RERERL X EZA Mg REKFE BE =Y HRAE
Kato M, et al. Frameshift mutations  |Epilepsia ElRil e FRHEE 2010
of the ARX gene in
familial Ohtahara
syndrome.
Goto A, et al., Proteomic and Neurochem 54: 330-338 2009
Osaka H, etal.  |histochemical analysis |Int.
of proteins involved in
the dying-back-type of
axonal degeneration in
the gracile axonal
dystrophy (gad) mouse.
Ogiwara I, et al., |De novo mutations of Neurology. 29; 1046-53. |(2009),
Osaka H, etal. |voltage-gated sodium
channel alphall gene
SCN2A in intractable
epilepsies.
Osaka H, etal. |Mild phenotype in Brain Dev  |doi:10.101 (2009),
Pelizaeus-Merzbacher 6
disease caused by a
PLP1-specific
mutation.
Tsuji M, etal., |A New Case of GABA |J Inherit 10.1007/s1 (2010)
Osaka H. Transaminase Metab Dis, 0545-009-
Deficiency Detected 9022-9
with Proton MR
Spectroscopy.
R —HD DNAA FALOMERE |EFDOHD 230 553-554  |2009
HIRRAT &
Kobayashi, H., |Identification of the Genomics. 93 461-472 2009
Yamada, K., mouse paternally
Morita, S., Hiura, | expressed imprinted
H., Fukuda, A., |gene Zdbf2 on
Kagami, M., chromosome 1 and its
Ogata, T., Hata, |imprinted human
K., Sotomaru, Y. {homolog ZDBF2 on
and Kono, T. chromosome 2.

20




OB - << K4 SNARE EAF - [ERAS DOiE>>

12. STXBPI BT (MUNC18-1) OATuRENEEHOTAMALZEEZR -

e e Ak EE?
"BIRTISIREE  KRERRESEER
PRERTIL RS KEIRESE R

Pt

Bh#
i

BiRF

Haploinsufficiency of the gene encoding MUNC18-1 cause intractable early infantile epilepsy

BER%A %

FE R

MRS KT KEREZEPER
BEYE Bh#

T236-0004 #HIETH &R XER 39
Tel: 045-787-2606, Fax: 045-786-5219

E-mail: hsaitsu@vokohama-cu.ac.ip

Rk 1—4

21



TADAE, KRR OBRIZREIZL > T &R SNIKEEDOREE (TAH
MENE) ZERBBELTARATHD, MAFLLOALIRERIBOONIHE (E
Btt) LHLRRENRD bNRVES (M ILBRNE) Kby, BECRENT
WESNTVWBREERBGFOZL DA T FrrEa— L TW5B, Hxid, MEEO
RV, B LLRBRESICRIET A HIAED TANABEID, STXBPLEET DOHES
REREZRE LT, STXBPLEGF1Z, SNAREEAEOBELRE T LBHONTND
MUNCI8-1% > R7 B a— FLTW5, ERZH T HMUNCIS-HIHEENIIARLET, ¥
VAXRV AL OFREARERZELIETLTWEY, ThbopiRiy, 72/ Mankn
HHEE L W OIFH LW TADADOREEELZ R AR TI5HDTH D, AE T, SIXBPI
BEFEROREICELY ) L, Z£EMUNCIS-1DBEEMRITIC DWW TR T 5.

1. KHEJFEEFERE (early infantile epileptic encephalopathy with suppression burst : EIEE)
KEFEFERY, FAERS» OWLIEMBENC, AROEVERED DIV Y — X

MO EARRERE EFOHRLZEER IS RIE TREL, HEOKHEERERF
B BHAEDO TADPATH B, /NUBEREO RBRETHEE (BILRZ/NEHER A
REER) AT EITHRIC S T CREBE E LD ONE Y, BIRRE T, /Sl
B DRET 5EIRIED burst &, {KIRIE TITIE TR 72 suppression 23X EIZHE T D
suppression burst /3% — U3, HEE, BREZMDLTRDONS Y, KBREEREDOE X
PR R E 245 25, BIREBRENRVES (RN b3 Lh, BIRH2RRITR
ENTWVWe, THET, XA EICIIET S 4RX  (aristaless related homeobox) EI&F%
BRBRACBNTHRESN TWE0HTY, AESNEEEREFERCTRENMRATE
TRVERIR L S EREN TV,

2. &F ) b= uT VA L ERAEERE ORE
REFEGEROIZ & A CITMREI CAETEE A MR, HEROFREIZ AV ol

BRI CIIR BB EF O BN RTRE Th oo, IMREBAN AL L ThHEBIZIN T
BREER R L Vo o R BRIEERE A FERNY L LERY vV a T s a—o U TERED
Thd, ZOT7T7a—TOREIE, 160RGERE»OECFHHENSTETHLZ LT
HY, UHRZTRHIOFEEAVW TN T 7 VEGREORRER T OREICHS L
O, RAFBERE BRI Y —=r 7T 50, Baided ) METABACY A
ruaT7 VA EBERM L, Zhik, 7/ ADNA%ETeBAC (bacterial artificial chromosome) <X°
PAC (P1-derived artificial chromosome) 7 1 —DNA%, ML 2D X5 A NI T AITHER
IZAR Y L bDTHD, BEDNAL EHKEDNAL R/ 5 #LEFR CEM L TRk
AN TV EA -3 V&8, ZFOVTFNVRELNSBEDNAILEITLS ) Ao

P OEERET S, BAIXTIOBACYA 7 07 LA ZAVWT, KERERROLRE
FEGNZ B fR R (9¢33.3-q34.11) OMMIKLZRE L (K1A), HmMEREEKER
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% V=8 in situ hybridizationi& 12 £ ¥, ~T 0 A MHDOR2.0MbO K% QA H 5 HFEY
BEDIHLELLN—FTREBD D) BBEDORIFEL, BEOHE CHRIRENIED
LNRNWI LEZHRLE (K1B), ZhbDRKERIT, RAEKDEBMKEIIBEICR -/
FAERRERTHY, RAFEGREORRE L 2o TWAAEEEIED TEWE L 2E5kL
77

