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　　Recently, severalcomputerpackageshave

beendevelopedtoaccomplishproblemsrelated

tomixedmodelinanimalbreeding.Specialsoft-

wareforestimationofvariancecomponentsand

predictionofgeneticmeritsarebasicallyneeded

forgeneticevaluationandselectionprogram.Al-

thoughtherearesomepackagesavailableonthe

internet, however, mostofthemarecommercial

orunfriendlytobeused.Thelistsofrecentsoft-

wareavailableontheinternetareshowninTab.1.

　　Mostsoftwareisfreelicense(mostlyforac-

ademicpurpose)withopen-sourcecode, howev-

er, UNIXisamainplatform.Todevelopsuch

program towindowsplatform requiresspecific

compiler.Generally, datapreparationandwrit-

ingcontrolfileneedparticularmanagement.

1　BLUPF90-PigPAK

ThemainobjectiveofBLUPF90-PigPAKis

toutilizemodelsgenerallyusedinswinegenetic

evaluationwithauserfriendlygraphicinterface

forPCandWindowsusers.Usingpowerfulfea-

turesfrom BLUPF90, PigPAK canperform a

widerangeofgeneticevaluationfunctions.Pig-

PAKcanestimatevariancecomponentsusing

REMLandperformBLUPbreedingvalueanaly-

sisfromlinearmixedmodelsincludingrandom

animaleffectsasadditivegeneticandpermanent

environmenteffect.

“BLUPF90-PigPack” isrunusingMicrosoft

EXCEL.Itmanagesgeneticevaluationusinga

wizardinterfacewhichallowsyoutocreatea

VCEandBLUPreportinfivesteps.Onlyper-

formancedataandpedigreesarerequired.Itwill

automaticallyrenumbertheanimalsandcount

thenumberofeffectsinthemodel.Mate(or

servicesire)effectsforreproductiveevaluations

andlittereffectsforgrowthevaluationcanbein-

cludedindatafilewithalpha-numericformat.



Tab.1　Recentsoftwarerelatedtomixedmodelimanimalbreeding

name details

ASREML

　

　

Statisticalsoftwaredesignedforfittingmixedmodelsforlargedatasets.Containscommentedcodefor

univariateandmultivariateanalysisincludinglongitudinalandspatialanalysis.

http://uncronopio.org/asreml/homepage

DFREML

　

　

Variancecomponentestimationsoftwareforanimalbreeding.Restrictedmaximumlikelihoodthrough

aderivate-freemethodwasdevelopedbyKarinMeyer.

http://agbu.une.edu.au/ ～ kmeyer/dfreml.html

BLUPF90 /

REMLF90 /

GIBBSF90

Animalbreedingsoftwarepackageusefulforanimalgeneticevaluation.Predictionofbeedingvalue

byBLUPandestimationofvariancecomponentsbyREMLandBayesian(Gibbssampling)areall

available.

http://nce.ads.uga.edu/ ～ ignacy/programs.html

PIGBLUP

　

BLUPsoftwareforgeneticselectionforswine.

http://abri.une.edu.au

VCE/PEST

　

　

VCEsoftwarehasbeendevelopedbyGroeneveldforestimationofvariancecomponents.Document

relatedtopredictionofbreedingvaluebyPESTisalsoavailable.

http://www.tzv.fal.de/～ eg/

MTDFREML

　

　

ProgramsweredevelopedbyKeithBoldmanandDaleVanVleck.Debuggingsupporthavealsobeen

providedbyLisaKrieseandCurtVanTassell.

http://www.aipl.arsusda.gov/curtvt/mtdfreml.html

AftervariancecomponentestimationorBLUPa-

nalysisisperformed, PigPAKwillcreateaBV

reportusingtheoriginalanimalID.Userscan

keepdatafilesandprogram filesseparately,

howeverdirectoriesmustbespecifiedpriortoa-

nalysis.BVreportswithaccuracyforuptofour

traitsareavailable.

“BLUPF90” andrelatedprogramswerede-

velopedinthelabofDr.IgnacyMisztalwiththe

purposeofprovidingcomprehensivecomputing

capabilitiestoproblemsrelatedtomixedmodels

inanimalbreeding.Seehttp://nce.ads.uga.

edu/ ～ ignacyfordetailsanddocumentation.

TheseprogramsaremostlywritteninFortran90

andhavealine-modeinterface.“PigPAK” isa

setofprogramsbranchedfrom “PCPAK” with

graphicaluserinterfaceforsimpleuseinWin-

dows.PigPAKwasdevelopedforthespecific

purposeofpiggeneticevaluation, andpartsof

programsintheBLUPF90 familyareavailable,

whichare:

BLUPF90:BLUP estimation using PCG

method.

