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Essential considerations for 
generating reliable RT-qPC data
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1RT-qPCR problems

Sample selection and handling
RNA quality assessment
Reverse transcription
cDNA synthesis strategy
RT and PCR primer selection
PCR amplification efficiency
Data analysis
Data reporting
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1BMC publications  Jan-Apr
n=50

2008

Agilent Gel A       ratio no QA
 Bustin SA. Expert Rev Mol Diagn. 5:493-498 (2005)

n=100

2005

How do you quality assess your RNA?

260:280
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1
1. RNA extraction

2. GAPDH
quantification

PresentAbsent

RNA
continue

No RNA
discard
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1Analysis/
interpretation

Biological/clinical
relevance

Methods
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1
Instrument variability
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1ABI 7700

1 2 3 4 5 6 7 8 9 10 11 12

A 100% 97% 99% 95% 84% 82% 86% 95% 92% 92% 97% 88%

B 112% 80% 108% 88% 88% 56% 98% 94% 91% 84% 79% 91%

C 129% 87% 90% 75% 88% 75% 83% 74% 91% 89% 97% 91%

D 112% 96% 85% 81% 74% 75% 88% 84% 88% 90% 87% 91%

E 114% 100% 94% 84% 91% 87% 90% 91% 102% 104% 104% 103%

F 129% 114% 112% 106% 102% 99% 107% 109% 111% 137% 121% 105%

G 134% 133% 110% 107% 107% 110% 93% 101% 109% 113% 106% 104%

H 139% 104% 130% 104% 104% 85% 79% 94% 96% 90% 98% 100% >125%

115-125%

105-115%

95-105%

85-95%

75-85%

<75%

1 2 3 4 5 6 7 8 9 10 11 12

A 100% 108% 110% 121% 110% 117% 117% 100% 104% 130% 115% 112%

B 115% 111% 122% 133% 117% 118% 109% 113% 110% 127% 115% 127%

C 120% 107% 115% 126% 117% 134% 125% 116% 104% 120% 117% 112%

D 118% 137% 116% 125% 126% 121% 107% 112% 107% 120% 106% 102%

E 108% 133% 134% 120% 110% 126% 105% 117% 109% 118% 97% 107%

F 123% 120% 114% 114% 108% 124% 111% 119% 111% 105% 100% 122%

G 118% 130% 125% 129% 120% 115% 130% 119% 124% 114% 104% 113%

H 121% 134% 130% 136% 123% 125% 126% 120% 113% 119% 96% 108%

1 2 3 4 5 6

A 100% 100% 105% 108% 102% 116%

B 106% 111% 120% 119% 111% 99%

C 101% 108% 128% 121% 125% 123%

D 98% 110% 98% 103% 91% 110%

E 82% 90% 92% 91% 90% 88%

F 81% 96% 94% 92% 88% 96%

G 86% 96% 99% 105% 88% 96%

H 81% 73% 94% 106% 110% 102%

1 2 3 4 5 6 7 8 9 10 11 12

A 100% 101% 106% 111% 106% 107% 98% 103% 122% 98% 120% 97%

B 107% 102% 121% 133% 124% 110% 120% 103% 104% 102% 111% 99%

C 118% 88% 96% 103% 118% 100% 111% 96% 107% 103% 102% 99%

D 99% 99% 93% 93% 102% 102% 108% 104% 98% 110% 99% 102%

E 100% 99% 117% 106% 98% 105% 125% 107% 114% 116% 134% 134%

F 115% 118% 122% 117% 121% 136% 140% 119% 125% 131% 125% 108%

G 120% 143% 123% 133% 124% 139% 142% 125% 140% 141% 142% 133%
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1Row B

50%
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1Row C
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1
RNA integrity
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1RNA degradation

in vivo

natural biological variability

not linked to RNA extraction

in vitro

experimentally-induced

dependent on RNA extraction 
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15’-3’ exonucleo-
lytic decay

3’-5’ exonucleo-
lytic decay

ARE

ERE

Deadenylation

Decapping Decapping

5’-3’ exonucleo-
lytic decay

3’-5’ exonucleo-
lytic decay

AAAAAAAAAAA-

m
7G

ppp-

Endonucleolytic cleavage

AAAAAAAAAAA

AU-rich element

endonuclease recognition element
ARE

ERE

In vivo degradation
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1mRNA folding

Output of sir_graph (®)
by D. Stewart and M. Zuker

dG = -502.00 cdx 
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1
In vivo RNA degradation
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1 gene-specific priming

In vivo degradation

AAAAAAAAA1271 12GAPDH

Individual high quality RNA samples
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1
AAAAAAAAA1471 20EIF-4A

In vivo degradation

 gene-specific primingIndividual high quality RNA samples
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1
AAAAAAAAA1711 660YHWAZ

In vivo degradation

 gene-specific primingIndividual high quality RNA samples
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1Summary (1)

RNA integrity depends on

in vivo conditions

variation between genes within a sample

variation between samples

This demarcates a basic variability intrinsic 
to and different for each sample
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1Summary (2)

 RNA integrity also depend on

 In vitro handling

treatment-dependent

This variability may be minimised by appropriate 
handling and extraction protocols
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1Summary (3)

Normalisation against reference genes 
must consider their differential stability

cDNA priming strategies are influenced by 
RNA integrity
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1Suggestions

Introduction of a mRNA integrity assay

Obligatory reporting of mRNA quality

Realistic assessment of fold-change 
significance
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1
cDNA priming

36



1
Output of sir_graph (®)
by D. Stewart and M. Zuker

dG = -502.00 cdx 
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1RNA quality and cDNA priming 
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1o-dT: lower RNA quality=lower copy no
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1Gene-specific priming
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1oligo-dT priming
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1 Random priming
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1Degradation experiment
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1RNA integrity and cDNA synthesis
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1Degraded RNA
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1Influence of RT
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1
accurate selection of starting material

quantification & quality assessment of 
mRNA 

consistent priming strategies 

quality assessment of reagents and 
operators

appropriate data analysis

Summary: mRNA quantification
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1Suggested workflow

Analyse biological replicates

Two targets/mRNA

Inhibition analysis

Integrity assay

Appropriate analysis
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1
RT-qPCR is not a robust assay

Pre-assay steps critical for data quality

Conclusions
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1Data analysis
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