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outline

our software tools along the qPCR workflow
accurate normalisation of gene expression using multiple references genes

geNorm concept
other approaches

EAR normalisation
expressed Alu repeats as references
gene expression normalisation
gene copy number (DNA) quantification



qPCR tools from our center

RTPrimerDB (Pattyn et al., Nucleic Acids Research, 2003)
http://medgen.ugent.be/rtprimerdb/

primer and probe database of experimentally verified assays
in silico assay evaluation
gene expression assay viewer
Wednesday 7th, Bioinformatics Session (11:40)

geNorm (Vandesompele et al., Genome Biology, 2002)
http://medgen.ugent.be/genorm/

reference gene validation and normalisation
this session

qBase (Hellemans et al., in preparation)
http://medgen.ugent.be/qbase/

relative quantification software for management and automated data 
analysis
Wednesday 7th, Bioinformatics Session (9:40)



normalisation: what’s the problem ?

gene-specific (biological) variation
non-specific (technical) variation

RNA quantity & quality
RT efficiency
PCR efficiency



normalisation: what’s the solution (part I)?

Huggett et al., Genes and Immunity, 2005
Real-time RT-PCR normalisation; strategies and considerations

sampling size (number of cells, volume or mass of the sample)
reproducible extraction
not always possible (e.g. microdissected tissue)

total RNA amount
not always possible (e.g. embryo)
quality (inhibitors)
cDNA synthesis efficiency is not taken into account
total RNA (rRNA) is not always representative of the mRNA fraction

spiking (alien RNA)
corrects for enzymatic efficiency differences
not assumption-free (equal input template)

Ståhlberg et al., Clinical Chemistry, 2004



normalisation: what’s the solution (part II)?

reference genes
most popular
captures most variation

attention!
reference genes (might) vary in expression
until recently, non-validated reference genes were used
(assuming stable expression)

normalisation against 3 or more validated reference genes is considered 
as the most appropriate and universally applicable method

3rd London qPCR Symposium (April 2005)

which genes?
how to do the calculations?



normalisation: our (geNorm) solution

framework for qPCR gene expression normalisation using the reference 
gene concept:

quantified errors related to the use of a single reference gene
(> 3 fold in 25% of the cases; > 6 fold in 10% of the cases)
developed a robust algorithm for assessment of expression stability of 
candidate reference genes
proposed the geometric mean of at least 3 reference genes for 
accurate and reliable normalisation
Vandesompele et al., Genome Biology, 2002



geNorm expression stability parameter

pairwise variation V  (between 2 genes)

gene stability measure M
average pairwise variation V of a gene with all other genes

gene A gene B

sample 1 a1 b1 log2(a1/b1)

sample 2 a2 b2 log2(a2/b2)

sample 3 a3 b3 log2(a3/b3)

… … … …

sample n an bn log2(an/bn)

standard deviation = V



http://medgen.ugent.be/genorm/

geNorm

automated analysis
ranking of candidate reference genes according to their stability
determination of how many genes are required for reliable normalization
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calculation of the normalization factor

geometric mean of 3 reference gene expression levels

controls for outliers
compensates for differences in expression level between the reference 
genes

geometric mean =  (a x b x c) 1/3

arithmetic mean =
a + b + c

3



robust – insensitive to outliers

geNorm validation (I)
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purpose of normalization: removal of non-specific variation

geNorm validation (II)



geNorm validation (III)

comparison with microarray normalization factors
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log rank statistics



mRNA haploinsufficiency measurements

Hellemans et al., Nature Genetics, 2004

geNorm validation (V)



bootstrapped version of geNorm
leaving out samples
leaving out outliers log ratios

Gabrielsson et al., Obesity Research, 2005

geNorm validation (VI)



people really start to pay attention to the problem and are willing to deal 
with the issue

