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Dr. Lyons’ doctorate degree is in human genetics from the University of Pittsburgh, Graduate
School of Public Health. She spent seven years at the National Cancer Institute, Laboratory of
Genomic Diversity developing genetic resources, working with early generation Bengal cats,
and collecting disease and phenotypic traits for the domestic cat. In 1999, she moved to the
University of California - Davis, School of Veterinary Medicine to continue research on cats,
including the identification of inheritable disease mutations. She identified the DNA variant for
the most common inherited disease in cats, polycystic kidney disease, and has been involved
with the identification of over 20 cat DNA variants, including many involving coat colors, fur
types, B blood type and other diseases. In 2013, Dr. Lyons joined the University of Missouri —
Columbia, College of Veterinary Medicine as the Gilbreath-McLorn Endowed Professor of
Comparative Medicine. Dr. Lyons has managed a cat colony of different breeds and species for
over 20 years and has two cats or her own, Withers and Watson.

Dr. Lyons received her first Winn Feline Foundation award while at the National Cancer Institute
that focused on the genetics of the Burmese craniofacial defect. The WFF and the Lyons Feline
Genetics Laboratory have continued a successful partnership, identifying important disease
mutations such as Polycystic Kidney Disease, Bengal and Persian retinal degeneration, and
blood group, as well as completing cat population genetic studies. Winn Feline Foundation was
one of the first to sponsor the cat DNA array studies and the 99 Lives Cat Genome Sequencing
Project, which now has over 100 cats and many wild felids in the database of cat genomes.



Genetics and Precision Medicine: State of the Art Health Care for Cats!

The genetic and genome resources available for health studies of the domestic cat are
becoming sufficiently robust and cost efficient. The sequencing of a cat’s entire genome can
now be completed for under $2,000 USD. The 50-hour and now the 26-hour genome efforts
have demonstrated how genome medicine in humans can be applied to health management for
acute care patients with time-critical morbidity and mortalities. Although the availability of the
bioinformatics infrastructure and speed are not yet available in cats as available for humans, the
DNA variant database developed by the 99 Lives Cat Genome Sequencing Initiative has proven
valuable. Developed from a variety of cats from diverse populations and breeds, including cats
with no known and known genetic health problems, the cat variant database supports the
identification of DNA variants that are rare and causal for health conditions suspected to have a
genetic component. Two whole genome sequencing (WGS) studies have already identified
three DNA variants in cats that are associated with progressive retinal atrophy in Persian cats,
the bobbed tail of the Japanese Bobtail breed, and Congenital Myasthenic syndrome in Devon
rex and Sphynx — related cats.

Precision medicine is an emerging approach for disease treatment and prevention that takes
into account individual variability in genes, environment, and lifestyle. President Obama
announced the Precision Medicine Initiative® (PMI) in his State of the Union address in 2015.
Most medical treatments have been designed for the “average patient”. Precision Medicine
gives clinicians tools to better understand the complex mechanisms underlying a patient’s
health, disease, or condition, and to better predict which treatments will be most effective.
Overall, an individual’s specific genetic make-up will become an intricate part of their standard
health care. Can cats have Precision Medicine too?

To date, over 40 genes with approximately 70 DNA variants have been documented to cause
phenotypic, disease or blood type variations in the domestic cat. The clinical descriptions and
phenotypes of each of these diseases and traits have been curated at the Online Mendelian
Inheritance in Animals (OMIA) website (http://omia.angis.org.au/home/), which is an invaluable
resource comparison of the phenotypes across 2216 animal species. These known variants
and newly identified DNA variants can be genotyped rapidly and cost effectively in panels that
appropriate for breeds, populations or in feline patients as part of wellness care. The vigilance of
veterinarians and the collaboration with geneticists could lead to the rapid discovery of
undiagnosed genetic conditions in cats, which hopefully lead to more effective and proactive
treatments.

The 26 genes in Table 1 are often under positive selection in cats, particularly breeds; however,
not all of the variants may be considered “good” by current standards. Once cats became
domesticated, some of the first noticeable genetic alterations conferred phenotypic variations,
such as fur length, fur type, coat colors, and coat patterns. If you know your alphabet, you can
basically remember most of the phenotypic genes and loci that affect the appearance of a cat.

