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ABSTRACT. Studying genetic parameters and genetic changes in Santa
Ines sheep is important, because it is the commonest breed in Brazil.
This study obtained genetic data from 37,735 pedigree records of lambs
over 12 years (2003-2014) from 33 flocks in 10 Brazilian States; 11,851
records of performance were available. (Co)variance components,
genetic parameters and breeding values estimates were obtained by
derivative-free restricted maximum likelihood in a univariate analysis
that included maternal additive genetic and maternal permanent
environmental effects. Birth weight, weaning weight, weight at 180
days of age, weight at 270 days of age, average daily weight gain in
the following states: from birth to weaning, from weaning to 6 months,
from 6 months to 9 months, and from weaning to 9 months; presence of
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hair in fur and leg muscularity were assessed. (Co)variance component
values increased in the weight traits with age. A significant maternal
effect was found in the pre-weaned stage that decreased in the post-
weaned stage. High values were estimated for the maternal permanent
environmental effect, possibly because of the extensive grassland that
was available. High total heritability values were estimated for all of the
traits evaluated. Significant, positive correlations were found between
direct and maternal additive genetic traits with a gradual decrease as
the lambs gained independence from their mothers. The genetic trends
observed were irregular and incremental. Significant genetic variance
suggests that direct selection for pre-weaning traits results in indirect
selection of maternal abilities, and individual selection of any post-
weaning trait results in rapid genetic improvement.

Key words: Brazilian sheep; Heritability; Genetic gain; Body weight
INTRODUCTION

Santa Ines is currently the most common sheep breed in Brazil. These sheep originated
in the State of Bahia and other states of the Brazilian Northeast, from crossbreeding mainly
among the Bergamacia, Morada Nova and Somali breeds. They are well-adapted to tropical
environments and are widely distributed in the North and Northeast regions. In the last decade,
flocks have expanded greatly in number in all of the states of Brazil and in certain other
countries of South America, Mexico and South Africa (Silva et al., 2012; Santana Jr et al.,
2013). It is important to study the genetics of the economically relevant traits of this breed,
which is increasing in popularity for meat and skin production because of its adaptability to
different environments.

In any system of livestock production, large numbers of animals are desired, and
production depends not only on improving the environmental conditions of the animal but also
on improving production efficiency by increasing weight gain in the pre- and post-weaning
stages (Mohammadi et al., 2015). Therefore, improving the genetic quality of the flock through
selection is necessary, as is estimating genetic parameters as precisely as possible, and taking
into account direct genetic, maternal, and permanent environmental effects with respect to
body weight traits. Pre-weaning body weight traits are particularly important (Tamioso et al.,
2013; Carvalho et al., 2014; Gholizadeh and Ghafouri-Kesbi, 2015; Jannoune et al., 2015),
as the maternal effect decreases with increasing age (Mohammadi et al., 2015). Taking these
factors into account prevents selection bias, which may decrease efficiency.

According to Maniatis and Pollott (2003), a database composed of incomplete pedigree
information, particularly of female sheep, will cause prediction errors in genetic estimates.
Several studies have been conducted in Brazil that have estimated the genetic parameters of
Brazilian sheep using small databases and short time periods, including the Brazilian Somali
breed (Magalhaes et al., 2013), the Sul-Mato-Grossense breed (Oliveira et al., 2014), and the
Morada Nova breed (Shiotsuki et al., 2014).

Another point to consider according to Maniatis and Pollott (2002), and confirmed
by Santana et al. (2013), is that accurate estimates are only achieved by using models that
include genotype-environment interactions. Therefore, estimates obtained from homogeneous
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environments do not guarantee genetic improvement in heterogeneous environments (Carvalho
et al., 2014). The primary objective of this study was to obtain accurate estimates of genetic
parameters and genetic trends of growth traits in Santa Ines sheep in different regions of
Brazil. Leg muscularity and hair in fur were also included in this study, as these potentially
meaningful traits have not been considered in other studies.

