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What are the health problems?

Some related to breed standard (e.g. brachycephaly)




What are the health problems?

Complex (HD, ED, epilepsy, bloat)

Simple (PRA, PLL, CLAD, copper toxicosis)




What are the health problems?

High levels of inbreeding

‘Line breeding’ to fix traits

Popular sire effects




Selection in dogs & other species

Short term aim = increase gain (AG) in selection objective traits

Long term aim => constrain the rate of inbreeding (AF)

AF=V4 2 riz Wray & Thompson, 1990

AG = Zriai Woolliams & Thompson, 1994



Current selection objectives

Livestock = yield, growth rates, cut costs

Dogs = show winning, field trials, function (sheepdogs, gundogs,

guide / assistance dogs, sniffer dogs), pets!?




Successful selection requires:

e Motivation =2 must want to change trait!

* Information -2 able to differentiate on objective traits

* Control —> ability to influence or direct matings




Easy in livestock species

MOTIVATION - profit! SRR,
INFORMATION - payment linked to data ’Jff’m '{"’;}‘

CONTROL —> large number of animals per farmer

Success in achieving objective is attainable by multiple stakeholders, leading to
breed-wide change. ..



Not so easy for dogs...

MOTIVATION - winning shows, trials, money, hobby?

INFORMATION -2 by eye, anecdote and experience...

CONTROL —> small number of animals per breeder

If objective is showing or profit, then health is a secondary concern. Harder to
achieve breed-wide change



Health vs. other breeding objectives

Motivation:

Information:

Control:

‘Type’

primary objective

by ‘eye’?

looking for one off
- individual

‘Health’

secondary objective!
expensive to collect

widespread improvement

—> co-operation



To prioritise health we need to:

|) Foster the MOTIVATION

—> demand differential across litters of puppies destined for pet homes

a) Breeder activities appear to be sensitive to selling all puppies



Breeders rely on being able to sell all puppies
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To prioritise health we need to:

|) Foster the MOTIVATION

—> price differential across litters of puppies destined for pet homes
a) Breeder activities appear to be sensitive to selling all puppies

b) Health appears to be a consideration of puppy buyers



Health is a consideration for buyers...

B immediate availability
B health

O well socialised

O show winning pedigree
B accredited breeder

B type & temperament
B field trial pedigree

O location

B price

B colour




To prioritise health we need to:

|) Foster the MOTIVATION

—> price differential across litters of puppies destined for pet homes
a) Breeder activities appear to be sensitive to selling all puppies

b) Health appears to be a consideration of puppy buyers

—> consider health in judging at shows



Vet checks at UK dog shows...
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To prioritise health we need to:

|) Foster the MOTIVATION

2) Make better use of the INFORMATION

—> centralised data streaming and co-ordination between authorities
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Making better use of INFORMATION
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To prioritise health we need to:

|) Foster the MOTIVATION

2) Make better use of the INFORMATION

—> centralised data streaming and co-ordination between authorities

- EBVs, DNA tests, individual and AF/®



Making better use of INFORMATION

EBVs for HD/ED...

are more accurate

& more abundant
... than phenotype.

Mean EBYV r vs. accuracy

. Individual phenotype Both parental phenotypes
of selection on: P yP P P yP

4 4
4 4

Lewis et al (2012) submitted

Hip score EBV 16-18% 27-30%

Elbow score EBV 23-31% 34-40%



Making better use of INFORMATION

EBVs for HD/ED...

are more accurate

& more abundant
... than phenotype.

