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rethink PCR

e normalization
e data analysis
e assay validation
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outline part normalization

e problem

* multiple reference gene normalization
— geNorm
— other methods

» expressed Alu repeat normalization
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normalization: what's the
problem?

» gene-specific (biological) variation
e non-specific (technical) variation
— RNA extraction yield
— RNA quantity & quality
— RT efficiency
— PCR efficiency
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normalization: what's the
solution (part 1)?

Genes and |mmunity (2005) 6, 279-284 @
& 2005 Nature Publishing Group  All rights reserved 1466-4879/05 530.00

www. nature.com/gene

REVIEW
Real-time RT-PCR normalisation; strategies
and considerations

] Huggett'2, K Dheda'??, S Bustin® and A Zumla'~

'Centre for Infectious Diseases and International Health, University College London, London, UK; *Royal Free Medical School, London,
UK; *Department of Thoracic and HIV Medicine, Royal Free Hospital, London, UK; *Centre for Academic Surgery, Barts and

the London, Queen Mary's School of Medicine and Dentistry, London, UK

Real-time RT-PCR has become a common technique, no longer limited to specialist core facilities. It is in many cases the only
method for measuring mRNA levels of vivo low copy number fargets of interest for which alternative assays either do not exist
or lack the required sensitivity. Benefits of this procedure over conventional methods for measuring RNA include its sensitivity,
large dynamic range, the potential for high throughout as well as accurate quantification. To achieve this, however, appropriate
normalisation strategies are required fo control for experimental error introduced during the multistage process required to
extract and process the RNA. There are many strategies that can be chosen; these include normalisation fo sample size, total
RANA and the popular practice of measuring an internal reference or housekeeping gene. However, these methods are
frequently applied without appropriate validation. In this review we discuss the relative merits of different normalisation
strategies and suggest a method of validation that will enable the measurement of biologically meaningful results.

Genes and Immunity (2005) 6, 279—284. doi:10.1038/sj.gene.6364190

Published online 7 April 2005
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normalization: what's the
solution (part 1)?

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

o 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)
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normalization: what's the
solution (part 1)?

Sample

Extract BNA D{— Ensure similar sample size
RNA
Generate cDNA D_ Ensure similar RNA concentration

cDNA

M DNA b 3
;f;:rt'ignfe P DHFB“_ Measure internal reference

Result

Figure 1 Processes required to generate a real time RT-PCR result.
Black arrows indicate points, which should be considered for a
good normalisation strategy.

RethinkPCR Scientific Conferences, Europe

Rethink the Way You do Real-time PCR



normalization: what's the
solution (part I1)?

» reference genes
— most popular
— capture most variation
e attention!
— reference genes (might) vary in expression
— until recently, non-validated reference genes were used
(assuming stable expression)
* normalization against 3 or more validated reference genes is considered as
the most appropriate and universally applicable method
— 3rd London gPCR Symposium (April 2005)
— which genes?
— how to do the calculations?
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normalisation: our geNorm
solution

T/ 7 !f,,‘.l‘;‘,f
« framework for gPCR 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

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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rethink your reference genes

e quantitative RT-PCR analysis of candidate reference genes

4
3
B ACTB
, B HMBS
B HPRTL
W TBP
1 B usc
0)

A B C D E F G
15 fold difference between A and B if nhormalized
by only one gene (ACTB or HMBS)
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geNorm expression stability
parameter

e pairwise variation V (between 2 genes)

gene A gene B
sample 1 al bl log2(al/bl)
sample 2 a2 b2 log2(a2/b2)
sample 3 a3 b3 log2(a3/b3)
sample n an bn log2(an/bn)

standard deviation =V
e gene stability measure M

average pairwise variation V of a gene with all other genes
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geNorm

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

o hEFryr Baumn o @e

L L
llllll

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

* ranking of candidate reference genes according to their stability

0.9

0.8

0.7 1

0.6 -

0.5 1

0.4

0.3 -

0.2 T T T T T T T
HMBS B2M RPLI3A SDHA TBP ACTB UBC YHWAZ GAPD
HPRT1
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calculation of the
normalization factor

e geometric mean of 3 reference gene expression levels

geometric mean = (ax b xc) /3

a+b+c

3

arithmetic mean =

e controls for outliers

e compensates for differences in expression level between the
reference genes
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geNorm validation (1)

