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GENES TIME

ENVIRONMENT

DISEASE

Increasingly well characterised:
- Caloric intake and diet
- Exercise
- Microbiome
- Virus exposure
- Pollutants and EDCs
- Dietary iodine

Many genes of known and 
unknown function:

- Monogenic mutations in 
receptors or channels 

- MHC variation in autoimmune
endocrine disease

- Oncogenes in endocrine 
cancer

- Cumulative effect of small 
number of ‘risk alleles’ across
many genes in ‘complex’ 
diseases

Multi-factorial endocrine disease

Endocrine disorders

- Overproduction of hormones
- Hyperthyroidism
- Cushing’s (hyperadrenocorticism)
- Hyperaldosteronism
- Insulinoma 
- Hypersomatotropism (Acromegaly)
- Hyperparathyroidism

- Deficiency (relative or absolute):
- Hypothyroidism
- Diabetes mellitus
- Addison’s (hypoadrenocorticism)

Overproduction – lack of response to 
normal signals, and expansion of the 
endocrine organ
• Hyperplasia (nodule)
• Tumour (benign or malignant)

Deficiency – lack of response to 
normal signals, and expansion of the 
endocrine organ
• Autoimmune destruction
• Antibodies blocking signalling
• Gland destroyed by infection, tumour, 

surgery or radiation
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• Canine Diabetes Mellitus
• Genetic basis of human diabetes
• Investigating canine diabetes genetics

• Feline Hyperthyroidism
• Can we predict which cats will become hyperthyroid?
• Acquired genetic mutations in the feline thyroid gland

• Canine insulinoma
• Using single-cell transcriptomics to understand a rare cancer

SUMMARY

Wellcome Trust Case Control 
Consortium Nature 2007

Thursday, 
7 June 
2007

There are now >75 genetic regions 
associated with type 1 diabetes 
and >200 regions associated with 
type 2 diabetes in humans

Most cases of canine diabetes 
are likely to have a similarly 
‘complex’ genetic basis
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Precision Medicine is an ‘Emerging Paradigm’

Neonatal diabetes 
mellitus – assumed 

to be “type 1” 
autoimmune and 

insulin dependent

Poor or erratic 
response to 

injectable insulin 
therapy

Clinical whole 
genome 

sequencing 
(WGS)

Mutation in KCNJ11 identified
(a potassium channel involved in 

insulin release in pancreatic beta cells)

Excellent clinical 
response to oral 
sulphonylureas

Canine Diabetes Mellitus – how many diseases is it?

“random (fasted or unfasted) 
blood glucose > = 11.1 mmol/L 
(>=200 mg/dL) with classic 
clinical signs of hyperglycaemia 
(with no other plausible cause), 
or hyperglycaemic crisis” 

DEFINITION

PHENOCOPIES
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What will genetics reveal?

Epidemiology supports a strong 
genetic risk in canine diabetes

The Canine Diabetes Genetics 
Partnership is an interdisciplinary 

consortium formed to discover and 
understand genetic variants 

contributing to canine pancreatic beta 
cell health and disease



09/06/2025

5

CANINE DIABETES PROTECTEDSUSCEPTIBLE

OR = 7.46

OR = 3.75

OR = 15.2

OR = 0.89

OR = 0.23

OR = 0.13
OR = 0Davison et al 2003 Vet Record

Highly 
represented in 

insulinoma 
cohorts

Insulinoma:
uncontrolled
proliferation

Canine Diabetes: Destruction of pancreatic beta cells.  
Insulinoma: Uncontrolled growth of pancreatic beta cells.

Pancreatic
Beta Cells

Diabetes:
destruction

Do “insulinoma risk” genetic variants protect from diabetes?

Phase 1
30X Whole 
Genome 
Sequencing

32 CDGP dogs
(Box Lab Sam)

Plus genomes 
from other 
breeds

Phase 2
TWIST

96 CDGP dogs
(Box Lab Sam)

Plus 91 samples 
from other breeds

c.10k variants using  
‘TWIST’ genotyping

Phase 3
‘SeqSNP’ Class 2 
variants

c. 120 dogs
Lab Sam 
case:control focus

plus 72 samples 
from other breeds

c.2.5k variants 
using ‘Seq-SNP’ 
genotyping

TWIST LIST
EVIDENCE 

BASED 
SCORING

 Functional studies (with 
collaborations)

 Additional breeds

 Larger scale genotyping

 Ongoing collection of 
samples

 Translational potential

2.0

Progression of the work of the CDGP since 2018 using archived samples*

IN PROGRESS

*Archive established in 1999 at the Royal Veterinary College, UK by Prof Brian Catchpole
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What attributes give a genetic variant (SNP) a ‘high’ 
evidence score for further evaluation? 

