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AN EVALUATION for cow productivity traits of British
Holstein-Friesian cattle was carried out on 10314 first lacta-
tion records including 228 tested sires. Yields of 305-day
milk, fat and protein were the traits examined. Restricted
Maximum-Likelihood procedure was used to estimate va-
riance and covariance components between and within sires.
Analysis was carried out using a mixed model with a herd-
year-season as a fixed effect and sires as a random effect.
Heritabilities were 0.25, 0.24 and 0.23 for milk, fat and
protein yields, respectively. Genetic and phenotypic correla-
tions were positive and of high magnitude and ranged from
0.76 to 0.94. Single-trait selection for milk yield resulted in
an expected increase of 4.4, 8.2 and 8.4 as a percentage of the
overall mean of milk, fat and protein yields, respectively.
Selection for fat yield compared with selection for milk yield
resulted in —1.12, +0.98 and —0.29% of milk, fat and
protein, respectively, while selection for protein yield re-
sulted in —0.07, 0.0 and -+0.299%,. Therefore, selection for
milk yield is more economic than selection for fat or for
protein yield. Five indices of selection for improving yield
traits of cows were constructed involving all combinations of
two or three traits studied. Fat or protein yields did mnot
contribute significantly to the different selection indices
constructed while milk yield made a large contribution. Con-
siderable genetic improvement for yield traits of cows might
be achieved through multiple-trait selection based on reduced
iqdle‘;z including milk yield with either of fat yield or protein
yield.

Key words : Holstein-Friesian cows, lactation, selection, single
and multi-trait.

Pricing systems of milk, in recent years, depend not only on yield
and fat content but also on protein percentage (Mbah and Hargrove,
1982; Dommerholt and Wilmink, 1986; de Jager and Kennedy,
1987) because of the importance of protein in human nutrition and
for the industrial value of the milk products. However, genetic im-
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provement of a certain milk trait using selection may affect the
other traits, by increasing or decreasing, due to high genetic correla-
tions between them. In this situation, the most efficient tool for
several-traits selection, using the available information, is usually
to construct a selection index (Hazel, 1943; Cunningham, 1969a&b).

The main objectives of this study were :

(1) to estimate the genetic and phenotypic parameters of first-
lactation yield traits for Holstein-Friesian cows, and

(2) to evaluate and compare results of single and multiple yield-
trait selection for milk, fat and/or protein.

Material and Methods

Data of 10314 first-lactation records were extracted from the
files supplied by the Milk Marketing RBoard (MMB) of England and
Wales on British Holstein-Friesian cows. Cows were daughters
of 228 tested sires from the MMB’s Dairy Progeny Testing Scheme
(DPTS) in the years of 1972 and 1973. Each sire was represented
by at least 10 daughters. Only 305-day first-lactation records were
used. Abnormal lactation records affected by diseases or by di-
sorders such as abortion were excluded. Seasons of calving were
defined as December to March, April to July and August to No-
vember according to MMB classification. The numbers of effective
daughters were determined and sires with zero effective daughters,
after absorption of herd-year-season of calving (HYS), were elimi-
nated. This yielded 228 DPTS sires, 4860 HYS subclasses and 5226
residual degrees of freedom.

Restricted Maximum Likelihood (REML) algorithm (Patter-
son and Thompson, 1971; Meyer, 1983) was used to obtain Best
Linear Unbiased Prediction (BLUP) sire solution and to estimate
between and within sire components of variances and covariances
for milk traits (milk, fat and protein yields). The following mixed
model was used :

Yijk—,u,+Hi+Sj+e

where: Yijk

effect of the ith herd-year-season of calving subclasses (absorbed) ;

Sj = random effect of the jth sire, and eijk = random error

component associated with the individual record of the ijkth cow.

ijk
= an individual record; p = overall mean; Hi = fixed

Egypt. J. Anim. Prod., 27, No. 2 (1990)




SINGLE AND MULTI-TRAIT SELECTION.. 173

The algorithm used an iterative solution scheme. Three rounds
of iteration were carried out in estimating heritabilities and their
standard errors. Maximum difference convergences were belcw
0.19, for the sire component and below 0.01 % for within-sire com-
ponent. Genetic and phenotypic correlations were estimated from
variance and covariance components. Standard errors of genetic
correlations were estimated approximately by the formula given in
Falconer (1981). According to Falconer (1981), expected direct
and correlated responses to selection for one trait were estimated
as .

