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Effects of trait heritability (0.05 or 0.25), effective daughters number (30 to 500), sires number (10
to 500), and sire selection (selecting or not the top 50% sires), were evaluated based upon standard
error (SE) and bias of genetic correlations (r) between countries estimated from Calo’s method (r)
using simulated data. Calo’s method is based on correlations between sire’s predicted transmitting
abilities (PTA) in two countries adjusted for reliabilities. Unselected sire’s data analysis gave nearly
unbiased r in all cases, but selected sire’s data analysis gave underestimates. Bias was from -0.34 to
-0.05 for the 0.25 heritability trait (milk yield), and from -0.42 to -0.17 for the 0.05 heritability trait
(functional). Underestimation of r, decreased with increased effective number of daughters (PTA’s
reliability), but was quite insensitive to number of sires. The SE of genetic correlations estimates
decreased with increased PTA’s reliability and sires number, and was higher for selected sires.
Approximately 50 sires with PTA’s reliabilities>0.97 on each country are required to obtain accurate
(SE<0.02) and unbiased (bias<0.05|) r, with Calo’s method using the best 50% selected sires. Many
genetic correlation estimates between countries, already published using the Calo’s method, may be
underestimates, particularly for low heritability traits, and with low number of effective daughters
in the importing country. Therefore, caution is required before interpreting the published r <1 as
evidence for genotype-environment interaction.
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Genetic correlation [Robertson 1959] between environments has been suggested
as a way to assess genotype-environment interaction (GEI). Genetic correlations <1
for a certain trait are interpreted as evidence of GEI [Falconer 1952, Montaldo 2001].
Mulder et al. [2006] suggested that genetic correlation less than 0.60 may indicate the
need of developing independent breeding programs within each environment.

Accurate estimates of genetic correlations between countries for economically
important traits in dairy cattle are required in order to develop efficient breeding
programs worldwide [Mulder er al. 2006]. Estimates of genetic correlation (r.)
between countries are usually obtained using Multiple-Trait Across-Country
Evaluations (MACE) methods which give nearly unbiased genetic correlation
estimates with adequate data and pedigree information [Sigurdsson et al. 1996, Mark
et al. 2005], but many published r,which involve countries lacking a solid dairy cattle
breeding information infrastructure, are derived from correlations between predicted
transmitting abilities (PTA) of sires in two countries [e.g. Vargas and Gamboa 2008,
Montaldo et al. 2009], using the so called Calo’s method [Calo et al. 1973]. Calo’s
method is based upon correlations between sire’s predicted transmitting abilities
(PTAs) in two environments, with corrections for reliabilities. Many of these estimates
have been obtained using rather low effective numbers of daughters in the importing
countries [e.g. Vargas and Gamboa 2008].

Underestimation of r, with Calo’s method may be assumed due to sire selection
in the exporting country based on normal theory [Cameron 1993], and it is known that
the use of selected sire samples underestimate regression coefficients of importing
on exporting breeding values, when these are based on PTA [Powell et al. 1994].
However, no studies have been published specifically to investigate how various
factors may affect the statistic properties of 7, as estimated using Calo’s procedure.

The objective of this study was to evaluate the effects of heritability, accuracy of
PTA, number of sires and sire selection on bias and accuracy of genetic correlations
between countries estimated with the Calo’s method, using simulated data.

Material and methods

Simulated data were used. Genetic correlations were obtained from the observed
correlation values between simulated sires” PTAs in two countries (i and j). PTA for
one sire in countries i and j were obtained as: PTA, = yb, and PTA= yb where y. and
y are simulated averages of records for daughters of the sire from countries i and ]
usmg a sire model, with random and independent sire and error effects, sampled from
independent normal standard distributions.

Appropriate standard deviations of sires (¢’ = (0.254*)°°) and average error (¢’
= [(1-0.254%)/d]°3), were used in the simulations, where /4? is heritability and d is the
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effective number of daughters. Weighting factors b, and b, were obtained as d/(d+a),
where o is (4-7%)/h* [Van Vleck 1993]. The effective number of daughters d was
randomly sampled from a Poisson distribution.

One thousand replicates were obtained for each combination formed by the number
of sires (10, 50, 100 and 500), selection status of the sires (not selected or selected by
keeping only the sires with PTA>0 values in the exporting country; approximately the
top 50%), and numbers of effective daughters in the exporting and importing country
(30 and 30, 500 and 30, and 500 and 500).

