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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.

Keywords: Genomic Prediction, gBLUP, Genomic Relationship Matrix (GRM), Genomic Estimated Breeding
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Methods

Genomic Best Unbiased Linear Prediction (gBLUP) 2|
gBLUP 222 SNP-BLUP 294 H, F744/dol &0l Qle fdufre] #4to] 1EA] Fazskal Jlokal 7Hdste], f-2m}
7 EIHE FAot, 1 A Ete] 5 S| §371= 1= Stk &, )RRl fxn 7 AuEE S wAo)
AL 7HdEket
Z52]Ql BLUPRE-2 7iA2] @EAHE o]-g3to] 7WAI7E 54124 §-AHE, = numerator relationship matrix (A-matrix)E-
A5}l o] E o] g5lo] 7|2 - sE S k=t gBLUPEHojA & dEo| opd 79 -3-321ES 272 Genomic
relationship matrix (G-matrix)& 4A474J5to] BLUPE gl 23FA|ZIcHHabier et al., 2007). ©]Z210] 7Fsgt o]fsms -5 Al
< 9J5 BLUPE 2 e} Zho] £ 4= 912 Zlo|th XX +lamda*], o17]o|A X =& -ubA atol| th-3-5h= 7] &
olt}. & X ol = 72 & ARG o] 3E]of Qlot. mbA XX 70A| fAAFdS] Wbk, Alks Alolo] o2 &
Al 4=}, o5 Q4vofli= Amatrixol|A] HoiF= A7 H] EAUARYH 2} 22 gho] 3t o Qlek. ofof tiisiAl, Habier
(2007):= Rt ATHEHFTAT EAGHA] Frlett, o] HHE o]8ate] Fdehe FASE71e] A+ 5] A-matrix
AR F7gsh= 2l 2o 00] ofd Zlojt}, Ut HojdES Fot Bajol|A] B, Thes] FAWAE o] -&sto]
et fA8E71e] =7 At (generation)”H A[LRHA FAGHA| WokAlE Zig ERISHIT. o= Alt7h A LA, bl
o] ATEFFUAF NATA T o) Qldolet Ats]o] Q= RIS 4% 4= §l7] wio|th Habier (2007)<]
© EOE S22 olEA g, o)1 ZFF A o g mje Itk Al &S] 40| Zhssith= A
oltt. g7A] vl HSHA| A SZ7HE AT 4 Qe WL 7)o 48385 o] li= ASReml software (Gilmour et al,,
2009)5 o]-85H= Zloltt. of7]ollA] “n"7ie] R (reference population), EH Pt 58-S B35 animale] 333 4
HE 2 Hreference population, n) 2 A2 THselection population; g)°] 23 “n + "] Al 8 A¥H (genomic
relationship matrix)¥} #5to] gBLUP &S 4479t} ASReml AXES||o}= inverse GmatrixS S3HE ol 2| 288
4 lom o] gt o= A 7] 2] 373+ Hgenetic co-variance)¥H< o]-§sto] -4 5718 F7g3ITt

St WAl oot ZHrH(Clark and Vanderwertf, 2013).
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7iH12] 834 AR &HE (Genome studio 2 73 g8+

7NAle] Ak & o7 ] flete] ARgARe] AFE ol illuminaAle] genome studio™ = 18-S A |5k, plink plugin 271
S A A5, o8 7941 HlolEE plinkellA] QAR 4= Q= input T}AS 252 = AY/de 4= Ut ofefie] 15wt
Zo] &= A EQoj5 A5l O, genome studio AZE )7} QIAIE 4= Qli="*bsc ZRAE upl-g A1 7H| 2] fHF S

- ped, map e & 08
5 ing

Drala
- Binary file
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I Cenomefiadiah 200 ] g AL EGG File 41 h Dty

) oo v i A2 IF Fis [OEEL

st sy vl e 2 ALZyp P e 193 ) fles

O s, o ke, e 10139 ALzp I a0 A Rhiory

W o ke e 0Lz ALrg 20 e e
{8 s st s jeport 211 2 L7 2 Fi 2 €2 20150216, HW-Test LSH_BovineShpSa_17Bsamples sc

