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ABSTRACT : .The teat number of a sow plays an important role for weaning pigs and has been utilized in selection of swine breeding 
stock. Various linear models have been employed for genetic analyses of teat number although the teat number can be considered as a 
count trait. Theoretically, Poisson error mixed models are more appropriate for count traits than Normal error mixed models. In this 
study, the two models were compared by analyzing data simulated with Poisson error. Considering the mean square errors and 
correlation coefficients between observed and fitted values, the Poisson generalized linear mixed model (PGLMM) fit the data better 
than the Normal error mixed model. Also these two models were applied to analyzing teat numbers in four breeds of swine (Landrace, 
Yorkshire, crossbred of Landrace and Yorkshire, crossbred of Landrace, Yorkshire, and Chinese indigenous Min pig) collected in China. 
However, when analyzed with the field data, the Normal error mixed model, on the contrary, fit better for all the breeds than the 
PGLMM. The results from both simulated and field data indicate that teat numbers of swine might not have variance equal to mean and 
thus not have a Poisson distribution. (Asian-Aust. J. Anim, ScL 2001. Vol 14, No. 7: 910-914)
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INTRODUCTION

Teat number has considerable importance to swine 
breeders when they select breeding stock because of its 
significant role in a sow's effectiveness as a mother, 
especially in herds where teat number is less than or equal 
to litter size (Enfield and Rempel, 1961; Skjervold, 1963; 
McKay and Rahnefeld, 1990). Much effort has been made 
to estimate genetic parameters for teat number using various 
linear models (Enfield and Rempel, 1961; Pumfrey et aL, 
1980; Clayton et al., 1981; Toro et aL, 1986; McKay and 
Rahnefeld, 1990). For example, Toro et al. (1986) and 
McKay and Rahnefeld (1990) estimated heritabilities of teat 
number using regression of offspring on parents and nested 
analysis of variance.

Teat number is discrete and can be considered as a 
count variable. Gianola (1982) mentioned that mixed linear 
models which were intensively used for animal genetic 
analyses, were not suitable for analyzing discrete traits. 
The use of nonlinear mixed models has been a concern to 
animal breeders although the class of such models is 
complicated and computationally troublesome compared to 
linear mixed models. For example, Poisson or Negative 
Binomial error mixed models theoretically have more 
appealing properties for count traits than mixed models 
with normal errors, and it is feasible to utilize them (Foulley 

et al., 1987; Tempelman and Gianola, 1994; Lee and Lee, 
1998).

The objectives of this study were to compare a Poisson 
generalized linear mixed model (PGLMM) with a mixed 
model (MM) fbr genetic analyses of count traits through 
simulation and to apply the models to genetic analyses of 
teat numbers in field data of swine.

MATERIALS AND METHODS

Simulated data
Monte Carlo simulation was performed to examine if 

PGLMM was more suitable for genetic evaluation of count 
traits than mixed model. Teat numbers of swine were 
generated based on Poisson errors.

Ten discrete generations with a single trait selection in a 
closed population were simulated. Two schemes with 
different population sizes (POP1 and POP2) were designed. 
At each generation, 8 boars and 50 (100) sows for POP1 
(POP2) were selected and randomly mated. Each selected 
sow produced 8 progeny, and their sexes were determined 
by random numbers. Therefore, the total number of 
candidates per generation was 400 for POP1 and 800 for 
POP2. The expected proportion of males selected was 4% 
for POP1 and 2% for POP2, and that of females selected 
was 25% for both schemes. Selection criteria for both males 
and females were all based on phenotypes. Finally, the 
expected total number of records per population was 4,000 
for POP1 and 8,000 for POP2.

For base animals, genetic merits were drawn at random 
from Normal distribution with mean of zero and variance 
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equal to .0714. For simplicity, the only fixed effect 
considered was the overall mean and its underlying mean 
on the log scale was ln(14.0). The genetic merits of 
subsequent generations were calculated as half of the 
genetic merits of their parents plus Mendelian sampling. 
The Mendelian sampling was generated from Normal 
distribution with mean of zero and variance equal to 
.0714 Fr+F

Table 1. Least square means and their standard errors (SE) 
of teat number by breeds
Breed1 L Y LY LYM
Number of records 9,898 1,748 1,924 2,685
Mean±SE 14.03 14.42 14.64 14.58

±0.01 a ±0.03b ±0.03" +0.02c
L: Landrace, Y: Yorkshire, and M: Chinese indigenous Min pig. 

