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ARTICLE INFO ABSTRACT

Article history: The Guzerat breed is well adapted to the tropical conditions of Brazil. After 1940, the
Received 23 November 2009 widespread use of Guzerat cattle for crossing has reduced its population size. In 1994, a
Received in revised form 23 March 2010 selection program for milk production traits was initiated in some purebred herds. However, its

Accepted 25 March 2010 success is compromised by genetic drift and an increased inbreeding coefficient (F). The

objective of this study was to evaluate the genetic status of the Guzerat population under
Keywords: selection for milk production in order to monitor genetic variability. Genealogical data from
Effective population size 10,051 animals were used to estimate genetic parameters. The average F for all animals and for
lnbree.dmg .coe.ﬂ.iaem inbred animals in the pedigree was 0.009 and 0.025, respectively. Average relatedness was
Genetic variability . . . : .
Zebu cattle 0.011. The average generation interval was 7.48 years and the linear increase in F per
generation was 0.0051. There was no trend of changes in the effective population size along
generations, with the observation of an effective size of 98 in the last generation evaluated. The
effective number of founders and ancestors was 318 and 101, respectively. Only 47 of 2106
ancestors contributed to 50% of the reference population. The bottleneck effect was 3.15.
Average F and relatedness values are still low despite non-random mating. However, the
reduced effective population size and effective number of ancestors indicate a risk of an
increase in the inbreeding coefficient and genetic drift and consequent loss of variability.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The Guzerat breed, which originated in India, has evolved
in a semiarid region, a fact that explains its adaptation to
adverse tropical conditions. The breed was introduced in
Brazil at the end of the 19th century and was prevalent until
1939. An expressive reduction in the size of the purebred
population to worrying numbers was observed due to the
widespread use of this breed to produce crossbred animals
(V.M. Penna, personal communication).
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Furthermore, the properties of the Guzerat breed, e.g.,
resistance to parasites such as ticks, ability to consume gross
forage and heat tolerance, was important to its inclusion in
the FAO list of domestic animal genetic resources to be
conserved by management (FAO, 1995). This is particularly
important considering the world “tropicalization” mediated
by the polemic global warming threats.

Considered to be a dual-purpose cattle breed, Guzerat
animals have been selected in herds for meat or milk
production or both traits in Brazil. In 1994, a nation-wide
breeding program for the Guzerat breed based on progeny
testing and an MOET selection nucleus scheme was implemen-
ted to improve milk production traits (Smith, 1988; Penna et al.,
1998; Peixoto et al., 2009). The first sire summary was
published in 2000. Today there are around 3966 Guzerat
lactating cows being recorded in the 36 double proposal herds,
whose average production is 203941022 kg and maximum
production of 8891 kg. Age at first and last calving is
respectively about 36.4 and a little over 216 months.

In addition to genetic improvement, the genetic diversity of
a population is an important aspect to be considered in any
breeding program since it allows species to face future
challenges and permits a long-term response to selection
(Frankham et al., 2002). According to Vieira et al. (2005)
concerns about the effects of reduction of effective population
size and inbreeding coefficient on cattle genetic diversity have
increased mainly after the utilization of new reproductive
technologies. In addition to the loss of genetic variability,
inbreeding depression can reduce yield and reproductive trait
performance (Falconer and Mackay, 1996). Bottlenecks can also
occur, increasing the risk of the loss of genetic diversity (Nei
et al., 1975).

Despite the widespread use of effective population size and
inbreeding rate as parameters to assess genetic diversity, new
approaches such as effective number of founders, ancestors or
non-founders, genome equivalent, based on probabilities of
gene origin, and data types (molecular markers) have recently
been proposed (Lacy, 1989; Boichard et al., 1997; Caballero and
Toro, 2000, 2002; Cafién et al.,, 2001; Goyache et al., 2003).
Estimates of these parameters are available for many breeds
(Sorensen et al., 2005; Verneque et al., 2006; Vozzi et al., 2006).

