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How modern technology can safegus
genetic diversity and biodiversity.
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2 <1300 First references in Arabic Text

#1700 L.Spillanzanfirst documented
scientific research

#1903 E. llvanofffirst insemination station

#1955 Saw the first foal from frozen semen
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History of Equine Breeding

Equine Breeding Changes 1980s to Present Day

1985 1995 2004 2022

m Natural Cover m Artificial Insemination



Biobanking Our Genetic Diversity:fu.

- Collection of biological and genetic
material for future use

b, 87 )
~ Future proofing and future security agaﬁcs@@ e
the unknown - '
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‘WORLD BREEDING FEDERATION
< Z FOR SPORT HORSES

Our Biobanking Model

Multiple sample types Regeneration

Ovarian & Testicular Tissue Eggs & Sperm Skin Samples



CryoConservation & A Living Biobank smio

© Cryoconservation =

- Preservation of biological
resources for conservation
purposes

“ Retentionof®@ | | fermat g O

* Ability to regenerate when needed  -196 Storage - 80 Storage
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Figure 1. Physical changes in the cells under different cooling rates: slow and rapid.
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Our Work With Rare Breed Equines
</RBST one POW

£+ Support of rare breeds since 2002

The Rare Breeds Survival Trust is the only charity dedicated to the conservation
and development of the UK’s native breeds of farm livestock and equines. Our
Gene Bank is an extremely important asset and a key part of our work.

collecting genetics in the form of semen and embryos from

£ Temporal trends in stallion sperm quality W s

Traditionally RBST has collected mainly semen but since 2015 advances
in cryogenic technology have enabled us to collect embryos. We have
already successfully collected embryos from cattle, sheep and goats.
Although we are currently unable to freeze embryos from other species,
work is ongoaing to achieve this.

We save native farm breed genetics in our Gene Bank by

To carry out our semen and embryo work we use specialist technicians AR LQUIDE

across the United Kingdom. The material collected is split across sites

£ Cryopreservation of challenging semen types

* To ensure future genetic diversity

* For current conservation breeding to produce new breeding lines
* To store genetics that may otherwise be lost

* Act as an insurance policy, genetic materials can be
used to revive a breed if extinction occurs

£ Driven our developments in cryopreservation T

In order for the RBST to achieve our objectives with the Gene The cost of collection varies depending on species:
Bank we depend on support in a number of forms.
*Nominating an animal for collection

* Donation of semen or embryos that have already been collected

The data shown in the tables are for our archive collections
and for each species the number of straws that make up
one archive collection varies. For embryos we require 8 per
* Funding for collections full collection. We have highlighted the additions to the Gene
Bank in the past 2 years.




The Extinction Vortex o Bon

Inbreeding

A

Sholsla population
R,
’$ N Suffolk Punch 11%
s EriskayPony 15%
‘ { | Cleveland Bay 22%
Clydesdale 26%

Shire 28%




Current Topics in Equine Breeding «.£..

Received: 13 March 2023 I Accepted: 29 December 2023
DOI: 10.1111/evj.14057

\|Equine Veterinary
ORIGINAL ARTICLE @'hournal WILEY

Z# Inbreeding references of 103.28%

Does inbreeding contribute to pregnancy loss
in Thoroughbred horses?

# Approximately 5%10% of confirmed equine
pregnancies fail before 65 days oOf gestation, With @ s e o o o sndsavMecee™® |
further 7.3% failing before the end of the first day Of Amandam. e Mestre’
life. (general population) o

# Study found that pregnancies lost in mid and late
gestation, from Thoroughbred mares in the UK, had
significantly higher inbreeding metrics than UK adult
thoroughbred horses




Risks of Inbreeding o Bon

7 Inbreeding associated with an increased risk of
Inherited mutations

# Reduced fertility (foal loss & lower semen u‘
# Retained placenta

# Performance?? 10% increase in inbreeding 7
(FROH) is associated with a 7% lower probab|l|
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I Y ) e N TSN
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Semen Quality
'
. . . tJ
£ Temporal trends in stallion sperm quality 4 Rosul HARTPURY
. esus UNIVERSITY
| ... ! : 4.1 Raw Sperm Motility
£ Initial findings A significant decline of =10% (B=-0.663 (p<0.001))
- Significant 10% decline in raw mj'
semen motility 2062020 T
- multiple possible causes including .
iInbreeding g
-further research will look at the influence = «
of environmental chemicals on the .,
declining trend S
S F S S S S S
; - Year of Collection
$ 11,387 eJaCUlateS £ PhD & Imogen Harris, Hartpury University

