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Abstract 

The selective process within the livestock industry, during recent years, has increased the 

necessity to accurately define the level of parentage among the individuals of a population. 

The traditional method of parentage verification utilized the analysis of blood types, but this 

method lacked in precision and was also impractical. 

Presently, the discovery of innovative molecular techniques, which utilize genetic markers, has 

increased the accuracy of the results and has rendered the testing more practical. 

The following study wishes to determine a calculation algorithm capable of analysing the 

genetic markers extracted from DNA in order to find a correspondence with official parentage 

results by using a statistical evaluation 

The comparison of this method with official results has revealed a more than satisfactory 

correspondence and therefore the possibility of a more widespread use of the genetic marker 

method. 
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Italian Abstract 

Lo sviluppo di processi selettivi nel settore zootecnico ha determinato, nel corso degli ultimi 

anni, una crescente esigenza di definire, con sempre più accuratezza, il grado di parentela fra 

gli individui di una popolazione. 

Tradizionalmente le verifiche di parentela avvenivano attraverso l’analisi del gruppo 

sanguigno, ma questa tipologia di analisi si è rivelata essere poco efficiente in termini di 

attendibilità, oltre che carente in praticità. 

Attualmente lo sviluppo di tecniche molecolari innovative ha permesso di ottenere diagnosi di 

parentela attraverso l’utilizzo di marcatori genetici, aumentandone così non solo la funzionalità 

ma anche l’accuratezza e l’attendibilità. 

Lo studio qui presentato è nato dall’intenzione di creare un algoritmo di calcolo in grado di 

analizzare i marcatori genetici raccolti tramite estrazione di DNA, definendone, attraverso 

un’analisi di tipo statistico, la corrispondenza con le analisi di parentela ufficiali. 

Il confronto fra i risultati ottenuti tramite questo metodo e i dati ufficiali hanno dimostrato una 

buona corrispondenza; ciò ha avvalorato l’ipotesi di poter incrementare il numero di soggetti 

con diagnosi di parentela attraverso l’utilizzo di questa procedura. 
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1. Introduction: 

1.1 Italian Brown Dairy Cow. 

1.1.1 Zoological and anatomical characteristics. 

The Brown Breed (originally called Brown Alpine) belongs to the bovine species Bos taurus L. 

which is part of the grand order of Arthrodactyles characterized by a particular anatomical 

attribute: the foot is closed by a corneal hoof and has an even number of fingers. The common 

characteristics of the order Arthrodactyles are: ground contact with the third and fourth fingers, 

a herbivorous diet which requires large molars and the presence of horns and hooves. Together 

with ovine and caprine, bovines belong to the sub-order of Ruminates which comprises all 

herbivores possessing a specialized digestive system composed of a multi-sectioned stomach 

which allows digestion by rumination (Boglioli E. 1954). 

The main anatomical features of the bovine species regard the limbs, cranium, horns, teeth, and 

the structure of the digestive system.  

 Skeleton: 

- Bovines possess a strong and heavy skeleton, short limbs, especially if compared 

to other animals of the bovine family such as antelopes, gazelles and deer. The 

bovine foot is designed to sustain the heavy weight of the animal and permits 

movement; it is composed of two fingers covered with nails and separated by a 

deep cleavage.  

- The skeleton of the cranium has a flexed axis: the frontal bones are greatly 

developed and terminate with a large crest-like protuberance called “sincipite”, 

which supports the horns. The parietal bones are rather small and with the 

occiput form the base of the skull. 
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 Horns: The horns are quite simple, they are formed by a keratinous sheath containing 

bone layers. The horns grow until about three years of age, after which the growth 

decreases forming annual rings. The length, form and direction of the horns vary and 

depend on individual breeds. 

 Teeth: The arrangement consists of 20 deciduous and 32 permanent teeth. There are no 

incisors in the superior section while the jaw contains 8. There are also three molars and 

pre-molars on each side. The incisors are flat with cutting edges, while the molars are 

prismatic with four deep creases in the enamel which are utilized for crushing. 

 Digestive system: The digestive system has a multi-sectioned stomach divided into: 

rumen, reticulum omaso and abomaso. Digestion occurs by rumination, which is 

characterized by the regurgitation of the gastric content into the mouth where it is newly 

crushed and salivated. 
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1.1.2 Origins and historical notes. 

The Brown Swiss Breed originates in areas around Switzerland during the late Middle Ages. 

The natural selection of this breed was due in part to the harsh climatic conditions of the Alpine 

territory and in part to the will of the local farmers. Great merit for the diffusion of this breed 

goes to the Benedictine Convent in Einsiedeln, considered the center for the evaluation and 

commerce of these dairy cows. 

The Brown Alpine cow was exported to Italy in the 16th century and it immediately became 

evident how this breed easily adapted to the most diverse conditions making it, therefore, an 

excellent dairy cow for the entire national territory (Figure 1). Furthermore, considering its 

excellent milk/cheese production qualities, the Brown Dairy cow became, in little time, the 

most wide-spread dairy cow in Italy. The present number is estimated at about 500,000, of 

which, 160,000 are registered in the ANARB Herd Book. 

 

Figure 1: Presence of Brown Dairy Cows in Italy.  
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1.1.3 Morphological and production characteristics. 

The following morphological characteristics are representative of the breed standard (ANARB 

2010):  

1) Light or dark uniform brown coat with the only exception of white spots on the lower 

abdomen.  

2) The snout is dark with a white border.  

3) The skin of the udders should not be blemished.  