In a study using pedigree data from all registered Brazilian
Guzerat animals, a small effective population size (117) and
reduced effective number of founders (246) and ancestors
(166) were observed among registered animals born between
1979 and 1998 (Faria et al., 2002). Faria et al. (2009) found an
effective size of 104, a generation interval around 8 years and a
bottleneck effect of 1.49 for the whole registered Guzerat
population. At present, the number of registered animals is
164,228, with the Guzerat breed corresponding to one of the
three growing and largest Zebu populations in Brazil (ABCZ,
2005). These results indicate a narrow genetic basis of the
current Guzerat population, which is close to the limit at which
expressive loss of adaptive value may occur (FAO, 1992).

Reduced population structure parameters can increase
inbreeding and genetic drift, leading to the loss of genetic
variability and reducing genetic gain in populations under
selection (Falconer and Mackay, 1996). A simulation study
based on Zebu MOET nucleus population parameters reported a
trend of increasing inbreeding coefficients along selection
generations due to the high frequency of mating among related

animals (Peixoto et al, 2005). Weigel and Lin (2000) and
Colleau et al. (2004) stated that mating plans are an important
tool to manage genetic variability. Furthermore, the effects of
inbreeding depression may decrease animal fertility and
survival, as well as the rate of genetic progress (Falconer and
Mackay, 1996; Hill, 2000). In this respect, the generation
interval (GI) is an important parameter since it permits a faster
rate of genetic gain and the measurement of genetic progress
and inbreeding over time.

The objective of the present study was to calculate
population structure parameters and inbreeding coefficients
for the Guzerat population selected for milk production traits in
order to evaluate and monitor genetic variability.

2. Materials and methods

Pedigree data were obtained from the National Genetic
Breeding Program of Dairy Guzerat Cattle and also from 31
participating herds located in the northeast (6 states),
central-west (1 state) and southeast (4 states) regions of
Brazil. Prior to this study, a survey involving these herds was
carried out to complete the pedigree information. A total of
2924 individuals were included. The complete data set
comprised 10,051 animals, including 2379 with unknown
parents, 116 with at least one known parent and 7556 with
both parents known. These animals had been registered since
the end of 19th century when importation of the Guzerat
breed had started (Table 1).

The population parameters were calculated using the
algorithms of the freely available ENDOG v 4.0 software
(Gutiérrez and Goyache, 2005). This software uses the
probability that an individual carries two alleles identical by
descent to calculate inbreeding coefficients (F). The inbreed-
ing rate (AF) per generation is calculated by the formula AF=
(Ft—F¢—1)/(1 —=F¢_1). Using AF, the ENDOG program com-
putes the effective population size (Ne) as Ne = 1/2AF, defined
as the number of breeding animals that would lead to an
actual increase in inbreeding if they equally contributed to
the next generation. The program also calculates the average
relatedness (AR) coefficient of each animal, defined as the
probability that an allele randomly chosen from the whole
population in the pedigree belongs to a given animal, using
the vector ¢/ =(1/n)1'A, where A is the numerator relation-
ship matrix (NRM) of size nxn. The NRM included 10,051
individuals (1955 males and 8096 females). When calculating
F and AR, ENDOG calculates three additional values of N, by
computing the regression coefficient of the individual
inbreeding coefficient over: (i) the number of fully traced
generations, (ii) the maximum number of generations traced,

Table 1

Number of known parents, number of unknown parents (U), sire/dam ratio
(S/D), average number of offspring per sire (AO), and maximum and
minimum number of offspring per sire for each period.

Period Sires Dams USires UDam S/D AO

<1950 152 254 1741 1739 12 142 1-11
>1950-1960 8 17 113 11 1/2 180 1-8
>1960-1970 60 169 242 241 13 235 1-11
>1970-1980 173 541 104 101 1/3 2.88 1-28
>1980-1990 204 821 66 60 1/4 417 1-61
>1990 221 1315 85 69 1/6 642 1-142

Min-Max
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and (iii) the equivalent complete generations — the upper,
lower and true limits of N, respectively.

