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Relationship between heritability and accuracy of breeding value from
simulation population of dairy cattle population in upper Northern Thailand
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ABSTRACT: Heritability is important to use as the guideline for animal breeding. It is also an important factor influencing
the accuracy of genomic breeding value in addition to reference population size and number of SNPs. The accuracy of
breeding value prediction affects the response to selection. Due to the estimation of breeding value from pedigree
taking a long period to collect the selection data, thus the genomic data were used to reduce the duration of data
collection and increase the accuracy of selection. The aim of this study was to analyze the accuracy of breeding value
from different levels heritability of simulated population of dairy cattle population in Upper Northern Thailand. The
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data for simulate were collected from 1952 to 2015. The reference population or Calibration set (CS), which the
population was known phenotype. And Validation set (VS) was the population unknown phenotype of 1,000, number
of SNPs 30K and heritability 0.01 to 0.50 were used. The accuracy was estimated from correlation between Estimate
Breeding Value, Genomic Breeding Value, and True Breeding Value estimation by BLUP with an animal model. The
results showed that the accuracy increases as heritability increases. Moreover, the accuracy prediction of genomic data
higher than pedigree data. The accuracy of CS higher than VS. The standard error of accuracy of validation set prediction
from pedigree data and genomic data were decreased as heritability increase.

Keywords: accuracy of breeding values; heritability; simulate population
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Asannssezaldlunisanidenianedlun (genomic selection) wuannsaataeniagladluu (genomic selection) Tgian

lunsiigatneiugiesnini5uni (conventional selection) 4 3-4 U (Audwinuevieiuglau ssdnisduasuianisiauy

s

wisUsemalneg, 2553) Fadunisiivnansvauassonisandenwaslinsenudesnsidondn AUULUEIVBINUAINITNEAUNUT

q

Funduegivdadenansetng 1u uiudsevnsilds198e (Reference population %38 Training population) s¥Au Linkage

disequilibrium (LD) 5¥131¢ markers Uag QTL 3113U SNP UagA1dns1iugnIsuvesuaazanuy (Heritability of traits) (Hayes
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msfnvinfiilideyasunulsznslaulunamiensuuuvesusumalng lnsvhnafutoyaaifsuousssinsla
usilu .. 2495 fa w.a. 2557 wazduiindeyaiiusiusuldidugiudeya (Historical population) Lisldlunisdiassieya
Joyausznoume Iwulaudluwdazl, Swduvieiug, Iuiulauanadle, Snsidruneundiug warduiugneisud (Table 1)
$raesteyalasliszengdnads 2 ngu leun Usznnsifidnuarlndidssfuuszmnsasuasidutszvnsinsuiilulnd
(Reference population %39 Calibration set, CS) LLa:Uiz‘mﬂimﬁmwmﬂwﬂw%Lﬂuﬂimﬂﬂiﬁugﬂ (Validation set, VS)
U719 1,000 62 LagI1UIU SNPs (Single nucleotide polymorphism) 1 5gaU tewn 30,000 (30K) eunus aelaa1emnsn

1y

WuUgNITU (Heritability; h?) 14 szav lawn 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.10, 0.20, 0.30, 0.40 Way 0.50
(Fuvuvesdnwnzlar fldnsiusnssuwiniu 0.01 s 0.50) uazsefuvewndnsIiugnIsaIzgnIans 10 a3 (Table 1)
selusunsudnsagy Qmsim (Mehdi and Flavio, 2013) a1nnsdiaesteyaiilivsiudeyadnvuglsing doyanieiugnssy
LarANANTHANTLEATA (True Breeding Value; TBV) 1asUse1nsiisiaasiu Tasmssasadeyaarlithiadovesdunndey

UWAYIVDY FatuN1TINanRsliitadutieanaindvnsnansd (fixed effect)

