
Masoud Zamani Esteki

Cellular Genomic Medicine
DEPARTMENT OF CLINICAL GENETICS
MAASTRICHT UMC+

All-in-one PGT

www.zamanilab.org
masoud.zamaniesteki@mumc.nl



Outline
• Traditional PGT

• Haplotyping-based methods development & translation 
• Generic PGT via haplarithmisis, prallel haplotyping & copy-number typing

• Mechanistic origin of aberrations, i.e. Meiotic vs. Mitotic

• Lineage origin of aberrations, i.e. ICM vs. TE

• Prevalance of aberrations in successful pregnancy

• Prevalance of aberrations in pregnancy loss

• Clinical follow up of embryos following PGT-M



Traditional PGT – nuclear DNA



Traditional PGT – mitochondrial DNA



Capalbo et al. 2021 AJHG



SNP + copy-number profiling

Karyomapping (Handyside et al. 2009) Haplotyping

Haplarithmisis  (Zamani Esteki et al. 2015) Haplotyping + copy-number typing



Mutation

 Mutation on chromosome 1 of the maternal grandfather
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Towards all-in-one PGT
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Zamani Esteki et al. 2015, AJHG



Zamani Esteki et al. 2015, AJHG

Chromosome anomalies in >80% of the IVF embryos



All forms of PGT via massively parallel sequencing



Towards automation of genotyping-by-sequencing





Clinical-grade whole-genome sequencing-based haplarithmisis

Janssen et al. 2024, Nature Communications



Janssen et al. 2024, nature communications



PGT-M with extreme accuracy

Janssen et al. 2024, Nature Communications



Direct detection of point mutations

Janssen et al. 2024, Nature Communications



Clinical whole-genome sequencing for PGT-MT

Janssen et al. 2024, Nature Communications



Clinical whole-genome sequencing for PGT-SR

Janssen et al. 2024, Nature Communications



Parents-only PGT for aneuploidy origin (PGT-AO)

Janssen et al. 2024, Nature Communications



All-in-one PGT
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Quartets to Study Nature and Extend of CIN

Cord blood

Placenta

MotherFather

Fetal

Maternal

48 IVF vs 50 naturally-conceived AGA neonates
16 naturally-conceived SGA neonates 



0% (0/15)

73% (11/15)

7% (1/15)

20% (3/15)

Large de novo
CNVs



Vanneste et al., 2009
Nature Medicine

Zamani Esteki et al., 2015
American Journal of Human Genetics

Zamani Esteki et al., 2019
Nature Medicine
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True aberration rate

50.4%      → 67.8%

True aberration rate: 

Essers et al. 2023 Nature Medicine



Cell lineages in human embryos

Essers et al. 2023 Nature Medicine



Genetic abnormalities likely less tolerated in fetal lineage

Extraembryonic 
mesoderm

Chorionic 
villus

Essers et al. 2023, Nature Medicine
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Ongoing PGT-A debate in the field

Not effective Effective



Termination of pregnancy after PGT

5 termination of pregnancy cases
• 1 T18 
• 4 T21 

• 2 meiotic I
• 2 meiotic II

Maternal origin 

Trisomy

Meiotic I origin

Chromosome 21



2493 total embryos

793 PGT-M eligible

490 transferred embryos

Development of noninvasive PGT
PGT-IVF centres invasive vs noninvasive PGT Collaboration

Collect the spent blastocyst medium

Trophectoderm biopsy

Haplotypering-based

analysis

Haplotyping-based

genetic diagnosis

Goal of the research:

Developing a noninvasive

preimplantatie genetic test for

simultaneous PGT-M, PGT-SR and

PGT-A in one generic test 

using cell-free DNA in the 

spent blastocyst culture 

medium

day 5 embryo

PGT

PGT-M

PGT-SR PGT-A

Collect spent blastocyst medium

Collaborate? Contact

a.e.j.janssen@mumc.nl

Store the spent blastocyst medium 

in the -20 °C freezer

> 15 μl

PGT Aneuploidy Origin (PGT-AO)

• Retrospective study of PGT-M embryos
• PGT-A not performed in The 

Netherlands

• Genome wide evaluation by haplarithmisis 
on PGT-M embryos

• Link with transfer/pregnancy outcome
• Comprehensive exploration of aberrations

946 Transferred embryos

5,975 PGT-M embryos

1,612 PGT-M eligible



PGT for aneuploidy origin (PGT-AO)
6000 embryos

Essers et al. unpublished



Genomic alterations & early life bottleneck

Essers et al. unpublished
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Live births with Chromosomal Aberrations

Live birth

(N = 23)
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Essers et al. unpublished



Birth status vs. centers & medication

Essers et al. unpublished



Duration FSH administration

Center 1 Center 2 Center 3 Center 4
Essers et al. unpublished



Maternal age vs centers

Essers et al. unpublished



Discordance in segregational origin

(24.5% misclassified) (21.5% misclassified)



Double transfer: embryo with meiotic trisomy could not make it

Embryo 1 Embryo 2

Essers et al. unpublished



Good/low quality?
Implantation?
Aneuploidy?

