Journal of Animal and Feed Sciences, 11, 2002, 485-495

Impact of data transformation
on the heritability estimates
of reproductive traits in laying hens®

P. Piotrowski and T. Szwaczkowski

August Cleszkowski Agriculiural University,
Department of Genetics and Animal Breeding
Wolvasia 33, 60-637 Poznan, Poland

{Received 18 April 2002; accepted 2 August 2002)

ABSTRACT

Two reproductive traits: percentage of fertilized egg (PFE) and percentage of hatched of st eggs
(PHC) of four strains of laying hens (15 339 recorded individuals) over nine gencrations from pedi-
gree farm were studied. The computations for three type of data sets for each trait (untransformed,
arcsinsqrt transformed, probit transformed data) were used to estimate direct and matcmal genetic va-
riances within strains. Prior to analysis each observation was divided by the average. Error variance
estimates and logarithms of likelihood were taken as comparison criteria. Generally, the reproducti-
ve traits are low heritable. Negligible differences between direct heritability estimates of PFE have
been registercd. However, these cstimates obtained from untransformed data were larger than the
transformed oncs. Generally, smaller residual variances have been received from arcsinsgrt trans-
formed data (in a majority of cases, largest error variances were estimated from prebit transformed
data). [t usually corresponds with the second of the emiployed criteria.
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INTRODUCTION

Generally, reproductive traits are troublesome in statistical analysis. It is known
that one of the main assumption of the classical methods 1s, among others, norma-
lity of residuals. Unfortunately, fertility and hatchability, expressed usually as per-
centage per dam, do not hold the assumption. Thus, data transformations (see e.g.,
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Foerster, 1993) are recommended. When eggs are treated as units, the threshold
model (Gianola and Foulley, 1983) can be used. However, from a computatio-
nat standpoint the use of a threshold approach in complex animal models is more
demanding than the linear model. Therefore, from the practical point of view for
“easier” computations (theoretical advantage of the threshold model), the transfor-
mation of data sets to normality is still preferable. Morcover some authors (Hag-
ger and Hofer, 1989, Varona ct al., 1999) reported similar estimates of genetic pa-
rameters obtained via the hnear and threshold models.

The last decades have seen an increasing role of reproductive traits in live-
stock improvement programs. A number of investigations concerning the fertility
and hatchability have been conducted in layer populations (Chaudary et al., 1987;
Hartrmann, 2001). It is known that the development of a chicken embryo depends
on the egg environment during incubation. The so-called ,,egg environment” is de-
termined by both dam genotype and the external environment. Hence, a statistical
model including the maternal (indirect) effects is more frequently applied to the
genetic study of these traits. For instance, Sevalem et al. (1998) reported that ma-
ternal additive genetic variance for laying hen reproduction traits made up a con-
siderable part (0.19) of phenotypic variability.

The objective of this paper is to analysc the adequacy of heritability estimates
models for transformed and untransformed data-sets of reproductive laying hens.
The Bliss degrees (arcsin square) and probit transformations have been checked.

MATERIAL AND METHODS
Birds

The study is based on information collected on Pedigree Laying Hen Farm of
Twno (West Poland) in the years 1989-97. Four strains have been included into the
analysis (more details are given in Table 1). The percentage of fertilized eggs (PFE)
and percentage of hatched of set cggs (PHC) were observed. PFE was examined by
candling on day 8 of incubation. The number of observations per generation (year)
is relatively small because both traits were registered only for dams (chosen as pa-
rents). Feeding level and other environmental conditions did not considerably vary.
Descriptive statistics of the data files are also shown in Table 1.

Data sets
Prior to analysis the following three data sets for each trait of cach strain

were formed: DATA-] (untransformed data), DATA-2 (data transformed as
y=arcsin(1),.HZ (see e.g. Foerster, 1993), where: is the i-th untransformed observa-
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tion (percentage), DATA-3 (the so-called probit transformation}. In the case of pro-
bit transformation, cumulative frequencies are transformed to a normal probabili-
ty (probit) scale (see e.g., Lynch and Walsh, 1998).

To compare the results from different data sets (untransformed and transformed
data) each observation was divided by the mean.

