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ABSTRACT

Polynomial regression models of the first, second, and
third order were used to fit milk production deviations
of daughters in Mexico on Canadian and US predicted
transmitting ability values for 305-d mature-equivalent
milk production (kg). For the pairs Canada-Mexico and
Mexico-United States, 40 and 73 bulls with a minimum
reliability of 0.75 were analyzed, respectively. Genetic
correlations between pairs of countries were also esti-
mated. The parameters were evaluated for all data, and
for sires grouped according to the mean of the average
phenotypic milk production (high and low) of their
daughters’ herd mates. Quadratic and cubic effects
were not significant in any analysis. From linear re-
gression models, slopes of Mexican daughter deviations
on US and Canadian predicted transmitting abilities
were 1.01 and 0.93, respectively. Slopes were greater
but intercepts were smaller for the high versus low level
of production of the sires’ herd mates in Mexico. A
greater difference between the genetic correlations was
found for the high versus low environmental level than
for the low level (0.79 vs. 0.70) for Mexico-US data
compared with Canada-Mexico data (0.81 vs. 0.78).
Genetic correlations between Mexico and the United
States (0.74), and between Mexico and Canada (0.77),
were smaller than the genetic correlation between the
same Canadian and US sires (0.92), suggesting the
presence of a moderate degree of genotype-environment
interaction for milk production between Canada and
the United States, and Mexico.

Key words: selection response, milk production, sire
evaluation, Mexico

Received February 19, 2009.
Accepted July 1, 2009.
!Corresponding author: montaldo@servidor.unam.mx

INTRODUCTION

In 2005, the dairy cow population in Mexico con-
sisted of approximately 2.2 million animals (Servicio
de Informacién Agroalimentaria y Pesquera, Secretaria
de Agricultura, Ganaderia, Desarrollo Rural, Pesca
y Alimentacién, 2009). In 2007, the specialized dairy
population consisted of approximately 0.85 million
cows, and animals were raised mainly in temperate
areas in the high plateaus of central Mexico and in the
arid areas of northern Mexico under intensive and semi-
intensive systems. This specialized dairy population,
mostly Holstein, in 2007 accounted for approximately
50% of the total milk production of 10.3 million tons in
the country, and that proportion is increasing (Servicio
de Informacién Agroalimentaria y Pesquera, Secretaria
de Agricultura, Ganaderia, Desarrollo Rural, Pesca y
Alimentacién, 2009).

The number of cows in official milk recording by the
Holstein Association for genetic evaluation purposes
was approximately 42,000 in 2008, which was confined
to registered Holsteins. Therefore, the number of re-
corded cows is approximately 4.9% of the number of
specialized dairy cows in the country.

The development of the Holstein breed in Mexico in
the last 30 yr has been based mainly on imports of live
animals, semen, and embryos from the United States,
Canada, and, more recently, from Europe and Oceania
(Powell, 1983; Valencia et al., 1999).

Selection responses in Mexico from the use of US-
selected Holstein sires, evaluated from the regression
of deviations of daughters on sire PTA, have been
estimated as 0.78 (Stanton et al., 1991), whereas the
observed responses inside the United States have been
close to 1 (Powell and Norman, 1984). These differences
have been attributed both to smaller genetic variances
in Latin America, which are associated with lower pro-
duction levels, and to genetic correlations smaller than
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1 between countries (Stanton et al., 1991; Cienfuegos-
Rivas et al., 1999). Cienfuegos-Rivas et al. (1999) es-
timated values between 0.60 and 0.93 for the genetic
correlations between Mexico and the United States.

No previous studies have evaluated nonlinear rela-
tionships between selection responses in Mexico and
genetic evaluation of sires from Canada and the United
States. The use of these models might assess whether
genes with a large positive or negative effect in a
first country with a better environment would have a
greater environmental sensitivity that might decrease
or increase their response in a second country with a
more restrictive environment.

Some authors have found nonlinear relationships
between production and conformation characters in
dairy cattle (Fuerst-Waltl et al., 1998). The theoretical
support for such a relationship is an increasing compe-
tition for the use of the same resources once a threshold
is reached (Solkner and James, 1994). These types of
effects may theoretically lead to a concave or sigmoi-
dal relationship between evaluations and selection
responses, characterized by a shift at the extremes of
the distributions. Therefore, these types of interactions
may lead to nonlinear relationships between genetic
evaluation at a high environmental level and its genetic
response at a low environmental level.

