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Optimisation strategy depends on the task
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Main steps in Relative Real Time PCR

« Sample processing and RNA stabilization
 RNA extraction and evaluation
* Reverse Transcription

— Enzyme
— Primers

 PCR

— Primer design

— Reference gene(s) selection
— Calibrator and standard curve
— PCR chemistry and machine
— PCR set up

« Data processing and interpretation
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Breast biopsies — tissue processing

Complications

Biopsy (30 mg)

 Frozen section is
required for histological
verification

 RNA-later complicates
tissue freezing and
cutting for histology

 Excess of OCT
complicates RNA

extraction OCT (300 mg)
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Breast biopsies — tissue processing

Complications Solution
« Frozen section is Snap freezing
required for histological '
verification Imbedding _, Frozen
into OCT Section
 RNA-later complicates |
tissue freezing and RNA-later ICE (Ambion)
cutting for histology |

. Excess of OCT Take tissue out of OCT

complicates RNA | |
extraction RNA extraction

(RNeasy mini, Qiagen; RIN>7)
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Reverse transcription

 Enzyme

— Superscript 1, Invitrogen

« see Stahlberg A, Kubista M, Pfaffl M. - Comparison of reverse
transcriptases in gene expression analysis. Clin Chem. 2004

e Primers

— Random Hexamers or Oligo-dT ?

PCR target Oligo-dT RT primers

— «— «—
|| meeeeeeessssms (Gene A

PCR target

—> «— —

Gene B

Poly-A tail
Using oligo-dT keep PCR primers close to poly-A tail
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Main steps in Relative Real Time PCR

« PCR
— Primer design
— Reference gene(s) selection
— Calibrator and standard curve
— PCR chemistry and machine
— PCR set up

« Data processing and interpretation
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PCR primers

Ready to use pre-designed primers

or

In-house design ?
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Ready to use pre-designed PCR primers

 Available for different PCR designs
— SYBR Green from Qiagen
— TagMan from Applied Biosystems
— LUX primers from Invitrogen
— elc

 Pre-validated in PCR

— save time on design and validation

* Primer sequences may be hidden!
— complicates reproducibility in academic research
— not appropriate for development of clinical diagnostics
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In-house PCR primers design

Principles

* Discriminate cDNA from genomic DNA
— span exons’ junctions or go into different exons

* Discriminate cDNA from pseudo-genes
— pseudo-genes are not exact copies of mMRNA

* Take into account
— alternative splicing and known SNPs

» Keep close to Poly-A tall
— if Oligo-dT was used in RT
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In-house PCR primers design

Procedure

* |Investigate gene structure
— Be critical to databases!

* Select target areas (exons)
— Different exons (exon junctions)
— SNPs

» Use software for primer design
— Primer3

Use NCBI Electronic PCR to check primers
— Pseudogenes
— Change target areas and repeat design if needed

Validate primers in real PCR

— confirm annealing temperature by gradient PCR
— confirm specificity by melting curve or electrophoresis

ef Ensembl

12 /37 Alexey Larionov, gPCR-2005



In-house PCR primers design

e! Ensemb! Humane eneSeqView
P roced u re THIS STYLE: Location of other exons

THIS STYLE: Lecalion of selected exons

-

5 STYLE: Location of SMPs

* Investigate gene structure e Sk A
— Be critical to databases! wv
« Select target areas (eXOHS)

— Different exons (exon junctions)
— SNPs

» Use software for primer design
— Primer3

Use NCBI Electronic PCR to check primers
— Pseudogenes
— Change target areas and repeat design if needed

Validate primers in real PCR
— confirm annealing temperature by gradient PCR
— confirm specificity by melting curve or electrophoresis
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In-house PCR primers design

Primer3

Procedure s e

umdesmable sequence (vector, ALUs, LTNEs, etc.) or use a Mispriming Libroary (rep

° InveStigate gene StrUCture :‘:'_m___"_‘*_‘*_‘* e R R S
_ Be Critical tO databaseS! Eé:;-}.;’:‘;%'—_‘%_?iéEE'":LE:;;E}:?}?E;:_.___EE}'5}';..-.}'5%EE}'LT'E%?EEE;%E'ZEEE
» Select target areas (exons) :.
— Different exons (exon junctions) -
— SNPs
« Use software for primer design
— Primer3

Use NCBI Electronic PCR to check primers
— Pseudogenes
— Change target areas and repeat design if needed

Validate primers in real PCR
— confirm annealing temperature by gradient PCR
— confirm specificity by melting curve or electrophoresis
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In-house PCR primers desig

—

Procedure

* |nvestigate gene structure
— Be critical to databases!

() SeIeCt target areas (exonS) MyTarget | ACTGTCAGTCATGACTG| TGTCAGTCATGACTGATY|100-20¢
— Different exons (exon junctions)
— SNPs

» Use software for primer design
— Primer3

Use NCBI Electronic PCR to check primers

— Pseudogenes
— Change target areas and repeat design if needed

Validate primers in real PCR

— confirm annealing temperature by gradient PCR
— confirm specificity by melting curve or electrophoresis
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In-house PCR primers design

Procedure

i

1

1
| e
i v o
E | 4 il
1 /
j_._—,-. -2 st

* |nvestigate gene structure
— Be critical to databases!

