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1- Marker assisted selection
5- Low density marker

2- Single nucleotide polymorphism 3- Uncall
6- Genotype by sequencing

4- High density marker
7- Next generation sequencing
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1- Linkage map
4- Random Forest

2- K-nearest neighbor
5- Minor Allele Frequency

3- Singular value decomposition
6- Mean Neighbor Imputation
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Table 1. Parameters used in simulation of genotypic matrix

OSbe b 2g dalgs ply aidy s | cudgl sl MNI
Ao oy als o 53 (V85,03 poles Cudgif & 1500 oGl A4
95 mle 5 ol 3y (sl pusle byl
2Bl L e w8l dlold welsl g dad 0 JolS
Sy9lp By polee Cuig) oS wlie colls b cuig;
cswoeldl Aol ol 2 polae oiif b (sl SOl 290 0o
39 Sle Ul Ngd e gas, JSSL L
290 Ol & poles iy b LS (p yiSud s K sl
K jhde) d9d 00 485 Jlai )3 5L ol slp gl ]
A iy bl b paie ) bawy
alols d aasly ol ) a5 1/d? ply 395 0 o3 Silis

595 o ple (silwand ) ookl 3590 (gla ol )l =) Jgd>

LS
)
YO+ Bve YO Neee NDoo Fooo
YO+ Neooe
Voo
AR A R AR A PR A A PN

P ol
pigegsS Al
SNP slass

31,81 slass
Cazex o dlass

b JT 3

RSP PR WA )
Ul KNN- (g, 42 5T gy (abjl b bls)l
2 sladles 68 b oyl 1y &by cowd jl slaodls SbjL
ol 3l eolawl b sy cass jl slacaigs objb b bl
4 Baind cpl 1l sads plool ply al5 2ol )3 o,
N slacsgs bk 0> ey ool 2es (o) yobate
Voo lp plST e 4505 YO old Camen 3 i
2 Gl ol 00l lis Y JSS o wledd cuiei; SNP
Cuwd jl @93} ..\40).) i’ 9 V() ;a’ ‘YQ c\’ ca dl.by)l:uw
]) 4»3) Cawd )‘ dl.lbwy) ‘/\c‘ 9 ’/;‘Y n/VF c'/A‘
Jopd il 8l b dgds o sdaline 45 doSSlen ges b5
Bl iels Cwigl ol Core wep A 4 d l Bls
Loy iRl olej 3 e Lbilb cove > Jals
V) dg5 danMo LB lis 0o pd ey Ol oddiad ol
Cuwd Jl glaciss dop Gl L g ol 5l o Iy (30
il conop ials e woyy A 5 VO 4 48,
Loyd A gyyliw )3 a0 4 292 dx g BB )l 5955
o)l & Comd i3] (Dbl Como Ay Cusd | g
OialS Moy B e a4 Ay Cusdjl Cuigil Moyd O
5 gl ) pmrle Om (Swer (nres .8l
gy dopd Gl L g8 ead obik (gl myle
9 (([AAN) aB) cand I gl dep 0 bk ol
ad)y Cund gy dopd Ve DLk plej o ol (p a8
oS Sglate slaylidl oy g sy b cudgs) (ol 4
Scig) ol Gll amd > gl abil cons
ol)lSwa 9 ‘_;u.m JLA dl)é Cawl 005 odmlie 4;'.“3) Cawd )1

Gt Covo pocigl ik b n Gy
o955 (>Nl sla i)l Il ¢ eg) (Sl sla o)l
Obey Mg 4 g Jel gl Gmple ool b
(8) BGLR (g)l58lp 5 aww B > (YA) GBLUP
Al o 50 105 Al o e Coro g 0l S
. 9 Yo B¢ YO N D LY Joy)A L;u.sy) uLC)’Uo‘ I
Scwip] g odd B> (i) Ple I LSNP 5l ao)
ooyl base g ond obsb KNN lawgs aidy cuws
ngl> ‘_5.\...)9:5 ‘)AAJ)JlA )‘ ’OJLQAAA,] lJ ‘_;09:) L§>M‘0|
Cono yd wlblf 9 KW .))9‘).3 (W) u.sl.s)b dl.(bwy)
P p p ey Nl bl oty
Lgud))g (J..\O).) q’ 9 V’ b~ £YA c\’ ‘&) ;.é.l.> dl.b%)twd
RS

