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Americans are testing their dogs’
DNA, with some remarkable results
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DNA Sequencing Market Market Overview
Market Size in USD Billion . 2019-2
CAGRISY Study Period 019 - 2030
USD34.23B Base Year For Estimation 2024
Market Size (2025) USD 14.40 Billion
Market Size (2030) USD 34.23 Billion

Growth Rate (2025 - 2030) 18.91% CAGR

Fastest Growing Market Asia-Pacific

USD14.408

B e, Largest Market North America
! Major Players

2025 2030

i Agilent Technologies | ThermoFisher

Source : Mordor Intelligence R ‘ PMBRCK | 1imina

*Disclaimer: Major Players sorted in no particular order
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Veterinary DNA Testing Market

Size, by Sample, 2020 - 2030 (USD Million)

$467.8M

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
@ Saliva Blood Fecal Others
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GRAND VIEW RESEARCH

10.4%
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Overview

= Precision medicine — definition

= What is needed for a precision medicine approach?

> How does genetic background influence disease risk or outcome?
> What commercial tests are available?

= What is transcriptomics?

> What is single-cell biology?

> Summary
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According to the NIH Precision Medicine Initiative,
precision medicine is :

"an emerging approach for disease treatment and
prevention that takes into account individual
variability in genes, environment, and lifestyle for
each person"

https://ghr.nim.nih.gov/primer/precisionmedicine/definition
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According to the NHS, ‘Personalised medicine’ is:

“a move away from a ‘one size fits all’ approach to the
treatment and care of patients with a particular condition, to
one which uses new approaches to better manage patients’
health and targets therapies to achieve the best outcomes in
the management of a patient’s disease or predisposition to
disease”.

https://www.england.nhs.uk/healthcare-science/personalisedmedicine/
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Advantages of a ‘precision” approach to
veterinary medicine

v Target interventions only where they are necessary

v Target interventions only where they are likely to work

v Avoid ‘blanket’ therapy in favour of drugs that address pathways more specifically
v Titrate drugs, doses, durations to the individual patient

v ldentify ‘at risk’ individuals for screening or close monitoring (early diagnosis)

v ldentify early relapses in susceptible patients

v Advice to breeders

> Improved patient welfare
> Better targeting of healthcare resources (time / money)
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Dog Aging
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A hypothetical example opportunity
for preventative precision medicine
using genomics
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DNA sequence | ) Precision Medicine

expert analysis, this
is of limited value ]
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Most diseases have a
complex origin (ie are
not monogenic)
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THE %
INDEPENDENT

Thursday,
7 June
2007

Wellcome
Trust Case
Control
Consortium
Nature 2007
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Sequencing technologies

llumina Nanopore
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First generation Second generation  Third generation

Alsharkski et al 2024
Diagnostics 2024, 14(24), 2876; htips://doi.org/10.3390/diagnostics 14242876
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I www.healthypets. mercola.com

SUSCEPTIBLE PROTECTED

Canine diabetes appears
to have a strong genetic
component

Davison et al 2003 Vet Record
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2
Bottleneck severely

reduces population size
& genetic diversity

Leader of the pack: gene mapping in
dogs and other model organisms

S Noture Reviews Genetics 9,713-725 (2008)
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DNA Tests by Species
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EXAMPLES OF ACADEMIC AND COMMERCIAL VETERINARY
GENETIC TESTING FOR CLINICIANS

Not exhaustive, not intended as a recommendation, not in any particular order




Examples of companies and academic institutions
offering “genetic testing” for dogs and cats in 2025":

Tabe 1. Di

https:/embarkvet.com/

Genopet 50 (Bred + Health it Breeds,Heath, LicPan

hitps://www.wisdompanel.com/ &
hitps://www.gensoldx.com
hitps://www.orivet.com/
hitps://basepaws.com/

Cat DNA Healh Screen Feine Helth, Liflan

Wisdo

yscal i,

st64.001

https://animalgenetics.com/dog-tests/
https://vgl.ucdavis.edu/
https://cvm.missouri.edu/research/canine-geneti ratory/canine-genetics-laboratory-testing/

Not exhaustive, not intended ¢

=ndation, not in any particular order
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Why study “Genomics” - how do genes confer risk ?

