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1  

 

 

 

 

1.1! 	  

DNA

	 

 mendelian disease

 linkage analysis

common 

disease common variant  hypothesis genome-wide 

association study (GWAS) 2002

 next generation sequencer (NGS) 

 whole genome sequencing (WGS) 

 whole exome sequencing (WES) 

WGS 26
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 (Saunders et al., 2012; Miller 

et al., 2015)

Precision Medicine

 

  genetic 

isolate

700~800

 consanguineous 

marriage

 late-onset Alzheimer's disease  TM2D3 (TM2 

domain containing 3) 

 (Jakobsdottir et al., 2016)

 autosomal dominant  
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idiopathic epilepsy (IE)  (Mahoney et al., 2011)

 

Amish

	  ( 2  type 2 diabetes 

[Rampersaud et al., 2007]  bipolar disorder [Georgi et al., 2014]  

longevity [Khan et al., 2017]) 

 ( −  cortical dysplasia–focal 

epilepsy) CNTNAP2 (contactin associated protein like 2) 

homozygous mutation  (Strauus et al., 2006)   

 

1.2   

 epilepsy

(Fisher et al., 2005)

 (Thomas & Berkovic, 2014) temporal lobe 

epilepsy (TLE) 

 lateral temporal lobe epilepsy (LTE)  mesial 
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temporal lobe epilepsy (MTLE) LTE  neocortex

MTLE

LTE  

autosomal dominant lateral temporal lobe epilepsy (ADLTE)

 autosomal dominant epilepsy with auditory feature (ADEAF)

 autosomal dominant partial 

epilepsy with auditory feature (ADPEAF)

1995  (Ottman et al., 1995) ADLTE

2002 LGI1 (leucine rich glioma inactivated 1)

 (Kalachikov et al., 2002; Morante-Redolat et al., 2002)

2015 LGI1 ADLTE RELN (reelin) 

 (Dazzo et al., 2015)  MTLE

 familial mesial temporal lobe epilepsy  

(FMTLE) 1990 Berkovic  (Berkovic et al., 

1994; Berkovic et al., 1996) FMTLE

 (Baulac et al., 2001; Claes et al., 2004; 

Hedera et al., 2007; Azmanov et al., 2011; Maurer-Morelli et al., 2012; Chahine et  al., 

2013; Fanciulli et al., 2014a)  genetic heterogeneity
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/

hippocampal sclerosis

 (Azmanov et 

al., 2011)  

 

1.3    

Familial spontaneous epileptic cats (FSEC)

(Kuwabara et al., 2010) FSEC 2  (

) 

 (Pákozdy et 

al., 2013; Wahle et al., 2014; Stanciu et al., 2017) 

/  (Kitz et al., 2017) 

EL  (King and LaMotte., 1989) 

FSEC 2009  (

)

TLE  (Kuwabara et al., 2010)

/
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 (Hasegawa et al., 2014) FSEC FMTLE

FSEC

inbreeding loops

Fig. 1 FSEC

FSEC FSEC

 

 

1.4.   

SNP FelCat 4 (Felis catus 5.8

GTB V17e Mullikin  et al., 2010 https://www.ncbi.nlm.nih.gov/assembly/GCA_000

003115.1/) 62,897 SNPs Illumin

a Infinium iSelect 63K DNA cat array (Illumina, San Diego, CA, USA) ( Feline 

63K SNP Array ) SNP Array  

(Gandolfi et al., 2018) SNP Array

 (Gandolfi et al., 2012; Gandol

fi et al., 2013a; Gandolfi et al., 2013b; Alhaddad et al., 2014; Abitbol et al., 2015; Gand

olfi et al., 2016a; Gandolfi et al., 2016b; Lyons et al., 2016b)

WGS  (99 Lives Cat Genome Sequencing Initiative www.felinegene
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tics.missouri.edu/99Lives)  (Gandol

fi et al., 2015; Aberdein et al., 2016; Lyons et al., 2016a: Mauler et al., 2017; Oh et al., 

2017) WGS

Niemann-Pick type C

NPC1 (NPC intracellular cholesterol transporter 1) 

(Mauler et al., 2016)

Precision Medicine  

 

1.5    

FMTLE FSEC

FSEC

2 FSEC seizure -onset zone

3

FSEC

4 Feline 63K SNP Array

  case-

control study  transmission disequilibrium test (TDT) 

5 4

6 FSEC 4 WGS

99 Lives Cat 
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Genome Sequencing Initiative

 

FMTLE

FSEC

 FSEC

FSEC FMTLE

 

pharmacogenomics precision medicine
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2  

 

 

 

 

2.1  

hippocampal sclerosis (HS)  (MTLE) 

 (Andrade-Valença et al., 2008; Blümcke et al., 2013) HS

 

(Blümcke et al., 2013) granule cell pathology 

(GCP) mossy fiber sprouting (MFS) HS

 (Thom et al., 2002, 2009; Blümcke et al., 2009, 

2013; Bandopadhyay et al., 2014)  

MTLE  (TLE) 

TLE

 ( amygdaloid sclerosis [AS] ) 

 (Hudson et al., 1993; Yilmazer-Hanke et al., 2000)  
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HS GCP

 (Wagner et al., 2014b)  

 (FSEC) 

FSEC

 ( ) 

 seizure onset zone  (Hasegawa et al., 2014)

5 FSECs

CA3  (Hasegawa 

et al., 2014)

CA1–CA3

FSEC

FSEC

 (MRI) HS

 (Mizoguchi et al., 2014)

MRI

 (Mizoguchi et al., 2017)

	 FSECs

 structurally abnormal zone  

FSECs

	 HS AS MFS GCP
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FSECs

 

 

2.2  

 ( 26K-29 27K-10 28K-4

)  

 

2.2.1  

FSEC FSEC 22–24 °C

44-55 % 24  ( ) 

60 cm  70 cm

 60 cm

1 2

6 FSECs ( 3

3 ) 6

FSECs 1 1 2

FSECs 8.5  

( 3–16 ) 41.4  ( 7–87

)  FSECs 3 3 FSECs
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52.5  ( 15–96 ) 3.8 kg (

3.4–4.4 kg)  

FSEC FSECs

9  (3 6

) 81.0  ( 31–138 )

FSECs  (P = 0.175 Mann-Whitney U

) 3.4 kg ( 3.2–3.8 kg)  

 FSECs 3  (2

1 ) 

FSEC 130  ( 108–

142 ) 3.3 kg ( 2.5–4.2 kg)  

 

2.2.2  

 (100 mg/kg) 

6 FSECs 3 3

FSECs 10%

6 10%

6 5 1  
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4-µm  

 

2.2.3   

H&E Kluver-Barrera

GCP MFS  

neuron-specific nuclear protein (NeuN) ( ; 

1:500;  Chemicon International Inc. Temecula, CA, USA) glial fibrillary acidic 

protein (GFAP) ( ; 1:400; DAKO, 

Carpinteria, CA, USA) dynorphin A ( ; 

1:500, Phoenix Pharmaceuticals Inc, Burlingame, CA, USA) 

GFAP

10 mM 120℃ 10

3% 30

5% 37℃ 30

10 37℃40 10

horseradish peroxidase (HRP)  (

IgG EnVision+ System DAKO Carpinteria, CA USA) 

10 37℃40 10

3 3'"  (
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) NeuN

 

 

2.2.4  

CA1–4

GCP MFS

 (Marcos et al., 1999)

 (Wolf et al., 1997) 	 3

central nucleus (CE)  lateral nucleus (LA)

 basolateral nucelus (BLA) 

 (  [Sloviter et al., 2004] 

 [Baraban et al., 2000]) 

 (DXM 1200F Nikon

)  (ACT-1 software Nikon ) 

 (BX 50 Olympus ) 

 (Image J NIH MD USA) 

 



! 15!

 

2.2.5  

100X  (830 x 663 µm) NeuN

 Image J (National Institutes of Health, Bethesda, MD, USA; 

https://imagej.nih.gov/ij/.) 

NueN

 ( CA1–

4) CE LA BLA

4

CA4 2  (830 x 664 µm

300 x 300 µm) CA4

CA4 CA4

CA4

NueN

 (0.55 mm2) CA4

2  (0.18 mm2) 

 

 

2.2.6  

Image J RGB GFAP

100

GFAP  (830  664 µm) CA1–CA3
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CA4 CA3

2  (830  664 µm 2

300 300 µm ) GFAP  

 

2.2.7  

MFS

dynorphin A  (Martinian et al., 

2012; Bandopadhyay et al., 2014) 0 CA3 CA4

1 MFS

2 MFS  

 

2.2.8  

 (> 10 ) (Wieser et al., 2004)

 (Blümcke et al., 2009) 

 Blümcke et al. (2009) 

1/3 3

 ( ) CA2 CA4  (

)  (Pauli et al., 2006; Blümcke et al., 2009)

NeuN

3
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3  (µ ) 

 

 

2.2.9  

3 FSECs

2

FSEC

 

FSEC

FSEC

 (EZR ) Mann-

Whitney U P < 0.05

 

 

2.3  

2.3.1  

H&E Kluver-Barrera

Ihara  (Tsuji et al., 2001)

 (Baraban et al., 2000) TLE  

(Sloviter et al., 1998) 
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FSECs

FSEC  (P = 0.010) 

 (P = 0.002) CA3 NeuN

 (Figure 1) CA3

CA1 CA2 CA4 FSEC

 

	 FSECs

FSEC CE

 (P < 0.001) LA BLA

2  (Figure 2)  

GFAP FSEC

CA4  (P = 0.015) (Figure 3)

GFAP  

FSEC FSECs

CA3 CE

 (Figure 4)  

CA4 CA3 dynorphin A CA1 	 

 (Figure 5) MFS 0

 

FSEC
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 (Figure 1, Figure 5)

Table. 1  

 

2.4  

 (Fatzer et al., 2000; Brini et al., 2004; Schmied et al., 2008; Pákozdy et al., 2011; 

Klang et al., 2014; Fors et al., 2015; Klang et al., 2018)

1  (Wagner et al., 2014b)

HS FSECs

CA3

CA3

FSEC

FMTLE MTLE

 (Andrade-Valença et al., 2008)

FMTLE

 (Crompton et al., 2010)

FMTLE

FSECs CE
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TLE  (Wolf et al, 

1997; Yilmazer-Hanke et al., 2007)  (Thom et al., 1999) 

LA

BLA (Figueiredo  et al., 2011)  

(Tuunanen et al., 1999) 

FSECs CE CA3

 

 (Fernández et al., 1998; Sloviter et al., 1998)

 (Kobayashi et al., 2002; Suemitsu et al., 2014)

FSECs CA3 CE

FSECs

FSECs endophenotype

FSECs endophenotype

FMTLE

 (Cendes et al., 2014)  
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FSECs CA4

HS

“No HS, gliosis only”  (Blümcke et al., 2013)

TLE 20%

“ No HS, gliosis only” TLE

FSEC 1  ( ) EL

(Drage et al., 2002) “No HS, gliosis 

only” HS

 (Walker., 2015) FSECs

FSECs

FSECs CA4  

 (Thom et al., 

2012)  (Sasaki et al., 2004) 

“No HS, gliosis only”

FSECs CA4

	  

HS  ( GCP MFS) 

70 µm

 (Wagner et al., 2014b) HS GCP 

 (Thom et al., 2002)  (Wagner et al., 2014a) 
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dynorphin A GCP

 (Thom et al., 2009) FSECs GCP MFS

 

FSECs

NeuN  (Gusel'nikova et al., 2015)

	 

NeuN  

 

FSECs  ( HS GCP MFS) 

FSECs

FSECs
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2.5  

!! FSECs CA3 CE

 

!! FSECs CA4  

!! FSECs endophenotype

 

!! FSEC
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Table 1. 6 FSECs FSEC 9 	 	 

 ( ) 	  ( )  ( ) 

      

   µm   µm  

FSEC   76.81 (6.82) 6.33 (0.41) 77.73 (5.79) 6.67 (0.54) 

  71.48 (3.96) 5.50 (0.50) 70.30 (3.18) 5.67 (0.50) 

  73.65 (2.62) 6.33 (0.08) 65.36 (5.35) 6.17 (0.38) 

  70.28 (7.00) 6.00 (0.38) 69.67 (5.86) 5.67 (0.33) 

 (P ≥ 0.05)  
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Figure 1.  (A C) FSEC (B D) 

 (A B) CA3  (C D) NeuN

9  ( ) 6 FSECs ( ) 

 (E–H)  (I–L) CA1 (E I) CA2 (F J) CA3 (G K)

CA4 (H L) NeuN

 ( )  ( ) 

FSECs

A B

1,000 µm C D 100 µm

y

 (*P < 0.05; †P < 0.01) Ventral

Dorsal Controls  
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Figure 2.  (A C) FSEC (B D) 

