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1. Introduction

International genetic evaluation of dairy bulls
via Multiple Across Country Evaluation
method relies on correct national breeding
value estimation models. Therefore, unbiased
estimation of national genetic trends is one
main demand by Interbull to accept national
bull proofs. Boichard et al. (1995) proposed
three methods for validation of genetic trend
estimates of national evaluations. All three
methods are currently used by Interbull.

Method 1 compares evaluations from data
of all lactations with those of first lactation
only; Method 2 tests within-bull variation of
daughter yield deviations (DYD); and Method
3 analyzes the variation in bull evaluations
with time. The first two methods are referred
to be more reliable (Boichard et al., 1995) and,
thus, Method 2 can be recommended for any
linear multiple trait model. Implementation of
random regression test-day models (RRM) into
national evaluations abandoned use of Method
2 because the calculation of DYD under a
RRM was not obvious. Mrode and Swanson
(2004) generalized the calculation of DYD
(VanRaden and Wiggans, 1991). Under RRM,
sires will obtain DYD functions on days in
milk (DIM) from which daily DYD can be
calculated. Liu et al. (2003) have addressed the
calculation of reliabilities associated with
DYD functions.

There are, however, some shortcomings
which may hamper use of DYD functions for
Method 2: a DYD does not include the non-
genetic animal effects; a DYD function is only
defined for the lactation stage in which the
daughters  produce; and software for
calculation of reliabilities associated with
DYD functions are seldom available during
model development work. Aim of this study
was to investigate the usefulness of individual
daughter deviations (idd) for Method 2.
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2. Material and Methods

2.1. Individual daughter deviations (idd)

For simplicity a single trait RRM is
considered:
Vi =X +wap; +dha; + ey, [1]

where, y;; is the test-day (TD) yield k of cow j,
made on DIM d, in an environment that is
described by the fixed effects in b;, x; is a
design vector; y; and ¢, are covariable vectors
for DIM d associated with regression
coefficients p; and a; for the non-genetic
animal effects and additive genetic animal
effects, respectively; and ey is  the
measurement error. The variances for p, a and
e are I®K,, A®K, and Io.’, respectively,
where K, and K, are (co)variance matrices and
A is the additive genetic relationship matrix.

The additive genetic animal effects a; can
be expressed as an average of the sire’s and

dam’s additive genetic effects plus a
Mendelian sampling (MS) term:
aj = l/zasire + 1/2adam + ays [2]

From [1] and [2] an idd was formed as:

iddg/k = Vi _xl,cbﬂi _0'5¢C;djdam

[3]
=y,p,+05¢,a, +¢,a, +é,

The average of idds of an animal is defined
as daughter deviation (DD). This is different as
in Mrode and Swanson (2004) where TD
yields, adjusted for environmental and non-
genetic animal effects, are used to form
weighted cow wise regressions, which are then
corrected for half of the dam’s additive genetic
effect. On the contrary, the non-genetic animal
effects were included into the idd to ensure
correct results from Method 2. A weight was



associated with each DD to account for the
number of idds per cow:

Wj — Var(DDSmndard ) , [4]
VariDD ; )

where w; is the ratio of the variance of a DD
from a cow with a standard lactation, i.e.
having ten TD yields on DIM 15, 45, 75, ...,
and 285, and the variance of the DD of cow j.
Applying selection index theory to [3], the
variance of the DD of cow j with n; TD yields
becomes:

var(pD )= L 1w K @1
n;
, 5]
3 ., , . O,
+—1'Q,K D 1+—,
dny o

where ¥ and @, comprise of n; rows of y’ and
@’ specific to each idd of cow j.

2.2. Adaptation of Method 2 for RRM

Instead of DYD as derived for RRM (Mrode
and Swanson, 2004) average daughter
deviations (ADD) were used. The ADD,, of
bull / was calculated as a weighted average of
DDs of daughters that calved the first time in
the bull’s production year m:

[6]

As proposed by Boichard et al. (1995), a
weighted analysis of within-bull variation of
ADDs was carried out:

ADD, =bull, +mpB+¢,, , [7]

where, bull; is the fixed effect of bull / and fis
the regression coefficient on m. The bull
production yearis m = f —f; + 1, where fis
the first calving year of a daughter and fj is the
first calving year with at least ten daughters of
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bull /. The weight associated with ADD,,
should account for the reliability of the ADD

k
and was approximated as: w, =-—2="—,
k,, +a
m
where k, = ZWJ with w; being the weight
j=1

for the DD of daughter j and #,, the number of
daughters in bull /’s production year m; and

4-2h°
azh—2

a 305-day yield.

with 4 being the heritability of

2.3. Comparison of Method 2 with Method 3

Method 2 and 3 were applied to the Finnish
Ayrshire evaluation. The Finnish multiple-trait
RRM (Lidauer et al, 2000) models first
lactation milk, protein, and fat, and later
lactation milk, protein, and fat as six different
traits. Effects in the model are: age at calving;
days carried calf; days dry; year x month of
production; fixed regressions on DIM nested
within calving year x calving season x parity;
herd x year; random herd-test-day; random
regressions for additive genetic animal effects
and for non-genetic animal effects within
lactation and across traits as well as within
later lactations. Data from the April 2004
evaluation were used and comprised of 2.7
million animals and 36.7 million TD records.

Methods were tested with three models: the
official Finnish model (RRMofficial), a model
that should overestimate genetic trend
(RRMover), and another that should
underestimate genetic trend (RRMunder). For
RRMover, the effects herd x year, year x
month of production, and calving year x
calving season interaction were removed. For
RRMunder, the effect of calving age was
removed. For Method 3, a second set of
evaluations was obtained by removing the
most recent four years of data. Method 3
analysis included 337 bulls born in the years
1990 to 1992, whereas all 2481 bulls with
daughters in at least 10 herds were included in
the analysis of Method 2.