A few of the DNA variants listed in Table 1 may not be considered “good” by current cat
breeding standards. Indeed, many of the coat color variants, such as White and Spotting may
be detrimental in the feral state, especially since they have not been documented in wildcats
(Felis silvestris). The Manx DNA alterations are lethal in utero in the homozygous state and
many Manx cats have issues with lameness, incontinence and constipation. The discovery of
the Tailless variants has also revealed that Japanese Bobtail cats do not have DNA changes in
the same gene and that the PixieBob breed has Manx and Japanese Bobtail genetic
contributions. Many argue that the hairless phenotypes are “too unnatural” for a cat and they
can suffer from potential hypothermia and sun burn. Dwarfism is another controversial



phenotype, propagated as the Munchkin cat breed. However, the dwarfism breed and the DNA
variant have not been scientifically documented and health concerns not yet identified. Other
well-known health concerns are the Scottish Fold phenotype, which is associated with
osteochondrodysplasia. Many breeders seem to think that osteochrondrodysplasia occurs only
in the homozygous cat. Likely, some disease in heterozygote cats manifestations sub-clinically.
In addition, dominant White is associated with deafness and increased risks of melanomas due
to depigmentation and UV-exposure. Deciphering the gene alleles associated with Scottish
Folds and dominant White cats will likely help us to understand the basic biology of the genes
and the role of genetic modifiers that influence the undesired and linked health concerns.

The genetically characterized diseases and health concerns for specific cat breeds are
presented in Table 2. Most of the identified disease tests in cats that are very specific to breeds
and populations are available as commercial genetic tests offered by university-associated and
private laboratories. These DNA variants should be monitored by cat breed registries and
become the cat DNA alterations that are most familiar to veterinary practitioners as they are
useful diagnostics.

Some DNA variants that were found in a specific breed, such as mucopolysaccharidosis Type
VI in the Siamese, were found in a specific individual and the variant is not of significant concern
in the breed. Table 3 lists cat DNA alterations identified in random bred cats and disease
conferring variants that have not propagated within a breed. These genetic variants should not
be part of routine screening by cat breeders and registries, but clinicians should know that
genetic tests are available for diagnostic purposes, especially from research groups with
specialized expertise. If similar conditions are suspected in cats, researchers will generally
consider testing for the known variant as a non-commercial service and may continue analysis
of the entire gene to determine if new DNA alterations can be identified and causative for this
particular condition. Other biomarkers are also available at these specialized laboratories to
help decipher between specific conditions, such as the lysosomal storage diseases and
metabolism orders.

Domestic cats have an easily distinguishable karyotype consisting of 18 autosomal
chromosomes and the XY sex chromosome pair, resulting in a 2N complement of 38
chromosomes for the cat genome. Cat chromosomes are clearly defined by size; centromere
position; distinctive giemsa banding patterns of the short (p) and long (q) arms of each
chromosome; and the presence of only a few small acrocentric chromosomes. The alignment
of genes on chromosomes in cats is very similar to the genomic organization in humans.
Humans have their genes distributed onto 22 autosomes, therefore only a small number of
changes are required to rearrange the same genes onto 18 autosomes, as found in cats. Most
mammals have ~21,000 genes residing on their chromosomes and the coding portion of these
genes is conserved across species. Many of the trait and disease mutations identified to date
have been in exons, the coding portions of genes. However, all species are discovering that the
regulatory elements in the non-coding portions of genes, such as introns and untranslated
regions, harbor > 60% of causal mutations for diseases and trait.

A result of the Human Genome Project has been the development of rapid and cost effective
means to sequence an entire genome of an individual in less than one month. Currently, whole
genome sequencing is becoming the standard of health care for genetic profiling of cancers,
which can dictate the proper selection of chemotherapies based on DNA mutations of the tumor.
At specialized centers around the world, newborns with sporadic, congenital abnormalities can
be whole genome sequenced, which often, but not always, detects the cause of their maladies.
Since over 100,000 people have now had their genomes sequenced, the database of normal
and detrimental genetic variants is fairly well defined in some human populations but requires
greatly better definition in others. Likely, whole genome sequencing will become part of the



health care package for human health. Recently, the $1,000 genome cost has been reached for
humans, shortly this technology will be adapted for other species. For cats, currently whole
genome sequencing is being used to investigate diseases and traits that are known to be
heritable, and when sufficient individuals are not available for a different means of genetic
analysis, such as family studies or case-control association studies. Like humans, eventually,
the genetic variant databases will be sufficient for the analysis of an individual cat with an
unusual health presentation.

