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ABSTRACT

Genomic information is now useful to identify quantitative trait loci (QTL) which is associated with economic traits
as well as to predict genetic potential for individual in Animal Breeding Industry. Especially, genomic BLUP (gBLUP) is
one of the useful model to estimate genomic breeding value (gEBV) with genomic relationship matrix (GRM).
Genomic relationship matrix will be estimated from genomic information such as single nucleotide polymorphism
(SNP) which is similar to numeric relationship matrix estimated from pedigree information used in traditional BLUP.
The matrix defines the genetic covariance between individuals based on observed similarity using genomic
information, rather than on expected genetic similarity from pedigree. Therefore, gBLUP would be given to better
prediction accuracy in livestock breeding.
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O] A @ H 7} 22 polygenic Pl tholiAl = gBLUPE Ho] uf-9- 41401 7374 R ol shubel& & 5 Al ok
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Genomic Best Unbiased Linear Prediction (gBLUP) 2|

gBLUP X212 SNP-BLUP HEAH, {4V ol 1A = FantA <] E4te] 1127 %~5}3’— el 7Hdstel, 4
otA s g0k, T v ate] Feks A S5 1 R &, fdfddo e v AvEE e
Alell ekl 7Hgich

715291 BLUPRE2 74| o] @FAHRE o]8sto] 7AITE 74 -5-AHx, S numerator relationship matrix (A-matrix) &
AA51al o] 5 ol-83te] Z|A|Y] 52 B Ishk=t, gBLUPREolA = &0l obd 7iA|9] 522 <71 = Genomic
relationship matrix (G-matrix)E “3735>] BLUP X 2lo]| 2 |71t Habier et al., 2007). ©]Z0] 7Fs3t o]-fsms -4 A
= 918 BLUPRE2 o33t Zo] & 4= Q& Zolth XX + lamda*1, ©17]°4] X= B G0 Bxtol| th-85k= 7iA|19] &
Aot = X AHeoll=7NA9] B faardo] aatEo] Qlok. meba XX 7HA| 1392138 o] wAHE, Aks Ate] o] e
= BA T 4 9lom, o5 240l A-matrixOlA] Hojg= A7 H] SATARE AT} 22 glo] gt o] Qlet. o] thsiiA,
Habier (2007)= T} A=AV EAIGHA] Qhvizti, o] WS o]8ste] F7g0k= FaAlsE7e] A= Ted]
A-matrix 3 ¥ ATAIR Fgok= A o] 00] ofd Aotk Iaut RS Bt Aol HH, T<eo] ATAIE o]
L5to] =45 9% i] 7]-_4 A7} Aldli(generation) 7} X UH A FASH]| RolR]= 21 2RRIsH3t o]= Aldi7t A|u
A, uiAALe| o] ATHEFFEA RHA] B o dRIto|e} AdtE]e] Qli= A G E A4S 4 ¢l7] wlZol vk Habier
(2007)<] Aol A %ZF e ETRE SRS olEA o7, e HFY A 0= v JhdelA fASE 7] 40 7Hs
St Zlole) d71R] uie- ThdsHA AASE7HE FAY 4 Qe R 7]Ee] 483 0] li= ASReml software
(Gilmour et al., 2009)5 ©|-8s5}= Zlo]|c}. o7 ] oA “n”7H2] FrZFHreference population), EAFT} FHFS HH3H
animal 2] E&Y FHE ZrZx ] H(reference population, n) 2 A TH(selection population; q)0] Z&H “n+ q”2] -F-HA41E
A3 H(genomic relationship matrix)¥} &5te] gBLUP 22-& A7t ASReml A Z EQof= inverse G-matrix & <3
o 217 283k 4= gl om, o] Tt Pol= A A 0] 4T E A genetic co-variance) H B2 o] g5}o] HH] SE7}

2
£ FA5I} 2t g i AL ofgfjet 2t Clark and Vanderwerf, 2013).
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THA1] GRS oFR7] $lote] ARgAEe] AHFE ] illuminatte] genome studio X2 1383 A X514, plink plugin T2
IS A A s, H-8F A HlolE1E plink oA IATS 4 Q= input THU-S AFE 0 = AT 4= QU o o] T1F

Zro] T AL EQo}E A X|619 O H, genome studio AZE 07} QIAEE 4= Q)= * bse TZAE 1S A1 74| ] f-
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Figure 1. Flowchart for estimating of genomic estimated breeding value (gEBV) in ASREML
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. Data

