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ABSTRACT

Data of 1137. 916 and 1030 Silver Montazah (SM). Golden Montazah (GM) and
Matrouh (MA) chicks respectively. were used in this study. The studied characters
were body weight at hatch. 4. 8 and 12 wecks of age. daily gain and relative growth
rate during the periods of hatch— wecks. 4-8 weeks and 8-12 weeks of age. Variance
components and heritability estimates based on sire components were estimated
using Henderson’s Mcthod 3 (H3). Maximum Likelihood (ML). Restricted
Maximum Likelihood (REML) and Minimum Variance Quadratic Unbiascd
Estimates (MIVQUE). Variance components of sire effect (o ) for most of growth
traits in MA and SM chickens were higher than those obtained in GM. Percentages of
o @ for some of growth traits for all strains determined by REML procedure were
high pared 10 most perc ges obtained by the other procedures (e.g. H3. ML
and MIVQUE). Results show that biased cstimates in variance components of sire
and crror cffects for growth traits in GM chickens were relatively higher than those
obtained in SM and MA strains. Biased cstimates in variance component of sire
effect obtained from REML method for most of growth traits in the three strains were
lower than those computed from H3 and MIVQUE methods. Estimates of heritability
from sire components (/) in MA chickens were higher than those cstimates of SM
and GM chickens. Heritability ecstimates by REML. ML. H3 and MIVQUE
procedurcs in the three strains for the studied growth traits were variable, while
estimates of 4? resulting from REML were unbiased by sclcclion Commenly. it was
concluded that likclihood procedurcs (ML and REML) were supcrior for estimating
variance comp and g from unbulanced data. The growth traits
in the MA strain could be b\ indiv ldual selection.

Keywords: Growth traits, REMI,, variance components, heritability

INTRODUCTION

Knowledge of genctic parameters is onc of the bascs for making decisions in
poultry breeding programs. Sclection progress is a function of the heritability of the
trait involved. The greater the heritability estimate. the less intense the selection
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pressurce is necessary 1o achieve significant genetic gain (Falconer and Mackay.
1996). Varance components and heritability can be estimated by different methods.
Procedures for cstimating variance comp differ in their degree of simplicity
and theif reliability. In general. the choice of a method for estimation of variance
components is influenced more by simplicity than by reliability (Falconer and
Mackay. 1996)

The prediction of breeding value requires knowledge of the magnitude of the
(convariance of the random cffects (including the additive genetic effect or breeding
value) in the statistical modcl. In practical application$ these variance components
have to be estimated (Hofer. .1998) so that these (co)variances should be estimated
without bias (Schacfler. 1993).

Recently. Schaeffer (1993) pointed out that the variance (or sampling variance) of
an cstimate of a variance component depends on several factors. These are (1) the
truc. unknown va'uc of the component. (2) the number of obscrvations. (3) the
number of levels for cach random factor and the distribution of obscrvations per
level. and (4) the method of estimation and choice of quadratic forms.

The objectives of the present study are (1) comparing variance components and
heritabili'y estimates calculated by Henderson's Method 3 (H3). Maximum
Likelihcod (ML). Restricted Maximum Likelihood Estimates (REML) and Minimum
Variance Quadratic Unbiased Estimates (MIVQUE) procedures using growth traits
data obtained from the Silver Mo1tazah. Golden Montazah and Matrouh chickens.
(2) evaluating the genetic parameters for these three strains of chickens, and (3)
detecting the bias in estimates of variance components using different methods.

MATERIALS AND METHODS

This study was carried out for one generation started in 1997 at Inshas Poultry
Brecding Rescarch Station.  Animal Production R h Institute. Ministry of
Agriculture, Egypt. Data of onc hatch on the three strains named Silver Montazah
(S!4). Golden Montazah (GM) and Matrouh (MA) were used in this study. The
following Table shows thc number of sires. dams and chicks produced from each
strain.

SM GM MA
No. of sires 16 15 17
No. of dams 131 114 134
No. of chi 1137 916 1030

Izach sire was assigned to be the sire of chicks of ten hens located in one breeding pen.

