Iranian Journal of Animal Science Research
Vol. 10, No. 3, Fall 2018, p. 393-402

Agirdn

Olnl o01s pole Lyl & i
FAY-FoY .o IFAY Sl o ojlad e uls

SNl b 5 Blg, il Sl eslial b cpliile sl g8 b5 ob5,l 2
UCRRR

Pl g =T IS 5 gD =T (5l (5,5l A =) 59 3 S g e
a7/ F/YF CJL_V_)J c)_)l:

daS

ol a3 ) B ang g0 YL s g oo b (GEBV) Leg) (>Nl [i5)) (se55 jslate 4y colishla cleMbl 1 oslitul o el

33,5 o555 sldygly YL 065 G cubls 4 yoxie Wil e lacolishla @l il 43,8 a5 )5 Jatue 4 Cowd ealsghla oy calus ;I odlitul
d.\.:g‘_.u.u? Ja.)‘s) u-.u).sl.n )I odlésiwl L: (GBLUP) PP LS‘D w)".: é)ﬁiﬁ CRAR P9y & GEBVw)l 9 oo (wyp asllao O’I )l AT
LSNP 5 loalighls UM Jolb s o 5le 5 (GHap) cabisbls 5 (Gonp) (5555 55 ISz (sla, S oMl 4l 5 o'
g oy Jlod 80l nlitle (6568 o5 Cumox (sl 00K 4l jlodlital b o35 sislings bilg) (slopur slo 392 (Gonp.Har)
5l e pas GHAP 9Gsnp Lo pile jl ooliwl L GEBV como polie 55,5 LSS5l (slajoy g cud (o ol 0505 cpud M5 s y>
500 L duslie ;3 GHAP (s pile jl ool g usito (i (o 3g5) IV B (5L slojgp) /0 g (o (o 3dg5) <IVY B (5L slajg,) /¥R
L»;u_>9.oGSNP 4 ;M_M.\JGHAPO“J)JLA )I odlaswl A Slas PLQJ 2 d).,w)n.: L;LQ’))J)J L ).’>(.~o adllao U"l 2 ) .))90 dlmu‘u).:l.n
Comor g ) (S5 W)y g 3590y Bl oo 13 ygl ooyl Sgute BV 5 (S 13,8 dilises lao p> Wadygly (o)l 0l 00310
Lol 2 Gsnp (sl (clio (230l Slgice Grinp pu plo pob @l (ool sl (o3l SIS @ s 1 )S0LE5 Colighla bawgs
A3l 5 g Fea)lb (2ol a5yl slad sl 4 el pslaie 4 (0535

8l Cuwd (2L o 3 (See (SBF iy S 4 g
Sl pre (0l 3 Sgo Gladyy dlenil g5 3Shos (g0l 42 51
3 sysorte L ol 0ol Lo s (6)9ld (slacd pi S
Cono Gll pogdhe (oS i b b e (J5Slge slaySilis
3959 oSl cpl g 5l s Ao > g adsl cpins 4D Bl
Oil38l g i dlold yialS b cud b opl 4 diga 00ld)],8 salazuwl
LVY) dowy dalgs sSlas a4 SB§ @b iy alses] s
uw))l_o )‘ odlawl ul)l_i.o.tb 9 L_s“’)‘ﬁ') u.}'l}u Yaay JL.» 2
ol ce 1) 6, Lts SleMbl o it (s ¥5glings Ly,
ol gl cn e BP9y bl (Ml G55l 3y9l p oo
woss Bl gy Yoo Jlo 5 idge5 gty (BLUP) Lot
L S (ol o)l ol (b g 13 @) oyl 5 (puogee Lasgs
s jelxe olSols g0 5> Sy S0l (eob dlas 1 edlacul

4 coul ool 2 B8 ey el 3 (V0) 2355 y0l 5 peis IS

doddo

s, SLE Sl edliiwl 5 dewgs 0 ang JoB slacd i

2 8ddais Cliasd oS Cowl ol g il Wl b JeSse
Slio (55 ool b gy (clo,SiLis §f olitel Sl ai
ladiwn g atge claalsys IS ok 4 (V) wl Il 4 (o8
o= 2 2l ay b G @ e sl olp Mol
Mool o3yl syl 3 oo g s (il )b 51 L]

(siximo oS> (5,9LiS” oSl Hludils g (687> i gal Jisls iy =V )

olrl ledal loie!

