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Abstract:

The objective of this study was to estimate genetic parameters for weight traits for the Pelibuey
sheep. The traits analysed were birth weight (BWT), weaning weight (WWT), weight at 120 d
(W120), weight at 150 d (W150), and weight at 210 d (W210). Data set with records from
51,382 lambs, progeny of 1,440 sires, and 14,715 dams were used to conduct genetic analyses,
using an animal model. Six models varying the random effects were fitted including genetic,
maternal and maternal permanent environmental effects. Then, the same base models were
fitted with the additional random effect of sire by flock interaction. Direct heritability estimates
for the base models ranged from 0.13 to 0.18 and reduced across all traits when the sire by flock
was fitted in the model (0.03 to 0.11). Additive genetic correlations ranged from 0.49 to 0.96
and 0.81 to 1.00 for the base models and sire by flock models, respectively. Validation analyses
were performed to study the predictability of sire EBVs on progeny performance, with a cross-
validation procedure developed for W120. Fitting sire by flock improved predictability, with
values for all sires at 0.22, and for link sires at 0.43, close to the expected value of 0.50. The
estimated annual genetic trends were 0.011, 0.051, 0.060, 0.068 and 0.045 kg/yr for BWT,
WWT, W120, W150 and W210, respectively, for the period between 2010 and 2017. Overall,
the results indicate that an across-flock genetic evaluation for Pelibuey sheep in Mexico is
possible.
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Introduction

Sheep production in Mexico incorporates a great diversity of breeds, which are distributed
according their productive potential and the environmental conditions®™. Currently, the hair
sheep represent an important genetic resource for diversifying small ruminant production,
demonstrating environmental adaptation advantages in tropical conditions®. One of the first
hair sheep breeds introduced in Mexico was the Pelibuey, which today is a fundamental feature
of the diverse production systems in the Mexican sheep industry®. The Pelibuey breed is
desired by producers due to their high adaptability to both tropical and temperate territories of
Mexico®®. The Pelibuey breed is known for its high fertility and prolificacy, absence of
seasonality, tolerant to internal parasites, and good adaptation a wide range of environmental
conditions (rain, heat, cold)®®, making it an ideal breed as the maternal breed in a prime lamb
crossbreeding program(:®). Mexican Pelibuey sheep are small to medium-sized (35-80 kg), with
high fertility (> 80 %) and prolificacy ranging from 1.51 to 1.80 lambs per birth and often
produce lower growth rates than wool breeds, where a combination of several environmental
and genetics factors contributed to the productive and reproductive performance®1011),

Genetic technology is changing the livestock sector across the globe*? and the implementation
of breeding programmes based on estimated breeding values (EBVS) using performance and
pedigree data has been the key to increasing productivity and profitability in the sheep
industry®34). However, conducting a breeding program requires a good design and a clear
definition of a breeding objective®. Accurate pedigree and performance recording are the basis
of a successful breeding program, and improvements in data quality and effectiveness
strengthen the accuracy of EBVs“9). In animal breeding, estimating the genetic parameters for
the breeding objective traits is a prerequisite in establishing a selection program®”. Accurate
estimation of these genetic parameters and in particular genetic correlations between traits
requires large across-generation data sets for each relevant population which are not always
available®®),
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Sheep production in Mexico has made an important contribution to addressing rural poverty,
providing significant income for many farmers®. However, over a long period, flock
management has followed traditional practices without the adoption of modern genetic
improvement programs®®, which in combination with other factors such as a wide range in
production systems and poor definition of breeding objectives®V, has resulted in low
productivity in the sector®?. In this way, is highly recommendable the establishment of genetic
improvement programs, which have been key in increasing the profitability of sheep farmers
throughout the world. However, the success of these programs depends on the use of genetic
tools available to conduct genetic evaluations; including sensible evaluation models, good data
quality, and a series of effective strategies to increase the adoption and dissemination of
estimated breeding values®.

