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• Current prenatal screening for aneuploidy

• How can cell free fetal nucleic acids be used for DS testing?

• New non-invasive techniques for detection of DS

• (Quantitative SNP analysis from cffRNA)

• Digital PCR

• Massively parrallel sequencing of cfDNA

• RAPID: Plans to develop NIPD for aneuploidy

Outline of talk



Current prenatal screening for aneuploidy

• Prenatal screening for is offered to all pregnant women 

• Undertaken in two phases: 

screening and risk assessment  

invasive prenatal diagnosis of high risk cases

• Gold standard for diagnosis of chromosomal abnormalities is karyotyping

CVS
AMNIOCENTESIS



Due to a small but significant risk to the pregnancy, many women
are reluctant to opt for these procedures

In 2006-7:

~700,000 pregnant women a year underwent antenatal screening

20,000 amniocentesis and 5,200 CVS were performed 

Estimated associated procedural related pregnancy loss of ~250

Current prenatal screening for aneuploidy



Difficult to isolate and persist for years after pregnancy

Fetal cells in maternal circulation

erythroblasts

trophoblastic cells

leucocytes

Cell free fetal nucleic acid in the maternal circulation

Originates from trophoblast and detectable from 5 weeks’ gestation

Both DNA and RNA cleared from circulation within 30 minutes of delivery

Other sources of fetal tissue for non-invasive 
prenatal diagnosis



Extraction of cell free fetal nucleic acids 
from maternal plasma

Cell free fetal DNA (3.4%)

Cell free maternal DNA (96.6%)

Amount of cf fetal 
DNA extracted is 
equivalent to 25 

genomes / ml 
plasma



Clearance of cell free fetal nucleic acids after delivery



How can cell free fetal nucleic acids be used for 
non-invasive Down syndrome testing?

• Major technical challenge

Background of cell free maternal DNA means direct quantification of fetal 

chromosome copy number is problematic and technically demanding

Ideally need:

targets that are free from maternal background interference

and / or

technologies that enable extremely accurate copy number ‘counting’

• Recent major breakthroughs

(Quantitative analysis of Single Nucleotide Polymorphisms in fetal specific mRNAs)

Digital PCR of cfRNA and cfDNA

Massively parallel sequencing of cfDNA

Epigenetic analysis



Digital PCR

Relative chromosome dosage



DNA testing preferable: is universal i.e. 
polymorphism independent

� Only 3-6% of the cell - free DNA fraction is fetal

� Expected enrichment of chromosome 21 lies within the range of 1.5% to 3% 

Total amount of Chr 9 (0.94 + 0.06)

Total amount of Chr 21 (0.94 + 0.06)

= 1

Total amount of Chr 9 (0.94 + 0.06)

Total amount of Chr 21 (0.94 + 0.09)

= 1.03

Chr 9

Chr 21



Tropini and Hansen ISPD poster 2008

SOLUTIONS:

� Digital PCR provides a method for quantifying the relative abundance of two alleles 

� Using existing commercially available microfluidic systems for digital PCR it would be 

possible to detect T21 if fetal DNA component was 25% (7680 rxns)

� Theroretically it is possible to detect a 1% difference by ‘counting’ a large number of 

digital PCR reactions 

� Using a prototype “MegaPixel” digital PCR device that allows for 1,000,000 simultaneous 

single molecule reactions a 3% increase in chromosome 21 has been detected



� ADVANTAGES

• Successful proof of principal studies shown have shown utility for quantitative RNA SNP 

analysis and relative chromosome dosage

• Relative chromosome dosage is polymorphism independent and could be used in all 

pregnancies

� DISADVANTAGES

• At present using relative chromosome dosage can only detect trisomy 21 if fetal DNA 

component is 25% 

� FUTURE REQUIREMENTS

• For relative chromosome dosage require higher density digital PCR equipment 

• Enrichment of fetal DNA

• Multi centre large scale validation would be required 

Digital PCR



Massively parallel 

sequencing

An alternative method for digital 

quantification of DNA



� Shotgun sequenced plasma DNA samples from 18 women:

9 trisomy 21

2 trisomy 18

1 trisomy 13

6 normal

and 1 genomic DNA sample from a male control

� Gestational age 10 – 35 weeks (earliest trisomy case 14 weeks)

� 5 million sequencing reads for each patient

� Compared density of reads on each chromosome to those obtained from a normal 

genomic DNA sample

� Also compared density of Chr 21 reads from disomy and trisomy 21 samples

� Coverage of Chr 21 sequences in trisomy 21 was 4 – 18% higher than disomic cases