A cooperative approach that supports small laboratories that do not have vast resources and
skills, particularly for bioinformatics, is allowing new investigators, particularly with veterinary
backgrounds, to participant in DNA variant discovery for health concerns. Thus, the concept of
a low cost, centralized genome sequencing effort has developed for cat researchers — the 99
Lives Cat Genome Sequencing Initiative. The 99 Lives project has a centralized resource with
genome sequences produced of similar quality and similar techniques to facilitate variant
discovery. The resource is expected to help develop a higher density DNA array for complex
diseases studies in common cats — regular house cats and to support researchers with variant
discovery and for evolutionary studies. The 99 Lives Cat Genome Sequencing Initiative
(http://felinegenetics.missouri.edu/ninety-nine-lives) has been launched to meet the same
standard in health care for cats as for humans. The sporadic or idiopathic conditions will slowly
be determined to have individual specific genetic causes, leading to highly specific personalized
medicine for our companion animals.




Table 1 The phenotypic traits of the domestic cat.

Disease / Trait (alleles) MOF* Phenotype Gene Gene Name Mutation
OMIA Entry
Agouti (A", a, A7°)" ¢ AR Banded fur to solid ASIP Agouti-signaling protein c.122_123delCA; Pbe haplot
000201-9685
Brown (B, b, b)** AR Brown, light brown color variants TYRP1 Tyrosinase related protein b = -5IVS6, b'= ¢.298C>T
001249-9685
Color (C*, C°, C°, ¢)*® AR  Burmese, Siamese color pattern, full ~ TYR Tyrosinase ¢’ =c.715G>T, ¢’ = ¢.940G>
000202-9685 albino = ¢.975delC
Dilution (D", d)’ AR Black to grey / blue, MLPH Melanophilin c.83delT
000206-9685 Orange to cream
Dwarfism AD Shortening of long bones unknown unknown unknown
000299-9685
Extension (E, e, €') — Amber’ AR Brown/red color variant MC1R Melanocortin receptor 1 c.250G>A; c.439TCT
001199-9685
Fold (Fd, fd")’ AD Ventral ear fold TRPV4 Transient Receptor Potential c.1024G>T
000319-9685 cation channel, subfamily V,
member 4
Gloves (G, g)"’ AR White feet KIT KIT c.1035_1036delinsCA
001580-9685
Hairless (Hr", hr) AR Atrichia KRT71 Keratin 71 c.816+1G>A
Inhibitor (1, i") AD Absence of phaeomelanin unknown unknown unknown
001583-9685
Japanese Bobtail (J, j*)" AD Kinked tail HES7 Hairy and Enhancer of Split c.5A>G
family, transcription factor 7

Kurl (K, k) AD Rostral curled pinnea unknown unknown unknown
000244-9685
LaPerm AD Curly hair coat unknown Unknown unknown
000245-9685
Longhair (L*, )"* 7 AR Long fur FGF5 Fibroblast growth factor 5 c.356_367insT, c.406C>T
000439-9685 c.474delT, c.475A>C
Lykoi AR Absent undercoat unpub unpub unpub
Manx (M, m*)™ AD Absence/short tail TBOX T — box €.998delT, c.1169delC, an
000975-9685 c.1199delC,

€.998_1014dup17delGCC
Orange (O, 0°) X linked Change in pigment hue unknown unknown unknown
Peterbald AD Hairless, brush coat unknown unknown unknown




001201-9685

Polydactyla (Pd, pd*)™ AD Extra toes SHH Sonic hedgehog c.479A>G, c.257G>C, c.481,

