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Past Paradigm Shifts in Obstetrical GeneticsPast Paradigm Shifts in Obstetrical GeneticsPast Paradigm Shifts in Obstetrical GeneticsPast Paradigm Shifts in Obstetrical Genetics

•• Preimplantation genetic diagnosisPreimplantation genetic diagnosis (90s)(90s)

•• NonNon--invasive approachesinvasive approaches
–– Maternal serum AFP for ONTD (80s)Maternal serum AFP for ONTD (80s)

Ultrasound (80s)Ultrasound (80s)–– Ultrasound (80s)Ultrasound (80s)
–– Triple/Quad screen for DS (80sTriple/Quad screen for DS (80s--90s)90s)
–– First trimester screening for DS & Tri 13/18 (2000)First trimester screening for DS & Tri 13/18 (2000)

•• Invasive approachesInvasive approaches
–– Amniocentesis (70s)Amniocentesis (70s)
–– Fetoscopy (70s)Fetoscopy (70s)py ( )py ( )
–– Skin biopsy (80s)Skin biopsy (80s)
–– CVS (80s)CVS (80s)
–– PUBS (80sPUBS (80s--90s)90s)



Future Paradigm Shifts in Obstetrical GeneticsFuture Paradigm Shifts in Obstetrical GeneticsFuture Paradigm Shifts in Obstetrical GeneticsFuture Paradigm Shifts in Obstetrical Genetics

WillWill notnot be proced ralbe proced ral•• Will Will notnot be proceduralbe procedural

Will i i t f th l l tiWill i i t f th l l ti•• Will originate from the molecular genetics Will originate from the molecular genetics 
laboratorylaboratory

•• TwoTwo paradigm shiftsparadigm shifts
High resolution array genomic hybridizationHigh resolution array genomic hybridization–– High resolution array genomic hybridization High resolution array genomic hybridization 

–– NonNon--invasive prenatal diagnosisinvasive prenatal diagnosis



First Era of  cytogenetics First Era of  cytogenetics (50s(50s--70s)70s)y gy g (( ))

1 6 15 16 YX1          6         15        16         YX



SecondSecond era of cytogeneticsera of cytogenetics (70s(70s--2000s)2000s)
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Replication bandingReplication banding
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a. FISH produces a fluorescent signal (red) at the sites of a specific DNA 
sequence; in this case a 150-kb segment of chromosomesequence; in this case, a 150-kb segment of chromosome 

b.  Several probes, each corresponding to a defined genomic segment, can be 
simultaneously analyzed and ordered with respect to each other using multicolor 
FISH



Spectral 
karyotyping 

dand 
multicolor-
FISH paintFISH paint 

each human 
chromosome 
in one of 24 

colors.



COMPARATIVE GENOMIC HYBRIDIZATIONCOMPARATIVE GENOMIC HYBRIDIZATION
(C G H)(C G H)

• Identifies chromosomal gains and losses in aIdentifies chromosomal gains and losses in a• Identifies chromosomal gains and losses in aIdentifies chromosomal gains and losses in a
singlesingle hybridization procedurehybridization procedure

• Effectively reveals any DNA sequence copy Effectively reveals any DNA sequence copy 
number changes  (i.e., gains, amplifications, lossesnumber changes  (i.e., gains, amplifications, losses

d d l ti ) i ti l i dd d l ti ) i ti l i dand deletions) in a particular specimen and maps and deletions) in a particular specimen and maps 
these changes on normal chromosomesthese changes on normal chromosomes
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Array CGH  

Chromosomal CGHMetaphase DNA 
BAC DNA

Hybridize DNA to genomic clone
microarray

( aCGH )
Hybridize DNA to olgonucleotide

microarray

Analyze Cy3/Cy5 fluorescence ratio 
of patient to control

( aCGH )

Matrix CGHMicroarrayed DNA Cy3/Cy5 ratio >1 
Duplication

Cy3/Cy5 ratio <1 
Deletion

Cy3/Cy5 ratio >1 
Deletion

Cy3/Cy5 ratio <1 
Duplication

Modified from Lichter: Seminars in Hematology 37:348-357, 2000



OligonucleotideOligonucleotide--Based MicroarraysBased Microarrays

Oligonucleotides are synthesized directly on slides

Short target sequences pretested for hybridization g q p y
efficiency

Resolution limited only by number of oligonucleotidesResolution limited only by number of oligonucleotides



Copy Number Variation (CNV)Copy Number Variation (CNV)

A CNV is a DNA segment (usually larger than 1 kb)A CNV is a DNA segment (usually larger than 1 kb)

py ( )py ( )

