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PARENTAGE TESTING IN DOGS BY 

MICROSATELLITE MARKERS 

 
INTRODUCTION 

 
In animal breeding, accurate determination in pedigree registration is of great 

importance.  In cattle, pig and horse husbandry, pedigree control has been performed 

on a routine basis in most countries (Fredholm and Wintero, 1996).  In companion 

animal breeding management, for instance in the dog, there are great demands for 

parentage testing, however, only a few laboratories have established methods for 

registration control in this canine species. 

 
Canine kennel clubs or canine purebred dog societies around the world require 

the members to register new puppies born to the clubs or societies.  Nowadays, dog 

registration is usually made by the breeding history of dam and sire.  Occasionally, in 

the advent of an accidental breeding, the identity of the actual sire cannot be 

determined.  

 

The genetic basis of purebred dogs is not diverse.  Some breeds are at risk of 

inbreeding that could lead to various heritable diseases.  To avoid the inbreeding 

problem and to increase genetic diversities, some dog owners prefer to do artificial 

insemination using frozen semen ordered from foreign countries instead of natural 

breeding from a few popular studs in the country.  Artificial insemination using frozen 

semen is increasing in popularity in canine breeding, however, the identity of an 

actual sire of individual puppy born is a problem for the registration.  In some 

countries, the use of DNA fingerprint (microsatellite markers) is required to prove the 

actual parentage of the puppies before the registration. (http://www.akc.org 

/registration/dna/) 
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Over centuries, dog breeders have been particularly successful in establishing 

new breeds of dog.  At present, there are in excess of 400 different breeds recognized 

throughout the world (Padgett, 1998).  Form selected breeding to receive phenotypical 

characteristics and behavioral skills without selection against genetic disease have 

made the modern dogs the most diverse species on earth.  All breeds are the same 

species, and a dog of any breeds can be crossed to produce fertile offsprings.  To 

maintain characteristics and phenotypic traits such as size, shape, coat color, 

conformation and behavior are the major demands that inbreeding and line-breeding 

matching are unavoidable, which make descent dogs express relatively high genetic 

homogeneity.  This incidence in dogs is much higher than in human beings and in 

purebred cat colonies (Jeffreys and Morton 1987).  Despite this inherent lowers 

genetic variability, microsatellite or simple sequence repeats are highly variable and 

there are large numbers of microsatellite markers available for the dogs (Francisco, et 

al., 1996; Holmes et al., 1993; Neff et al., 1999; Ostrander et al., 1993; Richman et 

al., 2001; Tiret et al., 2000 and Zajc and Sampson, 1999).  Dog microsatellite markers 

have been successfully utilized in various studies such as in pattern differentiations 

among various members of Canidae family (Roy et al., 1994 and Zajc et al., 1997), in 

forensic examination (Muller et al., 1999; and Pader et al., 2001), and in the dog 

paternity testing (Binns et al., 1995a; Freedholm and Wintero 1995; Ichikawa et al., 

2001; Koskinen and Bredbacka, 1999; Takagi et al., 2001; Zajc et al., 1994).   

 
Because every individual is genetically unique and genetic composition does 

not change through life, therefore, genetic pattern identified by microsatellite markers 

can be used to confirm the dog’s identity.  The marker can also be used to determine 

individual paternity for separately sired siblings, to convince bitch owners for the 

trustful stud service, to verify actual identified semen used in artificial insemination, 

to prove in the case of dog lost, thieved or disputed ownership, and also to guarantee 

puppy buyers for a pure pedigree. 

 

Nowadays, parentage testing by using DNA base markers is used worldwide.  

In companion animals, this technique helps for resolving dog identity or paternity test.   
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However, both identity and paternity tests information of dogs in Thailand, especially 

Thai dogs, have never been reported.  Thus, 3 purebred of dogs; Thai Ridgeback, 

Bangkaew and Golden Retriver were selected to represent of Thai dogs and European 

dog in this study.  Golden Retriver is a European dog and one of the popular breed in 

Thailand.  Thus, it can be the representative of foreign dogs using to compare the 

genetic variability with Thai dogs.  The information about Thai dogs can be used for 

parentage testing and individual identity in the future.    
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OBJECTIVES 
 
1. To establish a practical parentage testing in dogs by using microsatellite markers. 
 
 
2. To establish a permanent record of identity for each given dog. 
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LITERATURE REVIEW 

 

1.  The Canine Genome 

 

The domestic dog (Canis familiaris) is a species in the family Canidae, 

superfamily Canoidea and order Canivora, that includes seals, bears, weasels and 

raccoon-like canivores (Wayne and Ostrander, 1999) which are more closely related 

to canids than are cats, hyenas and mongooses (Figure1).  The canine genome 

contains approximately 3000 megabases (Mb) of DNA distributed among 38 pairs of 

autosomes and the X and Y chromosomes (2n=78).  Estimates on the numbers of 

genes are 35,000-40,000 genes (Ruvinsky and Sampson, 2001).   

 

A partial sequence of a standard poodle was completed in 2004 by the Institute 

for Genomic Research in Rockville, Maryland.  Moreover, the genome sequencing in 

Boxer will be completed in a few years.  After this project is completed, all of the 

structure and function of the canine genome will be revealed.  Dogs are an excellent 

biomedical model for human disease because the genes are so similar so this 

information can be used for studying in canine and human genetic and disease in the 

future 

 

Like other mammalian genomes, the canine genome is composed of non-

coding DNA that is largely made up of repetitive sequences.  These repeated 

sequences comprise many different types that have been subclassified into satellite, 

minisatellite, microsatellite (Short Tandem Repeat, STR), Short Interspersed 

Repetitive DNA Element (SINE) and Long Interspersed Repetitive DNA Element 

(LINE).  These repetitive sequences have been proved useful for genetic mapping 

studies, individual identification and parentage testing.  Along with information of 

mitochondrial DNA, the domestication of the dog was elucidated (Fig 1, Ruvinsky 

and Sampson, 2001) 
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Figure1  Evolution tree of carnivores based on mitochondrial DNA sequence  

Source:  Ruvinsky and Sampson ( 2001) 
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Thai Bangkaew and Thai Ridgeback were known as native Thai dog. Thai 

Bangkaew is a medium-sized breed with 2 kinds of hair; inner short hair and outer 

long hair.  Thai Ridgeback is a medium-sized breed with short hair.  The remarkable 

characteristic of this dog is their ridge on the back which originated from inverse of 

the hair.  It is believed to be caused by incomplete separation of the skin from the 

spine during embryonic development (Hutt, 1979) 

  

 Golden Retriver was bred originally in England.  It is believed to descend 

from the old Black Wavy coated retriver.  This dog was registered by the American 

Kennel Club in 1925.  The Golden Retriver’s coat is normally a shad of gold or 

cream.  The coat is normally long, flat, wavy and dense with a waterproof undercoat 

(http://www.akc.org/registration/dna/) 

 

2.  Microsatellites 

 

In mammalian, a DNA molecule contains four different bases that are adenine 

(A), thymine (T), cytosine (C) and guanine (G).  These bases arranged in a linear form 

called a DNA strand.  The sequence of these four bases at specific sites, or genes 

along the chromosome determines the genetic code for individual animal.  Animal 

genome has repetitive DNA sequence referred to as microsatellites or short tandem 

repeats that are randomly distributed throughout genomes.  The number of tandem 

repeats found at any given microsatellite marker are unique among individual 

animals.  They are short 1-5 base pair repeats, consisting of mono-, di, tri- or 

tetranucleotide motifs.  The differences of microsatellite alleles depend on the number 

of repeat at that locus.  These loci do not code for proteins but could be part of gene.  

If the sequences of the flanking region of microsatellite are known, then specific 

oligonucleotides complemented to those sequence can be synthesized and used as 

primers in a Polymerase Chain Reaction (PCR).  Different sizes of PCR products can 

be separated by gel electrophoresis on agarose or polyacrylamide gels to determine 

the pattern of DNA fragments. 
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Diversity of short tandem repeats at a given locus determines the degree of 

polymorphism and it is expressed as polymorphism information content (PIC) value 

which is ranged between 0.0 to 1.0 (Botstein et al., 1980).  PIC is derived from the 

variable number of alleles for a given marker in the population and the frequency of 

alleles.  There are differences for repeat number within populations, with an estimated 

mutation rates often exceeding 10-2-10-4 per generation and are abundant 50,000-

100,000 loci in the eukaryotic genome (Weber and Wong, 1993). Therefore, they are 

sufficiently stable to use as genetic markers of Mendelian inheritance. 

 
The common repeats in the canine genome are (CA)n, (GATA)n or (CAG)n 

(Ostrander et al, 1992).  The most frequent repeats are (CA)n or (GT)n which are 

distributed approximately every 43 kilobase.  Repeat numbers of tri- or 

tetranucleotide are found every 320 kilobase and the most polymorphic tetra-

nucleotide repeat is (GAAA)n (Ruvinsky and Sampson, 2001).  Individual 

microsatellite markers are distinguished from one another by PCR primers designed 

to match the unique DNA sequences that bracket each repeat.  The different forms of 

microsatellite that differ in the repeat number are referred to as alleles which are 

inherited in Mendelian fashion and often expressed genotypically as codominant 

(Stallings et al., 1991).  The inheritance of individual alleles is easily measured by the 

PCR. Although tetranucleotide repeat is less frequent than dinucleotide repeat, it 

proves to have more polymorphism and gives less stutter bands. 

 

 The number of tandem repeats found at any given microsatellite locus vary 

between individual animals.  Microsatellite loci have heterozygosity values ranging 

from 36 % to 55 % within breed (Holmes et al., 1993; Fredholm and Wintero, 1995; 

Zajc et al., 1997 and Zajc and Sampson, 1999).  In dogs, as in human, a correlation 

has been demonstrated between the length of a microsatellite’ repeat and its PIC 

value, with longer repeats being more polymorphic than shorter one (Weber, 1990; 

Ostrander et al., 1993).  In dogs, (GAAA)n repeat are usually long, most of them have 

repeat units greater than (GAAA)50 and has average PIC value of 0.75 (Francisco et 

al., 1996) 
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The various form of microsatellites are identified by difference in repeat 

numbers that refer to as alleles.  An animal possesses only two alleles for a specific 

microsatellite, one inherited from its dam and the other from its sire.  Microsatellite 

alleles are differentiated by their size (number of repeats) which can be detected by 

gel electrophoresis.  They show abundance, uniform distribution and a high degree of 

polymorphism in genomes.  Therefore, they are useful tool for mapping, paternity 

testing, individual identification, forensic application and population studied in human 

beings and animals.  

