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In order to achieve efficient implementation of the breeding programs that include selective reproduction, cor-
rect pedigree information and relationships between the animals is the basic condition. Breeding strategies in domes-
ticated livestock are based on animal model evaluations, which include all known genetic relationships between the
animals in the calculations. However, as demonstrated in some studies, the main assumption of this model for achiev-
ing unbiased evaluations — that all pedigrees and relationships are correctly recorded, is not always fulfilled. Misiden-
tified animals are expected to bias the estimation of genetic parameters and breeding values and can lead to loss in se-
lection response and reduced genetic progress as they are a function of the number of misidentified progeny. Errors in
pedigrees could also result in incorrect decisions about selective mating of the animals, which could increase the in-
breeding depression. In the past, parentage/paternity testing in cattle has been carried out through the blood group
and the protein polymorphism analysis, but because of some drawbacks, these tests have been replaced with new ones
that are based on detection of certain "genetic markers". Most informative and most commonly used are the microsa-
tellite markers (Short Tandem Repeats) which are highly polymorphic and are located on the noncoding intron re-
gions of the bovine genome. The advantage of microsatellite based tests is that theoretically any sample containing
nuclear DNA can be used for analysis, and when genotyping recommended set of markers, the accuracy of the test is
much higher as the probability of detecting mistaken parentage is a direct function of the polymorphism of the mark-
ers used. The research of the cattle genome conducted in the past resulted in identification of several thousand mi-
crosatellite loci, among which nine most informative are recognized by the International Society for Animal Genetics
(ISAG) as "international marker set" and are recommended as a minimal panel to be included in cattle pedigree veri-
fication in order to facilitate the record exchange between laboratories.
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MHUKPOCATEJIMTCKA MAPKEPH 3A BEPUOUKAILINJA HA ITEJJUT'PETO KAJ TOBEJJATA

