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Table 1. Two and three-step strategy in genotypic imputation

W caie; blatwl sl gly 0,oms cleMbl a4y 3|5 395
@l &5 onl » quisy bland dbel
59 Byl 51 VY) b e it Flmpute 580,
Syl sl g 350 ey Il Sy Beagle
slocsbly (35 Somml Gln ad 2o & el
(V) &S o odlanl ()8 iy Ol b sdidd cudes)
gy blitel () owizmen 9 SNP (ol SOl ail s
LS‘)‘:' Lol oJ.ib)f u.>])]o uaJl& bazes dlx pron
5ol 6y g5 lodlS 51 oS dngs Sl 3 (slmygutS
Qo 5D (oS oMb g Gl Cllg Bk 5l
YU o815 b asl s obol clp Guigs blaal (o) il
ol S5 esles sl 1y os) i Como yiShs oS
Couo (o) Afmaa u)l )l GBud Cuwl 0l c\d);.).:
+oalb g disrel (A Cuxes dw P iy bl
yp Beagle 4 Flmpute (clo by, oS4 asseal
asly g b oSl b adly 0 oy cuwigs blawl cows
Coleg 50 9 ¥ Cumon dw Solaie gl yaly 0 YL (ST L
bl lag)lw lp gy blitel como (o)
Fimpute sla yig) cov Colite g o Caurer (slaojlul

il o Beagle 4

W9, 9 3190

59 bl > (glals o dus g 93 5 pnly Jolpe =) Jgao

Sl podus > yualy

Sl a9 3 2,

Erower SV bonbSliasly @ ab Jusdlilples

LR T ol o515 <l

o il buogio o515 4l ——— Jui 2 0 5V

(Olge>¥+) —> ﬂ

o9l sbcumes KL YO e GYL o515 adly g s 2 3§ Ve l

SOLE Y0 L YL oS15 asly

& e r FEu .
g odalde (locuisl o e Sheer oyl
ol A 9 b bre glp b dyslp old gy
15 o3zl Hotelling Williams- t-test 0923 31 09

b Ban Cunex g 2 p0 Cumed Gm $Ngldugs Ly,
I8 ol L;Uzs%)l;w LS‘)’. &0 Cure> o)‘IJJI 4 d>gf
SaSas Caigy blitw! Cous Sloss o2l LS ¥ i

&y Camed Oiglite glaojluil Cod glisio (slagy )l (o (s 1gling> =Y Joao
Table 2. Relationship between different scenarios under different sizes of reference population

sy bliwl glog,lu

Y‘y)l.w: Yy)L.w \y)la.w Pﬂ&f&b}l,\)l
Ivs <Y Iv0 Yo
/Y0 AN -IvY A
Iy AR IvY Veoo

plad lp cuigy blal cows nlial (Y- NF)
Bev 4 YO+l & ye Cumon ojlul (iol38l (gly lagy sl
Cozex 03l i3l blie ;0 b 000> (65t cud o>
A5 oAl Bl cud Glg Ve B0 @ g
I (1+) SSan 5 e adlas 5 {F 5T Jpi)
Cows Glibl cel Glas VoY 4 FY I x> e o)l

oA +asual Cuxes g LAl Cures @itual Cuzer cui g ¥ Y ) gyl

OB L slag b pled sl Gy blitul come

2 57 Jeie) 290 by GBI @2 pe Canen ol
ojlul Gilial boas conl sud byli5 e Gildllas
oS cal dales li8l Cuiel bluiul Cous @ 5o Cunox
e gty ool b cdlle 5l agh gls

1- Interpolation

2- Pearsons correlation


http://dx.doi.org/10.52547/rap.11.30.109
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.8.0
http://rap.sanru.ac.ir/article-1-1088-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-16 ]

[ DOR: 20.1001.1.22518622.1399.11.30.8.0]

[ DOI: 10.52547/rap.11.30.109 ]