B penncnv.atest zip 2013-02-24 ©%..  ALZip ZIP File 54,3358 ]

& plugin_cnv_analysis_universal_adapter_2.. 2013-02-24 23..  ALZip ZIP File 199K8 h files
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Figure 2. Setup of Genome studio and Plink plugin and Genome studio project file (*.bsc)
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Figure 3. Handling of lllumina Genotype data (*.bsc) file and genotype reshaping to Plink format
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Plinki= T8 -§02K8 422 217 ThE 4= Qe §-8 £Egofoleh. |A, plink v1 9% o} §-8% )5 5ol ol
oItk £, tH82k0] SNP Hlo]e] o] WEjE -8 ofa] Che G EA] 12 e} 5 e 4 ke TR Ak nput file) S
A TS 4= Qe -85 =2 oot Plink AR ofge] Zro]|X|of| A theRE 3 4= Qltk

http://www.cog-genomics.org/plink2

ofefjo] A3 H Ex= 716 HA plink o4 map 37} ped TS 22141, SNP Z B %(quality control) ~385H= F o] o]t

Plink1.9 --noweb --cow --ped SNP.ped --map SNP.map --hwe 0.001 --maf 0.01 --mind 0.4 --make-bed --out SNP

HgolE A 0]'71] th O}q SFRIHTIHH P value 0.001 ©]5}, minor allele 1%7]Tt, 18] 11 7HA| 2] missing -F-AAFE 0]
40%°1/3] o|%1== F/J(binary file)= SNPE}= o522 AAslel= e ojoltt. Hol=ol o
S ZpAIgE A2 offf met @‘:}.

Table 1. Basic command for SNP quality control in Plink

HEo] Ay

—-noweb o] oI5 gl F4] 2, plink7F web servers A% 27 Hoh. whebA] local = plinkS A 2|5t AR
o= o] 'l o101 plink”} webserverS: 2HA] 27| off &t

—cOW o] = o}= plink”} human base 2 50131 T2 510 B 2 defaltgt] human2] FAA4=21 23705HS 91415}
Al =] Qick. wEbA —cowd F Ol E AH8-5E] map fileol] Sl 429] 30719] AAAE 14 } | 5l =k

--ped ped fileZ ¢]o] Sol= HH o

--map map fileZ ¢]0] S0+ HH o]

—-hwe SHH-L}RIH 1 HIAE o]

--maf minor allele frequency

--mind 7HA L] A L FE(EF 30-40%, 12U /dH S 2 imputationS 445 ] wEe] E B8+ g

--make-bed GCTACA AHES & 211‘: binary file (bim, fam and bed)

plink.bed : binary file, 7RI R
plink.fam : 717 E(ped file®] #2671 &)
plink.bim : =g MAP file

--out output file (L F-2 245l T “1o) = AJsl F=rh

Plink1.9 --cow --bfile SNP(=filename) --recodeA --out SNP

9] PLINK HH o= $Jof|A] At At 5U5HH, * ped, * mapTte-2 24 UZHoHA] ot --bfile2 ©]-85HH * ped,
* map file & AF5 02 B2}& 4= Qlth 118]1, —recode A+ *.ped T 2] SNP 372} (genome studio top allele, AA, AT,
TT)< additive mode?1 0, 1, 2= A4 stek= g ojolrt. offjof] AIAHE R AT HEE o]-85to] GRME Akt | flaiAl=
* ped TH ©] 5-712F3d(genome studio top allele, AA, AT, TT 5)= 0, 1, 22 A s]of gt o]uf], 2|4 thE--Zminor
alleles)= T 22 coding 5H= Z10] AREAQI 1120 2 plink 2] --recodeA H 7T -F-A2F20, 1, 22 HEHS ~34Ict

offjof] AIA % R seriptZ} Q1A5h= A2 A= o] 2= ol 2] oA} o] B (row)olli= ZHAIE 7T 12| 3 D(column)
o= A E(SNP) FEl 2 A =|ofof FHTH(Table 2).
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Table 2. Genotype file Format to generate GRM using R-script

