-~

wa WAY il /Y oloss /ot Jo oob> Cladss (slowing sy

ol b e 5 553l pole oSy
o Sl sletagy

9 o5 ©lto 0gij B glag)lore ;3 (093 (St Cove b5,
(Dl SR (g, bawgi 05 jlwdemd (0935 B3I otk b (glaitinw]

d)bU d.w,,[

(y.naderi@iau-astara.ac.ir : Jggume odiwm ) il il bl sy o oMol 3151 o8l ¢ sold pole 09,5 bkl
WITIYN < i o /)4 /Y0 ey o,

FXVOCS
IR Couo g (S ) d9e jelikeds (S g (o8 Ol (S5 j90, RS (51 plSuel Gl (egif LR
1SS (35912 Mo jld (o097 Como 3483 (b Wigl I (amd (1392 Ul U ey .l o0 s 2ol 33 (0935
R gy (o) Come (bl g Olp P Jelgs g (Rl Cono 355l Brod (l Bk a5 b oo (P B2
Sob 31 0935 o031 gl 51 53 392 (29393 (glailiw] g (oS Silhuo SIUT (sl (0gij AR Sl g jlone g 53 (SO
@glitio (LS, g (3Lsj 9 o) LD chkiden zghaus (+/Y0 g +/+0) (il yg glitio Zokus LQMSIM 133105
o By bl 5 (gt (515233 518 5 5 vt 39095 £ 312 3 (Ve 5 A7) (o lio ol
5 Rl dm PlaBI Fimpute 1381 0 5 & b 51 day dlos s 43 g 83900 JSLS (A 1 (o jd Qe 5 0+) Bls &y pludl  Bolad
P9 51 o3l L (il g ol (s1> cogus 58 13 L858 51,8 (o)l 3590 (APl Cono g 03905 036 o5 b (e
LD gk (yii ] 581 L a8 315 oyl Lt ol 23liiw] (gldilins] g (oo Oliio 0935 Como b5, Caa Hobai SR>
9 LD YL s L (592 )l cicwgn ©lioo 45 9 (63 Cily9 9 LD QTL (gWh us U (591 b ¢ glailiw] Olio 43 399
5 sebar vy polaidl 3gh a4y (Balal SR hg; 50 1y (099) (e Coue Gyl QTL (b do 9 s b SSl9

By yie (05 Wlhio dy Comd (Glailiw] Olhuo 0935 Como 5,91y 10 Bokal JKia g, 3 yNes

ojlal e 4y oud (gjlwand slaodly aSls > S o
pis) Cdo (S5 ilens Jro (il slaasr b aad
oo 35 loolSels 5 6 sl {LD) (Siage S5
N n il g swgldngs a2y3 9 SoUis slass (o5
U bly clmosls 1L &S o 55 sy o @lpests sobio
ey S 3 Gk 2 il g e |y i 25
(FAXR) d )5 SaS a8ly slaodly sla,Kal,
Loyl 3505 50 o3 b)) GV Cono 42 5]
Ol b Ml e (0935 (i ) Jale o ytege (>l
13 58)5 0133l lgisal |y yol ol (olatdl claain o
ookl Ly 5 )05 ] s s s bl oy
oLsS (o095 (2lajyl SIS slaanja dhis (ol )l
TS u.gl,{)')l’).) b )Kaly pl 5l (S sl ) e
oty Sl B 4 o5 cul (595 (Imputation) ool
L gl oz 53 005 g} e S, S g
GAD] a2 o Cmor (obla g9-5 95Ul 5l ool
JSal, Y o515 & o515 o cslaaily il (A) 35,5 o
039 Sngij (3Luaill (sloadiiz dguy disej > gisbue
oaalS 1y 0aM e dad o ojlal Base 4 STyl Ll
o ool Jsd BB oyl (ol g sl je
oS5 (FV) Capman 330 ojll (F4) 398 Juol> 55 (o955
e I g5 Y) LD lise {ATRN+) (5,50
Ot 3 (F) il 3 oad odlatl (3o 55 5 (VY)
3j9 > LIS Wi (ol oo o e Jelge
e, Slas (ST, a8 ol ol (Nelore) Jos, 5ob slagls
L 9 (Wl Como 1 Jhe Jslos (St