3a ocTUrHyBame euKacHa UMIUIEMEHTALUja Ha OJIJICYBauKUTE HPOrPaMU KOU BKITy4yBaaT CEIEKTUBHO pa3-
MHOXYBab€, HEOIIXOIHO € TOYHO €BHICHTHPAbE Ha IeUrpeaTa, OJHOCHO Ha POJHUHCKHTE BPCKH Mely )KHBOTHHUTE.
ITporpamure 3a oArieyBarme roBe/ia ce 3aCHOBAHU BP3 €Balyalldja Ha IPHUILIOAHATA BPEIHOCT Ha )KMBOTHUTE NPEKY
MOZENOT Ha MHAMBHAya (animal-model), K0j BO CBOMTE KaJKyJalHK I'M KOPUCTH CHTE NOCTANHU MH(OpPMAIMHU 3a
TEHETCKHUTE CPOJICTBA Mel'y )KMBOTHUTE BKJIYYCHH BO eBailyarujara. MeryToa, Kako LITO € MOTBPJEHO M CO HEKOJKY
CTYAWHM, TJIaBHUOT IIPELYCJIOB 3a NOCTHIHYBalbE HENPUCTPACHA €BYIyalllja CO OBOj MOJEN — HEAWUrpeara Ha CUTE
JKMBOTHH 12 OMJAT TOYHO €BUJICHTUPAHH, HE CEKOTalll € UCHIOJIHET. ' pelkuTe BO IeurpeaTa MoXKar Aa pe3yiTupaar
€O HEeOO0jeKTHBHA KaJKyJallija Ha TeHETCKUTE MapaMeTpy ¥ Ha OAIJIEyBaYKUTE BPEIHOCTH, MOCIA0 CEIEKUUCKH OJi-
TOBOp M 3a0aByBare HAa FEHETCKUOT IPOTPEeC, YMJIUTO MHTEH3UTET Ke 3aBHCH IPABOIPONOPLHOHAIHO O OPOjoT Ha
HOTPELIHO eBueHTUpanuTe rpia. [lorpemsara eBuaeHIMja Ha IPEALIUTE MOXKE HCTO TakKa Ja IOBEJE U J0 HOTPELIHH
OJINIyKH 3@ CEJIEKTHBHOTO MApeHe Ha )UBOTHUTE, CO IITO OU ce NPHUIOHENO 3a 3roJeMyBamke Ha MHOPUIMHT-eNpect-
jara. Bo MuHaToTO, Bepu(uKanujaTa Ha NEAUTPETO Kaj roBeaaTa ce BpIICIIe PEKy aHAIN3a Ha KPBHUTE TPYNH U Ha
HPOTEMHCKUOT NOJMMOpPGH3aM, HO NMOPAAN HEKOU HEJOCTATOLM Ha OBHE TECTOBM, THE JAEHEC CE 3aMEHETH CO HOBH
KoM ce 0a3upaar Ha JeTeKIHUja Ha OApeJeHH JeHeTCKH MapkepH . HajkopucHu u HajuecTo ynoTpeOyBaHH ce MUKpPO-
carenmurckute Mapkepu (Short Tandem Repeats) ko ce BHCOKO HOJMMOPGHU U KOH C€ JIOIHUPAHH HA HHTPOHCKUTE
HEKOAMPAYKH CEKBEHIMU O] TeHOMOT. IIpeHocTa Ha OBHE TECTOBH € BO TOA LITO TEOPETCKH CeKoja MocTpa Koja
conpu HykineapHa JJHK moxe ma Ouze ynmorpebeHa 3a aHamm3a, a py TeHOTUNU3NPAE HA TIPENopadaH ceT MapKe-
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PH BEPOJIOCTOJHOCTAa HA TECTOT € 3HAYMTENIHO BHCOKa, OMIEjKM BEpOjaTHOCTA 3a AETEKIHja Ha MOTPEIIHO 3aBeleH
poauTen e qUpeKTHa QyHKIHja o nonuMopgHocTa Ha yrnoTpebeHuTe Mapkepu. McrpaxxyBamara KO BO H3MHHATUTE
roauHy Oea BpIIEHM Ha TCHOMOT Ha TOBeJaTa pe3ylaTHpaa co JeduHHpame Ha HEKOJIKY WIjaJu MHKPOCATEIMTCKH
JIOKYCH, OJ KO J€BETTC HAjUH(POPMATHUBHU Ce NMPH3HACHU Of MelyHapOJHOTO 3IpyXKEeHHE 32 aHMMallHa TeHEeTHKa
(ISAG) kaxo ,MHTepHaLIOHAJIEH CeT Ha MapKepH" U ce MperopadaHy Kako MUHUMAJICH [TaHel BO TECTOBUTE 3a BEpH-
(uKarmja Ha Meurpea co el MOJEeCHO CIOpeIyBamke Ha Pe3yiITaTuTe JOOUSHNU O Pa3INIHHU JIaG0paTOpUH.

K.]'Iy‘l]-l](l 360pOBPIZ OOBHHCKH MUKPOCATCINTCKU MapKepu; TECT 3a pOZ[I/ITeHCTBO/TaTKOBCTBO;

BepuQUKarja Ha Ieaurpea

1. INTRODUCTION

To achieve efficient implementation of the
breeding programs that include selective reproduc-
tion it is necessary to have errorless pedigree infor-
mation and correct relationships between the ani-
mals in the population. Contemporary cattle bree-
ding programs are based on animal model eva-
luation techniques which account for all assumed
genetic relationships between the animals in the
calculation. However, as demonstrated in some
studies, the main assumption for achieving unbi-
ased evaluations with this model — that all of the
pedigrees and relationships are correctly recorded,
is not always fulfilled.

The proportion of errors in cattle pedigrees
varies in different countries: 5 — 15% in Denmark
(Christensen et al., 1982), 4 — 23% in Germany
(Geldermann et al., 1986), 8 — 20% in Ireland
(Beechinor and Kelly, 1987), 12% in Netherlands
(Bovenhuis and Van Arendonk, 1991), 2,9 — 5,2%
(Ron et al., 1996) or 11,7% (Weller et al., 2004) in
Israel, 10% in dairy cattle in the United Kingdom
(Visscher et al., 2002) and 10,7% in the Czeck Re-
public (Rehout et al., 2006).

