EERHBEHEEMYS (2 A ORBRRFMFER)
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T v MR TE cDNA 514 75V -5 LV ARERT %
MRRANCRA D U —2 2 T T 25RO

AR SEE

=B HE

BB ARERERE SRR ARSI EIS0E 803

MRES:

MEEDNDONIT, BEEEEZPLE LA NV ABREREOET NEYMIZB TS
IR TEEAE DO FHEE 2R 5T T 57280, K TH cDNA 575U —24F
R U7z 4, HEKTFH—TEE—RIERERORHTT 4 T T4 — )Ny 7 OHIK
TERICBI DO TFEBIEB L. ERLAES1 75U - 5aE# BT, BIERT
DAY V=22 7270, BHEEFO-HERTE I ENTE, 4%, REOT
v EAIEBHBREMBRL, SAT 5 —OFIRRIHGRERELT D,

A. BFZEEH)

HERDERANVARERTHDHIKT
T ®A—FIE EZE R (hypothalamic-
pituitary-adrenocortical axis, HPA %) DAE
BREWFS> OREHPLETHA N ABER
BOFEICRKES<HEELTVS,

bibhud., Uiz IPA REHI#ET 2
HEICEB Uiz, v MBBITHBEL TH
% 48 i T (Bxpressed Sequence Tags :
ESTs) A& 7 {17 wy, Cell Organism
Diffense IO D BT O O—2Z2 AN
T DNA <07 LA Z{Em L7 (Tanaka
et al, 2004).

BT, HPA RO 23 OHEK T
WZDOWT, BB ERKOFETHY Ok
EfFolz. MRTHERE HPA ROEMKEN T
HBZNA2)FaA RiZEko T, 2 HT
AT T4 =Ny 72T TSI ENA

5TVW5D, FIT, BELIIREZZER
T, REEEZSEERTOEMEAZ ) —Z
A EEETELU,

BRTENZ. HPA ROHFE R &7 5 1ikk
R7F R ORIE R ERIE RV E >R
(CRD) ZEAELTHY., (RHDOEERPBLVS
WEZ N AV F a1 Rizko THHIS N
5, WHE OS5 THMAEE, CRE BT LR
OZNVAANFIAAL RV AR ALV A Y
R A U & S T TR D
5. 0% &N Uiz R 72 S & T,
SRR DEEGNEZSNTNDA, D
IR TN TR,

BRTHEICBT 2 HPA ROXT T4 T 7
4= RNy 75 T 2B T 258
L=, FITER LSy MK TES cDNA
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A= T R AT,
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activity, Transcription factor,
Processing, Protein transport, Vesicle,
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BT ER. 34 @ (35%) OBERTOL
WIC GRE e E A LDz, Z)haa)
F a1 RSZREERTOM 7o ROT >
BRK, BRBEERIVE D ZEEL EDEN
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Transcription factor:
Processing:
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Protein transport: 90 (Rab3a/z&)
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TRPM2EERTORTHRMMBRBEZICHEA, Rz - REBRZEAL &,
L L, WBIEEERE NAOREFATRIEEREREIE SN ZL S 2,
GRESEBERTEEHAHBRICFAE L LEROZHIIDWTHEBRD N .

A BIROERBEIVHEK

MABHEEEDFEL, 2 0EENE
REWS EREERLZT TS, RRWM
", REEMEBIVCEFHENSER
MERNESLTWSZERAEADD RR
ThHd. WBEBEZEOKRERZEERK T
ZRIET S0, RFR% R W EEFR
MBEIfFTHbHTWd., ZNETIZ,
1q21-42, 4pl6, 10q21-26, 11plh,
12q23-24, 13q11-32, 18pll, 18q21,
21q21, 22ql11-12, Xq26 /2 &, L H D E
BEHMLOBEND DD, ETOWHRT—
BLEHEREIESN TRV, NI,
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BELTWwWaR, TNETNOEETOE
ENPEDEEZLEND. BRAWEFIN
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(21922.3) BLY 22 BERMAEEM 12
i (22 q12) ICHEHEHL &,

