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Abstract

Cesky Fousek is considered to be one of the oldest pointing dog breeds in Europe and has
been appreciated for its versatile working skills. Because it faced extinction in the past, the
Cesky Fousek was restored from German Wirehaired and Shorthaired Pointers. Addition-
ally, the breed was recently used in the USA with the initial intent of improvement of the
Wirehaired Pointing Griffon (synonymous with Korthals Griffon) by the Bohemian Wire-
haired Pointing Griffon Club of America. This study evaluates genetic diversity parameters
of Cesky Fousek and compares them to the other continental pointing dogs that played a
role in the formation of its gene pool. DNA from buccal swab and blood samples (n = 405)
were analyzed using 18 microsatellite markers. Parameters of genetic polymorphism show
that the Cesky Fousek breed has a comparable rate of variation as other hunting breeds
despite the low population size and severe historical bottlenecks. Clustering analyses reveal
a unique genetic status as a distinct pointing dog breed and the relatedness of the breeds is
in good concordance with historical data. The present study demonstrates that despite his-
torical admixture among lineages, separate pointing breeds constitute genetically differenti-
ated units, mirroring unique breeding stocks and pedigree isolation among specific breed
clubs, reflecting differences in breeding programs under each association.

Introduction

Dogs (Canis familiaris) are the first domesticated animals that interacted with humans from
the Paleolithic [1,2]. The only ancestor is a grey wolf (C. lupus) [3-5]. It is likely that humans
used the first dogs for protection of resources and for hunting [6]. Nowadays, we recognize
more than 400 dog breeds [7], most appearing from the mid-19th century [8]. Their origin is
associated, for example, with the rise of the middle class, nationalism, the industrial revolution,
and establishment of Mendelian genetics [9]. At the beginning of breed development, the gene
flow among many breeds was probably extensive [9,10]. Pedigree isolation in modern breeds
was often connected with strong founder effects, genetic drift, and inbreeding, resulting in
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decreased genetic diversity and pronounced effect of the deleterious recessive alleles [11,12].
Moreover, strict artificial selection for a few traits often leads to phenotypes prone to particular
health problems. For example, extreme selection for phenotypic traits led to respiratory defects
in short-muzzled breeds, spinal problems in breeds selected for long backs etc. [13-15]. Some
breeds, for example Irish Wolthound and Cesky Fousek, went through a severe bottleneck in
the near past (e.g. due to armed conflicts) and have been restored from a few founding animals
[10,16]. An overuse of popular sires and unequal use of breeding individuals highly influences
genetic composition of most breeds. All these phenomena reduce the genetic variability of the
breeds and have a negative impact through increased concentration of heritable diseases, espe-
cially within the breeds with a small population.

The present study focuses on pointing dog breeds, representing a substantial part of gun
dog variation. We used 18 microsatellite markers to compare the genetic structure and diver-
sity of selected central European pointing breeds (Cesky Fousek—-CF; Deutsch Drahthaar-DD;
German Wirehaired Pointer—-GWP; individuals of Bohemian Wirehaired Pointing Griffon
Club of America-BWPGCA; Wirehaired Pointing Griffon-WPG; and German Shorthaired
Pointer-GSP; Fig 1). European wirehaired breeds of pointing dogs have a very complex his-
tory. Prior to establishment of modern European pointing dog breeds, wirehaired dogs in gen-
eral were popular among hunters. Their coat was an advantage in cold weather and in dense
bush in the woods. However, at that time the breeding was not controlled, the hunters were
just selecting dogs with good working skills and the wirehaired individuals were mated
together to obtain the best dogs for the hunters [9,17]. At the end of 19™ and the beginning of
20™ century, when the breeds were already established, the wirehaired breeds were, more or
less, still interbred [10,18].

Fig 1. General appearance of six studied breeds. (A) Cesky Fousek; (B) Deutsch Drahthaar; (C) German Wirehaired Pointer; (D) individual of Bohemian
Wirehaired Pointing Griffon Club of America; (E) Wirehaired Pointing Griffon; (F) German Shorthaired Pointer. Tail docking is allowed for hunting breeds in
the countries of origin for these animals which were: Czech Republic (A; F), Germany (B; C) and USA (D; E).

https://doi.org/10.1371/journal.pone.0221418.9001
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The genetic structure of the modern wirehaired breeds was affected by the dramatic politi-
cal turnovers of 20th century that changed the country borders several times. For example, lit-
ters of CFs born in different parts of contemporary Czech Republic were exported to
contemporary Germany and Austria and registered in local stud books as different breeds,
such as Deutsch Drahthaar (DD) and Deutsch Stichelhaar (DS) [17]. The World Wars pushed
the CF breed to the edge of extinction in the Czech regions. However many descendants of the
original Czech dogs still existed in Germany under the breed names of DS and DD. It was
decided by the Czech CF breeder club to restore the CF breed using descendants of these DS
and DD individuals, thus maintaining the genepool of the old CF breed [10].