 
3.  Parentage Analysis 

 

Genetic markers have been used for many years to verify putative parentage in 

human and animal.  These markers have a high probability of excluding incorrect 

parent.  In the beginning, this marker was known as DNA fingerprinting based upon 

the variability of several noncoding DNA regions in animal genome.  The 

identification of this highly polymorphic repetitive sequences as known as 

minisatellites, was first described in human beings by Jeffreys et al. (1985).  This 

technique was further developed by the use of locus-specific probes for the detection 

of minisatellites (Nakamura et al., 1987), and led to the term ‘Variable Number of 

Tandem Repeat’ (VNTR) loci.  Later it had been shown to be applicable to verify 

animals such as birds, cats, and dogs (Morton et al., 1987).  DNA profiling based on 

minisatellite markers had been used the first time in dogs to prove of paternity in 1987 

(Morton et al., 1987).  

 
After the discovery of Short Tandem Repeat (STR or microsatellite) loci and 

development of Polymerase Chain Reaction (PCR) method, microsatellites have been 

applied extensively in identity and paternity testing in humans, cattles, horses and 

several other species (Binns et al., 1995b).  Although microsatellite loci are not as 

variable as the most variable minisatellite loci, they offer a valuable alternative for 

paternity testing.  Microsatellites are simple to interpret than the more complex 

pattern of minisatellites, whereas the principle behind both is the same (Zajc and 

Sampson, 1999).  The advantages of the microsatellites technology are the ability to 
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obtain DNA from several sample types such as blood, hair roots, semen, nails, urine, 

bone or buccal swabs and minute amounts of sample are sufficient for DNA typing.  

With the PCR method, very small amount of samples can be amplified.  Classical 

DNA fingerprints using minisatellite requires at least 5-10 µg nondegraded DNA in 

comparison to a single STR often requires only 50 pg template DNA (Benecke, 

1997).  Of the two alleles presented at a microsatellite locus, one inherit from the 

mother and the other from the father so the different DNA templates from different 

individuals yield different specific alleles.  This unique pattern which no other 

individual possess can be used in paternity and identity tests and can be re-created any 

time in order to confirm the unchanged results (Figure 2).  The accuracy of this 

analysis is determined with a match probability calculation, interpretation of 

similarities or differences at genetic marker loci.  In paternity testing, differences at 

genetic loci between putative sire or dam and offspring are attributed to non-

biological parent, and thus exclude these dogs from biological paternity. 
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    CACACACACACACACA                    (2.1)
    GTGTGT GTGTG TGTGT  
    
 
               (2.2) 
 
 
 
               (2.3) 
 
 
 
 
 
Figure 2  Parentage testing diagram 

 

2.1  Oligonucleotide primers are designed to match the unique DNA   

       sequences that bracket microsatellites of dinucleotide repeat structure   

       (CA)8. The inheritance of individual alleles is monitored by amplifying   

       the DNA by the polymerase chain reaction (PCR), followed by separation   

       on polyacrylamide gel electrophoresis.  

 C = cytocine, A = adenine, G = guanine and T = thymine 

                           =   primer 

2.2  Represent DNA samples from one canine family were detected. 
   

 
              =  Sire                  =  Dam 

 
                    =  male puppy 1             =   male puppy 2      
 

              =  male puppy 3  =   male puppy 4 
 

                                      =  female puppy 1             =  female puppy 2 
                     
                          = female puppy 3 
 
2.3         black line representing the alleles separated on polylacrylamide gel.  

The example locus follows a pattern of the Mendalian inheritance in the 

offspring (Wayne and Ostrander, 1999).  
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The informative power of parentage testing depends strongly on the 

polymorphism of the genetic markers so that the most highly polymorphic 

microsatellite loci would also express the highest probabilities of exclusion, which is 

the probability that an incorrect parent will be identified (Zajc and Sampson, 1999).  

As the exclusion power of a single locus is rather limited, several loci should be tested 

to add cumulative exclusion probability.  It is estimated that six canine microsatellites 

loci are efficient to reach the exclusion probability of 99% in parentage testing (Zajc 

and Sampson , 1999).  
 
4.  Polyacrylamide Gel Electrophoresis 

 

Electrophoresis is a technique used to separate and sometimes purify 

macromolocules especially proteins and nucleic acids that differ in size, charge or 

conformation.  When charged molecules are placed in an electric field, they migrate 

toward either the positive (anode) or negative (cathode) pole according to their 

charge.  Nucleic acids have negative charge by their phosphate backbone and migrate 

to the anode.  Polyacrylamide gel electrophoresis is more used for high resolution 

separation of small DNA fragment more than agarose gel electrophoresis.  

Eventhough, agarose gel has a large range of separation, it has relatively low 

resolving power. 

 

Polyacrylamide gels are composed of chains of polymerized acrylamide that 

are cross-linked by a bifunctional agent such as N,N'-methylene-bis-acrylamide.  The 

effective range of separation of the polyacrylamide gel depends on the concentration 

of polyacrylamide used to cast the gel and on the amount of cross-linked with N,N'-

methylene-bis-acrylamide.  Cross-links formed pores, rigidity and tensile strength to 

the gel.  The size of these pores decrease as the bisacrylamide : acrylamide ratio 

increases.  Separation of the molecules is strictly based on size, the smallest fragments 

move further in the gel because they can pass through the small pores in the gel better 

than large molecules. 
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Currently, gel electrophoresis is most widely adapted technique for detecting 

polymorphism.  Nucleic acid separation and detection are commonly used 

polyacrylamide gel electrophoresis.  DNA polymorphism can be detected in 

denaturing polyacrylamide gels indirectly by nucleotide labeling or directly by 

staining.  The acrylamide percentage depends on the size of nucleic acid fragments.  

The greater the number of base pair to be separated is, the larger the pore size is 

required.  The electrophoresis of a single stranded DNA required denaturing 

polyacrylamide gels containing urea.  To display short tandem repeats it is necessary 

to amplify them using PCR.  After electrophoretic separation the PCR products are 

made visible by staining them with silver in a developing bath or by semiautomatic 

laser detection of the primers, which must be labeled with fluorescence dyes 

 

Silver staining was described for ultrasensitive detection of polypeptides 

separated by polyacrylamide gel electrophoresis and for nucleic acid detection.  

Detection of nucleic acid using silver stain has been demonstrated to be highly 

sensitive, silver staining can detect bands containing < 1.0 ng. of DNA compares with 

ethidium bromide using 10 ng. of DNA (Sambrook and David, 2001).  Silver staining 

could detect DNA fragments and had the fragments analysis result similar to 

autoradiography and fluorescence labeling and detection (Creste et al., 2001).
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MATERIALS AND METHODS 

 

1. Dog Samples 

 

Canine breeds used in this study were chosen on the basic of availability.   

Blood samples were collected from the cephalic vein of 162 individual; 3 purebred 

dogs; 46 Golden Retrivers, 39 Thai Ridgebacks and 77 Thai Bangkaews from 

Bangkok, Pathum Thanee, Nakorn Pathom, Saraburi and Petchaburi provinces in 

Thailand.  There were 61 relative dogs (16 familities) in this study.  They composed 

of 3 families (12 dogs) in Golden Retrivers, 7 families (24 dogs) in Thai Ridgebacks 

and 6 families (25 dogs) in Bangkaews. 

 

2. Sample Collection 

 

One millitre of whole blood samples were collected from 3 purebred dogs in a 

tube containing EDTA (Ethylenedinitrilotetraacetic acid, disodium salt dehydrate) as 

an anticoagulant.  These whole blood samples were used for DNA extraction 

immediately or stored at 4 C for a few days (24-48 hours) before used.  

 

3. DNA Extraction 

 

Genomic DNA was isolated from peripheral blood leucocytes.  One  

hundred microliter sample of whole blood in EDTA was expended with 5 volumes of 

denaturing solution (4M guanidinium thiocyanate, 25 mM sodium citrate pH 7, 0.5 % 

N-lauroylsarcosine) and shaken for 5-10 minutes at room temperature.  

 

 3.1  Phenol-Chloroform Extraction of DNA and Ethanol Precipitation 

 

DNA was purified using phenol-chloroform extraction methods 

(Sambrook et al., 1989).  One to one mixture of phenol and chloroform were added to 

deproteinize a cell extract and mixed gently for 5-10 minutes.  The extract was then 
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separated by centrifugaton at 13,000 rpm. for 5 minutes and resuspended  600 µl of 

supernatant.  This stage was repeated 2-3 times with the same procedure. 

 

DNA was precipitated by adding 500 µl isopropanol and gently mixed by 

up side down and kept at 80 C for 30 minutes.  The solution was centrifuged at 13,000 

rpm  for 15 minutes then discarded the supernatant. 

 

DNA pellet was washed with 500 µl of 75 % ethanol and held the tube for 

5-10 minutes.  Suspension was centrifuged at 13,000 rpm for 5 minutes.  Discarded 

the supernatant and the pellet was air dried.  Repeat this step 2-3 times.  Purified DNA 

was kept in Tris-EDTA buffer (50 mM Tris, pH 8.0, 100 mM EDTA) and stored at  

–20 C. 

 

3.2 DNA Concentration 

 

DNA concentration was quantified by ultraviolet absorbance 

spectrophotometer at A260 and A280 nm.  Then all of the samples were diluted with 

Tris-EDTA (TE) to 50 ng/µl before use. 

 

4.  Microsatellite Markers 

 

4.1  Marker Selection and Screening 

 

For this study, the first part began with markers selection.  The variability 

of fifteen canine microsatellite loci which were known to be polymorphic (PIC > 0.6) 

(Table 1) were chosen from the Fred Hutchinson Cancer Research Center (FHCRC) 

Dog Genome Project (Francisco et al., 1996 and http:/www.fhcrc.org/science/dog-

genome/dog.html) and synthesized (Bio Basic Inc.) to examine 10 samples for each 

breed including Bangkaew, Thai Ridgeback and Golden Retriver.  These markers 

were selected on the basis of polymorphism, chromosomal location of markers and 

allelic size.  The purpose of these markers screening was to find the optimal PCR 
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conditions and actual concentration of polyacrylamide gel that were suitable for 

parentage testing in both Thai dogs (Thai Ridgeback and Bangkaew) and European 

dog (Golden Retriver). 

 

Moreover, all of them were amplified under the same condition that only 

annealing temperature was adjusted to suit for practical routine checking.  In addition, 

the allelic sizes of PCR products were separated on the same polyacrylamide gel 

concentration in order to ease for handle and analysis 

 

4.2  Microsatelite Markers for Parentage Testing 

 

From the markers selection in the first part, the data showed that only 

tetranucleotide repeat markers were suitable for parentage testing in our condition and 

more markers were added for second screening. Ten tetranulceotide repeat markers 

were selected from the Fred Hutchinson Cancer Research Center (FHCRC) Dog 

Genome Project (Francisco et al., 1996 and http:/www.fhcrc.org/science/dog-

genome/dog.html) to examine a few samples (10 samples for each breed) of three 

purebred dogs (Table 1). 

