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ABSTRACT: The aim of this study was to assess the 
genetic variability of Brahman cattle in Brazil by analyzing 
information obtained by genealogical register. The pedigree 
data was formed by 207,747 Brahman, the animals were 
born from 1994 to 2012. The effective population size in 
the year 2012 was 108. 5.17% of animals had some level of 
inbreeding and the inbreeding coefficient average was 5.94. 
Average generation interval was 4.73 years and equivalent 
number of known generations was 2.36. Results of the 
parameters based on the probability of gene origin, 
effective number of founders (fe), effective number of 
ancestors (fa) and founder genome equivalents (fg), show a 
reduction in the genetic diversity in which fe > fa > fg. The 
fe/fa and fg/ fe ratios observed show that the decrease in 
genetic variability was not assigned by the bottleneck effect 
and genetic drift.  
Keywords: effective population size, inbreeding, ancestors, 
probability of gene origin 
 

Introduction 
 

In the composition of the Brazilian herd, Brahman 
is the zebu breed of the fastest growing in the country. In 
the last six years the number of birth records registered by 
ABCZ (Brazilian Association of Zebu Breeders) increased 
81.53%. The breed originated in the nineteenth century, in 
the southern United States, from the cross between 
individuals of Nelore, Gir, Guzerat and Krishna Valley 
breeds (Faria et al., (2010)). In Brazil the Brahman was 
introduced in 1994 and has been used for crossbreeding 
with several breeds, due to characteristics like precocity, 
fertility, maternal ability, dressing percentage and rusticity 
(ACBB, (2012)). 

 
Selection is important for the genetic progress of 

the breed, but the same technologies that contribute to the 
increased intensity of selection, such as artificial 
insemination, multiple ovulation, transfer and in vitro 
production of embryos, can cause a decrease in genetic gain 
and reduced genetic variability. When combined with the 
permanence of the same selected animals for long periods 
in insemination centers they can cause increases in 
generation interval and levels of inbreeding in herds 
(Weigel, (2001)). According to Carneiro et al. (2009) the 
population analysis using pedigree information is important 
to understand the history of breed and direct future actions 
that would achieve greater genetic gains. Besides, the 
inbreeding monitoring is important to maintain high levels 
of genetic gains. Therefore, the aim of this study was to 
assess the genetic variability of Brahman cattle in Brazil by 
analyzing information obtained by genealogical register.  

 
Materials and Methods 

 
Data. The pedigree data was obtained from the 

Brazilian Association of Zebu Breeders (ABCZ) and was 
formed by 207,747 Brahman animals from the states of São 
Paulo, Minas Gerais, Rio de Janeiro, Espírito Santo, 
Distrito Federal, Mato Grosso, Mato Grosso do Sul and 
Góias. The animals were born from 1994 to 2012. 

 
Statistical analyses. The software R was used for 

data consistency and to generates the file with the following 
information: animal, sire, dam, birth date and sex. 
Determination of the effective population size, inbreeding, 
generation intervals, equivalent number of known 
generations and the results of the parameters based on the 
probability of gene origin are estimated using the Pedig 
software (Boichard (2002)). 

Effective population size (Ne) was estimated based 
on Falconer and Mackay (1996) that is given by variation 
the rate of inbreeding: 

 

Ne =  
1

2∆F
 

 
where ΔF is the rate of inbreeding per generation. 

Inbreeding coefficient (F) of an individual was 
defined according to the definition of Malécot (1948), 
which is defined as the probability that two genes present in 
the individual at a given locus are identical by descent. It 
was calculated using VanRaden’s method (1992), derived 
from the tabular method and consists in building the 
relationship matrix of each individual and of its ancestors. 
Inbreeding coefficients of all these animals are then 
deducted from the diagonal elements of this matrix. 

Generation interval was defined as the average age 
of parents when their progeny born (Falconer and Mackay 
(1996)).  

Number of equivalent complete generations traced 
was defined as the sum over all generations of the 
proportion of known ancestors at each generation.  

Parameters based on the probability of gene: 
Number of founders (Nf) – it was assumed that all 

founders are animals with unknown parents and that they 
are non-inbreed. 

Effective number of founders (fe) which is defined 
as the number of equally contributing founders that would 
be expected to produce the same genetic diversity (Lacy 
(1989)). It was estimated as: 

 

fe =  
1

∑ qk2f
k=1

 

 
where qk is the probability of gene origin of the k ancestors. 



Effective number of ancestors (fa) is the minimum 
number of ancestors explaining the complete genetic 
diversity of a population. It was computed as: 

 

fa =  
1

∑ qjka
j=1

 

 
where qj is the marginal contribution of an ancestor and j 
which is the genetic contribution made by an ancestor that 
is not explained by other ancestors chosen before. The fa 
account for recent bottleneck and thus partially account for 
the loss of allelic diversity in descendant population 
(Boichard et al. (1997)). 

Founder genome equivalents (fg) is the number of 
founders that would be expected to give the same level of 
genetic diversity in the population under study if the 
founders were equally represented and no loss of alleles 
occurred (Lacy (1989)). It was computed as: 

 

fg =  
1

∑ �
pj2

rj
�Nf

j=1

 

 
where Nf is the number of founders, pj is the contribution of 
the founder j and rj is retention of alleles. The fg accounts 
for unequal contributions of founders, bottleneck, and 
random loss of alleles due to genetic drift (Lacy  (1995)). 