The objective of this study was to evaluate the pres-
ence of genotype x environment interactions (GEI) for
milk production in Holstein cattle by using linear and
polynomial regression models of a second- and third-
order degree to predict the contemporary deviations
of daughters in Mexico from PTA of Canadian and US
sires. The genetic correlations of production traits be-
tween countries were also evaluated.

MATERIALS AND METHODS
Data

Genetic evaluations for Mexico were obtained by the
Holstein Association of Mexico for 2,502 bulls born
from 1985 to 1998. The evaluations were calculated by
using a single-trait repeatability animal model. Official
genetic evaluations for the year 2001 in Canada were
obtained from the Web site of the Canadian Dairy Net-
work (2001) for 5,680 bulls born from 1958 to 1997.
Official genetic evaluations for the year 2001 in the
United States were obtained from the Web site of the
Animal Improvement Programs Laboratory of the
USDA (USDA-ARS, 2001) for 52,127 bulls born be-
tween 1950 and 2001. The data for bulls with evalua-
tions in Mexico-United States and Canada-Mexico were
edited in a file with a minimum reliability of 0.75. This
was done to reduce the influence of random environ-
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mental and genetic effects on the averages of the daugh-
ters of each bull (Montaldo, 2001). The reliability was

defined as the estimated r% pras Where T is the true

transmitting ability of the sire.

When initially combining the files, 967 bulls had an
evaluation in Mexico and the United States, whereas
382 had an evaluation in Mexico and Canada. When
the data were edited to include only bulls with at least
the minimum reliability, only 73 bulls had evalua-
tions in Mexico and the United States, and only 40
had evaluations in Mexico and Canada. Among them,
40 bulls having evaluations in Canada and the United
States were used as the control group. All the genetic
evaluations were expressed as PTA in 305-d mature-
equivalent milk production (kg). The information from
1 sire having a Studentized residual of 3.6 standard
deviations in the linear regression analyses (see below)
was excluded from the final data set because it had the
potential to bias the estimates.

Two environmental levels were defined according to
the 305-d mature-equivalent milk production average of
the herd mates of the daughters of each sire in Mexico
for each group of sires. Values below the general mean
(10,488 kg) for the sires with information both in Mexico
and the United States were classified as a low environ-
mental level (n = 37), and the values above the general
mean (n = 36) were considered as a high environmental
level. Values below the general mean (10,585 kg) for the
sires with information both in Mexico and Canada were
classified as a low environmental level (n = 20), and the
values above the general mean (n = 20) were considered
as a high environmental level (Table 1).

Analysis and Statistical Models

Polynomial regression models of a first-, second-, and
third-order degree were fitted, with the contemporary
deviations of the daughters in Mexico as the depen-
dent variable and the PTA of Canada or the United
States as the independent variable. The contemporary
deviations of the daughters in Mexico were calculated
by deregressing the Mexican PTA by dividing it by the
reliability of the evaluation (Goddard, 1985).

The regression coefficients and the adjusted coeffi-

cients of determination (Ridj

models with the REG procedure of the SAS program,
version 8.0 (SAS Institute, Inc., Cary, NC), using ordi-
nary least squares (Littell et al., 1991). The analyses
were performed for the complete set and by environ-
mental level. Hypothesis testing regarding the regres-
sion coefficients being lower than 1.0 and for differences
between them was done by using independent t#-tests

(Gill, 1978).

) were obtained for all
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Table 1. Regression coefficients for linear models between countries

MONTALDO ETAL.

