
Abstract

Estimation of variance components for bodyweight of grasscutters using expectation
maximization algorithm of restricted maximum likelihood
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The objective of this study was to estimate the variance components and heritability of
bodyweight of grasscutters at 4, 6 and 8 months of age using EM algorithm of REML
procedures. The data used for the study were obtained from the bodyweight records of 20
grasscutters from four families at 4, 6 and 8 months of age. The heritability of bodyweight of
grasscutters at 4, 6 and 8 months of age were 0.14, 0.10 and 0.12 respectively. This implies
that about 10 – 14 % of the phenotypic variability of body weight in this grasscutter
population was accounted by additive genetic variance while environmental and gene
combination variance made a larger contribution. The implication is that selection of
grasscutters in this population should not be based on the information on the animals alone
but also information from its relatives.
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Introduction
Grasscutters ( ),
also known as cane rat, is a fairly large
rodent that inhabits sub-saharan Africa,
mainly west, central, south and some parts
of East Africa (Adenyo , 2012).
Grasscutter is hunted aggressively for its
meat because people relish the meat, being
a local delicacy in Nigeria (Udeh and
Isiorho, 2015). Efforts are being made over
the years to domesticate the grasscutters in
order to augment the protein need of West
African people (Adenyo, 2014). Genetic
improvement of grasscutters is needed for
economically important traits such as
bodyweight, litter size, feed efficiency, etc.
Precise estimation of variance components
and heritability are important in grasscutter
breeding to predict the breeding value of
animals available for selection. For
balanced data set, estimation of variance
components is implemented by the method
of least square or analysis of variance
which is similar to REML, although the
variance-covariance matrices of the two
methods are different (Swallow and
Monahan, 1984). However, for unbalanced
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data, variance components can be estimated
by the procedure of maximum likelihood
(ML) or restricted maximum likelihood
(REML). The two methods are basically the
same except that REML takes into account
the degree of freedom used for estimating
fixed effects when estimating variance
components while ML does not (Meyer,
1987). This makes REML estimates of
variance components unbiased compared to
ML. The REML is itself not a method but a
goal. The goal of REML is to maximize the
likelihood in any possible way (Olvido,
2003). Many methods are used to maximize
log likelihood in REML and they include
Expectation Maximization, derivative free,
Newton Raphson and Average information.
This paper deals with the estimation of
variance components for bodyweight of
grasscutters using EM algorithm of REML.

The study was carried out at the grasscutter
unit of the Teaching and Research Farm,
Department of Forestry and Wildlife, Delta
State University,Asaba Campus.

Materials and Methods
The study area
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The data

Statistical analysis

The pedigree f i le was arranged
chronologically according to animal
identity, sire and dam. There were 28
animals in the pedigree. The first 8 animals
were parents and did not have records. The
remaining 20 animals were progenies of
parents and had records. The data file
consists of record of bodyweight arranged
according to families. Each family has 1
male and 4 female.

The following mixed linear model was used
to fit the data
Y= Xb + Za + e
WhereY= vector of bodyweight, b = vector
of fixed effect associated with family and
sex, a = vector of random additive genetic
effect, e = vector of random errors. X, Z =
incidence matrices relating fixed effects
and random animal effect respectively to
the observation. It is assumed that the
expectation of the random variables E(Y) =
Xb, E (a) = E (e) = 0. It is also assumed that
the residual effects (e) which include
random environm

= G and
cov(a,e) = cov(e,a) = 0, where A is the
n u m e r a t o r r e l a t i o n s h i p m a t r i x
(Mrode,2005). Var(Y) = V = ZGZ' + R. The
following mixed model equations were set
up and solved to obtain the solution to â and
ᵬ.

ental effects and non
additive genetic effects are independently
distributed with variance σ , therefore,
var(e) = 1σ = R, var(a) = Aσ
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The REML estimates of variance
components using the EM algorithm were
obtained by iteration using the following
expressions = [â'A a + tr(A

= [Y'Y-ᵬ'X'Y-â'Z'Y]/(N-r(X)),

Where α =1-h or σ /σ
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where N is the number of observations, q is
the number of individuals and C is the part
of the inverse of the mixed model equations
that corresponds with the random effect
(C=Z'Z + A

= 0.2.
The prior values were obtained from Mrode
(2005). Narrow sense heritability was
computed from the expression: h =

). Estimation of variance components
via EM algorithm of REML was
implemented using R software (R core
team, 2015).

The variance components and heritability
of bodyweight of grasscutters at 4, 6 and 8
months of age are shown in Table 1. The
number of iterations until convergence
varies among the bodyweight groups. It was
highest in BWT at 6 months of age (549).
Usually EM algorithm takes longer time to
converge compared with other REML
estimation methods such as Newton
Raphson, Fisher's Scoring and Average
information algorithm (Misztal, 2008).
However, it has the property of always
yielding positive estimates as long as prior
values are positive (Harville, 1977). The
heritability of bodyweight of grasscutters at
4, 6 and 8 months of age were low and
ranged from 0.10 to 0.14. This implies that
about 10 – 14 % of the phenotypic
variability of bodyweight of grasscutters at
4 – 8 months of age was accounted by
add i t ive genet i c var i ance whi le
environmental and non additive genetic
variance made a larger contribution. This
means that selection of grasscutters in this
population should not be based on
information on the animals alone but also
information on its relatives. It should be
noted that heritability is a property of a
population and the environmental
circumstances the population experienced.

-1

2 2

2 2 2

2

α). The prior values used for
this estimation were σ = 0.4 and σ
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Table 1: Restricted maximum likelihood estimates of variance components and heritability
for bodyweight of grasscutters at 4, 6 and 8 months of age.
Bodyweight No of iterations σe

2 σa
2 h2

4 months 415 0.0588 0.0099 0.14
6 months 549 0.1133 0.0131 0.10
8 months 480 0.0833 0.0113 0.12

Note: σe
2 = residual variance, σa

2 = additive genetic variance

Also, heritability estimates vary according
to estimation methods. In a related study,
Annor (2012) reported heritability
estimates of 0.48, 0.66 and 0.84 for
bodyweight of grasscutters at 4, 6 and 8
months of age respectively using maternal
animal model. The authors concluded that
opportunity exists for fast genetic gain in
the improvement of growth and
bodyweight traits in grasscutters. Similarly,
Henry (2014) reported heritability
estimates of 0.56 and 0.22 for litter weights
at birth of grasscutters from dam
component and sire and dam components
of variance.

The study showed that the estimation of
variance components for bodyweight of
grasscutters via EM algorithm of REML
yielded positive estimates. The heritability
of bodyweight computed from the variance
components yielded low estimates that
range from 0.10 to 0.14.

Development of
mic r osa t e l l i t e mark e r s i n
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