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Research article
Ερευνητικό άρθρο

ABSTRACT. The objective of the study was twofold: (i) to review the genetics of production and resilience traits 
of indigenous Greek small ruminant breeds as well as the evolution of national breeding programs, and (ii) explore 
innovative and feasible approaches to overcome the challenges and constraints towards improving these breeds and 
enhancing the sustainability of the small ruminant sector. Previous studies on the genetic basis of production and re-
silience traits of indigenous breeds revealed high improvement potential. However, the lack of follow-up action has 
failed to produce applicable results. Thus, implementation of scientific findings in existing breeding programs for these 
breeds is extremely limited. The latter has contributed to the overall poor success of such programs. Furthermore, due 
to the fact that most farmers do not comprehend the strategic importance of genetic improvement and lack motivation 
for self-funding, breeding programs have mostly relied on European or government funding; the latter has resulted in 
intermittent implementation. Therefore, most programs failed to improve performance of indigenous Greek breeds, 
many of which were consequently replaced by foreign breeds of higher productivity and documented merit. In order 
to facilitate the design of breeding schemes and overcome the challenges towards improvement of indigenous breeds, 
an integrative approach is necessary. The latter should be based on identification of specific breeding objectives, re-
flecting the priorities and needs of the sector, as well as the capacity of the indigenous populations. Scientific advances 
exemplified by genomic selection and novel reproductive technologies will enable faster and more effective genetic 
improvement. The overall approach is expected to enhance the competitiveness of indigenous Greek small ruminant 
breeds and the sustainability of the sector.
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INTRODUCTION

Dairy sheep and goat farming is economically im-
portant in Mediterranean countries. It also has 

ecological and sociological impact, as it utilizes harsh 
and agriculturally low output areas thereby underpin-
ning the sustainability of rural populations (Carta et 
al., 2009). Dairy small ruminant farming systems are 
quite diverse and mostly rely on natural resources for 
grazing. Under these systems, local breeds are con-
sidered the most suitable, as they are well-adapted to 
the local environment (Barillet, 2007; Gelasakis et al., 
2010; 2017).

In Greece, small ruminant production dominates 
the livestock sector. In 2017, the national flock com-
prised about 8.6 million sheep and 3.8 million goats. 
With this population size, the Greek national goat 
herd was the largest and the national sheep flock 
was ranked fourth among EU-28 countries (Eurostat, 
2017a). Small ruminants in Greece are mainly dairy 
and their milk is mostly processed into cheese and 
other dairy products (Gelasakis et al., 2010). In 2017, 
milk production was almost 800,000 tons, which 
represented about 57% of the total milk produced 
in Greece (Eurostat, 2017b). Based on the latest 
available data, annual sheep cheese production was 
125,000 tons, rendering Greece the top sheep-cheese 
producing country worldwide; whereas, goat cheese 
production (40,000 tons) was the fourth largest glob-
ally (FAO, 2014). Meat production, although con-
sidered as a secondary activity, is also highly ranked 
among the EU-28 countries. Specifically in 2017, 
small ruminant meat production was ranked fourth 
(71,500 tons) representing 9.3% of the total EU-28 
production (Eurostat, 2017a). 

Greek small ruminant flocks are usually reared un-
der semi-intensive or semi-extensive farming systems 
with a trend towards intensification (Gelasakis et al., 
2012a; Gelasakis et al., 2017). Adaptation to more in-
tensive farming relies on achieving high ewe and doe 
productivity. Despite the fact that indigenous breeds 
share a diverse genetic background and have consid-
erable improvement potential (Hatziminaoglu et al., 
1990), national genetic improvement programs have 
failed to achieve sufficient genetic gain, resulting in 
unprecedented import rates of foreign improved dairy 
breeds. In 2016, almost 435,000 sheep (increased by 
33% compared to 2014) and 3,500 goats (decreased 
by 50%) were imported in Greece from EU countries, 
ranking Greece second and fifth regarding import 
rates in EU, respectively (European Commission, 

2014; 2016). 

