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RANDOM  REGRESSION TEST DAY MODEL FOR
CSTIMATION OF GENETIC PARAMETERS FOR MILK
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SUMMARY

Both fixed and vandom linear and quadraric regressions were used to model test
dav records that are measwred over the trajecrory from DIM = 5 to 320-d of
primiparous Friesian cows, The {colvariance components were estinated with «
single rradt animal model with REML algorithn for each of daily milk vield cand
protein percentage using the conipter package DF-REML (Fersion 36 of Meyer
(1998a) for a rotal of 1226 records. Records were raken from Sakha Animal
Froduction Research Station belonging 1o Animal Production Research Institute
(Sakha, Kafr El-Shatekh Governorate, Egypt between 1997 and 2000),

Heritabilities for milk vield and protein perceniage were higher for early
lactation (< 35 DIM) and gradually decreased as DIM  advanced. Genetic
correlations through DIM were generally high and iended 1o decrease as the interval
throughout the lactation increased for both traits, Permanent envirommental and
plienotvpic correlations had the same trend. Varied heritability estimates for milk
vield and protein percentage along with DIM and the wide range of genetic
correlation estimeates herween records could suggest thar vield pattern in first
lactation Friesian cows are genetically different.

Keywords.: random regression, test day model, genetic parcmeters, primiparons
Friestan cows

Abbreviation key: RRM = random regression model, TD = test day, TDM = test day
model, DIM = days in milk, DF-REML = derivative-free restricted maximum
likelihood, DMY = daily milk yvield.

INTRODUCTION

Genetic improvement of milk yield traits has always started from an analysis of
stundardized 305-d lactation records. These records are generated from a set of TD
records taken at approximately monthly mtervals throughout the lactation period. TD
records are subject to many non-genetic factors (herd. year and season of calving, age
or parity number, region. DIM, number of milkings per day, ete). Averaging these
TD records on one measure per lactation for each animal make it difficult for an
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appropriate modeling of standardized traits. Moreover, incomplete lactations are still
needed to be projected correctly.

Ptak and Schaeffer (1993) suggested a repeatability TDM that accounts for the
shape of the lactation curve assuming the fixed herd-test date effect. This would
permit better removing of more sources of variation through more precise modeling
of individual TD yields in comparison with traditional 305-d models, avoid the use of
extension factors, offer more flexible system of evaluation and allow an increased
number of daughters to be included in sire evaluation since TDM allows a cow 1o be
evaluated based on any number of TD records during a lactation,

The repeatability model, however, assumes that genetic correlation between
repeated records is considered to be equal o unity and a constant variance at all
observations. Such models are often used for its simplicity. The multivariate model
have been also suggested to analyze longitudinal traits, however, it assumes that
subsequent observations to be separale traits.

Modeling the covariance structure of repeated measurements  correctly s
important for drawing correct inference [rom such data. Schaeffer and Dekkers
(1994) incorporated random regression coefficients in animal model for genctic
evaluations ol cows using TD records, which would account for individual
differences between cows in lactation curves. RRM has two sets of regressions on
function of DIM. The firstis [ixed and common to all cows of particular fixed effects
and the second is random and associated with random animal effects. Meyer (1998b)
clarified that a better way of dealing with traits that are measured over a trajectory is
to fit a set of random coefficients of time for each individual to allow for individual
variation in the course ol the trajectory. Kirkpatrick and Heckman (1989) and
Kirkpatrick er al. (1990) added that RRMs facilitate more aceurate modeling of the
variance-covariance strueture of traits that change over a trajectory, are able to
predict covarianee structure at any point along a continuous scale and will lead to
more accurate prediction of BVs and therefore, a higher genetic progress would be
possible. In short, RRM would permit better modeling of the repeated milk yield TD
records throughout the lactation period and theretore it becomes the model of choice
for genetic evaluation for such cases.

The objective of this study was to estimate (cojvariance structure of the additive
genetic and permanent environmental effects for daily milk yield and protein
percentage taken at approximately monthly intecvals throughout the lactation period
of primiparous Friesian cows with the RRM.