FID 1D PAT MAT SEX PHENO SNP1 SNP2 SNP3 SNP4
animal 1 animal 1 0 0 0 -9 0 0 0 0
animal 2 animal 2 0 0 0 -9 2 0 1 1
animal 3 animal_3 0 0 0 -9 0 0 0 0
animal 4 animal 4 0 0 0 -9 1 0 0 0
animal 5 animal 5 0 0 0 -9 0 0 0 0
animal 6 animal 6 0 0 0 -9 1 0 0 0
animal 7 animal 7 0 0 0 -9 1 1 0 0
animal 8 animal 8 0 0 0 -9 0 0 0 1
animal 9 animal 9 0 0 0 -9 1 0 0 0
animal_10 animal_10 0 0 0 -9 0 0 0 0
animal 11 animal 11 0 0 0 -9 0 0 0 0
animal_12 animal 12 0 0 0 -9 1 0 0 0
animal 13 animal 13 0 0 0 -9 1 0 0 0
animal 14 animal 14 0 0 0 -9 0 0 0 1
animal 15 animal 15 0 0 0 -9 0 0 0 0
animal 16 animal 16 0 0 0 -9 0 0 0 1
animal_17 animal_17 0 0 0 -9 0 0 0 0
animal_18 animal_18 0 0 0 -9 0 0 0 1
animal_19 animal 19 0 0 0 -9 1 0 0 1
animal 20 animal 20 0 0 0 -9 1 0 0 0
animal 21 animal 21 0 0 0 -9 1 0 0 0
animal 22 animal 22 0 0 0 -9 2 0 0 0
animal 23 animal 23 0 0 0 -9 0 0 0 1
animal_24 animal_24 0 0 0 -9 0 0 0 0
animal_25 animal 25 0 0 0 -9 2 1 0 0
animal_26 animal_26 0 0 0 -9 0 0 0 0
animal 27 animal 27 0 0 0 -9 0 0 0 0
animal 28 animal 28 0 0 0 -9 0 0 0 0
animal 29 animal 29 0 0 0 -9 0 0 0 0

Genomic Relationship Matrix (GRM) A4t (R 2 GCTA E-84))

R-scriptE ©-83F GRM At

219] genotype fileo] BFE0] O H, ofef|o] AT HEE o|-§5to] GRM= AltFet 4= Itk GRMO| tfgh 41491 A H =
Foni 5(2010)0] T3 =75 71517] vt R scripts A4517]of 9HA, scriptE A8st7| 918 Package S oFefjef Zo]
ARt}

source("https://bioconductor.org/biocLite.R")
biocLite("GeneticsPed")

install.packages("RColorBrewer")
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2lo] & o}= Roj|A] Adhste] T 7112 PackageS A7t}

data=read.table(""Data.raw",header=T)
library(MASS)
library(GeneticsPed)
M1l=data[-c(1,3,4,5,6)]
M=M1-1
pl=round((apply(M,2,sum)+nrow(M))/(nrow(M)*2),3)
p=2*(p1-0.5)
P = matrix(p,byrow=T,nrow=nrow(M),ncol=ncol(M))
Z = as.matrix(M-P)
= 1/(ncol(M)*(2*p1*(1-p1)))
G =7 %*% (D*(2))
write.table(G,"GRM.txt" ,row.names=F,col.names=F,quote=F,sep="\t")

colI=NA
col2=NA
col3=NA
for (i in 1:nrow(G)){
for (j in L:1){
coll=cbind(coll,1)
col2=cbind(col2,j)
col3=cbind(col3,G[i,j])
}

}
Gmat=cbind(t(col1),t(col2),t(col3))

row.names(Gmat)=c(0:(nrow(Gmat)-1))
GRMI1<-data.frame("col"=Gmat[-1,1],"row"=Gmat[-1,2],"G"=Gmat[-1,3])
write.table(GRM1,"GRM.grm",quote=F,row.names=F,col.names=F)

# GRM1-Z 2151o] ASREMLOJA AR§3 201 gict.

data<-read.table("Genotype data.txt",header=T,row.names=1,check.names=F)
Tdata<-t(data) # data frame= transposeTHCt
Tdata[1:5,1:5] # dimention-2 2}I5}1, A et

write.table(Tdata, Data.raw”,quote=F) # change the file names to Data.raw

Q9] R-ATHEE 0]85}0] GRMS AKlstd, £ 3719 4&
GRMZ 95 &= it} o] U3 Hol, 1394 Go] &S 115

[t

= 7 Utk FARE SAE2 ZIA 1D, 121 AR dS
7] vt

[¢]
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GCTA A£ZEo}E o83 GRM AWt
GCTAE VR EE o83t BFE ] F7 S f1et AL ESol 2 thgo] Zuo|x|ofA thez Esto] 2|7,
http://cnsgenomics.com/software/gcta/download.html