Y)Y

Sy eloss Yoo xa e Cumes ojlul gl FImpute o
Judd &S 5y ysls ime} @bbuaeb)admw)l)?
il bayyo idehs 50 odd oolitwl sl go5 4y Ylas! -l
5 $Bgw slagls sBly claodly 5l Ll adllas )3 a5 15
Pl Giagh b 33lg5 )0 g ouds edliisl Finnish Red
& Cod FImpute g, cuigiy bliswl cows iol38l o
9 Bsdup 9 (V) ohlKer 5 Mo adllas Beagle
] ..)9{ (\’) ul)&o@
bl cows lie (el Caren) V ogjlw sy
Cawddy yd (alB Cunen) ¥ gl 4 Cund (593
Vogohe 4 Cans Vgl p come (181 ol
Y gyl )0 @y Cumes 08l giin glglived & Ylazs!
Camed (o 4 pp & 2d (BS(Y Joi) cwl basye
bliw! Covs sl yuin glglives daly Bun g > ye
OIS 3 adlllas 53 (V) 23,5 00 2yl plir 5
WS b ebadly gy cuisy bliwl couws & wi
blaswl sy ond ool (51l 1l cov jiin omb
Syl g 220 Cumer Ll Cwl bewis) iy
o311 (V) 5 )18 Cuonl (gam adl>yo > cuigis blisul
Ok o515 L asly l edlal i )3 (1) 3580 55
& Cund Aol 5 g3 p0 Cumon D Sy sl g 1
)»L wy) bl.u.w)‘ Cowo (Sg) g2 &y Cure> b)IAJI
Cored jd Couo S &y sy sl (YY) 5yl (s i
5 wi llges BL drwg Jb 5 slayedS slp xo 0
gy bl cows (V) o )Kea 5 I dalllas j> sl
gl Cunor d‘)’. o=b p,{‘); L dw;l); 3l eslawl cdls
Loyl & jalld Comen b duglie 5 ogin (sl 81wl
g bl Cono Ve RPN P ‘5;\39@95
alal (LA +disual) ¥ ogyliw 50 dged Dyglp i
bliwl come asuel galys a4 ol canes (290
&S yal oyl L),.Ja’.cwl ooy yialisl Sia lde a4 (auseel
(Voo liw) azenl Cumen 4 Lalb Cllos 9500 adls]
L) o035 gy bl como )3 )l e iul3bl el
b ool Comer ol lglings > 4 olgie Yiens!
)..sl“,ouab) ) Como a5 ol Cauns diual Cunes 3l
Carex NP S sloay olp wis 5l solatwl &5 Ldged
S J) e g5 4 lpie |y cono Lulil
a8 0 Cad NP M g e Cumen adly  owighle
L (Swgn Jols pae (gly i i cud S cul B
Sl w35 el (A5 ok sbaglS 55y 5 & (A)
S3bskS 00 (ST L sl 4 gilbghS Ve (ST L asly
ol &S s B8 AY Cwgl blowl cos il

