EQUINE BREEDERS SEMINAR



Management of Endangered
Breeds of Livestock



The Problems of Small
Populations

« Small populations lose genetic
diversity more quickly than
large populations

e Genetic drift and the loss of
genetic variation

* Inbreeding and inbreeding
depression

 Accumulation of deleterious
traits and loss of fithess



Genetic Diversity
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Loss of Gene Diversity by Drift
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Loss of Genetic Diversity - THE RISKS:

* Reduced adaptability to
environmental change
* loss of disease resistance
* new directions in trait
selection
* Inbreeding depression
* loss of fertility
* reduction in fithess



Core Concepts

* Inbreeding
* Mean Kinship

* Effective Population Size



Sewall Wright

“Coefficients of Inbreeding and Relationship” (1921)



Inbreeding

Unrelated Animals

Non-inbred offspring

Inbred offspring




Inbreeding

 An individual is inbred if its
mother and father share a
common ancestor

 The Inbreeding Coefficient
(F) of an individual is defined
as the probability that for a
randomly-chosen neutral
locus the two alleles carried
by the individual are identical
by descent.



Estimating Inbreeding in Pedigrees

* What is inbreeding coefficient of
individual X?

* Pr(A, transmitted to offspring) = %
« Pr(Xis A A,) = (*2)*= 1/16 = 0.0625
« Pr(Xis A,A,) = (2)*= 1/16 = 0.0625

« Pr(Xis AA, or ALA,) = (V2)* + (V2)* =
(Y2)® =1/8 =0.125




Inbreeding

| love my

cousin * Reduces gene
diversity (GD)

 Reduces fithess

» Greatly increases
probability of
expressing deleterious
alleles

* Populations with
DEEP inbreeding



Inbreeding Depression
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Inbreeding in Other
Equine Breeds

Breed I:I:;r:c?i?'lg Reference

Andalusian horses 8.48% (Valera et al., 2005)
North American Standardbreds 8.99% (MacCluer et al., 1983)
Spanish Arab horses 7.0% (Cervantes et al., 2008)
Thoroughbreds 12.5% (Mahon and Cunningham, 1982)
Lipizzan horses 10.81% (Zechner et al., 2002)
Thaoroughbred in France 2.40% (Moureaux et al., 1996)
Arab in France 7.10% (Moureaux et al., 1996)
Friesian horses 15.7% (Sevinga et al., 2004)
South German coldblood horses 2.28% (Aberle et al., 2004)
Black Forest horses 5.21% (Aberle et al., 2004)




Inbreeding in the Cleveland Bay

Mean Inbreeding in the Cleveland Bay Horse 1900 to 2016



Inbreeding In the Eriskay Pony

Mean Inbreeding in the Eriskay Pony 1960 to 2015



Kinship Coefficient

* Quantifies degree of relationship between two
iIndividuals

» Kinship Coefficient is defined as the probability
that any two randomly-chosen neutral alleles
from the same locus in two individuals will be
identical by descent.

* Full siblings are 50% (0.5) related, Parents and
Offspring are 50% (0.5) related, half siblings are
25% (0.25) related.
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Mean Kinship

* Mean kinship is defined as the average of the kinship
coefficients between an individual and all living
individuals in the population.

* Quantifies the relationship of an individual to the rest
of the population.

* Indicator of genetic diversity (genetic health of
population).

* Individuals with many living close relatives carry
alleles that are more common in the population and
are therefore less important than individuals with few
relatives.



Managing Mean Kinship

* The values range from 0 (animal has no relatives in the
mean descendant population) to 1 (the animal is
completely related to every animal in the living descendant
population).

* The lower the mean kinship of an individual is the more
important this animal is for breeding to preserve the
genetic diversity of the founders.

 Managing by Mean Kinship increases the contribution of
genes from animals carrying rarer genes and decreases
those carrying more common ones.



Population Size

* |[deal Populations:
* Infinitely large
 Random mating
 All individuals contribute equally to next generation
* No overlapping generations

* Real Populations:

* Restricted size

Unequal sex ratios
Unequal family sizes
Selection

Overlapping generations



Effective Population Size (Ne)

* One of the most important parameter in population genetics
and conservation biology.

* Translates census sizes of a real population into the size of an
idealized population showing the same rate of loss of genetic
diversity as the real population under study.