GCTA T2 7312 thesAm & vl w27 245 do] 9l.oH, 7| A3 H(genomic relationship matrix,
GRM)= ol-8sto] B840 708, 3V, A7, R4t & ot 245 SAlo 3 4
210, PLINK S} B 20 ol -5-851 4] mfj7]z]ot}. £5], PLINK |4 AlE-otA] ¢= S & (linear mixed model) 7|5 74
FRHAA ATREA] 7] AlFotal Qlo] B35t AL Sl o] family structure”t EXoEAY, 7153 Zol BRIt &3
OafiA RFEo17l ol A ARAA| AREA B FA ST A Aol Wi 851 B8 & 4= h& Aol 919 &
Ho|z]of| A 2135 the2 Tolo] A2t & ARg-SHH ‘ﬂr £73], GCTA £2ZEg]o}i= PLINK |4 TH={%] binary file
(* fam, * bim T12] 1 * bed)Z ¢14] T 4= lo] tl-85F SNP At&-5 PLINK oA 24-8 5 of| 2| A A5He] GCTA AZEY]
o9} 5ol H= mdS AT 4= ATt =, PLINKOIA] --make-bed 715 ©]-8-51] binary file= A8/J2F & GCTAIA €
b= A2 & 4= Stk WA, o]HH AoflA= GCTAONA] Genomic Relationship Matrix & A/d3H § o] & &-8-5}104, ASREML
oA FHASE7E F 0l E8ols FES A0S gith

i
H

II rZi

O

Plink1.9 --noweb --cow --ped SNP.ped --map SNP.map --hwe 0.001 --maf 0.01 --mind 0.4 --make-bed --out SNP

21l g ol= PLINK A 7] genome studio A E ool 4] A4HE SNP.ped, SNP.map TH-& 018 0}04 SHH-2fQ1H
Z1(P<0.001), minor allele frequency= 1%, 7HA|2] missing genotypes 40%°14%1 7HAIE A|A5H, B2 SNPE-2 binary
file(--make-bed) 2 AJAd5I2HL Sl= HHolct, 12|H, PLINK= A5-© &2 SNP.bed, SNP.fam 12]1 SNP.bim o4& A4
2ttt o2 A A% binary file= GCTAA] ¥obA] HEZ Genomic Relationship Matrix (GRM)E AJ/dst=t] AF&-%Ict.

gcta --bfile SNP --autosome --autosome-num 29 --make-grm-gz --out GRM

F1o] BF ot Aot offie] H(Table 3)2t L.

Table 3. Basic command for GRM in GCTA software

HEo] Ay

—-bfile o] o= GCTAIA| binary file (*.fam, *.bed, *.bim)& UXoh= FHololct. o] FHoIE ASET wie=
binary file?] o] &5 gol5H Hrt

--autosome o] & oli= GCTAE plinke} 2] 7&—4 HAAE A ololA] ghett. webA] s a3 MAE d2ste] SNP

--autosome-num O] map L& ETE o Tt A& 50, 49 s AMA = 2970t

--make-grm-gz genotype relationship matrixS- }‘gﬁﬁ}a}% FHol2A 5 HGAEPE R grm Y-S AL 12 F
S2 SlAISEAL grm text fileollA] asreml ©f|A] ©]-8-5l= W TF Fo} Ht,

--out output file (THLH-Z 2|5l FH T2 Al =h

1] GCTA BFolz Add GRMO| d=utde siAlshd, thadt 22 FHS GRM (GRM.gm)& & 4= lth
GRM.grm T}2-& GH 47119] B(column)©] Sh=Hl, & 17} 2+= 71419 ID, 123 4 3-2 GRM2 ALt o] A8 SNPE]
npREpe 2 A 4= A ARl AR A A Eo TSI 3lnt. T2 ASREMLOIA AR 21+ grm 1} A2 714 ]
IDQ1 & 1372 T8 AR F 49Fo] H @ she}. wbA] Figure 5] (B)2F 2] 1% *.grm file-2 W50 ASREMLOIA
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A SF7HE AR

