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ABSTRACT

In the current research, genetic diversity of Iranian Adani dairy goat was assessed utilizing pedigree analysis. Pedigree
records from a total of 2985 animals during 1999-2013 were analysed. A total of 96 animals were inbred. The average
inbreeding coefficients in the whole, the inbred and the reference population (living reproductive animals born from
2009 to 2013) were found 0.24, 7.33 and 0.56 %, respectively. The low inbreeding coefficient obtained forAdani dairy
goat was mainly related to the lack of sire registration in a large number of animals (about 44.4% missing sire
information). Low ratio of the effective number of founders (fe) to the total number of founders (f) (fe/f=0.13) for Adani
goat breed represents unbalanced contribution of founders to the reference population. Effective number of ancestors (fa)
was equal to 39. The Ratio of fe to fa was1.44 which could be a result of occurring genetic bottleneck in the population
and the use of a limited number of parents across generations. Low equivalent generation obtained for the Adani dairy
goat indicates low pedigree depth in the studied breed and the need for using molecular based methods to overcome the
problem of pedigree incompleteness in this breed.
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INTRODUCTION

The increased extinction of farm animal
biodiversity has increased the necessity for preserving
rare livestock breeds (Scherf, 2000). Genetic adaptability
of a breed to different environmental conditions depends
significantly on the breed genetic biodiversity
(Baldursdottir, 2010). Intense genetic selection,
inbreeding and drift are the main reasons for loss of
genetic biodiversity of a population (Hammami et al.,
2007; Vozzi et al., 2007).

The national goat population of Iran amounts to
more than 25 million heads (FAO, 1998; Ansari-Renani
et al., 2013).The Adani dairy goat is one of the most
important indigenous goat breeds of Iran and is reared in
the coastal area of the Persian Gulf in Boushehr province.
The province is located in South-western region of Iran.
In spite of high average temperatures, humidity and low
quality and quantity pastures, the breed has been well
adapted to the harsh environmental conditions. At the
same time, the breed has been regarded as a valuable
source for the export market in Persian Gulf region
countries (Yazdanshenas et al., 2013). The official breed
registry on Adani goat was established in the year 1999.
A few flocks of this breed are included in performance
records. Currently, the recorded population involves 800-
900 animals.

Monitoring the genetic diversity within a
population needs the regular evaluation of average
relationship and inbreeding coefficient as well as
effective population size (Groeneveld et al., 2010).
Pedigree analysis is considered as an appropriate method
for evaluation of the genetic diversity. With the use of
pedigree analysis, changes of genetic diversity could be
traced by monitoring inbreeding coefficient of a
population. Utilizing parameters based on probability of
gene origin (such as effective number of founders and
founder genome equivalent) could help with a more
accurate prediction of the genetic biodiversity (Solkner et
al., 1998; Honda et al., 2004). The population structure,
as a characteristic of the underlying pedigree, is
considered as a key factor in applying genetic association
studies. Pedigree analysis has been performed in various
livestock species including pig (Melka and Schenkel,
2010; Veroneze et al., 2014; Szabó et al., 2015), sheep
(Li et al., 2009; Mokhtari et al., 2014), cattle (Vozzi et
al., 2006; Mc Parland et al., 2007; Oliveira et al., 2012;
Pienaar et al., 2015), buffalo (Marcondes et al., 2014),
horse (Hasler et al., 2011), donkey (Gutierrez et al.,
2005; Cecchi et al., 2006) and in pet animals (Leory et
al., 2009; Cecchi et al., 2013). Genetic diversity of some
goat breeds have also been evaluated through this method
(Portolano et al., 2004; Mucha and Windig, 2009;
Baldursdottir, et al., 2012; Oravcova, 2013). In some
recent published studies, pedigree analysis has been
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performed in Iranian Markhoz goat breed as well as in
Cashmere goat breed of South Khorasan (Rashidi et al.,
2015; Joezy-Shekalgorabi et al., 2016). Considering the
importance of conservation of indigenous breeds adapted
to harsh environmental conditions and with regard to the
valuable parameters obtained by pedigree analysis, the
objective of the current study was to demonstrate
demographic characteristics of Adani dairy goat breed
through analysing the collected genealogical data.

MATERIALS AND METHODS

Genealogical information of 2985 Adani goat
collected during 14 years period (from 1999 to 2013) was
evaluated in this study. Data were provided by Animal
Breeding and Milk Improvement Centre (ABMIC),
Karaj, Iran. Animals were reared under semi-intensive
and extensive management system at Bushehr province,
in the south of Iran. The province is located in arid
regions of Iran with a hot and dry climate. The average
temperature and the annual precipitation is estimated
about 24.4℃ and 212 mm, respectively. The flock
feeding is based on pasture grazing with 1 to 2 months
hand feeding at winter. Mating season starts from early
autumn and kidding occurs at early spring.

