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ABSTRACT

This study evaluated a Tabapud population structure and the linear relationship of the inbreeding
coefficient with phenotypic values of weaning weight adjusted to 210 days of age (W210); age at first
calving (AFC); first (CI1), second (CI2) and average (ACI) calving intervals; and, accumulated productivity
(ACP). The phenotypic data used were from 7340 cows and the pedigree file had 15,241 animals. The
average pedigree completeness of the last six generations was 47.99%. The effective numbers of founders
and ancestors were 124 and 110, respectively, with a ratio of 1.13. These results suggested the absence of
the genetic bottleneck effect. The inbreeding coefficient increased over generations and the average was
0.007. The effective population size became small in the last generation. The regression analysis results of
phenotypic values for inbreeding coefficients were not significant (P > 0.05) for W210, CI1 and ACP; and,
significant (P < 0.05) and favorable for AFC, ACI and CI2. The results indicated that mating between re-
lated animals and the intensive use of few breeders should be avoided. Regression analysis indicated no
inbreeding depression, which can be justified by the fact that inbreeding is not yet strongly established.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Tabapuad is a zebu beef cattle breed originated in Brazil highly
adapted to tropical environmental conditions. The breed was ori-
ginating by crossing breeds such as the Brazilian polled cattle, Gir,
Guzerah and Nelore and had official recognition in 1981 (Silva
Filho et al., 2012; ABCT, 2016). The animals born before 1981 were
considered as a new type of Indian cattle. The entire current herd
descended from only one bull, characterizing the uniformity ob-
served in herds (ABCT, 2016). A possible consequence of using only
one bull would be the reduced genetic variability of a population.

The use of reproduction biotechnologies, such as artificial in-
semination, embryo transfer and in vitro fertilization, which are
used in the Brazilian production system, if used with prudence,
allows reducing the generation interval while increasing the
number of animals in the herd and selection intensity. Therefore,
genetic gain could be achieved. However, when selection intensity
increases, the number of animals used as breeders could be
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restricted and, consequently, increased inbreeding and reduced
genetic variability may affect animals' fertility. In addition, it might
reduce average phenotypic performance of some economically
important traits, known as inbreeding depression (Falconer and
Mackay, 1996).Due to its negative effects, inbreeding should be
monitored in beef cattle breeding programs, to ensure that the
selection results outweigh the effects of inbreeding depression, as
reported by Pariacote et al. (1998) for Hereford cattle.

Besides the control of inbreeding, the knowledge of population
structure is necessary, which allows implementing and monitoring
a selection program with success. The differences in genetic
variability observed between some populations can be related to
population size, breeding policy, and selection objectives (Gu-
tiérrez et al., 2003). In fact, population parameters, such as number
of founders, number of ancestors, genetic drift and population size
can alter the genetic variability and according Verrier et al. (1993)
methods that preserve genetic variability can provide higher final
cumulative gains in a selection program for small populations.
Therefore, the objective of this study was to assess the population
structure of Tabapud cattle using pedigree records, and to access
the impact of the use of few bulls on the genetic variability of the
population, inbreeding and phenotypic performance of the
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animals over generations.

2. Materials and methods
2.1. Description of the dataset

The Genetic Breeding Program of the Tabapuad Breed (Programa
de Melhoramento Genético da Raga Tabapud, PMGRT) maintained by
the National Association of Breeders and Researchers (ANCP)
supplied all the data used in the study. Phenotypic records of 7340
cows born between 1970 and 2011 and the pedigree of 15,241
Tabapud animals, born between 1958 and 2011, in Sdo Paulo, Ba-
hia, Minas Gerais, Mato Grosso do Sul, Mato Grosso, Goias, To-
cantins and Parana states were analyzed. The dataset used for
analysis of population structure is described in Table 1. The traits
used in the regression analysis were weaning weight adjusted to
210 days of age (W210); age at first calving (AFC); first (CI1),
second (CI2), and average (ACI) calving interval; and accumulated
productivity (ACP).

The ACP is an index expressed as weight, in kilograms, of calf
weaned per cow per year, directly related to age at first calving,
calving interval and weaning weight. It is calculated as: ACP =
(W,,xnx365)/(ACC, — 550) (Lobo et al., 2000), wherein W,, is the
average weight of calves at weaning standardized to 210 days of
age; n., total number of calves produced; a constant equal to 365
days allowing to express fertility on an annual basis; ACC, is the
age of the cow (in days) at the last calving, and a constant equal to
550 days, considering that the goal of the PMGRT for the age at
first calving is 30 months (Lobo et al., 2000), with a minimum
breeding age of 18 months. The descriptive statistics for those
traits are in Table 2.