 (A B)  (CE)  (LA)  (BLA)  (C

D) NeuN 9  (

) 6 FSECs (FSEC )  

(E H)  (F I)  (G J) NeuN

 (E–G) GFAP  (H–J) A

B 1,000 µm C D 100 µm

y Figure. 1
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Figure 3.  (A C) FSEC (B D) 

 (A B) CA3  (C D) GFAP

9  ( ) 6 FSECs (FSEC

)  (E–H)  (I–L) CA1 (E I) CA2 (F

J) CA3 (G K) CA4 (H L) GFAP

A B 1,000 µm C D 100 

µm y

Figure. 1  
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Figure 4. 9  ( ) 6 FSECs (FSEC ) 

FSECs 3  (

x Parents ) ( )  (A)  (B) 

CA3  (C) 

y Figure. 1
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Figure 5.  (A C) FSEC (B D)  

(A B)  (C D) dynorphin A

A B 1,000 µm C D 100 µm  
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3  

 

leucine-rich glioma-inactivated (LGI) 

 

 

 

3.1  

Leucine-rich glioma-inactivated (LGI) protein family (LGI1–4)  

 (Kegel et al., 2013; Pákozdy et al., 2015) LGI1

 (FLTE; familial lateral temporal lobe epilepsy, 

ADLTE;  autosomal dominant lateral temporal 

lobe epilepsy)  (Kalachikov et al., 2002; 

Monrante-Redolat et al., 2002) 

 (

) feline complex partial seizures with orofacial involvement (FEPSO) 

feline hippocampal necrosis (FHN)  

(Pákozdy et al., 2011; Pákozdy et al., 2013; Pákozdy et al., 2014) FEPSO/FHN

 (VGKC) / LGI

 (Pákozdy et al., 2011) FEPSO
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 limbic encephalitis (LE) VGKC/LGI1

LE FSEC

CA3  

(Hasegawa et al., 2014; Yu et al., 2018) VGKC/LGI1

LE CA3  (Miller et al., 2017)

 

LGI2

 (Seppälä et 

al., 2011) LGI4  benign familial 

infantile convulsion  childhood absence epilepsy 

 (Gu et al., 2004; Ishii et al., 

2010)  LGI3

 (Lee te al., 2006)

LGI3 LGI

 (Kegel et al., 2013)

 

 FSEC LGI

 (Pakozydy et al., 2015) LGI (fLGI) 

cDNA fLGI

cDNA FSECs fLGI
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3.2  

 ( 26K-29 27K-10 28K-4

)  

 

3.2.1  

cDNA FSEC

-80 °C  (

1 ) 8

FSECs ( 6 2  95.5  [  82–180 ]

 3.9 kg [  3.0–5.6 kg]) 8 MRI

FSEC  ( 5

3  73  [  33–74 ]  3.8 kg [  

3.0–6.0 kg])  

DNA 8 FSECs 8 0.5 ml

 

(EDTA) FSECs 8  (

 3–35 ) 8 6 FSECs 2 1

1

FSECs
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 (   0–36 / )  

 

3.2.2 RNA cDNA  

RNA Illustra RNAspin (GE Healthcare UK Ltd. Little Chalfont

England)  

RNA ReverTra Ace reverse transcriptase (Toyobo Osaka Japan)

cDNA  

 

3.2.3 fLGI cDNA  

fLGI1–4  (ORF) 

Felis catus LGI1–4  (GenBank accession 

numbers: XM_003994222.3 XM_011281979.1 XM_003984713.3  

XM_003997904.3) Primer3Plus (http://www.bioinformatics.nl/cgi-

bin/primer3plus/primer3plus.cgi/)  

Felis_catus_6.2 (felCat5)  

Felis_catus_8.0 (felCat8) cDNA

AmpliTaq Gold 360 Master Mix (Thermo Fisher Scientific, Waltham, MA, USA) 

PCR  (95 °C 10

) 38  (95 °C 30 )  (30 )

 (72 °C 60 )  (72 °C 7 ) 

Table 1
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PCR 2%

Wizard SV Hel and PCR Clean-Up System 

(Promega Fitchburg WI USA)  

TA cDNA pGEM-T Easy Vector System 

(Promega) Competent high DH5α (Toyobo) 

NucleoSpin Plasmid QuickPure Kit (Takara Bio, Shiga, Japan) 

DH5α cell fLGI2 5’

5′-rapid amplification of cDNA ends (RACE) PCR

fLGI2 5’ SMARTer RACE 5’/3’ Kit (Takara Bio)

 

 

3.2.4 DNA PCR PCR

 

DNA QIAamp DNA Mini Kit (Qiagen Hilden Germany) 

 EDTA 8

FSECs 8 PCR

cDNA fLGI1–4

	  (NC_018733.2, NC_018726.2, NC_018726.2, and 

NC_018737.2) /

PCR

1.8%
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Table 2

 

 

3.2.5  

DNA PCR BigDye Terminator 

v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) 

Applied Biosystems 3130xl Genetic Analyzer (Applied Biosystems)  3730xl 

DNA Analyzer (Applied Biosystems) 

CLC sequence viewer (Version 7.0; CLC Bio, Waltham, MA, USA) 

 

 

3.2.6 LGI  

fLGI

Table 3

 

 

3.2.7 fLGI  

in silico SIFT (Sorting Intolerant From 

Tolerant http://sift.bii.a-star.edu.sg/) PolyPhen-2 (Polymorphism Phenotyping v2

http://genetics.bwh.harvard.edu/pph2/) PROVEAN (Protein Variation Effect 

Analyzer http://provean.jcvi.org/) SIFT

0.05 damaging 0.05
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tolerated PolyPhen-2 0.0 (tolerated) 1.0 

(deleterious) PROVEAN -2.5  ( -2.5

neutral -2.5 deleterious)  

 

3.3  

3.3.1 LGI  

fLGI1–4 cDNA

 1 cDNA fLGI1–4

DNA Databank of Japan  (accession numbers

LC309277 LC309278 LC309279 LC309280)

fLGI1 cDNA 557 1674 base pair (bp) ORF

fLGI2 cDNA 549 1650 bp ORF fLGI3 cDNA

548 1647 bp ORF fLGI4 cDNA 538

1617 bp ORF ORF

fLGI1–4 94.7 92.7 88.5 86.3 %

 (Table 4) Homo sapiens ( ) Canis familiaris ( ) Bos taurus 

( ) Sus scrofa ( ) Equus caballus ( )

92%  

  

3.3.2  
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fLGI2 1

8 FSECs 8 DNA

RACE fLGI2

fLGI2 1 GC

PCR Felis_catus_8.0 (felCat8) 

 (NC_018733.2 NC_018726.2 NC_018726.2 NC_018737.2) 

fLGI 41

3 14

SNP Table 5 Table 6

 

In silico fLGI3 1 SNP (P33A) 

fLGI4 2  (A17T E49K) SIFT PolyPhen-2

PROVEAN SIFT fLGI3 P33A

deleterious fLGI4 A17T E49K tolerated

 (SIFT 0.02 0.26 0.27) PolyPhen-2

fLGI3 P33A benign fLGI4 A17T E49K

unknown benign  (PolyPhen-2 0.002 not 

available 0.948) PROVEAN SNPs neutral  

(PROVEAN -0.528 -0.346 0.948 )

Table 5  
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3.4  

LGI

 

(Pákozdy et al., 2015) LGI1 ADLTE  (Kalachikov 

et al., 2002; Monrante-Redolat et al., 2002) LGI1

 (Boillot et al., 2014) FSECs

 (Hasegawa et al., 2014) LGI1

LGI3

LGI

 (Kalachikov et al., 2002; Monrante-Redolat et al., 2002; Gu et 

al., 2004; Ishii et al., 2010; Seppälä et al., 2011)  

LGI

Homo sapiens Canis familiaris Bos taurus Sus 

scrofa Equus caballus 90%

LGI

GC

fLGI2 1 fLGI1–4

/ f 

LGI FSEC
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fLGI4 E49K (c.145G>A) 3 FSECs

 

fLGI FSEC

TLE VGKC/LGI1 LE (Pákozdy et al., 

2013) LGI2

 (Seppälä et al., 2011) 2 LGI /

LGI1  (L385R) 

 (Baulac et al., 2012)

LGI /

 

 (Berkovic et al., 1996; Baulac et al., 

2004; Striano et al., 2008; Crompton et al., 2010) FSEC

FSEC  (Kuwabara et 

al., 2010)

FMTLE

 (Claes et al., 2004; 

Hedera et al., 2007; Chahine et al., 2013; Fanciulli et al., 2014a)

FMTLE  genetic 
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heterogeneity 1

 whole exome sequencing 

 (Fanciulli et al., 2014a)  whole genome 

sequencing  regulatory 

variants  genome 

rearrangement FMTLE

SNP SNP

 transmission disequilibrium test

 case control study  genome-wide 

association analysis 

 (Alhaddad et al., 2014; 

Lyons et al., 2016a) FSECs

 

 

3.5  

!! LGI1–4  

!! LGI

FSECs  

!!  LGI

FMTLE  
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!! FSECs
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Table. 1 fLGI1–4 ORF  

 

* RACE 70 °C 5 68 °C 20

 

 
 
 
 
 
 
 
 
 

Primer Sequence (5’-3’) Product 
size (bp) 

Annealing 
Temperature 
(°C) 

LGI1-R1-F CCAGAAGCCCTGTTCATGTT 598 53 
LGI1-R1-R TCCACCAGCCACTTCAGTTT 
LGI1-R2-F TTTCAAAGGCCTGGATTCTTT 591 51 
LGI1-R2-R CCAGCTTTTGAACTGTCAGC 
LGI1-R3-F CCAGAAGCCCTGTTCATGTT 594 51 
LGI1-R3-R TCCACCAGCCACTTCAGTTT 
LGI1-R4-F AACTGGGATGCAGAAAAAGC 574 51 
LGI1-R4-R TCAGCATCCATCACCAAGAA 
LGI2-5’RACE GATGTCGCCCGGCACGATCCTGGGC 229 * 
LGI2-R1-F CACTTGCAGCTGTACCAAGG 473 57 
LGI2-R1-R CGATGCACAGGACGTCAG 
LGI2-R2-F CTCCCAAGGGATGTCTTCAG 592 57 
LGI2-R2-R TGTCTGCGATGACGAAGAAC 
LGI2-R3-F CCTCATTGACGACCAGGTTT 592 57 
LGI2-R3-R CAGGGCCAGGTAGTGGTTAT 
LGI2-R4-F TGCAGAATGCCCTCTACCTT 566 57 
LGI2-R4-R TAAATGGGAGAACGGACACG 
LGI3-R1-F AGAGCTTGCTTGCAGTCAG 403 51 
LGI3-R1-R GATAGTGCCCAGATGTCATT 
LGI3-R2-F GTTGCTCAACTCCAACAAGT 600 52 
LGI3-R2-R TACAGCTGGCTGTCTACCA 
LGI3-R3-F TCCTCAAGTGGGACTATGTT 568 52 
LGI3-R3-R ATCTTGGAGTCACCGATGTA 
LGI3-R4-F CTGTGAAACACTTCCGTGCT 600 52 
LGI3-R4-R CCTGGTGCGTATACAAGTCT  
LGI4-R1-F CTGGCATGGGACGTGTAGTG 549 58 
LGI4-R1-R GAGGTCCACATGAGTTAGGGTCT 
LGI4-R2-F GGACTTCGCTCACTCACACA 708 55 
LGI4-R2-R GCTCTGGCGAGGGTAGAAG 
LGI4-R3-F GTCCTCACCTGGGACTACAG 696 55 
LGI4-R3-R GACCTGACTGAAGGCGAAGT 
LGI4-R4-F GCTACATCGGGGACTCCAT 491 50 
LGI4-R4-R GTCTTGAACTCGGCCTGTG 
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Table. 2  fLGI1–4 PCR

 

 
Primer Sequence (5’-3’) Product 

size (bp) 
Annealing 
Temperature 
(°C) 

