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Prenatal diagnosis techniques

NIPT

Preimplantation Genetic Testing (PGT) 

• PGT-A and PGT-SR

• PGT-M



IVF - ICSI
ICSI prevalence during 25 years 
(The Ronald O. Perelman and 
Claudia Cohen Center for 
Reproductive Medicine, Weill 
Cornell Medicine). 

Niederberger C., Fertil Steril. 2018 
Jul 15;110(2):185-324



Preimplantation 
Genetic Testing 
(PGT)



1990: Handyside et al: first PGD for X-linked disease

1992: Handyside et al.: baby after PGD for Cystic
Fibrosis



Preimplantation 
Genetic Testing 
(PGT)

PGT is a state-of-the-art 
procedure used to identify 
familial genetic defects in 
embryos obtained through in vitro 
fertilization (IVF) before 
pregnancy. 

https://www.generaroma.it/assisted-reproductive-techniques-art/pgdpgs-diagnosi-genetica-pre-impianto/?lang=en



Distribution of PGT 
indications in 2016-2017.

Hum Reprod Open. 2021 Jul 
27;2021(3):hoab024.
doi: 10.1093/hropen/hoab024. 
eCollection 2021.
ESHRE PGT Consortium data 
collection XIX-XX: PGT analyses 
from 2016 to 2017
A van Montfoort , F Carvalho, E 
Coonen, G Kokkali, C Moutou, C 
Rubio , V Goossens, M De Rycke

Relative contributions 

- PGT-M 35%

- PGT-SR 13%

- PGT-A 47%

- concurrent PGT-
M/SR/A 7%



PGT-M analysis method

Total %

PCR 2536 82

FISH 22 1

qPCR 3 0

WGA total 455 15

WGA+PCR 58 2

WGA+qPCR 2 0

WGA+SNP array 332 11

WGA+CGH array 11 0

WGA+NGS 52 2

WGA+other 0 0

combi 50 2

Not reported 32 1

ESHRE PGT Consortium data collection XIX-XX: PGT analyses from 2016 to 2017 , A van Montfoort et al., 2021



Top 10 of the indications for 
which PGT-M was applied in 
2016–2017.

Hum Reprod Open. 2021 Jul 
27;2021(3):hoab024.
doi: 10.1093/hropen/hoab024. 
eCollection 2021.
ESHRE PGT Consortium data 
collection XIX-XX: PGT analyses 
from 2016 to 2017
A van Montfoort , F Carvalho, E 
Coonen, G Kokkali, C Moutou, C 
Rubio , V Goossens, M De Rycke



Belgian law

Art. 67. Verboden zijn :

1° Genetische pre-implantatiediagnostiek met het oog 
op eugenetische selectie, zoals gedefinieerd in artikel 5, 
4°, van de wet van 11 mei 2003 betreffende het 
onderzoek op embryo's in vitro, dat wil zeggen gericht op 
de selectie of de verbetering van niet-pathologische
genetische kenmerken van de menselijke soort; 

2° Genetische pre-implantatiediagnostiek met het oog 
op geslachtsselectie, zoals gedefinieerd in artikel 5, 5°, 
van de wet van 11 mei 2003 betreffende het onderzoek 
op embryo's in vitro, dat wil zeggen gericht op 
geslachtsselectie, met uitzondering van de selectie ter 
voorkoming van geslachtsgebonden ziekten. 

Art. 68. In afwijking van artikel 67 is pre-implantatie 
genetische diagnostiek uitzonderlijk toegestaan in het 
therapeutisch belang van een reeds geboren kind van de 
wensouder(s).Het geraadpleegde fertiliteitscentrum 
moet, in het geval bedoeld in het eerste lid van dit artikel, 
beoordelen of de kinderwens niet uitsluitend ten dienste 
staat van dat therapeutisch belang. 



Day 1 Day 2 Day 3 Day 5Day 4Day 0 ICSI

Vrouwenkliniek
Afdeling Reproductieve Geneeskunde

Early embryonic development









https://www.beaconcarefertility.ie/treatments-services/reproductive-genetics/

Blastocyst grading



Indications 
for PGT

PGT for aneuploidy: select for embryos with
a normal number of chromosomes.

PGT for (unbalanced) structural
chromosomal rearrangments: for example
for chromosomal translocations.

PGT for monogenic diseases --> coPGT-M: 
monogenic/single-gene disorders.



