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The aim of this work was to develop and to test PCR-based suitable microsatellite marker panels
for paternity testing in sheep. Blood samples were collected from 212 Kivircik sheep (24 rams
and their 188 offspring) raised in five farms were included in the controlled mating programme
and genotyped with 20 microsatellite markers. Different combinations with multiplex microsatellite
groups were established, providing seven microsatellite panels to determine the power of paternity
testing. A total of 318 alleles were detected across the 20 loci investigated. The average PIC value
(0.80) obtained from all loci indicated that these microsatellite panels were very polymorphic and
highly informative. The highest and lowest average number of alleles were observed in Panel 3
and Panel 1, respectively, among the formed panels. Probability of identity (PI) values varied from
0.102 to 0.020. The power of discrimination (PD) values ranged from 0.678 and 0.979. Combined
probability of identity (CPI) value ranged between 1.20x102¢ (Panel-7) and 7.24x10 (Panel-1). The
lowest and highest combined probability of exclusion values were recorded for Panel-1(0.931912000)
and Panel-7 (0.999998870), respectively, as it could have been expected. According to the study
results panels 4 and 5, formed with fewer microsatellite markers for paternity tests, were cheaper
and more practical than the other panels in Kivircik sheep.
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In animal breeding, particularly selection of breeding stock in farm animals, it is
essential not only to keep regularly updated pedigree records, but also to ensure accuracy
of the parental information. Identification or validation of parents is an important key
to success in animal breeding [Yilmaz and Karaca 2012]. Animal breeding programs
require accurate pedigree information to provide efficient progress and to avoid
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excessive inbreeding. Pedigree errors are considered to be a common problem in
livestock, particularly in small ruminants raised as flocks and giving birth to multiple
offspring. In the cases that accurate information can be revealed by applying parental
control methods [Crawford et al. 1995, Kosum 1995]. In sheep breeding, keeping
records of mating and birth is crucial for obtaining reliable information on production
capacity of the flock. In addition, it is important for yield records to be sustainable on
the basis of pedigree. However, it is a current problem to verify the obtained results
from mating practices carried out in the animal breeding programs in the field and to
identify the parents accurately. It has been reported that the application of multiple
microsatellite markers in parental tests may be useful thanks to the low diversity within
highly related and endangered species populations [Ganai and Yadav 2005].

Studies show that pedigree errors are varied from 5% and 20% on cattle and
sheep farms [Weller et al. 2004, Vandeputte et al. 2006, Crawford et al. 1993]. These
conditions cause an incorrect estimation of genetic parameters, which is a great
problem for animal breeding plans. Therefore, in order to control pedigree records it
became mandatory to use highly reliable DNA-based marker systems. Microsatellites,
which are widely used in paternity tests, show similarity on the basis of the entire
population, whereas they show small differences between individuals. Microsatellites
are valuable genetic markers due to their dense distribution in the genome, considerable
variation, co-dominant inheritance and easy genotyping. In recent years they have
been extensively used in parentage testing, linkage analyses, population genetics and
other genetic studies [Jeffreys et al. 1987, Georges et al. 1988, Bruford et al. 1996,
Montaldo and Meza-Herrera 1998, Beuzen et al. 2000, Goldstein and Schlotterer
2001, Un et al. 2001, Sancristobal et al. 2003 ]

This study was conducted in order to develop and test suitable microsatellite panels
for paternity testing in sheep. The resulting information will provide an important
contribution to paternity testing studies.

Material and methods
Animal resources and DNA isolation

Animal material of the study comprised a total of 212 Kivircik sheep (24 rams and
their 188 offspring) raised in five farms and used in the controlled mating programme.
Blood samples from five different sheep flocks were collected from the jugular vein
using vacutainer tubes containing K3EDTA as an anticoagulant. A DNA isolation kit
(Applied Biological Materials Inc., Canada) was used to extract genomic DNA from
blood samples.