I Sy oo I Lt NAE R lid €3 20150206 HW-Test_LSH _BovineSNPSD_178simples 3341 BH15) b

Figure 2. Setup of Genome studio and Plink plugin and Genome studio project file (*.bsc)

Z2AEAS A W, ofzjel -2 ShHol HolA| &1, Analysis BiollA] Reports 82 94| =, Report Wizardsio]
Hel}. o] &5 2961 Genotyping reportio] &2j7] &1l o]Fol|A Custom reportE 226k =™ Plink plugin®] o]
| e}, ctha(Next)s 225kl FinishE 22514 =¥ *bsc 1t o] = FEiof] Plink Zt|7+ A8/3%| 1L 71 Qtoll Plink input
file (-ped, -map)e] FH=o] 21A] k.

Plink+ ti-8& 2G2S 47| thE 4 Q= 783 AT EQofo|th. FAY, plink v1.9+& oFF F-83t 7|5 S°] Hol
k. £3], tl&-39] SNP tlo]e 9] TEY F-2 o2 the 24 2 I} A5 4 Al ohddt A&t (input file)2 4
Al s 4 e -8 2ot Plink A X]+= of2fie] Zuo]x|oA ez T 4> itk

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

ofefje] A3 E= 751 plinkellA] map TFU ¥} ped T2 E2]A], SNP HE|™ (quality control)-& 4=35h= "g& o] o]t

8 « Journal of Animal Breeding and Genomics Vol. 4, No. 1, 2020



Estimation of Genomic Breeding Value using gBLUP model in ASREML : Practice of ASREML, PLINK, GCTAand R

kgt T Tt e TR T g G I|Um|na'

P M i i
Dria Fapon I % D

W Cuvime Rapor
| Pl inpan Repam 25 L Oy Bumera. inc drom Bumerd. inc - .
B4l
0 Ragort inpa Farameieny
angvrTire AT
Panlui= o amphihwphik LD Bk Fad

-----------

W RN N N B T R

Figure 3. Handling of lllumina Genotype data (*.bsc) file and genotype reshaping to Plink format

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

g0l 5 AeystA| EH, shrl-2kIH 13 P value 0.001 ]} minor allele 1% 9 12]31 7H4)|2] missing B-%1A}& o]
40%01/ Q) 7HAIES A7 EE Fol| o] 742 /g (binary file)& SNP2h= 0] 522 A/dstzh= Hgiofolth. ol Sol digh
ApAGE A2 o2l et At

Table 1. Basic command for SNP quality control in Plink

kel ek
-noweb  ©] PHo|E o] Fx] gkow plink’} web serverS Al 2| Hok webA] local 2 plinks: AX|5H0] AR&-8h nfj=
o] ol 5 Yo]Zo] plink7} webserverS 22| &7 & &t
~cow o] 7ol plink”} human baseZ RFE0{7l T2 13o|2 2 defaltzto] humane] FAAI4Q1 237H7HS 1451
o Ut} @3}1\1 —cow ol E AHE-5He] map fileoll Y= 49] 30712] HMAIE ?_]*—! Sk sff F o
—ped ped fileZ ¢lo] o= o]
~map map fileZ ¢lo] Sol= gl
~hwe SHH-2FRIH 1 B AE FEo]
-maf minor allele frequency
-mind NA L] FAGE @ F-&(HTF 30-40%, 12t AAA 0 2 imputationS 38517] iR £ W= gle)
GCTAO A AFEEE 4= ﬁlt binary file (bim, fam and bed)
link.bed : binary file, FHAFE A =
~makebed oo 7}743411@@ ﬁle: 45 671 @)
plink.bim : €7 MAP file
—out output file (LF-S Aol FH I = B4l =h

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

912} PLINK ®gol= 2ol At 21at 5UshH, *.ped, *mapitd-2 213 YHstA| 2ok -bfiles ©-85HH *.ped,
*map file & AF502 E31& 4 Ut} 18|31, —recodeA+ *.ped A 2] SNP 3-7121% (genome studio top allele, AA, AT,
TT)< additive mode?! 0, 1, 22 Ad7g5tzh= Prgolo|th. ofzfioll AIAlE R ATHEE o]-&sto] GRME Al flsixle=