PGT-M

Classes ACMG Interpretation

Class 1 Benign

Class 2 Likely benign

Class 3 Variant of Unknown Significance

Class 4 Likely Pathogenic

Class 5 Pathogenic



Intake : counseling by clinical geneticist
- Informed consent

EDTA-blood :
• CFTR carrier 

screening
• Spinal Muscular 

Atrophy
• Fragile-X
• (Sickle cell 
anemia/beta-
thalassemia)

• BEGECS

EDTA-blood
• Haplotyping: GENType
• Mutation confirmation

Li-heparine-
blood for

karyotyping

Appointment at Reproductive Center

Turn-around-time 4 months

coPGT-M on embryo biopsies
Haplotyping combined with mutation confirmation / chromosome information

Turn-around-time 2 months
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Strategy at the CMGG for coPGT-M



Sample from an additional 
affected family member needed 

for phasing of the haplotype

Sample from parents and 
affected child needed for 
phasing of the haplotype

?

Autosomal dominant inheritance

PGT-M

Autosomal recessive inheritance



PGT-M and 
haplotyping

A haplotype is a particular pattern of sequential 
SNPs and/or STRs (short tandem repeats) found 
on a single chromosome.

Disease genes can be associated with SNPs/STRs 
because they come together in a haplotype.

Haplotypes have been succesfully used to 
identify disease genes.

Necessary STRs for haplotyping: at least 2 
upstream and 2 downstream of the familial 
disease locus (1-2 Mb) → more STRs make the 
test more robust.



STR profiling - haplotyping

PCR
Forward primer PCR

Reverse primer

210

Patient 1 Patient 2

208 210212

Patient 1 Patient 2

210

212

208



Optimization 
phase for 
PGT-M 
AD disease

D17S800 252 254

D17S1185 233 233

D17S1321 165 165

D17S855 167 165

D17S1322 135 142

Variant c.3661G>T T G

D17S1323 170 170

D17S1327 150 171

D17S1326 121 106

D17S1325 207 218

D17S1329 202 208

D17S800 256 256 252 256

D17S1185 222 234 233 233

D17S1321 171 173 165 172

D17S855 165 167 167 169

D17S1322 135 135 135 132

Variant c.3661G>T G G T G

D17S1323 170 170 170 175

D17S1327 150 150 150 150

D17S1326 118 118 121 132

D17S1325 215 215 207 207

D17S1329 204 204 202 206

?





WGA – ADO – RISKS 



D17S800 252 254
D17S1185 233 233
D17S1321 165 165
D17S855 167 165
D17S1322 135 142

Variant c.3661G>T T G
D17S1323 170 170
D17S1327 150 171
D17S1326 121 106
D17S1325 207 218
D17S1329 202 208

D17S800 255 255 251 255

D17S1185 220 232 232 232

D17S1321 170 172 165 172

D17S855 164 166 166 168

D17S1322 135 135 135 132

Variant c.3661G>T G G T G

D17S1323 170 170 170 174

D17S1327 149 149 149 149

D17S1326 118 118 120 133

D17S1325 214 214 206 206

D17S1329 203 203 201 205

D17S800 251 255 251 255 251 255 255 255 251 255

D17S1185 232 220 232 220 232 232 232 232 232 220

D17S1321 165 170 165 170 165 172 172 172 165 170

D17S855 166 164 166 164 166 166 168 166 166 164

D17S1322 135 135 135 135 135 135 132 135 135 135

Variant c.3661G>T T G T G T G G G T G

D17S1323 170 170 170 170 170 170 174 170 170 170

D17S1327 149 149 149 149 149 149 149 149 149 149

D17S1326 120 118 120 118 120 118 133 118 120 118

D17S1325 206 214 206 214 206 214 206 214 206 214

D17S1329 201 203 201 203 201 203 205 203 201 203

Affected HealthyAffected AffectedAffected

PGT Phase – AD disease

Suitable for transfer



PGT-M and 
karyomapping



PGT-M and karyomapping



PGT-M and karyomapping



CoPGT-M
Genoomwijde haplotypering
(ddRADseq – GENType)

GENType: all-in-one 
preimplantation genetic testing 
by pedigree haplotyping and 
copy number profiling suitable 
for third-party reproduction

De Witte L, Raman L, Baetens 
M, De Koker A, Callewaert N, 
Symoens S, Tilleman K, Vanden 
Meerschaut F, Dheedene A, 
Menten B. Hum Reprod. 
2022;37(7):1678-1691.