Replacement of indigenous Greek breeds and un-
controlled crossbreeding with imported sheep and 
goats has caused the loss of invaluable autochthonous 
genetic material. Hence, population of most indige-
nous breeds has decreased dramatically, while even 
commonly used breeds are constantly losing ground. 
The objective of the study was twofold: (i) to review 
the genetics of production and resilience traits of in-
digenous Greek small ruminant breeds as well as the 
evolution of national breeding programs, and (ii) ex-
plore innovative and feasible approaches to overcome 
the challenges and constraints towards improving 
these breeds and enhancing the sustainability of the 
small ruminant sector.

GENETICS OF PRODUCTION AND 
RESILIENCE TRAITS 

Dairy-related traits
Research outcomes form the pillar of designing 

successful breeding programs. Indigenous Greek 
small ruminant breeds first gained scientific interest 
in the 1980s. The early studies focused on estimating 
heritability and genetic correlations of dairy-related 
traits (i.e. milk yield, udder traits) and lamb output 
of Chios sheep, using pedigree information and phe-
notypic data (Mavrogenis, 1982; Mavrogenis et al., 
1988). Subsequently, genetic studies included more 
traits (i.e. milk content, somatic cell count, litter size, 
body weight) and sheep breeds (i.e. Boutsko, Sfakia 
and Lesvos). These studies showed that improvement 
of important traits was possible through selection 
(Kominakis et al., 1998; Ligda et al., 2000; Mavro-
genis and Papachristoforou, 2000; Kominakis et al., 
2002; Ligda et al., 2003; Nikolaou et al., 2004). Milk 
yield and composition were found to be antagonisti-
cally correlated indicating that selection for one trait 
would adversely affect the other (Volanis et al., 2002). 
Respective studies on indigenous Greek goats are 
limited. A study on Skopelos dairy goats showed that 
their milk yield is likely to improve through selection 
(Kominakis et al., 2000). All the above traits are im-
portant for dairy small ruminant production. Howev-
er, inclusion of multiple traits in the same breeding 
scheme needs further investigation, especially when 
traits are genetically correlated.

Following the initial genetic studies based on the 
assumption of polygenic inheritance, Chatziplis et al. 
(2012) suggested that major genes are likely to be in-
volved in the inheritance of milk traits of Chios sheep. 
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The same research team studied the acetyl-coenzyme 
A acyltransferase 2 (ACAA2) gene of Chios sheep 
and found a single nucleotide polymorphism (SNP) 
associated with milk yield (Orford et al., 2012). This 
SNP explained most of the milk yield variation in 
the same flocks even when analyzed along with 15 
microsatellite markers; the latter were located close 
to Quantitative Trait Loci (QTL) that were found to 
affect milk yield in other sheep breeds (Chatziplis 
et al., 2013). Saridaki et al. (2017), performed a Ge-
nome-wide Association Study (GWAS) for total lac-
tation milk yield on records of approximately 500 
Frizarta ewes and found significant associations (only 
at chromosome level) with three SNPs located on 
chromosomes 5 and 23. Further analysis revealed a 
QTL related to milk yield, which was located close to 
the SNP found on chromosome 23. Another study on 
the same dataset, based on haplotype block regression 
analyses, identified 9 SNPs (4 of which were located 
in genomic areas associated with milk traits in other 
breeds) and 11 candidate genes that may be associat-
ed with milk yield and composition of Frizarta ewes 
(Saridaki et al., 2019). Interestingly, none of the SNPs 
reported in the first study of Saridaki et al. (2017), 
were verified in the second, after the alteration of the 
analysis protocol. 

Another recent study, on the prolactin gene of Chi-
os sheep, revealed a SNP positively associated with 
fat content and negatively with milk yield (Miltiadou 
et al., 2017). Polymorphisms in the caprine gene en-
coding as1 casein (CSN1S1), known to be associated 
with goat milk traits (Moioli et al., 2007), have been 
studied on Skopelos dairy goats. Findings indicated 
that two out of the three most common genotypes 
were associated with higher protein and fat content 
(Arsenos et al., 2014; Kalamaki et al., 2014). Never-
theless, in all the above studies, sample size was quite 
small ranging from 230 to 318 animals; in order to 
use SNPs located in genes of interest as markers of 
selection for milk traits, the estimated effects need to 
be validated in bigger population samples.