1994 4, Straub HIZ &> T, ¥¥3I—
Ow/XOIFYD—FKFZ %M\~ EHEMR
W4T H, 21q22.3 I2H 5 DNA T —
71 —PFKL (phosphofructokinase, liver
type) EEETOY FA 27 3.41 NES
Nz, EwosHENz TN V. DI,
FESADICE LT, BRORENH D,
INHLOHEREMNS, 219q22.3 1B 5

PFKL /5 D21S171 2/ T O EI A3,
HMEBEEEORBEZUERTRFELET
LBEMEHO—DELTEALENSLD
WKix-olz 2949, WAL, Z OFGHHEE
KWHLIBETFOHRT, MNTORENHE
WE WD B RESCHEE T OHEN
5, TRPMZ2 ( transient receptor
potential melastatin 2) Bz FICEH L
7=. TRPM2¥E {r 113, 219q22.3 LICHEEF
U, 7 AL E#¥ 9 kbicb7zd 32D
IFYV L R2EBRTFELULTHEZIN
oo £, FAEATFIE, MTORENM®
<, FEREEMITIE65kbDEXT, ¥
SN BELTI 1503 72 ) BBEREMD
S5IRD2ANTLFYRIINTHD. 5
I, BMEEEENLZEEY (5.5 kb) b
BHETHZENDMND T2 5,

— 5T, 200241, TNETIHE S
Nieedr ) L hBEHBTOMEEE DR
AT GO T, RiEEE & #EET
HEAL & LT, 13F Rk L 22/ PR
MEBRTHLH ENDIHERNGE SN0,
Rz, 22% 5 @46 O 22q121F WA 4 kE &
DEMETEL TEHSINTWDSD 8 9
10, TOHBIKEAET 2EERTOHRT,
HRE B L VR R B & v o e Tl A
5, GRK3(G protein receptor kinase 3)
BERTIEHLZ. RERGRTFE, XEHE
MEORZEERN TH 222q12HKICTEF
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receptor kinase 2) &L T/ n—=27
SN, BHEWE, GRK7Vy3IU—0O—BT
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EYMITH3.6 kbORETHS. £z,
GRK3% /87136887 X ) &REN L Iz
D, GY NI ZREO) CEBRILEER L
LTHEELTWS. T/, LB HE
BEBEFOISSER E2TBRIBED2D D T
W—T7Z2HEENKELT, LHMBHZL
EZ A, ABEETFOTOE—F —HE
2, WEBEEERZFCAELCRDLENS
—EHEBMAERDE, EVWOIREND B
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EFOSHRMEIE, TFY 01200
CEBPLELEBRENS VWS, HEME
EBOREERBIT 2030 ERTHD, B

RHEBERZT TR<BEERbLDDILD,

WA THRAT LS ERTOREHGHORE
MR EEEOHEBEBIIEDD TND
WHEENDS. TORDOAFETHE, A
BHICHEENICOFE N RBEMERTT
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FNENIDNWT, 53R EE OB
EHMICITo LT, MBERICEET S
ER-ZHEHREL, 8X0BRETOK
ERESEBICH 2L EHAND R E
REOREEOHEEZRNL L.

B. M&{EFGE

1. TRPM2 BT OB

A Ea—F—BIFICRL0E1IITFY
CEEUDTIOE—F —HEO GCBLY
CpG &HEBEOEMEfT>. TD LT,
EREWREDO mRNA Z2H W& 5" RACE
B X O Northern blot #EZ T\, IRE
BIdA M e MRt Lz (FFficD W
T Uemura 5 O X &2 &8 12). [F#H
WoHEEZITI, Wikl MEEERHF 20
LZORMY ONEKIDESN] DNA 2
AWT, IERAHEEID 5" LREK 2
kbp Wb/ o TERMR PCR EITXD
#iE L, sequencing I L D EEES %
MR L. 714 <—1d SSCP (single
strand conformation polymorphism) %
TRENS DI 51C, BET 2HEE
BEFIMEAE LT 400 bp A F &b K
HSwERE L. 5Nk PCR EWYE
SSCP #RiCk o TERAIV—Z VT %
7\, direct sequencing ¥kIC X 0 £ M %