000810-9685

Rexing (R", )™ AR Curly hair coat LPARG6 Lysophosphatidic acid receptor 6 c.250_253delTTTG

001684-9685

Rexing (Re”, re)'” AR Curly hair coat KRT71 Keratin 71 c.1108-4_1184del,

001581-9685 c.1184_1185insAGTTGGA
c.1196insT

Rexing (R°, r’)"® AD Curly hair coat KRT71 Keratin 71 c.445-1G>C

001712-9685

Spotting (S, s)” Co-D Bicolor / van white KIT KIT 7125ins FERV1 element

000214-9685

Tabby(T", £)*° AR Blotched/classic pattern TAQPEP Transmembrane aminopeptidase  S59X, T139N, D228N, W84

001429-9685 Q

Ticked (T, t) AD No Tabby pattern unknown unknown unknown

001484-9685

White (W, w*)" AD Loss of pigmentation KIT KIT FERV1LTR ins

000209-9685

Wide-band AR? Length of pheomelanin band in hair unknown unknown unknown

1 Mode of inheritance of the non-wild type variant. A “+” implies the wild type allele when known. In reference to the mutant allele, AD implies
autosomal dominant, AR implies autosomal recessive, co-D implies co-dominant. OMIA: Online Mendelian Inheritance in Animals
(http://lomia.angis.org.au/home/) entries provides links to citations and clinical descriptions of the phenotypes and the diseases. Presented
citations are for the causative variant discovery.



Table 2 Inherited diseases of domestic cats for which a commercial DNA test is available

Disease / Trait (alleles) OMIA

Entry molr* Phenotype Gene Gene Name Mutation

AB Blood Type (A", AB, b)*" AR Determines Type B CMAH cytidine monophospho-N- c.1del-53_70, c.139G>A

2000119-9685 acetylneuraminic acid

hydroxylase

Craniofacial Defect””’ AR Craniofacial Defect ALX1 Aristaless-Like Homeobox 1 €.496delCTCTCAGGACTG
Gangliosidosis 1°* 000402- AR Lipid storage disorder (GM1) GLB1 Galactosidase, beta 1 c.1457G>C
9685
Gangliosidosis 2°° 01462- AR Lipid storage disorder (GM2) HEXB Hexominidase B c.1356del-1_8,
0985 c.1356_1362delGTTCTCA
Gangliosidosis 2°° AR Lipid storage disorder (GM2) HEXB Hexominidase B c.39delC
01462-0985
Glycogen Storage Dis. IV’ AR Glycogen storage disorder(GSD) GBE1 Glycogen branching enzyme 1 IVS11+1552_1VS12-1339
000420-9685 del6.2kb ins334 bp
Hypertrophic Cardiomyopathy”®  AD Cardiac disease (HCM) MYBPC Myosin binding protein C c.93G>C
000515-9685
Hypertrophic Cardiomyopathy” ~ AD Cardiac Disease (HCM) MYBPC Myosin binding protein C c.2460C>T
000515-9685
Hypokalemia™ AR Potassium deficiency (HK) WNK4 WNK lysine deficient protein €.2899C>T
001759-9685 kinase 4
Progressive Retinal Atropy”' AR Late onset blindness (rdAC) CEP290  Centrosomal protein 290kDa IVS50 + 9T>G
001244-9685
Progressive Retinal Atropy™ AD Early onset blindness (rdy) CRX Cone-rod homeobox c.546delC
000881-9685
Polycystic Kidney Disease™ AD Kidney cysts (PKD) PKD1 Polycystin 1 c.10063C>A
000807-9685
Pyruvate Kinase Def.” AR Hemopathy (PK Deficiency) PKLR pyruvate kinase, liver, RBC €.693+304G>A
000844-9685
Spinal Muscular Atrophy™ AR Muscular atrophy (SMA) LIX1- limb expression 1 homolog - Partial gene deletions
000939-9685 LNPEP  leucyl/cystinyl aminopeptidase

1 Mode of inheritance of the non-wild type variant. Not all transcripts for a given gene may have been discovered or well documented in the cat,
mutations presented as interpreted from original publication. A “+” implies the wild type allele when known. In reference to the mutant allele, AD
implies autosomal dominant, AR implies autosomal recessive, co-D implies co-dominant. OMIA: Online Mendelian Inheritance in Animals
(http://lomia.angis.org.au/home/) entries provides links to citations and clinical descriptions of the phenotypes and the diseases. Presented
citations are for the causative variant discovery.



