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Estimation of dominance variance and its effects on the evaluation of the
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Abstract

In order to determine the interference of dominant effects on the estimation of genetic parameters, two models including additive and
additive-dominance were used for estimation of genetic parameters of carcass traits in 631 hybrid beef bulls. Data analysis was conducted
using Plink (V. 1.9) and GVCBLUP (V. 3.9) softwares. Results of this study showed that most carcass quality traits have high heritability,
but two traits namely hot carcass weight and ultrasound ribeye area had low heritability (0.15 and 0.11). Dominance variances have high
contribution to the total variation of hot carcass weight, ultrasound ribeye area, ultrasound backfat thickness and ribeye area (0.13, 0.44, 0.89
and 0.33 respectively). However, dominant effect for other traits (lean meat yield, marbling score, backfat thickness, ultrasound ribeye area
and grade of carcass) was not observed or was in very low amount. When dominance variance is low, its effect on GBLUP estimates is
negligible. The estimates of heritability did not change significantly by the adding dominance effect into the model. The most important
genomic regions that affect the carcass quality traits were belong to LAP3, THBS4 and PCDH9 genes. It is suggested that for the better
understanding of the genetic structure of traits and better breeding plan, the dominance effects should be added into the model for genetic
parameter estimation.
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Email: m.alipanah@torbath.ac.ir J s o 55 %



Ou%‘-;lﬁ;‘w

allas Sy AL dhe ULt Ll e sy Slis
Sl e el Sl S sl 0L [YY]
Sl sy ke Slis gl SO A

03 el bl e gl adsl slals
58] ol edBplonil e (sla b, Sl il | pLis
Lilsy il sl Gl as SSoLodsl sl DY
ol ok slgiy SNP sla Sl 5l sslinad U«
sade Sl WS Sldlas s (25 S 58 55 [VV]
Lo 5 V] Wles S eslanul S5 sla el 5 (g5l
G855 58 3 il 5 ade Sl hagn SO s
sade Jbme S s S Ol 5 0 (e
2ol s Wl Sl ¢l Skl
Js Ol Gabs oS Ll opls gy a8 8
Lol sk s

(S5 sl bl e s Laddlae
sl dde 53 ade Suilsls 03 S50l S e
Sl b ks e es) s pluld 5 bzl
A el C S S Slis 5 Y Slis ()

by 599 3Mg0
© by 585 s s Sl sl addlas pl s
DY] ws elaad Sy 5 258 58 o, W
Jole aiY S o £ 4 base s Sl
Slael Kl Slael ks el agals gl
N - B2 ST RRREP o PURRECH S
Y o CE S Wl dl s el
e i S ]
S Cho & SlMbl ot 4 Wng Ll
sl odal (V) Jsd s 2y

B e bog e sldeslinal 585 slaesls

3 lllumina 50K 31 eslizel L &bl g

doddo
6uj‘;abki J'iL*’ 9 LSJ:’“.\:’,Q"‘;‘)J ‘QUK CW‘ BE
bl Vgome (s3lal pge Slio 5t sl S5
6\;: J.s),:u& 03} J:od d;"i‘fe‘ ;;{:Iaj éLﬁdJa
‘Lf‘:"i\f\ Q\JS‘ » ap/ua CAAN‘UKM J"S Olew J»d-’u
Slio cpl 8 by o) e Sl 5 4l o
Ol b 5 a8 58l e Smh bl sl s
e 1 s e bl oKl O b T olie
Gl 1y Cslize gl L b JT o
PR P G e AR U PR R LA
il e S bl s s ol 5l 8
Jj’.:: aé)wwrj ‘;Jg'\f( L;;J;} u”""lt'.)‘} d\}.&su Jq‘j;w
Q\J;l )‘ oalaiul CJ& st,: Jﬂ; U_LJSV.Q.A )‘ g}’<i V]
3 OpfSKie SI e wpd L Sk
LT A3l or (3] DA ooy (S
Bl DGl sy 0 St s w50
Ol S Sl mils ol sy calihe Dl
sl

Genome Wide Association Studies; ) 55 iss
on Glp LEls 5l el Wlg e (GWAS
ol ol Sl b i S S gLl
b edden e Sl 5 sy sltle I me S
P NlS e S Gt DB e 0 S
S S obtle s (il s gy sSbsTl sl
lacilly plolis pluly (ol Jgeme s 0l Cin
LA Ao 55 Slaghn NS S ol LS e
5 LOS e b Lol Obe Jlie 1 pares Y]
23 g5 bl 3 Gledes eew LIy e Ll se
Sl 28 05 S by copl ply A] s Oliw

