Czech J. Anim. Sci., 50, 2005 (1): 7-13 Original Paper

Definition of subgroups for fixed regression
in the test-day animal model for milk production
of Holstein cattle in the Czech Republic

L. ZAvADILOVA, E. NEMCOVA, J. PRIBYL, J]. WOLF

Research Institute of Animal Production in Prague, Czech Republic

ABSTRACT: The investigation was based on roughly 3.9, 2.7 and 1.7 million test-day records from first, second
and third lactation, respectively, sampled from 596 200 Czech Holstein cows between the years 1991 and 2002.
Breeding values were estimated from multi-lactation random-regression test-day models which contained the
fixed effect of herd-test day, fixed regression on days in milk and random regressions on the animal level and the
permanent environmental effect. Third degree Legendre polynomials (with four coefficients) were used for both
the fixed and random regressions. The models differed in fixed regression. In Analysis I, 96 subclasses were defined
according to age at calving, season and year of calving within lactation. In Analysis II, days open were additionally
included as a grouping factor resulting in 480 subclasses. Rank correlations over 0.98 between both analyses were
observed for breeding values for sires. Grouping according to Analysis I was recommended.
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Genetic evaluation models in dairy cattle that use
test-day records instead of 305-day lactation records
are of great interest in the area of cattle breeding for
production traits (Reents et al., 1998; Emmerling
et al., 2000b; Lidauer et al., 2000; Schaeffer et al.,
2000). The models for production traits are known
as test-day models (TDM) and can account for the
effects of test day, number of test-days per lactation
and intervals between test-day records, and provide
information about persistency by modelling the pat-
tern of the lactation curve. Different types of TDM
are described in the literature (Swalve, 2000).

The random regression (RR) TDM (Schaeffer and
Deckers, 1994) can account for many environmental
factors that could affect cows differently during the
lactation. The lactation curve is split into two parts:
a fixed part (average lactation curve) and a random
animal specific part (deviation from the average
curve). For the correction on the lactation stage,
an appropriate sub-model is accounted for, nested

within sub-groups. Different strategies are proposed
for the definition of subgroups for fixed regression
on the stage of lactation.

Frequently used factors are season of calving and/or
classes of age at calving (Candrék et al., 1997; Reents
et al., 1998; Strabel and Misztal, 1999; Emmerling
et al., 2000b; Lidauer et al., 2000; Schaeffer et al.,
2000). In addition, the Canadian estimation proce-
dure involved classes according to region and time
period (Schaeffer et al., 2000). Reproduction traits
(e.g. days open, calving interval) are completely ig-
nored there. In Finland the variable “days carried
calf” isincluded in the model (Lidauer et al., 2000).
Reents et al. (1998) reported a model where calving
interval is employed. Candrék et al. (1997) involved
the breed effect.

The aim of this paper was to define subgroups for
fixed regression according to age at calving, year
and season of calving and days open in random
regression test-day models and to test the influence
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of differently defined subgroups on the predicted
breeding values (BV).

MATERIAL AND METHODS

Test-day data for milk production of the Czech
Holstein breed were extracted from the Czech na-
tional milk-recording database. The data included
roughly 3.9, 2.7 and 1.7 million records for first,
second and third lactation, respectively, sampled
from 596 200 cows between the years 1991 and
2002 (Table 1).

Random regression test-day models were ap-
plied for the prediction of BVs and the estimation
of lactation curves for fixed-regression subgroups.
The total number of animals in the pedigree was
1210 278. Data were analysed by a multiple-lacta-
tion model in which TD yields in the first, second
and third lactations were considered as different
traits. The model was assumed to be the same for
each lactation.