In the case of the Mexican sheep industry, there is a knowledge gap on the benefits of using
modern genetic tools, and performance recording for economically important traits, and this
has affected the development of systematic breeding programs to improve the breed. The
Mexican sheep industry, after the establishment of the data recording systems, has been able to
conduct genetic evaluation mainly for growth traits, which are relatively easy to collect while
being economically important®. However, these evaluations have been approached
irregularly, and there is a lack of information about genetic parameters for growth and
reproductive traits, which are important and could be used to estimate breeding values to
conduct breeding programs®@.

Currently, the Pelibuey breed is the third most prevalent breed in the national studbook
registrations, with 51,382 animals in the data set of the Mexican Sheep Producers Association
(UNO) as of 2018. Historically this breed have led the studbook registrations, and similarly to
the other breeds have attempt to establish an official genetic evaluation for growth and
reproduction traits®®). However, to date there has been no effort to establish a genetic evaluation
for this breed. Consequently, understanding and interest in genetic tools within Pelibuey
breeders has lagged behind other breeds and countries.

The objectives of this study were to develop an analysis to estimate breeding values for weight
traits using Pelibuey industry data, and to validate the analysis by testing aspects including a
linkage between flocks and contemporary grouping strategies, which could inform the
development of routine evaluations for the breed.
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Material and methods

Pelibuey growth data

Data and pedigree information were provided by UNO for the period from 2000 to 2018.
Records of growth traits from birth to 210 d of age were collected from 127 flocks distributed
across eight environmental regions of México: North West, North Central, North East, Pacific
Central, Central, Gulf Central, Pacific South, and South East. The highest number of the records
was for the Pacific Central region (15,306) and the lowest was for the North Central (1,201).
Climatic information including annual average temperature and rainfall for the different regions
in Mexico are shown in Table 1.

Table 1: Climatic information for different regions in Mexico

Pelibuey
Region States Weather TO Pp contrib.
°C)  (mm) (%)
North West Sinaloa Subhumid, Semi-dry 25 790 5.59
North Central ~ Aguascalientes,  Semi-dry,  Subhumid, 17 512 2.68
Chihuahua, very dry
Zacatecas
North East Nuevo Leon, Semi-warm humid, 215 793 6.35
San Luis Potosi,  Sub-humid, Temperate
Tamaulipas dry, Warm semi-dry
Pacific Central Jalisco, Semi-warm subhumid, 20 850 34.10
Michoacan warm subhumid
Central Tlaxcala, Temperate, Temperate 16 728 11.30
Hidalgo, Estado  subhumid, Semi-warm
de México, semi dry, Semi-cold
Querétaro,
Guanajuato
Gulf Central Tabasco, Warm  humid and 25 2,025 12.76
Veracruz subhumid
Pacific South  Chiapas, Sub-humid and sub 25 1,585 11.80
Guerrero humid tropical, warm
semi-dry
South East Yucatan Warm sub-humid, semi- 26 1,100 15.42
dry very warm

Source of information®”).
TO= temperature; Pp= precipitation. * Contribution to Pelibuey national studbook registrations.

The final data set comprised information from 51,382 lambs, the progeny of 1,440 sires, and

14,715 dams with a total pedigree of 53,235 over 12 generations. Data cleaning and descriptive
statistics were performed in R statistical programming language®®. Data for all traits were
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filtered for missing sires, dams, birth and rearing type and age at measurement. Also, the data
set was filtered to remove contemporary groups where only 1 sire was represented and less than
3 animals were recorded. A summary of descriptive statistics and the number of records, sires,
dams, flocks, and the number of contemporary groups is shown in Table 2.

Table 2: Data structure and summary of descriptive statistics for growth traits

Component BWT  WWT W120 W150 W210
Number of records 21,102 17,517 12,054 11,649 4,294
Mean 3.02 16.6 27.63 33.63 39.45
Standard deviation 0.66 3.86 6.82 8.08 9.73
Coefficient of variation 21.85  23.25 24.68 24.03 24.66
Number of sires 988 892 589 576 359
Number of dams 9,215 7,892 5,249 5,118 2,549
Number of flocks 127 122 70 68 50
Number of Contemporary groups 1,084 1,007 679 668 357

BWT= birth weight (kg); WWT= weaning weight (kg); W120= weight at 120 d (kg); W150= weight at 150 d
(kg); W210= weight at 210 d of age (kg).

