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ABSTRACT

Two selection goals of inclusion or exclusion of calving interval (CI) in the selection goal function for Hol-
stein cows in Iran, besides milk yield, milk fat percentage, and milk protein percentage, were studied. Four
selection indices were composed of using the information on production traits, CI and / or days from calv-
ing to first insemination (DFI). The results of the predicted genetic growth in selection goals showed that
the index composed of all production and reproduction traits generated the greatest genetic growth. Al-
though CI had a negative coefficient in the selection goal, it is genetic mean increased in any case. How-
ever, the magnitude of this undesirable increase was lower in the CI included selection goal. This implies
that the inclusion of CI in the selection goal is necessary to control the undesirable growth of this trait. The
comparison of indices in this goal reflected that the inclusion of CI along with the production traits resulted
in a smaller undesirable change in this trait. Constraining the genetic change in CI in the selection goal im-
paired the selection efficiency. So, this constraint is not recommended for breeding programs.

AL [e1: K] calving interval, constrained selection index, genetic growth, Holstein.

INTRODUCTION

In genetic improvement programs, it is vital to make pru-
dent decisions on the selection of individual animals that
can transfer the highest bioeconomic value to the next gen-
erations. So far, the selection index method has been proven
to be the best among all multi-trait selection methods
(Solkner and Fuerst, 2002). Recent studies have revealed
extensive use of the selection index to dairy cattle herds
throughout the world (Cole and VanRaden, 2018). In Iran,
Joezi Shekalgoorabi and Shadparvar (2009) used the esti-
mation of the economic coefficient of milk yield, fat per-
centage, and herd life as the goal traits of breeding pro-
grams and their genetic and phenotypic parameters to pre-
sent an optimal selection index for dairy cattle. If a genetic
improvement program targets herd profitability through

increasing the genetic capacity of production and reproduc-
tion yield of the animals, it should be adjusted with a selec-
tion index in that the breeding value of the animals for ma-
jor economic traits has been embedded (Pourtaher et al.
2016). Reproductive traits play an important role in bolster-
ing the income of the dairy cattle industry, so livestock
breeding programs give special attention to them
(Gholizadeh et al. 2013).

In recent years, genetic selection programs have led to
significant advances in milk production, but in contrast, the
fertility rate has exhibited a declining trend (Liu er al.
2007). Various studies have documented undesirable ge-
netic and phenotypic correlations between production and
reproduction traits (Evans er al. 2006; McCarthy et al.
2007; Liu et al. 2007). Since reproduction problems, such
as infertility, are the main reason for the culling of animals
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in herds (Mohammadi and Sedighi, 2009), it is imperative
to include these traits along with the production traits in
establishing a selection index so that the genetic growth in
milk yield trait is increased and at the same time, the ge-
netic recession of reproduction traits is avoided. Since no
study in Iran has ever addressed the inclusion of reproduc-
tion traits in dairy cattle selection index, the present study
aims to include these traits in the selection index equation
along with milk yield traits.

MATERIALS AND METHODS

Data

Economic coefficients

The present study regarded the traits of milk yield, fat per-
centage, protein percentage, and calving interval (CI) as the
main economic traits in breeding programs of dairy cows in
Iran. The economic coefficients of these traits were consid-
ered to be 3223, 127.644, -504.774, and -73.814, respec-
tively (Athari Mortazavi, 2010).

Genetic and phenotypic parameters

We used the phenotypic and genetic coefficients and
heritability estimated by Togyani (2007) for milk yield
(Milk), fat percentage (Fat %), protein percentage (Pro %),
calving interval (CI), and days from calving to first insemi-
nation (DFI). These parameters are summarized in Table 1.

Goal function and selection indices

Two selection goal functions to accomplish the genetic
growth of goal selection were formed as below under the
condition that the economically important traits were
changed for animal farmers:

Hi=vi Agwy + V2 AFaroey T V3 Aerowy +va Acn
Ho=vy A + V2 Awarony T V3 Aprow)

For each of these goal functions, four selection indices
were defined as below:
1) Index 1 in which milk yield, milk fat percentage, and
protein percentage were included
2) Index 2 in which milk yield, milk fat percentage, protein
percentage, and calving interval were included
3) Index 3 in which milk yield, milk fat percentage, protein
percentage, calving interval, and days from calving to first
insemination were included
4) Index 4 in which milk yield, milk fat percentage, protein
percentage, and days from calving to first insemination
were included

