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Introduction

For accurate gene expression measurements, it is essential to normalise results from your
qguantitative realtime PCR experiments to a fixed reference; one that is not affected by
your experimental conditions.  Although normalising to a constitutively expressed
reference (housekeeping) gene is the most common method, there is no universal
reference gene that is constant in all experimental situations.

For example, reference gene expression levels may vary by:

1 The tissue origin of your sample e.g. brain vs. heart.
1 The disease origin of your sample e.g. carcinoma vs. healthy tissue.
1 Your experimental parameters e.g. stimulated cells vs. non-stimulated.

If your selected reference gene expression is variable, then normalising to this gene will
severely limit the accuracy and sensitivity of your assay. Therefore, it is necessary to find
the ideal reference genes for YOUR particular experimental system and to establish that
these genes are indeed not regulated.

The Primerdesign geNorm and geNormPLUS kits each contain a panel of 6 or 12
candidate reference genes. The expression of these genes can be measured by
quantitative realtime PCR and the data analysed by the geNorm software.

The analysis will reveal the best reference gene for accurate normalisation in your
experimental system by ranking the candidate reference genes according to their
expression stability.

Having used geNorm to select the best reference genes for your experiment,
Primerdesign can provide ready to use high quality reference gene detection kits for your
next experiments.
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Kit Contents

Lyophilised primer sets for 6 or 12 reference genes (BLUE)
Sufficient reagents are supplied for 200 20m reactions per gene.

RNAse/DNAse free water ( )

geNorm software: qBase+ download and activation code

Reagents and Equipment to Be Supplied by User

Real-Time PCR instrument

Mastermix or Mastermix components containing SYBR® green
This kit is designed to work well with all commercially available Mastermixes. However,
we recommend the use of Primerdesign 2x PrecisionPLUS"or PrecisionFAST* Mastermix.

Pipettors and Tips
Vortex and centrifuge

Sample cDNA

The quality of cDNA will directly affect the quality of data generated using this Kkit.
Primerdesign recommends the use of the Primerdesign Precision nanoscript 2 Reverse
Transcription kit to generate cDNA from RNA.

10 cDNA samples is the minimum recommended for geNorm analysis. When assessing
expression stability in different groups (e.g. diseased vs. healthy) make sure that you use
the same number of samples from each group in order to avoid bias towards the group
with the largest number of samples

PC running windows XP or 2000 and Microsoft Excel version 2000, XP or 2003

Kit Storage

This Primerdesign kit should be stored at -20°C on arrival. Freeze/thawing cycles should
be kept to a minimum once resuspended. Under these conditions reagents are stable for
six months from date of resuspension.
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Installing geNorm software: gBase+

The geNorm analysis software is incorporated in to gBase+. You will need to download
and install this software. An activation code will be emailed to you when your kit is
delivered.

Further download and installation instructions can be found on our website:
http://www.primerdesign.co.uk/assets/files/installgbase.pdf

Licensing Agreement and Limitations of use

PCR is covered by several patents owned by Hoffman-Roche Inc and Hoffman-LaRoche,
Ltd. Purchase of Primerdesign kits does not include or provide licence with respect to any
patents owned by Hoffman-La Roche or others.

SYBR® green is a registered trade mark of Molecular Probes Inc.

Primerdesign Satisfaction Guarantee

Primerdesign takes pride in the quality of all its products. Should this product fail to
perform satisfactorily when used according to the protocols in this manual, Primerdesign
will replace the item free of charge.

Quality Control

As part of our ISO9001 and 1SO13485 quality assurance systems, all Primerdesign
products are monitored to ensure the highest levels of performance and reliability.
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Bench-side Protocol

To minimise the risk of contamination with foreign DNA, we recommend that all pipetting
be performed in a PCR clean environment. Ideally this would be a designated PCR
cabinet. Filter tips are recommended for all pipetting steps

1. Pulse-spin each tube in a centrifuge before opening.
This will ensure lyophilised primer mix is in the base of the tube and is not spilt upon
opening the tube.

2. Resuspend lyophilised primer mix in RNAse/DNAse free water provided.

To ensure complete resuspension, vortex each tube thoroughly, allow to stand for 5
minutes and vortex again before use.

Component Volume
Primer mix (BLUE) 220 pl

There is a 10% over pipette in each kit

3. When using Primerdesign 2x PrecisionPLUS™or PrecisionfFAST*qPCR Mastermix, make up
a mix for each reference gene according to the protocol below.

