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Technical note

Estimation of genetic and phenotypic trends for body weight traits of sheep in
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Abstract The main objective of the present study was to estimate genetic and phenotypic trends
for body weight traits in Guilan province sheep. Traits included were birth weight (BW, n=14,549),
3-month weight (3MW, n=13,109) and 6-month weight (6MW, n=10,141). Data and pedigree infor-
mation used in this study were collected during 1994 to 2011 by the Agricultural Organization of
Guilan province in Iran. Animal breeding values were predicted using univariate analysis based on
animal model. The GLM procedure of SAS was used for determining the fixed effects which had
significant influence on the traits under study. The Wombat software was employed to estimate the
breeding values. The Best Liner Unbiased Predictions (BLUP) of breeding values were obtained, and
genetic and phenotypic trends were estimated as the regression of the average predicted breeding and
phenotypic values on birth year, respectively. Environmental trends were calculated as the difference
between phenotypic and genetic trends. Direct genetic trends were positive and significant
(P<0.0001) for BW, 3MW and 6MW and being 0.51+0.101, 5.56+1.21 and 18.46+2.24 glyear, re-
spectively. Maternal genetic trends for BW, 3MW and 6MW were negative and significant
(P<0.0001); these were -0.14+0.04, -1.42+0.31 and -5.48+0.67 glyear, respectively. Phenotypic
trends for above mentioned traits were -40.21+1.02 (P<0.0001), -206.54+7.01 (P<0.0001) and
23.38+9.08 (P<0.05) g/year, respectively, with their environmental trends estimated to be -
40.72+0.919, -212.1+5.8 and 4.92+6.84 g/year, respectively. The results showed increases in the av-
erage breeding values for body weight in Guilan province sheep during the years under study; there-
fore, improvement in body weight of Guilan province sheep seems feasible in selection pro-

grams.tract
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Introduction

Sheep in Guilan province are fat-tailed numbering some
400,000 in the north of the country, and distributed in
the northern and western parts of Guilan province in the
mountains between Assalem, Khalkhal, Oshkourat, and
Deilaman. Guilan’s sheep can also be found in some ar-
eas of Guilan-Zanjan border. The detailed specifications
of Guilan’s sheep were reported in previous study (Ete-
gadi et al., 2014).

Evaluation of genetic progress for economic traits is
an essential part of successful planning of future breed-
ing schemes, and allows documentation of progress
from past selection. Such an evaluation requires separa-
tion of the genetic and environmental portions of total
phenotypic trend. The phenotypic trend could be esti-
mated more accurately by regressing actual perfor-
mance records on time. However, unbiased estimates of
genetic or environmental trends are difficult to obtain
because of potential confounding of changes in environ-

ment with changes in genotype. Available procedures
for appraising these components vary depending on the
experimental situations (i.e., controlled laboratory ex-
periments vs. field experiments), but in all approaches,
regression procedures assume a central role (Nadarajah
etal., 1987).

Accurate prediction of breeding value of animals is
one of the best tools available to maximize response to
selection programs. Success of any breeding program
can be assessed by actual change in the breeding value
expressed as a proportion of expected theoretical change
of the mean breeding value of the trait under selection
(Jurado et al., 1994). Estimates of genetic and pheno-
typic trends for body weight of different sheep breeds
have been reported by several authors (Shrestha et al.,
1996; Shaat et al., 2004; Hanford et al., 2005; Gizaw et
al., 2007; Bosso et al., 2007; Mokhtari and Rashidi,
2010; Caro Petrovi¢ et al., 2012).
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Selection of livestock is usually based on a combina-
tion of economically important traits that may be phe-
notypically and genetically correlated. Estimates of ge-
netic and phenotypic trends are important to test the ef-
ficiency of applied breeding schemes and to provide
breeders with information to develop more efficient se-
lection programs in the future. Birth weight (BW) and
3-month weight (3MW) are important in productivity
and are the major selection traits in sheep breeds known
to be influenced by genetic and environmental factors
(Mandal et al., 2003; Behzadi et al., 2007, Dass et al.,
2008). Information on the performance of indigenous
sheep breeds can vary from year to year. It is, therefore,
important to investigate the effects of various factors on
the variation among animals in order to find efficient
breeding plans to improve production. Information on
the genetic and phenotypic trends of body weight traits
of Guilan province sheep is not available. Therefore, the
objective of this study was to evaluate the phenotypic
and genetic trends for body weight traits in Guilan prov-
ince sheep from 1994 to 2011.

Materials and methods
Data and management

Data and pedigree information of Guilan province sheep
used in this study were collected by the Agricultural Or-
ganization of Guilan province (Rasht, Iran) from 1994
to 2011. The traits included were: birth weight (BW), 3-
month weight (3MW) and 6-month weight (6MW).
Data included 14,549 lamb records born from 389 sires
and 4,708 dams for BW, 13,109 lamb records born from
365 sires and 4,428 dams for 3MW and 10,141 lamb
records born from 319 sires and 3,395 dams for 6MW.
The number of records, mean, standard deviation, coef-
ficient of variation, number of sires and dams for the
traits studied are presented in Table 1. On the basis of
individual inbreeding coefficient, the animals were
grouped in three classes, including the non-inbred ani-
mals (F=0), and two classes of inbred animals (0<F< 5%
and F >5%, respectively).

