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A test organism for more 
than 40 years for 
estimating the effects of 
pesticides and 
environmental pollutants.
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Folsomia candida in soil quality testing



Disadvantages: 

• Labor intensive

• Long duration (28 days)

• No specific information 
on mode of action of a 
toxicant

F. candida in soil quality testing
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Sequence information Folsomia candida
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Gene discovery in a non-genomic model 
organisms

• Challenge: most ecologically relevant organisms 
are not supported by a genomic database

• Cost effective identification of ecologically 
important genes

• Important tool: cDNA synthesis and cloning



Expressed Sequence Tags

Sequence 10.000 individual cDNAs

Quality control/Trimming/Clustering/Annotation

1000 Phenanthrene 1000 Cadmium8000 Normalized

Internet database (Collembase)

8996 good quality 
6092 clusters
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Expressed sequence tag and gene function

Annotation “BLAST Hit (e-value < 0.0001)

D. melanogaster 32 %
C. elegans 25 %
M. musculus 31 %
All nr Genbank CDS 44 %

~180 yeast clusters removed
15 human sequences removed 
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Microarray (Agilent platform)

OligoArray 2.0 
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Data analysis (limma)

• Normalization of intensities (Lowess)

• Linear Models for Microarray Data

• Triplicate spots and four biological replicates

• p - value adjustment for multiple testing
– Benjamini & Hochberg



Genes affected by cadmium

(adjusted p < 0.05)



Cadmium

Significant genes (adjusted p < 0.05)

Up: 513

15 Antibiotic proteins

11 Transporters (ABC, cation)

4 Glutathione-S-transferases

4 Myosin

1 Heat shock protein (Hsp70)

2 ATP synthases (subunits)

Down: 498

20 Ribosomal proteins

4 Proteasome

3 t-RNA synthetases

2 RNA polymerases

4 DNAJ

3 Fatty acid desaturases
(∆5,  ∆9)



Gene Ontology (GO)
• Genes are annotated in GO terms

– Molecular Function
– Biological Process
– Cellular Component

• Gene set enrichment
– Fisher’s exact test: topGO (Alexa, et al. 2006)
– Example: Down regulation of Carbohydrate metabolism (GO:0005957):

• 623 genes with GO terms on F. candida chip
• 89 genes with GO terms are significantly down regulated upon Cd 

exposure
– 89/623 = 1/7

• 48 annotated genes involved in carbohydrate metabolism on chip: 
– Expected: 48 X 1/7 = 6.8
– Observed: 13

• Fisher’s exact test p = 0.013 : Carbohydrate metabolism is 
significantly affected by Cd



GO results Cadmium for Biological process
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Up-regulated genes
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Comparison to 
database of reference 

expression profiles

Diagnosis: 
classification 
pollution 
type, risk 
assessment, 
advice on 
measures

Gene expression 
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Class prediction with gene expression
profiles: Support Vector Machine

• Algorithm that learns by
example to assign labels 
to objects:
– Recognize fraudulent credit 

card activities
– Recognize hand written

characters

• Cancer diagnostics: 
automatic classification of 
microarray data 
(prognosis/diagnosis)
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Expression space

Linearly nonseparable data in 2 dimensional space

SVM at work: the separating hyperplane

Noble, Nature biotechnology 2006



Golub et al. Science 1999
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Concluding remarks

• Collembase: a free accessible Genomic
database
– DNA sequence information
– Future: Gene expression information

• Single toxicant exposure: mode of action

• Rearrange gene expression data sets in training 
groups to train a class predictor: diagnosis of 
unknown samples (fast, accurate and 
informative)
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Living in polluted
soil is rough

Yes, you look pale;
I feel much more 

colorful in clean soil


