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SUMMARY

Heritability is one of the most important genetic parameter widely used
in plant and animal breeding genetic improvement studies. Traditionally the
estimates used most often are based on analysis of variance (ANOVA)
techniques and there has been no information on the distributions of the
estimates of heritability. This paper presents empirical distributions of the
estimates of heritability obtained from half-sib and full-sib data using
analysis of variance estimates of variance components.
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1, Introduction

The components of variance derived from the relationships among relatives
are used in estimating the important parameter heritability. Traditionally the
estimates used most often are based on analysis of variance (ANOVA)
technique and the estimate of heritability may assume negative values because
of the occurrence of negative estimates of variance components, other than the
error variance. Gill and Jensen [1] derived the probability of getting negative
estimates of heritability under balanced situation and Singh [3] under
unbalanced random model. Harville and Finech [2] obtained exact confidence
interval for heritability. Singh [4] gave the density function of heritability in
case of half-sibs. Though there are empirical studies on the sampling distribution
of variance components there has been no information on the distribution of
estimates of heritability. The present investigation is concerned with some
properties of heritability estimates in half-sib and full-sib analysis in normal
population.

2. Methodology

Consider the half-sib model
Yi=H+s;tey, i=12...8 j=12..n



SAMPLING DISTRIBUTIONS OF HERITABILITY 295

where

y; =the phenotypic performance of the progeny of the j-th dam mated to the i-
th sire

p =overall mean
s; = the effect of i-th sire, and

e;; = the residual effect

s; and e; are random and independent variables with zero means and variances
o2 and cg respectively.

A3
46,

62 + 62

The narrow sense heritability from the above model is h?=

In case of full-sib analysis, the model is
Vi =RES; -i—clij e, i=12,..8j=L2,..,dk=12..,n

where

i = measurement on k-th offspring of j-th dam mated to i-th sire
y = the general mean

s, = the effect of i-th sire

d;; = the effect of j-th dam mated to the i-th sire, and

e; = the random error effect

s; ~ N(0,62),d;; ~ N(0,63), ¢, ~ N(0,0%)

: IS 467 .
The sire component of heritability is hZ = — 50> 7 and (sire + dam)
G, +64 + 6,

o 2(6% + 62
component of heritability is hfm = —A-Z(Gskz—s‘t)z

G, +0;+0,

The purpose of this paper is to present the empirical results relating to the
distribution of heritability estimates for normal population. Data were simulated
by using the above half-sib and full-sib models. In case of half-sibs, sire values

(s;) were simulated as normal variates with mean zero and variances 0.02564,
0.0526, 0.1111, 0.1763 and 0.25, errors were simulated as normal variates with

mean zero and variance 1 for heritabilities 0.1, 0.2, 0.4, 0.6 and 0.8 respectively.
Four sires were taken each with 50 offspring. In case of full-sibs,
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sire values (s;) and dam values within sires (d;;) were simulated as normal

variates with mean zero and same variances 0.0215, 0.0555, 0.125, 0.2143 and
0.3333, errors were simulated as normal variates with mean zero and variance
one for heritabilities 0.1, 0.2, 0.4, 0.6 and 0.8 respectively. Simulations were
generated with number of sires as 20 and number of dams as 4 with 3 offsprings
per mating. The sampling was repeated 500 times and for each of the simulated
data sets ANOVA and subsequently estimates of heritability was obtained.
Various goodness of fit tests were applied to examine statistical distribution of
the 500 values of the estimates of heritability. Probability-probability plots,
quantile plots and frequency distribution of the estimates were obtained, for
different population heritability values, for better assessment and visualization
of the sampling distribution. Also, to support the simulation results, estimates of
variance components from real data of sample size 120 (12 sires with 10
offsprings per each sire) observations were considered from half-sib mating
design and the same was used to study the empirical distribution of heritability
estimates. This data was pertained to the breeding experiment on Holstein-
Friesian x Haryana half breds, conducted at the Cattle and Buffalo farm of the
Indian Veterinary Research Institute, Izatnagar. The character under study was
the milk yield of first lactation. Further, full-sib data related to the egg weight
(in grams} of poultry birds of sample size 60 (5 sires, 4 dams per sire, 3
offspings per sire-dam combination) was extracted from Narain er al. [3] to
study the empirical distribution of sire-component of heritability estimates.

3. Results and Discussion

As per the methodology discussed above, samples were generated for both
half-sib and full-sib family structures. These were further analyzed by the theory
of ANOVA technique for obtaining estimates of heritability. The estimates so
obtained were used to construct standard histograms. The standardized
histograms with superimposed normal density curve for the estimates of
heritability (from population heritability levels 0.1, 0.4 and 0.6) obtained from
half-sib data are shown in Figure 1. From these histograms, it is visualized that
normal curve might be a suitable approximation. Various goodness of fit tests
for normal distribution indicated the normality of estimates in case of half-sib
data. The histograms and goodness of fit tests of the estimates of (sire+dam)
component of heritability (from population heritability levels 0.1, 0.4 and 0.6) in
case of full-sibs were also obtained and are shown in Figure 2 whereas for sire
component of heritability are shown in Figure 3. The estimates of (sire + dam)
component exhibited normality whereas the estimates of sire component of
heritability at lower parametric values ( h? =0.1 and0.2) indicate the possible
departure from normality. In the latter case, the histograms displayed that a

gamma curve might be a suitable approximation. On examining the histograms
with superimposed gamrma curves and goodness of fit tests it was confirmed that
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Figure 1. Empirical distributions of heritability estimates in the case of half-sib data
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Figure 2. Empirical distributions of (sire+dam) component of heritability estimates

in the case of full-sibs
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Figure 3. Empirical distributions of sire-component of heritability estimates in the case of full-sibs
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Figure 5: Empirical distribution of sire component of heritability estimates obtained from real data

on full-sibs
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the estimates follow gamma distribution. It is interesting to observe that for
higher population values of heritability, the sire-component estimates of
heritability follows normal distribution. The half-sib heritability estimates,
obtained from real data, were also observed to follow normal distribution, as per
expectation from the simulation results. The histogram with superimposed
normal curves along with goodness of fit statistics is given in Figure 4. Figure 5
indicates the empirical distribution of sire-component of heritability estimates
obtained through simulation, using the variance component estimates of real
data on full-sibs, In this case too, it was confirmed from different test statistics
that the estimates follow gamma distribution, as the sample drawn was from a
population with low heritability value.

Finally, from the above results, obtained under simulated samples as well
as real data, it is concluded that for half-sib mating design, the estimates will
always follow normal distribution irrespective of the population parametric
values. This is not true for all the situations of full-sib mating design,
particularly at low parametric values of heritability. Under sire component
estimation of full-sib heritability, the form of distribution will be gamma.
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