PCR and fragment analysis

Twenty microsatellite markers (Table S1) recommended by FAO [2011] were
used for the microsatellite analysis of Kivircik sheep. Three multiplex groups were
formed based on fragment size of 20 microsatellite loci used to amplify genomic DNA
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Table 1. Microsatellite panels based on different combinations with multiplex microsatellite groups in sheep

Panel-1 Panel-2 Panel-3 Panel-4 Panel-5 Panel-6 Panel-7
INRA0005 CSRD0247 OARCFCB304 CSRD0247 OARCFCB304 OARCFCB304 OARCFCB304
OarFCB0011  MCMO0527 OARFCB193 MCMO0527 OARFCB193 OARFCB193 OARFCB193
DYMSI BMS8125 OARFCB20 BM8125 OARFCB20 OARFCB20 OARFCB20
MAF0065 HSC OARAEO0129 HSC OARAEO0129 OARAEO0129 OARAEO0129

BM1329 BM1818 BM1329 BM1818 BM1818 BM1818
OARFCB128 INRAO0132 OARFCB128 INRAO0132 INRAO132 INRAO132
OARIJMP29  OARCP34 OARIJMP29  OARCP34 OARCP34 OARCP34
MAF214 D5S2 MAF214 D5S2 D5S2 D5S2
INRAO000S INRA0005 CSRD0247 CSRD0247
OarFCB0011  OarFCBO0011 MCMO0527 MCMO0527
DYMSI1 DYMS1 BMS8125 BMS8125
MAF0065 MAFO0065 HSC HSC
BM1329 BM1329
OARFCB128 OARFCB128
OARJMP29 OARIMP29
MAF214 MAF214
INRAO0005
OarFCBO0011
DYMSI1
MAF0065

Table 2. Genetic variability and paternity analysis parameters for all considered microsatellites in the studied sheep

population

Locus N Na Ne Ho He PIC PE PI PD HWEa F(Null)
OARFCB304 208 21 451 0.73 0.78 0.75 0.415  0.077  0.870 *** 0.0162
OARFCBI193 203 18 7.98 0.96 0.88 0.87 0.614  0.025 0960 ns 0.0542
OARFCB20 203 22 5.11 0.86 0.81 0.79 0.475  0.056 0.810 * 0.0576
OARAEI129 207 18 3.95 0.51 0.75 0.71 0367  0.099  0.876 *** 0.1991
BM1818 202 17 4.67 0.98 0.79 0.76 0.418  0.075  0.678 *** 0.1214
INRAO0132 206 20 9.69 0.84 0.90 0.89 0.655  0.020 0969 ns 0.0312
OARCP34 206 11 5.10 0.93 0.81 0.78 0.449  0.062 0912 ns 0.0749
D5S2 208 14 3.62 0.62 0.73 0.70 0346  0.102  0.869 ns 0.0728
CSRDO0247 210 21 6.43 0.85 0.85 0.83 0.538  0.040 0944 ns 0.0048
MCMO0527 210 13 5.18 0.73 0.81 0.79 0.469  0.055 0938 ns 0.0484
BMS8125 210 10 5.70 0.75 0.83 0.80 0.483  0.053 0936 ns 0.0503
HSC 196 15 6.01 0.62 0.84 0.82 0.512  0.046  0.811 ns 0.1398
BM1329 187 11 5.65 0.75 0.83 0.80 0.483  0.053  0.888 ns 0.0363
OARFCBI128 211 12 6.64 0.70 0.85 0.83 0.540  0.039 0941 ns 0.0889
OARIMP29 210 22 8.16 0.72 0.88 0.87 0.609  0.027 0938 ns 0.1027
MAF214 210 18 5.31 0.90 0.82 0.79 0.467  0.058  0.893 ** 0.0626
INRA0005 208 17 6.09 0.83 0.84 0.82 0.519  0.044 0924 ns 0.0049
OarFCB0011 211 12 6.47 0.90 0.85 0.83 0.536  0.040 0.946 ns 0.0359
DYMSI 211 15 5.84 0.98 0.83 0.81 0.503  0.048  0.890 ** 0.0941
MAF0065 211 11 431 0.99 0.77 0.74 0387  0.086  0.839 ‘*** 0.1398
Mean 15.90 5.82 0.81 0.82 0.80