Jw s> 4 b pole ;0 KNN gy 51 oolasiwl 4> 51

slaghyy (M) ohles 5 Sly Jhe lp aimse
duglio 3)90 6y Gagls ) (o paseits 3 1) iz
Cono | by, 4y 4 Cod (BPNN) )Ll Luy ooae
I () Ghen 5 g9 oizmen D 0530 YL
P O e Lasie gy et slagi oSl
J.:Jw odlétw! L8R )J9La.; )I odlétw! L d).u.d LSLQ’QK
05 My LS o S8 Wl slaglS 5l ) S slaglS dsp
cile Jols (pdle (6 30b (sla yog, (VY) c‘;‘)m 9 O
Py mas & 3 KNN g, (SVM) - lacdy Jby
Bk s gl s o gl L8y o)y
S8 dlio 390 Wgls & (g9 p () Sl jguins o
S Jols cledbl l edlatwl b aS” W2)S7 5,155 4 aob

1- Genomic best linear unbiased prediction

2- Back-propagation neural network

3- Support Vector
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Extended Abstract

Introduction and Objective: Genotype imputation in genomic selection schemes has been
considered by researchers in recent years because it can reduce the costs of genomic selection
without having a negative impact on the accuracy of genomic selection. In the genotype
imputation process, markers that their genotypic information has been missed for any reason are
imputed using various statistical methods.

Material and Methods: To constructe genotypic matrix, a one morgan genome including one
chromosome for 250 and 1000 individuals was simulated on which in different scenarios 250,
500, 750, 1000, 1500 and 2000 single necleotide polymorphismes (SNP) was distributed. In
order to create genomic matrix including missing genotypes, genotypic information of
respectively, 5%, 10%, 25%, 50%, 75% and 90% of SNPs was masked and then imputed with
KNN. The percent of genotypes correctly imputed (the ratio of genotypes correctly imputed to
total masked genotypes) as well as the correlation between primary genotypic matrix (no
missing genotype) and imputed genotypic matrix were used as imputation accuracy.

Results: In the population including 250 individuals, the accuracy of imputation in the
scenarios of 5%, 10%, 25%, 50%, 75% and 90% missing genotypes, were 0.82, 0.82, 0.80, 0.76,
0.62 and 0.40, respectively, but by increasing the size of the population to 1000 individuals, the
imputation accuracies as 0.83, 0.83, 0.82, 0.82, 0.71 and 0.54 were obtained which in the
scenarios of 75% and 90% of missing genotypes the increase in imputation accuracy was
noticable. The correlation between the primary genotype matrix and the imputed genotypic
matrix also decreased with increasing percentage of missing genotypes. In a fixed population
size, by increasing the number of SNP from 250 to 2000, imputation accuracy increased from
0.67 to 0.84. In addition, an inverse relationship was observed between MAF and imputation
accuracy in a way that by increasing MAF from 0.01 to 0.5, imputation accuracy decreased by
15%. Computation time increased following increase in dimension of genotypic matrix. Bu
increasing the percent of missing genotypes, the accuracy of predicted genomic breeding values
decreased. In the scenarios of 5 and 10% of missing genotypes, no change in accuracy was
observed, but in the scenarios of 75 and 90% of the missing genotypes, the accuracy of
prediction of breeding values decreased by 16 and 32%, respectively.

Conclusion: In general, imputation accuracy of KNN was acceptable in such a way that up to
50% of missing genotypes, KNN imputed missing genotypes with 80% accuracy and therefore
one could recommend this algorithm for genomic selection schems.

Keywords: Genotype imputation, K-nearest neighbor, Minor allel frequency, Single nucleotide
polymorphism
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