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Simple Summary: Recently, a growing interest in dogs originating from crossbreeding of different 

breeds has been observed. The great popularity for such dogs causes an increase in the number of 

"pseudo-breeding", focused on financial profits. Such pseudo-breeding are burdened with a high 

risk. Therefore, it seems extremely important to be able to genetically control "hybrid" dogs, which 

may prove important for the protection of dogs breeding. The application of the STR panel and the 

model-based Bayesian clustering method implemented in the STRUCTURE software to breed 

assignment could be applied in breed identification and diagnosis of hybrids different dog breed.   

Abstract: The aim of the study was to verify the effectiveness of the method that analyses the 

microsatellite DNA to genetically identification dog breeds and crossbreeds using reference 

populations of the purebred individuals and Bayesian clustering analysis. The study was conducted 

based on 21 microsatellite markers (STR) recommended by ISAG for pedigree studies of dogs. The 

genetic diversity and structure of the population of 4 studied breeds were assessed: Golden 

Retriever, Bernese Mountain Dog, Poodle and Chinese Crested Dog, which were used to analyse 

two cases concerning confirmation of breed affiliation. The level of observed (Ho), expected (He) 

heterozygosity, degree of inbreeding (Fis) and polymorphism information content (PIC) were 

analyzed. The probability of exclusion was estimated in the case of knowing the genotype of one of 

the parents (CPE1) and both parents (CPE2). A relatively high level of genetic diversity of the studied 

breeds, constituting reference populations, was found, above 50% for Ho and PIC, and no 

inbreeding. The probability of CPE1 and CPE2 was obtained at the level of 99% and 99.99%, 

respectively, which allowed the use of these markers for parental analysis. The clustering method 

in the Structure software and the coordinate analysis - PCoA for genetic structure evaluation were 

used, which showed the possibility of identifying breeds in the examined dogs. The level of 

admixtures in the genotype of the examined individuals while studying two cases of crossbred, was 

determined and the results were confirmed by PCoA analysis and parentage control. The obtained 

results can serve as valuable initial information for the development of dog breed identification 

DNA testing, which can be used to monitor breed compatibility and confirm the intended breed 

contribution in currently popular hybrid breeds. 

Keywords: hybrid dog breeds; identification breeds; STR markers; genetics structure 

 

1. Introduction 

The dog population can be conventionally divided into three groups: purebred dogs, mixed-

breed dogs (mongrels – without a known share of parent breeds), or hybrid dogs, sometimes called 

"designer" breeds, where the share of parent breeds is known or even desired [1]. The term purebred 

dog refers to an individual whose parents belong to the same breed – they are characterised by the 

same exterior and interior, i.e. they meet the requirements of the breed standard and have 
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documented origin. Many of today's dog breeds were created by crossing other breeds with each 

other in order to achieve the effect of cumulating the positive traits of the parent breeds. Currently, 

we can come across so-called “designer” dog breeds, such as the increasingly popular Labradoodle, 

Goldendoodle, and Cockapoo, or the lesser known Bernendoodle, Chorkie or the excellent, working 

sled dog Greyster. Designer breeds are currently causing great controversy due to their growing 

popularity, but also because of the threats they pose to established breeds and their breeders. 

However, it cannot be forgotten that in the case of descriptions of the origins of the vast majority of 

dog breeds recorded and registered today by kennel clubs or cynological organisations, other groups 

or dog breeds known at the time participated in their creation. Therefore, it can be argued that many 

of today's recorded breeds originate from so-called designer or hybrid breeds, which were created 

based on crosses of various original breeds. For example, it is believed that the modern Doberman 

was bred by a German tax collector of the same name by crossing old-type German Shepherds, 

Rottweilers and German Pinschers, also known as German Terriers [2]. Another excellent example is 

the Kromfohländer registered in group IX Toy and Companion Dogs (as the only one in its section), 

derived from crossing the Fox Terrier and the Vendeen Griffon [3]. Mixed dogs, often called 

mongrels, unlike purebred dogs, are usually the result of accidental, unplanned mating, and may be 

the result of crossbreeding different purebred dogs or other mixed breed dogs. Mixed breed dogs do 

not have described and registered breed standards, i.e. a detailed description of the interior and 

exterior features required for purebred dogs [1]. Their appearance and also psychological traits are 

very diverse and in the case of a puppy we cannot predict what it will look like in the future or how 

it will behave. On the other hand, the deliberate mixing of breeds, as a result of which we get so-

called "hybrid" or "designer" dogs, aims to create new, previously unseen individuals with desired 

traits, usually related to a specific appearance, but also taking into account desirable behavioral traits. 