R = ih*c and CR =ihhr o
p Xyg Py
where R = the direct response in selection for X trait, h* = the
heritability estimate of X trait, crp is the standard deviation of

phenotypic values, CR = the correlated response in Y trait, hx

and hy are the square roots of heritability estimates of trait X

and trait Y, respectively ; rg is the genetic correlation between
the two traits ; and o-py is the standard deviation of phenotypic

values of trait Y. The expected genetic changes in one generation
were calculated assuming selection based on cow side. The inten-
sity of selection for a trait was set to 1.0 for, only, the purpose of
comparisons.

Five selection indices for improvement of yield traits of Hol-
stein-Friesian cows (involving all combinations of two or three
traits studied) were constructed using the general Fortran Com-
puter Program cited by Cunningham (1977). The information re-
quired in constructing a cow genetic index were gpecified in the
following four vectors and three matrices :

y : a vector of additive genetic values for ith yield traits included

in the aggregate genotypic value.

a : a vector of constants representing the relative economic values

of yield traits, assuming the relative economic values of milk:
fat as 1 : 13 based on prices values for milk and milk butterfat
cited from Dairy Facts and Figures (1986). According to
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Dommerholt and Wilmink (1986), the protein value is almost
the same as that of fat. Hence, the reiative economic values
for yields of milk, fat and protein were set to be 1: 13 : 13.
Several authors have concluded that the efficiency of an index
is not very sensitive to changes in the economic weights. In
this respect, Vandepitte and Hazel (1977) showed comparati-
vely large changes (e.g. by a factor of 2) in economic weights
may have small effects on selection efficiency. Moreover, it is
possible that a certain degree of variation in relative economic
weights will not change expected selection response very much
(Lin, 1978).

x : a vector of phenotypic measures for the n variables or sources
of information to be included in the index (i.e. milk, fat and/
or protein yields).

b : a vector of weighting factors to be used in the index (i.e. partial

regression coefficients).

P : a squared matrix of phenotypic variances-covariances of the
three variables in jth variates.

G : a matrix of genotypic covariances between the n variables in
jth variates and the ith traits in y.

C : a squared matrix of genotypic variances-covariances of y-traits.

The partial regression coefficients (b’s) were computed as b =
P-'Ga where P-! is the inverse of P (in matrix notation). Percenta-

ges of total economic-genetic gain accounted for by gain in each
ith trait was calculated according to Cunningham ef «l. (1970)
as [b’Gi/b’Ga] [ai] (100), where ai is the relative economic value

of the ith trait. The correlation of the calculated index with the

total aggregate genotype (rIH) was estimated as rIH = b'Ga/a’Ca

The contribution which each j variate makes to the genetic
gain of the total genotype (i.e. percent reduction in rate of overall

genetic gain if that variate is omitted) was calculated as 100
—[((®’Ga — (b* /W ))/(0’Ga)) (100)]'/2, where Wjj is the jth

diagonal element of P-'. The derivation of the method used to cal-
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culate the value of each variate in an index is given by Cunningham
(1969b) and Cunningham et al. (1970). The expected genetic change
(AG) in any trait is the product of the standard deviation of the
index (o-I) multiplied by the intensity of selection (i) and regression

of each trait on the index (bYI), ie. AG = (o-i) (i) (bY]).

