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outline

B our software tools along the gPCR workflow

B accurate normalisation of gene expression using multiple references genes
m geNorm concept
m other approaches

B EAR normalisation
m expressed Alu repeats as references

m gene expression normalisation
m gene copy number (DNA) quantification
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gPCR tools from our center

B RTPrimerDB (Pattyn et al., Nucleic Acids Research, 2003)
http://medgen.ugent.be/rtprimerdb/
m primer and probe database of experimentally verified assays
m in silico assay evaluation
B gene expression assay viewer
m Wednesday 7th, Bioinformatics Session (11:40)

B geNorm (Vandesompele et al., Genome Biology, 2002)
http://medgen.ugent.be/genorm/
m reference gene validation and normalisation
m this session

B gBase (Hellemans et al., in preparation)
http://medgen.ugent.be/gbase/

m relative quantification software for management and automated data

analysis
m Wednesday 7t, Bioinformatics Session (9:40)
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normalisation: what’s the problem ?

B gene-specific (biological) variation
B non-specific (technical) variation
m RNA quantity & quality
m RT efficiency
m PCR efficiency
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normalisation: what'’s the solution (part I)?

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

B sampling size (number of cells, volume or mass of the sample)
m reproducible extraction
m not always possible (e.g. microdissected tissue)
B total RNA amount
m not always possible (e.g. embryo)
m quality (inhibitors)
m cDNA synthesis efficiency is not taken into account
m total RNA (rRNA) is not always representative of the mRNA fraction
B spiking (alien RNA)
m corrects for enzymatic efficiency differences
m not assumption-free (equal input template)

B Stahlberg et al., Clinical Chemistry, 2004
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normalisation: what'’s the solution (part II)?

B reference genes
m most popular
®m captures most variation
B attention!
m reference genes (might) vary in expression
m until recently, non-validated reference genes were used
(assuming stable expression)

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

m 3rd London gPCR Symposium (April 2005)

m which genes?
m how to do the calculations?
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normalisation: our (geNorm) solution

B framework for gPCR gene expression normalisation using the reference
gene concept:

m 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)

m developed a robust algorithm for assessment of expression stability of
candidate reference genes

m proposed the geometric mean of at least 3 reference genes for
accurate and reliable normalisation

m Vandesompele et al., Genome Biology, 2002

Research

Accurate normalization of real-time quantitative RT-PCR data by
geometric averaging of multiple internal control genes

Jo Vandesompele, Katleen De Preter, Filip Pattyn, Bruce Poppe,

Nadine Van Roy, Anne De Paepe and Frank Speleman
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geNorm expression stability parameter

B pairwise variation V (between 2 genes)

sample 1
sample 2
sample 3

sample n

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

gene A gene B

al bl log2(al/b1l)
a2 b2 log2(a2/b2)
a3 b3 log2(a3/b3)
an bn log2(an/bn)

standard deviation = V
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geNorm

B automated analysis
m ranking of candidate reference genes according to their stability
m determination of how many genes are required for reliable normalization

Bonemer Yy e e ‘l7@e

1

AT geNorm

geMorm gelorm geMorm geMorm geMorm geMorm geMorm geMorm geMorm geMorm geMorm

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



B ranking of candidate reference genes according to their stability

0.2 ; . . . . . .
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calculation of the normalization factor

B geometric mean of 3 reference gene expression levels

geometric mean = (ax b xc) 1/3

_ _ a+b+c
arithmetic mean =
3

B controls for outliers

B compensates for differences in expression level between the reference

genes
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geNorm validation (I)

B robust - insensitive to outliers

[ ACTB
W HMBS
B HPRTI
@ 7BP
B uBC

B NF
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geNorm validation (II)

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

B comparison with microarray normalization factors
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geNorm validation (IV)

B cancer patients survival curve

overall survival

1.0

0.0

p=0.003

o

VHL > median

I VHL < median

0

20

40 60 80 100 120
months since initial diagnosis

log rank statistics

NF4
0.003

NF1

0.006
0.021
0.023
0.056
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geNorm validation (V)

B mRNA haploinsufficiency measurements
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Hellemans et al., Nature Genetics, 2004
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geNorm validation (VI)

B bootstrapped version of geNorm
m leaving out samples
m leaving out outliers loa ratios