Improvement of udder traits became crucial after 
the introduction of machine milking in dairy sheep 
and goat production. Machine milking efficiency de-
pends on udder morphology, among other parameters 
(Marnet and McKusick, 2001). Many direct and in-
direct measurements have been used to describe ud-
der morphology of small ruminants and improve their 
milkability (Fernandez et al., 1995; De la Fuente et 
al., 1996; Casu et al., 2006). However, the appropriate 

udder traits for selection may differ among breeds and 
breed-specific studies are necessary to design genetic 
improvement programs. Gelasakis et al. (2012b) de-
scribed the udder morphology of Chios sheep using 
both direct and indirect measurements, taking into 
account relationships with milking efficiency. Strong 
correlations among traits were observed indicating 
that udder improvement could be based on selection 
for only indirect linear traits, which can be assessed 
faster at a lower cost. A study on Frizarta sheep re-
ported low to moderate heritability estimates (0.05 - 
0.21) for indirect linear udder traits (Kominakis et al., 
2013). Studies on a larger scale are necessary in order 
to make safe assumptions for selection of udder traits 
in Greek sheep.

Disease resistance
Response to infectious pathogens and susceptibil-

ity to disease are traits exhibiting considerable host 
genetic variation (Bishop, 2015). Studies of genetic 
variation underlying disease resistance in small rumi-
nants have showed that selection for resistance to cer-
tain diseases is possible (Bishop and Morris, 2007). 
Respective studies on indigenous Greek sheep and 
goats have focused on scrapie, mastitis, footrot and 
nematode resistance.

Scrapie resistance 
Resistance to classical scrapie has been associated 

with polymorphisms at codons 136 (alanine/valine), 
154 (arginine/histidine) and 171 (glutamine/histidine/
arginine) of the ovine PRNP gene in many sheep 
breeds (Bossers et al., 1996; Hunter et al., 1996). The 
aforementioned polymorphisms are most commonly 
combined into five haplotypes; namely ARR, ARH, 
ARQ, AHQ and VRQ. Combinations of the above 
haplotypes result in many genotypes, which are clas-
sified into five risk groups, according to the Nation-
al Scrapie Plan (Warner et al., 2006). More than 25 
PRNP genotypes have been detected in indigenous 
Greek sheep indicating high levels of genetic varia-
tion. Genotypes of risk groups 1 and 2, which are less 
susceptible to classical scrapie, have been reported 
in largely ranging frequencies (4.31 - 40% and 6.7 - 
71.4% for risk groups 1 and 2, respectively) in both 
purebred and crossbred Greek sheep (Billinis et al., 
2004; Ekateriniadou et al., 2007a; 2007b; Boukouva-
la et al., 2018). No significant associations of PRNP 
genotypes with milk production and reproduction 
traits have been found in Chios sheep, indicating that 
selection for scrapie resistance is not expected to ad-
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versely affect these traits (Psifidi et al., 2011). Based 
on the latter findings, a selective breeding program 
has been implemented in Chios sheep aiming to in-
crease the frequency of the resistant allele ARR. 

In goats, more than 50 PRNP polymorphisms 
have been reported. Alleles 222K, 146S/D and 211Q 
in the caprine PRNP gene have been strongly asso-
ciated with resistance to disease (Ricci et al., 2017). 
However, diverse frequencies of these alleles have 
been observed among and within breeds and coun-
tries. Thus, breed-specific studies are necessary for 
the development of selection schemes in each country 
(Ricci et al., 2017; Vouraki et al., 2018). Studies of 
both healthy and affected Greek goats have reported 
mutations that lead to amino acid substitutions in over 
20 codons of the caprine PRNP gene, including the 
ones that have been associated with scrapie resistance 
(222K, 146S/D, 211Q) (Billinis et al., 2002; Bouzalas 
et al., 2010; Fragkiadaki et al., 2011; Kanata et al., 
2014). However, the latter studies involved mostly 
small samples (n = 51 - 436 goats) of crossbred and 
undefined goat populations in Greece. Vouraki et al. 
(2018) reported frequencies of approximately 6% for 
the resistant allele 222K estimated over a larger popu-
lation sample (n = 551 goats) of two indigenous Greek 
breeds (Eghoria and Skopelos). A follow-up study on 
the same dataset found no associations of allele 222K 
with dairy traits (Vouraki et al., 2019). Thus, selection 
for the resistant allele 222K is not expected to have 
adverse effects on dairy goat traits and could be the 
basis for the development of a breeding program to 
enhance scrapie resistance in the two breeds.

