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Pyrosequencing™ PSQMA System

Real time sequencing method for the analysis of short to medium length DNA 

sequences. Can be used for many applications including:

� SNP analysis

� Allele frequency quantification

� STR analysis

� CpG methylation analysis

� Gene dosage

� Microbiological typing

May 2003 – ongoing





Evaluation of SNP detection

� 90 DNA samples were genotyped using triplex PCR assays for 

Factor V Leiden G1691, Prothrombin G20210A and MTHFR C677T.

Samples had been previously genotyped using PCR RFLP analysis by Molecular Pathology Unit at Southampton 

General Hospital

� 50 DNA samples were genotyped for six mitochondrial mutations 

and the degree of heteroplasmy was also determined.

Samples had been previously genotyped using PCR RFLP analysis by Oxford Medical Genetics Laboratory



SNP Detection for FV / FII / MTHFR

£0.65 / sample£1.63 / sampleCost per genotype

3 hrs 30 min10 hrs 45 minTime for analysis of 96 

samples

0 %3.3%Failure rate

5.5%14.4 %Samples repeated to obtain 

full genotype

100 %99 %Accuracy

PyrosequencingNanogen

90 DNA samples were genotyped using triplex PCR assays



Detection and estimation of heteroplasmy

Pyrosequencing is less expensive and more efficient than the Nanogen System:

� system costs - 36% less expensive

� analysis costs - 58% less expensive

� total run time - 67% faster



Conclusions for SNP detection

SNP Detection

� Both technologies accurate for SNP genotyping

� Pyrosequencer faster and cheaper

� Pyrosequencer had lower failure rate

Detection and estimation of Heteroplasmy

� Both technologies provided accurate genotyping

� Pyrosequencing more accurate at estimating heteroplasmy

� Pyrosequencer more efficient and economical



Detection of trisomy 13, 18 & 21 and sex 

chromosome aneuploidy for prenatal 

diagnosis using Pyrosequencing™ technology

In collaboration with Prof Antonarakis and Sam Deutsch (University of Geneva)



Existing fast screening techniques for detection of 

aneuploidy

Interphase fluorescent in situ hybridisation (FISH)

� labour intensive

� 50 – 100 interphases need to be scored

Quantitative fluorescent PCR (QF-PCR)

� relies on amplification of polymorphic microsatellite repeats

� less expensive than FISH

� many samples can be treated in parallel

� Multiple markers need to be analysed to ensure that at least 2

informative markers can be analysed for each individual

� Requires optimisation of multiplex PCRs

Multiplex Ligation probe amplification (MLPA)

� simultaneous analysis of up to 40 loci

� 8 probes per chromosome needed for reliable results

� Still under evaluation



Detection of aneuploidy using paralogous gene 

quantification by Pyrosequencing™

� Paralogous sequences are located on different chromosomes

� High sequence identity but will accumulate sequence differences over time

� PCR primers are designed to co-amplify paralogous sequences located on different 

chromosomes

� PCR products (of identical size) will contain a number of sequence differences

� Known as paralogous sequence mismatches (PSM)

� Quantification of PSMs can be used to determine the dosage of chromosomes in which the

paralogous sequences are located



Paralogous gene quantification

The ratio of the SNPs reflects the relative frequency of the chromosomes tested. 

Trisomy 21 
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Normal Control 
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Initial Analysis of trisomy 21 assays

Data from 103 normal controls and 73 Trisomy 21 samples



Combined data from three trisomy 21 assays



Mathematical model to assign % risk based on 

AQ frequency

� To minimise the impact of inter assay variation a mathematical model has been 

devised which assigns a probability of the patient sample being trisomic based on 

the % AQ frequency

� At least 10 normal and 10 known trisomy controls are run per batch of tests

� The mean and standard deviation of the two populations are normalised and used 

to determine a probability of trisomy given a pre-screen risk of 0.5

� The AQ percentage value for each assay is entered and the % risk is calculated.







� Results from analysis of trisomy 21 assays are promising

� Assays are robust, easy to set up and interpret

� Use of the mathematical model alleviates problems of inter assay variation and 

standardises interpretation of data

� Triploidy, rare chromosomal abnormalities and other structural abnormalities will not be 

detected

� Continuing analysis for detection of trisomy 13, 18 and sex chromosome aneuploidy

using 440 known aneuploid samples (tissue / peripheral blood/ amniotic cultures) and 

300+ amniotic fluid samples collected prospectively from diagnostic prenatal lab

� Mathematical model will be extended to included all data and tested for robustness

� Should represent an competetive alternative to other techniques for use in routine 

diagnostic laboratories 

Paralogous gene quantification for prenatal 

diagnosis of aneuploidy - Conclusions
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