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ABSTRACT

The present study aimed to estimate the genetic parameters of first lactation milk yield (FLMY), first
lactation period (FLP), first dry period (FDP) and first calving interval (FCI) and inclusion these studied traits in
selection indices through different animal models. The data utilized in this study were obtained from 1821
normal first lactation of Friesian cows belong to Sakha and El-Karada Experimental stations of Animal
Production Research Institute (APRI), Dokki, Cairo, Egypt. Data were collected during the period from 1990 to
2016 and analyzed using the MTDFREML program. Covariance components were used to construct the
different selection indices for FLMY kg, FLP day, FDP day and FCI day with four multiple animal models.
Means for FLMY, FLP, FDP and FCI were 2425 kg, 304 d, 170 d and 474 d, respectively. Direct heritability
(h%) for the above-mentioned traits were 0.32, 0.29, 0.27 and 0.18, respectively. The corresponding estimates of
the maternal heritability (hm) for the same traits were 0.25, 0.22, 0.30 and 0.27, successively. Estimates of direct
genetic correlations among studied traits ranged from -0.52 to 0.61. The phenotypic correlations among
investigated traits were ranging from -0.20 to 0.23. Animal model number two that included the additive and
permanent effects had the highest accuracy. On the contrary, model number three that included additive and
maternal effects. The ranking correlations among four animal models were higher than 0.93. This indicates that
using one of the studied models can be achieved the genetic improvement. We would however recommend that
included the permanent environmental effects on analytical models when selection for these traits in Friesian
cows under Egyptian condition.
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INTRODUCTION

Over the past two decades, significant emphasis has
been put on the importance of Friesian cattle in Egypt for
milk production, which has resulted in an increase in the
number of large Friesian herds either in government or
commercial farms through imports from Europe and the
United States (Farrag et al., 2017). Milk production in dairy
farms can either be improved by increasing the number of
milking animals or by rising the quantity of milk per animal
by improving the environmental conditions, management
practices and genetics. There are various mating technigques
for enhancing the dairy animal's genetic ability.

The estimation of variance components and genetic
parameters is necessary for the determination of an optimal
breeding strategy seeking the genetic improvement of the
dairy cows' performance traits (Panteli¢ et al., 2011; Zink et
al., 2012). Weppert and Hayes (2004) reported the importance
of genetic parameters evaluation for increasing the selection
programs efficient. Selection is mainly based on accurate
expectation of genetic parameters for selected traits and
applications of practical breeding programs (Kumlu, 2003;
Sahin et al., 2014). The first lactation milk yield was a reliable
indicator of the productive life length in dairy cattle (Sawa and
Krezel-Czopek, 2009). Heritability of first lactation milk yield
has shown the possibility of genetically improved Brown
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Swiss dairy cattle by selection (Sahin et al., 2014). The
selection indices were the better efficient methods for selection
in the farm animal (Hazel and Lush, 1942). Selection in which
several useful traits based on indices are an important for
guiding the breeder to implement effective breeding strategy
(Hazel, 1943). Hayes et al. (2009) reported that each country
should develop its own selection index because the success of
the selection index in different countries cannot be compared,
notwithstanding breeding goals are more similar. VVanRaden
(2002) reflected that the selection indices are better measures
of profit today than those published before three decades
earlier. In many countries breeding goals included longevity,
health, fertility, conformation and yield traits. Miglior et al.
(2005) shown that the selection indices have been developed
in various countries, a modifying focus on production to be the
more balanced breeding goal of improving production.

The major objectives of the present research work
were to estimate the direct and maternal genetic parameters
for first lactation milk yield (FLMY), first lactation period
(FLP), first dry period (FDP) and first calving interval (FCI)
and construct different selection indices for these studied
traits through different animal models.