ENDOG assesses further the probability of a gene to derive
from founder K of both animals and genes computing the
effective number of founders (fe),

S 2
fe:]/ <Z qk>
k=1

where g7 is the AR coefficient of the founder k, and the effective
number of ancestors ( f,),

fi=1/ <i qf)
j=1

where gfis the marginal contribution of an ancestor j (Boichard
et al,, 1997). The former is defined as the number of equally
contributing founders that would be expected to produce the
same genetic diversity as the population under study. The latter
corresponds to the minimum number of ancestors, not
necessarily founders, explaining the complete genetic diversity
of a population. These parameters permit to account for losses
of genetic variability produced by bottlenecks (f./f.). Base
population was formed by individuals with unknown parents
or with only one known parent.

Finally, the ENDOG program was also used to calculate the
GI for both the mean age of parents at birth of their progeny
kept for reproduction and the mean age of parents at birth of
their offspring (used for reproduction or not). These para-
meters were computed for the population as a whole and for
the four pathways (father-son, father-daughter, mother-son,
and mother-daughter).

The complete data set was used for all the above analyses.
Individuals with unknown parents or at least one unknown
parent (2495) were included in the base population and the
remaining animals constituted the reference population
(7556).

The inbreeding trend was obtained from the regression
coefficient of the inbreeding coefficients over generations. In
the former analysis, for individuals with unknown birth date
belonging to the first generation, the birth date was assumed
to be equal to 1/1/1940. For individuals belonging to the
second generation, the birth date was assumed to be 1/1/
1950. Individuals of the subsequent generations without a
birth date were excluded from the data set. The younger
individuals were born in 2007. A total of 8990 individuals
were used in this analysis.

Variance analysis was carried out using the GLM proce-
dure of the SAS® package (SAS, 2003).

3. Results

The overall inbreeding coefficient (F) of the population
was 0.009 and AR was 0.011. F was the same for male and
female individuals. F was 0.025 among 3471 inbred indivi-
duals. Estimates of F according to known birth year period are
shown in Table 2. There were 5593 individuals with F=0. The
second most frequent class of F was 0<F<0.01 observed for
1631 individuals (Table 3). Both classes corresponded to
almost 80% of the population. The least frequent classes of
inbreeding were in the 0.10<F<0.12 range. Only 213
individuals presented F>0.12. The maximum individual F

Table 2

Average inbreeding coefficient (F) and respective standard deviation (SD)
and minimum (Min) and maximum (Max) F values according to birth year
period of the individuals (N).

Period N F+SD Min Max
<1949 49 0.005 £ 0.036 0 0.250
1950-1959 335 0.000 £ 0.000 0 0.001
1960-1969 461 0.002 £0.019 0 0.250
1970-1979 758 0.004 £ 0.021 0 0.250
1980-1989 1383 0.012 +0.035 0 0.266
1990-1999 2649 0.015+0.034 0 0.313
>2000 3355 0.012 £0.027 0 0.317

value found was 0.317. The percentage of inbred individuals
in the pedigree was 2.4%.

The effective population size (N.), mean inbreeding
coefficient (F) and mean AR in each generation are shown
in Table 4. The results indicate an evident increasing trend in F
and AR and fluctuating N, in succeeding generations.

Fig. 1 shows the positive trend in F per complete
generation. An increase in F was observed until the sixth
generation, followed by a decrease in the last generation. The
maximum value was observed in the 5th generation,
followed by a slight decrease. The estimated inbreeding
rate per complete generation, which considers only known
parents and is therefore more precise, was 0.0065 (Table 5).

Table 5 shows the additional N, calculated by regression of
the individual inbreeding coefficient over the three different
types of traced generations. In this population, the average N,
for complete generations was about 77.

