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Selection Subindices for Improvement of Milk, Fat
or Protein Yield in Holstein-Friesian Cows
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FIRST lactation milk records on 103814 Holstein-Friesian cows
were used fo estimate heritability of and genetic and pheno-
typic correlations between milk, fat and protein yields. Cows
were daughters of 228 sives, each represented by at least
10 daughters. Restricted Maximum Likelihood procedurs wus
used to estimate variance and covariance components bevween
and within sires. A mixed model with a fixed effeet of herd-
year-gseasons and i randem effect of sires was used. Four
selection subindices based on-two or three variates (milk,
fat and/or protein yield) were constructed to be used to i
prove just ene trait (i.e. to select for milk or {at or protein
yield). Selection subindices for milk yield based on milk with
fat or with protein were from 98 to 1009, ns effective in
selection as the three-variate subindex. Bxpected genetic
gaing for milk yield were from 196 to 200 kg per generation
achieved by one standard deviation of selection differentinl
on the subindex. Selection subindex without protein is nearly
as effective as subindices that included protein. In the absence
of fat or protein yields, selection based on milik yield resulted
in decreasing mill yield by less than 6% as compared with
the 3-variate subindex, Selection subindex based on milk nnd
fat for improving fat yield is recommended. Using a selection
subindex based on milk and fat yields for genetic improve-
ment of protein yield resulted in a decrease of 04 ke in
genetic gain of protein vield per generation (achieved by
one standard deviation of selection differential) with a de-
crease of around 7% in the acenracy of selection as compared
with the other subindices.

Key words : Holstein, Friesian cows, selection, milk fat and
protein.

Breeding programs should emphasize important traits and reflect
changes of the value of these traits due to the size of the market
demand and changing the milk pricing system, Therefore, selec-
tion programs could differ not only between countries but also
between breeders within a country. In countries with a big market
for liquid milk, selection has heen mainly on milk vield, whereas
in countries which produce butter for export, the selection has been
mainly on fat yield. However, breeder should place more emphasis
on protein if their milk is used for cheese. Protein content of milk
Is also of increasing importance because of shifts of consumption
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patterns and changes of the relative cost of energy (Kennedy, 1982;
Billers, 1984). At the same time, the cost of evaluating protein in
milk has decreased in the last 20 yr because of changes of testing
procedures (Hillers, 1984) since the cost of evaluating a traif is
sieo a4 variable that must be considered. Hillers (18984) cited that
protein content is evaluated routinely for many cows in the Dairy
Herd Lmprovement program (USA) at no additional cost to the
breeders. For the improvement of a trait related to other traits,
thie most efficient procedure of using the avsilable informafion is
psually to construct & get of selection subindices {(Henderson, 1963;
Cunningham, and Mahon, 1877). Therefore, the objectives of thig
study were to construct several selection subindices for the impro-
vement of just one trait milk, fat or protein yield of Holstein-
Friesian cows and to compare the effectiveness of these subindices
i seiecting for that trait.

Material and DMethods

Records of first lactation production on daughters of 228
Holstein-Friesian sires were supplied by the milk Marketing Board
of England and Wales (MMB), They included 10314 305-days records
i, fat and protein yields. Bives (buiis) entered the MMB's
Dairy Progeny Testing Scheme (DPTS) in 1972 and 1973. Kach
cive was represented by at least 16 daughters. Seasons of calving
were Gefined ag December to March, April to Juiy and August to
I~;{r*-ff-‘*v}-'3(=*' according to MMB classification. The numbers of effecti-
doughters were determined and gires with zero effective
shisrs after absorption of herd-year-season of calving (HYS),
wore discarded.

