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The Challenge of Embryo Mosaicism  

Popovic et al. 2018, Human Reproduction	



Human preimplantation development is vulnerable to error 

Adapted from Fragouli et al. 2013, Human Genetics and Los et al. 2004, Human Reproduction Update  

Mosaicism Mosaicism 

Majority of abnormalities end in implantation failure or early pregnancy loss 



The Challenge of Embryo Mosaicism  

NGS enables more comprehensive detection of mosaicism in blastocysts 

Popovic et al. 2018, Human Reproduction 

~40% 

Mosaicism 

Diagnosis of chromosomal mosaicism?  
 
Implantation potential of mosaic embryos?  



Mosaic embryos may develop into healthy live births 

Greco, E., Minasi, M. G. & Fiorentino, F. (2015) Extent of chromosomal mosaicism influences the 
clinical outcome of in vitro fertilization treatments 

Spinella, F., et al. (2017)  



Munne S., et al. 2017 

Detailed investigation into the cytogenetic constitution and 
pregnancy outcome of replacing mosaic blastocysts detected 
with the use of high-resolution next generation sequencing 

Mosaic embryos also associated with poorer outcomes 



Embryo mosaicism continues to raise an uncomfortable uncertainty  

•  The risk of transferring mosaic blastocysts remain unknown  

•  The possibility of discarding viable embryos cannot be overlooked 

•  Mosaic mouse blastocysts show normal developmental potential  

•  The possibility of self-correction in human?  



4-10  
cells 

To investigate the effects of chromosomal instability and blastocyst mosaicism 

on the early stages of human post-implantation development in vitro 

Objective 



Adapted from Shabazi et al. 2016, Nature Cell Biology 

DAPI/OCT4/GATA6 

Adapted from Popovic et al. 2018, Submitted to Stem Cell Research 
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100 µm 



100 µm  
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Blastocysts donated following PGT-A 
abnormal (n=37) or mosaic (n=17) 

Supernumerary blastocysts donated 
following standard ART cycles, n=26 

Cultured to 8 dpf, n=7 Cultured to 12 dpf, n=73 

TE biopsy 

12 dpf embryos separated into ICM 
and TE derived portions, n=9 

WGA and NGS 
n=45 embryos, 82 samples 

8 dpf =7 
12 dpf = 38 



Results 

50.7% attached 
(37 out of 73)  

49.3% detached 
(36 out of 73)  

100 µm 

DAY 6 DAY 8 DAY 10 DAY 12 

12 days post fertilisation 



Developmental outcomes  12 days post fertilisation 



100% concordance for uniform numerical aneuploidies 12 days post fertilisation 



Uniform structural aberrations not always confirmed 



•  Euploid blastocysts and those presenting with chromosomal gains   

   were more likely to remain viable during culture 

 
•  Monosomies were significantly more likely to detach after 8 days of culture  

•  All embryos diagnosed with multiple aberrations were non-viable at 12 dpf 

•  100% concordance for uniform full chromosome aneuploidies and euploid complements 
 
•  But, uniform structural abnormalities not always confirmed 



12 days post fertilisation Mosaic embryos generated viable outgrowths 
58.3%	



12 days post fertilisation 71.4% of viable mosaic embryos generated euploid outgrowths 



12 days post fertilisation Both ICM and TE derived portions were euploid 



Euploid outgrowth from high grade mosaics 
and with multiple mosaic aneuploidies    



Day 5 biopsy  Day 12 embryo outgrowth  

12 days post fertilisation No evidence of mosaicism at 12 dpf  



12 days post fertilisation Mosaicism confirmed at 12 dpf  



•  High proportion of mosaic blastocysts generated euploid outgrowths 

•  Comparable results for embryos with single and multiple  

   mosaic abnormalities, as well as gains and losses  
 

•  May suggest the depletion of abnormal cells in both embryonic lineages  

•  Distinguishing technical artefacts from biological variability  

   will remain a challenge and warrants careful interpretation 
 
 



PGT-A demonstrates high sensitivity, but relatively low specificity 

•  Sensitivity,  
   the probability to accurately diagnose an embryo as abnormal = 100%  

•  Specificity,  
   euploid embryos classified as clinically suitable = 59.1% 

•  Diagnostic accuracy of 80% for PGT-A   



Conclusions 

•  Accurately diagnosing mosaicism remains fundamentally unattainable 

•  Extended embryo culture a promising way forward for investigating genomic instability 

•  A prelude to future systematic follow-up studies of clinical outcomes  
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