Syels

Y44 Sl m Y o lesm YY o 00

Y



w2Y AS Olie (K55 6l il et g5, OF S5 4l b)ls eess

u:..:,f,\f WY s olip jlae d‘f’"‘}gzg‘\:" N Jgde

she O3 il Lau g2 slaws i
/4 Y/o 0% Mg sy e
Y/0\ /Yy oYy (o sheo) gl Dyl iy 5 sl
EA/YY eV ot Koyl 5lzel
Y/VA 04/vy g+ (Ae)3) (o3 i S
YV YoUAA 08 (p A58 ¢ 5 a2 035
11/44 INVATS oYy (o o SL) L gl gl 023 ot azenle el
Yo/\Y £16/ A ovy & gool 251 K5l 5lel
/4 /¥ ot (o) Sty g Culbess
ARV AMIVA ot (prrasle) odis oo amnle mha

amale o 53 .ol ol 030y OLES Y Jod= s SN
S bl D? asY 055 5 Ll gl olis ek
Sl &S s cmsls (G e /N) 5 0V0) ol
Lo YU g adsily gl Y s clis
Sy sl Glos muS anly e Slalas
s Olgeas Llosls &yl 258 58 as¥ 48 Slis
Slio gl g plblils polie 5o 5L sls S8 s
IV S S ek ek azmale p S ASY 055 Y
Sl Gy s [N 48 5518 A
YKl s NY sl o Cebis Slio
S gsls s Slis g pdodlys [V s 5,058
IV] sl o 218 5t cpall slasly 4
5 il B e bl S83 bl e gl
OLE ¥ s 3 (F/4 45d) GVCBLUP 133l 5 ki
Culbrs Slaw 5 ade Lol el sl osls
Y s 5 o S (Sl Sl ety
Sl S sl eds 518 Al edaline Mg
G 56 ake S s il Sl iy esdle LSNP
IV] sl s 58 2N wlis
ol Al

w&d&;ﬁdﬂw

Sl S eslidd b o385 sleesls iS J S
S WSNP 5 s plal [10] (14 ) PLINK
s glasles i Gl Al 1y Jlee 3l
() g8y ml Olpe Sl Loy Sole sddan S
(S700) H5me PT ol Slsl s 5 (Se/0q) ol Jlsl 3
aslsh (1 s SNP £10+0 5 Olg- 08+ Wl -l 4 >
Lkile 3L a0

SIle S 5l eslaal b (g pdodlyg 5 bty slaad e
Jae) \ Jae i 3,50, [1Y] (¥/4 as) GVCBLUP
S e Sl (bl S = bty o Sle 5 Jaliss
DT ool ade 5 sl S
y=Xb+Za+Zd+e (V) akaly

Sl X tlacgsd Llsn y al, ol s &S
S e Sl Zoscab SIS sy bl Jalse
S s d s il S s @ ade 5 il
el sl el Sls @ 5 Sl ade S
A s,

A J)jTJ..’ (REML) c.L..f:J}.\N

‘-;iuw‘)b l‘ U’“‘;L.’JU LEL“-‘-U”

o g W
S Slio ¢l bl slaadie 5 g p bl

Syels

VA4 Hlem ) ojledm YY o 90

‘a



Out‘-;lﬁ;‘w

23 Sl Aaea 5Son ke bl bl &S woade JOboly el S Lgal sl edis e
ok osls QLIS S e sbl GBLUP bl (sekuas (V88 5 A g e il VL s bl
L GBLUP oy bl Sl sues) 8 o il Gl sl
il Slio (gl ade — il 5 sl Joe g O Nt e 4S 3l Ol Ses 4