* robust — insensitive to outliers

ACTB
HMBS
HPRT1
TBP
UBC
NF
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geNorm validation (I1)

e purpose of normalization: reduction of non-specific variation

only geNorm best reference genes are able to reduce most of
the variation

50.0
3 good references
40.0 [] 3 average references
30.0 B 3 bad references
20.0 —
10.0 —
0.0 _

neuroblastoma normal pool leukocyte bone marrow fibroblast
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geNorm validation (lll)

e cancer patients survival curve
statistically more significant results

10 0=0.003 log rank statistics
NF4
6 VHL > median NF1

overall survival

21 VHL < median

0.0 - - . - - -

0 20 40 60 80 100 120
months since initial diagnosis Hoebeeck et al., Int J Cancer, 2006
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geNorm validation (1V)

« MRNA haploinsufficiency measurements
accurate assessment of small expression differences

patient / control
3 independent experiments
95% confidence intervals

—h
1

Expression ratios (affected/control)

o
L
1

Basal BMP4 TGFp

N, p——_

LEMD3

Hellemans et al., Nature Genetics, 2004
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normalisation using multiple
stable reference genes

 multiple reference gene normalisation has become common
practice:
— > 1000 citations of our geNorm technology in PubMed
— > 6000 geNorm downloads worldwide
— 3rd London gPCR Symposium survey / EMBO 2005 gPCR course

depends/no answer
18%

RG/total RNA
%

Al 1 re
52%

2/3RG
23%
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selection of stable reference
genes

« 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

present mathematical (linear mixed-effects) models to analyze candidate reference genes
logyij=p + Ti + Gj + €ij
* Vandesompele, Kubista & Pfaffl
Reference gene validation software for improved normalization
in “Real-time PCR: an essential guide” (Horizon Bioscience, 2nd edition, 2009)
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Impact of RNA guality on
expression stability

« differences in reference gene ranking between intact and
degraded RNA

‘ Step* Degraded RNA Intact RNA Degraded RNA Intact RNA
(CRS samples) (CRS samples) (NP samples) (NP samples)
1 HPETI GAPD HPRTI YWHAZ
2 YWIHAL YWHAZ ACTB B2M
3 B2M RPL31A RPL31A RPL31A
4 TBP B2M GAPD uBC
5 RPL3IA UBC TBP GAPD
6 UBC HPRTI YWHAZ HMBS
7 ACTB TBP HMBS HPRTI
8 GAPD ACTB SDHA SDHA
9 HMBS- SDHA HMBS- SDHA B2ZM- UBc ACTB- TBP
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new strategies for
normalization

* need for something new — rethink
— reference gene validation requires (extensive) experimental work

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

e there must be something better
— EAR normalization (Expressed Alu Repeat)

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

sample 1 i sample 2 i ratio

| |
| | .

gene A - - | 1:1
| I
S

gene B | ! 3:1
—_— I
| |
| |
| |

gene C | I 1:3
1 —. I
B — I
a a

total 6 repeats ! 6 repeats B B |

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

* Dby far the most abundant repeats in the human genome

e 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
o implicated in human disease (unequal recombination)
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Alu repeat element sequence
conservation

s
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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’ AluSx 552
— WEMBOSS clustalW alignment Aluto 250
_ _ Aludhb 236
e primer design AluSg 178
« roughly 1500 human genes contain Alu¥ 169
AluSy 161
one or more Alu repeats FLAM 102
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examples Alu containing
genes

ADAMTS4 (1g23.3)

Base Position | 157574000 | 15175000 | 157ETE000 | 1srerroon | 157678000 | asraravon | 157380000 | 1sTas1000 |
R I L L = - - L N s——
sinE| Il * ] -

ADCY6 (12913.12)

Basa Position 47450000 | 47455000 | arasooon | araason |
ADCYE —— ] m R " B 1i0 B EEER EEE B CC——
SINE I . I [ | m Hl m = | N
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Alu repeat assay evaluation

e AluSx assay (AluSa | Alud)

Correlation Coefficient: 0,997 Slope: -3.514  Intercept: 18,709 % =-3.514 X + 15.709 o Ik iowns
PCR Efficiency: 92,6 % o Standards

