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Diphtheria toxin-mediated transposon-driven poly (A)-trapping
efficiently disrupts transcriptionally silent genes in embryonic

stem cells

Jie Bai'?©® |
Ayako Isotani®’ |
Yasumasa Ishida?

Ryohei Kondo'® |
Masahito lkawa® |

N. Ika Mayasari®* | Toshiaki Shigeokal” |

Goro Sashida®? | Masashi Kawaichi® |

Laboratory of Functional Genomics and Medicine, Division of Biological Science, Nara Institute of Science and Technology, Nara, Japan

2Laboratory of Transcriptional Regulation in Leukemogenesis, International Research Center for Medical Sciences, Kumamoto University, Kumamoto, Japan

*Department of Peripheral Nervous System Research, National Institute of Neuroscience, National Center of Neurology and Psychiatry, Tokyo, Japan

“*Faculty of Veterinary Medicine, Bogor Agricultural University (IPB), Jalan Agatis Kampus IPB Darmaga, Bogor, West Java, Indonesia

SWellcome Trust-Medical Research Council Stem Cell Institute, University of Cambridge, Cambridge, United Kingdom

“Immunology Frontier Research Center, Osaka University, Osaka, Japan

7Organ Developmental Engineering, Division of Biological Science, Graduate School of Science and Technology, Nara Institute of Science and Technology,

Nara, Japan

®Research Institute for Microbial Diseases, Osaka University, Osaka, Japan

“Division of Educational Development, Nara Institute of Science and Technology, Nara, Japan

Correspondence

Jie Bai and Yasumasa Ishida, Laboratory of
Functional Genomics and Medicine,

Division of Biological Science, Nara Institute of
Science and Technology, 8916-5 Takayama-
cho, Ikoma-shi, Nara 630-0192, Japan.

Email: j-bai@kumamoto-u.ac.jp (J. B.) and
ishiday@bs.naist.jp (Y. I.)

Funding information

Japan Society for the Promotion of Science,
Grant/Award Numbers: 19310130, 21310128;
Ministry of Education, Culture, Sports, Science
and Technology (MEXT) of Japan, Grant/
Award Numbers: H19-20, H21-22

Summary

Random gene trapping is the application of insertional mutagenesis techniques that
are conventionally used to inactivate protein-coding genes in mouse embryonic stem
(ES) cells. Transcriptionally silent genes are not effectively targeted by conventional
random gene trapping techniques, thus we herein developed an unbiased poly
(A) trap (UPATrap) method using a Tol2 transposon, which preferentially integrated
into active genes rather than silent genes in ES cells. To achieve efficient trapping at
transcriptionally silent genes using random insertional mutagenesis in ES cells, we
generated a new diphtheria toxin (DT)-mediated trapping vector, DTrap that removed
cells, through the expression of DT that was induced by the promoter activity of the
trapped genes, and selected trapped clones using the neomycin-resistance gene of
the vector. We found that a double-DT, the dDT vector, dominantly induced the dis-
ruption of silent genes, but not active genes, and showed more stable integration in
ES cells than the UPATrap vector. The dDT vector disrupted differentiated cell line-
age genes, which were silent in ES cells, and labeled trapped clone cells by the
expression of EGFP upon differentiation. Thus, the dDT vector provides a systematic
approach to disrupt silent genes and examine the cellular functions of trapped genes
in the differentiation of target cells and development.
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