MATERIALS AND METHODS
Data

The data utilized in this study were obtained from

first lactation of Friesian cows belong to Sakha and El-
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Karada Experimental stations of Animal Production
Research Institute (APRI). Data were collected during the
period from 1990 to 2016. Number of records and sires were
1821 and 118, respectively. Cows were kept under the same
system of feeding and management practiced in the farms
(El-Awady, 2013).
Statistical Analysis

Data were analyzed by using the MTDFREML
program of Boldman et al. (1995) to valuation of
covariance components of considered traits, i.e., first
lactation milk yield (FLMY kg), first lactation period (FLP
day), first dry period (FDP day) and first calving interval
(FCI day) with four multiple animal models that included
fixed effects of month and year of calving and farm and
random effects for animal.

Model 1: Y =Xp+Za+e

Model 2: Y =XpB+Za+Wpe+e

Model 3: Y =Xfg+Za+Mm+e

Model 4: Y =Xpf+Za+Mm+Wpe+e

Where: Y= a vector of observations, § = a vector of fixed effects,a=a
vector of additive genetic effects, m = a vector of maternal
genetic effects, M = the incidence matrix relating records to
maternal genetic effect, pe = a vector of environmental effects
contributed by dams to records of their progeny (permanent
environmental), W = the incidence matrix relating records to
permanent environmental effects and e = a vector of the
residual effects. X and Z are incidence matrices relating
records to fixed and genetic effects, respectively.

The estimation of the accuracy (Ri) correlation
between the index variance and the aggregate genotype
variance, partial regression coefficients (b,s), and the
assumed genetic change (AG) per generation for studied
traits in order to construct selection indices were performed
via MATLAB software (Mathworks, 2002).

The economic weight for each trait was calculated
according to December 2016 prices relying on the final net
profit (Khattab and Sultan,1991 and Abu El-Naser, 2014)
as the following steps: (1) the net profit/kg of milk =1.10
Egyptian pounds (LE), (2) the net profit/day of the
lactation period: calculated via net profitkg of
milk*average daily milk yield =8*1.10 = 8.80 LE, (3)
losses in the net profit/day due to increased dry proud one
day =16 LE and losses in net profit/day due to increased
calving interval one day =13 LE.

Table 1. The relative economic values of different studied
traits in present investigation.

Traits Net profit Actual economic value
FLMY 110 1.00

FLP 8.80 8.00

FDP -16 -14.55

FCI -13 -11.82

FLMY=first lactation milk yield, FLP=first lactation period, FDP=first
dry period, FCI= first calving interval and one of Egyptian pound (LE)
=0.06$

The index value was calculated as:

Where:

p; =phenotypic value of traits
Regression coefficients (b) of selection indices

estimated as follows:

bi = partial regression coefficient.

Pb_Ga,b_P’Ga
Where:
P =the phenotypic variance-covariance matrix,
G =the genetic variance-covariance matrix,

b =avector of partial regression coefficients to be used in the index,
A =a vector of constants representing the economic values of the traits, and

P_l = the inverse of phenotypic variance-covariance matrix.

Calculate index variance as o4 =b P b =Db G a
where b’ is the transpose of () vector of partial regression
coefficients.

Variance of the total aggregate genotypic (52, ) was
estimated as o2y =a’Ga, where, a” is the transpose of the
economic value column vector. Accuracy of the index (Rin)
defined as the correlation between %4 and &2 , was

o’m =0, /oy l(o, *o,)sincec’in = o1 . The expected
genetic gain (AG) for any one of the traits was i Rinoy,

where i is the selection intensity, which was set to 1.00 for
the purpose of comparisons, construct selection indices use
of Henderson's modifications of Hazel's method (1943).

RESULTS AND DISCUSSION

Descriptive statistics

The coefficients of variation for studied traits in
current investigation ranged from 23.21 % to 58.24 %
(Table 2). The current results are nearest to the results
observed on Friesian cows by (E-Awady and Abu El-
Naser, 2017) .

The mean of FLMY was lower (2425.3kg) than that
calculated by Hammoud (2013) and Goshu et al. (2014) in
Holstein Friesian being 10341.8 and 3019 kg, respectively.
Furthermore, the mean of the FLP was 304 days that shorter
than the estimate of 391.2 days given by Hammoud (2013).
On the other hand, Goshu et al. (2014) found that the FLP
(299 days) in Holstein Friesian.

