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Abstract

MACE has now successfully been applied to 1.2 linear conformation traits and overall
conforrration to provide evaluations on foreign b'.lls on the Canadian basis. A simple and
effective method for estimating sire variances within countries is described here and
differences from the a previous approximate EM-REML approach are rePorted. Higher
estimates of genetic correlations between countries have been found for all traits and
reported here. ln an effort to make MACE results more accessible to the md-user, complete
and abridged files have been placed on the Internet for timely and cost-€ffective delivery.
In additiory database software for the PC has been developed that allows simple viewing
and ranking of all foreign bull evaluations for production and conformation traits.

Introduction

Applications of Multiple-tsait Across Country
Evaluations (MACE) have been successfully
carried out for production traits since 1993
(Schaeffer and Zung), and INTERBULL now
regularly provides this service on a semi-
annual basis. In contrast, the application of
MACE to conlornration traits has only been
used in Canada to provide official evaluations
on foreign Holstein bulls (Weigel et a1., 1995)
and is presently under development by
INTERBULL. Due to the large number of
confomration traits the applcation of MACE
is not straightforward, and differences that
exist in trait definition, recording, data
handling and genetic evaluation can cause
genetic correlations to be considerably lower
than for production traits (Weigel et d., 195).
Sdraeffer et aI. (1995) determined that many
factors can a.ffect conversion fomrulas, such as

data editing by year of birth, inclusion of
second-country proofs, and biased proofs
leading to overestimated Senetic trend. In
addition, the quality of genetic ties between
countries, the inclusion of second-country

oroofs and the method used to estimate sire
variances and covariances ate imPortant to
accurate ranking of bulls across country
(Sigurdsson and Banos, 1995). In a study
linited to bulls from Denaurk, USA and
Canada. Fikse et a]. (195) showed tlut higher
estimates of genetic correlations between
countries can be obtained using a bivariate
REML procedure if there is careful selection
of data sets ridr in genetic ties. This paper
will document further developments made in
the application of MACE to conforrration
traits in Canada.

Weigel (1995) demonstrated that because
conforqution traits can be defined differently
between cormtries, MACE is particularly
useful because bull evaluations are allowed to
rank djfferently in each country. By contrast,
conversion forrrula, regardless of how they
are computed, assume that aII bulls rank the
same in all countries. Eecause of this
difference, the simple release of conversion
forrrulas is no longer acceptable and should
be replaced by the release of the actual MACE
evaluations themselves. ln countries where
there is a great deal of semen importation
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through a nr:mber of agmts. the uniJorm and
timely release of MACE results becomes an
issue. Steps taken in Canada to lead to the
more effective use of MACE results will be
outlined below.

Methods

National sire evaluation and pedigree data
sets were obtained for all available
confomntion traits from six countries (CAN,
USA, NLD DEU, FRA, and ITA). Overall
confomration and 12 linear traits were
matched according to globally hamonized
trait definitioru as follows, stature, body
depth, rump angle, rump width. rear leg set,
foot angle, forc udder attachment, rear udder
height, central ligament, udder depth, front
teat placement and front teat length. ln
additioo MACE was applied to some general
traits using composite traits from foreign
countries. The total number of bulls frorr each
cormtry includes all bulls with official
evaluations bom since 1981 with status codes
of 00 (unlmown) or 10 (AI bull). Bull
evaluations from each country were de-
regressed as described by Banos et al. (1993),

where the MME for de-regression of proofs

is a vector of de-regressed proofs
is a vector of country effect (unknown)
is a vector of proofs of bulls from each
country Gnown)is a vector of proofs of ancestors,
phantom parent groups (unknown)
is the retrationship matrix
is the diagonal matrix of number of
daughters in each country
is the incidence matrix.

Equations were solved for Y while holding
io constant.

Previously, estimates of within country sirc
variances were done simultaneously with the

de-regression of proofs, based on a single-
tlait, approximate EM-REML procedure.
However, this approach led to estimates that
differed considerably from the variance of
raw proof infomution in some cases,
especially whm a population is making rapid
genetic change or iJ diffelent subpopulations
are present in the data. A more stable
approadr (Schaeffer et aJ., 7996) was applied
to estimation of sire variances within country
after de-regression of proofs is completed,
and is described as follows:

Step 1:
Set up equations similar to (1) and solve.

Step 2:
Compute:

" t tr 
- f -o - .5 (.f,r,) - .25 (S yos. f yoD) Q)

and, SSA - D zi*c (3)

where c = 15l(U+x), and x depends on sire
and MGS identification. If both sire and MGS
are known, x=0; if MGS is unlnown, x=1; if
sire is unknown, x=4; and if both sire and
MGS are rml<rrown, x=5. SSA is the usual
qua&atic fomr for REML which is equivalent
to 6'.{'1 3. Thus, this is an attempt to estimate
the Mendelian sampling variance or one-half
the additive genetic variance.