 

From 25 microsatellite markers initial screening, 12 markers were selected 

of their reproducibility for parentage testing (Table 1).  PCR condition of these set of 

markers varied only annealing temperature and the PCR products were in the same 

size.  Thus, PCR products from these set of markers can be analyzed on the same 

polyacrylamide gel concentration to separate DNA fragments.  These 12 

microsatellite markers were used to test for parentage testing in three purebred dogs 

including 77 Bangkaews, 39 Thai Ridgebacks and 46 Golden Retrivers.
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Table 1  Chromosomal location, number of tandem repeat, primers sequences, allelic sizes and polymorphism information content (PIC)    

   of 25 chosen makers from (FHCRC) Dog Genome Project to screen for parentage testing in dogs 

 

Name Location Repeat Forward primer (5′ to 3′) Reverse primer (5′ to 3′) Size 
(bp.) PIC 

C01.4241 CFA1 (CA)16 AGCTTAGCTTACTGCCCTGG TCCTTTGGTTTTTAGCAGGG 177 0.73 

FH21321 CFA2 (GAAA)35 CACTGGGAGTGGAGACTGCT TGCACAGCCAACTAGAGGTG 272 0.85 

ZUBECA41 CFA3 (GAAA)18 GAGGGCAGGAGTCATAAAATCAT GCCCAGGGACAAACAATCTT 410 0.92 

FH21401 CFA5 (GAAA)18 GGGGAAGCCATTTTTAAAGC TGACCCTCTGGCATCTAGGA 146 0.77 

VIASD101 CFA7 (CATA)14 CACCACAATCTCTCTCATAAATAC GGCTGTCACTTTTCCCTTTC 119 0.71 

C08.6181 CFA8 (CA)21 CAACCCAGGGTGGAAGC TAGCAAGAAAATGTGCCCA 190 0.82 

LEI0341 CFA8 (CA)10 AAGCCCTTCATTCAGTTCC TCATGATATTCCTTTCTGACC 192 ND 

AHT1011 CFA10 (CA)23 CCTTCCATCCCGTTGTGTGT GATTTTCTCTCTGTCCACTT 132 0.72 

CXX20971 S1 (GAAA)16 CAATGTCGAATTCCATGGTG ATGGAGCAAGATGTGTTTGTG 288 0.70 

DINRA21 S3 (CT)18(CA)19 GTCTGACTATTCCCAAGTAGC CCTAGAAATGGCAGATAACAC 325 0.79 

CXX20041 S4 (GAAA)13 CTAAGTGGGGAGCCTCCTCT ACTGTGACCTACTGAGGTTGCA 191 0.79 

FH20101 S5 (CAAA)10 AAATGGAACAGTTGAGCATGC CCCCTTACAGCTTCATTTTCC 318 0.69 

AHT1251 S5 (CA)21 CCACCAGTGTGCCCATCTC ATCAAAGTCATGAAATTCCGTG 102 0.62 

AHT1211 S8 (CA)28 TATTGCGAATGTCACTGCTT ATAGATACACTCTCTCTCCG 115 0.82 

REN67C181 S11 (CA)20 TCTGTGCGTTTCCGTTTATG TTAGTACCTGTTTGTTATCC 137 0.83 
FH20162 CFA1 (GAAA)25 CATTTTTAAGGATGGAGACA GC AACAGTGTCCCATGGCCTAC 268 0.76 

FH26082 CFA2 Tetra-repeat CTACACCCTGCTTGTGCTCT TCCTCATATAATGTGCTGACA 246 0.77 

 
  17 
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Table1 (Cont’d)  

 

Name Location Repeat Forward primer (5′ to 3′) Reverse primer (5′ to 3′) Size 
(bp.) PIC 

FH21452 CFA3 (GAAA)8 CAGTCGGGTTTAGGGTCTCA CAGAGCCCCTGACTGCAT 280 0.86 

FH21382 CFA8 (GAAA)28 AATGTGCCCAACATTCCACT AAGTCCCATGTCAGGCTCC 271 0.86 

FH21442 CFA8 (GAAA)14 GTGGCTCTTTTTGATGAGGG CCTGGGTGGTTCAGTCAGTT 289 0.63 

FH24222 CFA10 Tetra-repeat TTGCCCGTCCTATACTCCTG CCACATGATTTCACTTGTATATGG 238 0.86 

FH21582 CFA20 (GAAA)44 ATGGCCACATCACCCTAGTC CTCTCTCTGCATCTCTCATGAA 274 0.86 

FH26262 CFA22 Tetra-repeat TTCTGCCATTCTGGAAAACA TCCATGGATCAGCAGCAG 246 0.89 

FH21612 S2 (GAAA)21 TCAGCAAGAAACCCTCCAGT CATTCCCAACGGAGGACTCT 250 0.70 

FH21752 S12 (GAAA)18 TTCATTGATTTCTCCATTGGC AGGACTCTAAAAACTTGCCTCC 251 0.78 

 
1   the first microsatellite marker set to screen for parentage testing 

 2   the second microsatellite marker set to screen for parentage testing 

 the selected markers suitable for parentage testing were given in bold 

 Tetra-repeat means the tetra-repeat marker that didn’t know the repeat sequence 

 FHCRC  =  Fred Huchinson Cancer Research Center

 
      18 
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5.  Amplification of Microsatellites Loci  

 

Twelve canine microsatellites were amplified in a 20 µl reactions mix that 

contained 50 ng of genomic DNA, 150 mM MgCl2, 250 µM of each dNTP, 50 pmoles 

forward and reward primers each, 0.5 Unit AmpliTaq polymerase (Invitrogen 

company) in 10X magnesium free PCR buffer. Optimal conditions for each primer 

pair were established by adjusting of DNA concentration, MgCl2 concentration and 

annealing temperature (Francisco, et al., 1996). 

 

PCR amplification was performed by using thermal cycle (Gene Amp PCR 

system 2400, Perkin Elmer, U.S.A.).  The reaction cycle for each primer was the same 

except an annealing temperature.  The reaction cycle was accomplished by an initial 

denaturation at 94 C for 5 min.  The PCR condition of cycle number, denaturation, 

annealing and extension for each marker were showed in Table 2.  Then the condition 

was followed by final extension at 72 C for 15 minutes.  PCR products were detected 

in 6 % denaturing polyacrylamide gel electrophoresis. 
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Table 2  PCR condition of cycle number, denaturation, annealing and extension for    

    each markers 

 

  
  

 

 

Primer 

 

CycleNumber 

 

Denaturation 

 

Annealing 

 

Extension 

 

 

CXX2004 

CXX2097 

FH2132 

FH2608 

FH2161 

FH2016 

FH2010 

 

30 cycles 

 

1 min. 

at 94 C 

 

1 min. 

at 60 C 

 

1 min. 

at 72 C 

 

FH2158 

FH2626          

FH2422 

FH2138         

FH2145 

 

30 cycles 

 

1 min. 

at 94 C 

 

1 min. 

at 58 C 

 

1 min. 

at 72 C 
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6.  DNA Separation by Polyacrylamide Gel Electrophosis 

 

6.1  Preparation of the Sequencing Plates and Gel 

 

Treat the short glass plate with distilled water 1 time and 95% ethanol 

twice, followed with 4-5 drops of Clear View® to assure gel release.  Let dried for 5 

minutes and removed the excess using a Kimwipes® tissue with distilled water.  It 

should change gloves before preparing the long glass to prevent cross-contamination 

with Clear View®.  Then, treated the larger glass plate with distilled water 1 time and 

95% ethanol twice, followed with  3 µl of γ-methacryloxy-propyl-trimethoxysilane 

(Bind Silane) in 1500 µl of 0.5% acetic acid in 95% ethanol to covalently attach the 

gel onto the glass plate.  Let dried for 5 minutes and remove the excess using a 

Kimwipes® tissue with 95% ethanol. 

   

Preparation a urea : acrylamide stock solution with 30 ml of 19:1 

acrylamide solution, plus 40 ml 5X TBE and 84 g urea.  Add ultra-pure water to final 

volume of 200 ml stored at 4 C in a brown bottle.  Six percent denaturing 

polyacrylamide gel with 7 M urea was prepared by mixing 55 ml of urea : acrylamide 

stock solution with 300 µl 10 % ammonium persulfate and 70 µl of TEMED 

(N,N,N',N'-tetramethylethylenediamine).  Applied the gel solution to the assembled 

gel plates with 0.4 mm spacers.  Allow 2 hours for the gel to polymerize. 

 

The sequencing gel was run at 50 W (150 mA; 2000 V) for 15-20 min. or 

until the gel temperature reaches 55 °C in 1X TBE.  Two microlitres of the 

amplification products were mixed with 18 µl of formamide loading dye and loaded 

onto 6% denaturing vertical polyacrylamide gel in 1X TBE buffer, due to the need of 

migration distance of at least 25 cm.  The amplified DNA fragments were separated 

by electrophoresis for three to four hours at 50 Watt.  A molecular weight pattern (ØX 

174 DNA cut with Hinf1; Promega) was added in two lanes of each gel.  After 

electrophoresis, DNA fragment were detect by staining with silver nitrate (Promega 
corp.) to make the DNA bands visible.  
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 6.2  Silver Staining 

  

Gel was silver stained using 3 steps; fixing, staining and developing.  All 

chemicals were analytical grade and prepared with distilled water.  The gel plate was 

shaking gently in shaker throughout the staining processes. 

 

 6.2.1  Separate the Plates 

   

After electrophoresis, carefully separated the plates using a 

plastic wedge.  The gel should be strongly attached to the long plate. 

 

 6.2.2  Fixing  

   

 Place the gel plate with bound gel onto plastic tray.  Then, apply 

2 litres of fixing solution (10% glacial acetic acid) and shaking gently for 20 min. or 

until the tracking dyes were no longer visible.  The gel may be stored in fix solution 

overnight.  Save the fixing solution to use for developing step.  Finally, rinse the gel 3 

times (2 min. each) with distilled water. 

 

6.2.3  Staining 
   

  Staining gel with 2 liters of 0.2 % AgNO3 solution for 20 min, 

shaking gently.  Rinse gel with distilled water no longer than 5-10 seconds.  Longer 

rinses result in weak or no signal. 

 

 6.2.4  Developing 

   

 Electrophoresis gel was developed by applying, cold 

developing solution and gently shake until the bands appear.  Stop developing 

reaction by adding 2 litres of 10 % acetic acid for 5 min.  The developed band 

appeared fairly light.  Prolonged development times result in high background.  It was 
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better to stop development early than to overdevelop the gel.  Rinse the gel twice (2 

min. each) in distilled water.  Leave the gel at room temperature for air dry.  View the 

gel on white background (e.g. paper) and scan the gel for scoring band and keeping 

record. 

 

7.  Microsatellite Typing 

 

 The visual bands on polyacrylamide gel were scored and sized by comparing 

of marker DNAs of known molecular mass (ØX 174 DNA cut with Hinf1; Promega) 

to determine the molecular weight of each band.  The allelic sizes were scored by 

sizing from the smallest allele to be allele 1 and the next size to be allele 2, 3…n as 

shown in figure 3. 

