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Achieve optimal analytical accuracy is particularly important in PGT

CRUCIAL POINTS TO KEEP IN MIND

One-time procedure: unlike 
blood tests, PGT is single 

shot, performed once 
without the possibility of 

repetition

Phenotype-agnostic: PGT is 
performed without prior 

knowledge clinical phenotype 
that may aid in the 

interpretation of findings

vs

Resoltuion: 3-7 Mb (according to 
the platform/genomic position)

PGT can detect aneuploidies and 
gross structural unbalances



Clinical performance in 
predicticting the phenotype

(embryo lethality)

Established Frameworks for 
evaluating genetic testsGENETIC FINDINGS SHOULD BE REPORTED ONLY IF THEY PROVIDE CLEAR AND 

UNAMBIGUOUS RESULTS IN TO FACILITATE INFORMED DECISIONS AND 

IMPROVMENT OF MEDICAL CARE

Fundamental question to ask to a PGT-A assay

ANALYTICAL VALIDITY CLINICAL VALIDITY CLINICAL UTILITY

Consistency and 
reproducibility of 

aneuploidies detection in 
embryo biopsies

Improvement of IVF clinical 
outcomes (RCTs) 



Gametes fuel genomic diversity

PGT and Embryo Assesment

-Improve efficiency and safety of IVF by deselecting fully aneuploid 

embryos

-Provide ground knowledge to develop new clinical application to 

counteract reproductive decline with female age



Evaluating clinical validity: why non-selection blinded studies offer the 
strongest evidence

•

•

•

Blinded studies minimizes selection bias by avoiding decisions based on test results, allowing for 

a reliable assessment of the relationship between genetic findings and pregnancy outcomes.



Uniform aneuploidy detection in preimplantation embryo is highly predictive of 
early lethality
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Main clinical trasfer outcome (897 SETs)

Euploid Low putative mosaic (20-30%) Moderate putative mosaic (30-50%)

15.324 single embryo transfers 
in non-selection/blinded design

1° PROSPECTIVE BLINDED STUDY 2° PROSPECTIVE BLINDED STUDY

Gill et al., ASRM 2023; in submission



The positive or negative evolutionary stream of genomic diversity

PGT and Embryo Assesment

-Improve efficiency and safety of  IVF treatment

-Provide ground knowledge to develop new clinical application to counteract reproductive decline with 

female age

-Mitigate the burden of genetic diseases for the next generations

-Improve assessment of genetic embryonic lethality beyond 

aneuploidies 

De Novo DNA variations



The positive or negative evolutionary stream of genomic diversity

100 Novel SNVs, Indels or CNVs 
per genome per generation

Additional DNMs per year 
of life of the father

2

60%
Newborns with 

neurodevelopmental disorders

De Novo DNA variations



The unkwown genomic diversity of human perimplantation embryos

❖ Small CNVs ❖ SNVs ❖ Epigenetic markers 
of differentiations

KNOWLEDGE GAP stillbirths

10%

60%

neurodevelopmental 
disordersEuploid losses

10-20%



Evolutionary constraint and embryonic lethal genes

3,459 genes intolerant to 
loss-of-function

Infertility and early 
embryonic lethality

RGC-ME: Regeneron Genetics Center; pLOF: predicted loss-of-function; AFR: African; AMR: Admixed American; EUR: European; 
EAS: East Asian; MEA: Middle Eastern; SAS: South Asian; UNK: Unknown

Sun KY, et al., bioRxiv [Preprint]. 2023



From standard PGT to clinical WGS of embryos to 
unravel genomic diversity of human embryos

N

STANDARD PGT-A

Clinical WGS in PGT-A

Gross chromosomal abnormalities

• SVs
• Indels
• Criptic structural rearrangements
• CNVs
• Repeat expansion
• mtDNA variants
• Gross chromosomal rearrangements



Limitation of current whole genome sequencing: 
whole genome amplification artifacts

ref



“If you cannot measure it, you cannot improve it”.    Lord Kelvin 

On average 441,608,608 autosomal SNVs x genome (UK biobank analysis on 77 WGS trios)

Benchmarking analytical performance 
of WGS on orthogonally validated 

genome in a bottle trios

Marshall et al.,2021;  Wang et al., 2021; Browning et al., 2023

>90% genome covered 
>99% small variants conconrdance

Minimal analytical requirements Reference samples and methodology



Whole Genome Amplification based Whole genome sequencing: first validation

WGA and WGS NovaSeq6000 at 30X

58 embryos

remaining 
EMBRYO

A

TE biopsy
(5-10 cells)

TE biopsy
(5-10 cells)

B
REFERENCE

With a precision of 98%, on 400.000.000 variants:
At least 8,000 FP variants called per sample.

• Recall not assessed because lack of parental DNA and TPs data

• 3294417 SNVs, loss of  genomic representation (vs 441M SNVs ) 

• FPs potentially underestimated because of lack of parental DNA



genome covered

Mendelian 
inconsistency

<90%

5%



Testing association of candidate genes to 

embryonic lethal phenotype will require 

powered prospective blinded studies

KNOWLEDGE GAP stillbirths

10%

60%

neurodevelopmental disorders
Euploid losses

10-20%

Next step after analytical validation is established: clinical validity assessment in prospective blinded trials



Advancing PGT  Through Whole Genome Sequencing

• Genomic causes of developmental failure

• Make PGT equitable across All indications (mtDNA,  Repeat expansions, Small translocations)

• Genomic health of future child (carrier screening and new-born screening)

     *if analytical performance and clinical trials will confirm

POINTS TO CONSIDER BEFORE IMPLEMENTATION OF WGS

o What is the clinical gain? 

o Cost-effectiveness?

o How to manage incidental findings?

Clinical trials required



From research to clinic, there is no shortcut:
 After niPGT, overcalling mosaicsism, mithochondrial DNA score, ………..

We MUST be careful NOT to prematurely adopt a 
technology just because of its potential
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