Threshold Cyole
=t b b e et e
o Tl AN TV IR Yy PN P Y n

0 1 Z

10000 64, 16, 4 and 1 ng
QPCR Reference Total RNA
(Stratagene)
1000 == = S 40
g:‘;??‘f‘* 33
f’f/f %ff? 30
25 ™,
f f f / 20 \“
100 7 f’ s = !
/ /f // =
/ / 5 T N
/ / // s T
10 4 5= —

0o oz 4 & &8 10 17 14 16 18 20 27 24 26 28 30 37 34 36 33 40 42 56 B0 62 64 66 65 VO Y2 Y4 V6 F§ 80 82 84 86 88 90 92 94 96
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EAR normalization

« comparison of Alu repeat levels and NF based on 3 best reference genes
Pearsons correlation 0.943 (p=0.0014)

4

O AluSx

35 1 mNF3 T

3

2.5

5 I

1.5

H

1,7

0.5 7

0

. +
_|

QPCR Ref
Total RNA

SK-N-AS
F*
SK'N'FI ﬁ’k
SK‘N'SH #

CHP-134
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EAR normalization

« MYCN expression levels normalized by Alu repeat or NF3

100000 -+

0O MYCN normalised by AluSq

m MYCN normalised by NF3

i

10000

1000 +

100 +—

10 +
1 'TT

CHP-134 CLB-GA IMR-32 NGP QPCR Ref SK-N-AS SK-N-FI SK-N-SH
Total RNA
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geNorm ranking of candidate
reference genes

3rd EMBO gPCR course, Heidelberg, 2006 o
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conclusions Alu repeat
normalization

simple and convenient normalization strategy for
— gene expression analysis (cDNA) (EAR normalization)
— gene copy number quantification (DNA)

* no (extensive) experimental validation required
« only limited sample amount required

« strategy could be expanded to other expressed repeats in
other organisms
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problem of data-analysis

« extraction of meaningful biological information from qPCR data

A B | c_ | D
1 Well Threshald Cycle Set Paint |dentifier
2 A5 normal ctrl
- 3 AB normal ctrl
4 Ba normal ctrl
10000 100oo 4 BE normal ctrl
B |Ca patient 1
7 B patient 1
B cn
-
T 10|D5 patient 1
= 11 DB patient 1
T 1000 Tl et e 1000 | B patient 2
= ,é"f = s;;ii‘ | 4 o] P 13 [EB pat!ent 2
= ~ = #-.'f | ,&“’i“;f 14 |F5 patient 2
4 o L] |44 F#" ;_,-F___/'.- 14 |F& patient 2
A i LA / Iy 16 G5 deletion ctrl
D Vi A1 1A vy 17 |GB deletion ctrl
5 / /] / fﬂ / 18 |hs delstion ctr
& x f fl 18 'HB deletion ctrl
[fo 100 K, i 100 20 1A normal ctrl
f Iir x / / 21 |A2 narmal ctrl
[
J 22 AN
o / 23 a1z
! 24 1B normal ctrl
'] i ’, 25 B2 normal ctrl
f / fg B patient 1
27 |c2 patient 1
10 .II jl ;{ IFI /.‘H ;K. 10 2B D1 pat?ent 1
29 D2 patient 1
0 2 4 6 & 1012 14 16 18 20 22 24 26 25 30 32 34 36 35 40 42 44 46 458 50 52 30 |E1 patient 2
q le E EZ patient 2
PCER Amplification v= Cycle: Samp u:!"'lfc-ur Target Multiplex File.opd 32 F1 patient 2
33 F2 patient 2
34 | G1 deletion ctrl
35 |G2 deletion ctrl
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problem of data-analysis