2.2. Pedigree analysis

The pedigree records were used to estimate the population
structure such as pedigree completeness; effective number of
founders and ancestors; ratio of the effective number of founders
and ancestors; average relatedness and inbreeding coefficients;
and, effective population size, using the ENDOG 4.8 software
(Gutiérrez and Goyache, 2005). This software requires pedigree
sequential numbering, which was obtained using the CFC software
(Sargolzaei et al., 2006).

2.3. Pedigree completeness

The pedigree completeness identifies how much of the pedi-
gree is complete in each generation, and can be calculated from
the amount of information that is unknown, i.e., the amount of the
parents' records that is absent. The number of generations con-
tributes to assessing the pedigree completeness and can be cal-
culated in three ways: number of full generations given as the

Table 1
Pedigree structure of Tabapua cattle.

Total number of animals 15,241
Total number of females 11,911
Total number of males 3330
Number of sires 1058
Number of dams 8116
Animals with progeny 9174
Animals without progeny 6067
Animals with only sire unknown 611
Animals with only dam unknown 143
Males with sire and dam unknown 200

Females with sire and dam unknown 1798

Table 2
Number of animals (N), mean and standard deviation (SD) for the studied traits.

Trait N Mean SD

w210 (kg)? 3192 178.99 27.09
AFC (months)® 5197 37.76 5.75
ACI (days)© 2582 505.35 96.29
CI1 (days)? 2582 524.64 120.38
CI2 (days)® 1715 483.44 113.79
ACP (kg weaning calves/dam/year)’ 1077 144.21 29.06

2 W210=weaning weight adjusted to 210 days of age.
> AFC=age at first calving.

€ ACl=average calving interval.

4 CI1 =first calving interval.

¢ CI2=second calving interval.

f ACP=accumulated productivity.

number of generations in which both parents are known; number
of maximum generations, the total number of possible generations
whether parents are known or unknown; and number of equiva-
lent generations, expressed as the summation (1/2)", wherein n is
the number of generations in which the animal is separated from
each ancestor with a known record (Maignel et al., 1996). The
comparison between the numbers of full and maximum genera-
tions allows checking the completeness of the pedigree informa-
tion, because close numbers for both indicate the existence of few
unknown animals in the entire pedigree.

2.4. Effective number of founders

Animals with unknown sire and dam were considered foun-
ders. The effective number of founders ( f,) is determined as the
expected number of founders, which contributed equally with
genetic material to form the population and represents the entire
genetic variability of the studied population (Lacy, 1989). This
parameter was calculated as f, =1 /Z£:1qk2 , where g, is the
probability of origin of the gene of the k;, ancestor. The probability
of origin of the gene and the contribution of founders were cal-
culated using the algorithms proposed by Boichard et al. (1997).

2.5. Effective number of ancestors

The effective number of ancestors ( f)) is determined by the
minimum number of ancestors, founders or not, that explain the
genetic diversity of the studied population (Boichard et al., 1997).
This parameter was calculated as f, = 1/2‘;:]qf, wherein q; is the
marginal contribution of the j, ancestor. The marginal contribu-
tion is the additional genetic contribution made by an ancestor
that was not explained by another previously chosen ancestor
(Boichard et al., 1997).

2.6. Ratio of the effective numbers of founders and ancestors

The ratio between the effective number of founders and an-
cestors (f, [f )helps to identify whether the use of breeders resulted
in a genetic bottleneck. Values equal or close to one, indicate no
genetic bottleneck in the population, while for values greater than
one, the effective number of founders is larger than that of the
ancestors, indicating possible genetic bottleneck.

2.7. Population parameters related to inbreeding coefficient

2.7.1. Average relatedness coefficient
The average relatedness coefficient for each individual is the
probability that a randomly selected allele from the population
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belongs to a certain animal. This coefficient may be interpreted as
the animal representation in the pedigree (Goyache et al., 2003;
Gutiérrez et al., 2003; Gutiérrez and Goyache, 2005). According to
Gutiérrez et al. (1990), this parameter is calculated as the average
of coefficients in the row of the numerator relationship matrix, A,
corresponding to the individual.

2.7.2. Inbreeding coefficient

The inbreeding coefficient is the probability of an individual
having two identical alleles by descent and was calculated using
the algorithm developed by Meuwissen and Luo (1992). The in-
crease of inbreeding per generation was calculated as
AF=(F, — F_p/(1-E_y, in which F and F_; are the average in-
breeding in t;, and t;_; generations, respectively (Wright, 1931).