TABLE |
Description of the data sets
Strain I Average SD Skewness Kurtosis
PFE
H77 5422 87.65 (+17.06) -2.5381 7.1336
NE&8 3463 89.42 (£17.46) 3.1841 137.0083
R33 2040 87.29 (£17.7h) -2.3286 5.7597
822 4414 82.94 {£20.04) -2.0260 4.1124
PHC
177 5386 75.53 (16.48) -1.0998 14610
NE& 3441 78.56 (£15.26) -1.3716 2.6737
R33 2015 69.4 (£19.73) -(1.834] 04238
S22 4333 66.89 (+20.35) -0.6268 -0.045¢

n = number of observations

Genetic model

A single trait animal model has been used to estimate a direct and maternal he-
ritability within strains;
y=Xb, +Xb+Zat+tZmte

where: y is the nx/ vector of observations;

b, isap, xI vector of fixed gencration (year) effects (p, =9);

b, isap, x/ vector of hatch period effects (p, =4);

a is a gx/ vector of random direct additive genctic effects;

m is a gx/ vector of random maternal additive genetic effects;

e ts 4 nx/ vector of random errors;

X, X, Z, and Z, the nxp , nxp,, nxq and nxq incidence matrices, respectively.
The first and second moments were assumed to be as follows:

a 0 a Acl Ac 0

am

Elm =|0|and D m|=|Ac Acl 0

e 0 e 0 0 Io?

e
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where A is the gxg additive relationship matrix; o? is the direct additive genctic
variance; o is the error variance; o), is the maternal additive genetic variance;
. 18 the covariance between direct and maternal additive effects.

Hence, the

y~N(Xb, +Xb,ZAZ’ '+ Z AL o, +ZAL o, + 1AL o+ 10,).

The following genetic 2[:)aramf:ters have been estimated:

~ direct heritability (2, =0 2/ 2)

— maternal additive heritability (4.=c > /o i ),

- covariance between direct and maternal effects as proportion to phenotypic
variance (d,, = G,/ 0}),

— total heritability (/2= (¢’ + 0.507, + 1.56,,, ) / 6}), where o} is the phenoty-
pic variance.

Computing algorithm and comparison criteria

The derivative-free restricted maximumn likelihood (DFREML) algorithm (Meyer,
1989) under a simplex procedure has been employed. A value of 10 was used as
the convergence criterton on all analysis. The following starting values for each
data set were taken: 0.5 for #°, 0.01 for /2 and 0.001 for d,,.

The residual variance estimates were used as a criterion of the model’s adequa-
¢y for the same trait within strain. Morcover, the logarithm likelihood values (log
L) were also checked. The computations were performed by the use the DFREML
package programs of Meyer (1993).

