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Abstract: The purpose of the study was to investigate the effects of Box-Cox transformation on estimations of the genetic
parameters for egg production traits that do not hold to the assumptions of parametric statistical analysis. Egg production of 1980
animals from 43 sires and 8 dams per sire were used. Five partial record periods were considered: 22-30 weeks of age, 31-34
weeks of age, 22-34 weeks of age, 31-40 weeks of age and 22-40 weeks of age.

The egg production traits showed non-normal distributions in the form of negative skewness and positive kurtosis. The greatest
departure from normality was observed in the peak period (31-34 weeks of age). After applying Box-Cox transformation, the
distribution of the transformed data became closer to normality. Applying Box-Cox transformation to partial egg production data
resulted in an increase in heritabilities and slightly changed genetic and phenotypic correlations. Transformation such as Box-Cox
should be preferred for estimating genetic parameters from the data, when the assumptions are not satisfied.
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Yumurta Tavuklarinda Box-Cox Transformasyon Uygulamasinin Genetik Parametre
Tahminlerine Etkisi

Ozet: Bu calisma, parametrik istatistik analizlerin énkosulu olan varsayimlari sahip olmayan yumurta verim &zelliklerinde genetik
parametre tahminleri Uzerine Box-Cox transformasyonun etkisini belirlemek amaciyla gerceklestirilmistir. Calismada baba basina 8
tavuk dusecek sekilde 43 babadan elde edilen toplam 1980 bireyin yumurta verimleri kullanilmistir. Bes farkli déneme (22-30; 31-
34; 22-34; 31-40 ve 22-40 hafta) ait kismi yumurta verimleri hesaplanmistir.

Farkli dénemlerde elde edilen kismi yumurta verimleri negatif ¢arpiklik ve pozitif basiklik degerleri ile normalden sapmali bir dagilis
gostermislerdir. Normalden en biyUk sapma pik veriminin yer aldigi déneme (31-34 hafta) ait yumurta veriminde saptanmigtir. Box-
Cox transformasyon uygulanmasi sonrasinda veriler normale daha fazla yaklasmiglardir. Transformasyon ile yumurta verimlerine ait
kalitim derecelerinde bir artis, genetik ve fenotipik korelasyonlarda ise hafif bir dedisme goézlenmistir. Varsayimlarin gerceklesmedigi

verilerde genetik parametre tahminlerine yonelik olarak da Box-Cox gibi transformasyon uygulamalari tercih edilmelidir.

Anahtar Sézcikler: Box-Cox transformasyonu, yumurta verimi, kalitim derecesi, korelasyonlar

Introduction

In biological studies, quantitative variables are
assumed to be normally distributed but this is rarely
examined. Egg production traits, particularly those based
on early records, have a non-normal distribution (1,2) in
the form of negative skewness and positive Kkurtosis
(Figure 1). The size of the deviation from normality
depends on the trait and the number of individuals in the
population. However, body weight and egg size show
little or no departure from normality (3).

* This article is a part of the MSc thesis of the first author.

Environmental and/or genetic factors may cause a
departure from normality. Brah and Dev (3) concluded
that deviations from normality might be associated with
traits of relatively low heritability, extremes of gene
frequencies and non-additive genetic effects. An abnormal
distribution of reproductive traits in a genetically
homogeneous population can be explained in terms of
non-random environmental factors (1). Many diseases
are well known to have catastrophic effects on egg
production. It is postulated that any of these factors and
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Figure 1. Types of deviations from normality.

possibly many others cause a negative skewness of the
distribution.

The common models and methods for estimating
phenotypic and genetic parameters have some
assumptions that genetic and environmental effects are
additive, and that experimental errors are independent in
terms of probability and have equal variances and are
normally distributed (4). However, these assumptions do
not hold for egg production traits, as described by
Clayton (1) and Brah and Dev (3).

Non-normality can lead to a loss of efficiency in the
estimation of fixed effects with a corresponding loss of
power of tests and to the heterogeneity of error
variances (2).

