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Identification of an epileptic gene in sims mutant mouse
and genetic study for the diseases
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SUMMARY

Series of genetic study for epilepsy found that approximately 20 % of
epileptic diseases are caused by genetic factors and at the moment more than
100 cases were reported for the patients showing the monogenic traits. Since
genetic study for the epilepsy is difficult with human subject, mouse models
have been used widely in epilepsy study. We characterized a new spontaneous
mutant mouse line sims (sexual immaturity, megaencephaly and seizure). sims
mutant mouse has a smaller size than normal mice at the weaning age and
exhibits mild tremor. Severe developmental retardation of the secondary sexual
organs in both sexes was observed and the brain had 30 % heavier with no
histological difference. Another phenotype associated with sims is seizure that
occurs in both homozygotes and heterozygotes with varying severity. These
results suggest that a critical gene controlling the physiological processes of
puberty, likely in CNS, is disrupted in these mutant mice. Linkage analysis
revealed that sims is located between D18Mitl2 and C-7 in mouse chromosomes
18. To identify the responsible gene by positional cloning, we have constructed
in silico BAC contig and analyzed 19 candidate genes with several approaches
such as RT-PCR, full-length RT-PCR, Southern hybridization, Northern
hybridization, Western blotting, nucleotide sequencing and phenotypic rescue
experiment using mouse BAC clone transgenic mice. As a result, we concluded
a mutated gene of sims mutant mice is one of 5 candidate genes out of 19
candidate genes. Further study is needed to identify the causative gene of sims

mutant mice.
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A1 3. d7NddAe] e

- AT % 10 % AES HA PAFL @IS dodH, B A o, HAES,
metabolic imbalances} & WES WS o2 Yevs 3471 B35

- pAe MEEE whAges AFAEY NARAN HEEA oa F2.

- @A AJAAUE Astez du 9t Hojd A@didE Bsa HE e
50 % A== FJ& W77t ol e

- 48 FAAT g3 HEL % 20 % 7 FAFH 2 o3 AR HR A=
74A 1007 ©) 49 single mendelian disorderd] 93] FAFHE 7Hdo] RIAHAS.
waba] 7hEde 99 FARAE 7FEskeE 4& 1dY AYFd XN5E s T

- AN AR E gide g 3 3 AR gHAAdTE FHAHOE T EE F
Ast A7l HAFF vg2ndEe] A AAFRE Ho] AHEHIT J& (FD).

- A 2nde B3e JARAAE FAsE WL positional cloning® Yol Ee]
AHEE 5 QLo Fuol A k3l positional cloning?] 71 P 139 g #
gy ALL ¢sto 2dup$2dr zkd A FAARE E2dE A7 Wy
8%

E 1L 4347 %82 Ardn$s (SAMF)

upg-2 A= Ho|FH  |FGAANAA
tg (tottering) hi—volt. Ca""channel, ala subunit aa subs. 8
" . splicin,
lh (lethargic) hi-volt. Ca channel, B4 subunit pueing 2
(null)
swe (slow-wave o -
. ubiquitous Na /H™ transporter prem. stop 4
epilepsy)
Myoba (dilute) myosin (non—muscle type) aa subs. 9
opt (opisthotonus) inositol 1, 4, 5 triphosphate receptor | deletion 6
Kcnj6 (weaver) K’ channel (G-protein—coupled) aa subs. 16
ak (quaking) novel multifunctional protein deletion 17
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A1 A S A7 A4

1. A4 2ZFFo2E AF 284E Boltst 3-4/§Ee] glojA= benign
neonatal epilepsy (EBN), 134 <7kdjAl 7+ Q1 progressive myoclonic epilepsy
(EPM), &9 Ao YJEF}E nocturnal frontal lobe epilepsy (ENFL), 31l ¢
2 g]= w24Ql generalized epilepsy with febrile seizure (GEFS), Al&7] W e}

= 2794 7239 juvenile myoclonic epilepsy (JME), &ololA F2 YElye=
AAx el o] A4 el childhood absence epilepsy (CAE) $°] 4.

2. ABAA Ao AA @A" HEAE FAAE 2000 AE" HT transgenic
techniqued] 222 % FAA7F Tg Y knock-out wh$-2ojA && F4& e
W 3A $EAA ¢ 50F9 2FRFAE AR RaHIew 2L VFHe=E

534 ion channels, signal transduction proteins, neurotropic factors$} receptor

.

offt [‘-{E

A 2Ad Tl dFE 24

L e Ao &3 A7 F2 BAddA 2ASAY case B A& (WA
9 A% FF9 )Y FAUA Fod wE FIHE BAFAE ¥ XA O

PARRHA ATE ATS 4HY.
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A 1 A, 7222 dul>x  sims (sexual immaturity,

1.

megaencephaly, seizure)

B AFoA AHEHE 34 HEARdnteA simstE AFIALAE A 229
autosomal recessive (seizure®] A% heterozygotedl M=  F3HAl  JERUE
semidominant$}) S@Wo] wlg22A AMNA  FAZDY LF (generalized

tonic-clonic seizure)S ¥ o7,

sims w29 WA FAHo BA%Y] Askel AFAFAS 31 pentylene

tetrazole (PZT)€ FUAA 1 ¥ge ARG A% F4vheel vs) 0o} 4l
& WA Wee UehiS (F 2).