The best example of this would be the Labradoodle breed, which was intentionally created by Wally 

Conron in 1989 to combine the coat characteristics of the Poodle (no or very little shedding, less 

allergenic properties) with the temperament, intelligence, and personality of the Labrador, known as 

an excellent service dog. Since Poodles come in three sizes, Labradoodle puppies also vary in both 

size and coat quality - sometimes they may look more like a Poodle and sometimes more like a 

Labrador.  

Since the end of the 20th century, we have been observing a growing interest in dogs originating 

from crossbreeding of different breeds. In addition to the Labradoodle, the Maltipoo, Cavapoo and 

Cockapoo are also popular, which originated from crossbreeding poodles with the Maltese, Cavalier 

and Cocker Spaniel, respectively. They are not only considered to be non-shedding, hypoallergenic 

dogs, but are also pretty - their coat is wavy or curly, they come in different coat colors, and they are 

known for their friendly, cheerful and nice disposition. "Hybrid" dogs often command higher prices 

than their purebred parents. This results in a fairly rapid increase in the number of breeders focused 

on breeding dog hybrids. These breeders try to perpetuate the desired traits in subsequent 

generations so that the "hybrid variety" can be recognized as a true breed in the future. An example 

is the Maltipoo breed, which has been recognized in the USA for 30 years. The great popularity and 

demand for such dogs also caused an increase in the number of so-called "pseudo-breeding", "puppy 

mills" or "puppy farms" focused on financial profits and operating similarly to factories of saleable 

goods. Such "production" is burdened with a high risk: puppies from parents of 2 different breeds 

may differ significantly in size, type of coat, or body structure. There is no guarantee that after 

crossing individuals of two different breeds we will receive the desired phenotype in the first 

generation. We are also not able to predict in any way which genes will be revealed in them. In 

addition, dogs from "puppy farms" are often not tested and treated, they may be burdened with 

genetic defects, be ill or be carriers of undesirable genes characteristic of the parent's breeds. Often, 

such puppies are not dewormed or vaccinated. Therefore, it seems extremely important to be able to 

genetically control "hybrid" dogs, which may prove important for the protection of purebred dogs in 

order to maintain the purity of breeds. 

Another problem that can be observed in the breeding of hybrid or mixed-breed dogs is double 

mating. This involves mating a given female dog in the same heat with two different sires in order to 
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obtain puppies from two fathers (i.e. two different "hybrids") in one litter. It can be planned by the 

breeder or happen randomly, without the breeder's knowledge. Even planned double mating is not 

in line with the breeding regulations of most respectable kennel clubs. This widespread practice has 

led to the creation of different rapid identification tests for breeds or mixed breeds, it also led to the 

need of developing DNA tests to confirm genetic affiliation to a given breed or the identification of 

breeds in hybrids and mixed breeds. These tests are becoming increasingly popular, but 

unfortunately, they are not always reliable and effective. An investigative study was conducted to 

test the accuracy of commercially available DNA genetic tests. Biological material was collected from 

two mixed-breed dogs, one pedigree dog, and one human and sent to four companies for testing. 

Except for the case of a pedigree dog, for which two genetic tests showed the correct result, the others 

were contradictory [4]. Only the use of validated genetic tests provides a basis for conducting a 

reliable analysis of the breed identification of a dog. For such tests, a set of 21 DNA microsatellite 

markers (STR - short tandem repeat) can be used, which is recommended by the International Society 

of Animal Genetics (ISAG) for routine pedigree tests of dogs [5–7]. The use of the developed STR set 

for individual and pedigree identification of dogs in combination with the Bayesian model of 

assigning individuals to a cluster or clusters implemented in the STRUCTURE program can 

distinguish a genetically pure breed from crossbreeds and statistically assign individual individuals 

to breeds [7–12]. Another frequently used method that uses STR markers to demonstrate genetic 

similarity and group individuals according to their breed affiliation is principal coordinate analysis - 

PCoA [13,14]. In our research, we used both the STRUCTURE and PCoA methods to analyse two 

interesting cases: 1) a litter of 11 Golden Retriever (GR) puppies, almost half of which were black at 

birth (a coat color unacceptable for GR), suggesting the involvement of another male in the 

fertilization process; 2) a puppy that was purchased as a Chinese Crested Dog (CC), but during 

development began to exhibit surprising coat-related characteristics characteristic of the Poodle 

breed (PD). 

