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Table 1. Parameters of the simulation process
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Figure 1. Schematic of the whole process
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Table 2. Mean and standard deviation (in bracket) of linkage disequilibrium and imputation accuracy between
imputed and original genotypes in different scenarios
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Figure 2. The box-plots of imputation accuracy for the different levels of linkage disequilibrium.


http://dx.doi.org/10.29252/rap.9.20.129
https://rap.sanru.ac.ir/article-1-877-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-13 ]

[ DOI: 10.29252/rap.9.20.129 ]

L1 1 ORI o..\.\:éd)l.ww (_;09:) d‘.ﬁb.}l) ‘_;QHB ‘J dIAJL.w" 9 L_;QS Olas (_{"9") alisco dl}bd)l‘uw PN ‘569)) (SR Couo u)l)))‘

Sar 5 53y g S i bl Ly 53 1, +/AYD
T S 2955 Golis § i i o (1)
Ok b v 9 o5 Cunle 4 (pl &5 sl ond ()l5S
bls St 3lolia o] 5 LD
o5 Yol £18 3 i S

o955 el L)l (upie cowe X g
Sl gl 1 Soym 1) (Solad S (b,
ULM» L;la\ill_wb u_.o.f oo LS‘)? (ueﬁ" 9 L;Lol) [RW)
ABd o

RO GO (e )3 e gl S psboes
(P<e1+0) 1 ot oS 5 (sleilin] Sl e (sosis
Slis ay Cus lalinl Slis ey} oo il
AMA] ol s (sao)dd =V s a5
rpois 393 5V (Sl i snns i3l by o
Sl o955 Como o, S5l A7 Gids by glmodly (o &
oS Olio 4 s a5y <[+ F0 sg05 clailin] Claw
s oo 5,5 Gl s il L il il
Sy Slino gl ilS ol o il ialS agif Lin
o (o9) GO e (pyieS g (il g2 SdgRke
oo gy 90 g A g low cslabin]l las gly sy
2910 9 ¥ g25lw (oS

L5 fOVA p (glacialy o1, 0K ag 0K asl s 5l sls
Sglds dn oS o 1y el ol Jds )87 5)155 /A0
G Fho oIl (39 SosS (pimed 9 (093] (Sslone
aS ol ol 5l (S Koo awli)liS 0,8 Hlgie alp cpl
YL il cono YK & s 0K 4 YK 51 ool
L slaaily an YK gl &5 5,8 (5155 (F+) o San
oo Sy B 5 4 e g o L o o515
Al ansls
dl—‘ﬁag OA) @53 5)5 > LSS plow
obell cpldla (Lagl (YY) (aWlymal cp 2 o cnliila
296 Syl (V) pliSyg Sob (1) 45805 (slagls' (V)
9 o8 sbagl s (V) (l5 ol sLagls fF) sz
pa—iokee SILD e a S a0l s (VY) opliils
S0 (Jo 3 cpl adl oo (il Como e (slayeSTh
Al S 8L 5l plis (V1) ol 5 0jgn b &
ol gamilyd oS Lol ils covs o LD
h 1y 095 il coma () ghlsen g 5dlg LS
il 2390 s9ds 315 95 ) (6L glite slaeS1 s
Gl WY Gls £ b aS ol ol oyl ols ol )8
GYL il oo pasl YK 4 4315 s 5 la Sl

S gy 3l oolatel b dls g ol slaodly 3 opf (Aol sl i)l dw e Come 3kl Glyoul 5 1 SKbe =Y Jgie

seolas
Table 3. Mean and standard deviation of GEBVs accuracies by random forest method in the original and imputed
SNP genotypes ]

Sl A+ 7 G L, S5l B+ 7 Bl Lol o, S5l A+ 7 Bl o, S5l B+ 7 Bl ol 92 )l 0ylas
SN Y SVAY oE Y A REZA <\ab ~E/Y VA SE]Y N )
VY /Y VXD oE/Y -INOV +E[-Y JIYAD -/ SR RETRY SFVE oY Y
YN oY NATARETR NAC\RET AR eI YYD /Y N ARETA Y
RAAREo R g SIYBY /Y SI¥Se oY IVEY oE/Y NACSRET R NAZNRETR ¥
YA /oY <\OF E/-Y DAY =R ¢ DAVARRE- R ] RARNIRE-RY ¢ BAA'RE=R1 o
IYF oY WAAAREA WAL ARE <IYYA /oY AT TIRE T NATARETR ] 5
NAMAIREA SIVEY oY <IYVE oY AN RETR NASAIRETA ] NAASRETR ] Y
<IYAF o/.Y I¥VE oY AR ARETA IYYA ey NACRRE T ] NAAARETA A