Table 2. Means, standard deviation (SD) and coefficient
of variation (CV%o) for first lactation milk yield
(FLMY), first lactation period (FLP), first dry
period (FDP) and first calving interval (FCI) for
Friesian cows.

Trait Mean SD CcVv

FLMY, kg 2425 986 40.66
FLP,d 304 102 33.55
FDP, d 170 99 58.24
FCI, d 474 110 23.21

The presented means of FDP and FCI were 170 and
474 days, respectively. These results were longer than the
estimates that reported by Ibrahim (2006) in Holstein
Friesian being 72 and 394 days, respectively. Contrarily,
shorter estimates in Holstein Friesian reported by Goshu et
al. (2014).
Variances and heritabilities

The estimates of direct heritability (h%) for FLMY,
FLP, FDP and FCI were moderate being 0.32, 0.29, 0.27
and 0.18, respectively (Table 3). Noticeable the estimates of
h?a for FLMY and FLP were lower than observed by
Hammoud (2013) in Holstein Friesian cattle (0.44 and 0.48),
in succession. Also, the present result of h%, for FMLY was
lower than value that obtained by Ibrahim et al., (2020) in
Friesian (0.35). While, the immediate estimates of h?% for
FLMY, FLP, FDP and FCI were higher than estimates that
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found in Friesian cattle by Shalaby et al. (2013) were 0.141,
0.04, 0.109 and 0.104, successively. The valuation of
maternal heritability (h?n) for FLMY, FLP, FDP and FCI
were moderate 0.25, 0.22, 0.30, and 0.27, respectively
(presented in table 3). These results were higher than that
shown by El-Awady and Abu El-Naser (2017) of (h?y) for
the same traits in Friesian cows being 0.11, 0.15, 0.14, 0.23
and 0.10, successively.

Table 3. Estimation of variance components and

heritabilities for studied traits

Estimat Traits

stimates FLMY FLP _ FDP FCI
s 70667.04 22487 45515  192.76
&n 5520863 17059 50572  289.14
Pre 1766676 11631 53944 35339
A 7742906 26591 19350  239.60
P 22083450 77541 168574  1070.88
Gam -136.98 227 807 401
Fam -0.002 0012 0017  -0.017
h2, 032 0.29 0.27 0.18
hm 025 0.22 0.30 0.27
@ 0.08 0.15 032 033
e 035 0.34 011 0.22

&% = additive genetic variance, 6* = maternal variance 6%, = permanent
environmental, 6% = residual (temporary environmental variance ¢%,=
phenotypic variance, 6., = direct maternal genetic covariance, h?, =
direct heritability, h%, = maternal heritability, ¢ = fraction phenotypic
variance to permanent environmental e? = fraction phenotypic variance
due to residual effects.
Correlations

The actual estimates of ran were negative for
different studied traits as shown in table (3). Comparable the
ram results with those reported by E-Awady and Abu El-
Naser (2017). The valuation of genetic correlations among
FLMY, FLP, FDP and FCI were varying from (-0.52 to
0.61). Respecting, the genetic correlation between FCI both
of FLP and FDP were positive (0.35 and 0.36), respectively.
While, genetic correlations between the FDP and both of
FLMY and FLP were negative (-0.16 and -0.52),
consecutively (Table 4). Sahin et al. (2014) in Brown Swiss
noticed that the genetic correlations among FLMY, FLP,
and FCI were highly positive and varying from 0.69 to 0.93.
They also showed the genetic correlations between the FDP
and every of FLMY, FLP and FCI were 0.10, -0.31 and
0.44, consecutively. Goshu et al. (2014) noticed that genetic
correlations between the FDP and both of FLMY and FLP
were negative in Holstein Friesian cows (-0.84 and -0.15), in
succession. lbrahim (2006) noticed that the genetic
correlations among 305dMY, LP, and CI in first lactation

were positive and varying from (0.31 to 0.43) in Holstein
cattle in Egypt.