. EF sims vh9-2E 2R g ojyE " (tremor), AHE71S EEEH] o3 9

g 718 A% ¥ BlYld4 (megencephaly) $& WEHE (28 D).

. ZAAA A A (ovary)dl A G vigd £ A (corpus luteum)S EA

g F glgen, AL (testis)® testosteroneS ¥HlE= Leydig cell, seminal
vesicle, coagulating gland®] EH|ME, HAHAH (prostate) AE FolHHF
(hypotrophy)® o] & A& AFA}AST (24 2).

EQWo) n$29 testosteroned FFE FF FAF ZAF sims EAQWo] AH 9
o8P FA (heterozygote)ll A= AAel wrA FHHEA  (homozygote)dl X =
testosterone®] W& HEHZA edot (& 3).

number |[heterozygote| homozygote

g Non-carrier |heterozygote 1 373/397 | 0.133/0.133

A 6 2 2 17.21/200 | 0.133/0.133

Wzt 2 6 3 0.133/0.133

£ 2. sims B@Wo] w929 PTZo) & ¥ 3. sims BQWo] wp§20)

=
w2kl A} testosterone A B4

(Duplicate, pg/tube)



sims

Seminal Vesicle
Coagulating Gland

& 1.sims OFRAC| S EHE H| L. SHa H= A= (uterus)

1t seminal vesicleS EA| &

Normal

Testis

Seminal Vesicle §

18 2, SHH0| MF e £XSHA H| W, Ovary2l open circle2
corpus luteum= HAISHH testis@l A2 Leydig cellS LIEH,

_10-.



A2 A AAFAAY QAR AX FAL A

1.

bt

H+AA % (genetic map) FA3

sims A% A YXE AAe7] A dBRAF AA ¢ 129 strain origin€)
sims F}$28  wild v}$29 CASTS HWjAlA (wild =929 7§ genetic
variation®] #A] genotyping2.E2 Bt} B ARE A& F U8) Fl vt$2E ¢
€. Fl1 u$2% CAST gAA¢ 129 MAE ZtE homogeneousd. 3HAIT Fl
NS AE M2 FEAZR AFEDA A9 cross-overZt dovbA AA AT
HolA =i @A sims A& A= CASTS 129 #AAZE AolA € (¥ 3,
4). F2 w929 phenotype® genotyped ZAStH  sims  phenotyped
co-segregation3lE A Q& F3 3] Yoz sims AXNE AAYE F+ AL

. 7] sims FAAY G 4 o FAsY] A F2 vh¢2 FoAA sims

phenotypeS zZt& affected 207}2] 2] genomic DNAE pooling3l4 genetic marker
2 BA% A3 M4 18W 9 genetic marker D18mit873 D18mit58A1o] ol 9] %] 3t
= AL2 34 (29 5 ab).

sims "F$-29 92 FAAE A7) Y3t F 25009 (5000 meiosis)®] QB/E
AHE 39 sims AR F9e vl AA A= (genetic fine map)E 3 &M
sims A} E AAA 18H 9 telomere £ 2 18 cM ¥ 03 cM olHE F3
(248 6). DI8Mitl2 ©}A+E centromere Z 2% RG-MBAC-368P10 BAC clone
(NRG2 #AA)d] C-7 utAE telomere Z2. 2% RP23-6P18 BAC clone (Pcdha®)
variable region)2. 2 7k < 500kb 9.

-1t -



mutant wild

o
F1 Ny . g .
hetero hetero
F 2 iy . on I
affected hetero wild
a9 3. AHAFALE A% vk~ W) diagram

- W

(Affected) (Carrier)

O 4, ABFZAA] BASHE A A 2] cross-over ¥ genetic mapping scheme.
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1 Mice#
[ JHomozygous [ Heterozygous

55cM |

1.4cM |

I D18Mmit87

1 D18Mitl4, sims

i D18Mits8

0

a9 5 simsg @AMA A=, A, AZup$x 370e] S Z; genetic marker2 A#{FEAL
g A3} DI8Mit149} 17914 A E homozygoteZ LEFH. B, simse] FAA 4.

