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Abstract    Pedigree information collected from 1979 to 2012 were used to study the genetic varia-

bility and population structure of Raeini Cashmere goats, taking kids born from 2009 to 2012 into 

account as the reference population. The mean inbreeding coefficients in the whole and inbred pop-

ulations were computed to be 0.04% and 4.41%, respectively. Considering the reference population, 

the average inbreeding coefficient and average relatedness were 0.14 % and 0.11%, respectively. The 

mean of generation interval, computed from four gametic pathways (sire-son, sire-daughter, dam-

son and dam-daughter), was 3.72 years, with a longer interval from dam-progeny pathways relative 

to sire-progeny ones. In the reference population, the average equivalent complete generation, as a 

measure of pedigree completeness, was 1.25. The effective population sizes estimated from the indi-

vidual rate in coancestry and from the individual increase in inbreeding were 332 and 229, respec-

tively. The effective numbers of founders (fe) and the effective numbers of ancestors (fa) were esti-

mated at 240 and 137, respectively. Approximately, 50% of the total genetic variations were ex-

plained by the first 57 influential ancestors, with a maximum individual contribution of 3.94%. The 

ratio of fe to fa, as measure of bottleneck, was 1.75. The results revealed the evidences for occurrence 

of bottlenecks in the population, mainly because of unbalanced contribution of breeding animals to 

the gene pool of the studied population of Raeini Cashmere goat. 
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Introduction 

An animal population face environmental change over 

time and for adapting to these changes genetic diversity 

is needed. Therefore, for estimating the future breeding 

potential of a given breed it is necessary to characterize 

its genetic structure and to study the within population 

genetic variability of the breed (Baldursdottir et al., 

2012). Small ruminants, especially in the tropics, play 

an important role in the livelihood of a sizeable portion 

of human population. They are mainly kept under low-

input production systems by local pastoralists and well 

adapted to the dry and harsh climatic conditions that are 

prevalent in the tropical areas (Kosgey and Okeyo, 

2007). Falconer and Mackay (1996) pointed out that se-

lection under animal models brings genetic gain accom-

panied with the loss of genetic variation. Maintenance 

of genetic variation at an acceptable level by controlled 

inbreeding is of great importance and will ensure that 

animals in the future can respond to changes caused by 

selection (van Wyk et al., 2009). Setting up an efficient  

 genetic improvement program requires the knowledge 

of genetic variation and genealogical structure of the 

population (Gutierrez et al., 2003). Genetic variation is 

defined as the variety of alleles and genotypes that exist 

in a population; such diversity may be expressed 

through morphological, physiological and behavioral 

differences at the level of individuals and populations 

(Frankham et al., 2002). The accuracy of demographic 

parameters estimated using pedigree analysis may be in-

fluenced by several factors; with the level of pedigree 

completeness as a main factor (Boichard et al., 1997). 

Application of pedigree information for studying the ge-

netic variation is an efficient approach and provides use-

ful information regarding managerial decisions prac-

ticed in historical background of a population through 

the past years.  

Raeini Cashmere breed, the most important Iranian 

Cashmere goat and numbering approximately 2 million 

heads, is predominantly distributed in the south and sou- 
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th-eastern part of the country (Maghsoudi et al., 2009). 

Raeini Cashmere goat is a dual-purpose breed mainly 

kept for Cashmere production by small holder farmers 

under traditional management systems and harsh cli-

matic conditions. The breeding station of Raeini Cash-

mere goat  was established in 1965 with 180 goats in-

cluding 120 does, 8 bucks and 52 kids for improving the 

economic traits of Raeini goats such as body weight at 

different ages and Cashmere weight via trait recording 

and genetic evaluation (Shamsaddiny Nejad and Bah-

reini Behzadi, 2015). The breeding station was to func-

tion as a nucleus-based breeding activity for selection of 

the superior animals, dissemination into local flocks, 

and thereby enhancement of production efficiency.  

There are limited reports regarding the study of ge-

netic variation using pedigree analysis of goat breeds 

(Rashidi et al., 2015; Menezes et al., 2015; Oliveira et 

al., 2016). Therefore, the aims of the present study were 

to assess the genetic variability and population structure 

of an experimental population of Raeini Cashmere goats 

by through pedigree analysis. 

