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Non Invasive Prenatal Diagnosis
Gestation Period Early Late

Genome Equivalents (GE.) 
/ ml maternal plasma

25.4 292.2

% fetal DNA of total DNA in 
maternal plasma

3.4% 6.2%

Concentrations of SRY by gestation period
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Cell Free DNA (1997)
Maternal 
haematopoietic cells
Fetal 
syncytiotrophoblasts

Goals of PND



Cell free DNA

• Pregnancies with 
complications, EP

• Multiple pregnancies
• Clearance
• Mixture

• Competition
• Background

• Size
Chan et al, 2004



Capillary electropherograms of D21S11 alleles (Li et al.2004)

maternal 
genomic 
DNA

Fetal 
genomic 
DNA

Total 
circulatory 
DNA

Size fractioned circulatory 
DNA having a size of <300 
bp i.e. detection of paternal 

137 bp allele



Applications
• Blood typing

–– Antenatal RhDAntenatal RhD--ve screeningve screening
• Fetal sexing

– X-linked disease (DMD, ALD, XSCID, Hunter, OTC..)
– CAH, AIS

• De novo
– Ach 

• Paternal transmitted disorders
– DM (?size of material if expanded)

• Recessive where high % compound heterozygotes
–– CF,CF, ββ--thalassaemiathalassaemia

• (Aneuploidies) 



Challenges
• Sensitivity

early detection when fetal DNA at low levels (2gE/PCR)
suitable standards (plasmids, perfused placenta)

• Specificity
Low amount of fetal DNA (1-12%) in high background of 

maternal DNA

• Universal  fetal-specific markers
to confirm presence of fetal DNA 

• Validation                                                      
Dynamic range (1-560 gE/ml fetal, 70->4000 gE/ml total)

• Technology / Platforms
Real time PCR, SABER MALDI-TOF MS



Extraction parameters

• Separation (time, speed of separation, brake) 
• +/-formaldehyde
• Serum or plasma
• Methods (Qiagen midi, mini, DRI-CST, MinElute)
• Volumes
• Automation – time, cost, yield 
• Stability 
• Storage



Sample storage
Extracts were successfully prepared up to 3 days after collection 
and following several months storage of plasma at –200C. However, 
it appears best to separate the plasma and analyse the extract 
within 24 hours.
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Comparison of cfDNA concentrations using Rhesus D exon 7 RQ PCR from plasma 
samples extracted after 1-3 days at RT



112 bp AMELB (Y) 
106 bp AMELB (X) 
93 bp SRY

1 2 3 4 5 6 7 8 9 10 11

Results
Of the total of 33 gels that were run, 10 (30.3%) were useable, 19 (57.6%) had male 
contamination, and 4 (12.1%) were too faint to interpret.  
These 10 gels represented 80 runs for 56 samples (27 female and 29 male fetuses).
The useable results were then divided into those for the AMELB and SRY probes, to test 
the accuracy and efficiency of the test with these two probes.

Standard PCR

Sensitivity Specificity PPV
Amel B 29/38

76.3%
22/27
81.5%

29/34
85.3%

SRY 39/43
90.7%

19/30
63.3%

39/50
78.0%



Other attempts
• Cystic Fibrosis (p.Asn1303Lys) → ARCS

• Apert (p.Pro253Arg) → RED

• Thanatophoric dysplasia (p.Arg248Cys) → fluorescent 
primer & ARMs

• Literature
– Nested PCR (SRY, DM1, AmelXY)
– Touch down PCR. 9mls plasma, 34/40 cut out (Ach) 

Ach.  Hahn et al 2004



Real-Time PCR

• Closed system - contamination
• Probes – specificity, multiplex, sensitivity
• Melt curve analysis - products, efficiency
• Automation

• Optimisation
• Cost reagents
• Multiplex



Threshold Cycle, CT
The point at which the fluorescence rises appreciably above backThe point at which the fluorescence rises appreciably above backgroundground
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r = is a measure of how well r = is a measure of how well 
the actual data fit to the the actual data fit to the 

standard curve.standard curve.