A B | c_ | D
1 Well Threshald Cycle Set Point Identifier
2 A5 naormal ctrl
avHL ex 1 OvHL ex 2 OvHL ex 3 = Ak normal ctr
14 4 BS norrmal ctrl
5 BB narmal ctrl
B 5 patient 1
12 7B patient 1
8 Cc11
\ [ 3 |c12
10 D5 patient 1
\ J 11 |DB patient 1
058 | J 12 |EA patient 2
13 EB patient 2
14 [F& patient 2
06 1 [ T 15 |F6 patient 2
T 1 T 1B G5 deletion ctrl
04 | l '|' \ T l J %Sg ge:et!on ctrl
J_ T 18 eletion ctrl
1 J 19 [HE deletion ctrl
0.2 20 A1 narmal ctrl
21 AL narmal ctrl
5 22 A1
narmal ctrl * deletion ctrl patiert 1 patient 2 23 A1
24 B1 narmal ctrl
25 |B2 naormal ctrl
2B patient 1
27 |c2 patient 1
25 M patient 1
29 D2 patient 1
30 E1 patient 2
31 EZ patient 2
32 F1 patient 2
33 F2 patient 2
34 |1 deletion ctrl
35 G2 deletion ctrl
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data-analysis: 3 generations
of quantification models

o Livak and Schmittgen (2001)

AACt
100% PCR efficiency, 1 reference gene NRQ =2
o Pfaffl (2001) E ACt,goi
adjusted PCR efficiency, 1 ref. gene NRQ = goi
E ACt ,ref

ref

 (gBase model (2007)

EACt,goi
adjusted PCR efficiency & multiple reference genes  NRQ =~
i
i

goi

ACt ref,
E ref;
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universal quantification model
with proper error propagation

RIS.12 Genome Bisdopy 2007,  Volume & lsse 2, Ariche RIS Hellemans e =l hutp/fgeramebiclogy com/200TBLR 1S

RI%12 Genume Blofagy 2007,  Vokmme 8, lsme 2, Article R1% Hellernans et al Fittpeifgenamebislagy comIOOTIBRIY

¥ (Ot memrmert = Clgit presicied |
L N —— (formula 2)

L3 \E
sei = s 2@ - Q) ( formmla 3)
5
SE| i ol formula
(stopeg )= St (formaila 4)

The base for exponential amplification E, and its standard
error SE(E) are calenlated from these values:

Ej ul sl I [ formula 5)

b0} SE{ dopeg |
siope?

SE(Eg)= (formula6)
Conversion of Cq values into relative quantities

Seepr |

Caloulation of the average Cq value for all replicates of the
samo geme/sample combination f within a given rin

Step 2

cific PCR efficiency Eg, with minimization of the overall error:

:4!: O

i

{ foromla 9

Cllreternce jt =Cag =
O™ Clfegorenee, g~ Oar  (formuls 10}

A g

RQu=Ey ( formuls 1)

| o 12

Normalization: inter-run calibration
The procedures for normalization and inter-mun calibration
are highly analogons and are there fore described in porallel

]
Calculation of the nonmalization factor NF for sa
on the B(Qs of the reference genes p.

Saep '
Caloulation of the calibration factor OF for gene § in mn §
based on the NRQs of the TRCs m:

{ 7
NFi = {|T] RQp { formmla 13 )
]

<
CFy = o [] ¥RQ,
- {formula 135 for definition of NRQ,

see formula 15}

[ SE( R )
sE(NR) =R | 2] foromia iq)
, -?..[rw,t (ol 14
{ formuls 137}
Conversion of RQs into KRGS,
Sicp 2"
Cooversion of NRQs into CNROQs:
RO )
NRQ .\'}-": { formmla 15)
NRQ 3y
CNRQ gy = —h ( fornwla 15"}
&l CFy
[ formal
Py '. s wwga |l s

EER TR Y |
! 7 N

Coeflicient of variation of NRQs of a reference gene

Semp |
Caleulation of the mean NRQ for all samples & and a given ref-
erence gene p:

¥ NRQ
FRg, -im - ( formmla 17)

Gonerme Biology 2007, BR19

b (TP R—
= (formala 2)
A §
S ﬁz (s - @ |= { formmla 3
ﬂ ot

o Se i
SE( stope ;| =) { formula 4)

The base for exponential amplification E, and its standard
ervor SE(E) are calculated from these values:

| formmla 5 )

Ep-dn{ SE| st '
(g, )= 52 I0(10)-SE{dlopes ) (formala 8)
stape;®
Conversion of Cq values into relative quantitics
I
Caleulation of the average Cg value for all replicates of the
samae gene/sample combination & within a given ran

P
Capy =

( formmta 7 )

SE{Cq ) | formals 8 )
Step 2
Transformation of mean Cq vahse into RQ using the gene spe-
cific PCR efficiency Eg. with minimization of the overall error:
s

__ ECu
Crgpeence.t = Cqg =42 . | formmla o)
A= Cofrrmpce g~ Oy (forimmla 10
RQyyy = B "% { formmla 13)
Ay |- Eatl] trmbis

o0

i
The procedures for normalization and inter-mn calibration
are highly analogous and are iherefore described in parallel

Step |
Calcnlation of the normalization facter NF for sample k based
on the RGs of the refenence genes p.