2.7.3. Effective population size

The effective population size (N.) is the number of individuals
that contributed effectively by leaving descendants, transmitting
genes to the next generation and maintaining genetic diversity
(Wright, 1931). N, was calculated as N, = 1/2AF and represents the
number of animals, which while also contributing to the next
generation, would promote the same increase of inbreeding ob-
served in the studied population (Gutiérrez and Goyache, 2005).

2.8. Inbreeding effects on phenotypic performance

To evaluate the effect of inbreeding on the phenotypic perfor-
mance of the animals, we performed linear regressions using the
records of traits (W210, AFC, CI1, CI2, ACI and ACP) over the in-
dividual inbreeding coefficient, using the SAS software (SAS 9.1,
SAS Institute Cary, NC, USA). The null hypothesis, in which the
regression coefficient is not different from zero, was tested using
the t-statistic at =0.05.

3. Results and discussion
3.1. Pedigree completeness

The pedigree completeness analysis revealed five full, 16
maximum and 6.66 equivalent generations. In this population,
there was great difference between the number of full and max-
imum generations, which indicates that there was loss of genea-
logical information between individuals of the pedigree, i.e., a
considerable proportion of the parents were unknown, a fact
confirmed by the low maximum value of equivalent generations.
Santana et al. (2010) and Danchin-Burgue et al. (2012) studied
Nellore and dairy cattle populations, respectively, and suggested
that the lack of information in pedigree data may cause both in-
breeding coefficients of older animals and average population to
be underestimated.

Fig. 1 depicts the amount of pedigree information per genera-
tion, represented by the first (older animals) and last (recent an-
imals) generations, respectively. For the number of maximum
generations, information between the first and last generation
ranged from 6 x 10~7% to 84% of completeness, with an average of
47.99% of completeness for the last six generations, represented by
animals born between 1971 and 2011. The average pedigree in-
formation from the first to the tenth generation was less than the
average pedigree information of the last six generations, which
indicates lack of pedigree information of the older animals.

The genealogical records of Tabapud animals began in 1971,
although Tabapua was still not considered a breed (Santiago,
1985). This fact might help explain the lack of information about
animals born prior to this date. Caires et al. (2012) studied a
smaller number of animals from Tabapud population and also
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Fig. 1. Pedigree completeness (percentage) along 16 generation obtained by cal-

culation for maximum generation to a population of Tabapud cattle. The first

generation contain the oldest animals and the last generation contain the most
recent animals.

found few pedigree records for the older generations.
3.2. Effective number of founders

The study population had a total of 1998 animals (200 males
and 1798 females) with unknown sire and dam (founders - Ta-
ble 1). The contribution of the founders to the genetic variability of
the population ranged from 0.006% to 5.238%. The difference be-
tween the contributions of founders may be due to intensive use
of few animals at the beginning of breed formation, wherein was
possible observed that of all founders (born from 1958 to 2010),
animals born before 1981 contributed 40.72% of the genetic
variability of the population. One male founder was the major
contributor to the genetic variability of the population. Regarding
the female founder, 0.99% was the greatest contribution to the
genetic variability. The difference observed between the con-
tributions of males and females may have resulted from the in-
tensive use of few bulls. Peixoto et al. (2010) identified one sire
(4.15% contribution) as the greatest contributor to the variability of
Guzerah cattle population.

The effective number of founders was 124. The smaller number
of female founders (1) compared to males (9) was observed among
the 10 animals that most contributed due to the intense use of few
breeders to form this population. This imbalance in reproduction
of founders can also be observed by the low effective number of
founders (124) compared to the total number of animals with
unknown sire and dam (1998 founders). As a result, few animals
explained almost all of the genetic variability within the
population.

Similarly, Vercesi Filho et al. (2002a) reported the effective
number of founders of the Tabapua breed ranging from 112 to 218,
evaluated every four years between 1979 and 1998. Caires et al.
(2012) obtained 164 effective founders for the same breed. These
differences may be due to the use of animals from different years
and different regions from Brazil. Caires et al. (2012) observed
3.72% of variability explained by the most important founder in
northeastern of Brazil, which is lower compared to 5.238% ob-
tained in present study, representing that few founders have great
contribution to genetic variability. The effective number of foun-
ders reported for Indubrasil was higher (479 to 607), as reported
for Nellore that ranged from 181 to 458 animals (Vercesi Filho
et al.,, 2002b; Brito et al., 2013). The differences between the values
in the literature and this study may be explained by the recent
formation of the Tabapua breed.