Table 1 Base parameters used in simulations

Populations data

populations dairy cattle population in Upper Northern Thailand
reference population size 1,000

replacement ratio for sires and dams 1:500

replacement ratio for sires 0.50

replacement ratio for dams 0.25

number of replicates 10

litter size 1

proportion of male progeny 0.5

Pedigree data
heritability (h%) 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.10,
0.20, 0.30, 0.40, 0.50

mating design random matting
selection design EBV

culling design age

number of generations 5

Genome data

chromosome 30
chromosome length 100

number of markers (1 K = 1,000 SNPs) 30 K
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HAN13ANYILAZIATA]

nanITRTsisAuLiuE s A snauTuglasldasastugnasuud 0.01 &1 050 Uszrnsdredauung
1,000 §2 uaz 1121 SNPs 30,000 Ui ArANuiudIvesnaAINsRaNTuAYsEuan Ty ausUs ATuu sy
Foyadluy uazAmuusiugwes CS fuunliugendt vs Tnsramnuusiudiiivssiiuandoyaiususy iuasdoyadluves Cs
uaz VS fleauusiudigegaludnuasaifiandnsiugnssy 0.50 dawviiu 0.8143, 0.4493, 0.8372 way 0.6032 AMIAU Lay

ﬁmmmLLﬂuﬁwﬁﬂqmiuﬁﬂwmzﬁﬁm MIIMUENTTU 0.03 dA1vinfu -0.1109, -0.2026, -0.0615 uar -0.0863 M1uaU (Table
2)

Table 2 Accuracy of breeding value in different heritability.

Pedigree Genomic
h2
Calibration set Validation set Calibration set Validation set
0.01 -0.006 0.103 0.037 0.131
0.02 -0.042 -0.031 -0.001 0.054
0.03 -0.111 -0.203 -0.062 -0.086
0.04 0.069 -0.002 0.116 0.084
0.05 0.085 -0.036 0.137 0.090
0.06 -0.090 -0.150 -0.023 -0.044
0.07 0.347 0.245 0.391 0.311
0.08 0.137 -0.090 0.209 0.098
0.09 0.197 0.023 0.273 0.120
0.10 0.186 0.024 0.261 0.234
0.20 0.474 0.212 0.529 0.415
0.30 0.633 0.230 0.678 0.463
0.40 0.684 0.325 0.717 0.495
0.50 0.814 0.449 0.837 0.603

Ml Ussduandeyedluy fuuliigainimanuusiudivssifiuandeyaiuguse iR wazAianuuiue
84 CS Mszifiunndoyaiugusz fAuazteyadluniiuunliugsniidanuuiugwes vs Tasnuirdnuasafiddasiugnssy
Faust 0.1 89 0.5 Aaruusiuguulinfingaty wuiaauusiugiivssdiuandeyaiuguse Yives CS wag VS ogflutag -
0.1109 {14 0.8143 way -0.2026 f1 0.4493 MWAIFY druArANUNLEITIUTzIdUINToyaTlunves CS uaz VS oglugas -

0.0615 £ 0.8372 wag -0.0863 14 0.6032 MUY AAINLLUGNUTTIIUNToyaT U U TAkAzToyaTlundAniiuduile
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A ugnIsugetuuandly Figure 1 donadaatfunisinuiues Villumsen et al. (2009) l#n1smndevasyRgTuvesAIn L
wiughlunsihunegaiinsiasiusludnuasifasnsniugnssuuiunansuagslulauy Imﬂﬂﬂmmamwwuqnﬁu 4
Lewn 0.02, 0.04, 0.10 wag 0.30 UWIAYTEYINTBNIBITIUIY 550 67 NUIENBUeTTA1TATINUENTTERET ANAIINWIUEN

