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A 3.7-Mb microdeletion including SCN2A and SCN/A in patient 409. (A) Relative depth of coverage ratio for patient 409 indicates a
microdeletion encompassing SCN2A and SCN/A. Different colors distinguish the target genes. (B) The array profile clearly shows a
3.7-Mb microdeletion at 2q24.3 in this patient. Thirteen RefSeq genes, including SCN2A and SCN A, lie within the microdeletion (bot-
tom). (C) Breakpoint-specific PCR analysis of the patient’s family. Primers flanking the deletion were able to amplify a 1,607-bp prod-
uct from the patient only, indicating that the translocation occurred de novo. (D) Deletion junction sequence. The top, middle, and
bottom strands show the proximal, deleted, and distal sequences, respectively. A single inserted nucleotide (colored in red) was iden-

tified at the breakpoint.
Epilepsia © ILAE

the capture of target genes to the detection of mutations and
CNVs—can be done within a week, our workflow provides
a fast, sensitive, and comprehensive genetic testing method
for patients with epilepsy.

Whole-exome sequencing will reveal novel mutations in
unexpected genes in patients with EOEEs. For example,
KCNQ2 mutations, which cause benign familial neonatal
seizures (Biervert et al., 1998; Charlier et al., 1998), were
identified in patients with OS by whole exome sequencing
(Saitsu et al., 2012a). Similarly, screening known and
potential candidate genes in patients with EOEEs will reveal
novel mutations in unexpected genes, in addition to muta-
tions in well-known genes.

In our target capture analysis, some exons of genes such
as ARX and FOXGI were insufficiently sequenced because
repeat sequences hampered the design of capture probes.
Repeat sequences also interfere with appropriate mapping of

sequence reads, resulting in low coverage. For these exons,
Sanger sequencing should be added for complete analysis.

In conclusion, a rapid and efficient system of target
capture sequencing can be applied to the comprehensive
genetic analysis of EOEEs. Point mutations, small indels, -
and CNVs are all detected by this method, confirming
the potential of this approach for efficient genetic testing.

ACKNOWLEDGMENTS

‘We thank the patients and their families for their participation in this
study. We also thank Aya Narita and Nobuko Watanabe for their techni-
cal assistance. This work was Supported by the Ministry of Health,
Labour and Welfare of Japan (24133701, 11103577, 11103580,
11103340, 10103235), a Grant-in-Aid for Scientific Research (C) from
the Japan Society for the Promotion of Science (24591500), a Grant-in-
Aid for Young Scientists from the Japan Society for the Promotion of
Science (10013428, 11001011, 12020465), the Takeda Science Founda-
tion, the Japan Science and Technology Agency, the Strategic Research

Epilepsia, 54(7):1262~1269, 2013
doi: 10.1111/epi. 12203



Program for Brain Sciences (11105137), and a Grant-in-Aid for Scien-
tific Research on Innovative Areas (Transcription Cycle) from the Minis-
try of Education, Culture, Sports, Science and Technology of Japan
(12024421).

DISCLOSURE

None of the authors has any conflicts of interest to disclose. We confirm
that we have read the Journal’s position on issues involved in ethical publi-
cation and affirm that this report is consistent with those guidelines.

REFERENCES

Azmanov DN, Zhelyazkova S, Dimova PS, Radionova M, Bojinova V,
Florez L, Smith SJ, Tournev I, Jablensky A, Mulley J, Scheffer I,
Kalaydjieva L, Sander JW. (2010) Mosaicism of a missense SCN1A
mutation and Dravet syndrome in a Roma/Gypsy family. Epileptic
Disord 12:117-124.

Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van Emde Boas
‘W, Engel J, French J, Glauser TA, Mathern GW, Moshe SL, Nordli D,
Plouin P, Scheffer IE. (2010) Revised terminology and concepts
for organization of seizures and epilepsies: report of the ILAE
Commission on Classification and Terminology, 2005-2009. Epilepsia
51:676-685.