» Several conceptually different types of N, can be distinguished,
but the most commonly used ones are those based on the loss
of genetic diversity through inbreeding (inbreeding N,) and
through imbalance of number of parent animals (Census N,).



Calculating Effective Population Size

 From Rate of Increase * From Number of
In Inbreeding Parents
1
N.=

2AF



Effective Population Size

* Effective population size (Ne) is the number of
individuals that would give rise to the observed
or calculated rate of inbreeding (AF), if they
bred in the manner of the idealized population

* (Falconer & Mackay, 1996).



Change in Effective Population Size



The Problems of Small Populations



The Problems of Unbalanced Sex Ratio



The 50 / 500 Rule

* Ne > 50 necessary for short term survival (avoid
inbreeding)

* Ne > 500 needed for long term survival (ability to
evolve in changing environments)

* A genetically effective population size of at least 50
individuals is necessary for genetic diversity in the
short term and to avoid inbreeding depression.

* An Ne of 500 is needed to avoid serious genetic drift
In the long term

* Franklin 1980



The Extinction Vortex
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Does The 50/ 500 Rule Need Revising?

There is current debate that suggests
it might be more realistic to judge
Minimum Viable Population Size (MVP)

by a 100 / 1000 rule
Frankham Franklin et al 2014



Choices For Managing Pedigreed
Populations

* Divide the population
iInto sub populations and
Keep them apart

 Random Mating
» Rotational Mating
 Dominant Male




Choices For Managing Pedigreed

Populations

Maximum avoidance of
inbreeding.

Genome Uniqueness.
Founder importance.
Minimizing Kinship.

Of these controlling the rate
of increase in inbreeding
through managing Mean

Kinship remains the No.1
choice.

Putnam & lvy 2014



Choices For Managing Pedigreed
Populations

* What about genomic
methods?

* Molecular Mean Kinship

* As Breed Societies you
have a huge resource in
the studbook and pedigree
based methods.



Choosing Mates

» Mates are chosen such that matings
between individuals with quite different
mean kinships are avoided as they limit
management options in the future.

« If a valuable individual (low MK) is mated
to one of low value (high MK), increasing
the contribution of the under-represented
individual also increases the contribution
of its over represented mate.

« Matings of close relatives is avoided to
minimize inbreeding.



Methods Of Breeding To Minimise Mean Kinship

* Encourage matings between
animals of broadly similar
Mean Kinship values.

* This will prevent the
crossing of rare bloodlines —
something to be avoided if
we are to maintain diversity
within the breed

« Because Mean Kinship
values change with each
batch of registrations the
data will need updating on
an annual basis.



What Will Minimising Mean Kinship Do?

 Reduce rate of increase in
inbreeding.

* Prevent crossing rare and
common genes.

* Maintain genetic diversity.

* |[dentify genetically important
individuals & priority breeders



Factors To Consider When
Selecting Matings:

* Breed from as many Males and
Females as possible

* This maximises Effective
Population Size

 Avoid overuse of a selected small
group of Stallions

































Questions



SPARKS
As A Breeding Tool



What’s Wrong With Random Mating?



Looking For Practical Solutions



Factors To Consider When
Selecting Matings:

 The Mean Kinship of both parents

* The difference in the pair's Mean
Kinship.

 The Co-ancestry (inbreeding)
Coefficient of potential offspring.



Breeder’s Data Sheets



Breeder’s Data Sheets

» Specific to named
mare

* For named breeding
season only

* Banding of Mares &
Stallions

» Co-ancestry of
Progeny

e Location of stallion



The Datasheets Help To Identify
* Matings to be encouraged

* Best of the Rest Matings
» Matings to be discouraged

o OO




» Matings between animals of similar Mean Kinship (same or
adjacent Band)

* Matings with progeny of lower Co-ancestry Coefficient than the
Mean Kinship of the mare

* Matings giving progeny with co-ancestry < average inbreeding
In population



Best of the Rest Matings

* Matings between animals of similar Mean Kinship (same or
adjacent Band)

« Matings with progeny of higher Co-ancestry Coefficient than the
Mean Kinship of the mare (but less than a breed specific
threshold)

* These are the preferred matings if a fully compliant mating is
not possible.