REMLF90:Variancecomponentestimation

usingREMLbyEMalgorithm.

AIREMLF90:Variancecomponentestima-

tionusingREMLbyAIAlgorithm.

RENUMMAT:Renumberprogramforcrea-

tingdatafileandadditivepedigreewithanimal

IDinordernumber.

ACCF90:ApproximateaccuracyofBLUP

solutionsfordirect, maternalandmultipletrait

models.

Allprogramswerecompiledseparatelyun-
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derMicrosoftWindowsusingVisualFortranver-

sion5.1.Userscanrunallprogramsseparately

usingMS-DOSpromptorfromthemenuinPig-

PAK.Thisallowsuserstocreateallparameter

filesandBLUPreportswithapoint-and-clickin-

terfacewritteninVisualBASICforMS-EXCEL.

2　Specification

PigPAKrequiresWindows95/98/ME/XP/

2000 environmenttoinstallandExcel98/2000/

XPforrunningapplications.Italsorequiresat

least32 MBofmemoryand5 MBofdiskspace

forstoringprograms.

ForBLUPandvariancecomponentestima-

tion, BLUPF90 andREMLF90 supportsingle

andmultipletraitmodelssuchasanimalmodel,

repeatabilitymodel, maternal, dominance, and

randomregressionmodelwithmissingvaluesac-

countedforanddifferentmodelsforeachtraital-

lowed.AIREMLF90 maynotsupportsomemod-

elsandsomeparticulardatastructures.ACCF90

isanapproximationthatworkswithrepeatability

andmaternalmodels.

WiththePigPAKwizardinterface, howev-

er, thesingletraitoptionwillsupportonlysim-

pleanimalandanimalwithPEmodel.Multiple

traitoptionswillsupportuptofourtraits.Re-

portswithaccuracyareavailableonlyforsingle

traitandmultipletraitmodels.Variancecompo-

nentestimationbyREMLorAIREMLisstilla-

vailable.

3　Modeldescription

Thefollowingwillprovidemoredetailsof

modelsthatcanbeusedintheanalysis.

3.1　Basicanimalmodel
PigPAK includesabasicanimalmodel

whichallowsanimalsinthedataandanimalsin

thepedigreetobeincludedintheanalysisso

thatallknownrelationshipscanbetakeninto

account.Othereffects, fixedandrandom, can

beincludedforcomprehensiveuseofmixed

modeltechnology.Fixedeffectsusedinthe

modelcanbefittedascross-classifiedvariables

andcovariates.Combinationsoffixedeffects

suchasherd-year-seasoncanbeperformeddur-

ingtheanalysis, therefore, noadditionaldata

preparationisrequired.Normally, alltraitsana-

lyzedwithPigPackshouldbecontinuousrather

thanordinalscaleforproperuseinthelinear

mixedmodelanalysis.Modelswithasinglere-

cordperanimalsuchasgrowthtraitscanbeana-

lyzedusingthebasicanimalmodelasfollows:

y=Xβ +Za+ε, andV
a

ε
=

Aσ2
α　0

0　Iσ2
e

,

whereyisvectorofresponsevariable, β isvec-

toroffixedeffects, aisvectorofrandomaddi-

tivegeneticeffects, εisvectorofrandomresidu-

al, XandZareincidentmatricesrelatedtofixed

andrandomeffects, Aisnumeratorrelationship

matrix, σ2
αisadditivegeneticvariance, andσ2

e

isresidualvariance.

ToperformBLUP, HendersonsMMEcan

bewrittenas:

XX′　X′Z

Z′X　Z′Z+αA
-1

β

a
=

X′y

Z′y
, whereα=

σ
2

e

σ2
α

.

3.2　Repeatabilitymodel
Ifmultipleparityrecordsareavailable, the

permanentenvironmenteffectduetotheanimal

needstobetakenintoaccount.Ifmateeffect

fromsireorlittereffectfordamisavailable, it

willbeaccountedasrandomeffectasmodelde-

scribedbyChenetal[ 1] .Fittingpermanenten-

vironmenteffectasuncorrelatedrandomeffects

isgenerallyusedingeneticevaluation.The
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modelforanalysisis:

y=Xβ +Za+Wc+ε, andV
a

c

ε

=

Aσ2
α　0　0

0　Iσ
2
c　0

0　0　Iσ2
e

,

whereyisvectorofresponsevariable, β isvec-

toroffixedeffects, αisvectorofrandomaddi-

tivegeneticeffects, cisvectorofrandomperma-

nentenvironmenteffects, εisvectorofrandom

residual, X, W andZareincidentmatricesre-

latedtofixedandrandomeffects, Aisnumera-

torrelationshipmatrix, σ
2
aisadditivegeneticva-

riance, σ2
cisrandompermanentenvironmentva-

riance, andσ2
eisresidualvariance.