Genetic linkage between Pelibuey flocks

Genetic linkage between flocks is important to increase accuracy in the estimation of the
breeding values of animals in a genetic evaluation®®. The Pelibuey breed in Mexico presented
moderate levels of linkage across the flocks (Table 3). Of the 992 sires in the Pelibuey data set,
87 % are represented in only one flock. Sires with progeny across flocks (132) had 5,507
progeny accounting for 26 % of total offspring.

Table 3: Summary of linkage for all population, for progeny born from 2000 onwards
Sires represented in one flock 860 (87 %)

Progeny of sires represented in one flock 15,695 (74 %)
Link sires represented in multiple flocks 132 (13 %)
Progeny of link sires 5,507 (26 %)

Estimation of genetic parameters

Genetic parameters were estimated from an animal model, using the ASReml 4.1 software®®
in a series of univariate and multivariate analyses between weight traits. The traits analysed
were birth weight (BWT), weaning weight (WWT), weight at 120 d (W120), weight at 150 d
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(W150), and weight at 210 d (W210). Contemporary groups (CG) were defined by the flock of
birth, year of birth, and season. The seasons were winter (December to February), spring (March
to May), summer (June to August), and autumn (September to November). For animals born in
the winter season that crossed over from December to February, December-born animals were
assigned to the next year.

Fixed effects included sex, birth type, rearing type, age of dam, and age of the animal at
measurement. Sex was fitted as a factor with two levels (male and female). Birth type and
rearing type were fitted independently and coded with three levels, defined as single, twin, and
triplet (3+). The frequency of quadruplet or greater litters was very low, and so these were
grouped with the triplet class. The age of the dam was fitted as a factor with eight categories,
which included ages greater than 8+ yr grouped into the 8-yr-old subclass, and 5.4 % assigned
to an “unknown” subclass.

Model selection of significant random effects for each weight trait was conducted by comparing
a series of univariate analyses using Likelihood Ratio Test (LRT), Akaike Information Criterion
(AIC), and Bayesian Information Criterion (BIC). Six base models were tested with a
combination of the random effects including direct effects, maternal effects, correlated direct-
maternal genetic effects and maternal permanent environmental effects, followed by the same
models with the additional random effect of the sire by flock. Also, the contemporary group
effect was fitted as random which can be beneficial when contemporary groups are small®.
The final model selection was a balance between these three criteria with qualitative aspects;
also considered discounting analyses with extreme negative estimates of the correlation
between direct and maternal genetic effects. The variance components from the univariate
analyses for the most informative base models and sire by flock models were used in validation
analyses.

The random effects tested included an additive genetic direct effect (var(a) = Ac?2), an
additive genetic maternal effect (var(m) = Ac?2), a maternal permanent environment effect
(var(pe) = Ia},), and asire by flock effect (var(sf) = Iaszf). Where both direct and maternal
genetic effects were fitted, the merit of fitting a genetic covariance (cov(a,m) = Ao,y,) wWas
also explored.

Total phenotypic variance from univariate models was calculated as the sum of the variance
components fitted in each model (e.g., for Model 12: 07 = 65 + 05, + Ogm + 0pe + s +
a2, where o2 is the residual variance component). Heritability for the direct genetic effect was
estimated as h = o /o7, heritability for the maternal genetic effect as h;, = o7, /o7, the
genetic correlation between direct-maternal genetic effects as 7,,, = 0um/04 Om, the ratio of
maternal permanent environmental effects as pe? = age /ag, the ratio of phenotypic variance
due to sire by flock variance as s? = a¢ /0.
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Preferred models defined by this model selection process were then used in pairwise bivariate
analyses to estimate covariances and correlations between traits.

