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I ntroduction

National genetic evaluation results can be
combined in amulti trait sire mode (MACE) to
compute international genetic  evaluations
(Schaeffer, 1994). Variability in accuracy of
national breeding values can beaccommodatedin
the variance structure of the residuals in the
international siremodel. At present, total number
of daughters is being used in routine evaluation
done by INTERBULL, but other weighting factors
are under investigation (Fikse and Banos, 1997;
Sullivan et al., 1998; Fikse and Banos, 1999).

Fikse and Banos (1999) studied severa
alternative weighting factors and their effect on
genetic parameters. They found that estimates of
genetic correlations did not change, however,
genetic variances were affected. The presently
used weighting factor, total number of daughters,
resulted in overestimated sire variances, whereas
total number of lactations gave underestimated
sire variances. Weighting factors that consider
contemporary group structure, correlation
between records and rdiability of mate of bull
performed best and yielded unbiased estimates of
sire variances.

In this study we investigated the impact of
weighting factors oninternational breeding value
and reliability estimates.

M aterial and M ethods
Simulation

A conventional progeny test scheme was
simulated in two populations that were of equal
size. The simulation comprised ten generations,
with 36,000 cows and 300 progeny test bulls per
generation in each population. Every generation
10 siresand 150 dams were selected as parents of
young bullsinthenext generation. Inaddition, 30
bullswerechosen based on progeny test resultsto
be used as proven bulls in the next generation.
Progeny group sizefor young bulls was normally
distributed with mean 80 and SD 5. Proven bulls
had 400 additional progenies in the following
generation.

Selection within population was on predicted
breeding values, and was carried out in each
generation. Mating was random, and resulted in
one offspring for the generation of females and
two offspring for males. From generation four
onwards, sires of sons and sires of cows were
exchanged between population at a fixed rate of
50% to ensure sufficient genetic links between
populations.

True breeding values were simulated as:
TBV i = .5 TBVge + .5 TBV 4o + @iy Where
TBVy. and TBV,, are the true breeding value
for sire and dam, and @,,, represents the
Menddian
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sampling term. This term was sampled from a
pseudo normal distribution with mean zero and
SD 5* 6, * V (1-(FsetFuan)/2), Where o, is the
genetic SD, and Fg,. and Fg,, is the inbreeding
coefficient of the sire and dam. Phenotypic
variance and heritability were assumed to be 100
and .30, respectively. The genetic correation
between populations was .90.

Phenotypic records for cows were generated
as. y = CG + TBV,,, + eror, with CG the
contemporary group effect. For each cow three
lactation records were simulated as repeated
observations with r = .50. Contemporary group
sizewasnormally distributed with mean 10 or 20
and CV 5%, with a minimum size of five
Contemporary group effect was generated
through a normally distributed random deviate
with mean and SD equal to zero and 15,
respectively.

At the end of every generation, breeding
values were predicted based on first lactation
records only. The modd included fixed
contemporary groups and genetic groups for
missing parents defined according to generation
and population, and a random animal effect.
Simulated genetic and residual variances were
used. Fifteen replicates of each scenario were
carried out.

National breeding value estimation

Following the simulation, three alternative
breeding value estimations within each
populationwereperformed. First, recordsonfirst
lactation only were used, and the mode! included
fixed contemporary group and phantom parent
group effects, aswel as arandom animal effect.
Second, records on all threelactationswere used,
applying the same modd as above, including an
additional permanent environmental effect. Inthe
last alternative three lactations were considered,
but culling on phenotypic records was practiced
prior to the breeding value estimation. The

culling process was simulated by deleting certain
portions of thesecond and third lactation records;
50% of the cowswereallowed to haverecordson
second lactation and 30% on the third.

Weighting factors:

Sevendifferent weighing factorswereconsidered:
1. Total number of daughters;

2. Total number of lactations;

3. Number of first lactations, adjusted for
contemporary group size, and computed as:

n, =n - Zi , where the summation is
i Kk n.
jk

over daughter k of sirei, and n isthesize of the
contemporary group in which daughter k made
her first lactation.