1 1
IR
migs LI HRRERCOO000
Egr UECEERROOO0OOOO
miiz iz JAREREROC 00000

cC1 [HENEERDOOREDOOE
C2 [(NINERERDCONEOO
¢  HINNEEROEEERDDO
Mtiss  [IHEEROOCEERCOO
Mti4 LHEEROOCOEEREED
Fof EERO00CONEEEEN
vtz HEEDDO0OCAEEEEE

phenotyre [N NEENCNNNEN

149 6. dB2A A4
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[ | CAST/Ei, homo
M Hetero
[] SIMS, homo

M Affected mice
B Carrier
| Normal



A 3 A QAFAAR B2 G71ME 2 FHA S A7
E# A = (physical map) Z43

1. o] F#7+¢] EFA%E (physical map)E& <€7] 39 ABFYANA £ mh-&
sequence 7+¢] computer search(in silico study) A3 A 3+e] contigs T3
AE (2™ 7).

2. ©] F7t o] &EAs= BAC clone £9 f@71MEE o839 2148 MEE
genetic marker& 7% & (& D).

3. w2 BAC clone& 53 contig©] A3 = of
RG-MBAC-368P10--CT7-368A6--RP23-181H5--RP23-326L17--RPC1-23-193023
--RP23-6P18--RPC1-23-72C114 ¢ =42 ZAA=HAJo™ o 500kbe] H7IA |l
3 AHE sequence alignment® 2 A3 <.

- A E 9 HEHA 7ML E ol &sd 3 Hel EAgE {FAAE FUAE
A3 E 59 Zo] 19719 FHARE I3 =

CT7-368A6 RP23-326L17 RP23-6P18

RG-MBAC_368P10 RP23-181H5 RPC1-23-193023 RPC1-23-72C14

PURA PFDN1 DTR Sra1 FE65L2 CD14 Ndufa2 HARS

i II th—H-

NRG2 ORF1 FL49 SLC4A9 FLJ20288 2610030J16Rik Pro1580 I420195H RSL Ptg-12 PCDH a

28 7. sims A A9 physical map ¥ FEFHA2 213
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¥4 upeA G4 18H 20 cM 2A 9 YA 3=

X

L

AT ALE MNEE marker:

Primer ©|& primer F primer R
m22-pA/B gtgactactgtaatttgacctc atcacttcaaaatataacagtcc
EGR1-F caccttagccttaagggggt tatcccatgggcaatagagc

P-2 ggaggtaagcaattcecccata tcgtatgaaggaacagtaagca
C-1 ggccattattttgaaagagatca tgcagcaatgcattaggtct
cC-7 tcaaaaagctaggcctgtgaa acagacacacctigggaagc
C-12 aaatccagccctacagaaggt tggtggtgttagtgtgtgtec
D-2 ccaaggtctgctcaatccat tgaacattttctgcccatttt
N-3 aaattcaagacatacagtgggaga tggccatcaggttactgtctt
N-7 atctgatggggaagggaaag ttttcagctctaccaagaagga
N-11 tcagctccaggaagactgaaa ccctgaggacagaattigagg
N-15 ccactgctaaaataaaatacactgga tctecccaacttgettcttg
RP23BAC-2 ttggtatagctctgagggtet caagggcacaaagggttatc
RP23BAC-5 cccacctectcttgagacaa ccccaatagcaggcaaacta
RP23BAC-7 ccaagtgctgggattaaagg ggcaagaaaatcaggcattc
RP23BAC-10 agtttccagcaaaagcatga tgcaaaatggtgcagctatc
RP23BAC-8 tggaatatgcaaaaccatgaa ggccttaaatttgecatect
HDAC-M3 tagtaagcaaggccgtgagg agtgtgctagtcaccctgtc
diap3-1 acatctctgctagcectcgga gaaaagcacaaatgcagcaa
diap-1 ctttcccaggactgcettctg aaacttgaggacttcggggt
FGF-4 aaggagcccaaagaaccaat caaacctgacagcagaccag
NPY6R ctgcagtctattggatgaagagtg ttcatgcatgttaggcaagca