The mean GI, calculated as the mean age of parents at birth
of their progeny kept for reproduction, was 7.48 years
(Table 4). The paternal pathways showed the longest GI
despite small differences between Gl in each pathway and the
mean age of parents at birth of their progeny (Table 6).

The effective number of founders (f.) was 318.56. The
expected increase in inbreeding due to unbalanced contribu-
tion of founders was 0.16%. The number of ancestors contrib-
uting to the reference population was 2106 (corresponding to
21.5% of the population 0of 10,051 individuals and to 84.4% of the
base population). Only 47 of these ancestors explained 50% of
the genetic background of this population. The 10 ancestor bulls

Table 3

Number (N) and percentage (%) of individuals, average inbreeding
coefficient (F) and respective standard deviation (SD), and minimum and
maximum F values according to F class.

F class N % F+SD Min Max
0 (F=0) 5593 62.21 0+0 0 0

1 (0<F<0.01) 1631 18.14 0.0040+0.0028 0.001 0.010
2 (0.01<F<0.02) 493 548 0.015540.0029 0.011 0.020
3 (0.02<F<0.03) 208 231 0.024640.0025 0.021 0.030
4 (0.03<F<0.04) 295 3.28 0.03444-0.0029 0.031 0.040
5 (0.04<F<0.05) 118 131 0.045240.0027 0.041 0.050
6 (0.05<F<0.06) 80 0.89 0.055240.0026 0.051 0.060
7 (0.06<F<0.07) 179 199 0.0648+0.0028 0.061 0.070
8 (0.07<F<0.08) 64 071 0.075940.0029 0.071 0.080
9 (0.08<F<0.09) 61 0.68 0.083240.0022 0.081 0.090
10 (0.09<F<0.10) 24 0.27 0.095140.0021 0.091 0.100

1(0.10<F<0.11) 19 021 0.1053+0.0025 0.101 0.109
2 (0.11<F<0.12) 12 0.13 0.1157+0.0013 0.113 0.117
3 (F>0.12) 213 237 0.15734+0.0504 0.121 0317
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Table 4
Average inbreeding coefficient (F), average relatedness (AR) and effective
population size (N.) per complete generation.

Table 5
Mean generation number, inbreeding rate (AF) and effective population size
(N.) obtained for the different types of generation traced.

Generation N F Inbred individuals  F* AR Ne
(%) (%) (%) (%)

0 2495 000 - - 0.07 -

1 2803 0.13 8.03 162 0.64 3841
2 1830 1.16 50.93 227 144 486
3 1597 1.96 72.39 271 189 61.2
4 1138 234 8541 274 226 1312
5 183 2.83 100.00 2.83 263 98.0
6 5 254 100.00 254 278 -

2 For inbred individuals.

with the largest marginal genetic contribution, accounting for
almost 25.4% of Guzerat dairy cattle, are presented in Table 7.
The evolution of the population rate accounted by founders is
shown in Fig. 2. It was found a trend of 0.16%. There is a small
number of ancestors contributing intensely to reference
population. The effective number of ancestors (f,) was 101
and the bottleneck effect ( fo/fa) was 3.15.

4. Discussion

Investigations regarding genetic parameters and selec-
tion-based breeding programs aimed at the improvement of
Zebu cattle have been carried out in Brazil, but there is a lack
of studies evaluating the genetic diversity of some Zebu
breeds. Genetic diversity is essential for natural and artificial
selection (Falconer and Mackay, 1996; Hill, 2000; Weigel,
2001). To our knowledge, this is the first study evaluating the
genetic diversity of Guzerat cattle selected for milk produc-
tion — a subpopulation of the Brazilian Guzerat population.

The generation interval found in this study was similar but
lower than that around 8 years observed by Faria et al. (2009)
for Zebu cattle. However is too long and it can reduce genetic
progress rate.