LGI1     
 Exon1 Forward AAAGCCATCCTATTTTTGGTAAC 683 55 
 Reverse CCCTCCTACCGATACATACAAA 
 Exon2 Forward GCTAAACCGGATTAACATAAGG 287 50 
 Reverse CTTTTTCTTTCCAGAAACACAGT 
 Exon3&4 Forward GACAGACACCTAGACACTTTTCC 496 55 
 Reverse AAGTATGCATGGAGAGAAATCAT 
 Exon5 Forward TCGGGAAAGAATAAAAGGGACTTAT 248 58 
 Reverse ATTCTAATCCTCAATACCAGGCTTC 
 Exon6 Forward CATGTGTTAATTGCTGAAGTAAAGT 372 48 
 Reverse TTTTAAAAATTAAATCGGTCAGTTG 
 Exon7 Forward TTGTGTGTTTAAAAGCAAAGTAAA 384 52 
 Reverse CCCCTATACCACTTGTCTTTTTC 
 Exon8_1 Forward CTGTTCAACCAAGGAAATCTCTTAT 667 52 
 Reverse ATTTCATTACTTTGGAATCACCAAT 
 Exon8_2 Forward CAACACAATTATTCACTAACCAAAC 586 52 
 Reverse CAGTTAAGGATGGAGATACTGGTAG 
LGI2     
 Exon2 Forward AGTGGAGGAGTTTGAAATACAG 198 54 
 Reverse AGAGAGAACATCCCATACTCAC 
 Exon3 Forward GTAAATCTCTGCATTGAAATCTGTC 200 56 
 Reverse CTCTAAGAGATGCTGTTCCTGCT 
 Exon4 Forward GAATGATACTGCTGTTCTCTTTAG 181 54 
 Reverse CTTAGTTTCCTTGAGAGAATGTTAC 
 Exon5 Forward GCCTGAGGATAATAACCACATTAAC 290 54 
 Reverse CTCTATGAAGAGTCAAATGCTCAAC 
 Exon6 Forward GATGTTAAATCATCGTATTCCTGCT 399 54 
 Reverse CTTTAGAACGCTTAAATGTCACCTA 
 Exon7 Forward TGTCTCAGAGAAGAGAATGTAGAAG 593 52 
 Reverse GTTTCTGTTCTCACCAATAACTGAC 
 Exon8_1 Forward CTTTACATCTCTCCCCGTTTTAC 498 52 
 Reverse CTTTTATTCCACTGGAGGATGAT 
 Exon8_2 Forward AAAGGATTCTACTCCTACCAGTC 566 52 
 Reverse CTTCACAAACTTAAGTCAACGACTA 
LGI3     
 Exon1 Forward GAGGGTTGGAGGACTCG 480 53 
 Reverse CTCCCCACGCTTTGTAG 
 Exon2 Forward GTTTATGAGGAGAAGAGAAAGATAG 398 52 
 Reverse CTATCCCATCCAGTAAAAGTAAG 
 Exon3 Forward CTGTTTCTACCCTTGAAGAAGAT 520 52 
 Reverse ATTCTGATTCTGGAGACATTAAG 
 Exon4&5 Forward CAGAAATCTAGATGGAGCAGAG 500 53 
 Reverse CATAGTGTCTCGTGTGTATCAAC 
 Exon6&7 Forward ACCTACTTCTAAAAACCTAGAGAGC 672 54 
 Reverse CTCTCTACCTATAGGAACCCACT 
 Exon8_1 Forward AGACAGATTATTAGCTGTGAAAAGT 693 51 
 Reverse ATCTTGGAGTCACCGATGTA 
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 Exon8_2 Forward ACCTGTCATCTATCAGTGGAG 680 53 
 Reverse CCTGGTGCGTATACAAGTCT 
LGI4     
 Exon1 Forward CTGGCATGGGACGTGTAGT 379 53 
 Reverse ATCCCAACATCCTTTGCTG 
 Exon2&3 Forward CTGGGATGTAAAGGAAATACAT 615 52 
 Reverse CGTGCCAGTAAGTCTCTATACC 
 Exon4&5 Forward CTCCTGGGATTGTAGTCTGG 535 53 
 Reverse AACTTAGTTATGTCAACCGAAAGT 
 Exon6 Forward GTCCTCACATATTTCCTCACTC 498 52 
 Reverse ACTGTTTATTACCTCCATTTTACAG 
 Exon7&8 Forward CTGTAGATCAAAAGATTCGCTAT 695 52 
 Reverse CTCTGGCGAGGGTAGAAG 
 Exon8 Forward GTGTCCTGCAAGCCACTG 588 55 
 Reverse GTCGGTGCTGAAAGACCA 
 Exon9 Forward GTGACATGTGTGAAGGTAAGAA 639 52 
 Reverse GTTGCTTCAGACTGGAAGTT 
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Table. 3 LGI  
 

Species LGI1 LGI2 LGI3 LGI4 
Homo sapiens NP_005088.1 NP_060646.2 NP_644807.1 NP_644813.1 
Rattus norvegicus NP_665712.1 NP_001100689.2 NP_001100747.1 NP_955793.1 
Mus musculus NP_064674.1 NP_659194.1 NP_660254.1 NP_653139.2 
Canis familiaris XP_534971.2 XP_013967830.1 XP_543254.3 XP_541696.2 

Bos taurus NP_001040056.2 NP_001179745.1 XP_015320076.1 NP_001096771.1 
Sus scrofa XP_001928756.1 XP_020956221.1 XP_003132845.2 XP_020952816.1 

Equus caballus XP_001502450.3 XP_014594043.1 XP_001491042.1 XP_001491349.1 
Gallus gallus NP_001038120.1 NP_001244245.1 XP_015128838.1 N/A 
Xenopus 
tropicalis 

NP_001072366.1 NP_001096394.1 N/A NP_001039090.1 

 

N/A  
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Table. 4 LGI  

 

 LGI1 (%) LGI2 (%) LGI3 (%) LGI4 (%) 
Homo sapiens 99.3 96.2 97.6 93.5 
Rattus norvegicus 97.1 95.1 96.5 88.1 
Mus musculus 97.1 85.7 97.1 89.0 
Canis familiaris 100.0 96.8 96.9 96.1 

Bos taurus 95.0 96.2 96.7 92.9 
Sus scrofa 99.1 96.6 98.4 92.8 

Equus caballus 99.5 97.5 98.0 92.9 
Gallus gallus 84.5 87.0 73.9 N/A 
Xenopus tropicalis 80.7 81.6 N/A 43.7 

 94.7 92.7 88.5 86.3 

 

N/A  
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Table. 5 FSECs fLGI1–4 SNPs

 

 

 
  

SIFT  PolyPhen-2 PROVEAN 
(n) 

  

LGI3       C/C C/G G/G f(C) f(G) 
 c.97C>G p.P33A Deleterious Benign Neutral FSECs(8) 8 0 0 1 0 
      Controls(8) 7 1 0 0.9375 0.0625 
LGI4       G/G G/A A/A f(G) f(A) 
 c.49G>A p.A17T Tolerated Unknown Neutral FSECs(8) 8 0 0 1 0 
      Controls(8) 7 1 0 0.9375 0.0625 
       G/G G/A A/A f(G) f(A) 
 c.145G>A p.E49K Tolerated Benign Neutral FSECs(8) 5 3 0 0.8125 0.1875 
      Controls(8) 8 0 0 1 0 

 
SIFT (Sorting Intolerant From Tolerant): https://sift.bii.a-star.edu.sg/ 
PolyPhen-2 (Polymorphism Phenotyping v2): http://genetics.bwh.harvard.edu/pph2/ 
PROVEAN (Protein Variation Effect Analyzer):!http://provean.jcvi.org/index.php 
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Table. 6  FSECs fLGI1–4

SNPs SNPs  

 
 Nucleotide Amino 

Acid 
Accession # Group (n) Genotype frequencies Allele frequencies 

LGI1     G/G G/T T/T f(G) f(T) 

 c.431+9G>T — — FSECs(8) 8 0 0 1 0 

    Controls(8) 6 2 0 0.875 0.125 

     TTTG  del   

 c.431+51_55del — — FSECs(8) 8  0 — — 

    Controls(8) 7  1 — — 

     T/T T/C C/C f(T) f(C) 

 c.492T>C p.S164S — FSECs(8) 4 3 1 0.6875 0.3125 

    Controls(8) 8 0 0 1 0 

LGI2     T/T T/G G/G f(T) f(G) 

 c.281+20T>G — — FSECs(8) 8 0 0 1 0 

    Controls(8) 7 1 0 0.9375 0.0625 

     T/T T/G G/G f(T) f(G) 

 c.281+67T>G — — FSECs(8) 6 2 0 0.875 0.125 

    Controls(8) 4 4 0 0.5 0.5 

     T/T T/C C/C f(T) f(C) 

 c.353+31T>C — — FSECs(8) 0 2 6 0.125 0.875 

    Controls(8) 0 3 5 0.1875 0.8125 

     T/T T/C C/C f(T) f(C) 

 c.497+15T>C — — FSECs(8) 8 0 0 1 0 

    Controls(8) 7 1 0 0.9375 0.0625 

     A/A A/G G/G f(A) f(G) 

 c.497+21A>G — — FSECs(8) 7 1 0 0.9375 0.0625 

    Controls(8) 5 3 0 0.8125 0.1875 

     C/C C/T T/T f(C) f(T) 

 c.501C>T p.D167D — FSECs(8) 8 0 0 1 0 

    Controls(8) 6 1 1 0.8125 0.1875 

     G/G G/T T/T f(G) f(T) 

 c.576G>T p.T192T — FSECs(8) 4 4 0 0.75 0.25 

    Controls(8) 4 4 0 0.75 0.25 

     G/G G/T T/T f(G) f(T) 

 c.667+19G>T — — FSECs(8) 8 0 0 1 0 

    Controls(8) 7 1 0 0.9375 0.0625 

     G/G G/A A/A f(G) f(A) 

 c.813G>A p.R271R — FSECs(8) 8 0 0 1 0 

    Controls(8) 6 1 1 0.8125 0.1875 

     T/T T/C C/C f(T) f(C) 

 c.813+22T>C — — FSECs(8) 8 0 0 1 0 

    Controls(8) 6 1 1 0.8125 0.1875 

     C/C C/T T/T f(C) f(T) 
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 c.906C>T p.G302G — FSECs(8) 8 0 0 1 0 

    Controls(8) 7 1 0 0.9375 0.0625 

     T/T T/C C/C f(T) f(C) 

 c.1317T>C p.S439S — FSECs(8) 7 1 0 0.9375 0.0625 

    Controls(8) 6 2 0 0.875 0.125 

     C/C C/G G/G f(C) f(G) 

 c.1398C>G p.R466R — FSECs(8) 8 0 0 1 0 

    Controls(8) 4 0 4 0.5 0.5 

     A/A A/G G/G f(A) f(G) 

 c.*32A>G — — FSECs(8) 2 2 4 0.375 0.625 

    Controls(8) 0 4 4 0.5 0.5 

     C/C C/T T/T f(C) f(T) 

 c.*53C>T — — FSECs(8) 8 0 0 1 0 

    Controls(8) 7 1 0 0.9375 0.0625 

     G/G G/A A/A f(G) f(A) 

 c.*55G>A — — FSECs(8) 4 4 0 0.5 0.5 

    Controls(8) 2 3 3 0.4375 0.5625 

     C/C C/A A/A f(C) f(A) 

 c.*57G>A — — FSECs(8) 8 0 0 1 0 

    Controls(8) 7 1 0 0.9375 0.0625 

LGI3     G/G G/A A/A f(G) f(A) 

 c.-87G>A — — FSECs(8) 8 0 0 1 0 

    Controls(8) 5 3 0 0.8125 0.1875 

     C/C C/G G/G f(C) f(G) 

 c.350+134C>G — — FSECs(8) 8 0 0 1 0 

    Controls(8) 5 3 0 0.8125 0.1875 

     T/T T/C C/C f(T) f(C) 

 c.422+27T>C — — FSECs(8) 4 1 3 0.5625 0.4375 

    Controls(8) 6 1 1 0.8125 0.1875 

     A/A A/G G/G f(A) f(G) 

 c.494+44A>G — — FSECs(8) 4 1 3 0.5625 0.4375 

    Controls(8) 6 1 1 0.8125 0.1875 

     G/G G/A A/A f(G) f(A) 

 c.600G>A p.P200P — FSECs(8) 4 1 3 0.5625 0.4375 

    Controls(8) 5 2 1 0.75 0.25 

     C/C C/T T/T f(C) f(T) 

 c.1017C>T p.G339G — FSECs(8) 8 0 0 1 0 

    Controls(8) 7 1 0 0.9375 0.0625 

     T/T T/G G/G f(T) f(G) 

 c.1056T>G p.G352G — FSECs(8) 4 2 2 0.625 0.375 

    Controls(8) 2 2 4 0.375 0.625 

     T/T T/C C/C f(T) f(C) 

 c.1582T>C p.L528L rs785566903 FSECs(8) 2 2 4 0.375 0.625 

    Controls(8) 2 4 2 0.5 0.5 

LGI4     C/C C/T T/T f(C) f(T) 

 c.174-9C>T — — FSECs(8) 4 4 0 0.5 0.5 

    Controls(8) 7 1 0 0.9375 0.0625 
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     A/A A/G G/G f(A) f(G) 

 c.318-46A>G — — FSECs(8) 4 4 0 0.5 0.5 

    Controls(8) 7 0 1 0.875 0.125 

     T/T T/C C/C f(T) f(C) 

 c.318-9T>C — rs785273308 FSECs(8) 4 4 0 0.5 0.5 

    Controls(8) 5 2 1 0.75 0.25 

     A/A A/G G/G f(A) f(G) 

 c.389+61A>G — — FSECs(8) 4 4 0 0.5 0.5 

    Controls(8) 7 1 0 0.9375 0.0625 

     A/A A/C C/C f(A) f(C) 

 c.390-55A>C — rs785205043 FSECs(8) 4 4 0 0.5 0.5 

    Controls(8) 5 2 1 0.75 0.25 

     G/G G/A A/A f(G) f(A) 

 c.513G>A p.L171L — FSECs(8) 4 4 0 0.5 0.5 

    Controls(8) 7 1 0 0.9375 0.0625 

     A/A A/G G/G f(A) f(G) 

 c.631+62A>G — — FSECs(8) 4 4 0 0.5 0.5 

    Controls(8) 7 1 0 0.9375 0.0625 

     A/A A/G G/G f(A) f(G) 

 c.632-68A>G — — FSECs(8) 4 4 0 0.5 0.5 

    Controls(8) 7 1 0 0.9375 0.0625 

     C/C C/T T/T f(C) f(T) 

 c.1008C>T p.D336D — FSECs(8) 7 1 0 0.9375 0.0625 

    Controls(8) 4 4 0 0.5 0.5 

     G/G G/A A/A f(G) f(A) 

 c.1137G>A p.L378L — FSECs(8) 6 2 0 0.875 0.125 

    Controls(8) 0 6 2 0.375 0.625 
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4  