WA s ¥+ 0jlads [e23jl Jlo ool Clidgs (slouing sy

Cumax Gl Bl b &Sl )3 aolg A pl5es i) bl
S sl ¥ L l3El ol e VB 4 YoV ) gy
@ SesS @2y Camed ol 3 Cono e Rl s
Vias! (g 0+ + 4 Y0+) Lawgio g Camos o)l
& po Cumex D S e gl olighla dlasy i8] fdoay
buge cllo 5l g e Cumar il &S o 0 (1) 3L
e (haljdl ecly Yloisl (Gl Verr 4 000) S)p e
(0) 35 o @ ym Cama 39 S s il 2l
Cowo (g YO1) So @pe Cumer ojlil (lp
Beagle 4 cous FImpute iy, oS4y Coigsj bl
5 O gape Camer laojlul > (1 Joa2) 35 it
Fimpute coro (ilibl bagylue plad j3 (ol Vees
Sy (p>e00) d50 Yy ixe Beagle isya Cus
s sl lile weel Gyl g9y p & adllas
2 i) bl cono o8 oy olis bl guls s pbl
L5 3590y Beagle g, b awslie > Flmpute b,
P orzen 1) 3 cdllhe b iagh gl b oS
o) bl cono & (V1) ohlSen 5 58008 adlla
s Fimpute g, 50 SaSay ol clogienslS 9y 2 1y
ol as” sl OL:‘;;‘ bl bt s awslio Beagle
S9) p Syl 80 JlPBley £95 4 G @20 Cunex
P Cono Gl s b gy bliwl cows
& Ylis| Beagle 3y b awylis ,5 FImpute )jéls
(BUd gz Curer O sMslings by, b o
SleMbl yuzmen g Laodlgls ol (Swge oledb
&S Cuol 0dd )55 picred Wl Cumen jd 29390 LD
s oledbl 5l Flmpute )5, eolitwl 4 avg L
Gl el by b5 5 B i g Yieis!
sy 4 Cund hey il ) Guig) blitl coms
oli8l &S cul a5 glasdllas jo (YY) 205 500
Caus FIMpute g, awslie slp cuwig) blowl cows
Bbme So68 2y Cumes ojlul 4l Beagle «
Ol ¥o 3l 55,5 @ e Camer o)l g Al )18
Cous lawgie [(V0) 208 Jbdme Cows il oyl
YoV syl slp Beagle Lig, slp e blocwl
Fimpute gy slp 5 +/VF o +/0% </VY Cuwipa
Cono Lol el Candy HJAY g <[5 /A LS
PO bl (P /00) o sae ¥ ogyliw b awnlie 0 )V g5l
Iy Jos cpl &5 (0> +/+0) 295 Jbbze ¥ gyl b dulio
Camaz 3 4l g Al ol gty s pas @ Gl e
bl cows jols adllas o (¥ g ki) o Cans x50
Y gsbaw 0 e Voo &>y Cumo> o5lul sly s
<IN 5 <IN 4, Beagle 5 FlImpute o, sly
L5 gmeo g mol Hln Como @glis ol 45T s 34l
ojlul sly Beagle gy L adllas G > (p>+/+0)
Sl @89 Sy Sl I o Ve @ Cuner
Cono VL pS15 L bl 4 jlolS e B0 1815 L aslys
5 Lo adlae 15 (W) 0 )00 52l e g} bzl
Cons BeAQIR (39) g blitl cono (VW) )Sen

1- Japanese Black cattle


http://dx.doi.org/10.52547/rap.11.30.109
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.8.0
http://rap.sanru.ac.ir/article-1-1088-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-16 ]

[ DOR: 20.1001.1.22518622.1399.11.30.8.0]

[ DOI: 10.52547/rap.11.30.109 ]

VY &5l 5 0l lacures ) blitwl cows p cuig) blatwl glo jbsy g & yo Cumes o518l il

Onb w81 b dsly gly Cglite x o Cuman ojluil Cod Cglaie (slagy )l 1D g} blitwl Cors =Y Jouo
Table 3. Accuracy of imputation in different scenarios under different reference population sizes for low-density chip

g blatwl glag )l

¥ gyl ¥ gl Vgl & Canex ojll JBley adlys
4} <J¥Y N Yo
- IY¥ .15y Aas N Beagle
<[AY NS « NS Yooo
-va <[5 -/ Yo. ol o515 L alys
-/vy I8N <A dee Fimpute
+/A JIYE <JAY Yoo

oAl sl Cuxen g (AL Cumer @ittal Cumen cipa Y 9V A gl

» Flmpute o Beagle (sla yogy ly Guigi blowl
Ol Ll oI g /YA ey o ) gplis s
38 Gl L Y o515 L asly ol Gl ol
2 g VD G 38 g 90 Sln @ e Cane
ly gl blisl Cowo (e 05 2yl Vg2l el
Ll b lis 506 jluwn ©olds ¥ ogyliw s Cons ¥ gyl
(P<+/+0) 55 Jb gz Jol gyl 4y Cos Como gl

