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Indications for Genetic Assessment 
of Embryos

ÅAneuploidy screening (PGS)

ÅStructural chromosome aberrations 
(PGD)

ÅSingle gene disorders (PGD)

ÅMitochondrial disorders (PGD) 



Ethics

ÅNon-medical sex selection?

ÅHuntington disease

ÅDeafness

ÅHLA typing

ïñMy Sisterôs Keeperò



Cell Types - Biopsy

ÅPolar Bodies 

ïMeiosis I errors

ïMeiosis II errors

ïX-linked disorders 

ÅBlastomeres 



Current Benefits and Limitations

ÅAneuploidy

ÅStructural chromosome aberrations

ÅSingle gene disorders

ÅMitochondrial disorders 



Aneuploidy

ÅFluorescence in situ hybridization 
(FISH) on interphase nuclei 

ÅComparative genomic hybridization 
(CGH) on metaphase chromosomes 



FISH Limitations 

Å Single ñspot-checkò to test 
for the presence of 
a specific chromosome

Å Cells are in interphase 

Å Limited fluorochromes 

Å Reduced accuracy with 
additional probes 

Å Fixation/nuclear spreading 

~ 10-12 chromosomes tested 



CGH on Metaphase Chromosomes



CGH Benefits and Limitations

ÅTests for all 23-pairs of chromosomes

ÅLimitations ïhybridization takes ~ 3 days 
and requires an FET 



What are the Issues/Risks of PGS?

ÅTest Limitations

ïFISH - Limited chromosomes

ïCGH ïrequires an FET

ÅEmbryo mosaicism?

ÅDamaging the embryo during the biopsy?

ïReduced implantation?

ïBiochemical pregnancy?



What are the Issues/Risks of PGS?

ÅEmbryo correction of day-3 embryo?

ïCVS ïPlacental aneuploid colonies 



Biopsy a Better Cell Type? 

ÅTrophectoderm



Structural Chromosome Imbalances 

Å Fluorescence in situ
Hybridization (FISH)

Å Reciprocal translocations
ïTelomere clones
ïGenetic balance
ÅMay have the translocation

ïBreakpoint clones
ÅNo translocations

Å Robertsonian translocations
ïLocus specific clones
ïGenetic balance
ÅMay have the translocation 



Structural Chromosome Disorders 

Å Pericentric inversions

ï Telomere probes

ï Identify 
duplication/deficient 
chromosomes in 
embryos

Å Paracentric inversions

ï Centromere probes

ï Telomere probes

ï Identify dicentric 
chromosomes in 
embryos 



Structural Chromosome Aberrations

ÅIf male carrier

ïTest sperm for % genetically 
unbalanced?



Duplication and Microdeletion Syndromes 

ÅWolf - Hirchhorn syndrome

ÅWilliams syndrome 

ÅPrader - Willi/ Angelman syndrome

ÅSmith - Magenis syndrome

ÅMiller - Dieker syndrome

ÅDiGeorge/Velo - Cardio - Facial syndrome

ÅKallman syndrome

ÅSteriod sulfatase deficiency



Data

ÅTurner Mosaic

ÅTranslocations and inversions

ÅAneuploidy

ÅSingle Gene



Turner Syndrome Mosaics

ÅMissing a sex chromosome 



Structural Chromosome Disorders

Ån = 343 cycles

Å3270 embryos

Å29% no transfer ïpoor embryo quality or 
abnormal

Å8% - no dx due to cell lysis / poor embryo quality



Structural Chromosome Disorders

ÅClinical Pregnancy = 38% 

ï41% ïrecriprocal translocations

ï35% ïrob translocations

ï33% ïpericentric inversions

Å9% ïbiochemical

Å9% ïmiscarriages



Single Gene and Mitochondrial Disorders

ÅSingle gene disorders

ïPCR

ïDNA sequencing

ïLinkage analysis

ÅMitochondrial

ïRecessive



Segregation Patterns



Single Gene and Mitochondrial 
Analyses Limitations

ÅSingle gene disorder 

ïMutation must be known

ïAllele dropout ïmisdiagnosis

ÅMitochondrial disorders

ïFew offered



Single Gene PGD

n = 209 cycles

Å 2015 embryos

Å 8% - No transfer

Å 7%  - No Dx due to cell lysis

Å 51% abnormal 

Å 7% monosomy or trisomy

Å CP = 51%   

Å Biochemical = 9% 

Å Miscarriages = 6%

Å Mis-Dx 



Aneuploidy



Controversies for PGS

Å Does aneuploidy screening work?