 

 

 

 

4.1  

SNP  genome-wide association 

study (GWAS) GWAS

 case control study

transmission disequilibrium test (TDT) 

‘common disease common variant hypothesis’ 

 (

)  

(Visscher et al., 2017) 1

 linkage disequilibrium 

 TDT  (Spielman et al., 1993)  

GWAS

GWAS ( TDT)  

childhood absence epilepsy GABRB3 (gamma-aminobutyric acid type A receptor 
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beta3 subunit)  

(Urak et al., 2006)  generalized epilepsy with 

febrile seizures plus  (Audenaert et al., 2005) 

GWAS

 

(Kasperaviciūte et al., 2010; Guo et al., 2011; EPICURE Consortium et al., 2012)

 (International League Against Epilepsy Consortium on Complex 

Epilepsies, 2014) 

 benign familial juvenile epilepsy 26,578 SNPs

SNP 22 TDT

LGI2 (leucine 

rich repeat LGI family member 2)  (Seppälä et al., 2011)

SNPs

SNP 

 (Seppälä et al., 2012)

ADAM23 (ADAM metallopeptidase domain 23) 

 (Koskinen et al., 2015)  

62,897 SNPs Illumina Infinium iSelect 63K SNP 

Array (Illumina, San Diego, CA, USA) ( Feline 63K SNP Array) 

SNP GWAS
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(Gandolfi et al., 2012; Gandolfi et al., 2013a; Gandolfi et al., 2013b; Alhaddad et al., 

2014; Abitbol et al., 2015; Gandolfi et al., 2016a; Gandolfi et al., 2016b; Lyons et al., 

2016a) 

Feline 63K SNP Array GWAS

 (Alhaddad et al., 2014) FSEC

Feline 63K SNP Array

Feline 63K SNP Array

TDT GWAS

FSEC  

 

4.2  

 (

28K-4  29K-4 30K-4 ) 

 (28-5

) Feline 63K SNP Array (Illumina, San 

Diego, CA, USA) Morris Animal Foundation (Denver, CO, 

USA)  (Grant ID #D17FE-553)  

 

4.2.1  Feline 63K SNP Array
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SNP 96 DNA

 

48 DNA FSEC

FSEC  39 FSECs 9

FSECs 30 FSECs

9 FSECs EDTA

9 FSECs DNA -20 °C -80 °C

EDTA  (n = 13) Whatman FTA elute card (GE Healthcare Life 

Sciences Pittsburgh PA USA)  (n = 

3) -80 °C  (PBMC) (n = 

2)  FSEC Figure. 1  

FSEC 8  

( 1 ) 

8 5

FSEC  sibling 1  half sibling 1 FSEC

1

8  ( 1 )

 

FSEC 25

EDTA (2mL/ ) 25 FSEC

25
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FSEC 3

 (

MRI)  

48 15 FSEC

FSEC  (

)  

 

 

4.2.2  DNA SNP  

DNEasy Kit (QIAGEN Hilden Germany)  QIAamp DNA Mini Kit 

(QIAGEN) EDTA PBMC DNA 3

DNA Whatman FTA elute card

Whatman FTA elute card DNA

NucleoSpin gDNA Clean-up XS ( ) 

GenomePlex Complete Whole Genome Amplification (WGA) Kit (Sigma-

Aldrich St. Louis MO USA) DNA

96

DNA RIKEN GENESIS ( )  

 

4.2.3  
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SNPs R (version 3.3.3 R Foundation for Statist

ical Computing Vienna Austria https://www.r-project.org/) 

 (Felis_catus_9.0 https://www.ncbi.nlm.nih.gov/assembly/GCF

_000181335.3) 

minor allele frequency (MAF) PLINK 1.07 (PLINK; Purcell et al., 2007 ht

tp://zzz.bwh.harvard.edu/plink/) MAF <5% SNPs

 < 90% SNPs 90%

63K SNP  (Gandolfi et a

l., 2018) 10%

846 SNPs 5%

SNPs SNPs

 (<5%) 0  

 

4.2.4  (

) 

GWAS PLINK TDT (Spielman et al., 1993) 

9 9

TDT

TDT

39 9



! 60!

 permutation test (100,000 t-max) T-max 

permuted p-values Pgenome < 0.05

genomic inflation factor (λ)  

multidimensional scaling (MDS) 

MDS TDT

R  

 

4.3  

4.3.1 (Felis_catus_9.0/felCat9) SNPs

 

Feline 63K SNP Array SNPs 2.8X 

 (GTB V17e / Felis catus 5.8/felCat4 Mullikin

  et al., 2010 https://www.ncbi.nlm.nih.gov/assembly/GCA_000003115.1/) 

63K SNP SNPs 20

17 72X  (Felis_catus_9.0/felC

at9)  

 

4.3.2  

96 FSEC 1 90%

 2
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FSECs

2 FSECs

2 FSECs 5%

 (Figure. 1)

Feline 63K SNP Array 62,897 SNPs

14,520 SNPs 5% MAF 162 SNPs 90%

48,273 SNPs

99.9%

846 SNPs 

(Gandolfi et al., 2018) 637 SNPs

5% 

317 SNPs 47,319 SNPs

99%

MDS

FSEC FSEC 15

80  

(Figure 2)  

 

4.3.2  (TDT) 

6 9 TDT  (Figure 

3) TDT  (Figure 4)

B3
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SNPs B3 136011741 chrB3. 152091605 (Praw = 0.0002, 

Pgenome = 0.6251) 120241683 chrB3. 132979173 (Praw = 0.0005, 

Pgenome = 0.8766) B3 ~136.0 

136.8 Mb B3 ~120.2 121.6 Mb 

 (Praw = 0.001, Pgenome = 1) B2 ~128.6

131.7Mb  (Praw = 0.001, Pgenome = 1) TDT

SNPs 20 SNPs Table 1

Figure 4a  

TDT 6

5

TDT 5 6

2 TDT Table 2

Table 3 Figure 4b, c

TDT

D4 ~42.3 44.6 Mb  (Praw = 0.0027, Pgenome = 

0.7516) B2 ~128.6 131.7 Mb

 (Praw = 0.005, Pgenome = 1)

TDT

chrB3.152091605 ( B3 136011741) 
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B3 ~35.4 36.1 Mb  (Praw = 0.0039, Pgenome = 0.7486) 

B2 ~40.6 44.2 Mb  (Praw = 0.0047, Pgenome = 1)  (Table 3)  

 

4.3.3  

45 34

 (

1 FSEC

) SNP chrC1. 67320966

C1 58230528 (Praw = 5.58E-14, Pgenome = 1.00E-05) 

genomic inflation factor λ = 4.5 MDS

 (Figure 5) λ = 1 

 population stratification 

 (Wu et al., 2011) Genomic inflation factor

MDS

38

9  (λ = 1) C1

48,296,174 chrC1.55996414  (Praw = 0.0003, 

Pgenome = 0.8582) (Table 4, Figure 6)  λ

A3 ~61.4 63.1 Mb C1

~53.6 55.2 Mb

22 9  (λ = 1)  
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A3 C1  (Table 5)

23 9

 (λ = 1) 

C1 C1

~163.2 166.0 Mb  (Table 6)  

 

4.3.4  

GWAS ( TDT ) 

Table 7, 8 TDT

CALM1 

(calmodulin 1) (Guo et al., 2017) KCNK13 (potassium two pore domain channel 

subfamily K member 13) (Köhling et al., 2016) PSEN1 (presenilin 1) (Larner et al., 

2011) 

SH3GL2 (SH3 domain containing GRB2 like 2, 

endophilin A1) (Yu et al., 2018) ADAMTSL1 (ADAMTS like 1) (Mullen et al., 2013)

HCN4 (hyperpolarization activated cyclic nucleotide gated potassium channel 4) 

(Becker et al., 2017; Campostrini et al., 2018) 

SNP
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4.4  

Feline 63K SNP Array

COLQ (collagen like tail subunit of asymmetric 

acetylcholinesterase) 

 (Abitbol et al., 2015; Gandolfi et al., 2015) TRPV4 (transient 

receptor potential cation channel subfamily V member 4) 

 (Gandolfi et al., 2016a)  CMAH 

(cytidine monophospho-N-acetylneuraminic acid hydroxylase) 

AB  (Gandolfi et al., 2016b) KRT71 (keratin 71) 

 (Gandolfi et al., 

2013b) ALX1 (ALX homeobox 1) 

 (Lyons et al., 2016b)  WNK4 (WNK lysine deficient protein kinase 4) 

 (Gandolfi et al., 

2012) 

 (Golovko et al., 2013) 

 (Alhaddad et al., 2014) 

TDT

 whole genome sequencing (WGS) AIPL1 (aryl hydrocarbon receptor 

interacting protein like 1)  
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(Lyons et al., 2016a) Feline 63K SNP Array

TDT

FSEC

 

TDT B3 ~136.0 136.8 Mb ~3 Mb

1  

CALM1 (Guo et al., 2017) KCNK13 (Köhling et 

al., 2016 ) 

FSEC

TDT

TDT

SH3GL2

Endophilin A1 TLE

 (Yu et al., 

2018)

HCN4

 (Becker et al., 2017)
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 (Table 1) MDS  (λ = 

4.6) 50K SNP SNP

GWAS

 (Finno et al., 2014)

 (Table. 2) λ  

(Table 3) 

C1 48296174

chrC1.55996414 MTLE MTLE

Disabled 1 (Gong et 

al., 2007) DAB1 (DAB1, reelin adaptor protein)

SNP SNP

  

TDT

 

 (Ewens & Spielman., 1995)

FSEC TDT

FSEC GWAS TDT

Feline 63K SNP Array (
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SNP ) 

 

Feline 63K SNP Array

FSEC

TDT  FSEC

TDT

GWAS WGS

 (Gandolfi et al., 2015) COLQ

AIPL1  (Alhaddad et al., 

2014; Lyons et al., 2016a) 

FSEC WGS WGS

 

 

4.5  

!! FSECs Feline 63K SNP Array

GWAS  



! 69!

