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Here It Begins

Sll622 2000y Special Report

The MIQE Guidelines:
Minimum Information for Publication of Quantitative
Real-Time PCR Experiments

Stephen A. Bustin,'” Vladimir Benes,? Jeremy A. Garson,®* Jan Hellemans,” Jim Huggett,®
Mikael Kubista,”-® Reinhold Mueller,® Tania Nolan,'® Michael W. Pfaffl,’" Gregory L. Shipley,'?
Jo Vandesompele,® and Carl T. Wittwer'?4
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Why Do We Need MIQE?

Help scientists to design and
report valuable gPCR
experiments

Allow publishers to understand
the way experiments were
conducted

Allow other scientists to repeat
"I paint what I see . . . in this case the same experiment

a commission worth eight hundred
guineas."
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Work Flow
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Nature Protocols

Vol.1 NO.3/ 2006/ 1559
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Proposing MIQE:

* Primer/probe/amplicon sequence information
« Sample quantity and quality

 Detalled reverse transcription conditions
 Detailed PCR conditions (including controls)
« Efficiency of PCR and error

* Methods of analysis

Guidelines are being adopted by major journal groups
and adherence will be required for publication
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A MIQE Based Workflow

@ay de&D
Reaction components ’

Statistical
Analysis

gPCR Data
Analysis
Statistical
Analysis

Optimization

Sample QC

Sample QC and reaction components

@ods of an@

6

SIGMA-ALDRICH' SIGMA Where bio begins”

Life Science



i .‘
- .
~a: =

Determine Assay Quality
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Fluorescence (dRi - §

3x101° target 3 target
copies copies
o | MIQE call$ cycles Cg
The serial dilution provides a measure
of: y=mx+cC
. Efficiency and reproducibility * Slope =-3.323 (between -3.5 and -3.2)
e Theoretical sensitivity " RSqu>0.98 _ _
: : * Intercept on y gives a theoretical measure of
_Practical dynamic range o
7 sensitivity i . _
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Assay Desion

PROTOCOL |

Quantification of mRNA using real-time RT-PCR

Tania Nolan!, Rebecca E Hands? & Stephen A Bustin?

1Sigma-Aldrich, Homefield Road, Haverhill, UK. 2Institute of Cell and Molecular Science, Barts and the London, Queen Mary’s School of Medicine and Dentistry,
University of London, Whitechapel, London E1 1BB, UK. Correspondence should be addressed to S.AB. (s.a.bustin@gmul.ac.uk).

Published online 9 November 2006; doi:10.1038/nprot.2006.236 N at ure Proto cO I S

» Follow usual guidance for design of PCR primers and also consider:
Keep amplicon length to <150bases

» Constraints on region of target sequences:
SNPs / splice variants / intron exon boundaries

» Folding of target regions

» Homology to similar sequences:
Same species and other species

» Avoid repetitive sequences

» Avoid 3’ clamping in primers

» Aim for primer Tm 60°C and probes 67 °C -70 °C
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Tools for Design

7 OligoArchitect
http://www.sigmaaldrich.com/life-science/custom-oligos/dna-probes/product-lines/probe-
design-services.html

Beacon Designer
NCBI GenBank http://www.ncbi.nlm.nih.gov/nuccore

Primer3 nttp:/frodo.wi.mit.edu/primer3/

RTPrimerDB http://medgen.ugent.be/rtprimerdb/

PrimerBank http://pga.mgh.harvard.edu/primerbank/

NCBI Primer Design Tool http://www.ncbi.nlm.nih.gov/tools/primer-blast/
Mfold webserver http://mfold.rna.albany.edu/

Other

a o a a da a a d
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OlicoArchitect

('_'Uligonrchitect"" Primer and Probe Design Solutions | Custom DNA Probes - Microsoft Internet Explorer provided by Sigma-aldrich C

_(8(x]
G@ v I B http:fjwww.sigmaaldrich. comylife-science/custom-oligos/dna-probes/product-lines/probe-design-services.html j ‘E‘ \E‘ IGon:ng]r': ‘EE‘

File Edit View Favorites

Help

* ghe T OligoArchitect™ Primer and Probe Design Solutions | ...