Considering all possible effects, the general multivariate form of the variance structures was:

a Gou A4 G ® A 0 0 0 0
m Cra ®A Gpm @ A 0 0 0 0
var| re |= 0 0 PRI 0 0 0
sf 0 0 0 SQI 0 0
cg 0 0 0 0 CGRI O
e 0 0 0 0 0 RQ®I!

where G, is a matrix of direct genetic covariances between traits, G,,,, i1s @ matrix of maternal
genetic covariances and G, is a matrix of covariances between direct and maternal genetic
effects. A is the numerator relationship matrix for all animals in the pedigree and & represents
the Kronecker product matrix operation. P is a matrix of covariances between permanent
maternal environment effects of the traits, S is a diagonal matrix of sire by flock interaction
variances, CG is a diagonal matrix of contemporary group variances, R is a matrix of residual
covariances between traits, and I represents identity matrixes of appropriate order for each
random effect.

Estimation of breeding values

Multi-Trait BLUP

Breeding values (EBV) were estimated from a multi-trait BLUP model using all five traits in
ASReml 4.169 with and without (base models) sire by flock interaction. The BLUPs were
developed using the genetic parameters from the univariate analysis of the most statistically
sensible model selection. The genetic correlations to construct the G, P, and R matrixes were
taken from the bivariate analysis. The R statistical programming language®® was used to ensure
the multi-trait covariance matrixes G,,, P, and R were positive definite.

Single trait BLUP

The breeding values were estimated from a single trait animal model (BLUP) only for 120-d
weight using ASReml 4.1 software®?. That trait for this study was chosen due to high genetic
correlations between growth traits, particularly between later growth traits (W120, W150 and
W210), as well as the higher number of records at this age. The BLUPs were developed using
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variance components from the univariate analysis using the most informative models including
and excluding sire by flock interaction. Cross-validation procedure of the data set at 120-d
weight was used to develop the single trait BLUPs.

Validation analyses of breeding values

Validation analyses were performed to study the predictability of the sire EBVs in progeny
performance. A cross-validation procedure was used, where the data set was split into 5 folds
based on random allocation of the total flocks (70), replicated 5 times in a bootstrapping
procedure. Sequentially, each fold was defined as the “Validation” data, and then the estimation
of the breeding values was from the “Training” data combining phenotypes from the other four-
folds, using a single-trait animal model with base models and with sire by flock interaction.
Then, the adjusted progeny performance in the validation data was regressed on sire EBVs from
the training data for all sires, link sires between training and validation data sets, and sires only
in the validation data (non-link sires). The regressions of offspring performance on sire breeding
values were calculated from linear models in R statistical programming language®®, where the
expected value of this regression is 0.5. The linear model included the fixed effects of sex, birth
type, rearing type, age of the dam, age at measurement at the 120-d weight and the sire's EBVSs.
Five-fold validations were performed in three data sets of 120-d weight with varying levels of
data quality. Data set Q1 was the full data set for the trait, while Q2 was filtered from Q1 to
consider only flocks with sires represented in at least two flocks (linked flocks), and Q3 was
filtered from Q2 to remove contemporary groups when only 1 sire was represented and less
than 10 animals recorded. The same random allocation of flocks to folds was used across data
sets. A summary of the three data sets for 120-d weight used in the validation analyses is
presented in Table 4.

Table 4: Summary of 120-day weight data sets in the Pelibuey sheep

Data set ':‘e::)r:(?; Number of ONfunggig Contemporary groups
Sires Dams Number Av. size
Q1 12,054 589 5,249 70 679 17.75
Q2 9,433 441 3,781 36 527 17.89
Q3 8,072 362 3,265 29 311 25.95

Q1= full data set; Q2= filtered from Q1, considered only flocks with sires represented in at least two flocks
(linked flocks), Q3= filtered from Q2, removing contemporary groups when only 1 sire was represented and less
than 10 animals recorded.
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Analysis of genetic trends

Estimated breeding values to predict genetic trends were derived from multi-trait BLUP
including all data set between 2000 and 2018. Yearly means of EBVs were computed for BWT,
WWT, W120, W150, and W210. Lastly, genetic trends were generated by plotting all the
weight traits over time.

Results and discussion

Genetic parameters

A summary of estimates of variance components and genetic parameters for the selected models
for both base and sire by flock interaction models are shown in Table 5. Direct effects, maternal
additive effects and maternal permanent environmental effects were fitted for BWT; while for
WWT, W120, W150 and W210, direct additive effects and maternal permanent environmental
effects were fitted.