!! TDT B3~136.0 136.8 Mb

A3 ~61.4 63.1 Mb C1

~53.6 55.2 Mb  

!! TDT

 

!! FSEC TDT

FSEC

 

!! GWAS TDT FSEC
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Figure 3. TDT
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Figure 4. FSEC TDT Praw
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Figure 5. FSEC MDS FSEC
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Figure 6. FSEC
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Table 1. 9 TDT

SNPs 

 chromosome SNP ID position Praw value Pgenome value 

1 B3 chrB3.152091605 136011741 0.0001828 0.6251 

2 B3 chrB3.132979173 120241683 0.000532 0.8766 

3 Unmapped chrB2.148168246 NA 0.001341 1 

4 B2 chrB2.145991326 128571743 0.001341 1 

5 B2 chrB2.146017894 128594485 0.001341 1 

6 B2 chrB2.146168378 128719321 0.001341 1 

7 B2 chrB2.146443133 128918643 0.001341 1 

8 B2 chrB2.147402404 129699370 0.001341 1 

9 B2 chrB2.147677421 129910731 0.001341 1 

10 B2 chrUn.31107558 130009842 0.001341 1 

11 B2 chrB2.148572085 130705883 0.001341 1 

12 B2 chrB2.148630730 130751533 0.001341 1 

13 B2 chrE3.2719828 130948734 0.001341 1 

14 B2 chrE3.2452694 131061063 0.001341 1 

15 B2 chrB2.149686261 131744366 0.001341 1 

16 B3 chrB3.134306625 121392703 0.001341 1 

17 B3 chrB3.152698392 136504115 0.001565 1 

18 B3 chrB3.153001896 136767779 0.001565 1 

19 B3 chrUn8.1386135 137538829 0.001565 1 

20 B3 chrB3.134561304 121606504 0.002282 1 
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Table 2. TDT

SNPs 

 
chromosome SNP ID position Praw value Pgenome value 

1 chrD4 chrD4.33746870 42346601 0.0027 0.7516 

2 chrD4 chrD4.35050567 43361022 0.0027 0.7516 

3 chrD4 chrD4.36458031 44513973 0.0027 0.7516 

4 chrD4 chrD4.36557070 44595186 0.0027 0.7516 

5 NA chrB2.148168246 NA 0.004678 1 

6 NA chrD1.6509233 NA 0.004678 1 

7 NA chrE3.43050459 NA 0.004678 1 

8 chrB2 chrB2.145991326 128571743 0.004678 1 

9 chrB2 chrB2.146017894 128594485 0.004678 1 

10 chrB2 chrB2.146168378 128719321 0.004678 1 

11 chrB2 chrB2.146443133 128918643 0.004678 1 

12 chrB2 chrB2.147402404 129699370 0.004678 1 

13 chrB2 chrB2.147677421 129910731 0.004678 1 

14 chrB2 chrUn.31107558 130009842 0.004678 1 

15 chrB2 chrB2.148572085 130705883 0.004678 1 

16 chrB2 chrB2.148630730 130751533 0.004678 1 

17 chrB2 chrE3.2719828 130948734 0.004678 1 

18 chrB2 chrE3.2452694 131061063 0.004678 1 

19 chrB2 chrB2.149686261 131744366 0.004678 1 

20 chrB2 chrB2.160295208 140402198 0.004678 1 

NA: Felis_catus_9.0/felCat9 SNP 
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Table 3. 

TDT SNPs 

 
chromosome SNP ID position Praw value Pgenome value 

1 chrB3 chrB3.42062975 35592997 0.003892 0.7486 

2 chrB3 chrB3.42113518 35632174 0.003892 0.7486 

3 chrB3 chrB3.42683185 36105726 0.003892 0.7486 

4 chrB2 chrB2.47827900 40614011 0.004678 1 

5 chrB2 chrB2.48155985 40876460 0.004678 1 

6 chrB2 chrB2.48353791 41013610 0.004678 1 

7 chrB2 chrB2.50866323 43016974 0.004678 1 

8 chrB2 chrB2.52182450 44067444 0.004678 1 

9 chrB2 chrB2.52364018 44215096 0.004678 1 

10 chrB2 chrB2.52397797 44249554 0.004678 1 

11 chrB3 chrB3.41776154 35355016 0.004678 1 

12 chrB3 chrB3.42088182 35615814 0.004678 1 

13 chrB3 chrB3.134306625 121392703 0.004678 1 

14 chrB3 chrB3.152091605 136011741 0.004678 1 

15 chrE2 chrE2.75085687 61554352 0.004678 1 

16 chrE2 chrE2.75226362 61676856 0.004678 1 

17 chrB3 chrB3.132979173 120241683 0.008151 1 

18 NA chrD1.6509233 0 0.01141 1 

19 NA chrE3.43050459 0 0.01141 1 

20 chrA3 chrA3.125706471 99772860 0.01141 1 

NA: Felis_catus_9.0/felCat9 SNP 
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Table 4.  (λ = 1) SNPs

SNPs 

 
chromosome SNP ID position Praw value Pgenome value 

1 chrC1 chrC1.55996414 48296174 0.0002978 0.8582 

2 chrC1 chrC1.64392465 55121251 0.00119 0.9707 

3 chrC1 chrD2.104542037 33375663 0.001232 0.9736 

4 chrC1 chrB3.88220828 33617328 0.001232 0.9736 

5 chrA3 chrA3.79567356 61695093 0.001498 0.9813 

6 chrA3 chrA3.79709869 61808201 0.001498 0.9813 

7 chrA3 chrA3.79868848 61928655 0.001498 0.9813 

8 chrA3 chrA3.80313964 62331585 0.001498 0.9813 

9 chrA3 chrA3.79142363 61376929 0.001729 0.9859 

10 chrC1 chrC1.64031502 54833982 0.001729 0.9859 

11 chrC1 chrC1.64132757 54899659 0.001729 0.9859 

12 chrC1 chrC1.64477718 55194254 0.001729 0.9859 

13 chrA3 chrA3.80970279 62836397 0.001828 0.9872 

14 chrA3 chrA3.81266647 63066469 0.001828 0.9872 

15 chrX chrX.118973664 99484594 0.001832 0.9876 

16 chrC1 chrC1.63896477 54732644 0.002193 0.9916 

17 chrA2 chrA2.3274346 2914893 0.003131 0.998 

18 chrC1 chrC1.62537133 53599068 0.003131 0.998 

19 chrA3 chrA3.75651962 58479147 0.00331 0.9996 

20 chrE1 chrE1.46263995 19788262 0.00331 0.9996 
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Table 5.  (λ = 1) 

 

 
chromosome SNP ID position Praw value Pgenome value 

1 chrA2 chrA2.198468293 133525162 0.001225 0.954 

2 NA chrB3.88251253 NA 0.001383 0.9641 

3 chrC1 chrD2.104542037 33375663 0.001383 0.9641 

4 chrC1 chrB3.88220828 33617328 0.001383 0.9641 

5 chrC1 chrC1.64392465 55121251 0.001388 0.9651 

6 chrX chrX.147710250 123028006 0.001829 0.9791 

7 chrX chrX.147858181 123137257 0.001829 0.9791 

8 chrX chrX.147918317 123194900 0.001829 0.9791 

9 chrA3 chrA3.79567356 61695093 0.002146 0.9919 

10 chrA3 chrA3.79709869 61808201 0.002146 0.9919 

11 chrA3 chrA3.79868848 61928655 0.002146 0.9919 

12 chrA3 chrA3.80313964 62331585 0.002146 0.9919 

13 chrC1 chrC1.64031502 54833982 0.002407 0.9938 

14 chrC1 chrC1.64132757 54899659 0.002407 0.9938 

15 chrC1 chrC1.64477718 55194254 0.002407 0.9938 

16 chrA3 chrA3.80970279 62836397 0.00285 0.9958 

17 chrA3 chrA3.81266647 63066469 0.00285 0.9958 

18 chrD2 chrD2.4155098 10091648 0.00285 0.9958 

19 chrX chrX.147799151 123099795 0.003024 0.9962 

20 chrC1 chrC1.63896477 54732644 0.003415 0.9975 

NA: Felis_catus_9.0/felCat9 SNP 
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Table 6.  (λ = 1) 

 

 
chromosome SNP ID position Praw value Pgenome value 

1 chrA2 chrA2.184520462 122572639 0.0003 0.6393 

2 chrC1 chrD2.104542037 33375663 0.000986 0.9193 

3 chrC1 chrB3.88220828 33617328 0.000986 0.9193 

4 chrE1 chrE1.2595571 6414554 0.002573 0.9899 

5 chrA2 chrA2.185505919 123372613 0.003995 0.9974 

6 chrC1 chrC1.54757329 47316062 0.004566 0.9991 

7 chrC1 chrC1.54790832 47349171 0.004566 0.9991 

8 chrC1 chrC1.54964912 47495309 0.004566 0.9991 

9 chrC1 chrC1.55996414 48296174 0.004566 0.9991 

10 chrC1 chrC1.179702705 163239037 0.004566 0.9991 

11 chrC1 chrC1.182599151 165594933 0.004566 0.9991 

12 chrC1 chrC1.183037189 165969528 0.004566 0.9991 

13 chrC1 chrB3.164957049 165977753 0.004566 0.9991 

14 chrC1 chrC1.183062403 165990544 0.004566 0.9991 

15 chrC1 chrUn17.3544798 98228691 0.004852 0.9994 

16 chrA2 chrA2.3420092 3039023 0.005306 0.9995 

17 chrC1 chrC1.63896477 54732644 0.00536 0.9995 

18 chrC1 chrC1.64392465 55121251 0.00536 0.9995 

19 chrF1 chrF1.11528370 12865101 0.005503 0.9996 

20 chrX chrX.12623209 10626983 0.005503 0.9996 
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Table 7. 

TDT  

 

All

SS VSS

 

  ( )      

All B3 ( NC_018728.3) calmodulin 1 CALM1 136161704 136172387 Guo et al., 2017 

  

potassium two pore domain channel 

subfamily K member 13 KCNK13 135868835 135977613 Köhling et al., 2016 

  presenilin 1 PSEN1 120630549 120703551 Larner et al., 2011 

SS D4 ( NC_018735.3) tetratricopeptide repeat domain 39B TTC39B 42329595 42456380  

  

small nuclear RNA activating complex 

polypeptide 3 SNAPC3 42572145 42642104  

  PC4 and SFRS1 interacting protein 1 PSIP1 42620286 42659885  

  coiled-coil domain containing 171 CCDC171 42698303 43010352  

  basonuclin 2 BNC2 43396608 43825543  

  centlein CNTLN 44050768 44368683  

  

SH3 domain containing GRB2 like 2, 

endophilin A1 SH3GL2 44439472 44650217 Yu et al., 2018 

  ADAMTS like 1 ADAMTSL1 45276015 45655987 Mullen et al., 2013 

VSS B3 ( NC_018728.3) 

hyperpolarization activated cyclic 

nucleotide gated potassium channel 4 HCN4 34712671 34755539 Becker et al., 2017 

  Bardet-Biedl syndrome 4 BBS4 35321602 35378330 

Campostrini et al., 

2018 

  

ariadne RBR E3 ubiquitin protein ligase 

1 ARIH1 35386955 35510236  

  transmembrane protein 202 TMEM202 35522936 35588478  

  hexosaminidase subunit alpha HEXA 35588614 35615822  

  CUGBP Elav-like family member 6 CELF6 35639015 35669804  

  

poly(ADP-ribose) polymerase family 

member 6 PARP6 35679922 35741761  

  GRAM domain containing 2A GRAMD2A 35742913 35777281  

  

SUMO peptidase family member, 

NEDD8 specific SENP8 35791527 35806478  

  myosin IXA MYO9A 35806421 36086173  

  

nuclear receptor subfamily 2 group E 

member 3 NR2E3 36089719 36096355  
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Table 8. 

 

  ( )      

All C1 (NC_018730.3) DAB1, reelin adaptor protein DAB1 46588246 47725925 Gong et al., 2007 

VSS A2 (NC_018724.3) chimerin 2 CHN2 122509814 122817712  

  proline rich 15 PRR15 122839913 122843744  

  secernin 1 SCRN1 123049263 123113432  

  FK506 binding protein 14 FKBP14 123119515 123134380  

  pleckstrin homology domain containing A8 PLEKHA8 123136365 123197958  

  

maturin, neural progenitor differentiation 

regulator homolog MTURN 123236646 123266581  

All

SS VSS

 

 

 

 

 

 

 

 

 

 

 

 



! 84!