*ped ‘\—]_]_0194

F72F (genome studio top allele, AA, AT, TT 5)2 0, 1, 22 zHAd7gsfjof sk, ojuf, 2|4 the A4 Hminor

alleles)= & 22 coding 5= Zlo] YRFAQ1 #2102 plinke] ~recodeA o7t -FHAE S 0, 1, 22 HEHS Sa43tct.
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ofol] AJAIE R script7}F 1A=

R Ago) T2 ol ofjx| 2k o] (row)oll=

o= AAFE (SNP) Bl 2 /g =|ofof gttH(Table 2).
Table 2. Genotype file Format to generate GRM using R-script

AR} 28] 3 H(column)

FID 1ID 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 0 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 0
animal_15 animal_1 0 0 0 -9 0 0 0 0
animal_16 animal_l 0 0 0 -9 0 0 0 1
animal_17 animal 1 0 0 0 -9 0 0 0 0
animal_18 animal 1 0 0 0 -9 0 0 0 1
animal_19 animal_1 0 0 0 -9 1 0 0 1
animal_20 animal_| 20 0 0 0 -9 1 0 0 0
animal_21 animal 2 0 0 0 -9 1 0 0 0
animal_22 animal 2 0 0 0 -9 2 0 0 0
animal_23 animal_2 0 0 0 -9 0 0 0 1
animal_24 animal_2 0 0 0 -9 0 0 0 0
animal_25 animal_2 0 0 0 -9 2 1 0 0
animal_26 animal_| 26 0 0 0 -9 0 0 0 0
animal_27 animal_2 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)AI4 (R € GCTA E-84)
RescriptE ©]-83F GRM ALt

219] genotype fileo] TH=0] HOH,

olgfje] AT EE o] 85t GRMS AXFE 4= Utk GRMe| tish 4|29l AH =

Foni 5(2010)0] BHESH =53 #1517] viith R scriptE 235710 A, scriptE 213

ARt

5}7] 912t PackageE: offje} 2]

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

?]e] FgEgotE RollA] Aagsto] 7 7H2] Packages Ad2Iotch
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data=read.table('Data.raw’,header=T)

library(MASS)

library(GeneticsPed)

Mi=data[-c(1,3,4,5,6)]

M=MI-1
pl=round((apply(M,2,sum)H+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)

D = 1/(ncol(M)*(2*p1*(1-p1)))

G=7%"% (D*t(Z))
write.table(G,"GRM.txt",row.names=F,col.names=F,quote=F,sep="\")

coll=NA
col2=NA
col3=NA
for (i in 1:nrow(G)){
for (jin 1}
coll=chind(coll,i)
col2=chind(col2,j)
col3=chind(col3,Gli,jl)
t
}
Gmat=cbind(t(col1),t(col2),t(col3))
row.names(Gmat)=c(0:(nrow(Gmat)-1))
GRMI<-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)
# GRM12 #45to] ASREMLOJA A8 28] 5 Sict

data<-read.table('Genotype_data.txt" header=T,row.names=1,check.names=F)
Tdata<-t(data) # data frameS transpose2Hc}

Tdata[1:5,1:5] # dimention &1}, {4ttt

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

910] RASYES o] §5to] GRMS ANISHH, % Fho] B3 22 4 9lck. 3ot E4122 A ID, 18] MAEL GRM
222 4 9ick. o] shlS o), 131} Bo| B4 Helsli] v,

GCTA £ZESo}5 o] 8oF GRM Al
GCTAE= ARG EE 0] 85 54 H 9| FH2A S 9l AL EQo] = thZ0] Ful|o] 2|0l the-z Este] X3t
http://cnsgenomics.com/software/geta/download.html
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rlr
o)