3. KHEFREFEHBEICRT 3 STXBPI Bi=TFERORE

PHRIR ROFEIRITIE, b MM CORBRPIRE SN T2 syntaxin binding protein 1
(STXBPI) BILFE2EOTAHBEULOBETFMIBEL TV (R1B), Hxit, KHEEE
REEERE 13 4 C SIXBPI DERMBFTEITV, 4B TATaEAMOI At ABR (BE
FWa— KT B4V 0BT S/ BOBHE b bTER) 2BHE (M2), Zhb 4
DOERIIRBERA 250 £ICRBOONT, 3ERIZOVWTIEHFAR CHIEAD b nEitse
RERTHDIZLEER L, 1ERBIZOVWTIIRES A L TBY, FERARTEROKES
WTEpoTc, SIXBPI EREZH T 5 BEY, BRAKLBESIERE CHMEREE2RDT,
$¥8R) 72 suppression burst X2 — L O AR LT-, ZHODFRAMNG, STXBPI RN
EEOKBFEERORR > TWB EEZ B,

4. ER MUNCI18-1 ¥ ™7 B OBBRRENT

STXBPIE{ETIX, #ALMIZIRTE X7z Secl/Munc-18 (SM)FZ >R B7 7 I Y —D 1o
THBMUNCIS- 1% 23— FLTWA™Y, SMZ L /37 BIZSNARESX v 37 & & Rk, BER
P OHHFNCE L TNTORET, EBRERMAICHATHE I EBMBLNTHEY, RERT
i, BT AROBRMESBE L, EEEMPBFIY T RCERET B L, WGy
BEELTVWB T T R/MNABEIY T 7 RABEICEE L THREEDEOROKEAR 5,
PR TIX, /ME EDvesicle-SNARETH AVAMP2 (7 7L EV2) ERiv T 7 RIE
L Dtarget-SNARES Tdh B30 # ¥ -1, SNAP-25 B354 LT T A SNARE HAED
BEICEY, VFTRANMNALAIFT T RAERNMET D, ZOBRITBWVTC, SNARE B4 14
RIS B2 0B D 1 -5MUNCIS-1TH 5%, MUNCIS-1iE v & ¥ L v -1AL AT
BZHEUNRIEELTRRSNY, 2T -1AL DR, HDVIESNARE EAKICE
BEREATAZLIZLY, BOMHEERSLTVWE LEZLRLTWASD, gk ilA
VEBRALEL & BGHALD 2 DDSIEEEE L D 2 LA E b TV A 23D, MUNCIS-113BafE! &
REBEOEL LDV 22X 1AL bfEET D, BKEIL VE X U 1ADT 2 ) K~
DREATERAICEETH Y, AR VI XV - 1AL DRERIIY T T A/NED Ry F v
041&35 LTb\ 59, 11, 13, 14)0

KEFERBBE CROP oI AV AERIZL AT I /) BOBHIL, +TLE
MCBEIURESNET IV BOBRELZOTERTH-- (®2), £7-, MUNCI18-1
DOIFEE L, NEIZALETABUKMET I VBB CTEBRMAELUTEY, MEABEERAREIC
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THZERTRIENE (H3A), £2 TH X, EEE L CISOYERAMUNCIS-1ZHHRL,
FOWE LRI L., B6BMHA7 FTAKRTHE, o) v 7 2ADEENER
A (43%) IZHATCIS0YZERM (39%) T/, ERIC L YMUNCIS-10 ZIREENE
fELTWAZ ERRRENT, SHICH MR EREZIToE 25, CISOYRRERIIE
ERE D LB L TRIBICREETHS Z EBPALMIR > (B3B), 7z, V&%
1AL DFEBREIZBWT, CISOYREENITEFR L T, AR 7 XU -1A

(L165A, E166AZ ) L DFEANE L <IET L Qv iz (K3C), {2 —RMUNC18-1 (V84D,
M443R, G544D) IZB L THEREZ RN, BRARICBIT28EDTYD, +oRERN
Bon7eho T, EGFPH 7 %A1/ L7~ MUNC18-1% Neuroblastoma 2AKIAE I — @R H &,
EGFPOENEE b & ICHIAMNBEL RS LEERICBWVWTH, BETRO N 4EHOELR
# % OMUNCI8-112, #920% ORI CTEENRD bl (H4), ThHDRENDL, K
AFEERAE THED LN I A AERIY, MUNCIS-1OMIEEEEL ARLENLL, BK
RIS BV UIAL DRFAEZELIET SRR EBHALNERY . T T R/PREDEH
AMHEE L WO H LD TADADRIEMENR R I,

5. MUNCI8-1DNT R R L TAhA

I E CICKBAREREBESRSE T, ERo~T onEAMOBETRE IR/ RER
DIENT, ~TEAEOF vV RER, Jb—AV T NER, AT TA VU TERNBR
Do TETWDS (FiE, BED), ROPoZVv—Av T VER RTIA LV TER
T IR RV R BAT RS, T ARBROBA L RRRZ, RNA BEREHE
D1o2THD P AERIZELD mRNA SR #=iTHLTFEREIND, £7, CI180Y
FEAMUNCIS-LIIARZRETH Y, BT 2 XV 1AL DFAHEEZE LJETIRT
WAHZ ED, YT A/NAGEORHIZE L TIIEIE#BE L Thiene B2 bhbd, EiZ,
AT OEAEOBERFRECKARERBENPEL TSI LEEXD L, EFL
MUNCI18-1 DB ESBEIKTT52 & (MUNCI8-1 DT urARE) IZX > TRERE
BEREDNAE L TWB LRI b5, Munls-1 REER~ U AR, M= EME OB 0k
HELEDLNT, MERTEXTICAESRTCIETTS P, Munls-1 ~TrER< TR
B3 TADLAREOHEILRL, HEVT 7AEA T TO Munl8-1 ~T rER = o —n
v OBEKAEBFMR G, EENRENH T CIRERT & it L TEERRBD bhian 9
L L22as s, #0iR LEMIC X 5% 7 ABHROME S Munl§-1 ~T nER=-2—n
CVTCREENCR I A L ERD, V7 A/NED readily releasable pool size 234 LTV D
TEMNTRBENTVWAS 9, BBREWT L2, IO readily releasable pool size DA, 7V
5 X VBRI = 2 — m AT T GABA fEBfE= 2 —n AT L VB BHBEN TS 19,
R D ARX BETF12, MEIMED GABA 1EEIitE R & DM E= 2 —n  OBE) & 531k & T
LTCWBZERMLNTEY " ARXEETERIZ L (BIERISNINE=a—1 Y
DREDTANALIERI LTWD LWV ) {EH (intemeuorpathy) 2MEBENTWS Y,
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6. SH~DOHR