 

8.  Statistical Analysis 

 

Polymorphism of every locus was estimated by polymorphism information 

content (PIC, Botstein et al., 1980).  The number of alleles, allele frequencies and 

observed heterozygosity (Ho) were calculated by direct counting of alleles from the 

sample of individuals for each breed.  Expected heterozygosity (He) was calculated 

from allele frequencies assuming Hardy-Weinberg equilibrium on the basis of Nei 

(1987).  Heterozygosity is a widely used measure of the allelic diversity or 

informativeness of a genetic marker.  The informativeness of a genetic marker 

increases as heterozygosity increases.  Deviation from Hardy-Weinberg equilibrium 

(HWE) was tested by chi-square analysis (χ2). 

 

      PIC      =        1- ∑
=

n

i 1
 pi

2 – 2∑
=

n

i 1
∑
+=

n

ij 1
pi

2 pj 
2    (1) 

      He        =        1- ∑
r

Pi
2             (2) 

      Ho        =          no. of heterozygous alleles / n          (3) 
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χ2 = (1-
He
Ho )2·n   (degrees of freedom calculated as df = 

2
)1( −rr      (4) 

All allele are classified as either rare or common allele 

     Rare allele  <  
N
3      (5) 

     Common allele  >  
N
3     (6) 

 

PIC data from 12 markers in each breed and the reference values of these 

respective markers from FHCRC were compared using Analysis of Variance 

(ANOVA) procedure and means were separated by Least Significant Difference 

(LSD).  Number of allele obtained from 12 markers in each breed was also compared 

using ANOVA and LSD. 

 

Paternity exclusion probability (PE) was calculated using formulae adapted 

from Jamieson (1965) on the basis of previously published allele frequencies 

(Fredholm and Wintero, 1995 and Weir, 1996). 

 

The probability of excluding a random individual from the population as a 

potential parent of an animal based on the genotype of one parent and offspring was 

calculated as:  

  PE   =   ∑p(1-p)2-∑(pi x pj)2 x [4-3(pi+pj)]    (7) 

 

The combined exclusion probability (QE) was calculated as: 
  
 QE = 1- (1-PE for locus 1)(1-PE for locus 2)…(1-PE for locus n)     (8) 

 

 Probability of Identity (PI) was the probability that two randomly chosen 

individuals in a population have identical genotypes. 

   PI  =  ∑
=

n

i 1

prob (AiAi) prob (identical genotype)   (9) 
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    + ∑
=

n

i 1
∑
+=

n

ij 1
prob (AiAj)prob (identical genotype) 

                 =  ∑
=

n

i 1
 pi

2 pi
2 + ∑

=

n

i 1
∑
+=

n

ij 1

(2pipj) (2pipj) 

                     =  ∑
=

n

i 1

(pi
2)2 + ∑

=

n

i 1
∑
+=

n

ij 1

(2pipj)2   

 

  Probability of Identity with multiple loci  

         = ( PI for locus 1)(PI for locus 2)… ( PI for locus n)         (10) 

 

  pi     =     frequency of the i-th allele 

n      =     number of individual in the examined population 

  H     =     Heterozygoity for each locus 

  r      =     number of  alleles at a locus 

  df     =     degree of freedom
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Figure3  Gel electrophoresis from microsatellite marker CXX2004 in Golden     

Retriver.  Each number (1,2..6) represented the allelic sizes. 

1  =  allele 1 

2  =  allele 2 

3  =  allele 3 

4  =  allele 4 

5  =  allele 5 

6  =  allele 6 
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RESULTS 

 
1. Microsatellite Markers for Parentage Testing in Dogs 

  

 From total of 25 selected microsatellite markers, 12 markers showed reliable 

suitability for parentage testing in both Thai dogs (Thai Ridgeback and Bangkaew) 

and European dog (Golden Retriver).  From the first screening test, tetranucleotide 

repeat markers displayed better optimal condition for PCR than dinucleotide repeat 

markers.  Moreover, PCR products from tetra-repeat markers also showed clear and 

suitable DNA fragments that were easily separated on 6 % polyacrylamide gel 

electrophoresis.   

 

2. PCR Amplification Results, Number of Alleles, Allele Frequencies, Observed 

and Expected heterozygosity (Ho, He) 

 

Analysis of genotype from 12 microsatellite markers in 3 purebred dogs; Thai 

Bangkaew (BK), Thai Ridgeback (TR) and Golden Retriver (GD) presented high 

variation of allele distributions and frequencies between three purebred dogs (Table 

3).  The allelic sizes ranged from 149 bp. to 492 bp..  Some of these markers 

displayed closely allelic sizes with reference data from Fred Hutchinson Cancer 

Research Center (FHCRC) Dog Genome Project.  The smallest allelic size was found 

at FH2422 locus in Thai Ridgeback and the largest allelic size at FH2138 in Thai 

Bangkaew.  Ninety-nine percent of the allelic sizes were between 200-300 bp. that 

made them easily to use the same percentage of polyacrylamide gel to separate DNA 

fragments.  They were not only highly informative but also quite simple to use and to 

standardize.  There were the extremely different allelic sizes varied from 60-230 bp 

apart in FH2132, FH2608 and FH2138.  Microsatellite loci showed a highly 

variability with 3-12 alleles/locus.  Of these 12 loci presented, 10 of them had average 

allele per locus more than 5 alleles (Table 4).  Average alleles/breed ranged from 

7.333 alleles in Bangkaew, 8.0 alleles in Thai Ridgeback and 6.250 alleles in Golden 

Retriver, respectively (Table 4).  The number of alleles correlated with the level of 



 

     28 

heterozygosity in that locus.  The average number of alleles per breed from 12 

microsatellite markers was not significantly different among these dogs compared 

using ANOVA and LSD test (P ≤ 0.05).   

 

There were different allele frequencies between common alleles and rare 

alleles.  Common alleles had value > 0.1974 in Bangkaew, > 0.2774 in Thai 

Ridgeback and > 0.2554 in Golden Retriver, respectively.  Some markers in Thai 

Ridgeback showed many rare alleles especially markers FH2132, FH2138 and 

FH2626.  Seven loci (FH2016, FH2132, FH2138, FH2422, FH2158, FH2626 and 

FH2010) had absolutely distincted common alleles in these three of dogs.  Only 5 loci 

(FH2608, FH2145, CXX2097, FH2161 and CXX2004) had the same size of common 

alleles in at least two breeds (Table 5). 

 

The observed and expected heterozygosity and level of deviation from Hardy-

Weinberg equilibrium (HWE) at each locus for all 3 breeds were observed and 

presented in Table 6.  Across the 12 markers, 9 had statistically similar observed and 

expected heterozygosity except 2 loci (FH2161 and FH2010) in Bangkaew, one locus 

(FH2010) in Thai Ridgeback and 2 loci (CXX2097 and FH2010) in Golden Retriver  

that showed significant difference between expected and observed heterozygosity  

(Table 6).  However, most of these markers were in Hardy-Weinberg equilibrium.  

The mean observed heterozygosities (Ho) ranged from 0.643 (Golden Retriver), 0.722 

(Thai Bangkaew) to 0.808 (Thai Ridgeback), whereas the expected heterozygosities 

(He) ranged from 0.644 (Golden Retriver), 0.743 (Thai Bangkaew) to 0.775 (Thai 

Ridgeback) (Table 6). 
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Table3  PCR amplification results, number of alleles, allele sizes, allele frequencies     

              and observed heterozygosity  within  three purebred dogs 

 
 

Dog 
breed 

FH2016 FH2132 

 No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho 

 

BK 

 

 

7 

 

A1    -   280 

A2    -  284  

A3    -   292 

A4    -   296 

A5    -   304 

A6    -   310 

A7    -   317 

 

 

0.1087 

0.2101 

0.1594 

0.2174 

0.1087 

0.1304 

0.0652 

 

0.9 

 

11 

 

A1    -   264 

A2    -   280 

A3    -   284 

A4    -   288 

A5    -   306 

A6    -   310 

A7    -   318 

A8   -   342 

A9   -   358 

A10  -   372 

A11  -   382 

 

0.0071 

0.0571 

0.4571 

0.0357 

0.0214 

0. 0786 

0.05 

0.0071 

0.1714 

0.0929 

0.0214 

 

0.8 

TR 8 A1    -   275 

A2    -   288 

A3    -   296 

A4    -   300 

A5    -   304 

A6    -   308 

A7   -   312 

A8   -   317 

 

0.0303 

0.0455 

0.0758 

0.1818 

0.1212 

0.3333 

0.1212 

0.0909 

0.91 12 A1    -   240 

A2    -   248 

A3    -   270 

A4    -   278 

A5    -   282 

A6    -   286 

A7    -   326 

A8   -   334 

A9   -   351 

A10  -   360 

A11  -   368 

A12  -   380 

0.0405 

0.1486 

0.0541 

0.1757 

0.0270 

0.0270 

0.0811 

0.0270 

0.0811 

0.0811 

0.2027 

0.0541 

0.95 

GD 6 A1    -   288 

A2    -   292 

A3    -   296 

A4    -   300 

A5    -   304 

A6    -   310 

 

0.1848 

0.1196 

0.2065 

0.3804 

0.0543 

0.0543 

0.76 9 A1    -   254 

A2    -   268 

A3    -   272 

A4    -  276 

 A5    -  280  

A6    -   284 

A7    -   334 

A8   -   338 

A9   -   342 

0.0556 

0.5444 

0.0778 

0.0333 

0.0889 

0.0111 

0.0444 

0.1111 

0.0333 

0.69 
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Table 3  (Cont’d)  

 
 

Dog 
breed 

 
FH2608 

 

 
FH2145 

 
 No. of 

alleles 
Allele size 

(Ai)(bp) 
Allele 

frequency 
Ho No. of 

alleles 
Allele size 

(Ai)(bp) 
Allele 

frequency 
Ho 

 

BK 

 

 

9 

 

A1    -   244 

A2    -   246 

A3    -   248 

A4    -   252 

A5    -   258 

A6    -   262 

A7    -   356 

A8   -   360 

A9   -   368 

 

 

0.0342 

0.1096 

0.2123 

0.0274 

0.0753 

0.0822 

0.0137 

0.4041 

0.0411 

 

0.84 

 

5 

 

A1    -   276 

A2    -   280 

A3    -   284 

A4    -   288 

A5    -   292 

 

 

0.4429 

0.2143 

0.0929 

0.2357 

0.0143 

 

0.8 

TR 11 A1    -   244 

A2    -   248 

A3    -   252 

A4    -   258 

A5    -   262 

A6    -    266 

A7    -   278 

A8   -   356 

A9   -   364 

A10   -  375 

A11   -  384 

 

0.15288 

0.1250 

0.4167 

0.1389 

0.0278 

0.0139 

0.0417 

0.0278 

0.0139 

0.0278 

0.0139 

0.78 4 A1    -   276 

A2    -   280 

A3    -   286 

A4    -   292 

 

