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Table 1 Epilepsy genes
Epilepsy chromosome gene or locus

Localization-related epilepsies
Autosomal dominant nocturnal frontal lobe epilepsy

Familial partial epilepsy (temporal lobe)
Benign Rolandic epilepsy

Generalized epilepsies
[diopathic generalized epilepsies
Juvenile myoclonic epilepsy

Benign familial neonatal convulsions (EBN1)
Benign familial neonatal convulsions (EBN2)
Benign infantile familial convulsions

Childhood absence epilepsy (possible ECA1)

Specific syndrome
Progressive myoclonus epilepsies
Unverricht -Lundborg type (EPM1)

Infantile type of neuronal ceroid lipofuscinosis (CLN1)

Juvenile type of neuronal ceroid lipofuscinosis (CLLN3)

Finish—-variant late-infantile type
of neuronal ceroid lipofuscinosis (CLLN5)
Juvenile Gaucher’s disease
“Cherry-red-spot-myoclonus” syndrome
or sialidosis type 1
Lafora’s disease [Autosomal ressesive]

Myoclonus epilepsy and ragged-red fibers
Northern epilepsy
Dentatorubral pallidoluysian atrophy
Benign adult familial myoclonic epilepsy

Other diseases which cause seizures
Febrile convulsions

generalized epilepsy with febrile seizures
Angelman syndrome

Prader-Willi syndrome

20q13.2-13.3

10q?
lq

6pll-12

20q13
8q
19q
20q

21923

Ip

16p
13¢q

1g21-31
10q

6q24
Mitocondrial DNA
8p

12p
8q23.3-24.1

8ql3-217?
19p ?
19g13.1
15g11-13

1511-13

o, nicotinic acetylcholin
receptor (CHRNA o)

a 7cM interval flanked by
D6S272 and D6S257

o nicotinic acetylcholin
receptor (CHRNA a)
KCNQ2 (K channel)
KCNQ3 (K channel)
D19S114

o, nicotinic acetylcholin
receptor (CHRNA a,)?

mutation of gene encoding
cystatin B

mutations in the palmitoyl-
protein thioesterase (PPT)
gene

D 165298

human P-glucocerebrosidase

a 4cM region flanked by
D6S308 and D6S311

tRNA® mutation

CAG trinucleotide repeat

D8S553 and D8S279

mutation in the Na~ channel B1
subunit gene (SCN1B)
deletion

(maternal uniparental disomy)
deletion

(paternal uniparental disomy)
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RnA, FIT, BATHAEAOEL OE
R OO Tz, SED S BEEHROH
R TADAFERERINL, TANADERR
TRE & FeMB 22 BEEE LT, 19934 3L AT
FERAREL (T A A BT O A BIBCTOREAT
BT AALRFR S — B HE L LT, K
BT, ThETITAL—FTHLIZ LR
KB OWTHRET D & & i, BIRER
’Cv&*éﬂfb‘éf/ﬂb A D531 A

TREEF LD, 5HOBETHIEOREIC
DNWTERT S,
&R EHE

TAM A, BWETUVNA OB A B
B, RECFEMFTHER A RS L', FERIL
£, HERT, A 40T v RAERERAT 2 L
EENENHKGHL, HREEToTE, &
RiL, BHRMETANA, benign adult familial
myoclonic epilepsy (BAFME), autosomal domi-
nant nocturnal frontal lobe epilepsy (ADNFLE),
benign familial infantile convulsions (BFIC),
severe myoclonic epilepsy in infancy3s & OVEAME
TWRATHD, b, FREETANADN
FUILL T O TH b, 372, Idiopathic
generalized epilepsies (Benign neonatal familial
convulsions , Benign myoclonic epilepsy in
infancy , Childhood absence epilepsy ,
Juvenile absence epilepsy, Juvenile myoclonic
epilepsy, Epilepsy with grand mal seizures on
awakening)33 X OMldiopathic localization—related
epilepsies (Benign childhood epilepsy with
centro—temporal spike, Childhood epilepsy with
occipital paroxysms) T 5,

B AL CUNEE L 72 H R 3221 KR (H 7Y

v 7K F $85) T, benign familial neonatal
convulsions (4), childhood absence epilepsy (9),
juvenile myoclonic epilepsy (14), epilepsy with

grand mal seizures on awakening (10), benign

childhood epilepsy with centrotemporal spike(10),

childhood epilepsy with occipital paroxysms (1),
severe myoclonic epilepsy in infancy (3), BAFME
(6), ADNFLE (2), BFIC (2), febrile convulsions
(19), =OMB)TH S,