In matrix notation, the multiple lactation random
regression TD model can be written as

y=Hc+Xb+ Wp+Za+e

where: y = the vector of observations in 3 lactations

c = the vector of fixed contemporary groups
effects defined as herd-test-day date-lacta-
tion subclasses

b = the vector of fixed regression coefficients
nested within particular subclasses, see
Analysis I and II

)4 = the vector of random regression coeffi-
cients for animal permanent environmental
(PE) effects

a = the vector of random regression coeffi-
cients for animal additive genetic effects

H = the incidence matrix that relates contem-

porary groups to observations

X, W, Z = matrices of covariances involving number
of days in milk associated with a cow on a
given test date and correspondingto the

observations.
The expectations and covariance matrices are:

y Hc+Xb
0

E|F|=

a 0

e 0

where
P=1®PO,G=A®G0,R=Z*Rij

where: A = the additive genetic relationship matrix
Py, G,= covariance matrices for the PE and genetic
regression coefficients, respectively
RU = the covariance matrix for cow i on a given
test day j
The corresponding mixed model equations (MME)

for this model are

HR'H HR'X  HR'W HR™'Z c| (HRy
XR'H XR'X  XR'W XR'Z ||b| | XRy
WR™'H WRI'X WRW+P'  WRZ pl | WRMy
ZRT'H Z7ZR'X Z'R7'W ZR'Z+G ) a) (ZRYy

The model applied for analyses was:

4 4 4
ynkitjl = HTDm' + zlﬁnkmztm + Zlanjmztm + zlpnjmztm +enkitjl
m= m= m=

where: y = therecord/on cow jbelonging to subclass

nkitjl
] k for fixed regression, in ¢ days in milk
DIM) within lactation » measured within
herd-test day class i
HTD,, = the fixed effect of herd-test day i in lacta-
tion n
Bun = fixed regression coefficients specific to
subclass k in lactation n
a,,, = random regression coefficients specific
to animal j in parity n
P, = random regression coefficients specific
to the permanent environmental (PE) effect

of cow j in lactation n

e.; = theresidual effect for the given observa-
nkitjl
tion
z, (m=1,...,4) are covariates associated with DIM,

tm
assumed to be the same for both fixed and

random regressions

Third degree Legendre polynomials (with four
coefficients) were used for both the fixed and ran-
dom regressions on the scale from 6 to 305 DIM.
Let p; represent the vector of 12 random perma-
nent environmental regression coefficients (4 coef-
ficients in each of the 3 lactations) for cow j with
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Table 1. Summary of data

Lactation I

Lactation II Lactation III

No. Mean SD No. Mean SD No. Mean SD
Milk (kg) 3977 875 18.8 6.50 2 661 978 21.0 840 1712695 21.20 8.68
Days in milk 3977875 147.6  82.22 2 661 978 1459 8190 1712695 1454  81.69
Days open 3304399 1369 8271 2220076 1325  76.72 1404415 131.6  75.46
Age at calving (days) 3794681 840.5 91.07 2525028 1256.6 12337 1611228 1660.0 148.66

SD = standard deviation

the covariance matrix P. The PE covariance matrix
for all cows is then I®P. For a, the vector of the
12 random regression coefficients for animal j, the
covariance matrix is G. A® @G is then the genetic
covariance matrix for all animals with A being the
additive relationship matrix. Different residual vari-
ances were allowed for different lactations and time
periods within lactation, defined as 7 to 45 DIM,
46 to 115 DIM, 116 to 265 DIM and 266 to 305 DIM
(Jamrozik et al., 1998). Residual effects on differ-
ent DIM were assumed to be uncorrelated both
within and between cows. The used model was a
special case of the model presented by Jamrozik
et al. (1998) for the multiple-lactation, multiple-
trait situation. MT-AM, programme BLUP90IOD
(Tsuruta et al., 2001) was used for the solution of
mixed model equations.

The used models differed only in the definition of
the subclasses for fixed regression. The subclasses
were defined in two ways:

Analysis I. The subclasses were defined accord-
ing to the age at calving, season and year of calving.
This gave 96 subgroups of fixed regression within
lactation.

Analysis II. Days open were included in the
definition of subclasses beyond the factors used
in Analysis I. In addition, cows were assigned to
one of five levels for days open within lactation.
The number of subclasses therefore increased to
480 subgroups within lactation.

For the definition of the levels for the fixed re-
gression subgroups see Table 2. The (co)variance
parameters were estimated by Gibbs sampling on
a sample of data (Dédkova et al., 2002).

