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Preimplantation Genefic Diagnosis (PGD)

* In Vitro Fertilisation (IVF)

Downregulation of ovarian
folliculogenesis

Superovulation and egg collection

Intfracytoplasmic sperm
microinjection (ICSI) and embryo
culture

Cleavage stage biopsy by zona
drilling and micromanipulation

* Single cell genetic analysis (12-72h)

» Selective fransfer of unaffected
embryos 3-5 days post fertilisation




Pregnancies from biopsied human
preimplantation embryos sexed by Y-specific
amplification

Gender identification
and selective transfer of
unaffected female
embryos in X-linked
disease

Amplification of DYZ1
using 40 cycles of PCR
from single cleavage
stage blastomeres

Handyside et al Nature (1990) 344, 768 Born July, 1990
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Biopsy FISH summary

Biopsy Date 18/07/98

251901

Referral X-LINKED ADRENOLEUKODYSTROPHY
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Classification Diploid male
Embryo Fate Spread

FISH Image Embryo Image
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Constitution XY1818
Classification Diploid male
Embryo Fate Spread

FISH Image Embryo Image
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Constitution  X1818

Aneuploid female

Griffin et al (1991) Hum Reprod 6, 101
Griffin et al (1993) BMJ 306, 1382 e
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Diagnosis of major chromosome aneuploidies in human
preimplantation embryos
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Preimplantation genetic diagnosis increases the implantation rate in
human in vitro fertilization by avoiding the transfer of chromosomally
abnormal embryos
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Embryo 2
Monosomy 16, 21

Trisomy 22




PGD of reciprocal
translocations using
subtelomeric probes

Scriven, Handyside and
Oqilvie (1998) Prenatal Diagn
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Chromosome 2 Chromosome 7

Wells et al (1999) NAR 27, 1214-1218
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a-c mFISH with
probes to 18 and 21

Normal signals in PB1
and PB2

d-f mFISH with
probes to 13, 18 and
21




First or first and second polar
body biopsy on day 0 or day 1
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Strategies for single cell genetic analysis

SINGLE OR MULTIPLE CELL BIOPSY LYSIS

NESTED PCR MULTIPLEX F-PCR MULTIPLEX PCR PEP/DOP-PCR
OUTER PCR

INNER PCR AUTOMATED SEQUENCING MULTIPLEX
SEQUENCER MINISEQUENCING PCR
HETERODUPLEX AUTOMATED SEQUENCING Cc?oh?‘lB\;';ﬁ;:gsﬁF
FORMATION SEQUENCER MINISEQUENCING DNA BASED TESTS

CGH

AUTOMATED
PAGE
- SEQUENCER MICROARRAYS

ANY




Primer mismatch strategy tor detecting SMN1 and
SMNZ2

GGG ATT Mismatch with SMN1
creates Hinf1 site

Incomplete digest

SMN1T ++ or + —
SMN1 ++ or + —
SMNT1 - -

=) = - -

EXON 7 — EXON 8

s
ﬁ D A Hinft

SMN1 —
24bp 78bp 160bp

SMN2
102bp 160bp

Daniels et al (2001) Mol Hum Rep



HLA STR Markers
A Telomere

D65276
MOG-CA
D6S510
D6S265
HLA-BC
MIB
TNF-a
D6S273
D3A
DRA-CA
DQCARI
D6S5439
D65291

v Centromere

220
222
160
118
130
186
107
142
202
133
132
122
160

HBB gene
and markers

A Telomere

D1154146
D115988
D1154181
HEB
D1151760
D1151338

v Centromere
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HBB gene
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HBB gene
and markers

D1154146
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HEB
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D1151338

HLA STR Markers
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HLA STR Markers

A Telomere

194 D6S276
230 MOG-CA
140 D6S510
114 D6S265
128 HLA-BC
184 MIB

103 TNF-a
144 D6S273
200 D3A

130 DRA-CA
122 DQCARI
122 D65439
166 D65291

v Centromere

HBB gene
and markers
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D115988
D1154181
HEB
D11S1760
D1151338