_15_
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71% % GenBank number

A GenBank 71
NeuregulinZ | AWA76I6| & -F like ligand for ErbB3 and ErbB4 recept
or Er] and Er receptor
(NRG2) 6 © hean b
ORF1-FL49 |AKO002512 putative nuclear protein ORF1-FL49
prefoldinl (PFDN subunit 1 of prefoldin, transfers proteins to a
NMO026027 ) .
1) cytosolic chaperonin
. . . Heparin-bindin EGF-like growth factor, binds to
diphtheria toxin .
NMO010415| EGF recpetors and functions as a smooth muscle
receptor(DTR) )
cell mitogen
SLC4A9 AWO01836 Solute carrier family4,. socium bicarbonate
2 cotransporter-like, member9
FLJ20288 AWI10656; May mediaife protein—pljotein interactions; contains
0 fifteen ankyrin (Ank) repeats
Sral NMO025291 steroid receptor RNA activator 1
amyloid beta (A4) precursor protein—binding, family
Feb5L2 BG247381| B, member 3(Apbb3), Member of the Fet5 protein
family; has WW and PID/PTB elements
2610030J16Rik |NM026404 function unknown
CDh14 NM009841 CD14 antigen
Prol580 NMO018502| hypothetical protein PRO1580, function unknown
Ndufa? NMOL08S5 NADH dehydrogenase (ubiquinone) 1 alpha
subcomplex 2
IK cytokine(IK) | AJ006130 Cytokine; down-regulates tl.le expression of HLA
class II antigens
FLJ20195 AKO017695 hypothetical protein FLJ20195
HARS NMO008214 histidyl-tRNA synthetase
HARSL NMO080636 histidyl-tRNA synthetase-like
Ptg-12 NMO025594 function unknown
PCDH-alpha [NMO054072 protocadherin alpha,cadherin domain
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AE7HA 2EE fAFZe HolE £33l B coding region®] point mutation
of 93 ofml=Ae] Wisl} A worm I 29 % deletion, insertion, regulatory
region®] ¥o] ¥ gplicing region] Wo] 5 ThEF Wol7t B H.

. AT 24F sims $AAE w92 dAA 18 centromeredlA 18 cM HolA Y&
NRG2 #AA¢} Pedh a fA#S Alold] glv o2 FUHJS. WA o] Ao
o EAste 1978 F3Ae 1A 249, F714 Wo]E RT-PCR, Northern blot,
genomic Southern blot 528 Wolupg2olA A4z vlwste] XolgE Hole

ARE 214 HY L

SRR 2R Aol® BAsy] sk 194 FAA RT-PCRE 38 27
SLC4A9E ASjae YFHoZ £YHAS. AT Aohe §94 Q& Aol
g5 RGeS (1Y 8),

. exon-intron boundary splicingx1¥ @71A gl Wol7} A7|H alternative splicing
o] A7laL o]2 glste & =7)¢] mRNA variant’} TdS o] TAF Aol et
FE dexz ful-length RT-PCRE AE=E3dHE (28 9. 21 274 DTR,
HARSL, NRG2, SLC4A9¢ A3 1579 FAAE 434z s34t +3

A TSl E Aolg FldtA XIAE.

. large deletion®] FAAH|E &elstr] Yt 1070 FA A A genomic Southern
blot2 FAq3Fot F94 JE olE AYH simsuhF2oA FRAT F UUE
(¥ 10).

e Yo A AFAE 2R sims 29 FAA WolE point mutation
3} Zro] mAE Wole] Aold JlsAol ¥S. wEtA Z 1A mRNAE 971
ANEE B39 Wolg ERAFIIZE AL

. X 62 Pcdh oE EFIFY 197] BE AR dVIAEE A AH. 0T
FLJ20195 +#&AtolAE 893¥ A71AddA C7F T2 Wol=of (893 C>T) 2989
obu] :=4+o] prolinedl A leucine2 2 HlAE AHo| (Pro298Lew) #FSIHA L FVB
strain®] AAuS2oA T g71g92 #2A5o] ©&F polymorphisme 2 ALE 5
A&

- 17 -



8. =¥ FLJ20288 fra#te] A% 6370 H7IAEol CollA TZ ¥olHo (6370 C>T)
2124 o}ujx=2ko] prolinedl Al serinel® W3ty Aol (Pro2124Ser) #EHA 2
129 strain BAul9-2d x4 THE7IAEE g5 o] JA] @3 polymorphismgl A
o7 AZtsoj.

9. FE65L2 frAAte] ZALolx 239 @i gl GolA CE ®iolgo] (239 G>C) 80
¥ olm:=Abo] argininedl 4] proline®.E ¥W3lE Aol (Arg80Pro) FlHAoY g
Al 129 strain A2 4 CE 259 polymorphisme.Z HY.

10. Pcdh a9 A% 149 isoform (CNR-1)ellA 17808 d71Adol GollA AR WojxEd]
(1780 G>A) arginineolA] tyrosine2.Z ®W3atE Aol (Argh%4Tyr) FAFH o
FVB strain A3uh$-2o4 AZ &5 0] 94| polymorphismo. 2 ALEH.

11. 1 9]9 = Ptgl2, Sral, FE65L2, IK, Pcdh a V9, 1394 H71X <49 Hol7l &<l
HRAo ofmite] WalE §lS (synonymous change).

E T g 94y o2 ¢DNA microarray ¥4<& £3l9 FAX
2 gdztogwx wWyride] #HEE pathways FUsti
pathwayel #d" #F3AAE F4oZ Wolg FRIsE F functional candidate
gene approach®} ¥l HIWHE A + A& w2 cDNA chip2 14k
chip (Digital Genomics)& At&3tgem AAZAE 1H FP3FH L™ sample©]
FHHE b2 29 o 3 4.