= (explained variation/total = (explained variation/total 
variation)variation)

The slope of the standard curve The slope of the standard curve 
can be directly correlated to the can be directly correlated to the 

efficiency of the reactions:efficiency of the reactions:

Efficiency (Efficiency (ηη) = [10) = [10((--1/slope)1/slope) ] ] -- 11



Identify primer-dimers by melt curve to 
determine dynamic range

No template control400 copies

10,000 copies 2,000 copies



- Didn’t work
Approach
Design assays for real-time PCR – primer and dual labelled probe
Check for secondary structure in product
Keep standard annealing temp
Set up individual assays and standard curves, 1st with Sybr Green then dual 
labelled probes using male DNA diluted in female to appropriate concentration 
range (0.01ng)
Combine as multiplex

Maximize Efficiency,  Equalize Efficiency, Eliminate Cross-Reactivity
Problems
Increased cycles
Increase annealing time, try 3 step instead 2 step
Change Mg
Change reaction volume 25 to 50μl
Check multiplex with Sybr Green

Interaction between primers & probes when multiplexed reduced sensitivity

Multiplexing



Fetal sex determination using 
real time PCR-Taqman assays

Platform Y specific 
primers/probe

Control 
primers/probe Source

iCycler AMEL Y (FAM)
& SRY (HEX)

AMEL X 
(ROX)

In-house 
design

iCycler DYS14 
(FAM)

CCR5
(FAM)

Published 
sequences

AB 7300 SRY 
(FAM)

CCR5 
(FAM)

AB Assay-on-
Demand Kits



AB 7300:  Comparison of DYS/CCR5 assays
& AB SRY/CCR5 Assay-on-Demand Taqman-MGB kits



Result validation
• Positive result (PCR product with SRY)                

4/5 replicates with Ct < 40 cycles
• Negative result (no PCR amp with SRY)              

all replicates with Ct > 40 cycles
• Negative controls

no H20 control wells with Ct value < 40
• Positive controls

all male replicates Ct < 40
• Slope of standard curves 

between –3.3 and –4.5
• Repeat if discrepancies



Polymorphisms
• Test mother (&  father) for 

8 bi allelic makers

• Re-test mother and 
cfDNA for informative 
markers

• If no SRY in cfDNA but 
positive non-maternal 
marker assume evidence 
of ffDNA in cfDNA

Maternal marker informative (-ve) S03,4,5,11

Paternal marker informative (+ve) S01  (8, 10)



SAFE Workshop 2:

Showing the quality of performance of non-
invasive prenatal genotyping in Europe

• 0.6 ml plasma  (16/40) sent out at RT 
• 18 partners received 5-6 samples
• Tested for RhD & SRY

Results on 105 RhD and 109 SRY
• Correct results: 193 (90.2%)

• False results: 10 (4.7%) 
6 false positive and 4 false negative

• Inconclusive results: 11 (5.1%)
8 in positive samples and 3 in negative samples



Case 1. Male cfDNA – PND for ALD



Case 2. Marker provides evidence of ffDNA

So1a 17q 23.6%
SO3 6q 16.4%
S04a 9 23.6%
S05b 20 27.3%
S06 1p 31%

S08b 1q 20.2%
S10a 18 25.5%
S11a 11 25.5%



• Mutation not known

• Consultand would like PND

• Affecteds deceased

• Gm won’t give sample

• Options

Case 3. Duchenne muscular dystrophy



• 13/40 cfDNA – SRY not 
detected

• 4 markers not 
informative

• Repeat at 14/40 – SRY 
not detected

• U/Scan shows female

• On-going



Prenatal Request

10-20 mls EDTA, >7 weeks gestation plus partner’s blood

Spin 3500g within 48 hrs

MinElute cfDNA extractParental DNA

SRY, CCR58 In/del polys

Repeat
Extract/sample

Predict male1st
Sex not confirmed

Informative 
polys

Fail

Uninformative 
Sex not confirmed

Informative
Predict female

Inconclusive 2nd sample
Consistent with female

Absent ? Present

Absent ?



Summary of challenges

• Robustness (multiplex)
• Fetal Markers
• Future

– Enrichment of <350 bp cfDNA  (microfluidics)
– Quantitation (management of delivery)
– Panel of disease-specific markers (cardiac, 

renal, skeletal) 
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