MATERIAL AND METHODS
Data and management

The database used belongs to the Associag@o Sergipana dos Criadores de Caprinos e
Ovinos (ASCCO, Sergipe State Association of Goat and Sheep Breeders), and is used by the
ASCCO/USP, Program for Animal Genetic Evaluation, which is led by the Animal Breeding
and Biotechnology Group of FZEA-USP in Pirassununga, State of Sdo Paulo, Brazil. Pedigree
information of 37,735 animals and phenotypic trait records of 11,851 lambs that descended
from 411 sires and 5,298 dams were used. The data were collected over 12 years (2003-
2014) from 33 farms in 10 Brazilian states between 9°S and 26°S latitude and 40°W to 60°W
longitude. The flocks lived on grassland throughout the year, where native pasture plays an
important role in animal feeding, particularly in the Northeast region. The pastures contained
Brachiaria spp, Cynodon spp, Cenchrus ciliaris and Panicum maximum grasses. Most farms
provided mineral supplements and proteins to the animals, particularly in the dry season.
Lambs were weaned at approximately 60 days of age (ASCCO, 2014).

The following weight traits were assessed: birth weight (BW), weaning weight at 60
days of age (WW), weight at 180 days of age (W180), weight at 270 days of age (W270),
average daily weight gain from birth at weaning (DGW), average daily weight gain from
weaning to 6 months (DGWS), average daily weight gain from 6 months to 9 months (DGSN),
and average daily weight gain from weaning to 9 months (DGWN). In addition, visual
appraisals of the presence of wool or hair in the fur (HF) and leg muscularity (LM) were
conducted. The first eight characteristics were measured in numerical units (kg), while HF and
LM were visual evaluations made at 9 months of age using a score of 1 to 5 for LM (where a
higher score indicates greater muscularity), and a score of 1 to 6 for HF (where a higher score
indicates “short hair”, which is more appropriate for tropical conditions). These two traits
are being increasingly measured in the Breeding Program of Santa Ines sheep (ASCCO/USP,
2011). Outlier records with + 3 standard deviations from the average for BW, WW, W180, and
W270 were excluded from the analysis.

Statistical analysis

The data were first assessed by analysis of variance using the Statistics Program R
(R Core Team, 2016), in order to identify the fixed effects to be included in the model. Non-
genetic effects, such as sex (male or female), type of lambing (single or twins), year (2003-
2014), season (dry or wet), flock location (33 breeders), and maternal age (that ranged from
9 to 205 months and was delineated into 16 levels), were analyzed. Maternal age was only
statistically significant (P < 0.05) for BW, WW and DGW and to a higher o level (P <0.01) for
W180 and DGWS. HF was significantly affected by sex but not by type of lambing. With these
exceptions, the effects were similarly significant (P < 0.05) for the 10 characteristics studied;
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therefore, they were all included in the variance component estimation. Characteristics of the
data structure, summary statistics and the effects of several non-genetic factors on each trait
are summarized in Table 1.

Table 1. Characteristics of the data structure, summary of statistics, and significance of the source of variation
for growth traits of Santa Ines sheep.

Trait BW W60 W180 W270 | DGW | DGWS | DGSN | DGWN HF LM
No. records 11,851 6,708 5,254 3,683 | 6,933 | 4,126 | 2,792 3,081 3,228 | 3,159
No. contemporary groups 255 208 204 176 198 156 141 141 146 145
Summary of statistics

Mean (kg) 3.64 14.6 31.7 38.5 0.166 0.144 0.093 0.116 437! 2.4!
Standard deviation (kg) 0.84 5.03 10.7 13.7 0.07 0.071 0.068 0.06 1.2! 0.93!
CV % 22.9 34.4 33.9 35.5 41.9 48.9 73.7 50.2 27.8 39.1
Effects’