Prediction model

Multimodal deep learning for embryo selection in 

assisted reproduction



Embryo selection model:  genome integrity + morphology
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Cao et al. unpublished



Non-invasive PGT

Janssen et al. unpublished



>92% accuracy



Conclusions (impact of PGT-AO)

Zamani Esteki, et al, Nat. Med. 2019

After fertilization, placenta only  ➔ Healthy newborns

Essers, […], Zamani Esteki, Nat. Med. 2023

After fertilization, fetus only     ➔   Miscarriage

Janssen, […], Zamani Esteki, Nat. Com. 2024

Essers, […], Zamani Esteki, unpublished

Before fertilization, everywhere ➔ Failed Implantation 
 Miscarriage
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All-in-one haplarithmisis-based PGT

Simplified workflow with automation

1. PGT-M: Enhanced sequencing by even coverage

• Better testing in proximity of complex genomic regions

• Direct mutation detection at base resolution

2. PGT-AO: Parent’s only PGT for aneuploidy origin

• Segregational origin: Identification origin of trisomies and UPDs

3. PGT-SR: Differentiation between balanced and chromosomally normal

embryos at base resolution

4. PGT-MT: Mitochondrial heteroplasmy detection after WGA

Summary & Conclusions



Department of Human Genetics
Joris Vermeesch
Thierry Voet
Aspasia Destouni
Olga Tsuiko
Eftychia Dimitriadu
Sophie de Broek

logo

Nina Kaminen-Ahola 
Aila Tiitinen 
Heidi Marjonen
Hanna Kahila  
Viveca Söderström-Anttila
Anne-Maria Suikkari

Andres Salumets
Ants Kurg
Triin Viltrop
Olga Tšuiko
Airi Tiirats
Mariann Koel
Margit Nõukas
Olga Žilina 
Katre Teearu
Reedik Mägi
Sulev Kõks

University of Helsinki

Han Brunner
Arthur van den Wijngaard
PGT
Aimee Paulussen
Jos Dreesen
Malou Heijligers
Jeroen Meekles
Marion Drüsedau
Frank Snepvangers
Laurence Meers

NIPT
Merryn Macville
Servi Stevens
Brigitte Faas
Nieke Houben
Bioinformatics
Bart de Koning
Burcu Yaldiz
Maartje van de Vorst

Edith Coonen
Josien Der Haag
Elke Klerkx

Clinical embryology

Acknowledgements

Cellular Genomic Medicine
Rick Essers
Darina Obukhova
Anouk Janssen
Ping Cao
Alvin Meltsov
Maryn Reyneke
Marjan Naghdi
Sajjad Biglari
Wanwisa van Dijk
Jana Paulissen
Amy Swinnen
Alumni
Rebekka Koeck
Mitch Vaessen
Gaby Schobers
Jesko Wanger
Britt Thomasen …

Obstetrics & Gynecology
Ron van Golde
Erik Vrij
Lida Stevens - Brentjens

Ethics

Guido de wert
Wybo Dondorp

Han Brunner
Alexander Hoischen
Barbara Franke
Christina Gilissen

Reproductive Genetics
Nicole de Leeuw
Brigitte Faas

Department of Clinical Genetics 

Andres Salumets
Ganesh Acharya
Pauliina Damdimpoulou

Igor Lebedev
Elizaveta  Fonova 

Sebastiaan Mastenbroek 
Alwin Derijck 

Math Pieters
Marianne van Buul-van Zwet
Willem Verpoest

Jannie van Echten-Arends
Koen van Zomeren

http://www.kuleuven.be/kuleuven/


www.zamanilab.org www.pre-health.org

Science & Innovation Science & Society


	Slide 1
	Slide 2: Outline
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Outline
	Slide 22
	Slide 23: Quartets to Study Nature and Extend of CIN
	Slide 24
	Slide 25
	Slide 26: Outline
	Slide 27
	Slide 28
	Slide 29
	Slide 30: Outline
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50