» Matings between animals of significantly different Mean Kinship

» Matings with progeny of higher Co-ancestry than both of the
parents

» Co-ancestry still less than breed determined threshold.

* These matings bring together more common alleles (genes)
with those that are less well represented in the population, in a
way that makes it hard to separate, putting the less frequent
allele at greater risk of loss in future generations.



* Matings between animals of extremely different Mean Kinship
as this will bring together common and rare alleles

* Matings giving progeny of Co-ancestry > breed determined
threshold (CB > 0.24 / Eriskay > 0.18)

* Progeny from these matings are highly inbred and increase the
probability of deleterious traits being expressed in future
generations



Guidance Sheet

CLEVELAND BAY HORSE SOCIETY - 2018

i

INTRODUCTION

SPARKS iz 3 breed acvizory scheme designed to promate the genetic health of the gobal Cleveland Bay Horze
sepulation. The datz sheets have been produced snnually since 2002, 3= 2n aid to Mare owners when selacting
rozpective stallions. They are based on pedigree & genetic analysiz of the studbock using the SPARKS znd
GENES software packages. They da not kook 3t the physical attributes of any stallion ar potential progeny. Mare
‘owners must continue to use their own best judgment regarding this.

The anahysiz calculstes Mean Kinships for every known pure-bred Cleveland Bay in the global populstion
registered in the CBHS Studbook. Thiz iz messure of how relsted an individual iz to every ather lving Cleveland
Bay. It alzo calculstes the potentizl inbreeding resulting from every possizle male / female pairing within the
population.

Each datasheet provides 3 Mean Kinship figure for 3 named mare and azsigns the mare to 3 Mean Kinship
Band (A to G) bazed an thiz figure.
The table names every licensed stalfion and orders them by:

i their locztion Home or Overseas

ii  theirown Mean Kinship band and

i the Kinship Coefficient of the progeny of mating with the named mare. [This is not the same s
the Mean Kinship, but iz clazely related. & is in-fact the inbreeding coefficient of any progeny of mating this
mare and this stallion).

SELECTION

Following discussions with breeders and with staff at the Rane Breeds Survival Trust, a new “Traffic Light”
system hasbeen devised for 2048, which will make interpretation of the tables clear and straightforward. All
possitle matings are ranked into one of faur tiers and colour coded [Tier 1 represants the best genstic
mairings whilst Tier 4 is the warst for the genetic health of the whole population).

« TIER 2: Mare and Stallion from the same or an adjacent kinship band BUT mating resulting in progeny
of higher Kinship Coefficient than the Mare but less than 0.24. These matings regresent “The Best of
the Rest” and are the preferred alternative # 2 SPARKS compliant mating does ot exist ar is not
pessible. They are highlighted in yellow on the sheets.
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It should be nated that the “tiering” is an assessment of the merit of pairing of two animals and is not an
endersement ar criticism of the genetic mokeup or quality of either of the individunls.

THE AIMS AND SUCCESS OF THE PROJECT

+  The retention and maximising of genetic diversity of the whole aopulation

+  The reduction of the rate of increase in inbreeding and maintaining it at 3 minimum (zero is not pessible)

= The avoidance of mixing more commaon alieles with less comman ones [mixing of rare bloodlines with more
comman ones)

= The direct effect of achieving the sbove will be maximising the Effective Population Size, which is a well-

accepted messure of the genetic health of any population.

Information will be freely distributed on an annual basis to enable breeders to work towards these poals.

By adopting these strategics, we hope to prevent the loss of genetic diversity and increasing levels of

inby ing that are inherent probl in rare breeds. Thiz in turn should help avoid future problems of

increasing infertility, fosl mortality, deformity and ether genetically linked phenomena.

.

ARTIFICIAL INSEMINATION

Feedback from breeders has highlighted the need for information on the awzilability of stallions by artificial
insemination. We have tried to indicate whether a stallion is awailable by fresh or frozen semen, and which
countries frozen semen is available for export to. Contact details for stallion owners can be found in current

Society publications or on the CBHS website hitn/'www develandbay.com/stallions .

The datashests contsin Kinship data relating to some stalians that are new deceased, that ans known to er
miay have frozen semen stil available. This infermation is provided so breeders have the brosdest possible
picture of mating choices. Pleasz note that sppearance of the existence of stored s2men on the sheets iz no.
guarantze of avaitabilisy.