Fan et al., PNAS Oct 2008



Shot gun sequencing







Sequencing by Synthesis

A*   C*   G*    T*

A T A CC A G CG C T CG C A T

A* A*T* C*A AT C

A*   C*   G*    T*

C* G*A* C*C GA C
G* T*C* C*G TC C
G* A*C* T*G AC T

ExtendActivate terminusImageUp to 10 million 30-70bp reads

NGRL (Wessex) 2008



155,000
135,000

67,500

Generate approx 10 
million reads 



Trisomy 21 

n=9

Trisomy 18 

n=2

Trisomy 13 
n=1

Results of shotgun sequencing of maternal plasma DNA

Fan et al., PNAS Oct 2008



Fan et al., PNAS Oct 2008

Results of shotgun sequencing of maternal plasma DNA

Upper 99% confidence 

limit for normal 
samples



Sequenced maternal plasma: 14 trisomy 21 and 14 normal cases correctly identified

Chiu, PNAS, Dec 2008



� ADVANTAGES

• Successful proof of principal study for detection of major trisomies; 13, 18 and 21

• Polymorphism independent and could be used in all pregnancies

• Has potential to detect unbalanced chromosome rearrangements

� DISADVANTAGES

• Expensive and large amount of data processing – interpretation.

• In current form would not be feasible to adapt to high throughput screening

� FUTURE REQUIREMENTS

• Technological development required to produce machines and workflow protocols 

that could cope with a high throughput of samples

Shot gun sequencing



• Develop NIPD for DS testing in collaboration with ICH / GOSH using

- targeted new generation sequencing

- (MALDI-TOF mass spectrometry)

- digital PCR

• Define Down Syndrome (DS) test analytical sensitivity and specificity

• Develop prototype reference materials in collaboration with NIBSC & NGRL (M)

• Produce standardised protocols in collaboration with GOSH & NGRL (M)

• Participate in a model-based economic evaluation to assess incremental cost-

effectiveness of NIPD versus current testing methodology

RAPID: Role of NGRL (Wessex)



Targeted new generation sequencing assays

• Combination of next generation sequencing and relative chromosome 
dosage analysis

• 'Trapping' specific sequences on chromosomes 21, 18 and 13 and 
comparing against sequences on other autosomes (multiplexed)

• Analyse data by comparing copy numbers of sequences on 21, 18 
and 13 with those from autosomes

• Developing several strategies: 'MLPA' and padlock probes

• Investigating different data analysis methodologies



MLPA – MRC Holland P095 Aneuploidy Probeset

Male 

Genomic DNA

Female

Circulating DNA

Male 

Circulating DNA



Down’s critical region

Genomic locations of chromosome 21 padlock probes

21-2205204 MLPA Probes: 165bp

Male 

Genomic DNA

Female

Circulating DNA

Male 

CirculatingDNA



P

1. Ligation

Padlock probes: trapping sequences



Chr 21

Chr 18

Chr 13



Targeted MP Sequencing with patient ID tags



Mother and 
diploid fetus

Mother and 
trisomy 21 fetus



Illumina Genome Analyser

• 8 lanes

• Approx 10 million mappable reads per lane

• 80 million mappable reads per run

• ID tags allow 12 patients per lane

• 96 patient samples per run

• Consumable cost per run c. £7 - 10K

• Cost per patient c. £100

HiSeq 2000 now released - 10X higher capacity



� ADVANTAGES

• Polymorphism independent and could be used in all pregnancies

• Has potential to be expanded to cover microdeletion / duplications, other loci in

targeted fashion

• Data analysis simplified and cost reduced

• Adaptable to high  throughput analysis

� DISADVANTAGES

• Proof of principle required 

• Need to know more about free fetal DNA composition

� FUTURE REQUIREMENTS

• Large scale validation required

Targeted next generation sequencing



� New technologies need to be validated for analytical and clinical validity in large 

UK patient cohorts

� The limits of gestation for testing using all techniques need to be determined

� Need for standardised protocols and control materials

� Potential to replace current DS screening tests with a diagnostic test

� Unlikely to replace invasive testing / current screening for some time

� Important to ensure that women and healthcare professionals understand the 

changes and women fully understand the implications of these tests

Summary
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More information

Dr Helen White: hew@soton.ac.uk

Prof Lyn Chitty: l.chitty@ich.ucl.ac.uk

RAPID: rapid@ich.ucl.ac.uk

www.ngrl.org.uk/Wessex

www.rapid.nhs.uk