Step I
Calculation of the calibsation factor OF for gene j in nun 1
based on the NR(s of the IRCs m:

NFy =1 ]L] RO [ formula 13)
J“

CFy = [] NRQ .,
. (formuls 13'; for definition of NRQ,
see formula 15)

SE| NFj | = NFy  Soemuta 14 )

o [ 5B MR | .
sE{CFy )= oF, cicr” ] i ta i)
{ory)-er =-1 e Ta—
Step 2
Conversion of R(s into NRQs.
Step 3
Conversion of NRQs into CNRQs:
R
NRQ fﬁt { farmmla 15)
( formula 15')
[
S| VRN g |+ CNR Gy | formmale 16’

Coefficient of variation of NRQs of a reference gene
Seep |

Calculation of the mean NRQ for all samples & and a given ref-
enencn gene p:

3

X NRQy
NRQ, =k

{ formmla 17 )
5

Govame Biology 1007, B:R1%

RethinkPCR Scientific Conferences, Europe
Rethink the Way You do Real-time PCR




gBase paper

qBase relative quantification framework and software for
management and automated analysis of real-time quantitative PCR

data
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gBasePlus

— based on Ghent University’s geNorm and gBase technology
— up to fifty 384-well plates

— multiple reference genes for accurate normalization

— detection and correction of inter-run variation

— dedicated error propagation

— automated analysis; no manual interaction required

— basic version is free, available from Biogazelle
(http://www.biogazelle.com)

qBaseplus

Easy. Fast. Reliable.
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rojects - Runi

Fle Edit Window Help
T & e
[@ Project Explorer =i =0
= [l Biogazele gBasePlus Demo Project
J" Anmotations Fla [¥] Sample Type
= ¢f Default expariment settings i e Il
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PCR efficiency correction and
results (Windows Vista)
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Inter-run calibration (Suse
Linux)
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results in 24 seconds

=3 biogazelle

1 g =1 = |

POATT I AL
to results in 24 s

Batch import 4
run files (13 se

"N —_—

Batch import 4 ;
run files (13 sec

Select multiple refe
for normalization (9

http://www.biogazelle.com/filmpjes/24seconds.swf
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RTPrimerDB 2003

* Nucleic Acids Research, Vol. 31, No. 1 122-123, 2003
* http://medgen.ugent.be/rtprimerdb

« database of experimentally validated real-time PCR assays
— SYBR Green | (61%), TagMan (38%), others (1%)
— human (72%), mouse (16%), rat (10%), others (2%)
— gene expression (97%), others (3%)

e standardization
e time saving
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gene expression assay
viewer

Gene Infermation - } - e!Ensemb! Hum
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assay details (1)

Detection: SvEBR Green |
Template: cOMA

Thiz primer pair amplifies part of the following transcript

—EMNSTO0000281043 (Exons: 3, Transcript length: 2604 bp, Translation length: 464 residues)

primers

peptide domain ' '
transcript o' — 3
SMP positions { ]

325 350 37h 400 bp

| mifold ][ amplican ]l[ler‘lgth: 89 bp)

Forward Primer: COGEECATGATCTGCAR (17 bp)
Reverse Primer: COGOCGCAACGT AGAASTCATCTT (22 bp)
Annealing Temperature: 60 °C

[ BLAST primers/probes ]
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assay details (2)

Publication
FubiMed ID: 125845167

Submitter's REemarks

primers in coding sequence of kYN
Submitter

Jo Vandesompele (joke vandesompele@ugent be)
Ghent University Hospital, Center for Medical Genetics
De Fintelaan 185, 9000 Shent, Cost-Ylaanderen, Belgium
http:ffmedgen.ugent be