Although the English translation of Deutsch Drahthaar is German Wirehaired Pointer,
these two breeds are no longer the same. They each have their own breed clubs and registra-
tions and their phenotypes can be different. For example, DD may have a black coat color
while it is forbidden in GWP and the GWP may carry white coat color that is forbidden for
DD (S1 Fig). Historically, GWPs are from the same background as DDs, but are registered by
the American Kennel Club (AKC) and Canadian Kennel Club (CKC). The North American
GWPs are now selected primarily for upland and waterfowl hunting (feathered game). The
original DDs are recognized by the Federation Cynologique Internationale (FCI) and are usu-
ally used for a versatile work with various types of small game in the field, water, and woods.
Until recently, DDs are imported to the USA and registered there as GWPs, however, most
DD imported now into the USA are registered with the FCI through the German DD club.

There was a great debate in Germany during the late 1880s about discrimination and
nomenclature of breeds. At that time the German shorthaired, longhaired, and wirehaired
pointers were considered one breed with several variations in coat [19]. By 1888 the GSP and
WPG had been formally recognized as breeds and the studbooks closed. The wirehaired breeds
in central and northern Europe continued to intermix with occasional crosses with the GSP, a
breed that was much more numerous and had faster fieldwork [9,10].

The breed of Wirehaired Pointing Griffon (synonymous with Korthals Griffon) has a very
complex history as well. The WPG was developed from mostly German wirehaired dogs, span-
iels, and Pointers of various backgrounds and has a French parent breed club [9,20]. The WPG
also suffered from reduction of numbers during both World Wars but the French breed club
(Club Frangais du Griffon d’Arrét a Poil Dur Korthals) maintained a closed studbook [21]
unlike the Czech CF club. At the end of 19" century, the WPG breed was introduced in North
America where it was bred with a closed studbook until 1985 when then Wirehaired Pointing
Griffon Club of America (WPGCA; later changed to Bohemian Wirehaired Pointing Griffon
Club of America-BWPGCA) decided, that the breed needed improvement [20,22]. The rea-
sons given leading to this decision were the loss of hunting ability, increased occurrence of the
recessive genetic diseases, and the diminishing coat quality. The breed chosen for the restora-
tion was CF and the cross-breeding started in 1985. The improvement was immediate and
BWPGCA switched to breeding CF and continues to import Czech CF individuals into its
breeding system [19,20]. Subsequent to the switch there were backcrosses to two WPG males
(2013 & 2014) to increase genetic diversity. Since 2014 no WPG have been added back into the
BWPGCA gene pool. The BWPGCA has separate registration and breeding rules that, similar
to the FCI but unlike the AKC or CKC, include hunting ability and conformation testing for
breeding approval. Therefore, in our study BWPGCA individuals are separated from Wire-
haired Pointing Griffons from North America.

The aim of this study was: i) to assess genetic diversity and describe genetic parameters of
the modern Cesky Fousek breed which has a small population size and needs proper genetic
monitoring, and moreover has a complex history containing at least two other contemporary
pointing dog breeds in its genetic background; ii) to evaluate the level of genetic divergence
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between the German pointing dog breeds and Cesky Fousek and compare it to the known his-
tory of the breeds, and iii) to assess the level of genetic differentiation between Cesky Fousek,
North American Wirehaired Pointing Griffons, and the individuals from Bohemian Wire-
haired Pointing Griffon Club of America with a recent mixed CF/WPG background.

Materials and methods
Ethics statement

The Expert Commission Ensuring Welfare of Experimental Animals working at the Czech
University of Life Sciences Prague has approved this study the least invasive, thus, according to
the Czech law, this study does not need an approval of a State Ethical Committee.

Sampling

Samples were collected from 405 individuals representing six pointing breeds: Cesky Fousek
(CF; n = 193), Deutsch Drahthaar (DD; n = 87), German Wirehaired Pointer (GWP; n = 26),
individuals of Bohemian Wirehaired Pointing Griffon Club of America (BWPGCA; n = 38),
Wirehaired Pointing Griffon (WPG; #n = 20) and German Shorthaired Pointer (GSP; n = 41),
during years 2012-2016. Samples were taken as buccal swabs (FLOQSwabs®) with agreement
of the dog owners during dog shows, hunts, and hunting competitions. The origin of the sam-
ples is given in S1 Table. Samples from the Czech Republic and the Netherlands were taken by
SN, BCB, MJ, and PH (1 = 255); samples from other countries were obtained directly from
owners (n = 150). These owners were instructed how to take the samples correctly to avoid
contamination. Several samples were obtained from the Cornell Veterinary Biobank (n = 27),
which provided 23 samples of BWPGCA individuals and four samples of WPG individuals.
Some individuals sent by BWPGCA were imported individuals from the Czech Republic;
these samples were classed with the pure CFs from the Czech Republic to avoid biased results.
DNA from buccal swabs was extracted using Genomic DNA Mini Kit (Geneaid Biotech Ltd.,
New Taipei, Taiwan) for tissue and saliva according to the manufacturer’s protocol.