Results and Discussion

Means and coefficients of variation (CV) of first lactation
milk, fat and protein yields are presented in Table (1). The CV were
ranging between 22 to 239Y,. The estimates of 20% for yield traits
were reported by de Jager and Kennedy (1987). The CV of fat
vield was slightly high compared with those of milk and protein.

Genetic parameters

Heritability estimates for milk, fat and protein yields were 0.25,
0.24 and 0.23, respectively (Table 2). Similarly, Hill et al. (1983)
reported a corresponding estimates of 0.25, 0.24 and 0.21, respecti-
vely on another set of data for the same breed. Another British
study (Meyer, 1984) found a close estimates of 0.25 and 0.24 for
milk and fat yields, respectively. According to the moderate heri-
tability estimates reported herein, it can be concluded that the
genetic improvement in milk-production traits can be achieved
through selective breeding program.

Genetic correlations between yield traits were positive and
high. The estimates were 0.76 for milk and fat, 0.89 for milk and
protein and 0.80 for fat and protein (Table 2). The corresponding
estimates of de Jager and Kennedy (1987) were 0.57, 0.82 and 0.66,
respectively. High estimates of phenotypic correlations among yield
treits (Table 2) were also observed (estimates ranged from 0.87
to 0.94). However, estimates of genetic and phenotypic correlations
obtained herein agree closely with the corresponding literature
averages reported by Meyer (1984) on another set of data for
the same breed. As also noted by other investigators (Hargrove
et al., 1981; de Jager and Kennedy, 1987), phenotypic correlations
were generally similar to the corresponding genetic correlations in
directions and were higher in magnitudes.
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TABLE 2. Estimates of heritability (on diagonal) and phenotypic (above
diagonal) and genetic (below diagonal) correlations traits.*

Traits M F P
Milk yield(M) 0.25 (0.042) 0.87 0.94
Fat yield(F) 0.76 (0.061) 0.24 (0.041) 0.89
Protein yield(P) ©0.89 (0.025) 0.80 (0.044) 0.23 (0.040)

* Standard errors of estimates are given in parentheses adjacent to estimates.

TABLE 3. Expected direct (diagonal) and correlated response (off-diagonal)
from one generation of selection of Holstein-Friesian cows for a
single trait.*

Expected genetic response in yields (kg)
Selected trait

Milk Fat Protein
Milk yield 191 5.2 4.7
Fat yield 143 6.7 4.3
Protein yield 160 5.2 5.1

* Selection intensity equals 1.0.

Single-trait selection

The phenotypic and genetic variances and covariances given
in Table (1) are used to estimate the response to selection for one
trait in one generation of cow selection. The selection intensity was
set to 1.0 for, only, the purpose of comparative study of different
yield traits under the present study. Expected direct and correlated
responses are given in Table (3). Direct selection on a single-
trait resulted in higher advances, in the desired direction, for all
traits. However, selection for any trait would result in correlated
icrease in the others. The expected direct response of fat yield
was much higher by 319, than direct response of protein yield. It
could be due to that genetic variation and heritability estimates
for fat yield were high (Tables 1 and 2).
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Selection for milk yield resulted in an increase of 191, 5.2 and
4.7 kg of milk, fat and protein, respectively. Responses per gener-
ation expressed as percentages of the overall mean were 4.4, 2
and 3.4, respectively. Selection for fat, compared with selection for
milk, resulted in —1.12, +0.93 and —0.299, of milk, fat and
protein, respectively as calculated from Table 3, while selection for
protein yield resulted in —0.07, 0.0 and +0.299,. Therefore, selec-
tion for milk yield is more economic than selection for fat or for
protein. Similarly, Kennedy (1982) and de Jager and Kennedy (1987)
indicated that selection for any yield trait would tend to increase
yields of other traits.