The matrices that were established for these indices in-
cluded the phenotypic variance-covariance matrix between
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the traits that were included in the selection index equation
(matrix P), the genetic variance-covariance matrix between
the traits that were included in the selection index equation
and selection goal (matrix G°), and the genetic variance-
covariance matrix between the traits that were included in
the selection goal (matrix C). The coefficients of selection
index, genetic growth in selection goal (considering selec-
tion intensity 1), selection accuracy, and genetic growth in
each individual selection goal were calculated. Since we
need the phenotypic and genetic variances and covariance
in order to form matrices, the genetic variance of the traits
was first calculated using phenotypic variances and herita-
bilities as below:

2 _ 72 2
Oy = h; o, (1-2)
Where:

i: represents the ith trait.

Also, the genetic and phenotypic covariances between
different traits were calculated by:

— [~2 2
Covg-"v)’ - rg,\',y Gg,x Ggy (2-2)

— 2 2
Cova =7, \’Gpﬁpy (3-2)

All calculations were performed in the Matlab 7 software
package. The results of different matrices in each selection
goal were compared, and the index that gave the highest
genetic growth in each selection goal was regarded as the
optimal index for the respective goal.

Constraining genetic growth of calving interval trait

CI is a trait whose increase in breeding programs is per-
ceived to be undesirable as its increase means lower genetic
growth and the loss of profit. One way to control the fluc-
tuations of this trait is to use constrained selection indices.
In these indices, the genetic growth is equal to zero despite
the genetic correlation of the certain trait with other traits.
In other words, in spite of the selection for other traits, no
change happens in the genetic growth of the constrained
trait.

To apply the constraint here, we considered the genetic
growth of CI to be zero in selection goal 2 in which calving
interval was excluded. Then, the selection indices in which
this trait was included (indices 2 and 3) were formed again
for this goal, and the genetic growth and the variance of the
index for selection goal 2, as well as the genetic growth of
each individual trait, were studied again under the con-
strained conditions.
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(¥ 0] Genetic and phenotypic correlations of the studied traits (figures on the diagonal show heritability, those above diagonal show genetic correla-

tion, and those below the diagonal show phenotypic correlation)

Trait M F % P% C1 DFI o,
Milk yield (M) 0.26 -0.61 -0.505 0.593 0.022 1119213
Fat percentage (F %) -0.47 0.31 0.16 -0.19 0.02 0.1366
Protein percentage (P %) -0.241 0.1385 0.228 -0.002 -0.003 0.0347
Calving interval (CI) 0-084 -0.016 -0.002 0.0657 0.0005 3909.698
Days from calving to first insemination (DFI) 0.05 0.011 -0.004 0.0001 0.04 2921.379

o°,: shows the phenotypic variance of the studied traits.

Finally, the results were compared with the conditions in
which there were no constraints on the genetic growth of
CI. The matrix form of the equation used to constrain the
genetic growth of zero in CI was as below:

P G |b Gv

G, ofr| |o

P: phenotypic variance-covariance matrix of index traits.
G;: denotes the variance-covariance matrix of index traits
and CL

v: economic coefficient of selection goal traits.

A: extra unknown that is added to the vector of weight re-
sponses of the index.

After the estimation of index coefficient, the genetic
growth in each trait and the genetic growth of selection
goals were calculated by the new coefficient of the index.

RESULTS AND DISCUSSION

Selection goal 1

The coefficient of the index (b) that is presented in Table 2
was negative for the traits of milk, fat percentage, milk pro-
tein percentage, calving interval (CI), and days from calv-
ing to first insemination (DFI). This negative coefficient
can be attributed to the strong negative genetic correlation
of fat percentage and milk yield, the strong negative eco-
nomic coefficient of CI, and the weak correlation of DFI
with the traits included in goal selection.

Table 3 presents the variance of selection indices, genetic
growth in selection goal, and selection accuracy using a
personal record. The variations of index variance and ge-
netic growth exhibited similar trends because of the direct
relationship of index variance with genetic growth of selec-
tion goal.