PCR and fragmentation analysis

We have selected nuclear microsatellites as the genetic marker type for this study due to their
high polymorphism, neutrality in respect to selection and a good statistical power to detect
recent population structure. A commercially available microsatellite genotyping kit (Canine
Panel 1.1; ThermoFisher Scientific) was used to amplify 18 microsatellite markers (AHTk211,
CXX279, REN169018, INU055, REN54P11, INRA21, AHT137, REN169D01, AHTh260,
AHTk253, INU005, INU030, FH2848, AHT121, FH2054, REN162C04, AHTh171 and
REN247M2). Fragmentation analysis was processed on ABI Prism 3100 Avant Genetic Analy-
ser (Applied Biosystems) using polymer POP-4tm separation matrix with DS-33 matrix stan-
dard size and Gene Scan TM 500 LIZ (Applied Biosystems) size markers.

Data and statistical analysis

Length of each allele was scored and binned in GENEIOUS R10 (https://www.geneious.com).
FSTAT was used to estimate allelic richness (Ar) based on minimal population size from the
smallest group in the study (18 individuals). Ar describes genetic variation while eliminating
the effect of the sample size. Estimates of expected heterozygosity (Hg), observed heterozygos-
ity (Ho), inbreeding coefficient (Fis) and number of private alleles for each population were
calculated in software GENEALEX 6.501. Pairwise fixation index values (Fst) and Hardy-
Weinberg (H-W) test for heterozygote deficiency were calculated in GENEPOP software
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[23,24]. Exact p-values for H-W test were calculated using a Markov chain algorithm [25] with
1000 dememorization steps for 500 batches and 1000 iterations per batch. Software POPULA-
TIONS [26] was used to compute a matrix of minimum genetic distances according to Nei
[27] for all individuals. This matrix was used to construct a phylogenetic neighbour-joining
tree of relationships among populations and individuals. The tree was graphically visualized in
FIGTREE [28]. Visualization of genetic relationships between individuals was processed in
GENETIX software [29] using factorial correspondence analysis (FCA). To assign particular
genotypes to respective clusters (K) and to assess substructure within the dataset, Bayesian
clustering approach implemented in software STRUCTURE [30] was used. Number of tested
K ranged from 1 to 10. For each value of K, five runs were performed with a burn-in period of
300 000 and 1 000 000 MCMC (Markov chain Monte Carlo) repetitions. The best support for
number of clusters (K) was combined in STRUCTURESELECTOR [31] using Evanno method of AK
[32] and MedMed K, MedMean K, MaxMed K and MaxMean K statistics [33] which are more
accurate for unequal population sample sizes (S2 Fig).

Results

Each individual had maximally 20% of missing data (S1 Table). All genotypes can be found in
S1 Table. The highest number of alleles per locus (Na) was found in DD (Na = 6.222; Table 1).
The highest Ar value was found in GSP (Ar = 5.304) and the lowest in BWPGCA (Ar = 4.723),
with CF showing an intermediate value of Ar = 5.245 (Table 1). The Hg ranged between Hp =
0.669 (in CF; Table 1) and Hg = 0.639 (in BWPGCA). The highest value of Fis was found in
WPG breed (Fig = 0.061; Table 1). The lowest value of Fig was found in GSP breed (F;gs =
-0.004; Table 1). In CF, Fis = 0.005. Values of Hardy-Weinberg heterozygote deficiency test
show that there is a significant lack of heterozygotes in DD.

Values of Fgr calculated for each pair of populations are stated in Table 2. The values indi-
cate that the breed of CF is less differentiated from BWPGCA (Fst = 0.030) than from DD and

Table 1. Descriptive genetic parameters for all studied breeds.

Breed n Na Ar Hg Ho HWE Np Fis
CF 193 6.111 5.245 0.673 0.669 * 3 0.005
SE 0.342 0.026 0.027 0.011
DD 87 6.222 5.117 0.676 0.660 e 5 0.022
SE 0.308 0.020 0.020 0.012
GWP 26 5.278 5.038 0.657 0.652 ns 5 0.014
SE 0.321 0.026 0.038 0.038
BWPGCA 38 4.889 4.723 0.639 0.639 ns 4 0.002
SE 0.241 0.028 0.033 0.028
WPG 20 5.222 5.142 0.683 0.644 * 6 0.061
SE 0.222 0.029 0.039 0.035
GSP 41 5.889 5.304 0.650 0.653 ns 4 -0.004
SE 0.322 0.040 0.043 0.022

CF = Cesky Fousek; DD = Deutsch Drahthaar; GWP = German Wirehaired Pointer; BWPGCA = individuals of Bohemian Wirehaired Pointing Griffon Club of
America; WPG = Wirehaired Pointing Griffon; GSP = German Shorthaired Pointer; SE = standard error; n = number of individuals; Na = average number of alleles per

locus; Ar = allelic richness; Hg = expected heterozygosity; Ho = observed heterozygosity; HWE = Hardy-Weinberg test for heterozygote deficiency; Np = number of

private alleles; Fis = coefficient of inbreeding; The significant values for heterozygote deficiency test are marked with asterisks:

* P<0,05, **P<0,01
*** P<0,001, ns P>0.05.

https://doi.org/10.1371/journal.pone.0221418.t001
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Table 2. Pairwise differentiation index (Fgr) for all pairs of studied populations.