The phenotypic variance for both base models (range, 0.27 to 16.15) and sire by flock
interaction (0.28 to 17.02) of growth traits increased from BWT to W210 (Table 5). Direct
heritability estimates for the base models ranged from 0.13 to 0.18 and were reduced across all
traits when the sire by flock interaction term was fitted in the model (0.03 to 0.11). The estimate
of maternal heritability for BWT was similar for both the base model (0.03) and the model
incorporating the sire by flock term (0.02). The ratio of maternal permanent environmental
effects fluctuated between 0.10 and 0.07 in both the base models and sire by flock from BWT
to W150, but for W210 the ratio was 0.17. The ratio of the sire by flock term ranged from 0.06
to 0.14.

The estimated heritability for BWT was 0.13 and 0.11 for the base model and sire by flock
(Table 5). These estimates are in agreement with previous findings in multi-breed Australian
meat sheep and the Suffolk breed®233), Other higher estimates were reported in Merino sheep
and Iranian Afshari sheep®*3%. However, lower heritabilities were reported in Pelibuey (0.01)
and Blackbelly breeds (0.05)@,

The estimated heritability for WWT in the base model was higher (0.18) than the heritability
from the sire by flock model (0.11). Similar heritability of 0.20 was estimated using a standard
model in a genetic evaluation of the Mexican Pelibuey®®. However, a higher estimate (0.39)
with sire by flock fitted was observed in a study in Australian Merino sheep®”,
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The direct heritability for W120 for the base model was 0.13. Slightly higher heritability
estimates were reported from a genetic evaluation in Mexican Pelibuey (0.17)@® and in
Katahdin (0.18)¢®.

Direct heritabilities for W150 were 0.14 and 0.08 respectively for the base and sire by flock
interaction models. The estimates from base models in this study were slightly lower than others
reported at 6 mo of age in multi-breed Australian sheep®®, in Suffolk and Charollais breeds®?,
which ranged between 0.16 and 0.32.

The heritability for a W210 was 0.15 and 0.03 for the base and sire by flock models,
respectively. However, higher estimates were reported in wool (0.30), dual-purpose (0.28) and
meat breeds (0.22)“9),

The maternal heritability for BWT was the same for the base models and sire by flock
interaction model (Table 5). This estimate is in agreement with literature estimates in Suffolk,
Texel and Charollais meat breeds, ranging from 0.02 to 0.06C®). The maternal permanent
environmental effects were similar for both the base models and sire by flock interaction
ranging between 0.10 and 0.07 across traits from BWT to W150. In both cases, maternal
permanent environmental effects become less important with age. However, the estimates for
W?210 increased in base and sire by flock models with the same value of 0.17, which may be
due to low numbers of records and poor data structure. To investigate this further, an analysis
was conducted to better separate direct from maternal effects, by filtering the data set to include
only progeny of dams with more than one offspring. However, the ratio of maternal permanent
environmental effects for both the base and sire by flock models was not significantly different
(0.13). These estimates of the maternal permanent environmental effects are similar to literature
estimates, of 0.08 for BWT in Iranian Afshari sheep®®, 0.07 for WWT in Australian Merino
sheep®®, and 0.04 for W120 in Mexican Katahdin sheep®®.

The inclusion of sire by flock interaction in the models has shown a significant improvement
in the genetic evaluation®”#42), This interaction is important overall in across flock evaluation,
because the performance of the sires across flocks and years tends to be different can vary due
genotype by environment interaction, and preferential treatment of progeny of artificial
insemination sires. Fitting the interaction can help to improve the fit of the model resulting in
breeding values representing average performance across environments, but can lead to
removal of genetic variation for traits with maternal effects®**, The estimates of sire by flock
interaction in this study ranged from 0.06 to 0.12 across the growth traits. Lower ratios were
estimated in Australian Poll Dorset sheep (2-4 %)®Y, and in Merino sheep (4 %)C". The
estimates of sire by flock variance in this study indicate a large variation in sire performance
across farms. This indicates the data set presents issues related to structure and into the future,
sire linkage needs to be improved.
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Genetic correlations

Estimated correlations between the five weight traits from the base models and the sire by flock
term are presented in Table 6. Both additive genetic correlations from the base models and sire
by flock models were positive and moderate to strong, ranging from 0.47 to 0.96 and 0.81 to
1.00, respectively.