The assessment of phenotypic correlations among
FLMY, FLP and FCI were positive and varying from 0.11 to
0.23. While phenotypic correlations between the FDP and
both of FLMY and FLP that given in table 4 were negative -
0.08 and -0.20, consecutively. Sahin et al. (2014) in Brown
Swiss cattle observed positive phenotypic correlations
between FLP and every of FLMY and FCI were 0.55 and
0.20, consecutively. Also, they found phenotypic relation
between FCI and FDP was positive 0.73.

Table 4. Different correlations and ratios among studied

traits.
Traits falaz  mm2 I'pelpe? lelez  Ipip2
FLP 061 0.07 -0.05 016 0.23
FLMY FDP -0.16 0.05 -0.01 -0.22 -0.08
FCI -013 -0.04 -0.15 -022 011
FLp FDP -052 -0.01 -0.29 034 -0.20
FCI 035 019 -037 003 0.12
FDP FCI 036 -042 046 082 017

ra = genetic correlation between traitl, 2 and so on, and rmm=
maternal genetic correlation between traitsl, 2 and S0 0N, Fpeyez =
permanent environmental ratio between traits 1, 2 and so 0N, ree =
residual environmental ratio between traits 1, 2 and so on rpy -
phenotypic correlation between traits 1, 2.

Ibrahim (2006) clarified that first lactation
phenotypic correlations between DP and every of the LP and
Cl were -0.179 and 0.139, consecutively. The present
permanent environment ratio among FLMY, FLP, FDP and
FCI were varying from -0.37 to 0.46. Corresponding the
residual environmental ratio varying from -0.82 to 0.34.
Permanent and residual ratios of the mentioned traits being
(-0.17 to 0.37) and (-0.09 to 0.49), successively in Friesian
cows (El-Awady and Abu EI-Naser, 2017).

Selection index

Selection indices (1,s) of four different animal models
are shown in Tables 5, 6, 7 and 8. Comparisons between
different selection indices from the model (1) be perceived that
the selection index Iy (full index) was the best indices (R =
0.64 and RE%=100), following by the index I, (dropped FLP
from the full index). The lost accuracy and relative efficiency
(R = 0.40 and RE%=62.50) were in the index |7 included
(FLP and FCI). Resulted in dropping FLMY and FDP from
the full index reduced about 37.5% of selection index accuracy.
The highest expected genetic gain in generation for FLMY
found through selection index lg which lead to improvement
150.84kg, following by 140.98kg in selection index (Is). While,
the lowest genetic gain in generation for FLMY observed in
the selection index (I7) was 69.01kg.

Table 5. Estimation of accuracy (Ri+), partial regression coefficients (b,s), relative efficiency (RE%0) and the expected
genetic change (AG) in selection indices (1,s) within generation of studied traits from model 1.

Selecti Traits
ir?d?cc:elson FLMY FLP FDP FCI Rin RE%
b AG b AG b AG b AG

1 0.46 127.38 363 71 557 1163 391 -4.99 0.64 100
2 0.44 133.72 - 428 6.76 -11.07 244 214 062  96.88
Is 0.46 132.68 574 7.7 574 -11.68 - 19 061 9531
la - 80.50 3.69 9.3 5.84 -14.01 -4.00 392 053 8281
Is 0.49 140.98 4.89 8.15 - 6.26 - 3.36 050 7813
Is 0.48 150.84 - 255 - -181 -1.26 5.10 051  79.69
Iz - 69.01 7.18 11.38 - 876 -458 -11.53 040 6250
ls 0.45 135,59 - 563 6.49 -11.29 - 38 060 9375
Iy - 71.40 - 591 -7.04 -1355 251 -1354 049 7656
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The present results inducted that the best of expected
genetic gain for FLP, FDP, FCI were in selection indices I,
lsand lg, which lead to improvement were 11.38, -14.01 and
-13.54 days, respectively.