GCTA =232 th 8RR E vl wEA 24 4 9= 3ol 1o, A7 4| A=Y (genomic relationship matrix,
GRM)= ol-gsto] B o] 848, 434, SAASE7 54, AR A 5 ot 248 SAlol 343
1o, PLINK®} tE0 uf-$¢- -3-83F H.4 uj7|x]o|ct, £3|, PLINKo|A] #l3514] 9= &%= ¢ (linear mixed model) 7|1 %
ARHRAAATEY 752 Algotal Qlo] EAlsk 1L 5}*— Fletol] family structure?t EAH6HAY, 7H5a} o] HReE @50
9JsfiA] REE01% Hetol| A A-GHA AT U {HASE7H A olA vl F-851A 28 & 4 UL Aotk 919 &
Hlo]z|of| A L2 IHE thE Eoto] AX|5E & ARgohH %EP E3], GCTA £2ZEgo]= PLINKOA] TH50{7 binary file
(*.fam, *.bim T12] 31 *bed)& Q14] 8 4= Qlo] th-87F SNP AFE-S PLINKO|A] £49-8-120f) 2HA] A A 510 GCTA A ZE o]
ot 5ol = ot S AJdE 4= lth. =, PLINKOIA ~make-bed 7]5-& ©]-8519] binary fileS 4§45+ & GCTA|A] k=

v
o

BAS g 4= Qlek WA, o] Hoj|A= GCTAIA Genomic Relationship MatrixS AAJ5H £ o] = 283510, ASREMLOI|A]
| EZT Aol Egohs BES ASSIES stk

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

219} B0l PLINKOIA 7] genome studio 4~ Eg]ojof| A AAHel SNP.ped, SNP.map TH-& o]-g-5}o], 5ht]-2elH]
71(P<0.001), minor allele frequencyZ- 1%, 7HA9] missing genotypeS 40%°1/3<Q1 7Hx1E- A AL, E-2 SNPS-S binary
file(-make-bed) 2 *¥/g5t2taL She T oiet. 129, PLINK+= AH-0-2 SNP.bed, SNP.fam 12} 31 SNP.bim }2-& /g5t
t}. o]ZA A3/d9 binary file& GCTACIIA] oAl HEZ Genomic Relationship Matrix (GRM)Z A/dsh=tl AF&-Hth

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

9le] igol S Adrgst ofee] E(Table 3)2F 2t
Table 3. Basic command for GRM in GCTA software

o] A9

~bfile o] & o}= GCTACIA binary file (*.fam, *.bed, *.bim)< Q1 A|5h= & ojo|ct. o] W o= Alga uf=
binary file®] o] &7+ HolFH Hrt

—autosome o] ol GCTA+ plinket 22 7H=0] AHAIE A ofotA] =t weti s dMA4E d=isto] SNP

—autosomenum 2| map TL-S E2}E0fof sith. of|E S0, 49| FFF A= 2971 0]t
- make-erm- genotype relationship matrixZ 4J5teHe B0 2A &9 HAEFERZ grm mHY S AJAJFIch 22
EIEZ orz o A5t grm text fileol|A] asreml oA] o] &K= A BTk 25k e,

—out output file (TIPS 2|5l F=H T2 AYAJsh Foh)
?]2] GCTA B0l & 44/3%e GRMC] 45U siAlohH, oheat 2+ &eje] GRM (GRM.grm)< = 4 Ut GRM.grm
n%%l% g 47H9] (column)e] =wl, & 13} 2+ 7Hxl2] ID, 123 & 32 GRMS AWHeh uf AHggt NP—J FupAEe®

4= A 7R} AREe] §RAAIE AR B} Soi9ict. T2 ASREMIL ol AR§3 2% *grmutel & Axle) DRI & 12
2 laz FAHQ o 4gto] Weslrh. webA Figure 59| (B)2h 2] 2% * grm file $H50] ASREMLOIA #344] 8§57}
= Aptsich,

Raw_data file 2017-08-16 22 DY
BB GAM g 3017-08-14 2% ALTi GT F v
GRM .grrm.id H017-08-14 BH 0D o