Multi-trait selection

For multi-trait selection, the following selection indices
{Table 4) were constructed :

1 = 05491 X1 + 3.0651 X2 — 5.7911 X3
I2 = 0.4348 X1 + 1.5651 X2
I3 = 0.5732 X1 — 3.2190 X3
I4 = 49569 X2 + 9.6046 X3
I5 = 03844 X2 + 0.1049 X3

Where : X1 = milk yield, X2 = fat yield and X3 = protein
vield; all yields (in kg) are of 1st alctation. Indices I1, 12, I3 and
14 are used for the improvement of all traits while I5 is used
for improving fat and protein yields only. The first index (I1) was
considered the full index which included the three variates (i.e.
milk, fat and protein yields) and was assumed to be the base of
comparison while other indices (12, ... ., 15) are defined as reduced
ones.

The contribution of each variate to the index can be measured
as the percentage of reduction in the rate of genetic gain for
aggregate genotype if that variate is omitted. The reduction per-
centages (VX) in rate of genetic progress for aggregate genotype
given in Table (4) indicate that fat and protein yields contributes
little to most selection indices constructed (I1, I2 and I4). Gjedrem
(1972) reported that omitting one trait (using two traits instead
of three traits) was always less efficient and in some situations,
negative rather than positive responses might be obtained. The
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TABLE 4. Selection indices (I) for milk traits of Holstein-Friesian cows,
value of each X-variate in index (VX), percentage of total gain

attributable to ;ch trait (AH) and expected genetic change (kg)
in each traits (AG).*

Index simmsasa

g Milk yield(x1) Fat yield (X2) Protein yield (X3)

i
b 0.5491 3.0651 —5.7911
VX 74 0.5 0.6
AH 22.3 18.3 59.4
AG 191.2 5.6 4.5

12;
b 0.4348 1.6651
VX 10.7 0.2
AH 58.7 22.0 19.3
AG 188.0 5.9 4.7

13 :
b 0.5732 —3.2190
VX 0.2 8.4
AH 60.7 20.6 18.7
AG 194.2 5. 4.6

It :
b 4.9569 9.6046
VX 1.6 41
AH 52.9 25.9 21.2
AG 157.6 5.9 49

15 :
b 0.3844 0.1049
VX 7.2 04
AH 59.6 404
AG 6.6 4.6

*p: values of the coefficients of the index (i.e. partial regresion coeffi-

cients).

VX : percentage reduction in rate of genetic gain for aggregate genetype if
variate is omitted. o ’
AG: Expected genetic change in each trait achieved by one standard devia-
tion on the index.
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low contribution of milk yield variate in I3 (Table 4) may be due
to the high genetic correlation between milk and protein and due
to the high economic value of protein as compared with milk.

The expected genetic change (AG) in any trait achieved by
the index is the genetic standard deviation for the trait multiplied
by the correlation coefficient of the index and the genetic value for
such trait, assuming selection intensity of one as mentioned bhe-
fore. All the indices provided relatively large increase in yields of
milk, fat and protein. The genetic improvement (AG) ranged be-
tween 157.6 and 194.2 kg for milk, between 5.1 and 6.6 kg for fat
and between 4.5 and 4.9 kg for protein. A relatively large difference
is noticed for milk yield (36.6 kg of milk vsg 1.5 kg of fat and vs 0.4

kg of protein). Therefore, it could be stated that considerable
genetic improvement for cow productivity might be achieved
through selection for milk yield. However, there were little dif-
ference in AG of milk traits between each pair of I1, I2 and I3.
Using 14, as a criterion of selection for fat and protein, resulted in
an increase of 157.6 kg as an indirect response for milk yeld, as
compared with 191 kg for I1l. The difference was 0.789%, as a per-
centage of the overall mean. Similarly, the differences in fat and
protein yields were 0.25 and 0.299,, respectively, in favor of I4.
Therefore, AG in milk yield was high from using the reduced in-
dices (I2 or 13) as compared to 14 and I5, de Jager and Kennedy
(1987) reported that selection with equal values for fat and protein
yields would result in lower response in milk but higher responses
in fat and protein in a descending order.