Biervert C, Schroeder BC, Kubisch C, Berkovic SF, Propping P, Jentsch
TJ, Steinlein OK. (1998) A potassium channel mutation in neonatal
human epilepsy. Science 279:403-406.

Charlier C, Singh NA, Ryan SG, Lewis TB, Reus BE, Leach RJ, Leppert
M. (1998) A pore mutation in a novel KQT-like potassium channel
gene in an idiopathic epilepsy family. Nat Gener 18:53-55.

DePristo MA, Banks E, Poplin R, Garimella KV, Maguire JR, Hartl C,
Philippakis AA, del Angel G, Rivas MA, Hanna M, McKenna A,
Fennell TJ, Kernytsky AM, Sivachenko AY, Cibulskis K, Gabriel SB,
Altshuler D, Daly MJ. (2011) A framework for variation discovery and
genotyping using next-generation DNA sequencing data. Nat Genet
43:491-498.

Dibbens LM, Kneen R, Bayly MA, Heron SE, Arsov T, Damiano JA, Desai
T, Gibbs J, McKenzie F, Mulley JC, Ronan A, Scheffer IE.
(2011) Recurrence risk of epilepsy and mental retardation in females
due to parental mosaicism of PCDH19 mutations. Neurology 76:
1514-1519.

Glenn TC. (2011) Field guide to next-generation DNA sequencers. Mol
Ecol Resour 11:759-769.

Harkin LA, McMahon JM, Iona X, Dibbens L, Pelekanos JT, Zuberi SM,
Sadleir LG, Andermann E, Gill D, Farrell K, Connolly M, Stanley T,
Harbord M, Andermann F, Wang J, Batish SD, Jones JG, Seltzer WK,
Gardner A, Sutherland G, Berkovic SF, Mulley JC, Scheffer IE. (2007)
The spectrum of SCN1A-related infantile epileptic encephalopathies.
Brain 130:843-852.

Krawitz P, Rodelsperger C, Jager M, Jostins L, Bauer S, Robinson PN.
(2010) Microindel detection in short-read sequence data.
Bioinformatics 26:722-729.

Lemke JR, Riesch E, Scheurenbrand T, Schubach M, Wilhelm C, Steiner I,
Hansen J, Courage C, Gallati S, Burki S, Strozzi S, Simonetti BG,
Grunt S, Steinlin M, Alber M, Wolff M, Klopstock T, Prott EC, Lorenz
R, Spaich C, Rona S, Lakshminarasimhan M, Kroll J, Dorn T, Kramer
G, Synofzik M, Becker F, Weber YG, Lerche H, Bohm D, Biskup S.
(2012) Targeted next generation sequencing as a diagnostic tool in
epileptic disorders. Epilepsia 53:1387-1398.

Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, Marth G,
Abecasis G, Durbin R. (2009) The sequence Alignment/Map format
and SAMtools. Bivinformatics 25:2078-2079.

Liang JS, Shimojima K, Takayama R, Natsume J, Shichiji M, Hirasawa K,
Imai K, Okanishi T, Mizuno S, Okumura A, Sugawara M, Ito T, Ikeda
H, Takahashi Y, Oguni H, Imai K, Osawa M, Yamamoto T. (2011)
CDKLS5 alterations lead to early epileptic encephalopathy in both
genders. Epilepsia 52:1835-1842.

Loman NJ, Misra RV, Dallman TJ, Constantinidou C, Gharbia SE, Wain J,
Pallen MJ. (2012) Performance comparison of benchtop high-
throughput sequencing platforms. Nat Biotechnol 30:434-439.

Epilepsia, 54(7):1262-1269, 2013
doi: 10.1111/epi.12203

Mancardi MM, Striano P, Gennaro E, Madia F, Paravidino R, Scapolan S,
Dalla Bernardina B, Bertini E, Bianchi A, Capovilla G, Darra F, Elia M,
Freri E, Gobbi G, Granata T, Guerrini R, Pantaleoni C, Parmeggiani A,
Romeo A, Santucci M, Vecchi M, Veggiotti P, Vigevano F, Pistorio A,
Gaggero R, Zara F. (2006) Familial occurrence of febrile seizures and
epilepsy in severe myoclonic epilepsy of infancy (SMEI) patients with
SCN1A mutations. Epilepsia 47:1629-1635.