Bl Hamdan D13, FSMHFEEEN & RGO TADPAR BT 2 BEICBIT
SIXBP] D~7 AiERMHAERRER (FLrer RER 1G], X754 AER 15 2§E
L7z P ZOMEL, SIXBPIZEN, FAERS b ILIBH RT3 EAMET AN A
TR, BHEERE L TADPAEF—T— RE LEBEVEEOER L 2o T 5
ELERRLTVD, 5%, SIXBPIBEROF| SR THRBEBR LD L 5 RERD % B2
DPER L2V, Eo, BREUETCADADERBETOE DA F L F I a—RL
TRY, YT7RANEOBOBEICEET 28EF L LTI, ZhETIRVFFI 10
BRFERNTADAL FEBEZRT S 1 RR CHRESNTVEDLTH o7 2,
SIXBPI BEEDFERIZ L T, T 7 A/MEOBOMHICE D 3 38EF DT A A~
%5ﬁ%6#ntb,4%7+7xmmwﬁummﬁﬁbéﬁﬁ%&TA#&K%T@H
L L EHE LD,
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B DA
B 1 KHEEERRE TR a0 K

(A) Y kiR ER RE Lnes ) MEFH BAC <A 7 07 LA OfERERT, CGHI
1123 DNA % Cy5 ®IEEBE T, XBEK A DNA % Cy3 NAERTT VL TRV, CGH2
CHENAEL LTIV LTWD, Log (Cy5 & Cy3 OENHREDLL) D% Hitsh
2. 9 B KOERD L ERICOT CHOE BAC 7 v — 2 OB EHEIR T, Z DG
TIERIZ CGHI T4 F A2, CGH2 T7F RITENKE 72 28 (FRv Box) BH Y |
kD RE L EL bR, (B) BAC/u—r25-L L CFu—7 & LIE insitu
hybridization ¥12 & ¥ . 9¢33.3-q34.11 {23 THI 2.0Mb DR KR A RE LT, REDI 1
— U MRISRIRICALBT B2 n— %k, BEORHINKE L REEEEE R, JOX
KEFITIT 41 HOBEBEFRFEL TV,

K2 KHBEEERAE CHRD SIXBPI BEFO~T oS I AV RAER

FE ST 4 SOEEBHIIIE R A A VNTOT IV BBEREZSIERE T, BRIISHE
B LI S IR SN T I VBTAELTEY ., 425055 3 DOERITOVWTIE
MBI ERR W AERRERThH -T2,

B3 BRY VAV BOWER VBB

(A) ZRIZ LY MUNCI18-1 # %7 BOWEICALE S 2BKIET X/ BTERPAEL TV
%, (B) MMy AMRAERIC L ABEEROFME T, BBV VH (p.CI80Y) A
EEE (WD) IR TREEMNELETL TS I EMB0ho7, (C) BREF T
BIZEER L TR 2 X 0-1A L OREAERBEPELJET LTV,

4 Neuroblastoma 2A #iI=# (A ER S & UER MUNC18-1 ¥ /37 EDBHISR
2y b —N 0 EGFP-C1 (EGFP D) 13HIIASAIZFEL TS OIZx LT, EGFP &
MUNC18-1 (WT) & OFE # v 37 Biaiilak z RO iz lE 2 RICFEL T D, — 5,
4 FESEDIER MUNCI8-1 & EGFP QR & o237 B3, HlRN THRIEBEL TV DD HE
gZint, VUINEIOREO D, HREEIIBERMEZEE L TRYIAATL,
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Summary: Williams-Beuren syndrome (WBS) is a neuro-
developmental disorder presenting with an elfin-like
face, supravalvular aortic stenosis, a specific cognitive-
behavioral profile, and infantile hypercalcemia. We
encountered two WBS patients presenting with infantile
spasms, which is extremely rare in WBS. Array compara-
tive genomic hybridization (aCGH) and fluorescent in
situ hybridization (FISH) analyses revealed atypical 5.7-
Mb and 4.1-Mb deletions at 7q11.23 in the two patients,
including the WBS critical region and expanding into the
proximal side and the telomeric side, respectively. On
the proximal side, AUTS2 and CALNT may contribute to
the phenotype. On the telomeric side, there are two can-
didate genes HIP1 and YWHAG. Because detailed infor-
mation of them was unavailable, we investigated their
functions using gene knockdowns of zebrafish. When
zebrafish ywhag! was knocked down, reduced brain
size and increased diameter of the heart tube were
observed, indicating that the infantile spasms and cardi-
omegaly seen in the patient with the telomeric deletion
may be derived from haploinsufficiency of YWHAG. gen-
esis 00:1-11, 2010. © 2010 Wiley-Liss, Inc.

Key words: Williams-Beuren syndrome (WBS); infantile
spasms; cardiomegaly; YWHAG; HIP1; developmental
delay; array comparative genomic hybridization (aCGH);

fluorescent in situ  hybridization (FISH); 7q11.23;
microdeletion
INTRODUCTION

William-Beuren syndrome (WBS) is a recognizable mal-
formation syndrome MIM: 194050) (http://www.
ncbinim.nih.gov/Omim/) caused by hemizygosity of
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chromosome 7q11.23 (Bwart et al., 1993). WBS patients
show mental retardation with a specific cognitive-behav-
ioral profile, supravalvular aortic stenosis, infantile
hypercalcemia, a hoarse voice, and distinctive dysmor-
phic features including an elfinlike face and edematous
eyes. The prevalence of WBS in the population is
approximately one in 7,500-20,000 (Ewart et al., 1993;
Stromme et ql., 2002; W et al., 1998). Almost all dele-
tions of 7q11.23 in patients with WBS have arisen by de
novo mechanisms. The phenotypes of WBS patients are
caused by haploinsufficiency of the contiguous genes
included in approximately 1.5 Mb or 1.9 Mb regions of
7q11.23, which is mediated by flanking low-copy
repeats (LCRs), and are common among WBS patients
(Morris, 2006). More than 20 genes are located within
this common deletion region, including the elastin gene
(ELN), the most important gene for the cardiovascular
changes associated with WBS (Morris, 2006). Nucleotide
sequence alterations in ELN can cause isolated supra-
valvular aortic stenosis (Morris, 2000).