4. Number of first lactations, adjusted for

contemporary group size and distribution of

daughters over contemporary groups, computed
n2

as n, =n - 3— | where n, is the total

number of daughters of sirei, and the summation
is over contemporary group j in which sirei has
n; daughters, and n; is the contemporary group
size

5. Effective number of all lactations, computed

kd RELk _
as: n =3 Yied ,  where
|4 - 2REL,
yield
n h? _
REL = , with n, the

oo 1+ (n, - D)r

number of lactations for daughter k of sire i
adjusted for sizes of contemporary groups, ky =
(4 - 2h?)/h?, and r the repeatability.

kd REL Kyidid-yielddam
4 - 2REL

kyie|d+yie|d,dam

=X
' k

, Where
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DE

RELk — kyie|d+yie|d,dam ,ad
yield+yield,dam D + k
kyie|d+yie|d,dam d
DEk i kdx RELkyidd . REL dam g
yield+yield,dam 1 - REL kyidd 4 - RELdamyidd
. . values and estimated sire variances were used as
7. Asin6., but REL 4, instead of , . ) .
! ! dem | REL g in Fikse and Banos (1999). The true genetic

that is, REL 4, is not based on the yidd of the
dam, but also of thegrandam, great grandam, etc.
I nternational genetic evaluation

International breeding values were calculated

withtheMacemode (Schaeffer, 1994), applying
iteration on data. De-regressed national breeding

Results and Discussion

corrdation was used in the Mace analysis.
International reliabilities were computed withthe
approximation method described by Harris and
Johnson (1998).

Genetic groups in the deregression, sire
variance estimation and Mace analysis were
defined according to population of origin,
generation and selection path.

Table1l. Prediction error variances of international breeding values on foreign scale for bulls with
evaluation in only one population (mean and SD of 15 replicates); Mace analysis based multiple

lactation national breeding values

Weighting factor local scale foreign scale
CGsize10 CGsize20 CGsize10 CGsize20
Nyay 8.1 4 7.7 3 24.2 11 23.8 1.0
Nt 8.1 4 7.7 3 24.1 11 23.8 1.0
DE, g4 8.1 4 7.7 3 24.1 1.1 238 1.0
DEgq + DEjgggam 8.1 4 7.7 3 24.1 1.1 238 10
DE,gg + DEgan 8.1 4 7.7 3 24.1 1.1 238 1.0

For bulls with information in only one
country, PEV on both thelocal and foreign scale
was unaffected (Table 1). Both the PEV and its
standard deviation over replicateswassmaller for
the alternative with larger contemporary group
Sizes, as expected. Also for the Mace analyses

with national breeding values based single
lactation and multiple lactation after culling
showed no difference in PEV for the various
weighting factors. PEVs for bulls with an
evaluation in both countries were lower than
PEVs on local scale for bulls with only one

page3



evaluation.

Biases in international breeding values were
not affected by choice of weighting factor, and
were zero in most cases (results not shown). The
slope of the conversion equations is nearly
unaffected by choice of weighting factor (Table
2). Thetheoretical expectationfor thisslopeisrg
X Om/Oeq and because the same weighting
factor was always used in both populations, the
regression coefficient is not affected. This also
explains why only minor changes were observed
for international breeding value, PEVs(Table1),
biases, and top 100 ranking.

Table2. Slope of conversion equations® (mean
of 15 replicates, SD = .04); Mace
analysis based multiple lactation
national breeding values

Weighting factor ~ CBVpq, =
f(EBV Popl) f(EBV P0p2)

10° 20 10 20

o 84 8 .87 .84
Mo 84 8 .86 .84
DE,iaq 84 8 .86 .84
DE,gq+ DEjagun -84 .86 .86 .84
DE, g + DEqa, 84 8 .86 .84

& Estimated from the last generation of young
bulls
®  Average contemporary group size

Another Mace analysis was done in addition
to the previously described ones. Input data to
thisanalysiswerenational breeding values based
on all three lactations for the case with average
contemporary group size 20. For population 2,
all fiveweghting factorswereconsidered, but for
population 1 always DE,;qq + DEgay, Was used.

