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NASA‘s Twin Study
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340 days on ISS
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NASA‘s Twin Study

Fußzeile

Mark Kelly          Scott Kelly

Total study duration 25 month

Pre-flight In-flight Post-flight

Telomere length => telomere length increased during flight (14.5%), 
shortened immediately after return to earth

Transcriptome => some changes remain even after 6 month on earth
Genome => increased DNA damage from chromosomal inversions
Epigenome
Immune system => First vaccination in flight (influenca) !
Cardiovascular
Metabolome
Gut microbiome
Physiology
Vision
Cognition

Health and safety in long term space missions





© UNIVERSITÄTSKLINIKUM TÜBINGEN.

Epigenome Profiling using NGS 
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Chromatin
-structure
-domains
-accessibility

Histone
-modifications 
-variants

DNA
-modifications

ChIP-seq
Mnase-seq

WGBS, RRBS, 
MeDIP-seq,
Methyl-seq

Rare Diseases

Episignatures

Epivariants
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Erfan Aref-Eshghi et al 2020

Mafalda Barbosa et al 2018

The human genome contains
about 28 Mio CpG sites that can
be methylated and potentially
affect gene expression.

3C, 4C, 5C, Hi-C,
ChIA-PET, DNAse-seq, 
FAIRE-seq, ATAC-seq
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Genetic Twin Research across the world
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Monogenic diseases

Discordant twins

Polygenic diseases
and Health

Discordant twins
Life style and nutrition
Biomarker development

Biology

Genome structure
Epigenome
Transcriptome



Keimbahnmutationen / vererbte Merkmale
=

identische Zwillinge

Prämorula-Mutationen

oder

somatische Mutationen

=

diskordante Zwillinge

Diskordante monozygote Zwillinge 
„Next-Level-Mosaikerkrankung“
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TOPMed study (Trans-Omics for Precision Medicine)

https://www.shutterstock.com/de/image-illustration/organic-chemistry-model-dna-molecule-illustration-93597241?id=93597241

53,831 Genomes analysed

>400 Mio variants

97% of the variants
less than 1%

53% present
in only 1 individual

-> 4,6 Mio protein-coding variants
Total 230,000 putative loss of function variants in 18.493 genes
-> 104,000 frameshift variants
->   97,000 putative splice and truncation variants

2.5 unique pLOF per individual

Additional read out needed !

Complexity of analysing genomes in the clinical context
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45 – 60 de novo mutations 
per child / genome



2,363 new insertion sequences 

corresponding to 720 genomic loci. 

Array
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Treatment studies in rare diseases
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Lessons learned from twins

15.07.2021

Rare and common diseases
Control of one twin in biomarker and even for treatment studies
Variability of the human organism

- to respond to environment
- and how the organism responds

Human health and aging

F

New „Omics“ technologies lead to a Renaissance of twin research
From phenotype description to in depth Multi-Omics analysis
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