ToperformBLUP, HendersonsMMEcan

bewrittenas:

X′X　X′Z　　　　X′W

Z′X　Z′Z+αA
-1
　Z′W

W′X　W′Z　　　 W′W +νI

β

a

c

=

X′y

Z′y

W′y

, whereα=
σ

2

e

σ2
α

, ν=
σ

2

e

σ2
c

.

3.3　 Multi-traitmodel
PigPAKcanalsoperformmulti-traitanaly-

sis.Estimationofgeneticcorrelationsamong

traitsandmultivariateBLUPanalysiscanbeac-

complished asmodelused in NSIF
[ 2]

and

NSR[ 3] .However, forgraphicuserinterface,

notgreaterthan4 traitsareavailable.Toper-

formbeyondthis, parametereditingisrequired

anddotheanalysisfrommenuBLUP>Useold

parameters. Multi-traitanalysis can perform

modelwiththesamesinglerecordsorsamere-

peatedrecords, anddifferentmodelwithsingle

andrepeatedrecords.Thefollowingisbivariate

modelwiththesamesinglerecord:

y1

y2
=

X1　0

0　X2

β1

β2

+
Z1　0

0　Z2

a1

a2
+

ε1

ε2
,

V
ai

ei
=

G A　　0

　0　　R I
,

whereisvectorofresponsevariablefortraity1
andy2 , β 1 , β 2 isvectoroffixedeffects, α1 , α2 is

vectorofrandomadditivegeneticeffects, ε1 , ε2
isvectorofrandomresidual, X, W andZarein-

cidentmatricesrelatedtofixed andrandom

effects, Aisnumeratorrelationshipmatrix, Gis

matrixofdirectgeneticvariance-covariancefor

trait1 and2, Rismatrixofresidualvariance-

covariancefortrait1 and2.

3.4　Samplingvariance
IfAIREMLoptioninPigPAKisperformed,

samplingvarianceforeachvariancecomponents

canbecalculated.Therefore, standarderrorfor

heritabilitycanbeapproximatedusingLynch

andWalsh[ 4] asfollows:

Var(
σ2

α

σ2
t

)=(
σ2

α

σ2
t

)2

Var(σ
2

α)

(σ2
α)

2 +
Var(σ

2

t)

(σ2
t)

2 +
2cov(σ

2

α, σ
2

t)

(σ2
α)(σ

2
t)

　　Then, 　 SE(h2)= Var(
σ2

α

σ2
t

)

　　Inaddition, formultitraitanalysis, stand-

arderrorforgeneticcorrelationcanbeapproxi-

matedasfollows:

Var(r)=(r
2
)=(r)

2
[
Var(σ2

i)

4(σ
2
i)

2 +
Var(σ2

j)

4(σ
2
j)

2 +

Var(σij)

4(σij)
2 +

2cov(σ2
i, σ

2
j)

4(σ
2

i)(σ
2

j)
+
2cov(σ2

i, σij)

2(σ
2

i)(σij)
+

2cov(σij, σ
2
j)

2(σij)(σ
2
j)

]

　　Then,

SE(r)= Var(r)

3.5　Howdoesprogramfunction
Afterinstallation, programsarestoredin

mainoruser-specifieddirectory, ie.C:/BLUPF

90-PP.Twosub-directoriesofexamplesand

helpsarealsocreated.Eachdirectorywillfind

thefollowingprogramsandfilesTab.2-Tab.4.
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Tab.2　Maindirectory

name type description
PigPAK.xls
　
　
　
　

XLS
　
　
　
　

-Maingraphicuserinterface.
-CreatingBLUPandREMLparameterfiles.
-CreatingBLUPandVCEreportinexcelformat.
-Creatinggenetictrend.
-ComputingBVandh

2
fortestdaymodel.

BLUPF90.EXE PROG -ComputingBLUPsolutions.

REMLF90.EXE PROG -EstimatingvariancecomponentsusingREMLwithEMalgorithm.

AIREMLF90.EXE PROG -EstimatingvariancecomponentsusingREMLwithAIalgorithm.
ACCF90.EXE PROG -ComputingapproximateaccuracyforBLUPsolutions.

RENUMMAT.EXE PROG -Renumberinganimalindataandpedigreefileinconsecutiveordernumber.

