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Aneuploid Cell

Euploid Cell

Chromosomal Mosaicism in  Embryos

- Described for over 30 years

- Errors of chromosome segregation 
in mitotic cell division 

- Dynamic, can happen at any time 
and be corrected

- High incidence
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Endogenous Induced Artifactual

- Mitotic errors provoked 
in embryos during the 
IVF process

- Exogenous perturbations
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Retrieval Technique                                Physician Technique 
Fresh/Frozen sperm                  Media Change                  Assisted Hatching?              Refresh Media? Vit and Warm Method
Sperm prep              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 Incubator Temp. 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 

Sperm Prep

Warm

Egg Retrieval

Fertilization CheckFertilization

Cryo

Embryo Culture

Biopsy

Transfer

Day 0    Day 1           Day 5/6/7

Creating Mosaicism by Inducing Mitotic Errors?



Induced Artifactual

- Mitotic errors provoked 
in embryos during the 
IVF process

- Exogenous perturbations

- PGT-A Results indicate 
mosaicism 
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Induced Artifactual

- Mitotic errors provoked 
in embryos during the 
IVF process

- Exogenous perturbations

- PGT-A Results indicate 
mosaicism 

a. Events in the IVF lab  
(biopsy)

b. Events in the PGT lab

Sources of Mosaicism in Embryos

Endogenous

- Early cell divisions are 
error prone: faulty mitosis

- Not age related

- ‘Natural’ Baseline-level 
of mosaicism

- Genetic component
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n= 6,322 clinical TE biopsies collected between Apr ‘23 and Jan ‘24

1. Biopsy method ‘Pulling’ vs ‘Flicking’

Comparisons

Yang et al Fertil Steril 2020
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1. Biopsy method ‘Pulling’ vs ‘Flicking’

Comparisons

n= 6,322 clinical TE biopsies collected between Apr ‘23 and Jan ‘24

2. Pre-Loading tube with media vs. No Pre-Loading

3. Assisted Pre-Hatching Day3/4 vs No Assisted Pre-Hatching

Readouts

Incidence of Mosaicism 

DLRS (technical noise)

[D = |log(CCNi / CCNi+1)|, where i = 
bin position]
(75th percentile of D –
25th percentile of D) / normalizing 
constant
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Methods



Results from n= 6,322 clinical TE biopsies 

n=1,302 n=4,133 n=1,020 n=4,413 n=1,022n=4,476



Induced Artifactual

- Mitotic errors provoked 
in embryos during the 
IVF process

- Exogenous perturbations

- PGT-A Results indicate 
mosaicism 

a. Events in the IVF lab  
(biopsy)

b. Events in the PGT lab

Sources of Mosaicism in Embryos

Endogenous

- Early cell divisions are 
error prone: faulty mitosis

- Not age related

- ‘Natural’ Baseline-level 
of mosaicism

- Genetic component



?Mosaicism ≠ Noise?
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Intermediate Copy Number (ICN) Indicates Mosaicism
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Using Metrics to Distinguish Mosaics from Noise 



total TE biopsies tested n = 6,322
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TE Biopsy 1
~75% Mosaic

TE Biopsy 2
~25% Mosaic

Biopsy Sampling Randomness



Two variables: the percent aneuploid cells, and the distribution 

Aneuploid

Euploid
Skinner B, Viotti M, et al. eLife 2024

Virtual Mosaic Embryo



Skinner B, Viotti M, et al. eLife 2024

‘…although the information contained in the biopsy is imperfect, even imperfect 
information is clinically useful.’

Virtual Mosaic Embryo
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IRMET Update



625 Mos. Embryo Transfer 
Pregnancies with 
Prenatal Testing 7 Cases 

Mosaicism 
PGT-A =

Mosaicism in 
Pregnancy

PGT-A Prenatal Testing POC Ultrasound 
Abnormalities

Outcome

mos -2 (low level) mos +2 (Amnio) n/a [*mos -2 in 
postnatal]