BEL~E. I REE DL
DWW, W] MEOI B EEBEN
(DSM-VZWlrick 3) 92 £ (BEH 43

K, etk 494, EHER - 45.8112.4)

CEBEIEE BRI B MER 924
HAER  47.3114.1) 2R EL, BEHE
AT Zfr o7,
2. GRK3 & &+ DR

TRPM2 BiRFEREKIC, 81 TFY
&0 B ERHEK 1.8kbp ITH o TE
M7 PCRIKICKXDIEIE L, sequencing
BickDEEEYNEHABLE. TORK,
WhEME I ME T RMEEREFHR (N=92)
CEHBEEE I AEE (N=92)
g e L, BEMSITZET O L. ’

(fmHm~OME)
AMEPFLURREHEEZERDORRAZ
‘BTirbh, FEMNSHFIZE, HAEEE
EXEROCOBEKCTHACHBL, E6H
CTREE2ER. £, BAEZEET S
CEMAAELBRIOCMERN L EEZRT
L, £/, BABFHRORBHERNZVED
WHEBICEELRSWHEZTTo 2.

C. W 52 s R

1. TRPM2# &7 O x5 B i R | kO
% T 7 H

5RACE#: B X U'Northern blotik T &
D,k Dexon 1 (610 bp) 1, 5’23345
bpiE < 7z o /zexon 1’ (265 bp) TH 2 Z
L, O3 kb EWRIZ, exon -1 (113 bp)
MEELTWD I EZHEL, TRPMZ
BRTITHAREEMSNTWERKBIO N2
HOE1IITFY LD EFHROIEMRE
BOBNLRIHETHRIFY NS HEL
TWBZ ERHENMNER > /2 (Fig.1).
7/, Z®exon -1, 222 —%—
B L, GCRXUCpGERENSE <,
CpG island& P TN 5 %5 @ ITHTE

L TWwie (Fig.2). Zo#HRz2d &I,

SSCPHEZHWTHERBEHRX DS L
WEK2 kblcb/lzo T, BRERRL T
Ww< &, Tbp®D A (-3282_-3283ins)
K U849 bp?d R4 (-3110_-3062del) %
Jexon —1NO—HEEFEM (-3465 G>C)
R E LU/~ (Fig. 2). LA LaRs,
DHEMO MR ERBEEEREFI2A &
OEEITRD 5 NEMho/m (Table 1)



Probe P1S 445 (345 bp

ATG
(A) Acc. No. AB001535

3536 3425 l/
5]

113bp 3325bp | 265bp 782bp  9377bp <= GSP1
-100 GSP2 2% esps

o f 2

88 o3

¥ s s 338 8%

EQ 888 HEC8EgseE

(8) £ 3855805885,

8a7EaHaf RigRgfst

RYEGE £ 8 E'aon-ﬁé‘:’ﬂv

E3EG8Esa @805 3a8

exon P1S§

exon 1 @ 6.5 kb

Fig. 1 Localization of the novel first exon of the TRPM2 gene, (A) Schema of the TRPM2
gene from 5 «UTR to exon 3. GSP1-H, GSP2-H and GSP3-H were used as primers for 5 «
RACE with human caudate nucleus mRNA. We detected exon 51, which is located 3325 bp
upstream from the novel exon 1. Exon $1 is a non-coding exon. The novel exon 1 (265 bp) is
345 bp shorter than exon 1. Probe P1S is the specific PCR product for previous TRPM2. (B)
Northern blot analyses of TRPM2 transcript.  Human brain multiple tissue Northern blots
(Clontech) were hybridized with probes labeled with {a-32P] dCTP. Probe P1S is located in
the first exon of previous TRPM2 transcript, but now in intron §1 of the TRPM2 gene.

The TRPM2 gene

)

50 G+C

cpé

°0 10 2 a0 40 50 60 70 80 ag 100 110 (kb)

12 14 13 18 2 24 28 30
‘-1 12 345 878 9 01 1315 T D R ABH 23 29 31 32
b H——— i —Hil—— - HE—  LF-TRPM2

3538 i 3428 T

SNP: 3465 G>C 1 w0 0 (bass)

Fig. 2 Genomic structure of the TRPM2 gene and polymo rphisms genotyped. (Upper)
G+Cand CpG content analysis of TRPM2 gene. The novel exon 51 indicated by an arrow
islocated in the CpG island. (Lower) The locations of the three polymorphisms are
shown. Nucleotide position one ( 1) is the first adenine of the initiation codon (ATG).