Contemporary groups (flock-year-season) Hx Hx ** ** Hx wx ok ** *x Hx
Type Ofblrth sk 3k sk sk ok ok *k sk NS ok
Sex sk sk sk sk ok ok ok k% * ok
Age of dam (covariate) wx w* * NS wok * NS NS NS NS
Age Oflamb (COVariale) ek ek ek k3 Kk ek sk sk ok

'HF score 1-6, where a higher score reflects short hair that is more appropriate for tropical conditions; LM score
1-5, where a higher score indicates greater muscularity. *Indicates the significance of the source of variation. **P <
0.05, *P < 0.01; NS, not significant. CV, coefficient of variation; BW, birth weight; W60, weight at weaning or at
60 days; W180, weight at 180 days; W270, weight at 270 days; DGW, daily weight gain at weaning; DGWS, daily
weight gain from weaning to 6 months; DGSN, daily weight gain from 6 to 9 months; DGWN, daily weight gain
from weaning to 9 months; HF, hair in fur; LM, leg muscularity.

The effects of flock, year, and season formed contemporary groups, so the fixed
effects used were contemporary group, sex, and type of lambing. Lamb age at the time of
measurement was included as a covariate in the models for its linear and quadratic effects.
Ewe age at lambing was also included as a covariate, but only for BW, WW, W180 and
DGW. Animal, maternal, maternal permanent environmental, and residual direct effects
were included as random effects. A mixed model methodology was used, which was specific
for each variable in the single-trait animal model analysis conducted. An inclusive model
(Equation 1) included maternal additive genetic effects and maternal permanent factors for
BW, WW, W180, and DGW. For W270, DGWS, DGSN, DGWN, HF, and LM, maternal and
permanent environmental effects were not included in the model (Equation 2):

Y=XpB+Za+Z m+Wp+e (Equation 1)

Y=XpB+Za+e (Equation 2)

where Y'is the vector of records; f, a, m, p and e are fixed vectors, direct additive genetic effect,
maternal additive genetic effect, permanent environment effect on the dam and residual effect,
respectively; with incidence matrices X, Z , Z and W that relate these effects to the records.
The (co)variance components, genetic parameters and breeding values (BVs) were
obtained using the derivative-free restricted maximum likelihood (DFREML) method (Graser
et al., 1987) in the multiple-trait DFREML program (Boldman et al., 1995). Each analysis was
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restarted several times with different initial prior values to ensure that the value of estimates
corresponded to the absolute maximum of the likelihood function. If the estimates did not
change, the convergence criterion was confirmed when the variance value was -2 log L (L was
the likelihood function, which was calculated based on the last five iterations if the simplex
was less than 107).

(Co)variance components of the phenotypic variance (0'2) which was the sum of
the direct genetic additive variance (0'2), maternal additive genetic variance (O'2), direct-
maternal covariance (Gam) variance due to permanent environmental effect (O'IZW) and
residual variance (O"; 2 ), were derived to convergence after they were used to obtain the direct
additive heritability (hz) maternal heritability (h2 ), and the proportion explained by the
permanent environmental effect of the total variance (pe*). These were obtained by dividing
0", 02 or O”, respectively, by O'i,

pe>
The direct-maternal correlation (r, ) was calculated in the following manner:

_ 2 2 .
r. =0, /\o. x O, (Equation 3)

Total heritability was estimated by the following formula (Willham, 1972):
= (Gi + 07501211 + 1,50, )/012J (Equation 4)

The total maternal effect (t ) was calculated in order to estimate the repeatability of
ewe performance (Mandal et al., 2012; Mohammadi et al., 2015), using the following formula
(Notter, 1998):

t, = %haz +h. + pe’ +(mr, h) (Equation 5)