A CNV is a DNA segment (usually larger than 1 kb) A CNV is a DNA segment (usually larger than 1 kb) 
present at an altered copy number in comparison present at an altered copy number in comparison 
with a reference genomewith a reference genome

ExamplesExamples::
-- Whole chromosome aneuploidyWhole chromosome aneuploidy
-- Segmental Aneuploidy Segmental Aneuploidy 

DeletionsDeletionsDeletionsDeletions
DuplicationsDuplications

-- Copy number polymorphismsCopy number polymorphismsCopy number polymorphismsCopy number polymorphisms



Normal Samplep



Trisomy 21 Femaley



Trisomy 18 Female XXXy



Trisomy 13 Maley



22q Deletion22q Deletionqq

Chromosome 22Chromosome 22

qp



15q11 2 Deletion Male15q11.2  Deletion  Male



7q11 23 Deletion Female7q11.23 Deletion Female



5p15 Deletion Male p



Comb  Comb 
a b c

Comb 

Gain: Chr 3pter
CNV-paternal

Loss: Chr 8q24

Chromosome 1pter->22qter
clones

Loss: Chr 8q24

clones

CNV 15

Gain: Chr 21 
(trisomy 21)

LOSS       GAIN

Chromosome X 
and Y clones

LOSS  GAINLOSS    GAIN

-1   -0.5   0     0.5
AF: Cultured

-1 -0.5  0  0.5
CVS: WGA

-1  -0.5   0    0.5
Genomic DNA: Blood



Rate of detection via gain-
losses

Frequency,                     
1 in n live births

Prenatal 
Disorders

DiGeorge 4,000 95%

Willliams Be ren 7 500 95%

losses1 in n live birthsDisorders

Willliams-Beuren 7,500 95%

Prader-Willi 10,000 70%

Angelman 15,000 85%

Smith-Magenis 15,000 90%

Wolf-Hirshhorn 50,000 95%

Cri-du-chat 30,000 99%Cri du chat 30,000 99%

Langer-Giedion 200,000 95%

Miller Dieker 200 000 90%Miller-Dieker 200,000 90%



Potential Issues of aCGH
for Prenatal Diagnosis

1 What sho ld a prenatal diagnostic arra contain?1.What should a prenatal diagnostic array contain?

Is it better to use an array that is “targeted” to regions thatIs it better to use an array that is targeted  to regions that 
are known to be involved in human disease or one that 
provides more or less uniform coverage across the 
entire genome (known as “Whole Genome Array”)?entire genome (known as Whole Genome Array )?

2. Distinguishing benign and pathologenic CNVsg g g p g

3. Appropriate Counselingpp p g



• 450 1000 Oligos per array• 450 – 1000 Oligos per  array  

• 4-5 oligos per region of interest

T     D               PC       D            T

Targeted ArrayTargeted Array

• 43 unique pericentric regions

• 41 unique telomere regions:                                       Targeted ArrayTargeted Arrayq g

• Specific disease loci

• Uniform distribution of oligos 
along the entire length of eachalong the entire length of each 
chromosome

• Density of distribution of oligos  
i

Whole Genome ArrayWhole Genome Array
varies

yy



Criteria for Disease LociCriteria for Disease LociCriteria for Disease Loci Criteria for Disease Loci 
on Prenatal Microarrayon Prenatal Microarray

1.1.A significant proportion of cases caused by A significant proportion of cases caused by 
d l ti d li tid l ti d li tideletions or duplications deletions or duplications 

22 Disease of significant clinical importanceDisease of significant clinical importance2.2.Disease of significant clinical importanceDisease of significant clinical importance

3.3.Spectrum of disease understoodSpectrum of disease understoodpp

4.4.Associated with ultrasound findingsAssociated with ultrasound findings



Post Natal Arrays For Children With Normal Conventional Post Natal Arrays For Children With Normal Conventional 
Karyotype, Dysmorphic Features And /Or Developmental DelayKaryotype, Dysmorphic Features And /Or Developmental Delay

High Resolution 
Arrays

N % with 
significant 
CNV

DeVries 2005 Whole genome 
tiling-path

100 10

Friedman 2006 100kb 100 11Friedman 2006 100kb 100 11
Menten 2006 1.0Mb 140 13.6
Targeted Arrays
Poss 2006 Targeted 121 9.6
Aylor 2006 Targeted 1200 7.0
Schaeffer Targeted 1500 5 6Schaeffer Targeted 1500 5.6



Prenatal Diagnosis ComparingPrenatal Diagnosis Comparing
Whole Genome Whole Genome aCGHaCGH versus Targeted versus Targeted aCGHaCGH**