£ 1,036 Stallions ../ —



Advanced Al Technologies Used To Helpsmm
Safeguard Genetic Diversity

Semen Freezing

Post Castration Semen Extraction
Semen Sexing

Oocyte Recovery

ICSI

Cloning

Genomics

Digital DNA
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STALLION

= For semen banking for future use

= Indefinite preservation of semen

= Allows the capture and preservation valuable genetics
= Future use beyond the lifespan of the horse

= Protection against the unexpected

= -196 degrees Celsius storage

= Geographical spread of genetics




Frozen Semen Pregnancy Results £,

© Some stallions, frozen semen results
can be higher than chilled

Improvements in semen freezing

techniques, mediums and cryoprotecta

Fresh 81% 55%
T8 illed 46% 24%
Frozen 53% 34%

Overall per cycle rates

(over 200 different stallions)

Present day freezing extenders

A Frozen semen: 48.6%

A Chilled semen: 43%

A Fresh semen: 63%*

A (n=1023 cycles 578 mares)

Data courtesy dfwemlowsHall Stud and

Niamh Lewis MRCVS




Post Castration Epididymal Semen Extractior., 5.

Al SERVICES

Z Trauma
2 Routine castration

# Preservation of genetic
bloodlines

# +350 equine extractions

# Non-equine speciesapprox.
75 (20172022)




Semen Sexing o Bon

o Based on the difference in X X
DNA content between X & Y 5 §

bearing sperm

Q@ X bearing sperm 2-8.2% female
more DNA than Y bearing)
XY
Q@ 60% sorted; 90% accuracy ;
@ Insemination fresh dose 40 i

million PMS

Tullis Matson
Stallion Al Services



Semen Sexing o Bon

First sexed semen confirmed pregnancy in the UK 2018



First Sexed Semen Rare Breed Foal 201¢,.£,,

OThe project demonstrates the viability of
using new techniques for selecting female
foals to increase the breeding population
more rapidly than could be achieved throug.
traditional methods. We hope it will prove to
be a model for mor e

RBST chief executive Christopher Price

NOTTINGHAM® 4 , e v RBST HNSTALLION

TRENT UNIVERSITY - N uialiedl Yar AT SERVICES




2023 World First Frozen Sexed Semen.. B

Al SERVICES

Q@ Frozen sexed semen now available
Q@ For use in combination with ICSI

Q@ Offers greater potential for wider use
than fresh semen

O pumy &
-9 - 3f




Rhino Semen Sexing ’

A Work started in the US




Oocyte Recovery & Ovum Pick Up G

%> Post mortem oocyte recovery
&> Live mare recovery
©» Rapid uptake 2021 breeding seas

©» Used alongside ICSI




OPU & Intra Cytoplasmic Sperm InjeCtiOrST\A\fLaQN

© First equine ICSI = 1996 (USA)

©  Avantealtalydone of the largest
ICSI centres

Tullis Matson
Stallion Al Services Ltd



Intra Cytoplasmic Sperm Injection (IC

SSTALLION
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Avantea Equine OPU-ICSI activity in Europe

EUROPE
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AVANTEA, Cremona, Italy

Satellite centres shipping OPU
oocytes to Avantea for 1CSI

Countries (Clients/ veterinarians)
driving /sending donors to
Avantea for OPU and ICSI

et Middle East Countries

AVANTEA



Intra Cytoplasmic Sperm Injection (ICSST;X%:@N

Current landscape of Equme ICSI lab in Europe
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Intra Cytoplasmic Sperm Injection (IC ..