The situations considered are presented in Table 1. All options were evaluated for
two traits according to the heritability value: milk yield with a heritability of 0.25 and
a functional trait with a heritability of 0.05 (Tab. 1).

Genetic correlation between countries was estimated from the observed correlations
among the PTA of each sire in two countries and their average reliabilities, according
to the following formula [Calo et al. 1973]:

T

r,= —— 1
N \larelixarel M

i

r.— estimated genetic correlation;

r — estimated correlation among PTA;

arel. — average reliability of PTA from country i;
arelj — average reliability of PTA from country j.

Reliability is defined as the estimated 72, ..., where T is the true transmitting ability
of the sire. The denominator of [1] is the expected correlation between evaluations if
r., = 1. The bias was estimated as 7 -1 and the accuracy was assumed to be inversely
proportional to the standard error (SE) which was estimated as the standard deviation
of the simulated . values.

Results and discussion

Results of the statistics from the simulated », for a milk yield trait with heritability
0f 0.25, and for a functional trait with heritability of 0.05, are shown in Table 1. Calo’s
method, in absence of sire selection, gave nearly unbiased r, estimates (Tab. 1), which
is not surprising, because the method is based on expected values [Calo et al. 1973] so
it would be unbiased with unselected (random) samples.

Analysis of data with selected sires gave r_ underestimated. Bias was from -0.34
to -0.05 for the milk yield and from -0.42 to -0.17 for the functional trait (Tab.
1). Underestimation of r_, was lower with increased effective daughter number
(PTA’s reliability), but was quite unresponsive to number of sires (Tab 1). Larger
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Table 1. Statistics for genetic correlations (rg), estimated with the method of Calo from
simulated genetic evaluations of dairy sires in two countries, for traits with a
heritability of 0.25 or 0.05'

Item Selection of best 50% No selection

herita- number . .
bility  of sires de,(p1 dimpz Iy SE bias rG SE bias

0.25 10 30 30 066 046 -0.34 097 031 -0.03
0.25 10 500 30 0.74 032 -0.26 098 0.19 -0.02
0.25 10 500 500 094 0.07 -0.06 1.00  0.03 0.00
0.25 50 30 30 0.71  0.17 -0.29 1.00  0.12  0.00
0.25 50 500 30 0.77 012 -0.23 099 0.07 -0.01
0.25 50 500 500 095 0.02 -0.05 1.00  0.01 0.00
0.25 100 30 30 0.71 0.12 -0.29 1.00 0.09 0.00
0.25 100 500 30 0.78 0.08 -0.22 1.00  0.04 0.00
0.25 100 500 500 095 0.02 -0.05 1.00  0.01 0.00
0.25 500 30 30 0.71 0.05 -0.29 1.00  0.04 0.00
0.25 500 500 30 0.75 0.05 -0.25 1.00  0.02 0.00
0.25 500 500 500 095 0.01 -0.05 1.00  0.00 0.00

0.05 10 30 30 0.58 127 -0.42 1.01  1.11 0.01
0.05 10 500 30 0.61 0.65 -0.39 093 056 -0.07
0.05 10 500 500 0.79 024 -0.21 098 0.12 -0.02
0.05 50 30 30 0.60 0.49 -0.40 099 048 -0.01
0.05 50 500 30 0.65 027 -0.35 099 023 -0.01
0.05 50 500 500 0.83 0.09 -0.17 1.00  0.04 0.00
0.05 100 30 30 0.62 037 -0.38 099 033 -0.01
0.05 100 500 30 0.65 0.19 -035 1.00  0.16 0.00
0.05 100 500 500 0.83 0.06 -0.17 1.00 0.03 0.00
0.05 500 30 30 062 016 -038 1.00 0.15 0.00
0.05 500 500 30 0.66 0.08 -0.34 1.00 0.07 0.00
0.05 500 500 500 0.83 0.03 -0.17 1.00_ 0.01 0.00

'based on 1000 replicates.

Zdexp: daughters’ effective number for exporting country; dep= daughters’ effective
number for importing country. These daughter effective numbers are equivalent to a
reliability of 0.67 for 30 effective daughters; 0.97 for 500 effective daughters and 0.99
with 1000 effective daughters for #°=0.25; and to a reliability of 0.28 for 30 effective
dg\ughters, 0.86 for 500 effective daughters and 0.93 with 1000 effective daughters for
h™=0.05.

underestimation with lower reliability may explain the lower estimates for genetic
correlations obtained with Calo’s method for traits with lower compared to that for
higher heritability traits [Powell et al. 1997, Rogers et al. 1998].