Table1 Genotype and allele frequencies of SNPs in the TRPM2 promoter region

genotype allele
N lUs* sls i s
control 91 1 0 182 2
(n=92)
bipolar disorder 88 4 0 176 8

(n=92)

*1: no polymorphism detectedfiarger allele
**s:a SNP with one 7 bp-insertion and one 49 bp-deletion/shorter allele

2. GRESBE&ETF D% MK

exon 1% & O ¥ 5 B 44 ¥ 5L # 1.8kbp
DERZEZMIWLEEIA, LHROKRIZ
BOTHBUEREELEOBEENRBRIN =
MELRFOTOE—Y —HEBEOLMP-5
(G>A) ZiFTmr<, P-1(T>C), P-2
(A>G) b, HAEAZRHRIZ L =ABF5E

=5
[E

—k5T, PB(T>GL
P-4 (A>G), P 6 (del G) Liwu 3’L,
%@mtﬁt_mbmwwvwﬁi%%
5N (Fig. 3). Lo Liads, WEHE
BERERAHE, TNETNOLE OEH
AR, NTOYAL T EEDTCHER
ZIEFRD 5N o 7= (Table 2, 3).

THEHRBHEEERER, SEESLIC
5NN T

) the GRK3 promoter region
00
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B0
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o |

window size: 10
slida size: 10
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Fig. 3 Genomic structure of the GRK3 gene from 5Gupstream regulatory region to exon 1
and polymmphisms genotyped. (Upper) G+C and CpG content analysis of the GRK3
promoter region . The first exon of the GRK3 gene is located in the GC rich region. (Lower)
The locations of the 11 SNPs are shown. Nucleotide position one (1) is the first adenine of the
initiation codon (ATG).

Table2 Genotype frequencies of SNPs in the GRK3 promoter region

P-1 P2 p3 1 P-4
SNPs
1330 TIC 1306 NG 1197 TIG -972 AIG 801 AIG
genotype TT  TWC ANA NG WT TG ANA NG ANA AG
control (n = 92) 92 0 92 [ 84 8 o 1 8 8
bipolar disorder (n= 92) 92 o 92 [} 88 4 02 0 8 4
P-5 32 3 P
SNPs 4 +5 )
-383 G/A 235 GIA -202C16 189 C/dalC 186 C/A 117 GldalG
genolyps  GIG  G/A GIG GIA CGIC CIG CIC CldelC CIC CA GIG GldelG
control (n = 82) 92 L] 91 1 a1 k3 a7 5 11 1 81 1
bipolar disorder (n=91) 91 [ -] 1 89 2 89 2 91 0 9 [




Table 3 haplotype frequencies of SNPsin the GRK3 promoter region

contro! bipolar disorder
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SNlamolz. LLRNG, Mgl &
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ZENBEEIN I, FoO®%, TNV —T
W&o T, TRPM2B R F D mRNA &7
FERCHETLTW R ZNRIZ, £ERE
WMEfF-o7/7-&EI A, intron 18 B X O
intron 19 AKEFBEZDH 2 —HEEBEMHR
EEE LT3 18, F/=, 20056 4,
McQuillin 5 & D, 600 A @ X4 & &
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Z A, TRPM2EBMLFOD exon 11117 A
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BERZ RO —REBEM (P=0.008)
ERALZEOHE D H D 19,
2. WEBEEE L GRK3BET
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receptor O U PEBILCHREFEITEEG L
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72, v bIZ methamphetamine & & %
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(8000 fEl) ®FEH % GeneChip TA VY
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FEERARM MR 2 B W T Western blot
analysis ZfTo /2 & 2 A, NI BEE
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GRK3 ¥ NI ODENVETLTWE, &
WO MEHH D 22, IS5, HFRE RV
MO DRBEEHOERZMKIZB NT,
IR EFICBIT S5 GRK2/3 % VNV BD
HmMRED SN T WS 23,