5  

 

 

 

 

5.1  

linkage analysis

 Logarithm of the odds (LOD) SNP

SNPs

 ( ) 

 ( ) 

 identical by descent (IBD) 

Feline 63K SNP Array

 (Alhaddad et al., 2014) 

AIPL1 
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(aryl hydrocarbon receptor interacting protein like 1)  

(Lyons et al., 2016a)  

 (Angelicheva et al., 

2009; Azmanov et al., 2011; Bisulli et al., 2014; Claes et al., 2004; Chahine et al., 2013; 

Fanciulli et al., 2014a; Hedera et al., 2007;  Ottman et a., 1995) 

 (

) 

 (Sander et al., 2000; Chioza et al., 2009)

(EPICURE Consortium et al., 2012) /

 (  [WGS] 

 [WES]) 

 familial focal epilepsy with variable 

foci (FFEVF) DEPDC5 (DEP domain containing 5)  (Ishida et 

al., 2013)  (FLTE) RELN (Reelin) 

MICAL-1 (microtubule associated monooxygenase, calponin and LIM domain 

containing 1)  (Dazzo et al., 2015; Dazzo et al., 2018)

 (Ishiura et al., 2018) 
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410

 (Oberbauer et al., 2010)  SNP

SNP  (Seppälä et al., 

2012; Koskinen et al., 2015) 

 

4 Feline 63K SNP Array

 (FSEC) 

 

 

5.2  

 (

 28K-4 29K-4 30K-4 ) 

 (28-5

) Feline 63K SNP Array 

(Illumina, San Diego, CA, USA) 4 Morris 

Animal Foundation (Denver, CO, USA)  (Grant ID: #D17FE-

553)  
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5.2.1  DNA

 

DNA

 (Felis_catus_9.0 https://www.ncbi.nl

m.nih.gov/assembly/GCF_000181335.3) 4

 

 

5.2.2  

 

 (LD) SNPs PLINK 1.07 (PLINK; Purcell et al., 

2007; http://zzz.bwh.harvard.edu/plink/) 50 5

r2 0.4

18,167 SNPs  

Lander-Green  (Lander and Green., 1987)  Merlin 1.1.2 

(Merlin; Abecasis et al., 2002; http://csg.sph.umich.edu/abecasis/merlin/index.html) 

25-bit complexity 

(Raza et al., 2013; Oikkonen et al., 

2016) FSEC 4  

R (version 3.3.3 R Foundation for Statistical Computing

Vienna Austria https://www.r-project.org/)  
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5.2.3   

Merlin FSEC  (

)  (99% 70%

) 

0.01 /

: 1.1–2.1% (

) × 33% (3

233  [Barnes et al., 2004; Schriefl 

et al., 2008; Pákozdy et al., 2010]) = 0.36–0.69%

0.005 missing 

phenotype	  affected only	  

FSEC ”affected only” 

 (

) Linear model exponential 

model (Kong and Cox., 1997) LOD

; (1) 

 (

)  (2)  

(3) 
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(2) (3)

 (70% 50% )  

LOD 3.3 1.9

 (suggestive linkage)  (Lander and Kruglyak., 1995)   

 

5.3    

Merlin 4 FSEC Figure 1  

 

5.3.1   

99%

B4 79.60Mb LOD 2.60 suggestive linkage  

(Figure 2a) 70%

 

70%

B2 108.4–119.5 Mb suggestive linkage (LOD = 2.04) D2

5.3–6.9 Mb suggestive linkage (LOD = 2.04) D4 29.03–39.7 

Mb suggestive linkage (LOD = 2.05)  (Figure 3a) 50%

 

B4

74.26 Mb LOD 2.17 suggestive linkage  (Figure 4a)
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50%

 

 

5.3.2   

3

 nonparametric linkage analysis  affected sibling pair 

method LOD NPL ASP  

C1 78.1 Mb  (NPLexp = 2.17, 

ASPexp = 2.00) C2 9.1 Mb  (NPLexp = 2.42, ASPexp = 2.19)

D2 7.2 Mb  (ASPexp = 2.26) suggestive linkage  (Figure 

2b, c)  

B1 205 Mb  

(NPLexp = 2.15 ASPexp = 2.08) B2 35.9 Mb  (NPLexp = 2.21)

108.4 Mb  (NPLexp = 2.01) B3 140.5–149.4 Mb  

(NPLexp = 2.82, ASPexp = 2.87) D1 5.1 Mb (NPLexp = 2.76 ASPexp = 

2.80) D2 5.6 Mb (NPLexp = 2.04)  D4 23.8 Mb 

(ASPexp = 2.44) 39.0 Mb (NPLexp = 2.34) E2 21.0 Mb  

(ASPexp = 1.96) F2 73.6 Mb  (NPLexp = 2.22 ASPexp = 2.27)

X 3.3 Mb (NPLexp = 2.22 ASPexp = 2.30) suggestive linkage

 (Figure 3b, c)  
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B1

204.4 Mb (NPLexp = 2.49, ASPexp = 2.43), B3 65.5 Mb (ASPexp = 2.02), 

C2 9.5 Mb (NPLlinear = 2.07, NPLexp = 2.38, ASPexp = 2.08), 

D1 110.0 Mb  (ASPexp = 2.27) suggestive linkage  (Figure 4b, 

c)  

 

5.4    

FSEC

intrafamilial locus 

homogeneity  

(Wijsman et al., 2012)  FSEC

suggestive linkage

1

6–9 20  (Allen-Brady et al., 2010) 

71 33

 (Raza et al., 2013) 
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2

 

 intrafamilial locus heterogeneity 

388

 (Georgi et al., 2014)

FSEC

 

 (FMTLE) FLTE

(Angelicheva et al., 

2009; Azmanov et al., 2011; Bisulli et al., 2014; Chahine et al., 2013; Fanciulli et al., 

2014a; Hedera et al., 2007;  Ottman et al., 1995) FLTE

 LGI1  (Kalachikov et al., 2002; Morante-Redolat et al., 

2002) WES

LGI1 FLTE RELN  (Dazzo et al., 2015) 

MICAL-1  (Dazzo et al., 2018) 

FFEVF

WES DEPDC5  (Ishida et al., 2013)  

FSEC FMTLE

 (Baulac et al., 2001; Claes et al., 2004; 

Hedera et al., 2007; Maurermorelli et al., 2012; Chahine et al., 2013; Fanciulli et al., 
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2014a) WES

 (Fanciulli et al., 2014a) FMTLE

 

 next generation sequencer (NGS)

WES WGS  

4 Feline 63K 

SNP Array GWAS

SNP SNPs

SNP Array Feline 63K SNP Array

SNP SNPs

 

FSEC suggestive 

linkage FSEC

FSEC

suggestive linkage

WGS
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5.5    

•! FSECs Feline 63K SNP Array

 

•!

suggestive linkage  

•! suggestive 

linkage FSEC 2

 

•! FSEC

FSEC  
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Figure 1. 

 ( )  ( ) 

+
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Figure 2. 

(a) (b)  

(exponential model) (c)  (exponential model) Suggestive linkage

1.9  
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Figure 3. (a) 

(b)  (exponential model) (c) 

 (exponential model) Suggestive linkage 1.9
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Figure 4. 

(a) (b)  (linear model)

(c)  (exponential model) (d)  

(exponential model) Suggestive linkage 1.9
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6  

 

 

 

 

6.1  

2003  Moore’s law 

2005  next generation sequencer (NGS) 

DNA 2010 NGS

Miller  (Ng et al., 2010) Charcot-Marie-Tooth  (Lupski et al., 

2010) 

 whole genome sequence (WGS) 

 whole exome sequence (WES) 

 ( NGS 1,000,000 USD

2018 2,000 USD )

 precision medicine 

NGS

 (Saunders et al., 2012; Willig et al., 

2015; Mestek-Boukhibar et al., 2018)
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26

 (Miller et al., 2015) NGS

C

WGS  (Mauler et al., 2016)  

WGS C

NPC1 (NPC intracellular cholesterol transporter 1)  (Mauler et al., 2016) 

COLQ 

(collagen like tail subunit of asymmetric acetylcholinesterase)  (Gandolfi et al., 

2015) AIPL1 (aryl hydrocarbon receptor 

interacting protein like 1)  (Lyons et al., 2016a)

FASL (Fas ligand)  (Aberdein et 

al., 2016) IQCB1 (IQ motif 

containing B1)  (Oh et al., 2017) 

WGS 99 Lives Cat 

Genome Sequencing Initiative (www.felinegenetics.missouri.edu/99Lives) 

WGS 99 Lives Cat Genome Sequencing 

Initiative WGS  

4 FSECs WGS 99 Lives Cat 

Genome Sequencing Initiative DNA

WGS FSECs
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4 5 Feline 63K SNP Array

FSEC  

 

6.2  

 ( 29K-4 30K-4 )   

 

6.2.1 WGS FSECs DNA  

4 FSECs WGS

(i) WGS DNA

(ii)  ( ) (iii) 

1  (F16IMC)

1  (D8040) 1  (K13MMC)

1  (D6017) 4

Table 1 WGS DNA 4

FSECs 6 mL

DNA DNA

 

 

6.2.2  
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4 6 µg DNA McDonnell Genome Institute - Washington 

University (St. Louis, MO, USA) WGS SciClone G3 NGS 

Workstation (PerkinElmer, Waltham, MA, USA) KAPA Hyper PCR-free Library 

Prep Kit (for Illumina) (KAPA Biosystems, Wilmington, MA, USA) 450 bp

Illumina HiSeq X Ten (Illumina) 

qPCR (KAPA Biosystems) HiSeq X Ten flow cell 

(Illumina) 30X 90 Gb  2x150 bp 

 

 

6.2.3  

4 WGS 99 Lives Cat Genome Sequencing 

Initiative Burrows-Wheeler Aligner 

(BWA) version 0.7.17 (Li et al., 2009_Bioinformatics) 

Felis_catus_9.0 (https://www.ncbi.nlm.nih.gov/assembly/GCF_0001813

35.3) Picard tool MarkDuplicates (http://broadinstitute.

github.io/picard/)  (Indels) Ge

nome Analysis Tool Kit (GATK version 3.8; McKenna et al. 2010) IndelRealigner

gVCF GATK Happlotype

Caller 4 FSECs WGS VarSe

q 2.0.2 (Golden Helix, Bozeman, MT, USA) 99 Lives Cat Genome Se

quencing Initiative 4 FSECs 191 W

GS 99 Lives Cat Genome Sequencing Initiative WG
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S Illumina

20–30X  

3 ; (i)  (

) 

 ( )  (ii) 

 (iii) 

4 5  

(Table 2) 

FSECs

191

 intrafamilial 

heterogeneity 

3 2

PROVEAN 

(http://provean.jcvi.org/index.php) SIFT (http://sift.bii.a-star.edu.sg/)

PolyPhen-2  (http://genetics.bwh.harvard.edu/pph2/) 

 

 



! 104!

6.3      

4 30X WGS  

 

6.3.1  

FSEC

 TDT

TDT  (

B3 B4 C1 C2 D2 ) 

FSEC  (

) 4

 

4 3

 (Table 3)

KCNJ6 (potassium voltage-gated 

channel subfamily J member 6)   

 

6.3.2  

 (F16IMC D8040) 

TDT  (
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B1 B2 B3  D1 D2 D4 E2 F2 X ) 

2

 2

Table 4

ABLIM2 (actin binding LIM protein family member 2) TRMT44 

(tRNA methyltransferase 44 homolog) TTC7B (tetratricopeptide repeat domain 7B)  

TC2N (tandem C2 domains, nuclear) TRIP11 (thyroid hormone receptor interactor 

11) RIN3 (Ras and Rab interactor 3) LGMN (legumain) ITPK1 (inositol-

tetrakisphosphate 1-kinase) BTBD7 (BTB domain containing 7) AK7 (adenylate 

kinase 7)  TRMT44

 familial epilepsy syndrome of Partial Epilepsy with 

Pericentral Spikes  (Leschziner et al., 2011)  

 

6.3.3  

 (F16IMC K13MMC D6017) 

 TDT

 ( B1 B3 B4 C2 D1 ) 

FSECs 191

Table 5 3
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191

3 D1

CHRM1 (cholinergic receptor muscarinic 1)  c.122C>T

PROVEAN Neutral SIFT deleterious PolyPhen-2

Possibly Damaging AHNAK  (AHNAK 

nucleoprotein) 3

B1 ABLIM2 

(actin binding LIM protein family member 2) TRMT44

3

3 2

 (Table 5) 

KCNJ6  

 

6.4     

NGS NGS

 WES

 (Palmer et al., 

2018) 640 525

3877 WES

 (Epi4K consortium, 2017)
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NGS

WES  

(Heinzen et al., 2012)

 mesial temporal lobe epilepsy with 

hippocampal sclerosis (MTLE-HS) 23

WES  (Wong et al., 2018)

de novo MTLE-HS

MTLE-HS

 

 (FTLE) WES

 (FLTE) 

 RELN  (Dazzo et al., 2015) MICAL-1  (Dazzo et al., 2018) TLE

 familial focal epilepsy 

with variable foci (FFEVF) DEPDC5  (Dibbens et al., 2013; Ishida et 

al., 2013) TLE NPRL2 

(NPR2 like, GATOR1 complex subunit) NPRL3 (NPR3 like, GATOR1 complex 

subunit) DEPDC5  (Ricos et al., 2015) WES

FMTLE WES

1

 (Fanciulli et al., 2014a) FMTLE
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 reduced penetrance and variable expression 

 

FSEC

2

191

FSECs WGS

FSECs

FSEC

3

CHRM1 c.122C>T CHRM1

M1 M1

M1  (Velazquez-

Moctezuma et al., 1989)  (Anagnostaras et al., 2003)  

(Cruickshank et al., 1994) 

CHRM1

TRMT44 (Q8IYL2) (Leschziner et al., 

2011)
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FSEC TRMT44

WGS

 

(Mendes de Almeida et al., 2017; Inaba et al., 2017; Zernant et al., 2018; Reviewed in 

Vaz!Drago et al., 2017) FSEC

FSEC

  

 (

) 388

50 WGS

locus heterogenicity 

 (Georgi et al., 2014) FSEC

KCNJ6

 (Signorini et al., 1997) FSEC

1

KCNJ6 FSEC

FSEC  



! 110!