Figure 4. GRM.grm.gz File
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101 D2 SNPs genetic relatedness 11 o2 zenetic relatedness
I 1 Tl 08868132 | I 08868132
2 1 977 AL07301488 2 1 07301488
2 2 9T (L.8973467 2 2 0.8973467
3 1 Tl 0.02997918 3 1 0.02997918
3 2 a77 -0.01615922 3 2 -0.01615922
3 3 917 0.9936231 3 3 0.9936231
1 1 Tl 0.2613591 4 I 0.2615591
4 2 a7 0.001614242 4 2 0.001614242
4 3 9T (L.006016492 4 3 0006016492
1 4 L 09318154 4 K 0.9318154
5 1 977 -0.05766611 5 I 005766611
5 2 977 0.37039E-05 2 6.3T039E03
5 3 an -0.02001707 5 3 02001707
5 4 977 0.01732347 5 4 0.01732347
3 5 ari 0.9753963 3 3 0.9753963
6 1 T 005835773 6 1 05835773
] 2 Tl 01.3838036 b 2 0.3838036
6 3 9T -0.009188062 6 3 0009188062
[ 4 977 004221586 6 - A).4221586
6 3 a1l -0.05165938 6 5 A0.05165938
6 6 977 1081062 6 6 1.081062

(A) (B

Figure 5. (A) GRM.grm File from GCTA and (B) final file fomat for *.grm for ASREML

Figure 5] (A)5}2& (B)=H 2 Wighe flslirl= ofelie] R-A4 g5t 47| ke 4= k.

data<-read.table('GRM.grm.gz", header=F,check.names=F)
data2<-datal,c(1,2,4)]
write.table(data2,"GCTA_GRM.grm'",quote=F,row.names=F,col.names=F,sep="\")

F|F4 02 GRM utdo] A=, olljo] R scriptE &5t, it 7iAITe] AdAIE Heatmap— o|gsto] 2= 4
et o2lie] AT HYEES AlYsiH, Figure 63+ 2+ 1S A Ag%e 2= 9171, ZAxet |7ke] PoAnAIE Belet 4 )t

data<-read.table('GCTA_GRM.grm",header=F,check.names=F,stringsAsFactors = F)
animal<-max(c(datal,1],data[,2]))
mat<-matrix(NA,ncol=animal,nrow=animal)
for (iin 1:nrow(data)){
mat[datali,1],datali,2]]<-datali,3]
t
for (iin 1:nrow(data)){
mat[datali,2],datali, 1]]<-datali,3]
t
library(RColorBrewer)
hmcol <- colorRampPalette(brewer.pal(9, "GnBu'"))(100)
heatmap(mat,symm=T,col=hmcol)
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ASREML& &-83 341857} 7 (ASREML 28

ASREMLZ °]-83to] §48571s 3745he W2 71& BLUPHR T} FUstch, thet A matrixtidl Qollx] 2783 G
matrixg tix|5te] Fohs Rk s #oloh ¥, ASREMLO| Q1Aah= 3719] mhl-S A daliof Sttt SRR *as nto|ch.
*.as BHoli= ASREMLZ A #3leh= 7ol 58 Fofok dhrh(Figure 8). 12] a1 *as updo] QIA 4= Ql= EHF 0| 7155 o]
= data.txt 1Y 12|11 * grm MU S-S AYAISHoF St Data.txt 1 o= Figure 71+ Z+o], 3 #of= animals (7§ ID), qtl(
iR ), g Gl(year ) 123l HA|9tO 2 BHF 0 2 HJE|ojof gtk of 7]eflx & 29] gl BT} *sin(H Tt d)ol A
A B2l AAE o2 gl YA S 7)H H 55 954 okt

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

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 2004 583
animal 9 9 2004 604
animal_10 10 2004 570

Figure 7. Example of phenotype file used in ASREML
# GBLUP analyses
IWORK 5000 INOGRAPH # work spaceS 2|zl 500002 44
Analysis of gBLUP using Hanwoo genotype data # Z9]™H

animals A

qtl 100:# 1000]5F 23k 40 o] 5= 7150] ¢

year |A # BLUP B0l 3174 G} 1AL alphanumeric ©8 W3 218
phenotype # £33 o5, &alF 5)