Mastrangelo M, Leuzzi V. (2012) Genes of early-onset epileptic
encephalopathies: from genotype to phenotype. Pediatr Neurol 46:
24-31.

Meiford HC, Yendle SC, Hsu C, Cook J, Geraghty E, McMahon JM, Eeg-
Olofsson O, Sadleir LG, Gill D, Ben-Zeev B, Lerman-Sagie T, Mackay
M, Freeman JL, Andermann E, Pelakanos JT, Andrews I, Wallace G,
Eichler EE, Berkovic SF, Scheffer IE. (2011) Rare copy number
variants are an important cause of epileptic encephalopathies. Ann
Neurol 70:974-985.

Mei D, Marini C, Novara F, Bernardina BD, Granata T, Fontana E, Parrini
E, Ferrari AR, Murgia A, Zuffardi O, Guerrini R. (2010) Xp22.3
genomic deletions involving the CDKLS5 gene in girls with early onset
epileptic encephalopathy. Epilepsia 51:647-654.

Milh M, Villeneuve N, Chouchane M, Kaminska A, Laroche C, Barthez
MA, Gitiaux C, Bartoli C, Borges-Correia A, Cacciagli P, Mignon-
Ravix C, Cuberos H, Chabrol B, Villard L. (2011) Epileptic and
nonepileptic features in patients with early onset epileptic
encephalopathy and STXBPI mutations. Epilepsia. 52:1828-1834.

Mulley JC, Mefford HC. (2011) Epilepsy and the new cytogenetics.
Epilepsia 52:423-432.

Ng SB, Tumer EH, Robertson PD, Flygare SD, Bigham AW, Lee C,
Shaffer T, Wong M, Bhattacharjee A, Eichler EE, Bamshad M,
Nickerson DA, Shendure J. (2009) Targeted capture and
massively parallel sequencing of 12 human exomes. Nature
461:272-276.

Nonoda Y, Saito Y, Nagai S, Sasaki M, Iwasaki T, Matsumoto N, Ishii M,
Saitsu H. (2013) Progressive diffuse brain atrophy in West syndrome
with marked hypomyelination due to SPTANI gene mutation. Brain
Dev 35:280-283.

Nord AS, Lee M, King MC, Walsh T. (2011) Accurate and exact CNV
identification from targeted high-throughput sequence data. BMC
Genomics 12:184.

Quail MA, Smith M, Coupland P, Otto TD, Harris SR, Connor TR, Bertoni
A, Swerdlow HP, Gu Y. (2012) A tale of three next generation
sequencing platforms: comparison of Ion Torrent, Pacific Biosciences
and Illumina MiSeq sequencers. BMC Genomics 13:341.

Saitsn H, Kato M, Mizuguchi T, Hamada K, Osaka H, Tohyama J,
Uruno K, Kumada S, Nishiyama K, Nishimura A, Okada I,
Yoshimura Y, Hirai S, Kumada T, Hayasaka K, Fukuda A, Ogata
K, Matsumoto N. (2008) De novo mutations in the gene encoding
STXBP1 (MUNCI18-1) cause early infantile epileptic
encephalopathy. Nat Gener 40:782-788.

Saitsu H, Kato M, Okada I, Orii KE, Higuchi T, Hoshino H, Kubota M,
Arai H, Tagawa T, Kimura S, Sudo A, Miyama S, Takami Y, Watanabe
T, Nishimura A, Nishiyama K, Miyake N, Wada T, Osaka H, Kondo N,
Hayasaka K, Matsumoto N. (2010a) STXBPI mutations in early
infantile epileptic encephalopathy with suppression-burst pattern.
Epilepsia 51:2397-2405.

