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Learning Objectives

• Define the incidence of embryonic mosaicism.
• Review the cellular mechanisms by which embryonic mosaicism 

can arise 
• Review outcomes of mosaic embryo transfers. 
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Embryo Ploidy: Mosaicism
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Embryo Ploidy: Mosaicism
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• Biological mechanisms of embryonic mosaicism

• Can mitotic errors be induced?

• Artifactual mosaic results

• Incidence of embryonic mosaicism 

• Outcomes of mosaic embryo transfers

Overview



• First detected in human embryos by FISH 
• Griffin et al 1991

• Confirmed in cleavage and blastocyst embryos

• Many mechanisms that can cause a mitotic event and induce 
embryonic mosaicism 

Embryonic Mosaicism: 
Biological Mechanisms



• Altered recombination pattern

• Anaphase lag

• Cell cycle control breakdown

• Centriole dysregulation

• Chaotic divisions

• Chromosome loss

• Chromosome gain

• Chromothripsis

• Cohesin depletion

• Cohesion exhaustion 

• Embryo correction 

• Endoreplication

• Insufficient crossover maturation

• Inter-chromosomal effect 

• Mitotic non-disjunction

• Precocious sister chromatid/dyad separation

• Reverse segregation

• Trisomy rescue 

• Weakened centromere cohesion

• Etc, etc, etc……

Biological Mechanisms:
How does mosaicism arise?
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Biological Mechanisms:
How does mosaicism arise?
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Biological Mechanisms:
How does mosaicism arise?



Nicholson et al. (2015) eLife

Biological Mechanisms:
How does mosaicism arise?

Anaphase Lag






Biological Mechanisms:
How does mosaicism arise?

• Altered recombination pattern

• Anaphase lag

• Cell cycle control breakdown

• Centriole dysregulation

• Chaotic divisions

• Chromosome loss

• Chromosome gain

• Chromothripsis

• Cohesin depletion

• Cohesion exhaustion 

• Embryo correction 

• Endoreplication

• Insufficient crossover maturation

• Inter-chromosomal effect 

• Meiosis I non-disjunction

• Meiosis II non-disjunction

• Mitotic non-disjunction

• Precocious sister chromatid/dyad separation

• Reverse segregation

• Trisomy rescue 

• Weakened centromere cohesion

• Etc, etc, etc……
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Biological Mechanisms:
How does mosaicism arise?



Endogenous      Exogenous 

Biological Mechanisms:
How does mosaicism arise?

Page, Fertility and Sterility 1989



• Biological mechanisms of embryonic mosaicism

• Can mitotic errors be induced?

• Artifactual mosaic results

• Incidence of embryonic mosaicism 

• Outcomes of mosaic embryo transfers

Overview
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Mosaicism: What causes mitotic errors?
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Mosaicism: What causes mitotic errors?

Presenter Notes
Presentation Notes





Retrieval Technique                               Physician Technique 
Fresh/Frozen sperm    Media Change Hatching?  Refresh Media?        Vit Method   Warm Method
Sperm prep (microfluidics/gradient)  Timing                      Biopsy technique
                             Fertilization method (ICSI/Insem)
           Embryologist Technique Embryologist speed  Mechanical Osmolality               Surface temperatures
                      Room Temperature      Room Humidity Incubator gas concentration          Gas purity Gas levels
             QC Rigor           Toxins/Pollutants  Chemicals             Incubator humidity
                         Culture Media               Additives  Protein Type pH (iSTAT?)          Mineral Oil  Media storage/handling 
          VOCs Oxidants  Plasticware  Off gassing? Training       Equipment operation 
 Light exposure   Lab location               Dish prep           Drop size Oil overlay 
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Mosaicism: What causes mitotic errors?



ICSI cases resulted in fewer 
mosaic embryos than insem 
cases. 



Adapted from Bean et al, Human Reproduction 2002

Mosaicism: What causes mitotic errors?
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Mosaicism: What causes mitotic errors?
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Mosaicism: What causes mitotic errors?