An adult reaches approximately 500/700 kg live weight.  

Other desirable morphological features of the udders which enhance production are: 

A) A strong median suspensory ligament.  

B) Well–proportioned, perpendicular (located in the centre of each quarter) and cylindrical teats 

with a blunt tip and strong sphincter. 

.  

Figure 2: Representative model of the ideal Italian Brown Cow. 
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The Italian Brown is an excellent dairy cow not only for the quantity of milk production but 

also for the cheese production qualities which recommend it is use for typical cheese products. 

The Italian average milk total per cow is around 6,954 kg with a 3,5% protein content and 

3,96% butter fat. According to statistics published by the ANARB Herd Books, the 20 best 

Brown farms have an average milk production of 10,607 kg with an average protein content of 

3,69%. 

1.1.4 Genetic selection of the Italian Brown Breed 

The production levels of milk/cheese of the Italian Brown Breed have been for years at the top 

of national listings thanks to an attentive selection program carried out by the ANARB 

Association. Created in 1957, The ANARB Association was officially invested by the Italian 

government to create an improved breed. 

 

Figure 3: ANARB Logo. 

The genetic improvement of a population requires the selection of the necessary alleles for the 

transmission of the most important traits for future generations. It is, therefore, necessary to 

establish priorities about the traits to be transmitted and identify those animals which are better 

suited for this transmission. The second aspect of this improvement is the creation of a method 

to evaluate the characteristics of a given population; for this reason it is necessary to assess the 

ITE (Total Economic Index) which sums up in a single value the objectives of the breed, the 

genetic ties of the various characteristics, hence the affinities and the economic importance of 

these characteristics. 
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In the last few years selection schemes of the Brown Breed, as those of the major milk breeds 

world-wide, have been greatly modified by the application of genomic evaluations. The 

selection scheme adopted for many years by ANARB was based on the selection of 90 bulls 

every year, born from certified bulls or cows or heifers Rank 99, to be utilized for performance 

tests. At one year of age, about 80 of the initially selected bulls are considered worthy of 

progeny testing. At five years of age there is a first genetic evaluation of the bull, which 

determines if the reproducer will effectively bring a genetic improvement to the breed. This 

scheme is recently being changed because of the possibility to have genomic evaluations with 

good accuracy on the new-born calves. Only the best 10% of bulls, young and certified with 

daughter (Rank equal or more than 90) will be admitted to artificial insemination. This selection 

scheme denotes the importance of the accuracy of parentage diagnosis; in fact the first 

discrimination utilized in the selection of qualified subjects is the information regarding the 

parents. Needless to mention the extreme importance of identifying the correct subject 

especially in consideration of the economic and genetic value involved. This is the main reason 

for the creation of this program which will allow a more correct testing of parentage through 

lab tests on genetic markers called microsatellites. 
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1.2 Diagnosis of parentage 

Parentage is a measure of the genetic similarities between two individuals; this similarity is due 

to possession of genes identical by descent. Parentage may be expressed by the measure of the 

probability of transmitting similar genes among two individuals. The amount of common genes 

will, therefore, determine phenotypical similarities, such as morphological and production 

features, which can derive from a direct and simple consequence called additive effect. 

Therefore obtaining an additive parentage in terms of animal production has great importance, 

since it expresses a portion of identical genes originating from two individuals with relative 

genetic effects (Pagnacco, 2004). 

There are various coefficients for measuring parentage between two individuals. Two methods 

are used to calculate these coefficients; the path coefficient and the tabular method. The method 

of path coefficients was invented by Sewall Wright in 1921, who created a formula to calculate 

the "coefficient of relationship" between two individuals. 

 

Figure 4: Wright method. 

The tabular method, attributed to Van Vleck et Al in 1987, provides in a table, called parentage 

matrix, the values of the additive parentage coefficients within a population therefore also 

determining the in-breeding coefficients among these individuals. This method allows the use 

of the parentage matrix in programs which calculate the genetic evaluation of reproducers 

(Leotta et al, 2001). 
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Traditionally blood typing was used to verify the registry identity of a subject. This method, 

however, revealed itself to be impractical and inefficient; the advent of molecular technology, 

which uses genetic markers, has notably increased the practical aspect and accuracy of 

parentage identification. 

At the present time these methods have evolved to a point where it is possible to verify the 

genealogy provided by farmersand identify, within a group of genotyped animals, which are 

the parents of a subject without having any initial information,hanks to the use of genotyping 

on thousands of SNP(Single Nucleotide Polymorphisms). 

1.2.1 Traditional parentage identification 

As mentioned, blood typing of two individuals was used because blood-types are genetically 

inherited and carry attributes of both parents. Blood types are determined by the presence of an 

antigenic protein, on the membrane of red blood cells, called agglutinogens, which differs 

among individuals of the same species. The agglutinogens are identified in lab tests through an 

agglutination method. Blood typing was first used in the early 1930's by Todd and White. 

Technically speaking, immunization creates specific reagents which antagonize red cell 

antigens thus causing erythrocyte lysis. Research was further implemented by Ferguson in 1941 

in the USA; currently, among the bovine species, there are 77 known antigenic factors which 

are grouped in 12 independent genetic systems (Humble, 1954). 

