ȱwȱ ofȱ ageȱ
onwards—thatȱisȱ8ȱwȱearlierȱthanȱtheȱBP.ȱAtȱ12ȱwȱofȱage,ȱtheyȱweighȱmoreȱthanȱ1300ȱg,ȱwhichȱisȱaȱBWȱ
thatȱtheȱBSȱandȱBPȱdoȱnotȱreachȱbeforeȱ14–18ȱw.ȱConsistentȱwithȱthisȱpattern,ȱtheȱestimatedȱBWȱatȱ180ȱ
dȱofȱtheȱBPȱhensȱshowsȱassociationȱwithȱtheȱPAX7ȱalleles,ȱevenȱifȱtheȱGompertzȱmodelȱexhibitȱpoorȱ
differences.ȱZhangȱetȱal.ȱ[28]ȱreportedȱthatȱtheȱalleleȱwithȱtheȱ31Ȭbpȱdeletionȱ(F)ȱ isȱassociatedȱwithȱ
disadvantageȱ forȱgrowth,ȱ carcass,ȱ andȱmeatȱqualityȱ traits,ȱwhereasȱ aȱ furtherȱdeletionȱofȱ alleleȱGȱ
exhibitsȱfavorableȱassociation.ȱTheseȱresultsȱandȱtheȱintronicȱlocationȱofȱtheȱminisatelliteȱstrengthenȱ
theȱhypothesisȱthatȱE,ȱF,ȱandȱGȱallelesȱareȱjustȱgeneticȱmarkers.ȱ

Asȱfarȱasȱweȱknow,ȱthisȱisȱtheȱfirstȱcontributionȱtoȱtheȱanalysisȱofȱvariationȱofȱtheȱPAX7ȱgeneȱinȱ
aȱslowȬgrowingȱbreed.ȱNewȱallelesȱmayȱbeȱidentifiedȱonȱtheȱlocalȱbreedsȱusingȱcandidateȱgenesȱinȱ
orderȱtoȱhaveȱcriteriaȱofȱconservationȱvalue,ȱthoughȱinformationȱonȱassociationȱwithȱproductionȱtraitsȱ
isȱlimited.ȱ

5.ȱConclusionsȱ

TwoȱdifferentȱformsȱofȱtheȱGompertzȱmodelȱprovidedȱusefulȱ informationȱonȱgrowthȱpattern.ȱ
Managementȱsystemȱbeingȱequal,ȱtheȱmodelȱparametersȱshowȱthatȱtheȱBSȱbreedȱisȱmoreȱlateȬmaturingȱ
(lagȱtime,ȱTip,ȱDm)ȱandȱattainsȱhigherȱBWȱ(BWip,ȱBWa)ȱthanȱtheȱBP.ȱInȱabsenceȱofȱanyȱprogramȱofȱ
geneticȱimprovement,ȱtheȱBSȱandȱBPȱareȱtwoȱpopulationsȱwithȱdistinctȱcharacteristics.ȱ

UsingȱBWa,ȱBWip,ȱTip,ȱandȱMGRȱasȱcriteria,ȱtheȱcomparisonȱwithȱseveralȱbreeds/linesȱshowsȱ
thatȱtheȱBSȱandȱBPȱareȱcloseȱtoȱtheȱunselectedȱbreeds.ȱAmongȱtheȱItalianȱlocalȱpoultry,ȱtheyȱareȱslowȱ
growing,ȱwithȱanȱintermediateȱsizeȱbetweenȱheavyȱandȱlightȱchickenȱbreeds.ȱ

Inȱsmallȱsizeȱpoultryȱpopulation,ȱaȱdelicateȱbalanceȱbetweenȱpreservationȱofȱbiodiversityȱandȱ
performanceȱ improvementȱ shouldȱ beȱ considered.ȱ Improvementȱ ofȱ performancesȱwouldȱ beȱ veryȱ
profitableȱ inȱ slowȬgrowingȱ chickenȱ breeds;ȱ nevertheless,ȱ selectionȱ wouldȱ increaseȱ inbreeding,ȱ
emphasizeȱgrowthȱsexualȱdimorphism,ȱandȱmodifyȱtheȱadaptationȱtoȱlowȱinputȱenvironment,ȱwhichȱ
isȱtheȱmainȱconservationȱvalueȱofȱtheȱlocalȱbreeds.ȱAnȱapproachȱbasedȱonȱmatingȱschemeȱtoȱbringȱ
inbreedingȱunderȱcontrol,ȱanticipateȱTip,ȱ increaseȱgrowthȱrateȱandȱBWip,ȱandȱ improveȱDmȱ isȱ theȱ
mostȱproperȱwayȱtoȱimproveȱBPȱandȱBSȱbreedingȱsystems.ȱ