• Statistics:
• High frequency in high diabetes risk breed(s)
• Distinct in high diabetes risk breed(s)
• Low frequency or absence in low diabetes risk breed(s) and 

insulinomas
• P value of case / control analysis within a breed
• P value of case / control analysis in the whole cohort

• Plausible link to disease
o Tier 1: direct link to disease
o Tier 2: gene / pathway relevant to disease

• Impact
o Coding sequence
o Predicted effect on gene function or splicing

CLUSTER COMPUTING

How can genetic variants contribute to risk in a 
complex disease?

• providing an overall increased susceptibility of the whole breed to the 
disease (may or may not be exclusive to the breed)

1. High-frequency & fixed variants in a breed

• modifying susceptibility to the disease within a breed (i.e. seen in more 
cases than controls within a breed)

2. Variants in a subset of individuals with the breed

• modifying risk of the disease in individual dogs or cats

3. Low-frequency or unique variants

•Variants>17 Million

•Exonic moderate 
impact49,864

•Samoyed‐exclusive3,277

•Plausible diabetes gene458

•Present in high number of 
diabetic dogs

SAMOYED DIABETES

Gene 1
• Missense (p.ValGly)
• regulation of insulin receptor signalling pathway

Gene 2
• Missense (p.ArgLys); (p.GlyArg)
• response to insulin

Gene 2Gene 1

homozygous alternate allele
heterozygous
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“Class 1” : Examples of candidate variants making the whole 
Samoyed breed at increased risk of diabetes

Dr. Marsha Wallace

“Class 2” : Within breed GWAS: are certain dogs within each breed 
at increased risk?

Dr. Marsha Wallace

Neonatal diabetes 
mellitus – assumed 

to be “type 1” 
autoimmune and 

insulin dependent

Poor or erratic 
response to 

injectable insulin 
therapy

Clinical whole 
genome 

sequencing 
(WGS)

Mutation in KCNJ11 identified
(a potassium channel involved in 

insulin release in pancreatic beta cells)

Excellent clinical 
response to oral 
sulphonylureas
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• 200 non-diabetic Labrador 
retrievers – 1 homozygote

• 123 Labrador retrievers with 
diabetes (adult onset) – 8 
homozygotes

• Not (yet) seen in any other breeds

These data are supportive of possible 
monogenic recessive inheritance of DM 
associated with the mutation rs851344999 
(D274N) in KCNJ11 in the Labrador retriever 

Dr. Marsha Wallace
Manuscript in preparation
Patent submitted

Class 3 (Monogenic diabetes) variant in the same gene (KCNJ11) 
in Labrador retrievers

Structure - PyMOL

KCNJ11 encodes a subunit of the KATP channel expressed in beta cells, 
and involved in the electrophysiological process of insulin release

Modelled by Dr Sara Falcone

Reference: 
D (Aspartic Acid) at position 274

Diabetes-associated:
N (Asparagine) at position 274

Modelled by Dr Sara Falcone

Would diabetic dogs with this mutation benefit from sulphonylurea drugs like humans?

Can we prevent diabetes occurring in these dogs?
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• Canine Diabetes Mellitus
• Genetic basis of human diabetes
• Investigating canine diabetes genetics

• Feline Hyperthyroidism
• Can we predict which cats will become hyperthyroid?
• Acquired genetic mutations in the feline thyroid gland

• Canine insulinoma
• Using single-cell transcriptomics to understand a rare cancer

SUMMARY

• Can we use clinical genetics to predict which cats will get 
hyperthyroidism?

• Can we use genetics or transcriptomics to understand the 
pathogenesis of hyperthyroidism so we can design more 
targeted treatments?