Saitsu H, Tohyama J, Kumada T, Egawa K, Hamada K, Okada I,
Mizuguchi T, Osaka H, Miyata R, Furukawa T, Haginoya K, Hoshino
H, Goto T, Hachiya Y, Yamagata T, Saitoh S, Nagai T, Nishiyama K,
Nishimura A, Miyake N, Komada M, Hayashi K, Hirai S, Ogata K,
Kato M, Fukuda A, Matsumoto N. (2010b) Dominant-negative
mutations in alpha-II spectrin cause West syndrome with severe
cerebral hypomyelination, spastic quadriplegia, and developmental
delay. Am J Hum Genet 86:881-891.

Saitsu H, Kato M, Shimono M, Senju A, Tanabe S, Kimura T, Nishiyama
K, Yoneda Y, Kondo Y, Tsurusaki Y, Doi H, Miyake N, Hayasaka K,
Matsumoto N. (2011) Association of genomic deletions in the STXBP1
gene with Ohtahara syndrome. Clin Genet 81:399-402.

Saitsu H, Kato M, Koide A, Goto T, Fujita T, Nishiyama K, Tsurusaki Y,
Doi H, Miyake N, Hayasaka K, Matsumoto N. (2012a) Whole exome
sequencing identifies KCNQ2 mutations in Ohtahara syndrome. Ann
Neurol 72:298-300.

Saitsu H, Kato M, Osaka H, Moriyama N, Horita H, Nishiyama K, Yoneda
Y, Kondo Y, Tsurusaki Y, Doi H, Miyake N, Hayasaka K, Matsumoto



N. (2012b) CASK aberrations in male patients with Ohtahara syndrome
and cerebellar hypoplasia. Epilepsia 53:1441-1449.
Saitsu H, Osaka H, Nishiyama K, Tsurusaki Y, Doi H, Miyake N,

Matsumoto N. (2012¢) A girl with early-onset epileptic
encephalopathy associated with microdeletion involving CDKLS5.
Brain Dev 34:364-367.

Schouten JP, McElgunn CJ, Waaijer R, Zwijnenburg D, Diepvens F, Pals
G. (2002) Relative quantification of 40 nucleic acid sequences by
multiplex ligation-dependent probe amplification. Nucleic Acids Res
30:e57.

Stuppia L, Antonucci I, Palka G, Gatta V. (2012) Use of the MLPA assay in
the molecular diagnosis of gene copy number alterations in human
genetic diseases. Int J Mol Sci 13:3245-3276.

Walsh T, Lee MK, Casadei S, Thornton AM, Stray SM, Pennil C, Nord AS,
Mandell JB, Swisher EM, King MC. (2010) Detection of inherited
mutations for breast and ovarian cancer using genomic capture and
massively parallel sequencing. Proc Natl Acad Sci USA 107:
12629-12633.

Walsh T, Casadei S, Lee MK, Pennil CC, Nord AS, Thornton AM, Roeb
W, Agnew KI, Stray SM, Wickramanayake A, Norquist B, Pennington
KP, Garcia RL, King MC, Swisher EM. (2011) Mutations in 12 genes

for inherited ovarian, fallopian tube, and peritoneal carcinoma
identified by massively parallel sequencing. Proc Natl Acad Sci USA
108:18032-18037.

Wang K, Li M, Hakonarson H. (2010) ANNOVAR: functional annotation
of genetic variants from high-throughput sequencing data. Nucleic
Acids Res 38:e164.

Wittwer CT. (2009) High-resolution DNA melting analysis: advancements
and limitations. Hum Mutat 30:857-859.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Figure S1. Flow chart of our variant detection and copy
number analysis scheme.

Figure S2. Insufficient coverage of reads in two genes
rich in repetitive sequences.