The value, in economic units, of the genetic gain (kg) in ag-
gregate genotype achieved by one standard deviation on the index
are presented in Table (5). The first index (I1) which included all
the variables would result in slight increase in the value of the
genetic gain over I2 and I3 and relatively high increase compared
with 14 or 15 ((149) (1) + (6.6) (13) + 4.5) (13) = 293.3) ).

Correlation coefficients (rlx) between each index constructed

and each trait (milk, fat and protein) in the aggregate genotype
are presented in Table (5). Higher correlations between each index
and milk yield compared to those for fat and protein were observed.
However, all the coefficients ranged between 0.40 to 0.55. These
moderate or high sizes of correlations between each index and milk
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traits indicate that selection per generation on any cow index would
actually lead to a moderate (or may be a high) genetic increase in
the yield traits of Holstein-Friesian cows. Therefore, cow indices
and sire evaluation based on cow indices (Kennedy, 1982) would
lead to a moderate (or substantial) increase in yield traits.

The chief measure of the utility of an index is based on its
correlation with the aggregate genotype, rm where the genetic

response to selection is proportional to this correlation. Correlation
coefficients of indices with total genotypes were around 0.5
(Table 5). However, The fourth index (I4) was the lowest in ac-
curacy. Adding protein (or fat) yield in the index 12 (or 13), as
demonstrated by I1, the accuracy of index increased by 1.9%.
While adding milk yield to the index I4, the accuracy incre-
ased by 8.29. Smith (1983) concluded that any loss in ac-
curacy of an index is affected mainly by both the genetic and
phenotypic correlations among traits included in the index and
therefore the genetic correlations tend to have the more important
role in affecting the accuracy, while the phenotypic correlations
have a further effect and thus have to be considered in estimating
accuracy. de Jager and Kennedy (1987) reported that including
protein in the index increased the accuracy of sire breeding value.

TABLE 5. Standard deviations ‘(0.1) for selection indices constructed, correla-
tion of index with total genotype f(rm)‘, correlation of index with
each individual trait ;(rIx ), and the relative efficiency (RE) of the

index.
Index
Item
11 12 13 b 1 15

O'I"*" 321.8 320.1 320.2 298.0 144.8
HIH 0.58 9.52 0.52 049 0.51
r 9.64 0.58 0.56 0.44

IX1
r i 0.44 043 0.40 047 0.62

X2
r 0.45 0.48 0.46 0.49 0.45

IX8
RE to I1 100.0 98.1 98.1 92.4 96.2

+ This is the value, in economic units, of the genetic gain (kg) in aggregate
genotype achieved by one standard deviation on the index.
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Figures of relative efficiency (RE) given in Table (5) showed
that of all the selection indices deveioped, I2 and I3 had the highest
efficiency (98.19,) relative to the full index (I1). Therefore, i2
or I3 which incorporated milk yield and fat or protein yield are
considered the best criteria, from an economic and practical view-
point, of selection for the genetic improvement of yield traits of
Holstein-Friesian cows. In this respect, Smith (1983) stated that
the main factors controlling the efficiency of index selection are
largely determined by the values of the factors ah* the product of
the economic weight (per standard deviation) and the heritability
of each trait, i.e. if one trait dominates the index (for instance
milk yield herein), the efficiency will not be sensitive to changes
in the economic weight of the other traits, but will be sensitive to
the loss or reversal (to negative values) or weights for the origi-
nally important trait. Van Vleck (1978) and Kennedy (1982) indi-
cated that including milk, fat and protein yields in the evaluation
of dairy cattle offer little in economic advantage over milk and fat
measures even if the price system of milk depends on protein yield
besides milk and fat. Mbah and Hargrove (1982) found that selec-
tion indices without protein yield is nearly as effective as selec-
tion indices that include protein. They also stated that selection
indices based on milk and fat yields only were 91 to 100% as ef-
fective as the indices included the three variates. de Jager and
Kennedy (1987) found that expected selection responses for most
traits were similar to responses of selection based on an index
which did not include protein.
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