10% of cats over the 
age of 10 years are 

hyperthyroid

Hyperthyroidism is 
less common in 

color-point breed cats



09/06/2025

10

Multifactorial additive risks in development of feline HTH

GENES TIME

ENVIRONMENT

What do we mean by “genetics”?

 Inherited (germline) variation

AND

 Acquired (somatic) mutations within individual cells 
in the thyroid

NEW TREATMENT TARGETS

HTH

What is actually happening in the feline thyroid?

• Feline hyperthyroidism shares several 
histopathological and clinical 
similarities with human toxic 
multinodular goitre (TMG).

• The major risk factors for TMG, 
besides advanced age and female 
sex, are iodine deficiency and 
acquired mutations in the genes 
encoding TSHR or Gsα. 

Feline euthyroid (ET) and hyperthyroid 
(HT) thyroid tissue: Hiron et al 2024

• Using a SNP chip

• A total of 71 variants 
associated with feline 
hyperthyroidism (nominal 
significance) were identified.

• 15 variants were repeatedly 
associated with 
hyperthyroidism across 
different association tests.

Discovery GWAS results: Case-control 102 423

Paul Norman PhD student – manuscript in preparation



09/06/2025

11

ONGOING WORK

Paul Norman PhD student

The most promising variants have been prioritised, using a bespoke 
bioinformatics pipeline for “evidence scoring”. 

Analysis is ongoing in the form of a meta-analysis from the original SNP-
chip GWAS data and the new targeted sequencing data – more data to be 
published 2025-2026

DNA has been extracted from archived blood samples from a further 
144 cases and 263 controls from the RVC geriatric cat clinic, for 
targeted sequencing at 673 selected variants, using a technology 
called Seq-SNP

NEW TREATMENT TARGETS?

Paul Norman
Marsha Wallace

UNPUBLISHED PRELIMINARY 
ANALYSIS:

Six feline variants are significantly 
associated with feline hyperthyroidism 
risk in the meta-analysis

Could these eventually form the 
basis of a clinical test? 

Manuscript in preparation

Multifactorial additive risks in development of feline HTH

GENES TIME

ENVIRONMENT

What do we mean by “genetics”?

 Inherited (germline) variation

AND

 Acquired (somatic) mutations within individual 
cells in the thyroid

NEW TREATMENT TARGETS

HTH
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Study design (Hiron et al 2024)

Thyroid tissue histopathology and RNA sequencing

Joana Aguiar PhD student
Dr Tom Hiron

Sample ID
Reason for 
collection

Age at 
collection Sex Breed

T4 at diagnosis 
(nmol/L)

T4 at collection 
(nmol/L)

TSH 
(ng/mL) Thyroid status

Treatment 
status

Treatment duration 
(days)

ET01 euthanasia 15y 3m MN DLH ‐ 18.8 0.05 euthyroid ‐ ‐
ET02 euthanasia 9y 6m FN DSH ‐ 7.3 0.06 euthyroid ‐ ‐
ET03 euthanasia 17y 5m MN DSH ‐ 35.9 0.07 euthyroid ‐ ‐
ET04 euthanasia 15y 2m FN DSH ‐ 20 0.07 euthyroid ‐ ‐
HT01 euthanasia 15y 6m MN DSH 77.6 86.6 ‐ hyperthyroid treated 1539
HT02 euthanasia 20y FN DLH 82.5 91.2 ‐ hyperthyroid untreated ‐
HT03 euthanasia 15y 1m FE DSH 251 107 ‐ hyperthyroid treated 77
HT04 thyroidectomy 10y 8m FN DSH 299 4.1 ‐ hyperthyroid treated 88
HT05 thyroidectomy 9y 2m MN DSH 261 ‐ ‐ hyperthyroid treated 31
HT06 thyroidectomy 12y 7m FN DSH 138 ‐ ‐ hyperthyroid treated 48
HT07 euthanasia 12y 7m FN DSH 237 ‐ ‐ hyperthyroid untreated ‐
HT08 thyroidectomy 14y 2m FN DSH 170 ‐ ‐ hyperthyroid untreated ‐
HT09 euthanasia 21y 8m MN DLH 43.9 15.7 <0.03 hyperthyroid treated 1343
HT10 thyroidectomy 12y 11m MN DSH >300 ‐ ‐ hyperthyroid treated 21
HT11 euthanasia 15y FN DSH 169 4 ‐ hyperthyroid treated 263

Gene expression profile by RNA-Seq correlates with 
histological grade of thyroid nodule(s)
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Which genes might be involved?