Body weight of each chick was recorded at hatch and cach four weeks thercalter
up to 12 wecks of age. Traits of daily gain and relative growth rate were calculated at
the periods of hatch—4 weeks. 4-8 wecks and 8-12 weeks of age. Relative growth rate
(RG) was computed according to Brody (1945) as:

" "
RG (“—“—)'('— X Ve,
where W, = the (first weight) at certain age: W, = the (sccond weight) after a certain
period.

All chicks were treated and medicated similarly through the experi

period under the same managerial climatic conditions.
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Muodel of analysis
To csti variance comp for growth traits of cach strain. a mixed lincar
modcl was used: Ya=RFN+S 4oy I

Where v, is the obscrvation on the k" chick. x,isthe fixed cffect of the i sex. s,
is the random cffect of the j" sirc andc, is the residual crror attributed to the k™
chick record. Using matrix notation. this equation. assuming all genetic variation is
additive. can be expressed as:

y=Xb+Zs+Ic 121

Where yis the vector of obscrvation: X is the design matnx for sex effecis: Z and
I arc design matrices for sirc and residual crrors. respectively: and b, s and ¢ are
vectors with contributions attributed to fixed cffect of sex and random cffects duc to
sirc and crror. respectively. The mixed model equations is then expressed as

B IR

Henderson’s Method 3 (H3)
The ANOVA procedure used to estimate sire ( o) and error (o ) variance
was through fitting c: procedure of Henderson commonly

referred to as Method 3 (Henderson. 1953). This approach involves substituting sum
of squarcs in the ANOVA procedure with quadratic forms |n\ol\mg least squares
solutions for sire plus error effects (Searle. 1971). Briefly. the & ® (i.e. o° = o? and

o) are solved by equati ductions in sum of sq FY(YY)'Yr.and

the differences between these to their expectations under the full model as follows
(Searle. 1971):

a,_[R(.l/b)-af(r(.\':z)—R(r\')}]. 4]
* (22 -Z'X(XN)'XNZ)

oim XYYy —sZ). 151
- N,-r(X:2)

where R (s/b) is the additional sire sums of squarcs after fitting line effects b: r is
the number of lincarly independent columns of X (rank of X matrix): tr is the sum of
diagonal eclements of the matrix or trace operator. and N;, is the total number of chick
records.
Likelihood Methods

The Maximum. Likclihood (ML) estimation procedure for a mixed model was
derived by Hartley and Rao (1967). In the present study, Henderson's (Henderson.
1973) mixed modcl cquations arc applied to the estimation of sirc and crror
components of vagiance. Assuming-normality. ML variances arc obtained as:
[s's+aitr(Z°Z +12) "]

lll l("

G Rl B2 2Rl b G i L A | n*

. N,

where n, is the number of sircs and 7. is o2 / o . Initeration. convergence occurs
when computed . is equal to the variance ratio of the previous cycle: b and s are
solutions to the mixcd modcl cquations at convergence as in |3].

ol=
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Restricted maximum likelihood (REML). like ML is an itcrative procedurc:
REML corrects bias in ML that ariscs from estimating fixed cfTects. The meaning for
REML is that all the information relevant in estimating variance p is
combined in any sct of N, - p lincarly ind dent crror ¢ where p is the
number of fixed cffect and the error contrast is defined as a lincar combination of
obscr\mions whose cxpccution is zero (SchefTe. 1959). In the present study. variance

were i d as REML ising an analog of Henderson's mixed model
cq\mllons (Harville. I‘)77) Appl\mg this analog to the model for growth traits gives
- |:(+al:( Z o+ 12) ! ] 18]
",
ot WA HAY e 2], 191
[V, - r(X)]

Minimum Varianc: Quadratic Unbiased Estimator (MIVQUE )
In the VARCOMP procedure of basc SAS” software (SAS, 1996) a priori valucs

are set at 0and 1. for t:l',z and o’f . respectively. With the assumption of normality.
the vector of MIVGUE is

a["] (10]
o,

wher: o} and ol are determinad from algebraic equations as in Sorensen and

Kennedy (1986).
Estimates of the calculated heritability were computed as:
pro_doi (10
- S 5

and. based on classical statistic. the biased estimate in variance component of sire
and error effects was computed as a differcnce between the estimated value of
var ance components and the estimated valuc averaged over all methods. A scparate
ana.ysis was made for each growth trait.