SIGMA-ALDRICH"

SIGMA

Life Science Home
¥ vour Favorite Gene - Search

-8 -

~ |:2rPage v () Tools ~

»

LOGIN REGISTER CHANGE COUNTRY

ORDER CENTER  ADVANCED SEARCH

SERVICES - SUPPORT -

™1 Life Science » Custem Oliges > Custem DNA Probes = Preduct Lines » OligoArchitect™ Primer and Probe Design
Solutions

Custom DNA Probes

OligoArchitect™ Primer and Probe Design Solutions

Life Science Products Custom
> Cell Biology Sigma® is pleased to offer OligoArchitect for all of your primer and probe design requirements. OIigonucIeotides
¥ Cells and Cel-Based Assays OligoArchitect includes both our complimentary enline design tool and our unique consultative service.
> cell Cutture
b Core Bioreagents OligoArchitect Online Order Now!
¥ Custom Oligos

¥ Custom DNA Probes
Learning Center . |
Custom iScale Oligos™ (387 Kb POF)
Custom RNA Oligos
> Custom siRNA Oligos For routine needs, improve your assay with our OligoArchitect online design tool powered by the industry
b Peptide Synthesis standard Beacon Designer™ (Premier Biosoft). The user-friendly interface utilizes the latest algorithms,
b Epigenetics provides results in real time, supports templates up to 10,000 base pairs, and allows for the adjustment of
» Functional Genomics & RNAI input parameters such as homopolymer run/repeat maximum length, G/C clamp length, and maximum
> Metabolomics primer pair T, mismatch.
: :J‘Stlfr:::]a;lz‘stzgzn Designs can be completed for traditional PCR or quantitative real-time PCR (qPCR) using the following
» Proteomics detection chemistries:
> stem Cell Biology * SYBR® Green|
b Transgenics o Dual-Labeled Probes
¥ Zinc Finger Nuclease (ZFN) . . . o
b Learning Center QOur online design tool can be used for the following applications:
» Life Science Services o Traditional PCR
Labware e Endpoint genotyping
e Gene expression analysis
e Genomic copy number determination
o Allele discrimination
e SNP detection
e Haplotyping
|Done

-

=

T T e

[®=100% ~ 4

http://www.sigmaaldrich.com/life-science/custom-oligos/

dna—probes/product lines/probe-design-services.html
SIGMA Where bio begins™

Life Science



Consider Splice Variants

Complete I_Exo_n
splicing skipping
Exon 1 Exon 2 Exon 3

.

Primary Transcript

Intron Alternative
retention splice site

11
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Folding of Target Region
GAPDH 5
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Quality assessment of 3 assays to the same

transcript
40 y =-3.456x + 44.285
R* = 0.9992
35
y =-3.2243x + 43.256
30 R* = 0.9995
25 y =-3.308x + 42.935
R* = 0.9945
20
15 FAM 5
® Hex Centre
10 Cy5 3
5 Linear (FAM)
—— Linear (Hex)
0 ' ' ' ' ' |=—— Linear (Cy5)
0 2 4 6 8 10

. Total RNA target GAPDH specific primed dilution series
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Influence of Folding on Assay Quality

5' (Texas red) ATTATTCTTTATAGCTTGCTATAAAGAATAGTTAGT GG (BHQ2) 3
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Probe Folding Causes Assay Failure

36000
34000
32000

Small increase in fluorescence
as some of the probes are
cleaved — independent of target

Fluorescence (R (Mutticomponent view))

—
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A Predesigned - Ready to Run Commercially
Available Assay
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16 Assay on demand — unknown sequences
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Analysis of Template Folding — I1.-15
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Folded Template Causes Commercially
Available Assay to Fail in RTqPCR

420
40.0
38.0 One tube assay
36.0 Gene specific reverse
340 - 2.9408x + 50441 transcription priming
320 R® = 0.9682
30.0
35 4.0 45 5.0 55 6.0

35
33 !
31 Two tube assay
29 e 3 a2 Random primed reverse
- R? = 0.9255 transcription
25

35 4.0 45 50 55

Assay on demand — unknown sequences
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A MIQE Based Workflow

Assay design

gPCR Data

_ Analysis
Reaction components

@mization >

Sample QC

Statistical
Analysis

Statistical
Analysis

Sample QC and reaction components

Methods of analysis

19
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Primer Concentration Optimisation