RESULTS AND DISCUSSION

Estimates of direct and maternal heritabilities and covariance between the effects
(as proportion) for the two traits studied are listed in Tables 2 and 3. As expected,
reproductive traits have been shown to be low heritable. However, the estimates
are higher for PFE than PHC, which corresponds with the number of results repor-
ted in the hiterature (Sewalem, 1998, Szwaczkowski et al., 2000; Hartmann, 2001). It
seeins that a larger genetic variability of PHC resulted from a relatively long physiolo-
gical process. On the other hand, opposite relationships of these traits have also been
found. Additionally, differences between the strains have been registered. So, many
comparisons of estimates from untransformed and two -way transformed data can
be performed. As already mentioned two various approaches have becn examined.
A number of authors (see ¢.g., Foerster, 1993) have previously employed the Bliss
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TABLE 2
Heritability estimates and their standard deviations of PFE for different data sets
Paramcter Strain
Drata set H77 NE8 R33 S22
hl DATA 1 0093 (x0.023) 0.079 (x0.027) 0.069 (+0.033) 0111 (£0.028)
o
DATA 2 0087 (+0.023) 0.080 (+£0.027y 0.10} (+0.040) 0.124  (+£0.030)
DATA3  0.0290 (£0.013) 0.034 (x£0.018) 0.094 (+0.038) G112 (£0.028)
hz DATA | 0.043 (+0.016) 0.033 (x0.017) 0.019 (20.017) 0.026 (£0.014)
m
DATAZ 0044 (£0.0f6) 0032 (x0.017y 0.037 (£0.024) 0.0l6 (+0.011)
DATA3  0.012 (£0.008) 0.019 (£0.013) 0.012 (x0.014) 0.003  (+0.005)
d DATA L 0.000 0.021 (£0.614) 0.036 (20.024) 0.001F (£0.003)
am
DATAZ -0.034 (x0.014) 0.601 (20.003) 0.003 (+0.007) 0.001 (£0.003)
DATA 3  0.001 (£0.002) 0.002 0004y 0.00! (£0.004) -0.00} (x0.003)
52 DATA 1 (G114 (+0.026) 0.128 (£0.034) 0.132 (+0.045) 0125 (#0.030)
T
DATAZ 0104 (+0.025) 00697 (x0.030) 0.123 (+0.044) 0.133 (+0.031)
DATA3  0.034 (£0.014) 0.046 (+0.021) 0.102 (£6.040)  0.111 (£0.028)
TABLE 3
Heritability estimates and their standard deviations of PHC for different data sets
Parameter Strain
Data set H77 NEE R33 522
Al DATAL 0136 (+0.032) 0242 (£0.055) 0307 (20.108)  0.195 (x0.038)
DATA2  0.130 (20.039)  0.179 (0041} 0.202 (+0.056) 0.198 (+0.038}
DATA ] 0,045 (0016} 146 (£0.070) 0.180 (x0.020) 0.136 (£0.041})
h 2
» DATAL  0.110 (£0.021)  0.057 (+0.073)  0.116 (+0.039)  0.027 (+0.014)
DATA2 0106 (20.027y  4.033 (£0.017) 0.087 (£0.037) 0.027 (+0.014)
DATA 3 0,035 (0.014) 0.036 (£0.014) 0.089 (£-0.000) 0.024 (x0.006}
d,, DATAL -0.085 (£0.027) -0.054 (+-0.130) -0.082 ($0.068)  -0.001 (20.003)
DATA2  -0.080 (+0.027) -0.001 (+0.003) 0.002 (£0.006) -0.001  {£0.003}
DATA3 0.000 -0.035 (+0.029)  -0.050 (+0.006) -0.003  (+0.005)
A DATAL  0.89 ($0.033) 0189 (+0.042) 0242 (20.062) 0211 (£0.039)
DATA 2 0.062 (*0.019) (.193  (20.042) 0.249 ({£0.063) 0211 (20039
DATA 3 0.062 {(x0.019) 0.112 (£0.032) 0.149 (+0.049) 0.144 (+0.033)
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degrees to transform fertility and hatchability observations. On the other hand,
some earlier studies conducted by Szwaczkowski and Piotrowski (1998) indica-
ted unsatisfactory approximation of the empirical distribution (PFE and PHC) to
nermality. Hence, the probit transformation recommended for discrete data has
also been checked.

In general, negligible differences between direct heritability estimates of PFE
have been obscrved, although higher estimates (with the cxception of strain H77)
are obtained from DATA-2. Analogous relationships have been noted for /7 and
d , estimates, More pronounced differences between DATA-3 and other data scts
have been obtained for total heritability estimates in two strains (H77, N88).

In all four strains, heritability estimates of PHC obtained from DATA-1 were
larger than the transformed data sets. However, in two strains (H77, §22) the dif-
ferences between DATA-1 and DATA-2 were small. Similar tendencies have been
registered for other estimated functions of (co)variance components including to-
tal heritability.

The number of investigations on the effects of non-normality of distribution have
been carried out on egg production traits (c.g., Besbes et al., 1993; Szwaczkowski
ct al., 1994; Koerhuis, 1996). Ibe and Hill (1988) pointed out how transformation
of egg production could increase the efficiency of selection through a higher heri-
tability of the transformed data. Unfortunately, the obtained heritabilities do not
lead to univocal implications, except some estimates from the probit transforma-
tion. Therefore, particular {co)variance components have also been monitored (see
Figures 1 and 2). As already mentioned, to compare the magnitudes of some esti-
males, each observation (within data set) was divided by the average. Higher di-
rect genctic variance components are usually estimated from untransformed data
rather than {from the transformed ones. However for strain R33 the highest estima-
tes &2 have been obtained from the probit transformed data. Basically, similar re-
lationships have been obtained for 62, and & ,,. Generally, estimates of maternal
genetic variances are more strongly influenced by strains than by transformation
approaches. Covariances between direct and maternal effects are also determined
by transformation. These covariance estimates for PFE are positive whercas the
dependences for PHC are negative.

It seems that transformation can improve the statistical properties of a trait de-
pending on its original distribution. As presented in Table | the distributions of two
traits over four strains are constderably different. Skewness coefficients of PFE are
higher compared to those of PHC. By the way, it should be noted that PHC distri-
butions for R33 and S22 are more symmetrical than the other ones.