Component 1 Reaction

Resuspended primer mix(BLUE) 1 ul*
Primerdesign 2x 10 pl
PrecisionPLUS™/PrecisionFAST* Mastermix
RNAse/DNAse free water ( ) 4l
Final volume 15 ul

*working concentration of primers = 300nM in a 20ul reaction
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4. Pipette 15m of the mix into each well according to your plate set up.

All samples for each reference must be run on the same plate. However, different
reference genes may be run on separate plates. If using multiple plates, pour all plates
on the same occasion. Run all data points in duplicate wells.

J Reference Genes
. ACTB UBC
1 1 9 9 1 1 9 9 1 1 9 9
@ 2 2 10 10 2 2 10 10 2 2 10 10
il 3 3 11 11 3 3 11 11 3 3 11 11
g 4 4 12 12 4 4 12 12 4 4 12 12
2 5 5 13 13 5 5 13 13 5 5 13 13
% 6 6 14 14 6 6 14 14 6 6 14 14
7 7 15 15 7 7 15 15 7 7 15 15
8 8 Water Water 8 8 Water Water 8 8 Water Water

Example plate layout for a geNorm analysis using 15 cDNA samples.

5. Prepare 66m (6 gene kit) or 132m (12 gene kit) of cDNA for each sample at a
concentration of 5ng/ul in RNAse/DNAse free water.
These suggested volumes include an additional 10% more than required to allow for
pipette calibration inaccuracies. If the concentration of cDNA is not known, then dilute
your RT reactions 1:10 (10ul of RT and 90ul of water). Ensure you have high quality cDNA
before proceeding.

6. Pipette 5ul of diluted cDNA into each well of your 96-well plate according to your plate
layout .
The final volume in each well is 20ul.
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Ampilification Protocol

1. Amplification conditions using Primerdesign 2x PrecisionPLUS*qPCR Mastermix .

Step Time Temp
Enzyme activation 2min 95°C
Denaturation 10s 95°C
DATA COLLECTION* 60s 60°C
Melt Curve™*

*Fluorogenic data should be collected during this step through the SYBR® green channel.
**A post PCR run melt curve can be used to prove the specificity of the primers. See the manufactures
instructions for your hardware platform

2. Amplification conditions using Primerdesign 2 x PrecisionFAST» qPCR Mastermix.

Step Time Temp
Enzyme activation 2min 95°C
Denaturation 5s 95°C
DATA COLLECTION* 20s 60°C
Melt Curve™™

*Fluorogenic data should be collected during this step through the SYBR® green channel.
**A post PCR run melt curve can be used to prove the specificity of the primers. See the manufactures
instructions for your hardware platform
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geNorm analysis in gbase+

gbase+ is the world's leading realtime PCR data analysis software. The software includes a
module for geNorm analysis (this is a much improved version of the free Microsoft Excel
based software available previously). geNorm and geNormPLUS kits are supplied with an
activation code for gbase+ that gives 2 months’ access to the software. This code, unique to
you, was provided with your geNorm or geNormPLUS kit and sent to you by email. Please
email support@primerdesign.co.uk if you have lost or mislaid your activation code.

Further installation and activation instructions can be found on our website:
http://www.primerdesign.co.uk/assets/files/installgbase.pdf

LT T,
(8 Profect Explorer

abasePLUS - [Users/jimwicks/ warkspace

Project Main
explorer window

window

The gbase+ software uses a simple layout with two main frames: the Project explorer window on the left and the
Main window on the right.

1. Create a new project

Select the plus icon %7 in the menu bar and select New Project. Select the annotation icon in
project explorer &=. The annotation tab opens in the main window. Here you can give your
project a name and a description. Click save®,
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2 Project Conclusions

|
In this example the project has been called “eg geNorm project”.

2. Create an experiment within your project

Right click on the Experiments icon"® and select New experiment. A new experiment is
created and a range of new icons appear in the project explorer. Select

Annotation>Experiments Properties icon ®in project explorer. The annotation tab opens in
the main window. Here you can give your experiment a name and a description. Click

SOV@E.

000 Experiment Properties ~ gbasePLUS - {Users/jimwicks|workspace
+BEX R
18 Project Explorer

v [l eg gevor

T =5

JCT | EXDRrimInts | 63 GeNOrT experimant | Annorations | Exparnmant Propertias

g ehorm experiment
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¥ 5 Reference targets
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§
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g Samples
Bituns
» [ Quaity contrat
» § onermediste results
& conctusions
@ Project Conclusions.

In this example the project has been called “eg geNorm experiment”.
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3. Define your target genes.

