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Ȥ 1ȣ 

 

Ņʆ 

 

 

1.1! ʨ Ġ&ʞƿ	5*Ʒ	
 $ʨ ŠȄš 

ĄǷ�&ĕ
&Ǻǫ%	� ˡDNA'ʨ ŢČ&ȷŭ	5*ȈǶ<Ŵ� 

�8ˢȄš&ȈǺ%'ʨ ȋɮü	5*ǹďȋɮü�·
�ˡȄš&Šʍ%5

7�&Ðë'Ʒ	
 !�8ˢ©�(ˡ˙Ų!'ʨ ȋɮü&ʼ�'ĳ$
ˡǹď

ȋɮü&ʼ��Ė���ˡu�^|ʨ ȅ mendelian disease%Ä˓�98Ȅš

!'ʨ ȋɮü�Ǌĥȋüĝ!�8ˢ
� 'ˡu�^|ʨ ȅ&5�$ǆʒ

ȋȜ$Ȅš�ʨ ĠȋɵƩ&ĭʊ"$7ˡʝʷɵƩ linkage analysis<ǻ�8�

"!ˡ�96&ʨ ĠȋÞü&ìĥ�$�9 ��ˢÓ� ˡ�ɘȋ$Ȅš

'ˡȄš˅ý%	� �ɘȋ$e{?�_�ʼ�� �8"�� common 

disease common variant  hypothesis%Ċ�
ˡLct�A`ʼʝɵƩ genome-wide 

association study (GWAS) � 2002Ł%ȉč��ˢ�9%¡�ˡȫĴȅ4˛Ɏɤ

Ȇ"����ɘȋ$Ȅš&ʨ ĠȋɵƩ%ǦǤ�î�69�ˢ�6%ˡƽ��

P�ID�O� next generation sequencer (NGS) &ȉč%5� ˡ®¦�"&½

LctP�ID�P�J whole genome sequencing (WGS) �8�'½DIV�t

P�ID�P�J whole exome sequencing (WES) �æɍ"$���"'ØĠǿ

%Ė�$A�fI_<3�6��ˢǶăˡ�ØĠ!'ƏǺ»˅�ǋȇyb[_

%	� 3WGS�Èǻ�9ˡȭ 26ƛʻ!&P�ID�P�J�æɍ"$7ˡ
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�&Ŗ&ǋȇƐʴ&Ǌĥ%Ė�$Œˍ<�� �8 (Saunders et al., 2012; Miller 

et al., 2015)ˢȄš&Þüʨ ĝìĥ%57ˡɢÎʧų&Ɇŧˡ�� ʨ ĝǋ

ȇ�ʧųɉ%��8�"'ˡ�9/!ǋȇǌ�$
��ˇǋȄš+&ʋǲ&0

$6�ˡ�9/!�ŕ%ǋȇ<ä� ���ɘȋ$Ȅššɇ%ĭ� 3ˡ®�

Û£!ʥÅ$ǋȇ˟Precision Medicineˠ�æɍ"$8ƛ�%/!Éʤ� �

8ˢ 

ĄǷ�%ǺĞ�8�ʻ<'�2"��Ǻǫ%	� ˡʨ ȋ˂ˆ  genetic 

isolate&Ğă'ĳ$
6�Ğă�8ˢʨ ȋ˂ˆ�ȈǺ�8��&Ǹǽ"�

 ˡĄǸȋ$˂ˆ%583&���69ˡ�9'Ǹʆȋ%'½ &Ǻǫ% ʎ

�7�8ˢ�!ơí$3&"� ˡ?ARz�`�%	�8�9�ź�69

8ˢ?ARz�`�&ĖÚ'ˡ700~800Ł�%
� ț¥� ��c|BC�

�	5*K|_�&ĝġ!�7ˡʨ ȋl�|%�9�Ĕ&ʨ ȋȯü'-"

=#¼� � �$�ˢ�&5�$ʨ ȋ˂ˆ�ȈǺ� �8Ąĉ% ˡ�&

�&Ąĉ573ȈǺ�4�
$8�ʊ"� �ţĔ&ʗɳĜ consanguineous 

marriage�ź�698ˢ�&5�$ĄǸȋ$ʨ ȋ˂ˆ%57ˡʨ ĝl�|

'ǰĲÖ�ˡ�&Ąĉ% ˡ�8Ȅš&ɃšǴ&�Ɩ�ʎ�8�"�ȑ69 

�8ˢ?ARz�`%	�8©"� ˡ?ARz�`�˅ý%	� 'ˡʠȈ

Š?|\dAr�ȅ late-onset Alzheimer's disease  %ʼʝ� �8 TM2D3 (TM2 

domain containing 3) &?scʯɂſe{?�_��ɘȋ!�8�"�Čò�9

 �8 (Jakobsdottir et al., 2016)ˢĄǸȋʨ ȋ˂ˆ�ȈǺ� �8Ąĉ%	�

8 =
=&ɃšǴ&�Ɩ'FaY&bx�j>�`z�`ķ%	�8ˡĩƒ

Š	5*ľƫə¦˒Š autosomal dominant%ʼʝ��Ĳ»&ǬȈŠ =
= 
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idiopathic epilepsy (IE) �Čò�9 �8 (Mahoney et al., 2011)ˢ�6%ˡʨ ȋ

˂ˆ�ȈǺ�8Ç&Ǹǽ"� ˡǬĥ&�Ȟ$#%	�8ƌÖȋɋƜ�ō
ʼ

¬� �8čë�ź�698ˢŃ
ȑ69 �8�ɪ©"� ˡ?�s[Px 

Amish�ź�698ˢ?�s[Px'ˡ?u{FëɥĂ&�
6
&Ĺ%ț¥

�8`A\ȬțǇ&ĤƉ˅ý!ˡțǇŎƛ&ǺǎƷŋ<­Ÿ��Ǻǎ!ȑ69

 �8ˢ�&5�$˅ý%	� 3ˡìƷ%ì�ʨ ĝl�|À&®�ìĒ&

ȴĜ%57ȈǺ�8ˡƷ	
 $Ȅš4ŏʍ (©�(ˡ2ćȫĴȅ type 2 diabetes 

[Rampersaud et al., 2007]ˡáƳŠ˄Ĩ bipolar disorder [Georgi et al., 2014]ˡʹĮ 

longevity [Khan et al., 2017]) �Ń
ȑ69 �8ˢ�6%ˡ?�s[Px%	�

8ĩƒŠ =
= (ȌʍŏŨȁľ−ǦǤŠ =
= cortical dysplasia–focal 

epilepsy) 3ȑ69 	7ˡCNTNAP2 (contactin associated protein like 2) %	�8

homozygous mutation�ìĥ�9 �8 (Strauus et al., 2006)ˢ  

 

1.2   =
="�&ʨ Ġ 

 =
= epilepsy'ˡâŚŠ& =
=Ȉ§%ǬŜ��698ƻɍŠɒȄš

!�7(Fisher et al., 2005)ˡg_&0$6�ǭ4Ǳ%	� 3ˡƟ3�ɘȋ$ȗ

ȳȄš&��!�8ˢ =
=Ȇ©&��ĖĕƋ'ʨ ȋɮü�ʼ�� �8

"Ɇ�69 �8 (Thomas & Berkovic, 2014)ˢ´ˏɞ =
= temporal lobe 

epilepsy (TLE) '�ØĠ%	� ˡ�ɘȋ$ =
=ć!�7ˡʨ ȋɮü	5

*ǹďüĝ<ð1ˡĕő$ȅü%57ȈȆ�8�ą�$ȄšɄ!�8ˢȈ§Ȇ

°Ġ	5*�&Ȉ§ȆǮȈǶĉ&ɵÍĠȋĵă%Ċ��ˡƤȄš'Ĕ´´ˏɞ

 =
= lateral temporal lobe epilepsy (LTE) "ˡÀ´´ˏɞ =
= mesial 
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temporal lobe epilepsy (MTLE) %Ä˓�98ˢLTE'ˡƏȌʍ neocortex<Ȉ§

ʎǜ"�ˡǆʒȋȜ$ =
=!�8&%ĭ�ˡMTLE'À´´ˏɞ<Ȉ§ʎ

ǜ"���ɘȋ$ =
=!�8ˢ��9&ć3ˡğȈŠ&3&"ĩƒŠ&3

&�Ğă�8ˢĩƒŠ LTE'ˡ�(�(ľƫə¦˒ŠĔ´´ˏɞ =
= 

autosomal dominant lateral temporal lobe epilepsy (ADLTE)ˡɈɲȆǮ<¡�ľƫ

ə¦˒Š =
= autosomal dominant epilepsy with auditory feature (ADEAF)ˡ�

8�'ɈɲȆǮ<¡�ľƫə¦˒ŠʪÄ =
= autosomal dominant partial 

epilepsy with auditory feature (ADPEAF)$#"õ(9 	7ˡÆ2 ƤȄš�ɶ

à�9�&' 1995Ł%/!�
&.8 (Ottman et al., 1995)ˢADLTE%ʼ� 

&ʨ ĠȋɵƩ	5*Þüʨ ĝ&ìĥ'ˡ =
=ʨ Ġ&ǁç&�!ˡ�

�ȐƏ��3&!'$
ˡ2002Ł%' LGI1 (leucine rich glioma inactivated 1)&

ēȁ�ìĥ�9 �8 (Kalachikov et al., 2002; Morante-Redolat et al., 2002)ˢ�6

%ˡ2015Ł%'ˡLGI1ēȁ<ʁ2$� ADLTEĩȬ%	� ˡRELN (reelin) %

	�8sRT�Rēȁ�ìĥ�9� (Dazzo et al., 2015)ˢ�Ɛˡ ĩƒŠ%MTLE

<ȈȆ�8ĩƒŠÀ´´ˏɞ =
= familial mesial temporal lobe epilepsy  

(FMTLE) ' 1990Ł��Ƣ% Berkovic6%5� ȱ��9� (Berkovic et al., 

1994; Berkovic et al., 1996) ˢ�&ŖˡFMTLE&ʨ ĠȋɵƩ'ˡ�
�3&Ȓ

Ƞ�ɦ;9 �83&&ˡǶă/!Ǭĥ&Þüʨ ĝ&ìĥ%'��� �$

�ˢʝʷɵƩ<ǻ��ȒȠ!'ˡȄšň£&ìĥ%'ŨÒ� �8�ˡ�96

&ĕ
'ȒȠ˅ý�"%ȁ$� 	7 (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)ˡƤȄš&ʨ ȋ�ą�Š genetic heterogeneity�Ȗ
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ø�9 �8ˢ/�ˡʨ ȋ˂ˆ<ɋƜ%ơ� �8~r/QlP�Ǉƒ%	�

 ˡȈ§Ȇ°Ġ	5*ɒǍŪɯ57ˡǑ˗ȓÖ hippocampal sclerosis<¡;$�

À´´ˏɞʎǜ&ĩƒŠ =
=ˡ	5*ň£�Čò�9 	7 (Azmanov et 

al., 2011)ˡƽ%Ȗ�ĩƒŠ =
=Ǳ%ʚ�83&��7ɗôǔ�ˢ 

 

1.3   ĩƒŠɕǧȈȆŠ =
=Ǳ 

ĩƒŠɕǧȈȆŠ =
=Ǳ Familial spontaneous epileptic cats (FSEC)'ˡƔ

ƤĂÀ&Ħ˘ǱɀǄƲɇ&M~b�À% ˡ =
=Ȉ§<ñ�8Ǳ&Ğă�

Čò�9ˡ�96�ʪǱ<ƔƤǳØǺöșĠĖĠ% ˕Ɋ�ɀǄ�ˡȬȶȹŸ

�9 �8I~�S`�M~b�!ˡǱ%	� ʨ Š =
=�ō
Ȃ;9

 �8�ǿù�&Ȭȶ!�8(Kuwabara et al., 2010)ˢFSEC' 2�&ɪǶć (Ȉ

§ć) <Ȗ�ˢ��'�ƽŠ½ɘÖ<¡�ˡ�8�'¡;$�ɕȈȋ$ǦǤŠ

ʖȾȬȈ§!�7ˡ�9'Ǳ&ǬȈŠ =
=&�ɘȋ$ɪǶć (Pákozdy et 

al., 2013; Wahle et al., 2014; Stanciu et al., 2017) %3�ɖ�8ˢÓ� ˡ�&ɪǶ

ć'ˡ =
=Ġˎĉ%	� ˡå

6´ˏɞ =
=v^|"� ǻ�6

9 ��Ǳ&FAb�ʯ/G�`{�Jv^| (Kitz et al., 2017) "˓¢��Ȉ§

Ʒŋ!�8ˢ3���&ɪǶć'ÌŉËǡʂȈŠȈ§!�7ˡ�9'rBR&

ʨ Š =
=v^|!�8 ELrBR (King and LaMotte., 1989) "˓¢��ɪ

Ƕć!�8ˢFSEC' 2009Ł%M~b�Ö�9ˡ =
=Ȉ§&ɪǶć (�/

7ʖȾȬȈ§)	5*´ˏʪ¹£&ȡȈŠȁľǍ�ˏȌ�ɒǍ% ʁ269��

"
6ˡTLE%˓¢� �8"Ɇ�69� (Kuwabara et al., 2010)ˢ�6%ˡˏ

ɠÀǔʪɒǍ<Ʊɸ��ȒȠ% ˡǑ˗	5*/�8�'ūƯ¦
6&Ȉ§ʎĚ
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�ʁ269� (Hasegawa et al., 2014)ˢ�96&�"
6ˡFSEC'�& FMTLE

v^|"$8"Ɇ�69�ˢ�6%ˡFSEC'Ħ˘ǱɀǄƲɇ&I~�S`�

M~b�
6˂ˆ�9ˡ�&Ŗ&ɀǄ3ʨ Ġȋ%
$7ʗɳ&®¦"&�ʫ

%57Ȭȶ�ȹŸ�9 �8�2ˡĕƋ& inbreeding loops�Ğă� �8˟Ȥ

˥ȣˡFig. 1ßǨˠˢFSEC%	�8 =
=ȈȆ'ˡ�%	�8ʨ ȋ˂ˆ�

ɋƜ%Ǻ�8ĩȬ˅ȧŠȄš"ʮ¢��ɋƜ%5� Ǻ� �8"Žǘ�9

8ˢFSEC&ʨ ĠȋɵƩ'ˡFSEC& =
=ȈȆ&ÄĝȋƻŅ&ɵƗ&0$

6�ˡ�96�%	� 3�
6
&ːŇ!Ǻ�8ĩȬ˅ȧŠȄš%ĭ� ˡ

Ə�$ȑɯ<žª�8"Ɇ�8ˢ 

 

1.4.  Ǳ%	�8ʨ Ġ&ʞƿ 

Ǳ&¤īŇ SNP?}A'ˡǱLct�?T�k{ FelCat 4 (Felis catus 5.8˧

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

003115.1/) %Ċ�� §Ũ�9ˡ62,897 SNPs&QCcXAl<æɍ�ˡIllumin

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

63K SNP Array"ɹʓ) "� �ɘȋ%Èǻ!�8ù�&Ǳ SNP Array!�8 

(Gandolfi et al., 2018)ˢǱ& SNP Array&ʺȈ%5� ˡʼʝɵƩ4ʝʷɵƩ"

���ˡLct�A`ɵƩ&ĦƑ�æɍ"$7ˡĕ
&Û�ʨ ŠȄš	5*

ŏʍ%ʼʝ�8e{?�_4ň£&ìĥ�$�9� (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)ˢÓ� ˡǱ%	�8

WGS^�X&¾ơÖ (99 Lives Cat Genome Sequencing Initiative˧www.felinegene
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tics.missouri.edu/99Lives) %57ˡǱ%	�8ʨ ĠȒȠ�Óʛ� �8 (Gandol

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

2017)ˢɗôǔ��©"� 'ˡWGS<ǻ�8�"!ˡŘƧ!�9(ˡȅǸĠ

ȋƱƬ	5*ǺÖĠƱƬ�ɼƎ%Şɮ"�98 Niemann-Pick type Cȅ<Ō�ʎ

�� NPC1 (NPC intracellular cholesterol transporter 1) &sRT�Rēȁ<šɇǺ

Ğ�%ìĥ��Čò���698(Mauler et al., 2016)ˢƤ�©'ˡǳØĠˎĉ%

	�8 Precision Medicine&æɍŠ<Ȗø� �8ˢ 

 

1.5   ƤȒȠ&ʏƕ 

ƤȒȠ'ˡ�ØĠˎĉ%	� ˡʨ ĠȋÞü�ƣ�ìĥ�9 �$�

FMTLE&v^|Ôǫ"Ɇ�6�8 FSEC&ʨ ĠȋɵƗ!�8ˢ�9/!ˡ

FSEC%ʼ� &ˈǈǺǸĠȋ�Ǿ¸ĠȋɵƩ'$�9 �8�ˡȅǸĠȋǬ

Ŝ���$�9 �$�ˢɪǶć&Ůƀ'ʨ ĠȋɵƩ%Şɮ�æƼ!�8ˢ

�&�2ˡȤ 2ȣ!' FSEC%	� Ȉ§ʎĚˎĉ seizure -onset zone"Ɇ�6

9 �8Ǒ˗	5*ūƯ¦%�� ȅǸĠȋɵƩ<ɦ��ˢȸ� Ȥ 3ȣ!

'ˡFSEC&Ȉ§ɪǶć%Ċ���°ɫʨ ĝ?l~�Z<ǻ��ʨ ĝɵƩ

<ɦ��ˢȤ 4ȣ%	� 'ˡÌʙ& Feline 63K SNP Array<ǻ� QCcX

Ai�Jɦ�ˡLct�A`ʼʝɵƩ "� K�R�M�_~�|ȒȠ case-

control study	5* ʤ�ŀɩɾ˘ transmission disequilibrium test (TDT) <ĦƑ

��ˢȤ 5ȣ!'ˡȤ 4ȣ% ɦ��QCcXAl�^�X<ǻ� &ʝʷɵ

Ʃ<Ħɦ��ˢȤ 6ȣ%	� 'ˡFSEC
6 4ˏ<ʧÃ�ˡWGS<ĦƑ�

 ˡ�ɹ&Lct�A`ɵƩ!Ȗø�9�ˎĉ%Ğă�ˡ
� 99 Lives Cat 
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Genome Sequencing Initiative"&¾ì%57ˡ�&^�Xn�R%Ğă�$�

yb�I$ēȁ&ìĥ<ɾ0�ˢ 

�ʙ��5�%ˡ =
='�ɘȋ$Ȅš!�8%3

;6�ˡ�&ʨ

 Ġȋ�ą�Š
6ˡȄšȈǺ%ʼ�8ʨ Ġ	5*ÄĝȅŦǺǸĠȋ$uF

bSt'ˡ½LctɵƩ�æɍ"$��ƚ�!3ƣɵƗ$ʪÄ�ĕ�ˢƤȒȠ

!'ˡ�& FMTLEv^|!�7ˡ
�Ǳ&ǬȈŠ =
=%	�8Ɵ3�ɘ

ȋ$ɪǶć<Ȗ�ˡ =
=Ǳ&I~�S`�M~b�!�8 FSEC&ʨ Ġ

ȋÞü%ʘ8ˢȈȆ FSEC'I~�S`�M~b�"� ʨ ȋ˂ˆ�ʎ��

 �8�2ˡȄšȈǺ%ʼ� ǆʒȋą�$ʨ ȋɋƜ<Ÿ�3&"Ɇ�69

8ˢFSEC&ʨ ĠȋÞü<ìĥ�8�"'ˡƣ��Ɨ$ FMTLE&ʨ Ġȋ

$ˌ!&ȄšȈǺuFbStˡ�6%'�ɘȋ$Ǳ%	�8ʨ Š =
=%

	�8�9<ɵ�Ɨ
�ʶ"$8��!'$
ˡ)� 'LctɢǸĠ 

pharmacogenomics	5* precision medicine+&şǻ%3ʱɮ$œÐ<Ŵ�"Ɇ

�698ˢ 
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Ȥ 2ȣ 

 

ĩƒŠɕǧȈȆŠ =
=Ǳ%	�8Ǒ˗	5*ūƯ¦&ȗȳȅǸĠȋǬŜ 

 

 

2.1� Ȼɶ 

Ǒ˗' =
=%	� Ɵ3Ń
ȒȠ�9 �8ɒ&ˎĉ!�8ˢ�ØĠ

%	� ˡǑ˗ȓÖ hippocampal sclerosis (HS) 'À´´ˏɞ =
= (MTLE) 

&ĔșŬɧ%5� ƃÃ�9�Ǒ˗ȲɁ%	� Ɵ3ːɀ%ʦʡ�98ȲɁȅ

ǸĠȋŪɯ!�8 (Andrade-Valença et al., 2008; Blümcke et al., 2013)ˢHS'Ǒ˗

%	�8?R_~J{E�PR<¡�ʧųȋȗȳȰɌɑɝ"ĥɅ�98 

(Blümcke et al., 2013)ˢ�6%ˡˑȩȰɌ&ȅǸĠȋēÖ granule cell pathology 

(GCP) 	5*ɛǮȼȹ&Ȉɚ mossy fiber sprouting (MFS) ' HS%ʼʝ� ˡ�

(�(ʁ2698�ˁȋŪɯ!�8 (Thom et al., 2002, 2009; Blümcke et al., 2009, 

2013; Bandopadhyay et al., 2014)ˢ 

MTLE<ð2�´ˏɞ =
= (TLE) %	� ˡūƯ¦' =
=Ȉ§&

ȈǺ	5* Ƅ%	� ʱɮ$œÐ<ƪ�� �8"Ɇ�69 �8ˢ�&

TLEšɇ%	�8ȗȳȅǸĠȋȒȠ%5� ūƯ¦%	�8ȗȳȰɌɑɝ"J

{E�PR (ūƯ¦ȓÖ amygdaloid sclerosis [AS]"3ɶà�98) �Ȗ�9 �

� (Hudson et al., 1993; Yilmazer-Hanke et al., 2000)ˢ 

ǳØĠ%	� � =
=%	�8ɒ&ȅǸĠȋēÖ'ˡ�&-"=#�

ʟɿȋ$Ȇ©Čò"� ɹʓ�9 ���ˡƟʗˡ =
=&Ǳ<ĭʊ"��
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��&ĖɰƹMp�_ȒȠ�ɦ;9ˡǱ =
=ɒ%	�8 HS	5* GCP�

Čò�9� (Wagner et al., 2014b)ˢ 

Ìȣ%	� ˡĩƒŠɕǧȈȆŠ =
=Ǳ (FSEC) &ɔńȋǬŠ%�� 

ȨǠ%ʙ,�ˢ�Ì&h^EvbX{�J<¡�ˏɠÀǔʪɒǍ<ǻ��ȒȠ

%5� ˡFSEC'ɔńȋȈ§Ŝ°&ơǥ%ʼ;6�ˡɒǍ� =
=Ȉ§Ǎ

�ūƯ¦/�'Ǒ˗ (�8�'�&�Ɛ) %ǽƧ�ˡ�96&ˎĉ�Ȉ§ʎĚˎ

ĉ seizure onset zone !�8�"�Ɨ6
"$�� (Hasegawa et al., 2014)ˢ�&

ˏɠÀǔʪɒǍ<ǻ��ȒȠ!'ˡ5ˏ& FSECs�ª�9ˡ�&Ŗ&Ǒ˗&Ȳ

ɁĠȋɽ«!'ˡCA3%	�8ȗȳȰɌƋ&ǖĳ�ʁ269 �8 (Hasegawa 

et al., 2014)ˢ�
�ˡˏɠÀǔʪɒǍǘĥ&�2ˡǔʪˈƳ�Ǒ˗%ɺɂ�9

 	7ˡǑ˗ CA1–CA3&0�
ɽ«�9 	6�ˡ/�ǔʪˈƳË¼%"3

$�ȲɁƁµ&Œˍ3ïĥ!�$�ˢ�96&Êʽ&�2ˡFSEC%	�8ĕ


&ȗȳȅǸĠȋǬŜ'�Ɨ$//!�8ˢFSEC%	� ˡʚľ&ȕǈ¾˜

Ǿ¸ǌ (MRI) !'ˡ¿ćȋ$ HS&Ǿ¸Ūɯ'ʁ269$�3&&ˡǑ˗Īȟ

ǘĥǌ!'Ǒ˗&ɜȿ/�'ˋĭȚŠ�ʁ269� (Mizoguchi et al., 2014)ˢ�

6%ˡȈ§ʻƼƢ&MRIŶƊōʅǾ¸	5*ǣǏǾ¸%5� ˡǑ˗	5*ū

Ư¦%	�8śĲƶʜēÖ&Ğă�Ȗø�9� (Mizoguchi et al., 2017)ˢ���

� ˡũ	
 'Ǒ˗	5*ūƯ¦%	�8śĲƶʜȁľ� FSECs%	�8ƶʜȋ

ȁľĉ structurally abnormal zone <Ȗø� �8"�ĥ��ˢ 

ƤȒȠ&ȍȋ'ˡFSECs&Ǒ˗	5*ūƯ¦%	�8śĲƶʜēÖ<ɽ«

�8�"!�8ˢ�&�2ˡũ	
 ' HSˡASˡMFSˡ	5* GCP"��� =
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=ʼʝŠȅǸĠȋēÖ%�� ʅƬ�ˡɔńȋ%ƾľ
� FSECs"ɤȾʼ¬

%$�Ǳ"ǆʒ��ˢ 

 

2.2� ƥƍ	5*Ɛǌ 

ƤȒȠ'ƔƤǳØǺöșĠĖĠÔǫĦ˘ě÷�	5*Ǻö²Ǹě÷�&ŭ

ʁ<ř ɦ;9 �8 (ŭʁȀé˦26K-29ˡ27K-10ˡ28K-4˧ȒȠ�ɪɇ˦ʹʉ

ĸĖʔ)ˢ 

 

2.2.1� ªɾÔǫ 

ƤȒȠ%'ˡÌʙ��ƔƤǳØǺöșĠĖĠǳØƈİȼĠƉħ% ˕Ɋ�

ȹŸ�9 �8 FSEC�ǻ�69�ˢFSEC&˕Ɋǹď'ˡħǗ 22–24 °CˡǛ

Ň 44-55 %ˡ24ƛʻƗƢ (ʝȸh^EvbX{�J	5*óŁɀǄÖ&�2) �

ȹŸ�9 �8ǮŦ!�8ˢ�6%ˡê®¦'ˡĿ 60 cmˡęɦ� 70 cmˡ˛

� 60 cm&R]�}RRZ�|ɬK�Q!Ûˏ˕Ɋ�9 	7ˡȵ˖	5*ȵ

ǉ' 1Ɣ 2ûˡɕǽȵ˖ȵǉ�% ˕Ɋ�9 �8ˢ�&�� =
=Ȉ§<

ñ�8 6ˏ& FSECs (âŚŠɕȈŠʖȾȬȈ§<ñ�8 3ˏ	5*ÌŉËǡʂ

ȈŠ½ɘŠȈ§<ñ�8 3ˏ) �Ƥȣ&ȒȠ%ª�9�ˢȈ§<ñ�8 6ˏ&

FSECs&Ȉ§ːŇ'ƊȈȋ/�'Ȝ!�7ˡƵ� 1Łʻ%ŀą 1�2û&Ȉ

§ːŇ!���ˢ�96 FSECs&Ȉ§ȈȆŁ˞&�ė±' 8.5�Ơ˞!�7 

(Ȧÿ˦3–16�Ơ˞) ˡ =
=ɃšƢʻ&�ė±' 41.4�Ơ (Ȧÿ˦7–87�

Ơ) !���ˢ FSECs' 3ˏ�ER!�7ˡ3ˏ�uR!���ˢFSECs&Ł
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˞�ė±' 52.5�Ơ˞ (Ȧÿ˦15–96�Ơ˞) !�7ˡ¦ʱ�ė±' 3.8 kg (Ȧ