Christensen et al. (1982) summarize seven
reasons for errors in paternity recording: 1) mis-
takes by Al institutes in semen labeling; 2) incor-
rect identification of semen straws by Al techni-
cians; 3) insemination of cows already pregnant by
a previous insemination; 4) incorrect entry of the
bull’s herd book name or number into the insemi-
nation record; 5) use of natural — service bulls
leading to pregnancies of previously inseminated
cows which were assumed to be pregnant from the
Al bull; 6) mistakes in sire identification when a
cow enters a milking herd in schemes where pedig-
ree information on milk recorded cow is obtained
through the milk recording program, and 7) inter-
change of calves on the same farm (changeling).
To these reasons Weller et al. (2004) added the
factor 8) genotyping errors, mutations or occurren-

ce of so called “null alleles” which can lead to re-
jection of otherwise correct pedigree.

The term “null allele” refers to those that fail
to amplify during the PCR reaction and can arise
as a result of: indel or point mutations in the
primer annealing site, preferential amplification of
short alleles (due to inconsistent DNA template
quality or quantity), or slippage during the PCR
amplification. In such cases although an animal is
heterozygous for a specific locus the test will show
it as homozygous. The progeny of a sire hetero-
zygous for a null allele that receive the null allele
will appear to be homozygous for their maternal
allele. If this allele differs from the father’s de-
tected allele, then incompatibility for this locus
will be observed between the progeny and the sire
and the paternity will be incorrectly rejected.

Pedigree errors are expected to bias the esti-
mation of genetic parameters (Van Vleck, 1970),
breeding values (Isracl and Weller, 2000), selec-
tion response and genetic progress (Gelderman et
al., 1986). The loss in response should be similar
to the proportion of progeny misidentified (Gelder-
man et al., 1986). Israel and Weller (2000) present-
ed 3-4% loss in selection response via the stochas-
tic simulation study of a large dairy cattle popula-
tion with 10% incorrect paternity. Also pedigree
errors could lead to incorrect decisions about se-
lective mating of the animals which would con-
tribute to increasing the inbreeding depression in a
cattle population.

2. GENETIC MARKERS FOR PARENTAGE
TESTING IN CATTLE

In the past pedigree verification in dairy cat-
tle has been carried out using blood group and pro-
tein polymorphism. These tests have shown their
usefulness but their major drawback is the neces-
sity of obtaining blood samples from animals.
Moreover usefulness of blood groups in parentage
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testing is somewhat questionable due to limited
variability of some blood groups in some populati-
ons of cattle.

Contemporary tests for parentage verification
are based on detection of certain “genetic mar-
kers”. Any attribute that can be easily detected and
its inheritance traced can serve as a marker. The
advantage of these tests is that theoretically any
sample containing diploid nuclear DNA can be
used for analysis which renders sampling signifi-
cantly easier, faster and non-invasive, as well as
higher reliability than the traditional blood testing.
For example Ron et al. (2003) developed and
tested a method to sample cows using vaginal
swabs as a DNA source for paternity testing.

These tests are based on two main principles:

e on detection of genetically inherited markers
that remain the same through the animal’s life
(if mutations are excluded), and

e on the fact that one animal can possess only
two alleles of every locus (or marker), one of
which was inherited from the sire and the
other from the dam.

The most useful and most widely accepted
are the microsatellite markers mainly because of
their ease of use and analysis, and their high infor-
mative value provided by the large number of al-
leles per locus (Baumung et al., 2004), even
though recently the SNP (Single Nucleotide Poly-
morphism) markers have gained high popularity
because of their advantages such as high throug-
hput automated analysis and genetic stability in
mammals. Recently, two different SNP marker sets
were reported for animal identification and parent-
age testing in American beef cattle (Heaton et al.,
2002) and European dairy breeds (Werner et al.,
2004). Having into consideration that SNP markers
are only bi-allelic, several papers (reviewed by
Morin et al., 2004) predict that at least two to six
times more SNP markers will be necessary to
achieve the same resolution as microsatellites
when used for animal identification and parentage
assessment.

Microsatellite markers also called STRs
(Short Tandem Repeats) or SSRs (Simple Sequen-
ce Repeats) are short segments of DNA that con-
tain 1-6 bp repeat nucleotide motifs such as
(CAG)n, and they tend to occur in non-coding re-
gions of the mammalian genome. These regions in
a population of animals are highly polymorphic,
i.e. they are present in several different alleles, and
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this is the basics for their usefulness in animal
identification and parentage testing. The accuracy
of these tests is high because the probability of
detecting mistaken parentage is a function of the
polymorphism of the genotyped loci (Ron et al.,
1996).