Until the 80's blood typing was the unique method used to verify parentage even though it was 

rather complicated and scarcely accurate. Blood types insured a 100% paternity exclusion when 

the type under exam did not coincide with the paternal type but was not accountable in other 

cases. From 1990, with the advent of molecular biology, blood typing was substituted by 

genetic markers. 
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1.2.2 Molecular parentage verification 

Molecular biology studies the fundamental molecular components of all living organisms, 

referring to DNA and its derivatives: RNA and proteins. These modern methods make it 

possible to isolate, characterize and manipulate nucleic acids, which provide valuable 

information regarding not only the individual but the entire species. DNA and relative proteins 

can be compared to historical documents and the similarities found in its molecules create 

parentage relationships among organisms (Rognoni e Sartore, 1998). 

DNA can be extracted from a biological sample such as: blood, hair bulb, semen, skin and 

muscle tissue and saliva. The use of solutions and solvents such as phenol, chloroform and ether 

separates specific molecules from other cell components. DNA has other uses besides parentage 

verification such as the measure of pathogen resistance and sequencing. Parentage verification 

is based on the comparison between the DNA of an individual and that of the presumed parents. 

Confirmation of parentage is obtained by confronting the genotype of the off-spring with that 

of the parents according to the genetic laws of Mendel. 

Mendel, a Benedict friar, who lived in the 1800's formulated laws for the transmission of 

hereditary factors. Mendel's first experiments regarded the cross-breeding of plants belonging 

to the Pisum Sativum genus; he established hereditary laws governing the outcome of simple 

characteristics by utilizing artificial pollination. He was the first to realize that hereditary 

characteristics are transmitted singularly to each generation. 

The first law of Mendel, also known as the law of dominance or the law of uniformity of first 

generation hybrids, states that by cross-breeding plants which differ by only one character, the 

resulting hybrids of the first generation (F1) will all be uniform with respect to that character 

which will be dominant and present in the hybrids. Furthermore, in F1, one of the antagonist 

characters will disappear completely and become, therefore, recessive. 
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The second law of Mendel or law of segregation states that second generation individuals, F2, 

are not uniform but there is a segregation of parent characteristics among these. In a 

dominant/recessive cross-bred or intermediate cross-bred the resulting subjects will have a ratio 

of 3:1 or 1:2:1; in the latter case 1/4 of the descendants will present the character of a parent; 

1/4 the other parent and the remaining half will be hybrids. According to this principle, 

hereditary characteristics are determined by genes which are in couples, each of which is 

inherited from each parent. This concept explains how a character may be present in successive 

generations without mixing with other characters and also how a recessive character may 

disappear in a F1 generation and then reappear in F2. 

 

Figure 5: The First and the Second laws of Mendel. 
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Therefore, Mendel's laws refer to a model of simple genetic character transmission, codified 

according to a single gene. These characters are referred to as monogenic or mendelian. In the 

classic mendelian mono-hybrid cross-bred, the first generation off-spring consists of the same 

heterozygote individuals. The mendelian ratio of second generation phenotypes is: 3 

dominants/1 recessive. 

The third law of Mendel or assorted character independence states that during the formation of 

gamete couples of different allele segregate independently from each other. Mendel also 

considered the possibility of transmission of two couples of characters such as the colour and 

form of a seed, either smooth or rough, with smooth dominant over rough and yellow over 

green. Mendel succeeded in isolating lines of monozygotes plants for colour, that is, a pure line 

of yellow/smooth and a green/rough. He cross-bred the two lines: in the first case he obtained 

a plant with a yellow/smooth seed, which corresponded to the dominance law, then he crossed 

F1 individuals and he obtained results in the F2 which confirmed the segregation law. Mendel 

noted something important in the F2 generation: the yellow colour was always combined, in 

the initial monozygotes, with the smooth form and green with the rough, while in the F2 he 

noticed plants yellow/rough and plants with green/smooth seeds in a phenotype ratio of 9 

yellow/smooth : 3 green/smooth : 3 yellow/rough : 1 green/rough.  

This behaviour could be explained assuming that during the formation of the gamete, each allele 

of one character segregates independently from the allele of the other characters; regarding 

these experiments it doesn't matter that a yellow seed may be smooth because it can also be 

rough and the same applies to a green seed which may be smooth or rough. 
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Figure 6: The Third law of Mendel. 

The cross-breeding of dihybrids with character segregation is rather explicative in the square 

of Punnett. The square of Punnett is an ideal matrix created by the British geneticist Reginald 

Punnett in 1905 and consists of a double entrance table representing the segregation process 

and assorted independence of the chromosomes (Wikipedia, 2014). 

 

Figure 7: The square of Punnett. 
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Molecular parentage diagnosis utilizes genetic markers which are transmitted according to the 

laws described above. A genetic marker is a mendelian polymorphic character which may be 

used to follow the hereditary pattern of a segment of chromosome. A molecular marker is a 

genomic locus, traceable with a probe or specific primer which identifies a tract of chromosome 

and the surrounding regions at the extremities 5’ and 3’. 

 

Figure 8: Genomic Locus. 

In the last few years, the most used markers for verifying parentage were microsatellites. 

Microsatellites are genetic systems which map sections of DNA, characterized by identical 

nucleotidic sequences. They were discovered in eukaryotic genomes in coded and non coded 

regions. Each sequence is composed of a determined number of nucleotides and the union of 

the sequences generates a family of SSR. The sequence created by the same repeated nucleotide 

is called mono-nucleotide, di-nucleotide if created by two nucleotides, etc.. (tri-nucleotide by 

three, tetra-nucleotide by four, penta-nucleotide by five and esa-nucleotide by six).   
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Microsatellites, according to structure, belong to three classes (Gargani, 2009): 

PURE MICROSATELLITES   →  CACACACACACACACA 

COMPOSED MICROSATELLITES  → CACACACAGAGAGAGA 

INTERRUPTED MICROSATELLITES → CACATCACATTCATTCA 

 

Figure 9: Microsatellite converted into a digital image. 