Figure from: Pereira, Sofia & Lobato, Carolina & Monteiro, Mariana. (2020). Cell Signaling Within Endocrine 
Glands: Thyroid, Parathyroids and Adrenal Glands. 10.1007/978-3-030-44436-5_3. 

Hyperthyroid cats 
have low or no TSH

Looking for acquired 
mutations in thyroid 

nodules, that might explain 
why thyroid hormone is 

still made and secreted in 
hyperthyroid cats, even 

when TSH is low

Acquired mutations in feline hyperthyroidism: The TSH receptor (TSHR) 

‐ Watson et al. reported mutations in exon 10 of TSHR, encoding the transmembrane and intracellular domains, in 

thyroid nodules from 28/50 HT cats

‐ We saw this mutation, and some additional mutations in TSHR – but in both hyperthyroid and euthyroid cats

Figure: Genotypes of TSHR variants detected 
in RNA-seq reads from HT and ET samples. 
Genomic coordinates are for the felCat9 
reference genome (see Methods). Variants are 
labelled with the resulting amino acid 
substitution in TSHR, and with the variant ID 
from Watson et al. where applicable. 

• GNAS is the gene encoding the alpha 

subunit of Gs (Gsα), which is critical 

in downstream signalling from TSHR

• Peeters et al. detected Gsα mutations 

in 4/10 HTH cats at two different sites. 

• We also detected these two 

mutations in hyperthyroid cats in our 

RNA‐Seq data

• We also found a third, novel mutation 

in GNAS in thyroid tissue from cats 

with hyperthyroidism. 
Pereira et al 2020
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Nucleotide frequencies in mapped RNA-seq reads at 
variant positions in GNAS (ENSFCAT00000040256). 
Alternative alleles called by GATK are marked with *. The 
first 2 mutations have been previously reported.

GNAS

• In exons 8–10 of GNAS, 
(encoding Gsα), we detected 
acquired missense variants in 
9/11 thyroid samples from HTH 
cats

• None of these variants were 
detected in thyroid samples from 
euthyroid cats or in blood 
samples from HTH cats

The acquired mutations in 
Gs in feline 

hyperthyroidism lead to 
constitutive signalling 
(cAMP production) = a 

permanent “ON” message

Pereira et 
al 2020

Hiron et al 2024

 The Gsα variants detected in 
feline thyroids in this study are 
acquired mutations

 These mutations result in 
constitutive Gsα activation and 
elevated intracellular cAMP

 This makes the mutations a 
likely causal factor in feline 
hyperthyroidism

WHAT DOES THIS MEAN?
The question 

remains: 

Why and how do 
mutations arise in 

feline thyroid 
glands?
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DNA sequence Precision Medicine

This will look 
different for each 

person 

Without comparative 
information and 

expert analysis, this 
is of limited value

• Canine Diabetes Mellitus
• Genetic basis of human diabetes
• Investigating canine diabetes genetics

• Feline Hyperthyroidism
• Can we predict which cats will become hyperthyroid?
• Acquired genetic mutations in the feline thyroid gland

• Canine insulinoma
• Using single-cell transcriptomics to understand a rare cancer

SUMMARY
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Insulinoma:
uncontrolled
proliferation

Canine Diabetes: Destruction of pancreatic beta cells.  
Insulinoma: Uncontrolled growth of pancreatic beta cells.

Pancreatic
Beta Cells

Diabetes:
destruction

10X single-cell transcriptomics of two canine insulinomas 

Single cell transcriptomics

https://community.10xgenomics.com/t5/10x-Blog/Single-Cell-RNA-Seq-An-Introductory-Overview-and-Tools-for/ba-p/54



09/06/2025

17

Unexpectedly, two different populations of cells were expressing insulin 

Will scRNA-Seq 
become affordable 
/ practical / helpful 
in clinical practice?

Does this help us 
to identify 

treatment targets?

DNA sequence Precision Medicine

This will look 
different for each 

person 

Without comparative 
information and 

expert analysis, this 
is of limited value

2025 Conti Symposium on Veterinary Continuing Education
Current Concepts and Controversies in Clinical Genomics
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