Table 3 Uncommon mutations for inherited domestic cat diseases

Disease / OMIA Entry OMIA Entry Gene Mutation*
11b-hydroxylase 001661-9685 CYP11B1 Exon 7 G>A
Def. (Congenital Adrenal Hypoplasia)36
Congenital Myasthenic Syndrome®’ CLCN1 c.1930+1G>T
Dihydropyrimidinase Deficiency™ 001776-9685 DPYS c.1303G>A
Factor XII Deficiency™ 000364-9685 FXll c.1321delC
Fibrodysplasia Ossificans Progressiva 000388-9685 unpub unpub
Gangliosidosis 1% 000402-9685 GLB1 c.1448G>C
Gangliosidosis 2*' 001462-9685 HEXB c.1467_1491inv
Gangliosidosis 2* 001462-9685 HEXB c.667C>T
Gangliosidosis 2°’ 001427-9685 GM2A c.390_393GGTC
Hemophilia B* 000438-9685 F9 c.247G>A, c.1014C>T
Hyperoxaluria™ 000821-9685 GRHPR G>A 14 acceptor site
Hypothyroidism 000536-9685 unpub unpub
Lipoprotein Lipase Deficiency™ 001210-9685 LPL c.1234G>A
Mucolipidosis 11*° 001248-9685 GNPTAB €.2655C>T
Mannosidosis, alpha®’ 000625-9685 LAMAN c.1748_1751delCCAG
Mucopolysaccharidosis 1*° 000664-9685 IDUA ¢.1107_1109delCGA; ¢.1108_1110GAC
Mucopolysaccharidosis VI* 000666-9685 ARSB c.1427T>C
Mucopolysaccharidosis VI°”*’ 000666-9685 ARSB c.1558G>A
Mucopolysaccharidosis VII* 000667-9685 GUSB c.1052A>G
Muscular Dystrophy®’ 001081-9685 DMD 900bp del M promoter -exon 1
Niemann-Pick C Type 1> 000725-9685 NPC1 €.2864G>C
Niemann-Pick C Type 2>° NPC2 c.82+5G>A
Polydactyly™ 000810-9685 SHH c.479A>G, c.257G>C, c.481A>T
Porphyria (congenital erythropoietic)>** 001175-9685 UROS c.140C>T, c.331G>A
Porphyria (acute intermittent)>* 001493-9685 HMBS c.842_844delGAG, c.189dupT, c.250G>A,
c.445C>T
Vitamin D Resistant Rickets® 000837-9685 CYP27B1 €.223G>A, c.731delG
Vitamin D Resistant Rickets® 000837-9685 CYP27B1 c.637G>T




T The presented conditions are not prevalent in breeds or populations but may have been established into research colonies. 1 Not all transcripts
for a given gene may have been discovered or well documented in the cat, mutations presented as interpreted from original publication. *A variety
of mutations have been identified, yet unpublished for porphyrias in domestic cats. Contact PennGen at the University of Pennsylvania for
additional information. OMIA: Online Mendelian Inheritance in Animals (http://omia.angis.org.au/home/) entries provides links to citations and
clinical descriptions of the phenotypes and the diseases. Presented citations are for the causative variant discovery.



1. Eizirik E, Yuhki N, Johnson WE, et al. Molecular genetics and evolution of melanism
in the cat family. Curr Biol 2003; 13: 448-453.

2. Gershony LC, Penedo MC, Davis BW, et al. Who's behind that mask and cape? The
Asian leopard cat's Agouti (ASIP) allele likely affects coat colour phenotype in the Bengal
cat breed. Anim Genet 2014; 45: 893-897.

3. Lyons LA, Foe IT, Rah HC, et al. Chocolate coated cats: TYRP1 mutations for brown
color in domestic cats. Mamm Genome 2005; 16: 356-366.
4. Schmidt-Kuntzel A, Eizirik E, O'Brien SJ, et al. Tyrosinase and tyrosinase related

protein 1 alleles specify domestic cat coat color phenotypes of the albino and Brown
loci. J Hered 2005; 96: 289-301.

