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Preimplantation Genetic Testing by haplotyping



PGT-M by haplotype phasing

§ The (familial) variant (locus) is known

§ Only for class 4 or class 5 variants



PGT-M by haplotype phasing – STR analysis
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PGT-M by haplotype phasing – SNV analysis
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PGT-M by haplotype phasing

dominant inheritance recessive inheritance

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 



D17S800 256 256 256 252
D17S1185 222 234 233 233
D17S1321 171 173 172 165
D17S855 165 167 167 169

D17S1322 135 135 132 135

variant c.3661G>T G G T G
D17S1323 170 170 170 175
D17S1327 150 150 150 150
D17S1326 118 118 132 121
D17S1325 215 215 207 207
D17S1329 204 204 202 206

?

Haplotyping by STR analysis: genetic workup
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Haplotyping by STR analysis: genetic workup
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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
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D17S1326 118 118 120 133
D17S1325 214 214 206 206
D17S1329 203 203 201 205

Haplotyping by STRs

embryo analysis 
à WGA
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Haplotyping by STRs
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à WGA
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Haplotyping by STRs

embryo analysis 
à WGA
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D17S1185 233 233
D17S1321 165 165
D17S855 167 165

D17S1322 135 142
variant c.3661G>T T G
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D17S1327 150 171
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D17S1329 202 208
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Haplotyping by STRs

embryo analysis 
à WGA
à recombination



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 232 220 232 232 232 232 232 232 232 220
D17S1321 165 170 165 172 165 172 172 172 165 170
D17S855 166 164 166 166 166 166 168 166 166 164

D17S1322 135 135 135 135 135 135 132 135 135 135
variant c.3661G>T T G T G T G G/T G T G

D17S1323 170 170 170 170 170 170 170 170 170 170
D17S1327 149 149 149 149 149 149 149 149 149 149
D17S1326 120 118 120 118 120 118 120 118 120 118
D17S1325 206 214 206 214 206 214 206 214 206 214
D17S1329 201 203 201 203 201 203 201 203 201 203

Haplotyping by STRs

embryo analysis 
à WGA
à recombination



Haplotyping by STRs

§ No chromosomal information 

§ Optimization per couple (disorder)

§ Di-/tri-nucleotide repeats sometimes hard to interpret

§ Allelic Drop Out

à genomewide SNP analysis



D17S800 A T
D17S1185 G G
D17S1321 A A
D17S855 C A

D17S1322 C C
variant c.3661G>T T G

D17S1323 G G
D17S1327 A C
D17S1326 G G
D17S1325 C G
D17S1329 A A

D17S800 A A T T
D17S1185 G G G G
D17S1321 A A A A
D17S855 A A C C

D17S1322 G C C G

variant c.3661G>T G G T G
D17S1323 G G G G
D17S1327 A A A C
D17S1326 G G G G
D17S1325 G G C C
D17S1329 T T A A

?

Haplotype phasing by SNV analysis: genetic workup



Haplotype phasing by SNVs



Genome wide haplotyping by SNP arrays



Haplotyping by double digest restriction-site associated 
DNA sequencing (ddRADseq)



Genome-wide haplotyping enables

genome wide phasing copy number analysis

B-allele frequencies

PGT-M + PGT-SR + PGT-A









Among the embryos not affected by the monogenic disorder:

~ one third had at least one (sub)chromosomal abnormality

Chromosome screening on PGT-M cohort





Direct to consumer testing







threshold-liability model









Family studies of dyslexia suggest heritability up to 70%, yet few convincing genetic markers 
have been found. Here we performed a genome-wide association study of 51,800 adults self-
reporting a dyslexia diagnosis and 1,087,070 controls and identifed 42 independent genome-
wide signifcant loci: 15 in genes linked to cognitive ability/educational attainment, and 27 
new and potentially more specifc to dyslexia.

The dyslexia PGS explained up to 3.6% of variance in the reading and spelling measures



PGS in psychiatric disorders

§ Major Depressive Disorder: 15% lifetime prevalence, h2 = 37%

à PGS: 2% of variance in disease risk  (AUC = 0.57)

§ Schizophrenia: 1,5% prevalance, h2 = 65-80%

à PGS: 7% of trait variance and an AUC of 0.61

Lewis &  Vassos 2022



PolyGenic (Risk) Score: the BOADICEA risk prediction algorithm











Preimplantation Genetic Testing à SELECTION



55



example 1 Familial Breast cancer (BRCA1) 

Autosomal dominant inheritance (17q21.31)



Embryo 1



Embryo 1



Embryo 2



Embryo 2



Embryo 3



Embryo 3



embryo 1

grandfather (A)

father (A)

mother (N)

embryo 2

embryo 3

embryo 4

embryo 5

Chromosome 17



example 2 Poretti-Boltshauser syndrome (LAMA1) 

Autosomal recessive inheritance (18p11.31)



Embryo 1



Embryo 1



Embryo 2



Embryo 2



Embryo 3



Embryo 3



à LOH by consanguinity



D i f f i c u l t  c a s e s

§ de novo aberrations / mutations

§ Single parent

§ Small deletions / duplications

§ pseudogenes



D i f f i c u l t  c a s e s

§ de novo aberrations / mutations

§ Single parent

§ Small deletions / duplications

§ pseudogenes

§ Uniparental disomie



example 2 Deafness, autosomal dominant 5 (GSDME) 

Autosomal dominant inheritance (7p15.3)



mother
father
Embryo 1A
Embryo 1B
Embryo 2A
Embryo 2B
Embryo 3A
Embryo 3B
Embryo 4A
Embryo 4B
Negative control

Sanger sequencing



Embryo 1: CNV analysis



Embryo 2: CNV analysis



Embryo 3: CNV analysis



Embryo 4: CNV analysis



Results

Sanger Hopla CNV analysis Conclusion

Embryo 1 affected trisomy 15 no

Embryo 2 unaffected 8q duplication no

Embryo 3 unaffected normal Yes

Embryo 4 affected normal no



embryo 1

grandmother (A)

father (A)

mother (N)

embryo 2

embryo 3

embryo 4

GENType + HOPLA analysis

chromosome 7



Results

Sanger Hopla CNV analysis Conclusion

Embryo 1 affected affected trisomy 15 no

Embryo 2 unaffected unaffected 8q duplication no

Embryo 3 unaffected unaffected normal Yes

Embryo 4 affected affected normal no
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