Not every microsatellite is informative enough
to be used in parentage investigations. To deter-
mine the level of usefulness of a microsatellite for
parentage testing, the number and frequentcy of its
alleles in the investigated population must be
evaluated. With this information it is possible to
calculate the heterozygosis and the degree of poly-
morphism which in turn enables the determination
of exclusion probability of each individual marker
as well as of the entire panel of markers as a
group.

In order to use a microsatellite marker in par-
entage investigation it has to be checked for con-
sistency with the Hardy-Weinberg expectations by
comparing the observed and expected genotype
frequencies. The observed heterozygosity is de-
fined as the number of heterozygotes divided by
the sample size and the

1) Expected heterozygosity is the frequency
of the heterozygous genotypes assuming the popu-
lation is in HW equilibrium. It is calculated from
the allele frequencies by the following formula:

n
H.,=1-%p} (Nei, 1978)

i=1

where p; is the frequency of i-th allele, and # is the
total number of alleles on certain locus.

2) Polymorphism information content — PIC
expresses the informative value of a marker as a
result of its polymorphism:

n-1 n
— 2 2
PIC—Hexp_zzpi X sz
i=1 J=I+1
(Botstein et al., 1980)

with p; and p; being the frequencies of alleles 7 and
Jj, and total number of alleles n.

In parentage testing the usefulness of any co-
dominant marker is defined by its 3) Exclusion
probability — EP (Jamieson & Taylor, 1997). Ex-
clusion probability indicates the possibility of ex-
cluding as progenitor an animal assigned as such
incorrectly, i.e. it expresses the probability that
two random (unrelated) animals do not share any
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identical allele. It is calculated as powers of allele
frequencies for every marker separately, as well as
for the entire panel of markers together. The three
most common situations are:

3.1. Given two parents and one offspring; ex-
clude a parent. An example of this is a familiar
paternity case but it can be applied for maternity
testing as well:

EP=1-2% p?+¥ p} +23 p* —33 pi —
i=1 i=1 i=1

i=l1

=2 pH2+3X p>x Y p} (Jamieson, 1994)
i=1

i=l1 i=1

3.2. Given two parents and one offspring; ex-
clude both parents. An example of this is change-
ling or substituted offspring:

EP:1+4§:1914 _4§:Pi5 _3§:pi6 _S(ipiz)z +
i=1 i=1 =l

i=l1

+8Z pZZ X zpl} + 2(2 p13)2 (Jamieson & Taylor, 1997)

i=1 i=1 i=1

3.3. Given one parent and one offspring; ex-
clude their relationship. An example of this is
when other parental genotype is for some reason
unavailable:

EP =1—4Z‘ipl.2 +2(Z‘ipl.2)2 +4lel~3 —3Z‘ipi4
(Jamieson & Taylor, 1997)

where p; is the frequency of allele 7, and # is the
total number of alleles of the locus.

In any of the above situations a number () of
loci may be required to achieve high exclusion
rates. Their 4) Combined exclusion probability is
calculated as:

EP, =1-(1-ER)x(1- EP,)x(1- EP,)...(1- EP,)

The values of the exclusion probabilities de-
pend directly on the allelic frequency distribution
of each marker within the studied population. Mi-
crosatellite based parentage testing works by the
method of elimination or rejection since no test
can assign a parent to an offspring with 100% ac-
curacy. In other words with these tests we can state
with certain degree of certainty that some animal is

not a biological parent to an offspring and reject
the relatedness, or assign the parentage to an ani-
mal for which we observe no discrepancies with
the offspring’s genotype. When using a recom-
mended set of 10—12 markers a combined exclu-
sion probability of more than 0.998 is achieved.
The accuracy of the test is directly dependent on
the number and the polymorphism of the analyzed
loci.

In a population of animals the variability of
the microsatellite loci arises as a consequence of
slippage mutations in these regions which enables
formation of new alleles that differ in the number
of repetitions. Because of this it is recommended
that a parentage should be rejected if differences
between the putative parent and the offspring are
found on at least two unrelated loci. The dis-
crepancy on one locus could be a consequence of
mutation, a genotyping mistake or presence of a
null allele. The observed frequency of mutation of
short tandem repeats was 0,001/locus/gamete/ge-
neration (Weber and Wong, 1993). Thus, to reject
the possibility of mutation, sufficient genetic mar-
kers must be used until exclusion is confirmed by
two independent loci (Ron et al., 1996). According
to Visscher et al. (2002) when the offspring geno-
type is compared to a non-related one, the prob-
ability of finding differences on only one locus out
of ten analyzed is less than 10%, so it is most
likely due to mutation or genotyping error.