RESULTS AND DISCUSSION

1. Vuriance compunent

Estimates of variance component duc to sire cffect (o ; ) for most of growth
traits in MA and SM chickens arc higher than thosc obtained in GM (Table 1&2&3).
This could be due to that MA and SM strains were not subjected to any method of
sclection (Sorour. 1984). However. percentages of af in MA chickens were hugher
than those presented in the other two strains at 4 and 12 weeks of age. Estimates of
variance components in the present study agree with results of Ayoub (1965). Farrag
(1977) and Sorour (1984) with Duandarawi. Dokki-+ and White Baladi chickens.
Percentages of sirc variance component in the present study were high compared to
those previously reported by many Egyplian investigators (Ezzcldin. 1970: Iraqu.
1991&1999) for Fayoumi and Dokki-+ strains of chickens.

Maximum likelihood estimates of o were smaller than those obtained when
using H3. REML and MIVQUE procedures. The lower  estimate from  the ML
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procedurc may arisc duc to its inherent bias under mixed model (Sorcnsen and
Kennedy. 1986). On the other hand. percentages of g2 for some of growth traits for
all strains determined by REML procedure were slightly high comparcd to most
perccnlagcs obtained by the other procedures (Tables 1&2&3). Many authors (i.e.
Sorenscn and Kennedy. 1983: Scarle. 1989: Besbes ef al.. 1992: Smith and Savage.
1992: Ferruz and Joh 1993: Joh and Thompson. 1995: Van Tasscl e al..
1995 Hofer. 1998) rcported that REML procedure is preferred iff cstimation of
variance componcnts relative to other methods of estimation because: (1) it is give
variance components cstimators which are unbiased by the fixed cffects and
characterized by many valuable features. such as non-negativity and unbiasedness.
(2) it is extremely flexible and can be adapted to a wide range of chickens of interest
in the analysis of poultry breeding data. (3) it is applied to an animal model. which
the inclusion of all data (on which selection was based) as well as the full additive
relationship matrix and consequently it avoid most biases in estimates of variance
components that ae due lo selection. and it is preferable computationally in the
multivariate models, and (4) REML's estimates of o° are the values in the parameter
space (i.c. estimates of h* ranged from 0 to 1).

Table 2. Variance components of sire and error and their percentages estimated by
different methods for daily gains ir Silver M h, Golden M h and Matrouh
chickens.

Breed and method” Variance comp =

DG4 DG8 DG12

Sire Error Sire Error Sire Error

ol % g % g % g % gI % gi%
Silver Montazah N=1084 N=1037 N=983
H3 0.013 3.0 0439 97.0 0.190 5.9 3.05]1 94.1 0.480 7.3 6.07 92.7
ML 0.012 2.6 0.438 974 0.175 54 3.046 94.6 0.450 6.9 6.06 93.1
REML 0.014 3.1 0.438 96.9 0.190 5.9 3.049 94.1 0488 74 6.07 92.6
MIVQUE 0.014 3.1 0.437 969 0.187 58 3.05 9420465 7.1 6.08 92.9
Golden Montazah ~ N= 892 N= 866 N= 846
H3 0.024 49 0454 951 0.103 33 3.058 96.7 0.653 86 6.92914
ML 0.021 43 0455 957 0.084 2.7 3.065 97.3 0.605 8.0 6.92 920
REML 0.023 47 0456 953 0.0%4 30 3.068 97.0 0.657 8.7 6.93 91.3
MIVQUE 0.022 4.5 0.456 955 0.090 2.8 3.070 972 0.636 84 6.94 91.6
Matrouh N= 966 N=926 N= 897
H3 0.047 83 0.516 91.7 0.162 5.5 2.803 94.5 1.431 15.0 8.13 85.0
ML 004 78 0515 922 0.151 5.1 2.800 94.9 1.383 14.6 8.12 854
REML 0.047 83 0.516 91.7 0.164 5.5 2.803 94.5 1.480 154 8.13 846
MIVQUE 0046 82 0516 91.8 0.159 54 2.806 94.6 1.368 14.3 8.19 85.7
* 113= Henderson's Method 3, ML= M:mmum Likelthood; R.l ML' Restricted Maximum
Likelihood Estimates, MIVQUE= Mini Quadratic Unbiased |