N — number of samples; Na — number of alleles; Ne — effective number of alleles; Ho — observed heterozygosity; He —
expected heterozygosity; PIC — polymorphic information content; PE — probability of exclusion; PI — probability of
identity; PD — power of discrimination; HWE — Hardy—Weinberg equilibrium; F (Null) —null allele frequency.

ns — non-significant; ¥*P<0.05; ** P<0.01; *** P<0.001.

by the Polymerase Chain Reaction (PCR) in accordance with the touchdown PCR
technique (Table S2). Polymerase chain reaction (PCR) was run in a 25uL reaction
volume containing 100 ng DNA, 5x PCR buffer, 0.10 mM of each primer, 2.0 mM

157



O. Yilmaz

Supplementary Table S1

Table S1. Details of considered microsatellites according to FAO [2011]

Loci Primers (;kz)r lé;lrfg}z Dye
Group 1

ourer £ CCTMOCITIOMIMGNICG 3y o115
onren b HOTCOGIUOTICOMAGE oy 1
I L O o ST
T L L
i GG TATACC MGG 0w o
INRAVIS2 TG TTTGAGTGGTAAGCTG 2 s D
o b GCIGMOMICIGNATOTICGe R
ss? K GAGACCTCAGGGTTGGTGATCAG 190210 D4
Group 2

cstony b gecTIaccmactacn W man
oy b CICATIOCOI AT s ew
awozs £ CITTATCTOTOGAAAGCTase T o
o | OGO 0 o
v b HGITG0CMTC nore R
owrcans b AMTMGHCIACIITIIGE oo
oo L ABCCIGCETO. o e o
T e  — T PRy
Group 3

neaows £ CAMTCIGCTGMGTAT A ATAr o v o
OMFCRII QGO CTGAACTCACAAGTTGATATATCIATCA 2 12148 D2
DYMSI  CATAGTAACAGATCTTCCTACA 2 1w D
s AMECOGIIIONTICIT g o

MgCl,, 0.20 mM dNTPs (Applied Biological Materials Inc., Canada) and 1U of Taq

DNA polymerase (Applied Biological Materials Inc., Canada).

Fragment analysis was performed using the GenomeLab™ GeXP Genetic Analysis
System (Beckman Coulter, Inc., USA). Acquired data was analysed using the Beckman
Coulter CEQ Fragment Analysis Software. The panels were formed by different
combinations with multiplex microsatellite groups containing 20 microsatellites to
determine the power of paternity testing (Tab. 1).
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Supplementary Table S2
Table S2 Microsatellite /oci, multiplex group and thermal cycling conditions according to Touchdown PCR

Loci Dye Mélrt;ﬁ:x ];;;Ztt. Denat.  Annealing Extension Cycle Ex]zg:tlilon

INRAO0005 D3

OarFCB0011 D2 1 95°C 95°C 63-50°C  72°C 0 72 °C
DYMSI1 D2 (5min)  (40sec) (40 sec) (60 sec) (10 min)
MAF0065 D4

CSRD0247 D3

MCMO0527 D3

BM8125 D3 95°C 95°C 60-50°C  72°C 72 °C
HsC D2 2 (5min)  (@0sec)  (40sec) (60 sec) (10 miny
BM1329 D2

OARFCBI128 D2

OARIJMP29 D4

MAF214 D4

OARCFCB304 D3

OARFCB193 D3

OARFCB20 D2

OARAEO0129 D2 3 95°C 95°C 63-54°C  72°C 40 72°C
BM1818 D4 (5min)  (40sec) (40 Sec) (60 sec) (10 min)
INRAO132 D4

OARCP34 D4

D5S2 D4

Statistical analyses

The number of samples (N), number of alleles (Na), observed heterozygosity (Ho),
expected heterozygosity (He), polymorphic information content (PIC), probability of
exclusion (PE), combined probability of exclusion (CPE) and null allele frequency
(F (Null)) estimated using Cervus version 3.0.3 [Kalinowski et al. 2007]. Probability
of identity (PI), combined probability of identity (CPI), Hardy-Weinberg equilibrium
(HWE) and effective number of alleles (Ne) were determined employing GenAlEx
[Peakall and Smouse 2006]. The power of discrimination (PD) was calculated using
PowerStatsV12 [Brenner and Morris 1990].

