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 ABSTRACT 
Microsatellite markers are reliable and cheap method for studying diversity 
among animal breeds. They are widely used for separation of related animal 
breeds on genetic level. When used in food industry, they have great 
potential to be used for authentication of animal food products. We are 
aiming to explore the variability of alleles in selected markers in modeled 
F1 generation of Slovak breeds of chicken. We want to compare, if 
previously proposed traceability model is relevant for next generation of 
chickens or it is limited to one, parental, generation. Our analysis was based 
on 7 selected microsatellite markers. We modeled genotypes of 42 F1 
generation individuals of Oravka tawny and 42 of Oravka white, derived 
from 1 rooster and 7 chickens from each breed. In our study, we used PCoA 
analysis and neighbor joining (NJ) analysis. With usage of both analyzes, 
we proved, that both generations are unique and genetic distance between 
individuals of different color breed are wide enough. We proved, that we 
only need to genotype the parental generation of both Oravka chicken tawny 
and white breeds. After creating F1 generation, we are reliably able to 
separate those populations. There is no need to genotype whole F1 
generation. This provide huge financial benefits. Furthermore, we are able 
to trace and authenticate whole F1 production generation. 

Keywords:  
Chicken; 
Microsatellite; 
Traceability; 
F1 generation. 

 
1.Introduction  

 Providing the food and economic income, 
production of poultry serves an important role, 
especially for small scale farmers. Despite the 
importance of local breeds of poultry, their 
populations have been decreasing in recent 
years. Some breeds are even becoming 
endangered and threated by extinction. This is 
because of low performance of local chickens 
compared to highly specialized lines that have 
high performance, mixed rearing with other 
breeds, and lack of suitable conservation 
strategies to protect local chickens. Decreasing 

numbers of local chicken may be connected to 
the loss of valuable genetic variability and 
unique traits and characteristics. The convention 
on biological diversity has put the need to 
conserve farm animal genetic diversity on the 
agenda. Regarding to the farm animal diversity 
conservation, a unified approach accounting for 
two main roads to conservation has been 
established. This includes the prevention of 
breed extinction, and management of within 
breed genetic variability with the main objective 
of controlling genetic drift (Simianer, 2005). In 
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last few years, the goal of preserving genetic 
diversity has become more and more important. 
The very beginning of the commercial breeding 
of various poultry species took place since the 
middle of 20th century. Since that, industrial 
breeding of chicken was based on rather small 
circle of highly specialized lines, which 
originated from small number of world’s most 
common specialized breeds. Due to this, large 
number of combined breeds of chickens are on 
the brink of extinction by long-term breeding. 
This is indicated by the data on the increasing 
rates of exhaustion of the gene pool as a result 
of the crowding out local breeds by transnational 
commercial breeds (Abdelaziz et al., 2019). 
Since the start of commercial poultry breeding, 
chicken genetic diversity has become 
partitioned among relatively few highly 
specialized lines. As a result of this, many dual-
purpose breeds, originated from centuries-long 
domestication and breeding, are now in the 
danger of perishing. However, these older 
breeds pose a resource of genes valuable for the 
future breeding activities and research purposes. 
Therefore, it is necessary to assess the diversity 
at the molecular level, in a wide range of chicken 
populations, including commercial lines, 
traditional breeds, experimental lines, and the 
red jungle fowl, in order to provide 
recommendations regarding to the future 
management or conservation of chicken 
biodiversity. Even though the decision on 
conservation of population ‘s gene pool must be 
based on various sources of information, 
including specific traits interesting for breeding, 
molecular markers has a potential to be helpful 
and important initial guide (Hillel et al., 2003). 
Biodiversity conservation is a topic of interest 
and domestic animal diversity is an esential 
component (FAO, 2011). Although scientists 
are focused on genetic resources of all farm 
animals, the conservation of poultry has 
attracted increasing attention for years now 
(Tadano et al., 2013). In comparison to fast-
growing broilers, older, native chicken breeds 
and their hybrids have lower gain of weight, 
smaller proportions of breast muscle in the 
carcass. However, their meat has many quality 