0.2973 

0.1757 

0.2838 

0.2432 

0.76 

GD 6 A1    -   244 

A2    -   248 

A3    -   252 

A4    -   344 

A5    -   350 

A6    -   364 

 

0.0667 

0.2778 

0.4111 

0.2 

0.0333 

0.0111 

0.6 3 A1    -   276 

A2    -  280  

A3    -   284 

 

0.3068 

0.3864 

0.3068 

0.64 
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Table 3  (Cont’d) 

 
 

FH2138 
 

 
FH2422 

 
 

Dog 
breed 

 
No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho 

 

BK 

 

 

10 

 

A1    -   258 

A2    -   262 

A3    -   266 

A4    -   270 

A5    -   344 

A6    -   406 

A7    -   444 

A8   -   448 

A9   -   474 

A10   -  492 

 

0.0082 

0.3689 

0.0574 

0.0492 

0.0082 

0.0246 

0.0246 

0.0574 

0.2213 

0.1803 

 

0.62 

 

5 

 

A1    -   178 

A2    -  184  

A3    -   188 

A4    -   192 

A5    -   204 

 

 

0.0735 

0.2500 

0.4265 

0.2353 

0.0147 

 

 
0.77 

TR 11 A1    -   266 

A2    -   270 

A3    -   274 

A4    -   306 

A5    -   332 

A6    -  344 

A7    -   378 

A8   -   386 

A9   -   390 

A10   -  398 

A11   -  406  

0.0132 

0.2632 

0.11842 

0.0395 

0.0263 

0.1316 

0.0132 

0.0132 

0.1053 

0.1316 

0.1447 

0.74 8 A1    -   149 

A2    -   161 

A3    -  171  

A4    -   184 

A5    -   192 

A6    -   204 

A7    -  210 

A8   -   216 

 

0.0143 

0.2714 

0.1143 

0.3429 

0.0429 

0.0286 

0.1571 

0.0286 

0.89 

GD 7 A1    -   262 

A2    -   266 

A3    -   270 

A4    -   274 

A5    -   276 

A6    -  318 

A7    -   329 

 

0.0114 

0.1591 

0.0795 

0.5114 

0.0795 

0.1364 

0.0227 

0.61 9 A1    -   175 

A2    -   178 

A3    -   184 

A4    -   188 

A5    -   192 

A6    -  198 

A7    -   245 

A8   -   249 

A9   -   255 

 

0.1477 

0.0114 

0.0227 

0.1364 

0.4659 

0.0227 

0.0114 

0.1250 

0.0568 

 

0.77 
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Table 3  (Cont’d)  

 
 

FH2158 
 

 
FH2626 

 
 

Dog 
breed 

 
No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho 

 

BK 

 

 

10 

 

A1    -   298 

A2    -   302 

A3    -   306 

A4    -   310 

A5    -   314 

A6    -   318 

A7    -  334 

A8   -   338 

A9   -   341 

A10   -  352 

 

0.2955 

0.2121 

0.1136 

0.0833 

0.1439 

0.0303 

0.0379 

0.0455 

0.0303 

0.0076 

 

0.71 

 

7 

 

A1    -   214 

A2    -   222 

A3    -   226 

A4    -   228 

A5    -  230  

A6    -   232 

A7    -  234  

 

 

0.0806 

0.0161 

0.0161 

0.0161 

0.4113 

0.1935 

0.2661 

 

0.71 

TR 10 A1    -   267 

A2    -   272 

A3    -   288 

A4    -   292 

A5    -   302 

A6    -   314 

A7    -  318 

A8   -   336 

A9   -   368 

A10   -  376 

0.0147 

0.0441 

0.0294 

0.3382 

0.0294 

0.1176 

0.0441 

0.0147 

0.1029 

0.2647 

0.77 10 A1    -   214 

A2    -   218 

A3    -   224 

A4    -   226 

A5    -   230 

A6    -   232 

A7    -  236 

A8   -   240 

A9   -   244 

A10   -  248 

0.0286 

0.0286 

0.0571 

0.1429 

0.1714 

0.1286 

0.1 

0.0429 

0.0714 

0.2286 

0.91 

GD 9 A1    -   280 

A2    -   284 

A3    -   288 

A4    -   290 

A5    -   294 

A6    -   302 

A7    -  310 

A8   -   314 

A9   -   320 

 

0.0333 

0.0556 

0.6111 

0.0444 

0.0111 

0.0111 

0.1222 

0.0667 

0.0444 

0.62 6 A1    -   216 

A2    -   224 

A3    -   226 

A4    -   232 

A5    -   236 

A6    -   240 

 

0.0667 

0.0444 

0.5444 

0.0111 

0.3111 

0.0222 

0.58 
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Table 3  (Cont’d)  

 
 

CXX2097 
 

 
FH2161 

 
 

Dog 
breed 

 
No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho 

 

BK 

 

 

7 

 

A1    -   272 

A2    -   276 

A3    -   280 

A4    -   284 

A5    -   288 

A6    -   292 

A7    -   296 

 

   

0.1549 

   0.0915 

   0.3803 

   0.1972 

   0.1408 

   0.0211 

   0.0141 

 

0.79 

 

6 

 

A1    -   242 

A2    -   246 

A3    -   248 

A4    -   252 

A5    -   256 

A6    -   260 

 

 

0.1618 

0.1691 

0.3603 

0.2721 

0.0147 

0.0221 

 

0.49 

TR 6 A1    -   276 

A2    -   280 

A3    -   284 

A4    -   288 

A5    -   292 

A6    -   296 

 

   0.1184 

   0.1184 

   0.3026 

   0.2105 

   0.1316 

   0.1184 

0.84 7 A1    -   244 

A2    -   248 

A3    -   252 

A4    -   256 

A5    -   260 

A6    -   264 

A7    -   268 

 

0.2059 

0.2794 

0.25 

0.1029 

0.1029 

0.0441 

0.0147 

0.68 

GD 4 A1    -   280 

A2    -   284 

A3    -   288 

A4    -   294 

 

   0.3929 

   0.1786 

   0.3452 

   0.0833 

0.86 7 A1    -   236 

A2    -   244 

A3    -   248 

A4    -   252 

A5    -  256  

A6    -   260 

A7    -  272  

0.0326 

0.1522 

0.4457 

0.2717 

0.0217 

0.0652 

0.0109 

 

0.78 

 
 
 
 
 
 
 



 

     34 

Table 3  (Cont’d)   

 
 

CXX2004 
 

 
FH2010 

 
 

Dog 
breed 

 
No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho No. of 
alleles 

Allele size 
(Ai)(bp) 

Allele 
frequency 

Ho 

 

BK 

 

 

7 

 

A1    -   232 

A2    -   236 

A3    -   240 

A4    -   244 

A5    -   248 

A6    -   300 

A7    -   312 

 

 

   0.0141 

   0.3803 

   0.1197 

   0.3521 

   0.0493 

   0.0282 

   0.0563 

 

0.65 

 

4 

 

A1    -   224 

A2    -   230 

A3    -   238 

A4    -   242 

 

 

0.3310 

0.4366 

0.1761 

0.0563 

 

0.6 

TR 6 A1    -   232 

A2    -   236 

A3    -   240 

A4    -   244 

A5    -   248 

A6    -   304 

 

   0.1216 

   0.4459 

   0.2297 

   0.1351 

   0.0405 

   0.0270 

0.70 3 A1    -   230 

A2    -   234 

A3    -   238 

 

0.1081 

0.4324 

0.4595 

 

0.78 

GD 5 A1    -   288 

A2    -   294 

A3    -   300 

A4    -   304 

A5    -   430 

 

   0.0109 

   0.1957 

   0.1630 

   0.5652 

   0.0652 

0.57 4 A1    -  230  

A2    -   234 

A3    -   238 

A4    - 242   

 

0.0952 

0.8095 

0.0833 

0.0119 

0.24 

 
 

The thick letter showed common allele in that locus 

BK = Bangkaew dogs 

TR = Thai Ridgeback dogs 

GD = Golden Retriver dogs 

Ho = Observed Heterozygosity 
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Table 4  Chromosomal location, range in size of allele, number of allele and average  

    allele per breed from 12 microsatellite loci in three pure-bred  dogs;    

    Bangkaew, Thai Ridgeback and Golden Retriver 

 
a  means in the row followed by the same letter were not statistically different 

at p ≤ 0.05 

 

 

 Number 
of alleles  

Marker Chromosomal 
location BK TR GD 

Average  
allele/ 
locus 

 
FH2016 

 
CFA1 

 
7 

 
8 

 
6 

 
7 

FH2132 CFA2 11 12 9 10.67 

FH2608 CFA2 9 11 6 8.67 

FH2145 CFA3 5 4 3 4 

FH2138 CFA8 10 11 7 9.33 

 FH 2422 CFA10 5 8 9 7.33 

FH2158 CFA20 10 10 9 9.67 

FH2626 CFA22 7 10 6 7.67 

CXX2097 S1 7 6 4 5.67 

FH2161 S2 6 7 7 6.67 

CXX2004 S4 7 6 5 6 

FH2010 S5 4 3 4 3.67 

Average 
allele/breed 

 
7.333a 8.0 a 6.250 a  
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Table 5  Common allele and frequency in 12 loci in three purebred dogs  
 
 

Common allele (bp.) and  (frequency) 
Locus 

BK TR GD 

FH2016 
 

284, 296 
(0.2101, 0.2174) 

 

308 
(0.3333) 

300 
(0.3804) 

FH2132 284 
(0.4571)  

368 
(0.2027) 

268 
(0.5444) 

FH2608 248, 360 
(0.2123, 0.4041) 

252 
(0.4167) 

248, 252 
(0.2778,0.4111) 

FH2145 276, 280, 288 
(0.4429, 0.2143, 

0.2357) 

276 
(0.2973) 

280 
(0.3864) 

FH2138 262, 474 
(0.3689, 0.2213) 

270 
(0.2632) 

274 
(0.5114) 

FH 2422 188 
(0.4265) 

184 
(0.3429) 

192 
(0.4659) 

FH2158 298, 302 
(0.2955, 0.2121) 

292 
(0.3382) 

288 
(0.6111) 

FH2626 230, 234 
(0.4113 

248 
(0.2286) 

226, 236 
(0.5444, 0.3111) 

CXX2097 280 
(0.3803, 0.2661) 

284 
(0.3026) 

280, 288 
(0.3929, 0.3452) 

FH2161 248, 252 
(0.3603, 0.2721) 

248 
(0.2794) 

248, 252 
(0.4457, 0.2717) 

CXX2004 236, 244 
(0.3803, 0.3521) 

236 
(0.4459) 

304 
(0.5652) 

FH2010 224, 230 
(0.3310, 0.4366) 

238 
(0.4595) 

234 
(0.8095) 
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Table 6  Number of alleles, Observed and Expected heterozygosities (Ho, He) with chi-squares (probability level is 99 %) for 12     

   microsatellite loci in three purebred:  Bangkaew, Thai Ridgeback and Golden Retriver.  The significant chi squares are in bold 