Polygenic  (Shi et al., 2016; Weiner et al., 2017) Omnigenic

 (Boyle et al., 2017)

Omnigenic

 

VarSeq 2.0.2

SNP indel  structural variants 

(SV) SV  novel 

insertion  inversion  translocation 

DNA  copy number 

variants (CNV) CNV (

 microdeletion [400 kb 1% ]) 

 (Helbig et al., 2009; de Kovel et al., 2010; Heinzen et al., 2010; 

Mefford et al., 2010; Reinthaler et al., 2014; Lal et al., 2015; Pérez-Palma et al., 2017; 

Monlong et al., 2018) FSEC

FMTLE  (Catarino et al., 
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2011) CNV

CNVs

 (Fanciulli et al., 2014b) FSEC

CNV  

 methylation  FSEC

 somatic mutation 

FSEC

 

4 FSECs WGS 99 Lives 

Cat Genome Sequencing Initiative 191

WGS FSECs

TDT

FSECs FSECs

FSEC

 

 

6.4     

•! 4 FSECs WGS 191 FSEC

WGS  
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•!

FSECs

 

•! FSEC
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Table 1. WGS 4 FSECs  
 

      
F16IMC M 8y4m 0y6m SS / VSS  /  
D8040 M 9y2m 0y8m SS  
K13MMC M 4y8m 0y7m VSS  
D6017 M 8y0m 0y7m VSS  

 
M: y: m: SS: VSS:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



! 114!

Table 2.  

    (LOD Pgenome ) 
All B3 136.12 TDT (0.6251) 
 B4 79.598 Parametric (2.6027) 
 C1 78.071 NPLexp (2.174), ASPexp (2.002) 
 C2 9.142 NPLexp (2.424), ASPexp (2.194) 
 D2 7.213 ASPexp (2.226) 
    
SS B1 205.127–205.178 NPLexp (2.149), ASPexp (2.084) 
 B2 35.972 NPLexp (2.219), ASPexp (2.269) 
  108.436 NPLexp (2.21), ASPexp (2.084) 
  118.179–118.323 PL (2.0382) 

 B3 
143.542–143.813, 
146.039–147.919 NPLexp (2.829) 

  
143.490–143.792, 
146.039–148.308 ASPexp (2.866) 

 D1 5.091 NPLexp (2.763), ASPexp (2.8) 
 D2 5.579 PL (2.0435), NPLexp (2.035) 
 D4 23.772 ASPexp (2.438) 
  38.67 PL (2.0485) 
  39.021 NPLexp (2.338) 
  42.346 TDT (0.7516) 
 E2 21.0 ASPexp = 1.96 
 F2 73.507–73.669 NPLexp (2.216), ASPexp (2.272) 
 X 3.541–3.642 NPLexp (2.224) 
  3.891 ASPexp (2.296) 
    
VSS B1 203.848 NPLexp (2.524), ASPexp (2.592) 
 B3 35.593 TDT (0.7486) 
  65.451 ASPexp (2.029) 
 B4 74.261 Parametric (2.1747) 

 C2 9.542 
NPLlinear (2.065), NPLexp (2.383), 
ASPexp (2.075) 

 D1 109.265 ASPexp (2.266) 
 
All: SS: 

VSS: 

TDT: NPL: ASP: 
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PL: linear: linear model exp: 

exponential model  
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Table 3. WGS 4 FSECs 3

 

 

:  
 

      

C1:77144173 intergenic_variant  8 3 0 

C1:77368015 intergenic_variant  8 3 0 

C1:77424189 intergenic_variant  8 3 0 

C1:77941921 intergenic_variant  8 3 0 

C1:78646507 C1orf146 intron_variant ENSFCAT00000000151:c.408+189T>C 8 3 0 

 GLMN 3_prime_UTR_variant ENSFCAT00000022453:c.*1972A>G    

C1:79347393 intergenic_variant  8 3 0 

       

       

C2:7798301 KCNJ6 intron_variant ENSFCAT00000005148:c.25+4340G>A 8 3 0 

C2:7806786 KCNJ6 intron_variant ENSFCAT00000005148:c.25+12825C>T 8 3 0 

C2:7903676 KCNJ6 intron_variant ENSFCAT00000005148:c.26-7824C>T 8 3 0 

C2:8009396  intergenic_variant  8 3 0 

C2:8304696  intergenic_variant  8 3 0 

C2:8787694 HLCS intron_variant ENSFCAT00000002943:c.1455-58296G>A 8 3 0 

       

       

D2:6206182 PRKG1 intron_variant ENSFCAT00000040874:c.478+137474G>A 8 3 0 

D2:6256873 PRKG1 intron_variant ENSFCAT00000040874:c.478+86783G>A 8 3 0 

 

FSEC 191

4 FSECs
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Table 4. WGS 4 FSECs 2

 

 

: 
 

 

   
S
S      

B1:20467168
9 

ABLIM
2 intron_variant ENSFCAT00000060486:c.1466-274G>A 4 2 0 4 1 1 

B1:20500342
3 

TRMT4
4 intron_variant ENSFCAT00000063793:c.705-2340G>A 4 2 0 4 1 1 

B1:20500818
9 

TRMT4
4 intron_variant ENSFCAT00000063793:c.994-100G>A 4 2 0 4 1 1 

B1:20500969
4 

TRMT4
4 intron_variant ENSFCAT00000063793:c.1102-417G>A 4 2 0 4 1 1 

B1:20531190
2  

intergenic_varia
nt  4 2 0 4 1 1 

  intergenic_varia
nt 

 
4 2 0 4 0 0 

  intergenic_varia
nt 

 
4 2 0 4 1 0 

  intergenic_varia
nt 

 
4 2 0 4 1 0 

  intergenic_varia
nt 

 
4 2 0 4 0 1 

  intergenic_varia
nt 

 
4 2 0 4 1 1 

  intergenic_varia
nt 

 
4 2 0 4 0 0 

          

B2:35580859 GRM4 intron_variant 
ENSFCAT00000055425:c.1168+51_1168+52insG
GGG 4 2 0 4 1 0 

          

B3:13640242
9 TTC7B intron_variant ENSFCAT00000058981:c.1152+1265G>A 4 2 0 4 0 0 
B3:13640351
0 TTC7B intron_variant ENSFCAT00000058981:c.1152+184G>A 4 2 0 4 0 0 
B3:13640634
8 TTC7B intron_variant ENSFCAT00000058981:c.1014+1820G>A 4 2 0 4 0 0 
B3:13641124
4 TTC7B intron_variant ENSFCAT00000058981:c.951-3013G>A 4 2 0 4 0 0 
B3:13641266
1 TTC7B intron_variant ENSFCAT00000058981:c.950+3478G>A 4 2 0 4 0 0 
B3:13641318
3 TTC7B intron_variant ENSFCAT00000058981:c.950+2956T>A 4 2 0 4 0 0 
B3:13641399
5 TTC7B intron_variant ENSFCAT00000058981:c.950+2144G>T 4 2 0 4 0 0 
B3:13642252
9 TTC7B intron_variant ENSFCAT00000058981:c.699-364C>T 4 2 0 4 0 0 
B3:13688142
2 

 intergenic_varia
nt 

 
4 2 0 4 0 0 

B3:13725214
0 

 intergenic_varia
nt 

 
4 2 0 4 0 0 

B3:13734216
2 TC2N intron_variant ENSFCAT00000048914:c.302-2022A>G 4 2 0 4 0 0 
B3:13749736
0 TRIP11 intron_variant ENSFCAT00000025657:c.5258-793A>G 4 2 0 4 0 0 
B3:13774908
5 
 

 intergenic_varia
nt 
 

 

4 2 0 4 0 0 

B3:13808142
5 RIN3 intron_variant 

ENSFCAT00000027470:c.381-1424_381-
1423insTCTCTCT 4 2 0 4 0 0 

B3:13814048
4 LGMN intron_variant ENSFCAT00000007891:c.319-826delT 4 2 0 4 0 0 
B3:13814111
9 LGMN intron_variant ENSFCAT00000007891:c.318+228T>A 4 2 0 4 0 0 
B3:13814917
0 LGMN intron_variant 

ENSFCAT00000007891:c.138+4700_138+4701del
TA 4 2 0 4 0 0 
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B3:13814917
1 LGMN intron_variant 

ENSFCAT00000007891:c.138+4698_138+4700del
AAT 4 2 0 4 0 0 

B3:13815315
6 LGMN intron_variant 

ENSFCAT00000007891:c.138+712_138+715delG
TTT 4 2 0 4 0 0 

B3:13815379
8 LGMN intron_variant ENSFCAT00000007891:c.138+73C>T 4 2 0 4 0 0 
B3:13845267
9 ITPK1 intron_variant ENSFCAT00000047980:c.96-8115T>C 4 2 0 4 0 0 
B3:13862264
3 BTBD7 intron_variant 

ENSFCAT00000022070:c.1163-6060_1163-
6059delTT 4 2 0 4 0 0 

B3:13865139
8 BTBD7 intron_variant 

ENSFCAT00000022070:c.-106-2401_-106-
2400insGCTCTCTCTCTCTCTCTCTCTCTC 4 2 0 4 0 0 

B3:14144259
1 AK7 intron_variant ENSFCAT00000006784:c.861+518A>G 4 2 0 4 2 0 
          

D1:1049664
9 

 intergenic_varia
nt 

 
4 2 0 4 0 0 

D1:1056174
2 

 intergenic_varia
nt 

 
4 2 0 4 0 1 

          

 
SS
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Table 5. WGS 4 FSECs 3

 

 

: 
 

 
   

V
SS      

B1:2024
32683 STK32B 

intron_varian
t 

ENSFCAT00000004075:c.261-38018_261-
38012delGAGAGAG 6 2 0 2 0 0 

B1:2024
35751 STK32B 

intron_varian
t ENSFCAT00000004075:c.261-34945delC 6 2 0 2 0 0 

B1:2024
51851 STK32B 

intron_varian
t ENSFCAT00000004075:c.261-18850G>A 6 2 0 2 0 0 

B1:2024
88939 STK32B 

intron_varian
t ENSFCAT00000004075:c.434+18065T>C 6 1 1 2 0 0 

B1:2027
44399 EVC2 

intron_varian
t ENSFCAT00000049596:c.828+227C>A 6 2 0 2 0 0 

B1:2040
32684 SORCS2 

intron_varian
t ENSFCAT00000053991:c.30+22550dupC 6 2 0 2 0 0 

B1:2040
37705 SORCS2 

intron_varian
t 

ENSFCAT00000053991:c.30+27569_30+27570insAT
GT 6 1 1 2 0 0 

B1:2040
37709 SORCS2 

intron_varian
t 

ENSFCAT00000053991:c.30+27573_30+27574insTC
TGCTTTCTGGGCATCGGGG 6 1 1 2 0 0 

B1:2040
52535 SORCS2 

intron_varian
t ENSFCAT00000053991:c.30+42400delG 6 2 0 2 0 0 

B1:2040
52540 SORCS2 

intron_varian
t ENSFCAT00000053991:c.30+42405delC 6 2 0 2 0 0 

B1:2040
52541 SORCS2 

intron_varian
t ENSFCAT00000053991:c.30+42406delA 6 2 0 2 0 0 

B1:2044
28806 SORCS2 

intron_varian
t 

ENSFCAT00000053991:c.1039-379_1039-
378insAGA 6 1 1 2 0 0 

B1:2044
30091 SORCS2 

intron_varian
t ENSFCAT00000053991:c.1141+805A>T 6 1 1 2 0 0 

B1:2046
71689 ABLIM2 

intron_varian
t ENSFCAT00000060486:c.1466-274G>A 6 2 1 2 1 0 

B1:2050
03423 TRMT44 

intron_varian
t ENSFCAT00000063793:c.705-2340G>A 6 2 1 2 1 0 

B1:2050
08189 TRMT44 

intron_varian
t ENSFCAT00000063793:c.994-100G>A 6 2 1 2 1 0 

B1:2050
09694 TRMT44 

intron_varian
t ENSFCAT00000063793:c.1102-417G>A 6 2 1 2 1 0 

          
B3:3436
4351 C15orf59 

3_prime_UT
R_variant ENSFCAT00000060237:c.*3414C>A 6 3 0 2 0 0 

B3:3442
2599 

 intergenic_va
riant 

 
6 2 1 2 0 0 

B3:3469
8304 

 intergenic_va
riant 

 
6 3 0 2 0 0 

B3:3585
2485 MYO9A 

intron_varian
t 

ENSFCAT00000022711:c.840+2056_840+2069delAT
ATTTAAATATAT 6 2 0 2 0 0 

B3:3594
5709 MYO9A 

intron_varian
t 

ENSFCAT00000022711:c.2302+9921_2302+9922dup
CC 6 2 1 2 0 0 

B3:3647
0257 THSD4 

intron_varian
t ENSFCAT00000053617:c.1028-33435G>A 6 3 0 2 0 0 

B3:3670
0006 
 

 intergenic_va
riant 
 

 