Proportion of 201 | Both parental phenotypes Higher EBV accuracy ‘
born Labradors:

Hip score 0.49 0.68 1.39

Elbow score 0.10 0.60 5.76

Lewis et al (2012) submitted



Making better use of INFORMATION

Bivariate analysis of HD and ED:

re = 0.4 (Labradors)

Bivariate vs. univariate

. Elbow & Hip score Elbow score only Hip score only
analysis:

‘ 7-11% ‘ 4-6% ‘

Hip score only Elbow score only

VM% vm

Lewis et al (2011)

Elbow EBV accuracy

Accuracy of selection vs. optimum
index for improvement in both traits:
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Making better use of INFORMATION

DNA tests

... AND breeding strategy advice

The Veterinary journal xcx (2011) o=

journal homepage: www.elasevier.com/locate/tvjl

Conterts lists available at ScienceDirect

The Veterinary Journal

Review
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ARTICLE INFO ABSTRACT

Astid histary: Pedigree analysis constitutes a classical approach for the study of the evolution of genetic diversity,

Available anline oo

genetic structure, history and breeding practices within a given breed. As a consequence of selection
pressure, management in closed populatio
Kepwards: enced consideratle inbeeding and show

< and historical bottlenecks, many dog breeds have experi-
1 the basis of 3 pedigres approach] comparable diversity los

LCamine compared to other domestic species. This evolution is linked to breeding practices such as the overuse of

Inherited disarders
P edigres analysis

Genetic d versity

popular sires or mating between related animals. The popular sire phenomenon is the most problematic
breeding practice. since it has ako led to the dissemination of 2 large numbser of inheritad defacts. The
practice should be limited by taking measires sich as sticting the mumbsr of liters (o offspring)

Uresding
per breeding animal
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Introduction

Even though the wond pedigree, which comes from the 0ld
French term “pié de grue’{meaning foot of a crane) has been known
and employed for centuries, its use on a population scale in dogs
began to be developed only at the end of the 19th century with
the creation of the first studbooks and kennel clubs. Since then,
genealogical registries have proved to be crudal as selection and
maonitoring tools for breeding. Together with the breed standard,
they also represent a key unifying element for breeders of a given
breed.

Since a registry is intended to record all the information about
known relationships within a given population, it also constitutes
a useful source of data for the analysis of genetic diversity and
structure of that populaton. Methods that measure this diversity
{and more predsely average inbreeding coeffidents) require com-
puting ime proportional to population size {Meuwissen and Luo,
1992). Ax a consequence, the first population studies on dogs were
conducted only 20 years ago. Over the same time period, a lamge set
of indicators has been developed for different purposes, such as

romtaitation of of fertne noreilaton o anahrcic nof conet e oFrie-

genetic diversity and increasing the inddence of inherited diseases
(Mellersh, 2008). An increasing number of studies has been con-
ducted, either to characterise genetic structure, diversity and
inbreeding of canine populations (Karjalainen and Ojala, 1997;
Nielen et al., 2001; Cole et al., 2004; Lipke and Distl, 2005; Leroy
et al, 2006, 2009; Calboli et al., 2008 ; Glazewska, 2008; Olichoek
et al, 2009; Voges and Distl, 2009; Miki, 2010), or to determine
the prevalence of inherited defects (Ubhink et al, 1992, 1998,
1999, 2000; van der Beek et al,, 1999; Miki et al., 2001; Olafsdéttir
and Kristjansson, 2008; Urfer, 2009; Wellmann and Pfeiffer, 2009;
Lewis et al, 2010; Leroy and Baumung, 2011}

The aim of this article is to provide an overview of genealogical
studies in dog breeds: (1) to recall the prindples, specificdties and
possible limits of pedigree analyses; (2) on the basis of existing
studies, to analyse the situation of dog breeds, with regard to their
levels of genetic diversity, their population structure and their
breeding practices, espedally in relation to dissemination of inher-
ited disorders and inbreeding depression; and (3) to provide rec-
ommendations for breeders and kennel dubs for management of
diversity and contmol of inherited disorders.
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Mating practices and the dissemination of genetic disorders in
domestic animals, based on the example of dog breeding

G. Le.-m).ur“'T and R. Baumung*

*AgroParisTech, UMR 1313 Génétique Animale et Biologie Intégrative, F-75231 Paris, France. TINRA, UMR 1313 Génétique Animale
et Biologie Intégrative, F-78352 Jouy-en-Josas, France. ¥Department of Sustainable Agricultural Systems, University of Natural Resources
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Summary