BHEATONFEEFELOMTHER

Table 112, FL[EWIFE 7 /L —T" DB G 2Z
L= BKEG T2 &, BRFETOTANA
BIOTADAIEBEED S 8T O
RO TE LD,

1. BEEETANA

(Localization-related epilepsy)

%%iﬁ&%@fhbh@o% drts -
SREL L Z B A R o BN TA A A (Benign
childhood epilepsy with centrotemporal spike)tZ
LT, FIEEAERRRAHEL F2RIzE
W, RMEIOEE, BRlZEE RO A DR
fEL, BéEcm—7 o RRRIEIZELEL L 72 % 4E
EPBEIN-EORERHY, BREo—7
v R TAPADIRRER 7358 1 ik Kk
FIZFET D RTREME D & 5 7,

Ottman 5 %, ZIBENSESMUER & L T
L TiR® b - FIEMEE 5 (RIEEE) TA A
FRIZOWT, ZOBIG TIENFH10F G

\CAFEET D 2 & 28R L 7253, Berkovic
SITRAER 2 SO FIEMEMEEE TANA R SR
DBAR T FELLDI0qIZIZTEFE L A2 W AT REME &
WELTEY, MEETAPADETER T
IXBHEETIE 2200,

HROABEEBEAMEMBEE TADLA
(ADNFLE) 1%, &EBERHIZOA G FHIEL
EZTBBHETANATHY, ERORMI
AT AR EORIEIZS S RIENRA4L D,
FEAE R DRI T il (TSRS R ERE o Hi R
hHDH T ENEL, RIEOFHGRRIIIZ—/IZ
I, gL & LIERIIRIRT S, o
MR TR E LT, F20E Rk R
FIREEOHE3I N RNIZAFTET H W) @E
MO T OELIZIL, DNASA~—7
—D20S20 & D20S24 (IP20K09) & D RIIZALE
TA=ZaIF U MHAChSBTEERD a4V T 2=
R (CHRNAY) D R4 8 51 S8 2 FAE T 2
ZEMS, AEBRLAChREERER T L O
MHEER I N T E 72, Steinlein &1320g13.2121F
7E9 % CHRNA4IZ U ZE 9K 28 B (248 % H D Ser
MPhelZ BE) A R 72 L', Weiland 513,
ADNFLEFRIZ ad4¥ 7 2=y hOM2E 7 A
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Table 2 Mutations in KCNQ2 in BFNC families

Mutation Region Kindred Controls Nucleotide change
deletion n/a K1547 70 n/a

283insGT pore K1504 70 frameshift

Y284C pore K3904 70 TAC to TGC
A306T S6 K1705 70 GCG to ACG
522del 13 C-terminal K3369 70 frameshift

544-1G to A C-terminal K3933 70 splice—site variant

n/a, not available.

VINOERERNEL, ZOaedY Ty

& R4 Ta=y FEEHIZREIED L
AChIZH T DREZHENEN L, BIERBRICE
HEWHOMFELZMHET L TWDP, KIRIZET
% i WIDADNFLEDF %' Cl, CHRNA4i#E
fz 7-OM2 domainiZ 17 5 Ser® HileucinetZ &
D EHR(CTS5T) STV =AY, ZHLIZADNFLE
W BAE 5 F3% H Dpoint mutation Téh 5%,
F 7=, Pvull digestion|Z & ¥ CHRNA4 D &=
ROZZHIME (“g” to “a” transition at nucleotide—
position 145 VN fFAET D2 & AL ML
7=,

2. FRMEBRTANA

(Idiopathic generalized epilepsy)

BRMESB TANALL, RIEEBIFL Y £
MMEDIEA R L, BT amerE, M,
EHAME, SERMEOFRE 27, BIYEZ RN
ERTONABRNO &, HEHEIA /o=
— T ADAME)DIEHR & fEIE D [F)E 5
H#A TS,

BENC DR THEIZ DWW TIE, F20F YA
RER EIZHFEET B &F 28 EEBN)THY
L, LewishiZ X AF8FREARERIC AL X
NT(EBN2) E W IHFEERDFRERDH D7, %
EORIEFEIT, A SIIBHTRAL-TEY,
HEIFHTH D, b L IIH LWIRBR
THHAREME L H D, TR L, SHED
E BB & ABPNCIL B R PRI T A —
IR TH D ATEEMEN &V, BT, BENCO
TODEHEE THEEO Y B, 20q131C 7L
T2 EBNLIZK 7 ¥ X VER TKCNQ2 %,
89241 fFTE T HEBN2IZ DWW TITRIL VK F
¥ R NVERFKONQ3E I — R LTW\Wb 2 &