4@, ‘AW, TRPM2 %1 GRK3 &
RFIZBITIEEHRGHEREZSR L EL T,
RN EfFok. ¥y—X -2 3 —
WHFFIZRWT, WMER T &b I KA E
ELoBEIRAMNE RN, UL
NG, TRPM2 K1 GRK3&1fxFIL,
ZTOMBRERBEELZT TS, EBEEMIKZ

CHbRBUEEOEE R RBERREERT
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A Family-Based Association Study and Gene
Expression Analyses of Netrin-G1 and -G2 Genes
in Schizophrenia

Mika Aoki-Suzuki, Kazuo Yamada, Joanne Meerabux, Yoshimi lwayama-Shigeno, Hisako Ohba,
Kazuya lwamoto, Hitomi Takao, Tomoko Toyota, Yumiko Suto, Noriaki Nakatani, Brian Dean,
Sachiko Nishimura, Kenjiro Seki, Tadafumi Kato, Shigeyoshi ltohara, Toru Nishikawa, and
Takeo Yoshikawa '

Background: The netrin-G1 (NINGL) and -G2 (NTNG2) genes, recently cloned from mouse, play a role in the formation and/or
maintenance of ghutamatergic neural circuitry. Accumulating evidence strongly suggests that disturbances of neuronal development
and the N-methyl-p-aspartate receptor-mediated signaling system might represent a potential pathophysiology in schizophrenia. We
therefore set out to examine the genetic contribution of buman NING1 and NTNG2 to schizophrenia.

Metbods: Twenty-one single nucleotide polymorpbisms (SNPs) from NTNG1 and 10 SNPs from NTNG2 were analyzed in 124
schizophrenic pedigrees. All genotypes were determined with the TagMan assay. The expression levels of NTNG1 and NTNG2 were
examined in the fronial (Brodmann's Avea [BAJ11 and BA46) and temporal (BA22) cortices from schizophbrenic and control
postmortem brains. The isoform-specific expression of NTNG1 splice variants was assessed in these samples.

Results: Specific haplotypes encompassing alternatively spliced exons of NING1 were associated with schizophrenia, and
concordanily, messenger ribonucleic acid isoform expression was significantly different between schizopbrenic and control
brains. An association between NING2 and schizopbrenia was also observed with SNPs and baplotypes that clustered in the 5

region of the gene.

Conclusions: The NING1 and NTNG2 genes might be relevant to the pathophysiology of schizophbrenia.

Key Words: Neurodevelopment, laminet-1, laminet-2, postmortem
brain, real-time quantitative polymerase chain reaction, alternative
splicing

duces a lifetime of disability, with emotional and cognitive

distress for the affected individuals (Lewis and Lieberman
2000). Although schizophrenia has a worldwide prevalence of
approximately 1%, the specific factors that underlie its predispo-
sition remain elusive. A number of studies have focused on
identifying genetic and environmental components that sepa-
rately, or in combination, contribute to the manifestation of the
disease (Lewis and Levitt 2002).

A strongly supported theory is that schizophrenia evolves
from a fixed brain lesion occurring early in neurodevelopment
that responds abnormally to later maturational stimuli (Chua and
Murray 1996; Marenco and Weinberger 2000; Weinberger 1987).
Developmental neurobiology has made great strides in detailing
the molecular machinery that leads to the assembly of brain
systems (Jessell 2000; Tessier-Lavigne and Goodman 1996).
Several gene families that are responsible for encoding cues for

S chizophrenia is a severe brain disorder that usually pro-
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guiding axonal growth cones and cell migration have been
identified. These genes include members of the immunoglob-
ulin superfamily, ephrins, semaphorins, slits, and netrins
(Chisholm and Tessier-Lavigne 1999; Tessier-Lavigne and
Goodman 1996). For the cellular and signaling bases for
schizophrenia pathophysiology, disturbances in N-methyl-n-
aspartate (NMDA) and dopamine neurotransmission have also
been strongly implicated.