Mastitis resistance 
Mastitis resistance in small ruminants is common-

ly assessed using milk somatic cell count (SCC); in-
creased values of SCC indicate udder inflammation. 
SCC in milk is a heritable trait. Furthermore, recent 
studies have revealed SNPs associated with mastitis 
resistance, which render genomic selection feasible 
(Bishop, 2015). Heritability estimates of SCC in Chi-
os sheep were moderate (0.17) during the first weeks 
of lactation (Bramis et al., 2014). Further studies on 
the same data set reported SNPs associated with SCC 
and other mastitis traits (i.e. incidence of clinical 
mastitis, Total Viable Count - TVC, California Mas-
titis Test) and identified 24 Quantitative Trait Loci 
(QTLs), 19 of which had been previously reported 
in other unrelated dairy sheep breeds. Based on the 
above, 14 candidate genes were detected as most like-
ly related to mastitis resistance in Chios sheep (Banos 

et al., 2017). Detection of the same QTLs in unrelated 
dairy sheep breeds indicates that implementation of 
mutual genomic selection programs for the enhance-
ment of mastitis resistance might be effective across 
breeds. However, further studies are necessary prior 
to implementation of such programs. Relative studies 
on other indigenous Greek sheep and goat breeds are 
largely missing.

Footrot resistance 
Polymorphisms located within Class I and II re-

gions of the ovine major histocompatibility complex 
(MHC) have been associated with resistance to foot-
rot (Escayg et al., 1997). Gelasakis et al. (2013) in-
vestigated the genetic profile of DQA2 gene (located 
in Class II region of the MHC) of Chios sheep and 
detected 20 alleles, indicating the highly polymorphic 
nature of the locus. Allele 1101 in that gene was as-
sociated with susceptibility to footrot. The latter find-
ing is in agreement with earlier studies on other sheep 
breeds; however, the overall allelic frequencies were 
highly divergent. In general, such associations are 
inconsistent across breeds and populations rendering 
genetic selection for resistance to footrot complicat-
ed. GWAS, which enable the detection of multiple 
markers associated with ovine footrot, are considered 
a more efficient approach towards comprehending the 
genetic architecture of the disease (Raadsma et al., 
2013; Bishop, 2015).

Nematode resistance
Nematode resistance in sheep has been associat-

ed with genes located in Class I to III regions of the 
MHC. Such associations are usually assessed using 
Fecal Egg Counts (FEC) (Dukkipati et al., 2006). 
DRB1 gene (located in Class II region of the MHC) 
was investigated in Greek sheep and 39 alleles were 
reported. Genotypes heterozygous for three of the 
latter alleles were associated with lower FEC (Spet-
sarias et al., 2016). Despite the variation observed in 
DRB1 gene, further studies involving other genes are 
needed in order to incorporate the above findings into 
a breeding scheme. Furthermore, studies on nema-
tode resistance based on FEC need to be interpreted 
with caution; since FEC are not distinguished among 
nematode species, inferences are not necessarily ap-
plicable for all nematode infections (Dukkipati et al., 
2006).