Aol

Oloogad 39y pbd Mol gladol y o Lol Gan
Ay g bt Claws daup sbwly o Sllgs 3
P oy e gla ey 3l edlail .l dgm 3,8
Sl Sy 3 (38D Jeo0 4 sz e el M
‘o|9_? C;l_3|9,'> sl b i, Qi‘ 51 edlazwl Lol 038" sl
ALl S 4 5l 4 (oledygS) g e d9aee Clio
08U (el oo douiS ) Dg olped slaCgdgae b
(e Ve gamd ;> 00 ST (ol 5 el (gl i,
L bl g DNA cleMb 5l sslawwl b (oob; sla jimgs
Olli8l gdgas L5 as (F) e )5 plonl b ) Silis oS
Sl e aSo) @ 4 g b bl ccusly Jlos ) cd iy
iy 555 s J S g S5 sl SO
(F) 85 gy ol 53 Cadgaome dbol el wind )5 o

2 JsSse cleMbl il ool wl )5 (o> Jo20
5l osliwl L S MAS I ol Jao &l L pls 2]
S gy imd oo Jhde 1) poi] pled wSTpte (sl SOl
2L pnS 09 o0 04l (c0gi] (LIS &S (hg) ()
Ol Jamol g Lo gy cdald] j3 o (FF) ad 8,20 VA Jlo
o=l glS e s )l (YF) o) Sen 9 (99 bwy
Al (0935 (Pl S5l 39l cono by,

o2 5 =8l (o555 sloodly o ¢ o5 Slilllas )
9 O3 (p Jo e SBlaal gl 0nd (gjlodand
dlio g (S5 sl sl b sla by b
03l wl D90 pgif p (sine calisee (6315 Mol sladsl y
oSaice |y (ot GleMbl Bly (claodly 35,5 o )8


mailto:y.naderi@iau-astara.ac.ir

W o srssrisssinssinees oAb g jlwdud 0935 slaodly pil> b bl 5 oS Clao og5f calite slagylaxe )3 (0555 (i Como (b5

s Ve Sl g 39 (oLl (B e g9 0 43S
Copmor (2Bl )3 IV Jod) 4d 85 Camen S0
302B Coman lsie 4 (Ve Jud) Jud o ST 018 ¢ oles
M) 486 Lol sl igs cleMbl 33l ol a8
Al Comen Jo8 Lo Jus ¥ ol 3l poiomad 0oy ouigid
0=l &S a2 e slacunar 09,5 3 (WA LYF i)
Mol sl i) ot 5 4zl swisi SleMbol oa 31,3
W il i gl w3l pasie bl e
Sl 2558 S g (29> g2 ) plp Sllge e
o3lo g 5 ly (RN dopd a3 4B)S L ) 5 e
Ulgs olowl b dd )3 Jas s asd Ve g A sy @
b5 9o (sl 5] el da Jus sl 5
2 oleSe Joolsh Spgo g (M 93 ©jg0 4 b SSLE
S 50595 090 (Bl Ve Jobo 4 poigeg)S FA
Aol ) b (giludend SOLE VA pgjgeg)S o (sljl 4
w93 d (gilwdds VoK o i gl S0LES AQAY
Ciygo 4o 45 0 (gilwas (5 9 47) QTL Caliseo
Sl Gl E55 805 @i pjgeg)S Jsb 5> (Bolas
VIoxV e s a3 g ol o 0 LQTL 4 b Silis
_ (PV) 15 oy

Juessl a9 solal ol8ud jlasilan ang L
La 3 éb\ o bawgs oLl e Olao QTL
g i 5l Koo by 5l oY do s g odes il gl
1395 9 (pals) Col 1535 Lol @8 & 4n )8
A oyd LelS LaQTL Jlainl g8 doms 3 (Yoo
a8 s o0 /0 b Solts sl adg) T Syl ien
=il Bl plly olie JS ol 2 5 s 2 ) 5
[+0) s pdacdlyy s paw 93 b pused QTL lawgs
Capmod dooMs 0l 48,5 a5 )5 Clwo yo gl (+/VD
Ol N Jgd p> ady jLSe sl g ol (gilwand
(=999 slailinn] Cuigd (gilwand (clp sl onds o3l
S 4S8 5 Cho 550k I Soml slaph ln he S
wd)S e )3 o (1Ske 1 SVL b b slaply sl
o0 5l a8 (MAF) GlaS T Jlols b el Solits .0
A5 gyl a5l LSS NV e (bl (sl ad Bl
1300 ohb sty Giliske Jolye V S5 05 455
W3 oo il Sless Gygo @ 1y Jobs Gaiod
NEPN

doby SaS L A K pS15 L Comen (giloand jlan
5 A Gl s plidl ool ooty g R Sl3dlp 5 15 Ly
2503505 (WY ) 1l Cumer )KL 2o O+
4y pladl (Yo) FImpute gaoby 5,k 5l (gam als o
9 eld banlg) 3jb jload o5 LB (il 5 (b
JFtle como Caled 3 5 48 Carer il b))
S5 (gl ot g o] (slodls | Stumad 3o b
85 a5 2bj)l 3590
(Nwgn JU pas

