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Introduction

Nature versus nurture Is the everlasting argument
around behavior. However, many behavioral traits
and psychiatric disorders have some level of
heritability, Indicating genetics play a role In
behavioral expression [1, 2]. In domestic animals,
finding genetic polymorphisms linked to specific
behavioral traits can help with decisions on
treatment, service animal use, and evaluating
potential of animals for adoption. Behavioral
genetics research is much more prevalent in dogs
compared to cats, despite more than 60 million
pet cats in the US [3]. In cats, most of the
behavior research has investigated the
physiology of behavior, association of behavior
with other phenotypic traits, such as coloration,
and the heritability of behavior [4]. This study
initiates investigation into specific mutations and
genes associated with different behaviors In
felines. Due to their association with behavior Iin
humans and other animals, polymorphisms will
be investigated in monoamine oxidase A (MAQOA),
serotonin transporter/solute carrier family 6
member 4 (SLC6A4, 5-HTT), dopamine receptor
subtypes D1-D5 (DRD1-DRDS), catechol-O-
Methyltransferase (COMT), tryptophan
hydroxylase 1 and 2 (TPH1 and TPHZ2), and
oxytocin receptor (OXTR).

Methods

 Evaluated variant data from sequence data
from 336 cats (Figure 1)

» Software (GoldenHelix VarSeq) was used to
identify variants in the 11 candidate genes

* Prioritized variants most likely to be deleterious
and reliable based on data (Figure 2-3)

 Three variants were further investigated via
Sanger sequencing

 Variants will be genotyped In cat breeds
associated with specific behavioral phenotypes
and In cats from a research colony with
observable differences in behavior

Other Findings

» (Cats do not have an SLC6A4 and MAQOA
VNTR as in primates

A DS Dbprepeat area in the promoter of MAOA
and DRDZ2 was identified

* Two splice region variants in TPH1 seem to be
associated with Rex breeds

* From alignment of the protein sequences,
major differences in the cat compared to the
mouse and human were identified in MAOA,

TPH1 and DRDZ2 (Figure 4)

Results
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Figure 2: Distribution of potentially deleterious

polymorphisms within each candidate gene investigated.

* The diverse breed representation suggested
breed specific variants could be identified

* 744 variants were identified

« MAOA, SLC6A4, OXTR, TPH1, and TPHZ2 had
significant variants only in splice regions

« COMT and DRD3 had no predicted deleterious

variants

Three variants were investigated (Figure 3)

 DRD4 variable number of tandem repeats
region (VNTR) in exon 3 and two single
nucleotide polymorphisms (SNPs) identified
within the VNTR

 DRD4 stop gain - loss of function variant (LoF)

 DRDS SNP - arginine to histidine change

561 SVEESTPP LASPRESVEGSAPPLTGPTSIPTPRESLNQSMASRERASVACHMFDVYVV ICCCISCLSAARLLAEHEVNYLY 640
Hsap/1-527 e MENQEKASIAGHMFDVVVIGGG!I SGLSAAKLLTEYGVSVLY 41
M.mus/1-526 ] ccccccccccccnccccc e e ce e e me..--- ---MTDL PSITCHMFDYVVICCCISCLAAAKLLSEYKINVLY 4l

641 LEA VCGCRTYTVRNEHVNYVDVGGCAYVCPTONR I LRLSKELCLETYKVNVCERLVQYVKCKTYP FRCAFPPVWNPVAY 720
Hsap/1-527 42 LEA VCCRTYT IRNEHVOYVDVGCAYVCPTONR | LRLSKELCIETYKVNVSERLVOQYVKCKTYP FRCAFPPVWNP IAY 121
M.mus/1-526 42 LEARDRVGGCGRTYTVRENEHVKWVDVGCGGCGAYVCPTONR I LRLSKELCIETYKVNVNERLVQYVKCKTYP FRCAFPPVWNP LAY 121

721 LDYNNLWRTMDNMGKE | PADAPWEAP HAKEWDKMTMKEL IDK | CWTKTARQFAYLFVNINVTSEPHEVSALWFLWYVEQC 300
H.sap/1-527 122 LDYNNLWRT | DNMCKE IPTDAPWEAQHADKWDKMTMKEL IDK I CWTKTARRFAYLFVNINVTSEPHEVSALWFLWYVKQC 201
M.mus/1-526 122 LDYNNLWRTMDDMGKE | PVDAPWQARHAEEWDK | TMKDL IDK | CWTKTAREFAYLFVNINVTSEPHEVSALWFLWYVRQC 201