Results and discussion

A total of 318 alleles were detected across the 20 loci investigated. The number
of alleles ranged from 10 (BM1818) to 22 (OARFCB20 and OARIMP29), with the
average number of alleles amounting to 15.90. The average value of the effective
number of alleles was 5.82 (Tab. 2).

The average PIC value obtained was relatively high (0.80). For all studied loci
the observed (Ho) and expected heterozygosity (He) values were 0.81 and 0.82,
respectively, as the overall average. The total number of alleles, number of effective
alleles and PIC value derived from 20 microsatellite loci used in this study were
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higher than the those reported in literature [Bolormaa et al. 2008, Zhang et al. 2010,
Yilmaz and Karaca 2012]. This is an indication that the studied microsatellites exhibit
a relatively high polymorphism.

The highest and lowest values in terms of the probability of exclusion (PE),
which is an important parameter in paternity tests, were found in D5S2 (0.346) and
INRAO132 (0.655), respectively.

Probability of identity (PI) values, also called population match probability and
providing the number of individuals having the same DNA profile, ranged from 0.102
to 0.020. In this study the power of discrimination (PD) values ranged from 0.678
and 0.979. It is observed that the probability of exclusion (PE) and the probability of
identity (PI) values, which are crucial parameters in paternity analysis, for all studied
loci are similar to these given in research papers [Quanbari et al. 2007, Souza et al.
2012, Yilmaz and Karaca 2012]. Great power of discrimination (PD) values (>0.80)
obtained for all the studied /oci, except for BM 1818, are the result of the high number
of alleles, which is consistent with the literature findings [Yilmaz and Karaca 2012].

The results obtained from 20 microsatellite loci were tested using the > test of
the Hardy-Weinberg equilibrium. The population was not found at Hardy-Weinberg
equilibrium for investigated seven loci. This event has emerged as a natural consequence
of the selection program conducted to for many years to prevent inbreeding in this
population.

It is remarkable that the highest frequency was observed in the OARAE129
(0.1991) locus for null alleles, described as non-amplifying alleles due to mutations
at PCR priming sites. A null allele is any microsatellite allele at a microsatellite locus,
which consistently fails to amplify to detect levels in the PCR assays, and which has
no significant impact on parentage analysis when the frequency is below 0.20 [Dakin
and Avise 2004]. It shows that the resulting null allele frequencies were lower than the
specified value of these loci, which may be safely used in paternity analysis.

Results of the panels formed from the combination of microsatellite loci are
presented in Table 3.

Table 3. Genetic variability and paternity analysis parameters based on
microsatellite panels formed with different combinations of
microsatellites

Marker Panel MNA He PIC CPE CPI

Panel-1 13.75 0.82 0.80 0.931912000 7.24E-06
Panel-2 15.25 0.84 0.82 0.996932000 1.71E-11
Panel-3 17.63 0.81 0.78 0.994573000 9.73E-11
Panel-4 14.75 0.83 0.81 0.999791000 1.24E-16
Panel-5 16.25 0.76 0.74 0.999682000 7.05E-16
Panel-6 16.44 0.82 0.80 0.999983350 1.66E-21
Panel-7 15.90 0.82 0.80 0.999998870 1.20E-26

MNA - mean number of alleles; He — expected heterozygosity; PIC —
polymorphic information content; CPE — combined probability of exclusion;
CPI — combined probability of identity.
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The highest and lowest average number of alleles were found in Panel 3 and Panel
1, respectively, among the established panels. The highest He value was recorded
in Panel 2. It was observed that PIC values are relatively high in all the established
microsatellite panels. Average allele numbers (MNA) per locus for panels formed by
different microsatellite combinations for the paternity analysis were higher than the
literature values except for Panel 1, while He values were found to be similar to those
reported in research papers [Roberts and Thomas 2003, Zhang et al. 2010, Yilmaz and
Karaca 2012, Rosa et al. 2013].