DG4= Daily gain during the period of hatch<4 weeks; DG8= Dml) gain during the period of
4-8 weeks; DG12= Daily gain during the period of 8-12 weeks

In general. estimates of o obtained from ML. REML and MIVQUE
procedures are preferable to H3 because they have built in optimality properties
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(Scarle. 1989. Beaumount, 1991: Smith and Savage. 1992: SchacfTer. 1993). On the
other hand. some estimates of & > estimated by H3 and REML methods for growth
traits of all strains are identical. This is could be due,to that data arc nearly balanced.
In this respect. Searle (1989) and Hofer (1998) found. for balanced data from all
mixed models. the REML estimator (ncglecting the normality assumption and the
constraint of REML esti to the p space) is identical to the ANOVA
estimators.

Table 3. Variance components of sire and error and their percentages estimated
by different methods for relative growth rates in Silver Montazah, Golden
M h and Matrouh chickens.

Breed and method”  Variance components—

RG4 RG8 RGI12
Sire Error Sire Error Sire Error
2 2 9 : 20 2 2

a,%a,/f'u,%a-'ﬁ g'%o.’%
Silver Montazah N= 1084 N= 1037 N= 983
H3 3.860 10.3 33.6 89.7 323 44 70.0 95.6 1.947 2.7 69.5 97.3
ML 3.575 9.64 335 904 299 4.1 699 959 1.764 2.5 694 975
REML 3.848 103 336 89.7 3.27 4.5 69.5 955 1.967 2.8 69.5 97.2
MIVQUE 3.871 10.3 335 89.7 3.11 43 70.1 957 1.875 2.6 69.5 974
Golden Montazah N=1892 N= 866 N= 846
H3 3.127 8.84 322 91.2 5.39 7.3 685 927 7.158 86 75.7 914
ML 2941 834 323 91.7 510 6.9 683 931 6.568 80 75.6 92.0
REML 3211 9.03 323 91.0 554 7.5 684 925 7.116 86 75.6 914
MIVQUE 2864 8.11 324 919 524 7.1 686 929 7.365 8.9 755 911
Matrouh N= 966 N=926 N=897
H3 5466 11.1 43.6 83.9 6.58 9.0- 66.9 91.0 8332 79 97.1 92.1
ML 5.149 10.6 436 894 6.0 82 66.8 91.8 7.855 7.5 97.0 925
REML 5521 112 436 88.8 645 88 669 91.2 8471 80 97.1 920
MIVQUE 5.394 11.0 43.7 89.0 6.77 9.2 66.7 90.8 8.115 7.7 97.3 923
~ H3= Henderson's Method 3; ML= Maximum Likelthood; REML= Restricted Maximum
Likelihood Estimates, MIVQUE= Mini Quadratic Unbiased Esti

" RG4= Relative growth rate during the period of hatch<4 weeks; RG8= Relative growth rate
during the period of 4-8 weeks; RG12= Relative growth rate during the period of 8-12 weeks.

2. Biased estimates in variance components

Results prescnted in Tables 4&35 show that biased estimates in variance
components of sirc and error for growth traits in GM chickens were relatively higher
than obtained in SM and MA strains. This may be due to a small number of records
(1137 records for SM and 1030 records for MA vs 916 records for GM). In this
respect. Smith and Savage (1992) and Hofer (1998) pointed out that the bias becomes
more severe and significant as the number of levels of fixed effects increases. the
number of levels of the random effect decrease and the number of obscrvations per
smallest subclass decreasc.

As expected biased estimates in variance component of sire effect (Tables 4&5)
obtained from PIEML method for most of growth traits in the three strains were larger
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than those computed from H3 and MIVQUE mcthods (Hofer. 1998). While bias in
sirc variance componcnt for most of growth traits estimated by ML is larger than
estimates resulting when using REML. This is because the ML estimator takes
account of the loss in degrees of freedom that results from estimating the fixed
effects (Hamville. 1977 Foulley. 1993). The REML method combins the desirable
propertics of ML with accountability for loss in degrees of freedom when fixed
cffects arc first estimated.

