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Genetic evaluation of reproductive traits in Raeini Cashmere goat using structural
equation modeling
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ABSTRACT

In the present study, data collected from 1993 to 2011 in Raeini Cashmere goat breeding station were used for genetic
evaluation and inferring causal relationships among reproductive traits applying structural equation models. The
studied lifetime reproductive traits were included the overall number of kids born (OLSB), the overall number of kids
weaned (OLSW), the overall litter weight at birth (OLWB) and the overall litter weight at weaning (OLWW). Three
models including standard (SMM), recursive based on prior knowledge (PRM) and recursive based on inductive
causation algorithm (ICM) multivariate models were used for genetic evaluation of animals under the Bayesian
approach. The comparisons of the investigated models via deviance information criterion (DIC), mean square error
(MSE) and Pearsons correlations between observed and predicted records (r(y,9) revealed that ICM had lower DIC
and MSE and higher (r¢,9)) for all the studied lifetime reproductive traits; implying the more plausibility of ICM
over SMM and PRM. Furthermore, re-raking of the animals under SMM and ICM confirmed the importance of
considering the causal relationship among the traits for ensuring accurate ranking of animals according to their
breeding values.
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Table 1. Descriptive statistics for reproductive traits
in Raeini Cashmere goat

Trait? No. ofrecords Mean SD Min. Max.

OLSB (No.) 1312 3.66 1.54 3 7
OLSW (No.) 1312 274 142 2 7
OLWB (kg) 1312 823 391 312 2754
OLWW(kg) 1312 27.63 1341 13.02 89.20
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Ago 2y 3l alle sy 625 2 (139 Egoome OLWW e 3 0
a) OLSB= Overall litter size at birth, OLSW= Overall litter size at
weaning, OLWB= Overall litter weight at birth, OLWW= Overall
litter weight at weaning

&5 b ke e slaylbsle 1C 53,680l

g 1) B 09 slapiie Sie Jlexo
0,by8 loig Sledyd ol w2yl (nl S (o
sl 0s oolgs Ly e culiS o8 anile laesls
oYolee Jae sloosile Bl o Jo coliS o8 co
oads bl o] el e lisle o5 (g sl
Ngd oo 48 i o ks Slio e e
IC o, ,o (Valente & Rosa, 2013)
ol bl Gpea 5l Glaegens
SpSe pll Slio on “Um Sla S
Poslial b (S5 slaSued (o slag)s
oxile Bk l)lsS Slagm fle Gy sladiges
e 5 Salee sy Zhoniz TSI Jol
@ Sz s Saaer (o9 ho né 053l Gy
O B e aloll o (285 g0 LS
a8y ol fhopd Sz (Sres Wil Sho
by i Dlio jl i S5 (F> sla Stnen
o S w8l She wlis l acgeme nj e 4
S8 Olio sladcgorme ) pled 4 byjin Slio
bls )l & wlaw cas ol o e wdiies aiulg
(Valente & Rosa, 2013) 5,15 3929 puiies e
G 395 BB lsea 12l gl ICPS by
sl Slio fm oaile (Bl bl -l (m Sle
Slas o lulinl shonis Ll g 4500 5l as o)ls
sleslaiul b laml ol by gl oo cemoay A o590
Slwbial (fho Jloz Jelov g @i pj el Joe
sl oboolizul LIS Jae s le il i ol

5. Partial correlations

Mohammadi et al., 2012; ) ailad 5,8
5O gk eSL .(Maghsoudi et al, 2009
S5 r ready Slie (S35 obj)l egas
el byl oo LsI‘ Lils, (8,5 Sl o b s
S Sl G95 hagh onlply Sl ouis
5t lroadss Slio o o by, Bzl 5 s
SYoles  gloJaw 31 eolaial L 8, (S5
oz sladae bl anlie 55 5 g bl

s bl s st

b g5 g 3lge

sloosls g (sloyeds Dledbl 51 SgiS imghy 4o
S OYAL B YYY Glagle b sud 5,5l mex
Syt 5o @ly sl (555 31 9155 Dbl el
53 e b Laosls s esliul wleyS oliwl wcil
b ol isly e Microsoft Visual FoxPro 9.0
559 618355, Sl 3ol 5 alzs azlb
5 oad Wyie slaallesy slaws 5 g (655 et 5 Ay
03,5 il osbe 3 (ly ol ol oadg S et
35555 de Jlo o9z wiad e ol s Jsb )0
45,5 a5 50 alse oole 2 ol o sl Jste
S5t g Wy o3y sleoysS, danl s as
S5 ph o g Wl i SIS 6l ladles,
SES SR 40 0dd (o) Slae Wad ma
JS slass (OLSB) "oasilsie sloalleyy JS slass
03 Egeme (OLSW) Tonsis S s slaalles,
O3 Exeze 3 (OLWB) Tonsdyie slaall sy ogs
1 5| (OLSW) Mo g o5 pus coalle s (g pu pus
Slao oo ol v (ol (S5 se 32

sl 008 LIV Jgaz 5 omiypt Sy90
aly 5l Slio o e Ly, ololis ol
Inductive  ssoxins oo ,68l sl 5 a5 ICPS
OS¢ 0dd dligi R 13316 5 Jaxe ,0 IC |, Causation

oolaiwl (g Jloiz! JB> op s a0 A9 L
(Valente & Rosa, 2013) 50,5

1. Overall litter size at birth

2. Overall litter size at weaning

3. Overall litter weight at birth

4. Overall litter weight at weaning



e S¥les gl Jaw b ily (S5 3 teddys Slio Sty )l 1o Ken 5 (6 ke Sl ¥A

Eyome piloz Cdo g Was e 5l euds S el
anibge Woge o e 5l ballesy 605 0t 59
S0 el 48§l o oSl ol o ple
RV PR Vi [GRPCIRIN || RIS SO TR CE S KV
D ) Oygo 4 FxF
1 0 0 0
_2,21 1 O 0

