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Novel validation approaches

� Fuzzy logic

� Modularity

Novel analytical methods

� DualChips

� pJANUS

Roadmap
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Fuzzy logic
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Fuzzy-logic based procedures / 
software AMPE

AMPE (Analytical Method 
Performance Evaluation) is a tool 
to evaluate the performance of 
analytical methods (Acutis et al ., 
2007, J. AOAC Int.)

Procedures based on the principles 
of ISO 5725 (1994) plus 
complementary, innovative 
procedures based on integrated 
approaches (fuzzy-logic principle) 
capable of summarizing the 
information contained in multiple 
validation metrics
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Fuzzy-logic principle

Crisp-based thresholds

� thresholds suitable for all methods and 
conditions are difficult to define (e.g. ENGL 
performance criteria)

� if the thresholds are severe no method is 
acceptable, if the threshold are not stringent 
all methods are good

Fuzzy-based thresholds

� Fuzzy logic uses membership functions from 
0 (no membership) to 1 (full membership), 
intermediate values representing partial 
membership
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Fuzzy-logic based indicators:
single target, multiple metrics

Two-stage, fuzzy-
based expert 
systems allow:

� aggregate similar 
validation metrics 
into modules 
ranging from 0 
(best) to 1 (worst)

� aggregate modules 
into a global 
indicator of 
method validity 
ranging from 0 
(best) to 1 (worst)
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Fuzzy-logic based indicators:
multiple targets, single metric

Two-stage, fuzzy-
based expert 
systems allow:

� aggregate 
accuracy rates of 
similar GM 
targets into 
modules ranging 
from 0 (best) to 1 
(worst)

� aggregate 
modules into a 
global indicator 
of method validity 
ranging from 0 
(best) to 1 (worst)

- Leimanis, 2008, Eur. Food Res. Technol.

- Bellocchi et al ., under revision, Transgenic Res �
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Modularity
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Mazzara et al ., 2008, COEXTRA D4.1
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Modularity:
experimental design

• Four-stage modularity 
testing:

– Module 1: array of 
DNA extraction 
methods from  
alternative matrices

– Transfer 
performance criteria: 
inhibition test

– Modules 2-3: RT-
PCR target-taxon and 
GM DNA 
quantification

– Data processing: 
ANOVA, fuzzy-logic 
based indicator Bellocchi et al ., under development, COEXTRA D4.1 annex
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DualChip GMO validation
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DualChip GMO validation / 1

Target elements detected on the DualChip GMO microar ray 
assay
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DualChip GMO validation / 2

Modules, targets, and relative weights
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DualChip GMO validation / 3

Accuracy rate per target in each PCR. The detection  accuracy 
rates reported in the table are expressed in % of t otal valid 
assays. For each set of PCR, accuracy rates of the expected 
positive signals are indicated in bold. Accuracy ra tes for non-
expected signals are indicated in non-bold
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DualChip GMO validation / 4

Values of modules “ProTer”, “Screening”, and “Plant ”, and 
of the fuzzy indicator of global validity ( IDCGMO)

Validation report available at http://mbg.jrc.ec.eu ropa.eu/home/documents/report-JRC-EAT.pdf
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