Primer matrix
* 100-600 nM (start with 300 nM) for probes
¢ 50-300 nM (start with150 nM) for SYBR Green |

Cq Values
100
Rev (nM) | 300
500

SIGMA Where bio begins™
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Primer Optimization Matrix:

All Primer Concentrations 600 nM to 50 nM — Same Target Concentration

o
Optimisation:
g0 J -t bbb B b
» Check all primer
concentrations
with same target

concentrations

2400 f - - ko b et de s d bbb L
o7/ SRR O Y O 1N S O O Y0 O O O W 8 O BN O

S S B

 Select conditions
with lowest Cq
and no primer
dimers (check with
NTC)

—_ —_ —_ —_
] £ o ]
o o [ [
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L . . .

Fluorescence (norm)
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» Check with serial
dilution of target

01234567 8 9101112131415161718192021 222324252627 26293031 323334 3536 37383940
Cycke
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Optimisation of a Well Designed Primer Pair

70
65 -
60
55 -
50
45

[
e
540 |
[&]

UBC Primer Optimisation

53s | 100/50
30 50/50
25 50/400
] 200/400 :
15 //"/
_ 50/100 —
» DeltaCqg=9 /
s- o
: - — S : : :
gl 5 10 15 2UCYI 25 30 35 40
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A MIQE Based Worktlow

Assay design

gPCR Data

_ Analysis
Reaction components

Optimization

Sample QC and reaction components

Statistical
Analysis

Methods of analysis
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Quantification of Identical RNA Samples

300
250
200 A
EB
150 B ' ocC
YD)
100 T -E
50 T
0 :
< <
S S e
SRS Qoq QOQ @g (&\‘Q ™ VQ(O & &
@ .
< < & & QP QP R R
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RNA quality control

Nanadrop quality assessment (A260/A280)
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1 2
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Agilent Bioanalyzer 2100 Analysis of 5 RNA
Samples
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3'/5" Integrity Assay to Detect Degraded RNA

FAM HEX .
S' assay 3' assay

Perform RT using oligo-dT

If RNA is intact detection of 5* and 3' should be equal
If RNA is degraded detection of 3' > 5'

PROTOCOL |

Quantification of mRNA using real-time RT-PCR

Tania Nolan', Rebecca E Hands? & Stephen A Bustin® Nature Protocols

'Sigma-Alrich, Homefield Road, Haverhill, UK. Anstituse of Celland Maleculer Sdence, Barss and the London Queen Mary’s Schoal of Medicne and Dentistry,
University of London, Whitechapel, London E1 1BE, UK. Carrespondence should be addressed to SA B (sa bugindgmulacuk).
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GAPDH 3'/5" Multiplex Assay  Intact RNA

GAPDH 5

GAPDH 3

SIGMA Where bio begins™
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GAPDH 3'/5' Multiplex Assay Degraded RNA

GAPDH 5

100001 - -

GAPDH 3

Fluorescence (dR)

1.6*¢
|
1.4+
1.2+

LAy

Cycles

s Y 25 30 35 40 45 50 55 60 65
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[FU]

100+

oo......ANnd Sample B?

|

y L——l o~

1minute on Betsy’s hand!
RIN 10

3’ 5'

[
20 25 30 35 40 45

40 -

35
30
25
20
15
10

o HEX
= FAM

intact 1' degradation
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RNA Quality Determination
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RNA Quality Determination
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RNA Quality Determination
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35" ratios

RNA Quality Determination

3 bias  RIN vs infegrity
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RNA Quality Determination
RIN vs infegrity

1.0x10%
RIN=5.3
1.0-10"’7 %'.
1.0<10% ¢ . ) .
e . = % purified  RIN7.3 \RINS3
: b . Il - : RIN 9.6 l
3 4 aan og
; et oo
s R — quantitate |4 target mRNAs
K o-dT ¢cDNA synthesis & 5' and 3' SP
100107 ' " o 4 I : u E?&agﬂ fee 2 he
°:° ®0,* . “un B
1.0u1o°=-r ° %
1.0%10°% +

GAPDHA TUBE PPIA TBP GUSE EIF4A ACTE  B2M  ATPE YWHAZ CANX SDHA  UBC 1 1 J
RINA ”
m 5 L 'J.)J.L‘v » I

fy
I | I |

o-dT 2 = % = @ |
SIGMA Where bio begins™

Life Science




A MIQE Based Workflow

Assay design

gPCR Data
_ Analysis
Reaction components

Statistical

Optimization Analysis

Statistical
Analysis

Sample QC

@nple QC and reaction ComponeD

36

Methods of analysis
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Effect of RT Priming and RNA Quality