Although the dairy Guzerat breed corresponds to a
subpopulation of the Guzerat population, the level of inbreed-
ing (F) and the inbreeding rate (AF) calculated were similar or
lower than those reported for other dairy breeds worldwide
(Weigel, 2001; Sorensen et al., 2005; Sewalem et al., 2006;
MacParland et al,, 2007). The average F has been calculated for
some Zebu breeds in Brazil (Faria et al., 2002, 2009; Verneque
et al., 2006; Vozzi et al., 2006). An F value of 0.03 was reported
for the Gyr population selected for milk production (Verneque
et al., 2006). For the Guzerat population, higher F values of 0.04
(Peixoto et al.,, 2006) and 0.03 (Vieira et al., 2005) have been

0.03

0.025
0.02

0.015

Mean F

0.01
0.005

0

0 1 2 3 4 5 6
Generations

Fig. 1. Regression of generations on the average inbreeding coefficient (F).

Generation type Mean AF (%) Ne

Complete * 1.67 0.65 77.36
Maximum " 6.88 0.08 600.41
Equivalent © 2.80 0.38 132.82

2 Furthest generation in which all ancestors are known.

b Number of generations separating individuals from its furthest ancestor.

€ Sum of (1/2)", where n is the number of generations separating the
individual from each known ancestor.

reported for inbred animals; however, different data sets were
used for calculation of these values. The average F values
obtained in the present study might be underestimated
considering the number of unknown parents and that highly
inbred individuals are discarded early in the herd (Cassel et al.,
2003). Nevertheless, F represents an important tool to monitor
inbreeding rates.

Many aspects may also be related to these findings.
Among them, the use of founders of different origins to start
each herd of the milk breeding program, the geographic
distances between the regions where they are bred in Brazil,
in addition to the increasing concern of breeders with
inbreeding depression should be highlighted. Another con-
tributing factor is the emphasis on dual-purpose animals in
most of these herds, including the use of beef Guzerat sires, in
addition to the increase in the number of participating herds
(12 herds in 1994 and 31 at present) and, consequently, in the
number of females in the program. The F and AF values found
can be considered to be low when compared to the level of
inbreeding reported by Verneque et al. (2006) and Vozzi et al.
(2006) for other dairy Zebu breeds and, specifically, for the
Guzerat breed (Faria et al., 2002), and are probably related to
the low frequency of inbred individuals in this pedigree
(2.4%).

The decrease in F values after the 6th generation (Fig. 1),
which corresponds to approximately the period from 1990 to
1999 (Fig. 2), coincided with the publication of the first sire
summary for milk production traits. Although the Dairy
Guzerat Breeding Program has been started recently (1994)
and the sex ratio is increasing (Table 1), these results might

Table 6
Average generation interval (GI) and mean age of parents at birth of their
progeny (AB) in each pathway.

Pathway N GI (years) SD? SEP
Sire-son 340 7.49 5.78 0.31
Sire-daughter 1864 7.65 5.57 0.30
Dam-son 310 7.22 6.38 0.35
Dam-daughter 1641 734 542 0.29
Total 4155 748 5.60 0.87
AB (years)
Sire-son 1114 8.27 5.78 0.17
Sire-daughter 3764 8.10 5.64 0.17
Dam-son 1231 7.39 481 0.14
Dam-daughter 3681 7.28 4.96 0.15
Total 9790 7.72 533 0.05

2 SD = standard deviation.
b SE = standard error.
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Table 7
Top marginal genetic contributions of founders for Guzerat dairy cattle.