. Rank
COO~NOO WM =

-t ek =l
WMhN =

Gene oymbol

Gabrielsson et al., Obesity Research, 2005 -
C
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normalisation using multiple stable reference genes

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

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

depends/no answer
18%

RG/total RNA
7%

1RG
52%

2/3RG
23%
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selection of stable reference genes

B other approaches

Global Pattern Recognition (Akilesh et al., Genome Research, 2003)

m 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

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

log yij =pn+ Ti+ Gj + &jj

M|
[den-t



The result is very similar using Vandesompele et al.'s M value
method, with only the positions of PUM1 and PSMC4 chang-
ing in stability rank. It should be noted that the M-value
method does not order the two best genes (MRPL19 and
PSMC4). Their best gene-set selection approach would sug-
gest using the (log-scale) average of these two best genes as a
control. Such a concordance is not surprising given the close
relationship between the M value and our model using the
variability of the average of several genes (see Materials and
methods for details). A benefit of our approach is the ability
to compare the variability of individual genes to that of an
average of several genes.
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Vandesompele et al's M-value is the average of relative
standard deviations of the log-expression levels. Under
Model 1, the M-value of the gene is closely related to its vari-
ance (under Models 2 and 3 below, the similar relationships
can be derived):

1 \ . L o o
_bD[ log ( y;i uia]} 1]:SD[{Iug(ygf}—I::g{ysk '}}:‘—1 ]:V{G'?-l-Gk
. Zkﬂ\,’”gfygf

M:; = Va/llg—1)=07
J Jk J
k=1,...9 g-1
j\;1+1,fK" <M;<c jw.l'l+K“, where R =maxo/o;

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

impact of RNA quality on expression stability

Step* Degraded RNA Intact RNA Degraded RNA Intact RNA

(CRS samples) {CRS samples) (NP samples) (NP samples)

1 HPRTI GAPD HFRTI YWHAZ

2 YWHAZ YWHAZ ACTB B2M

5 B2M RPL31A RPL31A RPL3IA

4 TBP B2~ GAPD uBC

5 RPL31A UBC TBP GAPD

6 UBC HPRTI YWHAZ HMBS

7 ACTB TBP HMBS HPRTI

8 GAPD ACTB SDHA SDHA

9 HMBS- SDHA HMBS- SDHA B2M- UBc ACTE- TBP
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impact of RNA quality on expression stability

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

8

M all reference genes (10in
total)

@ 3 normalizing ref genes
—1 excluded (7 in total)
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new strategies for normalisation

B need for something new
m reference gene validation requires (extensive) experimental work

m sometimes not possible (lack of sample material, funding, time or
devotion)

B there must be something better
m total DNA content (Li, Bustin et al., 2005)
m EAR normalisation (Expressed Alu Repeat)

“using a repetitive sequence in the human transcriptome as a measure
for the mRNA fraction”
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EAR normalisation - principle

sample 1 i sample 2 i ratio

| |
- | e | .

gene A - - I - - I 1:1
| |
N B

gene B | o 3:1
| |
| |
: |

gene C I l1:3
I —i I
| —— |
a |

total 6 repeats | 6 repeats ! 1:1

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
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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)

M|
[den-t



Alu repeat element sequence conservation

Alu
AluJo
AluSx
AluSqg
2lusSp
Aluy
AluYab
Alusx_3
AluSx_5
Alusg 3
Alusg_4
AluSc_8
Alu¥_8

Alu
Aludo
AlusSx
AluSg
AluSp
AluY¥
AluYab
AlusSx_3
AluSx_5
AluSg 3
AluSg_4
AluSc_8
AluY_8

Alu
AluJo
AluSx
AluSg
AluSp
AluY
AluYab
AluSx_3
AluSx_5

1 95
GGCCGGEGCGCGETGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGCGGATCACCTGAGGTCAGGAGTTCGAGACCAGCCTGGLCC

sesseaaTovnsT

eesvsea s TWTe 0T

96 189
AACATGGTGAAACCCCGTCTCTACTAAAAATACARRAR - TTAGCCGGGCGTGGTGGCGCGCGCCTGTAATCCCAGCTACTCGGGAGGCTGAGGCA
............................ TG
e
T € T T T
190 282




in silico transcriptome analysis

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

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

= MySQL

B Alu subfamily sequence alignment
m PHP script ‘Alu FASTA generator’
m WEMBOSS clustalW alignment