Statistical and genetic analyses

Initially, the GLM (SAS, 2003) was used to determine
the fixed factors having significant effect on the traits.

Table 1. Characteristics of data set for Guilan province sheep

The data were screened several times and defective and
doubtful records were deleted (e.g., lambs without
weight records or with incomplete records of parentage
or with registration numbers lower than the numbers of
their parents were omitted from calculations). The sig-
nificance level for the inclusion of fixed effects into the
final models of analysis was set at P < 0.05. The models
included the fixed effects of flock-year-season of lamb-
ing, lamb’s sex (in 2 classes: male and female), type of
birth (in 3 classes: single, twin and triplet), parity (in 3
classes: 1 through 3), dam’s age at lambing (in 6 classes:
from 2 to 7 years of age) and inbreeding class. All inter-
actions were included in the models. Lamb’s sex, type
of birth, dam’s age at lambing, flock-year-season of
lambing and inbreeding class were fixed effects which
significantly affected the traits. Interactions between the
lamb’s sex and inbreeding class were fixed effects
which significantly affected on 3MW and 6MW. Inter-
actions between the lamb’s sex and type of birth, type
of birth and dam’s age at lambing were fixed effects
which significantly affected on BW. Parity and interac-
tions between type of birth and inbreeding class were
fixed effects which significantly affected on 3MW.
Also, age of animal at weighing was covariate effect
which significantly affected on 6MW and 3MW.

Variance components and corresponding genetic pa-
rameters were estimated for each trait using the Average
Information  Restricted  Maximum  Likelihood
(AIREML) algorithm of the Wombat program (Meyer,
2006) by fitting six single trait animal models which ig-
nore or include additive direct and maternal genetic and
permanent environmental effects. The models used
were:

Model 1: y=Xb+Z,a+e

Model 2: y=Xb+Z,a+Zcc+e

Model 3: y=Xb+Z,a+Znm+e Cov(a,m)=0
Model 4: y=Xb+Z,a+Znm+e Cov(a,m)=Agan
Model 5: y=Xb+Z,a+Zmm+Zccte Cov(a,m)=0

Model 6: Cov(a,m)=Acam

where, y is vector of observations, b is vector of fixed
effects with incidence matrix X, a~N(0, Ac%) and
m~N(0, Ac%) are vectors of direct and maternal genetic
effects with incidence matrices Z, and Zn, respectively;
c~N(0, lco?) is vector of random maternal permanent

y=Xb+Za+Zmm+Zcc+e

Trait No. of records No. of sires No. of dams Mean (kg) SD (kg) CV (%)
BW 14549 389 4708 3.12 0.61 19.55

MW 13109 365 4428 15.39 3.85 25.02

MW 10141 319 3395 20.69 4.53 21.89

BW: Birth weight, 3MW: 3-month weight, BMW: 6-month weight, SD: Standard deviation, CV: Coefficient of variation.
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environmental effects with incidence matrix Z., and
e~N(0, Ino%) is vector of random residual effects. Also,
o%ais the direct genetic variance, %y is the maternal ge-
netic variance, ¢% is the maternal permanent environ-
mental variance, o2 is the residual variance, A is the ad-
ditive genetic relationship matrix, and I. and I, are the
identity matrices of order equal to the number of mater-
nal permanent environmental effects and the number of
records, respectively.

The most suitable model amongst all six models was
determined based on Akaike’s Information Criterion
(AIC) (Alkaike, 1974):

AIC, =-2log L, +2p,

where logLi is the maximized log likelihood of model i
at convergence and pi is the number of parameters ob-
tained from each model. The model with the lowest AIC
is considered as the best model for each trait.

Genetic and phenotypic trends of the traits studied
were estimated by regressing breeding values and phe-
notypic values on birth year, respectively. Genetic trend
analyses were performed using the regression procedure
(Proc Reg) of SAS program (SAS 2003; SAS Institute
Inc., Cary, NC). Environmental trends of the traits stud-
ied were calculated by subtracting the genotypic trend
from the phenotypic one.