What is data best statistical properties? Two critena of goodness of model (re-
sidual variance estimator and magnitude of logarithm likelihood) have been em-
ploycd (scc Table 4). Generally, smaller residual variances (for both traits of all
strains) have been obtained from Bhiss degree transformed data. It should be stres-
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Figure 2. Variance estimates of PHC for different transformed data sets
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TABLE 4

Estimates of residual variances (6 2 and logarithm likelihoods (LogL) eblained for different trans-
formed data sets

Trait Strain

Data set H77 N§8§ R33 822

&1 LeogL G2 LogL &2 Logl 62 Logl.

PFE

DATA-1 0.0329 1982.56 0.0333 123097 0.0348 41472  {0.0453 327.02

DATA-2 0.0226 302481 0.0121 300899 00230 81445 (.0299 123645

DATA-3 0.0961 -574.26 0.0957 47976 (.0951 -596.64 0.0724 -657.79
PHC

DATA-1 0.0377 150000 0.0286 1262.13 0.048% -188.18 {0661 -751.27
DATA-2 0.0224 291045 00184 209528 00293 39745 0.0359 56617
DATA 0.0462 1168.98 0.0468 58276 0.0360 25233  0.0413  405.16

sed that largest error variances were estimated from DATA-3. For the same data
set (especially, PFE of H77 and N88) from DATA-2, were 3-4 times smaller than
those for DATA-3. However, for PHC of two strains (R33, 522) error variance es-
timates from untransformed data are higher compared to the probit transformed
ones. According to this criterion it may be concluded that the arcsin transforma-
tion leads to the most satisfactory estimates of genetic paramcters. Generally, it
corresponds with the second of the criteria used (logarithm likelihood). Of all the
data sets, the largest logarithms of likelihoods have been obtained for Bliss de-
gree transformed data, whereas for PFE medium values have been received from
untransformed data.

Differences between DATA-1 and DATA-3 for PHC are strongly influenced by
strains, and in consequences it may also be determined by trait distribution within
strain, starting values and convergence criteria which must be specified for each gi-
ven data file. In spite of all, variability of heritability estimates is not very large,

From the theoretical point of view the arcsin squared transformation can be re-
commended for the reproductive layer traits. On the other hand, differences between
strains in heritability estimates have been registered. Hence, it seems that other trans-
formation approaches may also be considered depending on the trait distribution.
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STRESZCZENIE

Wplyw transformacji danych na wiclko$¢ oszacowan odziedziczalnosci cech reprodukeyjnych
kur niesnych

Badaniami objgto dwic cechy reprodukeyjne (procent zaplodnienia jaj oraz procent wylggu z jaj
natozonych) 15339 kur niesnych czterech roddw z fermy zarodowej. Osobniki pochedzity z dzie-
wigciu pokoled. Obliczenia przeprowadzone w obrgbic kazdego rodu, dla trzech typow danych: dane
nietransformowane, transformowane wedlug stopni Blissa oraz z zastosowaniem transformacji pro-
bitowej. Przed przeprowadzeniem obliczen kazda wartosc cechy podzielono przez $rednia, co umoz-
liwito pordwnanie uzyskanych estymatorow. Oszacowano wariancje genetyczng addytywng bezpo-
srednia | matczyng oraz kowariancje migdzy efektami genetycznymi bezposrednimi 1 matczynymi,
Przyjeto dwa kryteria adekwatnosci modelu: estymator wariancji btedu 1 legaryim wiaropednosel.
Zgodnie z oczekiwaniami uzyskane niskic oceny odziedziczalnosci obydwoch cech. Nie stwicrdzono
znaczacyeh roznic miedzy estymatorami edziedziczalnoscei bezposrednicj (definiowane) jake iloraz
wariancji genetyczng addytywnej bezposrednie) | wariancji fenotypowej) dla procentu jaj zaplodnio-
nych. Oszacowania uzyskane dla danych nictransformowanych byly jednak wyzsze niz dla transfor-
mowanych. Generalnie, najnizsze estymatory wariancji blgdu otrzymane dla transformacji wedlug
stopni Blissa. W wigkszosci przypadkdw najwyzsze oceny wariancji bledu stwierdzono dla danych
przeksztalcanych probitowo, co $wiadezy o jego najgorszym dopasowaniu. Nalezy podkreshic, ze do
podobnych wnioskdw prowadzi takze ocena dokonana na podstawie drugiego kryterium.