ISBLS ccalsgS o8ty ¢ i3 pole 01l «lilg (S5 dgut 35 0 il Y

il gS ol s pole 0aSily (bl (SS90 3y il —F

lauls” HiggsGene Solutions «s s 5 Semex s 5 sise
(Email: s.ansari@cc.iut.ac.ir

DOI: 10.22067/ijasr.v10i3.66156

s odinss =)



IAY 5l ¥ ooyloid e sl (4l (010 pole loimgls 4o YAY

4y i 0 0yl ogis (2l (B3] el ]y s pVL como
VAZ Jlo 53 50 ghlen g (w933 Ndged ()15 Gsp (pua yile
09,5 15 5 U ) Lneoybsble e s 555 caalllas
48 433908 ()l g 035 (e lishle Clalad gy Sligren
oo Sl e SNP i gsls clacalighle cledbl ;1 oslizl
g5 GoNp gy 4 Carss 3yl oo i8] 4

Slsl sl s Yoaxo il 3 3990 SNP sl Sl
lains ool ol 5 Sad oo wlsasl Yo b Lawsze U
g M J1y55 0 (ol Slghd Il )3 b e s (008
Hlad il 5 ool g1 Jie plgisa 0l j9pe 4 e
el pSan g5l 51 ool 5 oo Lialsél gl 5 oolas Jlglyi
Bls G jlang 0B Csllas Sol13 o 4 i, 5 S
Josliiwl Ly Gsnp (o955 (s¥5glutags Laslgy ( ple (V) £95
Sb ggsge ol Wgd o sl 36 P SVL Slglyd L o SiLis
cla s 3 0l g5 baslgy ol 136 Gonp 45 ol ol ]
Jbs a0 Jols alyoms canl (Koo cplpls g o Hlis 1y osad
ol L) K5 uSiaie 5255 ysbo 4 |y s (sl s 53 ol
3 g5 Loy e St Yleis] o 300 ghan 40055
Ot e g iy 8y Cgmar 1303 oy Lally) duslore )b
SleMbl jlosliiwl Ly oo fan dnli Cmen g (i h) Comex
LialS g oo ilidl as oxie Wl e beabishla 5 LSNP
25 o553 Mol b)) slodygly )

555 209 0 ) 5 v ey Ban b ol Al
Laly, s lo 3,18 b GBLUP g, 5l eslizsl y >Mosl 35,
S Jb ae by SLts SleMbl b p (g (s ¥glivg>
Jobd d e u 5le 9 (Griae) calishle 5 (Gane) siwipilS'ss
o3lizl b b sl el (Gnpar) BSNP lacglishle cledl
o3 Ll e 18600 5 (slagls oably slmodls ;]

g5 9 319
S (LS el cpliila 5 (clagls Curen | adllas oyl )
aleMbl as oolazwl Yo VY A8 cla JLu ;o oud Jgio
00,8 sl bUK CDN 8, bl llges cuigid 5 il
WIS (i) Mol g i )8y dlwd 93 ) ol colighy Slles
L5185 Lol g e gt 5 slagls’ Jold iy Cone
2500 0ad Wate YWY B V-V gl Jls jd a5 cllgws 2g0 VooV
2 Al Clmer lgisds 105 VoV Jlo 50 Lowwy Bgp slyld 4
e g oo (gl 40l g (i By Cmaz o3Il ind 4B 5 L
oS WAF 5 P00 s ol g (S she ojed el (22
o 3k lalg) Cdo iy g i) Cume rizmed g,

L (LD) xolS 5Ls Jolas pis 55 laolSyls 51 ool o o Sl
9S 3,,LS it L5l 390 Slas 550 QTL ela
5031 SNP olusl s odas gl &y (o053 (> Mol Uil sloygly
olitwl (0953 (S S e )3 iiee j5b & LSNP s
(V) Ko 0