To achieve normality, the omission of outliers or the
transformation of data into a new scale is suggested to
satisfy more closely the above assumptions (5). There are
many transformation methods such as logarithmic,
square root, arc-sin and Box-Cox. Box-Cox
transformation reduced the heterogeneity of error
variance and permitted the assumption of equal variance
as well as increasing the linearity of genetic regression
2).

The purpose of the present study was to determine
the effects of Box-Cox transformation on estimations of
genetic parameters for egg production traits.

Materials and Methods

Egg production data from a commercial sire line were
used. Hens were artificially inseminated. In total 1980
animals from 43 sires and 8 dams per sire were used.
Egg records were collected and recorded daily and
individually. The period of data collection was from 22 to
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40 weeks of age, known as the early part of the whole
egg production record. In egg production, there are some
important periods, namely age at sexual maturity, period
of peak production and the period after the peak.
Therefore, in this study the early egg production period
(22-40 weeks of age) is subdivided into 5 subperiods.
The first (22-30 weeks of age) is the period from sexual
maturity to the peak period. The second (31-34 weeks of
age) includes peak production. In the third period (22-34
weeks of age) the first and second periods are combined.
The fourth period covers egg production after the peak
until 40 weeks of age. The last period (22-40 weeks of
age) includes entire early egg production.

The normality of the partial egg production data was
examined using skewness, kurtosis and the Shapiro-Wilk
test. Skewness measures the asymmetry of the
distribution is calculated from sums of the values to the
power 3. Kurtosis measures the relative shape of the
middle and tails of the distribution. Kurtosis is calculated
from sums of the values to the power 4. The Shapiro-
Wilk test was also implemented because the sample size
was less than 2000.

Egg production for these periods was transformed by
Box-Cox transformation as follows (6):

7t Yk y-1 [1]

where Z' is the standardized transformed variate, V(0 is
an original untransformed record, J(’t;” is the n" root of
the Jacobian of the transformation to remove the t-
dependent scale effect, and G, is the geometric mean of
the n original observations. These variables are then used
to calculate the log-likelihood L, (t) for trial values of t.
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where S,(t) is the residual sum of squares of the
standardized observations. The optimal t value can be
chosen to give the maximum L, (t) and minimum S,(t)/n
2).

Phenotypic and genetic parameters (heritabilities and
genetic correlations) were estimated using 4 different
models for each partial egg production:

max

Yig =M+ +5+dy, +Bx+ey [3]
YUkl=p+fi+sJ.+Bx+eUk [4]
Yy = B+ i+ dy, +Bx+ ey [5]
Yﬂk]=p+fi+aj+[3x+eﬂk [6]

where Yy, is partial egg production; i is the overall mean,
f is the fixed effect of the i cage row (i = 1,........., 13),
s;and d,; are random effects of the sire and dam within
sire, respectively, a is the random effect of the animal
(j=1,....... ,1980), B is the regression coefficient, x is body
weight at sexual maturity as a covariate, and ey, is the
residual effect.

The first 3 models are called parent models (sire +
dam, sire and dam model, respectively) and the last one
is known as an animal model. The JMP (7) and DFREML
(8) computer programs are used to estimate genetic
parameters for the parent and animal models,
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respectively. After that, heritabilities and their standard
errors were calculated according to Dickerson (9) and
Swiger et al. (10) for parent models. Genetic correlations
given in the study were estimated from the sire + dam
model as described by Becker (11).

Results

Results from analysis of normality for egg production
using skewness, kurtosis and probability of the Shapiro-
Wilk test are given in Table 1. Distributions of errors
from the sire + dam model for different partial egg
production periods are shown in Figure 2.

Since the error terms of partial egg production data
do not have a normal distribution, Box-Cox
transformation is applied. After this transformation, the
distribution of the transformed data became closer to
normality. However, after the transformation, normality
is achieved (P > 0.05) only for egg production in the 22-
40 weeks of age period, which is the total partial egg
production when we consider the Shapiro-Wilk test.