On the basis of simulations and genealogical data of ten dog breeds, three popular mating
practices (popular sire effect, line breeding, close breeding) were investigated along with
their effects on the d

mination of genetic disorders. Our results showed that the use of
sires in these ten breeds is clearly unbalanced. Depending on the breed, the effective number
of sires represented between 33% and 70% of the total number of sires. Mating between
close relatives was also found to be quite common, and the percentage of dogs inbred after
two generations ranged from 1% to about 8%. A more or less long-term genetic differen-
tiation, linked to line breeding practices, was also emphasized in most breeds. Fip index
based on gene dropping proved to be efficient in differentiating the effects of the different
mating practices, and it ranged from —1.3% to 3.2% when real founders were used to begin
a gene dropping process. Simulation results confirmed that the popular sire practice leads to
a dissemination of genetic disorders. Under a realistic scenario, regarding the imbalance in
the use of s indeed 4.4 times higher than under random

sires, the dissemination risk we

mating conditions. In contrast, line breeding and close breeding practices tend to decrease

the risk of the dissemination of genetic disorders.

Keywords dog, genetic disorders, mating practice, simulations.




Making better use of INFORMATION

Population Analysis Results

Breed Otterhound
Breed rePO rts Awerage no. KC registrationsiyear 44.3
Estimated census size 450
Mo, sires usedivear 7.5
Mo, darms usedivear a.2
Mean no. damssigire 1.09
Maximurm no. offspring (sire) 43
Maximurm no. offspring (darm) 28
Mean no. offspringssire 6.92
Mean no. offspringidam 6.11
Generation interval {sire)in years 452
February 2012 Generation interval {dam) in years 424
Average inbraeding coefficient 0114
Average kinship coefficient 0.142
Population analysis of the Otterhourd breed Estimated rate of inbreeding (per year) 0.40%
Estimated rate of inhreeding {per generation) 1.75%
Genetic analysis of the Kennel Club pedigree recards of the UK Otterhound population has Estimated effective population size (e 05

been carried out with the sim of estimsting the rate of loss of diversity within the breed and

providing guidelines for a future sustainable breeding strategy. The population statistics

All statistics are esfmated based on dogs born between the years 1980-2009.
summatized inthe results section provide a picture of the current census size, the number of g ¥

Inbreeding calculations ulilise all recorded pedigree information, including that recorded
priorto 1980,

animalz used for breeding, the rate of inbreeding and the estimated effective population size.
The observed rate of inbreeding and estimated effective populstion size indicates the rate at
which diversity iz being lost within the breed. The analysiz also calculstes the average
relationzhip (kinshipd among all individualz of the breed and this iz uzed to determine the
level of inbreeding that might be expected it matings, were made among randomly selected
dogs from the population (the expected rate of inbreeding). Devistionz of the observed
inbreeding from expected will reflect processes such as the deliberste mating of closely
related individuals (i cbzerved inbreeding iz grester than expected) o corwersely the
introduction of foreign bloodlines (if observed inbreeding is lower than expected).

Summary of results

The analysis was based on the complete computerized pedigree records for the current UK
Kennel Club registered Ctterhound population. The rate of inbreeding over the last 30 vears
(1950-2009) was estimated st 1.72% per generstion.  Thiz leads to an estimste of an
effective population size of 255 for the UK Otterhound population.  This iz considerably
below the recommended minimum effective populstion size of 100 (maximum inbreeding rate

of 0.50% per ceneration). Comparizon of the observed and expected rates of inbreeding



To prioritise health we need to:

|) Foster the MOTIVATION

2) Make better use of the INFORMATION

3) Disseminate information to allow CONTROL

—> make it easy to do via publically available tools
— breeders can access indicators made using all data (for AG and AF)
— pet owners can do the same (influencing demand for puppies)

—> restrictions on registration, or ‘nudge’ towards doing the right thing



Disseminate information to allow CONTROL

Publication of inbreeding levels
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