The identities of the genes you are analysing needs to be input in to the software. Select the
Targets icon 8. Then right click the Reference targets icon ¢ and select New Target. A
new tab opens in the main window. You should enter the name of your first reference
(housekeeping) gene here. You can also store other information about the target here if you
wish. Select the target type as Reference Target. Click save®. Repeat this process for each
of the genes in your geNorm or geNormPLUS kit.

e

+HBEX AN

ACT8 - ghasePLUS - /Users jimwicks/workspace

© 8 (G experiment Properties | § Acto B =5
1 £ aeNorm project  Experiments | &0 geNorm experiment | Targets 7 Targets of interest | ACTS
Praperties

Target Name ACTB
Official C...e Symbal
Entrez Gene 1D ;

Target Type
O Rafarence Target () Targat of interest

Rasults | Proparties

In this example the target name is ACTB.

4. Upload your run file

Right click on the Runs icon (= and select Import Runs. A new window opens. Click the
Browse button and navigate to where your run file is saved. Click Open. Now select the File
Type. Click Finish and the run is uploaded.
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Import Run

Import Run

Import Biogazelle gbasePLUS run data

Select experiment

¥ eg geNorm project
eg geNorm experiment

Import File : | /Users/jimwicks/Desktop/example geNorm input.xls Browse

Separator : ; {semi colon delimited}

E

File Type: iQ5

Run Name : | example geNorm input

[ Extract well information

(*) sample O Target

(O sample - Target () Target - Sample

Delimeter: - M

Help on available import file formats

A4
In this example we are using a file exported from a Bio-Rad IQ5 instrument.

Detailed information on how to prepare import files is available on page 67 of the manual
which can be found on the Biogazelle website https://www.gbaseplus.com/. You can also
find examples of file import formats (please note you will need to be logged into your
Biogazelle account to access this page)

If you receive any error message during the upload, follow the on screen recommendations
and correct the content of your upload file accordingly. If problems persist, contact
support@primerdesign.co.uk

5. Annotate your run

It is important to correctly annotate your imported run file. If you have annotated your run
previously on the software with your realtime PCR machine, then you can most likely proceed
without this step (depending on your machine and level of run information that is transferred
to the run export file).

gbase+ makes it very quick and simple to annotate the plate within this view so we
recommend annotating via the gbase+ run editor for convenience.

Wells can be selected individually or as whole rows or columns. Once selected, the Sample
name and the Target name can be selected from the drop down lists at the top of the
screen.
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<New Sampie>  Targer

9 Sample Type

25980 26634 14700  28.700
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Sample) Sample) Sampied Sampie)

Sampled Sampled Sampled

{
{
{

24300 26300 16100 28500
unknown unknown unknown  unknown

SampieS SampleS SampieS SampieS
25431 26500 14500  28.800
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Sample6 Sample6 Samplet  Samplet
26600 26825 15300 28.700
unknown unknown unknown unknown
Sample? Sample] Sample? Sampie?
26010 26540 14200  28.010
unknown  unkngwn unknown

unknown
Sampie8 SampleS SampieS  Sampied

25.190 26625 15900  28.600
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26990 24.000
unkrown  unknown

Sampied Sampie)

25330 26600 16300 28471 27990 24600
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unknown  unknown
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Sample? Sampiel Samplel Sampiel Sampiel Samplel

Properties Matx

In this example the first row has been selected and is being annotated as Sample

O Lrptrment Progetes

o samgie chiew Targee>.

Sampiel Sampl  Sampiel
26751 13300 084
umkngwn unknown  unknown
Samplel Samplel Sampiel
26634 14700 20700
umknown  wnknown  unknown
Sampie)  Samplel  Sampie)

26600 16300 28471
amhnown umknown.

26300 16100 28500
umkngwn  unkngwn  unkngwn
SampleS  Samples  SampleS

26500 14500 28900
mnown. umknown.

26825 13200 28700
unkngwn unknown  unknown
Sample? Sampie Sampie?
26540 14200 28010
unkngwn waknOwn  unkinown
Sampiel Sampie  Samplel

26625 13.900 28600
unknown unknown  unknown

|

w—;mmwi__L_'—* ]

& Quanwry L. A samote Tyoe.
) (CuTage) (Guwrsems)
7 s[o[s0[n1]sz

Sampiel  Sampiel
20600 24200
unknown  unkngwn
Sampie? Sample2
26990 24100
unknown  unknown
Sampie3  Sampied

27990 24600
unknown  unknown

20900 24010
unknown  ykngwn

SampieS  SampieS

26800 24660
unknown  umknown
27708 24750
unknown  unknown
Sampie? Sampie?
27500 24560
unknGwn  uknown