Table 4. Biss in cstimates of sirc and error variance components estimated by different

methods for body weight traits in Silver M h, Golden M h and Matrouh
chickens.
Breed and method™  Bias in variance components

BWO BW4 BWS BWI12

o} o o o, 0, o, o, o
Silver Montazah
H3 0034 0012 0.850 0.461 9878 3243 4825 1.9645
ML 0030 -0.006 -0492 -0.142 -8201 -1.511 -3822 4492
REML nn31  0.006 0492 0.142 8201 1.511 3822 4492
MIVQUE 0.043  0.001 1.657 -0.580 10.60 0211 4429 4542 -
Golden Moatazzh
H3 0.008  0.000 1616 -1.439 1545 -1134 5324 4858
ML -0.020 -0009 -1.304 0117 -1145 2291 -28.48 1.326
REML 0018 -0.002 0567 0432 -3308 5713 1334 1058
MIVQUE 0000 0010 -0878 0891 -0.692 3.535 -38.09 36.66
Matrouh
H3 0.008  0.000 0.569 0.071 3756 0307 4533 -2081
ML -0.020 0005 -1.68 0289 -9236 -3.474 -16.39 -32.10
REML 0.011  0.000 0.623 0.073 6194 -0.114 2562 -20.17
MIVQUE 0.003 _ 0.005 0.491 0.145  -0.715 3.89 -54.56  73.08
* H3= Henderson's Method 3; ML= Maximum Likelihood, REML= Restricted Maximum
Likel hood Esti MIVQUE= Mini Quadratic Unbiased Esti

*~ BWO= Body weight at hatch, BW4= Body weight at 4 weeks, BW8= Body weight at 8
weeks, BW12=Body weight at 12 weeks.

Spilke and Mielunz (1992) showed. based on comparisons of ANOVA. MIVQUE
and REML methods. large differences in bias between ANOVA and the other two
methods. Onme disadvantage of ANOVA-based: methods for animal breeding
applications is that covariances among effects of genetically related animals. cannot
be accounted for. This bias occurs if data are from a population under selection
(Sérensen and Kennedy, 1984). Furthermore, covariances between (wo traits can only
be estimated from animals that have.both traits measured This yields biased
estimates in cases where only animals that were selected on the first trait have a
chance of expressing the. d trait. S and Kennedy (1984) have shown that -
the MIVQUE estimator is not biased by sclection on a translation invariant criterion
when an animal model with the complete relationship matrix A and all data back to
the unsclected base population is used.

3. Heritability -

Estimates of heritability (/) determined by different methods for growth traits

in the SM. GM and MA chickens are presented in Table 6. Estimates of 4} in MA
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chickens were higher than those of SM and GM chickens. This might be duc to this
strain was not subjected to any method of selection (Sorour. 1984). Thercfore. we can
recommend utilizing this strain to improve the growth traits by individual sclection.
On  the other hand. estimates of /7 in SM for weight at hatch was higher (0.42) than
at later ages (0.25 at 8-wecks). This might be duc to the small maternal effects and
variation in cgg size of the sircs” and dams” daughters™(hens). i.c. decreasing the non-
additive genetic variance effects. This would encourage pouliry breeders in Egypt to
sclect in this strain for body weight at carly ages without waiting to later chs and
conscquently. the cost of bre¢ding programs is reduced

In general. cstimates of heritability estimated by REML. ML. H3 and MIVQUE
procedures in the three strains for the studicd growth traits arc variable. Where
estimates of /4 resulung from REML were unbiased by sclection (Tables 4&35)
(Besbes er al.. 1992: Ferraz and Johnson. 1993. Gebhardt-Henrich and Marks. 1993:
Dieters ef al.. 1995). However, biased estimates were found in MIVQUE procedure
when the pre-assigned values deviated from the true values. MIVQUE has not been
widely used by animal breeders. Estimates of h; for growth traits in the present
study in the three strains were larger than those presented in the reviewed studies (EI-
Maghraby and Bakir. 1977: Iraqi. 1991&1999) for Dokki-+ chickens.