The netrins are a family of diffusible axon guidance molecules
related to laminin that are conserved from Caenorbabditis
elegans to vertebrates (Ishii et al 1992; Serafini et al 1994). A
netrin-related molecule, netrin-G1 (Ntng1) (also called laminet-
1), has been identified in mice and shown to be distinct from the
classical netrins in several aspects (Nakashiba et al 2000; Yin et al
2002). Unlike classical netrins, Ntngl is predominantly tethered
to the membrane through a carboxyl-terminal glycosyl phos-
phatidyl-inositol anchor. It generates several splice variants,
none of which bind deleted in colorectal carcinoma (DCC) or
uncoordinated 5 (UNC5), the best characterized netrin receptors.
Nakashiba et al (2002) and Yin et al (2002) have recently
identified a close paralogue, netrin-G2 (Ntng2) (also called
laminet-2). Both Ning? and Ning2 are elaborated within the
vertebrate lineage. Comparative analysis of mouse Ning? and
Ning2revealed complementary expression in the brain, implying
nonredundant roles (Nakashiba et al 2002; Yin et al 2002). Our
ongoing studies with mutant mice devoid of these proteins
suggest that Ntngl and Ning2 are necessary in correct NMDA
receptor functioning and that mutant mice show behavioral
phenotypes related to schizophrenia (Nishimura et al 2004).

To define the possible roles of NTNGI and NTNG2 mole-
cules in schizophrenia, we mapped the genomic layout of
human NINGI and NTNG2, confirmed their chromosomal
localization, and detected multiple splice variants of NTNGI
transcripts. On the basis of these findings, we performed a
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genetic and expression study of these two closely related
genes in schizophrenia.

Methods and Materials

Subjects

The schizophrenia pedigrees were all derived from a geo-
graphic area located in central Japan. The probands, both in- and
outpatients, were followed up by hospital doctors for at least 6
months. The samples consisted of 124 families with 376 mem-
bers, of whom 163 were affected. This included 1) 80 indepen-
dent and complete trios (schizophrenic offspring and their
parents); 2) 15 probands with one parent; 3) 13 probands with
affected siblings; and 4) 30 probands with discordant siblings
(Yamada et al 2004). There was some overlap in the samples
from 1), 3), and 4). Consensual diagnosis was made according to
DSM-IV criteria by at least two experienced psychiatrists, on the
basis of direct interviews, available medical records, and infor-
mation from hospital staff and relatives. None of the patients had
additional Axis I disorders as defined by DSM-1V, and none of the
present family members suffered from neurodegenerative disor-
ders, including Parkinson’s and Alzheimer’s diseases.

The present study was approved by the ethics committee of
RIKEN Brain Science Institute. All patients and family members
gave informed and written consent to participate in the study.

Determination of the Exon/Intron Structures of NTNG1 and
NTNG2

The complete genomic structure of NTNG1 was not available
from the databases and was determined as described (Meerabux
et al, unpublished data): briefly, mouse netrin-Gla complemen-
tary deoxyribonudeic acid (¢cDNA) sequence NM_030699 and
Gl1d sequence AB038664, as well as human NTNGI clones
BC030220 and AB023193, were aligned with human genomic
bacterial artificial chromosome (BAC) clones RP11-270C12,
RP11-396N10, and RP11-436H6 (GenBank identification [ID]
numbers AC114491, AL590427, and AL513187, respectively;
hitp://www.ncbi.nlm.nih.gov/Entrez/index.html) using the Na-
tional Center for Biotechnology Information (NCBI) BLAST 2
sequences algorithm (http://www.ncbi.nlm.nih.gov/blast/bl2seq/
bi2.html). For NTNGZ2 genomic organization, we consulted the
Ensembl Human Genome Browser (http://www.ensembl.org/
Homo_sapiens/), which provided annotation on the longest
c¢DNA clone" available in the databases (Vega Gene ID:
OTTHUMG00000020835).