This study aimed to verify whether the analysis of DNA microsatellite polymorphism using 21 

STR routinely used for dog identification and pedigree control can also be effectively used for the 

genetic identification of a dog breed – a mixed breed – two-breed crosses using a reference population 

of purebred individuals of selected breeds.  

2. Materials and Methods 

2.1. Materials 

For population studies, calculation of statistical parameters, and analysis of the genetic structure 

of selected breeds of dogs, the results of pedigree studies collected in the DNA database National 

Research Institute of Animal Production (NRIAP) in 2018–2023 were used. Blood samples were 

collected from dogs undergoing routine parentage testing at NRIAP. All the sampled animals were 

registered with the Polish Kennel Club. A total of 473 unrelated dogs have been chosen to collect 

reference groups, representative samples of the Polish population, including a Poodle (PUD, n=85), 

a Chinese Crested Dog (CC, n=84), a Bernese Mountain Dog (BM, n=114), and a Golden Retriever 

(GR, n=190).  

The analysis of two cases was carried out upon request of dog owners. The first case concerned 

11 puppies from the same litter probably from double mating. The mother of the puppies was a 

Golden Retriever, and the potential fathers were - one Golden Retriever and one Bernese Mountain 

Dog. The second case concerned confirmation of the puppy's breed purchased as a Chinese Crested 

Dog that did not correspond phenotypically to the breed pattern. 

2.2. Methods  

DNA was extracted from swabs and blood samples using the Sherlock AX Kit (A&A 

Biotechnology, Gdynia, Poland), following the manufacturer’s protocol. Extracted DNA was 

quantified using a NanoDrop 2000 spectrophotometer (Thermo Scientific, Wilmington, DE, USA). In 

the analysis, we selected 21 loci from the recommended ISAG core panel for the identification of 
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individuals and parentage testing in the dogs: AHTk211, CXX279, REN169O18, INU055, REN54P11, 

INRA21, AHT137, REN169D01, AHTh260, AHTk253, INU005, INU030, FH2848, AHT121, FH2054, 

REN162C04, AHTh171, REN247M23, AHTH130, REN105L03, REN64E19, and Amel locus. The 

markers and used primer sequences are presented by Goleman et al. [15]. The STR loci were amplified 

using Phusion U Hot Start DNA Polymerase (Thermo Scientific, Wilmington, DE, USA). The PCR 

reaction was performed on Veriti® Thermal Cycler amplifier (Applied Biosystems, Foster City, CA, 

USA), using the following thermal profile: 5 min of initial DNA denaturation at 98°C, followed by 30 

cycles of denaturation at 98°C for 15 s, annealing at 58°C for 75 s, elongation of starters at 72°C for 30 

s, and final elongation of starters at 72°C for 5 min. The obtained PCR products were analysed using 

an ABI 3130xl capillary sequencer (Applied Biosystems, Foster City, CA, USA). The amplified DNA 

fragments were subjected to electrophoresis in 7% denaturing POP-7 polyacrylamide gel in the 

presence of a standard length of 500 Liz and a reference sample. The results of the electrophoretic 

separation were analyzed automatically using the GeneMapper® Software 4.0 (Applied Biosystems, 

Foster City, CA, USA). 

2.2.1. Data Analysis  

The statistical analysis of the obtained results was carried out based on the genetics parameters: 

observed heterozygosity – HO, expected heterozygosity – HE, and inbreeding coefficient – FIS for 

each marker were calculated according to Nei and Roychoudhury [16], and Wright’s [17]. 

Polymorphic information content – PIC was estimated by Bostein [18]. The probability of parentage 

exclusion was calculated for two cases when the genotypes of one and both parents are known - PE1 

and PE2 [19]. The statistical analysis was carried out using the IMGSTAT software, ver. 2.10.1 (2009), 

which supports the laboratory of the National Research Institute of Animal Production. 