These markers, given their hypervariability and polymorphism and their mass presence in the 

eukaryotic genomes, were definitely the most used markers for studying the genetic structure 

of populations (Bachtrog et al., 2000; Bonizzoni et al., 2000; Strassmann et al., 2000; Vargo, 

2000). 

In order to analyse these genetic markers it is necessary to follow a DNA extraction protocol. 

This extraction may be done on various organic material: white-blood cells, semen, saliva, hair 

bulbs, skin, organs and muscle. After the extraction, a bio-molecular method called PCR 

(Polymerase Chain Reaction - Figure 10) is followed. This method multiplies fragments of 

nucleic acids with known initial and final nucleotidic sequences. PCR amplification allows a 



17 

 

quick understanding of the amount of genetic material necessary for the successive steps. The 

amplification reaction is caused by an enzyme, DNA polymerase, and primer probes which 

accumulate around the target sequence. 

The amplification process follows three stages: 

 1) Denaturalization of DNA; 

2) Hybridization of the primer at a varying temperature from 45°C to 65°C, depending on the 

length and sequence of the primer; 

3) Extension of the target fragment (72°C).  

The reaction takes place in a programmed thermostat and the results may be seen on agarose 

gel. 

 

 

Figure 10: PCR process. 

Once the PCR is completed, a capillary electrophoresis is performed. Electrophoresis is an 

electrokinetic process in which electronically charged (by an electrical field) particles and 

molecules in a water solution migrate towards the pole of opposite charge. Thanks to the 
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presence of phosphate groups the molecules of DNA, electrically charged, are negative and 

therefore migrate towards the positive pole called anode.  

Finally it will be possible to analyse the fragments and obtain a specific genotype of the animal 

which will be then compared to the other samples thus allowing the acquisition of a parentage 

analysis (ICAR, 2009). 

The parentage test aims at excluding a relation when the animal's microsatellites have a 

genotype which does not match the presumed parentage; the success of a match depends on 

three factors: the number of allele per locus, the allelic frequency in the population and the 

number of relations in a population. In particular, regarding the allelic frequency in a 

population, this is considered the measure of the relative frequency of an allele on a genetic 

locus which follows the law of Hardy-Weinberg. According to this law the number of subjects 

in a population with a certain genotype depends on the number of alleles in that population. If, 

for example, there are two alleles in a locus (A and B), the genotype frequency in a population 

(AA, BB, AB) depends on the gene frequency of A and B. If the population is numerous and 

there is a condition of panmixia, absence of migration, or genetic mutations, the gene frequency 

remains constant and the genotype frequencies stabilize in a generation so that the possibility 

of having a certain genotype depends on the product of the probability of extracting two alleles. 

Formula:  

Where: 

 p= Gene frequency of B in a population for a given gene 

 q= Gene frequency of A in a population for a given gene 
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Figure 11 shows on a cartesian plane the meeting point of Hardy-Weinberg for two alleles: the 

x-axis represents the allelic frequency p and q whereas the y-axis shows the genotype 

frequencies. Each curve represents one of the three possible genotypes.  

 

Figure 11: Hardy Weinberg allelic frequency. 

Hardy and Weinberg defined "balanced population" a population that has a stable allelic 

frequency in successive generations and whose genotype frequencies are obtainable from the 

allelic ones. 

The  most useful aspect of a genetic marker in parentage testing is its capability to exclude a 

parentage. As with microsatellites, the possibility of excluding parentage with different series 

of microsatellites is more than 99% (Usha et al., 1995; Bates et al, 1996; Holm Bendixen, 1996; 

Heyen et al, 1997; Baron et al, 2002; Radko et al, 2002; Cervini et al, 2006). 

The probability calculated on a series of 11 microsatellites (number recommended by ISAG for 

verifying parentage) is 99.9% (Radko, 2008). 

The use of Single Nucleotide Polymorphism for verifying parentage has, at the present time, an 

accuracy of 99.99% (M.P. Heaton et al, 2014). 
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2. Research objectives 

The advent of genomic analysis has permitted the use of this information to confirm and 

research parentage with almost absolute precision. At the same time, for practical and economic 

reasons, it is necessary to cross-examine genetic information with that of microsatellites in order 

to verify parentage among animals with microsatellite and not genomic information. A practical 

example is when only the genomic analysis of a female calf is available and the microsatellite 

analysis of the mother is known. To overcome this difficulty two steps are necessary: assigning 

microsatellite information starting from SNP data of the animal and verification of the 

correspondence between the two animals. 

The main objective of this study program is to carry out the second requirement, that is, to 

determine a calculation code capable to elaborate data regarding microsatellites in the Brown 

Breed archives, in order to compare the results with official data. By using this method, it has 

been therefore possible to compare official parentage data with what has been obtained by the 

algorithm. This procedure, once established the correctness and reliability, may also be applied 

to information regarding microsatellites derived from genotypes. 

This calculation procedure was developed by using the specific statistical analysis software R 

program, which has permitted a control of the experimental data. 
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2.2 Particular objectives 

2.2.1 Simulation with experimental data. 

It was decided to use herd book data, since some of these subjects were previously tested. By 

comparing the results of the calculation code with the corresponding official data, it was 

possible to validate the reliability of the algorithm. 