13. sample2F AT~ 9} sims 719249 358 brain 2HCZRE FZH total
RNAE Al&332.

14. M value, log2(Cy5/Cy3) (Cy3: control, Cyb affected)7} 2017 (48] o] &&)<d
FAAE 670, 1< M <291 FAAA 9871, -2< M <-1%0 FAA7} 38470, M<-2¢
FRAAE 1570 FAHUeH o]F ZRFAAQ Pedh a V79 M value -1.906 (%
48} 72)& B RT-PCRZ A&Adg eyt FAHA @3k+ (data not shown).

- 18 -



PCDH a V1 Pro1580 FLJ20288

PCDH a v2 [y Ndufaz | Srat

PCDH a V3 Fageaes IK FEG5L2 PO
PCDH o v4 [y NRG2 2610030016R ik e
PCDH a vs i HARSL CD14 o s s
PCDH o ve i Ptg-12 FLJ20195 s e s
PURA [ o oo | DTR e i e PFDN1 o iy i |
ORF1-FL4o [EENENN HARS-5' [ B-actin [ o s e

Ly

24 8 sims FEFAA RT-PCRE o83 Fdx4 2@ v

HARS Srat

FLJ20195

CDi14

FEB5L2

Ik

Ndufa2

PFEND1 Ptg-12

FLJ20288~1 FLJ20288-3

t : Normal (BL6)
2 ! Hetero
3 : Affected

a9 9. sims FRFAR] HHAYA v E 93 full-length RT-PCR

CD 14

HARS

2610030J16Rik |

ORF1-FL49

1

23 45

PFDN1

(Cutted with EcoR1)

Lane
Lane
Lane
Lane
Lane
Lane

1 129/8vj

2 Affected homozygote

3 Wild type

4 Heterozygote

5 C57BL/6

6 BAC DNA containing each gene

13 10. sims R 839 DNA ®¥olE& &gl

3F7] €3t genomic Southern blot



% 6 sims $R4AA) mRNA 9714Q 24

S EL T AR EUEREE oF
FLI20195 893 C>T Pro298L 893 C in 129 and normal N6F1/
! roeveed 893 T in FVB
Ptgl2 120 C>A Pro40Pro
339 C>A Argll3Arg
Sral 90 G>T Gly30Gly
222 C>T Pro74Pro
ORF1-FL49 no change
2610030J16Rik | no change |
Ndufa2 no change
FLJ20288 6370 C>T | Pro2124Ser 6370 T in 129
Hars no change
Pura-partial no change
not
Slc4A9 o
amplified
CD14 no_change
DTR no change
HARSL no change
NRG2-partial | no change
FE65L2 239 G>C Arg80Pro 239 C in 129
699 T>C Asp233Asp
IK 492 A>G Lysl164Lys
1217 T>C Leud406Ser 1217 T in other affected N6F1
Prol580 no change
PFDN1 no change
PcdhV1 1780 G>A AB94T 1780 A in FVB
PcdhV?2 no change
PcdhV3 no change
PcdhV4 no change
PcdhV5 no change
PcdhV6 no change
PcdhV7 no change
PcdhV8 no change
PcdhV9 2190 C>T G730G
PcdhV10 no change
PcdhV1l no change
PcdhV12 no change
PcdhV13 918 G>A G306G
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Al 5 4. Transgenic "} AZFS 3 JodFAA &=

1 99 tgg 9AFAx EHAE BFsn FAT AAFAR L2 o A7)
W&o AeFAz Ao mapping® BAC clone 37]& ©]£39 transgenic w}-$-
25 AFse EAYPEY rescue AFE FHIAS.

2. o] S BAC clones i contig<
RG-MBAC-368P10--CT7-368A6--RP23-181H5--RP23-326L17--RPC1-23-193023
--RP23-6P18--RPC1-23-72C114 2} &=A4=Z < 500kb& XA %

3. °]& BAC clone & CT7-368A6, RP23-181H5, RP23-326L17 371& Al €3lo] FVB
strain PF$28 o] 839 transgenic PF¢2E A=A S (Macrogen 918 AR

4. CT7-368A6 transgenic "F$2$} sims heterozygote®t THjAIA Fl& L&
sims/tg "F$2E AHJA]A transgened ZE sims homozygote (sims/sims) vhH§-
29} transgeneS ZA ¥E sims homozygote (sims/sims) 7F¢-29 REIA S
Hue S (29 10).