3.3. Effective number of ancestors and the ratio between the effective
number of founders and ancestors

The effective number of ancestors was equal to 110. The 10, 20
and 55 ancestors that most contributed to the genetic diversity of
the population accounted for 21%, 31% and 50% of the genetic
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Fig. 2. Average inbreeding coefficient per year of birth among Tabapua cattle.

variability, respectively. The ratio between the effective number of
founders and ancestors (f,/f,) was 113 and indicates that the
variability of this population was not affected by a genetic bot-
tleneck. Vercesi Filho et al. (2002a) reported similar result for a
cattle population of the same breed. Peixoto et al. (2010) reported
a ratio of 3.15 for a Guzerah cattle population with higher number
of founders compared to this study, thus concluding that the Gu-
zerah population was affected by a genetic bottleneck.

3.4. Population parameters related to inbreeding coefficient

The average inbreeding coefficient of the studied population
was 0.007. Fig. 2 depicts the average annual inbreeding coefficient
for animals born by year. The increase for inbreeding in complete,
maximum and equivalent generations was 0.37%, 0.14% and 0.26%,
respectively. When pedigree information is scarce, these values
inform the upper, lower, and “real” limits, respectively, for esti-
mations (Gutiérrez and Goyache, 2005). The average inbreeding
coefficient for Tabapud was lower than those for Nellore, Gir, and
Guzerah populations studied by Faria et al. (2009) and this may be
due to differences in pedigree completeness that was lower for
Tabapud. Boichard et al. (1997) reported that the inbreeding
coefficient may be underestimated even with a small proportion of
unknown pedigree (10%). In addition, selection methods that favor
related individuals and techniques that use few bulls, such as ar-
tificial insemination, have been used in Nellore, Gir and Guzerah
for a longer time. These approaches tend to increase the average
inbreeding coefficient for these three breeds that were recognized
before Tabapua breed.

Although the information on the animals have began in 1971, as
noted in the pedigree completeness, the inbreeding coefficient
increased only from 1981, i. e.,, when Tabapud was officially re-
cognized as a breed and possibly spreading this breed by produ-
cers who valued breeding winners in exhibitions. The number of
animals, average inbreeding coefficient, percentage of inbred ani-
mals, inbreeding coefficient for inbred animals and average relat-
edness (Table 3) were presented per complete generation since it
is more informative compared to other calculated generations.

The increase in inbreeding coefficient, in average relatedness
and in inbred animals over the full generations can be the

Table 3

Number of animals for generation (N), average inbreeding coefficient (F), percen-
tage of inbred animals, inbreeding coefficient for inbred animals and average re-
latedness (AR) for complete generation to a population of Tabapua cattle.

Complete N F Inbred ani- F coefficient for AR
generation mals (%) inbred animals

0 2752 0.0000 0.0000 0.0000 0.0010
1 3184 0.0012 0.0267 0.0456 0.0064
2 3694 0.0106 0.3563 0.0297 0.0107
3 3904 0.0121 0.6806 0.0177 0.0138
4 1638 0.0110 0.8431 0.0130 0.0149
5 69 0.0183 1.0000 0.0183 0.0157

consequence of the breed spreading among the producers that
used few bulls for artificial insemination. Increased inbreeding
over generations has been also reported in other studies with
Tabapua (Vercesi Filho et al., 2002a; Caires et al., 2012), with va-
lues similar to those of this study. Increased inbreeding over
generations was also observed in Jordan indigenous cattle, Nellore
and Guzerah (Al-Atiyat, 2009; Faria et al., 2009; Peixoto et al.,
2010), respectively.

Although the amount of inbred animals has increased over the
full generations, the average inbreeding of these animals de-
creased, indicating that mating between related animals has been
carefully avoided. The effective population size, based on the
number of full generations, was 410.6 animals for the first gen-
eration and 79.3 for generation the fifth generation. FAO (1998)
considers population at a critical level when the effective size is
less than 50 animals per generation. Therefore, this population is
not at a critical level, but this parameter should be controlled to
avoid the decreasing. The effective sizes per full generation ob-
served in present study were similar to the range from 55 to 378
animals per generation reported for Tabapud by Vercesi Filho et al.
(2002a). The effective population size in the first full generation
(410.6 animals) was similar to the 483 animals reported by Caires
et al. (2012) for the same breed. Thus, producers and breeding
programs should avoid intense use of few bulls to avoid reducing
genetic variability of Tabapua cattle.

3.5. Inbreeding effects on phenotypic performance

The mean W210 was 178.99 + 27.09 kg, with the inbreeding
coefficient varying from 0 to 0.26 and mean 0.01 + 0.02. The t-
statistic analysis was not significant (P> 0.05) for the regression
coefficient and indicated no influence of inbreeding effect on the
W210. The low average inbreeding coefficient estimate, as well as
the low representation of highly inbred animals, may have re-
sulted in the inbreeding not influencing the W210.