Breed CF
BWPGCA 0.030
WPG 0.118
DD 0.086
GWP 0.077
GSP 0.114

BWPGCA WPG DD GWP
0.135
0.119 0.116
0.110 0.124 0.036
0.144 0.117 0.091 0.115

CF = Cesky Fousek; DD = Deutsch Drahthaar; GWP = German Wirehaired Pointer; BWPGCA = individuals of Bohemian Wirehaired Pointing Griffon Club of
America; WPG = Wirehaired Pointing Griffon; GSP = German Shorthaired Pointer.

https://doi.org/10.1371/journal.pone.0221418.t1002

GWP (Fgr = 0.086/0.077). The highest differentiation was found between the breed of GSP
and BWPGCA (Fg = 0.144).

The genealogical tree shown in Fig 2 proposed three differentiated groups; one containing
CF, and BWPGCA, where most BWPGCA are inner lineage of CF. A second group contained
WPG and GSP, where some GWP are inner lineage of GSP, but mainly from their own cluster.
Last group consisted of DD and GWP (Fig 2).

All three groups are also differentiated by FCA, with particular overlap of clusters (Fig 3).
Although it seems that WPG and GSP breeds cluster together, from a different perspective we
can see that they are well differentiated (S3 Fig).

Higher resolution was achieved using Bayesian clustering analysis in Structure. Using
method of Puechmaille [33], the highest support was obtained for K = 6 (S2 Fig) where mean
membership coefficient for each cluster differentiated all breeds. Considering each individual
separately, some degree of shared ancestry between CF and BWPGCA and between DD and
GWP is visible (Fig 4). On the other hand, method of Evanno [32] supported K = 2 as the best
number of clusters, where the first group consisted of CF and BWPGCA and the second group
consisted of the remainder of the studied breeds (S2 Fig). The first group represented approxi-
mately a half of the dataset which might bias the analysis.

Discussion

Level of genetic diversity evaluated according to the descriptive parameters (such as Ho, Ar,
Fis) in this work are similar to those of other studies (S2 Table), although the Cesky Fousek
breed exhibits a low level of inbreeding despite the fact that the population is of small size.
Moreover, the rate of genetic polymorphism was higher compared to other studied breeds of
similar (BWPGCA, GWP, WPQG) or larger population size (DD, GSP) (Table 1). Two reasons
for this observation could be 1) the recent out-crossing with GSP and DD, and 2) good genetic
management of the breed population as a whole. Genetic management of the Czech CF popu-
lation is based on pedigrees, minimizing the kinship within selected breeding pairs. Breed
Wardens select three potential males from which owners of female can select. Such a strong
limitations in mate selection are uncommon in other companion animal breeds. Other factors,
such as the occurrence of important traits (including hereditary diseases), play a role in the
management decisions. Cesky Fousek now has low prevalence of hereditary diseases in con-
trast to the situation found in many other breeds with a small population size [34].

Since the restoration of the CF, a loose line-breeding method (mating within the breed) is
being used and there are currently nine active Czech lines. Each CF line is characterized by dif-
ferent hunting abilities. In order to avoid too close relatedness inside the lines, individuals
from different lines are sometimes used to dilute the effect of line-breeding [35,36]. Cross-
breeding (mating between different breeds) was used in 2000 when two individuals of different
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Fig 2. Genealogical tree of individuals based on matrix of minimum genetic distances according to Nei (1972). Blue-Cesky Fousek, dark green-individuals of
Bohemian Wirehaired Pointing Griffon Club of America, red-Wirehaired Pointing Griffon, orange-Deutsch Drahthaar, pink-German Wirehaired Pointer, purple—
German Shorthaired Pointer.

https://doi.org/10.1371/journal.pone.0221418.g002

breeds (GSP, DD) were used to improve the hunting abilities of CF. The effect of line-breeding
was not clearly visible within present data. We did not test the internal breed structure further
because the individual animal membership to a specific line is set according to the pedigrees,
can change according to population management needs, and can be different from genetic ori-
gin. Some individuals are used in more than one line to increase genetic diversity in that addi-
tional line.