Cellular stress can contribute to 
mitotic errors             mosaicism



• Biological mechanisms of embryonic mosaicism

• Can mitotic errors be induced?

• Artifactual mosaic results

• Incidence of embryonic mosaicism 

• Outcomes of mosaic embryo transfers

Overview



TE biopsy

Identifying Mosaic Embryos: 
Artifactual mosaic results
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Identifying Mosaic Embryos: 
Artifactual mosaic results



Intra-biopsy MosaicismGlobal Mosaicism

Identifying Mosaic Embryos: 
Artifactual mosaic results

TE biopsy



Identifying Mosaic Embryos: 
Artifactual mosaic results
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Identifying Mosaic Embryos: 
Artifactual mosaic results

Range of mosaicism (% abnormal cells) considered diagnostically indicative
of an aneuploid, euploid or mosaic embryo.



• Biological mechanisms of embryonic mosaicism

• Can mitotic errors be induced?

• Artifactual mosaic results

• Incidence of embryonic mosaicism 

• Outcomes of mosaic embryo transfers

Overview



Incidence of Embryonic Mosaicism: 
Clinical mosaicism rates by Biopsy and PGT-A



Incidence of Embryonic Mosaicism: 
Whole embryo analysis
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FISH Studies In Whole Embryos Identify Mosaicism 

adapted from Darren Griffin and Lauren Kelly

Sandalinas et al. 2001 Hum Rep
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Incidence of Embryonic Mosaicism: 
Whole embryo analysis



Incidence of mitotic error not
 

associated with maternal age.

Adapted from McCoy et al, Genome Medicine 2023
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Mitotic errors affect all chromosomes 
at similar frequencies.

Adapted from McCoy et al, Genome Medicine 2023

Incidence of Mosaic Embryos: 
Biological
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~ ≤100%

Incidence of Mosaic Embryos 



• Biological mechanisms of embryonic mosaicism

• Can mitotic errors be induced?

• Artifactual mosaic results

• Incidence of embryonic mosaicism 

• Outcomes of mosaic embryo transfers

Overview



Greco et al NEJM 2015

Mosaic embryo transfer
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Euploid by PGT-A Mosaic by PGT-A

Mosaic embryo transfer



Mosaic embryo transfer



Mosaic embryo transfer: Self correction



In mixed euploid-aneuploid embryos:

• aneuploid cells undergo 
preferential cell death or 
attenuated proliferation

• euploid cells compensate by 
increasing proliferation 

• if the initial load of aneuploid cells 
is too high, embryo dies

Mosaic embryo transfer: Self correction



Mosaic embryo transfer: Outcomes

Updated data from 
IRMET (International Registry of Mosaic Embryo Transfers)



Mosaic embryo transfer: Outcomes



Mosaic embryo transfer: Outcomes
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Mosaic 
Level

Mosaic Type
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Aneuploid cells in TE biopsy

Segmental

< 1                    1                    2                   >2
Number of whole chromosomes in the mosaic 
range detected in TE Biopsy

Im
pl

an
ta

tio
n 

Single Chr 
Gain or Loss

ComplexDouble Chr 
Gain/Loss

Mosaic embryo transfer: Outcomes
Mosaic Features



Mosaic Level
Low is <50%
High is ≥50%

Mosaic Type
Segmental 

One Whole Chromosome
Two Whole Chromosomes

Complex (>2 Chr)

Mosaic embryo transfer: Outcomes



Persistence 
of Mosaicism

Mosaic Embryo 
Transfers

~3000

?

Mosaic embryo transfer: Persistent Mosaicism



• Origin or mechanisms by which embryonic mosaicism arises

• Characterized mechanisms that can cause mitotic errors 
 

• Endogenous/Exogenous sources of cellular stress in IVF embryos

• Incidence of embryonic mosaicism

• Mosaicism rates in the literature

• Potential IVF and molecular laboratory artifacts

• Mosaic embryos have decreased implantation potential

• Implantation likelihood may be defined by level and type of abnormality

Review



THANK YOU
   

Andrea Victor
avictor@rmaliivf.com
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