Estimates of genetic correlations in both the base models and sire by flock between BWT and
WWT were 0.63 and 0.97, respectively. From W120 onwards genetic correlations with BWT
declined, but not significantly (Table 6). Lower genetic correlations have been reported between
BWT and later growth traits in multi-breed Australian sheep®® and Merinos®4,

Estimated genetic correlations between WWT, W120, W150 and W210 for both the base and
sire by flock interaction models ranged from 0.65 to 0.95 (Table 6). Similar estimates of
additive genetic correlations between WWT and post-weaning weight at 6 months of age were
reported in other studies. For instance, Irish meat breeds ranged from 0.77 to 0.99%%), in Merino
and multi-breed Australian sheep estimates were 0.78 and 0.74, respectivelyG439),

Phenotypic correlations from the base models and sire by flock were positive ranging from 0.21
to 0.89 (Table 6). In both, base models (0.21 - 0.30) and sire by flock models (0.22 - 0.31),
BWT had low phenotypic genetic correlations with WWT, W120, W150 and W210. These
estimates are in agreement with other findings in Australian breeds (0.09)®% and (0.32)¢9.
Phenotypic correlations between WWT and later body growth traits in both the base and sire
by flock models were moderate, ranging from 0.47 to 0.53. Estimates from studies in other
breeds and different production systems range from 0.52 to 0.90 in Merino and Australian meat
sheep®439),
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Table 6: Estimated correlations from the base models (above diagonal) and sire by flock
interaction (below diagonal) between growth traits in Pelibuey sheep

Trait BWT WWT w120 W150 W210
Additive genetic correlation

BWT 0.63+0.06 049+0.09 051+£0.09 047+0.12
WWT 0.97 £0.09 0.80+0.04 066+0.06 0.65+0.09
W120 0.81+0.13 0.95%0.05 0.96+0.01 0.89+0.04
W150 0.83+0.14 0.86+0.08 1.00+0.01 0.92 +0.03
W210 094+025 093+0.15 097+0.39 1.00+0.04

Phenotypic correlation

BWT 0.30£0.01 0.23+0.01 0.21+£0.01 0.21+£0.02
WWT 0.31+£0.01 052+0.01 047+£0.01 0.48+0.01
W120 0.23+0.01 053+0.01 0.88+0.00 0.77+0.01
W150 022+0.01 048+0.01 0.89+0.00 0.86 £ 0.00
W210 0.23+0.02 050+001 0.77+0.01 0.86+0.00

Maternal permanent environmental correlation

BWT 0.38+0.06 035+008 030+x0.09 0.50+0.10
WWT 0.32 £ 0.06 0.50+0.07 048+0.08 0.60+0.08
W120 0.30+0.08 0.45+0.07 0.83+0.04 0.70+0.07
W150 0.25+0.09 044+0.08 0.81+0.04 0.75 £ 0.06
W210 045+0.10 056+0.09 0.80+£0.06 0.73+0.06

BWT= birth weight (kg); WWT= weaning weight (kg); W120= weight at 120 d (kg); W150= weight at 150 d
(kg); W210= weight at 210 d of age (kg).

Estimates of maternal permanent environmental correlations were similar for both base models
(0.30 to 0.83) and sire by flock models (0.25 to 0.81) (Table 6). Low estimates of maternal
permanent environmental correlations were found between BWT and WWT, W120 and W150,
ranged for the base models (0.30 - 0.38) and sire by flock interaction models (0.25 - 0.32). The
estimates of maternal permanent environmental correlations between BWT and W210 were
similar and increased to 0.50 in the base model and 0.45 in the sire by flock model. Estimates
of maternal permanent environmental correlations for the base models and sire by flock models
between WWT and later growth traits (0.44 - 0.60).

