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Abstract: Breeding programmes in autochthonous pig populations are 
usually oriented to conservation goals. Selection for economically important traits 
in such populations can be beneficial for competitiveness of the breed. 
Autochthonous pig breeds are often characterized by low genetic diversity, and 
selection in such population becomes demanding. Availability of data and low 
costs make best linear unbiased prediction (BLUP) the method of choice for 
selection in conserved populations. Natural mating is dominant in populations of 
autochthonous breeds, and the consequence of that is the low level of 
connectedness which makes the comparison of estimated breeding values across 
herds unreliable. Managing the level of connectedness is dependent on pedigree 
data quality. Various methods have been developed in order to optimize genetic 
gain and the level of inbreeding in the population using optimal contribution 
selection (OCS) framework. OCS is an optimisation of genetic contributions of 
selection candidates to the next generation such that expected benefit and risks are 
balanced. A common way to achieve this goal is to maximise genetic gain at a 
predefined rate of population inbreeding by restricting selection of candidates that 
are closely related. Pedigree or marker data can be used for that purpose. By the 
application of OCS genetic, progress can be achieved, that is almost as great as that 
with truncation selection based on BLUP breeding. Thus, conservation and
selection goals can be optimised by the control of the level of connectedness and 
application of OCS procedures.
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Introduction

The final goal of conservation of endangered populations of pigs is sustainable 
breeding, which demands development of tools for achieving this goal (Barker, 
2001). Breeding programmes for local and autochthonous breeds are often oriented 
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to conservation goals, without intention for genetic improvement of the 
populations. However, some breeding programmes for pigs include genetic 
evaluation of economically important traits, such as growth traits in Iberian pig 
(Duarte et al., 2012). Selection for genetic improvement in economically important 
traits is a helpful tool for achieving sustainable production and economically 
effective breeding. By emphasising desirable traits in such breeds, chance of 
surviving of the breed can be increased. Traits, such as meat quality, might bring 
additional value for a breed and including these traits in breeding programmes 
might be beneficial for the conservation process.

Selection for economically important traits, achieving genetic improvement and 
maintaining genetic diversity in the population seem to be opposing breeding goals, 
and finding optimal level of genetic improvement and loss of genetic variability 
becomes challenge for breeders. This is especially important in the breeds of 
livestock under conservation, which have higher probability for loss of genetic 
variability and appearance of inbreeding depression, as a consequence of loss of 
different alleles and increased homozygosity. Thus, breeding programmes for 
conserved breeds, which usually belong to the group of endangered populations 
should have balanced breeding goals which include genetic improvement and 
maintaining genetic diversity.

Genetic diversity

Genetic diversity within breeds of livestock has a crucial impact on sustainability 
of breeds. In pigs, a few multinational companies run world-wide spread breeding 
programmes, based on several breeds, which led to negligence and genetic erosion 
of less productive breeds (Nidup and Moran, 2001; FAO, 2007). The coefficient of 
inbreeding, inbreeding rate, and effective population size are commonly used 
measures in describing genetic diversity of the population. The coefficient of 
inbreeding is defined as probability that two gametes at any locus in an individual 
are identical by descent. Inbreeding rate refers to the rate at which homozygosity in 
a population increases: the smaller the population, the faster the increase in 
homozygosity from generation to generation (Falconer and Mackay, 1996). The 
measures of the genetic diversity in the livestock populations can be based on 
pedigree information or molecular data, such as microsatellites or single nucleotide 
polymorphism (SNP) markers. Moreover, combination of both information sources 
is beneficial when genealogical information is scarce. However, in well-established 
breeding programmes where sufficient genealogical information exists, the use of 
pedigree is sufficient for obtaining reliable information about genetic diversity 
(Alvarez et al., 2008). In the beginning of the conservation process both sources 
can be used in order to achieve reliable estimation of genetic diversity parameters. 
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Such an example can be found in the study of Škorput et al. (2018), who used 
information based on pedigree and microsatellite analysis in the in the Banija 
spotted pig, an autochthonous breed under conservation process. Obtained results 
from both sources of information corresponded well with each other, indicating 
that further efforts in conservation of analysed pig breed should be focused on the 
creating mating schemes with a goal of controlling the rate of inbreeding and 
further loss of genetic diversity. Lopes et al. (2013) analysed genetic diversity in 
commercial pig population comparing molecular information obtained by the 
analysis of SNP markers and pedigree information. The advantage of the first 
method is better capture of the variation of kinship between sibs due to Mendelian 
sampling information than in the pedigree-based method.
Local and autochthonous breeds of pigs are often characterised by a low genetic 
diversity. Low genetic diversity and low additive variance in population does not 
allow effective selection of the pigs for the traits of interest and these are often 
limiting factors for genetic improvement of the population. Genetic diversity 
parameters that describe the genetic variability in the population, such as 
inbreeding rate and effective population size indicate that diversity of such 
populations is often low. Such examples are Turopolje pig (Druml et al., 2012) and 
Red Mangalitza pig (Szabó et al., 2016). Crovetti et al. (2013) found low effective 
populations sizes for Italian breeds Mora Romagnola and Cinta Sinese. However, 
contraction of genetic diversity is not only characteristic of local and 
autochthonous breeds, but also globally spread pig breeds used worldwide, such as 
Landrace and Large White (Welsh et al., 2010; Škorput et al., 2019).