035530 5 DT 505 +/AA B +/AY i (Cn rad) Simsos 5 el sbdie el eddgduas, Sl
LI S el et D33 55 SE ade D Sl s Ay e Slis ln ade - 08
Sl Golsgre mhae it S QLSNP o S o S8 5 sl o el (Sl
Sdie .l 0l 63,51 (8) Jadr 3 cbilaxils axdlass 4o Ll gl 0lis i azeaale Slis (gl 4SS
Y gl 5 Sy ubs sl ke bl Lyl sl g Sl Lyl sl Sl
GBLUP 5 (splaciyly amles 5y A Iy 25 s p S SN O35 5 e el aroale mhe
Lxils Cdo opl g ol s LSNP Lol E5 Gt el 2 VA 5 /AT /AN /8] 1 /AD
¢35 53,5) Hapmap31504-BTA-159055 5| s 5, = ks aolmn oDl ale Lully a5 S 015
s Ot p35e5,5) Hapmap58177-rs29027340 (1 et oo S Gl gl Ll Smh el
SNP 35 4 (£ ¢33 503,5) Hapmap42918-BTA-35350 G el ) T GBLUP oy s (6,8l ils VU
sl s OSR2 , LOCL04972815 0} 4 laie ot ol Al s e azmatle 5 0 8 4V 035 e Slio

Wﬁd‘ﬁ Lf‘:'i‘f‘ JJ.G u"‘L““}.’ 6ﬁ.&¢3b‘9‘3‘}5u~\1)|}s_&k¢uduw wl:u Y d}.\>

A albns ek emal (KL NP b wnale Slesal R "
Lol Agl oy Ll gl 0dis L gl ¢S5 T e o i
\/a0 /AN \AVA q0 Yy £ 1Ay A0 e
A Varv At V4. Ve 00 \eey 0/ e
o/01 WYY W4 Mo ey Ve \AR% \v/o¥ i
AL AN VAL=-JVARRNYA o & LV DR VARE VA RRNRVE A & S VR SV % S VAN IRRVZ T 2 VA ERRR VAN & VAR BT PO SO PP

Cieo 2 gl g add Jde 5 el Bl dds ull (g pdicdlyy 5 IS bl it g amlons ¥ J i

WY amys g Culbhd P A W T N R TR wmale 5l e "
s dsl Aol Ll dsles dslds e S Chaa el el KL i
/YAO \/40 Ye/0 VAVY A Yy £0/Y0 1y A/£0 Va
Yxy e Y 44/ Y¥A AsY ey YY/s0 oxVe T ey Vo
Ve Y/AA av/At 109 «/OA V/¥E YY/¥A Yooy o/ Ve

/81 o/ YYA/ g Y. AAV/OA 17\ VA Y\4 VY0¥ Ve
oY +/Y0 AN /¥ /44 /80 /80 /08 Y h?
oA Y /4 Ny /e Y o/ A oA SE
¥yl Y /88 o/t /A 4y Yins L DY YT BV VA
s ) o/¥e /¥4 /YA /Y0 e /Yo o SE

NolVe lome Sl sl SE (ol 5 i il Ion i gd Loty Vo s Loty Ve s 555 olly Vo « el L5 salls Va
S5 Pl S ke (K55 byl et

Sy
VA4 Hlem ) ojledm YY o 90
¢



w2Y AS Olie (K55 6l il et g5, OF S5 4l b)ls eess

PR Q"Lﬂ:ﬂ ‘_55.35 olae 6‘,3 Lasnp u‘-’»JIJbL;'M £ d_,.\>

Sme Sl (gl e 03 SNP ol o p255°9 5
Y4 ety SYN3 rs42793384 Kbyl sl 0
s e tA CLIC6 03 S35 rs458481050 Sijle 5l W
e ey KCTDI16 o3 S35 rs29019273 Ko le el v
y/en e oAy RACGAPL &5 K33 rs43704003 Kyl el 0
vy Jeeedt SCN9A o5 Sss5 rs43301339 Kyl el \
¢/ eeaade - rs29023590 Sedijle el ¥
o Wraaane PCDH9 rs110363086 Y ar s Y
e v A LAP3 rs110668055 iy ar s 1
AR eeeatt THBS4 rs43616186 P e \e
YA JevaaVa OR2B11 05 s 3 rs43571578 Sy g el \%
AR vty LOC104972815 rs29027340 L gl Byl ey 0 ol Ve
"y AN APELA 05 S5 rs440604454 Lgol Fgl oy o 2 Culies B
VAR rea YA OSR2 rs41632846 Lgl Fgl oy o 2 Culies V¢
‘Yo YRRRLY LAP3 rs110668054 =T 1
ey SERRRES PCDH9 rs110363085 ] \Y
e eeeaod OR2B11 3 S rs43571578 o3 s g %
"E eyt RPGRIPIL rs109595623 RO \A
ny e vy PGAM2 05 K35 rs110742193 L gl A Ko sle v
AL YERRRRTA NSMCE3 rs110076087 L gl A Sy le k3
YA R WDFY4 35 K35 rs382133849 & gl 51 Syl 1
Y/eA ey - rs109797077 L gl A Ky le \
e eveate THBS4 rs43616187 A gl Al o denlo “
Y e a0 SEMA3D &5 S5 rs43115094 odis oot amale ¢
YA Seeeary RBMS3 rs134037613 p S ¥ 035 A
v/er et RGS7BP 03 sy rs42343284 f,f Y 85 Y.
Y eeeetn NSMCE?2 rs110076086 ¢S5 Y 85y Ve
Y/t eeeany GGH rs 109277445 ¢ 5 «Y 05y Ve
oy IR GGHIN 03 Kys 35 rs110178816 ¢S5 Y 05 \¢
¥/to Jeeead ) rs109797076 p S ¥ 035 \