 
Results and Discussion 

 
The total animals registered in the pedigree, 46% 

were males and 54% were females. The total number of 
dams and sires were 44,043 and 2,560, respectively. 
179,636 animals had both parents, 424 had only sire, and 
339 had only dam. Effective population size (Ne) has been 
decreasing over the years, in 2000 the Ne was 1,591 
animals and in 2012 was 108, showing a decrease of 
genetic variability that can be explained by intensive use of 
breeders animals given that the inbreeding rate increased 
over the period of study. Ne is the number of individuals 
that would give rise to the calculated sampling variance, or 
rate of inbreeding, if they bred in the manner of the 
idealized population (Falconer & Mackay (1996)). The Ne 
found in the present study was in the range 31 - 250, 
proposed by Meuwissen and Woolliams (1994) to prevent 
the decline in animal adaptive values as a consequence of 
inbreeding depression. From the total of 207,747 animals in 
the genealogy file, 10,739 (5.17%) had some level of 
inbreeding and the inbreeding coefficient (F) average and 
maximum were 5.94 and 31.25 respectively. About 80% of 
the animals showed inbreeding of low magnitude (up to 
10%) as shown in Table 1. Faria et al. (2010) when working 
with Brahman cattle had higher Ne and lower inbreeding, 
but the pedigree was composed of animals born until 2005 
and it was from this year that noted an increase in 
inbreeding. 

 
Average generation interval is important because 

measures the time stay the same genes in the population, 
and the shorter the interval, the higher the genetic gain of  

Table 1. Frequency of inbred Brahman cattle according 
to the level of inbreeding 
Class of inbreeding  Number of animals % 
0 - 5 5,531 51.50 
5 - 10 3,050 28.40 
10 - 15 1,743 16.23 
15 - 20 86 0.80 
25 - 30 327 3.05 
30 - 35 2 0.02 

 
 

these individuals. The average generation interval was 4.73 
years. Estimates of the generation interval for the four 
gametic passage male-sire, male-dam, female-sire and 
female-dam in 2000 and 2012 years are show in Table 2. It 
was noted to increase in all passages during the period, 
probably due to the use of older sires. The males-sires 
stayed longer in reproduction, corroborating the results of 
Faria et al (2002), but in others studies the gametic passage 
male-sire was lower than female-sire (Filho et al. (2002); 
Razook et al. (1993)) because usually the dams are 
maintained longer in the herd. In the case of Brahman 
inversion may be due to lesser amount of bulls in artificial 
insemination centers and the option to use older bulls by 
farmers for having better accuracy in the predicted genetic 
values. 
 
Table 2. Generation intervals of the four gametic 
passage in 2000 and 2012 years 

Birth year 
Gametic passage 

Males Females 
Sire Dam Sire Dam 

2000 4.50 4.06 4.41 3.92 
2012 8.39 6.00 8.25 5.86 

 
The equivalent number of know generations was 

2.36, demonstrating gaps in pedigree because the pedigree 
contained 8 generations in total. Gaps in pedigree of the 
Slovak Spotted breed were discussed by Hazuchová (2013), 
they showed that 99% of the ancestors were known in the 
first generation, but this proportion decreased to less than 
50% after 5 generations. Lack of data in the pedigree can 
decrease the accuracy of the estimates, Boichard et al. 
(1997) estimated that 10% of incomplete data was enough 
to strongly underestimate inbreeding, but according to them 
the theory of the probability of gene to analyze genetic 
variability is less sensitive to incomplete pedigrees. The 
advantage of the theory of the probability of gene origin 
when assessing the genetic variability of a breed is its 
robustness in comparison with the methods based on the 
probability of identity computation. 

 
The results of the parameters based on the 

probability of gene origin are shown in Table 3. The results 
show a reduction in the genetic diversity in which fe > fa > 
fg. The fe was higher because it considers only the 
contribution of the founders in the analysis of genetic 
diversity of the study population. According Boichard et al. 
(1997) an important limitation of effective number of 



founders is that it ignores the potential bottlenecks in the 
pedigree, this overestimate is less intense in the estimation 
of the effective number of ancestors, because it considers 
number of ancestors (founders or not) necessary to explain 
the complete genetic diversity of the population under 
study. But the fe and fa were close, 101.4 and 97.07 
respectively, indicating no bottleneck in the population. The 
fg found was even lower (75.02) by considering all 
possibilities of loss of founder alleles during segregation. 
The fe/fa and fg/ fe ratios observed show that the decrease in 
genetic variability is not assigned by the bottleneck effect 
and genetic drift. Evidence of genetic diversity drop is 
explained by the number of individuals that contributed 
50% of the genes was only 46 and the difference between 
Nf and fe. 

 
Table 3. Characteristics based on the probability of gene 
origin in population of Brahman cattle. 
Variable Value 
N 207,747 
Nf 13,764 
fe 101.4 
fa 97.07 
fg 75.02 
Ancestors to explain 50% of genetic diversity 46 
fe/fa 1.04 
fg/ fe 0.74 

N: Total number of individuals 
Nf: Number of founders 
fe: Effective number of founders 
fa: Effective number of ancerstors 
fg: Founder genome equivalents 

 
 

Conclusion 
 
The increase in inbreeding rate and generation 

interval over the study period combined with the small 
number of effective founders demonstrate the intense use of  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a few of Brahman breeder animals in the Brazilian 
population contributing to the decrease of genetic 
variability. An analysis divided into periods can confirm the 
results and to allow a better view of the fall of the genetic 
variability in the period where the use of reproductive 
techniques was intensified. 
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