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Microarray Publication Explosion
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Quantitative real-time PCR
“The Gold Standard”

SCIENCE VOL 296 19 APRIL 2002

-highly sensitive method

-use very little sample

-generate data fast

-multiplex targets

-cost
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� Initial consult:  define targets, potential limitations,  RNA concentration and 
volume needed

� Probe(s) and Pr imer(s) design (L ibrary)
� Recommendations for  RNA extraction, assist, teach
� RT reaction recommendations

� One-step vs. two-step
� Random Hexamers, Oligo d(T), Specific Pr imer

� Discuss Assay options:
� Normalizer , How many?
� SYBR Green vs. Dual-labeled probe assay
� Standard curve vs. Comparative Ct Method
� Per form validation exper iment if needed

� Absolute vs. Relative Standard Curve
� Accept cDNA, per form QPCR and calculations.  Excel sheet uploaded to server



Quantitative real-time PCR:  Considerations and Sources of Var iation

Target Validation selection:
-fold change cut off may be different based on system, biology

RNA Extraction Method: contaminants, 
-Reagent vs. Column
-DNase treatment (post vs. on column)

Quantification: Cr itical to ensure housekeeping gene is not changing
-NanoDrop (100 ng to 2ug)

RNA Integr ity: compromised RNA (degradation)
-2100 Bioanalyzer qualitative analysis (cell culture, tissue, LCM)

Assay Development
- Dual-labeled probe vs. SYBR green
- Sequence, Pr imers ( &  Probe) Selection
- Sample normalization (housekeeping gene)
- Assay Validation
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� Tr izol works well for  tissue, followed by column 
pur ification

� Have utilized novel abrasives for  difficult tissues 
� Columns work well for  cell culture
� Columns have worked well for  LCM

� I f pr imer  and probe design does not span exon
boundar ies, MUST PERFORM DNase1 
TREATMENT.  Works best on column



MUST:
-start with same concentration of RNA/sample
-260/280 ratio’s  between 1.8-2.1

ADVANTAGES:                                                              
- Requires small volume of sample (1-2ul)
- Direct measurement of sample (no dilutions)
- No cuvettes
- Dynamic range of 3ng/ul to 3.5 ug/ul
-Identify contaminants absorbing at other
wavelengths that can cause PCR inhibition  

LCM:
-Quantitateon 2100 Bioanalyzer
-ribogreen quantitation

RNA Quantification pr ior  to cDNA Reaction:
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Two great papers that investigate acceptable levels of RNA degradation:
Miller, C.L., S. Diglisic, F. Leister, M. Webster, and R.H. Yolken.  2004.  Evaluating RNA 
status for RT-PCR in extracts of postmortem human brain tissue.  BioTechniques.  36:628-633

Schoor, O., T. Weinschenk, J. Hennenlotter, S. Corvin, A. Stenzel, H.G. Rammensee,  and  S. 
Stevanovic.  2003.  Moderate degradation does not preclude microarray analysis of small 
amounts of RNA.  BioTechniques.  35:1192-1201   





Choice of Assay:  Considerations

� Sample type (source, sample size) 
� Development time
� Multiplex/Duplex
� Turnaround time, speed
� Accuracy, reproducibility
� Cost
� “Canned Assays”
� SYBR Green or Dual-labeled probe



SYBR Green Assay:

Advantages:
-no probe cost
-use existing primer sets

Disadvantages:
-need to add melt curve
-possible primer dimer effect
-less specificity



SYBR Green Assay Development:

� Choice of Housekeeping gene or  endogenous control:  der ived from Microarray data ? 

� Pr imer  design:  more flexibility?  
� No pr imer  dimers
� Span intron/exon boundar ies
� Length (200-400 bases)

� Validation:  Ser ial dilutions of sample (tissue specific) to check PCR efficiencies (matched?)

� Dissociation Curve:  Clean single amplicon (one melting temperature,  no pr imer  dimer
contr ibution)

� (-) RT reaction (RNA):  Ensure no genomic contamination 

� Sequence amplicon:  I t is what you say it is!

� NTC



Endogenous (Housekeeping) Control:

Good Choice Bad Choice

Usually normalize to one housekeeing gene



Melt Curve Data:

NTC  

Samples



Key to successful SYBR Green Assay:
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Microarray target validation with real-time QPCR:
SYBR Green and Relative Standard Curve
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Dual-labeled Probe Assay (TaqMan):

Applied Biosystems



Dual-Labeled Probe Assay Design

� Choice of Housekeeping gene or  endogenous control:  der ived from
Microarray data ?

� Probe and pr imer  design
� “ Off-the-shelf Assay” :   validate with tissue type to be used
� Probe Span intron/exon boundar ies

� Pr imer  Express or  Pr imer3
� NetAffx

� Validation:  Ser ial dilutions of sample (tissue specific) to check PCR 
efficiencies (matched?)  

� (-) RT reaction (RNA):  Ensure no genomic contamination 

� Sequence amplicon:  I t is what you say it is!

� NTC



Quantitation Choices:
Comparative Ct Method or  Standard Curve

Comparative Ct Method:
-Need to prove the PCR efficiencesbetween Target and 
housekeeping gene are the similiar
-requires initial validation 

Standard Curve:
A.)  Absolute Standard Curve

-precise quantitation, i.e., bacterial load
-standard curve of known quantities (Plasmid, IVT RNA, ssDNA)

B.)  Relative standard Curve
-relative fold changes as compared to calibrator
-requires serial dilution of sample (sample, pooled PCR product)



r tQPCR Assay Validation:  Efficiencies

c-myc-HPRT Validation

   y = -0.024x + 1.932
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Applied Biosystems:

User Bulletin 2



EGR1ntc

47.53899-5.571039-1.1780224EGR120-12

13.84263-3.79104610.07899460.6019707EGR120-11

0.8762910.190517430.03825744.5835342EGR120-10

23.571-4.5589410.0072644-0.1659241EGR120-9

17.8198-4.1554090.08955250.23760796EGR120-8

100.09521114.393017EGR120-7

RQdelta delta Ctdelta Ct SDAvg delta CtDetectorSample

Comparative Ct Method:  Dual-Labeled Probe 
Assay



SYBR Green Comparative Ct:

1                  12.3        1.611                              6.82                     1.7MCAM

2.08             13.92      11                              7.14                      0.8P8 protein

1                  130        6.51                              4.09                      1.3FGF5
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Gene Title
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Relative Standard Curve Method:
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GeneID: GeneCluster : p-value: Fold Change:
MKP1 Hs.171695 0.0230 6.23 I
EGR1 Hs.326035 0.0268 4.24 I



Low Expression Targets
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Validation Data:  Double Amp
Comparative Ct

1.96 Increase0.036011.87 increaseJunb

141.80 Increase0.0184164.31 IncreaseSerpine1

479.32 Increase0.0142036.27 IncreaseSpp1

1.16 Increase0.0150782.11 IncreaseCalm1

6.09 Increase0.0493232.16 IncreaseeEf2k

9.96 Increase0.0303452.31 IncreaseEdg2

QrtPCR datap-valueMicroarray DataGene ID



Conclusions:

-Is the microarray validation method of choice for  most researchers

-Highly sensistivemethod

-uses little sample

-can generate data fast
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