Gl &S 5 (O r;)'y;;) BTB-00408453 .- obols j\x,l.éw,jlwbjwiibél u..}li)ljm
Al s THBSA 05 A Ml A et ameale e () o g9
YN Xl sl Klle Slasl s (6 pduils o) oy SNP o sls gae sy o/tE 5 (HD) S/
-
Sy

VA4 Hlem ) ojledm YY o 90

0


https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=382133849
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=382133849

Out‘-;lﬁ;‘w

Gzt +/08 i Slple Cdo g pbiZils

I gl 6, JEIS s S sl
LSNP s 5 55 [V] sl ol 3y Cds cpl (8l
ARS-BFGL-NGS- ;I Wsyp ol Ciw opl <)
(¥ pa5505,5) INRALTO (Y py5405,5) 72090
p35543,5) Hapmap34759-BES10_Contig780_1565
s (0 ps3555) ARS-BFGL-NGS-5802 (o
A1) ¢33 505,5) Hapmap44935-BTA-116656
ERRCUMEYA\JPES RO SOV VTSR O 9

PSSR A sdalis Cdws ol @l ads slls
Hapmap30134- ;| Ls y o )le Ciwo ol (51, LSNP

BTB-00368557 (1 BTC-034283

£23505,5)
03533,5) ARS-BFGL-NGS-110832 «(V 53 405,5)
ol OA e35305.5) ARS-BFGL-NGS-41145 5 (\Y
OR2BL1T LAP3 clad5 s, waiyja LSNP
Lzils 5 3 RPGRPIL 5 PCDH9

Y gAY s e Gl g
A edalie ade Lully ol Gl p el Cnsa
a p,y};) Hapmap30134-BTC-034283 SNP s>
it O p35505 5) ARS-BFGL-NGS-110832
SNP 3 cpl ails Ciw b guy 1) Llane i
il o PCDHY 5 LAP3 (la03 4 late oo S

o) cwl sl (8) Jsdr 3 &S 4 S0kes
SYN3 (THBS4 ([RPGRPIL

PCDH9 LAP3

LOC104972815 GGH (NSMCE3 (NSMCE2
b 8 asY il olio , RBMS3 5 OSR2
3 PCDH9 NSMCE2 LAP3) sxils JQU T S
PLY 4[\“7" 9 AR c\w] Sl 0l &)‘ﬁ N olw L Lbdj

S8 S s 3l 035 s PCDHY il Jlwe Ol sea,

N T P TN O T PRPIy J P IO
BRIV I P NI WK W S P  JVRR VLY
) p35505,5) ARS-BFGL-NGS-76349 (cxSNP
ARS- (1 ¢55505,5) Hapmap24125-BTC-045641
Hapmap23595- 5 (V£ 35 45,5) BFGL-NGS-549
Sasy s> kmils (Y4 ey5s55) BTA-148895
Gloosls ulul iy iy L5k H8 s, elie
DAT del sty N4 o ol 8l o505

Slio gl b alie 53 ¢ 8 Y 055 Cdo
ale bl dar e (4/04) Sl b bl
ol 3L s Sbols e 0 p Sop i pl s
Cole Cho ol sy WSNP oy 5 55e 5 /AR S
V' p3505,5) ARS-BFGL-NGS-76349 5l s,
ARS- (1 pjybs) Hapmap24125-BTC-045641
ARS-BFGL-NGS- (\¢ f}}ﬁ};) BFGL-NGS-549
(Y+ ¢s305,5) BTB-OL187029 (V¢ o 5505,5) 76187
wlae K, 3 (Y8 055505,8) BTA-92233n0-1s
53 do ol G AU e S AE panie Ko
O3 Sl s A3l ¥ paises S 4 b 55k 58
Slp el Bl (S5 bl dens Ve s st
.['\]Mf;u‘y O Cio