Additional Supporting Information may be found in the online version of
this article.
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Patients with uncommon deletion sizes that also show
atypical phenotypes ate of particular interest to
researchers for assessment of genotype-phenotype com-
parisons. WBS patients with common deletions rarely
have epilepsy, especially infantile spasms. Until now,
only a few WBS patients with infantile spasms have been
reported (Mizugishi et al., 1998; Morimaoto et al., 2003).
In 2008, Marshall et al. reported 28 patients with infan-
tile spasms, twenty of whom had deletion of 7q11.23,
the WBS critical region, and eight of whom had deletion
of 7q21. A genotype-phenotype analysis localized the
shortest region of overlap to membrane associated gua-
nylate kinase, ww and pdz domains-containin, 2 gene
(MAGI2), located in the telomeric region outside of the
WBS critical region (Marshall et al., 2008). However,
some WBS patients with infantile spasms had no dele-
tion in MAGI2, and some patients with haploinsuffi-
ciency of MAGI2 did not have infantile spasms. Thus,
there may be other genes in this region that are responsi-
ble for infantile spasms.

Recently, we encountered two WBS patients, both of
whom presented with infantile spasms, and one of
whom also presented with cardiomegaly. Array compara-
tive genomic hybridization (aCGH) showed that the
7q11 deletions in these patients are larger than the com-
mon WBS deletion, but do not include MAGI2. Thus, we
investigated genes that might be responsible for such
atypical phenotypes.

RESULTS

Patient Profiles

Patient 1. A boy was born at 41 weeks of gestation as
a second child between an unrelated 33-year-old father
and 31-year-old mother without any familial history. His
birth weight was 2,892 g, length was 49 cm, and head
circumference was 33 cm. He was transferred to the
neonatal intensive care unit (NICU) because of poor
sucking. He was suspected of WBS at one month, and
fluorescent in sith hybridization (FISH) analysis con-
firmed a deletion in 7q11.23 (data not shown). Infantile
spasm occurred at four months. An electroencephalo-
gram revealed hypsarrhythmia. He was referred to us for
evaluation of development. Specific facial features were
noted, including wide forehead, broad eyebrows, down-
slanting palpebral fissures, inverted epicanthus, perior-
bital fullness, low-set ears with prominent lobes, short
nose, full nasal tip, malar hypoplasia, long philtrum,
thick lips, high arched palate, full cheeks, and microgna-
thia. Echocardiography revealed supravalvular aortic ste-
nosis and peripheral pulmonary stenosis. Bilateral radio-
ulnar synostosis, joint laxity, soft skin, bilateral inguinal
hernia, left cryptorchidism, and spina bifida occulta
were also noted. Hypercalcemia was not observed.
Spasms were refractory to anticonvulsant drugs, but
were well controlled with adrenocorticotrophic hor-
mone (ACTH) therapy from 7 to 9 months. Mental devel-
opment was severely retarded. At 21 months, he could
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not crawl or sit, and his developmental quotient (DQ)
was 20. Abdominal ultrasonography, auditory brainstem
response, and fundoscopy did not reveal any abnormal-
ity. Brain magnetic resonance imaging (MRD implied
atrophic brain (Supporting Information Fig. $1), which
may have been caused by ACTH therapy.

Patient 2. A girl was born by normal vaginal delivery
at term with a body weight of 2,600 g. Because of a mod-
erate systolic murmur, she was examined, and cardiac
hypertrophy and a prominent thick cardiac muscle were
revealed by chest-X-ray and echocardiography (Sup-
porting Information Figs. S2A, B), respectively. Heart
catheterization revealed supravalvular aortic stenosis,
peripheral pulmonary stenosis (Supporting Information
Figs. S2C, D) and high pressure at 99 mmHg, 80 mmHg,
20 mmHg, and 39 mmHg, in the left ventricle, aorta, pul-
monary artery, and right ventricle, respectively. She was
treated with B-blockers without any arrhythmia and
exacerbation of hypertrophic cardiomyopathy. She had
characteristic facial features, with a wide large mouth
and an elfin face. Conventional FISH analysis showed
microdeletions in 7q11.23 (data not shown). At 18
months, she suffered serial tonic spasms more than 30
times per day. Electroencephalogram showed typical
hypsarrhythmia (Supporting Information Fig. S2E) and
MRI revealed normal structure and signal intensities in
the brain (Supporting Information Figs. S2E G). We first
prescribed several antiepileptic drugs (i.e., sodium val-
proate, zonisamide and carbamazepine in turn), but
these failed to decrease her epileptic attacks. Finally, we
introduced ACTH therapy after obtaining informed con-
sent from her parents. ACTH therapy provided success-
ful control of her epileptic spasms, although some exac-
erbation of cardiac hypertrophy was observed.

Molecular Cytogenetic Analysis of Deletions

Because infantile spasms is a very rare complication
for WBS patients, the deletion breakpoints of patient 1
and patient 2 were analyzed by aCGH.

In patient 1, BAC aCGH identified losses of genomic
copy numbers of eight clones (Fig. 1A). Additional FISH
analysis confirmed a 5.7-Mb deletion from RP11-134N6
to RP11-204E14 (UCSC Genome Browser assembly on
Mar. 2006: nucleotides 68,597,691-74,341,149; Fig.
1B,C and Table 1). The deletion was not identified in the
patient’s parental chromosomes (data not shown) and
included the common deletion region. The telomeric de-
letion breakpoint was localized to RP11-600123, which
exhibited weaker signal intensity on the deleted chromo-
some than on normal chromosome 7 (Fig. 1C). RP11-
600I23 was exactly matched to telomeric LCR. No LCR-
related structures were identified around the proximal
deletion breakpoint.

In patient 2, oligo aCGH revealed a microdeletion of
7q11.23-q11.23 with a deletion size of 4.1-Mb
(72,338,350-76,475,408; Fig. 2A,B). Two-color FISH anal-
ysis confirmed the deletion by the loss of the probe sig-
nal (Figs. 2C,D, Table 1).
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FIG. 1. Molecular cytogenetic analysis of the deletion of 7q11.23 in patient 1 using BAC aCGH and FISH analyses. Az aCGH analysis of
chromosome 7q. Results are presented below the ideogram of 7q. Patient DNA labeled with Cy5 and normal control DNA labeled with Cy3
was used to obtain the CGGH1 data (red), and the GGH2 data (green) was obtained using the same DNAs with the dye labels reversed. The
dashed box indicates deleted clones, and is expanded below to give detailed information of the BAG clones used in this study (UCSC Ge-
nome Browser coordinates, build 36). Filled circles represent deleted BACs, and open circles represent clones that were not deleted. B, C)
Chromosomal FISH analyses. Arrows depict visible signals and arrowheads depict absence of signal.