6 3 0 2 0 0 
          
B3:6405
8308 CHP1 

intron_varian
t ENSFCAT00000038834:c.140+3453A>C 6 2 0 2 0 0 

B3:6426
3641 INO80 

intron_varian
t ENSFCAT00000014726:c.3417+2547delC 6 2 0 2 0 0 

B3:6433
3653 DLL4 

missense_var
iant ENSFCAT00000014725:c.1552G>A 6 2 0 2 0 0 

B3:6447
6973 DNAJC17 

intron_varian
t ENSFCAT00000056541:c.79-8328C>T 6 2 0 2 0 0 

B3:6469
8538 
 

 intergenic_va
riant 
 

 

6 2 0 2 0 0 
B3:6529
9187 

ENSFCAG000
00038334 

intron_varian
t ENSFCAT00000044218:c.172+31616C>G 6 2 0 2 0 0 
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B3:6548
0848 FSIP1 

missense_var
iant ENSFCAT00000011453:c.1147C>T 6 2 0 2 0 0 

B3:6564
1154 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B3:6567
5702 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B3:6574
6563 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B3:6579
5540 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B3:6659
7037 FAM98B 

intron_varian
t 

ENSFCAT00000060531:c.730-4826_730-
4823delCTGT 6 2 0 2 0 0 

B3:6679
5500 SPRED1 

intron_varian
t ENSFCAT00000012382:c.208-8710C>G 6 2 0 2 0 0 

B3:6694
1120 
 

 intergenic_va
riant 
 

 

6 2 0 2 0 0 
          
B4:7343
3054 TMEM117 

intron_varian
t ENSFCAT00000061463:c.410+50468T>C 6 2 0 2 0 0 

B4:7371
0424 TMEM117 

intron_varian
t ENSFCAT00000061463:c.768+381T>C 6 2 0 2 0 0 

B4:7396
3480 NELL2 

intron_varian
t ENSFCAT00000030713:c.1663+29453G>A 6 2 0 2 0 0 

B4:7421
2003 NELL2 

intron_varian
t 

ENSFCAT00000030713:c.184+16587_184+16604dup
TATAGCTGTAAATAAAAA 6 1 1 2 0 0 

B4:7435
3891 DBX2 

intron_varian
t ENSFCAT00000055911:c.518-1529G>A 6 2 0 2 0 0 

B4:7476
4214 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7496
9820 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7497
2621 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7497
6623 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7497
6704 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
2568 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
4643 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
5840 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
6089 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
6438 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
6510 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
6847 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
7836 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
8754 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7498
9967 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7500
0438 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7500
7943 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7501
2478 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7501
3228 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7504
7562 

 intergenic_va
riant 

 
6 2 0 2 0 0 

B4:7504
8310 

 intergenic_va
riant 

 
6 2 0 2 0 0 

          
B4:7505
9442 ARID2 

intron_varian
t ENSFCAT00000055036:c.284+303G>A 6 2 0 2 0 0 

B4:7506
1445 ARID2 

intron_varian
t ENSFCAT00000055036:c.284+2306G>A 6 2 0 2 0 0 

B4:7507
0411 ARID2 

intron_varian
t ENSFCAT00000055036:c.284+11272T>G 6 2 0 2 0 0 

B4:7507
5897 ARID2 

intron_varian
t ENSFCAT00000055036:c.284+16758A>G 6 2 0 2 0 0 
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B4:7509
8380 ARID2 

intron_varian
t 

ENSFCAT00000055036:c.284+39253_284+39254ins
AGAGAGAGAGAGAGAGAGAG 6 2 0 2 0 0 

B4:7510
0011 ARID2 

intron_varian
t ENSFCAT00000055036:c.284+40872C>T 6 2 0 2 0 0 

B4:7511
1488 ARID2 

intron_varian
t ENSFCAT00000055036:c.285-36356dupA 6 2 0 2 0 0 

B4:7512
7499 ARID2 

intron_varian
t ENSFCAT00000055036:c.285-20345G>A 6 2 0 2 0 0 

          
C2:7798
301 KCNJ6 

intron_varian
t ENSFCAT00000005148:c.25+4340G>A 6 2 0 2 1 0 

C2:7806
786 KCNJ6 

intron_varian
t ENSFCAT00000005148:c.25+12825C>T 6 2 0 2 1 0 

C2:7903
676 KCNJ6 

intron_varian
t ENSFCAT00000005148:c.26-7824C>T 6 2 0 2 1 0 

C2:8009
396 

 intergenic_va
riant 

 
6 2 0 2 1 0 

C2:8304
696 

 intergenic_va
riant 

 
6 2 0 2 1 0 

C2:8787
694 HLCS 

intron_varian
t ENSFCAT00000002943:c.1455-58296G>A 6 2 0 2 1 0 

C2:9116
651 

 intergenic_va
riant 

 
6 2 0 2 0 0 

C2:9841
819 

 intergenic_va
riant 

 
6 0 1 2 0 0 

C2:1062
2576 RUNX1 

intron_varian
t ENSFCAT00000043785:c.509-6046delG 6 0 1 2 0 0 

          
D1:1082
18077 
 

 intergenic_va
riant 
 

 

6 3 0 2 1 0 
D1:1082
93400 AHNAK 

intron_varian
t ENSFCAT00000039791:c.346-7215C>G 6 3 0 2 1 0 

D1:1082
93663 AHNAK 

intron_varian
t ENSFCAT00000039791:c.346-7478C>T 6 3 0 2 1 0 

D1:1082
93756 AHNAK 

intron_varian
t 

ENSFCAT00000039791:c.346-7576_346-
7571dupTCTCTC 6 3 0 2 1 0 

D1:1082
96885 AHNAK 

intron_varian
t ENSFCAT00000039791:c.346-10700G>A 6 3 0 2 1 0 

D1:1086
17140 CHRM1 

missense_var
iant ENSFCAT00000000336:c.122C>T 6 3 0 2 0 0 

D1:1087
33275 
 

 intergenic_va
riant 
 

 

6 3 0 2 0 0 
D1:1090
43692 ATL3 

intron_varian
t ENSFCAT00000031828:c.1219+1959G>A 6 3 0 2 0 0 

D1:1096
21243 ESRRA 

intron_varian
t ENSFCAT00000022986:c.240+653T>G 6 2 0 2 0 0 

D1:1096
39056 
 

 intergenic_va
riant 
 

 

6 2 0 2 0 0 
D1:1096
66604 RPS6KA4 

intron_varian
t ENSFCAT00000000512:c.907-24dupC 6 3 0 2 0 0 

D1:1097
06214 

 intergenic_va
riant 

 
6 2 0 2 1 0 

D1:1097
25585 

 intergenic_va
riant 

 
6 3 0 2 0 0 

D1:1097
88532 

 intergenic_va
riant 

 
6 3 0 2 0 0 

D1:1098
40145 

 intergenic_va
riant 

 
6 3 0 2 0 0 

D1:1101
04777 ATG2A 

intron_varian
t ENSFCAT00000012243:c.5243-51C>T 6 3 0 2 0 0 

D1:1102
03433 ARL2 

intron_varian
t ENSFCAT00000038234:c.65+948_65+951delGGGA 6 2 0 2 1 0 

D1:1102
03434 ARL2 

intron_varian
t ENSFCAT00000038234:c.65+949_65+951delGGA 6 2 0 2 0 0 

D1:1104
88174 
 

 intergenic_va
riant 
 

 

6 2 0 2 0 0 
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7  

 

 

 

 

2009

 (FSEC) (Kuwabara et al., 2010) 

FSEC

FSEC

 (Pákozdy et al., 2013; Wahle et al., 2014; Stanciu et al., 

2017)  (TLE)  

(MTLE) /  (Kitz et 

al., 2017) EL

 (King and LaMotte., 1989) FSEC

 (EEG)  (MRI) 

 (Hasegawa et al., 2014; Mizoguchi et al., 2014; Mizoguchi et al., 2017; 

Hamamoto et al., 2017; Hamamoto et al., 2018) FSEC

 (FMTLE) 

FSEC
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FSEC

FSEC FSEC

 reduced 

penetrance and variable expression  

MTLE  (Engel J, 

2001)  (HS) 

MTLE

FMTLE 1990  (Berkovic 

et al., 1994; Berkovic et al., 1996) FMTLE

 (Crompton et al., 2010)

 (Hedera et al., 2007; Chahine et al., 2013; Fanciulli et al., 2014a)

FMTLE  ( ) 

 (Striano  et al., 2008; Gambardella et al., 2009) FSEC

FMTLE

FMTLE  (Perucca et 

al., 2017)  

 

2 FSEC

FSECs CA3

MTLE
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HS

HS MTLE

FSECs

FSECs CA3

FSECs

FSEC

endophenotype CA4

 (ILAE) HS

 (Blümcke et al., 2013) no hippocampal 

sclerosis, gliosis only (no-HS) 	 

CA4

FSEC

FSECs

FSECs

FSEC  

 

3 FSEC

Leucine-rich glioma-inactivated 
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(LGI) protein family (LGI1–4) 

LGI1 TLE  

(FLTE)  (Kalachikov et al., 2002; Monrante-

Redolat et al., 2002) feline 

complex partial seizures with orofacial involvement (Pákozdy et al., 2011; Pákozdy et 

al., 2013; Pákozdy et al., 2014)  feline hippocampal necrosis

/LGI1

 (Pákozdy et al., 2013)

LGI2

 (Seppälä et al., 2011)

LGI4

 (Gu et al., 2004; Ishii et al., 2010) FSEC

LGI

 (Pákozdy et al., 2015)

LGI1–4

LGI

FSECs

FSEC LGI

FSEC
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 (SNP) 

GWAS GWAS

4 SNP  (Feline 63K SNP Array) 

GWAS FSEC

 (TDT) 

2 GWAS

3

2017

72X Felis_catus_9.0 TDT

B3 136011741

D4 42346601

B3 42062975

C1 48296174 A2 133525162 A2
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122572639

 

Feline 63K SNP Array

TDT

 (Alhaddad et al., 2014)

 TDT

 (Ewens & Spielman., 1995) FSEC

SNP

 

 

 

5 Feline 63K SNP Array

linear 

model exponential model 2 4

3
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B4 (79.6 Mb)

C1 (78.1 Mb) C2 (9.1 Mb) D2 (7.2 Mb) suggestive  linkage

B1 (205.1-2 Mb) B2 (36.0, 108.4, 

118.2-3 Mb) B3 (143.5-8 Mb, 146.0-148.3 Mb)  D1 (5.1 Mb) D2 (5.6 Mb) D4 

(23.8, 38.7, 39.0, 42.3 Mb) E2 (21.0 Mb) F2 (73.5-73.7 Mb) X (3.5-6 Mb, 3.9 

Mb) B1 (203.8 Mb) B3 

(35.6, 65.4 Mb) B4 (74.3 Mb) C2 (9.5 Mb) D1 (109.3 Mb)

suggestive  linkage  

suggestive  linkage

 (Allen-Brady et al., 2010; Arcos-Burgos et al., 2004; Georgi et al., 

2014; Guo et al., 2017) FSEC

 

 

6 4 FSECs (2

1 1 3 ) 

 (WGS) 4 5 TDT

WGS

4 FSECs
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99 Lives Cat Genome Sequencing Initiative

191 WGS FSECs

 4

TRMT44 (tRNA methyltransferase 44) 3

3

CHRM1 (cholinergic receptor muscarinic 1)  

 (c.122C>T) KCNJ6 

(potassium voltage-gated channel subfamily J member 6) 

4 3  ( 3 2 ) 

 

4 FSECs WGS

FSEC

 TRMT44  CHRM1  KCNJ6 

FSEC



! 131!

 (Reviewed in Vaz!Drago et al., 2017)

FSEC  

 

FMTLE

FSEC

FMTLE

FMTLE  

 (Kasperaviciūte et al., 2010; 

EPICURE, 2012; Guo et al., 2012)

 (International League Against Epilepsy 

Consortium on Complex Epilepsies, 2014)

“  missing heritability”

 (Heinzen et al., 2012) 

Omnigenic  (Boyle et al., 2017) 
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 (CNV) FMTLE

 (Fanciulli et al., 2014b) CNV

 

FSEC

Feline 63K SNP Array SNP

SNP

GWAS  

FSEC

Feline 63K SNP Array WGS

FMTLE

 Feline 63K SNP Array WGS
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