108 T
108 1
104 1
108 1
102 1
10t 1
100 -

Gene-specific
priming

Copy Number

o5 T Min
105 T
104 T
103 T
102 T
10" T
100 -

oligo-dT priming

106 T
108 |
104 }
103 T
102 |
10" |
100 -

Copy Number

IL_I Random priming

1 25 575 1 25 575 1 25 5 75
38 Min
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Gene Specific Priming RT and QPCR (10
Fold Dllutlons GAPDH)

Fluorescence (dRn)
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Random Primed RNA Dilution Series
(QPCR NH

31) N
— RNA serial dilution

0.161:
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Random Priming RT and QPCR (100 Fold
Dilutions, B—actiglg Is Reproducibly Non Linear

A serial dilution 100ng to 1pg

BODDT- -t
VIR SITIPR

SO 3 o o 3 e e e e O e

Fluorescence (dR)
g
=S

2000 1- - : I

1000 1 = : '

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
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Constant Input SPIKE Quantification Varies in
Presence of RNA Serial Dilution

Internal spike at 10e4

ool o L I Constant SPIKE
O SO S AU S SV Concentration 104 copies

1200 -2

T R R N T R T L L L B T X | R R or

11001
10001
a0}
800 ] :

6001
5001 -

Fluorescence (dR)

4001 -

= = » = | ” » p4 pa
Background

22 1pg 100pd 1no 100% RNA concentration
S'GMA-ALDH":H‘ SIGMA Where bio begins”
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Gene Quantification is not Reproducible
Between Independent RT Reactions

10 1

GAPDH | Bactin

b b m
| - [

0.1 01

"1 NHE1

10

0.1-
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Correcting for Batch to Batch
Variations

Assumption: the gene guantity in the calibrator samples (eg
universal reference RNA) represents the RT reaction efficiency for
that gene in that batch of RT reactions

Definition: gene quantity in calibrator is 100% (for each batch)

Quantities of the gene in the sample are expressed relative to
gene guantity in calibrator (processed in same batch)

SIGMA Where bio begins”
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Agilent Bioanalyzer 2100 Analysis of 5 RNA
Samples
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GAPDH 3'/5"' Multiplex Assay — Intact RNA
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GAPDH More 5' Than 3'?
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Samphe &

SPUD: For Detection of "Inhibitors
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Using SPUD to avoid false negative results

Hsp70 P.jirovecii assay Spud Inhibition Test
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Summary:

To reduce variability:

« Design assays in open regions of the template and ensure assays do
not target regions containing SNPs. Consider splice variants

* When measuring small differences (eg <5 fold) compare 2 or more
assays to the same target

* Optimise oligo conditions for greatest reproducibility and sensitivity

* Ensure samples are of the highest quality possible (3'/5’ ratio) and
free of inhibitors (SPUD or similar or dilute samples)

* If RNA concentration or degradation cannot be measured (eg FFPE
samples) consider using gene specific priming for RT reactions

* Ensure RT reaction stability: prepare all cDNA in a single batch or
control for variation

* QC everything and recognise compromises and therefore assay
resolution. Report protocol details where possible
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Further Information

* Assay design through
www.sial.com/designmyprobe
OligoArchitect™ Online Primer & Probe Designs for gPCR

* Request SPUD oligos, GAPDH 5’/ 3’ assay sequences or make
enquiries to

Oligotechserv@sial.com

- EMBL Master Course
Advanced gPCR Techniques for Publication Success:
Following MIQE Recommendations

EMBL, Heidelberg, Germany
July 2012
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Accuracy in Molecular Measurement: MIQE Training Course

Gene Expression Analysis ond & 3rd November 2011

Learn how to ensure the
reliability of gene expression
analysis. The course will be
delivered by a team of trainers
with expertise in molecular
measurements, including
Professor Stephen Bustin, Dr
Tania Nolan and Dr Jim
Huggett.

LGC, Queens Rd.
Teddington TW11 OLY

@ SIGIVIA

Contact : oligotechserv@sial.com