Table 2. Definition of levels for fixed regression subgroups

Lactation I

Lactation II Lactation III

500-774
775-899

Age at calving (in days)
900-1 100

and missing

800-1 149 1100-1 549
1150-1 349 1550-1 749
1350-1 650 1750-2 200

and missing and missing

All lactations

Feb, Mar, Apr Aug, Sep, Oct
Season of calving (months)
May, Jun, Jul Nov, Dec, Jan
1994 1996 1998 2000
Year of calving
1995 1997 1999 2001 and 2002
28-59 over 120
Days open 60-89 missing
90-119
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RESULTS AND DISCUSSION

Fixed regression

In both types of analyses, the estimated lactation
curves differed between the defined subgroups in a
similar way. The additional inclusion of days open
in Analysis II did not influence the differences be-
tween lactation curves in particular subgroups due
to the other effects.

Figures 1 to 5 demonstrate examples of the in-
fluence of lactation, calving season, age at calving,
year of calving and days open on the regression
functions. Only results for the first lactation (except
demonstrating the difference between lactations)
and for Analysis II were considered, where levels
for days open were included in the definition of
subgroups for the fixed regression.

As can be seen in Figure 1, the milk yield in the
second and third lactations was higher than in the
first one. The shape of the lactation curve for sub-
groups was essentially the same in the second and
third lactations. With regard to the first lactation
the decline of the curve after the peak was steeper
in later lactations.

Seasonal differences in the shape of the lactation
curves were apparent. Lactation curves for the calv-
ing seasons (Figure 2) differed in the shape espe-
cially at the beginning of lactation. The lactation
curves for the first and second seasons of calving
(Nov, Dec, Jan—Feb, Mar, Apr) were similar likewise
those for the third and fourth seasons (May, Jun,
Jul-Aug, Sep, Oct). This is partly in accordance
with previous results of Dédkovad and Némcova

) — Lactation I
14 - TN - - - Lactation II
RSN — = Lactation III

Milk (kg)

1 21 41 61 81 101 121 141 161 181 201 221 241 261 281
Days in milk

Figure 1. Example of predicted lactation curves in the
first three lactations (second level of age at calving — see
Table 2; season of calving: May to July; year of calving:
1998; days open: 90-119 days)

10

(2003); they detected a different shape of pheno-
typic lactation curves for cows that calved from
December to May and those that calved from July
to October. Furthermore, in line with the present
results, they found that the lactation yield was low-
est for the cows calved in June and July and highest
for those that calved from October to December.

Tekerli et al. (2000) reported the same grouping
of calving months into seasons of calving because
of differences in persistency and in the peak of the
lactation. Kucera et al. (1999) suggested the maxi-
mum production of milk for cows that calved from
December to March and the lowest production for
those that calved from June to September. A simi-
lar development in milk production between the
months of calving was reported by Strandberg and
Lundberg (1991).

With respect to the similarity of the shape of the
lactation curves and of the lactation yield, a restric-
tion to only two seasons of calving, i.e. winter and
summer period, could be suggested.

For the age at calving (Figure 3), the lactation
curves differed more in the level of the yield than in
the shape. A higher milk production was observed
for the cows with a higher age at calving. This is in
accordance with previous findings (Dédkova and
Némcov4, 2003). In an RR test-day model, similar
differences in the lactation curves between fixed
regression subgroups according to age at calving
were suggested by Jamrozik et al. (1997).

The estimated lactation curves according to year
of calving (Figure 4) showed a lower variability than
the appropriate phenotypic lactation curves from
uncorrected data (Dédkova and Némcova, 2003). The

— = Nov Dec Jan
Feb Mar Apr
- - - May Jun Jul
— Aug Sep Oct

Milk (kg)
fee]

6 26 46 66 86 106 126 146 166 186 206 226 246 266 286
Days in milk

Figure 2. Example of predicted lactation curves for
season of calving (first lactation; second level of age at
calving: 775-899 days; year of calving: 1998; days open:
90-119 days)
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Figure 3. Example of predicted lactation curves for age
at calving (first lactation; season of calving: May to July;
year of calving: 1998; days open: 90-119 days)

increase in the peak of milk production was not very
apparent in comparison with the phenotypic lactation
curves. Furthermore, the decline after the peak was
steeper for lactation curves with a higher peak in phe-
notypic lactation curves. However, the involvement of
the time period (Schaeffer et al., 2000) or calving year
(Lidauer et al., 2000) into the definition of subgroups
seems to be necessary because of changes in manage-
ment.