ÿ˦3.4–4.4 kg) !���ˢ 

FSEC&ĭǨɄ%'ˡȈ§&ƓŔǁ	5*ȗȳĠȋȁľ�$
ˡ
� FSECs

"ɤȾʼ¬&$� 9ˏ&DAQ�r[Z�J�9�³ľǱ (3ˏ&ER" 6ˏ&

uR) <ǻ��ˢĭǨɄ&�ėŁ˞±' 81.0�Ơ˞ (Ȧÿ˦31–138�Ơ˞)!�

7ˡ�9' FSECs"ơŤ$Ļ'ñ�$
�� (P = 0.175˧Mann-Whitney UƱ

ĥ)ˢ¦ʱ&�ė±' 3.4 kg (Ȧÿ˦3.2–3.8 kg) !���ˢ 

�6%ˡ FSECs&Ȥ���!�7ˡ =
=Ȉ§<ñ�$� 3ˏ&®¦ (2

ˏ&uRˡ1ˏ&ER) 3ð269�ˢ�96ˤˏ'Ɨ6
$ =
=Ȉ§<ơ

�8 FSEC&ɳǱ!�8ˢ�96&Ǳ&�ėŁ˞±' 130�Ơ˞ (Ȧÿ˦108–

142�Ơ˞) ˡ	5*¦ʱ&�ė±' 3.3 kg (Ȧÿ˦2.5–4.2 kg) !���ˢ 

 

2.2.2� ɒȲɁżã 

�, &Ǳ'e|h\�|Ȭ˝ʬɢ!�8o�_e|hX�| (100 mg/kg) 

&ˊɏÀʢÏŰ�%57Ģƴǂ�9�ˢ6ˏ& FSECsˡ3ˏ&³ľǱˡ	5* 3

ˏ& FSECs&ɳǱ&ɒ' 10%�ŠȽɨp|r{�Ǔ% Ȏ�%āĥ�9�ˢǃ

7& 6ˏ&³ľǱ&ɒ'ˡɒ&Ǫ´ÚǷ&0� 10%�ŠȽɨp|r{�Ǔ% 

Ȏ�%āĥ�9ˡǃ7&ÚǷ'�Ŗ&ȒȠ&�2ˡÁȴ­Ğ�9�ˢ�96&

6ˏ&¨ǻÚǷ&Àɻ'è´ 5ˏˡĺ´ 1ˏ!�8ˢ 

āĥģ�Ŗˡɒ'ÌˏɞˡȼƦ¦ˡūƯ¦ˡǑ˗ˡ�ɒˡŊ˚	5*Ĳɒ

&}n|% ƺƎˌ!ÅƎ�9�ˢ�, &ɒRzk'ˡǅˀȋǢŇ&DXc
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�|ǒǟ%ȸ
ˡGP}�%57ɑǉ<ɦ��ˢȲɁ'fzj@�% ÕĈ�

9ˡ4-µm&RzARÝ% ɡÅ�9�ˢ 

 

2.2.3� ȲɁĠȋ 	5*ºȃȲɁĠÖĠȋɵƩ 

ľǌ<ǻ� ˡH&Eƫə	5* Kluver-Barreraƫə<ĦƑ��ˢºȃȲɁ

ÖĠ'ˡȗȳȰɌƋ	5*J{E�PRˡGCPˡMFS<ɽ«�8�2% 

neuron-specific nuclear protein (NeuN) (rBR�vcI~�a|ű¦; ļʰ¯Ǵ

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

protein (GFAP) (BOH�q{I~�a|ű¦; ļʰ¯Ǵ 1:400; DAKO, 

Carpinteria, CA, USA)ˡ	5* dynorphin A (BOH�q{I~�a|ű¦; ļʰ

¯Ǵ 1:500, Phoenix Pharmaceuticals Inc, Burlingame, CA, USA) <ǻ� ĦƑ�

�ˢȲɁƎˌ'ɑfzj@��9ˡGFAPƫə<ʾ
�, &ºȃȲɁÖĠ%

	� ˡűÞʌǎÖ&�2 10 mMID�ʯȽɨǓ%ǒǟ��ǮŦ! 120℃ˡ10

Äʻ&E�_I}�kÂǸ<ɦ��ˢ�&ŖˡRzA`ƸƤ<ÀüŠo|EG

PY�UǎŠ&�ǎÖ&�2 3%ʢʯÖǉȯuXc�|ǞǓ% 30Äǒǟ�ˡ

5%RGts|I¼7_{RȽɨǺǸ˔Ďǉ% 37℃ˡ30ÄÂǸ�ˡˋǬȁȋ

$űÞȴë<ůÊ��ˢ�&ŖˡRzA`ƸƤ<_{RȽɨǺǸ˔Ďǉ% ļ

ʰ���ƽű¦<ǻ� ˡħǗ 10Äˡ37℃40ÄˡħǗ 10Ä% âş���ˢ

�ƽű¦"� horseradish peroxidase (HRP) Ƹʈq{r�ɾɢ (űBOH/�'

rBR IgGˡEnVision+ SystemˡDAKOˡCarpinteria, CAˡUSA) <¨ǻ�ˡħǗ

10Äˡ37℃40ÄˡħǗ 10Ä!âş���ˢȈə'_{RĎʯe[j>�%Ǟ

ɵ��ʢʯÖǉȯ" 3ˡ3'"Q?scn�QQ�úĎʯĎ (ì�ÖĠȒȠŪˡǩ
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ƤˡƔƤ) <Ǟɵ�ˡɦ��ˢȈəŖˡű NeuNRzA`!'uZ|�J{�

�<ˡ�&�&RzA`!'uAw��mr_GP{�<ǻ� ĭǆƫə<ɦ

��ˢ 

 

2.2.4� ŏŦɵƩ	5*^QX|Ǿ¸&ãř 

Ǒ˗&�ˎĉ!�8 CA1–4<ɽ«��ˢǑ˗%	� 'ˡȗȳȰɌƋˡJ

{E�PRˡGCPˡMFS<ɽ«��ˢūƯ¦'�ą�$ƭ&˅ë¦!�7ˡǱ

&ūƯ¦'�ĊņĔ´ƭˡĊņÀ´ƭˡĔ´ƭˡ�ŝƭˡȌʍƭˡ	5*À´

ƭ%57ƶŨ�98ˢƤȒȠ!'ˡƓČ&ȒȠ% ūƯ¦&ʀȰ$ƭ%ʼ� 

ɹʓ�9�ĵă£ɂ	5*öíǌ<żǻ�� (Marcos et al., 1999)ˢ�
�ˡū

Ư¦&�9�9&ˎĉ%	� ƾȔ%�96<×Ç�8�"'þˇ$čë��

8 (Wolf et al., 1997)ˢ�&�2ˡũ	
 'ɱɲȋ%ĵăìĥ�ĪƘ$ 3�&ūƯ

¦&ƭˡ�$;��ŝƭ central nucleus (CE)ˡĔ´ƭ lateral nucleus (LA)ˡ	5

*ĊņĔ´ƭ basolateral nucelus (BLA) %	� ˡȗȳȰɌƋ	5*J{E�P

R<ɽ«��ˢ�6%ˡǑ˗	5*ūƯ¦�Ĕ&ˎĉ<ð1�, &ƸƤ'ˡ

ʽĵŠȌʍŏŨȁľȆ4�&�&ȁľ (©�(Ǒ˗ȁľ [Sloviter et al., 2004] 4

ȁŪŠȗȳȰɌ˅ȧ [Baraban et al., 2000]) &Ğă&ơǥ%ʼ� ɽ«��ˢ�

, &ƸƤ%	�8ȲɁ¸'ˡ^QX|Fuz (DXM 1200FˡNikonˡƨ�ˡƔ

Ƥ) 	5*Vj_BC? (ACT-1 softwareˡNikonˡƨ�ˡƔƤ) <Ƃʓ��˒ś

ʸ (BX 50ˡOlympusˡƨ�ˡƔƤ) <ǻ� ƅŒ��ˢǾ¸ɵƩ'Ǿ¸ɵƩV

j_ (Image JˡNIHˡMDˡUSA) <ǻ� ˡ�, &ɵƩ'kzA�`Ʀ��

!ˡˣ�&ǘĥɇ�ĦƑ��ˢ 
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2.2.5� ȗȳȰɌƋ&ɽ« 

ê�ˎĉ%	�8 100X¯Ǵ¸&ˎĉ (830 x 663 µm) À%Ğă�8 NeuNʿ

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

https://imagej.nih.gov/ij/.) <ǻ� ˡŬÔȋ%XJ���8�"%57ǘĥ�

�ˢɷǘƛ%ƸƤ'ÙíÖ�9�ˢNueNºȃâşŠȰɌƭ'M�ix�X

��RI{���% XJ���9ˡ�9�9&Ǒ˗�ˎĉ (�/7ˡCA1–

4) ˡǀǮû&ˑȩȰɌĶˡ	5*ūƯ¦& CEˡLAˡ	5* BLA!ɷǘ�9

�ˢȰɌƋ'�9�9&ˎĉ%	� 4ûˡǯȢ� ɷǘ�9�ˢ�6%ˡ

CA4&ɷǘ%ʼ� ' 2�&ʱɭ�$�ʼŝˎĉ (830 x 664 µm&ȦÿÀ% 

�9�9 300 x 300 µm) <ð=�ˢ�9' CA4�ˎĉ%	� ˡ�
�
&Ǿ

¸!' CA4�Ĕ&ƶʜǫ&ðơ�Ğă���2ˡCA4ɷǘƛ%Ǭȁȋ%Ƥɷ

ǘƐǌ<ǻ��ˢCA4<ʾ� ˡ�, &ȰɌƋǘĥ'�9�9&RzA`%

	�8 NueNºȃâşȗȳȰɌ&ȺƋ&ŀą±&ȥÃ%57ř69ˡyb[_

ˎĉ (0.55 mm2) �"&ȗȳȰɌƋ�ȥÃ�9�ˢCA4%	�8yb[_ˎĉ'

2�&ʼŝˎĉ%ȏŎ� (0.18 mm2) ˡȺȰɌƋ&ŀą±'yb[_�"%Ǌĥ

��ˢ 

 

2.2.6� J{E�PR&ɽ« 

J{E�PR&ɽ«'ˡImage JlzJA� RGBǌ<ǻ� ˡGFAPºȃâ

şŠ&Ǌĥ%57ĥʳȋ%ɽ«��ˢJ{E�PR'ˡ100¯ɱʲ% ƅŒ�

�ˡGFAPƫəƸƤ%	�  (830 ˩ 664 µm)ˡCA1–CA3%
� ɽ«�9�ˢ
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CA4!'ˡȗȳȰɌƋ&ɽ«"ìƷ%ˡCA34ǀǮû"����&ƶʜǫ&Ǖ

¼<��8,
ˡ2�&ʱɭ�$�ʼŝˎĉ (830 ˩ 664 µm&ȦÿÀ% 2�

& 300 ˩300 µm&ʼŝˎĉ) % GFAPºȃâşŠ'ìƷ%ǘĥ��ˢ 

 

2.2.7� ɛǮȼȹ&Ȉɚ&ɽ« 

MFS'�&ȲɁO�l|%	� ǻ�698J}�^@�J�PR]t<

ʥǻ�8�"%57ˡdynorphin AƫəƸƤ%	� ɽ«�� (Martinian et al., 

2012; Bandopadhyay et al., 2014) ˢ�$;�ˡJ}�` 0' CA3	5* CA4%

	�8ƾľ$ɛǮȼȹȳʐˡJ}�` 1'ÀÄĝĶ%	�8ʽĵŠ&MFSˡJ

}�` 2'ÄĝĶ%	�8MFS&Ń�Ľ&Ğă"� ɽ«��ˢ 

 

2.2.8� ˑȩȰɌĶ&ȅǸĠȋēÖ&ɽ« 

�ØĠ%	� ˡˑȩȰɌĶ&ĐÓ (> 10 Ķ) (Wieser et al., 2004)ˡ�ˆǶ

ʊˡȁŪŠȰɌˡ˅ȧˡ	5*�ÄĶÖ (Blümcke et al., 2009) <ð1ȗȳȅǸ

ĠĊǝ�žư�9 � �83&&ˡˑȩȰɌ&ȅǸĠȋēÖ%ʼ�8Ă˃ȋ

M�T�OR'Ğă�$�ˢ Ř� ˡƤȒȠ!' Blümcke et al. (2009) %5�

 žư�9�ˑȩȰɌ&ȅǸĠȋēÖ%ʼ�8Ä˓"ĥɅ<ǀǮû&ɽ«%ǻ

��ˢǀǮû'ˡƶʜ&�9�9 1/3<ƶŨ�8 3�&ˎĉ%ÄÐ��˦ǀǮ

û&À´ʪÄ (Àɐ)ˡCA2	5* CA4&ʻ%£ɂ�8ǀǮû&Ĕ´ʪÄ (Ĕ

ɐ)ˡÀɐ"Ĕɐ&ʻ%£ɂ�8�ʪ (Pauli et al., 2006; Blümcke et al., 2009)ˢĆ

Ȏȼ�% ȰɌĶ&ȰɌƋ%57âƙ�98ˑȩȰɌĶ&Ý0'ˡNeuNƫə

ƸƤ%	� Àɐ	5*Ĕɐ%	�8 3�&ǚƞ� �$��9�9&ˎĉ!
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ɷǘ��ˢ�96 3�&ˎĉ&�9�9%	�8ȰɌĶ&ŀą&Ý� (µ˨) "

ŀąȰɌĶƋ�ȶɷɵƩ%ǻ�69�ˢ 

 

2.2.9� ȶɷɵƩ 

ƤȒȠ!'Ǒ˗&ɋ´ˌ	5*ɓ´ˌ<ǯȢ� ɽ«��ˢ3ˏ& FSECs

&ɳ®¦"�& 2Ʉ"&ȶɷĠȋǆʒ'O�l|®¦Ƌ�ĳ$��2ˡɦ;$


��ˢ�&�;7ˡFSECɄ"ĭǨɄ"&ǆʒ&ȴƪ<Ɇŧ�8"�%ˡ�

96&Ūɯ<ƆŸȋ$Ʈŵ"� ǻ��ˢ 

���� ˡFSECɄ"ĭǨɄ&0<ȶɷĠȋ%ǆʒ��ˢ^�X'�ė±

"úÄ£Ȧÿ% Ȗ�9�ˢFSECɄ"ĭǨɄʻ&�, &ȶɷĠȋɵƩ'ˡ

ȶɷVj_BC? (EZRˡ���/ØȇT�X�ˡċǵˡƔƤ) % Mann-

Whitney UƱĥ<ǻ� ĦƑ��ˢȶɷɵƩȴƪ' P < 0.05% ơŤ!�8"

��ˢ 

 

2.3� ȴƪ 

2.3.1� ȲɁĠȋƱƬ	5*ºȃȲɁÖĠɵƩ 

Ǒ˗	5*ūƯ¦&RzA`<ʾ� ˡH&Eƫə	5* Kluver-Barreraƫ

ə<Ƒ��½ɒ&ȪƬ% ˡ��9&Ʉ%	� 3ˡʨ ŠʖȾȬƷȈ§<ñ

�8z[_!�8 Ihara =
=z[_ (Tsuji et al., 2001)ˡuZ|?WGPuX

c�|ʭʯ%Ɲˉ��z[_ (Baraban et al., 2000)ˡ�� TLE&�šɇ&�ʪ 

(Sloviter et al., 1998) % Čò�9 �85�$ˡʽĵŠȌʍŏŨȁľȆ$#&

ƗȊ$ƶʜȋȁľ'ʁ269$
��ˢ 
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�9�9& FSECs®¦ʻ% Ǒ˗%	� ˡɱɲȋ%ƗȊ$ȅǸĠȋĻȁ

'Ğă�$
��ˢĭǨɄ"ǆʒ��˃ˡFSECɄ&Ǒ˗&ɋ´ˌ (P = 0.010) 

	5*ɓ´ˌ (P = 0.002) & CA3%	� ơŤ$ NeuNʿŠȗȳȰɌ&ǖĳ�ʁ

269� (Figure 1)ˢCA3&ȴƪ"ĭǨȋ%ˡǑ˗&ɋ´ˌ	5*ɓ´ˌ&

CA1ˡCA2	5* CA4%	� ˡFSECɄ"ĭǨɄʻ% ơŤĻ'ʁ269$


��ˢ 

� � ê	
 & FSECs®¦ʻ%	� ˡūƯ¦&ɱɲȋ%ƗȊ$ȅǸĠȋĻȁ'ʁ

269$
��ˢĭǨɄ"ǆʒ�ˡFSECɄ'ūƯ¦& CE% ȗȳȰɌƋ&

ơŤ$ǖĳ (P < 0.001) <ñ��ˢ�Ɛ!ˡūƯ¦& LA" BLA%	�8ȗȳ

ȰɌƋ%ʼ� ' 2Ʉʻ&ơŤĻ'ʁ269$
�� (Figure 2)ˢ 

Ǒ˗& GFAPºȃâşŠ%	� ˡFSECɄ"ĭǨɄʻ% ˡǑ˗&ɓ´ˌ

& CA4%	� ơŤĻ�ʁ269� (P = 0.015) (Figure 3)ˢūƯ¦&��9&

ƭ%	� 3 GFAPºȃâşŠ%ʼ� ơŤĻ'ʁ269$
��ˢ 

FSECɄˡĭǨɄˡ	5* FSECs&Ȥ���!�8ɳǱ&Ǒ˗%	�8ˡ

ɋ´	5*ɓ´ˌ& CA3ˡ	5*ūƯ¦& CE&ȗȳȰɌƋ<ǆʒ�8"ˡǖ

ĳ¶î�ʁ269� (Figure 4)ˢ 

CA4" CA3' dynorphin A%ō�ƫəŠ<Ȗ�ˡCA1%î
� ŗ	
 %ƫ

əŠ'¤��� (Figure 5)ˢ�, &Ǳ'MFS%ʼ� ˡJ}�` 0<ñ�

�ˢ 

ˑȩȰɌĶ&Ý�"ĶƋ&�ė±%ʼ� ˡFSECɄ"ĭǨɄʻ% ˡˑȩ

ȰɌ&ȅǸĠȋēÖ%Ļȁ'ʁ269$
��ˢìƷ%ˡ��9&Ħ˘Ʉ%	

� 3ˡȁŪŠȰɌˡ�ÄĶÖˡ˅ȧˡ�8�'ˑȩȰɌĶ&�ˆ"���ĕ
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Ʒ$ēÖ'ʁ269$
�� (Figure 1, Figure 5)ˢˑȩȰɌĶ&Ý�	5*ĶƋ

&�ė±' Table. 1% Ȗ��ˢ 

 

2.4� ɆĬ 

 =
=&Ǳ%	�8Ǒ˗&ȅǸĠȋēÖ%�� �9/!�
�
&Č

ò��9 � �8�ˡ�96ɟɇ&-"=#'Ǒ˗đǂȆ%ʼ� ɹʓ� 

	7 (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)ˡǬȈŠ =
=&Ǳ<ð=

�ȅǸĠȋēÖ%ʼ�8Čò' 1Č&0!�8 (Wagner et al., 2014b)ˢƓČ&Ǳ

%	�8 HS�8�'Ǒ˗đǂȆ&Čò"'ĭǨȋ%ˡƤȒȠ' FSECs%	�

8Ǒ˗&ɋ´	5*ɓ´ˌ& CA3%	�8ˡJ{E�PR<¡;$�ȗȳȰɌ

Ƌ&ơŤ$ǖĳ<ʁ2�ˢCA3%ʁ269�ˡJ{E�PR<¡;$�ȗȳȰ

Ɍ&ǖĳ' FSECM~b�%	�8ʨ ȋǐÔ%5� Ǻ� �8æɍŠ'Ɇ

�698�ˡ�&ś
$Ǒ˗&ēÖ� =
=Ȉ§<Ō�ʎ��üĝ&��!

�8æɍŠ��8ˢ�& FMTLE%	�8�8ȒȠ%	� ˡğȈŠMTLE"

ìƷ&ȰɌɑɝ�Čò�9 �8�Ɛ (Andrade-Valença et al., 2008)ˡÇ&ȒȠ

!'ˡFMTLE&�8šɇ!'ʵ¦ȰɌĶ/�'ǀǮû%	�8ȗȳȰɌɑɝ

&Ʈŵ'Ğă�$�"Čò�9� (Crompton et al., 2010)ˢ�96�Ì%Čò�

9�ȒȠ"ƤȒȠ&ȴƪ<Ɇŧ�8"ˡFMTLE'ɔńȋŪɯ&0$6�ˡ˒

śʸȋŪɯ&ɴǤ
63�ą�$Ȅš!�8�"�Ȗø�98ˢ�6%ˡ

FSECs&ūƯ¦ CE% J{E�PR<¡;$�ơŤ$ȗȳȰɌƋ&ǖĳ�ʁ

269�ˢũ	
 &ȑ8ʽ7ˡɕǧȈȆŠ& =
=Ǳ%	�8ūƯ¦&ȅǸĠ
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ȋēÖ%ʼ�8Čò'�9/!%Ğă�$�ˢTLE&g_šɇ (Wolf et al, 

1997; Yilmazer-Hanke et al., 2007) 4 =
=šɇ&ȡǧǂ (Thom et al., 1999) %

	�8ūƯ¦ LA%	�8ȗȳȰɌɑɝˡ�6%Ħ˘ȋ%ʂȈ�9� =
=

ʱȟ<ñ�8Ôǫ!'ūƯ¦ BLA (Figueiredo  et al., 2011) 	5*ɭëˎĉ 

(Tuunanen et al., 1999) %	�8ȗȳȰɌɑɝ�Čò�9 	7ˡ�96'ʱŇ

$ =
=Ȉ§&ȴƪ!�8"Ɇ�69 �8ˢƤȒȠ'ˡ³ľɄ"ǆʒ��

˃ˡFSECs&ūƯ¦ CE	5*Ǒ˗ CA3%	�8ȗȳȰɌƋ&ǖĳ<ʁ2�

�ˡ�96'Ȉ§ȈǺ%ʼʝ� �8æɍŠ��8ˢ 

�ʪ&ȒȠɇ'ˡ�%	� ³ľ$ĩƒƶŨ÷<ð1ĩƒŠ =
=!

'ˡś
!'�8�ʨ ȋ%Ǌĥ�98Ǒ˗&ȈǺĠȋ$Ęŏ�Ğă�8"ȴ

ʆ�� �8 (Fernández et al., 1998; Sloviter et al., 1998)ˢ�%	�8Ǒ˗ȁľ'

ʨ �8æɍŠ��8�ˡ�9�Ş��3 =
=ȈȆ%�$�8;�!'$

��"3Ȗø�9 �8 (Kobayashi et al., 2002; Suemitsu et al., 2014)ˢƤȒȠ%

	� ˡFSECs&Ȉ§<ñ�$�ɳǱ%	� 3ˡǑ˗ CA3	5*ūƯ¦ CE

%	� ˡȈ§ȈȆ� �8 FSECs%ǆʒ�8"ʑŇ!'�83&&ȗȳȰɌ

Ƌ&ǖĳ�ʁ269�ˢ���� ˡƤȒȠ%5� ˡǑ˗"ūƯ¦%	�8

ȗȳȰɌƋ&ǖĳ' FSECs& endophenotype!�8æɍŠ�7ˡ�96'Ȉ§

ťäŠ%ʼʝ� �8&
3�9$�ˢ�& FSECs%	�8 endophenotype&

æɍŠ'ˡFMTLE'Ǒ˗	5*ūƯ¦ȁľ%�$�8�ɮ$ʨ ĝ<Õð�

 	7ˡɪǶć'�6$8ʨ Š/�'ǹďüĝ%5� Œˍ<ä� �8æ

ɍŠ<ƆŸ�8 (Cendes et al., 2014)ˢ 
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� Ìʙ��ȗȳȰɌƋ&ǖĳ%Ó� ˡFSECs!' CA4%ʽĵ��J{E�

PR�ʁ269ˡ�9'�& HS%ʼ�8Ă˃ȋM�T�OR%	�8F]N

{�&“No HS, gliosis only”%ȏŎ�8 (Blümcke et al., 2013)ˢ�&ć&Ǒ˗ȅǸ

ĠȋēÖ'ˡ� TLEȆ©%	� ˡ	5� 20%% ʁ269 �8"Čò�

9 �8ˢ“ No HS, gliosis only” F]N{�%ȏŎ�8�&Ūɯ'ˡTLE&ɕǧ

v^|!�7ˡFSEC& 1�&Ȉ§ć (ÌŉËǡʂȈŠȈ§) "˓¢�8 ELr

BR!3ʁ269 �8(Drage et al., 2002)ˢ�
�$�6ˡ“No HS, gliosis 

only”'ˡ�& HS� =
=&Þü$&
ȴƪ!�8&
<ȴʆ��8�"'

ÛȮ!'$� (Walker., 2015)ˢ�
�ˡFSECs"�96&ɳ&�ɇ% ʁ26

9�ȗȳȰɌƋ&ǖĳ"'ĭǨȋ%ˡȈ§<ñ�8 FSECs&0% J{E�P

R�ʁ269��Ħ'ˡ�&ȅē� =
=%ʼʝ� �8�"<ţʎ��

8ˢFSECs&Ǒ˗ɓ´ˌ CA4!J{E�PR�ʁ269��"'ˡ Ǳ&Ǒ˗

ɓ´ˌ�ˡ�%	�  =
=ʼʝŠēÖ�Ɵ3�ɘȋ%Ǻ�8 (Thom et al., 

2012) Ǒ˗ˏʪ&pv~J!�8 (Sasaki et al., 2004) "���Ħ%�ɖ�8ˢ�

��� ˡ“No HS, gliosis only”� =
=Ȉ§&Þü/�'ȴƪ!�8�"<

Ȕĥ�8�"'�æɍ!�83&&ˡFSECs& CA4%	�8J{E�PR'

âŚŠ&Ȉ§&ȴƪ!�8æɍŠ<ũ	
 'Žǘ�8ˢ 

� ¿ćȋ$ HS/�'ˡ�9%ʼʝ�8ēÖ (�$;�ˡGCP4MFS) 'ƤȒȠ

%	�8Ǳ!'ʁ269$
��ˢǑ˗&ɓ´ˌ%	�8ǀǮû% ˡĔɐ	

5*Àɐ&Ý�'		5� 70 µm!�7ˡ�9'Ǳ%	� �Ì%Čò�9�

ˑȩȰɌĶ&Ý�%�ɖ�8 (Wagner et al., 2014b)ˢHS&ȝŇ" GCP "&ʼʝ

Š�� (Thom et al., 2002) "Ǳ (Wagner et al., 2014a) %	� Čò�9 �8ˢ



! 22!

�6%ˡdynorphin AºȃâşŠ&J}�`' GCP"ȏʼ�8�"3Čò�9

 �8 (Thom et al., 2009) ˢ�96Čò'ˡFSECs� GCP/�'MFS&��9

3ñ�$
��Ǹǽ"$8�:�ˢ 

� ƤȒȠ'ł6
&Êʽ<ð1ˢ/�ˡƤȒȠ%ǻ�69� FSECs&Ȉ§ːŇ

�ǆʒȋĳ$��"!�8ˢ�
�$�6ˡƤȒȠ!ǻ�69�ȗȳȰɌr�

F�!�8 NeuN'ȔȢ�9�r�F�!�7 (Gusel'nikova et al., 2015)ˡɱɲ

ƱƬ%58ŬÔǘĥƐǌ<ĪƘ%ĦƑ�8�"�!�8ˢũ	
 �Ȣ¦ɵƩĠ<

ǻ� �$��2ˡś
$ǘĥʃĻ�Ǻ��æɍŠ<ʾĔ�8�"'!�$�

3&&ˡƤȒȠ!' NeuNºȃȲɁÖĠɵƩ<ð1 ĪƘ$ŬÔǘĥǌ<żǻ�

�ˢ 

� ǬȈŠ/�'ʨ Š =
=&Ǳ%	�8ȅŦǺǸʢȝ'ƣ��Ɨ$//!