53 s AN Sk o Gl o (6l
BTB-00408453 , (V 5 5e5,5) BTB-00368557 SNP
Andls Gl oy ) i e (O p)'_,,a))s)

VA0 oy ez azeals sl Cido (6 p Ayl
REA v ¢l sddotalie ulls Sllie 5 54
ol 55 SNP o 5ols s delsas /YT Uslas
SEMA3D 05 K35 S ol BTB-02009505 s
bl 05 iy 55k 58 3 ol B e S S,
Smi omloly dens Sl e e S

[V L35 kol 8l sl

Syels

VA4 Hlem ) ojledm YY o 90

1



10.

w2Y AS Olie (K55 6l il et g5, OF S5 4l b)ls eess

&Uo
Akanno EC, Abo-Ismail MK, Chen LC, Basarb J
and Plastow G (2016) Joint association analysis
of additive and non-additive genomic effects for
growth and carcass traits of beef cattle. Journal of
Animal Science 94 (E-suppl. 5/j).
Akanno, EC, Chen L, Abo-Ismail MK,
Crowley JJ, Wang Z, Li C, Li C, Basarab JA,
MacNeil MD and Plastow GS (2018) Genome-
wide association scan for heterotic quantitative
trait loci in multi-breed and crossbred beef
cattle. Genetics Selection Evolution 50(1): 48.
An B, Xia J, Chang T, Wang X, Xu L, Zhang
L, Gao X, Chen Y, Li J and Gao H (2019)
Genome-wide  association study reveals
candidate genes associated with  body
measurement traits in Chinese Wagyu beef
cattle. Animal genetics 50(4): 386-390.
Barendse W, Harrison BE, Hawken RJ,
Ferguson DM, Thompson JM, Thomas MB et
al. (2007) Epistasis betweein calpain 1 and its
inhibitor calpastatin within breeds of cattle.
Genetics 176: 2601-10.
Bolormaa S, Pryce JE, Zhang Y, Reverter A,
Barendse W, Hayes BJ and Goddard ME
(2015) Non-additive genetic variation in
growth, carcass and fertility traits of beef
cattle. Genetics Selection Evolution 47(26).
Carvalho ME, Baldi FS, Alexandre PA, Santana
MHDA, Ventura RV, Bueno RS, Bonin, MDN,
Rezende FMD, Coutinho LL, Eler JP and Ferraz
JBS. (2019). Genomic regions and genes
associated with carcass quality in Nelore cattle.
Genetics and Molecular Research 18(1): 1-15.
Chen D, Li W, Du M, Wu M and Cao B.
(2015). Sequencing and Characterization of
Divergent Marbling Levels in the Beef Cattle
(Longissimus dorsi  Muscle) Transcriptome.
Asian-Australasian journal of animal sciences
28(2): 158-165. doi:10.5713/ajas.14.0394
Colborg O and Haley CS (2004) Epistatsis: too
often neglected in complex trait studies?
Nature Reviews Genetics 5(8): 618-25.
Heidaritabar M, Wolc M, Arango J, Zeng J,
Settar P, Fulton JE, O’Sull ivan NP, Bastiaansen
JWM, Fernando RL, Garrick DJ and Dekkers
JCM (2016) Impact of fitting dominance and
additive effects on accuracy of genomic
prediction of breeding values in layers. Journal
of. Animal Breeding and Gentetics 133: 334-346.
Hill WG, Goddar ME, Visscher PM (2008) Data
and theory point mainly additive genetic variance
for complex traits. PL0S Genetics, 4(2):
€1000008. doi:10.1371/journal.pgen.1000008.

D s Wy 50 5 asY Sl s, LAP3 (VY]
THBS4 , V1] asY il lis g5, NSMCE2
35 05l 0l o [V] Sl s (55
SSosba s ade Sl A sl S col sds i 518
CakZils  geess Jde s il S
Glp e by S bl VY] sl placy s
Aot Al O3 e Soss e b e S Slis
s s cradls (6,88 e Glaal gl 1 el
OeesS s ade 3l eslan O e RGSOM I VP PRV
2SS Pl 4 mal asd e sl (S
2SS0 Gy el pKe el Ul
DIYT 558 bl 231530 sladde b avslie
Y S i 6 Ry e @l S be
Skl ghls adY 48 Clive § a8 sbolis
oo Do Sl pan g3 Gimes Aies VL
g bl (S btle 5o e pge B Ll
S e e ade bl S Gk U oSl 4
3,8 o 513 e Sbcow GBLUP 5l 3505 oo
sla zalyl JJJTJ{JJAJJ&:L.Q&L}‘)‘)JJ;JQ%‘M
Gy oBn b S wlol g Bl s (S5
Dlio S5kt gp cold el ol Ol