Y o

mﬂﬂiﬂﬁﬂwmsﬁﬁﬂwamswwuqﬂiimﬁﬂ Iuﬂsmﬂiiuﬁ 0 ArANukdugTAINAU 0.78, 0.86, 0.90 way 0.92 AUAIAU kazla
5'1sJmmf'ﬂ,ué'ﬂwmzﬁﬁmé’mwﬁuﬁﬂﬁuﬁwmiLﬁuGumfﬂﬂixﬁmni%mmml,ﬁmwmmLLaJus]"]"LM" uazN1SAN®IVBY Zhang et al.
(2010) levinnsAinwrmausiug1vanuAINsHaunuglunlagld3s TABLUP (Trait-specific relationship matrix best linear
unbiased prediction) SLuﬂi%‘mﬂT\]’]aEJW]JJ‘U“L!WWNLLG] 100 813 1,000 77 ma‘meamwwuqmw 0.05, 0.10, 0.30, 0.50 waz 0.90
NUIAIANLLINEIVBIAUAIN THANTUEIIULTAYINTU 0.374, 0.472, 0.641, 0.726 waz 0.826 AINEIAU AINIINNITANYIVD
Reza et al. (2013) ANwIUUUTIABIANBNTINUGNITULATNAVEY marker FiBAIAIULIUEITBIRIAMAINSNANRUGIUNTUTUUT
nuglauy nelaa1dnsiugnssy 0.05, 0.30, 0.80 WWAUTEYINT 1,000 A3 NUIINITUTEEURUGNTTTUT LI liAIULsuE
yoamafndenifiugstuludnuasiiiendnsiugnasus InsemednuusfiRsdostumnuauysaiiug Tuved Hayes et al.
(2009) fis189MuIANANILIUE YRS GEBY GTTuaQﬁuﬁwé’miwﬁuﬁqﬂiimaqeﬁ’ﬂwmx Tudnvauedadassiugnssud wuiaves
UszansssdadesiisurusnnneiielfiaAianuusiug1ves GEBY uagn13@nuves Sofiene et al. (2012) I#@nwiA1au
wiugesdnuuryTinauy leffuug wasauanysaiiusseanadles lulauy 3 aeRusvesssmanfuag wudn Ainaw

wiugIve9 GEBY va9dnwazUsuasiun Ty LLaxmmamyjizﬁﬁuﬁ‘ﬁmMﬁU 0.30, 0.52 wag 0.19 AIUFINU AIAIY

]

wiuuszdiunteyaiugysy Tiuaztoyadlunidaniuiuilordnsiugnssuedu
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Figure 1 accuracy of simulated EBV and GEBV under difference level of heritability
Calibration (P) = EBV accuracy of calibration set estimated on pedigree data, Validation (P) = EBV accuracy of validation set
estimated on pedigree data, Calibration (G) = GEBV accuracy of calibration set estimated on genomic data, Validation (G) = GEBV

accuracy of validation set estimated on genomic data

ANAINAIIALAABUNIATEIU (Standard Error, SE) vesA1Auktug N Useiliuaindeyaniuguseinuazdayailuy

o 1

eladnuaeidaAgnsiugnssusdawe 0.01 89 0.50 Yu1AUsEYINTB198 1,000 /7 913U SNPs 30,000 WuI1A1 SE VB3A1
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ANUKiugUsTuaIndeyanugUseIRNAMINIIAT SE vesraudugUssiiiuantoyadluy uag Ganudnen SE vesa

ANUKIUEIvETEYVINTNAY CS HAMInIUsErInsnau VS taenudnen SE vasriauuiiug CS Mlssiiuaindeyaiugusyin

o

wagdoyadluuien SE agaludnuugnia1dns1iugnssy 0.50 Failanviniu 0.0167 uag 0.0152 AuadU A1 SE v83A1AY

'
N1 o

walugn VS Nussiiuandeyaiugyse uardoyadlunsiadgaludnuaeniaAdnsiugnssy 0.07 wag 0.50 denvinfiu 0.0385
wag 0.0227 auanu (Table 3)

Table 3 The standard error of accuracy breeding value in different heritability.