characteristics, which are highly valued by 
modern day consumers (Sokołowicz et al., 
2016). Oravka is a dual-purpose breed of 
chicken, originated from Slovakia region of 
Orava. Oravka was bred with the purpose of 
being able to adapt to harsh conditions of their 
native environment. This breed is also the only 
one with the status of native chicken in Slovakia. 
Development of Oravka chicken started in 
1950s under the guidance of the Research 
Institute for Poultry. First stage was a 
combinatorial crossing of regional breeds with 
breeds of Rhode Island Red, New Hampshire 
and Wyandotte White (Chmelničná, 2004). The 
goal was to develop a breed, which can be kept 
in free range, and be suitable for harsh climatic 
conditions of northern Slovakia. It was adapted 
for egg and meat production. In 1990 was 
recognized as an independent breed (Hanusová 
et al., 2017). In the animal production sector, 
microsatellite markers have been used for longer 
than a decade for characterization and 
conservation of livestock biodiversity, as well as 
for traceability of food products. Genotyping 
standards are currently used for livestock 
animals. Those are standardized SNP panels, 
which allows the characterization of tens, even 
hundreds of thousand markers per sample. 
Microsatellite markers still represents a useful 
tool used for characterization of animal breeds 
mostly because of their low cost and easy 
implementation of genotyping protocols. FAO 
published recommendations for standardized 
sets of microsatellite loci to be used for studying 
diversity in major livestock species in order to 
make possible the comparison of results across 
different research projects (Abdurakhmonov, 
2016). When it comes to individual 
identification and parentage assessment, genetic 
markers are important resources. Short tandem 
repeats (STRs) have been the traditional DNA 
markers of choice in many species. However, 
advantages in technologies show that nucleotide 
polymorphisms (SNPs) are becoming an 
attractive alternative, especially in recent years. 
SNPs can be highly multiplexed and 
automatically scored, which allows an easier 
standardization and sharing among different 
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laboratories. The domestic horse currently uses 
STR based DNA typing. (Seo et al., 2013). 
Microsatellite markers have many applications 
in molecular studies. They are proven to be most 
accurate and efficient tools for studying genetic 
diversities and relationships (Dávila et al., 2009) 
connections among populations and genetic 
fitness of whole populations, including paternity 
determination (Witzenberger and Hochkirch, 
2011). Since the PCR technologies became 
commonly available, it has been easy to amplify 
DNA isolated from both plants and animals. 
Microsatellite has short repeat units and it is a 
good example of nuclear DNA markers 
(Rosenbom et al., 2015) that has found its wide 
application in molecular studies. Comparing to 
other markers, the greatest advantages of  

microsatellite markers are their high 
variability and distribution (Yilmaz et al., 2015). 
Extent of diversity in livestock populations 
across the globe has been gained through the 
usage of microsatellite markers (Granevitze et 
al., 2007). Given the fact that they can easily 
show the information essential for creating long 
term breeding plans, designing of breeding 
programs planning conservation strategies, 
traceability and in parentage verifications. In 
recent years, selection of microsatellite markers 
has been based on single criterion called 
polymorphism information content. For 
determination of this parameter, researchers 
have been using the formula suggested by 

With the proof that we are able to separate 
populations of Oravka tawny and white, it is 
expected that we will be able to do so even with 
F1 generations of observed and genotyped 
chickens. Despite being genetically closest, 

Oravka tawny and white could be separated. 
With low variability in selected markers within 
one population, there is a low chance for the first 
generation of selected chickens to close the 
genetic distance between them. 

 Botstein et al. (1980) and when PIC value 
of a marker equals the threshold value of 0.50 or 
above, such marker is called to be informative 
(Olowofeso et al., 2016). 
 
2.Materials and methods 

For the research, we used genotyped 
individuals from work of Belej et al., (2019). We 
randomly selected one rooster and 7 hens of 
Oravka tawny (Table 1.) to simulate the 
breeding conditions in farm breeding process. 
We modeled 6 offspring from the rooster and 
each hen for total 42 F1 generation individuals. 
The same process was used with Oravka white 
population. The final step was comparing those 
populations to visualize genetic distance 
between F1 populations and parent individuals. 
 
2.1 Statistical analysis 

To create a random combination of alleles of 
modeled offsprings Microsoft Excel was used. 
To calculate the genetic distance between 
observed individuals, we used Microsoft Excel 
add-on program GenAlEx 6.5. Principal 
coordinates analysis (PCoA) was executed in 
GenAlEx 6.5 as well. 