The lowest genetic growth was obtained from index 1
(including the least number of traits) and the highest was
obtained from the most developed index (index 3) in which
the most number of traits were included. The inclusion of
CI in the index equation (indices 2 and 3) influenced the
genetic growth derived from selection goal equation stron-
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gly so that when this trait was excluded from the index
function (indices 1 and 4), the genetic growth derived from
the selection goal equation was the lowest. This demon-
strates the significance of CI inclusion in order to effec-
tively select for the improvement of genetic growth. CI
inclusion in the index equation enhanced the genetic growth
of the selection goal because of its negative economic coef-
ficient. When more traits are considered as the criteria for
the comparison of individual animals, the variance among
the individual animals is unveiled to a greater extent. This
is manifested as an increase in index variance and conse-
quently, an increase in genetic growth due to the selection.
This is consistent with Joezi Shekalgoorabi (2004). Simi-
larly, Sivanadian and Smith (1997) showed that adding
further traits to index selection would enhance genetic
growth in the case of the consistency of matrices in all
cases. The comparison of genetic growth derived from the
index in which CI was replaced with DFI showed a further
decline of genetic growth (index 4 vs. index 2). This can be
attributed to low heritability of DFI and its weaker genetic
correlation with the selection goal traits. We estimated the
genetic growth as per one single generation (not the genetic
growth over time) in which generation interval was not
involved. When DFI is used instead of CI, generation inter-
val is shortened and this, in turn, improves genetic growth
over time. So, our results cannot be generalized to genetic
growth over time and this requires further research.

The index selection accuracy of selection goal 1 did not
show significant differences to one another (Table 3). Se-
lection accuracy reflects the correlation between an index
and a selection goal. Since the variance of the selection goal
is constant for different indices, the difference in selection
accuracy in different selection indices depends on the ge-
netic correlation of the traits included in that index and the
selection goal, as well as on the phenotypic correlation be-
tween the traits included in the index equation. The selec-
tion accuracy in index 4 (including milk yield, fat percent-
age, protein percentage, and DFI) was equal to that of index
1 (including milk yield and fat percentage) owing to the
low genetic correlation between DFI and the traits of selec-
tion goal and low phenotypic correlation between this trait
and the index traits.
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[F19[5) Coefficients of different selection indices of the selection goal 1 including milk yield, fat percentage, protein percentage, and calving interval

Selection index M F % P % CI DFI

1 311.91 -726461.05 -1618093.91 - -

2 318.89 -720693.76 -1610896.44 -1154.19 -

3 319.42 -719781.16 -1610590.62 -1154.84 -141.18
4 312.41 -75597.21 -1678807.24 - -134.12

M: milk yield; F %: fat percentage; P %: protein percentage; CI: calving interval and DFI: days from calving to first insemination.

Ii=b;M+b,F%+b;P%

L=b; M+ b,F%+b3P%+ b,Cl%
I3=b;M+ b,F%+b3P%+b,Cl%+ bsDFI
Li=b, M+ b,F% + b3P% + b,DFI

[¥1)[5%] Selection variance and accuracy using a personal record for four selection indices and the genetic growth of the selection goal 2 including milk

yield, fat percentage, protein percentage, and calving interval

Selection index' Selection index variance

Genetic growth in selection goal® Selection accuracy

1 42546869
2 43063490
3 43069289
4 42552102

6522.796 0.46
6562.278 0.47
6562.720 0.47
6523.197 0.46

"Index variance values are divided by 10* and genetic growth values are divided by 10°.

% Geneticl growth was considered with selection intensity 1.
Li=b,M+b,F%+b;P%

L=b, M+ b,F%+ b3P%+ b,Cl%
I=b,M+b,F%+b3;P%+b,CI%+ bsDFI

Li=b M+ b,F%+ b;P% + b,DFI

The genetic growth of all traits included in selection goal
1 is presented in Table 4. CI was escalated in all indices,
but this is an unfavorable change that is associated with the
strong positive genetic correlation between CI and milk
yield. This finding supports Pryce et al. (2002) and Pryce et
al. (2004) who have stated that selection for high milk yield
results in undesirable genetic growth of fertility traits.
However, the magnitude of this undesirable increase was
lower in indices in that CI was a constituent trait (i.e. indi-
ces #2 and #3) than in other indices. The inclusion of DFI
in the selection index could not inhibit the undesirable ge-
netic growth in CI. This is evident in the comparison of
genetic growth of CI in index 1 with that in index 4. This
may be related to the weak genetic correlation between CI
and DFI. The fact that the coefficient of the index was
negative for CI implied that a negative weight should be
assigned to this trait in the function of the selection index
and this would reduce the genetic growth of the traits as
compared to the state in which the trait was excluded. The
strong positive genetic correlation between CI and milk
yield in the selection goal, which had high positive eco-
nomic coefficient too, did not allow the genetic growth of
this trait to be negative.