Identification of Zebrafish bip1

Although several genes exist in the expanded deletion
region of chromosome 7q11.23 in patient 2, there are
two candidate genes normally expressed in the brain
and therefore potentially responsible for the observed
symptoms; i.e. tyrosine 3-monooxygenase/tryptophan 5-
monooxygenase activation protein, gamma (14-3-
3gamma; YWHAG) gene and the huntingtin-interacting
protein 1 (HIP1) gene.

To study whether the deletion of these loci have any rela-
tion to infantile spasms and cardiomegaly, we used zebra-
fish as a model organism. In zebrafish, a homolog of mam-
malian HIP!I has yet to be experimentally isolated, but its
sequence has been predicted from genomic information.

33

Therefore, for functional analysis, we cloned and identified
the cDNA encoding zebrafish bipl. Using a reverse tran-
scription (RT)-polymerase chain reaction (PCR)based strat-
€gy, we obtained a full-length open reading frame (ORF) of
zebrafish bipl, consisting of 3,141 bases and encoding
1,047 amino acids (Accession #AB494966). Zebrafish Hip1l
protein has 70% identity to its human and mouse homo-
logs. In addition, in silico software pfam analysis (http://
pfam.sangerac.uk) revealed that zebrafish Hip1 contains an
N-terminal ANTH/ENTH domain and a Cterminal VZLWEQ
domain, both of which are conserved in human HIPI
(Bhattacharyya et al, 2008). Collectively, these results sug-
gest that bip1 identified in this study is the zebrafish homo-
log of mammalian HIP1 structurally and functionally.
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Table 1
Summary of FISH Analyses
Location
BAC clone Coverage Band Start End Patient 1 Patient 2
RP11-114E12 7q11.22 68,036,962 68,208,211 no deletion
RP11-243F5 7q11.22 68,389,193 68,679,447 no deletion
RP11-134N6 AUTS2 7qi1.22 68,597,691 68,766,491 del
RP11-88H20 7q11.22 70,101,386 70,101,595 del
RP11-481M6 CALN2 7q11.22 70,766,345 70,944,325 del
RP11-193417 7q11.22 71,257,317 71,371,995 marker
RP11-359E24 7q11.22 71,495,966 71,682,413 del
RP11-479C13 7q11.23 71,883,286 72,073.394 no deletion
RP11-396K3 7q11.23 71,908,765 72,638,417 no deletion
RP11-483G21 7q11.23 72,326,667 72,513,882 del
RP11-614D7 7q11.23 72,375,570 72,564,868 del
RP11-622P13 STAX1A 7q11.23 72,639,987 72,819,209 del
RP11-805G2 7911.23 73,047,721 73,249,220 del
ELN 7q11.23 73,080,363 73,122,172
RP11-27P17 LIMK1 7911.23 73,122,968 73,290,039 del
RP11-7M12 7q11.23 73,249,265 73,431,303 del
RP11-1145M16 7q11.23 73,330,134 73,491,216 del
RP11-247L6 7qi1.23 73,510,529 73,676,067 del
RP11-137E8 7q911.23 73,528,656 73,767,523 del
RP11-201E14 7q11.23 74,108,105 74,267,152 del
RP11-600123 7q11.23 74,240,609 74,341,149 del
RP11-8949 HIP1 7q11.23 74,964,894 75,145,939 del
RP11-845K6 7q11.23 75,055,521 75,239,517 del
RP11-50E16 7q11.23 75,362,579 75,520,752 no deletion
RP11-229D13 7q11.23 75,401,774 75,583,095 del
RP11-951G4 YWHAG 7q11.23 75,607,193 75,807,597 del
RP11-340A14 7q911.23 75,968,235 76,028,838 del
RP11-87014 7q11.23 76,306,441 76,490,214 del
RP11-467H10 7911.23 76,490,656 75,587,315 no deletion

Genome location corresponds to the March 2006 human reference sequence (NCBI Build 36).

del: deletion

For functional analysis of zebrafish bipl, we chose a
gene knockdown strategy using morpholino antisense oli-
gos (MOs). Because this approach requires precise nucle-
otide sequence information of the 5"-untranslated region
(UTR), we performed 5’ rapid amplification of cDNA ends
(RACE) to determine the sequence of the 5'-UTR of bip!
in our zebrafish strain. Several nucleotide fragments, rang-
ing from 121 to 264 bases, corresponding to the region
upstream of the translation initiation ATG codon were
obtained. The 121-base overlapping sequence of these
clones was completely identical, and was of sufficient
length to design two nonoverlapping, translation-inhibi-
ting MOs (bip1-MO1 and bipI-MO2). A 5'-terminal gua-
nine residue on the longest clone, rather than the
observed thymine in the genomic sequence, suggested
that this 264bp clone contained the fulllength 5-UTR
(Supporting Information Fig. S3). In addition, 386 bases of
the 3'-UTR, including the polyadenylation signal and
polyA tail, were also cloned. Overall, we identified the
complete cDNA sequence of zebrafish bip 1.

Sequence Analysis of 5-UTR and Exon-Intron
Junctions of Zebrafish ywhagl

Although a zebrafish homolog of human YWHAG was
previously isolated and reported as ywhagl (Besser
et al., 2007; Pujic et al., 2006; Woods et al., 2005), the
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5.UTR in our zebrafish strain had to be determined to
design MOs against zebrafish ywbagl. 5’ RACE revealed
variation of sequence and length, ranging from 29 to
160 bases, in the 5-UTR of ywhagl. Because the 5’ ter-
minus of the shortest clone contained a guanine residue
rather than the adenine residue identified in the other
clones, this clone was identified as a full-length clone of
the shortest form of the 5-UTR (Supporting Information
Fig. $4). To maximize the effect of the MOs, this shortest
sequence was used as a template to design MOs that
bind all transcripts of ywhagl.