* Select target areas (exons)
— Different exons (exon junctions)

» Use software for primer design
— Primer3

« Use NCBI Electronic PCR to check primers
— Pseudogenes
— Change target areas and repeat design if needed

Validate primers in real PCR

— confirm annealing temperature by gradient PCR
— confirm specificity by melting curve or electrophoresis
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Reference genes selection
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Reference genes selection

-

Breast cancer biopsies during hormonal treatment

 Literature: no validated genes for this system yet

« ~22K micro-arrays (215 specimens pre- & post- treatment)
« ~2000 genes were expressed in all specimens

* Ordered by coefficient of variation

« 10 candidates tested by PCR (38 specimens)

« 3 selected genes - KIAAOG674, TBP and PUM1
calculated according to Vandesompele 2002 and Szabo 2004
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Reference genes selection

[l

Breast cancer biopsies during hormonal treatment

10 candidates
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Excluded: despite stably expressed in micro-arrays

* Discrepancies between Affymetrix probes

* Sub-optimal gene structure
— No long introns,
— Complex alternative splicing
— Pseudogenes, etc

* Inconsistent gene annotation
— RefSeq, UniGene, Ensemble, Vega etc
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Specific exclusion: protein biosynthesis

* No 18 and 28 S RNAs on micro-arrays

— Difficulties in the genes annotation?

« Several ribosomal proteins

— Often have pseudo-genes
— Often have no introns
— Often are very abundant

* Some other abundant genes related
to protein bio-synthesis
— E.g. translation elongation factors
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Specific exclusion: protein biosynthesis

* No 18 and 28 S RNAs on micro-arrays

— Difficulties in the genes annotation?

* Several ribosomal proteins

Protein
— Often have pseudo-genes biosynthesis may
— Often have no introns be associated
— Often are very abundant with proliferation !

* Some other abundant genes related
to protein bio-synthesis
— E.g. translation elongation factors
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Genes stably expressed in micro-arrays
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Are results based on ACTB & GAPD wrong ?

For measurement of estrogen-dependent gene expression
in breast cancer biopsies ACTB and GAPD may be not optimal
but they are not grossly misleading either

Effect of treatment on CKS2 expression

0.6 0.5

04 -

04 -
0.3 4
0.3 -
k . \
0.2 1 LS -
011 —x 01 \

0 0

ACTB & GAPD KIAA0674 & TBP
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Non-stably expressed reference genes

Target 1

Result =
Target 2

CKS2 (cell cycle progression)

MGB1 (associated with differentiation)

Do we need ACTB (cytoskeleton) or GAPD (glucose metabolism)?
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Main steps in Relative Real Time PCR

— Calibrator and standard curve
— PCR chemistry and machine
— PCR set up

« Data processing and interpretation
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PCR machine, chemistry, design and set-up

e Calibrator

. PCR
Pool of cDNA aliquots mix cDNA
from all specimens SO O

« Standard curve \ / 9@ c

7 points of 3-fold dilutions 7@9 )

e Machine

Opticon Monitor 2,
MJR — Biorad

* Chemistry

Sybr green, Hot Start
Quanti-Tect, Qiagen

¢ Set-up
When to split
intra-assay replicas?
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Main steps in Relative Real Time PCR

« Data processing and interpretation
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PCR data processing
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PCR data processing

Relative expression of CKS2

Data processing based on PCR machine software

Bars show 95% conf.
intervals for intra-assay

PCR variation
| | |
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PCR results interpretation

* Intra-assay PCR variation

— Can be used for PCR quality control
— Can not be used for statistical inferences
comparing different specimens

* Inter-assay variation

—Academic Research

—Whole experiment replicas
— Verifications by other (non-PCR) methods

— Clinical diagnostics

— Repeatability analysis using training set of
specimens
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Repeatability analysis

e

/} One tumour \
Two biopsies
— S ) O >
' ' Two Reverse ' '
transcriptions

—Le5O0) L5 S 3 O 7>
A VAV L VAV
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Repeatability analysis

Cyclin B1 Relative coefficients of

repeatability

100 M i

Gene expression (log scale)

B i 15 x 3.1x
Hmﬂm - 41”1_1111;
All Without
1 3 4 5 6 7 8 9

Specimens outliners
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Sources of unsertainity

Components of Variance

RT, 4%
e PCR, 1%, ns

(inter-assay)

Biopsy, 10%

N

Tumour, 85%
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Correlation of gqPCR to IHC

Expression of MGB1 in breast cancer biopsies
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Main steps in Relative Real Time PCR

« Sample processing and RNA stabilization
 RNA extraction and evaluation
* Reverse Transcription

— Enzyme
— Primers

 PCR

— Primer design

— Reference gene(s) selection
— Calibrator and standard curve
— PCR chemistry and machine
— PCR set up

« Data processing and interpretation

36 /37 Alexey Larionov, gPCR-2005



Strategy to Successful Real Time PCR

Attention to EACH step
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