(¥ Jsa2)

adly ly cglaie glagyyluw cov Cuigi; bl cows
plos 3 sl o3 0315 HLE Y ojlad Jaas 55 YU o515 L
YU oS5 b asly ly gl blawl cous gl
ol 53 a5 35l st ol o815 L 4Ly 4 Cas
bodnslie )3 @ye Cumex ojlul (Rl b o515 L
S gy blizl oo 1YL 615 b sbeadls
Coman 0311 2al53l oyl w5155 b asls (el 59y Soaiee
Cono Glll el glg Vere a4 ploe YO Sl @y

YU o815 b asly glp ciglate @ po Cumen ojluil cov olaio (sl low 1> i) blisusl cous =¥ Joio
Table 4. Accuracy of imputation in different scenarios under different reference population sizes for high-density chip

9] blil glaglw

Y gyl Y gyl V gyl 2 yo Cauma> 05180 JUCISY adl
IV¥ g /vy Yo
<[ <[5y +[AY AR Beagle
-/ oIy A Yooo g
«/AY -5 «/AY Yo Yl o515 1 il
<A /Yy +/AA AR :
Flmpute
NANY +[A¥ +/20 Veuo

0Als Faisuel Cures g (Al Curer @il Cares Caiga Y gV ) gl

Vol Gl e pReda (i GRIEN ) gl
YU Jda ¥ gyl 4 G cuigiy bliiwl cous e
Fobe Ban g g2ye Camed O SHglingt Al (o9
a4 ol Cuenr 500 Bl ¥ oglie pd el Cumday
g b cnlply ol (Rl (S Jladear N grjliw b duglie
P SrygdS &5 S g pob Gimgh @l 4
P SeF 0dd gl et Sy Cuner & dang S
)‘ oaliiwl P ol Cons d.ul)_’él dl).g ot (o yuwd
b aseel Cuner SeSa FImpute coigs; blicwl g,
Baa g @y Cumex gm ¥l bLIL Rl

Dgb o) cunlio Sl SO lgieds olg7 oo

o ¥ gl 4 s ) gyl (gl ¥ o ¥ gl

Sl g blitwl cone guiglings Lulyy (il
Vgl & Cond ¥ gl Como (talBl Jg 5 3l
SIS gsbds (P> /40) M x5 sl Hlews M
dl).g gy blitwl Coro 45 2l Olis Liagl o.g.l s
IA..» u...:l)sl 2 Come> b)“.b" u-u)‘)s‘ b dha%)k.w PL"J
Cod o> B e YO+ 3l 2o 0 Cumon o0l iol58) 4l
Yeor g Bee Gl Giali8l Llae 3 5 A ol (g b
coigi blitwl cons wcdl jials o uiolidl cod e
ojlul (¢l Beagle 4 cuws Flmpute s, SaSa
2 bl ) 3@ e (Gl V01) Sos8 @0 Cumer
plad )0 lges Veer 5 Oe- &y Came> ol

&be

1. Aliloo, H., R. Mrode, A.M. Okeyo, G. Ni, M.E. Goddard and J.P. Gibson. 2018. The feasibility of
using low-density marker panels for genotype imputation and genomic prediction of crossbred dairy
cattle of East Africa. Journal Dairy Science, 101: 9108-9127.

2. Boichard, D., H. Chung, R. Dassonneville, X. David, A. Eggen, S. Fritz, K.J. Gietzen, B.J. Hayes, C.
T. Lawley, T.S. Sonstegard, C.P. Van Tassell, P.M. VanRaden, K.A. Viaud-Martinez, G.R. Wiggans,
and Bovine L.D. Consortium. 2012. Design of a bovine low-density SNP array optimized for

imputation. PLoS One, 7: e34130.


http://dx.doi.org/10.52547/rap.11.30.109
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.8.0
http://rap.sanru.ac.ir/article-1-1088-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-16 ]

[ DOR: 20.1001.1.22518622.1399.11.30.8.0]

[ DOI: 10.52547/rap.11.30.109 ]

Y WWAR o 1Y+ 0l om0l Jlo (ol @lidgs slosingy

3. Bolormaa, S., K. Gore, J.H.J. van der Werf, B.J. Hayes and H.D. Daetwyler. 2015. Design of a low
density SNP chip for the main Australian sheep breeds and its effect on imputation and genomic
prediction accuracy. Animal Genetics, 46: 544-556.