For easier comparison of the results obtained
from different laboratories, the International Soci-
ety for Animal Genetics — ISAG, recommends the
use of “international microsatellite panel” for cat-
tle parentage testing. Their nomenclature, location
and primer sequences are listed in Table 1.

The nine markers listed above are recom-
mended to be shared among laboratories for pur-
pose of record exchange. Also other markers
should be added to this panel to increase efficacy
in parentage testing. It is recommended that 12—14
should be used routinely. The additional 3-5
markers may vary among laboratories depending
on possibility of multiplexing. Some of them most
frequently used are: ETH3, TGLAS53, BM1818,
INRAOOS, INRAO35 and ETHI185. Also ISAG
recommends exclusion probability (two parents
and one parent) of each individual marker as well
as of the whole panel of markers to be calculated
and declared. The type of population and the num-
ber of animals used for calculations are also to be
declared. ICAR recommends using Holstein as
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reference where possible. To ensure sufficient ex-
perience within the lab, a number of 500 animals
analyzed per year is generally set as minimum re-

Table 1

quirement for accreditation, but lower numbers
may be considered acceptable in special cases.

ISAG panel of microsatellite markers for cattle parentage testing

Locus Chromosome Primer sequence (5'- 3")

forward GAG CAA GGT GTT TTT CCA ATC
BM1824 1

reverse CAT TCT CCA ACT GCT TCC TTG

forward GCT GCC TTC TAC CAA ATA CCC
BM2113 2

reverse CTT CCT GAG AGA AGC AAC ACC

forward GAG TAG AGC TAC AAG ATA AAC TTC
INRAO023 3

reverse TAA CTA CAG GGT GTT AGA TGA ACT C
SPS115 s forward AAA GTG ACA CAA CAG CTT CTC CAG

reverse AAC GAG TGT CCT AGT TTG GCT GTG

forward CCC TCC TCC AGG TAA ATC AGC
TGLA122 21 reverse (1) AAT CAC ATG GCA AAT AAGTAC ATAC

reverse (2)*  AAT CAC ATG GCA AAT AAG TAC ATA

forward CTA ATT TAG AAT GAG AGA GGC TTC T
TGLA126 20

reverse TTG GTC TCT ATT CTC TGA ATA TTC C

forward CGA ATT CCA AAT CTG TTAATTTGC T
TGLA227 18

reverse ACA GAC AGA AAC TCA ATG AAA GCA
ETHI0 s forward GTT CAG GAC TGG CCC TGC TAA CA

reverse CCT CCA GCC CACTTT CTC TTC TC

forward GAT CAC CTT GCC ACTATTTCCT
ETH225 9

reverse

ACA TGA CAG CCA GCT GCT ACT

*Corrects the null allele problem

3. CONCLUSION

Microsatellite markers are a powerful tool for
animal identification and pedigree verification in
cattle. To determine the level of usefulness of a
microsatellite for parentage testing in a certain
population, the number and frequency of its alleles
must be evaluated. With this information it is pos-
sible to calculate its heterozygosis and the degree
of polymorphism which in turn enables to deter-
mine the exclusion probability of each individual
marker as well as of the entire panel of markers as
a group.

The accuracy of the microsatellite based tests
depends directly on the number and on the poly-
morphism of the analyzed loci.

In one population of animals different alleles
on one locus arise as a direct consequence of ge-
netic mutations which if occur in gamete’s DNA
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will be transferred to the progeny. Because of this
fact as well as because of the fact of possible oc-
currence of “null alleles” it is recommended that in
order to exclude a relationship one has to find in-
compatibility on at least two unrelated loci with
high exclusion probability between the progeny
and the putative parent.

The International Society for Animal Genet-
ics (ISAG) has defined an “international marker
set” of nine loci with high exclusion probability
namely: BM1824, BM2113, INRA023, SPS115,
TGLA122, TGLA126, TGLA227, ETHI10, and
ETH225. These markers are recommended as a
minimal panel in bovine parentage testing for pur-
pose of facilitating the comparison of the results
obtained from different laboratories. Also for
achieving higher accuracy it is recommended to
genotype routinely 12—14 markers which means
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that the additional 3—5 markers may vary among
laboratories depending on multiplexing suitability.