 

Material and methods 

Data collection and management 

The pedigree information used in the present study were 

collected from 1979 to 2012 at Raeini Cashmere goat 

breeding station located in Baft city, Kerman province, 

south-eastern part of Iran. Animals were raised under 

semi-intensive managerial conditions which were simi-

lar to the prevalent conditions for the nomadic flocks in 

the region. Mating period was from August to October 

with the corresponding kidding period from December 

to February. Does were first exposed to the bucks at 

about 18 months of age. Total numbers of sires and 

dams with progeny were 397 and 4160, respectively. 

Considering animals with progeny, the average numbers 

of offspring per sire and dam were 15.07±17.00 and 

2.13±1.71, respectively. Approximately, 73% of the 

bucks produced less than 20 offspring, and 15 bucks 

sired more than 50 offspring, producing about 18% of 

the kids. 

 

Genealogical parameters  

Kids born from 2009 to 2012 were considered as the ref-

erence population. The individual inbreeding coeffi-

cient (F) was computed using the algorithm of Meuwis-

sen and Luo (1992). The average relatedness coefficient 

(AR) of each individual to its population was estimated 

as the probability that an allele randomly chosen from 

the entire population included in the pedigree belonged  

 to a given animal (Gutierrez et al., 2003). The genera-

tion interval was defined as the average age of the par-

ents at the birth time of their progeny kept for reproduc-

tion. It was computed across four pathways, sire to son 

(Lss), sire to daughter (Lsd), dam to son (Lds), and dam to 

daughter (Ldd). The average generation interval (G. I.) 

was computed as: 

G.I. = 
Lss+Lsd+Lds+Ldd

4
 

Completeness of pedigree was evaluated by equiva-

lent complete generations. Individual equivalent com-

plete generation for individual i (EqGi) was computed 

according to Maignel et al. (1996) as: 

EqGi=∑ (
1

2
)

n

 

where, n denotes the number of generations separating 

the individual from each known ancestor. Average 

equivalent complete generations for the whole and ref-

erence population were computed simply by averaging 

the individual equivalent complete generations. 

The effective population size is the size of an ideal 

population, characterized by equal sex ratio, absence of 

mutation, migration and selection, which has the same 

inbreeding rate as the real population under considera-

tion. The effective population size (Ne) was estimated 

by two methods. The first was based on the rate of 

coancestry for all pairs of individual j and k (∆cjk) in a 

reference population (Cervantes et al., 2011) as: 

∆Cjk=1 - √1 - Cjk

(
gj+gk

2
)

 

where, Cjk is the inbreeding coefficient of a progeny 

from individuals j and k, and gj and gk are the equivalent 

complete generation of individuals j and k, respectively. 

In this method, effective population size was estimated 

by averaging the rate of coancestry for all pairs of the 

individuals as: 

Ne=
1

2∆c
 

The second approach was based on the individual in-

creases in inbreeding. The coefficients of individual in-

creases in inbreeding (ΔFi) were computed according to 

the method described by Gutierrez et al. (2008) and 

modified by Gutierrez et al. (2009) using the following 

formula:   

∆Fi=1- √1-Fi
EqGi-1

 

where, the components of Fi and EqGi are the coefficient  
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of inbreeding and the equivalent complete generation 

for individual i, respectively. The coefficients of indi-

vidual increase in inbreeding are averaged and effective 

population size was estimated as: 

Ne=
1

2∆F
 

Considering the reference population two measures 

on probability of gene origin including the effective 

number of founders and the effective number of ances-

tors were computed. 

Effective number of founders (fe) denotes the num-

bers of equally contributing founders that would result 

in the same level of genetic diversity in the current pop-

ulation and was computed according to Lacy (1989): 

f
e
=

1

∑ q
k
2m

k=1

 

where, qk is the expected proportional genetic contribu-

tion of founder k; computed by the average relationship 

of the respective founder to each animal in the popula-

tion and m is the total number of founders. 