5. 82 ulgl¢) F2 mf9-22 BAME A7 o] F sims/sims, tg' 7} 117+, sims/sims, tg
7b 117ke] g9 e § B9 simsel FEFAL BT 23 glow Aojrt gl
A+

6. RP23-181H5 transgenic "}$-2¢} sims heterozygote$} HujAlA F1& 4L ¥
sims/tg P28 THAlA transgeneS ZHE sims homozygote (sims/sims) P
29} transgeneS ztx| ¥E sims homozygote (sims/sims) "}$-29 FHEFZ S
H e g (28 12).

7. & 250 wlglel F2 wpexE BAMe ZAx o] F sims/sims, tg'7b 23vhE,
sims/sims, tg 7} 107tg] #Q1EQoew sims/sims, tg'7F 23@El F 9wl e
life-span°] AFHE AL 2 £ AUS (HWEE9 sims homozygote P} 4F
ool o 80%7F ZL). &AWt tremor 2 tail suspension®] 93 clutch 59 &

AL tg 9 & AolE Bolx g dA e FF &L Hstd 23 HA R
QAR AYPL Syatu 9= %?J (sims homozygote ©F$-29] 3¢ AAHA
BE). °o] AFANAN FZH3AY Pdo] FEAHOE rescue’t dojd AoE ARH
(£ 7).

8. RP23-326L.17 transgenic "F-$-*¢} sims heterozygote$} THAlA F1& 4L ¥
sims/tg 9F9-25 WUIAlA transgened ZEE sims homozygote (sims/sims) #F$-

=
29} transgened ZA 2¥E sims homozygote (sims/sims) vH¢29 THFA S
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H o3& (29 13).
9. 32 u}g] 9] F2 wl$-AE BAM3 AF} o] F sims/sims, tg'7F 478, sims/sims, tg”
7} 1vhE] #FelHg o simse] RAFAE ZF Z3 9o 1 zolg B F A

[e]

o .

10. A22 22 transgenic "F$-2 rescue H3E 33t RP23-181H5 BAC clone
150kb Well sims AAFARA7T Y& FEo] ES. o AFdde 9l A7 &
W @A YA RT-PCR, @71MEEY 5& o332 I+
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Tg marker

SIMS marker
m 17

SIMS marker
m 87

Y 11. CT7-368A6 transgenic wh$-29 sims w929 =] F F2 whg2
genotyping 2. gel AR olgl9 M3 E F2 rl$2 WSoln 5H9 AL tg-oln
sims homozygoted. 16 ¢} 3¢ tg+o]™, sims homozygote$. genetic marker ml7
A3 mB87H-2 sims locus?l #&3 39 A<

23 24 25

Tg marker
m L -1

8 9 101112131415 16 17 18 19 20 21 22 23 24 25

SIMS marker
mi7

SIMS marker
m87

19 12. RP23-181H5 transgenic "F$-29) sims #h$29F w8 & F2 wp$2
genotyping 2%, gel AlA ¢ HI = F2 vl$2 Wsolg 8l A% tg-°]7 sims
locus heterozygotedd. 1012 Z$- tg+o]l™, sims locus sims homozygoted.

Tg marker
mb5-2

SIMS marker
mi7

SIMS marker
m87

238 13. RP23-326L17 transgenic "}-$-29] sims vh-$-29 @] ¥ F2 vl
genotyping. gel AbZ $19] HEE F2 wl$-2 WSoln 269 3% tg-°l™ sims
locus wild homozygoteq). 2719 A ¢ tg+ol™, sims locus sims homozygoteq!.
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¥ 7. RP23-181H5 transgenic #F-$-2$} sims heterozygotes} ZujAlA 42 F2 wl-$-

29 57 B4

n}$- A | genotyp | transgen )
Parents . life span
HE e e 5
11 X100 0 P - 3F ¢t =&
5 P + 6 ¥ sacrified
7 P + 6+ ¥ sacrified
11 X 19| 28 P/H + 3F ¢ F¢
30 P + 3F ¢l &
32 P + 28, 30Kt 25 29 AL
61 P + gel ¢tg
66 P - 3F ot =&
11 X 50| 174 P - 3F ¢t =5
175 P + 174, 1768t} 22 o8 A%e
176 P - 3F ¢ =&
187 P - Ag dA Ak
190 P + g AR g £
191 P — 3F ¢t =&
193 P + Ag dA 43 s
195 P + g ¢t 58
233 P + 3F gt &5
12X 10] 10 P + 3F gl &
12 P/H + 3F sl £
15 P + 7 A= A 5
28 P + 3F ¢l F
40 P + 3F ¢l Fo
46 P + 3F ¢t =5
117 P - 3F ¢t &
P + 3F ¢t =&
166 H/P + 3F ¢l &5
168 P + 3F ¢t
180 P + 3F gl &
209 P + g AR A9 5§
210 P + 7+ 9A &3 J&
59 x 47 | 221 P 3F ¢ &
61, 63 X 57 ¥A A3 d+&
247 P + . -
47 Wild typed} o2 34 o
5F dA A3 dF
249 P - . .
Wild type® T2 T79d
2 A o) o
950 P ) .5’1‘ AA A3 S
Wild type?} T2 Fdd
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A 6 A, np$ 2 genome project 1Z} draft &= wWE A=

FAR BA

1. 2002 129 v}$-~ genome projectZt 12 s Eo] 90 % ©]4<] genome ¥ 71A
do|l B HYUL. 2003 draft F7NHEE B3l MEE K429 annotation©]
APERQon o] HAM sims FHAA ADo] N2ZE FHAY annotation®] H i
HAL. wetA o] Xde| nud MEE FAAE AHEstd Bd adF 2 (2
4 14).