SAIPPTLTAKM &80
NAIPPTLTARI 281
SAIPPVLTARI 281

| FSYVTNGGQERKFVGGSGQVSERIMDR LGDRVELKRPVTYVDQSGDS I 1 IETLNHEVYECRYV |
Hsap/1-527 202 GGTTR I FSVINGCQERKFVCGSCQVSERIMDLLCDOVELNHPVTHVDOQSSDNI 1 IETLNHEHY ECKYV |
M.mus/1-526 202 GGTSRIFSVTNGGQERKFVGGSGQ I SEQIMVLLGDEVELSSPVTY IDQTDDNI I |ETLNHEHYECKYV |

801 GGT T

S8l HFKPELPSERNQLI LPMCS | IKCMMYYKEAF NDYCCCMI IQDEEAP ISITLDDTKPDGSLPAIMGF I LARKADRL 960
H.sap/1-527 282 HFRPELPAERNQLI LPMCAV IKCMMYYKEAF DYCCCMI| | EDEDAPISITLDDTEPDCSLPAIMGF I LARKADRL 361
M.mus/1-526 282 HERPELPP NQLI LPMCAVIKCMVYYKEAF DYCCCMI |EDEEAPISITLDDTEPDGSMPAIMGF I LARKAERL 361

NWCEEQYSCGCYTAYFPPGIMTQYGRV | PVGRIYFAGTETATHW 1040
NWCEEQYSCCCYTAYFPPCIMTQYGRV I PVCRI FFAGTETATKW 441
NWCEEQYSCGCCYTAYFPPGCIMTLYGRV I PVCGRIYFAGCTETATOW 441

ICELYAKVLCSQEALHPVHYEE
ICELYAKVLGSQEALSPVHYE

%61 ARLHEE |
Msap/1-527 362 LHKE |
M.mus/1-526 362 LHEDI

1041 SCYMECAVEACERAAREVLNALCEVARED | KVOEPESEY SPAASPPLTSNCVKNCAALGHMHASTWR IRSARPCPCEREL 1120
Hsap/1-527 442 SGYMECAVEACERAAREVLNCLGCKVTEKDIWVQEPES 479
M.mus/1-526 442 SGYMEGAVEAGERAAREVLNALGKVAKKD IWVQEPES

ICELYAIVLCSQEALHPVHYE:I

1121 SANDLCSFVOQDVPAVEITRTFWERNLPSVSGLLEI IGFTTSVTAVWIVVHEFRLL SRS 1178
480 - - -~ - - -~~~ DVPAVEITHTFWERNLPSVSGLLKI IGFSTSVTALGFVLYKYKLLPRS 527
r

Msap/l-52
M.mus/1-526 480 DVPALEITHTFLERNLPSVPCLLKITCFSTSVALLCFVLY PQS 526

Figure 4: Alignment of MAOA peptide sequence between
species. Note the start of the alignment at residue 600 of the
cat. The aligned cat sequence has 90% and 87% homology
with the human and mouse, respectively

No breed

Variant Description |Variant |Change
DRD4VNTR SNP 1 |[C/T Pro>Leu
DRD4 VNTR SNP 2 |C/T Pro>Leu
DRD4 LoF C/A Cys>Ter
DRDS5 SNP C/T Arg>His

VNTR SNFP 1 VNTR SNP 2 DRD4 LoF SNP DRDS5 SNP
Variant

Future work

* Genotyping these variants in more cats can
lead to defining associations with behavior
traits, such as attention-deficit/nyperactivity
disorder-like behavior [9]

 Additional variants, such as splice region
variants and a potential DRDZ2 frameshift
variant should also be investigated

 More Investigation into polymorphisms in the
regulatory regions is suggested
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Figure 1: Distribution of cat breeds Iin the 99 Lives data
set. (Left) Cats divided into larger signalment of random bred
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provided (n=10). (Right) Breakdown of specific breeds and
outcross breeds in dataset. 14 cats were grouped as “singles”
with only one individual from that breed in the dataset.

Figure 3: (top) Description of each variant selected for
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database for the variants being sequenced. DRD4 VNTR SNP
1 (homozygous (homo) variant = 0, heterozygous (het) = 28).
DRD4 VNTR SNP 2 (homo = 2, het = 17). DRD4 LoF SNP

(homo = 3, het = 59), DRD5 SNP (homo = 6, het = 27).

177. doi:10.31887/dcns.2018.20.3/mhoehe

3. AVYMA. Schaumburg, IL; 2022.

4. Travnik | de C, Machado D de S, Goncalves L da S, Ceballos MC, Sant’'anna
AC. Animals. 2020;10: 1—-23. doi:10.3390/ani10091516

5. Faraone S, Perlis R, Doyle A, Smoller J, Goralnick J, Holmgre M, et al. Bio
Psy. 2005;57: 1313-1323. doi:10.1016/j.biopsych.2004.11.024

Funding support: Funding for this research
was provided by the Gilbreath-McLorn

Endowment. Stipend for Christine Kemmerly is —
supported by the Kent Tomazi Memorial
Research Fund in Veterinary Medicine and and BioAnalytics

IDEXX BioAnalytics endowment