5. Imes DL, Geary LA, Grahn RA, et al. Albinism in the domestic cat (Felis catus) is
associated with a tyrosinase (TYR) mutation. Anim Genet 2006; 37: 175-178.

6. Lyons LA, Imes DL, Rah HC, et al. Tyrosinase mutations associated with Siamese
and Burmese patterns in the domestic cat (Felis catus). Animal Genet 2005; 36: 119-126.
7. Ishida Y, David VA, Eizirik E, et al. A homozygous single-base deletion in MLPH
causes the dilute coat color phenotype in the domestic cat. Genomics 2006.

8. Peterschmitt M, Grain F, Arnaud B, et al. Mutation in the melanocortin 1 receptor is
associated with amber colour in the Norwegian Forest Cat. Anim Genet 2009; 40: 547-552.
9. Gandolfi B, Alamri S, Darby WG, et al. A dominant TRPV4 variant implicated in
osteochondrodysplasia of Scottish fold cats. Osteoarthritis and Cartlidge 2016; (In press).
10. Montague MJ, Li G, Gandolfi B, et al. Comparative analysis of the domestic cat
genome reveals genetic signatures underlying feline biology and domestication. PNAS
USA 2014; (in press).

11. Lyons LA, Creighton EK, Alhaddad H, et al. Whole Genome Sequencing ldentifies an
AIPL1 Variant in Persian Cats as a New Model for Leber's Congenital Amaurosis. BMC
Genome 2016; (In press)).

12. Drogemuller C, Rufenacht S, Wichert B, et al. Mutations within the FGF5 gene are
associated with hair length in cats. Anim Genet 2007; 38: 218-221.

13. Kehler JS, David VA, Schaffer AA, et al. Four independent mutations in the feline
fibroblast growth factor 5 gene determine the long-haired phenotype in domestic cats. J
Hered 2007; 98: 555-566.

14. Buckingham KJ, McMillin MJ, Brassil MM, et al. Multiple mutant T alleles cause
haploinsufficiency of Brachyury and short tails in Manx cats. Mammalian Genome 2013.
15. Lettice LA, Hill AE, Devenney PS, et al. Point mutations in a distant sonic hedgehog
cis-regulator generate a variable regulatory output responsible for preaxial polydactyly.
Hum Mol Genet 2008; 17: 978-985.

16. Gandolfi B, Alhaddad H, Affolter VK, et al. To the root of the curl: a signature of a
recent selective sweep identifies a mutation that defines the cornish rex cat breed. PloS
one 2013; 8: e67105.

17. Gandolfi B, Outerbridge C, Beresford L, et al. The naked truth: sphynx and Devon rex
cat breed mutations in KRT71. Mammalian Genome 2010; 21.

18. Gandolfi B, Alhaddad H, Joslin SE, et al. A splice variant in KRT71 is associated with
curly coat phenotype of Selkirk Rex cats. Scientific reports 2013; 3: 2000.

19. David VA, Menotti-Raymond M, Wallace AC, et al. Endogenous retrovirus insertion in
the KIT oncogene determines White and white Spotting in domestic cats. G3 2014; 4:
1881-1891.

20. Kaelin CB, Xu X, Hong LZ, et al. Specifying and sustaining pigmentation patterns in
domestic and wild cats. Science 2012; 337: 1536-1541.



21. Bighignoli B, Niini T, Grahn RA, et al. Cytidine monophospho-N-acetylneuraminic
acid hydroxylase (CMAH) mutations associated with the domestic cat AB blood group.
BMC Genet 2007; 8: 27.

22. Gandolfi B, Grahn RA, Gustafson N, et al. Type it! The genetic characterization of
CMAH in Ragdoll blood type AB. BMC veterinary research 2016; (Submitted).

23. Lyons LA, Erdman CA, Grahn RA, et al. Aristaless-Like Homeobox protein 1 (ALX1)
variant associated with craniofacial structure and frontonasal dysplasia in Burmese cats.
Dev Biol 2015.