CategoryCategory Whole Genome Whole Genome 
AA

Targeted Targeted 
AA

g yg y
ArrayArray ArrayArray

Clinically relevant CNVClinically relevant CNV 2.7%2.7% 0.9%0.9%
Benign CNVBenign CNV 8.8%8.8% 8.0%8.0%
Unclear clinical relevant CNCUnclear clinical relevant CNC 0 5%0 5% 0 5%0 5%Unclear clinical relevant CNCUnclear clinical relevant CNC 0.5%0.5% 0.5%0.5%

* C i t l 2009* Coppinger et al., 2009



Prenatal Diagnosis Based on Prenatal Diagnosis Based on 
Hi h R l ti A CGH*Hi h R l ti A CGH*High Resolution Array CGH*High Resolution Array CGH*

CategoryCategory
AbnormalAbnormal

USUS
AMAAMA

FamFamily Historyily History
1.  Clinically relevant CNV1.  Clinically relevant CNV 3.9%3.9% 0%0%
2.  Benign CNV2.  Benign CNV 8.3%8.3% 12%12%

ff %% %%3.  Unknown clinical significance3.  Unknown clinical significance 0.6%0.6% 0%0%
Total number of casesTotal number of cases 155155 2525

* * CopppingerCopppinger et al., 2009et al., 2009



Use of Array CGH in Prenatal Diagnosis

IndicationIndication AuthorAuthor CasesCases Pathological Pathological 
CNVCNV

Benign Benign 
CNVCNV

UnknownUnknown
CNVCNV CNVCNV

USUS ABNABN

KleemanKleeman et alet al 5050 2%2% 6%6%KleemanKleeman et alet al 5050 2%2% 6%6%

TyremanTyreman et alet al 106106 9%9% 11%11% 12%12%

NT>NT>33mmmm
SchouSchou et alet al 100100 0%0%100100 0%0%

US+AMAUS+AMA

VanVan den den 
VeyverVeyver et alet al

300300 5%5% 13.3%13.3% 1%1%



In ProgressIn ProgressIn Progress……….In Progress……….

NIH MULTICENTER
CLINICAL TRIALCLINICAL TRIAL 

ON POTENTIAL USE OF 
MICROARRAYS 

ININ 
PRENATAL DIAGNOSIS



Advantages of Molecular Karyotyping        Advantages of Molecular Karyotyping        
b CGHb CGHby aCGHby aCGH

11 Higher resolution independent of the ability of the cellsHigher resolution independent of the ability of the cells1.1. Higher resolution independent of the ability of the cells Higher resolution independent of the ability of the cells 
to grow and/or generate good metaphase spreadsto grow and/or generate good metaphase spreads

a. Standard karyotype:   5Mb resolutiona. Standard karyotype:   5Mb resolution
b. aCGH: 1 Mb to 100 or less kb resolutionb. aCGH: 1 Mb to 100 or less kb resolution

2.2. Direct mapping of aberrations to the genome sequenceDirect mapping of aberrations to the genome sequence
3.3. AmenableAmenable toto automationautomation andand quality control quality control 

procedures procedures 
44 Higher throughput and shorter reporting timesHigher throughput and shorter reporting times4.4. Higher throughput and shorter reporting timesHigher throughput and shorter reporting times

BetterBetter andand CheaperCheaperBetter Better andand CheaperCheaper



QUESTIONQUESTION????????QUESTIONQUESTION????????

CONVENTIONALCONVENTIONALCONVENTIONAL CONVENTIONAL 
CHROMOSOME ANALYSISCHROMOSOME ANALYSIS

VSVS

MICROARRAY ANALYSISMICROARRAY ANALYSIS



Suppose: Two types of a chromosome abnormality (CA):  
1) All CA based on conventional karyotyping and, 
2) All microdeletion syndromes (MDS)2) All microdeletion syndromes (MDS) 

Then the risk of a CA at time of CVS:   NL:CA:MDS

Patient risk in absence of any information:    
1:1/50:1/50 = 50:1:1 or 1 / 261 / 26

If the fetal karyotype is normal, the final risk:
1:0:1/50 = 50:0:1      or 1 / 511 / 51

If microarrays detects 90% of the MDS, the final risk:   
1 0 1/500 500 0 1 1 / 5011 / 5011:0:1/500 or 500:0:1 or 1 / 5011 / 501

If patient only had microarrays without karyotype, the final risk:   p y y y yp ,
1:1/500:1/500 or 500:1:1 or 1 / 2511 / 251