Expected heterozygosity values are larger than 0.70 and it provides the power
of segmentation even though individuals are close to each other. There was a linear
relationship between the number of microsatellites in panels with PIC values and PE
values. The relevant literature seems to support this information [Ganai and Yadav
2005, Jimenez-Gamero et al. 2006, Zhao et al. 2006, Bolormaa et al. 2008, Tian et al.
2008, Araujo et al. 2010, Yilmaz and Karaca 2012].

In terms of the combined probability of exclusion, the lowest and highest values
are obtained in Panel 1 (0.931912000) and Panel 7 (0.999998870), respectively, as it
could have been expected. When Table 3 is examined, it was found that the combined
probability of identity (CPI) value ranges between 1.20x102¢ and 7.24x10. It was
reported that the required minimum CPE value to identify the actual sire was 0.999
[Luikart et al. 1999, Sherman et al. 2004, Van Eenennaam et al. 2007]. In this study,
CPE values obtained from Panels 4, 5, 6 and 7 have minimum amounts of exclusion
reported in the literature on the subject. It can be said that Panels 4 and 5, formed with
fewer microsatellite markers for paternity tests, were cheaper and more practical than
the other panels according to the obtained results from the study. Although Panel 4 and
Panel 5 include an equal number of microsatellites, PIC, He and CPE values in Panel 4
was higher than Panel 5. This remarkable situation showed that Panel 4 is much more
suitable for use in paternity tests. Low CPE values obtained from Panels 1, 2 and 3
show that they will not give accurate results in paternity tests. CPI values (<0.01) for
all the panels indicated that the used microsatellites have a high power of individual
identification and have confidence intervals as those reported by Waits et al. [2001].

Testing of reliability of pedigree records by DNA-based paternity tests improves
selection accuracy, while it also increases the rate of genetic gain. It is generally
known that the exclusion probability value will increase as a result of merging
multiple loci when single loci have a limited exclusion probability. When analysing
literature sources it was observed that the microsatellite numbers used in paternity
tests vary. However, using numerous loci for paternity tests can be expensive and
time-consuming.

Therefore forming breed-specific marker panels will enable paternity tests to
be cheaper and faster. Microsatellites used in the study have high genetic diversity,
indicating that they can be used by creating suitable panels in paternity tests.

In the conducted study the microsatellite panels are shown to be appropriate for
a high precision paternity test. It significantly contributes to the dissemination of
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paternity tests as a particular service area and provides information needed to facilitate
their transfer into practice.

for
for

Acknowledgements. The author would like to thank the General Directorate
Agricultural Research and Policies (GDAR), who supplied animal materials
the study, and the Adnan Menderes University Agricultural Biotechnology and

Food Safety Application and Research Center (ADU-TARBYYOMER) for providing
laboratory facilities for molecular genetics analyses.

162

REFERENCES

ARAUJO AM.D., GUIMARAES S.E.F., PEREIRA C.S.,, LOPES P.S., RODRIGUES M.T,
MACHADO T.M.M,, 2010 — Paternity in Brazilian goats through the use of DNA microsatellites.
Revista Brasileira de Zootecnia 39, 1011-1014.

BEUZEN N.D., STEAR M.J., CHANG K.C., 2000 — Review molecular markers and their use in
animal breeding. The Veterinary Journal 160, 42-52.

BOLORMAA S., RUVINSKY A., WALKDEN-BROWN S., VAN DER WERF J., 2008 — DNA-
based parentage verification in two Australian goat herds. Small Ruminant Research 80, 95-100.
BRENNER C., MORRIS C.J., 1990 - PowerStatsV12.xls computer software.. Paternity index
calculations in single locus hypervariable DNA probes: validation and other studies. http:/www.
promega.com/geneticidtools/powerstats..