Milk production

Regression coefficient Adjusted

Environmental average of coefficient of
Country pair level contemporaries (kg)  Sires (no.) Intercept (by) Slope (by) determination (%)
Mexico-United States — All 10,487 73 463.5 £ 46.0 1.01 £ 0.13™ 43.4

High 11,267 36 294.0 + 93.1 1.41 + 0.24" 49.3

Low 9,727 37 508.5 & 54.9 0.89 & 0.19"° 37.0
Canada-Mexico All 10,585 40 156.0 + 109.8 0.93 + 0.16™ 45.7

High 11,294 20 —116.3 £ 224.5 1.32 £ 0.315S 47.2

Low 9,876 20 235.6 + 126.6 0.78 & 0.19™ 44.6

The genetic correlations between countries (r,) were
estimated from the observed correlations among the
PTA of each bull in 2 countries and their average reli-
abilities, according to the following formula (Calo et

al., 1973):

R 1]

g b
\ [areli X arelj

where 7, is the genetic correlation, 7, is the observed
correlation among evaluations, arel; is the average reli-
ability of Mexican PTA, and arel; is the average reli-
ability of Canadian or US PTA.

The denominator of equation [1] is the expected
correlation between evaluations if r, = 1. Genetic cor-
relations were obtained for all data and for sire groups
formed within environmental level. Independent tests
for the differences between correlation coefficients were
done using the method of Fisher (Gill, 1978).

The observed correlation between countries as a mea-
sure of GEI may be sensitive to the presence of errors
in the sire identification. Because sire misidentification
rates of 10% or higher are common in dairy populations
(Visscher et al., 2002), a simulation study was carried
out to test this hypothesis. To evaluate the impact of
errors of paternity in the genetic correlation estimates,
with the basic assumptions used in this study, we simu-
lated 100 replicates of populations of 1,000 sires with
an average of 100 daughters in each environment by
using a sire model with normally distributed effects

of sire and environment (Van Vleck, 1993). A Poisson
distribution was assumed for the number of daughters
per sire. In one set, the PTA of each sire was obtained
without sire identification errors; in a second one,
20% of the true sires’ breeding values were replaced
by breeding values of nonrelated sires. The heritability
was 0.25. The PTA obtained for the 2 samples were
correlated and compared.

RESULTS
Regression Models with All Data

The Ri i for the linear regression models were 43.4

and 45.7% for Mexico-United States and Canada-
United States, respectively (Table 1). The Ri i for sec-

ond- and third-degree polynomial models showed simi-
lar or smaller values than the values observed for the
linear models, whereas quadratic and cubic effects were
not significant (P > 0.05; results not shown). The slope
(by) for the linear model for Mexico-United States was
1.01, and for Canada-Mexico it was 0.93 (Table 1).
None was significantly different from unity. The inter-
cept (bg) of the linear model was larger for Mexico-
United States (463.5 kg) than for Canada-Mexico (156.0
kg; Table 1).

Regression Models by Environmental Level

Table 1 shows that the Ri di for the high environmen-
tal level for the Mexico-US linear model was larger than

Table 2. Actual, expected, and genetic correlation coefficients for sire evaluations in different countries

Average reliability Correlation
Environmental
Country pair level Sires (no.) Exporting Importing Actual Expected Genetic
United States-Mexico All 73 0.98 0.81 0.66 0.89 0.74%*
High 36 0.98 0.80 0.70 0.89 0.79**
Low 37 0.97 0.81 0.62 0.89 0.70%*
Canada-Mexico All 40 0.95 0.80 0.68 0.88 0.77*%*
High 20 0.96 0.80 0.71 0.88 0.81
Low 20 0.94 0.81 0.68 0.88 0.78*
Canada-United States All 40 0.99 0.95 0.89 0.97 0.92

*P < 0.05; P < 0.01..
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that observed for the low environmental level (49.3 vs.
37.0%), whereas a similar trend was observed for Can-
ada-Mexico (45.7 vs. 44.6%). Quadratic and cubic ef-
fects within environmental level were nonsignificant (P
> 0.05) for all country-production level combinations
(results not shown).

The largest value for b; was found for Mexico-United
States in the high environment (1.41 kg), and this dif-
fered from the result observed in the low environment
(0.89 kg; P < 0.01). For Canada-Mexico environments,
significant differences were also observed (P < 0.01),
with b; equal to 1.32 kg in the high environment and b,
equal to 0.78 kg in the low environment.

The values of b, were greater for Mexico-United States
for the low level of environment (508.5 kg; P < 0.01)
than for the high environment (294.0 kg; P < 0.05).
A similar trend was found for Canada-Mexico, with
values of 235.6 kg (P < 0.05) for the low environment
and —116.3 kg (P > 0.05) for the high environment.