GCTA_GRM.grm INSD #R,GCTASIA 4475 # grm T}, INSD (negative semi demention)
phenotype_data.txt ISKIPI INVREMOVE IMAXIT 1000

phenotype ~ mu year ' giv(gtl,]) # ‘54250

Figure 8. Example of *.as file for ASREML software
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Data.txt T2}, *.grm o, T2] 3 offje} Zho] *as mtdo] A=W Al 7ie] ot (data file, grm file 12]31 *.as file)&
Figure 99} 2o ahite] Frfoll il asremlS A4t

ol - oy ww #E =y
Data 2017-08-16 ¥ =0
"i|9"; W1 7-08-16 D5 I .__‘:.
GRM N708-16 2% DY
Raw_data file 20M7-08-16 22 oIrg 820
B as _file 1 14 23 AS TR
| GCTA_GRM.grm 2017-08-14 2 Ry -
Ephnnnt,'p-r_datl 1 8-14 2 T IR

Figure 9. Three input files used in ASREML running

e ofjje] At opA(*sinyS A2 4= Aok At (*.sln)}> 1 Efol] oifgh 243k, 2|1 FAFo oigh Hw(mu)
2k, 2R3 A0 87t o & RS AAIS) ot Effect= 7HAIS] $371 12|10 seEffect= 78835 71] @4po|tt. of

7101 Level®] £2HCE-E50] 1,2,34 5)2 data.txt 1A 2] qtl9] W Set A=]5}a, o] HE S o]83to] 7iH| IDS F+2{3tct.

Model Term Level Effect sekffect
year 2004 0 0
year 2005 -26.65 16.36

mu 1 601.7 4.547
aivigtl, 1) 1 5.963 2525
givigil 1) 2 78.51 2578
givigil,1) 3 -21.86 25.82
avigtl, 1) 4 17.68 2562
givigtl 1) b -11.78 26.46
givigil,1) b 729 26.97
givigtl, 1) 7 3213 26.02
givigil.1) 8 -17.55 2635
givigtl, 1) 9 -0.34 2536
givigtl, 1) 10 <237 2436
givigil.1) 11 -16.97 26,85
givigtl, 1) 12 401 2048
givigtl, 1) 13 -29.44 2490
avigil, 1) 14 26.23 2554
givigql, 1) 15 -53.55 26.48
givigtl, 1) 16 -10.11 2599
givigtl,1) 17 -24.41 2559
givigtl,1) 18 3883 27.63
givigtl, 1) 19 -53.19 2773
givigtl,1) 20 -14.35 26,83
givigtl, 1) 21 -41.38 2854
givigil, 1) 22 -60.28 26,57
givigtl, 1) 23 326 26.76
givigtl, 1) 24 -20.51 7.4
givigil, 1) 25 5474 26.64
giv(gtl, 1) 26 -8.285 2547

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.
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g9

1.GRM (genomic relationship matrix)-S 7438 wf the- g 2ke] Bl = ol 525}k 1 o]-3-= 1291 matrix®] scale
& 245}7] wliZolth. VanRaden©] AIQFeE 2 %2] GRMellA = 7123 9e] tid 21| RI=E 0|85t} GRMS /g3t
T2, 2 Forni et al. (2013)°1] ©J5PH base population®] ti&-G2421e] B1=5 ARSH, A o] g R AR =& A
§otol= FHH g2 o fASHH AL B,

2.ASREM 2= EQJlo}= 7}&7lol|A] mf- §-85t 2 g o = Atk GRMO| ¥H5o] A9 gBLUPE 22 41| A4 9l
+ Xz 5iolt}, of2fje] PAoj|M theE & & 4= Qlrkhttp//www.vsni.co.uk/downloads/asreml

3.ASREMLOI|A] gBLUP-Z A7 Al, GCTA} 22 AL EQ|o| & o]-§5}of n|2] GRM2 7-/g5toof &t 18] 31 ASREMLO]|
A §F7HIE F517] Yot inverseE & 4= At GCTAAZEQof= offe] oA theRE g 4= it}

http://cnsgenomics.com/software/gcta/#Download
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