�8ˢFSECs'Ñȋ$ =
=ʼʝŠēÖ (©�(ˡHSˡGCPˡ	5*MFS) 

<Ȗ�$
��3&&ˡƤȒȠ'Ǳ%	�8ĩƒŠ =
=&ȅǸĠȋǬŜ%

ǦǤ<Ŏ �ˢƤȒȠ%ǻ�69� FSECs& =
=Ȉ§ːŇ'ǆʒȋ¤ːŇ

!���"'��ˡFSECs%Ğă�8Ǒ˗	5*ūƯ¦&ȁľ<Ǹɵ�8�"

'ʱɮ!�8ˢũ	
 &ȑ8ʽ7ˡʨ Š�8�'�9�Ȃ;98 =
=<ñ

�8Ǳ%	�8ȅǸĠȋŪɯ<ɶà��ȒȠ'�9/!%Ğă�$�ˢ =


=&ȅŦǺǸƻŅ<Ǹɵ�8�2%ˡǳØĠ%	� ʑŇ$ɔńȳʢ<ñ�8

 =
=<ɽ«�8�"'ʱɮ!�8ˢ���� ˡƤȒȠ&ȴƪ' =
=

&Ôǫ%ĭ� ʱɮ$ȑɯ<žª�83&!�8ˢ 
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2.5� Ĳŷ 

!! FSECs%	� ˡǑ˗ CA3	5*ūƯ¦ CE%	�8ȗȳȰɌƋ&ǖĳ<

ʁ2�ˢ 

!! FSECs&Ǒ˗ CA4%	� J{E�PR<ʁ2�ˢ 

!! Ǒ˗	5*ūƯ¦&ȗȳȰɌƋ&ǖĳ' FSECs& endophenotype!�8æ

ɍŠ�Ȗø�9�ˢ 

!! FSEC%	�8ʨ Š =
=%ˡƤȒȠ!Ȗ�9�Ǒ˗�ūƯ¦&śĲ$

ƶʜȁľ�ʼ�� �8æɍŠ�Ɇ�698ˢ 
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Table 1.� 64
 FSECs7FSEC-8� 94
�!)7�'-8
&6
.�	
 
�1�3		
 ��9%(�
5+,/�
�

� (�0) 	
 
��� (�0) 
2���
,/#
��� (���*�) 

  �0  �0  

- %(� �� µm ,/# �� µm ,/# 

FSEC- .� 76.81 (6.82) 6.33 (0.41) 77.73 (5.79) 6.67 (0.54) 

 1� 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) 

 1� 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. �ȾǤ%¸ĶǍ (A# C) 
5+ FSEC (B# D) &
�8ʰƱʧ'Ä©

¼ (A# B) 
5+ CA3�ʜĊ (C# D) &
�8 NeuNÁǚȋȘÞğŊ'ȋȘʣ

Ŏʂ¼ʰ
5+ 9ʝ'¸ĶǍ (ǣȴȀ) 
5+ 6ʝ' FSECs (ƾȴȀ) 'Ʊʧ'ȣ

¹ (E–H) 
5+ȩ¹ʙ (I–L) ' CA1 (E# I)ʰCA2 (F# J)ʰCA3 (G# K)ʰ
5

+ CA4 (H# L) &
�8 NeuNʍŔȉȤų'Ȁ*�ĆʱÀğʣŎʂ¼&
�

!ʰɿ©ȉȤı (Ǫʝ) /�(ơǋĂ (Ǫ) &
�!ʰſǣ%ŅřğǤǘĶ(ɓ2

69%����ʰFSECs&
�!¸ĶǍ#Ʀɧ�8#ǰȌȉȤħľ(¨��

�ʱʡȃȉȤ'�ʕǐɜ(ɓ269%���ʱTM�~ʰhd~ A# B&
�

! 1,000 µmʰhd~ C# D&
�! 100 µmʱȀ*�Ć&
�!ʰ�9�9'

Ȁ(āÏ§Ȃą'�ʉ
5+�ʉ<Ǯ�ʰƩĸȔ(�ė¶<Ǯ�ʰ*�(ē9

¶<ʋ��Ƅĕ¶
5+Ƅī¶<Ǯ�ʱē9¶(É"Ǯ��ʱhd~�#& y

ɦ'TM�~�ǘ%8�#&ƮǦʱƱʧ'ȣ¹�8�(ȩ¹ʙÈ'�ʜĊÈ&


�!ʰ¸ĶǍ'¶#Ɔŗ&¶�ǘ%8 (*P < 0.05; †P < 0.01)ʱVentralʲȩ¹ʰ

Dorsalʲȣ¹ʰControlsʲ¸ĶǍ 
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Figure 2. �ȾǤ%¸ĶǍ (A# C) 
5+ FSEC (B# D) &
�8ʰşƓ©'Ä

©¼ (A# B) 
5+�Őƒ (CE) ʰē¹ƒ (LA) ʰ
5+ċĽē¹ƒ (BLA)  (C

# D) &
�8 NeuNÁǚȋȘÞğŊ'ȋȘʣŎʂ¼ʰ
5+ 9ʝ'¸ĶǍ (ĩ

ǄțʳǣȴȀ) 
5+ 6ʝ' FSECs (FSECțʳƾȴȀ) 'şƓ©'ċĽē¹ƒ 

(E# H) ʰē¹ƒ (F# I) ʰ
5+�Őƒ (G# J) &
�8 NeuNʍŔ'ǰȌȉ

Ȥų (E–G) 
5+ GFAPÁǚèŒŔ (H–J) 'Ȁ*�ĆʱTM�~ʰhd~ A#

B&
�! 1,000 µmʰhd~ C# D&
�! 100 µmʱȀ*�Ć&
�!ʰh

d~�#& yɦ'TM�~�ǘ%8�#&ƮǦʱƤ7'ǀ&ʆ�!( Figure. 1

<æǄ'�#ʱ 
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Figure 3. �ȾǤ%¸ĶǍ (A# C) 
5+ FSEC (B# D) &
�8ʰƱʧ'Ä©

¼ (A# B) 
5+ CA3�ʜĊ (C# D) &
�8 GFAPÁǚȋȘÞğŊ'ȋȘ

ʣŎʂ¼ʰ
5+ 9ʝ'¸ĶǍ (ĩǄțʳǣȴȀ) 
5+ 6ʝ' FSECs (FSEC

țʳƾȴȀ) 'Ʊʧ'ȣ¹ (E–H) 
5+ȩ¹ʙ (I–L) ' CA1 (E# I)ʰCA2 (F#

J)ʰCA3 (G# K)ʰ
5+ CA4 (H# L) &
�8 GFAPÁǚèŒŔ'Ȁ*�

ĆʱTM�~ʰhd~ A# B&
�! 1,000 µmʰhd~ C# D&
�! 100 

µmʱȀ*�Ć&
�!ʰhd~�#& yɦ'TM�~�ǘ%8�#&ƮǦʱƤ

7'ǀ&ʆ�!( Figure. 1<æǄ'�#ʱ 
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Figure 4. 9ʝ'¸ĶǍ (ĩǄțʳǣȴȀ) ʰ6ʝ' FSECs (FSECțʳƾȴȀ) ʰ


5+ FSECs'Ǽ���'ȫļǤǡª<ô�%� 3ʝ'ɇ&
�8 (hd~'

xɦ& Parents#�!Ǯ�9!�8) (ŵȔ'Ȁ)ʰƱʧ'ȣ¹ (A) 
5+ȩ¹ (B) 

ʙ&
�8 CA3
5+şƓ©'�Őƒ (C) &
�8ǰȌȉȤų'Ȁ*�Ćʱh

d~�#& yɦ'TM�~�ǘ%8�#&ƮǦʱƤ7'ǀ&ʆ�!( Figure. 1

<æǄ'�#ʱ 
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Figure 5. �ȾǤ%¸ĶǍ (A# C) 
5+ FSEC (B# D) &
�8ʰÄ©'Ʊʧ 

(A# B) 
5+Ʊʧ'ȩ¹ʙ (C# D) "'ʰdynorphin A&ĩ�8ÁǚȋȘÞğ

ƑȴŊ'ȋȘ'ÀğʣŎʂ¼ʱȶǋȔȑ'ǡȵ(ɓ269%���ʱTM�

~ʰhd~ A# B&
�! 1,000 µmʰhd~ C# D&
�! 100 µmʱ 
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Ǽ 3ǻ 

 

ĥźŔȬǃǡǝŔ!=�=Ǎ&
�8 leucine-rich glioma-inactivated (LGI) ɷ£

ĝl>u}�'K��b�L
5+ĒǘɈƏ 

 

 

3.1� ɘɉ 

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


�8ʰRanT£ɴ4ʫʚŅŜ<ó1ʰǰȌȆ'ǡɴ
5+Ɲȥ&
�!ɼ

ɂ%ŇØ<ŧ�!�8ɷ£ĝ
5+Y�hK"�8ʱ�96'ɷ£ĝ
5+Y

�hK(ʰÜǈ
5+i_&
�8ɷ£Ŕ!=�=4ȬĳÁǚŔɪȖȆȨƿ#

���ǰȌǛŕ&ʆ��!�8 (Kegel et al., 2013; Pákozdy et al., 2015) ʱLGI1(

ĺ6�'ĥźŔē¹¹ʝȹ!=�= (FLTE; familial lateral temporal lobe epilepsy, 

ADLTE; ĶƑȴ©ʣŔē¹¹ʝȹ!=�= autosomal dominant lateral temporal 

lobe epilepsy)'äăɷ£ĝ"�8�#�Ǯþ�9!�8 (Kalachikov et al., 2002; 

Monrante-Redolat et al., 2002) ʱǎàğʜĊ&
�!ʰưƳʰúĀʰȰȱ2�

7ʰʢʙ��9=<¤�èōŔ'ɪȖȆǡª (�%;�ʰǸǡŔ'ëɸʢʙȬ

Üǝ) "�8 feline complex partial seizures with orofacial involvement (FEPSO) #�

'ɼǵ&58Ʊʧđƣ feline hippocampal necrosis (FHN) �Čõ�9!
7 

(Pákozdy et al., 2011; Pákozdy et al., 2013; Pákozdy et al., 2014)ʰFEPSO/FHN'Ǎ

&
�!(ʰʖ§®ĞŔG}Bv[yd~ (VGKC) / LGIɁï©&ĩ�8Ť©

¯'�ž�ɓ2698�#��8 (Pákozdy et al., 2011) ʱ�'�2ʰFEPSO
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(ʰ�&
�8ɪȖȆȨƿ limbic encephalitis (LE) &ʤ¦�8 VGKC/LGI1Ɂï

©Ť©�ćŔ LE&Ĭ%�6�ʆ��!�8#Ȟ	698ʱ�6&(ʰFSEC(

Ʊʧ' CA3�ʜĊ&
�8ǰȌȉȤ'ƶĬ�ɓ269!�8'&ĩ� 

(Hasegawa et al., 2014; Yu et al., 2018)ʰ�&
�8 VGKC/LGI1Ɂï©Ť©�ć

Ŕ LE(ʉįǤ% CA3ȸȗ&ʆɱ�!
7 (Miller et al., 2017)ʰǜăğǤ&%=

6�'ʆɱŔ�Ğć�8ìȥŔ3ȞŚ�98ʱ 

LGI2&
�8Y�hKÐŶĉa�V�TĒǘ�ʰ|P\_��tb{��

Ǌ&
�8ȳŔĥźŔȷʯŔ!=�='äă#�!ðĢ�9!�8 (Seppälä et 

al., 2011) ʱ�6&ʰLGI4(�&
�8ȳŔĥźŔīÂ��9= benign familial 

infantile convulsion 
5+īÂƞǰ!=�= childhood absence epilepsy 'ŘêŔ

ɷ£ĝ#�!ʆ��!�8ìȥŔ�Čõ�9!�8 (Gu et al., 2004; Ishii et al., 

2010) ʱ LGI3Y�hK(ǡɴǤ
5+ɥËǤ&ɗȁ�9�ƛŁ"ʰƠĶ%tB

T'Ȩ&
�!ʬ�ǡǐ�!�83'' (Lee te al., 2006)ʰ�àğ�8�(ǎà

ğ&
�! LGI3#Ǜŕ#'ʆ�(Čõ�9!�%�ʱLGIl>u}�(Ǵʅ

&
�8ǨðŔ�ʬ�ʰðƛ'ƚɰ<Ǯ��2 (Kegel et al., 2013)ʰʤ¦��Ɲ

ȥ<Ɔ�ʰ�'ǘĶ(Ǵʅ"ðƛ'!=�=Țŕ»ñ<ǒ���8#Ȟ	69

8ʱ 

ƊǬǶ(ʰ FSEC'ǜă� LGIY�hKl>u}�'Ɲȥ�Ä&ʆ��!

�8#�� ɖ (Pakozydy et al., 2015) '3#&Ȼ;9�ʱǍ' LGI (fLGI) ɷ£

ĝl>u}�' cDNAR�KD�T(�9/"&Čõ�9!�%��2ʰfLGI

l>u}�ɷ£ĝ' cDNA<K��b�L�ʰFSECs#¸ĶǍ&
�! fLGI

ĒǘɈƏ<ģŹ�ʰ!=�=&
�8�96'ʆ�'Ɔǁ<Ɩɋ��ʱ 
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3.2� ƋŴ
5+ŸƬ 

ƊǬǶ(żƊǎàǒùǱğĕğÜǈģʩĜü¢
5+ǒù·ǑĜü¢'š

ɓ<Ō!Ȼ;9!�8 (šɓǗíʲ26K-29ʰ27K-10ʰ28K-4ʳǬǶ�Ⱦȟʲʃɚ

Ĳĕɩ)ʱ 

 

3.2.1� ­ɐÜǈ
5+Q�n~Ŭé 

cDNAK��b�L'�2&ʰFSEC#(ʆɱ'%�¸ĶǍ'ȨȋȘ�Ŭé

�9ʰƴ©ǹȇ&!ǩʅÍȍŊʰ-80 °C&!Íȍ±Ğ�9� (ƊȨȋȘ(ʰǼ

�ǻ&!ɈƏ&Ǔ�69�¸ĶǍ'��' 1ʝ"�8)ʱĒǘɈƏ'�2ʰ8ʝ

' FSECs (ʑ 6ʝʰʓ 2ʝʰ�ėĹʯ 95.5�ƅʯ [Ȃą 82–180�ƅʯ]ʰ�ė©

ɼ 3.9 kg [Ȃą 3.0–5.6 kg]) 
5+ 8ʝ'ǡª'ŻňƢ<Ɔ��ʰMRI
5+ʝ

ǥ�Ȩƭ&!ǘĶŞɃ<ɓ2�ʰFSEC#'ȺȖʆ°<Ɔ�%�¸ĶǍ (ʑ 5

ʝʰʓ 3ʝʰ�ėĹʯ 73�ƅʯ [Ȃą 33–74�ƅʯ]ʰ�ė©ɼ 3.8 kg [Ȃą 

3.0–6.0 kg]) 'ȺƴQ�n~�­ɐ�9�ʱ 

Nev DNAŦÎ'�2ʰ8ʝ' FSECs
5+ 8ʝ'¸ĶǍ57ʰ0.5 ml'

ƉƔȺ<ʞʗȦ�8�(ÈȡʗȦǷÕ&!Ŭé�ʰD[��S?u�āɺɻ 

(EDTA) [z�m&ǳȻ��ʱFSECs&
�8ǡªǡǝ�ėĹʯ( 8�ƅʯ (Ȃ

ą 3–35�ƅʯ)"���ʱ8ʝ� 6ʝ' FSECs( 2�'ǡªĉ<ô�ʰ1ʝ(

ÄȲŔ!=�=ǡª&ǳȻ�8ȬǡŔɪȖȆǡª'0<ô�ʰƤ7' 1ʝ(Ö

ŀÕƼɔǡŔÄȲŔ!=�=ǡª'0<ô��ʱƊǬǶ&Ǔ�69��-!'

FSECs(ʝǥ�ȨƭɈƏ&
�!ǡªʅƞƇǸǡŔǘĶƭ<ô�ʰ�96(¹
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ʝʜĊ"½§%ǡǒ�ɓ269!�8ʱȬǡŔǡª'ʟľ(ʰ´©�#&ƛ	
 

"��� (Ȃą  0–36Ă/Ĺ)ʱ 

 

3.2.2� RNAŦÎ
5+�Ɗʁ cDNAïŜ 

_�Y~ RNA( Illustra RNAspin (GE Healthcare UK Ltd.ʰLittle Chalfontʰ

England)  <Ǔ�!ʰw�G�Ůę'n�_O~&ċ �!ȨȋȘ�6ŦÎ�9

�ʱ_�Y~ RNA( ReverTra Ace reverse transcriptase (ToyoboʰOsakaʰJapan)

<Ǔ�!ʰ�Ɗʁ cDNA&ɭɥË�9�ʱ 

 

3.2.3� fLGI cDNA'K��b�L 

fLGI1–4ɷ£ĝ'F�n��}�^@�L�l��v (ORF) <ó1l|Lw

�_'Đķ'�2ʰFelis catus LGI1–4ɷ£ĝ'�ƸɹÑ (GenBank accession 

numbers: XM_003994222.3ʰXM_011281979.1ʰXM_003984713.3ʰ
5+ 

XM_003997904.3) &ċ �!ʰPrimer3Plus (http://www.bioinformatics.nl/cgi-

bin/primer3plus/primer3plus.cgi/) <Ǔ�!ʰn|At��ªŜ�9�ʱ Ǎ'}l

>��T�Nev�?V�m}#�!ʰFelis_catus_6.2 (felCat5) �8�( 

Felis_catus_8.0 (felCat8) �Ǔ�69�ʱȨ cDNA<ɾĉ#�!Ǔ�!ʰ

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

�!Ȼ;9�ʱPCRQAK~�O�^@R{�(ʲÒƇǅĒŔ (95 °Cʰ10Ï

ʅ)ʰ&Ȑ�!ʰ38QAK~'ǅĒŔ (95 °Cʰ30ǲ)ʰ?b�}�L (30ǲ)ʰ


5+¥ʃèŒ (72 °Cʰ60ǲ)<Ȼ�ʰƄȊ¥ʃ (72 °Cʰ7Ïʅ) <Ȼ��ʱ«Ǔ

�9�n|At�V\_
5+�9�9'?b�}�LƷľ( Table 1&Ɍɨ
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�9!�8ʱPCRn�ZK_( 2%?H��T�N~ʖƨƯÜ&!ǭɓ�9ʰ

?H��T�N~�6Ïʕ�9ʰWizard SV Hel and PCR Clean-Up System 

(PromegaʰFitchburgʰWIʰUSA) <Ǔ�!ŦÎ�Ȅɀ�9�ʱ 

TAK��b�L'�2ʰcDNAl|Lw�_( pGEM-T Easy Vector System 

(Promega) 
5+ Competent high DH5α (Toyobo) <Ǔ�!Ņɞɥů�9�ʱn|

Tu`( NucleoSpin Plasmid QuickPure Kit (Takara Bio, Shiga, Japan) <Ǔ�!ʰ

DH5α cell�6Ïʕ�9�ʱ�ƸɹÑ&
�!ʰfLGI2'ȝɎʜĊ' 5’¹ʜĊ�

�ſ"����2ʰ5′-rapid amplification of cDNA ends (RACE) PCR�Ȼ;9

�ʱfLGI2' 5’¹'R�KD�T( SMARTer RACE 5’/3’ Kit (Takara Bio)<Ǔ�

!ʰw�G�Ůęn�_O~&ŋ�Ȼ;9�ʱ 

 

3.2.4� ƉƔȺ�6'Nev DNAŦÎʰĒǘɈƏ'�2' PCRʰ
5+ PCRn

�ZK_'Ȅɀ 

Nev DNA� QIAamp DNA Mini Kit (QiagenʰHildenʰGermany) <Ǔ�

!ʰw�G�Ůęn�_O~&ŋ�ʰ EDTA[z�m&Ŭé�9� 8ʝ'

FSECs
5+ 8ʝ'¸ĶǍ'ƉƔȺ57ŦÎ�9�ʱPCR(Öɬ�9�3'#

ðƛ'ƌ¡&!ģŹ�9�ʱÖɬ' cDNAn|At�ªŜ#ðƛ&ʰfLGI1–4

ɷ£ĝ'î	
 '�ƸNevɹÑ (NC_018733.2, NC_018726.2, NC_018726.2, and 

NC_018737.2) &ċ 
ʰDIW�/A�_��ďǕɸ<Ýó�85�&n|A

t��ɍɊ�9�ʱPCRn�ZK_'ǭɓ
5+Ȅɀ&ʆ�!(ʰǓ��?H

��T�N~ƽľ� 1.8%"�8�#<ʋ�!ʰÖɬ��ŸƬ#ðƛ'ƌ¡"Ȼ
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;9�ʱn|At��R�KD�T
5+?b�}�LƷľ( Table 2&Ɍɨ

�9!�8ʱ 

 

3.2.5� R�KD�R�L 

Ȅɀ�9�n|Tu` DNA
5+ PCRn�ZK_( BigDye Terminator 

v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) <Ǔ�!ʰ

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

DNA Analyzer (Applied Biosystems) &!R�KD�T�9�ʱR�KD�R�L

'ȍƐ(ʰCLC sequence viewer (Version 7.0; CLC Bio, Waltham, MA, USA) <Ǔ

�!ɈƏ�9�ʱ 

 

3.2.6� �'Ǵ&
�8 LGIl>u}�'?ueɻɹÑ'ǨðŔ 

Ō69� fLGI?ueɻɹÑ&ʆ�!ʰ�Ǵ#'Ʀɧrx�S�ɈƏ<ģŹ

��ʱɈƏ&Ǔ�69��Ǵ
5+ʰ�96'?ueɻɹÑ( Table 3&Ɍɨ

�9!�8ʱ 

 

3.2.7� fLGIɷ£ĝ"ƖÎ�9�Ēǘ'gAFA�lEt]@KTɈƏ 

ƖÎ�9�ʘðȜșů' in silicoƝȥɈƏ( SIFT (Sorting Intolerant From 

Tolerantʲhttp://sift.bii.a-star.edu.sg/)ʰPolyPhen-2 (Polymorphism Phenotyping v2ʲ

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

Analyzerʲhttp://provean.jcvi.org/) <Ǔ�!ģŹ�9�ʱSIFTɈƏ&
�!ʰ?

ueɻșů( 0.05��'TO?"�9) damagingʰ0.05<ɠ	8TO?"�
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9) tolerated#�Ƹ�9�ʱPolyPhen-2'TO?( 0.0 (tolerated) �6 1.0 

(deleterious) 'Ȃą"Ǯ�9ʰPROVEAN"(-2.5�ʇ¶#�! (�/7ʰ-2.5

<ɡ	9) neutralʰ-2.5��"�9) deleterious) #�!Ǔ�69�ʱ 

 

3.3� ȍƐ 

3.3.1� Ǎ' LGIɷ£ĝ'O�^@�L�R�KD�T 

fLGI1–4ɷ£ĝ' cDNA<Ǔ�!'K��b�L
5+R�KD�T<ģŹ

��ʱ 1ʝ'¸ĶǍ'ȨȋȘǔƍ' cDNA57Ō69� fLGI1–4'O�^@�

L�R�KD�T( DNA Databank of Japan&Ǣʀ�9� (accession numbersʲ

LC309277ʰLC309278ʰLC309279ʰ
5+ LC309280)ʱĎċɹÑɈƏ&57ʰ

fLGI1 cDNA( 557?ueɻqn[`<O�`�8 1674 base pair (bp) ORFʰ

fLGI2 cDNA( 549?ueɻqn[`<O�`�8 1650 bp ORFʰfLGI3 cDNA

( 548?ueɻqn[`<O�`�8 1647 bp ORFʰfLGI4 cDNA( 538?ue

ɻqn[`<O�`�8 1617 bp ORF<�9�9ó="��ʱ�96 ORF�Ý

ó�8DIW�ƚɰų(ʰ�ƸɹÑ#ðų"���ʱrx�S�ɈƏ&57ʰ

fLGI1–4'?ueɻɹÑ(�9�9ʰ94.7ʰ92.7ʰ88.5ʰ
5+ 86.3 %'ǨðŔ

�Ǯ�� (Table 4)ʱ�6&ʰHomo sapiens (�)ʰCanis familiaris (Ǌ)ʰBos taurus 

(Ǉ)ʰSus scrofa (ɛ)ʰEquus caballus (ʧ)#���ý�ʤ#Ʀɧ��ʏʰƙ�!

92%��'ǨðŔ<ɓ2�ʱ 

  

3.3.2� ĒǘɈƏ
5+?}~ʟľ 



! 40!

fLGI2'DIW� 1<ʋ�!ʰO�^@�L�R�KD�T<Ýó�8ʰ�

-!'DIW�� 8ʝ' FSECs
5+ 8ʝ'¸ĶǍǔƍ'Nev DNA57Đ

ķ�9�ʱRACE&57 fLGI2'ʄěO`�<ó1ʜĊ(Ō69�3''ʰ

fLGI2'DIW� 1'n|At�<ɍɊ�8�#(ʰGC}\[ʜĊ"����

2�ìȥ"���ʱPCRn�ZK_(ʰFelis_catus_8.0 (felCat8) &
�8îɷ

£ĝʜĊ (NC_018733.2ʰNC_018726.2ʰNC_018726.2ʰ
5+ NC_018737.2) #

Ʀɧ�9�ʱfLGIɷ£ĝl>u}�'R�KD�TɈƏ( 41'g}?�_<

ƖÎ��ʱ�96'��ʰȝɎʜĊ&
�8 3�'ʘðȜșů
5+ 14'ð

Ȝșů SNP�ɓ269�ʱ�96'ȍƐ( Table 5
5+ Table 6&Ɍɨ�9

�ʱ 

In silicoƝȥɈƏ( fLGI3&
�8 1�'ʘðȜșů SNP (P33A) 
5+

fLGI4&
�8 2�'ʘðȜșů (A17TʰE49K)&��! SIFTʰPolyPhen-2ʰ


5+ PROVEAN<Ǔ�!Ȼ;9�ʱSIFT&5�!ʰfLGI3&
�8 P33A(

deleterious#�Ƹ�9ʰfLGI4&
�8 A17T
5+ E49K( tolerated#�Ƹ�

9� (SIFTTO?(�9�9ʰ0.02ʰ0.26ʰ
5+ 0.27)ʱPolyPhen-2"(ʰ

fLGI3&
�8 P33A( benignʰfLGI4&
�8 A17T
5+ E49K(�9�9

unknownʰbenign#�Ƹ�9� (PolyPhen-2TO?(�9�9ʰ0.002ʰnot 

availableʰ0.948)ʱPROVEAN"(ʰ�-!' SNPs( neutral#�Ƹ�9� 

(PROVEANTO?(ʰ-0.528ʰ-0.346ʰ
5+ 0.948"���)ʱ�96'ȍƐ

( Table 5&Ɍɨ�9�ʱ 
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3.4� ȞĨ 

LGIY�hK(RanT£ɴ&
�8ɼɂ%ŇØ<ŧ�!�8�#�ǫ6

9!
7ʰ�96'Ɲȥ�Ä&5�!ǰȌȉȤ'ɳ×ȯĚ�ł
ɟ��9Ō8 

(Pákozdy et al., 2015)ʱLGI1Ēǘ(�&
�8 ADLTE<ł
ɟ�� (Kalachikov 

et al., 2002; Monrante-Redolat et al., 2002)ʰLGI1O�^@R{a~�e\K?B

_�tBT(Ʊʧ<ǡªɟěʜĊ#�8!=�=ŔŲʖ<ô�8�#�Čõ�

9!�8 (Boillot et al., 2014)ʱFSECs(Ʊʧ4şƓ©<ǡªɟěʜĊ#�8!