Note: The means without the same suffix differ significantly
(p<0.05).

mixed mode], a simple animal model including overall 
mean and animal genetic random effects was employed (In 
fact, Searle (1987) called the model here random model 
rather than mixed model). Since birth year, birth season, 
and litter effects were, negligible in a preliminary study, 
they were excluded in this analytical model. Restricted 
maximum likelihood (REML) estimates of variance 
components for genetic and environmental effects were 
obtained by average information REML (AIREML) 
algorithm (Gilmour et al., 1995) and sparse matrix 
techniques (Misztal, 1990). Convergence was presumed 
when the log likelihood changed less than .002 multiplied 
by current iteration number.

For the non-Normal mixed model, a hierarchical 
Poisson generalized linear mixed model was employed. In 
the first stage of the hierarchical model, it assumes the 
Poisson distribution for the conditional distribution of a 
count variate given fixed and random effects.

八小"〃)=------- —

y,j!

where *j  is observation, is fixed effect, is random 
genetic effect, and ?顷 is Poisson parameter. In the second 
stage, the vector of the random genetic effects (u) has a 
multivariate normal distribution with zero mean and the 
variance equal to /4c&흐 where A is numerator relationship 
matrix and cya2 is genetic variance. The linear predictor 
takes the form 77-X^+Zw where p and u are vectors of 
unknown fixed and random effects, respectively, and X and 
Z are their corresponding known design matrices. The 
canonical log link fbr the Poisson error model was used 
between linear predictor and the mean of the response (77'=

2~ *(1------2——)where rb and r s. were

inbreeding coefficients of boar and sow, respectively. 
Finally the phenotypes were generated from a Poisson 
distribution with the Poisson parameter equal to the 
exponent of the fixed effects multiplied by the exponent of 
the random effects.

For each scheme, a total of 20 replicates were simulated. 
All random deviates from Poisson and Normal distributions 
were generated based on the algorithms by Press et al. 
(1992).

Field data
Teat numbers of swine were analyzed in this study to 

see also which of linear and Poisson models fit the field 
data set better. Data on teat numbers were collected from 
1993 to 1997 on Tianjin Ninhe swine breeding farm, one of 
the national swine breeding farms in China. Teat number 
was one of the traits routinely recorded from piglets within 
12 hours after birth. In mating systems, the individuals with 
a teat number less than 12 were excluded from breeding, 
females were mated with different males having minimum 
coancestry coefficients to produce next generation, and 
generations were overlapped. A total of 16,322 records 
were available. The 67 records for the purebred Chinese 
indigenous Min pig were excluded because of small data 
size. Finally, 16,255 records were utilized from four 
populations which included Landrace (9,898 records), 
Yorkshire (1,748 records), crossbred of Landrace and 
Yorkshire (1,924 records), crossbred of Landrace, 
Yorkshire, and Chinese indigenous Min pig (2,685 records). 
While Toro et al. (1986) found that 90 percent of Iberian 
pigs had 10 teats, the data in the current study showed a 
sound normal distribution where roughly 40 percent of 
individuals have 14 teats. The breed effects were significant 
(pvO.OOOl), and the least square means of the teat number 
by breeds were shown in table 1. Teat number of Yorkshire 
was larger (p<0.05) than that of Landrace. The crossbred of 
Landrace and Yorkshire and crossbred of Landrace, 
Yorkshire, and Chinese indigenous Min pig had more teats 
(p<0.05) than the pure breeds, which revealed strong 
heterosis.

Analytical models and genetic parameter estimation
Both the simulated and real data were analyzed using a 

mixed model and a non-Normal mixed model. For the

where 卩 is the conditional mean of y). When analyzing 
field data where no records existed without any teat, a 
truncated Poisson model of Foulley et al. (1987) was 
utilized:

= —석"5； 为 >0.