L oad (gjlsdnd cilizeo (glogy )l (sl LD oo
Ot (1) (Siaad oy g3 ol (gmslne 5l oolitl

/) Gl #5 L) YL WS15 L glaasls @ YK gladsl s
bl g 1y HAYD YL il Coe (b, S0l o
Y o815 L slaasls 4 V0K (glaasls il Jl ool b
2 LSAL,@I.'G'I 9 @M_w] dLM%.;.} )L» )'| |) >)§lo& O e
o1y A st & (17) ohlSan 5 2 (3) b
tle Como 1 a2 e Caner ol (60U il
Azl (g3 chlisie (clagy s 53 pliile 5 (slagls
ol g o, S ST, LtalS L oS ol ol il gl
ol g 8l Jials Gud 4 (il Cono i@ e Cunex
coo 0-K 4 (YK ebasls | auslio ) SK cloasls
(V) cably ol por g 1y +/AY (gYL asl>

29 Saobn Seegis Bl o a5l ey ead
B35 5> e sl hg) Cunl ditunly (g)lel 3IUT b,
tlo 5,538 b, (ol 5 (o e 00 o o
x50 slapiyoSl 5l (o (Solar S (V) Al
Wb dleindy (V) govy bawg 5l (gl & AL oo (itle
ST el (lss iz 31 (15) 52,150 (ull3 Lae
502559 5 (7F) hlsen 5 (I sl Slio o535
9 oS )98 9 (o) Lugy Clillae (6l (VA) oy Sen
e Slag )l (o555 i) sl o S (OY) oL
oy sl slaco e 5l (S 00,8 eolatwl ond (gl
Sl b celmodls Judo g 4o o o] bl dolas JSis
5isel slmeals 3 (Sadl Jlo b blicgn Yl Sl
(IY) Wb o oolay Sin hg)y slacurgizs

9 0l 3 (o955 BRI 390 > 09 &S Slisis
Fli 35 ye3 0ad plol e ol )3 gpday slygS ol
P OYNENY) S Gl 5 0353 (oS Slaw (g9,
o Caglio g Mto 1) alox ) (glailiwl Clio 390
Baa b, sl gt I .l 48,8 &g ooy
S Slho (o935 (Aol o35l 3500 como
ol S5 cadizee slagjlomo b 05090 (slailin] 4
L LD g gpiscalyy ciglaie zolaw QTL gl slass
03ld 69,5 93 0 udle (550l sla by, 3l oola
ol 0 pbsl o ol g 00 (g jlwand

g, 9 219

P95 & 3lwdes
aes (Y5) QMSIM 1551 515 51 o3lis sl | lncgmas
ol LD L imex W5 sl oJsl alsye )5 0508 (g5l
Jews Voo b 5 Ve godlo QA bl Cunes SO
Jom YLLD L e 0y (slm i (5l and
Bk )l Camer D131l (ol LD b Cumar (gjlwdnds
» oly Yoo o (Bottleneck) Sss oS5 S sl
e e T PSP IOL g T A R
595 Jol 51 a4y Camen o1,8l dlass (Voo s p3) Juud Voo
g3 pLS LS abd ciS py S Ve g ool WA m
(oly Yoree) olydl dam ul 5 & 50 Couxen dbul (4lp
2l Copmen 5> e Wi ol b Cumen s o3
53 5 ey Ve o ol 3 a5 )5 158 ooliial 55



WY

f =3 3, T ¥p)

odalio y & gly s g 3y ol P Wp Lowl o
dle 3 8 (gla e (1Sl )b 31 £ (0)
cd il gy chalie x5 uS p 3 T(x; PP)T 9o o0
A M (S dise ol > &S Jlles ple .adl o
r rmyliel 3 g oAl Al dsgena I )l lsie
Hgdiee LSS C )