2. ol MZE FAXAEL 7150 43HUA & LOC381150 A Ak, Kinesin motor,
catalytic domaing 2Zt+= E230025N22 A A}, zebrafish® primordial germ cell
migration®] ## ¥ dead end homolog 1 (Dndl)%.

3. T3k 2610030J16Rik A A= UDP-galactose transporter$! solute carrier family
35, member A4 (Slc35a4)Z, FE65L2 F+Z A= amyloid beta (A4) precursor
protein-binding, family B, member 3 (Apbb3)2.& Y& % <.

4. o|9el= FLJ20288 A A= 1110004012Rik X+  9130019P20Rik  (signal
transduction®] ## ¥ RTK signalling protein MASK/UNC-44%} homology & E
A) FAAS alias® FAHY dow, Prols80 # A A 2410015B03Rik (ARM
repeat fold domain® 2Z2)¢} aliasol®, Ptg-12 A X 261051D14Rik (Ul-like
zinc-finger doamin< 2%+ transcription factor) ¢} alias$.

5 MZ& FxA LOC381150, E230025N22, Dndl& RT-PCR 5 ¢4 71¢d H4dF

A% wEFE A% 2 A9 3 AL

CT7-368A6 RP23-326L17 RP23-6P18

RG-MBAC_368P10 RP23-181H5 RPC1-23-193023 RPC1-23-72C14

A WIS

LOC381150 E230025N22 Dnd1

|
i \\\

“ (
Sra1 FE65L2CD14 Ndufa2 HARS

i R *
[ Nl

kn
| 1 COETORHTE Ty
//////’;/L—'/u_‘//m\

PURA PFDN1  SL.C4A9 FLJ20288 SLC35A4 Pro1580 IK FLJ20195HARSL Ptg-12 PCDH a

N

19 14. n}$-2~ genome browserol annotation® sims locus %z}
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A4 SEGYHE: 9 ABFokdel Jlox=

Al AFALY AFEE

L Ph2Ede olg3te] 7Y A FAAE LT,
2. 4ol FHYNE olg3tel el WAL oA

& o

Al 2d AAd 7S 58 2 WS

1A= |FAA7 923 DISMIt12 wkA < |1,000ut2] 9] A#*ZEA} (2,000 meiosis)
(2001) [FH A} HDac Aol <] 2. D18Mit12 w}#A ¢+ HDac A= Abold]
A4 - BT 94 °F 800kbd d7IAE 2 FAAAR A

1. D18Mit12 wlA S}t F- A HDac Alojel
EAste FERFAX didat e
. |D18Mit12 WA §@ A HDac Johe A7t (candidate gene)<)
22hd = e s e RT-PCR, Northern blot, Genomic
Atolo] EAlEeE FR{FAR FolA S
(2002) | . Southern blot 48
sims Y FAA d=F _ .
2. FAAEd 2 FARH ) 3"
Z B {AAY sequencing (A= 20kb)
1. 2% A7 (1099% ©1’)9 Northern
blot T3
2. % A7) (6% o129 in situ

hybridization =3}

4 FAZY FHAYFY A7

3R 3. 89§44 2L AW e
AW He genetic path
(2003) ° Eenetc patiway | HNA chip (4X10k) 33] o4 AA

AR 93 dAFAR @
A& 4 TR wE 4. w29 BA§ARe] RT-PCR B

Northern blot& 3 &<l #4
5 #dEddad 428 93 dwd chipd
2-D gel 33] o] +3
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Al 34 A G- =

2y7A A7

¥4

1 FAAE 2A -2 100008 o] AFEA} 100
NRG2 A A} (centromere %)%}
Pcdha®] variable region(telomere
2 28X = =2A 100
EHAE Y =) Abole] oF 500kb A71A L
AA
5 TR el EA8= 19749
(=]
3 TRA{AR T2 o2 Bl 100
) ) ER GRS FAA Al E
4 BEARS AR Hd 2A | 100
FRAAAE AR A "' | RT-PCR ez walsne
127 SR FAA2] genomic
o olXEd o
. aaxwe] 24} Southern‘ blotg& &5 oH, 100
18742] FHGAA F7IHE S
A3 &
} 371¢] BAC clone transgenic
6 A9 rescue RA} o rg AR 100
7 DAFHAS] THFAL L microarray 2 ©]83F ¢cDNA chip 80
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A5 & dgdael EEEAH

- 7Y o 10 % A=V HA FAFEL 4FE oy, B2 73-?— &,
metabolic imbalances} £-& WHES FHFFoZ Yeve 497t B

- dEe FAAT g3 7L F 20 % F FAH &0 o F @%‘E]J— A&7
2] 10074 o} A49 single mendelian disorderol] &3 FAEHE 7Hdo] Bu HIA L.