Cesky Fousek and DD breeds are phenotypically very similar and for a non-skilled person
it is often impossible to discriminate between these breeds. These two breeds were freely
mixed together until 1924 when the studbook of DD was closed. In the case of CF, the stud-
book was closed in 1960. Even though the history of CF is complicated and included genetic
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Fig 3. Genetic distances between individuals and populations, based on Factorial Correspondence analysis of 18 microsatellite loci performed in GENETIX
software. CF—Cesky Fousek, DD—Deutsch Drahthaar, GWP-German Wirehaired Pointer, BWPGCA—individuals of Bohemian Wirehaired Pointing Griffon Club of
America, WPG—Wirehaired Pointing Griffon, GSP—German Shorthaired Pointer.

https://doi.org/10.1371/journal.pone.0221418.9003

rescue from the DD and GSP, our study brings clear evidence that recently the genetic pool of
CF is well delimited from these German breeds.

We showed evidence that despite different registration systems for DD and GWP breeds
since 1959, both breeds are still close genetically (Fsr = 0.036; Figs 3 and 4) although the
appearance of the individuals can differ markedly (S1 Fig). High genetic similarity between
DD and GWP is related to a high level of admixture between the breeds, as DDs can be
imported to North America and registered as GWP under the AKC or CKC. Obviously the
selection of different coat colours, which is usually under-laid by a limited number of loci [37],
does not outbalance the effects of admixture at the genomic level.

The BWPGCA began crossing CF and WPG in 1985 with increasing CF input since that
time. These individuals are more differentiated from the original WPG (Fst = 0.135) than
from CF (Fsr = 0.030). The position of the BWPGCA animals is not intermediate between CF
and WPG but rather shifted toward CF (Fig 3), reflecting different proportions of particular
parental breeds within the founding stock. This is a phenomenon described in other mixed
breeds such as Czechoslovakian Wolfdogs [38]. Our results evaluated the level of inbreeding in
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Fig 4. Bayesian clustering analysis of six studied breeds based on 18 microsatellite loci. CF—Cesky Fousek, DD—Deutsch

Drahthaar, GWP-German Wirehaired Pointer, BWPGCA—individuals of Bohemian Wirehaired Pointing Griffon Club of America,
WPG—Wirehaired Pointing Griffon, GSP—German Shorthaired Pointer.

https://doi.org/10.1371/journal.pone.0221418.9g004

S

WPG by a value (F;g = 0.061; Table 1) higher than in previous studies [39] where Fyg = -0.027.
This difference may be the result of different loci used by both studies. It is known that the
WPGs display high frequency of recessive genetic diseases (e.g. hip and elbow dysplasia, eye
disease, autoimmune thyroiditis) and the natural working abilities were often significantly
reduced by a split between show and working sub-populations [20]. The high frequency in dis-
ease occurrence and the lack of natural hunting abilities were the original reason of mixing CF
with WPG. In this study the dogs managed by BWPGCA have lower inbreeding coefficient
than WPG (Fys = 0.002 and Fyg = 0.061 respectively; Table 1). Also, the hunting abilities
improved significantly compared to the original pre-1985 WPGCA stock [20].

The comparison of results with other studies may be affected due to the different marker
sets used (e.g. [39,40]). This issue could be fixed and more information about the history and
population structure of these hunting dogs could be gained by using whole-genome data such
as genome-wide SNP (single nucleotide polymorphism). Genomic data are especially useful in
studying reticulate and adaptive population histories. These data would allow to track the
response of the genome to past cross-breeding and following artificial selection in present
case. Further increase of sample size and geographic coverage could also deepen the resolution
of the demographic reconstructions.

Conclusions

The history of central European pointing dog breeds is characterized by recurrent founding
events and admixture among lineages, for example the Cesky Fousek was used for creation of
German wirehaired pointing dogs and later the German dogs were used to restore Cesky Fou-
sek. In turn, Cesky Fouseks were used in the Bohemian Wirehaired Pointing Griffon Club of
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America to increase genetic variation of the original Wirehaired Pointing Griffon breed.
Despite this reticulate demography, gene pools of particular breeds are recently well differenti-
ated, as suggested by clustering analyses. These patterns could be ascribed to unique breeding
stocks and pedigree isolation among particular clubs, related to differences in breeding pro-
grams under each association.
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(XLSX)

S2 Table. Parameters of genetic variability of hunting breeds gathered from different sci-
entific papers.
(PDF)

Acknowledgments

We would like to thank to all the owners from all over the world who provided a sample of
their dog. Also, we thank to the Czech Club of Cesky Fousek Breeders that agreed to submit
samples of CFs for the realization of this study. We thank the Bohemian Wirehaired Pointing
Griffon Club of America and Cornell Veterinary Biobank who helped us to obtain samples
from the US. We thank also Magdalena Setlikov4, Milena Jindfichova, and Jifi Cerny for their
help with the sample collection in the Czech Republic and the Netherlands and help in the lab.
We thank the Cesky Fousek Vereniging Nederland for letting us collect samples at their Club
dogshow. Thanks to Mr. Lloyd Birch, Sara Krsikova Pesatova, Iveta Dockalovd, Ines Oebel,
Rem DeJong, and Amy Caswell for giving permission to use photos of their dogs (Fig 1).