 

 BK (n=77) TR (n=39) GD (n=46) 

Marker No. of 
alleles Ho He chi No. of 

alleles Ho He chi No. of    
alleles Ho He chi 

 
FH2016 

 
7 0.899 

 

0.838 
 

0.4080 
 

8 

 

0.909 

 

0.809 
 

0.5959 
 

6 

 

0.761 

 

0.758 
 

0.0007 

FH2132 11 0.800 0.739 0.5246 12 0.946 0.877 0.2414 9 0.689 0.658 0.1021 
FH2608 9 0.836 0.763 0.7048 11 0.778 0.764 0.0131 6 0.600 0.708 1.0704 
FH2145 5 0.800 0.694 1.7963 4 0.757 0.741 0.0182 3 0.636 0.662 0.0710 
FH2138 10 0.623 0.772 2.868 11 0.737 0.847 0.6578 7 0.614 0.681 0.4453 

FH2422 5 0.765 0.695 0.781 8 0.886 0.768 0.9207 9 0.773 0.722 0.2295 

FH2158 10 0.712 0.822 1.379 10 0.765 0.785 0.0253 9 0.622 0.599 0.0678 

FH2626 7 0.710 0.715 0.0038 10 0.914 0.860 0.1538 6 0.578 0.611 0.1342 

CXX2097 7 0.789 0.764 0.0824 6 0.842 0.805 0.0824 4 0.857 0.688 2.7756 

FH2161 6 0.485 0.741 9.1904 7 0.676 0.741 0.3001 7 0.783 0.698 0.6822 

CXX2004 7 0.648 0.710 0.5872 6 0.703 0.713 0.0077 5 0.565 0.611 0.2607 

FH2010 4 0.592 0.666 0.9506 3 0.784 0.590 4.2166 4 0.238 0.329 3.5192 

Average 
H/breed  0.722 0.743 0.0615  0.808 0.775 0.0707  0.643 0.644 0.0001 
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3.  Polymorphic Information Content (PIC) 

 

Every loci of 12 microsatellite markers in 3 purebred dog were polymorphic 

(PIC > 0.5) (Zajc et al., 1997) except for marker FH2010 in Golden Retriver that had 

PIC value 0.31.  The most polymorphic locus in Bangkaew and  Golden Retriver was 

locus FH 2016 and locus  FH2132 in Thai Ridgeback (Table 7).  The three most 

polymorphic loci in Thai Bangkaew were FH2016, FH2158 and FH2138, in Thai 

Ridgeback were FH2132, FH2626 and FH2138 and in Golden Retriver were FH2016, 

FH2422 and FH2138, respectively.  The average PIC value per locus from 12 

microsatellite loci ranged from 0.47 to 0.79, the highest PIC value was in FH2016, the 

lowest was in FH2010.  Compared the PIC values between 3 breeds of dogs, Golden 

Retriver displayed the lower PIC values than in the others.  Average PIC value for this 

study was 0.70.  The average PIC value of Thai Ridgeback was similar to Bangkaew 

and the reference PIC value but significantly different from Golden Retriver 

compared using ANOVA and LSD (P ≤ 0.05).  Moreover, Bangkaew and Golden 

Retriver were statistically different from the reference PIC value (Table 7). 

 

4.  Paternity Exclusion Probability (PE) and Combined Paternity    

     ExclusionProbability (QE) 

 

The significance of a paternity analysis is judged by the probability that a 

random individual will be excluded of being the biological father.  PE ranged from 

0.18215 to 0.77108 (Table 8).  In this study the average PE was 0.60679 in Thai 

Ridgeback, 0.56251 in Thai Bangkaew and 0.44940 in Golden Retriver, respectively.  

Average PE per locus varied from 0.31299 to 0.64448.  Nine of twelve loci displayed 

PE per locus more than 0.5 and the highest PE was marker FH2016.  If ordered PE 

from high value to low value, each dog breeds showed distinct order of markers 

results (Table 9).  However, markers FH2016, FH2132 and FH2138 were still in the 

first three orders. 
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 Seven most PE for each breed showed 99 % of Combined Paternity Exclusion 

Probability.  QE of 12 loci revealed a high degree of excluding incorrect parentage 

ranged from 99.935 % in Golden Retriver (Table 10), 99.996 % in Bangkaew (Table 

11) and 100 % in Thai Ridgeback (Table 12).  This set of 12 microsatellite loci 

proved to be very useful for paternity test in three purebred dogs as shown by high QE 

values.  In this study the highest and lowest exclusion efficencies were observed with 

marker FH2132 and marker FH2016, respectively.  From the data, the excluding 

power for each markers showed different values in each breed. 

 

5.  Probability of Identity 

 

 The probability of identity is the probability that two unrelated individuals 

share the same genotype for a single locus.  It is simply a function of the population 

allele frequency (i.e., homozygotes pi
2 and heterozygotes 2pipj).  From this study, it 

showed the probability of two randomly picked individuals from within the same 

breed would have the same genotype was one in hundred million (0.66x10-9) in 

Golden Retriver (Table 13), one in trillion (0.94x10-12) in Bangkaew (Table 14) and 

0.1 in trillion (0.21x10-13) in Thai Ridgeback (Table 15).  The overall probability was 

obtained by multiplying the independent single locus probabilities.  Thus, multiple 

loci gave higher probability to exclude two individual having the same genotype.  

Example of this calculation was showed in table 13, 14 and 15. 

 

.   
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Table 7  Polymorphic Information Content (PIC) in three purebred dogs; Bangkaew, 

Thai Ridgeback and Golden Retriver 

 
Locus Bangkaew 

(n=77) 
Thai 

Ridgeback 
(n=39) 

Golden 
Retriver 
(n=45) 

Average 
PIC/ locus 

Reference 
value 

(FHCRC)* 
 

FH2016 
 

0.83 
 

0.80 
 

0.74 
 

0.79 
 

0.76 

FH2132 0.74 0.88 0.66 0.76 0.85 

FH2608 0.76 0.75 0.67 0.73 0.77 

FH2145 0.67 0.71 0.59 0.66 0.86 

FH2138 0.77 0.84 0.67 0.76 0.86 

FH2422 0.65 0.76 0.71 0.71 0.86 

FH2158 0.81 0.78 0.59 0.73 0.86 

FH2626 0.70 0.86 0.60 0.72 0.89 

CXX2097 0.75 0.79 0.67 0.74 0.70 

FH2161 0.71 0.71 0.66 0.70 0.70 

CXX2004 0.70 0.68 0.59 0.66 0.79 

FH2010 0.61 0.50 0.31 0.47 0.69 

Average PIC/ 
breed 0.73a 0.76 a 0.62 a  0.80 a 

 
* FHCRC = Fred Hutchinson Cancer Research Center 
a  means in the row followed by the same letter were not statistically different 

at p ≤ 0.05 
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Table 8  Paternity exclusion probability (PE) in three purebred dogs, average values   

  were given in bold 

 
Paternity Exclusion Probability (PE) 

  
Locus 

Bangkaew Thai 
Ridgeback 

Golden 
Retriver 

Average PE/ 
locus 

FH2016 0.69279 0.66123 0.57941 0.64448 

FH2132 0.57816 0.77108 0.50099 0.61674 

FH2608 0.60207 0.59994 0.49503 0.56558 

FH2145 0.49277 0.53229 0.40378 0.47628 

FH2138 0.61051 0.72095 0.49974 0.61040 

FH2422 0.49127 0.59671 0.54899 0.54566 

FH2158 0.67786 0.62880 0.42622 0.57763 

FH2626 0.51560 0.74029 0.39060 0.54883 

CXX2097 0.58778 0.64479 0.47060 0.56772 

FH2161 0.55615 0.54164 0.49067 0.52949 

CXX2004 0.51630 0.51581 0.40463 0.47891 

FH2010 0.42885 0.32797 0.18215 0.31299 

Average PE 
/breed 

 
0.56251 

 
0.60679 

 
0.44940  
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Table 9  Paternity exclusion probability (PE) in three purebred dogs, ordered from  

    high to low value.  The first three orders were in underline

Bangkaew Thai Ridgeback Golden Retriver 

Locus     PE Locus PE Locus PE 

 

FH2016 

 

0.69279 

 

FH2132

 

0.77108 

 

FH2016 

 

0.57941 

FH2158 0.67786 FH2626 0.74029 FH2422 0.54899 

FH2138 0.61051 FH2138 0.72095 FH2132 0.50099 

FH2608 0.60207 FH2016 0.66123 FH2138 0.49974 

CXX2097 0.58778 CXX2097 0.64479 FH2608 0.49503 

FH2132 0.57816 FH2158 0.62880 FH2161 0.49067 

FH2161 0.55615 FH2608 0.59994 CXX2097 0.47060 

CXX2004 0.51630 FH2422 0.59671 FH2158 0.42622 

FH2626 0.51560 FH2161 0.54164 CXX2004 0.40463 

FH2145 0.49277 FH2145 0.53229 FH2145 0.40378 

FH2422 0.49127 CXX2004 0.51581 FH2626 0.39060 

FH2010 0.42885 FH2010 0.32797 FH2010 0.18215 
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Table 10  Combined paternity exclusion probability values for Golden Retriver 
 
 

Golden Retriver 

Locus 1locus 2loci 3loci 4loci 5loci 6loci 7loci 8loci 9loci 10loci 11loci 12loci 

FH2016 0.57941 0.57941 0.57941 0.57941 0.57941 0.57941 0.57941 0.57941 0.57941 0.57941 0.57941 0.57941 

FH2422  0.54899 0.54899 0.54899 0.54899 0.54899 0.54899 0.54899 0.54899 0.54899 0.54899 0.54899 

FH2132   0.50099 0.50099 0.50099 0.50099 0.50099 0.50099 0.50099 0.50099 0.50099 0.50099 

FH2138    0.49974 0.49974 0.49974 0.49974 0.49974 0.49974 0.49974 0.49974 0.49974 

FH2608     0.49503 0.49503 0.49503 0.49503 0.49503 0.49503 0.49503 0.49503 

FH2161      0.49067 0.49067 0.49067 0.49067 0.49067 0.49067 0.49067 

CXX2097       0.47060 0.47060 0.47060 0.47060 0.47060 0.47060 

FH2158        0.42622 0.42622 0.42622 0.42622 0.42622 

CXX2004         0.40463 0.40463 0.40463 0.40463 

FH2145          0.40378 0.40378 0.40378 

FH2626           0.39060 0.39060 

FH2010            0.18215 

Combined  
PE (QE) 0.57941 0.81031 0.90534 0.95265 0.97609 0.98782 0.99355 0.99630 0.99780 0.99869 0.99920 0.99935 
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Table 11  Combined paternity exclusion probability values for Bangkaew 