0 5] 6, s I L ey oo s
St claw sy lial opl g wcdly iolidl duo > A

D92 Pghee

a8 ol oLt j2le 5485 (Sgw)S) Jho (o)
(¥ Jodn) 2)ls o935 Como (o)l ime Sl pils Cono
e e Coro a3l ¢ il Cors il aST g yeboay

Couo Cuto Slcusld olyon 4y pils slaodly 1) 053]

_ _ L e ot Come p (e cowo S1-F g
Table 4. Effect of imputation accuracy on accuracy of genomic prediction

ACCUraCYbingo%: -3.42+3.93*1A pinoovs, Rladi:0.67
ACCUraCycongo%: -3.18+3.62*1A conoovs R‘adi:0.656
ACCUracypinson= -3.98+4.42*1A pinso% R*44i=0.470
ACCUraCYeonso%= -3.23+3.60* A cong0% R“ai=0.541

55 4 ACCUraCYconsov 9 ACCUFACYbinsoss 9 X270 Bl b sy (sla \S5LiS (glp diwgn g S Olho 095§ Como o)y 4 ACCUTACYcons0% 5 ACCUTACY binooys
5 1Apinsons 9 -7 Bis L ols sla Slis oasls oo a5 0 1Aconooss 9 1Asinooss 9 0+74 Bl b il (ol ) Solis (gl dwngn 5 A Slbuo 0535 Como
Al e B/ Blo by il sla Silis ls Como o 4 I Aconsons


http://dx.doi.org/10.29252/rap.9.20.129
https://rap.sanru.ac.ir/article-1-877-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-13 ]

[ DOI: 10.29252/rap.9.20.129 ]

Yo

Ly il mals )l o alol il L 1r? Sle
b SLE 9 o (g alols (IEIL LD ials oles
(FAXR) 5y cdillas 500 Sladllas 3 odel Cows 4 guls
Aol o) Siwge ol pae (V8) ohlSon 5 (5500
Yl 5 ol LD L lag )l 5 ()90 (Lo +/+0

23,5 (il58 < /FYA 9 < /YVY sy

030

WAY (lals Y+ o)lad /g5 Jlo ool ©ladgs slaimgy

PP e i (SNwwgm SOl pus il
21y Lapgissg,S 5:5ile sl (YMbp) jLceinlSe
Sl Aad o 3L YU LD g ol LD U slagy b
P Y g b LD b sla gyl (sl (Siwon Jols pas
Doy VYN g +INFY sy an LS g0 (Sle /) alol

025 —e—HLD —a— LD

Sl
o
N
o

T

() LD Sl

0.10

0.05 f

-~ o
. . ° o
A a4, O o —0—e—9
- -~ STTTEETETET—EA

1

0.00 '

0.00.10.20.30.4050.60.708091.0111.2131415161.71.8192.0
(Mbp) ;505 5 (s alols

po) e folgd )3 (Siwgy Jols pae (:S0le ¥ ISS
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Abstract
Genomic selection is a promising challenge for discovering genetic variants influencing
quantitative and threshold traits for improving the genetic gain and accuracy of genomic
prediction in animal breeding. Since a proportion of genotypes are generally uncalled, therefore,
prediction of genomic accuracy requires imputation of missing genotypes. The objectives of this
study were (1% to quantify imputation accuracy and to assess the factors affecting it; and (2) to
evaluate the genomic accuracy of random forest (RF) algorithm to analyze binary threshold and
quantitative traits. In the first phase, genomic data were simulated by QMSim software to reflect
variations in heritability (h* = 0.05 and 0.25), number of QTL (QTL=96 and 960) and linkage
disequilibrium (LD=low and high) for 48 chromosomes. In the second phase, for real condition
simulating, we randomlkl masked markers with 50% and 90% missing rate for each scenario;,
afterwards, hidden markers were imputed using FImpute software, and estimated imputation
accuracy. In the third phase, to estimate genomic breeding values, we applied Random forest
algorithm for original (before masking a proportion of SNPs) and imputed genotypes with
quantitative and quality phenotypes. The accuracy of imputation was improved with increasing
level of LD. With increase a major proportion of masked markers (90%), results of current
study shed light on the effects of imputation accuracy on accuracy of geno_mic prediction. In the
scenario com |n|_n%the highest heritability, LD and QTL for threshold traits and in the scenario
combining the highest heritability and LD and the least QTL for quantitative traits, random
forest method had the best performance of genomic accuracy. Generally, accuracy of genomic
redictionhfodr threshold traits had more precise than quantitative trait when using the random
orest method.

Keywords: Linkage disequilibrium, Discrete traits, Machine learning, Imputation, Genomic
architecture
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