Sampie8  Sampied

26010 24360
unknown  unknown

Here the first column is annotated as with the target ACTB

Once complete, every well should be annotated with

1 Somple name
1 Target gene

1 Cq value

1 Sample type ‘unknown’
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@ txpenment Propertes | (T examae genorm inpuFAM B =8
/ g geNarm project / Experiments / eg 1/ Runs [ example FAM

 sample  Target  Quantty Heq  Sampe Type

| 8 B unknown B
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A Dok e owbe sav T

24500 26751 15300 25848 28500 24200
unknown unknown unknown unknomn unknown  uniknown
Sampie? Sample Sampie2 Sampie2 Sampie? Sampie
ACTS  ENOXZ 185  GAPDM sy Tvwl

25950 26634 14700 26700 26990  24.100
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Samples Sampled Samples Sampies Sampled  Sampies
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unknown unknown unknown unknomn  unknown  unknown
SampleS SampleS SampleS SampleS SampieS SampleS
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25433 26500 14500 26900 26.800  24.660
unknown unknown unknown unknown waknown unicnown
Sampies Sampleé Sampies Sampies Sampiet  Sampiet
ACTS  ENOXZ 185 CAPDM SCLY | TYWl

26600 26825 15200 28700 27.706 24750
unkaown unknowa unknown unknown unknown unknown
Sampie7 Sample? Sampie? Sample? Sampie? Samplel
ACTS  EINOXZ2 185 CAPDM  SCLY n

26010 26.540
own unknown
Samples SampieB Samoies  Sampies
ACTS  ENOX2 185 GAPDH

14200 28010  27.500 24560
unknown unknown uAknown unknown
Sampies  Samples
say Tl

25190 26625 15900 28600 26010  24.360
urknown unknown unknown unknown umknown unknown

Properties. Matrix

In this example there are 8 samples (rows) and 6 reference genes (columns).

6. Analyse your data

Double click the Analysis icon
below B,

The geNorm analysis results appear in the main window. There are three tabs that can be
selected at the bottom of the screen:

in the Project Explorer. Then double click the geNorm icon

geNorm M: The first graph generated indicates the average expression stability value (M) of
reference genes at each step during stepwise exclusion of the least stably expressed
reference gene. Starting from the least stable gene at the left, the genes are ranked
according to increasing expression stability, ending with the most stable gene on the right.

® xperiment Propertes (1] example geNorm mput fAM [ petorm 13 =5
1 €3 geNorm project / xperiments | eg geNorm experiment | Analysis | geNorm

Average expression stability of remaining reference targets

oms
0s00
o

oso |

0650

0600

0150 |

ons |

P ] & & & &

geNorm M geNorm V. Interpretation

In this example ENOX2 is the most stably expressed gene.
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geNorm V: The second chart helps to determine the optimum number of reference genes
required by illustrating the variation in average stability of the reference genes. The chart
shows sequential addition of each reference gene starting with the two most stably
expressed genes on the left with the inclusion of a 3rd, 4th, 5th gene etc. moving to the right.

This measure is known as “pairwise variation, V(n/n+1)" and determines the number of
reference genes required in your experiments. The Cq values obtained using these selected
reference genes are then averaged to give the normalisation factor. The optimal number of
reference genes n is found when V(n/n+1) drops below 0.15. This threshold is indicated by a
green line on the chart. E.g. if a V2/3 score of 0.25 is achieved using two reference genes but
a V3/4 score of 0.14 is achieved using a third reference gene then your ideal normalisation
factor would be calculated using the top three reference genes in future experiments.

Please bear in mind that the proposed 0.15 value should not necessarily be taken as a strict
cut off. The graph is only intended as guidance for the determination of optimal number of
reference genes and sometimes, an observed trend of V(n/n+1) varying with additional
genes may be equally informative.

It should also be noted that in most cases, simply using 3 reference genes is a valid

normalisation strategy and results in a much more accurate and reliable normalisation
compared to the use of a single, non-validated reference gene.

Determination of the optimal number of reference targets

'

"

o

> 0.108

E oo

§om

Fao
st M senorm v inareetation

In this example, simply using an average of the two most stable genes would give a high quality normalising
signal.

Interpretation: gbase+ also gives a written explanation of the analysis in the third tab.

7. Troubleshooting

A wealth of technical support information is available in the gbase+ manual which can be
found on the Biogazelle website:
https://www.gbaseplus.com/sites/default/files/public_file/gbaseplus_manual.pdf’
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