The unknowns of early human development

and the impact on genome editing
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Efficient genome editing of human embryos
depends on an understanding of:

1. Cell cycle
2. Chromosome segregation

3. DNA-damage repair



Methods of genome editing
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DSB repair pathway choice depends on cell

cycle
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Parental genomes are kept apart at the first cell
division(s) by dual spindle formation

First mitosis in mammals
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Spindle abnormalities in early human embryos

Bipolar spindle formation Multipolar spindle formation




Human embryos exhibit high rates of aneuploidy

Aneuploidy in humans
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Consequence of the timing of embryo genome
activation

Embryo genome
activation
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Unclear which DDR factors are present in early
human embryos
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Promoting homologous repair
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HFEA — Scientific and Clinical Advances Advisory Committee, Horizon
Scanning Panel and the Ethics and Law Advisory Group

1. Research into human embryo development — specifically the
roles of genes and growth factors involved in early
development

2. The development of more objective criteria for embryo
selection — by investigating gene function in early
embryogenesis

3. Research into the genetic background of adverse medical
conditions — genetically modified ES cells could be create to
model medical conditions

4. Research into the fate of cells during embryo development

5. Introducing a gene to increase the efficiency of stem cell
derivation

“Genetic modification of embryos: information for Research Licence Committee” paper SCAAC(01/09)04 January 27t 2009



Segmental loss or gain of Chr6 in human embryos
following CRISPR/Cas9 genome editing
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-Chromatin condensation
-Nuclear envelope and pore dissociation

-Ejection of transcription factors and chromatin binding
proteins

-Disruption of Lamina-associated domains
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Ma et al., Front. Genet. 2015




Non-homologous end joining (NHEJ)
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Individual bipolar spindle formation around each
pronucleus
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