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ABSTRACT

Data on 2181 normai lactation records of Friesian cattle raised at an experimental
station during the period from 1996 1o 2002 were used. Number of sires and dams
were 92 and 878, respectively .Data were analyzed using MTDFREML program. Two
animal models were fitted .Model 1 considered the animal {additive direct genelic
effects} and the permanent enviconmental effects as a random effect. Model 2, the
maternai genetic effects was added to Model 1, which allowed for the estimation of
the genetic covariance between the direct and matemal genetic effects. In the two
models fitted, the fixed effects were month and year of calving and parity. Age of cow
at calving was included as a covariate. Direct and maternal genetic effects and
genetic parameters for 305 day milk yield (MY), 305day fat yield {FY} and 305 day
protein yield (PY) were estimated. Estirnate of cirect heritability of the mentioned traits
was 0.28, 0.24, and 0.26, respectively using Model 1, and 0.31, 0.34, and 0.40,
respectively using Model 2. Maternal heritability estimate was 0.01, 0.06 and 0.13,
respectively. Permanent environmental variance as a proportion of phenatypic
variance was 0.03, 0.11 and 0.11, respectively (Model 1) and 0.12, 0.12 and 0.10,
respectively. (Model 2} .Estimaies of genetic correlations between direct and maternal
genetic effects for all milk yield traits studied were negative and ranging from - 0.36 to
— 0.18. Direct genetic cormrelation between these traits was positive and high, ranging
from 0.95 to 1.00 for Model 1 and from 0.85 to 0.96 for Model 2. Results of the
present study, indicated that the inclusion of maternal genetic effects in the model of
analyses for milk yield traits, is recommended, as, it leads to higher estimates for
genetic parameters.
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INTRODUCTION

in the usual mixed linear model for maternally influenced traits, the
phenatype is partitioned into, additive genetic effects from the sire and the
dam (direct genelic effects), additive genetic ability of the dam to provide a
suitable environment (indirect or maternal genetic effect), permanent
environmental effects (permanent environmental influences on the dam's
mothering ability and matemal non-additive genetic effects of the dam) and
random environmental effects (residual effects ), (Mrode, 1996).

Genetic evaluation often ignores permanent environment effects (Wall
e al., 2005). However, as breeding goals become more complex there may
be a need to review this position.

Animal models used to analyze maternally mfluenced traits typically
inciude direct, matemal effects, covariance between them and a permanent
environmental effect of the dam {Waldrorr-st al., 1993, Robinson, 1996).

Published researches on direct and matemal genetic effects and
permanent environmental effects of milk yield traits aré very few. Analla ef al.
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(1999) concluded thal when the association between direct and maternal
effects to final performance is not negligible i.e., when the additive correlation
between them is strong, inclusion of them in genetic evalualion is
unavoidable.

It is unclear whether additive maternal effects influence yield traits in
dairy cattle. Maternal genetic effects are present in beef cattle, for which
genetic mothering ability influence preweaning growth of calves. In contrast,
dairy dams generally do not nurse their calves, so additive maternal effects
would be caused by intrauterine environment.

The objectives of this study were to estimate the genetic parameters for
milk yield traits using two animal models (with and without maternal genetic
effects), to quantify the contribution of additive direct and mazternal genetic
effects to phenolypic variance and to choose the most appropriate statistical
madel for estimating the genetic parameters for milk yield traits.

MATERIALS AND METHODS
Data .

Data on 2181 normal lactation records of Friesian cattle raised at Sakha
Experimental Station, Animal Production Research Institute, Ministry of
Agriculiure, Egypt. Records spread over the period from 1396 {o 2002.
Number of sires and dams were 92 and 878, respectively. Abnormal records
affected by disease such as mastitis and udder troubles or by disorders such
as abortion were excluded. Lactation records with less than 150 days
laclation period were also discarded. Traits studied were 305 days milk yield
(MY), 305 days fat yield (FY} and 305 days protein yield (PY} in kilograms.

Data were analyzed by Multiple Traits Derivative Free Restricted
Maximum Likelihood (MTDFREML) program according Boldman et al. {1995),
using repeatability multiple trait animal model. Two animal models were used
to estimate variance and covariance components. Model 1 included the fixed
effects of month and year of calving and parity and the random effects of
animal (additive direct genetic effecis), permanent environmental effects and
residual effects. Age of cow at calving was included as a covariate. In matrix
notation the modsl 1 used was:

Y=Xb+Zd+Wp,*e

where, Y = vector of observation, b = vector of fixed effects, d = vector of
direct genetic effects, p, = vector of permanent environmental effects
contributed by dams to the records of their progeny, W is the incidence matrix
relating records to permanent environmental effect and e = vecior of random
residual effects. X and Z are incidence matrices reiating records to fixed and
direct genetic effects, respectively.