HLA STR Markers

D6S276
MOG-CA
D6S510
D65265
HLA-BC
MIiB
TNF-a
D65S273
D3A
DRA-CA
DQCAR I
D65S439
D6S291

Fiorentino et al (2005) Eur J Hum Genet 13, 953



Preimplantation genetic haplotyping following
MDA from single cells

D75523
D752554
D752502
D75486
D782460
IVS1CA
IVSBCA
Phe508
CFSTR1
D752847
D75643
D75480
D75650
D752490

AFpa AF
D78523 364 [ ! 364 364
D752554 180 182
D782502 343 | 337 3 343
D75486 229 | 226 219 219 226
D752460 294 | 280 |
IVS1CA 333 327 333 333
IVS8CA 243 | 245 243
Phe508 AF | ; AF F
CFSTR1 272 264 264 264
D7S2847 209 S 197 209 | 216 | 209 216
D7S643 253 il 257 257 257 257 | 257
D75480 295 299 295 295 297 | 299 | 295 7207 |
D75650 305 303 309 305 | 309 305 309 305 | 309
D752490 176 176 | 174 170 | 174 170 174 170 | 174
status affected affected carrier normal affected inconclusive ne results

Key [ |maternal normal maternal affected normal: unknown parental origin -~ [_# |uninformative
[ |patemal normal paternal affected affected :unknown parental origin

Renwick et al (2006) Reprod Biomed Online 13, 110




Single nucleotide
polymorphisms (SNPs)

10 million SNPs across
human genome

Many biallelic (AA, AB, BB)

Major contribution to
genetic diversity, inherited
disease and variants
associated with common
multifactorial conditions




Accurate single cell 24 chromosome aneuploidy
screening using whole genome amplification and
single nucleotide polymorphism microarrays

Nathan R. Trefff Ph.D.*" Jing Su, M.Sc.,* Xin Tao, M.Sc.* Brnn Levy, Ph.D.* and Richard T Scor, Jr, M.D.*"
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Karyomapping combines
genome wide linkage based
detection of single gene defects
(A) with chromosomal
aneuploidy including
monosomy/deletions (B) and
trisomies involving inheritance of

two different meiotic B

chromosomes from one parent
(D). Chromosome duplication is
not detected (C).

Handyside et al (2009) J Med Genet




Family 2
Preimplantation genetic diagnosis
for cystic fibrosis

+/ AF508 +/ AF508

> o re

Embryo 1 Embryo 2 Embryo 3 Embryo 4 Embryo 5
+/ AF508 +/+ +/ AF508 AF508/ AF508 +/+

Whole genome amplification by
iIsothermal multiple displacement
amplification of 2-10 cells in each
biopsy/embryo

CHROMOSOME 6

Biopsy 1 Emb 1 Biopsy 2 Biopsy 3 Emb 4 Emb 5

CHROMOSOME 7

Biopsy 1 Emb 1 Biopsy 2 Biopsy 3 Emb 4 Emb 5

P M
l

CHROMOSOME 9

Biopsy 1 Emb1 Biopsy 2 Biopsy 3 Emb 4 Emb 5

P M




Mutation
detection

Single gene defects

Single or combination
Exclusion

SGD + HLA typing
Chromosome screening

Aneuploidy

Meiotic aneuploidy
With parental origin
With meiotic origin

Mosaicism

Duplications/deletions

Uniparental disomy
Translocation chromosome imbalance

Reciprocal/Robertsonian
Normal vs balanced

With 24 chr aneuploidy

Multifactorial recurrence risk

Copy Number Variants

Allele dropout

Contamination

Multiplex PCR and
minisequencing

Preimplantation
genetic
haplotyping

v

Fluorescence
in situ
hybridisation
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\/(PB only)
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Quantitative SNP array
analysis and
Karyomapping
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