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Assumptions about the Technology

2. Gene editing is technically precise and predictable

 Predictlable genome change upon application
 Elemination of false targets is possible and knowledge about effect

of false targeting
 Routine multiple gene editing, time and space controlled editing, 

emergency editing, reversible editing

1. It will be know what genes do on cell, tissue and
organism levels

 Understand human gene regulatory networks
 Understand role of genome organization in nucleus
 Reliably predict the effects of single and multiple gene changes
 Be able to fuse this knowledge with morphogenic effects
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Are these realistic assumptions?

Human molecular maps
and AI will provide
high resolution
understanding of
phenotypic
and personality
features

AI will predict effect of
single or multiple 
genetic/epigenetic
modifications
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Face to genome and back
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Are these realistic assumptions?

Gene editing is technically precise and predictable
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Gene editing is reversible?

“The big story here is we now have a simple tool that can silence the vast majority of genes, 
we can do this for multiple genes at the same time without any DNA damage, with great 
deal of homogeneity, and in a way that can be reversed.” (Jonathan Weissman, MIT)

Genome-wide programmable transcriptional memory by CRISPR-based 
epigenome editing. Nuñez JK…Weissman JS. Cell. 2021 Apr 29;184(9):2503-
2519.e17.
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Fusion Technologies

Technologies merging somatic gene
editing and embryology

 Edit only prospective somatic cells in embryos

 Repair genes only in those parts of the embryo, which give rise to
affected organs

 Edit genes in induced pluripotent stem cells (iPSC) to generate
- Germ cells for reproductive purposes
- Embryos to test drug intervention to repair phenotypes
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…Editing somatic cells in embryo
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…Repair genes only in those parts of the
embryo, which give rise to affected organs

human 
disease carrying

embryo

Parental or
gene edited

iPSC
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…Edit genes in iPSC to generate embryos
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Human iPSC

Somatic cell

…Edit genes in iPSC to generate germ cells
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…Edit genes in iPSC to generate embryos
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…Edit genes in iPSC to generate embryos

“We are standing and walking 
with parts of our body which 
could have been used for thinking 
had they developed in another 
part of the embryo.” (Hans 
Spemann)
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Utility of artificial intelligence
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If the technology would be precise, transient or reversible, 
and tissue specific, would this be ok for gene editing in the
embryo?

The individual embryo would benefit from the 
edits, if anything goes wrong, it will 
- not be inheritable (not germ line)
- not cause major damage to the child
- More than just monogenic / single nucleotide

defects may be correctable
- Help treat genetic infertility

When would it be justified?
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Some challenges and opportunities for gene
editing applications

 Support individuals to avoid untreatable disease 

 Existential threats to human survival
• Rapid increase in infertility rates (in both sexes) 
• Ageing populations – need for longer work life
• Need to genetically adopt to global warming, drought, food 

shortages, pandemic risks
• Space travel
• Cryopreservation
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Is the horse out of the stable?

„If I would have known that the German´s fail, I would have
distanced myself from all that.  This was the biggest mistake
of my life…“ (A. Einstein)

„Oh weh….“ 1945: „Notkomitee der Atomforscher“ 
demanded to hand the bomb to a global government
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- Omics (bottom up) data are precise and widely accessible
- Cell systems (top down) develop into manageable tools
- Artificial intelligence can predict ways and outcome
- Alternative technologies are developing (e.g. RNA-based)

Summary

Gene edting progress is driven and
tailored by technological advances into
a fusion approach possibly
circumventing germ line editing
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Thank you
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Gene Editing Potential

 Main areas of use in Humans
 Repair broken functions

 Enhance features

 Add new functions

 Rebuild and Design cells, organs and organisms and how they 
interact 

 Why is application in humans an issue ?
 Do we know enough about the function of the genome? Do we get what we 

expect on the cell / tissue / organism level?

 Do we want what we expect on the societal level?
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What is Gene Engineering
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What is Gene Editing

 The Science

 CRISPR/Cas9

 High precision

 High efficacy

 No Trace

 Multiple scientific breakthroughs

 Main areas of use

 Health and Life Sciences

 Agriculture, farming, fisheries

 Research

 Biotechnology
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What you find in the news…..
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Germ line gene editing

What did He Jiankui do?
- Inactivation of the CCR5 gene in the human embryo
- Babies carry the mutated gene
- They will inherit the mutated CCR5 to the next generation
- CCR5 inactivation protects from HIV infection, but…
- There are people with natural CCR5 mutations
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Somatic gene editing
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CRISPR/Cas9 gene editing may not be so precise after all
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Do we know enough 
about the genes and 
the Risks?
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What is te Road we want to take?

• Why can’t we 
eliminate disease?

• Why not alter 
genetic heritage?

• Why should people 
not enhance 
themselves and 
their children?

• Should the 
technology be 
available for all?
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Future Scenarios

 The European Court of Justice has decided that organisms made with precision techniques such as 
CRISPR will be subject to the same rules as transgenic plants or animals

 Multiplication of Ethics statements and Committees

 Legislative process far slower than technology

 Vested interests 

 Public reaction

 Initial acquiescence and enthusiasm

 Later reluctance and suspicion

 Losing reputation as the good guys….
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BUT - We have been manipulating nature for 
ages

 Plant and animal selection

 Tame or domesticate

 Grafting

 Varieties

 Specialised work animals

 500 + dog breeds

 Sheep, cows etc

 Insertion or deletion of genetic material

 Gene drives 

 Three parent embryos and mitochondrial 
DNA manipulation

 Why can’t we eliminate disease?

 Why not alter genetic heritage?
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Is there an alternative?

What is the road we have to walk?
Are there alternatives?
Points of view….

Scientist or/and philosopher


