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Inbread cats
- naturally occurring biomedical models



Cat Cloning & Transgenics

Shin et al., Nature. 2002 Feb 21;415(6874):859 Gómez et al., Cloning Stem Cells. 2009 Mar;11(1):167-76.

Cc – Copy cat

Rainbow – egg donor



 In 2004, most common disease in registered cats!

Feline Polycystic Kidney Disease 

Lyons et al. (2004). Feline polycystic kidney disease mutation identified 

in PKD1. J Am Soc Nephrol 15, 2548-2555



Known DNA Variants in Domestic Cats

https://www.dailypaws.com/cats-kittens/behavior/what-is-a-group-of-cats-called

201 known DNA variants in Felis catus 

Phenotypic Traits – 67 variants

Diseases in Breeds – 36 variants

Diseases in Random Breds – 73 variants



 an emerging approach for disease treatment 
& prevention considering individual variability 
in genes, environment, and lifestyle

 Precision Medicine Initiative® (PMI) Obama 
SOTU 2015

 Understand the complex mechanisms 
underlying a patient’s health, disease, or 
condition, and to better predict which 
treatments will be most effective – not the 
average or average for an ethnic group!

Precision / Genomic (P4) 
Medicine



Cat Breed Populations

~ 2000 – 2025

Bengals

Maine Coons

Siberians

Sphynx



 > 94 million cats in 
the USA

 33% of homes have a 
cat

 Each household has 
~ 2.2 cats

 Vast no. of ferals

 < 10% breeds



Age of Mammals
~65 millions year ago till present

Cats     Dogs

Age of Cats!



Feliform – cat-like

X

~ 65 mya



W. E.  Johnson et al.,  

Science  311, 73 -77 (2006)    



Historical Wildcat Ranges



Feral cats around 

the world





Natural Vermin 

control



Cat Genetic Population Studies



DNA markers determine genetic 
variation (STRs)



Western European Mediterranean Basin East African Asian

Genomics, 2008

Random Bred Racial Populations



 Feral “Races” of Cats

SNPs

STRs

Europe
Mediterranean

Iraq/Iran Indian Ocean

East Asia
Egypt Arabian Sea

South Asia

38 STRs and 148 SNPs



World Distinct Cat Populations, K = 7

Americas Iberia NordicMediterranean
Persian

Asian



Cats are cats – Isolation by 
Distance

SNPs                                                                   STRs



Overall Genetic Relationship of Cat Populations



Gene Pool Health of Breeds

Random Breds Wild
Breeds

White bar = good = genetic diversity

Black bar = bad = inbreeding





PLoS one, 2013





Network of Cat 
mtDNA CR

• ~800 bp mitotype

• 4 common types

• 5 minor types

• 4 derived

• 20% unique



Egyptian Cat Mummies





Cat Mummy 
mtDNA CR



Population Genetics & Mummies







Domestication & Selection      

Breeds



Cat Fancy Origins

 1st cat show: Crystal 
Palace, England in 1871

 1887 National Cat Club

 British, Persian, Manx, 
Siamese, Angora, 
Russian Blue 

 Maine Coon, USA 1905



Long hair breeds

Persian Norwegian forest cat Ragdoll Birman

Maine coon Siberian Oriental longhairTurkish angora



Hair Type Breeds

Selkirk rex Laperm Peterbald

American wirehairSphynx Cornish rexLykoi

Devon rex



Coat Colors & Patterns

Siamese
Toyger

Russian blue

Bengal

Bombay Abyssinian Turkish van



Morphological Trait Breeds

Japanese bobtailManx

American curl Scottish fold



Breeds based on size

Munchkin

vs.

Maine coon





CFA Breed Distributions
CFA (1958 – 2003 = 1,956,982  cats = 41 breeds)

 Top 14 breeds represent ~94% of breed cats

 Persian / Exotic = 1,271,301 (~65%)

 Siamese = 189,791           Maine Coon = 72,416 

 Abyssinian = 67,488          Burmese = 51,033          

 American SH = 36,482     Scottish Fold = 21,266 

 Cornish Rex = 21,028       Birman = 20,439              

 Manx = 19,154      Russian Blue = 16,368

*5 oldest breeds, pre - WWII



Breeds population structure

=
Singapura Siamese

+
Abyssinian Kurushima et al. 2012

Animal Genetics , 2012



Genetic Distinction of Breeds

24 of 29 breeds distinct



Population structure



 

Outcrossing to increase diversity



Cat Breed Genetic Health



http://www.nymews.com/ourcats/giosep03.jpg



Dolichocephalic

Siamese

Orientals

Brachycephalic

Persians

Burmese



The “Persian family”

Journal of Heredity, 2012





Cinnamon – MU Abyssinian

Assembly version Assembled size N50 contig size N50 scaffold size Total gap size

F. catus 6.2 2.36 Gb 21 kb 4.7 Mb 40 Mb
F. catus 8.0 2.6 Gb 45 kb 180 Mb 41 Mb

72x PacBio 2.5 Gb 42.5 Mb 4761 contigs

Reference assembly gap sequence estimates (Courtesy Wes Warren)

Cat genome is ~2.6 Gb

11 million SNPs total (w/ wildcat)

19,493 genes



What are felid innovations 
compared to other carnivores? 

1) Within carnivores, cats have the 
broadest hearing range (6 
hearing genes)

2) 20 positively selected vision 
genes (increase low-light vision)

3) Two chemosensory gene families 
Or (olfactory receptor, 

detection of odorants) 
 V1r (vomeronasal receptor, 
detection of pheromone)



To identify genes families that 
rapidly evolve, we look for gene 
expansions. 

Analysis of the complete Or gene 
repertoires for Cat, Tiger and 
Dog. Revealed decrease in felids 
versus dogs 
 ~700 genes vs. > 800

Vlr gene repertoire is markedly 
reduced in dogs but expanded in 
the ancestor of the cat family.
  8 genes vs. 21 genes

Olfactory & Vomeronasal Receptors

Green= Gain
Red = Loss

reconstructed ancestral functional 
olfactory receptor gene (Or) repertoire



What makes a cat - a cat?

• shorter rostrums than dogs

• more specialized carnassials

• less teeth than dogs

• more digitigrade

• walks on toes

• more carnivorous

• ambush hunters, arboreal

• retractable claws Dreamstime.com



Double-chambered auditory bullae



Specialized Dentition of Cats

• Specialized teeth 2 x 3I/3I (incisors), 1C/1C 

(canine) , 3P/2P (Pre-molar), 1M/1M (molars)



 ~ 65 mya last common ancestor

 Obligate carnivore vs. omnivore
 Ambush predator

 Recent vs. more ancient domestication
 Progenitor still exists for cats

 Mild vs. Intense Selection
 Minimal on behavior for cats
 Less of genome under selection
 Fewer breeds, more recent – aesthetics - simple
 Large random bred population

Cats are not small dogs!



Precision Medicine 

the time is meow!



Cats rule, 
dogs drool!
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