The pedigree was edited for inconsistencies in
dam and sire registration, birth date and sex registration.
Founders were defined as individuals with one or both
unknown parents. A four years’ time path was used for
defining the reference population because this time
duration represent an approximate generation interval in
goat. Inbreeding coefficient and the coancestory
coefficient were estimated by the algorithms proposed by
Meuwissen and Luo (1992) and Malecot (1948),
respectively. The absolute and the effective number of
founders and ancestors, the number of full traced
generation, the equivalent complete generation, the
maximum number of generation traced, effective
population size and inbreeding rate considering various
generation definition, etc., were also obtained (Lacy,
1989; Maignel et al., 1996; Biochard et al., 1997;
Gutierrez et al., 2009; Cervantes et al., 2011).  These
parameters could help in providing insights into the
genetic history of the breed.

The programs CFC 1.0 (Sargolzaei et al., 2006)
and Endog 4.8 (Gutierrez and Goyache, 2005) were used
for performing pedigree analysis. Of the total 2985
animals, about 28.2 % were considered to be founders
(with both unknown dam and sire), and about 69.4% of
animals did not have any progeny.

RESULTS AND DISCUSSION

Main demographic characteristics derived from
genealogical data of 6 flocks of Adani goat breed are

summarized in Table 1. Among the studied population,
2.9% and 27.7% were presented as sires and dams in the
pedigree, respectively. Of the total 2985 animals, about
28.2% were considered to be founders (with both
unknown dam and sire), and about 69.4% of animals did
not have any progeny. Timeline trend of founders and
animals with no progeny in various years is presented in
Fig. 1. Present results indicated that from 1999 to 2003,
all the animals in the pedigree were founder. There did
not exist a regular trend for the rate of founders in
population, from 2004 to 2010. However, from 2011
afterward no founder was found in the population.

The structure of population across flocks and
year are presented in Figures 2 and 3.  Among the studied
flocks, flocks numbered 6 and 3 had the most and the
least registered population, respectively. In addition about
21.1 and 100% of the registered population, in flocks 6
and 3, were considered as a founder. The number of
registered animals showed a descending trend over the
last decade of evaluation. No inbred animal was found till
2007. An overall increasing trend did exist in the
inbreeding coefficient for Adani dairy goat, since 2008.
Inbred animals reached to 25% of the registered animals
by 2013. The distribution of the inbreeding coefficient
among of Adani goat breed is presented in table 2. A total
of 96 animals were inbred. About 52.1% of inbred
animals had inbreeding lower than 5%. The inbreeding
coefficient ranged from 0.03% to 25%. The average
inbreeding value and the mean average relatedness in the
whole studied population were 0.24 and 0.91%,
respectively. The average inbreeding in the inbred
individuals was 7.33%.

The average inbreeding coefficients in the whole
and the inbred population are illustrated in Figure 4.
Evolution of the inbreeding coefficient per year of birth
revealed that the occurrence of inbreeding was mainly
due to the recent generations indicating that the historical
knowledge of the pedigree is lacking (Guttierez et al.,
2003). The extensive production system used in Adani
dairy goat contributed toward loss of much of fatherhood
information data from past generation. Investigation of
inbred individuals in various flocks indicated that all the
inbred animals were found in flock 6. No relatedness was
found between animals in various flocks.

The average inbreeding and coancestry in the
reference population were 0.07 and 1.56%, respectively.
Similar inbreeding coefficient was reported by Joezy-
Shekalgorabi et al. (2016) for the Cashmere goat breed of
South Khorasan in Iran. Investigation of the pedigree
structure in German Hanoverian horse breed during 1920
to 2000 indicated that the average inbreeding coefficients
were 1.33, 1.19, and 1.29 % for the reference population,
stallions, and breeding mares, respectively (Hamann and
Distl, 2008). They argued that such limited inbreeding
coefficient was due to the breeding of Hanoverian with
other German horse breeds across generations. The
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average relatedness of individuals within the reference
population was about 3.12%. The probabilities of gene
origin parameters in the studied breed is presented in
Table 3. Of the total 1007 animals in the reference
population, there did exist a number of 528 males and
479 females, respectively. The ratio of the effective
number of founders (fe) to the total number of founders
(f) in the studied population was 0.13 indicating
unbalanced contribution of founders as parents in the
population. A greater fe/f ratio was recorded for the
Slovak White Shorthaired, Italian Girgentana and Iranian
Markhoz goat breeds (Portolano et al., 2004;
Oravcova,2013; Rashidi et al., 2015) indicating more
equivalent contribution of founders to the reference
population on these breed. The number of ancestors
contributing to the reference population of Adani goat
was about 94% of founders, which is a sign of lack of
pedigree depth and short time distance among founder
and young living population (Gutierrez et al., 2003;
Oravcova, 2013). Effective number of ancestor was about
39, which could be a result of occurring genetic
bottleneck and loss of genetic diversity in the studied
breed. The ratio of the effective number of founders to
the effective number of ancestors (fe/fa) was about 1.44
which was similar to the result reported for the White
Shorthaired breed (1.6) and Markhoz breed (1.32). Large
fe/fa ratio (greater than one) indicates a more intense
bottleneck effect and the use of a limited number of
parents across generations (Fair et al., 2012; Oliveira et
al., 2012). Smaller value of effective number of founder
flocks compared with the actual number of flocks refers
the unbalanced contribution of various flocks in gene
pool of the population and emphasizes that some flocks
behave as nucleus flocks providing genetic material for
other flocks (Guttierrez et al., 2003).