为! (e -1)
For this Poisson generalized linear mixed model, 

parameters were estimated by a frequentist approach using 
hierarchical likelihood described by Lee (2000). Here, 
variance components were estimated using maximum 
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adjusted profile hierarchical likelihood estimation. 
Newton-Raphson iteration was employed to get solutions. 
The stopping criterion was the absolute value of the 
difference between values of the genetic variance for 
successive iterations had to be less than 10'6.

Heritability is not properly defined in the Poisson model 
because the variance components do not add up to the total 
variance. Therefore, pseudoheritability estimates were 
calculated as Foulley et al. (1987) suggested:

勇

where A is the average Poisson parameter.

Comparing normal and poisson error mixed models
Teat numbers of swine from field data were also 

analyzed with the two models. Parameter estimates were 
not easily comparable d니e to estimation on different scales. 
Goodness of fit fbr the mixed model and for the Poisson 
generalized linear mixed model was assessed by mean 
square error (MSE):

"(y.-y.)2MSE= Z 5 加 

i=\ «

where y, is the fitted values of the ith observation and n 
is the total number of observations. In the truncated Poisson 
model, the fitted values were obtained as following (Perez-

exp(x“幵 4 니) 

y =------------------------------
1 {l・exp[-exp(x/升砰)]}

Enciso et al., 1993),

where Xi is the incidence row vector connecting to 功 

and Zj the incidence row vector connecting u to That is, 
the Xj and z； are the ith row of the design matrices X and Z. 
Furthermore, the correlation coefficients between observed 
and fitted values were also calculated.

RESULTS AND DISCUSSION

Simulated data sets with Poisson errors were analyzed 
with the above two models, and the parameter estimates are 
shown in table 2. The genetic variance component estimate 
obtained using PGLMM differed (p<0.05) from its 
corresponding input value fbr POP1, but not (p>0.05) fbr 
POP2. They were both underestimated, which accorded 
with other studies usin응 nonlinear models (Tempelman and 
Gianola, 1994; Lee, 2000). McCulloch and Feng (1996) 
pointed out lack of consistency and invariance in s이니tions 
obtained using different but statistically equivalent models 
by joint maximization of likelihood in the class of 
generalized linear mixed models. Mean Poisson parameter 
estimates for both POP1 and POP2 differed (p<0.05) from 
the input values. However, the pseudoheritability estimates 
did not (p그0.05) differ from the input values for both 
populations. Since the parameters with the two analytical 
models were estimated under the assumption of different 
scales, it was hard to compare the estimates 니sing MM to 
input values or to estimates using PGLMM. The correlation 
coefficients between ranks of the true and estimated 
breeding values with PGLMM (.96 for POP1 and .97 fbr 
POP2) were larger than those with MM (.90 fbr POP1 
and .92 for POP2, table 2). This comparison indicated that 
when data were simulated with Poisson error, the prediction 
of breeding values with the Poisson error model was more 
accurate than that with the Normal error model. The 
correlation coefficients between observed and fitted values 
calculated using PGLMM (.945 fbr POP1 and .959 fbr 
POP2) were larger than those (.886 for POP1 and .893 fbr 
POP2) using MM, which also showed the PGLMM fit the 
data better than the MM (table 2). This was confirmed by 
obtaining the smaller MSE using PGLMM than that using 
MM (table 2). This was consistent with Tempelman and 
Gianola5s (1994) study where a Poisson error model fit the 
embryo yield data simulated with Poisson errors better than 
a Normal error model.