A N
oIS SES LW 2 37
Data 2017-08-16 2= ItY =0
files 0M7-08-16 2% I EQH
Raw_data_file 08-16 2% I E0
& GRM.grm 08-14 2F .. ALZip GZ File 40KE
[ GrRm.grmid 2017-08-14 2% D I+ 2KB
Figure 4. GRM.grm.gz File )
/
ID1 D2 SNPs genetic relatedness ID1 D2 genetic relatedness
1 1 977 0.8868132 1 1 0.8868132
2 1 977 -0.07301488 2 1 -0.07301488
2 2 977 0.8973467 2 2 0.8973467
3 1 977 0.02997918 3 1 0.02997918
3 2 977 -0.01615922 3 2 -0.01615922
3 3 977 0.9936231 3 3 0.9936231
4 1 977 0.2615591 4 1 0.2615591
4 2 977 0.001614242 4 2 0.001614242
4 3 977 0.006016492 4 3 0.006016492
4 4 977 0.9318154 4 4 0.9318154
5 1 977 -0.05766611 5 1 -0.05766611
5 2 977 -6.37039E-05 5 2 -6.37039E-05
5 3 977 -0.02001707 5 3 -0.02001707
5 4 977 0.01732347 5 4 0.01732347
5 5 977 0.9753963 5 5 0.9753963
6 1 977 -0.05835773 6 1 -0.05835773
6 2 977 0.3838036 6 2 0.3838036
6 3 977 -0.009188062 6 3 -0.009188062
6 4 977 -0.04221586 6 4 -0.04221586
6 5 977 -0.05165938 6 5 -0.05165938
6 6 977 1.081062 6 6 1.081062
A) (B)
Figure 5. (A) GRM.grm File from GCTA and (B) final file fomat for *.grm for ASREML )

Figure 59] (A)TH Y& (B)TH 2 BI%hS floliAl= oo R- AT HEE S-8ot A B 4= Stk

data<-read.table("GRM.grm.gz" ,header=F ,check.names=F)
data2<-data[,c(1,2,4)]
write.table(data2,"GCTA_GRM.grm",quote=F,row.names=F,col.names=F,sep="\t")
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#E2 22 GRM mdo] B/J =], oF I R scriptE 501, 7iA| et 7HAITE] %‘ﬁl&ﬂl—% Heatmap= ©]-85to] Z124& o
k. ol o] ATHES A5, Figure 631 2 THS G o AL, ZiA | AAIES] SABAIE 21D 4= Utk

data<-read.table("GCTA_GRM.grm",header=F,check.names=F stringsAsFactors = F)
animal<-max(c(data[,1],data[,2]))
mat<-matrix(NA,ncol=animal,nrow=animal)
for (11in 1:nrow(data)){

mat[data[i,1],data[i,2]]<-data[i,3]

}

for (11in 1:nrow(data)){

mat[data[i,2],data[i,1]]<-data[i,3]

}

library(RColorBrewer)
hmcol <- colorRampPalette(brewer.pal(9, "GnBu"))(100)

heatmap(mat,symm=T,col=hmcol)

i

Figure 6. Heatmap of *.grm file generated by GCTA

.

\

ASREMLZ &89t -841857 "3(ASREML 2-84])

ASREML% o]85to] A4 S-E7 15 46k -2 71 BLUPH R - E LS, ot A matrixt4] $FoflA] 5
matrix S H2|oto] k= 29 ohE otk W], ASREMLO]| Q14]5k=37]9] mel-& A3/ oliof ghet. AA= * as T o]t
*.as Bl = ASREML2 A 5}2hs BH ol 52 olok dth(Figure 8). Z12]41 *.as WFUo] QIS 4= Q1= B 0] 7155
0] Q1= data.txt TFY 111 * grm LSS AASNOF St Data.txt Tl = Figure 73 2], A SJoll= animals (7§ ID),
qtl(7iAl=T), 1 G (year &) 1|2 HEA|RFO & FHYY 0 &2 F/dE|ojof g}, o 7]oflA] F 29 il ST+ sin(ATPHYY)

oM A B AXE oz gl e = A HoE A4 sfofit.

ARG

54 - Journal of Animal Breeding and Genomics Vol. 1, No. 1, 2017



Estimation of gEBV using gBLUP model

animals qtl year phenotype
animal_1 1 2004 604
animal 2 2 2004 732
animal 3 3 2004 582
animal 4 4 2004 627
animal 5 5 2004 585
animal 6 6 2004 699
animal 7 7 2004 610
animal_8 8 2004 583
animal 9 9 2004 604
animal 10 10 2004 570