PMID: 35552408

PGT-A(-SR)PGT-M

Sequencing 
technology

WGA



One flow:

- PGT-M + chromosome screening

- Alternative sWGS

GENType (ddRADseq)

Genome-wide haplotyping

Copy number analysis

B-allele frequencies

GENType - De Witte et al., 2022, Hum Reprod.



Tricky cases for PGT-M

Saviour baby
When screening 
for two different 

disorders

When one of the 
parents is the 

index case

Those couples for 
whom PGT-M can 
not be performed

Mosaicism in one 
of the parents



Tricky cases for PGT-M

Solutions

◦ Saviour baby

◦ When screening for 
two different disorders

PGT-M for HLA alone:
only 25% of biopsied embryos are HLA match and thus genetically transferable

PGT-M for HLA match + monogenic disorders (immunodeficiencies or hemoglobinopathies)
18,8% (¼x ¾) for AR or X-linked R disorder of biopsied embryos are genetically transferable

12,5% ( ¼ x ½) for AD disorder of biopsied embryos are genetically transferable



Tricky cases for PGT-M

◦ When one of the parents is the index case

◦ phasing relies on embryos

◦ single sperm isolation

◦ polar biopsy

◦ (Suspected) Mosaicism in one of the parents (eg multiple 
affected previous pregnancies, segmental NF1)

◦ Those couples for whom PGT-M cannot be performed

◦ when mutation analysis is not possible (region too 
large for amplification (eg DMD deletion, FSHD), 
pseudogene interference (PKD1), MLPA, triplet 
diseases, ...)

◦ Informativity STR markers/SNPs

?



Tricky cases: mosaicism

CLASS A: TRANSFER

Euploid embryos

CLASS B: TRANSFER WITH 
RANKING and/or AFTER 

COUNSELING

chr X and Y, except for Turner 
(SCA’S) no transfer unless 
counseling

chr 6, 7, 11, 14 and 15 (UPD chr)

chr 2 and 22

chr 1, 3, 4, 5, 10, 12, 17, 19 and 20

CLASS C: NO TRANSFER

chr 8 and 9

chr 13, 18 and 21

chr 16

Turner (monosomy X)

















BeGECS
• Gene panel: ECS_mandatory_AR:

7 diseases with highest carrier frequency. Whenever a (likely) 
pathogenic variant is found in these genes --> report in result letter.

• Gene panel: ECS_mandatory_optional:

All autosomal recessive genes that are known to cause severe disorders 
during childhood. (Likely) pathogenic variants are only reported when 
the partner also carries a variant in this gene.

• Gene panel: ECS_mandatory_X:

All X-linked recessive genes that are known to cause severe disorders. 
Whenever a (likely) pathogenic variant is found in the female and/or in 
the EFNB1 and PCDH19 genes in the male --> report in the result letter.



BeGECS
E C S _ M A N D A TO R Y _ A R

Genes​ Disorder​

ACADM​ Acyl-CoA dehydrogenase, medium chain, deficiency of, 201450 (3), 
Autosomal recessive

CFTR​ {Bronchiectasis with or without elevated sweat chloride 1, modifier of}, 
211400 (3), Autosomal dominant; Congenital bilateral absence of vas 
deferens, 277180 (3), Autosomal recessive; Cystic fibrosis, 219700 (3), 
Autosomal recessive; {Hypertrypsinemia, neonatal} (3); {Pancreatitis, 
hereditary}, 167800 (3), Autosomal dominant; Sweat chloride elevation 
without CF (3)

DHCR7​ Smith-Lemli-Opitz syndrome, 270400 (3), Autosomal recessive

GJB2​ Bart-Pumphrey syndrome, 149200 (3), Autosomal dominant; Deafness, 
autosomal dominant 3A, 601544 (3), Autosomal dominant; Deafness, 
autosomal recessive 1A, 220290 (3), Autosomal recessive; Hystrix-like 
ichthyosis with deafness, 602540 (3), Autosomal dominant; Keratitis-
ichthyosis-deafness syndrome, 148210 (3), Autosomal dominant; 
Keratoderma, palmoplantar, with deafness, 148350 (3), Autosomal 
dominant; Vohwinkel syndrome, 124500 (3), Autosomal dominant