PREN, KCNQ2H BV VEKCNQ3DZE BN
BENC O RIE & &< B - T D ATREME D S
a7, KONQ2OBEMLEFLRIT D
PR SN TV A (Table 2)®73, KCNQ3DA
BIZZINETOH, AFLaZzZT7ATHAD
IRRDIHI LFohmo TR 72Y L
ML, KT, &I, KCNQ3EEFIZER
BRI INEBINCERZNADO0Y, BA
FEDOT TV U5KCNQIF ¥ RAVDIRF 07
LA F L OBBAEOP-V—T 22— KL T
W 5)DeDNAD B AAC 925 F DTACIC A B
L, % & L TTrynArgiZ L ¥ BH#H(W309R)
ENTWAZENHEA LY, ZoZRITW
WL AX T ART AV HIARRICBITLE
B(GOV)P L 1T B> TEBY, KBDHES
IZKCNQ3EE T-2£E %  DBFNC & L THtR
THHICHT-D LTS D, EiZ, KCNQ2,
KCNQ3# L URHOK F ¥ RABE T 23,
OB R TAADRBRIZ LB 512
AREMEER STV 37,

HEIA 7o =—TANAUME T, X
FRICBITHEHEMITIZ L, FoFYREHL
I 6p21.2-pl DIZJME & 2tk T A Atk
i B B4 5B T AT D & #e
N7, BARAMERFTICENTYH, F0O5
KE1m F736p21 . 2-pl I AFAET 5 Z & A
FERENTHSY, Lius™E, IMEOBEMHE
= 1-23DNA~ — B —D6S272 & D6S257 D
TeM(E o FFNH V) DOFEII AT T 5 Al fE
HERL, ATz —T U ADFRERRIZL
72 Elmsile 5 1%, IME®DJE N &= A3, ACh
ZBRED=aF oMERFE T T 2= b
(CHRNATDE AR T-HEI 037 AE 9 5 15q B2 fF
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ETHLEMELTOD. DD HECIE, A
FEZOME G FETERWVD, BITEDRT, IME
DEARFEEAIFEE S TR,
KMFELEE ERER & 3 DR MEEA TA M
A, EICFEMICRRT A/ NERMTA R
A (Childhood absence epilepsy:CAE) &, BE¥&F
W DOFIF N L EEXRMTA DA (Juve
nile absence epilepsy) ¥ IZ KA SN 5, & HiC
BRRE~ORICTHBP B THD, LiZLiE
R E R R EE 50 5, Steinlein ™
%, B0/ RAEKER LICFEAET S, Kizid
~N7-CHRNAGEE T OE RN, ME, /LEE
S OEERM TANAEEURFEE SR TA
NADFKIEIZBE ST HATREME 2R L T\ 5,
FRUANORRREMERB TAMAIERERE X
VERERD Y B, BHEFHAEIR TN ABe-
nign neonatal convulsions), ¥LIEBM I A/ o
= — T A » A (Benign myoclonic epilepsy in
infancy) D JR K& T EEALOWE 1L, BAED
LA, 7, ERRITADAER O
NI EENROVH LWRBRBEATHD B
PEFR BT E R 1V A (Benign familial infan—
tile convulsions: BFIC)DJRIKIBIZf1E, 5519
FYEARERICHFEL TS ZEBHE SR
TWVBY, WEERF K3 E T A D> A(Epilepsy with
grand mal seizures on awakening:GTCSE, &
210 I L, S MREMRBIESR
BERRC(Z < IEXRBEE T 2 < ORI ICA
TORIDLZEERFERET LD, ZORKA
B|IE T, 56, 8, 104k RIZIZFIL A
VN2 & 23HIBA L7~ (Endo et al, personal com-
munication),
3. £ TANA (EFREEE)
HEITH S A7 o — X 2T A DA (Progres—
sive myoclonus epilepsy: PME)® 9 %, Unver—
richt-Lundborg M #EATME I A 27 o —X A TA
7™ A(Pogressive myoclonus epilepsy of Unver—
richt-Lundborg type: EPMI)NZ, & A A&L M
BLERE LY, 347 o0—X A2MRMT
WA BSHHERL L 721, /DMIREFRPEIRE(R T 23
REIZEIT T2 VO REAE R TS, EfE
5 RESE N B2 L s e DR Rl D BB 2 I D 253
Ny RWICETEL, RBNO AT A4