Because the 5-UTR we cloned was too short and not
suited for MO binding, we obtained only one MO for
translational inhibition of this gene (Ywbagi-MO1).
Because we needed another MO for splicing inhibition,
genomic sequences at exon-intron boundaries were
required. However, the whole sequence of ywhagl was
splitted into two clones, Zv7_NA122 and Zv7_NA727,
representing the 5-terminal region (consisting of the
5-UTR and the 5’ portion of the ORF {initiator ATG to
87G)) and the 3'-terminal region (the 3’ portion of the
ORF [88G to the stop codon] and the 3/-UTR), respec-
tively. According to the information in these sequences,
zebrafish ywhagl was revealed to be composed of two
exons and one intron (Supporting Information Fig. S5).
Consequently, we cloned fragments containing the puta-
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FIG. 2. Molecular cytogenetic analysis of the deletion of 7q11.23 in patient 2 using oligo array CGH and FISH analyses. A: Chromosome
view indicating loss of genomic copy number in 7q11.23. B: Gene View indicating the range of the 4.1-Mb deletion (double-headed arrow,
bottom). Black rectangles indicate the locations of known genes within the delstion region. Red and green rectangles indicate the locations
of the BAG clones used for FISH analyses. Closed and open rectangles indicate deletion and no deletion, respectively. (C, D) FISH analyses
indicating deletion of the green signals (arrows) of RP11-845K6 (C) and RP11-951G4 (D).

tive junction of exon 1/intron 1 and intron 1/exon 2
(Supporting Information Fig. S5), and designed ywhagl-
spMO.

Zebrafish bip1 Plays No Obvious Role in
Brain Development

To confirm whether the deletion of HIP1 contributes
to the phenotype of patient 2, we performed gene
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knockdown analysis of bip1 in zebrafish. Microinjection
of a small amount (3 ng) of bipI-MO1 reduced the yolk
extension without any other remarkable phenotypes
(Fig. 3E,F) compared with wild type and control MO-
injected zebrafish (Fig. 3A-D). By a high dose (5 ng)
injection of hip1-MO1, the morphants showed complete
absence of yolk extension, a narrow body along the dor-
soventral axis, and mandibular hypoplasia (Fig. 3G,H).
To verify whether these phenotypes were specific for
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FIG. 3. Zebrafish hip7 has no evident role in brain development.
Morphological observation of wild type (WT) (A, B), control (G, D),
hip1-MO1 morphant (€, F, G, H), and hip7-MO2 morphant (I, J, K, L)
embryos at 72 hpf. Gene knockdown of hip1 using a low dose (3 ng)
of MOs caused reduction of yolk extension (arrow in A, C, E, |},
whereas a high dose (5 ng) resulted in complete lack of yolk exten-
sion, narrow body width, and mandibular agenesis (G, H, K, L).
Arrows indicate yolk extension (G, K) and diminished lower jaw (H,
L). Cross-sections of the midbrain in wild type (M), control (N), hip1-
MO1 morphant (0) and hip7-MO2 morphant (P) embryos at 72 hpf.
All images are displayed with dorsal to the top; A-L are displayed
with rostral to the left.

knockdown of bip1, the other translation-inhibiting MO,
bip1-MO2, was used. Similar to bipl-MO1 morphants,
bip1-MO2 morphants showed dose-dependent pheno-
types, including reduced yolk extension with no other
defects when 3 ng of bhip1-MO2 was injected (Fig. 31D,
and complete absence of yolk extension, narrow body
along the dorsoventral axis, and severe mandibular apla-
sia when 5 ng of bip1-MO2 was injected (Fig. 3K, L). In
addition to these common phenotypes, bip1-MO2 mor-
phants also displayed dysplasia of the brain with low
penetrance at the higher dose (Fig. 3L), suggesting that
this cerebral defect was not the result of specific action
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of bip 1 knockdown. To examine this, we prepared serial
cross-sections of the head of both morphants treated
with the low MO dose. If bip! had any primary function
in brain development, some sort of alteration would
likely have occurred in the brain of morphants following
injection of a low dose of bipl MOs. Although whole
brains (from the prosencephalon to the rhombencepha-
lon and along the anteroposterior axis) of embryos at 72
hours post-fertilization (hpf) were cut into serial sections
and compared each other, no differences between mor-
phants and wild type or control embryos were observed
in any area of the brain (e.g., Fig. 3M-P; corresponding
to middle of midbrain). These results indicate that gene
knockdown of hbipI has no obvious effect on the devel-
oping brain, although the possibility of involvement of
bip1 was not completely omitted.

Zebrafish ywhagl Contributes to Brain and
Heart Development

It has been reported that, during embryonic develop-
ment of zebrafish, ywhagl is expressed in the head,
especially in the diencephalon, tegmentum, and hind-
brain (Besser et al,, 2007). This expression pattern sug-
gests possible functions of this gene in cerebral and neu-
ral growth. Therefore, to investigate whether ywhbagl
has a role in brain development or any relationship to
the symptoms of patient 2, we performed gene knock-
down of pwhagl. Compared with wild type and control
embryos (Fig. 4A-D), the ywbag1-MO1 morphants (Fig.
4EF) showed hypomorphic heads and enlarged heart
tubes, whereas trunk development was not affected. To
confirm that these defects were caused by ywbagl
knockdown, the splice-inhibiting ywhbagl-spMO was
used. Microinjection of ywhagl-spMO drastically
reduced mRNA level of ywhbag! (Supporting Informa-
tion Fig. §6), and resulted in morphants with a severely
hypomorphic head phenotype and enlargement of the
heart tube (Fig. 4G,H) similar to ywhbagl-MO1 mor-
phants (Fig. 4E,F). To gain more confidence, we tested
whether coinjection of two MOs at low levels elicits syn-
ergistic effect. The quarter amount of each MO (0.75 ng
of ywhag 1-MO1 and 1 ng of ywhag1-spMO) that did not
cause any obvious defects (data not shown) was co-
injected into embryos. Morphant coinjected with these
two MOs (ywhag1-spMO1+spMO) showed similar phe-
notypes common to ywhbagl-MO1- and ywhag1-spMO-
morphants (Fig. 4L]). This result indicated that these
two MOs exerted the synergistic effect in coinjected
embryos (ywhag1-spMO1+spMO), and that ywhbagl is
required for normal development of the brain and the
heart.