Tab.3　Examplesdirectory

name type description

LWDAT.PRN TXT -Datafileformodelanalysiswithsingletraitandmulti-traitwithrepeatedrecords.
LWPED.PRN TXT -PedigreefileforanalysiswithLWDAT.
LWDAT.FMT TXT -DescribecolumnnumberformatforLWDAT.PRN

Tab.4　Heplsdirectory

name type description
WHOSWHO.TXT TXT -AccreditforkeypersonsinvolvedinBLUPF90 family.
Manual-PP.PDF PDF -ManualforBLUPF90 PigPAK

　　Whenperformedtheanalysiswithwizard

interfaceinPigPAK.Allparametersenteredin

theformwillbekeptinparticularExcelsheets.

Theywillbewrittenwithcorrectedformataspa-

rameterfileforRENUMandBLUPF90 usingvis-

ualbasic.Batchfiletocalltheprogramwiththe

parameterisalsoneedtobecreated.VBinEx-

celhasspecificfunctiontooperateEXEfilein

thisbatchwithoutclosingtheExcelprogram.

Pedigreeandsolutionsfromtheanalysisareread

toExcelsheetstojoinbacktheoriginalanimal

ID, andalsogenetictrendwillbecreatedusing

chartfunctionifuserrequired.

DataandPedigreefilesusedinPigPack

mustbeASCIIorTEXTfile.Datamustbein

number, exceptforanimalID, Sire, Damand

MateorLittereffectthatcanbealpha-numeric

format.IfcreatefromExcel, saveasPRNfile

(textfiledelimitedwithspace)ispreferable

thanTabdelimitedorcommadelimited.

Ifanalyzingdataiskeptindifferentdirecto-

ryofprograms.Allexecuteprogramswillbe

copiedtothedatadirectoryforsimpleropera-

tion.Afteranalysis, afewfilewillbecreated,

whichcanbecopiedtonewnameifneed.

Supposetheoriginalfilesfortheanalysis

areLWDAT.PRNandLWPED.PRN, somead-

ditionalfiles(Tab.5)afteranalysis, mightbe

usefulforlateranalysis, someadditionalfiles:

Thedefaultforconvergenceis1d-08,

however, userscanchoosetheirownbyselecting

menu.

4　Conditionsofuse

BLUPF90-PigPAK isdistributed freeof

chargeforacademicandscientificuseunderthe

conditionthatitremainscopyrighted.Theuseof

anyapplicationsandcompiledprogramsfrom

PigPAKmustbecreditedinanypublicationsde-

rivedfromtheirusage.Forcommercialorgrant

projects, personalcommunicationoffurthera-

greementsisrequiredwithanyoftheauthors.

Thereisnoguaranteeforcorrectnessandthereis

noserviceforuserpurpose.However, specific
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Tab.5　Someadditionalfiles

name type description
RELWDAT.PRN TXT -Renumbereddatafile.
RELWPED.PRN TXT -RenumberedPedigreefile.
RENUM.PAR TXT -ParameterfileforprogramRENUMMAT.

RENUM.MSG TXT
-Logfilefromrenumbering.Describethelevelsoffixedandrandomeffectsafter

renum.

RENUM.PRN TXT
-Thedetailsfromrenumbering.Describehoweffectsarecombinedandreplica-

tionsofeacheffects.

BLUP.PAR TXT -ParameterfilesforREMLandBLUPanalysis
SOLUTIONS TXT -BLUPsolutionsfile.
SOLUTIONS VCE TXT -Thisfilekeepsvarianceestimationifperformed.

questions, constructivecriticismanddebugre-

portsareinvited.Pleaseemailtomonchai@

kku.ac.thorignacy@uga.edu.

BLUPF90-PigPAKhasbeenmadeavailable

onCD.However, theupdatedversionisavaila-

bleatBLUPF90 homepageatKKU, http://ag-

server.kku.ac.th/monchai.Thecompletepack-

ageprovidesprogramfiles, manualsandexam-

ples.Onlineregistrationisrequestedforfurther

breedingandgeneticgroupconnectionandto

updateversion information. The registration

pageforBLUPF90-PigPAKisalsoavailableat

BLUPF90 homepage.
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译文

动物育种中解决混合模型复杂计算问题的软件应用

MonchaiDAUNGJINDA
(DepartmentofAnimalScienceFacultyofAgriculture, KhonKaenUniversity, Thailand40002)

摘要:在动物育种和遗传选择的改良计划中应用的软件有很多个.本文描述了其中最常用的软件 , 并提出了有关软

件的改进建议.本文作者供职于泰国的 KhonKaen大学 ,可以免费提供其新开发的软件 , 需要该软件的请与作者联

系:monchai@kku.ac.th.

关键词:混合模型;计算软件;动物育种

　　最近 ,有数个软件包可以用于动物育种的混合

模型分析.对于遗传评估和选择方案来说 ,进行方差

组分估计和遗传性能预测需要特殊的软件.虽然有

些可以通过国际互联网下载 ,可是 ,多数这样的软件
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