The fat percentage of milk showed almost equal and
negative genetic growth in different indices. Selection for
milk yield decreased fat percentage (Nazari et al. 2007;
Kheirabadi and Alijani, 2013).

The results of different indices reveal that index 3 is an
optimal index for the selection goal because both the high-
est growth in the selection goal and the relatively lowest
undesirable change happens in CI.
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Selection goal 2

The coefficients of four different selection indices for the
selection goal 2 are presented in Table 5 for the traits of
milk yield, fat percentage, and protein percentage. As was
explained for the selection goal 1, the coefficients were
negative for the traits of fat percentage, protein percentage,
and DFIL.

Unlike what was found for the selection goal 1, the coef-
ficient b was positive for CI. Since CI was excluded from
the selection goal 2 as a trait with a high negative economic
coefficient and it had a strong positive genetic correlation
with milk yield that carried the highest economic coeffi-
cient in the selection goal, the index coefficient of this trait
became positive.

Table 6 shows the variance of selection index and genetic
growth in selection goal and the selection accuracy in goal
2. The selection accuracy was higher for the three-trait se-
lection goal indices (selection goal 2) than for the four-trait
selection goal (1). This is in agreement with Joezi Shekal-
goorabi and Shadparvar (2009) who stated that the increase
in the variance of selection goal in the selection with more
traits impaired the accuracy of the selection. The highest
selection accuracy in the selection goal 2 was 0.55 obtained
from indices 2 and 3, and the lowest was 0.54 related to the
indices 1 and 4.

The inclusion of either CI or DFI in the index increased
the genetic growth of the selection goal. Showing the high-
est index variance of the highest genetic growth, the selec-
tion index 3 was considered the optimal index. Also, index
1 that encompassed the fewest traits exhibited the lowest
index variance and genetic growth.
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(B0 Genetic growth of the traits included in the selection goal 1

Selection index M F % P % CI
1 274.67 -0.868 -0.0345 3.16
2 266.24 -0.855 -0.344 2.73
3 266.32 -0.855 -0.344 2.74
4 274.75 -0.868 -0.0345 3.16

M: milk yield; F %: fat percentage; P %: protein percentage and CI: calving interval.

11=b M+ Db,F%+b3;P%

L=b; M+ b,F%+ b3P%+ b,Cl%

I3=b M+ b,F%+b3P%+b,CI%+ bsDFI
Ii=b; M+ b,F% + b3P% + b,DFI

(¥ 55 Coefficients of four selection indices of the selection goal 2 (milk yield, fat percentage, protein percentage)

Selection index M F % P % CI DFI

1 693.52 -585005.08 -1140720.68 - -

2 674.13 -601017.45 -1160703..82 3204.51 -

3 675.97 -597841.14 -1159639.41 3202.25 -491.39
4 695.41 -581713.82 -1139628.46 - -510.99

M: milk yield; F %: fat percentage; P %: protein percentage; CI: calving interval and DFI: days from calving to first insemination.

11=b M+ Db,F%+b3;P%

L=b; M+ b,F%+ b3P%+ b,Cl%

I3=b M+ b,F%+b3P%+b,CI%+ bsDFI
Ii=b; M+ b,F% + b3P% + b,DFI

(E10 N The variance of six selection indices and genetic growth of the selection goal 2 (milk yield, fat percentage, protein percentage)

Selection index Selection index variance

Genetic growth in selection goal®

Selection accuracy

1 86720001
2 90702353
3 90772605
4 86795971

9312.3574 0.54
9523.7783 0.55
9527.4658 0.55
9316.4355 0.54

" Index variance values are divided by 10* and genetic growth values are divided by 10,

2 Geneticl growth was considered with selection intensity 1.
1i=b,M~+b,F%+b3;P%
L=b/M+b,F%+b;P%+b,Cl%

I3=b M+ b,F%+b3;P%+ b,CI%+ bsDFI

1y=b M+ b,F%+b;P% + b,DFI

Further research is required to answer the question as to
whether this difference in genetic growth between two indi-
ces offsets the extra costs of recording more traits for the
optimal selection index.