24. De Maria R, Divari S, Bo S, et al. Beta-galactosidase deficiency in a Korat cat: a new
form of feline GM1-gangliosidosis. . Acta Neuropathol (Berl) 1998; 96: 307-314.
25. Bradbury AM, Morrison NE, Hwang M, et al. Neurodegenerative lysosomal storage

disease in European Burmese cats with hexosaminidase beta-subunit deficiency. Mo/
Genet Metab 2009; 97: 53-59.

26. Muldoon LL, Neuwelt EA, Pagel MA, et al. Characterization of the molecular defect in
a feline model for type Il GM2-gangliosidosis (Sandhoff disease). Am J Pathol 1994; 144:
1109-1118.

27. Martin DR, Cox NR, Morrison NE, et al. Mutation of the GM2 activator protein in a
feline model of GM2 gangliosidosis. Acta Neuropathol 2005; 110: 443-450.

28. Meurs KM, Sanchez X, David RM, et al. A cardiac myosin binding protein C mutation
in the Maine Coon cat with familial hypertrophic cardiomyopathy. Hum Mol Genet 2005;
14: 3587-3593.

29. Meurs KM, Norgard MM, Ederer MM, et al. A substitution mutation in the myosin
binding protein C gene in ragdoll hypertrophic cardiomyopathy. Genomics 2007; 90: 261-
264.

30. Gandolfi B, Gruffydd-Jones TJ, Malik R, et al. First WNK4-hypokalemia animal model
identified by genome-wide association in Burmese cats. PloS one 2012; 7: e53173.

31. Menotti-Raymond M, David VA, Schaffer AA, et al. Mutation in CEP290 discovered for
cat model of human retinal degeneration. J Hered 2007; 98: 211-220.

32. Menotti-Raymond M, Deckman K, David V, et al. Mutation discovered in a feline
model of human congenital retinal blinding disease. Invest Ophthalmol Vis Sci 2010; 51:
2852-2859.

33. Lyons LA, Biller DS, Erdman CA, et al. Feline polycystic kidney disease mutation
identified in PKD1. Journal of the American Society of Nephrology : JASN 2004; 15: 2548-
2555.

34. Grahn RA, Grahn JC, Penedo MC, et al. Erythrocyte pyruvate kinase deficiency
mutation identified in multiple breeds of domestic cats. BMC veterinary research 2012; 8:
207.

35. Fyfe JC, Menotti-Raymond M, David VA, et al. An approximately 140-kb deletion
associated with feline spinal muscular atrophy implies an essential LIX1 function for
motor neuron survival. Genome Res 2006; 16: 1084-1090.

36. Owens SL, Downey ME, Pressler BM, et al. Congenital adrenal hyperplasia
associated with mutation in an 11beta-hydroxylase-like gene in a cat. J Vet Intern Med
2012; 26: 1221-1226.

37. Gandolfi B, Daniel RJ, O'Brien DP, et al. A Novel Mutation in CLCN1 Associated with
Feline Myotonia Congenita. PloS one 2014; 9: e109926.

38. Chang HS, Shibata T, Arai S, et al. Dihydropyrimidinase deficiency: the first feline
case of dihydropyrimidinuria with clinical and molecular findings. JIMD reports 2012; 6:
21-26.

39. Bender DE, Kloos MT, Pontius JU, et al. Molecular Characterization of Cat Factor XIlI
Gene and Identification of a Mutation Causing Factor XIl Deficiency in a Domestic
Shorthair Cat Colony. Vet Pathol 2014.



40. Uddin MM, Hossain MA, Rahman MM, et al. Identification of Bangladeshi domestic
cats with GM1 gangliosidosis caused by the ¢.1448G>C mutation of the feline GLB1
gene: case study. The Journal of veterinary medical science / the Japanese Society of
Veterinary Science 2013; 75: 395-397.

41. Martin DR, Krum BK, Varadarajan GS, et al. An inversion of 25 base pairs causes
feline GM2 gangliosidosis variant. Exp Neurol 2004; 187: 30-37.
42. Kanae Y, Endoh D, Yamato O, et al. Nonsense mutation of feline beta-

hexosaminidase beta-subunit (HEXB) gene causing Sandhoff disease in a family of
Japanese domestic cats. Res Vet Sci 2007; 82: 54-60.