Conclusion
Matrouh chickens have high variance components and heritability estimates from
sire components for growth traits. Therefore. we can recc d utilizing this strain

in Egypt to improve the growth traits by individual selection. Estimates of genetic

parameters resulting from REML method were unbiased by selection (Dieters ef al..

1995 and Johnson and Thompson. 1995). Also. estimates of bias in variance

components determined by REML were low compared to the other three methods

(H3. ML and MIVQUE). REML procedurc has been widely applied by animal

brcedcrs Commonly. it was concluded that ML and REML arc superior for
ing variance comp and genetic p from unbalanced data.

REFERENCES

Avoub, H. E.. 1965. Heritbility of body wecight at diffcrent ages in standard and
local breeds of chicken and their crosses. M. Sc. Thesis. Faculty Agnculture.
Ain-Shams University, Egypt.

Becaumont. C. 1991. Comparison of Henderson's Mcthod I and restricted maximum
likclihood cstimation of genctic parameters of reproductive traits. Poultry
Science. 70: 1462-1468.

Besbes. B.. V. Ducrocq. J. L. Foulley. M. Protais. A. Tavernier. B. M. Tixier. and C.
Beaumont. 1992. Estimation of genetic parameters of cgg production traits of
laying hens

by restricted maximum likelyhood applicd to a multiple-trait reduced animal model.
Genctics Sclection Evolution. 24:539-552.

Brody. S. 1945. Biocnergetics and growth.  Reinhold Pub. Corp.. New York.

Dicters. M. J.. T. L. White. R. C. Littell. and G. R. Hodge. 1995. Application of
approximale variance of variance components and their ratios in genetic tests
Theor. Appl. Genet.. 91: 15-24



Iraqi et al.

El-Maghraby. M. M. and A. A. Bakir. 1977. Heritability of body weight at different
ages in standard and local breeds of chickens. Agricultural Rescarch Review
(Cairo. Egypt) 55: 63-68.

Ezzeldin. Z. A. 1970. A study on the genctic parameters of body weight in the fowl
M. Sc. Thesis. Faculty Agriculture. Cairo University. Egypt.

Falconer. D. S.and F. C. Mackay. 1996. Introduction to Quantitative Genetics. "4th
cdition” Longman Group Ltd. England

Farmg A Z E. 1977 Effcct of some environmental conditions on henitability and
some other genctic-parameters  in chickens. M. Sc. Thesis. Faculty
Agriculturc. Ain-Shams University. Egypt

Ferraz. J. B. and R. K. Johnson. 1993. Animal model estimation of genctic
parameters and response to selection  for litter size and weight. growth. and
backfat in closed scedstock populations of large White and Landrace swine. J
Animal Science. 71:850-8.

Foulley. J. L. 19¢3. A simple argument showing how to derive restricted maximum
likelihood. J Dairy Science. 76: 2320-2324.

Gebhardt-Henrich. S. G. and H. L. Marks. 1993. Heritabilities of growth curve
parameters and age-specific expression of genetic variation under two
difierent feeding regimes in Japanese quail (Coturnix coturnix japonica).
Genetic Research. 62:45-35.

Hartley, H.O.andJ. N. K. Rao, 1967. Maximum likelihood estimation for the mixed
analysis of variance model. Biometrika. 54:93-98.

Harville, D. A. 1977. Maximum likelihood approaches to variance component
estimation and to related problems. J. Amer. Stat. Assoc.. 72: 320-340.

Henderson, C. R. 1953, Estimation of variance and covariance componenets.
Biometrics. 9: 226-252.

Henderson. C. R.. 1973. Sire evaluation and genetic trends. pp. 10-14. Proceedings of
the Animal Breeding and Genetics Symposium in Honor of Dr. Jay L. Lush.
American Society of Animal Scicnce and American Dairy Science
Association, Champaign. IL.

Hofer. A.. 1998. Variance components cstimation in animal breeding: a review. J.
Anim. Breed. Genet.. 115: 247-265.

Iraqi. M. M., 1991. Estimation of some phenotypic and genetic parameters on body
weight of Dokki-4 chickens. M.Sc. Thesis, Faculty  of Agriculture.
Moshtohor, Zagazig University. Egypt.