\] SERVICES

n. of OPU performed at AVANTEA and at the other OPU
clinics and total number of ICSI embryos obtained at
AVANTEA laboratories

8000

6764 7036 6667

7000
6000
5000

4000

3000

2047 1992 1909 1837
2000 1632 - 1595 | 1520
1194 1448
- .
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

mmn. OPU-ICSI sessions at AVANTEA mmEn. batches of OPU shipped oocytes
===total n. ICSI sessions at AVANTEA e==n.frozen embryos

Lazzari et al 2020, J Equine Vet. Sci. and updates A\gv% A




Embryo Freezing .

Al SERVICES

DAY DAY

© Embryos flushed after day 6 = 1 0 B 5 O =

blastocysts >300um

=+ Day 8 = >500um & large blastocoele
cavity

2 Vitrification can assist in embryo freeze
ability

Pregnancy Rate ()

Punctured only (n=22) 10/22 (45%)

) Source. Vitrification of Equine Expanded Blastocysts
Punctured & aspirated (n=28) 21/28 (75%) (Wilsheret al,, 2018 ) 7 p 4



Skin Sample Genetic Preservatior Ll

w Preservation of DNA for future use

@ Unique preservation that permits future
regeneration of the DNA

. And so facilitates animal regeneration
technologies e.g. cloning

@ Elite sport horses

@ Blobanking for conservation



Genetic Preservation s

GEMINIGENETICS

Upper skin
layer

A Before or after death

8 Sample received within 5 days of passing /
5 days of taking

& Kept chilled; never frozen

& Whole genetic profilé non gamete cell




DNA techniques in action 0y

GEMINIGENETICS

These are fibroblast cell lines
grown in October from an

ear sample cryopreserved in
2019

cryopreservation of cells to store

One vial of skin sample can
produce up to six vials of
fibroblast cells

cell collection

skin biopsy from the ear

Photo © Chester Zoo 2021



[V"\GEN] Cloning Process ar

GEMINIGENETICS

: DNA ext_racted & Embryo carried by foste!
implanted into egg cell

mother
Stimulated egg cell

\ develops mto an embry
‘ =

Horse Ad Body cell taken from 09@
to be cloned Horse A = ’ :

Egg cell stimulated with an
electrical impulse

Nucleus (genetic material) Cloned foal born after full
Horse B Egg cell taken from re?nove q gestation period same DNA
Horse B as the original



IAGEN Egg Enucleation s
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VIAGEN

Egg Reconstruction
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Skin Sample Preservation For Conservawe

il N ®E =§

i Skin samples are likely to play a crucial role e
In biodiversity preservation in the future )
across all species

tPreservation of the €

4 50 different genetic lines




Skin Sample Preservation For Conserva ...

A Minimum of 50 different
genetic lines

A Preserving a wider genetic pool
as possible




Benefits of Using SKin el

& Whole genetic profilé 100% DNA profile
d gametes = 50%

A Preservation of all genders including ~N
castrated

A Infinite resource

# Possible easier adaptation to future =

requirements




VIAGEN . ~ {E
[J Przewal ski 0S !

4 Thankfully, San Diego Zoo in the US had the
foresight to bank skin samples

A Began officially collecting samples 45 years ago

# Some sporadic collection beforehand

# Over 400 samples in store for this species

A Oldest sample from an individual born 68 years ago




V'AGEN] Utilisation of Skin Sample&enetic Resct 14y

GEMINIGENETICS

& Skin samples preserved & 40yearold sample utilized in 2020 toiréroduce
by San Diego Zoo genetic diversity to the closed population

ClonedPr zewal ski 6s Hor se, Kurt, born August 202C
https://reviverestore.org/projects/przewalskise/



https://reviverestore.org/projects/przewalskis-horse/

[V'AGEN] Utilisation of Skin Sample$senetic Rescue s

GEMINIGENETICS

& Endangered bladiooted ferret

& Few founder individuals

& Notable disease challenges

& Skin samples preserved 30 years ago

& Clone born 1& December 2020 to re

Introduce genetic diversity to the closed - |
population Cloned Black Footed Ferret, Elizabeth Ann,
born 10" Dec 2020

https://reviverestore.org/projects/blackooted-ferret/



https://reviverestore.org/projects/black-footed-ferret/

Other UseslIPSCs {E

Skin

/N

Egg Cells Sperm Cells