RESULTS AND DISCUSSION
Descriptive statistics of the traits analyzed

The mean = SD values of BW, WW, W180, W270, DGW, DGWS, DGSN, DGWN,
HF, and LM were 3.64 + 0.84 kg, 14.6 = 5 kg, 31.7 £10.7 kg, 38.5 £ 13.7 kg, 0.17 £ 0.07 kg,
0.14£0.07 kg, 0.09 £ 0.07 kg, 0.12 + 0.06 kg, 4.4 = 1.2, and 2.4 + 0.9, respectively (Table 1).
Another population of Santa Ines sheep had a similar mean for BW (Carvalho et al., 2014). A
comparison of these performances with those recorded in other Brazilian breeds (Magalhaes
et al., 2013; Shiotsuki et al., 2014) and “local” breeds from other parts of the world was
conducted (Mandal et al., 2012; Shokrollahi and Baneh, 2012; Gholizadeh and Ghafouri-
Kesbi, 2015; Gowane et al., 2015; Mohammadi et al., 2015). The Santa Ines breed had a
growth performance that was similar to or better than that of the other breeds. No references
exist for HF (4.4) or LM (2.4), but these results suggest the importance of improving the
process of selection and evaluation, particularly for LM.
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(Co)variance components and genetic parameters

The results presented in Table 2 show an incremental increase in (co)variance
component values for the weight traits according to the age of the animal. Magalhaes et al.
(2013), Oliveira et al. (2014) and Jannoune et al. (2015) reported similar estimates. These
results indicate that additive genetic variation exists between animals in which age, 270
days in this case, improves selection. Positive direct-maternal covariance was estimated in
accordance with other studies (Gholizadeh and Ghafouri-Kesbi, 2015; Mohammadi et al.,
2015). However, it is necessary to consider that other studies have reported s negative
(Shokrollahi and Baneh, 2012; Carvalho et al., 2014; Boujenane et al., 2015; Gowane et al.,
2015). These results, according to Szwaczkowski et al. (2006), could arise from the omission
of maternal effects from the evaluation, the type of management used (Eler et al., 1995), the
breed analyzed (Dodenhoff et al., 1999), the structure of the dataset or the pedigree used
(Maniatis and Pollott, 2003).

Table 2. Estimates of (co)variance components and genetic parameters of growth characteristics of Santa Ines
sheep.

Trait (Co)variance components Genetic parameters
o, | o, | o, | O 0% | Ou h; h, pe’ T | B7 |

BW 0.111 0.071 0.284 0.031 0.497 0.027 0.22+£0.04 | 0.14+0.03 | 0.57+0.03 0.31 0.38 | 0.82
WwW 2.68 1.727 8.1 0.89 13.4 0.224 0.20+0.04 | 0.13+0.05 | 0.60+0.03 0.10 | 0.29 | 0.80
WI180 24.6 343 33.96 1.25 63.24 0.608 0.39+0.07 0.05+0.02 0.54 £0.05 0.066 | 0.43 | 0.70
w270 52.6 - - 53.58 106.18 - 0.49 +0.06 - - - 0.49 | 0.12
DGW 0.00119 | 0.00031 | 0.00151 | 0.00013 | 0.00314 | 0.0001 0.38+£0.06 | 0.10£0.01 | 0.48+£0.05 0.17 | 0.48 | 0.61
DGWS 0.00137 - - 0.0018 | 0.00318 - 0.43 +0.05 - - - 0.43 | 0.11
DGSN 0.00137 - - 0.0018 0.00318 - 0.43 £0.05 - - - 0.43 | 0.11
DGWN 0.00088 - - 0.0011 | 0.00198 - 0.44 +0.06 - - - 0.44 | 0.11
HF 0.368 - - 0.94 1.307 - 0.28 +0.05 - - - 0.28 | 0.07
LM 0.211 - - 0.39 0.6014 - 0.35+0.06 - - - 0.35 | 0.09

O'i , direct additive genetic variance; O'fn, maternal additive genetic variance; O'ie, maternal permanent
environmental variance; Oe2 , residual variance; O'i , phenotypic variance; O, , direct-maternal genetic (co)
variance; h{f , direct heritability; h2 , maternal heritability; pez, environmental proportion of total variance;
Vo > direct-maternal correlation; hT , total heritability; tm , repeatability of ewe performance. BW, birth weight;
WW, weight at weaning or at 60 days; W180, weight at 180 days; W270, weight at 270 days; DGW, daily weight
gain at weaning; DGWS, daily weight gain from weaning to 6 months; DGSN, daily weight gain from 6 to 9

months; DGWN, daily weight gain from weaning to 9 months; HF, hair in fur; LM, leg muscularity.