 
Bangkaew dogs 

Locus 1locus 2loci 3loci 4loci 5loci 6loci 7loci 8loci 9loci 10loci 11loci 12loci 
 

FH2016 
 

0.69279 
 

0.69279 
 

0.69279 
 

0.69279 
 

0.69279 
 

0.69279 
 

0.69279 
 

0.69279 
 

0.69279 
 

0.69279 
 

0.69279 
 

0.69279 

FH2158  0.67786 0.67786 0.67786 0.67786 0.67786 0.67786 0.67786 0.67786 0.67786 0.67786 0.67786 

FH2138   0.61051 0.61051 0.61051 0.61051 0.61051 0.61051 0.61051 0.61051 0.61051 0.61051 

FH2608    0.60207 0.60207 0.60207 0.60207 0.60207 0.60207 0.60207 0.60207 0.60207 

FH2097     0.58778 0.58778 0.58778 0.58778 0.58778 0.58778 0.58778 0.58778 

FH2132      0.57816 0.57816 0.57816 0.57816 0.57816 0.57816 0.57816 

FH2161       0.55615 0.55615 0.55615 0.55615 0.55615 0.55615 

FH2004        0.51630 0.51630 0.51630 0.51630 0.51630 

FH2626         0.51560 0.51560 0.51560 0.51560 

FH2145          0.49277 0.49277 0.49277 

FH2422           0.49127 0.49127 

FH2010            0.42885 

Combined  
PE (QE) 0.69279 0.90104 0.96146 0.98466 0.99368 0.99733 0.99881 0.99942 0.99972 0.99986 0.99993 0.99996 
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Table 12  Combined paternity exclusion probability values for Thai Ridgeback 

 
Thai Ridgeback 

Locus 1locus 2loci 3loci 4loci 5loci 6loci 7loci 8loci 9loci 10loci 11loci 12loci 

FH2132 0.77108 0.77108 0.77108 0.77108 0.77108 0.77108 0.77108 0.77108 0.77108 0.77108 0.77108 0.77108 

FH2626  0.74029 0.74029 0.74029 0.74029 0.74029 0.74029 0.74029 0.74029 0.74029 0.74029 0.74029 

FH2138   0.72095 0.72095 0.72095 0.72095 0.72095 0.72095 0.72095 0.72095 0.72095 0.72095 

FH2016    0.66123 0.66123 0.66123 0.66123 0.66123 0.66123 0.66123 0.66123 0.66123 

CXX2097     0.64479 0.64479 0.64479 0.64479 0.64479 0.64479 0.64479 0.64479 

FH2158      0.62880 0.62880 0.62880 0.62880 0.62880 0.62880 0.62880 

FH2608       0.59994 0.59994 0.59994 0.59994 0.59994 0.59994 

FH2422        0.59671 0.59671 0.59671 0.59671 0.59671 

FH2161         0.54164 0.54164 0.54164 0.54164 

FH2145          0.53229 0.53229 0.53229 

CXX2004           0.51581 0.51581 

FH2010            0.32797 

Combined  
PE (QE) 0.77108 0.94055 0.98341 0.99438 0.99800 0.99926 0.99970 0.99988 0.99994 0.99997 0.99999 1.00000 
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Table 13  Probability of identity of two individuals chosen at random within the same breed at 12 microsatellite loci in Golden Retriver 

 
Golden Retriver 

Locus 1locus 2loci 3loci 4loci 5loci 6loci 7loci 8loci 9loci 10loci 11loci 12loci 

FH2016 0.1743 0.1743 0.1743 0.1743 0.1743 0.1743 0.1743 0.1743 0.1743 0.1743 0.1743 0.1743 

FH2132  0.1303 0.1303 0.1303 0.1303 0.1303 0.1303 0.1303 0.1303 0.1303 0.1303 0.1303 

FH2608   0.1362 0.1362 0.1362 0.1362 0.1362 0.1362 0.1362 0.1362 0.1362 0.1362 

FH2145    0.1955 0.1955 0.1955 0.1955 0.1955 0.1955 0.1955 0.1955 0.1955 

FH2138     0.1339 0.1339 0.1339 0.1339 0.1339 0.1339 0.1339 0.1339 

FH2422      0.1061 0.1061 0.1061 0.1061 0.1061 0.1061 0.1061 

FH2158       0.1820 0.1820 0.1820 0.1820 0.1820 0.1820 

FH2626        0.2226 0.2226 0.2226 0.2226 0.2226 

CXX2097         0.1539 0.1539 0.1539 0.1539 

FH2161          0.1368 0.1368 0.1368 

CXX2004           0.1979 0.1979 

FH2010            0.4730 

Combined  PI 0.1743 0.0227 0.31x10-2 0.60x10-3 0.8x10-4 0.85X10-5 0.15X10-5 0.33x10-6 0.51x10-7 0.70x10-8 0.14x10-8 0.66x10-9 
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Table 14  Probability of identity of two individuals chosen at random within the same breed at 12 microsatellite loci in Bangkaew  
 

Bangkaew 

Locus 1locus 2loci 3loci 4loci 5loci 6loci 7loci 8loci 9loci 10loci 11loci 12loci 

FH2010 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467 0.0467 

FH2132  0.0917 0.0917 0.0917 0.0917 0.0917 0.0917 0.0917 0.0917 0.0917 0.0917 0.0917 

FH2608   0.0828 0.0828 0.0828 0.0828 0.0828 0.0828 0.0828 0.0828 0.0828 0.0828 

FH2145    0.1442 0.1442 0.1442 0.1442 0.1442 0.1442 0.1442 0.1442 0.1442 

FH2138     0.0817 0.0817 0.0817 0.0817 0.0817 0.0817 0.0817 0.0817 

FH2422      0.1467 0.1467 0.1467 0.1467 0.1467 0.1467 0.1467 

FH2158       0.0534 0.0534 0.0534 0.0534 0.0534 0.0534 

FH2626        0.1270 0.1270 0.1270 0.1270 0.1270 

CXX2097         0.0882 0.0882 0.0882 0.0882 

FH2161          0.1105 0.1105 0.1105 

CXX2004           0.1309 0.1309 

FH2010            0.1745 
Combined  

PI 0.0467 0.43x10-2 0. 36x10-3 0.52x10-4 0.42x10-5 0.62x10-6 0.33x10-7 0.42x10-8 0.37x10-9 0.41x10-10 0.54x10-11 
 

0.94x10-12 
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Table15  Probability of identity of two individuals chosen at random within the same breed at 12 microsatellite loci in Thai Ridgeback 

 
Thai Ridgeback 

Locus 1locus 2loci 3loci 4loci 5loci 6loci 7loci 8loci 9loci 10loci 11loci 12loci 

FH2016 0.0585 0.0585 0.0585 0.0585 0.0585 0.0585 0.0585 0.0585 0.0585 0.0585 0.0585 0.0585 

FH2132  0.0273 0.0273 0.0273 0.0273 0.0273 0.0273 0.0273 0.0273 0.0273 0.0273 0.0273 

FH2608   0.0808 0.0808 0.0808 0.0808 0.0808 0.0808 0.0808 0.0808 0.0808 0.0808 

FH2145    0.1153 0.1153 0.1153 0.1153 0.1153 0.1153 0.1153 0.1153 0.1153 

FH2138     0.0406 0.0406 0.0406 0.0406 0.0406 0.0406 0.0406 0.0406 

FH2422      0.0881 0.0881 0.0881 0.0881 0.0881 0.0881 0.0881 

FH2158       0.0742 0.0742 0.0742 0.0742 0.0742 0.0742 

FH2626        0.0351 0.0351 0.0351 0.0351 0.0351 

CXX2097         0.0651 0.0651 0.0651 0.0651 

FH2161          0.0730 0.0730 0.0730 

XX2004           0.1222 0.1222 

FH2010            0.2563 

Combined  
PI 0.0585 0.16x10-2 0.13x10-3 0.15x10-4 0.61x10-6 0.54x10-7 0.40x10-8 0.14x10-9 0.91x10-11 0.66x10-12 0.81x10-13 

 
0.21x10-13 

 
   48 



 

     49 

DISCUSSION 
 

 From the markers screening in this study, tetranucleotide repeat markers 

displayed the most suitable for parentage testing compared with dinucleotide repeat 

markers.  The condition came from the reference data (FHCRC Dog Genome Project) 

that were adjusted  annealing temperature in order to ease to handle in routine 

checking.  It did not mean that these dinucleotide repeat markers cannot be used for 

parentage testing.  Di-repeat microsatellite markers usually had higher polymorphism 

than tetra-repeat markers but they always have stutter bands, causing a difficulty for 

analysis. 

 

 The result of this study illustrated that three purebred dogs differed mainly in 

allele frequencies at a locus and in distribution of alleles across loci.  Thai Ridgeback 

had an average number of allele the same as in Bangkaew and Golden Retriver 

(P<0.01).  The variable number of alleles caused these dogs had high heterozygosity 

and PIC.  In addition, looking at number of allele per locus, these set of markers 

displayed polymorphism associated with number of allele at that locus. 

  

  In general, all of these three purebred dogs had similar allelic sizes except for 

marker FH2132 in Thai Ridgeback that showed an interesting allelic size.  This 

marker had a unique allelic size that did not have in Thai Bangkaew and Golden 

Retriver.  Moreover, this locus also had distinct allelic size compared to data from 

reference (FHCRC Dog Genome Project, http://www.fhcrc.org/science/dog-

genome/dog.html).  The unique allele was also found at FH2608 locus in Bangkaew.  

The common allele (360 bp.) frequency of this locus was very high (0.4041) and 

showed unique allelic size which did not find in Thai Ridgeback and Golden Retriver.  

These 2 loci had breed-specific alleles in Thai Ridgeback and Bangkaew that may be 

useful for study breed identification in the future.   

 

There are three loci from this study that had ever been reported to test for 

parentage testing (FH2132, FH2004 and FH2010).  Number of alleles, PIC, observed 
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and expected heterozygosities on microsatellite marker CXX2004 in Golden Retriver 

in this experiment was similar to a study of Koskinen and Bredbacka (2000).  The 

result of marker FH2132 reported by Leigh, et al. (2004) had the same PIC value and 

heterozygosity as this result except for number of alleles that was higher (9 alleles) 

than previously reported by Leigh, et al. (4 alleles).  At marker FH2132, all of three 

purebred dogs had high allele frequencies (9-12 alleles) but heterozygosity of this 

marker in Golden Retriver (0.69) was much lower than in Bangkaew (0.8) and Thai 

Ridgeback (0.95).  The reason was Golden Retriver had 8 rare alleles which gave very 

low allele frequencies and one highly common allele.  These rare alleles were effected 

the result of heterozygosity similar to FH2158 and FH2010 in Golden Retriver.  In 

this study the heterozygosity within breed ranged from 64 % to 80 % that had higher 

values than previous study (Holmes et al., 1993; Fredholm and Wintero, 1995; Zajc et 

al., 1997 and Zajc and Sampson, 1999) which had heterozygosity values ranging from 

36 % to 55 % within breed.  Heterozygosity tended to increase as the number of 

alleles increased but it still depended on the frequency of each allele at that locus. 