=�=ǡª<Ǯ� (Hasegawa et al., 2014)ʱ����!ʰ�96'ǫɃ( LGI1Ɲ

ȥ�Ä�È¹¹ʝȹ<ǡªɟěʜĊ'!=�=<ł
ɟ��ìȥŔ��8�#

<Ǯþ�8ʱLGI3#Ǜŕǡǒ#'ʆɱŔ(ƈ��ſ"�83''ʰ�'�'

LGIɷ£ĝl>u}�'Ēǘ(ʰ�
5+Üǈ'$�6&
�8ɷ£Ŕ!=�

=&3ʆ��!�8 (Kalachikov et al., 2002; Monrante-Redolat et al., 2002; Gu et 

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

rx�S�ɈƏ&5�!ʰǍ' LGI?ueɻɹÑ(�'ÜǈǴ&
�8ʰ

�96#ǨðŔ�ʬ�ʰǉ& Homo sapiensʰCanis familiarisʰBos taurusʰSus 

scrofaʰ
5+ Equus caballus#'ʅ"'Ʀɧ"( 90%��'ǨðŔ<Ǯ��ʱ

�9(ʰLGIl>u}�'Ïĝ(�9�9��'Ǵ&
�!3ʤ¦��Ɲȥ<

Ɔ�8�#<Ǯþ�8ʱƊǬǶ"(ĒǘɈƏ&
�!ʰ�'ʬ� GCóƆɽ'

�2n|At�<ɍɊ"
%��� fLGI2'DIW� 1<ʋ�!ʰfLGI1–4'

DIW�
5+DIW�/A�_��ďǕɸ'0<ɏ¯�!�8ʱ�'�2ʰf 

LGIɷ£ĝl>u}�'NevʜĊÈ&Ğć�8fn�YAn� FSEC'Ǜŕ

ǡǒ&ʆ��!�8ìȥŔ<òĢ�8�#("
%�ʱ�6&ʰTn|AR�
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LǘĶ<ł
ɟ��A�_��ʜĊ'Ēǘ'Ğć3ʋē"
%�ʱÛ	!ʰ

fLGI4&
�8 E49K (c.145G>A) ( 3ʝ' FSECs&
�!ɓ269!
7ʰ�

'Ēǘ�!=�='}TK<�ž��!�8ìȥŔ(òĢ("
%�ʱ 

ƊǬǶ"(ʰ�96 fLGIɷ£ĝl>u}�&
�!ʰFSEC'Ⱦǐĉ#ġ

Ä&ïȮ�8ȝɎʜĊ&
�8Ēǘ(ɓ269%���ʱ�Ÿ"ʰǎàğʜĊ

"(Ǎ' TLE&
�8 VGKC/LGI1Ɂï©Ť©�ćŔ LE (Pákozdy et al., 

2013) ʰ
5+|P\_��tb{��Ǌ&
�8 LGI2Ēǘ&58ȳŔĥźŔ

ȷʯŔ!=�= (Seppälä et al., 2011) ' 2�� LGIɷ£ĝ/Y�hK&ʆɱ��

Ǜŕ#�!ǫ69!�8ʱ�6& LGI1Ēǘ (L385R) <ô�8|\_(ȠŔɔ

ǡŔÄȲŔŃǧʅ�Ŕǡª<Ǯ��#�Čõ�9!�8 (Baulac et al., 2012)ʱ

LGIɷ£ĝ/Y�hK#Üǈ&
�8Ǜŕ#'ʆ°Ŕ'ţŰ&(�6%8ǬǶ�

őɂ#�98ʱ 

�&
�!ʰĶƑȴ©ʣŔɷ£ƛŁ
5+Ɂʔɷ£ƛŁ<ó1ʰ��6�

'ĥźŔ¹ʝȹ!=�=�Čõ�9!�8 (Berkovic et al., 1996; Baulac et al., 

2004; Striano et al., 2008; Crompton et al., 2010)ʱFSECǡɃƀ'ÒƇ'ĥȆɈƏ"

(ʰFSEC(ĶƑȴ©ƻŔɷ£"�8ìȥŔ�Ǯþ�9!��� (Kuwabara et 

al., 2010)ʰǐć'Ũĕ��ĥȆ"(ʰ¨Ʋɮľ'ĶƑȴ©ʣŔɷ£�8�(Ɂ

ʔɷ£#���ʰ�'�'ɷ£ƛŁ'ìȥŔ�Ǯþ�9!�8ʱ�9/"ųĔ

�'�' FMTLEĥȆ<ĩɜ#�!ɷ£ğǤǬǶ�Ȼ;9!
!
7ʰɱʁɈ

Ə<Ǔ�!ĕĥȆ&
�!��6�'Ŀ§�Ǯþ�9!�8 (Claes et al., 2004; 

Hedera et al., 2007; Chahine et al., 2013; Fanciulli et al., 2014a)ʱ�96'.#=$

'Ŀ§(ÓĥȆ"(Êǐ�9!
6�ʰFMTLE'ɷ£ğǤ�Ĉ�Ŕ genetic 
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heterogeneity<Ǯþ�8ʱ�96ǬǶ'��' 1�'0"ɱʁɈƏ&Û	ÄD

IW�vR�KD�T whole exome sequencing �ģŹ�9�ʰɱʁɈƏ&57

Ǯþ�9�ʜĊ&
�!äă"�8#ŮƸ�98g}?�_(ɓ269%��

� (Fanciulli et al., 2014a)ʱɱʁɈƏ#ÄNevR�KD�T whole genome 

sequencing <ȋ0ï;�8�#"ʰȝɎʜĊē'ɗȁg}?�_ regulatory 

variants �8�(}TK�fn�YAnʰ/�NevÊȕŜ genome 

rearrangement #���ǜă< FMTLE&
�!ɓ28�#�"
8�3�9%

�ʱɫĹʰǍ SNP?�A'Ǣč&57 SNPt�G�<Ǔ�!'ʰNev�A

`ɱʁɈƏ4ʰ£ɴ�ĸȽɐʩ transmission disequilibrium test
5+M�T�O

�_��~ɐʩ case control study<ó1Nev�A`ʆɱɈƏ genome-wide 

association analysis �ìȥ#%7ʰ�6&ÄNevR�KD�T'Ɓç&57ʰ

Ǎ'ɷ£ŔǛŕ
5+ɷ£ǤǉŔ'Ɉſ�ɲ="�8 (Alhaddad et al., 2014; 

Lyons et al., 2016a)ʱ�96'Ţȼ'ÔǓ� FSECs'ɷ£ğǤɈƏ<�6&ɲ2

8�##%8�:�ʱ 

 

3.5� īũ 

!! Ǎ' LGI1–4ɷ£ĝ<K��b�L�R�KD�R�L<ģŹ��ʱ 

!! ĒǘɈƏ&
�!ʰLGIɷ£ĝl>u}�&
�!ʘðȜșů<ɓ2�

�ʰ�96( FSECs&
�8Ǜŕǡǒ&ʆ��83'"(%���ʱ 

!! ƊǬǶ&57ʰ LGIl>u}�ɷ£ĝ'ȝɎʜĊÈ'ã�'Ēǘ#(ʆɱ

'%� FMTLE'Ğć��6&ɓə�9�ʱ 
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!! FSECs&
�8!=�=&ʆ��8ɷ£ĝ'ðĢ&(ʰɱʁɈƏʰ£ɴ�

ĸȽɐʩʰ��!Ɵ��R�KD�R�L'ȋ0ï;�#���Nev�

A`%ŝǖ�őɂ"�8ʱ 
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Table. 1� fLGI1–4' ORFK��b�L&Ǔ�69�n|At�ʱ 

 

*ʲRACE&
�!ʰ?b�}�L( 70 °Cʰ5QAK~&Ȑ
ʰ68 °Cʰ20QA

K~<Ȼ��ʱ 

 
 
 
 
 
 
 
 
 

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'ĒǘɈƏ&
�8ʰPCR
5+R�KD�R�L&ÔǓ

��n|At�ʱ 

 
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� rx�S�ɈƏ&Ǔ�69� LGIY�hK'?ueɻɹÑ 
 

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/Aʲɑń%� 
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Table. 4� �Ǵ&
�8 LGIl>u}�'?ueɻɹÑ'ǨðŔ 

 

Ǵ 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 
ĸĈ 94.7 92.7 88.5 86.3 

 

N/Aʲɑń%� 
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Table. 5� FSECs
5+O�_��~' fLGI1–4&
�8ʘðȜșů SNPs'?

}~
5+SCeYAn'Ïĵ 

 

 cK�F

[` 
?ue

ɻ 
SIFT  PolyPhen-2 PROVEAN Q�n~

ț(n) 
SCeYAnʟľ ?}~ʟľ 

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
5+O�_��~' fLGI1–4&
�8A�_��ʜĊ'

SNPs
5+ðȜșů SNPs'?}~
5+SCeYAn'Ïĵ 

 
 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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Ǽ 4ǻ 

 

ĥźŔȬǃǡǝŔ!=�=Ǎ&
�8ǛŕʆɱĿ§ðĢ'�2'Nev�A`

ʆɱɈƏ 

 

 

4.1� ɘɉ 

SNP ?�A'Ǣč&57ʰNev�A`ʆɱɈƏ genome-wide association 

study (GWAS) �ìȥ#%7ʰĔ�'Ǜŕ'Ŀ§�ðĢ�9!�8ʱGWAS&

(ʰM�T�O�_��~ǬǶ case control study
5+£ɴ�ĸȽɐʩ

transmission disequilibrium test (TDT) #���ȏɊɈƏŸƬ�ó/9ʰ�96'

ɈƏŸƬ(ʰ‘common disease common variant hypothesis’ #ø)98ʰĔ�'�

ȲǤ%g}?�_�Ǜŕ&ĩ�!Ĭ%�6�}TK#�!Ħ��!
7ʰǛŕ

'ɷ£ğǤŘêŔ&ʆ��!�8#�� ɖ&ċ �!�8ʱM�T�O�_

��~ǬǶ(ʰĔ�'�ȲǤ%Ǜŕ (¬	)ʰȅĮǜʰȏïĘɗǝʰ��!Ĕ

�'ȬĳÁǚŔǛŕ) &
�8ʰǛŕŘêŔɷ£ĝ'ðĢ&Ħ��!
� 

(Visscher et al., 2017)ʱ/�ʰĬ%�#3 1�'Țŕ�!�8ĝ$3#ƈǡǝ'

�ɇ%$'ĥȆQ�n~�ÔǓìȥ%čï&(ɱʁ�ĸȽ linkage disequilibrium 

'£ɴ<ƖÎ�8 TDT�ɵŒìȥ#%8 (Spielman et al., 1993)ʱ 

�àğ&
�!ʰGWAS<ÔǓ��!=�=ʆɱɷ£ĝ'ðĢ'¬#�

!ʰ_}F<ĩɜ#�� GWAS (�/7ʰTDT) &
�!(ʰīÂƞ¥!=�= 

childhood absence epilepsy # GABRB3 (gamma-aminobutyric acid type A receptor 
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beta3 subunit) n�x�Y�ʜĊ&
�8}TK�fn�YAn'ʆɱŔ'ƖÎ 

(Urak et al., 2006) 4ÄȲŔ!=�=ǅŔ��9=n|T generalized epilepsy with 

febrile seizures plus &
�8!=�=ʆɱĿ§'ðĢ (Audenaert et al., 2005) �ū

�698ʱ��!ʰM�T�O�_��~ǬǶ<Ǔ�� GWAS"(ʰĕɄƜ

ʒĄ<ĩɜ#�8!=�=ʆɱĿ§'ƖÎ<ǦǤ#��ǬǶ�Čõ�9!�8 

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

6&(ʰwYɈƏ (International League Against Epilepsy Consortium on Complex 

Epilepsies, 2014) &
�!3ʰǂǀŔ!=�="(Nev�A`&Ɔŗ%ʆɱ(

ɓ269%���3''ʰȇăŔÄȲŔ!=�=&ʆɱ�8k�K<ɓ2!�

8ʱǎàğʜĊ&
�!3|P\_��tb{��Ǌ'ȳŔĥźŔȷʯŔ!=

�= benign familial juvenile epilepsy &
�!ʰ26,578 SNPs<ó1¨ħľ'Ǌ

SNP?�A<Ǔ�!ðȤĩ"�8 22ʝ'Ǌ<ĩɜ#��ðȤ TDT<ģŹ�8

�#"ʰ!=�=ʆɱĿ§<ðĢ�ʰƄȊǤ&äăɷ£ĝ"�8 LGI2 (leucine 

rich repeat LGI family member 2) 'Ēǘ<ðĢ�� (Seppälä et al., 2011)ʱ�6

&ʰp~S?��RCh�`'ǉǡŔ!=�=&
�!ʰ57Ĕ�' SNPs'

SCeYAk�L�ìȥ%ʬħľ SNP ?�A<ÔǓ�8�#"ʰ!=�=ʆɱ

Ŀ§'ðĢ (Seppälä et al., 2012)ʰ�6&(Y�N\_�}R�KD�R�L<

ȋ0ï;�8�#" ADAM23 (ADAM metallopeptidase domain 23) &
�8}T

K�fn�YAn'ðĢ&ȭ�!�8 (Koskinen et al., 2015)ʱ 

Ǎ' 62,897 SNPs'SCeYAn�ìȥ% Illumina Infinium iSelect 63K SNP 

Array (Illumina, San Diego, CA, USA) (��ʰFeline 63K SNP Array) 'Ǣč&5

7ʰǍ&
�!3 SNPt�G�<Ǔ�� GWAS�ìȥ#%7ʰ�9/"&Ĕ
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�'ɷ£ŔǛŕ
5+ɷ£ğǤŅɞ'äăɷ£ĝ'ðĢ�Ȼ;9!
!�8 

(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) ʱ%�"3ʰq~RyǍ'ɲȻŔȒȪȸȗ<ô�8ĕĥȆ&
�!ʰ

Feline 63K SNP Array<Ǔ�!' GWAS
5+ɱʁɈƏ&58ǛŕʆɱĿ§'

ðĢ�Čõ�9!
7 (Alhaddad et al., 2014) ʰĕĥȆ<ô�8 FSEC&
�8

Feline 63K SNP Array'ÔǓ(ʰǍ'ĥźŔ!=�=&ĩ�8ŷ�%ɷ£ğǤǫ

Ƀ<3�6��#��Ŗ�98ʱƊǬǶ"(ʰFeline 63K SNP Array<Ǔ�!ʰ

TDT
5+M�T�O�_��~ǬǶ#��� GWAS<Ȼ��#&57ʰ

FSEC'!=�=ʆɱĿ§'ƖÎ<ɐ0�ʱ 

 

4.2� ƋŴ
5+ŸƬ 

ƊǬǶ(żƊǎàǒùǱğĕğÜǈģʩĜü¢ʰǒù·ǑĜü¢'šɓ (š

ɓǗíʲ28K-4ʰ 29K-4ʰ30K-4ʳǬǶ�ȾȟʲʃɚĲĕɩ) 
5+żƊǎàǒ

ùǱğĕğ�İÜǈàǠV�Y�·ǑĜü¢'šɓ (28-5ʳǬǶ�Ⱦȟʲʃɚ

Ĳĕɩ) <Ō!Ȼ��ʱ/�ƊǬǶ&
�8 Feline 63K SNP Array (Illumina, San 

Diego, CA, USA) '«Ǔ&ʆ�!(ʰMorris Animal Foundation (Denver, CO, 

USA) 57šɓ<Ō!�8 (Grant ID #D17FE-553)ʱ 

 

4.2.1�  Feline 63K SNP Array"'SCeYAk�L&Ǔ��Q�n~'Ŭéʰ


5+�96'ȫļǤǉŏ 
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SNP?�A"'SCeYAk�L'�2ʰïɊ 96ʝ'Ǎ' DNA�Ŭé�

9�ʱ 

48ʝ' DNA(żƊǎàǒùǱğĕğ&! FSECO�b�#�!ȑŪ�9!

�8ʰ�8�(ȑŪ�9!�� FSEC&ǔƍ�8ʳ 39ʝ' FSECsʰ9ʝ'

FSECs'ǡª�ǭɓ�9!�%�ɇǍ�6%8ʱǒĞ�!�8 30ʝ' FSECs


5+ 9ʝ' FSECs'ɇǍ�6 EDTAÄȺ�Ŭé�9ʰ�6&ǒĞ�!�%

� 9ʝ' FSECs' DNAQ�n~#�!ʰ-20 °C/�(-80 °C&!ÌÍ±Ğ�

9!�8 EDTAÄȺ (n = 13)ʰWhatman FTA elute card (GE Healthcare Life 

SciencesʰPittsburghʰPAʰUSA) &!ĤƷ±Ğ�9!�8ȺǞQ�n~ (n = 

3)ʰ
5+-80 °C&!ÌÍ±Ğ�9!�8ƘĬɽ'ƉƔȺãƒȉȤ (PBMC) (n = 

2) <Ǔ��ʱ FSEC'ĥȆĆ( Figure. 1&Ǯ��ʱ 

FSEC'ÙěÜǈ�ǡɃ�9�¾'O�b�ʝų&
�! 8ʝ'Ǎ'ǡª 

(Ĭ%�#3 1Ă'ǡª) �Čõ�9��2ʰ�96'Ⱥƴ<O�b�<ŞƆ�

8ģʩÜǈɹȎƗȟ57ÃŠ��ʱĥȆĆɈƏ57ʰ�96' 8ʝ'�� 5ʝ

( FSEC'ðȩ sibling"�7ʰ1ʝ(âðȤ half sibling "�7ʰ1ʝ( FSEC

'ĝĠ"�7ʰ1ʝ(!=�=ǡª<ô�8ĝĠ<Ū�Ǎ'ðȩ"���ʱ�

96 8ʝ(ģʩÜǈɹȎƗȟO�b�"'ǡªɌʀ (Ĭ%�#3 1Ă��)ʰ


5+ĥȆĆɈƏ&57Æɯ'ǯ¿<Ɔ�8#���#�6ð�ɷ£ğǤȇă<

Ū�#ŮƸ�9��2ʰƊǬǶ&ó269ʰSCeYAn�9�ʱ 

FSEC'Ùěȟ�ǡɃ�9�¾'O�b�&!ȑŪ�9!�8 25ʝ'

EDTAÄȺ(2mL/´©) <ÃŠ��ʱ�96 25ʝ'Ǎ( FSECO�b�#ȓħ"

(%�3''ĺ6�'ȺȖʆ°<ô�!�8ʱ�96 25ʝ&(ǡª'ȌƢ(



! 58!

%���� FSEC'��9'Ǎ57 3ɇǽ�8�(�9��ʕ9!�8#�9

!�8ʱ���%�6ʰ�96Ǎ&ʆ�!'ɒȉ%ȫļǤɏ¯ (�%;�ʰȨ

ƭ
5+MRI) (Ȼ;9!�%�ʱ 

O�b��ē' 48ʝ'�� 15ʝ(ʰFSEC#(ȺȖʆ°�%�Ǎ"�8

�ʰFSEC'ǔƍ#�8ûǴ (�/7ʰ?jRb?�ʰ?w}G��R{�_o

?ʰRyvǍʰ�R?��m~�) �ɶť�9� ʱ�96(żƊǎàǒùǱğ

ĕğ�İÜǈàǠV�Y�&!ʰǉǡŔ!=�=<Ɔ�%�#ŮĢ�9ʰ�9

6�ē'Ǜŕ'�2ƍʊ��ʱ�'Ɩ©Ŭé&ʆ�!(ʰʦ��&ɢŽɖſ<

Ȼ��ŊʰƂʙ&58ðŗ<Ō!�8ʱ 

 

4.2.2�  DNAŦÎ
5+ SNPSCeYAk�L 

DNEasy Kit (QIAGENʰHildenʰGermany) �8�( QIAamp DNA Mini Kit 

(QIAGEN) <Ǔ�!ʰEDTAÄȺ�8�( PBMC�6' DNAŦÎ<Ȼ��ʱ3

ʝ' DNA(ʰWhatman FTA elute card57w�G�Ůę'n�_O~&ŋ�Ŧ

Î�9�ʱ�6&ʰWhatman FTA elute card57ŦÎ�9� DNA(ʰ

NucleoSpin gDNA Clean-up XS (YG|gAFʰƺɝʰżƊ) <Ǔ�!ƽȗ�9ʰ

�6& GenomePlex Complete Whole Genome Amplification (WGA) Kit (Sigma-

AldrichʰSt. LouisʰMOʰUSA) <Ǔ�!ÄNevĐķ�9�ʱDNA'ɞ
5+

ƽľ(ʰ?H��T�N~ʖƨƯÜ&!ɅɆǤ&ɏ¯�9�ʱïɊ 96ʝ'�

-!' DNA( RIKEN GENESIS (Ǝ�ʰżƊ) &!SCeYAn�9�ʱ 

 

4.2.3� SCeYAk�L�^�Y'KF}]@�O�_��~ 
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SCeYAn�9�Ä!' SNPs(ʰR (version 3.3.3ʳR Foundation for Statist

ical ComputingʰViennaʰAustriaʳhttps://www.r-project.org/) <Ǔ�!ʰƄŷ'Ǎ

Nev�?V�m} (Felis_catus_9.0ʳhttps://www.ncbi.nlm.nih.gov/assembly/GCF

_000181335.3) &}t\k�L�9�ʱSCeYAk�LǏ
5+tAa�?�

~ʟľ minor allele frequency (MAF) ( PLINK 1.07 (PLINK; Purcell et al., 2007ʳht

tp://zzz.bwh.harvard.edu/plink/) <Ǔ�!ǿÎ�9�ʱMAF <5%' SNPsʰSCe

YAk�LǏ < 90%ʰ
5+ SNPs' 90%���SCeYAn�9%���´

©(ʰ�'Ŋ'ɈƏ&
�!ȍƐ&ºʍŔ�ºʌŔ<3�6�Ō8�2ʰ�'

Ŋ'ɈƏ�6ʋē�9�ʱɳå'Ǎ 63K SNP?�A&ʆ�8ǬǶ (Gandolfi et a

l., 2018) &ċ 
ʰ10%��'uT�O�~Ǐʰ
5+w�^}?��D|�

'�2ʰïɊ 846' SNPs�ʋē�9�ʱ�6&ʰ5%<ɠ	8w�^}?��

D|�<ô�8 SNPs(ʋē�9ʰƤ7'w�^}?��D|�<ô�8 SNPs

 (<5%) ( 0#ɍĢ�9�ʱ 

 

4.2.4� Nev�A`ʆɱɈƏ (£ɴ�ĸȽɐʩ
5+M�T�O�_��~Ǭ

Ƕ) 

GWAS( PLINK<Ǔ�!ģŹ�9�ʱTDT (Spielman et al., 1993) &��!

(ʰ��-!'Ⱦǐĉ'äă(Æɯ��Ǜŕ?}~<Ɔ�!�8�#��ƙœ

&ċ �! 9ʝ'Țŕ´©<ó1ʰ9_}F<Ǔ�!ģŹ�9�ʱ�6&ʰ

�ȬǡŔǡª<ô�8´©'0�<ó1_}F<Ǔ�� TDTʰ
5+�ÖŀÕ

ƼɔǡŔǡª<ô�8´©'0�<ó1_}F<Ǔ�� TDT<ģŹ��ʱM

�T�O�_��~ǬǶ(ʰ39ʝ'ǡǝ´©
5+ 9ʝ'ʘǡǝ´©&!Ȼ;
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9ʰ�-��ƖĢ permutation test (100,000 t-max) &!ȿƠ�9�ʱT-max 

permuted p-values( Pgenome < 0.05&!Nev�A`&Ɔŗ"�8#�9�ʱ�

6&ʰgenomic inflation factor (λ) �ǿÎ�9ʰQ�n~(ĔƟ¾ĭľƚŜƬ 

multidimensional scaling (MDS) &57ìɅÞ�9�ʱ�6&ʰȬǡŔǡª<ô

�8´©'0<M�T#�!Ǔ��ɈƏʰ
5+ÖŀÕƼɔǡŔǡª<ô�8

´©'0<M�T#�!Ǔ��ɈƏ<ģŹ��ʱMDSn�\_ʰ��! TDT


5+M�T�O�_��~ǬǶ'ȍƐȾǮƬ"�8t�f\Y��n�\_

'ªŜ( R<Ǔ�!ªŜ�9�ʱ 

 

4.3� ȍƐ 

4.3.1� Ƅŷ'ǍNev�?V�m}(Felis_catus_9.0/felCat9),' SNPs'}t\

k�L 

Feline 63K SNP Array &!SCeYAn�ìȥ% SNPs'įć§ș(ʰ2.8X 

Gg��S'ǍNev�?V�m} (GTB V17e / Felis catus 5.8/felCat4ʳMullikin

  et al., 2010ʳhttps://www.ncbi.nlm.nih.gov/assembly/GCA_000003115.1/) <Ǔ�!

ĢȜ�9!�8�2ʰǍ 63K SNP?�A&!SCeYAn�9� SNPs(ʰ20

17Ĺ&Åʄ�9� 72X Gg��S'ǍNev�?V�m} (Felis_catus_9.0/felC

at9) &ċ �!Êɹș�9ʰƊǬǶ'ɈƏ&«Ǔ��ʱ 

 

4.3.2� ĥȆƚɰ
5+KF}]@��O�_��~ 

SCeYAn�9�ïɊ 96ʝ'��ʰFSEC ' 1ʝ'!=�=Ǎ� 90%ƈ

ƹ'SCeYAk�LǏ<ô���2ʰ�9�ʈ'ɈƏ57ʋē��ʱ 2ʝ'
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FSECs(�'ƥɇǍ#'ʬ�w�^}?��D|�'�2ʰĥȆĆ�ɕ�!�

8�#�ſ6�&%��ʱ�96 2ʝ' FSECs
5+��'�ǆɇǍ��ſ"

��� 2ʝ' FSECs"(ʰw�^}?��D|�� 5%ƈƹ#%8´©'ƖȈ

&57ʰ�96'Ơ��ɇǍ'ðĢ<Ȼ�ʰĥȆĆ<³Ơ�� (Figure. 1)ʱ

Feline 63K SNP Array&űɨ�9!�8 62,897 SNPs'SCeYAn�KF}]

@�'ɏ¯Ŋʰ14,520 SNPs( 5%ƈƹ'MAF<ô�ʰ162 SNPs( 90%ƈƹ'

SCeYAk�LǏ<ô��ʱ�'�2ʰ48,273 SNPs�ZB�T_}�vɈ

Ə&ÔǓìȥ"�7ʰƤ7'Q�n~&
�8SCeYAk�LǏ( 99.9%"

���ʱ�6&ʰ¨�SCeYAk�LǏ<ô�8#Čõ�9!�8 846 SNPs 

(Gandolfi et al., 2018) '�� 637 SNPs�ʰKF}]@��O�_��~Ŋ&3

Ğć�!���2ʋē��ʱĥȆƚɰ&
�!ʰw�^}?��D|�� 5% 

<ɠ	� 317 SNPs3ʋē��ʱƄȊǤ&ʰïɊ 47,319 SNPs�ZB�T_}�

vɈƏ&ÔǓìȥ#%7ʰQ�n~'SCeYAk�LǏ( 99%<ɠ	!�

�ʱKF}]@��O�_��~Ŋ&ʰģŹ��MDSn�\_ɈƏ&5�

!ʰFSEC#ɷ£Ǥ&ʆɱ'%�ʰ�� FSEC�ǔƍ#�8ûǴ'ïɊ 15ʝ

(ʰ�'�' 80ʝ#Ʀɧ�8#�ʕ��K|TY�<ŅŜ�!���2 

(Figure 2)ʰʋē��ʱ 

 

4.3.2� £ɴ�ĸȽɐʩ (TDT) 

6ʝ'ɇǍ
5+ 9ʝ'!=�=´©� TDT&ÔǓìȥ"��� (Figure 

3)ʱTDT'ȍƐ(ʰt�f\Y��n�\_&!Ǯ�9� (Figure 4)ʱ�-!'