Fluorescent In Situ Hybridization (FISH)

For fluorescent in situ hybridization (FISH) analysis, NTNGI
c¢DNA probe was prepared by polymerase chain reaction (PCR)
amplification of Marathon-Ready Human adult brain ¢DNA
(Clontech, Palo Alto, California) with a forward primer (5'-
AGGGGGCGACTTGCAGGAGGC, 3' end at nucleotide (nt) -570:
A of the ATG initiation codon is counted as -+1) and a reverse
primer (5’-GCAGTGCCTTTGGGGATGGGG, 3’ end at nt 1032 in
BC030220). The procedure was repeated for NTNG2 (forward
primer: 5'-CTGAGAGGTTCTGCTCCCATG, 3’ end at nt 3; reverse
primer: GGGTAGCAGCCCTGGCGCCAG, 3’ end at nt 1313 in
ABO058760). The PCR products were separated on an agarose gel,
and the DNA was excised, purified, and sequenced to check the
fidelity of the probes. The purified DNA samples were fluores-
cently labeled under standard conditions and used as probes
against normal metaphase chromosomes.
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Detection of Ntng1 Transcript Isoforms

On the basis of information regarding the mouse Ning1 splice
variation, which is generated by alternative splicing of down-
stream exons (Nakashiba et al 2000), we designed a PCR assay to
detect human splice variants from Marathon-Ready Human adult
brain ¢cDNA (Clontech), using a forward primer designed to exon
4 and a reverse primer in exon 10 (Meerabux et al, unpublished
data). The PCR products were cloned into pCR2.1 (Invitrogen,
Carlsbad, California) and sequenced with the DYEnamic ET
terminator cycle sequencing kit (Amersham Pharmacia Biotech,
Piscataway, New Jersey). The exonic composition of each frag-
ment was determined by aligning each sequence result against
the known NTNG1 exon sequences with SEQUENCHER software
(Gene Codes, Ann Arbor, Michigan).

We also performed semiquantitative analysis of NTNG1 mes-
senger ribonucleic acid (mRNA) splice variants by separating the
PCR fragments with an Agilent 2100 bioanalyzer with the
DNA1000 LabChip kit (Agilent Technologies, Palo Alto, Califor-
nia). The bioanalyzer software automatically calculates migration
time (sec), area, size (bp), concentration (ng/pL), and molarity
(nmol/L) of each separated band and displays the results in real
time. The identities of the detected peaks were determined by
comparison with the cloned isoforms run in a separate well on
the same chip.

Mutation Screening

Genomic DNA was isolated from blood samples according to
standard methods. The complete coding region and exon/intron
boundaries of NTNGI and NING2 were screened for polymor-
phisms by direct sequencing of PCR products, from 40 unrelated
schizophrenia samples. Primers used for amplification are listed
in Appendix 1 (available online). Polymerase chain reaction was
performed with an initial denaﬂlratipn at 94°C for 1 min,
followed by 35 cycles at 94°C for 15 sec, 50°~70°C (optimized for
each primer pain) for 15 sec, 72°C for 45 sec, and a final extension
at 72°C for 2 min, with TaKaRa Taq polymerase (Takara Bio,
Shiga, Japan). Detailed information on amplification conditions is

“available upon request. Direct sequencing of PCR products was

performed with the BigDye Terminator Cycle Sequencing FS
Ready Reaction kit (Applied Biosystems, Foster City, California)
and the ABI PRISM 3700 Genetic Analyzer (Applied Biosystems).
Polymorphisms were detected with SEQUENCHER. The Japanese
Single Nucleotide Polymorphisms (http://snp.ims.u-tokyo.ac.jp/
index.htmD, The SNP Consortium Chttp://snp.cshl.org/news/), and
the NCBI (http://www.ncbi.nlm.nih.gov/) databases were searched
for additional single nucleotide polymorphisms (SNPs).

SNP Genotyping

Single nucleotide polymorphisms were typed in all 124
families with the TagMan system (Applied Biosystems). Polymer-
ase chain reactions were performed in an ABI 9700 thermocycler,
and fluorescence was determined with an ABI 7900 sequence
detector single point measurement and SDS v2.2 software
(Applied Biosystems). Each marker was checked for allele—
inheritance inconsistency within a pedigree with PEDCHECK
software (O’Connell and Weeks 1998), and conflicts or flagged
alleles were resolved by regenotyping.

Statistical Analyses

The initial panel of 124 families was analyzed with the
pedigree disequilibrium test (PDT) program, v3.12 (http://www.
chg.duke.edu/software/pdt.html) (Martin et al 2000, 2001). The
statistically more conservative follow-up study was carried out
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