The SE of genetic correlations estimates decreased with increased effective number
of daughters (PTA’s reliability) and sires’ number, and was higher for selected sires
(Tab. 1). Additional simulations for both, selected and not selected sires, with the
same reliabilities from each country, proved that bias and SE were exactly the same,
even with different heritability values (figures not shown).
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A situation with a low number of daughters in the importing country, which is
the most common situation in dairy breeding [e.g. Vargas and Gamboa 2008], would
increase considerably both the SE and the underestimation of r, (Tab. 1). Using sires
with high reliability would give less underestimated r, values compared to those
obtained from sires with low reliabilities using the Calo’s method (Tab. 1). These
results may at least partially explain the lower estimates for r_ obtained with this
method for traits of lower heritabilities (longevity, somatic cell counts, and clinical
mastitis) compared to those for traits with higher heritabilities such as milk yield
[Mrode and Swanson 1997, Powell et al. 1997, Rogers et al. 1998, Grignola and
Schaeffer 2000].

Sire selection intensity used in this study for yield traits (0.8) is slightly lower
than the average value (1.0) reported for yield traits in several countries for Holstein-
Friesian sires [Powell et al. 2003], but within the observed range of 0.6 to 1.5 for
these observed values. However, for functional traits, selection intensities achieved in
dairy sires selection have been from slightly negative to 0.4 [Powell ez al. 2003]; that
is, lower than the value used in this study. Nevertheless, the importance of functional
traits as selection criteria in dairy cattle is increasing worldwide [ VanRaden 2004].

Montaldo et al. [2009] estimated 7 for milk yield between Canada and Mexico
at 0.77 with the method of Calo using 40 common sires with average reliabilities of
0.95 and 0.80, respectively. This r . estimate was compared to simulated 7, obtained
with the procedures used in this study, and the best of 50% selected sires, which
was 0.83+0.10. These two values were similar, because 95% distribution of simulated
data was between 0.66 and 0.96. Simulated r,, with similar conditions, but with the
best 25% of the sires selected gave r, of 0.74+0.12, and 95% of the distribution
between 0.53 and 0.91. These results and another simulation results made for some
of the conditions considered in Table 1 but with higher selection intensity (results not
shown), illustrate further that a more intensive selection will increase underestimation
of the genetic correlation. With small number of sires, the proportion selected for yield
traits in dairy may be lower than 50%. In interpreting actual 7, estimates with Calo’s
method, paternity identification errors may be an additional source of underestimation
as found by Montaldo et al. [2009].

These results indicate that caution is required about the presence of GEI effects
using this method, because the genetic correlations would be underestimated in many
real life situations. The single most important controllable factor to attaining accurate
and unbiased estimates of 7, when the original sample of sires is selected, is to use
only data from sires with high PTA’s reliabilities in both countries.

The simulation model used in this study is simple and based on independent sire
and error effects. Therefore, it may not consider all the factors that could influence
r. between countries. However, the method used in this study may still be useful to
identify the main effects that affect the bias and accuracy of r estimates between
countries using selected sire genetic evaluations. In MACE procedure all available
daughters’ data within each country with sire models are used and include the numerator
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relationship matrix between the sires, giving nearly unbiased estimates of the genetic
correlations between countries with adequate data and pedigree information [Schaeffer
1985, Sigurdsson et al. 1996]. The inclusion of all data and genetic relationships
through the numerator relationship matrix is required for unbiased estimates of genetic
correlations between environments using the MACE approach [Mark et al. 2005].
However, bulls of interest in many countries are not always well connected between
countries by pedigree links to allow accurate estimations and data information may
be patchy. It is likely that while developed countries may have adequate data sets to
perform these calculations, in some situations, Calo’s method would be the only short-
term practical option available for estimating 7. One possibility to explore further is
whether MACE estimates of 7, or estimates obtained with complete data information
analysis from each country [e.g. Ojango and Pollot 2002], may give underestimates
of . if pedigree information is shallow and data from other non-selected sires are
incomplete.

Underestimation of 7 coefficients due to sire selection is expected when this
method is used, unless the reliabilities of the sire genetic evaluations are very high in
both countries.

These results may be used both for interpreting correctly estimates of genetic
correlations obtained from PTA in different environments and to design appropriate
studies for assessing GEI using genetic evaluations form sires in two countries. It
seems safer to interpret an r.<0.60 rather than r <1.00, as evidence of GEI (Tab.
1), but SE will be reasonably low, only if a minimum number of sires and PTA’s
reliability is used, particularly for low heritability traits.
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