ï Mastenbroek S et al. N Engl J Med. July 2007

Å8 chromosomes assessed

ÅShowed no improvement in implantation

ï BUT

ÅMaternal age (35-41)

ïWe wouldnôt offer PGS 

ÅMany 4-cell embryos biopsied

Å20% no FISH results

ÅFailed to test for chromosomes 22 and 15 
(~ 25% of aneuploidy)

ÅTested for chromosome 1 ???

ÅBiopsied 2 cells sometimes 

Mastenbroek S et al. N Engl J Med. 2007;357(1):9-17. 



Controversies for PGS 

ÅPGS doesnôt improve clinical pregnancy rates 
(gestational sac and fetal heart beat) and delivery 
rates

ïASRM Practice Statement, October 2007

ïESRE Practice Statement ïJuly 2008

ïACOG ïMay 2009

ïNo prospective, randomized studies to date 



Shady Grove Fertility (10-Probe FISH)

n = 797

> 2 or more miscarriages

1 Embryo = 33% Chance of Transfer

2 Embryos = 43% Chance of Transfer

3-4 = 46% Chance of Transfer

______________________________

5-7 = 79% Chance of Transfer

8-9 = 78% Chance of Transfer

>10 = 92% Chance of Transfer



Shady Grove Fertility (10-Probe FISH)

< 35

CP = 35% / ET

Miscarriage = 4%

35-37

CP = 32% / ET

Miscarriage = 8% 

38-40

CP = 20% / ET

Miscarriage = 17%

>40

CP = 14%

Miscarriage = 20% 



Biopsy a Better Cell Type? 

ÅTrophectoderm



What are the Issues / Risks of 
Trophectoderm Biopsy and PGS?

ÅMosaicism?

ïInner cell mass

ïTrophectoderm 



23-Chromosome PGS - Trophectoderm

ÅTrophectoderm cells

ïCGH on metaphase chromosomes 
(Wells et al)

ïCanôt R/O mosaicism

Ån = 72

Å2-6 unsuccessful IVF cycles

ÅCP = 72%

ÅDelivery rate = 60%



PGS ïTrophectoderm  

Å Patient recruitment ï3+ blasts
Å Indication for PGS
Å 24 hr turnaround from thaw to transfer
Å 114 blasts thawed
Å 78% blast survival
Å 67% re-expansion
Å 83% were biopsied
Å 100% PGD results
Å PGS (10 chromosomes) - 41% normal, 59% abnormal
Å Biopsied cells (mean = 5/patient)

n = 41 cases

FISH for Chromosomes 13, 14, 15, 16, 17, 18, 21, 22, X and Y



PGS ïTrophectoderm 

Ån = 41 cases

Å3 had no transfer

Å70%  + FHT with gestational sac 
(all > 12 weeks)

Å3%  Biochemical

Å16 normal deliveries

ÅNo miscarriages

ÅBlastocyst biopsy and PGS may be a less-
invasive and more beneficial option to day-3 
blastomere biopsy and PGS 



New Technologies- Microarrays

Å Single nucleotide polymorphisms (SNPs)

5ô-ACTGGGAATCCCGAAGTGTG C TGATTACA-3ô

Å Normally occurring genetic variant

Å ~11,000,000 estimated to be in human genome

Å Stable in >1% of the human population

ïMore dense

Å Various density arrays

ï Up to ~ 1,000,000 genomic hits

Å CGH

ïLess dense

ïRatio

ïOligonucleotidesor BACs

Å ~ 42,894 genomic hits  (~ Exonic (16404), Intronic (19805), Intergenic (6685))

T



FISH vs Microarrays

FISH: hybridization of a long oligonucleotide to 

a peri-centromeric or locus specific location

- detection via microscopy

- analysis and interpretation via microscopy

SNP or CGH: DNA markers throughout the 

chromosome

- detection via microarray and scanner

- analysis and interpretation via     

algorithm



SNP and CGH Microarrays



SNP Arrays vsCGH Arrays

Genetic Diagnostics and Screening SNP CGH

23/24 chromosome aneuploidy X X

Copy number variations (CNVs) X X

Structural chromosome imbalances ~1.5kb ~.1-10mb

Genome-wide scans X

What embryo implanted? X

What partner provided the extra chromosome? X

Single gene disorders X

Mitochondrial mutations X

Uni-parental disomy X

Copy neutral event X



Validation -Materials and Methods 

Ån = 802 single cells / blastomeres (110 day-

3 abnormal embryos) and 34 cell lines

ÅEmbryo biopsy of a single cell ïlaser

ïBlastomere

ÅModified whole genome amplification 

(WGA) 