Iragi.'M. M., 1999. Estimation and cvaluation of sirc transmitting abilities for growth
traits in chickens. Ph.D. Thesis. Faculty of Agriculturc. Moshtohor. Zagazig
University, Egypt.

Johnson. D.L.and R Thompson, 1995. Rstricted maximum likclihood estimation of ~
variance components for unvariatc animal models using sparsc matrix
techniques and average information. J. Dairy Science, 78: 449-456.

SAS..1996. SAS' Procedurc Guide. "Version 6.12 EL" SAS Institute Inc., Cary. NC.
USA.

Schacffer. L. R.. 1993. Variance componcnt cstimation methods.  University of
Guelph. Guclph, Ontario.

Scheffe. H.. 1959. The analysis of variance. John Wiley and Sons, New York. NY.

Scarle. S. R.. 1971. Topics in variancc component cstimation. Biometrics 27: 1-76.

356



Proc. Conf. Anim. Prod. In The 21" Century, Sakha

Scarle. S. R.. 1989. Variancc componcnts-some history and a summary account of
cstimation methods. J. Animal. Breed. Genet.. 106:1-29.

Smith. E. J. and T. F. Savage. 1992. A comparison of four methods of variance
component estimation for heritability of cmbryonic mortality in turkcys
Poultry Scicnce 71:229-234.

Sorcnsen. D. A. and B. W. Kennedy. 1983, Estimation of genetic variance from
sclected and undelected populations. J. Anial Science. 59: 1213-1223
Sorensen. D. A. and B. W. Kennedy. 1984, Estimation of genctic variances from
unsclected and selected populations. J. Animal Science. 59:1213-1223
Sorensen. D. A. and B. \W. Kennedy. 1986- Analysis of seleclion experiments using

mixcd model methodology. J. Anim. Sci.. 63: 243-258.

Sorour. W. A [ 1984 Genetic studics in poultry. M. Sc. Thesis. Faculty
Agriculture. Zagazig University. Egypt. :

Spilke. J. and N. Miclenz. 1992. The efficicncy of multi-trait breeding estimation - a
Monte-Carlo study in laving hens. Archiv fuer Tierzucht. 33:501-307.

Van Tasscll. C. P. G. Casella. and E. J. Pollak. 1995. Effects of selection on
estimates of variance components using Gibbs sampling and restricted
maximum likelihood. J. Dairy Science 78: 675-692.



Iraqi et al.
sl Slial )50 A g clah Clisle sl d )b day i aladiud 4l
g 4

e Uae Sje ¢ T oL tan pURD e B8 ke 2 gana

G ot B Aala - gt ) gAY aed -
5 AGN = A= As 30 5 5y - A gl gUN) Sgay dgaa -1

PRIPRITE P SEPRUEET 1 IFRONICH - S L IR LL BURE (PO CREWE IRV JRFC
Sey T Al S e e sl 23y 0 Sl A d g e
A el b A e il DA e el Joaa g sl 5y da i 2430
Aty 5o 1 e 0 Sy 5 ) ol SlipSe B e pand VY A il
Ss=Sa J adl 6 S WS | Henderson Methody & ML & REML & MIVQUE ;_k
2o ) ey il oty 51 ald

Ot el aill s Sl y g e plas (0 JS A palll Sl aindd 5 ) ol g S
REML __Ilz.k.l,,s,;i.nq,,‘néw,...;_-.M.,pﬂ!.)n.n:,m_-,.'.ﬁi.\!L..m;..
5l LeDie e el 200 WD il gadl Jamey Za gl 3230 ey pad 5550 and
gAY 3kl

O glel als iad e clical Wasd oy 5 81 ool Sl i e Jaie S
Ot i) 5 g1 S el e S g phae ety il o Sl g laal s e o il
Henderson 3 —tay 5 _joial 5 ,a¥1 Gl e galll Glie pliadd 3§ REML — N 45,k
¥ 28 i Methods & ML MIVQUE

R R I B e e JU
AL S ANl ey Sl gl e S5 DU
* e L A 2y ) GBI skl )0 SIS

REML & ML 5,-b J i< 3zl S5 Sa A i iy,
oA kD e B ety A e e @

gl el Sldea a3 S WS .Unbalanced data G50 e SULY Aala
s gl DRIV A gy = g Sladl)

358