n7 7 —EEENFTHL LAY TF UBERG
TOREN, REBORKNTHD ZLEHHL
MW, EIZ, Laiotinb™@li L, v A
7 F BB s+ OFARA GO Bz,
CCCCGCCCCGCChM s FT A~ —(128
B0y R LEIAHY, EFOYE— K
BI32~3EITdh - 725, EPMIDOE L OFT
TV E— MIDBENALND Z EHRH L
\Z7eod. EF£, VE—ROHENREDL,
VAL T VBB ITARRERN R EN
DEENHD LRI NT,

PME® 9 bififgt A RYURTXF ) —
A (Neuronal ceroid lipofuscinosis)? #FHH5 CIT,
3O DA # {5 F EI(CLNT, CLN3, CLN5)
WL Ee> TS, 209 HCLNIORK
FEAEISO L L B A RioH 0, palmi-
toylproteinthioesterase (PPT)% & &k L T\ 5
m Rl & B 5, CLN3 O i ek
ITEI6F AR EiZd DY, DNA~—7
—DI16S298 & JEHH, HAERED438HD T I
J BEAFRER L T D8R - HEI O B A R
SN TVADY, CLNGILH 138 Yoo (R g Ik &
DOEEENRIBEI N T D, HHEMGaucher
T, BIERAERELH ORI N N e
A DOFE LN FRIZIFE LY, BEidEs
THEEUIE FB VoL T a A —P R
R L TV DR FOERTIT e W)hE R
X4 T A, “Cherry-red—spot—myoclonus”
syndrome or sialidosis type 1 D {EME =1 B
BB RARER EIch b L RESh Ty
5%, Lafora¥mid, ®EOELEEREE
RL, g s FeREdE, BeE U OIRE2H
AN RINIZHELE L, DNA~ — 7 —
D6S308 & D6S331 & THEE E 4172 4cMELN D 18
B T& 5%, Myoclonus epilepsy and ragged—red
fibersTi%, I b =22 KU 7DNAL-RNAM A
HEHAHLER-TINS,

Northern epilepsylX, 7 4 7 > FIZ%<
I BN D FREAREM B A R HETHE
TAPATHY, B EERLZHES. Z0
IR R R I E e F Gt R A e 5 &
bl 4

HORAZ REE 8 B ER /L 4 R ZEHETE (Dentatoru-
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Table 3 Epilepsy genes and ion cahnnels

Epilepsy types chromosome gene
Febrile convulsions(FC) 8ql3-21, 19¢q
FC + generalized epilepsy 19q13.1 SCNIB
Autosomal dominant nocturnal
frontal lobe epilepsy 20q13.2-13.3 CHRNA a4
Juvenile myoclonic epilepsy 6pll1-12

15q CHRNA o 7

Benign familial neonatal convulsions
EBNI1 20q13
EBN2 8q KCNQ3(K channel)

Childhood absence epilepsy 8q24.3 JH8 ?

SCN1B: voltage—gated sodium(Na~ )-channel § 1 subunit gene,

CHRNA a 4: « 4 nicotinic acetylcholine receptor,

KCNQ2: voltage—gated potassium channel,

JH8: jerky homologous of human on chromosome 8

KCNQ2(K channel)

DRI SN THND,

AngelmanfEBEREIL, TAMAREIEIZMZ,
HEREM R IR, KPEED), BSII5E
BHZENDHHEN, ﬁ?ﬁlﬁ‘]@%%ﬂ, B SR &
AIEKREETH L7, FBISFROABERDE

bral-Pallidoluysian Atrophy: DRPLA)!IZ, TA
MAFEIE, IA 7 m—X X, /N, R
T T h—EER), HEEEEL SOERKEY R
L WO RENEGE RTERET, HAA
\ZHEIE A&, DRPLABE TIIFE 12& Y0

ARRBE I AFAE T 2 95 KBS O CAC Z 1 &
MAREIHEL THDH Z EDHG NI
TL N Z) 19.29)0
Benign adult familial myoclonic epilepsy
(BAFME)NE, BANIZHHEZR, A/ n=—
RiEHE EMETHTANAEBKRRETHY, U
T oo Wi & #E(DAdult onset, @ Myoclonic
seizure, GTC, @lntentional tremor, @Photo-
sensitivity in EEG, & Giant SEP, & Non-
progressive course , (O Autosomal dominant
heredity) %723, Yasuda® 1%, BAFMED K
FREME L TOBY0, FOBEME TEAMIT
FFYAEEM L2~ v 7 E41(8q23.3-
a24.1), 2HMRED T » KA 3T (34.31, %
REDZENULEA2TH 127,
4. TLAAZERKRIZEDTANAER
=&