Individual Generation F AR Contribution
%
Seridé JA 3 0.0625 0.0386 4.15
Uai JF 2 0.0000 0.0325 3.83
Edipo A 3 0.0625 0.0456 3.72
Demais S 1 0.0000 0.0308 2.61
Gentil JA 2 0.0625 0.0289 2.44
Nambu JP 2 0.0000 0.0192 2.00
Profeta 140 1 0.0000 0.0179 1.75
Farad Xarq. 1 0.0000 0.0135 1.71
Ghalor Imp. 0 0.0000 0.0126 1.65
Milanés S 1 0.0000 0.0227 1.55

be due to the introduction of sires of other origins and
proposals, e.g. from the beef herds, into the herds by artificial
insemination rather than the use of sires from the herd itself,
in addition to the planned mating practice carried out in most
herds (Weigel and Lin, 2000; Caballero and Toro, 2002;
Colleau et al., 2004). Mating plans that minimize coancestry
among pairs represents a robust tool to maximize N,
(Caballero and Toro, 2002). The impact of assessing a more
complete pedigree on the estimates was demonstrated by
comparing the present F values for inbred individuals (0.025)
with those obtained in a previous study using the same
population (0.04) but less pedigree information (Weigel,
2001). In addition to underestimating inbreeding levels and
their consequences, the completeness of the pedigree data is
relevant for the accuracy of animal genetic evaluations and
the rate of genetic progress (Weigel, 2001; Cassel et al., 2003).

AR (1.06%) evaluated in relation to F provided an idea of
how much an individual was represented in the pedigree data
of this population. The AR was considered to be low,
especially when compared to the 2.10% reported for dairy
Gyr cattle (Verneque et al., 2006), another Zebu breed under
selection for milk production. This difference reflects the
effort of farmers to avoid inbreeding and the adoption of AR
as a criterion for the selection of animals to be used in the
progeny test and to constitute MOET families in the breeding

Cumulative contribution

< [ |
1 1053 2106
Number of ancestors

Fig. 2. Evolution of the population rate explained by ancestors.

program. In addition to planning the matings, MOET nucleus
scheme is open, which contributes to minimize inbreeding.

As shown in Tables 2 and 3, in contrast to the trends of F
and AR, N, oscillated over generations, a finding indicating
the occurrence of bottlenecks in this population during some
periods (Nei et al., 1975). Several factors have contributed to
this scenario, but the results can be mainly attributed to the
founder effect and to the increasingly more frequent use of
related sires since the beginning of the Guzerat dairy cattle
breeding program.

The N, value obtained for fully traced generations, the
maximum number of generations traced and the equivalent
complete generations corresponds to the lower, upper and
true limits of N,, respectively. According to Gutiérrez and
Goyache (2005), these values are useful to approximate
estimates in populations with scarce pedigree information.
The reduced effective size (N.) in the fifth complete
generation (98) might be a consequence of the intense use
of fewer top sires. These values comprised the average N of
117 estimated for all registered Guzerat cattle by Faria et al.
(2006) and are close to the threshold at which the loss of
genetic variability by genetic drift and inbreeding depression
is observed (FAO, 1992; Frankham et al., 2002). Therefore,
although the levels of F and AR are considered to be low,
continuous monitoring of effective size and inbreeding
coefficients is recommended, as well as the adoption of
mating plans, because of the importance of this breed in
tropical regions (FAO, 1992, 2006; Colleau et al., 2004).

The average GI was a few months shorter than that
reported for the whole registered Guzerat population (7.93
and 8years) (Faria et al, 2006, 2009). The little fast
replacement of parents in the dairy Guzerat cattle population
under selection might explain this small difference, although
the two GIs were considered to be extremely long. Long Gls
are relevant in breeding programs since they limit the rate of
genetic progress and the economic efficiency of the milk
production system (Falconer and Mackay, 1996). The small
difference in the GI between paternal and maternal pathways
indicates a slightly faster replacement of parents in the
maternal pathway due to the use of sires for a long period of
time despite the increasing commercialization of dairy
Guzerat sire semen (ASBIA, 2009). A reduction in the time
necessary for commercialization of the semen of proven sires,
i.e.,, at a younger age, is expected over the next years, as well
as an increase in the reproductive efficiency of Guzerat herds,
a fact that should result in an even shorter GI.