The two models were applied to genetic analyses of teat

Table 2. Estimates of genetic (b「)and residual (号)variance components, average Poisson parameter(人)，and heritabilitya 
(A2) from simulated data fbr teat number of swine using the mixed model (MM) and the Poisson generalized linear mixed 
model (PGLMM) and correlation coefficient between observed and fitted teat number values (/?), mean square error 
(MSE), correlation coefficient (rTE) between ranks of true and estimated breeding values, and correlation coefficient (r) 
between ranks of breeding values from MM and PGLMM analyses

7 c『（，2） h1 p MSE 「TE r
Input values 0.0714 14.00 0.5
POP1 MM 5.981+0.289b 15.52±0.49 0.278±0.011 0.886 0.44 0.90

0.89PGLMM 0.0658±0.0028 14.49±.14 0.488a±0.008 0.945 0.31 0.96
POP2 MM 7.592+0.362 15.36+0.47 0.331±0.013 0.893 0.41 0.92

0.91PGLMM 0.0679±0.0031 14.43±0.14 0.499a±0.008 0.959 0.29 0.97
Pseudoheritability fbr PGLMM. b Standard errors were empirically obtained from 20 replicates.
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Table 3. Estimates of genetic (aa2) and residual (u/) variance components, inversed average Poisson parameter (人이) and 
heritability (力?)from data sets for teat number of swine using the mixed model (MM) and the Poisson generalized linear 
mixed model (PGLMM) and correlation coefficient between observed and fitted teat number values (p), mean square error 
(MSE), and correlation coefficient (r) between ranks of breeding values by both MM and PGLMM analyses
Breed3

Model （助

层

P MSE r

L MM 1.011 0.548 0.649 0.944 0.26 0.748PGLMM 0.0112 0.0713 0.136 0.661 1.39
Y MM 0.722 0.658 0.523 0.903 0.39 0.771

PGLMM 0.0089 0.0693 0.114 0.589 1.29
LxY MM 1.348 0.338 0.800 0.985 0.11 0.589PGLMM 0.0108 0.0683 0.137 0.583 1.35
LxYxM MM 0.868 0.642 0.575 0.928 0.34 0.735PGLMM 0.0082 0.0686 0.107 0.592 1.38

L: Landrace, Y: Yorkshire, and M: Chinese indigenous Min pig.

number in swine, and the parameter estimates are shown in 
table 3. With the real data, it was also hard to compare the 
parameter estimates using MM to those using PGLMM. 
The AIREML estimates of heritability ranged from .523 
to .800, and these results showed that teat mjmber is a 
highly heritable trait. However, estimate of pseudo- 
heritability was dramatically decreased (ranged from .107 
to .137) from the analyses with the Poisson model. Rank 
correlation coefficients between the breeding values 
estimated from the two models ranged only from .589 
to .771 (table 3). They were all smaller than those (,887 
and .911, ta이e 1) in the simulation study. Contrary to 
expectations, MSEs (ranged from 0.11 to 0.39) resulted 
from the Normal error model were smaller than those 
(ranged from 1.29 to 1.39) from the Poisson error model 
and correlation coefficient between observed and fitted 
values was larger (.903-.985 for Normal error model 
and .583-.661 for Poisson error model). Thus MM fit the 
real data better than PGLMM. A Poisson model for teat 
number is not appropriate. This was consistent with the 
results from other field data such as litter size in sheep 
(Oleson et 시., 1994; Matos et aL, 1997) and litter size in 
pigs (Perez-Enciso et al., 1993). Another concern was that 
heritability estimates (0.523-0.800) using mixed model in 
the current study were larger than those (0.07-0.42) 
obtained in previous studies (Enfield and Rempel, 1961; 
Skjervold, 1963; Pumfrey et al., 1980; Clayton et 시., 1981) 
where mixed model technology was never employed. The 
previous studies suggested that teat number was a 
moderately heritable trait with mean heritability of .3. 
Furthermore, low heritability (less than .2) was suggested 
by Clayton et al. (1981).

IMPLICATIONS

The results from the analyses of both simulated and 

field data in this study indicated that teat number in swine 
used in the current study might not have variance equal to 
mean and thus not have a Poisson distribution. For validity 
of the PGLMM, further analyses with dispersion parameters 
are in need to explain the difference between mean and 
variance, but the model may not be interpreted biologically. 
A MM was suggested for genetic analyses of teat numbers. 
In reality, robustness property of normal distribution is 
sometimes applied even to discrete data.
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