Ⱦǐĉ�Æɯ��g}?�_&ɟă�8# Ģ��čï"(ʰƑȴ© B3ʜĊ
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&!ʰʆɱ<ɓ2�3''ʰ�-ƃ	ƖĢÖ
5+Ŋ'��9&
�!3Ne

v�A`&Ɔŗ"(%���ʱƆŗ"(%�3''Ƅ3Ń�ʆɱ<ô�8

SNPs(Ƒȴ© B3' 136011741&įć�8 chrB3. 152091605 (Praw = 0.0002, 

Pgenome = 0.6251)ʰ
5+ 120241683&įć�8 chrB3. 132979173 (Praw = 0.0005, 

Pgenome = 0.8766) "���ʱƑȴ© B3&
�8ʰŃ�ʆɱʜĊ(~136.0 �6

136.8 Mb'Ȃą"���ʱðƀ&Ƒȴ© B3'~120.2�6 121.6 Mb 'ʜĊ&3

ʆɱ<ɓ2� (Praw = 0.001, Pgenome = 1)ʱÛ	!ʰƑȴ© B2'ʰ~128.6�6

131.7Mb&
�!3ʆɱ<ɓ2� (Praw = 0.001, Pgenome = 1)ʱTDT&5�!ʆɱ

�ƖÎ�9� SNPs'��ʰ�§ 20 SNPs< Table 1&Ɍɨ��ʱt�f\Y�

n�\_< Figure 4a&�9�9Ǯ��ʱ 

�6&ʰȬǡŔǡª<ô�8´©'0<ó1_}F<Ǔ�� TDT&(ʰ6

ʝ'ɇǍ
5+ 5ʝ'ȬǡŔǡªȚŕ´©�ó/9�ʱÖŀÕƼɔǡŔǡª<

ô�8´©'0<ó1_}F<Ǔ�� TDT&(ʰ5ʝ'ɇǍ
5+ 6ʝ'Öŀ

ÕƼɔǡŔǡªȚŕ´©�ó/9�ʱ�Ɍ' 2�' TDT'ȍƐ< Table 2ʰ

Table 3&Ǯ�ʰt�f\Y�n�\_( Figure 4b, c&�9�9Ǯ��ʱ�'

Ⱦǐĉ<ÏØ��ɈƏ&57ʰȬǡŔǡª<ô�8´©'0<ó1 TDTɈƏ

"(ʰ�-!'_}F<ó=�ɈƏŸƬ'ȍƐ#Ʀɧ�8#ʰŷɄ&Ƒȴ©

D4'~42.3�6 44.6 MbʜĊ&ʆɱ�ɓ269� (Praw = 0.0027, Pgenome = 

0.7516)ʱðƀ&ʰƑȴ© B2'~128.6�6 131.7 MbʜĊ<Æɯ�!Ǯþ�!�

� (Praw = 0.005, Pgenome = 1)ʱ��!ʰÖŀÕƼɔǡŔǡª<ô�8´©'0<

ó1 TDTɈƏ"(ʰ�-!'_}F<ó=�ɈƏŸƬ'ȍƐ#Ʀɧ�8#ʰ

chrB3.152091605 (Ƒȴ© B3' 136011741) �Æɯ�!���ʰŷɄ&Ƒȴ©
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B3ʲ~35.4�6 36.1 MbʜĊ (Praw = 0.0039, Pgenome = 0.7486) ʰ
5+Ƒȴ©

B2ʲ~40.6�6 44.2 MbʜĊ (Praw = 0.0047, Pgenome = 1) <ɓ2� (Table 3)ʱ 

 

4.3.3� M�T�O�_��~ǬǶ 

45ʝ'!=�=´©
5+ 34ʝ'O�_��~�M�T�O�_��~Ǭ

Ƕ&Ǔ�69� (�ɇ(!=�=ǡǝǍ"�8�ʰȷʯƀ&!=�=#ʆɱ'

%�ɂă&57ƣ��� 1ʝ' FSEC(ʰáÏ%Ⱦǐĉ�ƫĢ�9!�%��

2ɈƏ�6ʋē��)ʱƄ3Ɔŗ%ʆɱ<Ǯ� SNP( chrC1. 67320966"�7ʰ

Ƒȴ© C1' 58230528 (Praw = 5.58E-14, Pgenome = 1.00E-05) "���ʱ�'ʒĄ

' genomic inflation factor(ʰλ = 4.5 "���ʱMDS&5�!ʰȚŕ´©#O

�_��~ʅ'ſǣ&ǘ%��Ïĵ�ſ6�#%�� (Figure 5)ʱλ = 1 "�8

čïʰʒĄʎıÞ population stratification �ɓ269�ʰʒĄʎıÞ&57ʆɱ

ɈƏȍƐ(ņʛ�%�#�9!�8 (Wu et al., 2011)ʱGenomic inflation factor<

ƶĬ��8�2ʰMDSn�\_&ċ �!ʰȚŕ´©
5+O�_��~�

ÊɶĢ�9ʰM�T�O�_��~ǬǶ�ÊľģŹ�9�ʱƊɈƏ&( 38ʝ

'Țŕ´©# 9ʝ'O�_��~ (λ = 1) &!ģŹ�9�ʱƑȴ© C1'

48,296,174&§ș�8 chrC1.55996414�ʰƄ3ʬ�ʆɱ<Ǯ�� (Praw = 0.0003, 

Pgenome = 0.8582) (Table 4, Figure 6)ʱ λȿƠŊ'M�T�O�_��~ǬǶ&5

�!ʰƑȴ© A3'~61.4�6 63.1 MbʜĊ&ʆɱ<ɓ2ʰ�6&Ƒȴ© C1'

~53.6�6 55.2 MbʜĊ&ʆɱ<ɓ2�ʱ�6&ʰȬǡŔǡª<ô�8´©<

M�T#�!Ǔ�� 22ʝ'Țŕ´©# 9ʝ'O�_��~ (λ = 1) 'ɈƏ &


�!ʰȾǐĉ<ßÓ�%�M�T�O�_��~ǬǶ&
�!ɓ269�Ƒȴ
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© A3
5+Ƒȴ© C1'ʜĊ<Æɯ�!Ǯþ�� (Table 5)ʱ/�ʰÖŀÕƼɔ

ǡŔǡª<ô�8´©<M�T#�!Ǔ�� 23ʝ'Țŕ´©# 9ʝ'O�_

��~ (λ = 1) 'ɈƏ&
�!(ʰȾǐĉ<ßÓ�%�M�T�O�_��~Ǭ

Ƕ&
�!ɓ269�Ƒȴ© C1#ðƛ'ʜĊ&ʆɱ<ɓ2ʰ�6&Ƒȴ© C1

'~163.2�6 166.0 MbʜĊ&ʆɱ<ɓ2� (Table 6)ʱ 

 

4.3.4� ʆɱʜĊ&Ğć�8ɷ£ĝ 

Öɬ' GWAS (�/7ʰTDT#M�T�O�_��~ǬǶ) &5�!ʰɓ2

69�ʬ�ʆɱʰ
5+�96ʜĊ
5+öɪ&Ğć�ʰ��?e]�R{�

�9!�8ɷ£ĝ< Table 7, 8&�9�9Ɍɨ��ʱTDT&
�8ʰ�-!'

Ⱦǐĉ<ßÓ�%�ɈƏ"(ʰ!=�='µȿɷ£ĝ#�! CALM1 

(calmodulin 1) (Guo et al., 2017)ʰKCNK13 (potassium two pore domain channel 

subfamily K member 13) (Köhling et al., 2016)ʰPSEN1 (presenilin 1) (Larner et al., 

2011) �ʆɱʜĊ�öɪ&Ğć��ʱ�6&ʰȬǡŔǡª'0<ɈƏĩɜ'Ņ

ɞ#��čïʰµȿɷ£ĝ#�! SH3GL2 (SH3 domain containing GRB2 like 2, 

endophilin A1) (Yu et al., 2018)ʰADAMTSL1 (ADAMTS like 1) (Mullen et al., 2013)

<ɓ2ʰÖŀÕƼɔǡŔǡª'0<ɈƏĩɜ'Ņɞ#��čïʰµȿɷ£ĝ#

�! HCN4 (hyperpolarization activated cyclic nucleotide gated potassium channel 4) 

(Becker et al., 2017; Campostrini et al., 2018) <ɓ2�ʱM�T�O�_��~Ǭ

Ƕ"(ʰ��9'hY��'ɈƏ&
�!3Ń�ʆɱ<ɓ2� SNPt�G�ö

ɪ&µȿɷ£ĝ(ɓ269%���ʱ 
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4.4� ȞĨ 

Feline 63K SNP Array'Ǣč&57ʰNev�A`ɈƏ�ìȥ#%7ųĔ�

'Ǎ'ɷ£ŔǛŕ
5+ɷ£ǤŅɞ&ʆ��8g}?�_'ðĢ�ʥɣǤ&ɲ

=�ʱÇ©Ǥ&(ʰCOLQ (collagen like tail subunit of asymmetric 

acetylcholinesterase) uTV�TĒǘ&58Tl@�KT#^s���\KT¿

ĖŔǾǁÚǝµț (Abitbol et al., 2015; Gandolfi et al., 2015)ʰTRPV4 (transient 

receptor potential cation channel subfamily V member 4) uTV�TĒǘ&58TO

]@\Rz�lE�~`'ʪɤʪǘŅŜǝ (Gandolfi et al., 2016a)ʰ CMAH 

(cytidine monophospho-N-acetylneuraminic acid hydroxylase) Ēǘ&58|L`�~

&
�8 ABȺƴĉ (Gandolfi et al., 2016b)ʰKRT71 (keratin 71) 'Tn|AR�

L�g}?�_&58V~G�K��\KT'Ĵ
ƧŅɞ (Gandolfi et al., 

2013b)ʰALX1 (ALX homeobox 1) 'A�l��vƞĘ&58g�u�U'Öʝ

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

V�TĒǘ&58g�u�U'¨G}BvȺŔöƇŔāȢʭǟ (Gandolfi et al., 

2012) %$'ã�ɷ£ŔǛŕ'äă'ðĢ�Čõ�9!
�ʱ�6&ɁʔǛŕ

&ʆ�8ǬǶ#�!(ʰg�t�&
�8Ǎ£ƑŔȩȪƿ&!Ɂų'ʆɱĿ§

<ðĢ��ǬǶ (Golovko et al., 2013) �Čõ�9!�8ʱ�96ǬǶ'.#=$

'ŠƬ(M�T�O�_��~ǬǶ"�8�ʰq~RyǍ'ĥȆ&
�8ɲȻ

ŔȒȪȸȗ'Ŀ§ðĢ&ʆ�8Čõ (Alhaddad et al., 2014) "(ʰM�T�O�

_��~ǬǶʰTDTʰ��!ɱʁɈƏ�Ǔ�69�ʱ�'Ŋ'ÄNevR�K

D�T whole genome sequencing (WGS) &5�! AIPL1 (aryl hydrocarbon receptor 

interacting protein like 1) &
�8a�V�TĒǘ'ðĢ�Čõ�9!�8 



! 66!

(Lyons et al., 2016a)ʱƊǬǶ"(ʰFeline 63K SNP Array"'SCeYAn^�

Y<Ǔ�!ʰʆɱɈƏ"�8 TDT
5+M�T�O�_��~ǬǶ<ģŹ�

8�#"ʰFSEC&
�8!=�='ɷ£Ǥäă�ŘêŔ&ʆ�8ʆɱ'ðĢ

<ɐ0�ʱ 

TDT"(ʰƑȴ© B3'~136.0�6 136.8 Mb'~3 MbʜĊ&
�!ʰƄ3

Ń�ʆɱ<ɓ2�ʱ�96'ʜĊ&
�!ɓ269�ɷ£ĝ'%�"ʰ!=�

=&ʆɱ�8#Ȟ	698ɷ£ĝ#�!ʰG~xSz}� 1<O�`�8 

CALM1 (Guo et al., 2017)ʰG}Bv�[yd~<O�`�8 KCNK13 (Köhling et 

al., 2016 ) �Ğć��ʱ�96'ɷ£ĝ&
�8Ēǘ�ǉĢ'!=�=ǝµț<

ł
ɟ���#(ƈ�Čõ�9!�%�3''ʰ�96'ɷ£ĝ&
�8Ēǘ

� FSEC'!=�=ŘêŔ&ņʛ�!�8ìȥŔ(Ȟ	698ʱ�6&ʰȾǐ

ĉ<ßÓ���"' TDT&
�!ʰNev�A`&Ɔŗ"(%���3'

'ʰȬǡŔǡª<ô�8´©'0ʰ
5+ÖŀÕƼɔǡŔǡª<ô�8´©ț

<ĩɜ#�� TDT&!ʰ�9�9ǌȬ'ʆɱʜĊ<ɓ2��#(ȯ÷Ƶ�ʱ

ǉ&ȬǡŔǡª<ô�8´©<ɈƏ��ʏʰʆɱʜĊ&Ğć�8 SH3GL2�O

�`�8 Endophilin A1(ʰTLEŕȟ'¹ʝȹŷǥɞ
5+ʰq�[��]_

|X�~ɔǡI�`}�L!=�=tBT'Ʊʧ
5+ʐŭ�8¹ʝȹŷǥɞ

&!Ɔŗ&ǡǐ�?\n�Jz��_�!�8�#�Čõ�9!�8 (Yu et al., 

2018)ʱ�6&ʰÖŀÕƼɔǡŔǡª<Ǯ�´©ț<ĩɜ#��ʏʰʆɱʜĊ&

Ğć�8 HCN4&
�8Ēǘ�ɷ£ŔÄȲŔ!=�=&Ħ��!�8ìȥŔ�

Čõ�9!�8 (Becker et al., 2017)ʱ����!ʰ�96Ⱦǐĉ'g}D�R

{�&ǘ%8ŘêŔɷ£ĝ�ʆ��!�8ìȥŔ3ȞŚ�98ʱ 
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M�T�O�_��~ǬǶ&5�!ʰNev�A`&Ɔŗ%Ŀ§�Ļƪ&

ɓ269�� (Table 1)ʰMDSn�\_&5�!ʒĄʎıÞ�ɓ269� (λ = 

4.6)ʱ50K SNPÖŊ'¨ħľ SNP?�A<Ǔ��čïʰʒĄʎıÞ'Ğć�


5+ɁʔǛŕ&ĩ�8 GWAS'ģŹƀ&ʰºʍŔ'ʆɱ�ɓ2698�#�

ǫ69!�8 (Finno et al., 2014)ʱ����!ʰÒƇ'M�T�O�_��~Ǭ

Ƕ&5�!ɓ269�ʆɱ (Table. 2) (ºʍŔ'ìȥŔ�ʬ�ʰλȿƠŊ'ȍƐ 

(Table 3) 'Ÿ�²ʠŔ(ʬ�#Ȟ	698ʱƊɈƏ"(ʰȾǐĉ<ßÓ�%�

čï&ʰƄ3Ń�ʆɱ�ɓ269�Ƒȴ© C1ʲ48296174&§ș�8

chrC1.55996414'ɫʐ&ʰMTLEŕȟ
5+k�G~k�MTLEx^~�|\

_'ơǋĂÖʨȉȤ&
�!ǡǐ'�ɲ�Čõ�9!�8 Disabled 1 (Gong et 

al., 2007) <O�`�8 DAB1 (DAB1, reelin adaptor protein)<ɓ2�3''ʰöɪ

ʜĊ&
�!ʰƊ SNPt�G��ē' SNPt�G�&Ń�ʆɱ(ɓ2%��

��2śǙǤ"�8ʱ  

TDT(ʰɁʔǛŕ&ʆɱ�8Ǜŕɷ£ĝ<įć�8'&ƆǓ%ŠƬ"�

7ʰ ʒĄʎıÞ�Ğć�8čï"3ʰºʍŔ<ƖÎ�8�#%�ɱʁ�ĸȽ&

58ʆɱ<Ī
Î��#�"
8 (Ewens & Spielman., 1995)ʱƊǬǶ�ĩɜ#�

� FSEC&
�8!=�=(ʰTDT&
�!Nev�A`&Ɔŗ%ʆɱ�ɓ2

69%����#�6ʰɁʔǛŕ�Ɂʔ%ɷ£ƛŁ<ô�!�8�#��Ŗ�

9ʰ�6&O�b�È"'ɳ×%ɫɇ�ɹ'�2ʰM�T�O�_��~ǬǶ

&
�!(ʒĄʎıÞ'Ğć�ſ6�#%��ʱ����!ʰƊǻ&
�!

FSEC<ĩɜ&Ȼ�� GWAS"(ʰTDT�ɵÐ%ɈƏŠƬ"�8#Ȟ	6	

8ʱÛ	!ʰƊǬǶ"ÔǓ�� Feline 63K SNP Array (ǐćʰǍ&
�!ÔǓì
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ȥ%ÿ�' SNP?�A) �¨ħľ?�A"�8#���#�ʰɁʔǛŕ'ä

ă�ŘêŔɷ£ĝ&
�!(ʰƖÎÚ'¨�<3�6�!�8�#%$�Ȟ	

698ʱ 

�ŊʰFeline 63K SNP Array&58SCeYAk�L�^�Y<Ǔ�!Ne

v�A`ɱʁɈƏ<Ȼ��#(ʰFSEC&
�8!=�='ɷ£Ǥäă�Řê

Ŕɷ£ĝ�Ğć�8ʜĊ'ǭɓ&ƆǓ"�8�3�9%�ʱ_}F<Ǔ�8�

#" TDT<ģŹ���ʰ FSECO�b�'ĕĥȆ<ĩɜ&ɱʁɈƏ<Ȼ��#

"ʰĬų��ɼɁ�8�ɇ<ó=� TDT573ƖÎÚ'ñ��Ƈŉ�98ʱ

�6&ʰ�9/" GWAS#WGS#'ȋ0ï;�<Ǔ�8�#"ʰĔ�'Ǜŕ

'äăɷ£ĝ'ðĢ�Čõ�9!
7ʰǍ"(ÖÎ'^s���\KT
5+

Tl@�KT'¿ĖŔǾǁÚǝµț (Gandolfi et al., 2015) &
�8 COLQĒǘ


5+ʰq~RyǍ'ɲȻŔȒȪȸȗ&
�8 AIPL1Ēǘ (Alhaddad et al., 

2014; Lyons et al., 2016a) ��'ŠƬ&57ðĢ�9�ʱƊǬǶ"ɓ269�ʆ

ɱʜĊ&Ğć�8ɷ£ĝ&
�8g}?�_'Ɔǁ<ɏ¯�8&(ʰƊǛŕ'

ɁʔŔ<ȞŚ�8#Q�H�R�M�T<Ǔ�!'µȿɷ£ĝ?n��[<Ȼ

�573ʰųʝ' FSEC'WGS<ģŹ�ʰWGS^�Y<Ǔ�!ʆɱʜĊÈ&

Ğć�8g}?�_<ɏ¯�8�#�ƆǓ#Ȟ	6	8ʱ 

 

4.5� īũ 

!! FSECs&
�!ʰFeline 63K SNP Array&58SCeYAk�L�^�
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Table 1. ɥƝäȿ#��� 9_~F<Ǫ�� TDT'"ȇõ�9�ʱʖ
ȇõ�

9� 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 



! 77!

Table 2. ɆǷŘǷ©<î�8³§(0˛�5,�96(ɢ³§<í=� TDT'

"ʱʖ
ȇõ�9� 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't[k�K�9&��� SNP 
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Table 3. ÏłÍǐɳǷŘǷ©<î�8³§(0˛�5,�96(ɢ³§<í=

� TDT'"ʱʖ
ȇõ�9� 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't[k�K�9&��� SNP 
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Table 4.L�T�N�_���ȃȓ (λ = 1) '��" SNPsʱʖ
ȇõ�9�

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. L�T�N�_���ȃȓ (λ = 1) '��"˛ɆǷŘǷ©<î�8³§

(0<í2�ɥƝ 

 
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't[k�K�9&��� SNP 
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Table 6. L�T�N�_���ȃȓ (λ = 1) '��"˛ÏłÍǐɳǷŘǷ©<î

�8³§(0<í2�ɥƝ 

 
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. ɘǤĄ<ÚÊ�&�˛�5,ɘǤĄ'57ɥƝĨɽ³§<ʞÊ��Ĉ

é( TDT'5�"ȇõ�9�ʱʖˉą�5,ðʍ'ęā�8ʟ¡Ę 

 

"=�=ʱʖŘʟ¡Ę')ßȻƂǠ
���9"�8˜All˟��9(ɘǤĄ3

í1˜SS˟ɆǷŘǷ©<ȇ�³§(0<í1˜VSS˟ÏłÍǐɳǷǷ©<ȇ�

³§(0<í1˜ 

ɘǤĄ ƟɌ§ (ßǘʢÇ) ʟ¡Ęë 

ʟ¡ĘR�s

� ʯĖ¥ȶ Ȥ�¥ȶ ßȻƂǠ 

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. ɘǤĄ<ÚÊ�&�˛�5,ɘǤĄ'57ɥƝĨɽ³§<ʞÊ��Ĉ

é(L�T�N�_���ȃȓ'5�"ȇõ�9�ʱʖˉą'ęā�8ʟ¡Ę 

ɘǤ

Ą ƟɌ§ (ßǘʢÇ) ʟ¡Ęë ʟ¡ĘR�s� ʯĖ¥ȶ Ȥ�¥ȶ ßȻƂǠ 

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  

"=�=ʱʖŘʟ¡Ę')ßȻƂǠ
���9"�8˜All˟��9(ɘǤĄ<

ȇ�³§<í1˜SS˟ɆǷŘǷ©<ȇ�³§(0<í1˜VSS˟ÏłÍǐɳǷ

Ƿ©<ȇ�³§(0<í1˜ 
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ȗ 5Ȗ 

 

ĢƉŘɆǗǷǵŘ"=�=ǟ'��8Mev�A`ʖʫɥƝ 

 

 

5.1� ɹɦ 

ʖʫɥƝ linkage analysis)˛Ģȝ'��8ʟ¡t[k�K<äȿ$�8Ȩ

ɧĜǺ?n��Z#�7˛Ģȝ^�X'��8t�G�Ł¥$ɘǤĄ(ƢĿ'

ęā�8ǳś?��$(¿Æʼ(ƧÅ<äȿ$�8˜ʖʫ(ȨɧĜǺůƭ')

ĨƁF[U Logarithm of the odds (LOD) TN?
Ǫ�698˜SNP?�A(Ɛ

à'57˛đʧ( SNPst�G�<Ǫ��Mev�A`ʖʫɥƝ
äȿ$&

7˛Mev�A`ʖʫɥƝ)Ǜ'�'��8ĢƉŘʟ¡Řǳś(Þûʟ¡Ę(

êĞ'Ĥ��"��˜ʖʫɥƝ)˛h}w_~[JʖʫɥƝ (x^��p�T) 

�5,e�h}w_~[JʖʫɥƝ (x^��l~�) <í1˜h}w_~[J

ʖʫɥƝ)˛�Ğ�9�Ňʃx^�
Ʋ��Ĉé˛Ņ�ŉ˅Ó<î�8~TJ

Ł¥(t[k�K'ˀĸ'ŅÓ#�8˜e�h}w_~[JʖʫɥƝ)ĢȝÁ

�8�)êȾʰ#(êȉŘ identical by descent (IBD) <¿Ɩ�8?��(hX�

�<ƧÅ�8ŧƾ#�7˛ƙŧƾ)ʟ¡ƬŃ(ǛĞÙ<Ŕɝ$�&�x^��

l~�(ɥƝƇƾ#�8˜ǟ(ʟ¡Ǵ'��")˛Feline 63K SNP Array<Ǫ�

"q�RyǟĢȝ'��8ʗɕŘȪɄɏȲ(Mev�A`ʖʫɥƝ<ğƈ�8

�$#ʖʫŁ¥(êĞ
&�9 (Alhaddad et al., 2014) ˛�(ō'ğƈ�9�½

MevR�JE�R�K'5�"ʖʫŁ¥Á'ǳśg~?�_#�8 AIPL1 
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(aryl hydrocarbon receptor interacting protein like 1) ĎǱ(êĞ
&�9"�8 

(Lyons et al., 2016a)˜ 

ʖʫɥƝ)˛"=�='��"3ǳśʱʖŁ¥(êĞ'ËǪ�9"��˜

i_(ĢƉŘ·ˊɑ"=�=<ȇ�đĢȝ'��8ËǪ (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) (�'3˛ê�(X

An("=�=<ȇ�ĐƁ(ơĢƉ ( /7˛"=�=<ȷś�"�8ɢ<í

1˛�8�)í/&�˛"=�=ȷś»<Ɩ�8) <Ĩɽ$�8ʖʫɥƝ
ğ

ƈ�9"�8 (Sander et al., 2000; Chioza et al., 2009)˜�6')ʟ¡Ř½ɊŘ"

=�='��"ğƈ�9�˛ʖʫɥƝ(wX?a~RT3ćï�9"�7

(EPICURE Consortium et al., 2012)˛ʟ¡Ř/ĢƉŘ"=�='��"ʖʫ<ȇ�

Ł¥(êĞ'Ľ�Ǫ�69"�8˜�6')˛ʖʫɥƝ'57ɲ269�ʖʫ

Ł¥<Ʊ��R�JE�R�K ( /7˛½MevR�JE�R�K [WGS] �

8�)½EIW�vR�JE�R�K [WES]) '58ȧƞ$ȥ0é;�8�$

#˛ĐƬ&ǖǔ<Ů ĢƉŘǖǔŘ"=�= familial focal epilepsy with variable 

foci (FFEVF) '��8 DEPDC5 (DEP domain containing 5) ĎǱ(êĞ (Ishida et 

al., 2013)˛ĢƉŘď·ɑ"=�= (FLTE) '��8 RELN (Reelin) �5,

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

containing 1) ĎǱ (Dazzo et al., 2015; Dazzo et al., 2018)˛ɋŘţ�ĄĢƉŘuF

J��cT"=�='��8ȵ7ʏ�ʢÇ(Ǳĸ£ʬ (Ishiura et al., 2018) $�

��ĢƉŘ"=�=(ǳśg~?�_(êĞ
ɕ;9"�7˛Ʊ��R�JE
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�R�K
Ɛà��Ǥā'��"3˛ʖʫɥƝ'58ʖʫŁ¥(êĞ)Ʃ2"

ʥɝ� ƖǪ#�8˜ 

ǡÛĜˉą'��")˛p�S?��RDh�`(ǛǷŘ"=�='��

"˛410³(tAJ�P]}A_�t�G�<Ǫ��ʖʫɥƝ
ćï�9"�

7 (Oberbauer et al., 2010)˛ ȇõ�9�Ł¥(	�(� )˛ō(¦ĥŀ SNP

?�A�5,˔ĥŀ SNP?�A<Ǫ��Mev�A`ʱʖɥƝ (Seppälä et al., 

2012; Koskinen et al., 2015) '5�"êĞ�9�"=�=ʱʖŁ¥(ʎʹ'¥ȶ

�"��˜ 

ƙȖ#)˛ȗ 4Ȗ'��" Feline 63K SNP Array<Ǫ�"ŏ69�SDeX

An�^�X<Ǫ�"˛Mev�A`ʖʫɥƝ'57˛ĢƉŘɆǗǷǵŘ"=

�=ǟ (FSEC) Ģȝ'��8"=�=ʱʖŁ¥(ƧÅ
äȿ#�8$�Ğ�˛

ɥƝ<ğƈ��˜ 

 