B primer design

B roughly 1500 human genes contain one or more Alu repeats

AluSx 532
Aluo 250
Aludb 236
AluSq 178
AluY 169
AluSg 161
FLAM C 102
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examples Alu containing genes

ADAMTS4 (1g23.3)

Basae Position I isrsraonn | 1sarson | 15756000 I wsrarroon | 157STRO00 I sraranon | A5TEE0000 I 1sragioan |

— - - - - - - e—

ADCY6 (12q13.12)

Basa Pasition Arasaonn | ATASLMI0 | AT4EQ000 | aqansaoa |

ADCYE il ~ - —i

SINE I - - |




Alu subfamily sequence alignment

*ATulo chrl:15175856-1518155 - 83858

GG AT TGET GG TCAT CC TG T AGAGG T GEEEAGGEAT CTCCTGAGGCCAAGAGT TGEEAGACCAGCCTGEGETAT TAT AGCAAGAT T CGGETCTCTACAACAAATTTT TAGCAT TAGCGGEECGETGETG
GTGCACGCCTCTGEEECTAATTASGECCT AGT AGGGETAT GECTACTGEACAGGC TGAGGC AGGAGGATCACT TGAGCCTGGEGEAGGTCGAGGC TG AGTGAGC T AT AATCACACCACTGCACTCCAGT
CTGGGECTCAGAGT AAGAACCCATCTCT ARAAGGAAALAGASAGALS

=ATulo chrl:169%225-1699371 + 985
AGCCGEACACGEOEECTGATGECTET AAT COCAGT AT T T AGGAGGCGAGGC AGCAGEATCACT TGAGAT AAGGAGT TCAGGACCAGCAT GGG AAC ACAGCGAGACCCCATCTCTAT AGAARACA
CAAAAATGAGGCTGGEEEGETG

>ATulo chrl:16%5225-16559371 + 9906
A GG A A GG EECTEAT GG TET ALT COC AGT AT T T ARGAGE TG AGEC AGEAGEATCACT TEAGAT AAGGEAGT T AGGEACT AR AT GGEECAAC ACAGCEAGACCCCATCTCTAT AGALRAC A
CAAAAATGAGGECTEGEEEETG

»ATulo chrl:6585073-658593595 + 0003

AGCTGEEECETGETEETTCACGCCTAT AATCCTAGCACT T TEEGAGGC TGAGAC AGGAGGETCACT TGAGGCCAGGAGTGTGAGAZCAGCCTGEETAACAC AGCAAGACCCTGTCTCTATAAARATTT
TAAGAATATCCTTTTGTATCTACATATGAGAAAAAAAATTACTGGGTGTGETGECACACGCCTETAGTCTCAGCT AT TCAGGAAGETGCGGTEEGAGGACTGCGAGTC AAGGAGGT GEAGGCTGCAG
TGEAGCCATGATTGTACCACTGCACTCCAGCCTGEGET GACAGAGCAAGACCCTGTCTCAAAAAT AALA AN

=ATulo chrl:9121232-9121503 - 80045

GEOCCAGTETGETEECTTETACCCET AATCCCAGC AT T TEGEEAGGCGAGGCAGGAGTATCGC T TEAGCCCAGGAGT TCAAC T GECCAACACAGTGAGGCTTTGTCTCTACT AAAAATTTARALAT
TAGCTGEGECATGETEECGCATGCCTETAGT TCCAGCTACT TETGEAGHI TGAGGTGEEAGEATCGC T TEAGCCTGEEAGG T CHAGGTTGT AGTEAGC TATGAT TG AGACAGAGCAACACCCTCTCTC
AAAADALRANG AN AN NN