RStudio 3.6.0 ("Planting of a Tree") with 
additional adegenet and ape libraries software 
was used to perform and visualize the neighbor 
joining (NJ). 

 
Table 1. Genotypes of parental generation 

Sample LEI0254 MCW0034 LEI0192 LEI0166 MCW0069 LEI0234 LEI0228 
Oravka tawny 
PAR1  86 86 219 221 289 293 348 348 155 159 292 292 162 174 
PAR2  86 86 221 221 253 289 348 348 155 155 288 288 162 224 
PAR3  86 86 221 221 269 293 348 348 155 163 288 292 162 162 
PAR4  86 86 221 221 289 293 348 348 159 161 292 308 232 232 
PAR5  90 90 221 233 269 297 348 348 161 165 292 292 162 174 
PAR6  86 86 219 221 269 289 348 348 159 161 288 296 228 228 
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PAR7  86 86 233 233 289 289 348 348 159 163 292 308 164 228 
PAR8  86 86 221 221 289 293 348 348 159 159 292 308 224 224 
Oravka white 
WHP1  86 86 223 231 253 253 344 344 159 161 212 304 162 208 
WHP2 86 86 221 223 253 253 344 352 161 161 212 260 208 208 
WHP3 86 86 223 231 253 253 344 352 159 163 300 304 162 204 
WHP4 90 90 229 229 253 253 344 348 155 165 212 212 228 232 
WHP5 90 90 231 231 253 293 348 352 155 161 212 216 228 232 
WHP6 86 86 227 229 289 289 348 348 161 161 300 312 162 162 
WHP7 86 86 229 229 301 301 356 356 161 173 212 212 162 204 
WHP8 86 86 221 223 253 253 344 352 161 161 212 260 208 208 

 
3.Results and discussions 

The concept of traceability throughout the 
food supply chain is recognised within the 
European Union with the regulation (EC) No. 
178/2002, in which traceability is defined as the 
ability to trace and to follow food, feed and 
ingredients through all stages of production, 
processing and distribution. As a consequence, 
traceability requires systems for animal 
identification and registration and for labelling 
animal products, in order to ensure a link 
between the animal and the meat produced from 
it (Ammendrup and Fussel, 2001; Caporale et 
al., 2001). 

Microsatellite markers had been widely 
investigated for many applications such as 
genetic identification, assessment of parentage, 
breed assignment tests and traceability (Dalvit et 
al., 2007; Rosa et al., 2013; Tolone et al., 2012; 
Sardina et al., 2015). Microsatellite markers 
have been recommended as the marker of choice 
for biodiversity studies (FAO, 2011). They are  
regarded as the most convenient tool for 
determination of heterozygosity and genetic 
distances. As they are numerous and randomly 
distributed throughout the chicken genome, they 
show a higher degree of polymorphisms, follow 
codominant inheritance and are ideal for 
deciphering genetic variability (Zhou et al., 
2008; Abebe, et al., 2015). A prerequisite for the 
development of efficient SNP-based 
identification systems is the description of a 
minimal set with sufficient power to uniquely 
identify individuals and their parents in a variety 
of popular breeds and crossbred populations 

(Heaton et al., 2002), even though the 
information content in the SNP set may vary 
significantly between populations (Krawczak, 
1999, Fernández et al. 2013).  

As mentioned, our analysis was based od 7 
microsatellite markers. The variability of alleles 
within the populations of selected chicken 
breeds is low.  Chickens used in our study were 
genotyped by authors Belej et al., (2019). 
Genetic structure of selected chicken individuals 
is listed in Table 1. First individual in every 
sample column is a rooster, other 7 are hens. 
DNA based methods, with the use of 
microsatellites markers, are powerful tools 
already fully established in parentage typing, 
individual assignment (Jobling and Gill, 2004), 
population genetics (Moioli et al., 2001) and 
evaluation of genetic resources (Pariset et al., 
2003); moreover, microsatellite based tests have 
been proposed for individual breed 
identification (Ciampolini et al., 2000). 
Recently, DNA identification techniques have 
also been proposed in the field of meat 
traceability to implement conventional animal 
identification. (Cunningham and Meghen, 2001; 
Stanford et al., 2001). These methods foresee 
that a meat sample, taken at any point in the 
retail chain, is analyzed by a DNA test, and the 
obtained fingerprint is compared with the DNA 
fingerprint of the animal which is thought to 
have given that meat. The animal DNA profile 
is obtained from tissue samples collected either 
from the living animal, or during slaughter, and 
then stored.
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Figure 1. Scatter plot of PCoA analysis 
 