Studies with Gir (Queiroz et al., 2000), Alentejo (Carolino and
Gama, 2008), Marchigiana and Bonsmara (Santana et al., 2012)
identified significant unfavorable linear or quadratic effect of in-
breeding on weaning weight (P < 0.05). However, the authors
obtained mean inbreeding coefficient higher than those in this
study. Santana et al. (2010) studied Nellore and also identified
effect of inbreeding variation on the weaning weight. Although the
average coefficient of inbreeding was close to that obtained in this
study, the maximum was higher and had 61 animals with in-
breeding coefficient greater than 0.25, while this study had only
6 animals with coefficient greater than 0.25.

The regression analyses to AFC, ACI, CI1 and CI2 used, respec-
tively, 5197; 2582; 2582; 1715 phenotypic records with averages of
3776 £5.75 months, 505.35+96.29, 524.64+120.38 and
483.44 4+ 113.79 days. The average inbreeding coefficient was
0.01 +0.02 varying from 0 to 0.26 for animals with AFC records,
and equal to 0.01 + 0.02 ranging from O to 0.16 for animals with
ACI, CI1 and CI2 records. The t-statistic analysis was not significant
(P> 0.05) for the regression coefficient of CI1 and significant
(P<0.05) for the regression coefficient for AFC, ACI and CI2
(Fig. 3). The absence of a negative inbreeding influence on the
variation of performance traits can be justified by the fact that
inbreeding is not yet strongly established among animals, verified
by the low average inbreeding coefficient. Although the selection
program by Tabapua is recent, the planning to form the breed and
the choice by producers of superior animals to be reproducers,
may have influenced to inbred animals had presented superior
phenotypic performance for AFC, ACI and CI2. This result was not
observed with respect of CI1, because this trait requires higher
energy for lactation, growth and persistence of the estrous cycle
from cows that calved for the first time (Cunningham, 2007),
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Fig. 3. Linear regression of phenotypic values, based on inbreeding coefficient (F),
for age at first calving (AFC), average calving interval (ACI) and second calving in-
terval (CI2) among Tabapud cattle. The regression coefficients were significantly
different (P < 0.05) from zero using the t-statistic.

making it difficult to improve its performance without a selection
program.

Panetto et al. (2010) reported inbreeding depression on AFC
and CI for Guzerah cattle, and Rokouei et al. (2010) found sig-
nificant (P < 0.05) unfavorable inbreeding effect on AFC and CI in
the third calving in Holstein cows. The selection has been prac-
ticed for much longer in Holstein cows compared to Tabapud and
over the years the inbreeding coefficient increased, leading to
changes in the performance traits. Mc Parland et al. (2007) iden-
tified adverse inbreeding effect on AFC and CI for Holstein; how-
ever, inbreeding depression of the other traits was more ex-
pressive. The authors found that even high inbreeding levels can
cause small changes in phenotypic performance traits.

The 1077 phenotypic records used to calculate ACP obtained an
average of 144.21 4+ 29.06 kg calf/cow/year. The average inbreed-
ing coefficient was 0.01 + 0.02 with a range between 0 and 0.23.
The t-statistic analysis result was not significant (P < 0.05) for the
regression coefficient and indicated no influence of inbreeding on
ACP performance.

The average inbreeding coefficient observed for animals that
had ACP record was low. The influence of the of dam's inbreeding
coefficient on W210 was not tested, nor the inbreeding effect on
the number of calves produced or cow age at last calving, which
are traits that compose the index. However, the t-statistic for the
regression coefficient suggests no influence of inbreeding on these
features when combined to form the ACP. Nonetheless, separate
analysis of the traits may indicate inbreeding effect as reported by
Carolino and Gama (2008), who observed great influence on the
total calves produced over the life of the animal, wherein the in-
breeding depression was more significant for this trait than for
AFC.

The increasing inbreeding coefficient over the generations re-
sulted from the increasing number of inbred animals, not from the
increasing average inbreeding coefficient between inbred animals
(Table 3). This factor contributed to the absence of inbreeding
depression for the traits studied, since the average of the in-
breeding coefficient were low, with many animals with small

inbreeding coefficients and few animals with higher coefficients.

4. Conclusion

The results indicated that is recommended the Tabapua pro-
ducers and breeding programs continue to control the mating of
related animals, avoid the intensive use of few breeders and en-
courage the introduction and evaluation of new breeders to in-
crease population genetic diversity, effective size, reduce in-
breeding and possible adverse consequences for the population.
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