
7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France

Session 08. Reproduction Communication N° 08-30

ESTIMATION OF GENETIC PARAMETERS FOR REPRODUCTIVE TRAITS IN
ANGORA GOATS

W. Liu1, Y. Zhang2, Z. Zhou1 and C. Guo1

1College of Animal Science and Technology, Shanxi Agricultural University,
Taigu 030801, China

2College of Animal Science and Technology, China Agricultural University,
Beijing 100094, China

INTRODUCTION
Genetic parameter estimates for main traits in Angora goats have been reported (eg. Snyman
and Olivier, 1999; Taddeo et al., 1998). However, the relevant traits were live weight, mohair
production or mohair quality. Estimation of genetic parameters for reproductive traits lacked.

Generally, reproductive performance of Angora goats is low. In South Africa, kidding
percentage was about 92% (Wentzel, 1993). In Texas, it averaged 50% to 60% and the rate of
non-infectious abortion ranged from 24% to 34% (Shelton and Terrill, 1989). The low
reproductive performance was related to super mohair productivity of the breed (Laker, 1996).

Since the breed was introduced in China, selection has been conducted. However, the selection
chiefly relied on phenotype due to the lack of suitable genetic parameter estimates, and it was
inefficient. For this reason, this paper aimed to estimate genetic parameters for reproductive
traits to provide some basis for selection.

MATERIAL AND METHODS
Data set. Data collected over the period 1987 to 1999 from Qinshui Demonstration Farm in
Shanxi province were used. Data set consisted of 737 records from 293 does. For details, see
Liu Wenzhong (2001).

Traits and non-inheritance factors. Traits analyzed included fertility (FERT, whether a mated
doe was pregnant; 0 or 1), pregnancy maintenance (PRMT, whether a pregnant doe aborted; 0
or 1), fecundity (FEC, number of kids born to a doe mated; 0, 1, ≥2), litter size (LS, number of
kids born to a doe kidded; 1, ≥2) and number born alive (NBA, number of kids born alive to a
doe kidded; 1, ≥2). Non-inheritance factors involved birth type, rearing type, birth year, birth
month, age, kidding year, kidding month and parity of does with 2, 2, 9, 5, 5, 13, 5 and 5 levels
respectively.

Selection for fixed effects. The GLM procedure of SPSS software (SPSS for Windows, 1999)
was used for analysis of variance. The non-inheritance factors and their two-way interactions
were included in the model. The major effect of significant non-inheritance factors was then
included in the model for parameter estimation (Table 1).
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Table 1. Fixed effects included in the model for estimation of genetic parameters 

Fixed Effects FERT PRMT LS FEC NBA
Birth year
Birth month
Age
Kidding year
Kidding month
Parity

a

a a
a

a
a

a
a
a

a
a
a
a
a
a

a
a

a

a

Selection for random effects. For every trait, DFUNI option in DFREML package (Meyer,
1997) was used to estimate variance components under 6 linear models (Liu Wenzhong, 2001).
Likelihood ratio test was then used to select the random effects to be included in the model for
parameter estimation. The results showed that the following model was suitable for all traits:

eZaXby ++=
where, y is a vector of observations; b is a vector of fixed effects; a~(0, A 2

aσ ) is a vector

of additive genetic effect; e~(0, I 2
eσ ) is a vector of residual effects including both random

environmental and non-additive genetic effects; X  and Z  are design matrices of band a;
A  is the numerator relationship matrix among animals and I unit matrix. 2

aσ  and 2
eσ  are

additive genetic and residual variance respectively.

Model fitting and parameter estimation. Single and three traits analyses were carried out.
Threshold animal model (Sorensen et al., 1995) was fitted for single trait analysis, and both
threshold and linear animal model were fitted under three traits analysis for comparison
between the two types of model. MTGSAM program extended to allow for analysis of ordered
categorical data using a Bayesian threshold model (van Tassell et al., 1998) was used to obtain
posterior density estimates of (co)variance components by Gibbs sampling. The algorithm was
based on data augmentation, where a value on the unobserved underlying normally distributed
variable (liability) is generated in each round of iteration for each categorical observation.
(Co)variance estimates obtained by DFREML were used as starting values in Bayesian
analyses.