> Risk is conferred by the inheritance of a particular allele (version) of a gene

> The inherited pair of alleles (e.g. AG, GG or AA) is known as the individual’'s
genotype at that locus

> There are ‘monogenic’ diseases in which a mutation in the coding sequence
of one gene is responsible for a particular phenotype

> There are also ‘complex’ diseases and traits, where multiple genetic risk
factors combine with environmental triggers to give disease

> Understanding which genes contribute to risk can help to identify new
treatment or preventative targets

> We are a long way behind human medicine in relating DNA sequence to
diseases and treatments in veterinary medicine

hRVC_

Single nucleotide polymorphisms (SNPs)
and disease risk

intron
exon
gene
introns
spliced out mRNA transcript

encoded by B
exons only protein
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Synonymous and non-synonymous SNPs
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A non-synonymous SNP in an exon changes the amino acid (or may insert a
STOP codon) in the protein, which can have functional implications

A synonymous SNP does not lead to an amino acid change but may still affect
transcript secondary structure, ability to bind a protein or transcript stability

09/06/2025
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Intronic (non-coding) SNPs can affect transcription factor binding, gene
splicing and enhancer activity so may still impact on disease risk

.
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Intronic SNPs may indirectly affect the amount or isoform of a protein
produced

hRVC_

Types of genetic change (other than SNPs) that can affect
disease risk or treatment

> Chromosomal
« Deletions
* Inversions
+ Duplications
« Transpositions

> Gene structural variants
« insertions and deletions (INDELs)
+ copy number variations
 LINEs and SINEs

v

Epigenetic changes




Overview

= Precision medicine — definition

> What is needed for a precision medicine approach?

> How does genetic background influence disease risk or outcome?
> What commercial tests are available?

> What is transcriptomics?

> What is single-cell biology?

> Summary
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Types of genetic test on offer

> ON DNA FROM THE PET > ON DNA EXTRACTED FROM
THEMSELVES (genomic DNA) usually SOMETHING SAMPLED FROM
from a saliva swab or blood sample e.g. THE PET (e.g. tumour, urine, faeces,

tonsil swab)
* Whole genome sequencing

* SNP Chip

» Targeted next generation
sequencing for known variants . . .
associated with health or Tumou.r (acquired) mutation
appearance analysis

« Infectious disease — e.g.
bacteria, virus, fungus, (PCR)
» Faecal microbiome

* PCR tests for specific mutations
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EXAMPLES OF DIRECT-TO-
CONSUMER TEST THAT
USE TARGETED GENETIC

5 SEQUENCING

| FaccatTestkit @ Petsi

% PetBiome

" oncotect @ .

SOME TESTS LOOK
SIMILAR BUT ARE
NOT GENETIC - these
are similar to lateral flow
tests for protein, not
DNA or RNA

ecommendation, not in any particular order
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Vidium Searchlight DNA
e - e

Vidium Animal Health Reports

database. prognosi, nd veatment.

IDEXX RealPCR
panels to detect Gl or
respiratory infections

EXAMPLES OF GENETIC

TESTS DESIGNED TO BE

USED WITH VETERINARY
INTERPRETATION

Nu.Q® Vet Cancer Test

09/06/2025

How does the test work?

> General interest:
+ What breed(s) is my dog or cat?

v

treatment?

hRVG—

Diagnostic and treatment questions during iliness:
« Is my pet's disease caused by a known mutation and can this inform their treatment?
«+ Is my pet's disease caused by a particular virus, fungus, protozoa etc that needs specific

So what questions could a “genetic test” answer for a client?