For further investigation of the brain and the heart
aberrations in the morphant embryos, serial sections of
the head and the heart were examined. Based on the
expression pattern of ywhagl, we focused on the brain
sections containing the diencephalon and midbrain teg-
mentum (Besser et al., 2007). Compared with wild type
and control embryos (Fig. 4K-N), ywhagl morphants
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FIG. 4. Zebrafish ywhag1 is required for development of the brain
and the heart. Morphological observation of wild type (WT) (A, B),
control MO morphant (C, D), ywhag?-MO1 morphant (E, F),
ywhag1-spMO morphant (G, H) and ywhag?-MO1+ywhag?-spMO
morphant {1, J) embryos at 72 hpf. Gene knockdown of ywhag?
caused developmental abnormalities of the head and the enlarged
heart tube. Three types of ywhag1 morphants showed hypomorphic
head (E~J). Although weak malformation of the trunk and the tail
were observed only in ywhag1-spMO morphants (bracket) (G), this
anomaly was likely to be nonspecific. As same as this manner, the
reason of enlargements of the heart pericardiums observed in
ywhag1 morphants (arrows) (E, G, 1} is obscure. Cross-sections con-
taining the diencephalon (K, M, O, Q, S) and the midbrain tegmen-
tum L, N, O, R, T) of WT (K, L), control (M, N), ywhag?-MO1 mor-
phant (O, P) and ywhag?-spMO morphant (Q, R) and ywhagi-
MO1+spMO morphant (S, T) embryos at 72 hpf are shown (arrows).
Compared with WT (K, L) and control (M, N), ywhag? morphants
showed hypomorphic heads. Gross-sections of the heart ventricles
in WT (U), control (V), ywhag?-MO1 morphant (W), ywhag1-spMO
morphant (X) and ywhag1-MO1+spMO morphant (¥) embryos at 72
hpf. Compared with WT (U) and control {V), ywhag? morphants (W,
X, Y) showed enlarged ventricles of the hearts. All images are dis-
played with dorsal to the top; A-J are displayed with rostral to the
left.

exhibited obvious dysplasia of the brain (Fig. 40-T). In
normal cerebral development in the zebrafish, the brain
ventricle is narrowed along with the progression of de-
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velopment and almost buried until 72 hpf (Fig. 4K-N).
In the knockdown experiments, wild type and control
embryos had a solid diencephalon structure (Fig. 4K,M,
whereas the diencephalons of all ywhag! morphants
were divided by the brain ventricle (Fig. 40,Q,S). Similar
abnormal partitions were observed in the tectum opti-
cum (the dorsal upper structure of midbrain tegmentum
indicated by arrow; Fig. 4PR,T). Furthermore, the mid-
brain tegmentum was not formed properly in morphants
(Fig. 4BR,T). About the heart tube, major diameter of
the ventricle was obviously enlarged in ywhagl mor-
phants (Fig. 4WX,Y) compared with wild type and con-
trol morphants (Fig. 4U,V). These results strongly indi-
cate that ywhagl is important for normal brain and
heart development.

Regarding the functions of the heart in all zebrafishes,
we measured the pulse rate, and there were no statisti-
cally significant differences among all groups of larvae.
However, incidence of arrhythmia was significantly ele-
vated in all three types of ywhbagl morphants (Sup-
porting Information Table S1 and Fig. S7).

Mutation analysis of HIPI and YWHAG in Patients
With Neurological Symptoms

Although total of 142 samples derived from patients
with neurological symptoms including developmental
delay and/or epilepsy were analyzed for mutation analy-
sis of HIP1 and YWHAG, there was no pathogenic
mutation.

DISCUSSION

Because WBS is not usually associated with infantile
spasms, genotype-phonotype comparisonis in WBS
patients with atypically large deletions may assist identi-
fication of gene(s) responsible for infantile spasms. Mar-
shall et al. (2008) investigated 16 patients associated
with documented seizures and interstitial deletions of
7q11.23-q21.1, which is neighboring to the WBS critical
region, and revealed overlapping deletions of the MAGI2
in most patients. However, they reported at least one
patient having infantile spasms and a chromosomal dele-
tion including WBS critical region but in which MAGI2
was not included, who had been reported previously by
Morimoto et al. (2003).

In this study, we identified two additional WBS
patients with atypically large deletions. Patient 1 had a
deletion at 7q11.23 that extended into the proximal
region and included three genes; i.e. AUTS2, WBSCR17,
and CALNI (Fig. 5, Table 1). Expression of human
CALN1 (calneuron 1) is brain specific (Wu et al,, 2001),
and expression of the mouse homolog in the cerebellum
increases from the postnatal 2nd week to day 21, and
reaches to adult level. In situ hybridization showed a
high level of expression of CALNT in the cerebellum,
hippocampus, striatum, and cortex (Wu et al, 2001).
The postnatal expression pattern in mice is consistent
with the onset of infantile spasms in humans, which
occurs from 3 to 6 months after birth. CALNZ shows sig-
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nificant similarity to members of the calmodulin super-
family (Wu et al, 2001). Thus, haploinsufficiency of
CALN1 may cause the infantile spasms in this patient.
AUTS2 is also a compelling candidate gene for the infan-
tile spasms in patient 1, because it is robustly expressed
in the fetal brain and is reported to be interrupted by a
translocation breakpoint in patients with autistic behav-
ior or mental retardation (Kalscheuer et al, 2007; Sul-
tana et al., 2002).

Patient 2 had a deletion that extended into the distal
telomeric region. The range of this deletion is exactly
same as that of the patient reported by Morimoto ef al.
who also showed infantile spasms and cardiomegaly
(Morimoto et al., 2003) (see Fig. 5). At the telomeric
breakpoint, there is a region of duplicated segments.
This telomeric breakpoint was also shared by a patient
reported by Edelmann et al. (2007), who presented with
autism associated with a chromosomal deletion of
7q11.23, which did not include ELN but expanded into
the telomeric region beyond the WBS critical region (see
Fig. 5). These common breakpoints indicate that this
region of duplicated segments can act as a LCR for non-
homologous allele recombination (NHAR).

There are 9 genes in the expanded deletion toward
the telomeric region neigboring the WBS critical region
(see Fig. 5). Among them, Edelmann et al. (2007)
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focused on HIPI and YWHAG as the prime candidates
responsible for autism seen in their patient, and analyzed
the expression levels of them by RT'PCR method. Then,
they revealed reduced expression of YWHAG in trans-
formed lymphocytes derived from the patient, but no
decrease in HIP1. Based on these findings, we analyzed
the function of HIP1 and YWHAG using a gene knock-
down system in zebrafish, and the correlation with neu-
rological functions.

In this study, the zebrafish bipl knockdown did not
show significant abnormality, which is consistent with
previous reports of Hipl-deficient mice. Homozygous
Hip1-/- mice generated by targeted deletion exhibited
degeneration of the seminiferous tubules of the testis
with excessive apoptosis of postmeiotic spermatids, but
these mice developed to adulthood and did not show
overt neurologic symptoms (Rao et al., 2001). In addi-
tion, mice with different deletions of bipl showed he-
matopoietic abnormalities, spinal defects, and cataracts
due to cell death in the lens, but had no notable cerebral
or neurological anomalies (Oravecz-Wilson et al., 2004).