BRUFORD M.W., CHESSMAN D.J., COOTE T., GREN H.A.A., HAINES S.A., O’RYAN C,,
WILLIAMS T.R., 1996 — Molecular genetic approaches in conservation, Oxford University Press
London, UK.

CRAWFORD A.M., DODDS K.G., EDE A.J., PIERSON C.A., MONTGOMERY G.W.,
GARMONSWAY H.G., BEATTIE A.E., DAVIES K., MADDOX J.F., KAPPES S.W., STONE R.T.,
NGUYENT.C.,PENTY J.M., LORD E.A., BROM J.E., BUITKAMP J., SCHWAIGER W., EPPLEN
J.T, MATTHEW P, MATTHEWS M.E., HULME D.J., BEH K.J., MCGRAW R.A., BEATTIE C.W.,
1995 — An autosomal genetic linkage map of the sheep genome. Genetics 140, 703-724.
CRAWFORD A.M., TATE M.L., MCEWAN J.C., KUMARAMANICKAVEL G., MCEWAN K.M.,
DODDS K.G., SWARBRICK P.A., THOMPSON, P.,1993 — How reliable are sheep pedigrees?. Proc
NZ Soc Anim Prod 153, 363-366.

DAKIN E.E., AVISE J.C., 2004 — Microsatellite null alleles in parentage analysis. Heredity 93,
504-509.

FAO, 2011 — Molecular genetic characterization of animal genetic resources. FAO Animal Production
and Health Guidelines. No. 9. Rome, Italy.

. GANAI N.A., YADAV B.R., 2005 — Applications of gene-based technologies for improving animal

production and health in developing countries, Springer, Netherlands.

. GEORGES M., LEQUARRE A.S., CASTELLI M., HANSET R., VASSART G., 1988 — DNA

fingerprinting in domestic animals using four different minisatellite probes. Cytogenetics and Cell
Genetics 47, 127-131.

. GOLDSTEIN D.B., SCHLOTTERER C., 2001 — Microsatellites evolution and application, Oxford

University Press, London, UK.

. JEFFREYS A.J., HILLEL J., HARTLEY N., BULFIELD G., MORTON D., WILSON V., WONG

Z., HARRIS S., 1987 — The implications of hypervariable DNA regions for animal identification.
Animal Genetics 18, 1-15.



Power of different microsatellite panels for paternity analysis in sheep

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. JIMENEZ-GAMERO 1., DORADO G., MUNOZ-SERRANO A., ANALLA M., ALONSO-

MORAGA A., 2006 - DNA microsatellites to ascertain pedigree-recorded information in a selecting
nucleus of Murciano-Granadina dairy goats. Small Ruminant Research 65, 266-273.

. KALINOWSKI S.T., TAPER M.L., MARSHALL T.C., 2007 — Revising how the computer program

CERVUS accommodates genotyping error increases success in paternity assignment. Molecular
Ecology 16, 1099-1106.

. KOSUM N., 1995 — Koyunculukta uygulanan babalyk testleri ve énemi. Hayvansal Uretim Dergisi

36, 25-32.

. LUIKART G., BIJU-DUVAL M.P., ERTUDRUL O., ZAGDSUREN Y., MAUDET C., TABERLET

P., 1999 — Power of 22 microsatellite markers in fluorescent multiplexes for parentage testing in goats
(Capra hircus). Animal Genetics 30, 431-438.

. MONTALDO H.H., MEZA-HERRERA C.A., 1998 — Use of molecular markers and major genes in

the genetic imrovement of livestock. EJB Electronic Journal of Biotechnology 1, 83-89.

. PEAKALL R., SMOUSE P.E., 2006 - GENALEX 6: genetic analysis in Excel. Population genetic

software for teaching and research. Molecular Ecology Notes 6, 288-295.