Figure 7. Example of phenotype file used in ASREML

# GBLUP analyses
'WORK 5000 'NOGRAPH # work space S Ztgk<1 500002 47
Analysis of gBLUP using Hanwoo genotype data # 2}

animals |A

qtl 100 # 100018 A= ZA0]| o §E=7159] 4

year A # BLUP Lo TG 3} A= alphanumeric 02 H3 2=
phenotype # EAT 0|5, =A% 5

GCTA_GRM.grm INSD #R,GCTA®JA] A% * grm THY, INSD (negative semi demention)
phenotype_data.txt !SKIP1 INVREMOVE IMAXIT 1000

phenotype ~ mu year !r giv(qtl,1) # SAZE
Figure 8. Example of *.as file for ASREML software

Data.txt T}, * grm T4, 12|17 off@} o] * as THo] A& A] 79 1}el(data file, grm file 2|1 * as file)S
Figure 99} Zo] shite] Erjof] Y1l asreml& A ¥k

(=]
1111

Data L

files 2=

GRM 5 2=

Raw_data_file 201 s
B As_file 201 oH . 1KB
[ GeTa_GRM.grm 201 427 86KB
EL phenotype_data 2017-08-14 @F _ 3KB

Figure 9, Three input files used in ASREML running
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= o] At wtd(* sinye P& 5 ATk ATt sin)2 Aol et 3747, 122l ARGl thet Bt (mu)
L, 1A 8F T 0 ' FAEE ARG . Effect= 7HA|1 9] £57T 18]l seEffect= 7855 710] 240l o
7ol Level o] 2K AIE507 1,2,3,4 5)& data.txt A 2] qt1 ] T 9} U251, o] HGE 0]-85]0] 74| IDE FZ3tct.

( N
Model Term Level Effect seEffect
year 2004 0 0

year 2005 -26.65 16.36

mu 1 601.7 4.547
giv(qtl,1) 1 5.963 25.25
giv(qtl,1) 2 78.51 25.78
giv(qtl,1) 3 -21.86 25.82
giv(qtl,1) 4 17.68 25.62
giv(qtl,1) 5 -11.78 26.46
giv(qtl,1) 6 72.9 26.97
giv(qtl,1) 7 32.13 26.02
giv(qtl,1) 8 -17.55 26.35
giv(qtl,1) 9 -0.34 25.56
giv(qtl,1) 10 -23.7 2436
giv(qtl,1) 11 -16.97 26.85
giv(qtl,1) 12 49.1 29.48
giv(qtl,1) 13 -29.44 24.96
giv(qtl,1) 14 26.23 25.54
giv(qtl,1) 15 -53.55 26.48
giv(qtl,1) 16 -10.11 25.99
giv(qtl,1) 17 -24.41 25.59
giv(qtl,1) 18 -38.83 27.63
giv(qtl,1) 19 -53.19 27.73
giv(qtl,1) 20 -14.35 26.83
giv(qtl,1) 21 -41.38 28.54
giv(qtl,1) 22 -60.28 26.57
giv(qtl,1) 23 32.6 26.76
giv(qtl,1) 24 -20.51 27.24
giv(qtl,1) 25 -54.74 26.64
giv(qtl,1) 26 -8.285 25.47

Figure 10, ASREML * sIn file format which contain gEBV. Effect is gEBV and seEffect is SE of gEBV. year effect in

Model_term will be fixed effect estimated from BLUP model.
N J

O OF
|

1. GRM (genomic relationship matrix)= 73 o thd-5-712ke] Bl = of-¢ %_QLO}E]- 71 o] 8= HA A Q] matrix2] scale
= Z4sp7] wfliZo]h VanRaden©] A|Fet 2|%0] GRMOA = 712 Te] tiE7-742ke] H]—':-—E o]-gsto] GRM= 4
2ttt 124, 22 Forni et al. (2013)°]] 2J5}H base population 2] thE-3-4212] RIS Ao, @A Feke] thgd--d4t
QLS ARgoto e =4 2 vl fAksTh L Bt
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2. ASREM AIE ol 7157l A uf$- f-get T2 3o 2 Atk GRMO] THE0] A|H gBLUPRE-S 417 444
e e iolrt, offj o] Ao e e 4 Sl
http://www.vsni.co.uk/downloads/asreml

3. ASREMLOJA] gBLUP2 AHA, GCTAR} -2 AT E o} & o]t v]2] GRMS +/dstefoF gt 1211 ASREML
MM &F7F slkE 5171 915te] inverse S & = At GCTALZES o= offjo] FAo4 ther= g 4= 3l
http://cnsgenomics.com/software/gcta/#Download

AL AL
B P10 2205 ZPA|T] Bho] @ T2 1AFA(PI011842012017) 0 2 HE] ¢I1H]E 2| to} 43851351 o). A+
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