Selection of pigs in small populations

Beside conservation purpose, breeding programmes in local and autochthonous 
breeds of pigs should have developmental role, enabling genetic improvement in 
the population. According to Gandini and Oldenbroek (2007), strategies for 
moving from conservation to utilization include defining the relevant breeding goal 
and marketing products to secure profitability. Thus, genetic evaluation for the 
traits of interest might be helpful in achieving this goal. Pedigree based genetic 
evaluation using an animal model is still method of choice in many breeding 
programmes for pigs. Availability of data and lower costs compared with genomic 
evaluation makes best linear unbiased prediction (BLUP) the method of choice for
selection in conserved populations. However, several pitfalls should be considered 
when applying BLUP in such population.
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Connectedness

Connectedness among contemporary groups is one of the major concerns when a 
selection of animals across populations (herds, regions, countries or breeds) is 
performed by BLUP (Kennedy and Trus, 1993). This is especially important in the 
populations where natural mating is the dominant way of mating. Škorput et al. 
(2018) discussed the impact of connectedness between management units on the 
reliability of breeding values obtained by BLUP in Black Slavonian pig using 
connectedness rating method. Comparable estimated breeding values between 
management units (e.g. farms) can be achieved only when sufficient level of 
connectedness between management units exists. Reliable estimation of the level 
of connectedness is dependent on data and pedigree quality. The best way to 
improve the level of connectedness is to organize artificial insemination centres. 
However, the management of small populations of local pig breeds might not 
justify such investments. Another efficient way of increase the level of 
connectedness in populations with dominant natural mating might be an 
establishing of sire referencing schemes, such as in sheep breeding programmes 
(Simm et al., 2001). Furthermore, boar circle schemes could be considered as an 
effective way for increasing number of genetic links between management units 
involved in comparison of estimated breeding values (EBV’s). Possible pitfalls in 
such approach are related with health status risk and this demands strong health 
control and the application of biosecurity measures.

Optimal contribution selection

Bulmer effect (Bulmer, 1971) describes the contraction of genetic variability in the 
population caused by selection. Moreover, using BLUP as the selection method in 
the population increases probability of choosing individuals from the best 
performing families, where individuals contribute more to the gene pool compared 
to those from lower performing families (Wray and Thompson, 1990; Wooliams et 
al., 1999). Thus, an optimal solution that optimises genetic gain and manage the 
level of inbreeding in the population is required.

Sustained genetic gain is obtained by creating a covariance between the Mendelian 
sampling terms (a) and long-term genetic contributions (r) of selection candidates 
(Wolliams et al., 1999). This in turn provides the framework for an effective 
solution for the management of genomic diversity, due to the relationship between 
r and rate of inbreeding (
optimize genetic gain and the level of inbreeding in the population using this 
framework, which is known as optimal contribution selection (OCS) (Howard et 
al., 2018). The optimal contribution selection optimises contributions of selection 
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candidates to the next generation such that expected benefit and risks are balanced 
(Woolliams et al., 2015). The concept of genetic contributions was discussed by 
Wooliams et al. (1999) and Bijma and Wooliams (1999). A common way to 
achieve this goal is to maximise genetic gain at a predefined rate of population 
inbreeding by penalising selection of individuals that are too closely related (Wray 
and Goddard, 1994; Meuwissen, 1997). Meuwissen (1997) proposed a method that
maximizes the response of selection with a predefined rate of inbreeding, where the 
optimal solution is expressed as genetic contribution of the individuals to the next 
generation, which is equivalent to the number of offspring per selection candidate:

Gt+1=ct' EBVt

where EBVt is the vector of BLUP estimated breeding values of the candidates for 
selection in generation t and ct is the vector of genetic contributions of the selection 
candidates to generation t+1.

Genomic information is now used in many livestock breeding programs (Garrick, 
2011). The EBV’s for selection candidates can be thus based on pedigree or 
genomic data. Moreover, in order to set up inbreeding restriction policy, genomic 
or pedigree-based measures of coancestry can be used. Clark et al. (2013) analysed 
simulated and real data of dairy bulls, incorporating genomic data into OCS. The 
use of genomic EBV’s resulted in increased genetic gain for a given level of 
inbreeding when optimal contribution selection was used, especially when the 
population consisted of large full-sib families. However, in local populations of 
domestic animals, the genealogical information remains the main source of 
information about genetic diversity measures.

Caballero and Toro (2000) showed that minimisation of coancestry among 
individuals enables preservation of the genetic diversity, suggesting independent 
processes of choice of parents and creating mating schemes. However, Fernandez 
et al. (2001) argued the ability of the practical implementation of optimal 
conservation strategies, which might be affected by the restricting factors, such as 
number of individuals offspring can contribute. Also, physiological restrictions can 
make the application of the optimal contribution strategies harder in populations. 
For this reason, the authors proposed single step method to optimise the 
management of a conservation programme when restrictions on the mating scheme 
exist. The single step method looks for optimal contribution of the parents and sets 
the optimal mating scheme simultaneously.
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Several studies have been published using dairy cattle data (Koenig and Simianer, 
2006; Sørensen et al., 2008; Wang et al., 2017) horse data (Solé et al., 2013) and 
sheep data (Henden Kjetså, 2016). The application of the optimal contribution 
selection on real data in pigs in the literature is scarce. Howard et al. (2014)
analysed structural changes in the commercial pig population after applying OCS. 
They showed that the application of OCS in the genomic evaluation of the pigs has 
the potential to deliver more genetic gain for the same rate of inbreeding. Gourdine 
et al. (2012) used stochastic simulation with 25 different scenarios in local pig 
population and found that with optimum contribution selection, genetic progress 
can be achieved that is almost as great as that with truncation selection based on 
BLUP breeding. However, for an optimal outcome of applied OCS procedures, 
pedigree and data quality plays an important role (Sørensen et al., 2008).

Conclusion

Selection of the pigs in small local and autochthonous breeds for traits of interest is 
beneficial and effective if all pitfalls in the process are considered. Although 
maintaining genetic diversity and genetic improvement seem to be oppose breeding 
goals, available tools, such as optimum contribution selection procedures, might 
help breeders and organisations to achieve genetic improvement while maintaining 
genetic diversity in populations. Characteristic of the local pig breeds is dominant 
natural mating, which does not allow quick spread of genetic material and thus, 
genetic improvement improvement is slower. Optimal mating design is the crucial 
step in achieving satisfying level of connectedness for estimation of comparable 
EBV’s and minimisation of coancestry between individuals in order to restrict the 
inbreeding rate in the population under selection.

lokalnih rasa svinja

Rezime

pulacijama može 
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genetska raznolikost, a selekcija u takvoj populaciji postaje zahtevna. Dostupnost 
(BLUP) 

dominantno u populacijama autohtonih rasa, a posledica toga je nizak nivo 

stadima nepouzdano. Upravljanje nivoom povezanosti zavisi od kvaliteta podataka 

-
optimal contribution selection). OCS je optimizacija genetskog doprinosa 

dobitka unapred definisanom stopom inbreedinga populacije og
izbora kandidata koji su usko povezani. Podaci o pedigreu ili markerima mogu se 

Stoga se 
i primenom OCS procedura.
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