Experimental Problem to Overcome 

Å~ 6 picograms 

DNA 

ÅNeed ~ 250,000x 

for microarray 

analysis

ÅPCR

ïArtifacts

ïAmplification

ïAllele dropout



Modified Whole Genome Amplification (WGA)

ÅHome Brew

ÅParental DNA not required for PGS



Materials and Methods

ÅInvariant DNA genomic loci identified by PCR 
to ensure the entire genome was amplified



Materials and Methods

ÅTaqMan PCR to ensure heterozygous allele     

amplification

ÅMicroarrays

Å Illumina HumanHap370   ~370,000 SNPs

Å Illumina Cyto-12   ~ 320,000 SNPs 

ÅIllumina 1M   ~ 1,000,000 SNPs 



Materials and Methods

Å Two-channel intensity values ïhigh-resolution copy-number 
profile 

ï ïIdentifies copy number variations (CNVs)

Å Genome-Wide scans / Genotyping

ï Identifies SNP Genotypes

ï Genome-Wide Scan Analysis

Å Single Gene Disorders

Å Complex Genetic  Disorders

Å Bioinformatics

ï deCode genetics Disease Minor Professional, Illumina BeadStudio, 
GenomeStudio and KaryoStudio software 



Results

ÅDNA yields of ~ 8000 ng / 4 hr reaction

Å In many cases, a genomic coverage > 98% 
(Range 30-98%)

ÅCorrelates with day-3 embryo quality

ÅHeterozygous allele detection rate > 90%



Results

Å Microarray detection rate > 90% 

(some cases > 99%) 

ï (Range 30-98%)

ÅCorrelates with day-3 embryo quality

Å30% detection rate still permitted aneuploidy

detection

Å Genotype call rate > 90% 

(some cases > 99%)

ï (Range 30-98%)

ÅCorrelates with day-3 embryo quality

Å30% call rate still permitted aneuploidy detection 



Aneuploidy Results  

Å 110 embryos (day-3 PGS abnormal for 10-chromosome FISH)

ï Aneuploid =  5% (5 / 99)

Å3 chromosomes

ï Mosaic diploid / aneuploid = 64% (63 / 99)

ÅRanged from 2 ï7 chromosomes

ï Mosaic aneuploid = 23% (23 / 99)

ÅRanged from 3 ï9 chromosomes

ï Complex mosaic = 8% (8 / 99)

ÅRanged from 3 ï13 chromosomes



Two Copies of Chromosome 1



Two Copies of Chromosome 21 



Three Copies of Chromosome 21 



Three Copies of Chromosome 12
One is Deleted from Band q14 ?  



Embryo Day-3 

FISH

1 +13, +17,XY

Embryo Day-4 

FISH

1-1 +13,+17,XY

1-2 +13,+17,XY
2 +14, XX 2-1 +14, XX

2-2 +14, XXX

6 +14,+17, +22, 

XXX

10 +18,-21,XX

6-1 +14,+17,+22,X

XX

6-2 +14,+17,+22,X

XX10-1 +18,-21,XX

10-2 +18,-21,XX

11 -

13,+16,+22,X

Y

11-1 -

13,+16,+22,X

Y

11-2 -

13,+16,+22,X

Y

23-Chromosome

Microarray

+13,+17,XY

+13,+17,XY
+14, XX

+8, +14, XXX

+5,-6,+14,+17,+22,XXX

+5,-6,+14,+17,+22,XXX

+7, +9, +18, -21, XX

+7, +9, +18, -21, XX

-5, +6, -13, +16, +22, XY

-5, +6, -13, +16, +22, XY

Correlate FISH and Microarrays ( n = 30)



Results

ÅStructural chromosome imbalances were 
identified from all 9 cytogenetically abnormal cell 
lines 

ïdel(8q), add(17p), del(17p), add(4q), 
add(9p), add(14q), dup(18p), dic(5), 
del(12p) and del(9p)

ÅBased upon the density of the SNP 
microarray

ÅCGH array couldnôt identify genetic 
imbalances



Unbalanced Reciprocal Translocation

der(18)t(13;18)(q33.2;q22.3)


