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qPCR TechnologyqPCR Technology

validation
qualitative validation

analyte identity

quantitative validation
accuracy (true value)
precision (reproducibility)

quantification range 

pre-analytical steps
RT
clean up
matrix effects

reagents and kits

validation of other methods with qPCR

new developments
new detection methods 

new dyes
duplex and multiplex qPCR

high throughput
miniaturisation (1536 well plates)
chip + microfluid technology 

cost effectiveness

new combinations 
PCR / MALDI-TOF MS

trehalose – GCrich DNA

time requirement 
potential for the clinic
and for food surveillance



Validation of quantitative steroid receptor real-time RT-PCRValidation of quantitative steroid receptor real-time RT-PCR
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Species specific  Tmelt (°C)
Homo sapiens

Rattus norvegicus
Callithrix jacchus (primate)

Bos taurus
Ovis aries
Sus scrofa

5.7% (n = 4)17.6% (n = 4)18.7% (n = 4)31.2% (n = 3)intra-assay variation

93.9%81.3%81.2%90.7%PCR efficiency

760 – 7.60*109

molecules
(r = 0.998)

106 - 1.06*1010

molecules
(r = 0.996)

165 - 1.65*109

molecules
(r = 0.995)

120 - 1.20*1010

molecules
(r = 0.998)

quantification range
(test linearity)

760 molecules106 molecules165 molecules120 moleculesquantification limit

14 molecules10 molecules2 molecules12 moleculesdetection limit
227 bp262 bp234 bp172 bpproduct length

PRERβERαAR



use of qPCRuse of qPCR

desase diagnostics –
pathogen quantification

human and veterinary medicine 
phytopathology
food hygiene

transcriptomics
development biology
endocrinology
infection biology
drug response
gene silencing

basic research
gene polymorphism

microorganisms, plants, 
animals and humans

pharmacogenomics 
nutrigenomics 
resistance mechanisms

other applications 
biotechnology
conservation biology 
forensic analyses



Pathogen analysisPathogen analysis

⇒ hepatitis A virus and C virus, parvovirus 
in human transfusion plasma

⇒ adenovirus, clamydia trachomatis, AIDS

⇒ apple proliferation disease, plum pox, 
Dutch-elm disease

⇒ mycobacterium av. Paratuberculosis

⇒ salmonella enteritidis



TranscriptomicsTranscriptomics

⇒ gene expression profiling in yeast 
depending on metabolic state

⇒ different susceptibility and response to 
malaria in African children

⇒ profiling of tumor biopsies and in leukemia patients

⇒ growth regulation in small intestine



TranscriptomeTranscriptome

RNA sub-classes in a mammalian cell total RNA
ribosomal RNA rRNA 80-85% (5S, 18S und 28S)
transfer RNA tRNA 10-15%
messenger RNA mRNA 1-5% ( ∅ length 1930 
bases)

high abundant < 100 genes 10-20 * 103 copies/cell
intermediate abundant ~ 500 genes 200-400 copies/cell
low abundant > 30.000 genes <20 - 50 copies/cell

28S rRNA 3898-6333 bases

18S rRNA 1898–1976 bases

5S rRNA 120 bases
www.Qiagen.com



Richard A. Young http://inside.wi.mit.edu/young/home.html

5460 transcripts were investigated
estimated 15000 poly-A RNAs per cell

average level:   2.8 copies/cell
median level: 0.9 copies/cell

80% of the yeast transcriptome is expressed at 0.1-2 
copies/cell

Transcriptomics in YeastTranscriptomics in Yeast
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⇒Secondary features of estrogens 
expression of estrogen receptors

⇒Androgenic activity of crop fungicides 
gene expression assay in prostate cell lines

⇒Mammary gland immunology 
pro-inflammatory signals of somatic cells and epithelia

⇒Embryo-maternal communication





ERα and ERβ expression pattern in bovine tissues
(n=8; mean with bi-directional SEM bars;  in cDNA molecules / 25 ng total RNA)

ERα and ERβ expression pattern in bovine tissues
(n=8; mean with bi-directional SEM bars;  in cDNA molecules / 25 ng total RNA)
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Estrogen receptors (ERα & ERβ) expression pattern
in numerous cattle tissues

Estrogen receptors (ERα & ERβ) expression pattern
in numerous cattle tissues



ERa and ERb expression pattern in bovine gastro-intestinal compartments
(n=8; mean with bi-directional SEM bars;  in cDNA molecules / 25 ng total RNA

ERa and ERb expression pattern in bovine gastro-intestinal compartments
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ERα mRNA expression in bovine tissuesERα mRNA expression in bovine tissues
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ERβ expression in bovine gut compartmentsERβ expression in bovine gut compartments
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Secondary features of estrogensSecondary features of estrogens
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⇒Secondary features of estrogens
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⇒Androgenic activity of crop fungicides 
gene expression assay in prostate cell lines

⇒Mammary gland immunology 
pro-inflammatory signals of somatic cells and epithelia

⇒Embryo-maternal communication





Screening of androgenic activityScreening of androgenic activity

Situation

Gene expression assay

Characterisation of  relevant substances

and biosamples (food, urine)

based on androgen regulated genes 
in human prostata cell lines 

Answer

Task
Development of a  selective bioassay for  analysis  of 
androgenic activities

Androgenic and anti-androgenic side activities of 
herbicides, fungicides etc. are rarely investigated



Gene expression assay – prostate cellsGene expressionGene expression assayassay –– prostate cellsprostate cells

(Hartel et al., 2002)
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Activation of immune defence via E. coli lipopolysaccharide (LPS)

LP
Slysis of 

gramnegative 
bacteria

LPS+LBP

epithelial cells

cytokines

leukocytes
diapedesis

mammary 
gland

blood vessels

enzymes, 

phagocytosis, 

etc.

PMN

Prgomet, Pfaffl Weihenstephan 
2003

macrophages

lactoferrin

Activation of immune defence via E. coli lipopolysaccharide (LPS)



MacrophagesMacrophages GranulocytesGranulocytes
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Conclusion: qPCR application potential 2004Conclusion: qPCR application potential 2004

Validity
quantification range: 1-100 to 106-108 molecules
good precision (and accuracy) also for low abundance analytes

DNA analytes – gene quantification
new option for  clinical diagnostics

pathogen identification
biotechnology
forensic analysis etc. 

RNA analytes – transcriptomics 
allows a more precise view to regulatory processes on the 
transcription level during development and reactive physiology 



Conclusions: qPCR limitations and challenges 2004Conclusions: qPCR limitations and challenges 2004

⇒ qPCR will hardly see mRNA splicing variants

⇒ method development and validation for every analyte

⇒ costs

⇒ interpretation of multitude data

⇒ corresponding data on protein and metabolism level



Perspectives: qPCR 2004Perspectives: qPCR 2004

⇒Miniaturisation, high throughput etc.
→ competetive to array technology ?

⇒ automated, improved instrumentation

⇒ fast assay systems
→ clinical diagnostics
→ food hygiene

⇒ functional genome analysis in 
microorganisms, plants, animals and humans
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