Inȱ localȱpoultryȱbreeds,ȱassociationȱstudiesȱareȱhardȱtoȱplanȱandȱ informationȱonȱ linkageȱwithȱ
productionȱ traitsȱ isȱ limited.ȱNevertheless,ȱ toȱ haveȱ additionalȱ criteriaȱ ofȱ conservationȱ value,ȱ newȱ
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allelesȱ shouldȱ beȱ identifiedȱ usingȱ genesȱ knownȱ toȱ beȱ candidateȱ forȱ growthȱ performancesȱ
improvement.ȱ

SupplementaryȱMaterials:ȱTheȱfollowingȱareȱavailableȱonlineȱatȱwww.mdpi.com/xxx/s1,ȱFigureȱS1:ȱCorrelationȱ
(r)ȱbetweenȱactualȱandȱestimatedȱbodyȱweightȱusingȱtheȱG1ȱ(solidȱline)ȱandȱG2ȱ(emptyȱline)ȱGompertzȱmodelsȱ
atȱdifferentȱageȱforȱtheȱBiancaȱdiȱSaluzzoȱandȱBiondaȱPiemonteseȱchickenȱbreeds,ȱFigureȱS2:ȱSequencesȱofȱtheȱPAX7ȱ
alleles,ȱTableȱS1:ȱGenotypingȱforȱPAX7ȱgeneȱpolymorphismȱbyȱcapillaryȱelectrophoresis,ȱTableȱS2:ȱCorrelationȱ
betweenȱtheȱdirectȱandȱderivedȱparametersȱofȱtheȱtwoȱformsȱofȱGompertzȱmodelȱ(G1ȱandȱG2)ȱestimatedȱonȱtheȱ
overallȱmalesȱandȱ femalesȱofȱ theȱBiancaȱdiȱSaluzzoȱandȱBiondaȱPiemonteseȱchickenȱbreeds,ȱTableȱS3:ȱGompertzȱ
modelȱgrowthȱcurveȱparametersȱ[27]ȱ(equationȱ1)ȱinȱotherȱbreeds/hybrids,ȱTableȱS4.ȱPAX7ȱalleleȱ(FȱandȱG)ȱandȱ
genotypeȱ (FF,ȱ FG,ȱGG)ȱ frequenciesȱ inȱ theȱBiondaȱPiemonteseȱ andȱBiancaȱ diȱ Saluzzoȱ chickenȱ breeds,ȱTableȱ S5:ȱ
Averageȱactualȱbodyȱweightȱ(g)ȱandȱgrowthȱcurveȱparametersȱofȱtheȱtwoȱformsȱofȱGompertzȱmodelȱ(G1ȱandȱG2)ȱ
estimatedȱonȱtheȱfemalesȱofȱBiondaȱPiemonteseȱdividedȱintoȱtheȱthreeȱPAX7ȱgenotypeȱgroupsȱFF,ȱFG,ȱandȱGG,ȱ
TableȱS6:ȱAverageȱactualȱbodyȱweightȱ(g)ȱandȱgrowthȱcurveȱparametersȱofȱtheȱtwoȱformsȱofȱGompertzȱmodelȱ
(G1ȱandȱG2)ȱofȱtheȱmalesȱofȱBiondaȱPiemonteseȱchickensȱduringȱtheȱgrowingȱphaseȱdividedȱintoȱtheȱthreeȱPAX7ȱ
genotypeȱgroupsȱFF,ȱFG,ȱandȱGG,ȱTableȱS7:ȱAverageȱactualȱbodyȱweightȱ(g)ȱandȱgrowthȱcurveȱparametersȱofȱtheȱ
twoȱformsȱofȱGompertzȱmodelȱ(G1ȱandȱG2)ȱofȱtheȱfemalesȱofȱBiancaȱdiȱSaluzzoȱchickensȱduringȱtheȱgrowingȱphaseȱ
dividedȱintoȱtheȱthreeȱPAX7ȱgenotypeȱgroupsȱFF,ȱFG,ȱandȱGG,ȱTableȱS8:ȱAverageȱactualȱbodyȱweightȱ(g)ȱandȱ
growthȱcurveȱparametersȱofȱtheȱtwoȱformsȱofȱGompertzȱmodelȱ(G1ȱandȱG2)ȱofȱtheȱmalesȱofȱBiancaȱdiȱSaluzzoȱ
chickensȱduringȱtheȱgrowingȱphaseȱdividedȱintoȱtheȱthreeȱPAX7ȱgenotypeȱgroupsȱFF,ȱFG,ȱandȱGG.ȱ
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Table S1. Genotyping for PAX7 gene polymorphism by capillary electrophoresis. 