Users' Feedback [login to add feedback]

13-ZEP-05 - Filip Pattyn |, Belgium - (filip.patty nicgugent el
Melt curve: single pesk | Agarese gel: correct band |

Amplification efficiency: 95% - 100% | Template: single sample cDRA | Humber of dilution points: 4 | Dilution factor: 4-fold | Ct range: 25-31 | Correlation
coefficient: 0,959
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RTPrimerDB update 2006

 Nucleic Acids Research, 2006, Vol. 34, D684-D688

* In silico assay evaluation pipeline
— SNP or sequence errors
— secondary structure analysis

Da84-D688  Nucleic Acids Research, 20006, Vol. 34, Darabase issue
doif A0 1093 nar/ghijl55

RTPrimerDB: the real-time PCR primer and
probe database, major update 2006

Filip Pattyn, Piet Robbrecht, Anne De Paepe, Frank Speleman and Jo Vandesompele*
Center for Medical Genetics Ghent (CMGG), Ghent University Hospital, De Pintelaan 185, 9000 Ghent, Belgium

Received September 15, 2005; Revised and Accepted October 31, 2005
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In silico assay evaluation
pipeline (1)

Sequence Evaluation
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In silico assay evaluation
pipeline (2)

in silico assay evaluation (step 2: sequence verification)

in silico assay ID: 237
Zene Information

PSAP: prosaposin (variant Gaucher disease and variant metachromatic leukodystrophy)
Organism: Homo sapiens (Hs, Human)

Entrez Gene |D: 5660

Assay Details

Template: cOMA

Annealing Temperature: 50 °C

Sequence Evaluation

Forward Primer:

your forward primer GECTTTCCOETGTCTTTCC (19 bp) perfect match with reference sequence
ShFs: none detected
Reverse Primer:

WOUF reverse primer, CTTCGGAGAGCTAGCAGSTTACA (23 bp) perfect match with reference segquence
ShPs: none detected

[ BLAST primers/probes ]

Alignment attempts on 2 PSAP transcript variants:
ERNZTO0000357471 © alignment succesfull
ERSTOOO00R60237 - alignment succesfull

[ Change input ][ proceed ]
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In silico assay evaluation
pipeline (3)

In silico assay evaluation (step 3: assay viewer)

In sifico assay ID: 237

Gene Information

PSAP: prosaposin (variant Gaucher disease and variant metachromatic leukodystrophy)
Organism: Homo sapiens (Hs, Human)

Entrez Gene ID: 5660

Assay Details

Template: cOMNA

Annealing Temperature: 60 °C

This primer pair amplifies part of the following transcripts:

primers — Amplicon Sequence {length: 101 bp)
{In silico ID: 237, Ensembl transcript ID: ENSTO0000357471)

transcript 5" _f- GECTTTCCCGTGTCTTTCC TGS TGATGCCTTGTTTGHGETTCTGTGSETT I 3
TEEETEGGLLGLGGECCATCTGCC TGALTGTALCCTGC TAGC TCTCCGAL
G

2250 5 bp

Bl orimers [l orobes [ remaining amplicon sequence

(D (@SS ) (tength: 101 by,

primers

transcript 5"

2225 2250 2275 2300 2325 bp
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In silico assay evaluation
= pipeline (unafold)

 unafold
« Zuker et al., Nucleic Acids Research, 2003

mfold results
FTFrimerDE ID: 8, Ensembl transcript I0: EMNSTOD00033964 7

Temperature ("C) (between 0 en 100)
Mg concentration (mM) (= 100)
Na Concentration (mM) (= 10) and (< 300 if Mg canc is = 0)

[[] also show secondary structures outside primer annealing regions

[] alse show secondary structures with positive energy

Mo significant secondary structure where primers anneal
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In silico assay evaluation
pipeline (unafold)
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In silico assay evaluation
pipeline (unafold)
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In silico assay evaluation
pipeline (unafold)

T L]
o=
T
- F-::.‘:. G T-T—Fp_, . -ul
u-" T &
1 .
&
! E-C—G N =T
o r e L
T ™ s : e a0 :
- T T
o
L T G
o
i o
a ] A