Genetic structure and diversity
Characterization of genetic structure and diver-



J HELLENIC VET MED SOC 2020, 71(1)
ΠΕΚΕ 2020, 71(1)

2067A. ARGYRIADOU, A.I. GELASAKIS, G. BANOS, G. ARSENOS

sity within and between breeds is an important step 
towards revealing the genetic architecture of animal 
traits. Studies aiming to characterize indigenous 
Greek sheep breeds and assess genetic distances be-
tween them have been based on polymorphisms of 
blood proteins (Rogdakis et al., 1995; Koutsouli and 
Rogdakis, 2002) and different types of markers such 
as microsatellite loci (Bizelis et al., 2007; Koutsou-
li et al., 2007; Ligda et al., 2009; Mastranestasis et 
al., 2015; Loukovitis et al., 2016), Random Amplified 
Polymorphic DNA (RAPD) (Mastranestasis et al., 
2011) and SNPs (Pariset et al., 2011; Kominakis et al., 
2017a; Michailidou et al., 2018). Respective studies 
on indigenous Greek goats are limited and used either 
microsatellite markers (Cañon et al., 2006) or SNPs 
(Pariset et al., 2009). 

Most of the above studies involved populations 
lacking pedigrees and small sample sizes per breed 
(30 - 100 animals). Only Mastranestasis et al. (2015) 
and Kominakis et al. (2017a) used relatively large 
sample sizes (350 Lesvos sheep and 503 Frizarta 
ewes, respectively) and published follow-up studies. 
The latter searched for possible associations of pheno-
typic traits (i.e. body traits, milk yield, litter size) with 
markers detected in the initial studies (Mastranestasis 
et al., 2016; Kominakis et al., 2017b; Saridaki et al., 
2019).

Genetic studies of indigenous Greek sheep and 
goats indicate high genetic variability and, there-
fore, improvement potential of production and fitness 
traits. However, a notable lack of continuity between 
research activity and practical implementation is ob-
served. Research objectives are altered on the basis of 
scientific trends resulting in intermittent studies and 
no further efforts are made towards the application of 
research outcomes. Consequently, implementation of 
scientific findings in breeding programs is extremely 
restricted.

BREEDING PROGRAMS 

Introduction of breeding programs
Breeding programs of indigenous Greek small ru-

minant breeds were first introduced in the late 1970s. 
Since then, such programs of variable duration, some 
of which are still ongoing, have been implemented in 
15 sheep and two goat breeds. The overall aim has 
been either improvement of production traits or, in 
case of rare breeds, conservation and diversity man-
agement. The only breeding objective has been milk 
yield except for the cases of Chios and Frizarta sheep. 

Despite the improvement potential of indigenous 
Greek sheep and goats, breeding programs were not 
always successful, mostly because implementation 
was commonly interrupted for time periods varying 
from months to years. The vast majority of farmers 
do not comprehend the strategic importance and the 
long-term benefits of genetic improvement and thus, 
they are reluctant to invest in it. Reliance of breeding 
programs exclusively on European and/or govern-
ment financial support has caused lack of consisten-
cy; animal recording paused due to shortage of other 
sources of financing, whenever funding was pending.

Chios sheep 
Chios sheep are highly producing (average com-

mercial lactation milk yield: 324 kg) and present a 
considerable amount of variance of dairy traits (i.e. 
milk yield, lactation length) indicating high improve-
ment potential (Basdagianni et al., 2018). Hence, 
Chios sheep are among the most commonly reared 
indigenous sheep in Greece and the most extensively 
studied. Breeding objectives for Chios sheep include 
milk yield and resistance to scrapie. Selection for the 
latter has been based on genotyping rams for the as-
sociated gene, following the relevant study of Psifidi 
et al. (2011). Although scientific studies on sever-
al Chios sheep traits have been published, only the 
two aforementioned traits have been included in the 
breeding scheme. Since 2004, average commercial 
lactation milk yield has increased by ca. 20 kg (Bas-
dagianni, 2006). However, full potential of the breed 
has not been reached and improvement rates are quite 
low given that the breeding program is ongoing for 
more than 15 years. The absence of systematic use 
of sire referencing schemes and artificial insemina-
tion (AI) across the breeding population is a major 
drawback in the genetic improvement program and 
contributes to the overall limited improvement of the 
traits included in the breeding goal.