No Birth

mos +1q,-7,-8,+9,-19,-20,+21 (low level) mos +21 (CVS+Amnio) n/a Yes Terminated

mos -1p36.33p31.1 (low level) mos -1p36.33p31.1 (Amnio) mos -1p36.33p31.1 No Terminated

mos +21 (low level) mos +21 (CVS+NIPT) mos +21 Yes Terminated

mos +15 (high level) mos +15 (NIPT) mos +15 (placenta) Yes Terminated

mos +17 (low level) n/a mos +17 Yes Miscarriage

mos +4q32.3q34.3,-Xq27.3q28 (low level) mos +4q32.3q34.3 (CVS) n/a No Birth

IRMET Update



625 Mos. Embryo Transfer 
Pregnancies with 
Prenatal Testing 7 Cases 

Mosaicism 
PGT-A =

Mosaicism in 
Pregnancy

PGT-A Prenatal Testing POC Ultrasound 
Abnormalities

Outcome

mos -2 (low level) mos +2 (Amnio) n/a [*mos -2 in 
postnatal]

No Birth

mos +1q,-7,-8,+9,-19,-20,+21 (low level) mos +21 (CVS+Amnio) n/a Yes Terminated

mos -1p36.33p31.1 (low level) mos -1p36.33p31.1 (Amnio) mos -1p36.33p31.1 No Terminated

mos +21 (low level) mos +21 (CVS+NIPT) mos +21 Yes Terminated

mos +15 (high level) mos +15 (NIPT) mos +15 (placenta) Yes Terminated

mos +17 (low level) n/a mos +17 Yes Miscarriage

mos +4q32.3q34.3,-Xq27.3q28 (low level) mos +4q32.3q34.3 (CVS) n/a No Birth

~1.1% persistence of mosaicism

Prenatal testing recommended 
Possible strategy:
NIPT (make sure the Chr is tested)

+ Amniocentesis by microarray

Low level 
mosaicism

IRMET Update



• 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?



See paper I am reviewing for RBMO (review of mosaicism) has good references 
to paper talking about what could create mosaicism (technical in the lab etc)

in several studies showing that morphokinetic timing of mosaic embryos fit neither euploid nor 

aneuploid morphokinetic categories but may overlap with that of euploid and aneuploid embryos 
(Martin A et l.,. Fertil Steril., 2021). Another s

Also Rajiv and handyside

‘The human embryo is chromosomally complex’ griffin, brezina, etc

41-AAB-041124-PT2_S41



Biopsy Sampling Randomness

TE Biopsy 1

~75% Mosaic

TE Biopsy 2

~25% Mosaic



ICSI vs IVF: Effects on Mosaicism 



Variability 

• Embryo-to-embryo

• Clinic-to-clinic

• Patient-to-patient

www.vitrolife.com



If we are trying to rank two embryos using biopsies, there are three possibilities. We get the order right, we get the order wrong, or there is a tie.
The greater the real difference in aneuploidy between the two embryos, the more likely we are to rank them correctly (that's the blue line in panel A).

What happens when there is very little difference in aneuploidy between embryos? According to A, we will get it right less than half the time, because there are many ties.
But where we have a tie and no other embryo characteristics to use in preference, we are flipping a coin to rank the embryos. Half the ties will be correct ranking, half incorrect ranking.
If we distribute half the ties to 'correct' and half to 'incorrect', we get panel B.
This shows that as long as there is some difference in aneuploidy between the embryos, we are more likely than chance to rank the embryos correctly.

Skinner B, Viotti M, et al. eLife 2024



This allowed us to resolve the paradoxical utility of trophectoderm biopsy for PGT-A via a 

simple maxim: although the information contained in the biopsy is highly imperfect, 

even imperfect information is clinically useful.

Skinner, Viotti, et al. eLife 2024

The biopsies are no longer accurate; they do not reflect the true level of aneuploidy in the embryo. 
However, they still correctly rank the embryos from less aneuploid to more aneuploid. Selecting the 
embryo with the lowest number of aneuploid cells in the biopsy for transfer is still the most sensible 
decision.
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58.29%

0.0679
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Quantifying Noise in Clinical Biopsies





Embryo Ranking System



Identifying Mosaic Embryos: 
Artifactual mosaic results

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



****

IRMET Update



total TE biopsies tested n = 6,322



45,XY,-16

Euploid Aneuploid 

46,XX

46,XX

Mosaic Range

Mosaic

Mosaic Range

XX, -2(mos)

Identifying Mosaic Embryos: 
Artifactual mosaic results
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