3. Results and Discussion

Compared to RRMofficial, estimated genetic
progress in cows was on average of all traits
106% larger or 26% smaller when applying
RRMover or RRMunder, respectively (Figure

1.

Changes in genetic trends (Table 1) were
well detected by Method 3. However,
regression coefficients of Method 3 (Table 2)
indicated much higher increases in genetic
trends (Table 4) than those observed from use
of RRMover. For RRMunder, regression
coefficients were in better agreement with the
observed changes in genetic trends.

Method 2 indicated lower increases in
genetic trends for RRMover than the observed
increases in estimated genetic trends between
RRMover and RRMofficial. With RRMunder,
Method 2 failed to detect the underestimation
of genetic trends (Table 2). Regression
coefficients suggested increases in genetic
trends, although the trends were significantly
lower than those from RRMofficial (Table 1).
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Figure 1. Estimated genetic trend for first lactation
milk yield for Finnish Ayrshire using the official
model (RRMofficial) and two tampered models
(RRMover and RRMunder).

Table 1. Change in genetic trend (in kg/year)
compared to trend estimates from official model
when evaluation was carried out with two tampered
models: RRMover and RRMunder.

Trait RRMover RRMunder
Milk, 1. lactation +60.09 -17.48
Protein, 1. lactation +2.95 -0.58
Fat, 1. lactation +2.66 -0.92
Milk, later lactations +71.39 -15.21
Protein, later lactations +3.23 -0.52
Fat, later lactations +3.22 -0.94

Table 2. Regression coefficients (in kg) from Method 2 and Method 3 for the three different models.
RRMofficial is the official model; RRMover is modified to overestimate genetic trend; RRMunder is
modified to underestimate genetic trend; and G305 is the genetic standard deviation of 305-day yield.

RRMofficial RRMover RRMunder
Trait 0.026,30s Method2  Method3  Method2  Method3  Method2  Method 3
Milk, 1. lactation 10.64 3.76 5.22 21.37 118.05 8.44 -8.53
Protein, 1. lactation 0.26 0.10 0.34 1.19 5.55 0.32 -0.05
Fat, 1. lactation 0.40 0.16 0.24 1.12 4.44 041 -0.65
Milk, later lactations 10.82 15.39 7.24 39.25 141.05 18.03 -14.05
Protein, later lactations 0.30 0.38 0.03 1.55 5.84 0.45 -0.58
Fat, later lactations 0.48 0.72 0.38 1.74 5.77 0.77 -1.00

Investigation of the daughters of the bull
production year classes m in [7] revealed a
confounding between class m and the calving
age of the daughters. With increasing year
class m, cows were on average calving on
older age. Cows in bull production year class 2
were on average two month older than cows in
bull production year 1. RRMunder increased
DDs of older cows and decreased DDs of
younger cows, since the calving age effect was
missing in the model. This led to erroneous
results from Method 2.
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Bull production years by birth year

In [6] the DDs were classified by the
daughter’s year of first calving. However, the
use of the daughter’s birth year for the year
classification eliminates the confounding
between classes m and calving age. Further, it
is reasonable to assume that classifications of
the effects in the evaluation model (and also
classifications of missing effects in biased
models) are equally distributed over birth
years. Hence, use of birth year instead of
calving year was thought to make Method 2
more robust against certain types of model
errors. Method 2 tests were redone using the



birth year classification. Now, Method 2
detected the underestimation of genetic trends
by RMMunder correctly (Table 3). Method 2
detected a slight overestimation of official
genetic trends for later lactation traits, which
should be considered.

Table 4 presents for each method the
difference (d) between regression coefficients
in percent of the observed change 4; in genetic
trend (Table 1): d=100(3-4,)/4;, where f; and
p, are the regression coefficients for the
modified and the official model, respectively.
Changes in genetic trends were best traced by
Method 2 and wusing the birth year
classification. For RRMover, Method 3
overestimated changes in trends on average by
76%, whereas Method 2 underestimated the
changes on average by 15%. For RRMunder
both methods overestimated the change in
genetic trends on average by 9%.

4. Conclusions

The use of individual daughter deviations for
validation of genetic trend under a RRM was
found wuseful. Validation Method 2 had
problems in detecting bias in genetic trend
when daughter deviations were grouped by the
year of first calving. The year of birth instead

gave better results, and is therefore
recommended.
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Table 3. Regression coefficients (in kg) from
Method 2 when daughters were grouped by year of
birth, rather than by year of first calving.
RRMofficial = official model; RRMover =
modified to overestimate genetic trend; RRMunder
= modified to underestimate genetic trend.

Trait RRMofficial RRMover RRMunder
Milk 1. 5.22 28.81 -4.01
Protein 1. 0.12 1.43 -0.15
Fat 1. 0.18 1.42 -0.29
Milk later 6.86 35.30 -2.22
Protein 0.15 1.66 -0.14
later

Fat later 0.36 1.64 -0.18
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Table 4. Difference between regression coefficients
in % of the observed change when comparing
RRMover or RRMunder to RRMofficial. M3 =
Method 3; M2cy = Method 2 using calving year;
M2by = Method 2 using birth year. For Method 2
values are multiplied by a factor of 2.

RRMover RRMunder

Trait* M3 M2cy M2by M3 M2cy M2by
Ml 188 57 79 79 54 106
Pl 177 73 88 71  -80 101
F1 158 72 93 97 53 102
ML 187 67 80 140 -35 119
PL 180 73 93 117 -25 112
FL 168 64 80 147 -10 113
Pooled 176 64 85 109 -43 109

* M1, P1 and F1 are first lactation milk, protein and
fat; ML, PL and FL are later lactation milk, protein
and fat.
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