Validation of breeding values

The objective of the validation analyses was to study the predictability of the sire EBVSs in
progeny performance. However, due to low levels of sire linkage across flocks, the validation
study was complemented using a cross-validation procedure in which the quality of the data set
was improved by restricting the minimum size of contemporary groups and selecting flocks
with higher linkage, which may be more suitable for accurate genetic evaluations.

507



Rev Mex Cienc Pecu 2025;16(3):496-517

Means and standard deviations of the sire-offspring regression coefficients at W120 for the base
models and sire by flock interaction in the Mexican Pelibuey breed are shown in Table 7. The
average regression of offspring performance on sire breeding values in the Data sets Q1, Q2
and Q3 showed low predictability for the base models with all sires (0.15), link sires (0.26) and
non-link sires (-0.03) between training and validation data sets, and in all cases deviation below
the expected value of 0.5 demonstrated over-prediction. However, when sire by flock was fitted
the predictability was improved with all sires (0.22) and link sires (0.43), but lower for non-
link sires (-0.21).

Table 7: Regression coefficients (b) and their standard deviations of progeny performance on
sire estimated breeding values for 120-day weight trait for the base model and sire by flock
interaction in Pelibuey sheep

Model Data set All sires Common sires Non-link sires
Regression coefficients
Base model
Q1 0.12 (0.27) 0.27 (0.45) 0.07 (0.25)
Q2 0.18 (0.39) 0.25 (0.45) -0.07 (0.73)
Q3 0.15 (0.46) 0.28 (0.51) -0.11 (0.60)
Average 0.15 0.26 -0.03
Sire by flock
Q1 0.21 (0.57) 0.50 (0.96) 0.04 (0.46)
Q2 0.24 (0.80) 0.35(1.07) -0.33 (1.21)
Q3 0.21 (0.82) 0.45 (1.10) -0.35 (1.03)
Average 0.22 0.43 -0.21

Q1= full data set; Q2= filtered from Q1, considered only flocks with sires represented in at least two flocks
(linked flocks); Q3= Filtered from Q2, removing contemporary groups when only 1 sire was represented and less
than 10 animals recorded.

Figure 1 is provided in support of Table 7, and presents the mean values of the regression
coefficients of progeny performance on sire EBV estimated in three data sets for all sires and
link sires in the base and sire by flock interaction models. The regression coefficients for non-
link sires are not included in the figure.
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Figure 1. Mean values of the regression coefficients of progeny performance on sire EBVs
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Encouragingly, these results demonstrate there is real potential to develop a national genetic
evaluation, even though the data set showed some issues with structure and poor linkage across
the flocks, reasonable predictability was still achieved for the common sires across the flocks.

Predicted genetic trends

Predicted genetic trends between 2000 and 2017 for BWT, WWT, W120, W150 and W210,
respectively, are shown in Figure 2. The genetic trends from 2000 to 2003 were slightly
negative, but between 2004 and 2017, the mean breeding values increased. This means that the
selection has been consistent in this period of evaluation.
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Figure 2: Genetic trends for growth traits in the Pelibuey sheep from 2000 to 2017
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The estimated annual genetic trends were 0.011, 0.051. 0.060, 0.068 and 0.045 kg/yr for BWT,
WWT, W120, W150 and W210, respectively, for the period between 2010 and 2017. These
estimates were slightly higher than previous findings in other breeds, ranging from 0.04 to
0.12044-47),

The Mexican sheep industry has made a moderate effort over the last decade to increase the
adoption and dissemination of genetic tools. EBVs as a product of genetic evaluations are
currently not being used by ram breeders or ram buyers, and when they have been
available®®38:48) jn the past users have found them confusing and have had limited confidence
in their ability to predict progeny performance. The results presented in this study go some way
to growing industry engagement in breeding values. It is noted that the data in this study has its
limitations in both volume and quality and yet the validation results show favourable
predictivity for growth traits. The analysis and resulting breeding values will provide an
important cornerstone for industry adoption. Being able to benchmark genetic gain and
publicising trait leader sires, even for only a small number of traits, provides the industry with
a tangible outcome for their efforts to capture pedigree and performance records. As the
database grows to include more animals, traits and potentially genomic information the findings
and models presented herein will require reviewing.
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Conclusions and implications