MATERIAL AND METHODS

Animals and management:

Data were provided by Sakha Animal Production Rescarch Station, Kafr El-
Shaikh Governorate, located North of the Nile Delta and belonging to Animal
Production Research Institute (APRI), Ministry of  Agriculture and  Land
Reclamation, Egypt. Animals were housed in semi-roofed vards, Feeding allowances
were calculated according to NRC (1981). Roughage (Berseem hay and bean straw)
to concentrate ratio was 40:60. The ration was offered twice daily at 8 a.m. and 3
p.m. and clean water was available all times. Cows were inseminated artificially with
frozen semen oi selected sires according to the breeding plan designed by the Cattle
Breeding  Research  Department, APRI. Heifers were [irst conceived at the
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approximate age of 16 months, Heifers with chronic reproductive disorders are
annually discarded from the herd. Cows were machine-milked twice a day and
milking interval was almost 12-h.

Data:

A total of 1226 TD milk yield and protein percentage records were collected at
monthly intervals over the period from January 1997 to October 2000 from 75
Friesian cows sired by 13 sires. Only TD records from first lactation between 5 and
320 DIM were included in the statistical analysis. Records after the 10" TD record
were discarded. Average TD records per animal in data file was 8.2, Protein
percentage was measured alternatively following an a.m.-p.m. recording scheme by
automated method of infrared absorption spectrophotometry (Milk-o-Scan: Foss
Electric, Hillergd, Denmark}) at the Dairy Services Unit, which belongs to the Animal
Production Research Institute, Sakha, Kalr El-Shaickh Governorate, Egypl.

Statistical Model:

Data were analyzed by REML with a derivative-free algorithm using the
computer package (DF-REML, Version 3f) developed by Mever (1998a) with the
following animal model:

4
Yi_ik: = TD; + Z ‘(j“”Z- e + Z (?_m,ZJ;mJ + P_i + Sijkl

=l ni=|
Where:
Y = record | on I)M‘r or protein pu\,mtd% made on DIM of the first lactation in
TD subelass i for the " cow belonging to k™ subclass, where k ranged from 1 to 10
starting with k = 1 and m(,runcnmll by 1 every 30 days thereafter along the
trajectory from 3 to 320-d,
TD; = fixed effect of test date i (34 levels belween January 1997 and October 2000),
P, = random elfect of permanent environment associated with all TD yields of the i
COW,
e = random residual effect associated with Yy,
Pem and 4, = fixed and random regression coefficients, respectively, of TD milk
yield or protein percentage on DIM where m = the number of covariates descr ibing
the lactation curve with 4 cowlmm appeared as; X = DIM/c, X, = (DIMf:,) e
In (¢/DIM) and X, = (IJ}(LJ’I)IM)} where DIM is days in milk and ¢ is a constant set
to 305. These coefficients were used to fit the covariance structure for additive
genetic and permanent environmental effects.

The previous model is similar to models frequently found in the literature (Al
and SchaefTer, 1987; Ptak and SchaelTer, 1993: Schaeffer and Dekkers, 1994 Swalve
1994, 1995; Jamrozik and Schaelfer, 1997; Jumrozik et al.. 1997b; Kettunen er al.,
1998: Prak and Zarnecki, 1998) for Friesian and other dairy breeds with high values
for R square reaching 0.975 and small means of absolute errors reaching 0.878. Mare
on goodness of fit was investigated and discussed by Jamrozik er al., 1997a and
Strabel er el (2003). All known relationships among individuals were considered in
the animal model.
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RESULTS AND DISCUSSION