Results and discussion
The number of records decreased with age. The coeffic-

ient of variation for birth weight (Table 1) was much
lower than that for the other traits. Phenotypic means of
the studied traits by the year of birth varied from 2.82 to
3.49, 9.86 to 17.73 and 19.04 to 22.23 for BW, 3MW
and 6MW, respectively, over all years of this study.
The results showed that model 4 was the best model
for genetic analysis of body weight traits in Guilan prov-
ince sheep. Therefore, this model was selected to esti-
mate the breeding values. Means of direct and maternal
breeding values by year of birth are shown in Figures 1
and 2, respectively. The estimates of genetic, pheno-
typic and environmental trends (g/year) for investigated
traits are reported in Table 2. As illustrated in Figures 1
and 2, average direct and maternal breeding values of
Guilan lambs generally indicated an increase and a de-
crease over time for all studied traits between 1994 and
2011, respectively. The average yearly direct and ma-
ternal genetic trends were positive and negative with ir-
regular variation over the years, respectively. There
were significant direct and maternal genetic changes for
BW, 3MW and 6MW (P<0.0001 and P<0.05, respec-
tively) over the years (Table 2). Generally, genetic
trends for birth weights (both direct and maternal) were
very different than those of the other body weight traits.
Based on Figures 1 and 2, genetic change of birth weight
appears to be flat. For the other weight traits, plots of
the mean predicted breeding values on year of birth fol-
lowed similar patterns (Figures 1 and 2). Estimates of
direct genetic trends indicated that there was significant
positive genetic improvement in all studied traits and in
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Figure 1. Average estimated direct breeding values by year of birth observed for
BW, 3MW and 6MW in Guilan province sheep
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Figure 2. Average estimated maternal breeding values by year of birth for BW, 3MW

and 6MW in Guilan province sheep

Table 2. Estimates of genetic, phenotypic and environmental trends (g/year) for body weight traits in Guilan

province sheep

Trait DGT + SE MGT * SE PHT + SE ET +SE
BW 0.51**+0.101 -0.14**+0.04 -40.21**+1.02 -40.72+0.919

3MW 5.56**+1.21 -1.42*%*+0.31 -206.54**+7.01 -212.1+5.8

6MW 18.46**+2.24 -5.48**+0.67 23.38*+9.08 4.92+6.84

BW: Birth weight, 3MW: 3-month weight, 6MW:

6-month weight, DGT: Direct genetic trend, MGT: Maternal genetic trend,

PHT:Phenotypic trend, ET: Environmental trend, SE: Standard error.

**significant at P<0.0001, *significant at P<0.05.

dicated that selection would be effective for improve-
ment of body weight traits in Guilan province sheep.
Although, there were more irregular fluctuations in the
annual mean of predicted direct and maternal breeding
values for 3IMW and 6MW (Figures 1 and 2). Also, there
were abrupt increases (Figure 1) and abrupt decreases
(Figure 2) in yearly mean predicted breeding values of
animals for MW and 6MW especially in 2005, respec-
tively.

The decrease in the mean predicted breeding values
of animals in 2005 was probably due to selection of sires
with low breeding values. This low selection response
could indicate that introduction of external sires was
based solely on phenotypic characteristics (Mokhtari
and Rashidi, 2010).

The evaluation of genetic trend gives an indication
of breed direction as well as the rate of genetic improve-
ment due to the application of breeding program (Bosso
et al., 2007). In this study, direct genetic trend estimates
showed that there was a significant and positive genetic
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improvement in all studied traits and indicated that se-
lection would be effective.

Estimate of direct genetic trend for BW in the current
study (0.51 g/year) was low and lower than the reports
of Ghavi Hossein-Zadeh (2012) in Moghani sheep (1.63
glyear). Estimate of maternal trend for BW (-0.14
glyear) was lower than direct trend and this may be re-
lated to the smaller maternal effects on BW than direct
genetic effects in Guilan province sheep. Higher esti-
mates of genetic trends for BW in other sheep breeds
were reported by several authors (Mokhtari and Rashidi,
2010; Rashidi and Akhshi, 2007; Gizaw et al., 2007;
Bosso et al., 2007). Results of the current study were
inconsistent with the result of Ghavi Hossein-Zadeh
(2012) who reported maternal genetic effects on BW
were generally important in Moghani sheep.

Estimate of direct genetic trend for MW obtained in
the present research (5.56 g/year). Also, estimate of di-
rect genetic trend for SMW was lower than the estimates
of 92,128, 125, and 69.2 g/year reported by Shaat et al.,
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(2004) in Rahmani breed, Rashidi and Akhshi (2007) in
Kurdi sheep, Mokhtari and Rashidi (2010) in Kermani
sheep, and Ghavi Hossein-Zadeh (2012) in Moghani
sheep, respectively. Zishiri et al. (2010) reported pre-
dicted direct breeding values for pre-weaning weights
increased at an annual rate of 0.23% and that of weaning
weight by 1.21% per annum in South African terminal
sire sheep breeds. Hanford et al. (2005) reported that the
average predicted breeding values for weaning weight
increased about 9.0 kg in Rambouillet sheep during a
49-year period.

The direct genetic trend estimate of 6MW (18.46
g/year) was in agreement with that of 21 g/year which
was reported by Shaat et al. (2004) in Ossimi sheep.
Lower estimates of direct genetic trend were reported by
Mohammadi et al. (2012) in Makooei sheep (38.7
g/year), Mokhtari and Rashidi (2010) in Kermani sheep
(91 gl/year) and Ghavi Hossein-Zadeh (2012) in
Moghani sheep (79.4 g/year).

Conclusions

The current study provided useful estimates which
would be applied for designing breeding schemes in
Guilan province sheep. Due to the existence of positive
direct genetic trends for body weight traits, it can be
concluded that genetic selection for improvement in
body weight of Guilan province sheep seems feasible.
Also, this study indicated that an effective breeding pro-
gram would result in greater progress in genetic gains of
body weight in this breed.
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