Mean maximum generation, mean complete
generation and mean equivalent generation was 1.33,
0.67 and 0.93 respectively. Figure 5 represents the mean
value of equivalent generation over the studied period.
Low value obtained for the equivalent generation in this
study indicates pedigree incompleteness and low depth of
the pedigree. In the study of Hamann and Distl (2008) on
a horse breed the mean complete generation equivalent
was 8.43 for the reference population. The mean
complete generation equivalent of the female reference
population in Iranian Baluchi sheep was 5.47
(Tahmoorespur and Sheikhloo, 2011). The mean
complete generation equivalent, the effective population
size and inbreeding rate considering the generation type
is summarized in Table 4. Loss of genetic diversity is
expected in population with small effective population
size. According to the FAO (1998) guideline on
preserving animal genetic resources, effective population
size less than 50 affects the fitness of the breed under
consideration. Estimate of effective population size for
Adani dairy goat was above the critical level which

ensures low inbreeding rate and consequently, stable
development of population without concerning about
high relatedness of animals. The inbreeding rate obtained
in this study was similar to the results obtained for
Saanen (Gipson, 2002) and clearly lower than the FAO
limit for breeds classified as threatened with extinction
(FAO, 1998). However, missing pedigree information
could be the main reason for obtaining low inbreeding
value (Biochard et al. 1997) and it have to be taken into
account when interpreting the results for the Adani goat
breed.

Table 1.Pedigree structure of Adani dairy goat.

Item N
Individuals in total 2985
Males 1212
Females 1773
Sires in total 86
Dams in total 826
Base populationa 1325
Individuals with known sire 1660
Individuals with known dam 1776
Individuals with both unknown parent 843
Individuals with both known parent 1660
Individuals with no progeny 2073
aone or more unknown parents

Table 2.Distribution of inbreeding coefficient in Adani
goat breed.

Level Of Inbreeding (%) Number Of Animals
0<F≤0.05 50
0.05<F≤0.10 14
0.10<F≤0.15 27
0.15<F≤0.20 0
0.20<F≤0.25 5

Table 3.Parameters of probability of gene origin for
the reference population in Adani goat.

Item Value
Number of animals in the reference population 666
Number of ancestors contributing to the
reference population

403

Total number of founder animals in the
reference population

428

Effective number of founders 167.29
Effective number of founders for the reference
population

56

Effective number of ancestors for the reference
population

39

Number of founder herds 5
Effective number of founder herds for the
reference population

1.6
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Founder equivalent for the reference population 80.66
Founder genome equivalent for the reference
population

32.01

Effective number of non-founders 53.09
Number of ancestors explaining 50% of gene
pool

26

Number of ancestors explaining 75% of gene
pool

97

Number of ancestors explaining 100% of gene
pool

403

Table 4. Effective population size and inbreeding rate
considering various generation type in Adani
goat.

Generation Type Effective
Population

Size

Inbreeding
Rate (%)

Maximum generation 158.49 0.32
Complete generation 85.75 0.58
Equivalent generation 98.61 0.51

Fig1. Number of founders and number of animals across years in Adani goat

Fig 2. The number of animals and the number of founders in various flocks of Adani dairy goat
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Fig 3. Registered and inbred individuals of Adani dairy goat during the studied period

Fig 4. Evolution per birth year of average inbreeding coefficient in registered and inbred individuals in Adani goat

Fig 5. Average number of discrete generation equivalent in Adani dairy goat across various studied years
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Conclusion: Population structure across years and flocks
in Adani goat breed was documented in this study.
Results indicated to unbalance contribution of founders in
the population. Generally, animals with unknown parents
are assumed to have no inbreeding. However, in reality,
they quite often are related to each other leading to
underestimation of the inbreeding coefficient. For
including the studied breed in the conservation program,
solving the problem of pedigree completeness is
necessary. Utilizing various DNA analysis methods could
practically help with the estimation of relationship
between animals and overcome the problem of pedigree
incompleteness in the studied breed.
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