Genetic parameters are important because of the significant information available
from ewes and their progeny, allowing for the proper partitioning of genetic variance (Maniatis
and Pollott, 2003). Direct heritability (4* ) oscillated between 0.22 + 0.04 (BW) and 0.49 +
0.06 (W270), which are higher values than those reported in other studies (Magalhaes et al.,
2013; Boujenane et al., 2015; Gholizadeh and Ghafouri-Kesbi, 2015; Jannoune et al., 2015;
Mohammadi et al., 2015), in which BW values were between 0.05 and 0.15. However, in an
analysis of Santa Ines sheep, Carvalho et al. (2014) obtained similar values to ours (0.20 +
0.03), as did Hanford et al. (2003) and Zishiri et al. (2014) with a value of 0.25 £ 0.04 in both
cases. The 422 for WW was less than that for BW and subsequent time points, which increased
at the post-weaning stages WW (0.20 £ 0.04), W180 (0.39 = 0.07), and W270 (0.49 £ 0.06).
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The remarkable variation observed in the performances of animals at these ages could have
been caused by a direct genetic effect. This trend was similar, but not of the same magnitude,
as that reported by Hanford et al. (2003), Magalhaes et al. (2013), Mohammadi et al. (2015)
and Valerio et al. (2015). Gowane et al. (2015) found that in Malpura sheep the /*_ for weight
at 90, 180, and 270 days was 0.40, 0.50, and 0.37, respectively, whereas Shokrollahi and
Baneh, (2012) found that in Iranian sheep these values were 0.38 (WW) and 0.19 (W180), and
both studies reported a negative direct-maternal correlation.

Estimates of /*, for daily weight gain at different ages (DGW, DGWS, DGSN, and
DGWN) revealed a high degree of heritability (0.38 + 0.06 to 0.44 + 0.06). Gowane et al.
(2015) obtained similar results in Malpura sheep. However, these data are not in agreement
with those of Mohammadi et al. (2015), who reported low values in Lori sheep this discrepancy
could be due to environmental effects. Other studies have also reported low to moderate values
for weight gain at weaning and post-weaning of 0.07 and 0.22, respectively (Magalhaes et al.,
2013; Tamioso et al., 2013; Oliveira et al., 2014; Shiotsuki et al., 2014; Valerio et al., 2015).
Therefore, the phenotype of these traits in this sheep population exhibited additive genetic
variance, and are good indicators for selection. A similar additive genetic effect was found for
carcass traits and body size in Santa Ines sheep by Figueiredo Filho et al. (2016). HF (0.28 +
0.05) and LM (0.35 £ 0.06) had moderately high heritability, similar values were obtained by
ASCCO/USP (2011) in the same sheep population for HF (0.26) but not for LM (0.19), which
was less heritable, indicating that more data improve the overall estimate.

The maternal effect is particularly important for early growth traits in sheep as it
is influential during pregnancy and lactation, but its importance decreases during the post-
weaning stages (Shiotsuki et al., 2014; Zishiri et al., 2014; Gholizadeh and Ghafouri-Kesbi,
2015). The estimates of 4> obtained for BW (0.14 £ 0.03), WW (0.13 + 0.05) and DGW (0.10
+0.01) were sizeable, but were lower for W180 (0.05 + 0.02). Santana et al. (2013) obtained
similar results in an evaluation of various models in the same population of sheep, but using
fewer data. In addition, Mohammadi et al. (2015) reported similar results in Lori sheep and
Tamioso et al. (2013) in Suffolk sheep (BW, 0.17), as did Hanford et al. (2003) and Gowane
et al. (2015) for WW (0.11 and 0.15, respectively), and Eler et al. (1995) for BW (0.12) and
WW (0.13) in Nelore cattle.

