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Direct vs indirect detection methods 
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Direct evidence 

Indirect evidence 

« Detected » vs « not detected » 



Reliability of the results : paramount importance 

Absence of quarantine fungi 

=> Commodity set free 

Detection of quarantine fungi 

Destruction 

Return to exporter 

Phytosanitary measures 

Ban of importation 

… 

Indirect analysis 

 using PCR 



Reliability of a method / an analysis 

1. a priori validation of a qPCR method (developpement):  
• Detection of the target, when it is present, regardless of its origin and state  
• No detection of the target when it is not present and no detection of a non 

target organism 
• Use of an optimized DNA extraction protocol 
• Acceptable levels of repeatability and reproducibility 
• Good robustness  

 
2. a posteriori validation of an analysis resorting on qPCR: 
• Positive signals (Ct Cut-off value ?) are true positive 
• Negative signals (Ct Cut-off value ?) are true negative 
• The qPCR reaction (run) should have been optimal 

 

 



Validation of qPCR results 

False negative results:  
•DNA shearing or loss during extraction 
•Presence of inhibiting compounds 
•Insufficient PCR efficiency 
 
 
 
 

« no Ct value yielded » 
- Absence of the target DNA ? 
- Quantity of target DNA below the LOD ? 
- Poor quality of the DNA extract ?  
- Significant inhibition effect ? 



False negative results :  
•DNA shearing or loss during extraction 
•Presence of inhibiting compounds 
•Insufficient PCR efficiency 

 
 
 
 
 

Check DNA quantity with a 
spectrophotometer Target 

Validation of negative results 



Matrix DNA (Cox, 18S, ..) 

Ct threshold Matrix 

Target 

Verification of the „amplifiability‟ of the 

matrix DNA (host plant DNA …) with a 

« universal » qPCR test 

(Ct < Ctthrehshold) 

 

The additional test maybe test in 

duplex or separately (no loss of 

sensitivity) 

Validation of negative results 
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False negative results :  
•DNA shearing or loss during extraction 
•Presence of inhibiting compounds 
•Insufficient PCR efficiency 

 
 
 
 
 

Target 

Several options: 

•Dilution of the DNA extract and re-test 

•Spiking the DNA extract with target DNA and 

re-test 

•Addition of an internal amplification control 

in the mastermix 

•Test the DNA extract with a « universal » 

qPCR test (matrix DNA)  

 

 

Validation of negative results 
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Detection  
of the target DNA at low concentrations 

OPTIMAL qPCR eficiency 
 

Non detection  
of the target DNA at low concentrations 

SUB-OPTIMAL qPCR efficiency 
 

Slight errors in pipeting volumes, 
temperature drift, reagents with 

degraded quality, etc. 
Regular qPCR reaction conditions 

Validation of negative results 

False negative results :  
•DNA shearing or loss during extraction 
•Presence of inhibiting compounds 
•Insufficient PCR efficiency 

 
 
 
 
 



Usefulness of reference DNA samples 

Use of reference material : Plasmidic DNA  
 
 = purified bacterial plasmids containing the qPCR target DNA 
region) 
 
•  Stable over time 
•  Highly homogenous 
•  Available in high amounts 
•  Easily quantifiable / transformation in copy number 
•  sequence known, verified o a regular basis/ PCR M13 –F/-R 
 
 
 
 



Validation of qPCR methods 
•Rough determination of the limit of detection (LOD) of the test (wide range of 6-7 logs, 3 
replicates) 

 
 
 
 
 
 

•Fine determination of the LOD (16 replicates for the lowest amplifiable target concentration) 
 
 
 
 
 
 
 
The LOD of the test is defined as the lowest target concentration that yields 100% of positive 
results (Ct values < 40 cycles) 
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+LOD concentration remains fixed for a specific equipment  

(real- time machine, master mix reagents, PCR conditions)  



Repeatability : same samples, same reagents, same qPCR run 
Reproducibility : same samples, different batch of reagents, different qPCR runs, 
different operator, different equipment. 
 
Sample: target DNA with an appropriate concentration 
 
Evaluation of the variability of the Ct value 

 
 

A high level of repeatability and reproducibility allow to use 
 the plamidic controls as references for the test. 

 
 
 

Validation of the qPCR method 



Validation of a qPCR run 

•A positive calibration control (+CAL) is 
defined based on the LOD Positive control 
(+LOD) =>100X 
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+CAL 

+LOD 

•+CAL Ct values follow a normal distribution  
 
 
 
 

•+LOD Ct values distribution is  
more close to a Poisson’s law 



Validation of a run : 
 
•Upon acceptable mean Ct 
value for + CAL 

 
•Upon amplification of +LOD 
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Detection  
of the target DNA at low concentrations 

OPTIMAL qPCR eficiency 
 

Non detection  
of the target DNA at low concentrations 

SUB-OPTIMAL qPCR efficiency 
 

Slight errors in pipeting volumes, 
temperature drift, reagents with 

degraded quality, etc. 
Regular qPCR reaction conditions 

Validation of qPCR results 

False negative results :  
•DNA shearing or loss during extraction 
•Presence of inhibiting compounds 
•Insufficient PCR efficiency 

 
 
 
 
 



“ … At each PCR-led detection reaction, read off the Ct of the control at limit 

of detection (CtLOD).  

All the samples in this reaction presenting a Ct of below CtLOD +3 and 

showing exponentially increasing fluorescence are considered positive.” 



Ct values are highly dependent of equipment, software, fluorescence 

measurements and applied algorithms, reagents quality, brands, 

pipetting operations, … 

 

 

=> A fixed Cut off value would mean that all the factors above are 

stricly conserved over time…. Nearly impossible… 

Validation of positive results 



“ … At each PCR-led detection reaction, read off the Ct of the control at limit 

of detection (CtLOD).  

All the samples in this reaction presenting a Ct of below CtLOD +3 and 

showing exponentially increasing fluorescence are considered positive.” 
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Threshold

+CAL 

+LOD 

CtLOD + 3 Cycles 

= Cut off Value 

=> The Cut off Value is slightly variable from run to run and is 

defined at the end of each reaction  

Validation of positive results 



System already implemented for >10 protocols in our 

unit, and accredited in flexible scope 