Phenotypic average ol daily milk yield and protein percentage (£SD) was 11.73
(3.85) and 2.70 (0.45), respectively. Table 1 presents estimates Tor heritabilities fhl)
and proportion of permanent environmental effect (¢ for DMY and protein
percentage for selected DIM of primiparous Friestan cows. Heritability estimates
ranged from 0.10 to 0.52 for DMY and from 0.01 to 031 for protein percentage
being highest for carly lactation (DIM=5). then gradually decreased up to (DIM=125)
and inereased therafler to the end of lactation. Jamrozik and Schaeffer (19971 and
Negussie ef al. (2002) obtained similar results. Differences in heritability estimates
along with DIM may sugeest that parts of the lactation curve are genetically
dilTerent. However, Kettunen ef af. (1998) noted that the mathematical characteristics
of random regression sub-models could result in an over projection of genetic
variunces in the edges of delined lactation trajectory.

Table 1. Estimates for heritabilities (h') and proportion of permanent
environmental elfect (¢®) for daily milk yield (DMY) and protein percentage
(Protein %) for selected DIM of primiparous Friesian cows maintained in Lgypt

DIM DMY Proein %
h.‘, LJ hf CE o

5 0.52 0.09 031 0.14

35 0.42 0.01 0.12 0.18

65 0.29 0.01 0.03 0.22

95 0.16 0.03 0.0 0.21

125 0.10 0.06 0.01 0.16

155 0.11 0.07 0.01 0.10

185 0.16 0.06 0.02 0.05

215 0.19 0.05 0.02 0.02

245 0.19 0.04 0.02 0.01

275 0.13 0.04 0.04 0.01

305 0.13 0.05 _ 0.07 0.01

The overall mean of herilability was 0.25 and 0.06 for DMY and protein
percentage. respectively, Estimates. in general, are comparable with estimates
reported in the Hterature (Jamrozik and Schaelfer, 1997},

Estimates of proportion of permanent environmental effect {¢”y were low for both
traits along with DIM and tended 1o decrease as DIM advanced averaging 0.05 and
0.10 for DMY and protein percentage, respectively. Misztal er af. (2000 and Alnajjar
(2001) found high values ol ECEJ at end of lactation.

Tables 2 and 3 present estimates of genetic (above diagonal) and permanent
environmental (below diagonal) correlations at selected DIM Tor DMY and protein
percentage for [irst lactation of Friesian cows. Genetic correlations among DMY
records were all positive and tended o be high between adjacent DIM and gradually
decreased as intervals between records increased up to DIM = 215 and increased
thereafter to the end of lactation period. A similar trend was noticed for protein
percentage; however, some negative correlations were found between records
through the lactation period (Table 3). Kettunen e¢r al. (1998) noted that the
mathematical characteristics of random regression sub-models could result in an over
nroiection ol coaetic variances in the edees of defined lactation trajectory.
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For both traits, permanent environmental correlations were high and positive
between records unless correlations between each of DIM = 5 and DIM = 35 with the
rest of records which were high and negative. The trend of both types ol correlations
is in agreement with results in the literature (Negussie er af., 2002).

Single trait model applied in this study could allow for a detailed work describmng
genetic and environmental relationship between different traits in the same parity or
across parities. Further work in the futwre should consider a multiple-trait animal
model for TD milk yield traits. TD model from later lactations can also be added to
multiple trait model as separate trait,

Table 4 presents estimates of phenotypic correlations for selected DIM of DMY
(above diagonal) and protein percentage (below diagonal) for first lactation of
Friesian cows. Most of the values were positive and tended fo be high between
adjacent records and decreased when the interval between records increased.
following the same pattern of gepetic correlations.

CONCLUSION

Different heritability estimates for daily milk yield (from 0.10 to .52} and protein
percentage (Irom 0.01 to 0.31) along with DIM and the wide range ol genetic
correlation estimates between records (from 0.19 to (.99 for milk) and (rom  0.90 1o
(.99 for protein) could suggest that vield pattern in first lactation Friesian cows are
genetically different. This study was focused only on single-trait analysis for each of
DMY and protein percentage, however, further work should consider a multiple-trait
model Tor TD milk yield traits. TD records from later lactations can also be added to
multiple-trait model as separale traits.
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