Table3. Conversion eguations® (mean of 15
replicates); Mace analysis based

multiple lactation national breeding
values, and weighting factor DE,;qq +
DEgan, Used in population 1

Weighting factor ~ CBVpyp, = CBVpgy =
in population 2 f(EBVpop) F(EBVpog2)

a b a b
Ngew 76 .90 130 .81
Nt 117 84 95 .86
DE, g4 99 .87 111 .84

DE,j4q + DEjjgqean 102 .86 10.8 .84

DE,4q+ DEsn 102 .86 10.8 .84

& Estimated from the last generation of young

bulls

When different weighting factorswereusedin
both populations, the regression coefficient
changed depending onweighting factor (Table3).
For ny,, the sire variance in population 2 was
overestimated (Fikse and Banos, 1999), and the
slope of the regression of CBVp,,, 0N EBVpyy
(o) was underestimated. The sire variance for
weighting factor n,, was underestimated (Fikse
and Banos, 1999), and the regression coefficient
was overestimated. Higher slopes went together
with lower intercepts, which conforms to the
usual tendency that when slopes change,
intercepts change in the opposite direction.
Converted breeding values for top bulls were
therefor nearly the same independent from
weighting factor.
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Table4. Number of local bullsintop 10/100 on
local scale’;, Mace analysis based
multiple lactation national breeding
values, and weighting factor DE,;qq +
DEgan, Used in population 1

Weighting factor Pop. 1 Pop. 2

10° 100 10 100

Mo 71 64 73 61
Mot 64 60 76 65
DE, uq 67 61 75 63

DE, s+ DEjjgqan 6.6 61 7.6 64

DEigg + DEgan 66 61 76 64
& Top bull lists considered both proven and
young bulls
b Sizeof top bull list

It appeared that population 1 was dlightly
inferior to population 2, although this was not
intended in the smulation. This explains why
bulls from population were more frequently
represented on thelocal scale (Table4). Because
theregression coefficient b,, was underestimated,
thevariance of foreign-scalebreeding valueswas
smaller, resulting in fewer bulls from population
2 on both rankings when ny,, was used as
weighting factor. Thereverseistruefor n, but
for the other three weighting factors the observed
values were closer to the expected.

Table5. International reiabilities on local and
foreign scale for bulls with
information in only one population;
Mace analysis based multiple lactation
national breeding values

Weighting factor local scale  foreign
scale
10° 20 10 20
Nyay 87 88 74 74
M 95 95 79 79
DE,igq 92 92 77 T7

DE,igq + DEjigggam 93 93 7777

Expected 92 92 76 76

& Mean over 15 replicates; SD < .05
Average contemporary group size

Reliabilities on both local and foreign scale
were affected by choice of weighting factor. ng,,
and n,; under- respectively overestimate the
domestic reliability, and the same is found for
reliabilities of international breeding values
compared when compared to the expectation.

The expected valuefor the rdiability is based
on the observed PEV for the same group of bulls
(Table 1), using the relationship: REL = ( 6° -
PEV ) / 6 International reliability and PEV of
international breeding values match better for the
other weighting factors. Although less
pronounced, the same pattern of international
reliabilities and their agreement with the
empirical PEV were found for the other national
evaluation alternatives.

Apart from total number of daughters, none
the considered weighting factors are currently
submitted to INTERBULL, and countries would
need to provide those. Once the number of
contemporaries is available for each lactation
record, DE;4q can be calculated by processing
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thefilewith lactations. For the weighting factors
DE,iaq + DEjagamand D€jgg + DEgam, DE
contributed by the dam needs to be added for
each cow. Then DE contributions can be
collected for bulls. If data files are sorted in a
convenient order, theconsidered weighting canbe
computed in three passes.

In conclusion, whenthe sameweighting factor
wasused in both populations, only minor changes
in international breeding values were observed.
Breeding values were more affected when
different weighting factors were used in both
populations. International reliabilitieswerecloser
to their expectation when contemporary group
structure, correlation between records and
reliabilities of mates were considered. For ny,,

and n.y, international reliabilities were off
by up to five percent points.
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