Other authors (Zishiri et al., 2014; Gholizadeh and Ghafouri-Kesbi, 2015; Jannoune et
al., 2015) found a low maternal additive effect for BW (0.05 to 0.09) and for WW, with the latter
having values of between 0.02 (Zishiri et al., 2014; Gholizadeh and Ghafouri-Kesbi, 2015) and
0.07 (Boujenane et al., 2015). Estimates of greater magnitude have also been reported (Hanford
et al., 2003; Lobo et al., 2009; Shokrollahi and Baneh, 2012; Carvalho et al., 2014; Gowane et
al., 2015; Valerio et al., 2015). Therefore, the magnitude of maternal influence depends upon the
breed of the mother, and the Santa Ines breed has a significant maternal effect.

The proportions of dams in a permanent environment (pe?) in the analyzed traits, which
is considered a maternal environmental effect, were of high magnitude (BW, 0.57 + 0.03;
WW, 0.60 + 0.03; W180, 0.54 = 0.05, and DGW, 0.48 + 0.05). This may be attributable to an
extensive grazing system that is available throughout the year, in which ewes have to endure
changing environments during their reproductive lives. Therefore, it is important to consider
this effect in populations with extensive grazing systems. Studies conducted on populations
that were maintained in controlled environments have obtained low estimates (between 0.18
and 0.04) in comparison with our results (Hanford et al., 2003; Mandal et al., 2012; Zishiri et
al., 2013, 2014; Boujenane et al., 2015; Gowane et al., 2015; Mohammadi et al., 2015).
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Estimates of 4*, were large in magnitude for all of the traits evaluated (WB, 0.38;
WW, 0.29; W180, 0.43; W270. 0.49; DGW, 0.48; DGWS, 0.43; DGSN, 0.43; DGWN, 0.44;
HF, 0.28, and LM, 0.35), suggesting that individual selection can be applied to all of these
traits. Crispim et al. (2013) showed that some Brazilian sheep breeds have relatively high
levels of genetic diversity. Heritabilities that have been determined for other countries’ sheep
breeds were between low and moderate in magnitude: Shokrollahi and Baneh (2012) in Arabi
sheep (BW, 0.16; WW, 0.13; and W180, 0.14) and Gowane et al. (2015) in Malpura sheep
(BW, 0.21; WW, 0.15; W180, 0.17; W270, 0.11; DGW, 0.15; and DGWS, 0.045); in these
studies, the » was negative. Valerio et al. (2015) reported that in Junin sheep (withs =0
in the model used), values of BW, WW, and DGW were 0.27, 0.28, and 0.29, respectively. In
other studies the maternal effect was not considered: Mandal et al. (2012) reported a DGW
value of 0.26 in Muzaffarnagari sheep, and Boujenane et al. (2015) reported BW and WW
values of 0.11 and 0.12, respectively, in D’man sheep. These data support a statement made
by Maniatis and Pollott (2003): the accuracy of the maternal effect and direct-maternal
correlation will depend on the volume of pedigree information, and improved accuracy will
influence the estimate of /° .

Significant positive values of r, were obtained with a gradual decrease as the lamb
became independent of the mother (BW, 0.31; WW, 0.10; W180, 0.066; and DGW, 0.17).
These data may indicate that, in addition to selecting for these characteristics, selection will
also affect maternal ability. Gholizadeh and Ghafouri-Kesbi (2015) reported a positive 7,
value in Baluchi sheep. Maniatis and Pollott (2003), Shokrollahi and Baneh (2012), Carvalho
et al. (2014), Zishiri et al. (2014), Gowane et al. (2015), and Jannoune et al. (2015) obtained
negative correlations for these traits. Several research groups suggest that negative correlations
result in an overestimation of direct and maternal effects, and a decrease in the response of
the other trait. In addition, using groups of dams with limited informational records and small
numbers of progeny will result in negative correlation values (Maniatis and Pollott, 2003;
Zishiri et al., 2014).

