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The Evaluation of Selected 13 Polymor phic Microsatellite Markers
for the Parentage Test of Thai Holstein Cattle.
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Abstract

Nineteen families of 44 Thai Holstein cattle were evaluated for microsatellite characteristics and the
parentage test. A total of 13 microsatellite markers were selected from the genome database and the genomic
DNAswereisolated and used astemplates for amplification. Multiplex PCR of these thirteen markersin a single
reaction showed that only ten markers; b1, b2, b3, b4, b6, b7, b10, b11, b12 and b13 could amplify the fragments
ranging from 5 to 12. Nine markerswere highly informative with PIC of morethan 0.5. An accuracy test revealed
that seven markers (b2, b4, b6, b7, b10, b1l and b12) were completely matched with a known relationship.
The combination of seven markers in pedigree testing showed 0.9915 and 0.9997 exclusion probabilities for one
and both parents exclusion, respectively. We concluded that seven out of the thirteen selected microsatellite
markers could be used as a tool in parentage testing in Thai Holstein cattle. This study is a good application for
the evaluation of microsatellites DNA in parts of the breeding program and the improvement of livestock

production.
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Introduction

Microsattellite is a stretch of short tandem
repeat DNA sequences cach of whose unitsis a 1-6 base
pairs repeat. Typically, microsatellites span between
twenty and a few hundred bases (Beckmann and
Weber, 1992) and most of the microsatellites, about
30-67%, found in vertebrates genome are dinucleotides.
The first dinucleotide type, (AC), repeat, is the most
common dinucleotide motif which is 2.3 fold more
frequent than (AT) , the second most general type of
dinuclectids (Toth et al., 2000). However, in eukaryotic
organisms, microsatellites have been shown to be have
a non-random distribution pattern, being found more in
noncoding regions (Metzgar et a., 2000).

Traditionally, pedigree verification in dairy cattle
has been carried out using blood groups and protein
polymorphism (Stormont, 1967) which have serious

limitations. For instance, blood typing cannot be done
retrospectively, after asireis dead. Molecular techniques
using DNA-based microsatellite markers offer several
advantages over traditional blood typing. Any sample
from an individual (for example, blood, hair, milk a
saliva) can be used. In addition the technique can be
noninvasive and retrospective from stored tissue or
semen samples. The accuracy of the DNA test is much
greater than for blood group markers, as DNA markers
can have many alleles and a virtually unlimited supply
of markersareavailable (Kappeset al., 1997). DNA-based
markers have now been become the international
standard system of identification verification in livestock.
In most farm animals, there is now a wide choice of
suitable co-dominantly inherited genetic markers of
known chromosomal location (Barendse et al., 1994;
Bishop et al., 1994; Rohrer et al., 1994; Burt et al., 1995;
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Crawford et al., 1995). The present study aimsto evaluate
the utility of thirteen microsatellites for the parentage test
in Thai Holstein cattle families. We found seven out of
the thirteen combined to a marker set which had been
evaluated under universal protocols. Finally, our study
also contributes to the new knowledge, how to utilize
candidate markers for parentage analysisin cattle.

Materialsand Method

Genomic DNA samples used in this study were kindly
provided by Dr Wiboon Tularaksa. The DNA sampleswere
isolated from blood samples using a QIAGEN Kkit. A total
of 44 dairy Thai-Holstein cattle (6 bulls, 19 cows and 19
daughters) from 19 families were included.

Selection of thirteen microsatellite markers: Thirteen
microsatellite markers, named bl to b13, were selected
from cattle markers previously reported by lhara et al.
(2004). They were selected based on heterozygosity
over 0.6 and the expected size had to be between 100 and
270 bp (table 1). The bl to b13 markers corresponded
to the markers previously reported as DIK 1118, TGLA40,
DIK023, MS2063, DIK1125, DIK4511, DIK 2662,
DIK5156, DIK5411, DIK116, DIK2733, DIK4356 and
DIK 4515, respectively (Iharaet a., 2004).

Amplification and fragment analysis of the thirteen
microsatellite markers: Thirteen pairs of primers
were used and each pair of primers was labeled with
fluorescent dye. Details of the primers are shown in
table 1. Multiplex PCR reaction was performed in a total
volume of 50 pl. Each reaction was composed of 0.2 mM
dNTPs, 4 mM MgCI,, 5 pMoles of each 13 primers and
1 p of Tag DNA polymerase in buffer (2 mM Tris-HCI
pH 8.0, 10 mM KClI, 0.01 mM EDTA, 0.1 mM DTT, 5%
glycerol, 0.05% Tween® 20 and 0.05% Nonidet® - P40)
with 100 ng DNA template from DNA pellet suspensions
above. The PCR reaction was started at 94°C for 7 min
followed by 10 cycles of 94°C for 30 sec, the touch

down annealing step was used at a temperature of 65
to 57°C for 30 sec and extension at 72°C for 15 sec. This
reaction was followed by 25 cycles of 94°C for 30 sec,
57°C for 30 sec and 72°C for 15 sec, and afinal extension
step of 72°C for 7 min. The amplified products were
analyzed by gel electrophoresis using 1.5% agarose.