Epilepsia, 54(7):1262-1269, 2013
doi: 10.1111/epi.12203



AMERICAN JOURNAL OF

medical genetics

g

cal %?g%ég‘m}% f W

linic Mut
mponents of the @%%5% %E
scription of 21 Patients
erature

Tomoki Kosho, 1* Nobuhiko Dkamoto Hirofumi Dhashl, Yoshinori Tsurusakl, Yoko Imal,
Yumike H|b|-Ko, Hiroshi Ka\wamva,B 7 Tomomi Homma, Saori Tanabe, Mltsuhlro Kato,
Yoko H|rak|, Takanori Yamagata, ShOjI Yano, Satoru Sakazume 4 Takuma Ishn,

WW%M

(i
e
Lit

i5

anw

Toshiro Nagal,14 Tohru Dhta Nono Nukawa, Seiji Mizuno, 1z Tadashl Kaname,

Kenji Nantoml, Yoko Naruml, Ke|ko Wakm, Yosh:mltsu Fukushlma Satoko Miyatake,
Takeshi Mlzuguchl, Hirotome Saitsu,* Noriko Mlgake, and Naomichi Matsumoto”‘**
Department of Medical Genetics, Shinshu University School of Medicine, Matsumoto, Japan

ZDepartment of Medical Genetics, Osaka Medical Center and Research Institute for Maternal and Child Health, lzumi, Japan

4

3Division of Medical Genetics, Saitama Children’s Medical Center, Saitama, Japan

“*Department of Human Genetics, Yokohama City University Graduate School of Medicine, Yokohama, Japan

SDivision of Pediatrics, Japanese Red Cross Medical Center, Tokyo, Japan

G'Departmen’t of Genetic Counseling, Graduate School of Humanities and Sciences, Ochanomizu University, Tokyo, Japan

“Division of Medical Genetics, Nagano Children’s Hospital, Azumino, Japan

®Division of Pediatrics, Yamagata Prefectural Shinjo Hospital, Shinjo, Japan

®Division of Pediatrics, Yamagata Prefectural and Sakata Municipal Hospital Organization Nihon-Kai General Hospital, Sakata, Japan
“Department of Pediatrics, Yamagata University Faculty of Medicine, Yamagata, Japan

“Hiroshima Municipal Center for Child Health and Development, Hiroshima, Japan

2Department of Pediatrics, Jichi Medical University, Shimotsuke, Japan

3Genetics Division, Department of Pediatrics, LAC 4 USC Medical Center, Keck School of Medicine, University of Southern California,
Los Angeles, California,

“Department of Pediatrics, Dokkyo Medical University Koshigaya Hospital, Koshigaya, Japan
*Nakagawa-No-Sato [Hospital for the Disabled), Matsubushi, Japan
*®Research Institute of Personalized Health Sciences, Health Sciences University of Hokkaido, Tobetsu, Japan

Conflict of Interest: The authors have no conflict of interest to declare.

Grant sponsor: Ministry of Health, Labour and Welfare; Grant sponsor: Japan Science and Technology Agency; Grant sponsor: Strategic Research |

Program for Brain Sciences; Grant sponsor: Grant-in-Aid for Scientific Research on Innovative Areas (Transcription cycle) from the Ministry of
Education, Culture, Sports, Science and Technology of Japan; Grant sponsor: Grant-in-Aid for Scientific Research from the Japan Society for the
Promotion of Science; Grant sponsor: Grant-in-Aid for Young Scientists from the Japan Society for the Promotion of Science; Grant sponsor: Grant
for 2012 Strategic Research Promotion of Yokohama City University; Grant sponsor: Research Grants from the Japan Epilepsy Research Foundation;
Grant sponsor: Takeda Science Foundation.