Frizarta sheep
Frizarta is another relatively highly producing in-

digenous Greek sheep breed with average commer-
cial lactation milk yield of ca. 250 kg and average fat 
and protein contents of 6.2% and 5.5%, which are fa-
vorable for cheese production (Saridaki et al., 2019). 
Frizarta sheep have been subject to many studies. 
However, breeding objectives include only milk yield 
and quality (fat and protein content). Udder traits are 
recorded once a year in the beginning of lactation 
and are candidate traits for selection towards improv-
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ing machine milkability (Agricultural and Livestock 
Union of Western Greece, n.d.). In recently published 
GWAS on milk and body size traits of Frizarta sheep, 
the idea of implementing genomic selection has been 
introduced (Kominakis et al., 2017b; Saridaki et al., 
2019). A promising attribute of the breeding program 
of Frizarta sheep is the extensive implementation of 
AI across the breeding population.

Despite the few examples of efficiency, most 
breeding programs have failed to reach their full po-
tential. Poor program management and lack of mo-
tivation for self-funding by farmers significantly af-
fected the outcome. Thus, foreign improved breeds of 
higher productivity have replaced many indigenous 
small ruminant populations. The latter have decreased 
dramatically and some indigenous Greek breeds are 
now facing endangerment or even extinction issues.

TAKING THE NEXT STEP: AN 
INTEGRATIVE APPROACH

Tackling the challenges towards improvement of 
indigenous Greek small ruminant breeds requires col-
laboration of all stakeholders and experts involved in 
animal production, in an integrative holistic approach. 
This approach can be broken down into three levels; 
(i) setting appropriate breeding objectives, (ii) design 
of breeding schemes based on applied research out-
comes, and (iii) practical implementation of breeding 
programs.

Determination of breeding objectives
In order to set genetic improvement objectives, 

specifying the needs of dairy industry comes first. 
Industry is mainly focused on processing milk of 
small ruminants into cheese (Moatsou and Govaris, 
2011). Cheese yield is affected by milk quality traits 
and coagulation properties, which are characterized 
by genetic variation indicating improvement potential 
(Vacca et al., 2018). Milk hygiene traits are also im-
portant for dairy industry. According to the EU regu-
lation, milk with increased SCC and TVC is inappro-
priate for human consumption (European Parliament 
and Council, 2004). Udder health is commonly com-
promised due to poor adaptation to machine milking 
(Gelasakis et al., 2015). Hence, udder conformation 
improvement for better milkability is also crucial. 

Farmers, on the other hand, prioritize milk yield 
because it is their main source of income (Pulina et 
al., 2018). Unfortunately, Greek farms producing 
milk of higher quality are not rewarded; thus, a lack 

of motivation for improvement is observed. Animal 
resilience is also critical for farms as it limits animal 
replacement needs and enhances their welfare. Ani-
mals more resistant to diseases and well adapted to 
rearing conditions are necessary to maintain a sustain-
able production (Theodoridis et al., 2018; Rose et al., 
2019). 

Breeding program design
Integration of the aforementioned multiple objec-

tives in selection schemes requires careful design. 
Investigation of the genetic background of traits and 
possible intercorrelations is crucial. Respective stud-
ies on milk, udder and resilience traits of indigenous 
Greek small ruminant breeds are largely missing. 
Therefore, scientific research should focus on the 
above and engage in delivering results that are appli-
cable to breeding schemes. To this purpose, genomics 
is a promising approach as it addresses issues of com-
plex heritability (Hayes et al., 2013). Vast amounts of 
genomic data are available through high-density geno-
typing, making it possible to detect genomic regions 
associated with phenotypic traits of interest (Zhang et 
al., 2012). Increasing the accuracy of early-life selec-
tion is another key advantage of genomic technolo-
gies (Hayes et al., 2009; Pryce and Daetwyler, 2012). 
Furthermore, inclusion of environmental and climate 
data in genomic studies may simplify investigation of 
complex resilience traits (Lv et al., 2014). 

Although initially expensive, genomic technolo-
gies have become affordable, making their implemen-
tation on a larger scale easier (Mrode et al., 2018). 
Advances in imputation techniques enable genomic 
strategies based on an optimal mixture of strategical-
ly targeted genotyping with high-density arrays com-
bined with large-scale genotyping with inexpensive 
low-density arrays (Aliloo et al., 2018). Therefore, 
genomic selection is a feasible solution for breeding 
schemes of multiple objectives.