The sizes of amplified products were analyzed by
MegaBACE 500 DNA Analysis System. The sample
was heated at 95°C for 2 min prior to analyze by
MegaBACE 500. Raw data obtained from MegaBACE
Instrument Control Manager program version 2.5 was
analyzed by the MegaBACE Genetic Profiler program
version 2.0.

Characteristicsof thethirteen microsatellitemarkers:
The individuals were genotyped based on allele size
data. Allele frequency, heterozygosity and polymorphism
information content (PIC) was calculated using M S tools
v3 software (Park, 2001). Each microsatellite marker was
evaluated for its accuracy by comparing the genotypes
obtained from a known relationship. All markers with
more than 95% accuracy were further analyzed for
exclusion probability/cumulative exclusion probability
following the method of Jamieson et al. (1997).

Results and Discussion

A total of 44 genomic DNA samples from 19
families was used as templates to amplify thirteen
microsatellite markers in a single reaction. Amplified
fragments were analyzed and the result showed that
fragment sizes of ten markers; b1, b2, b3, b4, b6, b7, b10,
b11, b12 and b13 were obtained in all samples, whereas
that of two markers, b5 and b9, were inconsistently
amplified due to the efficiency of amplification. One
marker, b8, was inapplicable. In addition, it was
found that b5 contains di-nucleotide repeat instead of
tri-nucleotide repeat as previously reported (table 1).
The data of ten markers was then further analyzed.
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The observed size of the 10 markers was between
103 and 266 bp, allele frequencies, expected/observed
heterozygosities and PIC are as shown in tables 2 and 3.

An accuracy test by computing the percentage of
matched families for each marker found that seven out
of ten markers were 100% matched except for three
markers; b1-94.74%, b3-89.47% and b13-94.74%. The
seven markers (b2, b4, b6, b7, b10, b1l and b12) with
completely matched pedigree were further computed
for each exclusion probability and cumulative exclusion
probabilities as shown in table 4.

All thirteen microsatellite markers, except b8,
contained dinucleotide short tandem repeats. However,
one set of primers, b8, could not give an application and
two markers which were b5 and b9 could amplify only in
some samples. This result indicated that the efficiency of
all markersin asingle reaction is different due to severa
factors such as type of template, length of amplified
product and the number of repeats.

This study found that the ten markers have
numbers of alleles ranging from 5 to 12 (table 2) whichis
polymorphic and useful for individual identification. In
addition, these markers can be used for pedigree analysis.
Based on the selective standard of microsatellite loci
(Barker, 1994), microsatellite loci ought to have at least
four alleles to be considered useful for the evaluation of
genetic diversity.

Polymorphism information content or PIC is a
parameter indicative of the degree of informativeness of
amarker (Botstein et a., 1980). The PIC of the ten mark-
ers revealed that nine are highly informative (PIC > 0.5)
and one (b12) is moderately informative (0.25 < PIC <
0.5) based on criteria of Botstein et al. (1980).

The accuracy test indicated that seven markers
(b2, b4, b6, b7, b10, b1l and b12) were completely matched
with a known relationship. These seven markers were
calculated for exclusion probability (PE) which is the
probability that two random individuals do not share any
alleles, so that parentage can be excluded (Visscher et .,
2002). The seven markers had the highest PEs and the

combination of these markers had 0.9915 and 0.9997
cumulative PEs for one parent exclusion and both parents
exclusion, respectively (table 4). This study demonstrated
that seven markers can be used for parentage testing
based on the number of alleles, PIC and the exclusion test.
However, further analysis of all parameters in a larger
sample size is required to evauate the reliability of the
selected markers in parentage testing.

Conclusion

In this study it was revealed that the ten out of
thirteen multiplexed PCR microsatellite markers which
were assigned as b1, b2, b3, b4, b6, b7, b10, b11, b12 and
b13, could amplify all 44 Thai Holstein genomic DNA
samples. The numbers of alleles in al ten markers were
between five and twelve and that is useful for parentage
test. Nine out of ten markers were highly informative
(more than 0.5). For the accuracy test at 95% confidence
level, seven (b2, b4, b6, b7, b10, b1l and b12) out of the
ten markers could be used for parentage testing with the
highest cumulative PEs at 0.9915 and 0.9997 for the
single and both parents exclusions, respectively.
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