*Correspondence to:

Dr. Tomoki Kosho, M.D., Department of Medical Genetics, Shinshu University School of Medicine, 3-1-1 Asahi, Matsumoto, Nagano 390-8621,
Japan. E-mail: ktomoki@shinshuu.ac.jp

**Correspondence to:

Naomichi Matsumoto, M.D., Ph.D., Department of Human Genetics, Yokohama City Graduate School of Medicine, 3-9 Fukuura, Kanazawa-Ku,
Yokohama 236-0004, Japan. E-mail: naomat@yokohama-cu.ac.jp

Article first published online in Wiley Online Library (wileyonlinelibrary.com): 1 May 2013

DOI 10.1002/ajmg.a.35933

© 2013 Wiley Periodicals, Inc. 1221



1222

AMERICAN JOURNAL OF MEDICAL GENETICS PART A

1?Department of Pediatrics, Central Hospital, Aichi Human Service Center, Kasugai, Japan
*8Department of Medical Genetics, Faculty of Medicine, University of the Ryukyus, Nishihara, Japan

Manuscript Received: 31 August 2012; Manuscript Accepted: 11 February 2013

‘~ms gyndrome (C S,,
sl fé,!&fi”bj%f’ ted
it here the geno-

b isheda

1 118

type-phenoiyps
émzmm;gm fent with mu
ARCEBI mutations, severr with SAA *\'C%
FARCAZ mutations, one with

dth ARIDIA mutations, and 53
tated with sy

Lmri it mf&“CS‘E, SMARCE], and

...( sy

-
C.

VIT[
b,
=
o
e

o
o
=

TATIONS WEre G550C
C}‘_é‘/’?‘

ze that these c@m‘éé?iahs be refery
JP-refated ID syndromes”, © 2013 Wiley

SWI/SNF coy 1;§€
s ARIDIA; ARIDIE:
sability (1D

st

Coffin-Siris syndrome (CSS; OMIM 135900) was first described by
Coffin and Siris [1970]. It is a rare congenital anomaly syndrome
characterized by developmental delay or intellectual disability (ID),
coarse facial appearance, feeding difficulties, frequent infections,
and hypoplastic-to-absent fifth fingernails and fifth distal phalanges
[Devy and Baraitser, 1991; Fleck et al., 2001; Schrieretal., 2012]. We
recently reported on mutations in six genes encoding components
of the SWltch/sucrose nonfermentable (SWI/SNF)-like chromatin
remodeling complex in 20 of 23 patients clinically diagnosed with
CSS: SMARCBI in four patients, SMARCA4 in six, SMARCAZ in
one, SMARCEI] in one, ARIDIA in three, and ARIDIB in five
[Tsurusaki et al., 2012]. In the same journal issue, truncating
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mutations in ARID1B were reported in three patients with CSS and
microdeletions encompassing ARIDIB were reported in three
patients with ID and remnants of CSS [Santen et al, 2012].
Furthermore, missense mutations of SMARCA2 were reported
in 36 patients with Nicolaides—Baraitser syndrome (NCBRS;
OMIM#601358) [van Houdt et al., 2012]. NCBRS was first de-
scribed by Nicolaides and Baraitser [1993] and it is a recently
delineated condition characterized by severe ID with absent/limited
speech, seizures, short stature, sparse hair, typical facial character-
istics, brachydactyly, prominent finger joints, and broad distal
phalanges; the main differential diagnosis is CSS [Sousa
et al,, 2009]. ARIDIB has also been reported to be a cause of ID.
Nagamani et al. [2009] reported four patients with interstitial
deletion of 6q25.2-q25.3 including ARIDI1B, all of whom man-
ifested microcephaly, developmental delay, facial characteristics,
and hearing impairment, and two of whom had agenesis of the
corpus callosum. Halgren et al. [2012] reported eight patients with
haploinsufficiency of ARIDIB (de novo chromosomal transloca-
tion involving ARIDIB in one, intragenic deletions in three, and
microdeletion including ARID1Bin four), who manifested agenesis
or hypoplasia of the corpus callosum, ID with speech impairment,
and autism. Hoyer et al. [2012] very recently concluded that
haploinsufficiency of ARIDIB is a relatively frequent cause of
moderate-to-severe ID from their findings that 0.9% (8/887) of
patients with unexplained ID had truncating mutations in the gene.
Michelson et al. [2012] also very recently reported a patient with an
interstitial 1.19 Mb deletion of 6q25.2 including ARIDIB and
ZDHHCI14, who manifested global developmental delay, facial
characteristics, dysgenesis of the corpus callosum, limb anomalies,
and genital hypoplasia.
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To delineate the clinical consequences of mutations affecting
components of the SWI/SNF complex (CSS, NBS, and ARID]B-
related ID syndrome), we report the individual clinical information
for 20 previously reported patients [ Tsurusaki et al., 2012] as well as
an additional patient with an SMARCA4 mutation. Furthermore,
we create a comprehensive list of all reported patients (including
our series) with mutations affecting components of the SWI/SNF
complex (Tables Ia-Ic), which will be helpful when discussing
similarities and differences among these conditions.

