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We have only spent the electricity cost except for the 
initial investment in the computing system.

Analysis of publicly available large genome data



Case 1

A publicly accessible database that links 
genetic variants to their clinical significance 
and associated conditions. 

A comprehensive resource that catalogs 
published genetic mutations associated with 
human inherited diseases.

A publicly accessible resource that aggregates 
and harmonizes genetic variation data from 
general populations worldwide. 

The ACMG/AMP guideline refers to the standardized framework 
developed by ACMG and the AMP to classify genetic variants based 
on their clinical significance.

The target

https://gnomad.broadinstitute.org/

https://www.hgmd.cf.ac.uk/ac/index.php

https://www.ncbi.nlm.nih.gov/clinvar/



The ACMG Guideline in Brief:
• The pathogenicity of a variant is assessed based on 

various criteria, which are categorized into four distinct 
levels: Very Strong, Strong, Moderate, and Supporting.

• For instance, loss-of-function mutations (e.g., nonsense, 
splice site, or frameshift variants) in genes known to 
cause diseases are classified as "Very Strong", while de 
novo (newly occurring) mutations are classified as 
"Strong."

• The final pathogenicity of a variant is determined by 
the combination of criteria that are met.
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Forward genetic simulation

gnomad.broadinstitute.org

Takata et al., Med 2021

Use of gnomAD open data of human variants to estimate average 
deleteriousness across variant types

Real world data of variants in 
protein coding regions from 
123,136* individuals (*at the 
time of our previous study)

Deleterious 
types of variants 
are enriched for 
rare variants in 
population

eLOF: established loss-of-function, defined as nonsense, 
canonical splice site, and frameshift variants
dMIS: damaging missense



eLOF: established loss-of-function (PVS)
dMIS: damaging missense (PP)

Underestimated?

Overestimated?



Extraction of deleterious variant subtypes using the proportion of rare variants as an indicator (1)
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Out-of-frame
acgtcgatcgATG|CCG|CTG|CAT|GCT|AGC|TAG|TC
→More deleterious

Inframe
gcatgctagcATG|GCT|AGC|TAG|TCA|ATG|CAT|AG
→Less deleterious

The ATG sequence closest to the known start 
codon (i.e. a potential start codon) is…

nATG: nearest ATG

Extraction of deleterious variant subtypes using the proportion of rare variants as an indicator (2)



Out-of-frame
acgtcgatcgATG|CCG|CTG|CAT|GCT|AGC|TAG|TC
→More deleterious

Inframe
gcatgctagcATG|GCT|AGC|TAG|TCA|ATG|CAT|AG
→Less deleterious

The ATG sequence nearest to the known start 
codon (i.e. a potential start codon) is…

nATG: nearest ATG

Extraction of deleterious variant subtypes using the proportion of rare variants as an indicator (2)

acgtcgatcgATG|CCG|CTG|…………|AGC|ATG|TC
→More deleterious

gcatgctagcATG|GCT|ATG|TAG|TCA|AGC|CAT|AG
→Less deleterious?

Near

Distant

Stratification of nearest ATG inframe start-lost 
variants based on the distance between the 
known start codon and the nearest ATG. 



There is accumulating evidence indicating that
• Protein translation can occur at various locations 

within a transcript (Ingolia, Cell 2016).
• Translation can be initiated from ATG-like 

sequences, such as CTG, and such translation may 
occur more frequently than previously thought 
(Brar, Cell 2016).

acgtcgatcgATG|CCG|CTG|…………|AGC|ATG|TC
→More deleterious

gcatgctagcATG|GCT|ATG|TAG|TCA|AGC|CAT|AG
→Less deleterious?

Near

Distant

Stratification of nearest ATG inframe start-lost 
variants based on the distance between the 
known start codon and the nearest ATG. 

Extraction of deleterious variant subtypes using the proportion of rare variants as an indicator (2)



• PoStaL outperforms other tools.

♚

Construction of a machine learning model
to predict pathogenic start-lost variants

TIS: translation initiation site
aTIS: annotated (known) TIS
pTIS: potential (not known) TIS

Good performer

Poor performer

Experimental data 
of translation 
initiating ribosome 
sequencing

• Start-lost variants with a PoSTaL score showing the >95% specificity are 
as enriched for very rare variants as damaging missense variants.

• Our results indicate the importance of constructing a model optimized 
for the variant type of interest, as other tools are not designed 
specifically for start-lost variants.



Takata et al. Med, 2021
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We have only spent the electricity cost except for the 
initial investment in the computing system.

Analysis of publicly available large genome data



Case 2

Whole genome sequencing data

Nakamura, Ueda, Mizuno et al., 
Cell Genomics 2024

https://base.sfari.org/



Whole genome sequencing data

An et al., Science 2018

Unexpected no enrichment of ASD 
gene-linked promoter de novo 

variants in ASD probands



Oh et al., Nature 2021

TAD (topologically 
associating domain)

<
?

Promoter 
deletion by 

CRISPR/Cas9

Intact promoter Dysfunctional promoter
Prefrontal cortex

public TAD data 

mRNA

mRNA of other genes in the same TAD



SSC 
(1,902 ASD vs. 1,902 unaff sib)

SPARK
(3,142 ASD vs. 2,193 unaff sib)

Meta analysis

SSC + SPARK
(5,044 ASD vs. 4,095 unaff sib)

DNV: de novo variant

Nakamura, Ueda, Mizuno et al., Cell Genomics 2024

Topologically associating domains (TADs) define the impact of de novo 
promoter variants on autism spectrum disorder risk



Analyses using TAD data from 
various tissues and cell lines

Enrichment of ASD gene TAD promoter de 
novo variants in ASD are pronounced when 

brain/stem cell TAD data are used

https://www.encodeproject.org/



Experimental analysis of the effect of selected ASD gene TAD 
promoter DNVs on gene expression profiles

#1, chr7:g.26200781C>T
• Altering a conserved base
• Bound to CTCF in neuronal 

cells (ENCODE3)
• High-confidence ASD genes 

(SFARI gene score S, 1 or 2) in 
the same TAD

• High specificity gRNA can be 
designed

Nakamura, Ueda, Mizuno et al., 
Cell Genomics 2024

Local alteration of multiple 
genes in the same TAD



Significant enrichment 
of ASD genes

Effect of the chr7:g.26200781C>T variant on the transcriptomic profile

GO Enrichment Analysis

Global transcriptomic change enriched for 
ASD/neurodevelopment genes



https://drgalil.exblog.jp/12046603/

 (as a strong wind blows, business comes to barrel makers)

Nakamura, Ueda, Mizuno et al., Cell Genomics 2024



Through these cases…Development and generation 
of publicly available resources

Utilization of
open life science data 



• By analyzing large open data of genomic variants from both the general 
population and affected individuals with statistical approaches and 
machine learning techniques, we proposed a method for refining 
standard genetic diagnosis guidelines.

• An analysis of publicly available disease genome sequencing data from a 
unique viewpoint, utilizing open data for annotation, has led to the 
discovery of the role of TADs in the impact of promoter variants on ASD 
risk.

• The formation of a virtuous cycle of utilizing open data and developing 
new open resources from it will be key to the success of open life 
sciences.

Summary
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