> 200 citations of our Genome Biology (2002) paper
> 1800 geNorm downloads in 50 countries
3rd London qPCR Symposium survey / EMBO 2005 qPCR course

normalisation using multiple stable reference genes



present mathematical (linear mixed-effects) models to further analyze 
candidate reference genes

log yij = µ + Ti + Gj + εij

other approaches
Global Pattern Recognition (Akilesh et al., Genome Research, 2003)
BestKeeper (Pfaffl et al., Biotechnology Letters, 2004)
Equivalence test (Haller et al., Analytical Biochemistry, 2004)
ANOVA test (Brunner et al., BMC Plant Biology, 2004)
Normfinder (Andersen et al., Cancer Research, 2004)
Szabo et al., Genome Biology, 2004
Abruzzo et al., Biotechniques, 2005

selection of stable reference genes







differences in reference gene ranking
(Perez-Novo et al., Biotechniques, 2005)

impact of RNA quality on expression stability



impact of RNA quality on expression stability

higher variation in degraded samples
(Perez-Novo et al., Biotechniques, 2005)



new strategies for normalisation

need for something new
reference gene validation requires (extensive) experimental work
sometimes not possible (lack of sample material, funding, time or 
devotion)

there must be something better
total DNA content (Li, Bustin et al., 2005)
EAR normalisation (Expressed Alu Repeat)
“using a repetitive sequence in the human transcriptome as a measure 
for the mRNA fraction”



EAR normalisation - principle

rationale: repeat sequences are present in the UTR of many 
genes, and the differential expression of a small number of genes 
won’t influence the overall repeat abundance in the transcriptome



Alu repeat elements

by far the most abundant repeats in the human genome 
1 million copies (10% of the genome), 31 subfamilies (well conserved)
short interspersed elements (SINE) replicating via retrotransposition
~280 bp long, followed by a variable poly-A tail
no known biological function
implicated in human disease (unequal recombination)



Alu repeat element sequence conservation



in silico transcriptome analysis

extraction of all Alu repeat elements in the human genome
UCSC genome browser table function

database with repeat element info and gene structure information for all 
human genes -> ‘expressed Alu repeats’

MySQL
Alu subfamily sequence alignment

PHP script ‘Alu FASTA generator’
wEMBOSS clustalW alignment

primer design

roughly 1500 human genes contain one or more Alu repeats



examples Alu containing genes

ADAMTS4 (1q23.3)

ADCY6 (12q13.12)

AluSq

AluSg



Alu subfamily sequence alignment



Alu repeat assay evaluation

AluSx assay (AluSq | AluJ)

64, 16, 4 and 1 ng
QPCR Reference Total RNA
(Stratagene)



AluSq normalisation

AluJ AluSx
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EAR normalisation

comparison of AluSq levels and NF based on 3 best reference genes
Pearsons correlation 0.943 (p=0.0014)
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EAR normalisation

MYCN expression levels normalised by AluSq or NF3
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Alu based genomic DNA assay normalization

about 1 million Alu repeats in the human genome
AluSx 336,949 elements
AluSq 94,824 elements
…

10 ng of DNA as input: Ct value of ~8
use less DNA (adsorption / Poisson effects)
add competitive non-functional primers



Alu based genomic DNA assay normalization
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R2 = 0.9673

0

2

4

6

8

10

12

0 10 20 30 40 50 60

percentage aminated primer

d
el

ta
-C

t
Alu competimer evaluation



Alu based genomic DNA assay normalization

observed delta-Ct

p
re

d
ic

te
d
 d

el
ta

-C
t

y = 0.8172x - 0.4131
R2 = 0.9512

0

2

4

6

8

10

12

0 2 4 6 8 10 12

Alu competimer evaluation



Alu based genomic DNA assay normalization

1 ng of DNA + 20 % competimers: 6 cycles shift to the right

AluSx single copy gene



Alu based genomic DNA assay normalization

GPR15 (unaffected gene)
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conclusions Alu repeat normalisation

preliminary data suggests it works for
gene expression normalisation (cDNA) (EAR normalisation)
gene copy number quantification (DNA)

no (extensive) experimental validation required
only limited sample amount required
strategy could be expanded to other expressed repeats
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