Genetic Correlations Between Countries

Table 2 shows the genetic correlations between Mex-
ico and the United States (0.74), between Canada and
Mexico (0.77), and between Canada and the United
States (0.92); this last correlation was approximately
similar to that observed by other authors between
Canada and the United States for milk yield (0.95 to
1.00; Powell and Sieber, 1992). Both the genetic cor-
relations of Mexico-United States and Canada-Mexico
were smaller (P < 0.01) than the genetic correlation
of Canada-United States (0.92), which is indicative of
GEL

The genetic correlation for the high environmen-
tal level between Mexico and the United States was
0.79 and 0.81 for Canada-Mexico. Only the value for
Mexico-United States was lower than the value for
Canada-United States (P < 0.05; Table 2). For the low
environmental level, the genetic correlation between
Mexico and the United States was 0.70, and between
Mexico and Canada it was 0.78. These 2 values were
smaller than the genetic correlation between Canada
and the United States (0.92; Table 2).

DISCUSSION
Selection Responses

The lack of departure from linearity in the analyzed
data indicated no evidence of a differential expression of
genes for a particularly high or low milk yield between
Canada and Mexico and between the United States and
Mexico. The slopes for the linear model using all data
were 1.01 for Mexico-United States and were 0.93 for
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Canada-Mexico (Table 1). Most previous estimates for
Mexico and the United States [e.g., by Powell and Dick-
inson (1977; 1.01), Powell and Wiggans (1991; 0.79),
and Stanton et al. (1991; 0.78] were also not far from
unity. Ojango and Pollott (2002) found a much smaller
response value (0.44) for Holstein sires used in Kenya
and evaluated in the United Kingdom. The relatively
larger slopes observed in this analysis compared with
most previous findings could be related to increased
production levels and variability for milk yield in the
Mexican Holstein population across time (Valencia et
al., 2004).

Departures from unity in responses may indicate not
only GEI effects, but also scale effects on the variances
associated with differences between production levels,
mainly caused by environmental and genetic level
differences between the samples. Slopes may also be
affected by the reliabilities of the PTA (Calo et al.,
1973; Wilmink et al., 1986). The observed differences
in responses between sires from the low and high levels
(Table 1) were therefore expected. Verdugo et al. (2004)
estimated that the genetic responses for milk yield for
US sires increased from 0.38 to 0.55 in Argentina, from
0.49 to 1.54 in Chile, and from 0.52 to 1.2 in the United
States according to the production level of the herd.

Differences in intercepts between countries are dif-
ficult to interpret because there are differences between
the US and Canadian definitions of the genetic bases
for each country. For the United States, a 1995 genetic
base was used, compared with a 2001 genetic base for
Canada. Differences between high and low environmen-
tal levels may also be the result of differences in the
slopes.

Genetic Correlations

There is conflicting previous evidence regarding the
presence of GEI for milk production between Canada
and Mexico and between Mexico and the United
States. Powell and Dickinson (1977), Powell and Wig-
gans (1991), and Powell and Sieber (1992) found val-
ues close to unity for the genetic correlations for milk
yield between Mexico and the United States obtained
from correlations between PTA of the same sires used
in both countries. Powell and Sieber (1992) found the
same value (genetic correlation = 1), between Mexico
and Canada when using the same methodology. Stan-
ton et al. (1991) found a genetic correlation of 0.90 for
milk production between Mexico and the United States,
whereas McDowell et al. (1976) found a value of 0.86.
However, other authors (Cienfuegos-Rivas et al., 1999)
found a value of <1.0 (0.63) for the genetic correlation
for milk yield between Mexico and the United States.
Valencia et al. (2008), in Mexico, found evidence of a
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Table 3. Simulated correlations between sire evaluations from 2 daughter samples with and without paternity errors

Simulated correlation

Paternity error

rate (%) Replicates (no.) Sires (no.) Minimum Maximum Mean Expected Genetic
0 100 1,000 0.8535 0.8879 0.8687 0.8696 0.9990
20 100 1,000 0.7729 0.8394 0.8053 0.8696 0.9261

genetic correlation for milk yield between regions with
extreme values for this trait that was significantly lower
than 1.0 (0.38).