5.2� ƛƃ�5,Ƈƾ 

ƙȃȓ)ƋƙǡÛǨòȍĜđĜ×ǚğ˒ėô ˛Ǩò¶ǥėô (Ũɲ (Ũ

ɲǰæ˟ 28K-4˛29K-4˛30K-4ˠȃȓ�ɘȼ˟ʬɼĲđʋ) �5,ƋƙǡÛǨ

òȍĜđĜ�İ×ǚÛǶV�X�¶ǥėô (Ũɲ (28-5ˠȃȓ�ɘȼ˟ʬɼ

Ĳđʋ) <ŏ"ɕ;9"�8˜/�ƙȃȓ'��8 Feline 63K SNP Array 

(Illumina, San Diego, CA, USA) (¬Ǫ'ʱ�")˛ȗ 4Ȗ$êƬ'Morris 

Animal Foundation (Denver, CO, USA) 57Ũɲ<ŏ"�8 (Grant ID: #D17FE-

553)˜ 
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5.2.1�  ɥƝĨɽ³§˛DNAŬÅ˛SDeXAk�K˛�5,SDeXAk�

K�^�X(JF~]@�N�_��� 

�."(ɥƝĨɽ³§(Áɫ˛DNAŬÅƇƾ˛�96(SDeXAk�K

Ƈƾ˛�5,ƔƆ(ǟMev�?V�m~ (Felis_catus_9.0ˠhttps://www.ncbi.nl

m.nih.gov/assembly/GCF_000181335.3) -(~t[k�K)˛ȗ 4Ȗ'ɩʊ�9

�ʔ7#�8˜ 

 

5.2.2�  Mev�A`ʖʫɥƝ(�2(^�X�J~�b�K�5,^�X�t

bkz��R|� 

ʖʫ�Ĺɗ (LD) 'Ć!� SNPs(ÐĞ< PLINK 1.07 (PLINK; Purcell et al., 

2007; http://zzz.bwh.harvard.edu/plink/) <Ǫ�"˛50t�G��C@�`B˛5

t�G�� (Rl_˛�5, r2
Ɣđ 0.4$&8C@�`BÁ(t�G�


ŵū�985	ğƈ�˛18,167 SNPs<ɥƝ'Ǫ��˜ 

Lander-Green?�O~Uv (Lander and Green., 1987) <Ǫ�8 Merlin 1.1.2 

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

)˛Ɣđ 25-bit complexity /#(ɥƝ<äȿ$�8�2˛�9/#'đĢȝ'

��"ʖʫɥƝ<ğƈ��ćï$êƬ'(Raza et al., 2013; Oikkonen et al., 

2016)˛FSECĢȝ< 4 (īĢȝ'ÆÑ��˜ 

ʖʫɥƝ'��"˛Ŕɝ$&��^�X�J~�b�K�5,^�X�t

bkz��R|�) R (version 3.3.3ˠR Foundation for Statistical Computing˛

Vienna˛Austriaˠhttps://www.r-project.org/)<Ǫ�"ğƈ��˜ 
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5.2.3�  Mev�A`ʖʫɥƝ 

Merlin<Ǫ�"˛FSEC'��8½"(ɘǤĄ ( /7˛ɆǷŘǷ©˛Ïł

ÍǐɳǷŘǷ©˛�5,ɃƿǱĸ(0) 
¿ˎŘʟ¡ƬŃ (99%�5, 70%(Ǆ

ʓŀ) #�8$ŸĞ�"˛h}w_~[JʖʫɥƝ<ğƈ��˜ǳś?��ˌ

ŀ) 0.01$��˜�9/#'ǟ(ǛǷŘ/ʟ¡Ř"=�=(ˌŀ)ćï�9"

�&��2˛��(ȚÅƇƾ<Ǫ�"ŸĞ��: 1.1–2.1% (�Ɋǟʺü'��8

ǟ("=�=Ƿ©(ǷǨǢ) × 33% (3 (đɟƮ&úːǺȃȓ'��8˛éɧ

233ˊ("=�=ǟ#(˛ǛǷŘ"=�=(ȷśǢ [Barnes et al., 2004; Schriefl 

et al., 2008; Pákozdy et al., 2010]) = 0.36–0.69%˜��
�"˛lDeNk�Ǣ)

0.005'ɪĞ�9�˜ɅľǺɘǤĄ(ƼĞ
ɕ;9"�&�³§)˛�missing 

phenotype	
 $�"Æˏ�8 �affected only	
 ^QA�<Ǫ��˜ ƙ^QA�)

ǳśʱʖ?��<²Ɩ�8ƘǷǵ³§'58ʖʫȧƞ-(ŉ˅<¦���8˜

�6'˛FSEC'��8ʟ¡ƬŃ
ȅĞ�"�&��2˛êƬ'”affected only” 

^QA�<Ǫ�"(e�h}w_~[JʖʫɥƝ (ʔĸ(e�h}w_~[J

ʖʫɥƝ�5,ȷśêȾĨɥƝ) <ğƈ��˜Linear model�5, exponential 

model (Kong and Cox., 1997) (�ȼ<e�h}w_~[JʖʫɥƝ( LODTN

?ȚÅ'Ǫ��˜�6'˛Ƿ©ɘǤĄ�$#Æˏ��ʖʫɥƝ<ğƈ��; (1) 

½"(ɘǤĄ ( /7˛ɆǷŘǷ©˛ÏłÍǐɳǷŘǷ©˛�5,ɃƿǱĸ(

0) <ǳś$��Ĉé˛ (2) ɆǷŘǷ©<î�8³§<ȷś³§$��Ĉé˛ 

(3) ÏłÍǐɳǷŘǷ©<î�8³§<ȷś³§$��Ĉé˜Ƿ©ɘǤĄ�$
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#Æˏ��Ĉé˛ /7(2)�5,(3)'��8h}w_~[JʖʫɥƝ)˛¿ˎ

Řʟ¡ƬŃ (70%�5, 50%(Ǆʓŀ) #�8$�Ğ�"ğƈ��˜ 

ʖʫ) LODTN?
 3.3<��(Ĉé'�ƖŞ�$�˛1.9<ʆ
�Ĉé'

�ȇõ�98 (suggestive linkage)�$�� (Lander and Kruglyak., 1995)˜  

 

5.3   ȧƞ 

Merlin¬Ǫ(�2ÆÑ�9� 4 ( FSECīĢȝ< Figure 1'ȇ��˜ 

 

5.3.1�  h}w_~[JʖʫɥƝ 

½"(ɘǤĄ
ê�(ǳś?~�'ʅû�˛99%(Ǆʓŀ#ɥƝ��Ĉé˛

ƟɌ§ B4( 79.60Mb'��" LODTN? 2.60( suggestive linkage<ɲ2� 

(Figure 2a)˜Ǆʓŀ 70%(ɥƝ'��"3˛ê�șť'Ɣ3˔�k�J<ɲ

2˛Ɔ�&k�J)ɲ2&���˜ 

ɆǷŘǷ©<î�8³§<ȷś³§$�˛70%(Ǆʓŀ#ɥƝ��Ĉé˛Ɵ

Ɍ§ B2( 108.4–119.5 Mb'��" suggestive linkage (LOD = 2.04)˛ƟɌ§ D2

( 5.3–6.9 Mb'��" suggestive linkage (LOD = 2.04)˛ƟɌ§ D4( 29.03–39.7 

Mb'��" suggestive linkage (LOD = 2.05) <ɲ2� (Figure 3a)˜Ǆʓŀ 50%(

ɥƝ'��"3˛ê�șť'Ɣ3˔�k�J<ɲ2˛Ɔ�&k�J)ɲ2&�

��˜ 

ÏłÍǐɳǷŘǷ©<î�8³§<ȷś³§$��Ĉé˛ƟɌ§ B4(

74.26 Mb'��" LODTN? 2.17( suggestive linkage<ɲ2� (Figure 4a)˜
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Ǆʓŀ 50%(ɥƝ'��"3˛ê�șť'Ɣ3˔�k�J<ɲ2˛Ɔ�&k�

J)ɲ2&���˜ 

 

5.3.2�  e�h}w_~[JʖʫɥƝ 

e�h}w_~[JʖʫɥƝ'��"3˛�ʐ(h}w_~[JʖʫɥƝ

$êƬ' 3 (hX��'"ɥƝ
ɕ;9�˜ʔĸ(e�h}w_~[Jʖʫ

ɥƝ nonparametric linkage analysis �5,ȷśêȾĨɥƝ affected sibling pair 

method ( LODTN?<�9�9˛NPL�5, ASP$�"ȇ�˜ 

½"(ɘǤĄ<ǳś$��Ĉé˛ƟɌ§ C1( 78.1 Mbˉą (NPLexp = 2.17, 

ASPexp = 2.00)˛ƟɌ§ C2( 9.1 Mbˉą (NPLexp = 2.42, ASPexp = 2.19)˛�5,

ƟɌ§ D2( 7.2 Mbˉą (ASPexp = 2.26) ' suggestive linkage<ɲ2� (Figure 

2b, c)˜ 

ɆǷŘǷ©<î�8³§<ȷś³§$��Ĉé˛ƟɌ§ B1( 205 Mbˉą 

(NPLexp = 2.15˛ASPexp = 2.08)˛ƟɌ§ B2( 35.9 Mbˉą (NPLexp = 2.21)�5,

108.4 Mbˉą (NPLexp = 2.01)˛ƟɌ§ B3( 140.5–149.4 Mbˉą'��" 

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

2.80) '"˛ƟɌ§ D2( 5.6 Mb (NPLexp = 2.04)  '"˛ƟɌ§ D4( 23.8 Mb 

(ASPexp = 2.44) �5, 39.0 Mb (NPLexp = 2.34) '"˛ƟɌ§ E2( 21.0 Mbˉą 

(ASPexp = 1.96)˛ƟɌ§ F2( 73.6 Mbˉą (NPLexp = 2.22˛ASPexp = 2.27)˛��

"ƟɌ§ X( 3.3 Mb (NPLexp = 2.22˛ASPexp = 2.30) '" suggestive linkage<ɲ

2� (Figure 3b, c)˜ 
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ÏłÍǐɳǷŘǷ©<î�8³§<ȷś³§$��Ĉé˛ƟɌ§ B1(

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

Ɍ§ C2( 9.5 Mb (NPLlinear = 2.07, NPLexp = 2.38, ASPexp = 2.08), �5,ƟɌ§

D1( 110.0 Mbˉą (ASPexp = 2.27) '" suggestive linkage<ɲ2� (Figure 4b, 

c)˜ 

 

5.4   ȻĦ 

ƙȖ#)˛FSECĢȝ'��8ʖʫɥƝ<ğƈ�8�$#˛"=�=$ʖʫ

�8Ł¥(ƧÅ<ɯ0�˜đĢȝ'��8ʟ¡ĜǺɥƝ(Ëǔ$�"˛ǳśʱ

ʖŁ¥�5,g~?�_'��8ĢȝÁŁ¥ă�Ř intrafamilial locus 

homogeneity 
ęā�8$�	Ÿǉ'ɥƝ
Ć!�"�8�$
ű�698 

(Wijsman et al., 2012)˜ FSEC)N�b�$�"ȝȨȩŮ�9"�"�8�2˛

�(ƪŖ
ʝŕ�98$Ȼ
69�˜ƙȃȓ#)ɜƁ( suggestive linkage<ȇ

�Ł¥<ɲ2�
˛�(ȧƞ( 1 (ɥʤ$�"˛ɜƁ(Ł¥
"=�='ʱ

ʖ�"�8$�	�$
ű�698˜i_'��"ɆʮǵTqJ_}vǵ<ȷ

ś�8 6–9��'ǈ8 20(đĢȝ'��8ʖʫɥƝ (Allen-Brady et al., 2010) 

4˛71ë(Ģȝƫţô(	�Ĭ&�$3 33ë
ç˄(ɅľǺɬƅ<â�"�

8Gw���(đĢȝ'��8ʖʫɥƝ (Raza et al., 2013) '��"˛ɜƁ(ʖ

ʫŁ¥
ɲ269"�7˛�96(ťɞ)đĢȝÁ'��"ˌǷ�8�ɩ(ʟ

¡Řǳś
ɜʻǳś#�8�$<ȇõ�"�8˜ɘǤĄ<ÚÊ��ʷ'˛�9

�9(ɘǤĄ�$'Ǟȕ��Ł¥
ɲ269��$)ɉñǅ�˜ƙťɞ)˛�
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96 2 (Ƿ©ɘǤĄ
Ǟȕ��ʟ¡ǺƢĿ'ʅû�"�8äȿŘ<ȇõ�

8˜ 

/�Ê(ɥʤ$�"˛ĢƉÁŁ¥�ă�Ř intrafamilial locus heterogeneity (

ęā(äȿŘ3ű�698˜ʎĺ˛388ë(ĢƉƫţô<í1?�u[Rzđ

Ģȝ'��8áƩŘʸġ(ʟ¡ĜǺɥƝ'57˛đĢȝÁ'��8Ł¥�ă�

Ř<ɲ2��$
ćï�9"�7 (Georgi et al., 2014)˛ʟ¡ĜǺȽƑ
ƸʉǺê

ʃ&đĢȝ'��8ʟ¡Řǳś'��"3˛Ł¥�ă�Ř<ǷǨ��"�8�

$)Ȼš�.�#�7˛FSEC'��"3�(äȿŘ
ęā�8�$)ìĞ#

�&�˜ 

�9/#'i_(ĢƉŘÁ··ˊɑ"=�= (FMTLE) �5, FLTE$��

�ĢƉŘ·ˊɑ"=�='��8ʖʫɥƝ
ćï�9"�8(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'��")ʖʫɥƝ(ȧƞ

'Ć!�"˛ LGI1ĎǱ
êĞ�9 (Kalachikov et al., 2002; Morante-Redolat et al., 

2002)˛�6')ʖʫɥƝ'57ɲ269�Ł¥<WES'57Ŷȡ�8�$

#˛LGI1ĎǱ<î�&� FLTEĢȝ'��8 RELNĎǱ (Dazzo et al., 2015) �

5,MICAL-1ĎǱ (Dazzo et al., 2018) 
êĞ�9"�8˜�6')˛ĢȝÁ'

·ˊɑʅǌ("=�=śȼ<í1 FFEVFĢȝ'��"3êƬ(ʖʫɥƝ�5

,WES(ȥ0é;�'57 DEPDC5ĎǱ
êĞ�9� (Ishida et al., 2013)˜ 

FSEC(�'��8GC�X�h�_#�8 FMTLE'��")˛ʖʫɥƝ'

57ǳśʱʖŁ¥(êĞ
ćï�9"�8 (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) ˜���&
6˛ʖʫɥƝ�5,WES<ȥ0é;��� (ȃȓ#

)˛Ł¥ðʍ'��8"=�=Ƿǵ$�Ɉ��?ueʣȶź<3�6�ĎǱ)

ɲ269� (Fanciulli et al., 2014a)˛Ƙ�' FMTLE'��8ǳśg~?�_)ć

ï�9"�&�˜ �(�2˛ƙǳś(ÞûwGbUv$�"˛Ý�ʟ¡Ę(E

IW�Á(N�^@�K�g~?�_(ęā(0&6�˛MevÂȯţ4~T

Jfn�XAn(ęā
ʱ��"�8äȿŘ3ÜÆȻ
69˛ƙǳś(ʖʫɥ

Ɲō(Ʊ��R�JE�P� next generation sequencer (NGS)<Ǫ��ɥƝ')

WES573WGS<ğƈ��Ƈ
ĕ/��$Ȼ
698˜ 

ȗ 4Ȗ'"ğƈ��Mev�A`ʱʖɥƝ$êƬ'˛ƙȃȓ#) Feline 63K 

SNP Array'58SDeXAn^�X<Ǫ�"ɥƝ�9�˜�(�2˛GWAS

$êƬ'˛¦ĥŀ SNP?�A(¬Ǫ'58˛SDeXAnäȿ& SNPsƁ
Ƹ

ʉǺĬ&��$'58Ìʴ
ęā�8˜���&
6˛Ǥā˛ËǪäȿ&ǟ'

��8 SNP Array)ƙɥƝ#¬Ǫ�� Feline 63K SNP Array��ęā�&��

2˛ƙɥƝ#)ǟ( SNP ?�A'��"ËǪäȿ&ƔđƁ( SNPs<t�G�

$�"Ǫ��˜ 

ƙȖ#) FSEC'��8ʖʫɥƝ<ğƈ�˛ɜƁ(Ł¥'��" suggestive 

linkage<ɲ2�˜�9)˛FSEC'��8˛"=�=Ƿǵ(ɜʻŘ˛�6')

ʟ¡ĜǺ'ɜʻ#�8�$<ȇõ�"�8�3�9&�˜���&
6˛FSEC

'��" suggestive linkage<ȇ��Ł¥'ǳśʱʖg~?�_
ęā�"�8

äȿŘ)ÜÆȻ
6
698˜WGS<ğƈ�8�$#˛ƙȖ#ƧÅ�9�Ł

¥'ęā�8"=�=ʱʖg~?�_<Ƨɨ�8�$
äȿ$Ȼ
698˜ 
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5.5   īŭ 

•! FSECs'��"˛Feline 63K SNP Array'58SDeXAn�^�X<

Ǫ�"Mev�A`ʖʫɥƝ<ğƈ��˜ 

•! h}w_~[J�5,e�h}w_~[JʖʫɥƝ'��"˛ɜƁ(Ł

¥' suggestive linkage<ɲ2�˜ 

•! ɘǤĄÊ'ʖʫɥƝ<ğƈ���$'57˛Ǳ&8Ł¥
 suggestive 

linkage<ȇ�˛FSEC'��8 2 (Ƿ©Ą)Ǳ&8ǳśg~?�_'

ʅû�"�8äȿŘ
ȇõ�9�˜ 

•! ɜƁ(Ł¥
 FSEC("=�=Ƿǵ'ʱʖ�"�8äȿŘ
ȇõ�9˛

ƙťɞ) FSEC'��8"=�=Ƿǵ(ɜʻŘ<ŽŮ�8˜ 
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Figure 1. ʖʫɥƝƏ'ÆÑ�9�īĢȝ˜"=�=Ƿ©
ȅɲ�9"�8³§

)˗ĉ7˛ɃƿǱĸ(0
ȅɲ�9"�8³§)ƄȮ#ȇ�˜Ƿ©Ą)˛ɆǷ

ŘǷ© (ĳ�(˗�) �5,ÏłÍǐɳǷŘǷ© (å�(˗�) #ȇ�"�8˜S

DeXAk�K
&�9�³§)å�(+'"ɩ�"�8˜Ģȝ
Æƅ�9"

�8ʡÆ)ǔȮ'"ȇ�9˛ʥɜ³§)ê�Ɍ(ùɤ#þ/9"�8˜ 
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Figure 2. ��9(Ƿ©Ą�5,ɃƿǱĸ<î�8³§3ȷś³§$��Ĉé(

ʖʫɥƝ˜(a) h}w_~[JʖʫɥƝ˜(b) e�h}w_~[JʖʫɥƝ 

(exponential model)˜(c) ȷśêȾĨɥƝ (exponential model)˜Suggestive linkage

(ʲµ#�8 1.9)ʄȮ#ȇ�9"�8˜ 
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Figure 3. ɆǷŘǷ©<î�8³§<ȷś³§$��Ĉé(ʖʫɥƝ˜(a) h}

w_~[JʖʫɥƝ˜(b) e�h}w_~[JʖʫɥƝ (exponential model)˜(c) 

ȷśêȾĨɥƝ (exponential model)˜Suggestive linkage(ʲµ#�8 1.9)ʄȮ

#ȇ�9"�8˜ 
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Figure 4. ÏłÍǐɳǷŘǷ©<î�8³§<ȷś³§$��Ĉé(ʖʫɥƝ˜

(a) h}w_~[JʖʫɥƝ˜(b) e�h}w_~[JʖʫɥƝ (linear model)˜

(c) e�h}w_~[JʖʫɥƝ (exponential model)˜(d) ȷśêȾĨɥƝ 

(exponential model)˜Suggestive linkage(ʲµ#�8 1.9)ʄȮ#ȇ�9"�

8˜ 



! 99!

ȗ 6Ȗ 

 

ĢƉŘɆǗǷǵŘ"=�=ǟ'��8˛½MevR�JE�T<Ǫ��ǳśʱ

ʖg~?�_(êĞ 

 

 

6.1� ɹɦ 

2003ĺ(i_Mevn�SDJ_(Ȥ��ʳ˛v�?(ƾÎ Moore’s law '

Ŏ	Ň#R�JE�R�KNT_)Ɓĺʰ(ʰ˛�ŝ%�7Ȱ4�'¦��"

��
˛2005ĺ'Ʊ��R�JE�P� next generation sequencer (NGS) 
ǸĈ

���$# DNAʢÇɥɵ(ÒǺ&NT_YC�
Ǩ�˛2010ĺ') NGS<

ËǪ��Millerǵ´ȸ (Ng et al., 2010) 4 Charcot-Marie-ToothǴ (Lupski et al., 

2010) $���ʟ¡Řǳś(Þûʟ¡Ę(êĞ
&�9�˜Ǥā#)ɶ3
½

MevR�JE�T whole genome sequence (WGS) �8�)½EJW�vR�

JE�T whole exome sequence (WES) <ğƈ#�8�p�'/#NT_YC�

�� (À§Ǻ') NGSǸĈÏō)˛½Mev(ʢÇɥɵ' 1,000,000 USD��

�"��(
 2018ĺǤā) 2,000 USDȐŀ#äȿ)˜�(NT_YC�)�Û

Ƕ'n�RS|��w^@T� precision medicine $�	ƪŖ<3�6��˜Ǜ

'ī»ſŗÆʦ'��8 NGS(ËǪ)˛ŎƜ(ÛĜ#)ɬƅ�äȿ#���

¹ĒŘǳś(ƆǨ»(ɬƅ'Đđ&řŚ<3�6�˛ƽǶƇʩ(ƌŗ&ĎƓ$

���ɅľǺA�hJ_<3�6�"�8 (Saunders et al., 2012; Willig et al., 

2015; Mestek-Boukhibar et al., 2018)˜�6')R�JE�R�K�}�XAv˛
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~�`�?}A�w�_˛�5,g~?�_�N�~�K(�."(ʙȐ< 26

Əʰ#ĝʘ#�8�$
ćï�9 (Miller et al., 2015)˛NGS<Ǫ��ǳśg~?

�_(êĞ
ÛĜ+�")ǡÛĜ'Ďˁ<3�6��$)Ǝ6�#�8˜ǡÛ

Ĝ'��"3˛�(ɬƅ'ǴǥĜǺɬƅ
Ŕɝ&b�t�k[JǴ CĄ(ǟ

#˛WGS'58ǨÏ(ƒĞɬƅ
äȿ$&�� (Mauler et al., 2016)˜ 

ǟ'��8WGS(ğƈ'57˛Ïʐ��b�t�k[JǴ CĄ'��8

NPC1 (NPC intracellular cholesterol transporter 1) ĎǱ (Mauler et al., 2016) (�˛^

s���[JT�5,Tl@�JT(¹ĒŘȘǕÓǵ´ȸ'��8 COLQ 

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

2015)˛q�Ryǟ(ʗɕŘȪɄɏȲ'��8 AIPL1 (aryl hydrocarbon receptor 

interacting protein like 1) ĎǱ (Lyons et al., 2016a)˛m~]@[Rz�R|�_o

?(ɆĶºǲŘ~�hČƶǵ´ȸ'��8 FASL (Fas ligand) ĎǱ (Aberdein et 

al., 2016)˛�6'J�?RdN(ʗɕŘȪɄɏȲ'��8 IQCB1 (IQ motif 

containing B1) ĎǱ (Oh et al., 2017) $���ǳś<ń�ʅ��g~?�_
êĞ

�9"�8˜�96)�."˛ǟ'��8ʟ¡Řǳś(ʟ¡ĜǺg~?�_<

WGS'57êĞ�8�2'ɪȕ�9�N�W�R?v#�8 99 Lives Cat 

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

"ɕ;9"�7˛Ĩɽ³§(WGS^�X< 99 Lives Cat Genome Sequencing 

Initiative'ßÔ�"�8�(ǟ(WGS^�X$Ƹʉ�8�$#êĞ�9�˜ 

ƙȃȓ(ǽǺ)˛4ˊ( FSECs'��8WGS<ğƈ�˛99 Lives Cat 

Genome Sequencing Initiative '57ʯǷ�9�ǟ DNAg~?�_�^�Xp�

T'Ǹʪ�9"�8�(�(ǟ(WGS^�X')ęā�&� FSECs'ǞǛ&



! 101!

g~?�_<êĞ�˛�6'ȗ 4Ȗ�5,ȗ 5Ȗ( Feline 63K SNP Array<Ǫ

��ʱʖɥƝ�ʖʫɥƝ'"ȇõ�9�ˉą'ęā�8g~?�_<ƧÅ�˛

FSEC("=�=Ƿǵ'��8ʟ¡?�I]JZy<ɥƎ�8�$#�8˜ 

 

6.2� ƛƃ�5,Ƈƾ 

ƙȃȓ)ƋƙǡÛǨòȍĜđĜ×ǚğ˒ėô �5,Ǩò¶ǥėô (Ũ

ɲ<ŏ"ɕ;9"�8 (Ũɲǰæ˟29K-4˛30K-4ˠȃȓ�ɘȼ˟ʬɼĲđʋ)˜  

 

6.2.1� WGS'Ǫ�69� FSECs(ʞūƇƾ˛ɅľǺǛŒ˛�5, DNAŬÅ 

4ˊ( FSECs
ɅľǺǛŒ�5,ĢȝɥƝ'Ć!�"WGSɥƝ³§$�"

ʞū��˜�(ʞūĆǍ˛(i) WGS'ËǪäȿ&ʃ�5,ʧ<Ɩ�8 DNA(Ë

ǪäȿŘ˛(ii) Ƿ©ˌŀ (�&;�˛Ƿ©ˌŀ(˔�³§$¦�³§)˛(iii) ɔȱ

ʱ°
#�8��ʜ�³§$��˜ƔȤǺ'˛ɆǷǷ©(Ɣ3Ƿ©ˌŀ(˔

�˛ÏłɳǷÍǐǷ©(ˌŀ
¦� 1ˊ (F16IMC)˛ɆǷǷ©(Ɣ3Ƿ©ˌŀ(

˔� 1ˊ (D8040)˛ÏłɳǷǷ©(Ƿ©ˌŀ(˔� 1³§ (K13MMC)˛�5,

ɆǷǷ©�5,ÏłɳǷǷ©(ˌŀ
¦� 1ˊ (D6017) <ʞū��˜�96 4

ˊ(ɅľǺǛŒ) Table 1'ɩʊ��˜WGSǪ( DNAȜɛ(�2˛�96 4

ˊ( FSECs57 6 mL(½ɔ
ˋʿɀ57ŵɔ�9˛lDe���J��r�

v�AW?u�?�N��ƾ'57 DNA
ŬÅ�9�˜DNA(ʃ�5,Ǒŀ

)?H��T�M�ʾƻǁ×'"ɠɡÙ�9˛ɮ¯�9�˜ 

 

6.2.2� ½MevR�JE�T^�X©ţ 
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4ˊ�9�9˛6 µg��( DNA
McDonnell Genome Institute - Washington 

University (St. Louis, MO, USA) -WGS(�2'ʑ69�˜SciClone G3 NGS 

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

Prep Kit (for Illumina) (KAPA Biosystems, Wilmington, MA, USA) <Ǫ�" 450 bp

}Am}~�
©ţ�9�˜Illumina HiSeq X Ten (Illumina) (ƔȤ}Am}~

�(Ǒŀ) qPCR (KAPA Biosystems) '"ƼĞ�9�˜HiSeq X Ten flow cell 

(Illumina) '"˛ȟ 30X Gg��S#�8ȟ 90 Gb( 2x150 bp q?E�`�R

�JE�T^�X
ǩÅ�9�˜ 

 