The value of f./f, (3.15) found indicates the occurrence of
bottleneck. This value is higher than the 1.11 and 1.49
observed for Guzerat cattle as a whole in the two subsequent
periods investigated (Faria et al., 2004, 2009). Although
bottlenecks have occurred since the foundation of the
population, the value of 3.15 indicates the narrow genetic
basis of the dairy Guzerat population. Therefore, at least two
bottlenecks occurred after the arrival of Guzerat cattle in
Brazil: one around 1939 because of the widespread use of this
breed in crosses, and another, probably severe, during the
recent foundation of the dairy Guzerat population (Faria et al.,
2004).

The moderate unbalanced contribution of founders to the
reference subpopulation of dairy Guzerat cattle under selection
was demonstrated by the small number of founders (n=47)
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contributing to 50% of the current subpopulation. However, it
should be emphasized, e.g., that the bull Edipo A, among the top
ten for milk, is descendant from three bulls among the top ten
contributors (Profeta 140 — paternal grand-grand sire; Demais
S — paternal grand dam; Gentil JA — maternal grand sire); being
Demiais S a half brother of Milanés S, other top ten contributor
(Table 7). This is an important parameter, but the genetic
variability of the population can be more precisely explained by
the number of ancestors (f,) (Boichard et al, 1997). This
parameter demonstrated the broad genetic basis of the dairy
Guzerat cattle population. The number of founders contributing
to genetic variability is close to but higher than that found for
the whole Guzerat population, with 50 animals contributing to
41% of genetic variability (Faria et al., 2004).

Bias in the estimation of the effective number of founders
(fe) is particularly severe in intensive selection programs, in
which genomes from a limited number of individuals are
widely disseminated. However, this is not the case for the
Guzerat population selected for milk production, in which
selection is still of low intensity. Although the N, values found
are a matter of concern, the average inbreeding coefficients of
this population are low. Mating plans would probably prevent
inbreeding in this population (Penna et al., 1998; Weigel and
Lin (2000); Colleau et al., 2004 ). Open schemes, an alternative
chosen by animal breeders for the MOET nucleus selection
scheme of dairy Guzerat cattle, allows evaluations of new
strains and are another important strategy to minimize
inbreeding (Smith, 1988). In the MOET nucleus also, the
Guzerat bulls can be evaluated in advance, irrespective of
whether they come from the beef population, and, if positives
for milk production, they will be available to breeders.
Therefore, gene flow allows inbreeding minimization not
only in nucleus but in the dairy herds as well.

All modern breeding programs, especially those based on
the use of advanced reproductive technologies, should
continuously monitor the level of inbreeding to guarantee
the accuracy of selection and a high rate of genetic progress
(Weigel and Lin, 2000).

5. Conclusions

The National Breeding Program for milk production of
Guzerat cattle has encouraged the broad use of semen from
proven sires of different origins and of high genetic merit in
the herds, an approach that resulted in low inbreeding
coefficients of younger individuals in the population. Despite
the low average F and AR values and the low frequency of
high inbred individuals, the N, values are only slightly below
the threshold indicating a risk of loss of genetic variability and
should therefore be considered. Furthermore, the extensive
use of a few sires, mainly after the introduction of modern
reproductive technologies, may result in a reduction of the
effective population and consequently increase average
inbreeding coefficients and allow genetic drift.

Continuous monitoring of genetic diversity using popula-
tion structure parameters is essential to prevent losses in
genetic variability and to permit high genetic progress in this
subpopulation, especially when the bottleneck effect is
regarded. The present results thus indicate the need for
further studies evaluating population parameters in the
MOET nucleus sub subpopulation and the effects of inbreed-

ing on productive and reproductive traits. To our knowledge,
there are no studies evaluating inbreeding depression in dairy
Guzerat cattle, although the Dairy Guzerat Cattle Breeding
Program is aimed at maintaining inbreeding at a low rate.

The results of this study indicate the need for the
establishment of conservation policies for dairy Guzerat
cattle in order to preserve the existing strains. For this
purpose, studies evaluating the genetic population structure
are necessary.
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