43. Goree M, Catalfamo JL, Aber S, et al. Characterization of the mutations causing
hemophilia B in 2 domestic cats. J Vet Infern Med 2005; 19: 200-204.

44. Goldstein R, Narala S, Sabet N, et al. Primary Hyperoxaluria in cats caused by a
mutation in the feline GRHPR gene. J Hered 2009; 100: S2-S7.

45, Ginzinger DG, Lewis ME, Ma Y, et al. A mutation in the lipoprotein lipase gene is the
molecular basis of chylomicronemia in a colony of domestic cats. J Clin Invest 1996; 97:
1257-1266.

46. Mazrier H, Van Hoeven M, Wang P, et al. Inheritance, biochemical abnormalities,
and clinical features of feline mucolipidosis II: the first animal model of human I-cell
disease. J Hered 2003; 94: 363-373.

47. Berg T, Tollersrud OK, Walkley SU, et al. Purification of feline lysosomal alpha-
mannosidase, determination of its cDNA sequence and identification of a mutation
causing alpha-mannosidosis in Persian cats. Biochem J 1997; 328 ( Pt 3): 863-870.

48. He X, Li CM, Simonaro CM, et al. Identification and characterization of the
molecular lesion causing mucopolysaccharidosis type | in cats. Mol Genet Metab 1999;
67: 106-112.

49. Yogalingam G, Litjens T, Bielicki J, et al. Feline mucopolysaccharidosis type VI.
Characterization of recombinant N-acetylgalactosamine 4-sulfatase and identification of
a mutation causing the disease. J Biol Chem 1996; 271: 27259-27265.

50. Yogalingam G, Hopwood JJ, Crawley A, et al. Mild feline mucopolysaccharidosis
type VI. Identification of an N-acetylgalactosamine-4-sulfatase mutation causing
instability and increased specific activity. J Biol Chem 1998; 273: 13421-13429.

51. Crawley AC, Yogalingam G, Muller VJ, et al. Two mutations within a feline
mucopolysaccharidosis type VI colony cause three different clinical phenotypes. J Clin
Invest 1998; 101: 109-119.

52. Fyfe JC, Kurzhals RL, Lassaline ME, et al. Molecular basis of feline beta-
glucuronidase deficiency: an animal model of mucopolysaccharidosis VIl. Genomics
1999; 58: 121-128.

53. Winand NJ, Edwards M, Pradhan D, et al. Deletion of the dystrophin muscle
promoter in feline muscular dystrophy. Neuromuscul Disord 1994; 4: 433-445.

54. Somers K, Royals M, Carstea E, et al. Mutation analysis of feline Niemann-Pick C1
disease. Mol Genet Metab 2003; 79: 99-103.

55. Zampieri S, Bianchi E, Cantile C, et al. Characterization of a spontaneous novel
mutation in the NPC2 gene in a cat affected by Niemann Pick type C disease. PloS one
2014; 9: e112503.

56. Clavero S, Bishop DF, Giger U, et al. Feline congenital erythropoietic porphyria: two
homozygous UROS missense mutations cause the enzyme deficiency and porphyrin
accumulation. Mol Med 2010; 16: 381-388.

57. Clavero S, Bishop DF, Haskins ME, et al. Feline acute intermittent porphyria: a
phenocopy masquerading as an erythropoietic porphyria due to dominant and recessive
hydroxymethylbilane synthase mutations. Hum Mol Genet 2010; 19: 584-596.



58. Geisen V, Weber K and Hartmann K. Vitamin D-dependent hereditary rickets type |
in a cat. J Vet Intern Med 2009; 23: 196-199.

59. Grahn R, Ellis M, Grahn J, et al. No bones about it! A novel CYP27B1 mutation
results in feline vitamin D-dependent Rickets Type | (VDDR-1). in preparation 2011.



	Lyons_WinnSymposium_06292016
	Lyons_WinnSymposium_06292016.2
	Lyons_WinnSymposium_06292016.3