Step 3:
Simulate a new de-regressed proof vector, Y,
using a variance of 1 and a residual variance
of \ and random normal deviat$ for sire and
residual effects. This is easily accomplished
when animals are oadered oldest to youngesL

Step 4:
Repeat steps 1 and 2 using the simulated
proof vector, and compute SSA again (SSA.).
The sire variance can be estimated bv:

o'-' M (4)

then, repeat steps 3 and 4 at least 25 times
and average the estimates.

can be written as:
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The above procedure is simple and does
not rely on evaluating likelihoods or
computing inverses to mixed model
equations, but does require the heritability to
be fixed. ff heritability is not corect, then the
estimate of the sire variance could be biased.

The procedure for estimating correlations
between countries was as follows:

1. Apply MACE to all country's de-regressed
proob assuming a zerc prior for sire
covariances between all countries.

2. For each pair of countries, find the
ancestor sires with sons or grandsons in
both countries.

3. Calculate the correlation of ancestor sire
solutions in the two coturtries, and also the
expected correlation based on number of
sons.

4. An estimate of the genetic correl,ation is
then the actual correlation divided by the
expected correlation. Covariances are
obtained using the sire variances estimated
as described above.

Unfortunately. the number of cornmon
ancestors between countries were limited to
between 727 to 222 bulls despite including
second-country proofr. ln this procedure, care
must be taken to ensure that the estimate of
G is positive definite. lf G is non-positive
definite, the variance covariance matrix has to
be modified (i.e. all eigenvalues should be
positive). Likewise, if correl,ations are estina-
ted on a pairwise basis, there is no guarantee
that the final matrix will be positive definite.

To calculate sire soiutions, MACE
procedure was followed as described by
Weigel et d. (1995). Only bulls with Interbull
codes of 11 or 12 were used (i.e. proofs of
imported bulls were exduded). Conversion
formulas were estimated by simple tegression
of proofs for bulls that have a proof in one of
the two countries with at least 35 daughters.
Reliabilities for conformation were estimated
as a function of the inverse of the prediction
efior variances.

Results and Discussion

As shown in the following tables, present
estimates of sire vafiances were compared to
previous rcsults using an approximate EM-
REML procedure (Weigel et al., f995) and also
compared to va-riances of proof information.
From theory, one expects the variance of
proof values to be smaller than sire variances
because proof infomration is regressed
according to the inverse of the reliability
associated with each bull. However, if the
proof inforrution spans many years and/or
if considerable genetic progress has taken
place, one would expect the variance of
prooft to be expanded and the difference
from sire variances to be reduced. From the
tables, that the present method (V2) provides
estirnates that are more consistent and closer
to the variation of proof data than the
previous method (V1 ). Sone evidence
suggested that differently scored sub-
populations within a population should be
treated separately.

Genetic correlations between countries for
various traits were re€stimated as described
above and shown in following tables. In
almost all cases the present estimates were
higher than previous ones particularly
involving the Netherlands and Gemrany. ln
some cases, estimates were over 30% higher.
This is most likely due to a growing number
of common ancestors between countries and
more careful data editing tecludques. ln most
cases, estimates were lower than those found
by Fikse et d. (1995), but were on par with
those found by Weigel (1995) and Klei (195).
Regardless, the method does not seem to
adequately estimate correlatiors among
European countries where genetic ties rray be
mostly through North-American sires. An
altemative EM-REML method for estimatine
sire covariances (Banos and Sigurdsson, 1995)
is presently being tested in Canada.

To increase ttn timely access to MACE
evaluations, MACE files and descriptions are
now available on the Intemet. For tirose with
access to the World-Wide.Web (WWW), a
complete description of the MACE
evaluatiors and directions to all files can be
found at the following sites:

28



http://www.aps.uoguelph. ca/cgil/lvtACE /
MACEhtml
f tp://wrighLaps.uoguelph.calcdrV6les/f oreign/

Since not all users have Intemet connections,
and sometime large files can be slow to
download, database software for the PC has
bem developed using "FoxPro" to be released
by the Canadian Dairy Network (CDN) that
will allow s€men importers, AI studs and
famrers to view dl MACE evaluations for
foreign bulls on their own personal
comlruters. This software is now available
from CDN via diskette and via the intemet.
The advantage this software provides is that
if a MACE evaluation is not available for a
particular bull, the progtam will allow the
user to calculate a converted proof on the
Canadian basis.
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Estimated Sire Variances:
Centre Ligament
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Estimated Sire Variances:
Fore Udder
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Estimated Sire Variances:
Conformation (Total Score)
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Estimated Sire Variances:
Body Depth
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Fore Teat Length

CAN FRA GER ITA NLD USA

Vp (proo0

26 .30 .21 ,22 .45 .26

25.3 0.& 137 2.31 21.0 1.28

Vl (sire)

\r2 (sire)

rva nla NA a a

32.7 1.15 195 3.56 26.6 1.94

da

vp/vl
Vp/\l2

a a nle de da nla
0.n 0-70 0.70 0.65 0.79 0.66

loll|' a.l,li



EstimatEd Sire Variances:
Stature
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Conelations p'1: Stature
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