Bouwman, A.C. and R.F. Veerkamp. 2014. Consequences of splitting whole genome sequencing

effort over multiple breeds on imputation accuracy. BMC Genetic, 15: 105.

Browning, B., Zhou, Y. and S. Browning. 2018. A one-penny imputed genome from next-generation

reference panels. The American Journal of Human Genetics, 103: 338-348.

6. Browning, B.L. and S.R. Browning. 2016. Genotype imputation with millions of reference samples.
American Journal of Human Genetics, 98: 116-126.

7. de Roos, A.P.W., B.J. Hayes, R.J. Spelman and M.E. Goddard. 2008. Linkage disequilibrium and
persistence of phase in Holstein— Friesian, Jersey and Angus cattle. Genetics, 179: 1503-1512.

8. Habier, D., R.L. Fernando and J.C.M. Dekkers. 2009. Genomic selection using low-density marker
panels. Genetics, 182: 343-353.

9. Hozé, C., M.N. Fouilloux, E. Venot, F. Guillaume, R. Dassonneville, S. Fritz, V. Ducrocq, F. Phocas,
D. Boichard and P. Croiseau. 2013. High-density marker imputation accuracy in sixteen French cattle
breeds. Genetic Selection Evolution, 45: 33.

10. Ghoreishifar S.M., H. Moradi-Shahrbabak, M. Moradi-Shahrbabak, E.L. Nicolazzi, J.L. Williams, D.
lamartino and A. Nejati- Javaremi. 2018. Accuracy of imputation of single-nucleotide polymorphism
marker genotypes for water buffaloes (Bubalusbubalis) using different reference population sizes and
imputation tools. Livestock Science, 216: 174-182.

11. Korkuc, P., D. Arneds and G.A. Brockmann. 2019. Finding the optimal imputation strategy for small
cattle populations animal breeding biology and molecular genetics. Frontiers in Genetics, 10: 52-59.
12.Ma, P., R.F. Brgndum, Q. Zhang, M.S. Lund and G. Su. 2013. Comparison of different methods for
imputing genome-wide marker genotypes in Swedish and Finnish Red Cattle. Journal Dairy Science,

96: 4666-4677.

13.Ma, P., R.F. Brondum, Q. Zhang, M.S. Lund and G. Su. 2013. Comparison of different methods for
imputing genome-wide marker genotypes in Swedish and Finnish Red Cattle. Journal Dairy Science,
96: 4666-4677.

14. Meuwissen, T., B. Hayes and M. Goddard. 2016. Genomic selection: A paradigm shift in animal
breeding. Animal Frontiers, 6: 6-14.

15. Milanesi, M., D. Vicario, A. Stella, A. Valentini, P. Ajmone-Marsan, S. Biffani, F. Biscarini, G.
Jansen and E.L. Nicolazzi. 2015. Imputation accuracy is robust to cattle reference genome updates.
Animal Genetics, 46: 69-72.

16. Mohammadi, Y. and M. Mokhtari. 2017. Genomic selection accuracy parametric and nonparametric
statistical methods with additive and dominance genetic architectures. Research on Animal
Production, 8(18): 161-167 (In Persian).

17.Mulder H., M. Calus, T. Druet and C. Schrooten. 2012. Imputation of genotypes with low-density
chips and its effect on reliability of direct genomic values in Dutch Holstein cattle. Journal of Dairy
Science, 95: 876-889.

18.Ogawa, S., H. Matsuda, Y. Taniguchi, T. Watanabe, A. Takasuga, Y. Sugimoto and H. Iwaisaki. 2016.
Accuracy of imputation of single nucleotide polymorphism marker genotypes from low-density panels
in Japanese Black cattle. Journal Animal Science, 87: 3-12.

19.Pausch, H., .M. MacLeod, R. Fries, R. Emmerling, P.J. Bowman and H.D. Daetwyler. 2017.
Evaluation of the accuracy of imputed sequence variant genotypes and their utility for causal variant
detection in cattle. Genetic Selection Evolution, 49: 1-10.