Vi

Restricted Maximum Likelihcod (REML) algorithm (Fatter-
son and Thompson, 1971; Meyer, 1983) were used to estimate he-
tweon and within sires components of variance and covariance for
milk, fat and protein yields. The following mixed model was used |

Y., = + H. + 5, + e,
ik~ ¥ i I
where : Yijk represents milk, fat or protein of the kth

daughter of the jth sire in the ith herd-year-season of calving,
repregents the underlying population mean, I-Ii represents the fixed
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effect of the ith herd-year-season (absorbed), Sj represents the
random effeet of the th bull, and € represents the random
1
ragidual component for the kth daughter of the jth bull in the ith
Herd-year-2eason.
The aigorithi used an iterative solution scheme. Three rounds
tlon were carrvied out in estimating variance snd covariznoen

i iber
components between and within gires. Maximum differcnce conver-
sences were beiow 6.19% for the sire component and below 0.01
tor within sire component. Heritabilities and genetic and phenolypic
porrelations were estimated (Table 1) from variznee and covariance
components (Ashmawy and Khalil, submitted for publication).

WABLE 1. Estimates of heritability (on diagonal & underlined), and pheneo-
typic (above dizgonal) and genetic (below diagonal) correlations
usged in the construction of selection subindices.

Variate %, X, X,
Milk vield (X,) 26 87 94
fat yield (X,) 6 24 89
Protein yield (X,) 59 80 23

four cow selection subindices for each trait : milk, fat or
protein yield were constructed using 2 or 3 variates (milk, fat and,
or proteins yields). The selection subindex for a cow « will be of
the form I = Xbx’ i=123 where x’is are records on « and the

«@ ii

b's are weighting factors (i.e. partial regression coefficients). A
Fortran Selind Computer Program (Cunningham and Mahon, 1977)
wag used for construction of the subindices. The program required
the following information :

P: a 3 X 3 matrix of phenotypic covariances of X— variates
(milk, fat and protein yields).

G:a 3 X 1 matrix of genotypic covariances between the 3
variables in X— variates and Y— trait (milk, fat and protein
yields).

C : a scalar matrix of genotypic variance of Y-trait.

Bgypt. J. Anim. Prod, 27, No. 2 (1930}
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Partial regression coefficients (b’ 8) were estimated ag D
where P-' is the inverse of P. Variance of a subindex was b’ Pb

where b’ is the transpose of b i.e. the transpose of the vector of

]_Jd,l"le.l ILgTESbIOI‘l coefficients. Correlation of a subindex and the
trait was the square root of (b’G/Cﬁ]. The value of each of the

three variates (VX) in the subindex, i.¢. the percent reduction ifa

rate of genetic gain if variate is dropped from the subindex, can
be obtained for the ith variate as :

VX = 100— |square root of ((b’Pb — b "'/W /b PbJ*‘ 100}

where W is a diagonal element of P-:. The expt,cted genetic gain

in each trait (K@) equals to the selection intensity (i) times the

square root of the variance of the subindex (u ), ie. EG=ir_- I

Results and Discussion

Partial regression coefficients of different seleetion submdlces
tor the improvement of Jjust one trait (i.e. milk, fat or protein yield),
using all different cambinat ions of two or three variates milk (x,),
fat (x.} and/or protein (x,) vields are presented in Table (2). The

first subindex (I1) ig designed to use the three variates while the
others (reduced subindices) included

only two variates as a cri-
terion of selection,

Selection for milk yield

The following selection subindices for milk yield were cons-
tructed :

I1 = 05420 x,  — 2.9081 x. — 6.9573 x,
12 = 04647 x,  — 3.7102 x.

13 = 0.5270 x, — 85586 x,
T4 = — 0.0407 x, + B.2406 x,

Che standard deviation for the subindices ranged from 180 kg
for 14 to200 kg for I1 (Table 2).

The correlation between the subindex and milk yield trait, r

for I1 indicated that i the 3 variates are used in a subindex, the

Egypt. J. Anim. Prod., 27, No. 2 {1550
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genetic value for milk yield of a cow can be estimated as 56% as
accurately as it would be if the additive genotype of each cow were
completely known. Selection subindices based on millk vield with
fat yield (I2) or with protein yield (I3) were from 98 to 100%,
(Table 2) as efficient as the three variates subindex (I1) in esti-
mating the genetic value for milk.

