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Establishment of novel method for introduction of single-nucleotide substitution
and application of the method to identification of mutation causing hereditary

disease
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Premature chromatid separation (PCS) syndrome is a rare autosomal recessive
disorder characterized by constitutional aneuploidy and a high risk of childhood cancer. One of the
causes of the disease is functional insufficiency of BUBRL protein. We found a unique single nucleotide
substitution in an intergenic region 44 kb upstream of a BUB1B transcription start site, which
cosegregated with the disorder. To examine whether this is the causal mutation, we designed a
TALEN-mediated two-step single-base pair editing strategy and biallelically introduced this substitution
into cultured human cells. The cell clones showed reduced BUB1B transcripts, and increased PCS frequency,
which are the hallmarks of the syndrome. These results suggested that the nucleotide substitution

identified was the causal mutation of PCS syndrome.

TALEN PCS



o
PCS
BUBR1

BUBR1
BUB1B 44 kb

(s5804270619-G/A)

Maurano et al.,
Science, 2012

SNP
SNP
() zinc-finger nuclease ZFN
transcription activator-like effector
nuclease  TALEN DNA
SSODN
Chen et

al., Nat Methods 2011; Soldner et al., Cell,
2011; Wefers et al., PNAS, 2013

SNP

PCS
SNP (ss804270619-G/A)

PCS

HCT116
TALEN PCS
SNP
BUBR1
(Ochiai et al., PNAS, 2014)

o

sSSODN
Yusa et al.,

Nature, 2011; Soldner et al., Cell, 2011;
Chen et al., Nat Methods, 2011

Cre/ IoxP

piggybac

loxP TTAA

Chen et al., Nat Methods,
2011

SSODN
Chen et
al., Nat Methods, 2011

@ TALEN

hsvTK

hsvTK

TALEN

$s804270619-A
s$s804270619-G

®) TALEN
HCT116

PCR

TP1

TALEN
$s804270619-A



$s804270619-G

TP1
PCR
(TV-A1, TV-A2) A
(TV-61, TV-G2) G
) PCS
BUBR1
$5804270619 G
TV-G1 TV-G2
HCT116
$s804270619 A
TV-Al TV-A2
BUBR1
BUB1B mMRNA PCR
PCS
BUBR1
BUBIB shRNA BUB1B
ShRNA HCT116

Kienitz et al., Oncogene, 2005 HCT116

TV-G1 TV-6G2
TV-Al TV-A2
PCS
PCS
TV-Al TV-A2
PCS
BUBR1
BUBR1
TV-G1
TV-G2 HCT116
TV-Al TV-A2
BUBR1 BUBR1
PCS

Maurano et al., Systematic
localization of common
disease-associated variation in
regulatory DNA, Science, 337, 2012,
1190-1195

Chen et al., High-frequency genome
editing using ssDNA oligonucleotides
with zinc-finger nuclease, MNat
Methods, 8, 2011, 753-755

Soldner et al., Generation of
isogenic pluripotent stem cells
differing exclusively at two early
onset Parkinson point mutations, Cell,
146, 2011, 318-331.

Wefers et al., Direct production of
mouse disease models by embryo
microinjection of TALENs and
oligodeoxynucleotides. Proc Natl
Acad Sci U S A, 110, 2013, 3782-3787.
Ochiai et al., TALEN-mediated
single-base-pair editing
identification of an intergenic
mutation upstream of BUB1B as
causative of PCS (MVA) syndrome, Proc
Natl Acad Sci U S A, 111, 2014,
1461-1466.

Yusa et al., Targeted gene correction
of al-antitrypsin deficiency in
induced pluripotent stem cells,
Nature, 478, 2011, 391-394.

Kienitz et al., Partial
downregulation of MAD1 causes spindle
checkpoint inactivation and
aneuploidy, but does not confer
resistance towards taxol, Oncogene,
24, 2015, 4301-4310.

Miyamoto T, Hosoba K, Ochiai H, Royba
E, lzumi H, Sakuma T, Yamamoto T,
Dynlacht BD, Matsuura S, The
microtubule depolymerizing activity
of a mitotic kinesin protein KIF2A
drives primary cilia disassembly
coupled with cell proliferation, Cell



Rep, 10, 2015, 664-673.
DOI:10.1016/j .celrep.2015.01.003

s , 252, 2015,
153-158.
https://www.ishiyaku.co. jp/magazine
s/ayumi/AyumiArticleDetail .aspx?BC=
9252028AC=14570
Ochiai H, Sugawara T, Sakuma T,
Yamamoto T, Stochastic promoter
activation affects Nanog expression
variability in mouse embryonic stem
cells, Sci Rep, 4, 2014, 7125.
DOI:10.1038/srep07125.
Ochiai H, Miyamoto T, Kanai A, Hosoba
K, Sakuma T, Kudo Y, Asami K, Ogawa A,
Watanabe A, Kajii T, Yamamoto T,
Matsuura S, TALEN-mediated
single-base-pair editing
identification of an intergenic
mutation upstream of BUB1B as
causative of PCS (MVA) syndrome, Proc
Natl Acad Sci U S A, 111, 2014,
1461-1466.
DO1:10.1073/pnas.1317008111

TALEN % AV =& s i E~~ 7 & ES

uP
TALEN&CRISPR/Cas9
, 40, 2014, 62-72.

Suzuki KT, Isoyama Y, Kashiwagi K,
Sakuma T, Ochiai H, Sakamoto N, Furuno
N, Kashiwagi A, Yamamoto T, High
efficiency TALENs enable FO
functional analysis by targeted gene
disruption in Xenopus laevis embryos,
Biol Open, 2, 2013, 448-452.
DO1:10.1242/hi0.20133855

Hiroshi Ochiai, Takeshi Sugawara,
Takashi Yamamoto, Simultaneous
live-imaging of gene position and its
transcriptional activity in mouse
embryonic stem cells, 4D Nucleome

2014/12/17-2014/12/20, Hiroshima,
Japan

Hiroshi Ochiai, Takeshi Sugawara,
Tetsushi Sakuma, Takashi Yamamoto,
Stochastic promoter activation
affects gene expression variability
in murine embryonic stem cell, Cold
Spring Harbor Laboratory meeting 2014
NUCLEAR ORGANIZATION & FUNCTION,
2014/8/19-2014/8/23, NY, USA
Hiroshi Ochiai, TALEN-mediated
single-base-pair editing in PCS
syndrome, 3rd International Genome
Enginieering & Genome Editing-2014
Meeting on ‘Synthetic Biology to Zinc
Finger Nucleases & CRISPRs
Regulation’, 2014/5/5-2014/5/6,
Boston, USA

Hiroshi Ochiai, TALEN-mediated
single-base-pair editing reveals the
functional significance of an
intergenic single nucleotide variant,
International Symposium on RNAI and
Genome Editing Research,
2014/3/14-2014/3/16, Tokushima,
Japan

2015-080648

2013-166768



http://ww._mls_sci.hiroshima-u.ac.jp/ch
rom/ja/index._html

@
OCHIAI, Hiroshi

60640753

&)

®



