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(E3)
A. System refining of gene analysis.
1. Genome analysis research using nationwide uniform protocol

The facilities that conduct all the exosome analysis, the panel analysis, and the information analysis
were added as a joint research facility to the plan, and the system was constructed so that common
analysis can be implemented uniformly at each facility. At Osaka University, genome analysis by the
Human Genome Ethics Plan common to each department was realized, and an analysis system

capable of using other genomic information as a disease control was prepared.

2. Analysis based on unified genome analysis pipeline and construction of genomic mutation DB of
cardiovascular disease

For information analysis, update work is done to the basic pipeline in each fiscal year, and analyzes
are always conducted using the latest common pipeline. Mutation detection analysis using a server
can be carried out naturally, but in order to identify many disease causes, it is necessary to have a
database enabling shared search between cases of detected mutations. Therefore, a genome database
of cardiovascular diseases was constructed. By constructing this system, it is possible to refer
mutation information and disease annotation information in the public database while sharing the
variant information detected by the research team as a whole, and it becomes the first Japanese

cardiovascular disease genome mutation database with search function.

3. Genome information analysis focusing on clinical sequence, construction of mutational
interpretation system

Osaka University Graduate School of Medicine established the Bioinfoinformatics Initiative
Committee which created a clinical information input template, gathered data there, and developed
a system that cooperates with the hospital medical information system including blood sampling. The
input information is accumulated in the clinical research database installed in the university through
the secure network. The subject ID is automatically issued and the correspondence table between the
patient ID and the subject ID is managed by the system. Clinical data collected from other facilities

1s also stored Clinical research DB. It becomes a system to manage with subject ID.

B. Functional analysis of causative genes

1. Known gene mutation analysis

In this study, we completed the screening of known genes in 354 cases (266 onset cases, 88 cases
without onset). We detected point mutation, frame shift, nonsense mutation, and splicing mutation
in known genes considered to be the cause of onset among patients; 45% of dilated cardiomyopathy,
55% of hypertrophic cardiomyopathy, 50% of arrhythmogenic right ventricular cardiomyopathy, 25%
of Marfan syndrome, 100% in Brugada syndrome, extended QT syndrome, and Fabry disease. We

were able to construct a high quality and sensitive screening system.



2. New (unknown) gene mutation analysis

In this study, about 450 cases of all exome analysis were completed and their genome database of
disease was constructed. Differential narrowing analysis is performed on the families that did not
correspond to known genes, and the following new mutations are identified and developed into drug
discovery research for molecular targeted drug development. In addition, we analyzed multifaceted
cases of familial cases which cannot be identified by simple differential narrowing analysis in all

exosome analyzes using whole genome analysis and array structure analysis.

(1) Identification of novel mutations in genetic bradycardia disease family

We identified novel genes assumed to be involved in arrhythmia episodes from families with an
autosomal dominant genetic form. The disease showed a very high penetrance rate, and another
non-synonymous mutation in the same gene could be identified from another family that allowed
familial onset. Co-segregation and exclusion of Japanese common variant can also be confirmed,
confirming that this gene is the causative gene of this arrhythmia. By developing specific

inhibitors, development as a first in class remedy for this disease is expected.

(2) Identification of novel sarcomeric gene MYLK3 mutation in genetic cardiomyopathy family.
A new causative gene of cardiomyopathy was identified. Since it is suggested that the MYLK3
activator will be a therapeutic agent for heart failure, further screening of small compound

activators will be carried out in the future.

3. Identification of disease-related molecules and drug discovery screening

As a gene analysis center close to the patient, we can identify the gene mutation first. Therefore not
only identification of the etiological genes but also identification of appropriate drug discovery targets
leading to the development of therapeutic drugs is important. We set up our own large-scale screening
system based on the function of pathogenesis genes, screened compounds and succeeded in identifying

the lead compounds shown below.

(1) Establishment of assay system for inhibition of target protein degradation and compound screening

(2) Establishment of assay system to quantify redox reaction and large scale screening

Since this assay system is also extremely applicable, it is applied to the development of activity

enhancers or inhibitors of disease candidate genes to be identified in the future.

C. Technology development for improving diagnostic rate

Entire analysis of all processes from genome extraction, library construction and sequence analysis
using the same facility enables gene contract analysis under low cost. We also worked on a
cardiomyopathy disease panel with 100 genes and an arrhythmia disorder panel carrying 50 genes
and created a disease mutation detection algorithm combined with candidate gene information
specific to cardiovascular disease and all exome analysis data. Also by making judgment as pathogenic
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mutation according to guidelines for mutational interpretation of ACMG, it became possible to
confirm the reliability of mutation data detected.

We developed a method to analyze mutation data by analysis pipeline. An algorithm (HDR method)
that narrows down causative genes for genetic diseases of small family or single cases was developed
as software with GUI. In addition, by introducing knowledge processing technology based on machine
learning (Al artificial intelligence), we advanced research and development to realize extraction and
accumulation of knowledge difficult to find by manual analysis and its effective visualization. We
examined a method for constructing an evaluation formula that characterizes disease - related traits

by mutation information.

D. Sharing genetic analysis data to other research groups
We have made efforts to construct a system to provide rapid clinical genomic diagnosis to detect

genetic mutations in clinical disease. We shared our data with the results of Agilent Haloplex
developed by University of Tokyo Advanced Science and Technology Research Center and TruSeq
custom amplicon kit by [llumina developed by Shiga University of Medicine. Construction of a genome

database of cardiovascular diseases is ongoing.

E. Future prospects

The above results and basic technologies centering on information analysis systems, pipelines and
mutation databases are a consistent system enables us to lead the basic verification of causative genes
and drug discovery, It became a valuable asset in dealing specialized treatment of cardiovascular
diseases. It contributes to the development of very important findings and diagnostic and therapeutic
methods for overcoming intractable diseases in the cardiovascular field. Further development and

continuous maintenance of this technology are desired.
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