Matching between the alleles of the two 
samples provide an information whether the 
declared origin of the meat is correct or not 
(Orrú et al. 2006). Microsatellites are considered 
to be the most variable types of DNA sequence 
in the genome. In contrast to unique DNA, 
microsatellite polymorphisms derive mainly 
from variability in length, rather than in the 
primary sequence. Moreover, genetic variation 
at many microsatellite loci is characterized by 
high heterozygosity and the presence of multiple 
alleles, which is in sharp contrast to unique DNA 
(Ellegren, 2004). Scatter plot of PCoA analysis 
shows that both parental generations and F1 
generations are clearly separated. Percentage of 
variation explained by the first 3 axes are for 
axis 1: 40,38%, for axis 2: 7,57% and for axis 3: 
6,42%. In the Figure 1 is showing the 
visualization of PCoA analysis using axis 1 and 
2. Together, cumulative percentage of variation 
explained by the first 2 axes is 47,95%. Parental 
population of Oravka tawny is shown by red 
colour and marked as Pop1. It’s the F1 
population, Pop2 is in green colour. For Oravka 
white, blue Pop3 shows parental generation and 
yellow Pop4 modeled F1 generation. It is clearly 

visible that F1 generations are separated from 
each other. It means that not even on the level of 
the first generation, genetic distance between 
populations of Oravkas is not closing. The same 
is true for the ordering of genetic distances 
among populations assessed for different 
markers (Jorde et al., 2000). Therefore, it is 
reasonable to believe that the ordering breeds of 
diversity, among chicken, and distances seen 
here for microsatellites in DNA pools, would not 
be very different with using other genetic marker 
systems. The microsatellite loci used here were 
selected to be polymorphic for usage in gene 
mapping (Belej et al., 2019). Populations which 
do not fit with an ideal panmictic population are 
said to be structured (Barker, 1989). This 
structure is exhibited with a different pattern of 
frequencies and fixed alleles. 

Pure breeds of  livestock are the products of 
thousands of years of selection; they are closed 
populations and each of them shows a peculiar 
genetic structure (Orrú et al, 2006). 

The algorithm of the neighbor joining (NJ) 
method is similar to that of the ST method, 
which objective is to construct the topology of a 
tree. On the contrary, the NJ method provides 



 Jurčaga et al./ Carpathian Journal of Food Science and Technology, 2020, 12(4), 51-59 

 

56 
 

not only the topology, but also the branch 
lengths of the final tree. Before discussing the 
algorithm of the present method, let us first 
define the term “neighbors.” A pair of neighbors 
is a pair of OTUs connected through a single 
interior node in an unrooted, bifurcating tree 
(Saitou and Nei, 1987). As well as scatter plot, 
neighbor joining method proves, that our 
investigated F1 populations are segregated on  

genetic distance. The fan type neighbor-joining 
is a simple plot that connects the most 
genetically related individuals. In NJ plot - 
Figure 2 it is visible, that 2 different main 
branches were created. On those branches are 
individuals of both Oravkas populations, 
parental and F1 generations. 

 

 
Figure 2. Vizualization of NJ analysis 

4.Conclusions 
We proved that selected microsatellite 

markers are eligible for authentication of food 
products of Oravaka tawny even for the F1 
generations. This method could be the method 
of authentication and base line for Oravka 
products to be recognized as food with protected 
geographical indication.  
The knowledge of genotyped parental 
generations let us predict and model the whole 
F1 production generation with all possible 
combinations of alleles from parental 
generation. The analysis of principal coordinates 
and neighbor joining (NJ) is showing, that 
modeled F1 generations are easily separated. In 

conclusion that means, we do not need to 
genotype a whole new generation. This created 
authentication method will be operational and 
functional for the F1 generation and products 
gained from those individuals. There is no need 
to genotype the F1 generation, because genetic 
distance is wide enough to reliably differ one 
population from another.  
This bears great financial benefit for the 
authentication model. The need to observe and 
genotype only parental generation reduce the 
cost of microsatellite method. The method of 
microsatellite markes is proving to be fairly 
cheap and reliable for food authentication 
purposes. 
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