Effective number of ancestors (fa) is the minimum 

number of ancestors, not necessarily founders, explain-

ing the complete genetic diversity of the current popu-

lation and was computed according to Boichard et al. 

(1997): 

f
a
=

1

∑ q
k
2n

k=1

 

where, pk is the marginal contribution of each ancestor; 

the contribution made by an ancestor not explained by a 

previously chosen ancestor and n is the total number of 

ancestors. The program of ENDOG 4.8 was used for 

pedigree analysis (Gutierrez and Goyache, 2005). 

 

Results and discussion 

Pedigree completeness, equivalent complete      

generation and generation interval 

Pedigree completeness level has considerable effect on 

the computation of inbreeding coefficient due to the fact 

that the chance of finding common ancestors increases 

along with the level of pedigree completeness 

(Gutierrez et al., 2003). The averages percentages of an 

 cestors known per generation were 58.08%, 23.47%, 

8.65%, 3.04% and 0.95% for the first, second, third, 

fourth and fifth generations, respectively. After the fifth 

generation, pedigree completeness was approximately 

zero. This situation is reflected by the low average 

equivalent generation of 0.98 in the whole population, 

showing a shallow structure for the studied pedigree of 

Raeini Cashmere goats. The corresponding value for 

equivalent complete generation in the considered refer-

ence population of Raeini Cashmere goats was 1.25. For 

evaluating the accuracy of the computed population pa-

rameters and the genetic variability of population pedi-

gree integrity, which can be evaluated by applying the 

equivalent number of generations, is of crucial im-

portance (Boichard et al., 1997). Oliveira et al. (2016) 

obtained a value of 0.64 for equivalent complete gener-

ation in Spanish Murciano-Granadina which was lower 

than the obtained value in the present study. The higher 

corresponding value of 5.84 was also has been reported 

by Rashidi et al. (2015) in Markhoz goat. The evolution 

of equivalent complete generation throughout the years 

is presented in Figure 1. 

In the present study, the calculated mean generation 

interval of 3.72 years was higher than 2.5 years reported 

by Portolano et al. (2004) in Girgentana goats. Genera-

tion intervals of 3.55 years and 2.77 years were reported 

by Rashidi et al. (2015) and Oliveira et al. (2016) in 

Markhoz and Spanish Murciano-Granadina goats, re-

spectively. The higher mean generation interval of the 

dam-progeny pathways (3.77 years), relative to the cor-

responding value for sire-progeny pathways (3.68 

years), is probably attributable to the fact that breeding 

dams are usually kept for more years to produce off-

spring than the sires. The same trend was observed in 

Markhoz goats (Rashidi et al., 2015).  

 

Inbreeding and average relatedness  

A summary of the descriptive statistics on inbreeding 

coefficient in kids is shown in Table 1. Overall, 50.15% 

of the kids were males and 49.85% were females. A 

small proportion of kids (0.90%) were inbred. Of all 

registered animals, 52.58% had unknown sires which  

Table 1. Inbreeding statistics for whole population and inbred animals in 

Raeini Cashmere goats 

Item 
Whole animals Inbred animals 

Total Male Female Total Male Female 

No. of records 12622 6330 6292 110 55 55 

Average F (%) 0.04 0.04 0.03 4.41 4.90 3.93 

Minimum F (%) 0.00 0.00 0.00 0.05 0.05 0.10 

Maximum F (%) 25.00 25.00 12.50 25.00 25.00 12.50 
F: Inbreeding coefficient. 
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Table 2. Summary statistics of the pedigree analysis in Raeini Cashmere goats 