ps = vector of permanent environmental effects contributed by dams
to the records of their progeny, W is the incidence matrix relating records to
permanent environmental effect. ,

Mode! 2 included the maternal genetic effect which allowed for estimation
::fl the genetic covariance beiween direct and matemai genetic effects as

low:

Y=Xb+Zd+Mm+Wp,+e
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where, M = vector of maternal genetic effects, M is the incidence matrix
relating records to maternal genetic effect. The variance and covariance
structure for model 2 was as follows:

E {y) = Xb and
d| | Ad®s Acggm O
Y m|=( AGem AT, O 0
Pe 0 0 1,0%. 0
!e 0 H 0 INUe

where, n, is the number of dam s and N is the number of records, A is the
numerator relatlonshlp matrix among animals, a? 4 is the additive direct
genetic variance, o, is the maternal genetic variance, oy is the direct and
maternal genetic covariance, o° ¢ is the matemal permanent environmental
variance, I, I y are Identity matrix of appropriate order, the number of dam
and number of animals with records respectively and g’ is the random
residual effect associated wnh each observation..

To estimate hernablllty (h )from model 1, the following equation was used:

hd—cd!(c d.Uzpe.Ge,

From model 2 estimates of additive direct (%) and malernal (h*w)
heritabilities were calculated as ratio of estimates of additive direct (cs 4} and
maternal genetic (c: m variances, respectively to the phenotypic variance 02,,
The direct maternal correlation was computed as the ratio of the estimates of
direct maternal covarlances (crdm) to the product of the square roots of
estimates of czd and o? m, and c¢? is the fraction of lotal phenotyplc variance 0° b
due to the permanent environmental variance (o° o) &nd t° is the fraction of
total phenotypic variance 02 due to residual effects (oze)

Estimation of covariance components was carried out by restricted
maximum likelihood employing a simplex algorithm to search for variance
components to minimize -2 log likelihood (L) (Boldman et al, 1995),
convergence was assumed when the variance of the function values (-2 log
L) of the simplex was less than 10 °, After the convergence, a restart was
performed to verify that it was not a local minimum. Restarts were performed
for all analyses, using the final results of the previous analysis, in order to
locate the global maximum for the log likelihood. Starting values for variance
components for multi-rait analyses were obtained from single-trait and two

fraits analyses.
RESULTS AND DISCUSSION
Overall Mean
Unadjusted means and their standard deviation (SO} and coefficients of
variability {CV) for 305 day milk yiela (MY), 305 day fat yield (FY) and 305
day protein yield {PY) are presented in Table 1.
Table {1): Unadjusted means (x), standard deviation (SD) and coefficient

of variability (Cv%) for 305 day milk yleld {MY},305 day fat
yield (FY)and 308 day protein yield {PY).

[ Trait Mean, kg S0, kg CV%
. kg 2806 948.9 338
kg 102 36.8 36.0

Y.kg 79 280 35.5

No. of records 2181

2663
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Genetic parameters

Estimates of variance and covariance components, heritabilily estimates
and proportion of variance due to the genetic variance of direct effects,
genetic variance of maternal effects, permanent environmental variance and
residual variance effects as & fraction of phenotypic variance are shown in
Table 2,while in the Table 3 are those for other genetic parameters.

Table 2 : Estimates of variance components and genetic parameters of
milk yield traits using two animal models (1 and 2).

Mode! 1 Model 2

parameters My FY PY MY Y ] BY
3 1855.4 250.3 165.2 1801.6 2325 1714
5 m . - - 82.1 44.0 54.5
9 4m . - - -159.3 -36.4 -35.6
0% e 168.4 111.8 7T1.4 714 85.2 42.9
o’y £664.9 1052.2 644.5 5787.3 686.1 4296
o 4641.1 £90.1 407.9 3348.7 360.8 196.5
% 0.28 0.24 0.26 0.34 0.34 0.40
E:,.. - - - 0.01 0.06 0.13
0,03 0.11 0.11 0.12 0.12 0.10

0.70 0.66 0.63 0.58 0.53 0.46

The term o4 is the direct genetic variance, o' is the maternal genetic variance , I om is
the genetic covariance between direct and maternal effects, 0%, Is the permanent
onwronmental varlance , 0% is lhe total phenotypic variance, @, is the residual variance ,
h’s is the direct hentaballty ,h’n is the maternal heritability,c’ is the fraction of total
variance due to the permanent environmental variance and t* is the fraction of total
variance due to residual variance.