MEAN KINSHIF OF PROGENY

The use of datashests since 2004 has highlighted the subtle difference between Mean Kinship of parents and
Kinship Coefficient of progeny. Until new animals are registered and entered onto the system we cannot
calculate their Mean Kinship or Kinship Band. This highlights the importance of prompt registration of pure-
bred foals. Owners are advized to fallow the above guidelines in making breeding choices, a3 they centinue to
be the mest robust and scientifically valicated methed of ensuring the genetic wellbeing of the global Cleveland
Bay population.

ANOMALIES

If when studying the datasheess for your mares you recognize information that is not or might not be carmect,
please et the Society know. In past years 3 small number of cases have come to light which revesled
incansistendies in the SPARKS data, which have since been corrected. The programme can only be a5 good a3
the data it contains, so please let us know i, for example. mares with identical breeding do not have identical
datasheets.

NE The data provided in this =t of shects is highly filtered from the SPARKS detobase and should nat be
taken s & true represzntation of the current Cleveland Bay populstion. Az such itis nat suitable for research
purpases.

Andy Dall
Endmoar.

Fobruary 2018

Email andy.dell @btinternet com




A Worked Example



One Mare - One Sheet

< ' >

|dentify the Mare’s Mean Kinship and the band this places her in.
This mare is in Band E

|dentify Stallions from the same or an adjacent banding

In this case Bands D to F



Follow The Traffic Light Scheme



Obstacles to Compliant Matings

» Geography

 Travelling Distance

* |solated Herds

* Travelling Grants

» Colt Retention Scheme
 Semen Collection/ Al ?



Breed From As Many Males As Possible



Breed From As Many Females As Possible

Dams with the most Selected Progeny in the Population
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Distribution Of Datasheets



Distribution Of Datasheets

hitps://www.mediafire.com/***** = rrtrmrsess



https://www.mediafire.com/folder/fx031om6bhbjz/Eriskay_SPARKS

Monitoring Changing Inbreeding

Mean Inbreeding in the Cleveland Bay Horse 1900 to 2017



SPARKS Compliance



SPARKS Compliance



Monitoring Changing Inbreeding

« Rate of increase in Inbreeding and Mean Kinship need
bringing down slowly over a number of years (generations).

« |t will never be zero (unless you bring in animals from outside
the studbook).

 Trying to do it quickly will get short term decrease then revert
back to even greater rate than before.

« This will cap the maximum possible reduction and limit
options for the future.

* (That’s why we do it through managing MK not directly)



Changing Effective Population Size



The Future

* MK is dynamic as population changes

» 2018 sheets only valid for 2018
season

* Annual Updates after new
registrations

» 2019 sheets will be available after
January registrations for CBHS &
Eriskay Pony Society



Breeding for The Future Of
Rare Breeds

* Encourage all Societies to
think in terms of detailed
breed analysis and breed
advisory schemes such
as SPARKS.

 This gives breeders an
additional tool in the
toolbox.

 To encourage owners of
low banded mares to
breed to preferred
stallions.



Encouraging Breeding From Animals
Of Low Mean Kinship

* Animals with particularly low
MK’s are priority breeders

* They are carriers of rarer
alleles

* Low MK Stallions are a
priority for Gene Banking

* Incentive schemes



Breeding for The Future Of
Rare Equine Breeds

* Uncoordinated breeding leads to
unsustainable accumulation of
iInbreeding

* This has a direct and negative _
influence on Effective Population Size

* We have a joint responsibility to do
something before it'is too late

* The more Societies and Breeders that
adopt SPARKS type schemes the more
secure will be the Global Populations.

 I[gnorance is no longer an excuse!



Breeding for The Future Of
All Rare Breeds

@Studid

* Behind the scenes RBST is working to make similar
advice available to ALL breeds of livestock




Breeding for The Future Of
All Rare Breeds

* The RBST Vaynol Cattle
herds are now being
managed through Mean
Kinship and SPARKS
data sheets



Breeding for The Future Of
All Rare Breeds

* Collections for the Genebank and use of Conservation
Semen should be guided by this type of advice






https://popreport.tzv.fal.de/cgi-bin/entry.pl



Questions