For three traits analysis, the Gibbs sampler ran for a total of 550000 rounds with the first 50000
rounds discarded as the burn-in period and 500 as thinning interval. For single trait analysis,
the above parameters were 110000, 10000 and 100 successively. Then, R-CODA software
(http://cran.r-project.org/) was used to diagnose the convergence of Gibbs chains and to
estimate posterior density.

RESULTS
Heritabilities. Except that the heritability of pregnancy maintenance is almost zero, those of
other traits are moderate to high. However, the apparent difference between posterior means
and modes shows that normality of the samples is poor (Table2).
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Table2. Heritability estimates of reproductive traits by single trait Gibbs sampling

Traits h2 SD A SE B Time-series
SE

  95% Credible interval
   Lower      Upper Mode

FERT
PRMT
LS
FEC
NBA

0.176
0.001
0.329
0.475
0.251

0.092
0.000
0.056
0.077
0.060

0.004
0.000
0.002
0.003
0.003

0.007
0.000
0.003
0.004
0.003

0.044
0.000
0.223
0.316
0.144

0.158
0.001
0.328
0.477
0.247

0.389
0.000
0.444
0.614
0.378

A Standard deviation; B Naive standard error.

Table 3 lists the heritability estimates by three traits analysis. Results show that estimates by
linear model analysis are lower than those by threshold model analysis. For both types of
model, good coincidence between modes and means is found.  

Table 3. Heritability estimates of reproductive traits by three traits Gibbs sampling

Model Traits h2 SDA SEB TS-SE 95% Credible interval
 Lower      Upper Mode

Linear

Threshold

FERT
PRMT
LS
FEC
NBA
FERT
PRMT
LS
FEC
NBA

0.016
0.000
0.034
0.060
0.072
0.104
0.002
0.352
0.573
0.394

0.010
0.000
0.019
0.029
0.033
0.066
0.003
0.057
0.063
0.059

0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.001
0.001
0.001

0.000
0.000
0.000
0.000
0.000
0.002
0.000
0.001
0.001
0.001

0.005
0.000
0.011
0.018
0.024
0.014
0.000
0.239
0.442
0.281

0.041
0.001
0.081
0.127
0.149
0.266
0.010
0.465
0.688
0.510

0.014
0.000
0.030
0.055
0.067
0.092
0.001
0.351
0.575
0.394

A Standard deviation; B Naive standard error.

Genetic correlations. Estimates of genetic correlations among traits under two types of model
are shown in Table 4. By threshold model analysis, all estimates are positive, with high
correlations among kidding traits (litter size, fecundity and number of born alive) and fertility,
and among kidding traits. Under linear model analysis, except for negative estimates between
fertility and the other four traits, all other correlations are positive. As in heritability estimation,
estimates of genetic correlations by threshold model analysis are higher than those by linear
model analysis.

DISCUSSION AND CONCLUSION
Comparison of results between threshold and linear model are in accordance with previous
findings about reproductive traits in Sheep (Snyman et al., 1998) and in dairy cattle (Varona et
al., 1999). For ordered categorical traits, Lourens et al. (1999) concluded that categorical traits
with an extended number of categories were almost continuous rather than discrete and it is
suggested that a threshold model therefore has no advantage over a linear model. However, if
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the distribution is not normal, a threshold model is suggested. In view of traits involved in this
study, it is reasonable to use a threshold model.

Table 4. Genetic correlation estimates (±SE) among reproductive traits under linear and
threshold models by Gibbs sampling A

 FERT PRMT LS   FEC NBA
FERT
PRMT
LS
FEC
NBA

0.157±0.009
0.840±0.003
0.816±0.003
0.791±0.003

-0.020±0.005

0.160±0.009
0.121±0.009
0.120±0.009

-0.027±0.005
0.012±0.005

0.964±0.000
0.946±0.000

-0.297±0.005
0.065±0.001
0.744±0.002

0.958±0.000

-0.319±0.004
0.077±0.001
0.551±0.003
0.650±0.003

A Lower triangular: threshold model estimates; Upper triangular: linear model estimates.

No threshold genetic parameters for reproductive traits in Angora goats are available in the
literature. However, threshold model heritabilities of fertility, litter size and fecundity obtained
by Olivier et al. (1998) and Snyman et al. (1998) for sheep accords well with those estimated
for Angora goats in this study. This paper suggests that reproductive traits of Angora goats, but
not pregnancy maintenance, can be improved genetically by selection on breeding values
estimated on the underlying scale applying a threshold model.
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