CLINICAL REPORTS
SMARCBL Mutations
SMARCBI-1 (Subject 4 [Tsurusaki et al., 2012]; Fig. 1a~i): She was
born at 42 weeks of gestation after an uncomplicated prenatal
period. Her birth weight was 3,008 g(—0.5SD). Shehad: cleft palate
with exudative otitis media; congenital dislocation of the right hip;
pectus excavatum; sucking/feeding difficulty. She underwent sur-
gical correction of cleft palate and insertion of ventilation tubes at
age 2 6/12 years. Hearing aids were required for bilateral, severe,
mixed hearing impairment with a threshold of 80-90 dB. At age
4 years, she developed tonic seizures, which were treated with
carbamazepine. Scoliosis, found at age 2 years, progressed with a
Cobb angle of =150°. She showed hypotonia and motor develop-
ment was severely delayed: she raised her head atage 1 8/12 years, sat
alone at 2 3/12 years, and walked independently at 7 years. From
ages 12 to 18 years, she vomited frequently and had recurrent
infections. She had multiple dental caries, treated under general
anesthesia at age 16 years. At age 21 years, she weighs 30 kg
(—3.4 SD), her height is 112.5 cm (—8.4 SD), and her occipito-
frontal circumference (OFC) is 51.2 cm (—2.9 SD). She under-
stands simple commands in daily life, expresses herself with
gestures, and likes to play portable personal computer games,
but speaks no words. She has serious behavioral problems
such as impulsiveness, hyperactivity, and self-injurious behaviors
(including skin picking). She becomes exhausted easily.
SMARCBI-2 (Subject 11 [Tsurusaki et al., 2012]): Her prenatal
period was complicated by intrauterine growth retardation. She
was born at 38 weeks of gestation. Her birth weight was 2,088 g
(—1.8 SD), length was 42 cm (—2.9 SD), and OFC was 33 cm
(0 SD). She had a small ventricular septal defect (VSD). Diaphrag-
matic hernia was corrected surgically at age 5 months. She had
sucking/feeding difficulties. She showed hypotonia and motor
development was severely retarded: she rolled over at age 3 years.
Generalized seizures developed and were controlled with valproic
acid. Magnetic resonance imaging (MRI) of the brain showed
cerebellar hypoplasia and Dandy—Walker malformation. She had
visual impairment that was corrected with spectacles; hearing
impairment with a threshold of 60 dB in the right ear and 50 dB
intheleftear wasnoted. Atage 7 years, her weightis 12 kg (—3.1SD)
and heightis 105 cm (—2.7 SD). She sits for several seconds with her
hands, distinguishes her family members from others, and smiles
when called by her name. She has visual and hearing impairment.
SMARCBI-3 (Subject 21 [Tsurusaki et al., 2012]; Fig. 1j-p): Her
prenatal period was complicated by intrauterine growth retarda-
tion and oligohydramnios. She was born at 38 weeks of gestation,
followed by resuscitation through endotracheal intubation. Her

birth weight was 1,746 g (—2.6 SD). Surfactant treatment was
undertaken for pulmonary hemorrhage. She had micrognathia,
exotropia, and a dark complexion. She suffered from complex
partial seizures. She sucked pootly and then had feeding difficulty
associated with gastroesophageal reflux (GER), which required
gastrostomy. She showed hypotonia with severe delay in motor
development. A hypoplastic corpus callosum was observed. At
age 7 years, she weighs 12 kg (—3.0 SD), has a height of 97 cm
(—4.5 SD), and an OFC of 44 cm (—5.1 SD). She is unable to sit
alone, and moves by rolling over. She cannot communicate with
others or speak any words, but smiles when she appears to be happy.