In the Republic of Macedonia verification of
cattle pedigrees through microsatellite markers has
not yet been conducted on larger scale. In order to
achieve efficient implementation of a cattle breed-
ing program, correct pedigree information is a
must. Thus it is necessary to conduct fundamental
research in this area in order to check the efficacy
of the recommended marker panel as well as to
expand it with additional loci with high exclusion
power. This would enable an establishment of a
marker panel which can be used with high reliabil-
ity in parentage testing in our cattle population.

REFERENCES

Banos G., Wiggans G. R., Powell R. L., Impact of paternity
errors in cow identification on genetic evaluations and in-
ternational comparisons. J. Dairy Sci., 84, 2523-2529
(2001).

Baumung R., Simianer H., Hoffmann 1., Genetic diversity
studies in farm animals — a survey. J. Anim. Breed. Genet.
121, 361-373 (2004).

Beechinor J. G., Kelly E. P., Errors of identification amongst
cattle presented as progeny of some bulls used in the arti-
ficial insemination service in Ireland. Ir. Vet. J., 41, 348—
352 (1987).

Botstein D., White R. L., Skolnick M., Davis R. W., Construc-
tion of a genetic linkage map in man using restriction
fragment length polymorphism. Am. J. Hum. Genet., 32
(3), 314-331 (1980).

Bovenhuis H., Van Arendonk A. M., Estimation of milk pro-
tein gene frequencies in crossbred cattle with maximum
likelihood. J. Dairy Sci., 74, 2728-2736 (1991).

Cervini M., Henrique-Silva F., Morrtari N., Matheucci E. Jr.,
Genetic variability of 10 microsatellite markers in the
characterization of Brazilian Nellore cattle (Bos indicus).
Genet. Mol. Biol., 29 (3), (2006).

Christensen L. G., Madsen P., Petersen J., The influence of
incorrect sire identification on the estimates of genetic pa-
rameters and breeding values. Proc. 2" World Congr.
Genet. Appl. Livest. Prod., Madrid, Spain, 7, 200-208
1982).

Doods K. G., Tate M. L., Sise J. A., Genetic evaluation using
parentage information from genetic markers. J. Anim.
Sci., 83, 2271-2279 (2005).

Geldermann H., Pieper U., Weber W. E., Effect of misidentifi-
cation on the estimation of breeding value and heritability
in cattle. J. Anim. Sci., 63, 17591768 (1986).

Glowatzki-Mullis M. L., Gaillard C., Wigger G., Fries R.,
Microsatellite-based parentage control in cattle. Anim.
Genet., 26, 7-12 (1995).

Gomez-Raya L., Priest K., Rauw W. M., Okomo-Adhiambo M.,
Thain, D., Bruce B., Rink A., Torell R., Grellman L., Nara-
yanan R., Beattie C. W., The value of DNA paternity iden-

tification in beef cattle: Examples from Nevada’s free-
range ranches. J. Anim. Sci. 86, 17-24 (2008).

Heaton M. P., Harhay G. P., Benett G. L., Stone R. T., Grosse
W. M., Casas E., Keele J. W., Smith T. P. L., Chitko-
Mckown C. G., Laegreid W. M., Selection and use of
SNP markers for animal identification and paternity
analysis in U.S. beef cattle. Mamm. Genome, 13, 272—
281 (2002).

Heyen D. W., Beever J. E., Da Y., Evert R. E., Green C.,
Bates S. R. E., Siegle J. S., et al., Exclusion probabilities
of 22 bovine microsatellite markers in fluorescent multi-
plexes for semi automated parentage testing. Anim.
Genet., 28, 21-27 (1997).

ICAR rules and guidelines for accreditation of DNA paternity
testing in cattle. ISAG recommended microsatellites.
http://www.icar.org

Israel C., Weller J. 1., Effects of misidentification on genetic
gain and estimation of breeding value in dairy cattle
populations. J. Dairy Sci. 83, 181-187 (2000).