Author Contributions

Conceptualization: Silvie Neradilova, Pavel Hulva, Barbora Cernd Bolfikova.

Data curation: Silvie Neradilova, Laurie Connell, Pavel Hulva, Barbora Cerna Bolfikova.
Formal analysis: Silvie Neradilova.

Funding acquisition: Silvie Neradilové, Barbora Cernd Bolfikova.

Investigation: Silvie Neradilovd, Barbora Cerné Bolfikova.

Methodology: Silvie Neradilova, Barbora Cernd Bolfikova.

Project administration: Silvie Neradilova, Barbora Cern4 Bolfikova.

Resources: Barbora Cernd Bolfikova.

Software: Barbora Cerna Bolfikova.

PLOS ONE | https://doi.org/10.1371/journal.pone.0221418  August 26, 2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221418.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221418.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221418.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221418.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221418.s005
https://doi.org/10.1371/journal.pone.0221418

@ PLOS|ONE

Genetics of pointing dog breeds

Supervision: Laurie Connell, Pavel Hulva, Barbora Cerna Bolfikova.

Validation: Laurie Connell, Pavel Hulva, Barbora Cerna Bolfikova.

Writing - original draft: Silvie Neradilova, Pavel Hulva, Barbora Cern4 Bolfikova.

Writing - review & editing: Silvie Neradilovd, Laurie Connell, Pavel Hulva, Barbora Cerna

Bolfikova.
References

1. Germonpré M, Lazni¢kova-Galetova M, Sablin MV. Palaeolithic dog skulls at the Gravettian Pfedmosti
site, the Czech Republic. Journal of Archaeological Science. 2012; 39: 184-202.

2. Napierala H, Uerpmann H-P. A ‘new’palaeolithic dog from central Europe. International journal of
osteoarchaeology. 2012; 22: 127-137.

3. Lindblad-Toh K, Wade CM, Mikkelsen TS, Karlsson EK, Jaffe DB, Kamal M, et al. Genome sequence,
comparative analysis and haplotype structure of the domestic dog. Nature. 2005; 438: 803—819. https://
doi.org/10.1038/nature04338 PMID: 16341006

4. Savolainen P, Zhang Y, Luo J, Lundeberg J, Leitner T. Genetic evidence for an East Asian origin of
domestic dogs. Science. 2002; 298: 1610—1613. https://doi.org/10.1126/science.1073906 PMID:
12446907

5. VilaC, Savolainen P, Maldonado JE, Amorim IR, Rice JE, Honeycutt RL, et al. Multiple and ancient ori-
gins of the domestic dog. Science. 1997; 276: 1687—1689. https://doi.org/10.1126/science.276.5319.
1687 PMID: 9180076

6. Clutton-Brock J. A Natural History of Domesticated Mammals. Cambridge University Press; 1999.

7. Streitberger K, Schweizer M, Kropatsch R, Dekomien G, Distl O, Fischer MS, et al. Rapid genetic diver-
sification within dog breeds as evidenced by a case study on Schnauzers. Anim Genet. 2012; 43: 577—
586. https://doi.org/10.1111/j.1365-2052.2011.02300.x PMID: 22497658

8. Parker HG, Kim LV, Sutter NB, Carlson S, Lorentzen TD, Malek TB, et al. Genetic structure of the pure-
bred domestic dog. science. 2004; 304: 1160—1164. https://doi.org/10.1126/science.1097406 PMID:
15155949

9. Koshyk C. Pointing Dogs, Volume One: The Continentals. First edition. Winnipeg: Dog Willing Publica-
tions; 2011.

10. KuhnJ. Monografie ¢eského fouska. Novy Bydzov: Klub chovatelt ¢eskych fouskd; 2005.

11.  Mortlock S-A, Khatkar MS, Williamson P. Comparative Analysis of Genome Diversity in Bullmastiff
Dogs. PloS one. 2016; 11: e0147941. https://doi.org/10.1371/journal.pone.0147941 PMID: 26824579

12. Shariflou MR, James JW, Nicholas FW, Wade CM. A genealogical survey of Australian registered dog
breeds. The Veterinary Journal. 2011; 189: 203-210. https://doi.org/10.1016/j.tvjl.2011.06.020 PMID:
21741282

13. AsherlL, Diesel G, Summers JF, McGreevy PD, Collins LM. Inherited defects in pedigree dogs. Part 1:
Disorders related to breed standards. The Veterinary Journal. 2009; 182: 402—411. https://doi.org/10.
1016/j.tvjl.2009.08.033 PMID: 19836981

14. lonascu |, Georgescu AE, Vlagioiu C. Surgical reduction of a total entropion in a Chow-Chow using rhyti-
dectomy. Scientific Works Series C Veterinary Medicine. 2013; 59: 109-113.