=ATulo chrl:19288492-15288789 - 23063

GECTGEEECETGAT GG TCATGCCTAT ALT COCAGT ACT T TEEGAGGC AT AGTGEAGEATCTC T TEAGCCCAGGAGT T AGACC AT TGGGETAAC AT AGCAACACTCTATCTACAALAALTAALD
AAAAATTAGCCGEECCTGETGECATGTGCCTETGETCC T AGCTACTCAGGAGGC TGAGET AGGAGGATCACT TGAGCCTGGGEAGGTCGAGGC TG AGTGAGCCATGAM ATGCTACTGCATTCCAGT
CTGGEGECAAMCAGASTGAGACCCTEECTCARAAACAAAAACAALAL

=ATulo chrl:19338130-19338402 - 246181
GTGGCTGACACCTETAATCTCAGCACTTTGAGAGGCCAAGECAGTAGGACTGAT TCAAGACAGGAGT TCCAGACC AGTCTGGEAAACAAAGCGAGACCCTETCTCCACTAAACATAAAAATARAAATT
ACTGEGEGEECCCCATGECACACACCTET AGT CCCAGC TG T CEGGAAGC TGAGAT GG GEAT TG T TEAGCCCAGGTAT TCAAGT CTGGAGT GAGC TATGACTGTGCCACTGCACTCCAGCCTGGGIG
ACAGAGTAANCCCTGETTTC

=ATulo chrl:23547487-23547778 + 55616

GG AGGECACAAGTGECTCATGCTTET AACCC T AACATTT TEGGE ARG AAGGECAAGAGEATCACT TAAGCCCAAGAGT TT EALACC AGTC T AGGCAACACAGCEAGACCTCATCTTTACCAAGAGA
AGAAACAAATTAGCATGEATGTGETGGECATGT GO T GT GGEAAGCACGAGGAT TGO T TAAGCCCAGGAAT TCAAGGECTGTEET GAGC T AT GAC TG ACC ACTGCAT TCCAGCC T GEGECALAAS ARG
GACCCTETCTCTAAAAAACAAAAAATTAAAAAALNAAD

>ATulo chrl:24543088-24543304 + 57185
AGCTGEEECACAGTGECTCATGCCTGCAAT COCAGCACT T TEEGAGGCCAAGGCTGGAGGATCACTTGAGCCCAGGAGT TTTAT ATCAGCCTGEGCAACAT AGCAAGACCTCATCTCTGCTAARAATT

AAAAATAAAT AAATTAGCTGGETETEETGETECAT GCCTGTEATCCTAGC T ACTCAGGAGGC TEAGETGGGEAGEATCGC T AGAGCCCAGAGAGCCAAGGCTACAGTGAGCCATGATCATGCTACTGE
ACTOCAGCCTGEETGACAATGAGACCATGECTCAAAAAAAAAAAAAALLRALR
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Alu repeat assay evaluation

AluSx assay (AluSq | Alul)

Correlation Coefficient: 0,997 Slope: -3.514 Intercept: 18,709 ¥ =-3.514 ¥ + 15,709 o Unknowns
PR Efficiency: 92,6 9 o Standardz
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EAR normalisation

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

O AluSx
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EAR normalisation

B MYCN expression levels normalised by AluSq or NF3

100000
o MYCN normalised by AluSq
® MYCN normalised by NF3
10000 -
1000 ~
100 +
10 +— _}l
1

CHP-134 CLB-GA IMR-32 NGP QPCR Ref SK-N-AS  SK-N-FI  SK-N-SH
Total RNA
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Alu based genomic DNA assay normalization

B about 1 million Alu repeats in the human genome
m AluSx 336,949 elements

m AluSq 94,824 elements
[ |

B 10 ng of DNA as input: Ct value of ~8
m use less DNA (adsorption / Poisson effects)
m add competitive non-functional primers
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Alu based genomic DNA assay normalization

B Alu competimer evaluation

12

10

y = 0.2067x
R?=0.9673
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Alu based genomic DNA assay normalization

B Alu competimer evaluation

12 -
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Alu based genomic DNA assay normalization

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

10000 ¢ 710000

1oy 11000

100+ 1100

10 10

o 2 4 & & 10 12 14 16 18 20 22 24 26 25 30 32 34 36 38 40 42

AluSx single copy gene
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Alu based genomic DNA assay normalization

B GPR15 (unaffected gene)
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B VHL exon 2 (deleted)
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conclusions Alu repeat normalisation

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

B no (extensive) experimental validation required

B only limited sample amount required

B strategy could be expanded to other expressed repeats
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