The repeatability of ewe performance (t ) is dependent upon the maternal effect and
predicts the future performance of ewes. This parameter allows for the accurate identification
and culling of less productive ewes, with a decreasing trend as the age of the animal increases.
The estimates of t_obtained in this population were high for BW (0.82), WW (0.8), W180
(0.7), and DGW (0.61). Estimates in other populations of sheep are not comparable with
respect to repeatability, due to the low and moderate values obtained. This discrepancy can be
attributed to the model used or the negative , value obtained (Mandal et al., 2012; Gowane
et al., 2015; Mohammadi et al., 2015). For the other post-weaning characteristics evaluated,
which only included the direct effect, the values were significant (between 0.07 and 0.12).
Kushwaha et al. (2009) obtained comparable estimates in Chokla sheep for post-weaning
weights, with a range of 0.12 to 0.15. However, in Suffolk and Polypay sheep, Notter (1998)
obtained estimates for post-weaning weight gain that were slightly lower (0.05 and 0.06) than
those obtained in this study.

BVs and genetic trends
The average BVs by year of birth during the study period (2003-2014) and

the genetic changes produced in each of the evaluated characteristics are presented in
Figure 1.

Genetics and Molecular Research 15 (3): gmr.15038910
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Figure 1. Genetic trends for birth weight, weaning, weight gain at weaning (maternal effect), weight at 180 and
270 days’ age, weight gain between weaning and 270 days’ age, presence of hair in fur, and leg muscularity in a
population of Santa Ines sheep.

BV averages for BW exhibited a slightly negative genetic trend (-0.001 kg), suggesting
that breeding does not affect this trait. A similar but lower trend (-0.005 kg) was found by
Gholizadeh and Ghafouri-Kesbi (2015) in Baluchi sheep. The BVs for WW had an increasing
trend of 0.04 kg, but this was irregular as it decreased in some years (2004 and 2011), which
indicates a lack of permanent selection. Comparing this observation with the results obtained
by Gholizadeh and Ghafouri-Kesbi (2015) demonstrates that Santa Ines sheep perform better
than other breeds. Average maternal BVs for DGW during the 12 years of this study did not
increase, possibly due to a lack of ewe selection during this time, thereby wasting the maternal
effect on this characteristic.
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The average BV for lamb weight at 180 and 270 days of age exhibited a positive
genetic change, with increments of 0.094 and 0.24 kg/year, respectively. These data indicate
that the process of breeding directly affected these traits. Trends obtained in Baluchi sheep by
Gholizadeh and Ghafouri-Kesbi (2015) had smaller increments (W180, 0.004 kg; and W270,
0.007 kg). The trend for weight gain between weaning and 270 days’ age showed a slight
increment (0.0006 kg/year), which could be improved with selection. There were positive
improvements in HF and LM particularly in the later years of the study, and a continuation of
this trend will benefit the production of this breed.

CONCLUSIONS

Our results show that Santa Ines sheep are amongst the heaviest “local” breeds,
and exhibit significant genetic variance that manifests itself with age. A significant maternal
effect and a permanent environmental effect were observed and cannot be ignored in similar
genetic models, and a direct-maternal correlation was noted. We observed high values of total
heritability for all of the traits analyzed and highly repeatable ewe performances. Several
genetic trends were irregular and incremental, which may be due to variability in the selection
of the goals and little continuity in process improvement. In conclusion, direct selection for
pre-weaning traits enables the indirect selection for maternal ability. Depending upon the
economic and productive purpose, selection based on any post-weaning traits should increase
genetic progress.
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