PCR conditions 
Forwardȱprimer:ȱ5Ȃ-CTTGCTCCTTGCTCTGCATG-3Ȃȱ(6Famȱlabelled) 

Reverse primer: 5Ȃ-CAGACCCTCAGCACAACTCA-3Ȃ 

PCR mix (10 µl) 

DNA 50 ng 
dNTPs 0.50 mM 

each primer 0.2 mM 
HotStarTaq® DNA Polymerase1 0.75 U 

 95° for 10 min 

30 cycles 
95° for 1 min 
58° for 30 sec 
72° for 30 sec 

Final extension 72° for 10 min 
Capillary electrophoresis equipment2 

Amplicon separation ABI PRISM® 310 Genetic Analyzer 
Allele sizing GeneScanȜȱ500ȱLIZȜȱdyeȱSizeȱStandard 

Genotype calling GeneMapper4.0 software  
1Qiagen, Hilden, Germany.  2ThermoFisher Scientific, Waltham, MA, USA. 

On a subsample of 20 chickens, the PCR protocol of Zhang et al. [28] was used to amplify the PAX7 fragment 
containing a polymorphic sequence which was reported to be a candidate marker in fast growing chickens. The 
amplicons were separated on 2.5% agarose gel and sequenced with the PCR primers using the BigDye 
Terminator v1.1 Cycle Sequencing Kit (ThermoFisher Scientific, Waltham, MA, USA). Sequencing was carried 
out on an ABI PRISM® 310 Genetic Analyzer (ThermoFisher Scientific, Waltham, MA, USA). The amplicon 
sequences were aligned against public databases using the MegaBlast platform [33]. The DNA region containing 
the polymorpohic sequence was identified on the reference sequence NC_006108.5 (PAX7 gene was annotated 
at position 4441852-4530024) and its structure was investigated. On the NC_006108 reference sequence, a new 
forward primer was designed near to the polymorphic sequence to obtain amplicons easy to separate by means 
of capillary electrophoresis. The new primer pair, PCR conditions, and capillary electrophoresis are described 
in Table S1 and was used to genotype all the chickens. 

Table S2. Correlation between the direct and derived parameters of the two forms of Gompertz model (G1 and 
G2) estimated on the overall males and females of the Bianca di Saluzzo and Bionda Piemontese chicken. breeds. 

 
Model G1 

Item BWa b k 
b +0.318 ***   
k ȭ0.527 *** +0.306 ***  

BWip (+1) +0.318 *** ȭ0.527 *** 
Tip +0.709 *** +0.246 *** ȭ0.812 *** 

BWs +0.829 *** +0.417 *** ȭ0.071 n.s. 

    
Model G2 

Item BWa O P 
O +0.663 ***   
P +0.619 *** +0.523 ***  

BWip (+1) +0.663 *** +0.619 *** 
Tip +0.808 *** +0.681 *** +0.113 n.s. 

BWs +0.791 *** +0.462 *** +0.921 *** 
not significant (n.s.) p > 0.05, * p < 0.05, ** p < 0.01, *** p < 0.001. 
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Table S4. PA
X

7 allele (F and G
) and genotype (FF, FG

, G
G

) frequencies in the Bionda Piem
ontese and Bianca di Saluzzo chicken breeds. 