- AA Fde E#RE o 0o FAHA FAAAL Ze FEABIF olEe
BA7F oF 20-30 %2 o5 S AT MEE FAPA Mol AFE

- sims "F$-2& B3l AJAFAAIT o] HE TAY WAL ol sty
AR G FHAAE Vs B

- 4o 99 FHAE FHsie 498 149 JAaH XNF5E A} FosH AR
o] FEAoj7l AW FAAG] 5T Aolx, Er|AY AT HABHEF
AR BZE T3 MELE FAAA S o] 7tedE AL

A}b

Oy

b
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A6 & ATNLAYOIN S selAsIsY=

- 20295 119 w2 AE gGriMge] el met Abge] AR} vhe29) FAA7
axg & A Ho ulex A3t o &% &9dd £ e A7 nEEAE TSl
d£9] w92 full-length cDNA 9714 %¥ DB (Fantom Porject)?t E719 ] w2t 32448
FERA B ol 7|5 RAA AFY FERYZA nh¢-29 AV s S

- F27HA hereditory idiopathic epilepsy$t @@ o] &l FAAe dlF-E] ion channel
A2 A epilepsy® channelopathy#t i 744 E3l&. AT F2 4@ A3 s &
a2EAE e Aew F23. audiogenic epilepsy PF¢2~ EEQ Frings vH-ZolA
positional cloning WHoz #EdE fHAAY MASS]  (monogenic  audiogenic
seizure-susceptible)= Y&2) epilepsy SANA FAAUE Hol7t FAH NS (Skradski et
al, Neuron 2001. 31:537-8, Nakayama et al. Ann Neurol. 2002. 52:654-7).

- leucine-rich glioma-inactivated 1 gene (LGI1) (epitempin FAAZT LA )
autosomal-dominant lateral temporal lobe epilepsy?] ¥¢1FAAZ B UL (Kalachikov
et al. Nat Genet. 2002. 30:335-341).

- 534 MASS1#H LGS 4709 opujicdte] 79 wHEEo] 9lE EAR domain (for
epilepsy-associated repeat)g& FF3tZ o] ©] domain® 71% |77 43 A F.

- X chromosome-linked Aristaless-related homeobox gene (ARX) #7383 mental
retardation®} infantile spasm, myoclonic seizure, dystonia®] F4-& zt+= FAAEA 9 71E
A FAAH| 7 =] WEEY infantile spasmS ZtE X-linked 7HAINA AA5-4
¢l Ao 7 Z2A% (Stromme ett al., Nat Genet. 2002, 30:441-5).

~ serine-threonine kinase 9 37 (STK9)%E ARXol ©]¢] X-linked infantile spasm3 ¥
3 F dA FARE FAFUS (Kalscheuer et al, Am J Hum Genet. 2003. 72:1401-11).

- &3} chloride channel §3A+¢1 CLCN2¢] Wol7} idiopathic generalized epilepsyd] 78 4
vl $AF #AdFHe tia B3 FHJoew ATPIA2 sodium potassium ATPase pump

Azke] Wol7l familial hemiplegic migrain® benign familial infantile convulsion®] ¢+
71Ee] ABZALNA co-segregateBTHE BHIE NS (Vanmolkot et al, Ann Neurol.
2003. 54:360-6).

- Lafora®l progressive myoclonus epilepsy®l ¥ #A #3Al NHLRClo] putative E3
ubiquitin ligase® codingdhHe 222 B3 HYE (Chan et al, Nat Genet. 2003. 35:125-7).

- TI¥-89) idiopathic generalized epilepsy$} #HE FHAEL ion channel family F3AE
9 Re™ non-ion channel FAAES Wo|7} autosomal-dominant lateral temporal
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lobe epilepsy, cortical development®] ®]734}, X-linked mental retardation® epilepsy] %
A7 AAFHo e Ao G, thFE9 epilepsyrs EFF inheritanceE B.olH, o]
7R 24e] 2 epilepsyet BHF GHAE epilepsy 71EES 2= @ 2 sporadicd A9
YRS AHT BolojA Og BE FAdAA @2 2 #HrAe ofdse 77 v
gog AA9.
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