6.2.3� g~?�_�N�~�K�5,l@�X~�K 

ƙȃȓ'��8 4ˊ(WGS^�XÄǥ)˛99 Lives Cat Genome Sequencing 

Initiative(�ʡ$�"ğƈ�9�˜½"(~�`)˛Burrows-Wheeler Aligner 

(BWA) version 0.7.17 (Li et al., 2009_Bioinformatics) <Ǫ�"ƔƆ(ǟMev?V

�m~#�8 Felis_catus_9.0 (https://www.ncbi.nlm.nih.gov/assembly/GCF_0001813

35.3) 't[k�K�9�˜ʥɜ) Picard tool MarkDuplicates (http://broadinstitute.

github.io/picard/) <Ǫ�"t�J��˜ų¼�ưĔ (Indels) ~?}Aw�_) Ge

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

�"ğƈ��˜g~?�_�N�~�K) gVCFx�`'" GATK Happlotype

Caller<Ǫ�"ɕ��˜4ˊ( FSECs(WGS^�X(l@�X~�K) VarSe

q 2.0.2 (Golden Helix, Bozeman, MT, USA) <Ǫ�"ɕ�˛99 Lives Cat Genome Se

quencing Initiative 'í/98 4ˊ( FSECs <ʵ��éɧ 191ˊ(AEdN(W

GS^�X$Ƹʉ��˜99 Lives Cat Genome Sequencing Initiative'í/98WG
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S^�X)�." IlluminaR�JE�P�'57^�XǩǨ�9˛�96)ƪ

�"ĹăGg�[S 20–30X(3(
í/9"�8˜ 

l@�X~�K)��( 3 (hX��'"ğƈ��; (i) ½"(ɘǤĄ ( 

/7˛ɆǷŘǷ©˛ÏłÍǐɳǷŘǷ©˛�5,ɃƿǱĸ(0) <ǳś$��

Ĉé (¿ʔ(ǳśg~?�_'ʅû�8$�	�Ğ)˛ (ii) ɆǷŘǷ©<î�8

³§<ȷś³§$��Ĉé˛ (iii) ÏłÍǐɳǷŘǷ©<î�8³§<ȷś³§

$��Ĉé˜�6'˛?ueʣȶź<3�6�½"(EIW�ˉą'��8Ď

Ǳ'Ô
"˛ȗ 4Ȗ�5,ȗ 5Ȗ'"êĞ�9�ǳśŁ¥'��8g~?�_ 

(Table 2) (l@�X~�K<ɕ��˜A�_��ˉą<í1ʟ¡ĘˉąÁ(0

&6�˛A�X�SDb[Jˉą'��8�?g~?�_3ƧÅ(Ĩɽ$�

�˜�9�9(ɘǤĄÊ(ɥƝƏ')˛�9�9(ɘǤĄ<Ů ³§'ǛǱǺ

&g~?�_(ƧÅ<ğƈ��˜êƏ'˛FSECs("=�=Ƿǵ'ʱʖ�8g

~?�_)Ʃ2"ȏ&3(#�8$�Ğ�˛191ˊ(N�_���'ęā�&

�g~?�_(ƧÅ<ɕ&��˜�6'˛ĢȝÁ�ă�Ř intrafamilial 

heterogeneity (ęā3Ȼš�˛½"(ɘǤĄ<ê�ǳś$��Ĉé˛�5,Ï

łÍǐɳǷŘǷ©³§(ɥƝƏ')˛�9�9'��"˛3³§�8�) 2³

§
¿ʔ�"rx�8�)o]�#Ɩ�"�8g~?�_(ƧÅ3ɕ��˜?

ueʣȶź<ń�ʅ��ĎǱ
ɲ269�Ĉé')˛PROVEAN 

(http://provean.jcvi.org/index.php)˛SIFT (http://sift.bii.a-star.edu.sg/)˛�5,

PolyPhen-2  (http://genetics.bwh.harvard.edu/pph2/) '5�"�(?ueʣȶź'5

8X�hJƯȿ-(ŉ˅<ɮ¯��˜ 
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6.3     ȧƞ 

4ˊ½"'��"˛��5� 30XGg�[S(WGS^�X
ŏ69�˜ 

 

6.3.1� ½"(ɘǤĄ
¿ʔ(ǳśg~?�_'ʅû�8$�Ğ��ʷ(ɥƝ 

½"(ɘǤĄ
¿ʔ(ǳśg~?�_'ǬƜ�"�7˛� ƙg~?�_

) FSEC'ǛǱǺ&�?g~?�_#�8$�	�Ğ<Ć'ƙɥƝ<ğƈ�

�˜ ʖʫɥƝ�5, TDT'��"ȇõ�9�ƟɌ§Ł¥'��8�?g~?

�_<ƧÅ��˜ʖʫɥƝ�5, TDT'57ȇõ�9�ˉą ( /7˛ƟɌ§

B3˛B4˛C1˛C2˛D2ˠȗ˞Ȗßǘ) (g~?�_�l@�X~�K'5�

"˛ˉąðþ'" FSEC'ǛǱǺ� EIW�ˉą(ĎǱ (ˀêȹ�5,êȹ

ĎǱ<í1) )ɲ269&���˜�6'˛4ˊ
¿ʔ�"Ɩ�8ʟ¡ĘÁ�5

,A�X�SDb[Jˉą'ęā�8�?g~?�_)ęā�&���˜ 

ĢȝÁ�ă�Ř<Ȼš��Ĉé˛4ˊ� 3ˊ#¿ʔ���?g~?�_(Ƨ

Å
&�9 (Table 3)˛�96)½"o]�ĎǱ#���˜�96(�#˛"=

�='ʱʖ�"�8$Ȼ
69�ʟ¡Ę$�" KCNJ6 (potassium voltage-gated 

channel subfamily J member 6)  
ęā��˜ 

 

6.3.2� ɆǷŘǷ©³§<Ĩɽ'l@�X~�K<ğƈ��ʷ(ɥƝ 

ɆǷŘǷ©³§ (F16IMC˛D8040) <N�_���$Ƹʉ��Ĉé'˛ǛǱ

Ǻ&ĎǱ<Ů $�Ğ�"ƙɥƝ<ğƈ��˜ÏłÍǐɳǷŘǷ©(0<ȇ�

³§'ʱ�")˛ǳśg~?�_<Ɩ�"�8äȿŘ3Ȼ
6
8�2˛Iy

~?�$�"ɥƝ<ğƈ��˜ʖʫɥƝ�5, TDT'"˛ȇõ�9�ˉą ( 
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/7˛ƟɌ§ B1˛B2˛B3˛ D1˛D2˛D4˛E2˛F2˛Xˠȗ˞Ȗßǘ) '��8

g~?�_�l@�X~�K'5�"˛ɆǷŘǷ©³§( 2ˊ
¿ʔ�"Ɩ�

8�?g~?�_
ƧÅ�9�˜�96g~?�_#ȺɫˉąÁ'ęā�83

()ęā�&���˜ ɆǷŘǷ©³§( 2ˊ
¿ʔ�"Ɩ��A�_���5

,A�X�SDb[Jˉą(�?g~?�_< Table 4'/$2�˜ɲ269

�ʟ¡Ę$�") 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)  
ęā��˜�(	�˛TRMT44)�œðþƥƿ<¢	ʡÆ"=�=

<î�8ĢƉŘ"=�=ǵ´ȸ familial epilepsy syndrome of Partial Epilepsy with 

Pericentral Spikes (´ɚʟ¡Ę$�"ćï�9"�8 (Leschziner et al., 2011)˜ 

 

6.3.3� ÏłÍǐɳǷŘǷ©<Ĩɽ'l@�X~�K<ğƈ��ʷ(ɥƝ 

ÏłÍǐɳǷŘǷ©³§ (F16IMC˛K13MMC˛D6017) <N�_���$Ƹ

ʉ��Ĉé'ǛǱǺ&ĎǱ<Ů $�Ğ�"ƙɥƝ<ğƈ��˜ɆǷŘǷ©(

0<ȇ�³§'ʱ�")˛ǳśg~?�_<Ɩ�"�8äȿŘ3Ȼ
6
8�

2˛Iy~?�$�"ɥƝ<ğƈ��˜ ʖʫɥƝ�5, TDT'��"˛ȇõ

�9�ˉą ( /7˛ƟɌ§ B1˛B3˛B4˛C2˛D1ˠȗ˞Ȗßǘ) '��8g~

?�_�l@�X~�K'5�"ƧÅ�9�˛FSECs'(0ɲ269�( 191

ˊ(AEdN'ęā�&�g~?�_< Table 5'/$2�˜3ˊ½"
rx$
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�"Ɩ�˛� 191ˊ(N�_���
Ɩ�&�g~?�_)ɲ269&��

�˜3ˊ½"'ɲ269�o]�(EIW�ˉą(ĎǱ$�"˛ƟɌ§ D1ˉ

ą( CHRM1 (cholinergic receptor muscarinic 1)  c.122C>T<ɲ2˛?ueȶź(

Ɩġ�ǉ'��" PROVEAN#) Neutral˛SIFT#) deleterious˛PolyPhen-2#

) Possibly Damaging#���˜�'3ê�ˉąðʍ'" AHNAK  (AHNAK 

nucleoprotein) ʟ¡ĘÁ(ɜƁ(A�_���g~?�_<ɲ2˛�96) 3ˊ

½"'��"o]�ĎǱ#���˜�'ƟɌ§ B1ˉą'��8˛ABLIM2 

(actin binding LIM protein family member 2) �5, TRMT44ʟ¡ĘÁ(A�_�

��g~?�_) 3ˊ½"
rx�8�)o]�$�"²Ɩ�"�7˛�6'

)Iy~?�$�"ɥƝ�9�ɆǷŘǷ©(0<ȇ�³§'��"3o]�$

�"ɲ269�˜�'3˛3ˊ� 2ˊ'��"rx�8�)o]�$�"ɲ2

698�?g~?�_(ƧÅ
&�9 (Table 5) ˛�(�#"=�='ʱʖ�8

$Ȼ
698ʟ¡Ę$�") KCNJ6
ęā��˜ 

 

6.4�    ȻĦ 

NGS(Ɛà'57˛�("=�=ÛǶ'��8 NGS^�X(ËǪ˛�5,

�(ɅľŕǪ)ĺ�ČÔ�"�8˜ Ǜ'˛"=�=Ƀǵ'��"(WES(Ë

Ǫ)ʀǪĨÖƞ��"ɅľǺƖǪŘ(ɣǔ�6ƖǪ$�9"�8 (Palmer et al., 

2018)˜�6'˛640ë(ʟ¡Ř½ɊŘ"=�=˛525ë(ĢƉŘǖǔŘ"=�

=˛�5, 3877ë(N�_���(WES^�X<Ĩɽ$��đɟƮ&L�

T�N�_���ȃȓ'5�"˛ƊȂ("=�=ʟ¡Ę'��8C�_}��

?�g~?�_(êĞ
ćï�9"�8 (Epi4K consortium, 2017)˜�96(ȃ
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ȓ)˛NGS(�6&8Ɛà'57˛"=�=ɬǶ'��8n�RS|��w^

@T�(ǏāǺäȿŘ<ȇõ�"�8˜���&
6˛êƏ'ʟ¡Ř½ɊŘ"

=�=<Ĩɽ$��ÈƗ(WESȃȓ#)ȨɧĜǺ&ƖŞĵ)ŏ69"�6� 

(Heinzen et al., 2012)˛�(ȃȓ)ʟ¡Ř½ɊŘ"=�='��8˔�ʟ¡Ǻ�

ă�Ř<ȇõ��˜�6'Ɣʎ˛�ɢ
"=�=�5,ǙŘ��9=(ƊŋƳ

<Ů�&�ǃˑȄÙ<¢	Á··ˊɑ"=�= mesial temporal lobe epilepsy with 

hippocampal sclerosis (MTLE-HS) śȼ�5,�(�ɢ<Ĩɽ$��˛23ȥ(ĝ

½&_~F<í1WESȃȓ
ćï�9� (Wong et al., 2018)˜�(ȃȓ#)˛

ļ6�( de novog~?�_(êĞ
&�9�3((˛MTLE-HS<ń�ʅ��

ƼĞǺg~?�_)ƧÅ�9&���˜�(�$)MTLE-HS(ƢĿ'ęā�

8ʟ¡ĜǺ?�I]JZy
ɜʻ#�8$�	ɞɥ<ŽŮ�8˜ 

ĢƉŘ·ˊɑ"=�= (FTLE) '��")˛�9/#WES<Ǫ���� 

�(ȃȓ
ćï�9"�8˜ĢƉŘď··ˊɑ"=�= (FLTE) '��8~�

~� RELNĎǱ (Dazzo et al., 2015)˛MICAL-1 ĎǱ (Dazzo et al., 2018) ˛TLEś

ȼ<ĢȝÁ'í1ĐƬ&ǖǔ<Ů ĢƉŘǖǔŘ"=�= familial focal epilepsy 

with variable foci (FFEVF) '��8 DEPDC5ĎǱ (Dibbens et al., 2013; Ishida et 

al., 2013) ˛��"ĢȝÁ' TLEśȼ<í1ļ6�(Ģȝ'��8 NPRL2 

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

subunit)˛�8�) DEPDC5ĎǱ (Ricos et al., 2015) $���WES<ËǪ�"(

ĎǱêĞ
ćï�9"�8˜FMTLE'��")ʖʫɥƝ'Ô
WES<ËǪ�

�ćï
 1ć(0ęā�8
˛ǳś(Þû$&7ŏ8Ⱥɫˉą(ĎǱ)ɲ26

9&��� (Fanciulli et al., 2014a)˜�(ǥǬ$�")˛FMTLE'��8ɅľǺ
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�ă�Ř'Ô
˛ǳśʱʖŘg~?�_(¦Ǆʓŀ˛ /7Ǆʓŀ(ǇĬ�5

,ɘǤŀ(ĵǱ reduced penetrance and variable expression 
ƙǳś'ʱ��8g

~?�_(êĞ<ýʽ'�"�8$3(Ȼ
698˜ 

ƙȃȓ#)˛FSEC'0698½"(ɘǤĄ
¿ʔ(ǳśg~?�_'ǬƜ

�8$�Ğ��Ĉé˛�5, 2 (Ƿ©Ą
�9�9Ǟȕ��ǳśg~?�_

'ǬƜ�8$�Ğ��Ĉé(�Ƈ(äȿŘ<Ȼš�"ɥƝ<ğƈ��˜191ˊ

( FSECs#)&�Ƭ�&ǳś�ɘǤĄ<Ɩ�8AEdN³§(WGS^�X$

Ƹʉ��ʷ˛FSECs'��8�9/#(ʖʫɥƝ�5,ʱʖɥƝ'5�"ȇõ

�9�ˉą'��"˛Ⱥɫˉą'��8 FSEC'{b�J˛� ½"(ɘǤĄ

(ƢĿ'ęā�8$Ȼ
698ĎǱ)ɲ269&���˜�6'˛��9(ɘ

ǤĄ#ɥƝ��Ĉé'��"3˛Ǟȕ��ɘǤĄ$�Ɉ�"ęā�8rxŷé

ĎǱ)ɲ269&���˜���&
6˛ÏłÍǐɳǷŘǷ©<î�8 3ˊ'

��"˛CHRM1 c.122C>T<ɲ2��$)ɉñǅ�˜CHRM1)vTG~�Ř

?VZ�N~�âģ§M1<N�`�˛M1âģ§)đɃǻʃ4ǃˑ$���

ʡ¥'Įā�8�$
Ȃ69"�8˜M1âģ§)�vȁȀ (Velazquez-

Moctezuma et al., 1989)˛ɩŢ (Anagnostaras et al., 2003)˛��"˛"=�=Ƿ© 

(Cruickshank et al., 1994) 'ʱ��"�8�$
Ȃ69"�8˜�9/#�'�

�"˛CHRM1ĎǱ'ʱʖ��"=�=ǵ´ȸ)ćï�9"�&�3((˛ƙ

ĎǱ
ÏłÍǐɳǷŘǷ©'&=6�(Ň#ʱ��"�8äȿŘ)Ȼš�9

8˜�6'˛�œðþƥƿ<¢	ʡÆ"=�=<î�8ĢƉŘ"=�=ǵ´ȸ

'��"´ɚʟ¡Ę$�" TRMT44 (Q8IYL2) 
ćï�9"�8(Leschziner et al., 

2011)˜ɆǷŘǷ©�5,ÏłÍǐɳǷŘǷ©<Ǟȕ�"ɥƝ��Ĉé'˛��
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9(Ĉé'��"3 FSEC'{b�J& TRMT44ʟ¡ĘÁ(A�_���g~

?�_<ɲ2�˜�96)ȺɫˉąÁ(ĎǱ#)&�˛A�_��ˉą(ĎǱ

#�8
˛Ɣʎ#)WGS(Ƿį'¢�˛�(5	&^@�n�A�_���

g~?�_
ǳśǷǵ'ʱʖ�"�8�$
Ʊ�$Ǝ6�'&�"�"�8 

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

Vaz!Drago et al., 2017)˜��
�"˛ƙȃȓ#ɲ269� FSEC'{b�J&A

�_���g~?�_
 FSEC(ǳśǷǨ'ʱʖ�"�8äȿŘ)ÜÆ'Ȼ


698˜  

?�u[Rz (țĀ(èĂ'"ǞɆ(Nuzb]@<Ňţ�"�8`A\ȝ

Ȏƺ) (ĴđĢȝ'ɲ2698áƩŘʸġ'��"˛388ë(Ģȝƫţô'��

"ʖʫɥƝ�5,ʱʖɥƝ<ɕ�˛�6' 50ë'��"WGS<ğƈ��ȃȓ

'5�"˛�$
� (đĢȝ'��"ˌǷ�8ʟ¡Řǳś#��"3˛¿ʔ

�8~TJûĘ(êĞ
#��˛Ł¥ǱʃŘ locus heterogenicity 
ȇ�9�ȃ

ȓ
ęā�8 (Georgi et al., 2014)˜FSEC'��"3˛�$
ê�ɘǤĄÆˏ#

���$�"3˛ê�ĢȝÁ#(Ł¥ǱʃŘ(ęā)Ȼš�98.�#�8˜

KCNJ6(ǔĎǱ)tCT'��8Ƿ©(şâŘ<¦���8�$
ćï�9"

�8
 (Signorini et al., 1997)˛FSEC'��"˛½"(ɘǤĄ<ɥƝ��Ĉé˛

�5,ÏłÍǐɳǷŘǷ©(0<ɥƝ��Ĉé(�9�9'��" 1ˊ<ʵ�

KCNJ6ʟ¡ĘÁ' FSEC'{b�J&A�_���g~?�_<ɲ2�˜ƙg

~?�_
ǳśǷǵ'ʱ��"�8�(�6&8Ƨɨ)Ŕɝ#�83((˛�

(�) FSEC#(Ł¥ǱʃŘ(ęā<ŝʅ��8˜ 
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"=�=<)�2$�8ɜʻʟ¡Řǳś(ʟ¡Ř')˛Đ�(ʟ¡Ę(ī

�&ŉ˅
ʱ��"�8�$
˛�9/#(�'��8đɟƮ&Mev�A`

ʱʖɥƝ'5�"ȇõ�9"��˜ʎĺ˛�9/#'ɜʻǳś(ʟ¡Ř'ʱ�

"( Polygenic$�	ƪŖ (Shi et al., 2016; Weiner et al., 2017) 'Ô
˛Omnigenic

$�	ƪŖ
Ź÷�9� (Boyle et al., 2017)˜�9)N?ʟ¡Ę$ɦ;98ǳś

'Ǿŷʱʖ�"�8ʟ¡Ęȸ#)&�˛�96N?ʟ¡Ę$ê�ȥȴ'ǷǤ�

"�8N?ʟ¡Ęȸ#)&�ðʍʟ¡Ęȸ'5�"©Å�98d[_��JǦ

ċ(ĎÙ'5�"ǳś
Ňţ�9"�8$�	�ɴ#�8˜�( Omnigenic$

�	ƪŖ�6˛ɜʻŘǳś(ǳśʱʖg~?�_)˛Ŕ��3�(ǳś(N?

ʟ¡Ę#�8Ŕɝ)&�$�	�$3Ȼš�98.�#�:	˜ 

�6'˛ƙȃȓ#Ǫ��l@�X~�K�Wl_CD?#�8 VarSeq 2.0.2

)˛SNP�5, indel'(0<ƧÅäȿ#�8�2˛ƫʕĐĄ structural variants 

(SV) 'ʱ�"(Ƨɨ<ɕ�"�&�˜SV)˛ưĔ˛ʥɜ˛Ɔɟų¼ novel 

insertion˛ʒ¥ inversion˛ʈŁ translocation $���Âȯʺ(��6�(XAn

<í1˜DNANk�Ɓ'ŉ˅<�
83()˛Nk�ƁĐĄ copy number 

variants (CNV) $�"Ȃ69"�7˛�9/#(ȃȓ'��"˛CNV (Ǜ'˛ȏ

&őȣưĔ microdeletion [400 kb��˛1%Ƙǋ(ˌŀ]) )ȠûŘ½ɊŘ"=�

=˛ǖǔŘ"=�='��"˛ǳśǷǨ(~TJûĘ$�"ʱ��"�8�$


ćï�9"�8 (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) ˜êƬ'˛FSEC
×ǚx^�$�"(GC�X�h�_

$�8 FMTLEśȼ'��"3˛őȣưĔ(ćï
�9"�8 (Catarino et al., 
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2011) ˜�6')˛ĸƟɌ§ˎŘď··ˊɑ"=�=Ģȝ'��"˛CNVɥƝ

<ğƈ��ȃȓ#)˛êĞ�9���6�( CNVs)ǳśşâŘûĘ$�"ʱ

��"�8�$
ȇõ�9� (Fanciulli et al., 2014b) ˜��
�"˛FSEC'�

�"3˛CNVɥƝ<ğƈ�8�$)ƖǪ#�8$Ȼ
698˜ 

Ô
"˛wZ��R|� methylation ɥƝ4˛ FSEC(Ƿ©ʅĖˉą#�8

ǃˑ4Ŧƣ§$���ȥȴ'��8§ȣȾȔǗĎǱ somatic mutation '58V

G�`�i[_(Ƨɨ
 FSEC'��8ʟ¡?�I]JZy(ǥɥ<57ǅ2

83($&8�:	˜ 

ȧɸ$�"˛ƙȃȓ#) 4ˊ( FSECs'��"˛WGS<ğƈ� 99 Lives 

Cat Genome Sequencing Initiative'Ǹʪ�9"�8 191ˊ(�(ǳś<Ů AE

dN(WGS^�X$Ƹʉ�8�$'57˛FSECs'��8ʟ¡ĜǺ?�I]

JZy(ɥƎ<ɯ0�˜�9/#(ʖʫɥƝ�5, TDT'"ȇõ�9�ɜƁ

(ˉą'��"˛ļ �( FSECs'{b�J&g~?�_<ɲ2�˜FSECs'

��8"=�=ǷǨ(Ǆʓŀ(ǇĬ�5,ɘǤŀ(ĵǱ(ęā(�2˛ʟ¡Ĝ

Ǻ'ɜʻ&?�I]JZy<Ɩ�"�8�$
Ȼš�983((˛�96(ɜ

Ɓ(ˉą'��8g~?�_
˛FSEC'��8ǳśǷǨ(ƢĿ'Ĥ��"�

8äȿŘ
ȇõ�98˜ 

 

6.4�    īŭ 

•! 4ˊ( FSECs'��"˛WGS<ğƈ�˛191ˊ( FSEC#)&�AEd

N(WGS^�X$Ƹʉ��˜ 
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•! �9/#(ʖʫɥƝ4ʱʖɥƝ'"ȇõ�9�ˉą'��"˛�."(

ɘǤĄ(ǳśg~?�_
¿ʔ�8$�Ğ��Ĉé$˛ɆǷŘǷ©�5

,ÏłÍǐɳǷŘǷ©(ǳśg~?�_
Ǟȕ�"�8$�Ğ��Ĉé

$#ɥƝ<ğƈ��˜ 

•! �9�9(ɘǤĄ(ɥƝƏ'��"˛"=�='ʱʖ�8$Ȼ
698

ʟ¡ĘÁ' FSECs'{b�J&ˀêȹȶź�5,A�_���g~?�

_<ɲ2�˜ 

•! ƙȃȓ) FSEC'��8˛"=�=Ƿǵ'ʱ�8ʟ¡ĜǺ?�I]JZ

y(ɜʻŘ<�6'Ņɷ�8$$3'˛�(ǳśʱʖ´ɚg~?�_<

Ǝ6�'��˜ 
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Table 1. WGS<ğƈ�� 4ˊ( FSECs(ɅľǺǛŒ 
 
ǟ³§ ŘÊ ĺ˘ Ƿ©Ƿǵĺ˘ Ƿ©Ą Ƿ©ˌŀ 
F16IMC M 8y4m 0y6m SS / VSS Ʒƕ / /9'ɳǷ�98 
D8040 M 9y2m 0y8m SS Ʒƕ 
K13MMC M 4y8m 0y7m VSS ˌȳ'ɳǷ�98 
D6017 M 8y0m 0y7m VSS /9'ɳǷ�98 

 
M: FT˛y: ĺ˛m: ƕ˘˛SS: ɆǷŘǷ©˛VSS: ÏłÍǐɳǷŘǷ© 
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Table 2. ʖʫɥƝ�5,¡ʛ�Ĺɗɯ˒'"ɲ269�Ł¥ 

 ƟɌ§ ¥ȶ Ƈƾ (LODTN?/�) Pgenomeµ) 
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: ½"(ɘǤĄ<ȷś³§$�"í2�Ĉé˛SS: ɆǷŘǷ©³§(0<ȷ

ś³§$�"í2�Ĉé˛VSS: ÏłÍǐɳǷŘǷ©³§(0<ȷś³§$�"

í2�Ĉé˛TDT: ¡ʛ�Ĺɗɯ˒˛NPL: e�h}w_~[JʖʫɥƝ˛ASP: 



! 115!

ȷśêȾĨɯ˒˛PL: h}w_~[JʖʫɥƝ˛linear: linear model˛exp: 

exponential model˜ 
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Table 3. WGS
ɕ;9� 4ˊ( FSECs(	� 3ˊ'��"˛¿ʔ�"ɲ26

9��?g~?�_ 

 

ƟɌ§: ¥ȶ 
ʟ¡Ę 
R�s� Įā ĎǱ Ȭ?~�Ɓ o]� rx 

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 

 

�ɩ(g~?�_) FSEC#)&�˛�( 191ˊ(AEdN'��"ɲ269

&���˜4ˊ( FSECs'¿ʔ�"ɲ269��?g~?�_)ęā�&��

�˜o]��5,rx(Ç')˛�9�9'��"ɲ269�?~�Ɓ<ȇ

�˜ 
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Table 4. WGS
ɕ;9� 4ˊ( FSECs(	� 2ˊ(ɆǷŘǷ©³§'��

"˛¿ʔ�"ɲ269��?g~?�_ 

 

ƟɌ§: ¥
ȶ 

ʟ¡Ę 
R�s

� Įā ĎǱ 
S
S 

o

]

� 
r

x 

I

y

~

?

� 

o

]

� 
r

x 
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�5,Iy~?�(Ç')˛�9�9ɆǷŘǷ©³§�5,Iy~?�(Ȭ

?~�Ɓ
ȇ�9�˜o]��5,rx(Ç')˛�9�9'��"ɲ269

�?~�Ɓ
ȇ�9�˜ 
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Table 5. WGS
ɕ;9� 4ˊ( FSECs(	� 3ˊ(ÏłÍǐɳǷŘǷ©³§

'��"˛¿ʔ�"ɲ269��?g~?�_ 

 

ƟɌ§: 
¥ȶ 

ʟ¡Ę 
R�s� Įā ĎǱ 

V
SS 

o

]

� 
r

x 

I

y

~

?