Applying Box-Cox transformation to partial egg
production data resulted in an increase in their
heritabilities (Table 2).

The genetic correlations are higher than the
corresponding phenotypic correlations before and after
transformation. Genetic and phenotypic correlations
(Table 3) were slightly changed by transformation while
there was a clear increase in heritabilities.

Table 1. Statistics related to normality for untransformed and transformed partial egg production.

Egg Untransformed Transformed
Production
Periods Skewness Kurtosis P(S-W)* Skewness Kurtosis P(S-wW)*
22-30 -0.398 0.814 0.0001 0.111 -0.397 0.00001
31-34 -1.549 5.867 0.0000 -0.188 0.535 0.01300
22-34 -0.134 -0.286 0.0001 -0.170 -0.239 0.00001
31-40 -0.648 3.686 0.0000 0.174 0.808 0.00006
22-40 -0.506 1.430 0.0000 0.082 0.520 0.05340

*P(S-W): probability of Shapiro-Wilk test
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Figure 2. Distributions of errors for different partial egg productions in the sire + dam model.
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Table 2. Heritability estimates for untransformed and transformed partial egg production from different periods.

Periods (weeks) Type* .5 hé h? h
BT. 027 +0.11 0.28 + 0.06 0.26 + 0.02 0.24 + 0.01
22-30 AT. 0.29 = 0.02 0.27 + 0.05 0.30 = 0.02 0.25 = 0.01
BT. 018+ 022 017 +0.10 0.18 + 0.04 0.18 + 0.08
31-34 AT. 0.25 + 0.30 0.24 = 0.12 0.26 = 0.05 0.25 = 0.00
BT. 0.25 + 0.10 0.28 + 0.06 0.23 + 0.02 0.25 + 0.01
22-34 AT. 0.26 +0.11 0.30 +0.08 0.22 +0.02 022 +0.10
BT. 058 +0.14 0.49 + 0.10 0.66 + 0.09 0.53 + 0.01
31-40 AT. 0.62 + 0.05 054 +0.11 0.70 + 0.04 0.58 + 0.06
BT. 0.44 + 0.07 039 +0.08 0.49 + 0.03 038 +0.11
22-40 AT. 048 +0.12 0.43 + 0.09 0.53 + 0.03 0.43 +0.11

hZ,p, hZ and h? are heritabilities based on sire + dam, sire and dam components of variance

B.T.: Before transformation,

A.T.: After transformation

Table 3. Phenotypic (above diagonal) and genetic (below diagonal) correlations between differ-
ent partial egg production periods from the sire + dam model.

BEFORE TRANSFORMATION

Periods

22-30 31-34 22-34 31-40 22-40
22-30 0.20 0.96 0.004 0.66
31-34 0.29 + 0.46 0.47 0.49 0.50
22-34 0.95 + 0.03 0.57 + 0.33 0.14 0.74
31-40 0.36 + 0.19 0.80 +0.14 0.56 + 0.15 0.76
22-40 0.74 + 0.08 0.71 £ 0.15 0.86 + 0.05 0.89 + 0.03

AFTER TRANSFORMATION

Periods

22-30 31-34 22-34 31-40 22-40
22-30 0.25 0.94 0.07 0.69
31-34 0.34 + 018 0.47 0.55 0.53
22-34 0.94 + 0.01 0.56 + 0.35 0.16 0.72
31-40 0.43 + 0.04 0.82 + 0.07 0.56 + 0.09 0.76
22-40 0.77 + 0.04 0.72 + 0.19 0.84 + 0.07 0.90 = 0.02

Discussion

Since the error terms do not have a normal
distribution in this study as reported by Clayton (1), the
assumptions do not hold for egg production traits, which
show markedly non-normal distributions.

Although expected values for skewness and kurtosis
for a normal distribution are zero, all partial egg

productions show negative skewness and positive
kurtosis, while the third period (22-34 weeks of age) egg
production has negative skewness and negative kurtosis
(Table 1). The general tendency obtained in this study
was the same as the results reported by Clayton (1) and
Brah and Dev (3).