Breed and gender 
F  
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H
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H
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Bianca di Saluzzo 
0.53 

0.47 
0.28 

0.47 
0.25 

0.46 
0.49 

n.s. 

Fem
ales 

0.55 
0.45 

0.32 
0.48 

0.20 
0.50 

0.49 
n.s. 

M
ales 

0.49 
0.51 

0.27 
0.46 

0.27 
0.43 

0.50 
n.s. 

Bionda Piem
ontese 

0.40 
0.60 

0.17 
0.47 

0.36 
0.47 

0.48 
n.s. 

Fem
ales 

0.40 
0.60 

0.13 
0.54 

0.33 
0.54 

0.48 
n.s. 

M
ales 

0.41 
0.59 

0.20 
0.41 

0.39 
0.41 

0.48 
n.s. 

H
o: observed heterozygosity. H

e: expected heterozygosity under random
 m

ating. n.s.: not significant departure of H
o from

 H
e (p  > 0.05 after 2000 random

isations). 



Table S5. Average actual body weight (g) and Growth curve parameters of the two forms of Gompertz model 
(G1 and G2) estimated on the females of Bionda Piemontese divided into the three PAX7 genotype groups FF, FG 
and GG. 

w 
Bionda Piemontese Females 

SEM p 
FF (n = 7) FG (n = 29) GG (n = 18) 

0 39.6 39.2 38.7 0.7 n.s. 
2 186 186 185 15 n.s. 
4 302 305 302 18 n.s. 
6 399 420 456 17 n.s. 
8 650 662 681 19 n.s. 
10 831 866 885 23 n.s. 
12 903 946 970 22 n.s. 
14 966 a 1039 ab 1073 b 24 * 
16 1037 a 1135 ab 1173 b 27 * 
18 1228 a 1373 ab 1399 b 41 * 
20 1300 a 1469 b 1484 b 43 * 
22 1419 1581 1604 51 n.s. 
24 1437 a 1677 b 1714 b 56 * 
26 1522 a 1754 b 1781 b 58 * 
28 1541 a 1778 b 1818 b 60 * 
30 1559 a 1816 b 1862 b 65 * 
32 1625 a 1827 ab 1881 b 66 n.s. 
      

Item Model G1 
BWa 1721 a 2030 ab 2094 b 92 * 

b 2.82 3.01 3.02 0.09 n.s. 
k 0.016 0.015 0.015 0.001 n.s. 

BWip 633 a 746 ab 770 b 34 * 
Tip 64.5 72.2 73.5 2.7 n.s. 
BWs 1449 a 1648 b 1683 b 50 * 
MGR 10.1 11.3 11.5 0.3 n.s. 
Dm 0.85 0.82 0.81 0.02 n.s. 
Item Model G2 
BWa 1809 2273 2212 108 n.s. 
O 3.9 8.6 7.1 1.2 n.s. 
P 10.86 11.85 12.03 0.34 n.s. 

BWip 665 836 813 40 n.s. 
Tip 67.0 80.4 76.8 3.1 n.s. 
BWs 1524 a 1734 b 1766 b 53 * 
Dm 0.85 0.79 0.80 0.20 n.s. 

Values are average on overall chickens; w: week of age; n: number of birds; common superscript letter= Waller-
Duncan test (p < 0.05) between genotypes; SEM= standard error of mean; p = p-value ANOVA test: not 
significant (n.s.) p > 0.05, *p < 0.05. For both models, the direct parameters are in the top of the table, the derived 
parameters are in the bottom. BWa: asymptotic body weight (g); b: shape parameter; k: coefficient of relative 
growth; BWip: body weight at inflection point (g); Tip: age at inflection point (d); BWs: body weight at the age 
of 180 d (g); MGR: maximum growth rate at inflection point (g/d); Dm (degree of maturity): BWs/BWa; O: lag 
time (d); P: absolute growth rate at inflection point (g/d). 