Item Value 

Whole population  

No. of animals with progeny 4557 

No. of animals without progeny 8065 

No. of animals with both known parents 5985 

No. of animals with both unknown parents  3622 

No. of animals with one unknown parent  3015 

Reference population  

No. of animals 1473 

Mean of inbreeding coefficient (%) 0.14 

Average relatedness (%) 0.11 

Average No. of equivalent complete generations 1.25 

Effective population sizea 332 

Effective population sizeb 229 

No. of founders 1419 

No. of ancestors 1163 

Effective No. of founders (fe) 240 

Effective No. of ancestors (fa) 137 

No. of ancestors explaining 50% of genetic variation 57 
aEstimated based on individual increase in coancestry 
bEstimated based on individual increase in inbreeding 

may be a reason for low inbreeding observed in the stud-

ied population. Joezy-Shekalgorabi et al. (2016) studied 

pedigree structure in the Iranian Cashmere goat breed of 

south Khorasan and found low average inbreeding coef-

ficient of 0.07%. They ascribed this level of inbreeding 

to the factors such as lack of sire registration in the ped-

igree and extensive production system. In the present 

study, the numbers of matings between parent-offspring 

and between half-sibs in the whole of population were 

0.02% and 0.14%, respectively. As shown in Table 2, 

animals with progeny constituted 36.11% of the total 

 registered animals.  

The averages inbreeding coefficients in the whole 

population and inbred kids were 0.04% and 4.41%, re 

spectively. Oliveira et al. (2016) reported a value of 

0.18% for average inbreeding in Spanish Murciano-

Granadina goats. According to Joezy-Shekalgorabi et 

al. (2016), the average inbreeding in Iranian Cashmere 

goats of south Khorasan was 0.85%. The evolution of 

average inbreeding coefficients and average relatedness 

of kids across the study period are shown in Figure 1. 

As shown in Figure 1, inbreeding has been kept at levels  

 
Figure 1. Evolution of average inbreeding (AF), average relatedness (AR) and average equivalent 

complete generation (EqG) for Raeini Cashmere goats across the years  
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Figure 2. Individual and cumulative contributions of the first 57 ancestors explained 50% of 

the genetic diversity  

 

not exceeding 0.55%, with fluctuations throughout the 

years. The means of inbreeding coefficients were in-

creased from 1987 to 1992 and abruptly decreased in 

1993 but several fluctuations were observed, after-

wards. Such fluctuations may be ascribed to the intro-

duction of unrelated sires from other herds, as well the 

low quality of pedigree and/or mating policy planned 

for avoiding mating between related individuals. In the 

present study, a positive but statistically non-significant 

annual inbreeding rate of 0.33±0.22 was observed 

(P>0.05). Baldursdottir et al. (2012) reported an annual 

inbreeding rate of 3% in Icelandic goats. 

The average relatedness considering all individuals 

and those in the reference population was 0.11% and 

0.20%, respectively. The average relatedness through-

out the years showed a behavior similar to that of the 

average inbreeding coefficient (Figure 1). Similar trends 

were observed in Brazilian Boer (Menezes et al., 2015) 

and Spanish Murciano-Granadina (Oliveira et al., 2016) 

goats. Oliveria et al. (2016) pointed out that such trend 

is probably because of the introduction of a foreign sire 

in the population. Joezy-Shekalgorabi et al. (2016) ob-

tained a value of 2.36% for the average relatedness in 

Iranian Cashmere goat of south Khorasan which is 

higher than the value obtained in the present study. Due 

to this fact that the average relatedness is inversely as-

sociated with the genetic diversity in a population it is a 

useful measure to manage the genetic diversity (Oliveira 

et al., 2016). 

 Effective population size, effective numbers of 

founders and effective numbers of ancestors 

The effective population size is an important parameter 

in population genetics and indicates the genetic viability 

of populations (Frankham et al., 2002). The realized ef-

fective population sizes estimated based on individual 

increases in coancestry and inbreeding were 332 and 

229, respectively (Table 2). The effective population 

size based on the individual increases in coancestry was 

higher than that obtained based on the individual in-

crease in inbreeding. Menezes et al. (2015) obtained the 

values of 173.5 and 340 for effective population sizes 

via individual rate of inbreeding and annual rate of in-

breeding in Boer goats of Brazil, respectively. In Mar-

khoz goats, Rashidi et al. (2015) reported effective pop-

ulation sizes from the individual rates in coancestry and 

from the individual increases in inbreeding methods of 

84 and 69, respectively which are lower than those ob-

tained in the present study. In another study, Baldurs-

dottir et al. (2012) reported an effective population size 

of 5.1 in Icelandic goats using the population data. 