20. Pausch, H., B. Aigner, R. Emmerling, C. Edel, K.U. G6tz and R. Fries. 2013. Imputation of high-
density genotypes in the Fleckvieh cattle population. Genetic Selection Evolution, 45: 3.

21.Nicolazzi, E., S. Biffani and G. Jansen. 2013. Short communication: Imputing genotypes using
PedImpute fast algorithm combining pedigree and population information. Journal of Dairy Science,
96: 2649-2653.

22.Sargolzaei, M., J.P. Chesnais and F.S. Schenkel. 2014. A new approach for efcient genotype
imputation using information from relatives. BMC Genomics, 15.

23.Sargolzaei M. and F.S. Schenkel. 2009. QMSim: a large-scale genome simulator for livestock.
Bioinformatics, 25: 680-1.

24.Van Binsbergen, R., M.C. Bink, M.P. Calus, F.A. van Eeuwijk, B.J. Hayes and |. Hulsegge. 2014.
Accuracy of imputation to whole-genome sequence frontiers in genetics data in Holstein Friesian
cattle. Genetic Selection Evolution, 46: 41.

25.VanRaden P., C. Sun and J. O’Connell. 2015. Fast imputation using medium or low-coverage
sequence data. BMC Genetics, 16(82): 2039-2042.

26.Ventura, R.V., D. Lu, F.S. Schenkel, Z. Wang, C. Li and S.P. Miller. 2014. Impact of reference
population on accuracy of imputation from 6K to 50K single nucleotide polymorphism chips in
purebred and crossbreed beef cattlel. Journal Animal Science, 92: 1433-1444.

27.Wang, Z. and N. Chatterjee. 2017. Increasing mapping precision of genome wide association studies:
to genotype and impute, sequence, or both? Genome Biology, 18: 17-19.

a &


http://dx.doi.org/10.52547/rap.11.30.109
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.8.0
http://rap.sanru.ac.ir/article-1-1088-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-16 ]

[ DOR: 20.1001.1.22518622.1399.11.30.8.0]

[ DOI: 10.52547/rap.11.30.109 ]

Research on Animal Production, Vol. 11, NO. 30, WINter 2021 .........oomiiniii e e e e e 114

Effect of Reference Population Size and Imputation Methods on the Accuracy of
Imputation in Pure and Mixed Populations

Yahya Mohammadi' and Javad Ahmadpanah®

1- Assistant Professor and Faculty Member, Department of Animal Science, Faculty of Agriculture, Ilam University,
llam, Iran (Corresponding author: mohamadi_yahya@yahoo.com)
2- Assistant Professor, Animal Science Research Department, Kermanshah Agricultural and Natural Resources
Research and Education Center, AREEO, Kermanshah, Iran
Received: March 1, 2020 Accepted: June 7, 2020

Abstract

Imputation as a method of creating low-density chips to high-density chips has been
introduced to increase the accuracy of genomic selection in animals. In the current study, to
investing imputation accuracy, three populations of mixed (scenario 1), pure (scenario 2) and
mixed + pure (scenario 3) were simulated using QMSim. Two methods of imputation including
Beagle and FImpute were used for two types of low and high density chips. Selected reference
population sizes for each scenario were 250, 500 and 1000 animals. The results showed that in
all considered scenarios, the accuracy of imputation raised by increasing the reference
population size from 250 to 500 animals, but decreased by increasing the reference population
size from 500 to 1000 animals. The accuracy of imputation using FiImpute method was greater
than that of Beagle for the small reference population (250 animals). In all scenarios and
reference population sizes of 500 and 1000 animals, increased accuracy in Fimpute method was
not significant in compared to the Beagle method. The accuracy of the imputation was higher
for scenario 1than for scenario 2. Also the increase in the accuracy of the imputation in Scenario
3 was not significant in compared to Scenario 1. Generally, the results of the current study
showed that in developing countries where small genotyped animal populations are available, to
increase the accuracy of genomic selection, using FImpute method and mixed population and
increasing the relationship between the reference and the target population could be a suitable
approach.
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