SMARCBI1-4(Subject 22 [Tsurusakietal., 2012]): Hewasborn at
37 weeks of gestation. His birth weight was 2,784 g (+0.2 SD). He
was admitted to hospital as a newborn for treatment of transient
tachypnea. He had pyloric stenosis that was corrected surgically. He
sucked poorly and then had feeding difficulties associated with
GER, requiring gavage-feeding and resulting in failure to thrive. He
showed hypotonia and motor development was severely delayed.
MRI of the brain showed hypoplasia of the corpus callosum. He
suffered from recurrent respiratory tract infections. At age 2 years,
he weighed 9.7 kg (—2.3 SD), his height was 83.4 cm (—2.2 SD),
and had an OFC of 43 cm (—3.3 SD). At age 3 years, he rolls over,
but cannot sit alone or speak words.

SMARCAL Mutations

SMARCAA4-1 (Subject 9 [Tsurusaki et al., 2012]; Fig. 2a—c): He was
born at 39 weeks of gestation. His birth weight was 2,880 g. Sucking
or feeding difficulties were not reported, but abdominal distension
occurred in infancy and constipation was frequent in childhood.
Possible seizures developed once at age 1 2/12 years with uncon-
sciousness but without electrocardiographic abnormalities. The
submucosal cleft palate was corrected surgically at age 1 6/12 years.
Congenital torticollis with vestigial (right) and shortened (left)
cleidomastoid muscles was corrected surgically. His right chest was
funnel-shaped with a hypoplastic right pectoral major muscle.
Exudative otitis media in the left ear was recurrent. He showed
hypotonia in his infancy and motor development was mildly
delayed: he raised his head at age 4 months, sat alone at 10 months,
crawled at 11 months, and stood alone at 1 3/12 years. His hair has
been bristly and gray-streaked since childhood. His upper teeth
were misaligned. Atage 18 years, hisheightis 159 cm (—1.8SD) and
OFC is 53 cm (~2.3 SD). He can walk independently, tatk (albeit
with a stutter), and understand almost everything necessary for
daily life. He has myopia and mild astigmatism which are corrected
with spectacles. He has nocturnal enuresis which he finds hard to
control.

SMARCA4-2 (Subject 7 [Tsurusaki et al., 2012]; Fig. 2d—g): His
prenatal period was complicated by intrauterine growth retarda-
tion. He was born at 40 weeks of gestation. His birth weight was
2,250 g (—2.2 SD). He showed respiratory insufficiency and had
sucking/feeding difficulties associated with laryngomalacia. He had
bilateral ptosis, myopia, lacrimal duct stenosis, bilateral sensori-
neural hearing loss, and ankyloglossia. He showed hypotonia and
motor development was severely delayed: he raised his head in late
infancy, sat alone at age 2 years, and walked independently at
6 years. At age 20 years, he weighs 60 kg (—0.2 SD), has a height of
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SMARCB1-3

156 cm (—2.6 SD), and an OFC of 51.2 cm (—3.8 SD). He suffers
from constipation, nocturnal enuresis, and unstable body temper-
ature. He understands simple commands and speaks several words.
He is friendly but also hyperactive and impulsive.

SMARCA4-3 (Subject 5 [Tsurusaki et al., 2012]; Fig. 2h—o):
Increased nuchal translucency thickness was shown by fetal ultra-

sonography. He was born at 41 weeks of gestation. His birth weight
was 2,756 g (—1.2 SD), length was 48 cm (—0.9 SD), and OFC was
32.0 cm (—0.9 SD). He was gavage-fed due to sucking/feeding
difficulties until 7 months of age. He had right cryptorchidism
which was corrected surgically at age 1 year. He showed hypotonia
and motor development was delayed: he raised his head at age