Estimates of expected genetic gain in milk yield ranged from
196 to 200 kg per generation achieved by one standard deviation
on the subindex (Table 2). Selection without protein is nearly as
efficient as selection including protein. This is in close agreement
with the findings of Anderson et al. (1978), Kuipers and Shook
(1980) and Mbah and Hargrove (1982). They reported that the
extra cost of protein testing might not be recoverable by the extra
value of genetic gain from selection based on an index including
protein. Flowever, protein content is now evalnated routinely for
many cows in the Dairy Herd Improvement program with no addi-
tional cost to the breeders (Hillers, 1984),

The fourth subindex including fat and protein yields is con-
sidered the poorest one for the improvement of milk yield. It re-
sulted in an about 20% decrease in the expected gain as well as

in sccuracy compared with I1.

As expected, the contribution of milk yield in each subindex
was higher than protein and fat yéelds in a descending order. If
milk yield was dropped from any subindex, genetic progress would
be reduced by 19.6 to 27.1%. The corresponding values ranged
from 2.1 to 10.8% for protein yield and from 0 to 2.69, for fat
yield.

Expected direct response in milk yield was 191 kg as reported
by Ashmawy and Khalil (submitted for publication) while the maxi-
mum expected gain achieved using a 3-variate subindex was 200 kg
with an inecrease of less than 59,. This implies that, in countries
with no information on protein or fat yield, a subindex containing
only milk yield as a criterion for selection is recommended in prac-
tice with little compromise in gain agsuming similar phenotypic
and genetic parameters.

Bgypt. J. Anim. Prod., 27, No. 2 (1990}



162 AhA, ASHMAWY

Selection for fat yield

The following selection subindices for fat yield were obtained :

== 00004 x, 4 04423 x, ~— 0.2299 x,
L = —0.0041 x, + 03828 x,

i3 = 0.0049 x, - 21413 %,
4 = 0.4457 x, ~- (L2188 x,

with standard devations ranging from 5.2 to 7.0 kg (Table 2).

The percent reduction in rate of genetic gain for the genotype
of fat yield if they were dropped from the subindex is shown in
Table (2). The value of the fat variate was around 259, in different
subindices constructed. The corresponding values were 1.6 to 3.8%
for protein yield and 0 to 2%, for milk yield. Khalil and Soliman
(1989) indicated that milk yield contributed little to the subindices
used to select for fat yield. The higher values for protein yield
might be due fo the higher genetic correlation between fat and
protein yields than that between fat and milk yields (0.80 vs. 0.76,
Table 1).

A comparigson of the r IG’B estimates for selection subindices.

constructed (Table 2) shows that the breeding value of a cow for
fat yield can be estimated as 349, more accurately when using T1,
12 or 14 as compared to using I3. However, efficiency of selection
18 dependent on genetic correlation more than phenotypic correla-
tions among variates (Smith, 1983).

The expected genetic gain in fat yield for I1, I2 or I4 was 7 kg
compared with § kg for I3 (Table 2). Accordingly it appears that
a subindex (I2) which includes milk and fat yields Is recommendad
for the improvement of fat yield.

Selection for protein yield

The following selection subindices for protein vield were cons-
tructed (Table 2 :

I1 = .0062 =, -— (LOBY8 =, + $.5180 x,
I2 = 0.0065 x + 0.0230 x,

13 = 00002 %, + 0.2694 x,
14 == ’ — 0.0592 =z, + 0.3237 %

Egyps. J. Anim. Prod, 27, No. 8 (1890},
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Standard deviations for these subindices constructed rang-e;i
from 4.7 to 5.1 kg,

Genetic progress would be reduced by 6 to 179, if protein
yield was dropped from the subindex. The corresponding values
were from 0 to 10.79% for milk yield, and were from 0.2 to 0.8,
for fat yield.

Correlation coefficints (r IG:S) between a subindex and protein
trait yield were 0.48 for I2 and 0.51 for the other subindices.

HExpeeted genetic gain in protein yield was 5.1 kg when using
I1, 13 or T4 compared with 4.7 kg when using I2. However, it is
doubtful whether the increase of 0.4 kg in genetic gain of protein
vield per generation achieved by one standard deviation of selec-
tion differential with only 7% increase in the accuracy (Table 2)
are enough justification to recommend the use in practice of either
I1, 13 or 4 over 12 including milk and fat yields. Using protein
in the subindex for selecting for protein yield is depended on the
economics of its estimating in the milk (Mbah and Hargrove, 1982;
Hillers, 1984).
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