Soly puand gl Solaio gla gy 51 skl b dasiio lellles
Foslitel () 4 ppf gdaw ) ubshle o Laly) 5 olinbs
hSan 5 wgllS ezl eyt b > cabshle ledbl
i lgsS Eygody I, Silits Colishle 51 odlitul dulio | (Y- +A)
SleMb| i oolaiwl 45" L3405 by SNP Sl oozl by g Jie jo
30,5 (55548 (o955 slmdjsly 4 e Wl e alighle
gk b e (Rl b )SSLE o815 (Rl L 65 ol M2 e
SNP (S5 ds s calishle leMbl ) oslizol b ogi§ ;)
olishle leMbl 5l aalatwl pa j3 48" sl cde oyl 4 Wlgy o
g5 SpsS Jolsh i Logad aelS B ol pae da Sl
2 9 e 48)S L5 5> calighle o )3 35290 SNP
5 (A) 390 18,5 01336 &l 5| oyl SNP (S5 el 3 &5 5 g0
LaSNP 5y, SNP &Gl oolaiwl cdls o sy ol &
S el I 5 0 (F) )8 G Lusle les @l sl
S 5 SNP TS, L LD 55 QTL wgllas W1 <K, 51 Sl
SNP %55 1L LD ;5 il et 5 150 Camon S5 )5 obishl
O Sglate 5B cpl il oolatw] LBl K0 Cumen 0 (wbsbla jo
3l e Lsplishle oMbl zals i3] ) 4 5 QTL 4 SNP

35 i o oalishle (58,8 15 > St Jlncyl b
LS Ao 5 5 00s5 0,50,y B gl olas glil g
olyapay algi oo |y b SNP Sl osliul &y cand () 0l 65
03la ] D5 oo dlggndus JSiko (ol S (sl &S gy il audly
2955 St pljlgsS (g Jhe g rcubghle b caales 5l
65 slmodl 31 odlizal b (VoY) o)lSen g Sem A5l e
O ol dnale 3o)b 511 S8 G (o9 bl e 003
3yglim como Lygl caslllan 4o wimyn aidly LS acolighls
o VL (Stanen Ll Lol cdls Sluiz (il (oMol )
olawl b 0935 L yilo g Grap L pile (gylad & g (glab |5a]
08135 Gat 5 Gswe 4y e (Gort) LaQTL el
52 T SNP 3955 Gy b (Y1) pylSan 5 (uogee didg0d
L s § Caman 5 00sh onlito (glaulishla (ol
GO GSNP oyl 5l oolitsl b egif (sgbings Lalg) yus sl

1- Linkage disequilibrium
2- Short range linkage disequilibrium
3- Pseudo SNP



TAD  LoleMblal p sogif bulgy ou pilo 5l oolisiul b cp litds slagls (o553 (23! S9ate

8)S 8wy dy90 SNP SSLE FYAAY sluw coles po .00
loodls )3 S e () (Siwsey L8 Jolos pos Lawsie
LS (i sl 00 0301V IS5 5 ()2 3590 5]
@y Dy50 Cured 50 A5 odalie Voo KD I a8 Lolsd > LD
Agy g0 /YN dgds LS 93 o 0« Kb alols 12 Sle
3y90 Cured ;0 )L o alols (ildl L LD e o ials
95 Cmor sl LTl 3)90 (il (69 ST Bollae (o)

V) 290 iy Olelllan b 38165 45 g plidide

DK aily jl odlitul Uy clges .5 5 58 WYY 5 0¥N0 ol
Paig=l LapgizessS » 29290 s ySiLis LS idgy 003 i)
oS ol Slgl3 L a)Silis oS plowl 5188 )18 )y 25
oo &S W 0l0d Curer SO jl 0dlgls win b S5 il !
3 900 (wyp dyge Olis g bS5l ] o Bolas bl
L (0) g3 me ,S0Lt3 30 3590, Como il Cge aon
g 1Y 3 S ob T Slgls (el o e Silis cleMb)
Gl 5 cwigl gbedly 5l aiily H8 Sl (o)l Jols o g

CSiwg B ol pae

Linkage Disequilibrium (r?)

0 20 40

80 100 120 140 160

(3 lBe) (5wt alols

Distance (Mb)

o Syl cpliils (6 ym o Cumen 5D (Siwgn ol pie mje — ) JSwd
Figure 1- Distribution of linkage disequilibrium in North American Holstein cattle
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Figure 2- Description of the method used to construct haplotype based relationship matrix (Guae). For example, the
genome with 10 SNP for 2individuals is considered
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using haplotype-based relationship matrix(Grar)
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Table 1- Accuracies of estimates of genomic breeding values based on SNP-based (Gsne), haplotype-based (Gnar) and

hybrid of SNP and haplotype based (Gsne,Hap) relationship matrix in North Holstein dairy cattle
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Figure 4- Regression coeficient of de-regressed EBV (dEBV) based on the 2015 genetic evaluation (dEBV2015) on