_2,31 0 1 0
0 _2,42 _/143 1

2 J o Byl e L a5y Jae cal 9
2 ey g poe Slho Bb Sl 5 g pew g pgs Dlao
b e Lals; cnl 5 05 g0 435 )L 50 oo o
Sl cupo Glgear A L oo sols lid alye
owple )0 jao dae By Wleads asie abg e
Lo ally sgmy pas saimspli o biile ools
309 pler She p ol cho Sle (nl 0wl
0O JS8) 05 o o3 o o 090 s

eads Slao oad glulis e Jbsls ) IS

IC (sooxim o) b (Gly (S5 2 o (o) 2
Figure 1. Causal structure revealed among
reproductive traits in Raeini Cashmere goat applying
IC algorithm
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Figure 2. Causal structure among reproductive traits
in Raeini Cashmere goat based on prior knowledge
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Table 3. Predictive ability measures for the investigated
multivariate models

SMM ® PRMP ICM?
MSE r(y,y) MSE r(y,y) MSE r(y.,y)

Traits *

OoLsB 272 021 248 023 217 0.23
OoLsw 248 018 107 068 106 0.72
OoLwB 1723 021 240 092 233 0.92
OLWW 256.61 0.08 5223 085 43.71 0.89
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a) OLSB= Overall litter size at birth, OLSW= Overall litter size at
weaning, OLWB= Overall litter weight at birth, OLWW= Overall
litter weight at weaning
b) SMM= Standard multivariate model, PRM= Recursive
multivariate model based on prior knowledge, ICM= Recursive
multivariate model based on IC algorithm
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Table 2. Deviance information criterion (DIC) under
the investigated multivariate models

Model ? DIC
SMM 10308.0215
PRM 8823.1342
ICM 8345.2278
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a) SMM= Standard multivariate model, PRM= Recursive

multivariate model based on prior knowledge, ICM= Recursive
multivariate model based on IC algorithm
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Table 4. Posterior means for structural coefficients among
lifetime reproductive traits in Raeini Cashmere goat

Causal relationship®  Posterior mean+PSD  99% HPD interval

OLSB — OLSW 0.65+0.05 0.52-0.78
OLSB —» OLWB 2.40+0.06 2.25-2.55
OLSW — OLWwW 8.04+0.40 7.01-9.07
OLWB — OLWW 043+0.11 0.17-0.69

sladlle sy slass OLSW wge 32 o 5l oisalgie (sladlle 3y slass OLSB (a
32 3 laley U5 o egeme OLWB wgo 53 5 5l andis S s

Ago 3 2 3 loalley 625 308 (59 Egomme OLWW (e
a) OLSB= Overall litter size at birth, OLSW= Overall litter size at
weaning, OLWB= Overall litter weight at birth, OLWW= Overall
litter weight at weaning.
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Table 5. Rank correlations between poster means of

breeding values under standard and 1C-based
multivariate models

Traits® All 50% top- ~ 10% top- 1% top-
animals ranked ranked ranked
OLSB 0.957 0.88" 0.72"7 0.64"
OoLSW 0.89" 0.78™ 0.51™ 0.17"™
OLWB 0.96™ 0.89™ 0.79™ 0.11m™
oLWwW  0.88" 0.76" 0.46" 0.10™

saalle;, slaxi OLSW wge 32 o 5l saisalgie slaalle ;; slass OLSB (a
3o 5 baley W5 (s esame OLWB wso 33 o il oadis S e

e 520 5l loalle sy (655 el 039 Egoome OLWW e
a) OLSB= Overall litter size at birth, OLSW= Overall litter size at
weaning, OLWB= Overall litter weight at birth, OLWW= Overall
litter weight at weaning.
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Table 6. Heritability (on diagonal), genetic (above diagonal), phenotypic (below diagonal) and environmental (in the
pranthesis) correlation estimates for reproductive traits of Raeini Cashmere goat

Traits® OLSB OLSW OLWB OLWW

OLSB 0.20+0.06 0.82+0.09 0.95+0.02 0.70+0.15
0.78+0.02

OLSW 0.37+0.07 0.94+0.03 0.92+0.04
(0.73+0.02)
0.93+0.01 0.91+0.01

OLWB 0.24+005 0.82+0.09
(0.93+0.01) (0.73£0.02)

690, 88+0.02 7240,

OLWW 069003 0.88+0.0 0.72£003 049005

(0.72+0.01) (0.86 % 0.01) (0.69+0.02)

OLWW se 35 o 5l aalle 3y Wi )39 &gomme OLWB wlge 31 50 3l oding S puis sloalle 3y slaxs OLSW wge 31 58 5l o gie (sladlléy sloss OLSB (a

Ay 32 0 5l balesy (630 b )39 Egomma

a) OLSB= Overall litter size at birth, OLSW= Overall litter size at weaning, OLWB= Overall litter weight at birth, OLWW= Overall litter weight at weaning.
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