15. Serpell J. The Domestic Dog: Its Evolution, Behaviour, and Interactions with People. Cambridge Uni-
versity Press; 1995.

16. Urfer SR. Inbreeding and fertility in Irish Wolfhounds in Sweden: 1976 to 2007. Acta Veterinaria Scandi-
navica. 2009; 51: 21. https://doi.org/10.1186/1751-0147-51-21 PMID: 19419574

17. Dostal J. Cesky fousek. 1. vyd. Praha: Fortuna Libri; 2009.

18. Kadich H von. Der stichelhaarige deutsche Vorstehhund. Ein monographischer Beitrag zur Gesammt-
Kynologie. Wilhelm Baensch Verlagshandlung. Berlin; 1888.

19. Carty D. The Other Griffon. In: Gun Dog Magazine [Internet]. 23 Sep 2010 [cited 22 Nov 2017]. Avail-
able: http://www.gundogmag.com/breeds/gundog_breeds_gd_griffon_0109/

20. Bailey J. Griffon Gun Dog Supreme: The History and the Story of How to Improve a Breed. 1st edition.
Hillsboro, Or: Swan Valley Press; 1996.

21. CastaingJ. Les Chiens d’Arret. Paris: Crépin-Leblond; 1960.

22. Nelson MJ. Wirehaired Pointing Griffon. In: Gun Dog Magazine [Internet]. 7 Feb 2011 [cited 22 Nov

2017]. Available: http://www.gundogmag.com/breeds/gundog_breeds_gd_dutch_0707/

PLOS ONE | https://doi.org/10.1371/journal.pone.0221418  August 26, 2019 11/12


https://doi.org/10.1038/nature04338
https://doi.org/10.1038/nature04338
http://www.ncbi.nlm.nih.gov/pubmed/16341006
https://doi.org/10.1126/science.1073906
http://www.ncbi.nlm.nih.gov/pubmed/12446907
https://doi.org/10.1126/science.276.5319.1687
https://doi.org/10.1126/science.276.5319.1687
http://www.ncbi.nlm.nih.gov/pubmed/9180076
https://doi.org/10.1111/j.1365-2052.2011.02300.x
http://www.ncbi.nlm.nih.gov/pubmed/22497658
https://doi.org/10.1126/science.1097406
http://www.ncbi.nlm.nih.gov/pubmed/15155949
https://doi.org/10.1371/journal.pone.0147941
http://www.ncbi.nlm.nih.gov/pubmed/26824579
https://doi.org/10.1016/j.tvjl.2011.06.020
http://www.ncbi.nlm.nih.gov/pubmed/21741282
https://doi.org/10.1016/j.tvjl.2009.08.033
https://doi.org/10.1016/j.tvjl.2009.08.033
http://www.ncbi.nlm.nih.gov/pubmed/19836981
https://doi.org/10.1186/1751-0147-51-21
http://www.ncbi.nlm.nih.gov/pubmed/19419574
http://www.gundogmag.com/breeds/gundog_breeds_gd_griffon_0109/
http://www.gundogmag.com/breeds/gundog_breeds_gd_dutch_0707/
https://doi.org/10.1371/journal.pone.0221418

@ PLOS|ONE

Genetics of pointing dog breeds

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

Raymond M, Rousset F. GENEPOP (version 1.2): population genetics software for exact tests and ecu-
menicism. J Heredity. 1995; doi: 86:248-249

Rousset F. genepop’007: a complete re-implementation of the genepop software for Windows and
Linux. Molecular ecology resources. 2008; 8: 103—106. https://doi.org/10.1111/j.1471-8286.2007.
01931.x PMID: 21585727

Guo SW, Thompson EA. A Monte Carlo method for combined segregation and linkage analysis. Am J
Hum Genet. 1992; 51: 1111-1126. PMID: 1415253

Langella O. Populations 1.2.30 [Internet]. 1999 [cited 25 Jan 2018]. Available: http://bioinformatics.
org/~tryphon/populations/#ancre_telechargement

Nei M. Genetic distance between populations. The American Naturalist. 1972; 106: 283—292.