Pre-breeding, pre-purchase or post-purchase health predications in healthy pets:
+ Does my pet have any inherited diseases for which the gene mutation is known?
« Is my pet at increased risk of any specific conditions that | can avoid by manging their lifestyle?
« Is my pet a silent carrier of any mutations that could cause disease in their offspring?

« Is my pet a silent carrier of any organisms (virus, bacteria etc) that could cause health issues?
+ Does my pet have a diverse and healthy gut microbiome?

« Are there genetic mutations in my pet’s tumour that inform diagnosis, prognosis or treatment?

WHAT IS IN THE ‘GENOMICS’ TOOLKIT BEHIND THESE TESTS?

Technology

How is it performed?

PCR Amplfy and ‘Sanger’ sequenceasmall  DNAfoma
(polymerase  (known) DNA fragmer mouth swab or
chain reaction) blood sample

‘Sometmes ‘mutplex” - looking at several
genes at once

Need advance
knowledge of
the mutation,

Difficult
to design

or
interpret?

Typical uses

and gene / mutation
of nterest

(eg PRA)
- Infectious disease testing

(eg Lepto)

11



hRVC—

Technology

WHAT IS IN THE ‘GENOMICS’ TOOLKIT BEHIND THESE TESTS?

i

Amplify and Sanger sequence a small
(known) DNA fragment.

chain reaction)

Targoted
sequencing

‘Sometimes ‘multplex” ~ looking at several

blood sample.

genes at once

Use either MassArray technology or NG DNA from a

selected smallr regions. blood sample
Fecal sample

Daysto
weeks

Need advance
knowledge of
the mutation,
species genome
and condition?

Difficult
to design

or
interpret?

Typical uses

and gene / mutation
of interest

Yes - reference
sequences around the.
mutation of nterest.
are required

" (egPRA

)
Infectious disease testing
(eg Lepto)

More commonly a research
tool

Can be useful for
‘microbiome analysis (165
TRNA gene)

09/06/2025
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WHAT IS IN THE ‘GENOMICS’ TOOLKIT BEHIND THESE TESTS?

Technology | How is it performed?

chain reaction)

Targeted
sequencing

SNP Chip

Amplify and Sanger sequence a small
(known) DNA fragment.
blood sample
‘Sometimes ‘multiplex” — looking at several
genes atonce
Use either MassAray technology orNGS  DNAfrom a
Selactod smallr regions blood sample
Fecal sample

Pre-designed based on known varians.
DNA hybridised o pre-made chip and
variations tests at thousands of pre-

588

Days to
weeks.

Days to
weeks.

Need advance
knowledge of
the mutation,
species genome
ion

Difficult | Typical uses

to design

or
interpret?

and gene / mutation
of interest

Yes —reference
sequences around the.
mutation of interest
are required

(eg PRA

)
Infectious disease testing
(eg Lepto)

More commonly a research
tool
Can be useful for
microbiome analysis (165
TRNA gene)

nome-wide studies of

populati
Individual animals (Wisdom
Panel)
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WHAT IS IN THE ‘GENOMICS’ TOOLKIT BEHIND THESE TESTS?

Technology | How is it performed?

PCR Ampify and Sanger sequence a small
(polyr (known) DNA fragment.
chain reaction) blood sample
‘Sometmes ‘mutplex” - looking at several
genes at once
Targeted Use either MassArray technology or NGS  DNA from a
sequencing
selected smaller regions blood sample.
Fecal sample.
SNP Chip Pre-designed based on known variants.
DNA hybridised to pre-made chip and
variations tests at thousands of pre-
selected sites
sequencing organism — can be at “ow-pass” e.g. 4X  from blood or
coverage, but more usually at 30X tissue

o the most common technology.
‘This sequences around 150 base pairs at
atime which have to be re-assemt

[

588

5555

Days to
weeks

Days to
weeks

Weeks
©

months.