  



 

Table S6. Average actual body weight (g) and growth curve parameters of the two forms of Gompertz model 
(G1 and G2) of the males of Bionda Piemontese chickens during the growing phase divided into the three PAX7 
genotype groups FF, FG and GG. 

w 
Bionda Piemontese Males 

SEM p 
FF (n = 11) FG (n = 22) GG (n = 21) 

0 38.71 39.07 38.28 0.72 n.s. 
2 212 172 183 11 n.s. 
4 334 290 301 13 n.s. 
6 464 475 461 18 n.s. 
8 791 798 773 27 n.s. 
10 1079 1097 1052 35 n.s. 
12 1219 1239 1207 39 n.s. 
14 1352 1395 1362 43 n.s. 
16 1501 1544 1536 48 n.s. 
18 1690 1714 1718 56 n.s. 
20 1865 1803 1794 69 n.s. 
22 2078 2057 2053 75 n.s. 
24 2222 2200 2209 81 n.s. 
26 2320 2287 2322 77 n.s. 
28 2396 2375 2388 75 n.s. 
30 2469 2428 2464 75 n.s. 
32 2512 2456 2476 76 n.s. 
      
Item Model G1 
BWa 2824 2692 2760 92 n.s. 
b 3.16 3.28 3.27 0.05 n.s. 
k 0.014 0.015  0.015  0.000 n.s. 
BWip 1039 990 1015 33 n.s. 
Tip 81.9 77.5 80.7 2.1 n.s. 
BWs 2187 2170 2177 69 n.s. 
MGR 14.67 15.25 14.92 0.57 n.s. 
Dm 0.78 0.81 0.79 0.01 n.s. 
Item Model G2 
BWa 2981 2726 2831 75 n.s. 
O 12.8 12.1 13.0 1.3 n.s. 
P 15.6 15.9 15.4 0.5 n.s. 
BWip 1097 1003 1041 1.0 n.s. 
Tip 84.6 77.7  82.6 48 n.s. 
BWs 2271 2203 2225 3 n.s. 
Dm 0.75 0.82 0.79 0.02 n.s. 

Values are average on overall chickens; w: week of age; n: number of birds; SEM= standard error of mean; p = p-value 
ANOVA test: n.s., not significant. 
For both models, the direct parameters are in the top of the table, the derived parameters are in the bottom.  
BWa: asymptotic body weight (g); b: shape parameter; k: coefficient of relative growth; BWip: body weight at inflection 
point (g); Tip: age at inflection point (d); BWs: body weight at the age of 180 d (g); MGR: maximum growth rate at 
inflection point (g/d); Dm (degree of maturity): BWs/BWa; O: lag time (d); P: absolute growth rate at inflection point (g/d). 

 



Table S7. Average actual body weight (g) and growth curve parameters of the two forms of Gompertz model 

(G1 and G2) of the females of Bianca di Saluzzo chickens during the growing phase divided into the three 

PAX7 genotype groups FF, FG and GG. 

w 
Bianca di Saluzzo Females 

SEM p 
FF (n = 14) FG (n = 23) GG (n = 9) 

0 38.33 38.37 41.09 0.88 n.s. 
2 129 141 153 10 n.s. 
4 236 239 234 13 n.s. 
6 385 367 339 16 n.s. 
8 633 587 583 24 n.s. 
10 822 761 766 35 n.s. 
12 905 857 885 38 n.s. 
14 1020 976 1000 39 n.s. 
16 1134 1093 1124 44 n.s. 
18 1319 1266 1293 52 n.s. 
20 1470 1415 1448 61 n.s. 
22 1634 1560 1626 68 n.s. 
24 1737 1669 1708 74 n.s. 
26 1783 1754 1807 72 n.s. 
28 1835 1820 1853 68 n.s. 
30 1850 1878 1904 71 n.s. 
32 1883 1838 1886 73 n.s. 
      

Item Model G1 
BWa 2222 2219 2035 88 n.s. 

b 3.33 3.34 3.26 0.10 n.s. 
k 0.014 0.015 0.014 0.000 n.s. 

BWip 817 816 749 32 n.s. 
Tip 85.9 86.1 85.8 4.0 n.s. 
BWs 1676 1675 1527 52 n.s. 
MGR 11.5 11.6 10.4 0.5 n.s. 
Dm 0.76 0.77 0.76 0.02 n.s. 
Item Model G2 
BWa 2317 2581 2616 214 n.s. 
O 12.2 15.7 14.2 2.5 n.s. 
P 11.2 12.1 12.1 0.6 n.s. 