#ME (T v A(Febrile convulsions) oD JEL K] &
fL\% 118q £z, &AW E19p HIZHFET S
EWVDOWMEYRD D, Filt, BRI O AL
5 B TANADIRIED, FIIBFREKRE
Wi oONa™F % w3 1H T a=y MBEET
(SCNIB)D A B L R L mindo - TV A JIRENE

B D13 R B HEBOFEI /N o
BB R KA GEH STV AY, —7, [EIEBAL
DRETYH, TADAFRIENRL, EEF
7o 8 AR L 4 D Prader-WIllE &EE N 5,
BT O RRITREBLHR R DO YL IRIZER 32 D
2L, ®%EORKITE B KOG AR
AL THB™,

HFbH Y Iz

TANADFEBBFELE LT, =aF 4
AChZ BEWREE FiEFIZFAET A Fr 3%
JIUKCNQ % A 7D BERERE Al &,
J w7 T R AR E OB ERER)D
b, JRKNBEFHPK, Na, Cal"F ¥ F/L7g
COMEEN LT, TR AR Z 3RS
NHHZERALNZENTNS, Table 3
I, BFSETIZHLNI s A F ¥
FNVEETANAZR LD, FORKESG
FIXHE8E, 20BYEEKRLED, HORKED
Pt (KIZFET DHEANPKE N L5,
INGOYREERIGFIET 5 BELEE THRRE
RAIERF (R MBREROA A4 F ¥ TR
W)ESIXEZ L, FANEA~MEEmE >
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EZbND, o T, TADADIFIEMH D
FELLT THIEB T A A F v RIE
Eo 7R 5L L) —EHOENE
T 52 L2kb, 5%, ZONHOMR
B, TADARTF Y RVIFTHDL &0 AR
MEa b S BEIZRBET S AREEN H D,
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Summary

Multi-Institutional Study on Families with Epilepsies or
Febrile Convulsions

Study Group on Epilepsy Genetics
Sunao Kaneko, Hideki Muranaka, Shinichi Niwa, Rumiko Kan, Tsuneo Ono,
Noriko Horikawa, Masato Fukuda, Hiroyoshi Koide, Yuichi Goto,
Ohiko Hashimoto, Yusuke Nakamura, Minoru Isomura, Yasunori Oana,
Makiko Osawa, Hirokazu Oguni, Miyako Oguni, Hiroshi Yamadera,
Kiyoshi Hashimoto, Mariko Maezawa, Komei Kumagai, Shoji Tsuji,
Takashi Suzuki, Manabu Wachi, Kotaro Endo, Teiichi Onuma, Toru Konishi,
Kyoko Maeda, Kazuyoshi Watanabe, Kosaburo Aso, Akio Takeda,
Masatoshi Ito, Hiroshi Nagafuji, Kazumasa Otani, Yasuko Yamatogi,
Takeshi Yasuda, Toshiaki Kugoh, Akira Sano, Takehiko Morimoto,
Taketsugu Minami, Akihisa Mitsudome, Shinichi Hirose and Kazumaru Wada

The Epilepsy Genetics Study Group has collected 221 families with epilepsies or epileptic
syndromes. Clinical forms we studied were idiopathic epilepsies, benign adult familial myoclonic
epilepsy (BAFME), autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE), benign familial
infantile convulsions, severe myoclonic epilepsy in infancy and febrile convulsions. The gene for
BAFME was recently assigned to chromosome 8q23.3-g24.1 in a Japanese family by this study
group. In a Japanese family with ADFLE, we reported a new point mutation.

A 77C""0”"T”” exchange (C755T) was found in exon 5 of the CHRNA4 gene on one allele of
affected individuals. C755T replaced Ser? in the second membrane spanning domain (M2) of
CHRNAA4 with a leucine. We also screened 6 Japanese families with BENC for mutations of KCNQ3,
and found a T to C exchange (cDNA925T>C) in one allele. ¢cDNA925T>C replaced Try*™, a
conserved residue within P-loop of the KCNQ family, with Arg (W309R).
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