2.2.2 Creating an algorithm calculation by using specific software. 

In order to utilize the results of this study program, it was fundamental the creation of an 

automatic procedure which utilizes an open-source software capable of elaborating a certain 

quantity of data in a reasonable time. This procedure must reproduce the same results and be 

able to add new material to the existing database. 

2.2.3 Comparison with official analysis. 

The comparison with official data aims at verifying the correct correspondence, in order to 

justify an increase in the number of subjects to be analysed. 
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3.  Materials and methods 

3.1 Archives utilized 

This research study was conducted in collaboration with the National Association of Italian 

Brown Cattle Breeders (ANARB), which provided the necessary experimental information. 

The number of subjects involved was 161,988 bovines registered on the Italian Brown cattle 

herd book; 49,828 of them possessed microsatellite information. A pedigree database was also 

provided containing: registry number, date of birth and gender, registry of father and mother 

for a total of 2,399,305 subjects. The pedigree information provided the registry number of the 

father and the mother of the subject being tested and, therefore, guaranteed the possibility to 

verify the microsatellites in the archives. 

 

Table 1: Archives used. 

The verification of the official parentage was used to calculate the accuracy of the algorithm. 

This was done by calculating the correspondence between the results obtained and the official 

parentage diagnosis. See Table 2 for data regarding official parentage diagnosis. 

 

Table 2: Types of subjects present in the official analysis.  

Database Number of subjects 

Pedigree database 2399305

Analyzed sample 161988

Microsatellites-analyzed sample 49828

Database Number of subjects Percentage

Subjects with official compleated analysis 25948 52%

Subjects with official father analysis 11314 23%

Subjects with officialmother analysis 361 1%

Subjects without analysis 12205 24%

Analyzed sample 49828
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3.2 Development of analysis method. 

The software used to create a calculation code was RStudio. RStudio is an integrated solution 

which works in R, a specific open source area for statistical analysis (R-project.org 2014). This 

platform is widely used in science to analyse experimental data and in applied fields. R is a 

specific background of statistical data analysis which utilizes a program language derived and 

compatible with S. This software allows the manipulation of data, the solution of complex 

procedures and calculations, and a graphic representation of the results. It contains numerous 

functions regarding advanced mathematical calculations, statistical analysis and biogenetic 

packages, assemblies. 

This platform has permitted the analysis of the archives supplied by ANARB, by verifying only 

those subjects whose analyses were suitable for the study. The database contained 161,988 

individuals, 49,897 of which had informations about microsatellites. A for cycle was used for 

data analysis. This cycle, in programming language, is a control structure which executes, for 

a given number of times, a portion of the program. 

3.2.1 Identification of suitable subjects for the analysis 

The first step was the creation of a function to trace the registry number of the above 49,897 

subjects within a pedigree archive of 2,399,305 individuals. This function has permitted to 

calculate the correct number of subjects with registry data (49,828 subjects). This type of 

analysis has created a database containing all the registry information of an individual: date of 

birth and gender, registry number of father and mother.   

The registry number of the father and the mother was then traced back in the microsatellites 

database in order to determine if microsatellites analyses were also available for the father and 

the mother. It resulted that information about parentage was available for every subject. 
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3.2.2 Analysis of the availability of complete information for every subject.  

The analysis revealed that a complete information was not available for every subject.  Among 

49,828 individuals with microsatellite screening and registry data, 26,305 individuals had a 

complete analysis (the microsatellite tests of father and mother), 21,699 subjects had only the 

microsatellite screening of the father, 1,824 of the mother (see Table 3). 

 

Table 3: Types of subjects present in the sample analysed by program. 

By comparing the data from Tables 2 and 3, it is clear that the percentage of subjects with a  

parentage diagnosis in the official analyses is 75%, while the algorithm can analyse all subjects. 

By comparing these two tables it is evident that there is a 25% difference in the subjects with 

parentage verification.  This is due to the higher number of subjects analysed with only father 

or mother: in the first case the percentage varies from 23% to 43% while in the second case it 

increases from 1% to 4% of the subjects verified. 

  

Database Number of  subjects Percentage 

Subjects with completed analysis 26305 53%

Subjects with father analysis 21699 43%

Subjects with mother analysis 1824 4%

Sample analyzed with pedigree 49828
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3.2.3 Comparing the microsatellites of a subject with those of parents. 

The third step consists in the extraction from the database, containing the molecular markers, 

of the 12 microsatellites of the subject under exam and comparing them to the data of the 

parents.  

Since the genetic marker transmission follows the laws of Mendel, the microsatellites of the 

subject were compared with those of the father and mother. If the microsatellites of both parents 

were available, there was a simultaneous comparison of both father and mother to ensure a more 

accurate final result. The comparison was possible since each microsatellite examined had two 

alleles inherited by the off-spring, one pertaining to the father and one to the mother,  according 

to Mendel. 
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- Case number 1: 

 

Figure 12: Allele transmission in case number 1. 

In this case the simultaneous comparison of the microsatellites of the off-spring with that of the 

parents determined a positive result for both ascendant. This result is motivated by the fact that 

the two alleles in the off-spring microsatellite are also present in the microsatellites of each 

parent.This implies that the transmission was determined by one of the two examples indicated 

in Figure 12. The result of the analysis for this microsatellite is positive and therefore it verifies 

the putative relatioship with the father and the mother. 
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- Case number 2: 

 

Figure 13: Allele transmission in case number 2. 