In other Holstein populations, Ojango and Pollott
(2002) found a genetic correlation for milk yield of 0.49
between Kenya and the United Kingdom. On the other
hand, Castillo-Judrez et al. (2000) observed a genetic
correlation for milk yield between low and high envi-
ronmental levels of 0.98 in a northeastern US Holstein
population.

The trend toward a smaller genetic correlation for
milk yield at the low versus high environmental level
observed in several other studies (Stanton et al., 1991;
Cienfuegos-Rivas et al., 1999; Costa et al., 2000) was
also observed between Mexico and the United States
and, to a lesser extent, between Canada and Mexico in
our study (Table 2), although neither of these differ-
ences was significant (P > 0.05). Here, we divided the
environment based on differences in the average pro-
duction of the herd mates for each sire, thereby perhaps
limiting the differences in environmental levels between
the high and low groups when compared with stud-
ies that classified herds based on environmental levels
before estimating the sire PTA. On the other hand, our
approach may better reflect the effect of environmental
level on sire ranking because sires were evaluated in a
realistic range of environments.

From the simulation study without paternity errors,
the average simple correlation among the PTA of the 2
samples was 0.8687, compared with the expected value
of 0.8696 (the square root of the products of the reli-
abilities), giving a genetic correlation value of 0.9990
(Table 3). With a paternity error rate of 20%, the aver-
age value of the simple correlation between samples
decreased to 0.8053. In this example, we estimated the
genetic correlation as 0.9261 (Table 3). These results
indicate that when calculating the genetic correlations
from simple correlations between evaluations of sires
from 2 groups of daughters, the paternity errors may
wrongly suggest the presence of GEI. These results also
indicate that with a relatively large number of daugh-
ters, the effect of paternity errors is likely to explain
less than 10% of the reduction in genetic correlations.

Upward biases are also possible as the result of pref-
erential treatment of sires with high PTA. Downward
biases are also possible as the result of differences be-
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tween methods for predicting breeding values within
country or of differences in trait definitions and because
the samples of sires used were selected, although these
effects are likely to be small between Canada and the
United States (Powell and Sieber, 1992).

Considering the trends obtained in this study across
environmental levels, the responses and genetic corre-
lations might be reduced further if a more extensive
sample of Mexican cows with lower variability and
environmental level for milk yield were used—that is,
a sample of sires progeny tested with a random sample
of specialized dairy cows instead of herds of pedigreed
Holsteins enrolled in milk recording programs, which
are a part of an small, elite population with bet-
ter environmental conditions than the average dairy
cow population in Mexico. In this study, the average
mature-equivalent milk production level per cow was
approximately 10,500 kg and was approximately 9,800
kg for the low environmental level (Table 1), compared
with an approximate estimate of 7,271 kg of mature-
equivalent milk production per cow for the specialized
dairy population of Mexico (Servicio de Informacién
Agroalimentaria y Pesquera, Secretaria de Agricultura,
Ganaderia, Desarrollo Rural, Pesca y Alimentacion,
2009).

CONCLUSIONS

Selection responses for milk yield found for Mexico in
this study were close to 1.0. Genetic correlations indi-
cated a moderate degree of GEI interaction with both
Canada and the United States, although the genetic
correlations were relatively high (>0.74). These val-
ues were smaller than the genetic correlation between
Canada and the United States, suggesting the presence
of GEI between Mexico and the United States and
between Canada and Mexico. In any case, sire misiden-
tification may bias downward the genetic correlation
estimates between countries.

Selection responses were larger in high-production
environments than those observed for low-production
environments. There was also a trend for greater ge-
netic correlations at a high environmental level.

Because the relationships between the deviations
of daughters in Mexico and genetic evaluations in the
United States and Canada were essentially linear, the
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bulls to be used in Mexico could be selected on the
basis of their PTA in the United States and Canada,
although with slightly smaller selection responses, given
the GEI observed for this trait in the herds at lower
environmental levels. Hence, multicountry evaluations
that include Mexican records might be a better way
to identify the best sires to be used in Mexico for milk
production improvement.
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