estimated genomic breeding value in different traits using SNP-based (Gsne), haplotype-based(GHar) and hybrid of SNP
and haplotype based (Gsne nap) relationship matrixin North Holstein dairy cattle
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Introduction With the advent of high throughput genotyping technologies, interest has grown in using
genomic information to estimate breeding values. Genomic selection, in which genetic markers across the whole
genome are used to estimate breeding values of individuals, is routinely applied in dairy cattle breeding
programs. In dairy cattle, genomic selection has resulted in a substantial increase in the rate of genetic gain
compared to traditional selection. This has been achieved mainly by reducing the generation interval, which
became possible because of the higher accuracies of genomic breeding values (GEBV) estimated early in life
compared to parent averages. Since single nucleotide polymorphism (SNP) genotypes are bi-allelic and,
therefore, their information content is not high, so SNP-based methods may not effectively capture the linkage
disequilibrium (LD) between SNPs and multi-allelic quantitative trait loci (QTLs). Haplotypes are in general
“multi-allelic” and compared to individual SNPs may better capture LD with multi-allelic QTL. Furthermore,
most of the SNPs in the chips are old mutations. This may imply that SNP-based relationship matrix traces very
old relationships from distant relatives and, therefore, may not trace changes due to recent selection accurately. It
has also been hypothesized that using similarity between haplotypes to model the covariance between genomic
effects can result in better predictive ability than modeling covariance based on SNP genotypes. So the objective
of this study was to investigate the accuracy and bias of GEBV using genomic best linear unbiased prediction
(GBLUP) with alternate genomic relationship matrices (G) based on SNPs and haplotypes information.

Materials and Methods The North American Holstein genotype data was provided by the Canadian Dairy
Network (CDN). The Holstein bulls with official domestic proofs were genotyped using the Illumina Bovine
SNP 50 TM Chip. The genotyped Holstein bulls were classified as estimation group and prediction group. All
bulls in prediction group were those bulls who were born from 2007 to 2011 and had official proof in 2015. De-
regressed EBV (dEBV) based on the 2015 genetic evaluation (dEBV2015) were used for validation purposes.
The estimation group included bulls born mainly between 1960 to 2007. The analyzed traits were fat yield, milk
yield, somatic cell score, conformation, and days open. The GEBVs for mentioned traits were estimated based
on GBLUP models using SNP1101 software. Three G matrices were built: 1) SNP genotype based relationship
matrix (GSNP), 2) haplotype based relationship matrix (GHAP), and 3) hybrid matrix composing of SNP
genotype and haplotype based relationship matrices (GSNP, HAP). Accuracy of prediction was calculated as
Pearson’s correlation between estimated GEBV and dEBV2015for prediction group. Bias of prediction was also
calculated as regression coefficient of dEBV2015 on GEBYV for prediction group.

Results and Discussion Observed differences between alternate G matrices were larger in prediction bias
than in prediction accuracy. Accuracy of genomic predictions based on GHAP were 0.73, 0.71, 0.62, 0.54, and
0.50 for fat yield, milk yield, somatic cell score, conformation, and days open, respectively. Accuracy of
genomic predictions based on GSNP also were 0.72, 0.70, 0.61, 0.56, and 0.49, respectively. Although using
GHAPinstead of GSNPdid not significantly improve the accuracy of prediction, it resulted in estimates with 6
(conformation) to 15% (days open) less bias and closer to one over the different traits. Genomic selection based
on GHAP instead of GSNP seems to improve bias of prediction for traits under recent selection, such as days
open. This might also be due to the fact that this trait is lowly heritable. Although accuracy of genomic
predictions based on GSNP, HAP were similar to GSNP, using GSNP, HAP resulted in higher biases than
GHAPor GSNP.

Conclusion Based on these findings, GHAP might be an alternative approach to reduce bias of genomic
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predictions in routine genomic evaluations. Genomic selection based on GHAP instead of GSNP improved bias
of prediction especially for low heritable traits under recent selection, such as days open. Small gain achieved
with GHAP compared to GSNP may imply that the correlation between IBS and IBD in GHAP is not optimal for
maximization of prediction accuracy. Based on current results further research is needed to investigate the use of
haplotype length and allele frequency of markers in haplotype segments in the definition of haplotype similarity.
In addition, this study suggests further research to assess the effect of recent selection, heritability and genetic
architecture of the traits on the performance of haplotype based relationship matrix.
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