Need advance
knowledge of
the mutation,

Difficult | Typical uses

to design
o

r
interpret?

and gene / mutation
of nterest

Yes —reference
sequences around the.
mutation of nterest.
are required

Yes - a reference
genome and high
performance
computer required

(eg

PRA)
Infectious disease testing
(eg Lepto)

More commonly a research
tool

Can be useful fo
‘microbiome analysis (165
IA gene)

Genome-wide studies of
populations

Individual animals (Wisdom
Panel)

Looking for mutations
associated with phenotype.
(disease or appearance) in
individual or population
Understanding diferences
between breeds.
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WHAT IS IN THE ‘GENOMICS’ TOOLKIT BEHIND THESE TESTS?

Technology Need advance ult | Typical uses.
knowledge of | to design
the mutation,

or
species genome | interpret?
and condition?

PR Amplfy and Sangor sequenceasmal  DNAfoma  §  Quck  Yes . -
(polymerase  (known) DNA ragment. mouth swab or and gene / mutation (egPRA)
chain reaction) blood sample ofnerest - Infectous disease tostng
‘Sometimes ‘multiplex’ ~ ooking at several (eqLepto)
genes atonce
Targeted Use either MassArray technology orNGS  DNAfroma  §8 Daysto  Yes — reference - - More commonly a research
Sequencing  and probes to ampliy and sequence mouth swab or weoks sequences around the o0l
Selecied smaler regions blood sample mutatin of nerest - Can be usetulfor
are required microbiome analyss (165
Fecal sample RNA gone)
NP Chip Pre-designed based on know varants $s  Dayto - - Genome-vide studes of
DNA hybrdised to pre-made chip and weeks popuiai
variatons ests at thousands of pre- - Induidual animals (Wisdom
selected stes ane)
Whole Genome  Sequencing theentie genomeof e DNAextracted  $585  Weeks  Yes-—areference  +++ - Looking or mutations
sequencing  organism—can be at low-pass” e.g.4X ffom blood or © genome and high associated wih phenotype
Coverage, but more usually at 30X tssue months  performance (dsease or appearance) n
flumina i the most common tachnoo Computar required indvidual or population
This sequences around 150 base pais at - Understancing diferences
aime which have t be e-assembe between breeds
Long-read Oxtord Nanopore and Pacio are the two 3555 ‘Wesks Ves-areference  ++re - Variatons in viruses in ‘real
o o B | st o
Sequencing  Seauencing reads are n the thousands of monihs  performance - Examining microl
> bass computar required resistance
= - Sequencing complex or
“MinlON version of s technology is repeliive regions &g, for
I designed for ‘quick in the feld sequencing Siructuralvariants

09/06/2025

Genome-wide association study (GWAS) — using a “SNP Chip”

DNA from Cases
n=20 to several thousand

(e

Manhattan plot shows significant SNPs differing in
frequency between the two populations

hRVC—

MinION device (Oxford Nanopore) — “pocket sized” genome
sequencing technology

hRVC_
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How much does it cost and how quick is it?

“Whole genome sequencing” (WGS): I I ature
M )

> The first human genome took $2.7 billion
and almost 15 years to complete.

> The first canine genome was published in
2005 and cost millions of dollars

> Whole genome sequencing (WGS) can
now be performed on as little as 200ul of
whole blood for ¢.$500 per sample

hRVC_

Caveats to WGS for clinical use (in 2025!)

The process takes time, high performance computing facility, an analysis
pipeline, and a skilled bioinformatician:
> ‘Call’ the variants — there will be millions of them!
> ‘Annotate’ the variants - what predicted impact do they have?
> ‘Filter’ the variants - to find which are associated with your disease
phenotype, and which could play a plausible role in risk using:
« Other genomes (same breed, relatives)
« Other databases (gene expression, function, regulation)
(3]
S
i

VarElect
Moot Casasudes- P Company

The Next Generation Sequencing Phenotyper

Rapid prioritization of variant genes based on disease/phenotype of interest

o —
SIGN UP FREE
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Where and how are we using WGS in
veterinary medicine?