The positive result for both father and mother is due to the fact that the allele transmission 

followed the procedure described in Figure 13. The final result would be the same even if the 

microsatellites of father and mother were inverted. 
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- Case number 3: 

 

Figure 14: Allele transmission in case number 3. 

In the third case the result is positive for the father but is negative for the mother. The allelic 

transmission is as shown in Figure 14. The final result would be negative for the father and 

positive for the mother if the allele were inverted. 
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- Case number 4: 

 

Figure 15: Allele transmission in case number 4. 

There is no correspondence between the microsatellite allele. Therefore, the result of the 

analysis for this microsatellite is negative and unverified for both parents as shown in Figure 

15. 

  



30 

 

- Case number 5: 

 

Figure 16: Allele transmission in case number 5. 

In this case the microsatellite cannot guarantee a certain result for both parents and will 

therefore be considered dubious. This kind of result is due to the fact that the analysis of this 

microsatellite cannot exclude a putative relationship and, contemporaneously, cannot certify it 

due to the allelic transmission as shown in Figure 16. 
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- Case number 6: 

 

Figure 17: Allele transmission in case number 6. 

If only the data of one parent were available, the comparison would follow the procedure listed 

above except for case number 5 where obtaining a dubious result requires a cross-confrontation 

between the parent microsatellites. Therefore, if only one parent was analysed and there was 

correspondence for only one allele, there sould be a positive result for the analysis on that 

microsatellite. 
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3.2.4 Diagnosis of the 12 available microsatellites. 

The analysis of the cases listed in 3.2.3 was performed on the 12 microsatellites available.  

The diagnosis of parentage is the result of the total elaboration of the single results for every 

satellite. The conditions for verifying parentage are listed in the official bibliography: 

- The effectiveness of a genetic test is measured by the exclusion of probability (Jamieson 

& Taylor ,1997, Glowatzki-Mullis et al. 1995). 

- ISAG, "The International Society and the International Foundation for Animal 

Genetics" recommends verifying parentage by, no less, than a series of 11 

microsatellites (ISAG Conference, 2008). 

- The probability of exclusion of parentage estimated on 11 microsatellites is equal to 

99.9% (Radko, 2008). 

- If the number of unverified analysis on microsatellites is greater than 2, there is an 

exclusion of parentage; the result is dubious for a single false microsatellite analysis. (D 

W Heyen, 1998, Mommens et al.1998). 

- An experimental condition has been added: when more than 4 microsatellites analyses 

are dubious, in the simultaneous verification of father and mother (as in case number 

5), the result is dubious. 

3.2.5 Comparing program results with official results. 

In order to verify the accuracy of program testing, the correlation between official testing results 

and those of the calculation code has been calculated. This comparison was possible in 75% of 

the cases examined, which was the number of official tests available (37,262 bovines). 
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4. Results. 

4.1 Calculation code results. 

By using a calculation code it has been possible to examine 49,828 individuals (see paragraph 

3.2.2). In Figure 18 are represented the results (%) of parentage testing on all the available 

paternal microsatellites (48,004) performed with the algorithm. As shown, the preponderant 

result is positive, which verifies 90.0% of the parentage relations, followed by 9.0% of dubious 

analyses.The latter is determined by verifying two possible and distinct conditions: a) 1 

microsatellite of 12 with a false result, b) a number of microsatellites equal of superior to 4 with 

a dubious result for the simultaneous testing of father and mother (Case 5 in paragraph 3.2.3). 

This test excludes a putative relation for 1% of subjects examined.  

 

Figure 18: Results of parentage testing on Father with algorithm. 
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In Figure 19 the percentage of the test results of parentage performed on available maternal 

microsatellites (28,129) with algorithm method is shown. The major outcome is positive result 

in 96.0 % of the cases. This test excludes parentage in 1.0% of the total cases and provides 

dubious results in 3.0% of the subjects tested.   

Because of the absence of maternal microsatellite material, it was not possible to make a 

comparison for 21,699 bovines. The reason for the lack of maternal genetic information could 

be due to the fact that there is more need for putative relations of the father. 

 

Figure 19: Results of parentage testing on Mother with algorithm. 
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In 26,305 cases, it was possible to verify parentage in both ascendant. As noted in Table 4, the 

positive result is preponderant when there is a complete test of both parents and therefore a 

combined putative relation of 90.0%. Another observation is how the combined analysis of 

father’s and mother’s microsatellites determines an increase in the cases where the final analysis 

is dubious for at least one of the parents (9.3% of total). This is probably due to an imposed 

experimental condition: if there are more than four dubious microsatellites in the diagnosis, the 

final result is dubious. 

 

 

Table 4: Frequency (%) of results on subjects with complete analysis. 

  

Father Results Mother Results

Dubious Negative Positive

Dubious 1.0% 0.2% 5.6%

Negative 0.1% 0.1% 0.4%

Positive 2.3% 0.3% 90.0%
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4.2 Official results confronted with program study results. 

In analogy with program study results and official parentage results, the same percentages  were 

also calculated for the official data.  

Figure 20 shows the percentages of the various official parentage tests on the father. These 

results were available in 75% of the samples. As noted, the positive result is preponderant in 

verifying parentage relations in 68.1%, whereas in 5.6% of the cases there is an exclusion of 

parentage.  

Furthermore, 25.8% of the samples did not have official analysis results; therefore, for 12,927 

bovine prior to algorithm verification there was no information regarding the verification of 

genealogical data.   

 

Figure 20: Results of parentage testing on father according to official analysis. 
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Figure 21 shows the parentage percentages of the official parentage tests on the mother. These 

tests were available in 53% of the samples with, respectively, 50.0% verified tests, 2.0% of 

subjects with excluded relations and 1% dubious.  

