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Patrick Steptoe and Robert Edwards 1977



Credit: Stephen Harbottle, Cambridge IVF  

A state of the art facility which adheres to guidelines set out in 
Europe such as the EU Tissue and Cells Directive (2004/23/EC)

HFEA Code of Practice 8th Edition 



Current Clinical Pathway –Assisted Reproduction
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Preimplantation Genetic Screening, Diagnosis 
and Testing

• The Term “Genetic Screening” is intended for a 
procedure used to determine whether the level of 
genetic risk for a couple is acceptable

• New terminology PGT-A (aneuploidy)
PGT-M (monogenic)
PGT-S (structural)





Timeline of Reproductive Genetic Testing 

“Forty years of IVF” Niederberger et al 2018



8,000 single gene disorders affecting 400 million people 

5,747 children’s admissions to a pediatric hospitals

15% single gene 
disorder

50% of 
total cost

McCandless et al Am J Hum Genet 2004

The Burden of Genetic Conditions



Preconception Carrier Screening 



Expanded Carrier Screening: example in IVF 

1479 Couples tested for 190 diseases

30% of patients were carriers of a disorder

2% of couples were carriers of a mutation in the 
same gene 

40% of couples at risk underwent PGT-M

50% of couples undergoing PGT-M produced at 
least one affected embryo 

Kumar et al ASRM 2014,2015



Disorders selected for inclusion should meet several 
of the following consensus-determined criteria:
– Carrier frequency 1:100 or greater for AR (1/40,000 

prevalence)
– Have a well defined phenotype 
– Have a detrimental effect on the quality of life 
– Cause cognitive of physical impairment 
– Require surgical or medical intervention 
– Early onset of disease in life 
– Adult onset diseases not to be included
– Autosomal Dominant conditions- not recommended for 

carrier screening 

How to Develop a Proper approach (ECS)



Mosaicism- should we transfer mosaic embryos?

An evidence-based scoring system for prioritizing mosaic aneuploid embryos following preimplantation 
genetic screening Romana Grati et al 2018

What is an acceptable level of mosaicism for considering transfer? 



• IVF 
• Embryo transfer
• Embryo biopsy
• Intracytoplasmic sperm injection ICSI
• Preimplantation genetic testing PGT 
• Assisted hatching
• Gamete intrafallopian transfer GIFT
• Zygote intrafallopian transfer
• Gamete and embryo cryopreservation 



Defining Success Rates 



Evidence based standards for clinical use 

1. Hypothesis driven research 
2. Animal modelling 
3. Testing in donated gamete/embryo material 
4. Pre-clinical investigation 
5. Larger clinical trials (EBM??)
6. Routine Randomised control trials



Are we using poor quality embryos for 
research?



Aggregation of marginal gains 



Testing various timepoints

• https://www.nature.com/articles/s41536-018-0050-
7

• “Maternally deposited RNAs and proteins could 
cause a delay in the manifestation of mutant 
phenotypes potentially masking roles these genes 
have in early developmental processes. We were 
unable to evaluate the contribution of maternally 
deposited proteins to early development as 
antibodies were not commercially available. As an 
alternative  we measured the levels of transcripts 

https://www.nature.com/articles/s41536-018-0050-7


Prediction of editing outcomes 

• Our finding that editing precision is site‐specific 
and can be predicted has important implications. 
For practical reasons, knowing what editing 
outcome is likely to occur at a given site has 
obvious advantages and maximizes the chance of 
having a desired sequence alteration, both for 
clinical and research applications.



Re-evaluating published mosaicism

O’Neill et al unpublished 



• 1. Method of delivery. 
• 2. Mode of Delivery
• 3. Endonuclease activity 
• 4. Guide design
• 5. Method of repair (non-homologous end joining 

(NHEJ) or homology directed repair (HDR))

Dissecting the technology



Consistency is Critical 

• Comparison of guide design tools. Reference 
genomes 

• Vs difficulty of consistency with embryos and 
assessing natural variations. 



Are we already editing the germline? 

• Pat hunt research Bisphenols 
• Long term outcomes IVF- delivery 
• IVF- disease prevalence/birthweight 

3 Registries in Western Australia on births, births after assisted 
conception, and major birth defects in infants born between 1993 
and 1997

ICSI 26/301 (8.6%)
IVF 75/837 (9.0%)
Natural 168/4000 (4.2%)

Infants conceived with use of ICSI or IVF have twice as high a risk 
of major birth defects as naturally conceived infants 



Imprinting disorders and ART procedures 

Estimated Frequency: ART conception: 11/ 10,000 births 
General population: 2/ 10,000 births 

– Relative Risk is low

Syndromes Odds Ratio (95% CI)
Beckwith-Wiedemann (maternal origin)  5.8 (3.1-11.1)
Angelman (maternal origin) 4.7 (2.6-8.5)
Prader-Willi (paternal origin) 2.2 (1.6-3.0)
Silver-Russell (paternal origin) 11.3 (4.5-28.5)

Possible causes:
-ART procedures cause aberrant maternal and 
paternal imprints 
-Aberrant imprints on gamete DNA are the cause of 
male and female infertility 



Public perception matters

• Carrier screening data from Plantinga et al., 2016
• NSL Genome editing
• Mitochondrial replacement therapy legislation  







Is all ART artificial? 

• Artificial ovulation (induction of ovulation)
• Artificial insemination 
• Artificial fertilisation (ICSI)
• Artificial culture for growing of embryos
• Artificial conception? 

• Artificial gametogenesis





Easy Right? 
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