Individual cases of interesting phenotypes with many
possible candidate genes e.g. clotting disorders,
haematological disorders, congenital renal disease

. N . Canine Diabetes
Potentially monogenic traits (e.g. canine juvenile diabetes GENETICS PARTNERSHIP
in Labrador retrievers)
Differential susceptibility to infections e.g. severe

coronavirus infections

Breed-associated diseases e.g. Samoyed diabetes, @ MASCOT
Miniature Schnauzer hyperlipidaemia, Burmese cat Manping Animal Suscentibility to
diabetes, Greyhound meningitis, CKCS mitral valve f A
disease Transcriptomics

Wide use in pr ion animal icine too — esp

cows and poultry, to improve health, welfare and yields

09/06/2025
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Overview

> Precision medicine — definition

= What is needed for a precision medicine approach?

> How does genetic background influence disease risk or outcome?
= What commercial tests are available?

>

> What is single-cell biology?

> Summary
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“Transcriptomics” — what can it teach us?

> This tells us which genes are being expressed in a diseased tissue
(compared to healthy tissues)

> The most common method for transcriptomics analysis is called “RNA-
Seq”

= Only a small amount of tissue is needed (e.g. Trucut biopsy)

> Also requires bioinformatics analysis

= Results can guide therapy and identify if particular treatment targets are
being expressed

> Can also be compared to survival data to identify why some patients do
better than others

> “Single cell transcriptomics” take things one step further

15



v Offers a snapshot of gene expression in the
sample, also known as the transcriptome

What is RNA-

Sequencing? v Uses high-throughput sequencing of RNA
extracted from a tissue

v'Requires bioinformatic analysis

09/06/2025

Single cell transcriptomics

Single-Coll Analysis.

P ﬂ** N -

Reveals heterogeneity
and subpopulation
expression variability of
thousands of cells

Single-Cel input

Bulk Analysis

Bull RNA input Cellutar heterogensity
masked

hitps:/icommunity. 10xgenomics comit5/10x Blog/Single-Cell-RNA-Seq-An-Introductory-Overview-and-Tools-for/ba-p!:

hRVC-i
A4
4
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B scRNAanalysis

Indvidualclones  Precision
ScRNAseq and biomarkers

SCIENCE TRANSLATIONAL MEDICINE | FOCUS C Longitudinal profiling with scRNA-seq

cANCER
Single-cell analyses to tailor treatments

AlexK. Shalek'*** and Mikael Benson®*

key role in ion of cells, pathy

One technique of “LIQUID BIOPSY” involves
searching for in I cancer cells in the
blood stream us -RNA-Seq

el
Bomarkers ‘mechanisms. andbiomarkers

hRVC_

16



A hypothetical example opportunity
for preventative precision medicine
using transcriptomics

o
%i?:l

_;% Informed surgical planning —

Provision of chemo or checkpoint
inhibitors or mAbs targeted to Precise therapy

Personalised

Tumour analysis of the

09/06/2025

biopsy from " ) genes expressed in the tumour /514 monitorin
adog  Transcripomic  tumour and or mutations oo
o screening fqr Avoidance of costly drugs where Side effects
E g:r:‘izzzzrsﬁ:?n target is not expressed minimised
mutations Improved prognosis
Overview

> Precision medicine — definition

= What is needed for a precision medicine approach?

> How does genetic background influence disease risk or outcome?
= What commercial tests are available?

= What is transcriptomics?

> What is single-cell biology?

> Summary
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Inventorying the ‘Precision Medicine’ Toolbox
THANK YOU FOR YOUR ATTENTION — QUESTIONS?

Lucy Davison MA VetMB PhD DSAM DipECVIM-CA MRCVS
Idavison@rvc.ac.uk
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Current C and Contr ies in Clinical i
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