Population Structure was analysed using a Bayesian clustering algorithm implemented in 

STRUCTURE software version 2.3.4 [20], considering an admixture model with correlated allele 

frequencies between breeds. The lengths of the burn-in and Monte Carlo Markov Chain (MCMC) 

simulations were 100,000 and 500,000, respectively, in 5 runs for each number of clusters (K) ranging 

between 2 and 6. The population relationships based on principal coordinate analysis (PCoA) were 

obtained using the GenAlEx ver. 6.51 software [21]. 

3. Results and Discussion 

Mixed-breed dogs that do not have any purebred ancestors within several generations are often 

difficult or impossible to identify. The inherited variants of DNA that are unique to specific breeds 

get lost with each generation of mixed-breed progeny which is why mixed-breed dogs that do not 

have any purebred ancestors within 2-3 generations are often difficult or impossible to identify. In 

contrast to first-generation crosses between two purebred parents which are relatively easy to 

identify. However, to carry out such breed identification it is necessary to have a reference population 

representing these breeds. 

In our study, we have used reference populations representing 4 dog breeds, which enabled the 

analysis of 2 cases of breed identification of puppies. First concerning the confirmation of the breed 

affiliation of puppies to the breeds of alleged fathers - GR and BM from an unplanned double mating 

(Figure 1). The second - confirmation or exclusion of the breed of a purchased puppy as a Chinese 

Crested dog, whose appearance raised suspicions that another breed participated in its phenotype 

and with the continuous growth of the puppy, the deviation from the Chinese Crested breed standard 

increased (Figure 2). 
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Figure 1. Alleged fathers of puppies from mixed litter: father no 1 (male of Bernese Mountain breed) 

and father no 2 (male of Golden Retriever breed). 

  

Figure 2. The dog was purchased as a Chinese crested dog, showing characteristics specific to a 

poodle. 

At the first stage of the study, the polymorphism of 21 STR markers was assessed in the 

established reference populations for the studied breeds. Estimates of within-breeds genetic diversity 

are summarized in Table 1. The highest average heterozygosity was found for the Chinese Crested 

Dog (Ho=0.56 and HE=0.61). Similar Ho and HE >0.5 values were obtained in the rest of the breeds. 

Similar Ho and He values had low Fis values ruling out the occurrence of inbreeding in these 

populations. The population inbreeding coefficient – FIS was low and ranged from 0.003 (BM and 

PD) to 0.053 (CC). Mean PIC values for the studied breeds were at the same level of PIC>0.5. The 

degree of polymorphism and heterozygosity observed and expected at a level above 50% is similar 

to the variability observed in many other dog breeds in the world [6,7,12,22–28], and it indicates the 

usefulness of this panel for further research.  

Parentage confirmation from the indicated parents was carried out through a comparative 

analysis of the established DNA profiles, and the assessment of the genetic structure of the examined 

breeds was made using two different approaches: STRUCTURE and PCoA. The probability of 

exclusion was calculated for two situations with one parental genotype available (CPE1) and two 

parental genotypes available (CPE2). The cumulative exclusion probability for CPE1 and CPE2 was 

higher than 0.99 and 0.9999, respectively, which indicates that in the studied breeds, we can exclude 

the origin of the dog with 99% probability when we know the genotype of one of the parents and 

with over 99.99% when we know the genotype of both parents (Table 1). Such exclusion probability 

allows for a reliable analysis of the parentage verification of the presumed/indicated parents [29–32]. 

Table 1. Mean values of genetic parameters were assessed for 21 STR loci of the study breeds. 

Breed Ho HE FIS PIC CPE1 CPE2 

BM (n=114) 0,577 0,581 0,003 0,533 0.993499 0.999937 

GR (n=190) 0.560 0.584 0.049 0.5385 0.993244 0.999939 

CC (n=54) 0.585 0.614 0.053 0.573 0.996508 0.99998 

PD (n=114) 0.578 0.580 0.003 0.533 0.993499 0.999937 

The genetic population structure of each study breed was determined based on the admixture 

level for each dog using the correlated allele frequencies model implemented within the STRUCTURE 

software. For some breeds, such as Pitbull or the Doberman above-mentioned, genotypes do not refer 

to a single group of individuals of a recognized breed, but to the genetically diverse groups, most 
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often depending on the breeding region [33,34], which share similar physical features. For such 

breeds, creating a reference population that creates one coherent cluster is difficult or even 

impossible, which does not allow for genetic breed identification of dogs that can be phenotypically 