� 

o

]

� 
r

x 
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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VSS�5,Iy~?�(Ç')˛�9�9ɆǷŘǷ©³§�5,Iy~?�(

Ȭ?~�Ɓ
ȇ�9�˜o]��5,rx(Ç')˛�9�9'��"ɲ26

9�?~�Ɓ
ȇ�9�˜ 
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ȗ 7Ȗ 

 

Ȭŭ 

 

 

ƙȃȓ)˛2009ĺ'ğ˒ǟȳƶƨȼ(N�b�Á'"Ƿɞ�9˛"=�=

Ƿǵǟ<ʞūǺ'N�b�Ù�8�$#ȅȕ�9�ĢƉŘɆǗǷǵŘ"=�=

ǟ (FSEC) (Kuwabara et al., 2010) '��8˛"=�=Ƿǵ(ƢĿ'ęā�8ÆĘ

ǴŠ<Ǝ6�'�8�$<ǽǺ$��˜FSEC)ɆǷŘ(ʍȱȝǷ©�½ɊŘ

Ƿ©<ȇ�³§˛ÏłÍǐɳǷŘǷ©<ȇ�³§˛�96�Ƈ(Ƿ©Ą<ȇ�

³§˛�5,ɅľǺǷ©(ȅɲ
�9"�&�3((ɃƿǱĸ<ȇ�³§�6

ƫţ�9"�8˜FSEC(ȇ�ɆǷŘʍȱȝǷ©)ǟ'��8�ɊǺ&Ƿ©Ą

<ɘ�"�8��#&� (Pákozdy et al., 2013; Wahle et al., 2014; Stanciu et al., 

2017)˛�(·ˊɑ"=�= (TLE) (PmXAn#�8Á··ˊɑ"=�= 

(MTLE) �5,ǟʍȱȝI�`~�K/GAb�ʣx^�'ˏ¤�"�7 (Kitz et 

al., 2017)˛/�ÏłÍǐɳǷŘǷ©)ʟ¡Ř"=�=x^�#�8 ELtCT


ȇ�Ƿ©ƬŃ'ˏ¤�"�8 (King and LaMotte., 1989) ˜�9/#'˛FSEC

(Ƀƿ (EEG) �5,Ȇƻ¿˕Ǯ¸ƾ (MRI) <Ǫ�"(ɘǤĄ(ǛŒ��
ɕ;

9"�� (Hasegawa et al., 2014; Mizoguchi et al., 2014; Mizoguchi et al., 2017; 

Hamamoto et al., 2017; Hamamoto et al., 2018) ˜�96(ȃȓ'5�"˛FSEC)

ĢƉŘÁ··ˊɑ"=�= (FMTLE) (x^�×ǚ$&7ŏ8�$
ȇõ�9

"�8˜FSEC(ȅȕ�ʳ(Ƿ©ˌŀ(xbX~�K'5�"˛ļ6�(³§
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)ƕ'Ɓú$���˔�Ƿ©ˌŀ<ȇ�3((˛ƪ�" FSEC'��8Ƿ©ˌ

ŀ)ƸʉǺĬ&��$
ÉƎ�"�8˜�6' FSEC�5, FSEC(ʅǌ#�

8ȳƶN�b�(ĢȝÿɥƝ'57˛Ǆʓŀ(ǇĬ$ɘǤĄ(ĵǱ reduced 

penetrance and variable expression 
ɲ269"�8˜ 

�'��"˛MTLE)Ɣ3�ɊǺ&ţ�("=�=Ą#�8
 (Engel J, 

2001)˛�(�'3ǃˑȄÙ (HS) (ƖǕ4Ƿ©ˌŀ&%³��$'g~E�R

|�<î�8ǵ´ȸ#�7˛ɅľǺ�ă�Ř
ęā�8˜ĢƉĄ(MTLE<ȇ

� FMTLE) 1990ĺ��Ɨ'áĘ�5,īĢȝ'��"ćï�9� (Berkovic 

et al., 1994; Berkovic et al., 1996)˜FMTLE)Ģȝ�$'Ƭ�&ʟ¡ƬŃ<ȇ��

$
ȇõ�9"�8
 (Crompton et al., 2010)˛ˎŘʟ¡ƬŃ<ȇ�Ģȝ(ćï

3ɜƁęā�˛�96(Ģȝ'��8ʖʫɥƝ�6˛ļ �(ǳśŁ¥
ćï

�9"�8 (Hedera et al., 2007; Chahine et al., 2013; Fanciulli et al., 2014a)˜Ô


"˛FMTLE)ƪ�"ǳśȦʙ
ɋŘ (Ƿ©ˌŀ
Ĭ&�) #�8�$
ćï�

9"�7 (Striano  et al., 2008; Gambardella et al., 2009)˛�(ǔ3 FSEC$ˏ¤�

8ǔ#�8˜�9/# FMTLE(ǷǨˌŀ)�Ǝ#���
˛ʎĺ(ȃȓ'5

7˛FMTLE)�ɊǺ&ʟ¡Řǵ´ȸ#�8�$
Ǝ6�$&�� (Perucca et 

al., 2017)˜ 

 

ȗ 2Ȗ#)˛FSEC(ǴǥĜǺǛŒ��<ǽǺ'˛Ƿ©ʅĖˉą#�8ǃ

ˑ�Ŧƣ§(ȊȦǴǥĜǺɮ¯<ğƈ��˜�9'57˛N�_���ȸ$Ƹ

ʉ�" FSECs(ǃˑ CA3�ˉą�5,Ŧƣ§�œơˉą'��8K~F�R

T<¢;&�ȊȦȣȾƁ(ǇĬ<ɲ2�˜�(MTLEśȼ'��"˛ȊȦȣȾ



! 125!

ɂɐ$�9'¢	K~F�RT'5�"Ğȹ�98 HS<î�8�$
Ľ�Ȃ

69"�7˛HS(ƖǕ)MTLE(ɘǤĄ$�"ʥɝ&ˇǽ(� #�8˜

FSECs#)ȊȦȣȾƁ(ǇĬ<ɲ2�3((˛«Ƿ�8K~F�RT)ɲ26

9&���˜�(�2˛FSECs(ǃˑ CA3�ˉą�5,Ŧƣ§�œơˉą'

��8ȊȦȣȾƁ(ǇĬ)˛FSECs
Ƿǵ�8Ƿ©'57ōĒǺ'ɂɐ��3

(#)&�˛¹ĒŘ'�96ˉą'��8ȊȦȣȾƁ
Ĭ&��$
ȇõ�9

�˜êƏ'ĬƁ#)�83((˛"=�=Ƿ©(ƊŋƳ
ȅɲ�9"�&�Ƿ

©Ƿǵ³§(ɢǟ'��"3êƬ(ťɞ
ɲ269˛ƙťɞ) FSECN�b�

'��8 endophenotype#�8äȿŘ
ȇõ�9�˜�Ƈ#˛ǃˑ CA4�ˉą

'��")˛"=�=Ƿ©Ƿǵ³§'��"(0˛ȊȦȣȾ(ɂɐ<¢;&�

K~F�RT
ɲ269�˜�9)ĀʷŪ"=�=ʖǼ (ILAE) 
Ź÷�8 HS

(ĀʷN�V�PTÆˏ (Blümcke et al., 2013) '��8˛�no hippocampal 

sclerosis, gliosis only (no-HS) 	
 'ǿņ�8$Ȼ
698˜"=�=Ƿǵ³§(0

'��"ɲ269�ƙťɞ)˛ǃˑ CA4ˉą'��8K~F�RT(Ňţ$"

=�=Ƿǵ$(ʰ'&=6�(ʱʖ
ęā�"�8�$
Ȼ
698˜FSEC

'��8ȊȦǴǥĜǺȃȓ'57˛FSECs(ǃˑ�Ŧƣ§'��8Ɔ�'Ǵǥ

ĜǺǛŒ��
ɕ;9˛Ǜ'�96(�ˉą'��8ȊȦȣȾƁ(ǇĬ)

FSECs'��8ǞǛ&ťɞ#���˜�6'˛�96(ťɞ'ʱʖ�8ʟ¡Ĝ

ǺǴû
 FSEC(ʟ¡Ř"=�='Ĥ��"�8äȿŘ3Ȼš�9�˜ 

 

ȗ 3Ȗ#) FSEC'��8˛"=�=Ƿǵ(ƢĿ'ęā�8ʟ¡ĜǺǴû<

Ŷȡ�8.�´ɚʟ¡Ę?n��Z<ğƈ��˜Leucine-rich glioma-inactivated 
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(LGI) protein family (LGI1–4) )˛ɁƦ×ǚ'��8RanT¡ʛ4˓˂Ňţ$

���ȊȦȝ(Ƿʛ�5,Ưȿ'ʱ�"ʥɝ&ŊÑ<Ů�"�8˜&�#3

LGI1)i_( TLE(PmXAn(˝ #�8ĢƉŘď··ˊɑ"=�= 

(FLTE) (Þûʟ¡Ę$�"ćï�9"�8 (Kalachikov et al., 2002; Monrante-

Redolat et al., 2002)˜/�˛ǡÛĜˉą'��"ʍȱȝǷ©<î�8 feline 

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

al., 2013; Pákozdy et al., 2014) �5,ǟǃˑčƴǵ feline hippocampal necrosis(

	�(ļ6�(ǵ­'��"˛ʾ¥®ęŘG~CvZyd�/LGI1ɜé§'Ĩ

�8Ū§¯(�ƍ
ćï�9"�8 (Pákozdy et al., 2013)˜�6')˛}O[

_��tb|��ǜ(ɋŘĢƉŘɍ˘Ř"=�=(Þû$�" LGI2ĎǱ
ć

ï�9"�7 (Seppälä et al., 2011)˛/��(ɋŘĢƉŘī»��9=�5,ī

»ư£"=�=(şâŘʟ¡Ę$�" LGI4
ʱ��"�8äȿŘ3ćï�9

"�8 (Gu et al., 2004; Ishii et al., 2010)˜�96(�$�6˛FSEC("=�=

Ƿǵ(ʟ¡ĜǺƢĿ' LGIX�hJl>u~�(Ưȿ�½
ʱ��"�8$�

	�ɴ
Ź÷�9 (Pákozdy et al., 2015)˛ƙȃȓ)�(�ɴƧɭ<ǽǺ$�"ɕ

;9�˜ǟ( LGI1–4(J��b�K�5,R�JE�R�K<ğƈ��˜�

(ō(ĎǱɥƝ'��"˛LGIʟ¡Ęl>u~�'��"��6�(ˀêȹȶ

ź<ɲ2�
˛�96) FSECs("=�=Ƿǵ'ʱ��83(#)&���˜

ƙȃȓ'57˛FSEC("=�=Ƿǵ) LGIʟ¡Ęl>u~�(ȺɫˉąÁ(

Ý�(uTV�TĎǱ$)ʱʖ�&��$
ȇ�9�˜�(ȧƞ�6˛FSEC

'��"ɲ2698"=�=Ƿǵ'ʱ��"�8g~?�_(êĞ')˛ʱʖ
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ɥƝ˛ʖʫɥƝ˛�6')Ʊ��R�JE�R�K<ËǪ��ØŭǺ&Mev

�A`ɥƝ
Ŕɝ#�8�$
ȇõ�9�˜ 

 

�ĊĆĐĄ (SNP) ?�A(ʯǷ�Ɛà'5�"˛�(0&6�ǩƨ×ǚ4

ǜ'��"˛Mev�A`ʱʖɥƝ˙GWAS˚(ğƈ
äȿ$&7˛GWAS)

Đ�(�ɊǺ&ǳś4Ňʃ(Þûʟ¡Ę4ʱʖŁ¥(êĞ'ɿǠ�"��˜ȗ

4Ȗ#)ǟ( SNP ?�A (Feline 63K SNP Array) '58SDeXAn^�X<Ë

Ǫ�� GWAS<ğƈ�8�$#˛FSEC(ƢĿ'ęā�8"=�=ʱʖŁ¥(

ƧÅ<ɯ0�˜¡ʛ�Ĺɗɯ˒ (TDT) �5,L�T�N�_���ɯ˒�6&

8 2ȑˏ( GWAS<ɕ��˜�."(ɘǤĄ
¿ʔ(ǳśg~?�_'ʅû

�8$�Ğ��Ĉé˛��"�9�9(Ƿ©Ą˙ɆǷŘǷ©$ÏłÍǐɳǷŘ

Ƿ©˚
Ǟȕ��ǳśg~?�_'ʅû�8$�Ğ��Ĉé(ɧ 3ʔ7(hX

��#ɥƝ��˜~l>��TMev?V�m~$�" 2017ĺ'¾ʯ�9�

72X Gg��S( Felis_catus_9.0<Ǫ��˜TDT#)˛�."(ɘǤĄ<î�

8³§<ȷś³§$��Ĉé#ƟɌ§ B3( 136011741˛ɆǷŘǷ©<î�8

³§<ȷś³§$��Ĉé#ƟɌ§ D4( 42346601˛ÏłÍǐɳǷŘǷ©<î

�8³§<ȷś³§$��Ĉé#ƟɌ§ B3( 42062975'��"è�Ɣ3˔�

ʱʖ<ɲ2�
˛Mev�A`'ƖŞ#)&���˜L�T�N�_���ɯ

˒#)˛ʺüƫıÙ
ęā���2˛ɥƝ³§<Ìʴ�8�$#ʺüƫıÙ


ęā�&�$Ȼ
698ǝŠ#ğƈ��˜ɲ269�Ɣ3˔�ʱʖ)˛êƬ(

ˈ#˛ƟɌ§ C1( 48296174˛ƟɌ§ A2( 133525162˛ƟɌ§ A2(
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122572639'��"ɲ269�
˛��9'��"3Mev�A`'ƖŞ#)

&���˜ 

�9/#( Feline 63K SNP Array<Ǫ��ȃȓ'��"3˛Ý�ʟ¡Řǳś

#���Ĉé)˛TDT$L�T�N�_���ɯ˒(��9'��"3�9�

9ʎʹʡ¥
Įā�9"�8 (Alhaddad et al., 2014)˜ƙȃȓ(L�T�N�_

���ɯ˒'��")˛ʺüʶıÙ
ˎɒ#����2˛ɥƝ³§Ɓ(Ìʴ<

�&�9*&6&���˜ TDT)˛ɜʻǳś'��"ʱʖŁ¥(ĮāÙ'Ɩ

Ǫ$�9"�8
 (Ewens & Spielman., 1995)˛FSECN�b�Á'��8ʎɢ�

ʢ'58ɢǟ(ʥɜ4˛Ǥāǟ'��")¦ĥŀ SNP?�A(0
ËǪäȿ&

�$&%'57˛ƧÅÓ'ʴǯ
Ǩ��$Ȼ
698˜Mev�A`'ƖŞ&

ʱʖ)��9(ɥƝ'��"3ɲ269&���3((˛�96Ł¥ʎʍ'ǳ

śʱʖg~?�_
ęā�8�$)ÜÆȻš�98.�#�8˜ 

 

 

ȗ 5Ȗ#)˛ÏȖ'" Feline 63K SNP Array<Ǫ�"ŏ69�SDeXAn

^�X<Ǫ�"˛Mev�A`ʖʫɥƝ<ğƈ��˜h}w_~[J�5,e

�h}w_~[JɥƝ<ğƈ�˛�6'e�h}w_~[JɥƝ#) linear 

model�5, exponential model( 2 (ƧĞƇƾ<Ǫ��˜ȗ 4Ȗ$êƬ'˛

�."(ɘǤĄ
¿ʔ��ǳśg~?�_'ʅû�8$�Ğ��Ĉé$˛�9

�9(Ƿ©Ą
Ǟȕ��ǳśg~?�_'ʅû�8$�Ğ��Ĉé(ɧ 3ʔ7

(hX��
ɥƝ�9�˜ʖʫɥƝ'5�"˛ƖŞ&ʖʫ)��9(ɥƝ'�

�"3ɲ269&���
˛ʖʫ
ȇõ�98ɜƁ(Ł¥<ɲ2�˜�."(
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ɘǤĄ<Ɩ�8³§<ȷś³§$�"ɥƝ��Ĉé')ƟɌ§ B4 (79.6 Mb)˛

C1 (78.1 Mb)˛C2 (9.1 Mb)˛D2 (7.2 Mb)'��" suggestive  linkage<ɲ2˛Ɇ

ǷŘǷ©(Ňʃ<ɥƝ��Ĉé#)ƟɌ§ 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)'˛ÏłÍǐɳǷŘǷ©(Ňʃ<ɥƝ��Ĉé˛ƟɌ§ B1 (203.8 Mb)˛B3 

(35.6, 65.4 Mb)˛B4 (74.3 Mb)˛C2 (9.5 Mb)˛D1 (109.3 Mb)'˛�9�9

suggestive  linkage<ɲ2�˜ 

ĢƉŘ'ǷǨ�8ɜʻǳś<Ĩɽ$��ʖʫɥƝ'��"3˛ƙȃȓ#ɲ

269�5	&ɜƁ(Ł¥'ʖʫ˛�8�) suggestive  linkage
ɲ2698�

$)ǣ��&� (Allen-Brady et al., 2010; Arcos-Burgos et al., 2004; Georgi et al., 

2014; Guo et al., 2017)˛ƙɥƝ'��8ȧƞ) FSEC'��8ǳśǷǨ(ɜʻŘ

<ŽŮ�83(#�8˜êƏ'˛�(ȧƞ)�96Ł¥ðʍ'ǳśg~?�_


ęā�8äȿŘ<ȇõ�83(#3�8˜�6'˛Ǟȕ��ɘǤĄ�$'ɥ

Ɲ��ʷ'˛Ǳ&8Ł¥
ɲ269��$)ɉñǅ�˛Ǳ&8Ł¥
�9�9

(Ƿ©Ƿǵ'ʱ��"�8äȿŘ
Ȼ
698˜ 

 

ȗ 6Ȗ#)˛�9/#'ÜÆ'ɘǤĄ(ǛŒ��
�9� 4ˊ( FSECs (2

 (Ƿ©Ą<î�8 1³§˛1 (Ƿ©Ą<î�8 3³§) '��"½MevR

�JE�T (WGS) <ğƈ�˛ȗ 4Ȗ�5,ȗ 5Ȗ'"ğƈ�9� TDT�5,

ʖʫɥƝ'5�"ȇõ�9�ˉą' �"˛WGS^�X<Ǫ�"ǳśg~?

�_(ƧÅ<ɯ0�˜/�˛�96 4ˊ( FSECs(ɘǤĄ'Ĩŕ�8Ň#˛�
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9�9(ɰņˉą'ęā�8g~?�_(ƧÅ
ɕ;9�˜ƙɥƝ'��8N

�_���$�" 99 Lives Cat Genome Sequencing Initiative'Ǹʪ�9"�8

191ˊ(ǟ(WGS^�X
Ǫ�69�˜FSECs(0'ęā�8ǛǱǺ&g~

?�_
ǳśǷǨ'Ņ�ʱʖ�"�8$�	�ɴ<3$'˛g~?�_(ƧÅ


ğƈ�9�˜�."(ɘǤĄ(Ňţ'¿ʔ(g~?�_
ƢĿ'ęā�8$

�Ğ��Ĉé'ȇõ�9�ˉą'��"˛ 4ˊ�."'¿ʔ�"ęā�8g~

?�_)ɲ269&���˜���&
6˛Ǟȕ��Ƿ©Ą'"ȇõ�9�ˉ

ą<ɥƝ��Ĉé˛ɆǷŘǷ©�5,ÏłÍǐɳǷǷ©(��9'��"3

TRMT44 (tRNA methyltransferase 44) ' 3 (o]��8�)rx(A�_�

��g~?�_<ƧÅ��˜�6'˛ÏłÍǐɳǷŘǷ©³§'��")˛3

ˊ�."'o]�( CHRM1 (cholinergic receptor muscarinic 1)  (uTV�TĎ

Ǳ (c.122C>T) <ɲ2�˜�6'˛ĢȝÁ�ă�Ř<Ȼš��$�:˛KCNJ6 

(potassium voltage-gated channel subfamily J member 6) '��8o]�(A�_�

��g~?�_< 4ˊ� 3ˊ (ÏłÍǐɳǷŘǷ©³§ 3ˊ� 2ˊ) '"ɲ2

�˜ 

ƙȃȓ#) 4ˊ( FSECs(WGS<ğƈ��3((˛�."(³§'¿ʔ

�"ęā�˛?ueʣȶź<3�6�rxĎǱ)ɲ269�˛FSEC'��8

"=�=Ƿǵ(ɜʻŘ<ȇ�ȧƞ$&��˜���&
6˛�9�9(ɥƝƇ

ƾ'��"˛ TRMT44˛ CHRM1˛ KCNJ6 $���"=�='ʱʖ�8$Ȼ


698ʟ¡Ę# FSEC'ǛǱǺ&A�_���g~?�_<ɲ269��$)

ɉñǅ�˜ǳśǷǨ'��8A�_���g~?�_(ʥɝŘ)ʎĺ'&�"
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ǀǽ�9Ė2"�7 (Reviewed in Vaz!Drago et al., 2017)˛�96
¨6�(Ň#

FSEC("=�=Ƿǵ'ʱ��"�8äȿŘ)ìĞ#�&�˜ 

 

ƙȃȓ#)˛ǟ'��"ö�(ʟ¡Ř"=�=
Ņ�ȇõ�9˛� �9

/#(ʾƻǨǥĜǺ�Ǯ¸ĜǺȃȓ'57i_( FMTLEx^�$&7ŏ8�

$
ȇõ�9"�8 FSEC("=�=Ƿǵ'ʱ�8ʟ¡ĜǺ?�I]JZy<

Ǝ6�'�.�˛ǴǥĜǺ�ÆĘǨǚĜǺɥƝ<ğƈ��˜�'��"3˛

FMTLE(ǳśŁ¥)ȇõ�9"�83((˛ǛĞ(Þûʟ¡ĘêĞ')ɇ�

"�6�˛FMTLE(ʟ¡ĜǺɥƝ)ýʽ<Ʃ2"�8˜ 

/�˛i_'��"ĢƉŘ#)&�ěǷ­("=�='��"3Đ�(L

�T�N�_���ɯ˒
ɕ;9"�"�8
 (Kasperaviciūte et al., 2010; 

EPICURE, 2012; Guo et al., 2012)˛Ɣʎɕ;9�wXɥƝ#)˛ȠûŘ½ɊŘ"

=�='��"Ý�(RKa�<ɲ2�3((˛ǖǔŘ"=�=#)Mev�

A`'ƖŞ&ȧƞ)ɲ269"�&� (International League Against Epilepsy 

Consortium on Complex Epilepsies, 2014)˜�(5	'đɟƮ^�X<Ǫ��ɥƝ

'��"3˛�ɊǺ&"=�='��8“Ĕ;9�ʟ¡Ř missing heritability”(

ęā
øˍ$&�"�8˜�6'˛ƸʉǺđĐƁ(ȠûŘ"=�=śȼ'��

"˛½EIW�vR�JE�R�K<ğƈ��ȃȓ (Heinzen et al., 2012) #)˛

Ņ�ŉ˅<3�6�ÝǞ(�?�g~?�_(êĞ<ɕ	�$
#��˛ƙǳ

ś'��8Ý�g~?�_(ŉ˅)Ĭ&��$
ȇõ�9"�8˜�6')˛

ʎĺ˛Ɔ�'Ź÷�9� Omnigenic$�	ƪŖ (Boyle et al., 2017) '57˛ǳś

ǷǨ(�6&8ɜʻŘ
ȇõ�9"�8˜êƏ'˛"=�=Ƿǵ'��"Nk
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�ƁĐĄ (CNV)(ʱ�
Ȃ69"�7˛FMTLE'��"3˛ǳśǷǨ'ʱ�

�"�8�$
ȇõ�9"�8�2 (Fanciulli et al., 2014b)˛�ō�6' CNVɥ

Ɲ<ğƈ�8�$)ƖǪ$Ȼ
698˜ 

FSEC'��"3˛ƙȃȓ�6ɜƁ(Ł¥
ɲ269��2˛�'��8�

ɊǺ&"=�=$êƬ'˛ĐƁ(ī�&ŉ˅<Ů g~?�_
ȧƞǺ'"=

�=Ƿǵ'ʱ��"�8$�	äȿŘ
Ȼ
698˜êƏ'˛ƙȃȓ(ğƈƏ

ǔ#ËǪäȿ#��� Feline 63K SNP Array)˛¦ĥŀ( SNP?�A#�7˛

�ōǟ'��"3˔ĥŀ SNP?�A
ʯǷ�98�$'57˛57ɱȣ&

GWAS�5,ʖʫɥƝ
äȿ$&8�$
ƗŌ�98˜ 

ƙȃȓ) FSEC("=�=Ƿǵ'��8ÆĘǴŠĜǺƢĿ<ǥɥ�8�2(

ƙʃǺɝȠ<í13(#�7˛"=�=Ƿǵ'ʱ��8#�:	Ł¥�5,�

96ˉą'��8´ɚʟ¡Ę(ƧÅ<ɕ��˜ǟ'��8ʟ¡ĜǺɥƝ)˛

Feline 63K SNP Array�5,WGS
ËǪäȿ$&���$#˛ǟ'��8Đ�

(ʟ¡Řǳś�Ňʃ(Þûʟ¡Ę(êĞ
ɕ;9"��
˛�96)�."Ý

�Řǳś#�7˛Ƙ�'ɜʻǳś(ǳśʱʖg~?�_(ƧÅ)ţ�ʘ�69

"�&�˜ƙȃȓȧƞ)˛ǟ("=�=�5,�( FMTLE<Ė2$�8"=

�=ǵ´ȸ'��8"=�=ǷǨ(ǨǚĜǺȦʇ<ɥƎ�8�2(�Õ$&8

�$
ƗŌ�98˜�6'˛ Feline 63K SNP Array�5,WGS<Ǫ��ǟ'�

�8ɜʻǳś-(?n��Z<ɕ���­$�"˛�ō(ǟ(ĢƉʺȒŘ<¢

	ɜʻǳś'��8ʟ¡ĜǺɥƝ� (~l>��T$&8#�:	˜ 
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ÛǨòȍĜđĜɅľǡÛĜʡʭǡÛžĩȮĜȃȓĠ˛ɓǫʚʠƀŴ'ǧđ&8

ɻŞ<ɘ�/�˜ƙȃȓ<ğƈ�8'��7˛ȃȓ'Ĩ�8ŜǙ(�â˛�ħ
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University of Missouri – Columbia˛College of Veterinary Medicine˛Department of 
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Ę˛��"University of Missouri – Columbia˛College of Veterinary Medicine˛

Department of Veterinary Medicine and Surgery˛Feline Genetics and Comparative 

Medicine Laboratory(Reuben M. Buckley˛Thomas R. Juba(èƹ'ǅ�şɻɈ�
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ƙȃȓ<ɕ	'ʷ�"˛�ŽŻ����/��ƋƙȌȕĜƠŲɉ�¿ǆ�

ƨü ĜɖȃȓŲɉʁʨ(Ĺţ27–29ĺŀ˛ȃȓ�ɘȼ˟ʬɼĲ đʋ)˛"=�=

ƽǶȃȓŲɉɾü (Ĺţ27ĺŀ˛ȃȓ�ɘȼ˟ʬɼĲ đʋ)˛Morris Animal 

Foundation (2017˛D17FE-553˛ȃȓ�ɘȼ˟ʬɼĲ đʋ) ˛ƋƙĜɖŲɉ  ɍ
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