The genetic growth of each individual trait in the selec-
tion goal 2 is presented in Table 7. The inclusion of CI in
the selection index improved the genetic growth of milk
yield because of the absence of CI in the selection goal and
its strong positive genetic correlation with milk yield.

Correlated genetic growth of CI in selection goal

Table 8 shows the correlated genetic growth of CI in the
selection goal 2. In indices in which this trait was included,
its correlated genetic growth was increased because of its
positive genetic correlation with milk yield. The replace-
ment of CI with DFI demonstrated that the correlated ge-
netic growth of CI in these indices did not differ signifi-
cantly from the conditions in which none of the reproduc-
tive traits was present. This can be attributed to the weak
genetic correlation between DFI and the traits of the se-
lected goal.
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These results were similar to conditions in which the trait
was included in the selection goal (selection goal 1).

The comparison of the genetic growth of CI in the selec-
tion goal 1 (including the traits of milk yield, fat percent-
age, protein percentage, and CI; Table 4) and its correlated
genetic growth in the selection goal 2 (including the traits
of milk yield, fat percentage, and protein percentage; Table
8) revealed that this trait had more undesirable genetic
growth when it was absent in the selection goal (selection
goal 2). This is because of the impact of the high negative
economic coefficient of CI in the selection goal 1 on the
decline of the undesirable genetic growth of this trait.

Results of applying the constraint on calving interval
Tables 9 and 10 present the results of variance and genetic
growth of the selection goal 2 and the genetic growth of

individual traits of this goal for constrained indices in
which CI had been included, respectively. The decline of
index variance reduced the genetic growth of the selection
goal in constrained indices. Index 4 exhibited higher ge-
netic growth than index 2.
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LF10 5 Genetic growth of traits in the selection goal 2 including milk yield, fat percentage, and protein percentage

Selection index M F % P %

1 288.93 -0.0806 -0.0298
2 295.49 -0.0803 -0.0287
3 295.61 -0.0803 -0.0287
4 289.06 -0.0806 -0.0296

M: milk yield; F %: fat percentage and P %: protein percentage.
Li=b/M+b,F%+b;P%

L=b;M+b,F%+b;P%+b,Cl%
L=b/M+b,F%+b3;P%+b,CI%+bsDFI
1,=b;M+b,F%+b;P% + b,DFI

(eI Correlated genetic growth of calving interval in the selection goal 2 including milk yield (M), fat percentage (F %), and protein percentage (P

%)

Selection index

Calving interval

1
2
3
4

4.21
4.89
4.89
4.22

T,=b,M+b,F%+b;P%

Ly=b M+ byF%+ b;P%+ b,Cl%

Ly=b M+ byF%+ b3 P%+ b,Cl%+ bsDFI
1,=b M+ byF% + b3 P%+ b ,DFI

(B0 Variance and genetic growth of selection indices encompassing calving interval in the selection goal 2 after applying the constraint

Selection index' Selection index variance

Genetic growth in selection goal

Selection accuracy

2 34764305419
3 34766082451

5896.1263 0.34
5896.277 0.34

"Index variance values are divided by 10* and genetic growth values are divided by 107

L=b;M+b,F%+ b3P%+ b,Cl%
I3=b M+ b,F%+b3P%+b,CI%+ bsDFI

(B ERT) Genetic growth of traits in the selection goal 2 after applying constraint 0 for the trait of calving interval in the selection goal 2

Selection index M F % P %
2 147.8 -0.0869 -0.0116
3 147.8 -0.0869 -0.0116

M: milk yield; F %: fat percentage and P %: protein percentage.
L=b/M+b,F%+b;P%+b,Cl%
I;=b M+ b,F%+b3;P%+b,CI%+ bsDFI

The genetic growth of milk yield also showed a descend-
ing trend as compared to its counterpart when CI was not
constrained (Table 10). This is related to the strong positive
genetic correlation between milk yield and CI.

CONCLUSION

The presence of CI in the selection goal plays an essential
role in controlling the undesirable improvement of this trait.
In the Cl-included goal, the replacement of CI with CFI in
the index intensified the undesirable change in this trait.
Applying restriction on the genetic change in CI resulted in
less selection efficiency and is not recommended in breed-
ing schemes.
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