QUANBARIS.,NASAB M.P., OSFOORIR., NAZARI A .H., 2007 - Power of microsatellite markers
for analysis of genetic variation and parentage vertification in sheep. Pakistan Journal of Biological
Sciences 10, 1632-1638.

ROBERTS C.S., THOMAS G., 2003 - Use of microsatellite markers to include or exclude individuals
as Barbados Blackbelly sheep. http://www.agriculture.gov.bb/agri/images/stories/information
services/documents/2003NAC/sheep_idREV.pdf. Accessed:15.09.2010.

ROSA A.JM., SARDINA M.T., MASTRANGELO S., TOLONE M., PORTOLANO B., 2013 -
Parentage verification of Valle del Belice dairy sheep using multiplex microsatellite panel. Small
Ruminant Research 113, 62-65.

SANCRISTOBAL M., CHEVALET C., FOULLEY J.L., OLLIVIER L., 2003 — Some methods for
analysing genetic marker data in biodiversity setting - example of the Pigbiodiv data. Archives de
Zootecnia 52, 173-183.

SHERMAN G.B., KACHMAN S.D., HUNGERFORD L.L., RUPP G.P,, FOX C.P, BROWN
B., FEUZ M., HOLM T.R., 2004 — Impact of candidate sire number and sire relatedness on DNA
polymorphism-based measures of exclusion probability and probability of unambiguous parentage.
Animal Genetics 35, 220-226.

SOUZAC.A.,PAIVAS.R., MCMANUSC.M.,AZEVEDOH.C.,MARIANTEA.S.,GRATTAPAGLIA
D., 2012 - Genetic diversity and assessment of 23 microsatellite markers for parentage testing of
Santa Ings hair sheep in Brazil. Genetics and Molecular Research 11, 1217-1229.

TIAN F., SUN D., ZHANG Y., 2008 — Establishment of paternity testing system using microsatellite
markers in Chinese Holstein. Journal of Genetics and Genomics 35, 279-284.
UNC.,WIMMERSK.,PONSUKSILIS., SCHELLANDER K., SCHMOLLF.,2001 —Mikrosatellitler
ve kullanym alanlary. Hayvansal Uretim Dergisi 41, 9-15.

VAN EENENNAAM A.L., WEABER R.L., DRAKE D.J., PENEDO M.C.T., QUAAS R.L.,
GARRICK D.J., POLLAK E.J., 2007 — DNA-based paternity analysis and genetic evaluation in a
large, commercial cattle ranch setting. Journal of Animal Science 85, 3159-3169.

VANDEPUTTE M., MAUGER S., DUPONT-NIVET M., 2006 - An evaluation of allowing for
mismatches as a way to manage genotyping errors in parentage assignment by exclusion. Molecular
Ecology Notes, 265-267.

WAITS L.P,, LUIKART G., TABERLET P., 2001 — Estimating the probability of identity among
genotypes in natural populations: cautions and guidelines. Molecular Ecology 10, 249-256.

163



0. Yilmaz

31.

32.

33.

34.

164

WELLER J.I., FELDMESSER E., GOLIK M., TAGER-COHEN I., DOMOCHOVSKY R., ALUS
0., EZRAE., RON M., 2004 — Factors affecting incorrect paternity assignment in the Israeli Holstein
population. Journal of Dairy Science 87, 2627-2640.

YILMAZ O., KARACA O., 2012 — Paternity analysis with microsatellite markers in Karya sheep.
Journal of the Faculty of Veterinary Medicine, Kafkas University 18, 807-813.

ZHANG Y., WANG Y., SUND., YU Y., ZHANG Y., 2010 — Validation of 17 microsatellite markers
for parentage verification and identity test in Chinese Holstein cattle. Asian-Australasian Journal of
Animal Sciences 23, 425-429.

ZHAO Z.S., WANG G.L., GUO J.G., LI D.Q., 2006 — Polymorphism distributions of 9 microsatellite
loci in Chinese Merino sheep. Yi Chuan 28, 939-944.