The estimates of heritability in this study were reasonably consistent with estimates presented
in a range of previous findings, albeit slightly lower. Estimates of genetic and phenotypic
correlation were positive and moderate to strong, in agreement with estimates in previous
studies. The validation study of the sire EBVs in the progeny of the offspring showed good
predictability when sire by flock interactions were fitted in the models, with link sires between
training and validation data sets; indicating that an across-flock genetic evaluation is possible
when the sire by flock term was included in the models. Predicted genetic trends in this genetic
evaluation showed reasonable genetic progress for growth traits in the Mexican Pelibuey
population. The Pelibuey sheep in Mexico has played an important role in the industry and has
demonstrated good adaptation to different environmental conditions. This adaptability is crucial
for the future sustainability of sheep production. To develop an effective genetic evaluation
system for the Pelibuey breed, an intensive artificial insemination program to strengthen genetic
linkage across flocks will be necessary. This will allow the investigation of genotype by
environment interactions (G by E), which may be present because the breed is located across
Mexico in a wide range of environmental conditions. A further step is to explore genetic
evaluation for reproductive traits, which will be economically important for this maternal sheep
breed.
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Table 5: Estimates of contemporary group variance (c%c), phenotypic variance (c%), additive variance (c%), maternal variance (c%m),
maternal permanent environmental variance (c%p), sire by flock variance (%), residual variance (c%), heritability (h2), maternal
heritability (h?n), maternal permanent environmental effects (m?) and sire by flock effects (s?) without and with sire by flock interaction for
growth traits in Pelibuey sheep

Trait Gzcg 62p 6%a 6°m Gzpe 6% 6% h?a h%m m? s

Base models:

swr 012 % 027 % 008 % 001 * 002 * . 020 + 013 + 003 * 009 * .
0.01 0.00 0.00 0.00 0.00 1 0.00 0.02 0.01 0.01 1
718 + 597 + 107 + 060 + 431 + 018 + 010 +

WWT 137 0.08 0.12 nf. 0.06 n.f. 0.09 0.02 nf. 0.01 n.f.
2003 + 1140 + 146 + 090 + 905 + 013 =+ 008 +

w1200 770 0.17 0.25 nf. 0.13 n.f. 0.20 0.02 nf. 0.01 n.f.
4041 + 1526 + 221 + 106 + 1199 + 014 + 007 +

WIS0 oa1 0.23 0.34 nf. 0.17 n.f. 0.28 0.02 nf. 0.01 n.f.
75.88 + 1615 + 240 + 275  + 1101 + 015 + 017 +

W210 - o1 0.41 0.66 nf. 0.43 n.f. 0.54 0.04 nf. 0.03 n.f.

Sire by flock:

swr 011 £ 028 '+ 003 + 000 + 002 + 002 + 020 + 011 % 002 + 009 =+ 006
0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.01

wwy 597 + 654 o+ 069 & 060 + 090 + 435 x 011 & 009 + 014 +
0.34 0.12 0.13 ik 0.06 0.10 0.09 0.02 ik 0.01 0.01

wio 2707 + 1183 + 089 & . 087 + 088 + 919 + 008 * 007 + 007 +
1.63 0.21 0.27 ik 0.13 0.15 0.21 0.02 ik 0.01 0.01

wiso 3749 + 1591 + 134 & 106 + 131 * 1220 * 008 + . 007 + 008 +
2.28 0.29 0.37 ik 0.17 0.22 0.28 0.02 ik 0.01 0.01

Worg 7355 + 17.02 + 052 & . 292+ 206 + 1153 * 003 * 017 + 012 +
5.91 0.52 0.77 ik 0.44 0.46 0.55 0.04 ik 0.03 0.02

BWT= birth weight (kg); WWT= weaning weight (kg); W120= weight at 120 d (kg); W150= weight at 150 d (kg); W210= weight at 210 d of age (kg);
n.f.= random effect not fitted.
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