Ibe and Hill (2) and Savas et al (12) reported that
Box-Cox transformation produced more nearly normally
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distributed egg production compared to untransformed
data but it was not completely normal for all instances.
Savas et al. (12) clarified that the egg production that has
the closest distribution to normal is total partial egg
production, as found in this study.

In our study, the optimum Box-Cox parameter (t)
differs from one trait to another. The optimum t values
for all periods mentioned are 4.05, 2.70, 0.68, 3.26 and
3.60, respectively. The t values are all positive for these
negatively skewed distributions. Ibe and Hill (2) also state
that the t values are negative for positively skewed data
but positive for negatively skewed data. The greater the
departure of the data from normality, the higher the
absolute value of the t value required. Beaumont (13) has
suggested obtaining the parameter t in an interval
between —2 and +5.

The biggest deviation from normality is shown in the
peak period (31-34 weeks of age). Clayton (1) reported
that negative asymmetry and positive kurtosis achieve
their greatest values in those periods when egg
production is at its peak. This result is supported by other
studies (12,14-16).

The heritabilities of partial egg production are
increased by Box-Cox transformation. This result is
consistent with those of most researchers (2,12,17),
while some found lower estimates after transformation
(18). Higher heritability from transformed data would
give rise to higher expected selection responses than that
from untransformed data.

The increase in heritability after transformation is
higher for egg production at 31-34 weeks of age because
the deviation from normality was also highest in this
group. However, the difference in heritability for egg
production between before and after transformation is
similar in the 22-30 and 22-34 weeks of age groups due
to the fact that they cover mainly the same egg
production period. In spite of that, this was not the case
in the same level for the periods 31-34 and 31-40. The
common period between these groups (31-34 and 31-
40) is less than that between the groups 22-30 and 22-
34. On the other hand, period 31-34 covers the peak
period of egg production. For total egg production period
the change in heritability between before and after
transformation was about 0.04 and this level is nearly
10% of the heritability level before transformation.
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Since age at first egg and egg number in the first 8-
week period are highly heritable traits (14), heritability
for egg production at 22-30 weeks of age is higher than
that during the second period but similar to that of the
third period of egg production. Although most estimates
of heritability for total egg production were between
0.10 and 0.20, heritability estimates tend to be higher
for partial egg number than for total egg number (14).
Heritability for egg production in the period 31-40 and
22-40 was high and greater than 0.38 in this study.

The levels of heritability estimates for transformed
traits were generally higher than those reported in the
literature (13,16,19). Besbes et al. (16) examined the
effect of transformation on 3 partial egg production
records during 19-26, 26-38 and 26-54 weeks of age
from lines A and B. After transformation, heritability
estimates for egg production during these periods
changed from 0.23, 0.07 and 0.12 to 0.26, 0.10 and
0.18, respectively for Line A and from 0.26, 0.09 and
0.11 to 0.27, 0.13 and 0.16 for Line B, respectively.

In spite of clear increases in heritabilities, correlations
were slightly changed by transformation. Ibe and Hill (2)
and Savas et al. (12) obtained similar results through
Box-Cox transformation. However, Besbes et al. (18)
noted that correlations from non-normal data are biased
even for non-selected populations

In genetic studies, non-normality affects the results of
selection experiments (2,3) not only for genetic
parameter estimation but also for breeding value
estimation.

In conclusion, the departure from the assumptions for
egg production traits is important for genetic parameter
estimation since those estimated are biased when the
assumptions do not hold. Transforming data to a scale
that the assumptions are more closely satisfied by using
Box-Cox transformation should be preferred. It can be
performed using standard statistical software. Ibe and
Hill (2) and Koerhuis (17) emphasize that when normality
and homogeneity of variance were not satisfied, selection
index and BLUP methods for breeding value estimation
became less efficient.
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