The shape of lactation curves estimated by RR
TDM for different levels of days open (Figure 5)
resembled the phenotypic lactation curves for these
groups (Dédkova and Némcova, 2003). The shorter
the period of days open, the steeper the decline of
lactation curves. A low yield was found for sub-
groups of cows without days open recorded. This
is probably due to selection for milk production be-
cause milk production is influenced by pregnancy.
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6 26 46 66 86 106 126 146 166 186 206 226 246 266 286

Days in milk

Figure 4. Example of predicted lactation curves for years
of calving (first lactation; second level of age at calving:
775-899 days; season of calving: May to July; days open:
90-119 days)

This positive correlation between days open and
yield variables is the reason why Emmerling et al.
(2000a) did not recommend the inclusion of days
open in the model, but they proposed instead to
integrate a third degree polynomial of “days carried
calf” as suggested by Lidauer et al. (2000).

Correlations between BVs

The correlations between BVs for the first, second
and third lactations are shown in Table 3. They were
essentially the same within both types of analyses.
High values occurred between successive lacta-
tions. The highest correlations were found between
the second and third lactations.

The rank correlations between both analyses
(Table 4) were over 0.98 for all predicted BVs and
over 0.99 if only the BVs for sires were considered.
In Figure 6, the scatter plot between BVs of sires pre-
dicted in Analysis I and Analysis I is shown. The list-
ings of the top 100 bulls with more than 10 daughters
showed minimal re-ranking (maximal re-ranking 33,
average re-ranking for BVs in the first lactation: 1.69).
It appears that the inclusion of days open in the defini-
tion of subgroups for the correction on the lactation
stage by fixed regression did not markedly influence
the ranking of breeding values. For that reason the
grouping used in Analysis I should be preferred, as
in Analysis I the number of observations in the indi-
vidual classes will be considerably higher which will
yield more precise estimates of the regression coef-
ficients. The use of a more detailed grouping would
be justified only if great changes in the ranking of
animals are expected.

14
— - 28-59

—- 60-89
90-119
—- =120
— Missing values

12 pueHSsmrmn.,

10 4

®
I
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Milk (kg)

6 26 46 66 86 106 126 146 166 186 206 226 246 266 286
Days in milk

Figure 5. Example of predicted lactation curves for levels
of days open (first lactation; second level of age at calv-
ing: 775—899 days; year of calving: 1998, season of calv-
ing: May to July)

11



Original Paper

Czech J. Anim. Sci., 50, 2005 (1): 7-13

3000 -

2500 1

2000 A

1500

1000

500

04

-500

Breeding value in milk (kg) — Analysis II

-1000 - .

Figure 6. Relationship between the average
breeding values of sires predicted in Analyses
Iand II
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Table 3. Spearman rank (above diagonal) and Pearson correlations (below diagonal) between estimated breeding

values for Analyses I and II

Analysis I Analysis IT
Lactation
lactation I lactation II lactation III lactation I lactation II lactation III
1 1.00 0.70 0.60 1.00 0.70 0.59
1I 0.78 1.00 0.83 0.77 1.00 0.82
111 0.66 0.88 1.00 0.66 0.87 1.00

Table 4. Spearman rank and Pearson correlations between both analyses for predicted breeding values of all animals

and sires only

All animals

Sires

lactation I lactation II

lactation III

lactation I lactation II lactation III

Spearman 0.985 0.987 0.993 0.990 0.992 0.993
Pearson 0.990 0.990 0.990 0.995 0.997 0.998
CONCLUSIONS REFERENCES

The shape of the lactation curve of Holstein cattle
is influenced by all analysed factors, i.e. season and
year of calving, days open and age at calving. The
assignment of month of calving into four seasons of
calving seems to be a good solution because there
are differences between them in the shape as well
as in the production. Involving days open classes
into the test-day model is not recommended.
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