Jamieson A., The effectiveness of using co-dominant poly-
morphic allelic series for (1) checking pedigrees and (2)
distinguishing full-sib pair members. Anim. Genet., 25
(Suppl. 1), 37-44 (1994).

Jamieson A., Taylor St. Cs., Comparison of three probability
formulae for parentage exclusion. Anim. Genet., 28, 397—
400 (1997).

Jones A. G., Ardren W. R., Methods of parentage analysis in na-
tural populations. Molecular Ecology, 12, 2511-2523
(2003).

Lopez Herraez D., Schafer H., Mosnner J., Fries H. R., Wink
M., Comparison of microsatellite and single nucleotide
polymorphism markers for the genetic analysis of a Gal-
loway cattle population. Z. Naturforsch., 60c, 637-643
(2005).

Maudet C., Luikart G., Taberlet P., Genetic diversity and as-
signment tests among seven French cattle breeds based on
microsatellite DNA analysis. J. Anim. Sci., 80, 942-950
(2002).

Morin P. A., Luikart G., Wayne R. K., and the SNP workshop
group: SNPs in ecology, evolution and conservation.
Trends Ecol. Evol., 19,208-216 (2004).

Nei M., Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genetics,
89, 583-590 (1978).

Radko A., Duniec M., Zabek T., Janik A., Natonek M., Poly-
morphism of 11 microsatellite DNA sequence and their
usefulness for paternity control in cattle. Polish Soc. Vet-
erin. Sci., 58, 708-710 (2002).

Rehout V., Hradeckd E., Citek J., Evaluation of parentage

testing in the Czech population of Holstein cattle. Czech
J. Anim. Sci., 51 (12), 503-509 (2006).

Riojas-Valdes V. M., Gomez-De-La-Fuente J. C., Garza-
Lozano J. M., Gallardo-Blanko D. C., De Tellitu-Schutz
J. N., Wong-Gonzales A., Davalos-Aranda G., Salinas-
Melendez J. A., Exclusion probabilities of 8 DNA mi-
crosatellites in 6 cattle breeds from northeast Mexico. J.
Anim. Vet. Adv., 8 (1), 62—-66 (2009).

Ron M., Blanc Y., Band M., Ezra E., Weller J. 1., Misidentifi-
cation rate in the Israeli dairy cattle population and its

implications for genetic improvement. J. Dairy Sci., 79
(4), 676681 (1996).

Maced. J. Anim. Sci., 1 (1) 9-15 (2011)



Microsatellite markers for pedigree verification in cattle 15

Ron M., Domochovsky R., Golik M., Seroussi E., Ezra E.,
Shturman C., Weller, J. L., Analysis of vaginal swabs for
paternity testing and marker-assisted selection in cattle. J.
Dairy Sci., 86, 1789-1796 (2003).

Van Vleck L. D., Misidentification in estimating the paternal
sib correlation. J. Dairy Sci., 53, 1469-1474 (1970).
Vankan D. M., Faddy M. J., Estimations of the efficacy and
reliability of paternity assignments from DNA microsatel-
lite analysis of multiple-sire matings. Anim. Genet., 30,

355-361 (1999).

Vignal A., Milan D., San Cristobal M., Eggen A., A review on
SNP and other types of molecular markers and their use
in animal genetics. Genet. Sel. Evol., 34, 275-305 (2002).

Visscher P. M., Woolliams J. A., Smith D., Williams, J. L.,
Estimation of pedigree errors in the UK dairy population

Maced. J. Anim. Sci., 1 (1) 9-15 (2011)

using microsatellite markers and the impact on selection.
J. Dairy Sci., 85,2368-2375 (2002).

Weber J. L., Wong C., Mutation of human short tandem re-
peats. Hum. Mol. Genet., 2, 1123 (1993).

Weller J. L., Feldmesser E., Golik M., Tager-Cohen 1., Domo-
chowky R., Alus O., Ezra E., Ron M., Factors affecting
incorrect paternity assignment in the Israeli Holstein
population. J. Dairy Sci., 87, 2627-2640 (2004).

Werner F. A. O., Durstewitz G., Habermann F. A., Thaller G.,
Kramer W., Kollers S., Buitkamp J., Georges M., Brem
G., Mosner J., Fries R., Detection and characterization of
SNP useful for identity control and parentage testing in
major European dairy breeds. Anim. Genet., 35, 44-49
(2004).