In contrast, reduced brain size and enlargement of the
heart tube were observed when ywhagl was knocked
down in zebrafish. This indicates that the infantile
spasms and the cardiomegaly observed in patient 2
might be derived from haploinsufficiency of YWHAG,
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because the WBS patient reported by Morimoto et al
(2003). also showed infantile spasms and cardiomegaly.
YWHAG binds to protein kinase C alpba (PRKCA) and
D53 is directly phosphorylated by PRKCA, which is cru-
cial for activation of p53 protein (Autieri and Carbone,
1999; Price and Youmell, 1997). 14-3-3 proteins inciud-
ing YWHAG modulate cell survival and control apoptosis
(Morrison, 2009; Porter et al, 2006) and inhibition of
physical binding between 14-3-3 and its ligand proteins
causes apoptosis (Masters and Fu, 2001). Therefore, the
etiology of hypoplastic brain in the zebrafish model
might be the consequence of apoptic cell death in cen-
tral nervous system at early development. Regarding the
involvement of the heart, we observed acrhythmia in
Ywhagl knockdown zebrafish and the incidence of ar-
thythmia in ywhbag! knockdown zebrafish is worth not-
ing. Although patient 2 did not show arthythmia, it
might be masked by medication with beta-blockers.
Since we did not identify any mutations in patients with
mental retardation and/or epilepsy, no definitive evi-
dence of a link between HIP1/YWHAG haploinsufficien-
cies and neurological symptoms was obtained. However,
given the evidence reported herein, YWHAG are promis-
ing candidate genes for infantile spasms.

In conclusion, we have described two new WBS
patients that presented with infantile spasms and had
atypically large deletions in 7ql1, one extending into
the proximal side of the common WBS deletion and one
extending into the telomeric side. In the telomeric side,
we identified two promising candidate genes, HIPI and
YWHAG. Using a knockdown approach, we showed that
a loss of zebrafish ywhagl! leads to brain development
delay and heart tube enlargement. Because the patient
with haploinsufficiency of YWHAG showed infantile
spasms and cardiomegaly, YWHAG may have important
roles in both brain and heart development. Although
there was no YWHAG mutation identified in the patients
with mental retardation and/or epilepsy, this gene is a
noteworthy candidate for epilepsy, along with AUTS2,
CALNI, and HIP1.

MATERIALS AND METHODS

Subjects

After obtaining informed consents based on a permis-
sion approved by the institution’s ethical committee, pe-
ripheral blood samples were obtained from the patients
and their parents.

For genomic mutation screening for HIPI and
YWHAG, we used 142 DNA samples derived from 128
and 14 patients with idiopathic mental retardation with
and without epilepsy, respectively. Etiologies of all these
patients were unknown and were negated to have
genomic copy number aberrations using aCGH (Shimo-
jima et al., 2009b). In 128 patients with epilepsy, there
were 5 patients with early infantile epileptic encephal-
opathy, 43 patients with West syndrome, and 2 patients
with Lennox-Gastaut syndrome. All of the 14 nonepilep-
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tic patients showed cerebral dsygenesis including gyrus
malformation, brain atrophy, and microcephaly.

aCGH Analysis

For aCGH analysis of patient 1, we used the originally
developed microarray in which 5,057 BAC/PAC clones
were plotted. We selected probes using the UCSC Ge-
nome Browser (http://genome.ucsc.edu) spaced every
0.7 Mb across the whole human genome, and chose
4,235 clones that showed a unique FISH signal at the
predicted chromosomal location. A total of 822 clones
were not subjected to aCGH analysis; 438 (8.7%) vielded
multiple chromosomal signals using FISH and 384 (7.6%)
showed aberrant FISH signals likely due to contamina-
tion in our laboratory. Fifty-nine BAC/PAC clones, previ-
ously used for subtelomere and syndromic-MR-specific
microarray analysis, were among the 4,235 clones
(Harada et al., 2004; Kurosawa et al., 2004). BAC/PAC
DNA was extracted using the PI-100 automatic DNA
extraction system (Kurabo, Osaka, Japan), subjected to
two rounds of PCR amplification, purified, adjusted to a
final concentration of >500 ng/pl, and spotted in dupli-
cate on CodeLinkTM activated slides (Amersham Bio-
sciences Corp, Piscataway, NJ) using the ink-jet spotting
method (Nihon Gaishi, Nagoya, Japan) as described pre-
viously (Miyake ef al., 2006). aCGH analysis was per-
formed using 4,235 BAC arrays. After complete digestion
using Dpnil, CGH1 was set up using subject DNA la-
beled with Cy-5-dCTP (Amersham Biosciences) and ref-
erence DNA labeled with Cy-3-dCTP (Amersham Bio-
sciences) using a DNA random primer kit (Invitrogen,
Carlsbad, CA). To rule out false positives, dyes were
swapped in the CGH2 set (subject DNA was labeled
with Cy3 and reference DNA was labeled with Cy5),
such that the signal patterns of CGH1 were reversed.
Prehybridization and hybridization were performed as
described previously (Harada et al., 2004). The arrays
were scanned by GenePix 4000B (Axon Instruments,
Union City, CA) and analyzed using GenePix Pro 6.0
(Axon Instruments). The signal intensity ratio between
subject and control DNA was calculated from the data of
the single-slide experiment in each for CGH1 and CGH2,
using the ratio of means formula (F635 Mean-B635 Me-
dian/F532 Mean-B532 Median) according to GenePix
Pro. 6.0. The standard deviation of each clone was calcu-
lated. The signal intensity ratio was considered signifi-
cant if it was greater than three standard deviations from
the mean in both the CGH1 and CGH2 sample sets.

For patient 2, genomic copy number aberrations were
analyzed using the Human Genome CGH Microarray
105A chip (Agilent Technologies, Santa Clara, CA)
according to methods described elsewhere (Shimojima
et al., 2009a). Briefly, 500 ng genomic DNA was
extracted from peripheral blood of the patient and the
reference individual, using the QIAquick DNA extraction
kit (QIAgen, Valencia, CA), and was digested with
restriction enzymes. Cy-5-dUTP (patient) or Cy-3-dUTP
(reference) was incorporated using the Klenow frag-