 

Figure 21: Results of parentage testing on mother according to official analysis. 

Official tests of both ascendant were available for 25,948 subjects. As noted in Figure 21, the 

positive result was preponderant for both putative relations (90.0%). 

 

Table 5: Frequency (%) of official results on subjects with complete analysis. 

 

  

Father Results Mother Results

Dubious Negative Positive

Dubious 0.1% 0.3% 0.1%

Negative 0.3% 2.3% 5.1%

Positive 0.1% 1.5% 90.0%
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4.3 Comparing study program results with official results. 

Figure 22 shows the comparison with paternal tests; it was possible to make a comparison of 

the 49,829 subjects tested by the study program with official results in 77% of the examined 

cases. In Figure 23 it is shown the comparison with maternal testing results: in this case 26,306 

subjects gave feasible study program results and it was possible to compare  a percentage of 

90% of the cases with official data. 

 

Figure 22: Comparison between program and official analysis of the father. 

 

Figure 23: Comparison between program and official analysis of the mother. 
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By comparing program results with official results, it was possible to calculate the 

correspondence between the two results in order to measure the accuracy of the calculated 

method.  

It is important to state that the utilized database was the official archive of the Breed Herdbook: 

in this archive, the negative laboratory results have already generated corrected pedigree 

information and therefore are not applicable to the current study program. The calculation of 

the correspondence for evaluating the accurancy of the program was performed only for 

positive and dubious results of the official testing. 

By comparing the results there was a 94.7% correspondence of paternal cases and 97.7% of 

maternal ones. As regards the percentage of the other results, it may be presumed that the 

experimental inclusion of a condition where a result with more than 4 "Dubious" microsatellites 

and one "False" result will determine a dubious final result. Amongst the total results from 

algorithm calculation, there is a 96.2% correspondence value, calculated as an average value of 

the correspondence between father and mother. From the correspondence calculation it was 

possible to determine the accuracy index of the study program results. The accuracy index, in 

the theory of errors, is the correspondence between the theoretical data (in this case the results 

of the study program) and the real data or reference (in this case the official results). This 

indicates the approximation of the obtained results with the official ones. This is a quality 

concept which depends on eventual and systematic errors. Given an average total accuracy of 

96.2% it was possible to also consider the parentage tests as reliable with the algorithm 

performed on subjects without official results. The number of subjects with calculation code 

parentage tests was increased by 23% with respect to existing tests on the father and by 8% on 

the mother as noted in the charts of Figure 26 and 27. 
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Figure 24: Percentage calculation of correspondence of paternal results. 

 

 

Figure 25: Percentage calculation of correspondence of maternal results. 
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Figure 26: Increase of the number of analysis on father. 

 

 

Figure 27: Increase of the number of analysis on mother. 
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5. Conclusions 

With the advent of genomic selection, the time necessary for a progressive genetic 

improvement, within a population, has been incredibly reduced and the continuing research in 

this field is giving results that presume that the accuracy and speed of this method of selection 

will reach even higher levels. 

In the selection process, verifying parentage has always been an important factor. In particular, 

either by traditional or genomic selection, the diagnosis of parentage plays a crucial role which 

guarantees, on one side, the correctness of herd book pedigree certificates and, on the other 

side, more correct genetic evaluations, since traditional indications are based on the genealogy 

of the subject. 

The initial objective of this study program was to create a calculation code capable of verifying 

the putative relations of the subjects in the database of the Italian Brown Breed which, for 

practical and economic reasons, needed a cross-examination of genomic information with the 

relative microsatellite information in order to verify parentage. 

In order to create this study method it was necessary to create an automatic procedure which 

could handle an important number of data in a reasonable short time. This procedure was 

created in order to reproduce the same results and also automatically allow the introduction of 

new information relative to the initial database. The main characteristic of this procedure is the 

use of open-source software, which characterizes these tests with low cost investments 

regarding only the hardware. 

From the accuracy obtained in comparison with official tests (which confirm the correctness 

and reliability of the method) it was also deemed possible to apply this method to the diagnosis 

of parentage in those subjects with microsatellite information starting from genotypes. 
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The foremost and important advantage of this new procedure is to give ANARB the possibility 

of a direct verification, without external testing, of parentage compatibility in subjects with 

microsatellite analysis. To date, the quantity of these analyses is more than 15,000 parentage 

verifications. About 600 were negative and it was therefore possible to correct those errors in 

the pedigree information used for genetic and genomic evaluations of the Brown Breed. 

It is therefore reasonable to assume that this platform will become a practical and economic 

method for verifying parentage in those cases when genomic information is available for only 

one subject. 

A future development of this study program could be the analysis of the result of a single 

microsatellite relative to the final result of the 12 microsatellites being tested. This would be 

necessary in order to verify that each microsatellite has a sufficient allelic frequency, which 

would guarantee the exclusion of a putative relation. 

  



44 

 

Bibliography 

 ANARB Associazione nazionale allevatori razza bruna italiana (2008) “Indici genetici: 

cosa sono e come utilizzarli”, Servizio Editoriale Allevatori. 

 ANARB Associazione nazionale allevatori razza bruna italiana (2010) “Caratteristiche 

morfologiche della Razza Bruna”, Servizio Editoriale Allevatori. 

 Animal Genetics Laboratory School of Veterinary Science Gatton (2013) “DNA-Based 

Parentage Testing of Cattle”, Research Article. 