BWip 852.5 949.6 962.3 78.9 n.s. 
Tip 89.7 96.0 96.2 6.7 n.s. 
BWs 1684 1793 1734 69 n.s. 
Dm 0.7 0.7 0.7 0.03 n.s. 

Values are average on overall chickens; w: week of age; n: number of birds; SEM= standard error of mean; p = 
p-value ANOVA test: n.s., not significant. For both models, the direct parameters are in the top of the table, the 
derived parameters are in the bottom. BWa: asymptotic body weight (g); b: shape parameter; k: coefficient of 
relative growth; BWip: body weight at inflection point (g); Tip: age at inflection point (d); BWs: body weight at 
the age of 180 d (g); MGR: maximum growth rate at inflection point (g/d); Dm (degree of maturity): BWs/BWa; 
O: lag time (d); P: absolute growth rate at inflection point (g/d). 

  



Table S8. Average actual body weight (g) and growth curve parameters of the two forms of Gompertz model 
(G1 and G2) of the males of Bianca di Saluzzo chickens during the growing phase divided into the three PAX7 
genotype groups FF, FG and GG. 

w 
Bianca di Saluzzo Males 

SEM p 
FF (n = 14) FG (n = 20) GG (n = 13) 

0 39.8 40.3 38.8 4.0 n.s. 
2 170 146 162 26 n.s. 
4 250 251 267 37 n.s. 
6 402 378 436 55 n.s. 
8 676 647 692 82 n.s. 
10 954 925 979 111 n.s. 
12 1122 1095 1166 129 n.s. 
14 1257 1240 1282 140 n.s. 
16 1415 1415 1440 158 n.s. 
18 1626 1653 1642 182 n.s. 
20 1797 1801 1827 210 n.s. 
22 2003 2037 1961 217 n.s. 
24 2192 2229 2187 238 n.s. 
26 2363 2360 2365 255 n.s. 
28 2455 2421 2469 267 n.s. 
30 2564 2505 2532 271 n.s. 
32 2608 2548 2548 275 n.s. 
      

Item Model G1 
BWa 3158 3038 3039 361 n.s. 

b 3.64 3.39 3.68 0.4 n.s. 
k 0.014 0.013 0.014 0.002 n.s. 

BWip 1161 1117 1118 133 n.s. 
Tip 96 95 95 12 n.s. 
BWs 2239 2144 2202 233 n.s. 
MGR 15.6 14.4 15.4 1.7 n.s. 
Dm 0.73 0.72 0.73 0.08 n.s. 
Item Model G2 
BWa 3320 3315 3557 418 n.s. 
O 20.9 18.5 23.7 3.7 n.s. 
P 16.2 15.2 16.1 1.8 n.s. 

BWip 1221 1220 1308 154 n.s. 
Tip 98 100 107 13 n.s. 
BWs 2326 2272 2323 248 n.s. 
Dm 0.71 0.70 0.67 0.08 n.s. 

Values are average on overall chickens; w: week of age; n: number of birds; SEM= standard error of mean; p = 
p-value ANOVA test: n.s., not significant. For both models, the direct parameters are in the top of the table, the 
derived parameters are in the bottom. BWa: asymptotic body weight (g); b: shape parameter; k: coefficient of 
relative growth; BWip: body weight at inflection point (g); Tip: age at inflection point (d); BWs: body weight at 
the age of 180 d (g); MGR: maximum growth rate at inflection point (g/d); Dm (degree of maturity): BWs/BWa; 
O: lag time (d); P: absolute growth rate at inflection point (g/d). 



 

Figure S1. C
orrelation (r) betw

een actual and estim
ated body w

eight using the G
1 (solid line) and G

2 (em
pty line) G

om
pertz m

odels at different age for the Bianca di Saluzzo and 
Bionda Piem

ontese chicken breeds. V
alues w

ere obtained for each w
k on the overall sam

ple. 
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Figure S2. Sequences of the PA
X

7 alleles. A
llele E w

as found by Zhang et al. [28]. A
llele F w

as found by Zhang et al. [28] and in the present investigation. A
llele G

 contained a T 
deletion and w

as found in the present investigation only. The sequences w
ere aligned on the G

enBank sequence N
C

_006108.5. 
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