Estimates of direct heritability for MY, FY and PY were 0.28, 0.24 and
0.26, respectively, using model 1, and 0.31 0.34 and 0.40, respectively using
model 2 which including the maternal genetic effects. These estimates were
close to the often reported range of 0.25 to 0.35 recorded for yield traits by
Boettcher and Gibson (1997) using Canadian Holsteins, but smailer than that
reported for MY (0.38) by Van der Werf and De Boer {1989) for Dutch
Hclsteins.

The results of this study showed that Model 1, which ignored
maternal genetic effects, resulted in smaller estimates compared with those
obtained by Model 2. Removal of maternal genehc effects from Mcdel 2 in
creased the fraction of direct genetic variance (g ) by 0.03(11%) for MY,
0.10 (42%;) for FY and 0.14 (54%) for PY than those of Model 1. In this
respect, Waldron et al. (1993) stated that animal model ignoring maternat
effects tended to overvalue direct heritability.

The current fractions are higher than those reported by Albuquerque et
al. (1996) for milk and fat yield (0.014 and G.021, respectively} using New
York Holstein and that of MY (0.01) reported by Khattab ef al. (2005} using
Friesian catlle. The higher estimates of direct heritability (h d) with model 2,
suggests that including maternal genetic effects should not be ignored from
the model of analyses for estimating the genetic parameters of milk yield
traits.

The matemal heritability (h%.) estimates were 0.01 for MY, 0.06 for FY
and 0.13 for PY {Table 2), which represented 4%, 25% and 50%. respectively
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of direct heritability. Similarly, Khattab et ai. (2005) recorded 0.01 for MY.
While, smaller estimate of 0.001 for MY reported by Albuquerque et al. (1996)
and higher estimate of 0.026 was declared by Schutz et al. (1992) for MY
using Holstein cattle.

Estimates of variances due to residual effects (t) as a fraction of
phenotypic variance were 0.58 for MY,0.53 for FY and 0.46 for PY in Model
2. These values were smaller than those recorded for the same fraits in
Model 1 (0.70,086 2and 0.63,1especlively)this amount of decrease
accounted for the maternal genetic effects { Table 2).

The variance estimates due {0 permanent environmental effects (c yas a
proportion of total phenolypic variance were 0.12 , 0.12 and 0.10,
respectively in Model 2 and 0.03 , 0.11 and 0.12 , respectively in Model 1 ,for
the same mentioned traits .

Although, maternal genetic effects and covariance between maternal and
direct genetic effects do not seem to make important contribution to the
phenotypic variance of MY, FY and PY {1%, 6% and 13%, respectively),
probably because the only environmental influence of the dams on their
calves is from conceplion to birth, its addition in the Model 2, leads to
noticeable increase in the heritability estimates of direct genetic effects. In
general, estimates of direct herltabmty were inflated with Mode! 2 compared
with Model 1. This increase in h®% is most likely due to maternal effects which
inflates the estimates of direct heritability. This suggests that maternal effects
should not be ignored when analyzing for estimating the genetic parameters
for selection programs of milk yield traits.

Similarly, Analia et al. (1999) concluded that the inclusion of maternal
breeding values in the selection criteria is unavoidable, They also added that
the maternal genetic effects should be used in order to get a correct ranking
of a candidate to selection and higher increase in final performance values.

Table 3: Direct and maternai geneiic correlations and direct maternal
genetic carrelations between various traits studied,

Covariance MY MY FY
with with with

parameters | FY PY ] PY

Model 1 r

Iy 0.96 1.00 0.95

Modael 2

Ty 0.96 0.85 0.86

Im 0.20 0.13 : 0.21

Fam -0.18 -0.36 -0.24

ry is the correlation between direct genetic effects , r, is the correlation between maternal
genetlc effects, ryn I the correlation between direct and maternal genetic affects.

All estimates of direct genetic correlations between milk yield traits
were positive and high, ranging from 0.95 to 1.00 for Model 2 and from 0.85
to 0.96 for Model 2.The estimates of correlations between direct and maternal
genetic effects of milk yield traits studied were negative ranging from — 0.36
to — 0.18 (Table 3). This result is similar, to_that recorded by Khattab et al.
(2005} using Friesian cattle. Some confoundlng between direct and matemat
genetic effects should be expecled because the dam that contributes the

2667



Ei-Arian, M.N.

maternal genetic effect also transmits half of her genetic vaiue for direct
effects to her daughter. These negative correlations may be due to that the
pedigree structure not being adequate for obtaining clear estimates.
Therefore, more research work in this respect is needed by using a larger
number of records.

Conclusion

The results of this study, showed the importance of inclusion of
maternal genetic effects to the model of analyses , since its inclusion leads to
higher estimates for genetic parameters, better chance for genetic
improvement and higher accuracy of selection for mitk yield traits than
models without maternal genetic effects.
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