Estimates of different selection indices through the
model (2) in the table (6) shown that the highest accuracy
(R = 0.70 and RE%=100) in 11 (original index), following
by I3 (dropped FCI from the full index).

Table 6. Estimation of accuracy (Rin), partial regression coefficients (b,s), relative efficiency (RE%) and the expected
genetic change (AG) in selection indices (1, s) within generation of studied traits from model 2.

Selecti Traits
irf d?gefson FLMY FLP FDP FCI Ri  RE%
b AG b AG b AG B AG

I 0.60 10472 687 1532 472  -1480  -459 6,61 0.70 100

I2 -4.90 110.39 - 575  -490  -1198  -285 801 057 8143
I3 0.69 95.27 490 1583  -404  -17.14 - 17 063 90.0

ls - 74.63 735 1660  -493  -1607 506 421 060 8571
Is 071 130,60 40 1459 -8.80 19 051 7286
le 0.72 161.05 3.62 - 3.66 193 1434 041 5857
E - 7440  -423 1568 635 423 785 040 5714
ls 0.72 103.73 - 762 440 1447 - 119 052 7429
lo - 60.00 - 53 517  -1380  -325 508 0.49 70.0

Furthermore, the lowest accuracy and relative
efficiency found in 17 (Rix = 0.40 and RE%=57.14), which
dropping FLMY and FDP from the original index caused
reduce of accuracy more than 40 %. The highest expected
genetic gain for FLMY in generation observed through
selection index ls (included FLMY and FCI) which lead to
improve 161.05kg and the best expected genetic gain for
FLP through 14 (16.60 days). The best expected genetic gain
for FDP and FCI noticed through selection indices I3 and I,
which lead to improve -17.14 and -14.34 days, respectively.

Estimation of selection indices of model 3 (table 7)
showed the selection index I1 (full index) was the best indices

(Rn =055 and RE%=100), following by the index I3
(dropped FCI from the full index) which were Rx=0.53 and
RE%=0.96.36. While, the lowest accuracy and relative
efficiency (Rin = 0.28 and RE%=50.91) were in |7 included
(FLP and FCI), which dropping FLMY and FDP from the
original index give rise to reduce about 50% of selection index
accuracy. The highest expected genetic gain of FLMY and
FLP in generation found in index Is (included FLMY and
FLP) were 161.20kg and 13.45d, successively. While, the best
of genetic improvement for FDP and FCI observed in
selection indices Igincluded (FLMY and FDP) and lgincluded
(FDP and FCI) were -16.39 and -8.28 days, respectively.

Table 7. Estimation of accuracy (Ri+), partial regression coefficients (b,s), relative efficiency (RE%0) and the expected
genetic change (AG) in selection indices (1,s) within generation of studied traits from model 3.

Selecti Traits
”f deige':” FLMY FLP FDP FCI Ru  RE%
b AG b AG b AG B AG

I 035 10767 318 745 419 1392 210 193 055 100
I2 037 109.73 139 -430 1492 204 255 051 9273
I3 035 12142 310 810  -456  -1532 - 2.04 053 9636
ls - 81.70 355 800 414  -1459 2185  -397 047 8545
Is 035 16120 341 1345 - 227 334 035 6364
ls 037 14630 . 137 . 203 215 415 033 60.00
I - 70.00 38 1229 - 0386 201 665 028 5091
ls 038 124.18 - 195  -466  -1639 ) 157 050 9091
lo - 60.89 - 090  -427  -1638  -212 828 042 7636

Ranking of the selection indices from model 4 in the
table (8) noticed that the best selection indices of accuracy
(R = 0.61 and RE%=100) in 11 (full index) and following
by I3 (dropped FCI from the full index). While, the lowest
accuracy and relative efficiency (Rn = 0.37 and RE% =
60.66) were observed in lg, that reduced of accuracy about to
40% due to dropping FLMY and FLP from the original
index. The highest genetic change from FLMY and FLP in
different selection index observed in selection indices (Is and
I1) were 164.78kg and 8.80 days, respectively. While, the
best improvement of FDP and FCI found in the selection
index (lg) were -10.80 and -1.86 days, respectively. Also, the
lowest genetic chance of FLMY and FLP in the selection
index (lg) were 60.20kg and 3.80 days, respectively.