Pedigree Genomic
h2
Calibration set Validation set Calibration set Validation set
0.01 0.0431 0.5551 0.0454 0.0384
0.02 0.1189 0.0793 0.1170 0.0697
0.03 0.0351 0.0453 0.0375 0.0543
0.04 0.0927 0.0623 0.0823 0.0528
0.05 0.0612 0.0756 0.0624 0.0600
0.06 0.0724 0.0863 0.0714 0.0849
0.07 0.0730 0.0385 0.0619 0.0492
0.08 0.0387 0.0481 0.0368 0.0692
0.09 0.0553 0.0721 0.0470 0.0606
0.10 0.0456 0.0639 0.0408 0.0590
0.20 0.0466 0.0633 0.0404 0.0406
0.30 0.0425 0.0532 0.0370 0.0329
0.40 0.0346 0.0555 0.0327 0.0415
0.50 0.0167 0.0397 0.0152 0.0227

WoSauiisuAInNLAaIARABUNIRIFIU (Standard Error, SE) U83AIAMMMIUE WUIIAT SE Y09AIANLIUENT
Usziiinaindouadluuiif1gendndn SE vesrinuuiug1iuseivandeyaiugusy i wazen SE 909 VS dagendann SE veq

CS nelianuagniendnsiugnIsuasus 0.01 84 0.50 YWIUsEYINTNBI 1,000 A3 91U SNPs 30,000 Wud1en SE vadA

aa [ o

AnuudueNUszuvIndeyaiuguseinves CS dAvanludnuueiladnsiugnssy 0.50 uag VS 91 0.07 @Al SE vaee

I @

ANuuiugUsziduandeyadluuves CS uag VS adgaludnuuesAliA1dnsiugnssy 0.50 dwansly Figure 2 @9

donndediunsfinwives Saatchi et al. (2010) lavins@nudvnavesdeyauSinauazanuduiussendng Training set uay

1w [

Validation set sioAALaug1veINsUsEEIUAAMAIN THaNT LT TudnwueliAdnsmiugnssy 0.10 uag 0.50 WU
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' 1 Aa 1 o o

anwueNilAgnIMUgNIIN 0.50 A1 SE U8IA1ANRINEIAINTIEN YL ITA1SRTIRLENTIN 0.10 karanAdaInuIIeIIuves
Villumsen et al. (2009) s18MUNEN B NABRTINUGNTTHAWEHAT SE Aputw IngdnuyaeNlA1dns1iugNsIY 0.30 HAN
SE agluyas 0.02 - 0.06 drudnuaeNilA19nsmMugnssy 0.02 fA1eglurig 0.05 - 0.17 e nludnuuniadnsiugnssy

gaiugnsTudmasiaNsuanteanveIdnvMzINNN AN NIRdeNTdINa liAnANNWUsUTI UM SUanseanvesdn v loan

TudnuwaeNIAdnIINUSNTTUA

]

0.8000

0.7000

0.6000

0.5000

0.4000 Validation (G)
eseecee Calibration (G)

0.3000
= == = \/alidation (P)

Standard Error (SE)

0.2000 == « e(Calibration (P)

0.1000

0.0000
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 02 03 04 05

Heritability (h?)

Figure 2 Standard error of accuracy of simulated EBV and GEBV under difference level of heritability

Calibration (P) = EBV accuracy of calibration set estimated on pedigree data, Validation (P) = EBV accuracy of
validation set estimated on pedigree data, Calibration (G) = GEBV accuracy of calibration set estimated on

genomic data, Validation (G) = GEBV accuracy of validation set estimated on genomic data

MnnsUsziiummuusiuilunsinidenlaeteyaussnsdiassanussnslaunnamionsuuy melddnuasd
ﬁmé“mwﬂ’uﬁqﬂiim??uwi 0.01 &9 0.50 neldUsEanTsnsBsvuna 1,000 #2 §1u2U SNPs 30,000 F9NUIIanwEAiTASAT)
WugnssuATlulszangdadedifivunn 1,000 f vinliaanuidugdasimulude damalinsuiuussiusludnuusiiden
SasmiugnssuindululfaeudrstidewIouiisuiudnvasiiausasiugnssugs (Reza et al, 2013) Feaoandosriu
n1sAnIes Villumsen et al. (2009) SsuinisuivUssiugludnvaeiiiddnsiugnssusiasullfognedig iewnan
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