GJB6​ Deafness, autosomal dominant 3B, 612643 (3), Autosomal dominant; 
Deafness, autosomal recessive 1B, 612645 (3), Autosomal recessive; 
Deafness, digenic GJB2/GJB6, 220290 (3), Autosomal recessive; Ectodermal 
dysplasia 2, Clouston type, 129500 (3), Autosomal dominant

HBB​ Delta-beta thalassemia, 141749 (3), Autosomal dominant; Erythrocytosis 6, 
617980 (3); Heinz body anemia, 140700 (3), Autosomal dominant; 
Hereditary persistence of fetal hemoglobin, 141749 (3), Autosomal 
dominant; {Malaria, resistance to}, 611162 (3); Methmoglobinemia, beta 
type, 617971 (3); Sickle cell anemia, 603903 (3), Autosomal recessive; 
Thalassemia, beta, 613985 (3); Thalassemia-beta, dominant inclusion-body, 
603902 (3)

PAH​ [Hyperphenylalaninemia, non-PKU mild], 261600 (3), Autosomal recessive; 
Phenylketonuria, 261600 (3), Autosomal recessive

SMN1​ Spinal muscular atrophy-1, 253300 (3), Autosomal recessive; Spinal muscular 
atrophy-2, 253550 (3), Autosomal recessive; Spinal muscular atrophy-3, 
253400 (3), Autosomal recessive; Spinal muscular atrophy-4, 271150 (3), 
Autosomal recessive



BeGECS
How is it 
performed in 
the lab?

DMD, SMA: MLPA-
based

Targeted, 
customized gene 

panel, 1100 genes: 
NGS

FraX: TP-PCR (TP = 
triplet primed, 
triplet disease)

GJB6 multiplex PCR









PGT-SR

o Structural rearrangements: translocation, 
(pericentric) inversions, insertions, deletions, 
…

o blastomere (day 3) + FISH or comprehensive
chromosome screening (CCS)

o trophectoderm (day 5) + CCS

o resolution CCS:
o ~ 10 Mb microarrays

o ~ 5 Mb NGS



46,XX,t(1;16)(q24;q23)



FISH

day 3

1 16

16

16



FISH

o Strengths: 
o Structural rearrangements with small 

exchanged segments can be diagnosed.

o Haploidy and polyploidy can be detected

o Limitations:
o Patient-specific workup required

oOften subjective interpretation (low signal to
background). 

o Frequent FISH errors (splitting or overlapping 
signals)

o Few chromosomes are tested (probemix)

oNot useful for duplications

oNormal and balanced segregations are not
distinguishable



day 5

CCS



CCS: 
arrayCGH and 
sWGS 

o Strengths:
oNo patient-specific workup required

o All chromosomes are tested

o Straightforward interpretation

oLimitations:
o Structural rearrangements with small 

exchanged segments (<5 Mb/ 10 Mb) cannot
be diagnosed

oNormal and balanced segregations are not
distinguishable

o Haploidy and polyploidy cannot be detected

oUniparental disomy (UPD) is not detected



PGT-A

o Couple has a normal karyotype
o Recurrent implantation failure

o Recurrent abortion

o Advanced maternal age

o Antecedents trisomy



NEJM

Munné et al. 2018 Reprod Biomed Online

.

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Munn%C3%A9+S&cauthor_id=30075843




Adapted from Fragouli et al. 2013, Human Genetics, Los et al. 2004, Human Reproduction Update, Vermeesch et al.  2016, Nat Rev Genet.

Mosaicism

Human preimplantation development is vulnerable to error

?





Case: Woman, 36 years of age, Repeated Implantation Failure

→PGT for aneuploidy testing

→ 5 embryo’s for genetic testing

→Which one to transfer (first)? 

F: we shouldn’t have performed PGT in the first place, and selected on best 
morphology

trisomy 16
results 

not
interpretable

mosaic
monosomy 2

trisomy 21
did not 
survive 

the procedure

A B C D E



Fert&ster sept 2022



What will the 
future bring 
for PGT?

o Complete (genome) sequencing for de novo
mutations (eg long read sequencing)

o Mitochondrial PGT-M

o Non-invasive PGT

--> BUT: where does it stop? How many
"suitable" embryo's will there be left? Should
parents be given a ranking of disorders when
screening for multiple disorders?