The present results indicated that the accuracy of full
selection indices in different animal models were varying
from (0.55 to 0.70) for FLMY, FLP, FDP and FCI. Where,
the highest accuracy (Rin=70) observed in model 2, while
the lowest accuracy (Ri1=55) observed in model 3.

The accuracy decreased from 14 to 17% with
omitting FLMY from original indices in different models.
Abu El-Naser (2014) shown that the genetic change (AG)
from different three animal models for milk yield were
varying from (13.4 to 226.9). Also, He found that the highest
value of AG for milk yield and the accuracy of selection
indices were in the model included (c%a, o’pe and c2%€) in
Egyptian buffalo. Hussein (2004) on Friesian cows found
that the accuracy of different selection indices were varying
from (0.51 to 0.71) for MY, FY and PY and the relative
accuracy decreased 20% by omitting MY from different
indices. EI-Awady (2009) reported that genetic gain for milk
yield was ranged from 110 to 304 on Friesian cows. Prata et
al. (2015) included that betterment the economic genetic
efficiency on farms in Brazil with regard to selection for fat
and protein yields additionally milk yield for selection plan
in Gir dairy cattle. Ashmawy and Khalil (1990) and {Khalil
and Soliman (1993) indicated that the genetic change of MY
ranged from 157.6 to 194.6 in dairy cows. El-Arian (2005)
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shown that the highest values of relative efficiency and
accuracy of the selection index included (MY, FY, PY, CI
and AFC) and followed by the selection index (MY, FY, CI

and AFC) in Friesian cattle. The present results indicated
that the ranking correlation coefficients among four models
were ranged from 0.97 to 0.93.

Table 8. Estimation of accuracy (Rwn), partial regression coefficients (b,s), relative efficiency (RE%0) and genetic
change (AG) in selection indices (1,s) within generation of studied traits from model 4.

. Traits
;Sneéfggfn FLMY FLP FDP FCI Ru  RE%
b AG b AG b AG b AG

I 0.40 1424 503 880 336 912 065 337 061 100

I, 0.41 122.83 ) 6.28 412 -840 0013 235 053 86.89
Is 0.35 13361 509 854 350  -9.16 ; 30 060 98.36
ls - 74.18 641 807 361  -107 013 343 051 8361
Is 0.36 1515 053 84 ) 5.03 ) 23 053  86.89
ls 0.52 164.78 ) 5.9 - 2.6 1.07 19 045 7377
I - 90.10 75 848 - 652 103 357 042 6885
ls 041 122,63 ) 6.27 413 -840 - 234 053  86.89
lo - 60.20 . 380 -460 -1080 072  -186 037 6066

Table 9. Ranking Correlation coefficients among four
animal models under investigation

Item Model 1 Model 2 Model3
Model 2 0.96

Model3 0.97 0.95

Model4 0.94 0.95 0.93

Where, the highest correlation was between first and
third models, but the lowest correlation was between third
and four models. At which noticed that quite similarity of
cow's selection indices values for different animal models in
table 9. Abu EI-Naser (2014) showed that the ranking
correlation coefficients among three animal models were
ranged from (0.96 to 0.90) in Egyptian buffalo.

CONCLUSION

The current results indicated that the additive and
maternal heritability estimates of FLMY, FLP, FDP, and
FCI reflected the ability to achieve a plausible rate of genetic
improvement for studied traits. The accuracy reduced about
from 37.5 to 50% as a result of omitting FLMY and FLP or
FLMY and FDP from the original selection index. The
ranking correlations among four animal models were higher
than 0.93. This indicates that genetic improvement can be
achieved using one of the studied models. While, the
inclusion maternal effects due dam in the animal models
lead to upturn expected genetic gain in selection indices.
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