Ju;rl.: ‘}N}:\NJ DL JSL}\SJ Lﬁb\)}]ﬁ

Sl Rl

Ca.il.az- 6\}3 Lok o g Jils L;L.A)}; CJ_}L’.A)'\
Lo S5 3l e Mﬁ,&};’: o cb,_;l)'l
sise 03 plealy sy BT oK 5 Lelenl sl
258 SB35 a5 daesls o 5 4520

e (ol
2 g s O s 5 a5 w25l 45 S s

Syels

Y44 Sl m Y o lesm YY o 00

\%



11.

12.

13.

14.

15.

16.

Ou%‘-;lﬁ;‘w

Li Y, Gao Y, Kim YS, Igbal A and Kim JJ
(2017) A whole genome association study to
detect additive and dominant single nucleotide
polymorphisms for growth and carcass traits in
Korean native cattle, Hanwoo. Asian-
Australasian journal of animal sciences 30(1),
8-19. doi:10.5713/ajas.16.0170

Lu D, Akanno EC, Crowley JJ, Schenkel F, Li
H, De Pauw M, Moore SS, Wang Z, Li C,
Stothard P, Plastow G, Miller SP, Basarab JA
(2016) Accuracy of genomic predictions for
feed efficiency traits of beef cattle using 50K
and imputed HD genotypes. Journal of Animal
Science 94: 1342-53.

Mahdavi M, Dashab GR, Valeh MV, Rokouei
M and Sargolzaei M (2018) Genomic
evaluation and variance component estimation
of additive and dominance effects using single
nucleotide  polymorphism  markers in
heterogeneous stock mice. Czech Journal of
Animal Science 63(12): 492-506.

Purcell S, Neale B, Todd-Brown K, Thomas L,
Ferreira MA, Bender D et al (2007) PLINK: a
tool set for whole-genome association and
population-based linkage analyses. American
Journal of Human Genetics 81(3): 559-575.
Roberts A. (2018) Genome-wide association
study for carcass traits in a composite beef
cattle breed. Livestock Science 213: 35-43.

Su G, Christensen OF, Ostersen T, Henryon M,
Lund MS (2012) Estimating additive and non-
additive genetic variance and predicting genetic
merits  using genome-wide dense single
nucleotide polymorphism markers. PLoS ONE,

17.

18.

19.

20.

21.

22.

Syels

Y44 Sl m Y o lesm YY o 00

A

7(9): e45293. Doi: 10.1371/journal.pone.0045293.
Twomey A J, Berry DP, Evans RD, Doherty
ML, Graham DA AND Purfield DC (2019)
Genome-wide association study of endo-
parasite phenotypes using imputed whole-
genome sequence data in dairy and beef cattle.
Genetics Selection Evolution 51(1): 15.

Wang DY, Wang S AND Hu G (2014) Mixed
model for genomic prediction and variance
component estimation of additive and dominance
effects using SNP markers. PLoS ONE 9(1):
€87666.doi. 10.1371/journal.pone. 0087666.

Wei W, Hemani G and Haley CS (2014)
Detecting epistasis in human complex traits.
Genetics 15: 722-733.

Xia J, Fan H, Chang T, Xu L, Zhang W, Song
Y, ... and Li J. (2017) Searching for new loci
and candidate genes for economically
important traits through gene-based association
analysis of Simmental cattle. Scientific reports
7:42048. doi : 10.1038/srep42048/

Zhang W, Dai X, Wang Q, Xu S and Zhao P
(2016) PEPIS: A pipline for estimating
epistatic effects in quantitative trait locus
mapping and genom-wide association studies.
PLOS Computational Bioglogy 12(5):
doi:10.1371/journal.pchi.1004925.

Zhang W, Xu L, Gao H, Wu Y, Gao X, Zhang
L, .. and Chen Y (2018) Detection of
candidate genes for growth and carcass traits
using genome-wide association strategy in
Chinese Simmental beef cattle. Animal
Production Science 58(2): 224-233.