Rambaut A. FigTree v1.4.2 [Internet]. 2006 [cited 30 Nov 2017]. Available: http://tree.bio.ed.ac.uk/
software/figtree/

Belkhir K, Borsa P, Chikhi L, Raufaste N, Bonhomme F. GENETIX 4.05, logiciel sous Windows TM
pour la génétique des populations. Laboratoire Génome, Populations, Interactions, CNRS UMR 5171,
Université de Montpellier |1, Montpellier (France) [Internet]. 2004 1996 [cited 30 Nov 2017]. Available:
http://kimura.univ-montp2.fr/genetix/

Pritchard JK, Stephens M, Donnelly P. Inference of population structure using multilocus genotype
data. Genetics. 2000; 155: 945-959. PMID: 10835412

Li Y-L, Liu J-X. StructureSelector: A web-based software to select and visualize the optimal number of
clusters using multiple methods. Molecular Ecology Resources. 2018; 18: 176—177. https://doi.org/10.
1111/1755-0998.12719 PMID: 28921901

Evanno G, Regnaut S, Goudet J. Detecting the number of clusters of individuals using the software
STRUCTURE: a simulation study. Molecular ecology. 2005; 14: 2611-2620. https://doi.org/10.1111/j.
1365-294X.2005.02553.x PMID: 15969739

Puechmaille SJ. The program structure does not reliably recover the correct population structure when
sampling is uneven: subsampling and new estimators alleviate the problem. Molecular Ecology
Resources. 2016; 16: 608—627. https://doi.org/10.1111/1755-0998.12512 PMID: 26856252

Shaffer LG, Ramirez CJ, Sundin K, Connell LB, Ballif BC. Genetic screening and mutation identification
in a rare canine breed, the cesky fousek. Veterinary Record Case Reports. 2016; 4: e000346. https://
doi.org/10.1136/vetreccr-2016-000346

Ackerman LJ. The genetic connection: a guide to health problems in purebred dogs. American Animal
Hosp Assoc; 2011.

Dostal J, Martenek M, Tripes O, Koberova S. Cesky fousek. Ceské Budgjovice: Dona; 1998.

Schmutz SM, Berryere TG. Genes affecting coat colour and pattern in domestic dogs: a review: Coat
colour genes in dogs. Animal Genetics. 2007; 38: 539-549. https://doi.org/10.1111/j.1365-2052.2007.
01664.x PMID: 18052939

Smetanova M, Bolfikova BC, Randi E, Caniglia R, Fabbri E, Galaverni M, et al. From Wolves to Dogs,
and Back: Genetic Composition of the Czechoslovakian Wolfdog. PloS one. 2015; 10: e0143807.
https://doi.org/10.1371/journal.pone.0143807 PMID: 26636975

Leroy G, Verrier E, Meriaux JC, Rognon X. Genetic diversity of dog breeds: within-breed diversity com-
paring genealogical and molecular data. Animal Genetics. 2009; 40: 323—-332. https://doi.org/10.1111/.
1365-2052.2008.01842.x PMID: 19222437

Parra D, Méndez S, Cafién J, Dunner S. Genetic differentiation in pointing dog breeds inferred from
microsatellites and mitochondrial DNA sequence. Animal Genetics. 2008; 39: 1-7. hitps://doi.org/10.
1111/1.1365-2052.2007.01658.x PMID: 18254732

PLOS ONE | https://doi.org/10.1371/journal.pone.0221418  August 26, 2019 12/12


https://doi.org/10.1111/j.1471-8286.2007.01931.x
https://doi.org/10.1111/j.1471-8286.2007.01931.x
http://www.ncbi.nlm.nih.gov/pubmed/21585727
http://www.ncbi.nlm.nih.gov/pubmed/1415253
http://bioinformatics.org/~tryphon/populations/#ancre_telechargement
http://bioinformatics.org/~tryphon/populations/#ancre_telechargement
http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/
http://kimura.univ-montp2.fr/genetix/
http://www.ncbi.nlm.nih.gov/pubmed/10835412
https://doi.org/10.1111/1755-0998.12719
https://doi.org/10.1111/1755-0998.12719
http://www.ncbi.nlm.nih.gov/pubmed/28921901
https://doi.org/10.1111/j.1365-294X.2005.02553.x
https://doi.org/10.1111/j.1365-294X.2005.02553.x
http://www.ncbi.nlm.nih.gov/pubmed/15969739
https://doi.org/10.1111/1755-0998.12512
http://www.ncbi.nlm.nih.gov/pubmed/26856252
https://doi.org/10.1136/vetreccr-2016-000346
https://doi.org/10.1136/vetreccr-2016-000346
https://doi.org/10.1111/j.1365-2052.2007.01664.x
https://doi.org/10.1111/j.1365-2052.2007.01664.x
http://www.ncbi.nlm.nih.gov/pubmed/18052939
https://doi.org/10.1371/journal.pone.0143807
http://www.ncbi.nlm.nih.gov/pubmed/26636975
https://doi.org/10.1111/j.1365-2052.2008.01842.x
https://doi.org/10.1111/j.1365-2052.2008.01842.x
http://www.ncbi.nlm.nih.gov/pubmed/19222437
https://doi.org/10.1111/j.1365-2052.2007.01658.x
https://doi.org/10.1111/j.1365-2052.2007.01658.x
http://www.ncbi.nlm.nih.gov/pubmed/18254732
https://doi.org/10.1371/journal.pone.0221418