Heterozygosity tended to increase if that locus had equally allele frequencies that 

showed in the marker FH 2145.  This locus had only 3-5 alleles but expressed high 

heterozygosity because it had equal allele frequency.  It indicated that the high 

common allele frequency correlated with low values of heterozygosity, PIC and PE in 

that locus.   

 

It is interesting to know whether the deviation from the Hardy-Weinberg 

equilibrium (HWE) was either in the direction of genetic variability or in the direction 

of heterozygote excess or deficit.  The main reason for the deviation from HWE is 

most likely the limited sample size, extensive gene flow or nonrandom mating.  From 

this study some loci deviated from the HWE that reflected the deviation both in the 

direction of heterozygosity defecit and excess.  There were 2 loci (CXX2097, 

FH2010) in Golden Retriver, 2 loci in (FH2161, Fh2010) Bangkaew and one locus 

(FH2010) in Thai Ridgeback that showed the deviation from HWE.  In dogs, most of 

their characteristics come from human selection so it should not follow HWE.  

However, from this study most of the markers followed this theory.  It supposed to be 
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the genetic variability of the population in that breed or those markers were not the 

one that using for breed selection. 

 

The presence of variable of number of alleles, high PIC values and most of the 

loci following in HWE may be assumed that these group of dogs might not have 

inbreeding problem at this time.  The same result as the study of Asian dogs (Kim et 

al., 2001), microsatellite loci showed a high variability in Asian dogs with 4-12 

alleles and high heterozygosity.  

 

From this study the result of 12 microsatellitte makers showed that three 

microsatellite loci (FH2016, FH2132 and FH 2138) were the highest polymorphic 

markers in three purebred dogs.  These markers may be used to screen for parentage 

testing of any breed in case of lacking information from those dogs.  The average PIC 

value (0.70) from these three purebreds was slightly lower than reference values 

(0.74, FHCRC Dog Genome Project) and Cargill et al., 2002 (0.74).  Thai Ridgeback 

and Bangkaew had the same PIC value but differed from Golden Retriver (P<0.01).  

Only Thai Ridgeback had the same PIC value as reference.  The different PIC value 

may come from the genetic variability of the dog population.  In this study, most of 

the dog samples were relative that affected the variability of gene pool. 

 

The accuracy of animal parentage testing is higher when both parents included 

in the analysis and decreases when it has only one parent. Thus, the way to complete 

solution of complex parentage requires a large set of microsatellite markers. The 

informative power of parentage testing correlates strongly with polymorphism of the 

locus, so the highly polymorphic microsatellite loci would also express the higher 

exclusion probability.  Further, the heterozygosity and PE of a locus also depended on 

the distribution of alleles in the population. Thus, genetic diversity of the breed, 

degree of sire relatedness and number of candidate sires of animal also effected the 

identification result (Sherman et al., 2004).  In evaluating the effectiveness of 

paternity test, heterozygosity and number of loci were important things that should be 

considered. 
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From the obtained data, high exclusion power of 12 microsatellite markers had 

proved them valuable for parentage testing.  Although the exclusion probability at a 

single locus is relatively low, it increases by every added microsatellite marker. 

Eventhough, domestic dogs are very inbreed, the microsatellite markers had been 

proved to be useful for paternity test.  From this study the selected microsatellite set 

had the same power of exclusion as previously reported by Fredhlom and Wintero  

(1995). 

 

Six canine microsatellite loci were sufficient to reach the exclusion probability 

of 99 % in the study of  Zajc and Sampson (1999).  From our result agreed only in 

Bangkaew and Thai Ridgeback.  To reach the exclusion probability of 99 % in all 

three breed tested seven most polymorphic markers were required.  The mutation rate 

for microsatellite is estimated to be between 10-2 -10-4 per generation.  Thus a new 

mutation could result in excluding a true father that can make a false negative result.  

In some case, the putative parent was relative which caused them difficult to analyze.  

This problem can be overcome by adding more markers and requiring potential 

fathers to be excluded at least two loci. 

 

Although different markers were used, Golden Retrivers express significantly 

lower polymorphism than Thai Bangkaew and Thai Ridgeback.  The PE of Thai dogs 

(Thai Bangkaew and Thai Ridgeback) still were higher than Europian dogs (Golden 

Retriver).  It may be due to the lower number of Golden Retrivers in this study or the 

process of breed selection.  Golden Retriver has been selected for a long time so their 

genetic fedelity are considerably stable.  In Thai Ridgeback, they were registerd in 

American Kennel Club a few years ago so their breed standard began not so long as 

Golden Retriver.  If look at the phenotypic characteristic of Bangkaew, they are more 

variable than Thai Ridgeback.  It may be assumed that they may have genetic 

diversity or more variable gene pool than Golden Retriver.  This topic should be 

studied and proved in the future. 
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From this study, all of the applicable markers were tetranucleotide repeat that 

showed higher polymorphic and typically resolved with fewer stutter bands (extra 

peaks that result from errors during replication) which made these set of markers easy 

for analysis as in another study (Leigh et. al., 2004).  Most of these markers were the 

new loci for paternity testing that had never been used in any study and most of them 

showed to be a valuable DNA-based genetic markers to be used for parentage testing.  

Besides, two of them (FH2132 and FH2608) may be used for breed identification of 

Thai dogs in the future.  For individual identification, these 162 dogs expressed 

unique DNA pattern that could be used for identity test.  Probability of identity 

showed the high value to exclude 2 dogs having the similar genotype in all three 

breeds.  The probability of identity was one in billion in Golden Retriver, one in 

trillion in Bangkaew and 0.1 in trillion in Thai Ridgeback.  There is 63 million people 

in Thailand, thus, the population of the dogs should not more than 10 million.  If look 

at the possibility of this figure, it is impossible to have 2 dogs having the same 

genotype in all three breeds.   
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CONCLUSION 
 

The results presented here demonstrate that recent advancements on molecular 

biology such as Polymerase Chain Reaction (PCR) and the discovery of molecular 

markers are significantly helping solve problem in parentage testing and individual 

identity.  From this study, 12 of 25 microsatellite markers that are evenly distributed 

in the genome, highly polymorphic and easy to identify can be useful for parentage 

testing in dogs.  It proved that these multiple markers had the power in excluding two 

unrelated individuals from each other.  Furthermore, DNA pattern from these 162 

dogs also showed unique pattern that made this technique to be essential for identity 

test.   

 

 The various forms of a given microsatellite that are identified by differences 

in repeat number are referred to as alleles and are inherited in a Mendelian fashion. 

These patterns of alleles from sire, dam and offspring can be used for resolving in 

parentage verification.  From this technique a variety of sample types can be utilized, 

including blood, hair, semen, buccal swabs, urine, feces, bone, teeth and saliva.  Only 

small amount of DNA samples were used for identification, different DNA template 

from different individuals gave specific alleles that could be used for tracing back to 

their parent and identifying identity.  PCR conditions of these markers were similar 

and allelic sizes of these microsatellite markers were 150-450 base pair allowing the 

same concentration of polyacrylamide gel to be used all of which made them easily 

for practical routine checking.  

 

The effectiveness of paternity test depend upon the level of information of 

markers loci that is determined by its values of Polymorphic Information Content 

(PIC), Heterozygosity (H) and Paternity Exclusion Probability (PE).  From the data, 

the significant differences between breed were in their frequencies and distribution of 

the alleles across loci.  The microsatellite markers exhibited 3-12 alleles across breed 

and 6.250-8.0 alleles within each breed.  Across breed mean Ho and He ranged from 

0.64 to 0.8 and 0.64 to 0.78, respectively.  Of the marker loci sets tested, PIC values 
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ranged from 0.31 to 0.88, 12 markers showed a polymorphism locus (PIC > 0.5) in 

three breeds except for FH2010 locus in Golden Retriver.  The analysis of these loci 

also revealed that they had highly average paternity exclusion probability (PE) range 

from 0.44940 in Golden Retriver, 0.56251 in Thai Bangkaew and 0.60679 in Thai 

Ridgeback.  Combined paternity exclusion probability in 12 loci also revealed highly 

value range from 99.935 % in Golden Retriver, 99.996 % in Thai Bangkaew and 100 

% in Thai Ridgeback.   
 

The result of this study had the same outcome as other report in Golden 

Retriver.  There were three markers (FH2016, FH2132 and FH2138) that showed 

highly PIC and Paternity Exclusion Probability (PE) for the three breeds of dogs. 

These markers could be used for markers of choice in case of unknown data.   

 

 Finally, it is important to remember that the accuracy of parentage exclusion 

still depends on the relationship of the animal.  To prevent this error, one needs to 

submit samples from all possible parents when first requesting for parentage 

identification.  If more than one sire and one dam qualify as parents of an offspring, 

the additional DNA markers are required to sort out the actual parents. 
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Gel Electrophoresis Solution 

  

 - 0.5 M EDTA pH 8.0 (1 liter) 

 EDTA    186.12 g 

 NaOH pellet   20 g 

 Add ultra-pure water to a final volume 1 liter. 

  

 - 5X TBE (1 litre)   pH 8.3 

   Tris base    54  g 

   Boric acid   27.5 g 

   0.5 M EDTA (pH 8.0)  20 ml. 

   Add ultra-pure water to a final volume 1 liter.  

 

 - Ammonium Persulfate (10% w/v) 

   Ammonium persulfate 1 g 

   H2O    to 10 ml 

  Dissolve 1 g ammonium persulfate in 10 ml of H2O.  It is used as 

 catalyst for copolymerlization of acrylamide and bisacrylamide gel. 

 

 - TEMED (N, N, N', N'-tetramethylethylenediamine) 

  Keep at 4 ºC 

 

 - 6 % Polyacrylamide solution with 7 M Urea (400 ml) 

  40 % (19:1) Acrylamide solution 60 ml 

  Urea     168 g 

  5X TBE    80 ml 

 Add distilled water to a final volume 400 ml. 

 

 - Fix / Stop solution (10 % Acetic acid, 2 liter) 

  Acetic acid   200 ml 

  Add distilled water to a final volume 2 liter. 
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- Staining solution (2 liter) 

 AgNO3   2 g 

 Formaldehyde 37%  3 ml 

 Add distilled water to a final volume 2 liter. 

 

- Developing solution (2 liter) 

 NaCO3    60 g 

 Sodium thiosulfate  400  µl 

 Formaldehyde 37%  3 ml 

 Add distilled water to a final volume 2 liter. 

 

- Formamide-loading dye (50 ml) 

 EDTA (0.5 M pH 8.0)  1 ml 

 Xylene cyanol FF (1 mg/ml) 200 µl 

 Bromphenol blue (1 mg/ml) 200 µl 

 Add formamide (80 %w/v) to a final volume 50 ml. 
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