 Bachtrog D., Agis M., Imhof M., Schloetterer C. (2000) “Microsatellite variability 

differs between dinucleotide repeat motifs: evidence from Drosophila melanogaster.”  

Molecolar Biological Evolution Volume 17(9), 1277-1285. 

 Baron E., Martinez M.L., Verneque R.S., Coutinho L.L. (2002) “Parentage testing and 

effect of misidentification on the estimation of breeding value in Gir cattle”, Research 

Article. 

 Bartolami R., Callegari E., Beghelli V. (2009) “Anatomia e fisiologia degli animali 

domestici”, Volume 1, 345-359. 

 Boglioli E. (1954) “Elementi di zootecnia speciale degli Animali Domestici Agricoli”, 

Volume 1, 15-28. 

 Cervini M., Henrique-Silva F., Mortari N., Matheucci E.Jr. (2006) “Genetic variability 

of 10 microsatellite markers in the characterization of Brazilian Nellore cattle (Bos 

indicus)” Genetic Molecular Biology, Volume 29, Animal genetic research article. 

 Gargani M. (2009) “I Marcatori Microsatelliti per l’Indagine di Popolazioni Animali 

Moderne e Antiche” Dottorato di ricerca in ecologia e utilizzo delle risorse biologiche 

XXII Ciclo, 8-15. 

 Glowatzki-Mullis M-L., Gaillard C., Wigger G., Fries R., (1995) “Microsatellite-based 

parentage control in cattle”, Animal Genetics, Volume 26, 1, 7–12. 



45 

 

 Heaton P.M., Kreg C.C, Leymaster A., Kalbfleisch A., Kijas J.W., Clarke S.M., 

McEwan J., Maddox J.F., Basnayake V., Petrik D.T., Simpson B., Smith T.P.L., Chitko-

McKown C.G. (2014) , “SNPs for Parentage Testing and Traceability in Globally 

Diverse Breeds of Sheep”, Research Article 10.1371/journal.pone.0094851. 

 Heyen D.W., Beever J.E., Da1 J., Everts R.E., Green C., Lewin H.A., Bates S.R.E., 

Ziegle J.S. (1997) “Exclusion probabilities of 22 bovine microsatellite markers in 

fluorescent multiplexes for semiautomated parentage testing” Animal Genetics Volume 

28, Issue 1, 21–27. 

 Humble R. J.  (1954) “Blood Types in Cattle”, Volume 1, 379-390. 

 ICAR (2009) “Rules and Guidelines for Microsatellite Parentage Testing in Cattle” 

ANNEX I, ANNEX IV. 

 ISAG (2008) “Guidelines for cattle parentage verification”, Volume 1, 1. 

 Jamieson A., Taylor C. S., (1997) “Comparisons of three probability formulae for 

parentage exclusion”, Animal Genetics, Volume 28, 397-400. 

 Leotta R., Cecchi F., Bagliacca M., Cianci D., (2001) “Elementi di miglioramento 

genetico negli animali da compagnia”, Servizio Editoriale Universitario. 

 Mommens G., Van Zeveren A., Peelman LJ. (1998) “Effectiveness of bovine 

microsatellites in resolving paternity cases in American bison”, Animal Genetics, 

Volume 29, 1, 8-12. 

 Pagnacco G. (2004) Genetica Animale Applicata, Casa editrice Ambrosiana, Milano. 

 Radko A., Słota E., Marczyńskał J., (2008) “Usefulness of a supplementary set of 

microsatellite DNA markers for parentage testing in cattle” Polish Journal of Veterinary 

Sciences Volume 13, 313-318. 

http://onlinelibrary.wiley.com/doi/10.1111/age.1997.28.issue-6/issuetoc


46 

 

 Rognoni G., Sartore G. (1998) “Aspetti applicativi dei polimorfismi genetici 

dell’allevamento bovino: acquisizione e prospettive” Buiatria, Volume 6, 

Comunicazione 12, 114-119. 

 R-project.org (2014) “The R Project for Statistical Computing”. 

 Stormont C. (1962) “I gruppi sanguigni degli animali: applicazione nei bovini” Estratto 

da Rivista di zootecnia, rassegna mensile di scienza e pratica zootecnica, 7-35. 

 Strassmann J.E., Zhu Y., Queller D.C., (2000) “A phylogenetic perspective on sequence 

evolution in microsatellite loci”, Volume 50, 324-338. 

 Tevfik Dorak M., (2014) "Basic population genetics”, Research Article. 

 Usha A.P., Simpson S.P., Williams J.L. (1995) “Probability of random sire exclusion 

using microsatellite markers for parentage verification.”, Animal Genetic Volume 3, 

155-61. 

 Wikipedia, the free encyclopedia (2014) “Punnett square”. 

 



47 

 

Credits 

I would like to mention all those who helped me write my thesis: with their suggestions and 

observations; may I express my gratitude. 

A particular thank you to Professor Alberto Sabbioni who believed in my capacities and who 

sustained and encouraged me during my research program. 

My thanks to PhD. Attilio Rossoni and PhD. Chiara Nicoletti for their guidance and for hours 

spent helping me with my thesis. 

My gratitude to the ANARB for having furnished the texts and data necessary for my 

evaluations. 

A heart-felt thank you to my family for having sustained me with love and patience. 

Thank you to my friends and classmates with whom I divided moments of happiness and who 

made my task less arduous and at times carefree. 

And finally a thank you to Jacopo who, with his attentive and gentle presence, made everything 

a bit more special. 