classified as a given breed. In addition, it must be borne in mind that when the dog comes from a 

foreign breeding, or its parents come from another, separate population, the test may not confirm 

belonging to the expected breed. This is due to genotypic differences between a given individual and 

a reference population created from the national population. Variants of the genetic markers (alleles) 

used may be incompatible with marker variants in our native population. However, it has been 

shown that canine STRs exhibit breed-specific genotype patterns and that STR panels could be 

suitable for differentiating dog breeds [7,9–12]. In the study by Leroy et al. 2009, covering 1514 dogs 

representing 61 dog breeds, 95.4% of dogs were correctly assigned to their breed, of which in the case 

of 44 breeds, including Golden Retriever, Bernese Mountain Dog, the percentage of correct 

assignment was close to 100% [35]. Reference populations based on 21 STRs for 4 studied breeds: 

Golden Retriever, Bernese Mountain Dog, Chinese Crested Dog, and Poodle allowed for the 

establishment of genetically uniform clusters composed of individuals with similar genetic structure 

for each breed. Bayesian analysis of the structure of 473 reference dogs showed the existence of 4 

genetic clusters (K=4, Figure 3). All reference dogs of each breed were assigned to a separate cluster 

with an average probability ranging from 97.7% to 99.9%, similar to the study by Schelling et al. [36], 

who, based on the same set of 21 STRs, 311 animals and 7 breeds, obtained 96.5% correct assignment. 

This indicates that this method can be successfully applied to further studies. 

 

GR BM CC    PD 

Figure 3. STRUCTURE analysis of 21 STR genotypes from dogs studied. The samples were grouped 

by the 4 breeds (K=4): GR - Golden Retriever; BM - Bernese Mountain Dog; CC – Chinese Crested 

Dog; PD – Poodle. The average proportion of assignment to the cluster (Q) above 97% was found for 

GR and PD breeds, and above 98% and 99% for CC and BM, respectively. 

Principal coordinate analysis (PCoA) was also used to estimate the genetic distance between the 

studied canine breeds. The pattern genotype distributions on the plot showed separate clustering of 

the study breeds and revealed a high pattern of groupings. PCoA results obtained with clearly 

separated 4 groups are in perfect concordance with the results of STRUCTURE analyses, which 

indicated the 4 clusters, representing 4 dog breeds. (Figures 3 and 4). 

 

Figure 4. Principal Coordinates Analysis (PCoA). PCoA analysis based on genetic distances showed 

4 clustered populations corresponding to the dog breeds studied. GR - Golden Retriever; BM - Bernese 

Mountain Dog; CC – Chinese Crested Dog; PD – Poodle. 
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Case Study 1 

DNA profile analysis at 21 microsatellite loci in 11 puppies from a litter suspected of double 

mating confirmed the origin of all puppies from the indicated mother - a GR bitch and from two 

alleged fathers. Of the examined puppies, 6 were consistent with a BM dog and 5 with GR 

(Supplementary, Table S1). In the analysis of the genetic structure of the litter conducted in the 

STRUCTURE program, the mother (lane 87), one of the fathers (lane 88) and 5 puppies were clearly 

assigned to the GR breed (lane 82-86). The mother with a probability of 97%, while the father and 

puppies with a probability of > 98%. The remaining 6 puppies (lanes 76-81) were assigned to both the 

BM breed and the GR breed with a probability of 34% to 60%. The second father (lane 89) clearly 

clustered with BM individuals with a high – 99.8% probability (Figure 5). 

 

 

lane Q Q    color 

76 0.417 0.583 Pup1 mix ♀ black 

77 0.330 0.670 Pup2 mix ♀ black 

78 0.506 0.494 Pup3 mix ♀ black 

79 0.342 0.658 Pup4 mix ♀ black 

80 0.438 0.562 Pup5 mix ♀ black 

81 0.352 0.648 Pup6 mix ♂ black 

82 0.992 0.008 Pup7 GR ♀ cream 

83 0.992 0.008 Pup8 GR ♀ cream 

84 0.998 0.002 Pup9 GR ♀ cream  

85 0.992 0.008 Pup10 GR ♂ cream 

86 0.988 0.012 Pup11 GR ♂ cream  

87 0.976 0.024 Mother GR ♀ cream 

88 0.998 0.002 Father GR GR ♂ cream 

89 0.002 0.998 Father BM BM ♂ tricolor 

Figure 5. STRUCTURE analysis of 21 STR genotypes from Golden Retriever (GR), Bernese Mountain 

Dog (BM), and mixed dogs. The samples were grouped, by K=2. 