Nl eolaiwl b g s y0 jl slasgems I olay K
O 9 o0 bul x> e Cuzor 3,8l SleMb| l dig0d
Jloel a0l cpmen 1y an o Cgman )3 00 Sbml Jo
Ciyd p 3o,y e 0)lg badiges 51 (S Tl 40 gd o
Sy (gl SOl SO leMb] diged (ol 5l g ond
ool ol 8l coles 43 90,8 o )48 solitwl 350 3,8
Gdwd add Qb SOl (g 268 asers cleMb
2 U b plodl Jlgte sloe)S 53 oo cpl g
15, 15115 1 8 e Ll sloo S 4 Sl
Slead (gilwds o955 slaodly (V) cudly sales 5954
13 5050 3,50 R Jl 5 (1) RANFOG (525 310

L odds (gjluwdnd Laoh 51 ol pwls cols ;o
9325 y5l Al Comes j3 oy S byl ool
O O (Ssed 3k | (09 (St Cono
(sl g kol (sloosls) oad iy (Mol slash)]
cupe Joo b (FA) 45 sl (Bly (Mol (sla ity 5
Bl (o 25 ©yge & gy (Sasen

»(EBV —EBV)(TBV —TBV)

(EBV — EBV)*\/(TBV — TBV)?
Uil e (Siansod g y—d Tepyrpy Lol 5o

EBV «lialie s N wld dw i 9 28ly (>

Rl edleinl b (0955 (i (Mol 35)

TeEpv;TBV =

3l e

WAY Ll /Y 0 lasd /ot Jlo (ol Oladgr slowingy

(W) 33,5 byl oo (sl S0lis i (geon
2 D?

"= f@r@r o)

03— D = f(AB) — f(A)F(B) «Jg—syd il
w5 e f(D) 5 [(B) (@) £(A) f(AB);
BaA <l s AB Colisble oas sanlis (ol gl
Al e b g

Coin oy LD 3y55 gl (¥Y) PLINK 1.9 )58l 5
o3 3 35250 Sy dem pg5 > s (slo il
d)S )8 oolaswl 5y90 Jus
Y

il sle @yl pdises jl ooldiwl dolai Kin Lol ol
Cino by g8l s 0] Sty g Coprer
by (gl (155 ¢ i jliel glaodls 53l oo
5 g o ale Bolay K JIUT 5> Sl el g
S5 o (Bolad jite Clowl g S pll )k
Py o985 (ot oS plals cel (ol

djg ) (Bolai JK )3 & (eorn g (ol el 4w
Slss amtry 5l ool e 058 1o stuwl (slbdwdS
ntree « 3olas (s pSaiged b o )3 0 ()l paiges SNP
S WSy b &S Sl3 3 Sl b g oyl g ol
72 A s sl SNP (a0 QB el 5lne
4S5 SLb o, 5 ojliil J8li~ anodesize el o, S
Caol €30 a3l o 50 Slaalie Sl ol Ll

sba el slwaiag g wedals (VW) (S 5908
Sla i) i gt Bl JSix 3,8kes 1 (Lol
H3)8 plgis gy cnl sl Slegile Sl 1) (o935 (Mo
3 (53t s (slogg i 60 4K 4 4257
o5 3 0 (1F) ol 5 (5300 38 J 451 5l
bl gl olol 3 &8 ) (ala g e sl el ]
o A Coles Hd b ealaiw] W Gl dwS jl 2
b, SLis sla s pow—sd L ply < y00)5 ya 0 Ll
Sl gl b, SLis Sl jin 5 (554 +) oS Slao ol
ol JBlas 5 Yooyl ety ol (Ve +) clasleu]
ﬁl){ cui dld..‘oh;.j 9 u«f Lgbao)b d‘)’. u)l.sl.» dl.a:o)f
b d)S e Sy 50
ol pj Oygo & (Bola P S e




L 2 [ oAb g jlwdud 0935 slaodly pil> b bl 5 oS Clao og5f calite slagylaxe )3 (0555 (i Como (b5

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

SNP genotypes
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Figure 3. Mean of linkage disequilibrium in different intervals of the genome
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Abstract

Genomic selection is a promising challenge for discovering genetic variants influencing
guantitative 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
d_|seq|U|I_|br|um (LD=low and high) for 48 chromosomes. In the second phase, for real condition
simulating, we randoml&/ 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
guantitative 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 Ilgbht on the effects of imputation accuracy on accuracy of genomlc prediction. In the
scenario combining the highest heritability, LD and QTL for threshold traits and in the scenario
combining the hlc? est 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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