Danchin-Burge et al. (2012) studied genetic variability 

in three breeds of goats, including the Alpine, Saanen 

and Angora with estimated values of 149, 129 and 76 

for effective population sizes in these breeds, respec-

tively. Oravcova (2013) obtained values of 182 and 142 

animals for the effective population size in White Short-

haired goats estimated via the individual increase in in-

breeding and the individual increase in coancestry, resp- 
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ectively. 

The effective population size denotes the number of 

breeding animals that would contribute to the observed 

rate of inbreeding in the recent generation under ideal 

conditions (Falconer and Mackay, 1996). Generally, de-

termination of a strict critical level for the effective pop-

ulation size is not straightforward and should be inter-

preted considering factors such as the method applied, 

animal species and the structure of the population stud-

ied (Leroy et al., 2013). 

In the present study, the numbers of founders con-

tributed to the reference population and the effective 

numbers of founders were 1419 and 240, respectively; 

indicating the excessive use of some animals as parents. 

Portolano et al. (2004) reported the total number of 

founders and effective numbers of founders in Girgen-

tana goat breed as 93 and 22.94, respectively, which 

were lower than the obtained values in the present study. 

A high corresponding value of 967 was obtained by 

Oliveira et al. (2016) in Spanish Murciano-Granadina 

goats. The ratio between effective number of founders 

to the total number of founders was approximately 0.17; 

indicating disequilibrium among founder contributions 

in the studied population of Raeini Cashmere goat. The 

corresponding ratios of 0.25 and 0.14 were obtained in 

Italian Girgentana (Portolano et al., 2004) and Markhoz 

(Rashidi et al., 2015) goats, respectively. Unequal con-

tribution of founders in a population was taken into ac-

count by using the effective number of founders (Lacy, 

1989). Whenever a bottleneck is imposed on a popula-

tion, fe will be overestimated due to ignoring the possi-

ble effects of bottleneck (Boichard et al., 1997). There-

fore, estimation of the effective number of ancestors (fa) 

as an more important measure of genetic diversity is of 

crucial importance (Boichard et al., 1997). 

Boichard et al. (1997) pointed out that fa comple-

ments the information provided by the fe taking the 

losses of genetic variation into account; caused by the 

unbalanced use of breeding animals producing bottle-

neck. The effective number of ancestors (fa) and the total 

number of ancestors contributed in the reference popu-

lation were 136 and 1163, respectively. Menezes et al. 

(2015) estimated the effective number of ancestors in a 

population of Brazilian Boer goats as 56 which is lower 

than the corresponding value in the present study. A 

larger estimate of 965 for fa was also reported in Spanish 

Murciano-Granadina (Oliveira et al., 2016). Oravcova 

(2013) analyzed the pedigree information in White 

Shorthaired goats of Slovakia and found values of 73 

and 45 for fe and fa, respectively. 

Boichard et al. (1997) stated that evaluation of the 

loss in genetic diversity that exist in the founders beca- 

 use of the bottleneck between the base and the reference 
population can be studied by applying the ratio of fe / fa; 
the ratio of effective number of founders to effective 
number of ancestors. The importance of bottleneck in 
the population under consideration can be evaluated by 
applying this ratio; the greater the fe / fa ratio, the more 
stringent the bottlenecks. If all founders contribute to 
pass their genes to the next generations, the maintenance 
of the original genetic diversity is ensured and, in such 
situation fe will be equal to fa (Oliveira et al., 2016). An-
yhow, it should be noted that the parameters related to 
probability of gene origin measures highly influenced 
by pedigree completeness. 

In the present study, the ratio of fe / fa was 1.76, im-
plying bottleneck in the studied Raeini Cashmere goat 
population. A corresponding ratio of 1.37 was obtained 
by Rashidi et al. (2015) in Markhoz goat. Oliveira et al. 
(2016) obtained an ideal value of 1 for ratio of fe / fa in 
Spanish Murciano-Granadina goat breed. They also 
pointed out that despite the existence of ideal corre-
sponding ratio in the population of Spanish Murciano-
Granadina goat, 50% of the genetic diversity of the pop-
ulation was explained by only 366 ancestors out of 5828 
ancestors, which may contribute to future genetic bot-
tlenecks if the current mating policy is implemented.   