The differentiation between the GR and GR-BM crossbreed puppies was confirmed by Principal 

Coordinate Analysis (PCoA). It separated the littermates into two clusters, a group of 5 individuals 

that were inferred as GR dogs by STRUCTURE analysis and a group of 6 individuals that were 

inferred as GR-BM crossbreeds, showing clear differentiation between these groups. The sire and 

dam identified as GR dogs clustered together with the GR puppies and were separated by the 

Coord.1 axis from the crossbreeds and the BM dog sire, while the BM dog was separated from the 

crossbreed puppies by the Coord.2 axis (Figure 6). 

 

Figure 6. Principal Coordinates Analysis (PCoA) showed 2 clustered populations corresponding to 

the Golden Retriever (GR) breed and mixed dog. The group of mixed-breed individuals is located 

between the GR group of dogs and the BM breed father. 
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Case Study 2 

Chinese Crestepoos are a breed that results from crossing a Chinese Crested Dog with a Poodle. 

They are popular pets because they are appropriate for many different owners, such as singles, 

seniors, families with children, and people with allergies. They are both ideal lap dogs and animals 

to playing. That is why Chinese Crestepoos are very popular which causes the possibility of making 

a breed mistake, that is sometimes also intended. Case 2 concerns a puppy bought as a Chinese 

Crested Dog, however with his growth its appearance was different from that of the CC (Figure 2). 

DNA profile analysis in 21 microsatellite loci in the puppy and its father excluded its origin from the 

indicated father. In 4 loci: AHTh171, Fh2848, INU005, and INU055 (Supplementary, Table S2) the 

identified alleles were not consistent in the offspring and its father, which excludes the relationship 

of these dogs. Material from the mother was unavailable. In addition, the genetic structure analysis 

conducted in the STRUCTURE program showed that the tested puppy was assigned to both the 

Chinese Crested breed with a probability of 51% and to the Poodle breed with a probability of 49% 

(Figure 7 lane 101). The indicated father of the puppy showed a structure consistent with the Crested 

at a level of > 98% (Figure 7 lane 50). 

 

 

 CC PD 

Lane 101 0.513 0.487 

Figure 7. Structure analysis of 21 STR genotypes from Chinese Crested Dog (CC) and Poodle (PD ) 

dogs, and mixed genotype. Samples were grouped into 2 groups by K = 2. Line 101 depicts an alleged 

hybrid dog - Chinese Crestepoo, Chinese Crested Dog (51%) x Poodle (49%). 

The analysis of the puppy and his alleged father, who on the base DNA profiling was excluded 

as a father, was confirmed by PCoA (Figure 8). PCoA analysis separated the samples from PD and 

CC breeds into two clear clusters separated by a Coord.1, and a sample corresponding to the putative 

hybrid dog - Chinese Crestepoos was located between them (Figure 8). 

 

Figure 8. Principal Coordinates Analysis (PCoA) plot presents 2 clustered populations corresponding 

to the Chinese Crested Dog (CC) and Poodle (PD) dog breeds and the mixed sample (mix) genotype 

differentiation of the putative hybrid dog. 

4. Conclusions 

Application of the study STR panel and the model-based Bayesian clustering method 

implemented in the STRUCTURE software to breed assignment proved sufficient to clearly define 4 

separate genetic clusters for the 4 dog breeds. It that can be successfully used to identify dog hybrid 

breeds. The result obtained was confirmed using the principal coordinates - PCoA analysis. In case 
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of both studies, DNA profiling allowed to determine the parentage of the puppies after their parents, 

or to exclude the dog's father. In addition, the obtained results confirmed the correct inference of the 

belonging of the examined dogs to the breed.  

Given that in both cases dogs were correctly assigned to the breed using 21 microsatellite 

markers (ISAG) routinely used for pedigree testing, it can be concluded, that our approach proved 

appropriate and that this panel can be successfully used in the identification of the breed and 

diagnosis of hybrid breeds in different breeds of dogs. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. Supplementary material contains Table S1 and Table S2 with the canine DNA 

profiles obtained for case 1 and case 2, respectively. 
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