Practical implementation of breeding programs
Implementation of breeding programs may be 

based on a three-tier pyramid structure that ensures 
efficiency and facilitates dissemination of genetic im-
provement (Figure 1). To this purpose, after the initial 
screening of the population, a nucleus of animals of 
high improvement potential can be formed. These an-
imals should be reared in an elite group of well-mon-
itored flocks warranting high welfare standards and 
sufficient rearing conditions; under such practices 
animals are more likely to reach full potential. Perfor-
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mance recording and genome-wide genotyping of the 
animals of the nucleus should be thoroughly imple-
mented. Thus, the nucleus will produce sires of high 
breeding value, which will be used for breeding pur-
poses in the rest of the purebred farms. The main role 
of the second tier, where a bigger number of flocks 
are involved, is to generate more animals with the de-
sired genotypes of the top tier population. Animals of 
the second tier, that are proved to be of high breeding 
value, can also be used as sires or dams to enhance 
genetic diversity in the top tier when necessary. Thus, 
animal performance in second tier flocks is recorded, 
yet to a smaller extent than in the nucleus, and in some 
flocks low-density genotyping is also implemented. 
Finally, flocks involved in the third tier do not record 
animal performance and rely on the first two tiers for 
sires and dams of higher breeding value. Thus, flocks 
at the bottom of the structure benefit from genetic im-
provement achieved in the first two tiers, although it 
would take a longer time for them to improve. Such 
programs have been successfully implemented main-
ly in poultry and swine, and more recently in dairy 
ruminants (Harris & Newman, 1994).

Prerequisite for the successful implementation of 
genetic improvement programs is securing pedigree 
accuracy, which can be compromised when matings 

are done by natural service. On the contrary, use of 
AI ensures closer monitoring, resulting in more accu-
rate paternity records. Furthermore, AI achieves more 
efficient use of valuable genetic material and faster 
collection of progeny performance data, allowing for 
earlier evaluation of sires (Baldassare and Karatzas, 
2004). The latter can be further facilitated through 
combining AI and genomic selection. Studies on 
French Lacaune and Manech sheep have showed that 
incorporation of genomic prediction based on parent 
performance assists accurate evaluation of candidate 
sires in a younger age. Such practices increase an-
nual genetic gain without inflating cost (Buisson et 
al., 2014). Therefore, in the frame of a well-designed 
breeding scheme, introduction of AI and genomic se-
lection in the nucleus and expansion of its use across 
the whole population accelerates genetic improve-
ment.  

The suggested approach is expected to improve 
indigenous Greek small ruminant breeds, given that 
the initial population is sufficiently large and presents 
improvement potential. Efficient collaboration among 
all stakeholders involved is expected to provide feed-
back that can be used for re-evaluation of the scheme, 
integration of novel technologies and approaches, and 
inclusion of new breeding objectives. 

Figure 1: Three-tier pyramid structure that facilitates dissemination of genetic improvement in breeding programs (green arrows indi-
cating supply of sires/dams among tiers)
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CONCLUSIONS
Indigenous Greek small ruminant breeds ex-

hibit substantial genetic diversity, which indicates 
high improvement potential. The latter is supported 
by scientific publications on production and fitness 
traits. However, no follow-up action has been taken 
to systematically incorporate research outcomes into 
breeding programs. Furthermore, implementation ini-
tiatives of such programs have been interrupted more 
than once due to lack of funding and failed to achieve 
substantial improvement. 

Setting appropriate breeding objectives is the first 
key step to designing sophisticated breeding schemes 
that take into account the needs of the sector, market 
demands and the capacity and potential of indigenous 
small ruminant populations. Consistent population 

monitoring and accurate record keeping are essential. 
Integration of scientific advances, especially in ge-
nomics and reproductive technologies, is expected to 
underpin the successful implementation of breeding 
programs and acceleration of genetic improvement. 
Most importantly, commitment and good communi-
cation among all stakeholders, including farmers, in-
dustry and scientists, is necessary to ensure efficiency 
of such programs. Implementation of breeding pro-
grams incorporating all the above features is expected 
to improve the competitiveness of indigenous Greek 
small ruminant breeds and enhance the sustainability 
of the sector.  
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