Individual and cumulative contributions of the first 

57 ancestors explained 50% of the genetic diversity is 

shown in Figure 2. Amongst them, 50 animals were 

sires; implying excessive use of some sires for breeding. 

The prolonged use of certain sires can increase the prob-

ability of mating between close relatives if no restriction 

is applied (Oliveira et al., 2016).The most influential an-

cestor explained 3.94% of the genetic diversity in the 

reference population. It was a buck with 144 progenies. 

 

Conclusions 

Pedigree analysis of Raeini Cashmere goat revealed 

some appropriate indications regarding changes in the 

population structure across the years. The level of in-

breeding was low with high values for the effective pop-

ulation size. Because the animals with unknown parents 

(one or both ones) constituted about 53% of total ani-

mals, the inbreeding coefficient of animals might have 

been underestimated. Therefore, for setting up any 

breeding and / or conservation program in Raeini Cash-

mere goats accurate registration of pedigree information 

is required. Evidence for the presence of bottleneck was 

found mainly due to intensive use of some sires. Be-

cause of low quality pedigree available, the obtained ge-

nealogical parameters should be interpreted with cau-

tious in the light of the factors such as pedigree com-

pleteness. 
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 ارزیابی تنوع ژنتیکی و ساختار جمعیتی بز کرکی رائینی با استفاده از تجزیه شجره
 2پ. گوتیئرز  ، خ.1، م. مقبلی دامنه*1س. مختاری م.

 
 .گروه علوم دامی، دانشکده کشاورزی، دانشگاه جیرفت، جیرفت، ایران 1

 .گروه تولیدات دامی، دانشکده دامپزشکی، دانشگاه کامپلوتنس مادرید، مادرید، اسپانیا 2

 msmokhtari@ujiroft.ac.irنویسنده مسئول، پست الکترونیک: *

 

شجره چکیده     سال      در این پژوهش، از اطالعات  صالح نژاد بز کرکی رائینی طی  ستگاه ا شده در ای های ای جمع آوری 

لّد شااده طی های متوبرای مطالعه تنوع ژنتیکی و سااااتار جمعیتی بز کرکی رائینی با در ن ر فرنتن بزلاله 1391تا  1358

به عنوان جمعیت مرجع اسااتداده شاادا میانگین  اارین همرونی در کت جمعیت و در جمعیت  1391تا  1388های سااال

ونی و میانگین اویشاوندی در جمعیت  درصد محاسبه شدا میانگین  رین همر     41/4درصد و   04/0همرون به ترتین 

صد و   14/0مرجع به ترتین  سیر فامتی )پدر           11/0در صت از چهار م سلی حا صله ن ست آمدندا میانگین نا صد به د  -در

سر، پدر  سر و مادر  -داتر، مادر -پ سیر مادر     72/3داتر(  -پ ست آمد که در م شتر از پدر  -سال به د نرزندان  -نرزندان بی

های موثر جمعیت بر به دساات آمدا اندازه 25/1ل نساات کامت، به عنوان معیاری از کامت بودن شااجره،  بودا میانگین معاد

برآورد شاادندا تعداد موثر پایه  229و  332اساااا انزایش اندرادی در همتباری و انزایش اندرادی در همرونی به ترتین 

جد با    57درصاااد کت تنوع ژنتیکی را   50تقریباً،  ترمین زده شااادندا   137و  240فذاران و تعداد موثر اجداد به ترتین      

شارکت اندرادی در تنوع ژنتیکی      شترین تاثیرفذاری تو یح دادند که حداکثر م سبت تعداد موثر پایه    94/3بی صد بودا ن در

اهدی به دست آمدا نتایج به دست آمده در این پژوهش شو   75/1فذاران به تعداد موثر اجداد، به عنوان معیاری از باتلنک، 

از بروز باتلنک در این جمعیت را آشاااکار کرد که عمدتاً به دلیت مشاااارکت نابرابر حیوانات مولد در ازانه ژنی جمعیت 

 مطالعه شده بز رائینی استا

 