1 L = A

T dE = -0.5 kcalfmoke i . di= -27 Enal."rml-e b

1 Tm= 668°C . Tm= 72.6°C 1

1
[
E

RethinkPCR Scientific Conferences, Europe

Rethink the Way You do Real-time PCR




In silico assay evaluation
pipeline (unafold)
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In silico assay evaluation
pipeline (unafold)
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new features 2008

« all NCBI organisms

« RDML compliant

e primer design pipeline
— primer3
— high-throughput
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RDML (www.rdml.org)

ﬂ Real-time PCR Data Markup Language

RDML Home | News | Data Standard | Development | Guidelines | Tools | Consortium

! p The Real-time PCR Data Markup Language (RDML) is a structured and universal data standard for
| Tools 1 exchanging gquanttative PCR (gPCR) data. Together with the accompanying guidelines for Minimal

) Information (MIgQPCR), the data standard should contain sufficient information to understand the
Create RDML file : experimental setup, re-analyse the data and interpret the results, The data standard is a flat text file

walidate RDML file

| L in Extensible Markup Languaage (XML) and enables transparent exchange of annotated gPCR data
Browse libraries

between instrument software and third-party data analysis packages, between colleagues and
collaborators, and between authors, peer reviewers, journals and readers. To support the public

© Join or support 1 acceptance of this standard, both an on-ine RDML file generator is available for end users, as well as
e ROML software libraries to be used by software developers, enabling import and export of RDML data
files,

public repositories

instrument software journals

colleagues third party software
collaborators databases

Contact : info@rdml.org © 2008 RDML Consortium
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RDML

 European Biotechnology News, Issue 03-04/2008

40 Euro|Biotech| News M21-2 | Volume 7 | 2008

TECHNOLOGY

) PCR

BV

Barcoding update A new Standard f()r

Constance — GATC Biotech has de-

veloped a platform-independent bar-
coding system that allows an addi- at : ] ¢
tional level of parallel processing with L

a virtually unlimited increase in the

number of samples processed. GATC's
system is suitable for use with the Ro- Andreas Untergasser, Wageningen University, and Jo Vandesompele, Univ. Ghent
che G5 FLX and Illumina Genome
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RDML

« Nature Biotechnology (submitted)

* http://www.mibbi.ora
Promoting coherent minimum reporting requirements for

biological and biomedical investigations: The MIBBI project

Chris F Taylor'?’, Dawn Field??’, Susanna-Assunta Sansone'?’, Jan Aerts?, Rolf Apweiler!, Michael Ashburner®, Catherine
A Ballé, Pierre-Alain Binz’2, Molly Bogue®, Tim Booth?, Alvis Brazma?, Ryan R Brinkman'®, Adam Michael Clark®, Evic W
Deutsch??, Oliver Fiehn®, Jenmifer Fosteld, Peter Ghazal®, Frank Gibson'®, Tanya Gray?, Graeme Grimes'®, John M
Hancock”, Nigel W Hardy'®, Henming Hermjakob!, Randall K Julian, Jr.%, Matthew Kane?, Carsten Kettner®, Christopher
Kinsinger?, Eugene Kolker®?4, Martin Kuiper?>##, Nicolas Le Novére!, fim Leebens-Mack?, Suzanna E Lewns?’, Phillip
Lord®, Ann-Marie Mallon??, Nishanth Marthandan®®, Hiroshi Masuya®, Ruth McNally®, Alexander Mehrle®!, Norman
Morrison???, Sandra Orchard?, John Quackenbush®, James M Reecy’®, Donald G Robertson’, Philippe Rocca-Serral?,
Henry Rodriguez??, Heiko Rosenfelder®, Javier Santoyo-Lopez®, Richard H Scheuermann?®, Daniel Schober!, Barry Smith¥,
Jason Snape®®, Chris | Stoeckerts®, Keith Tiptond0, Peter Sterk?, Andreas Untergasser®, Jo Vandesompele®, Stefan Wiemann®?

Minimum Information for Biological and Biomedical Investigations
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general conclusions

 rethinking is useful
e validation matters

* reference gene validation is mandatory

« advanced quantification models and proper software enable
accurate and precise results

« RTPrimerDB enables straightforward and automated gPCR
assay gquality control
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