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Folsomia candida in soil quality testing
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F. candida in soil quality testing

Disadvantages:
 Labor intensive
 Long duration (28 days)

* No specific information
on mode of action of a
toxicant
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Sequence information Folsomia candida

e Entrez, The Life Sciences Search Engine

'HOWE | SEARCH = i PubMed | All Databases [ Human Genome [ GenBank [ Map Viewer BLAST
Search across databases [Folsomia candida | ke et Heln
101 m PubMed: biomedical literature citations and abstracts 293 G Books: online books
84 11 ﬁ PubMed Central: free, full text journal articles 28 j\_ OMIM: online Mendelian Inheritance in Man
20 m Site Search: NCBI web and FTP sites none % OMIA: Online Mendelian Inheritance in Animals
Mucleotide: =zquence database (includes GenBank) 2 | none ﬂ UniGene: gene-oriented clusters of transcript sequences k]
Protein: sequence database 7 |none t, CDD: conserved protein domain database Z
l Genome: whole genome sequences none é 3D Domains: domains from Entrez Structure (3]
none "?_ Structure: three-dimensional macromolecular structures none f";- UniSTS: markers and mapping data
1 44 Taxonomy: crganisms in GenBank (| 9 ﬂg PopSet: population study data sets [
none |ﬁ;| SNP: single nuclectide polymorphism [Z] none f,% GEO Profiles: expression and molecular abundance profiles 2
none ;5': Gene: gene-centered information none GED DataSets: experimental sets of GEOQ data @
none [+ HomeoloGene: eukaryotic homology groups [ | none g: Cancer Chromosomes: cytogenetic databases
1 C}O PubChem Compound: unique small molecule chemical structures (] 738 @ PubChem BioAssay: bioactivity screens of chemical substances @
93 PubChem Substance: deposited chemical substance records @ none m GENSAT: gene expression atlas of mouse central nervous system i3}
none E Genome Project: genome project information [ ] = O, g Probe: sequence-specific reagents =
none ;ﬁgrur;:,:r':Edni:aeiiegagf;;;itiDn sfickca ol 200 ks nchacos i Eabier! @135 % MeSH: detailed information about NLM's controlled vocabulary [Ed]
170 MLM E_atalug: catalog of books, journals, and audiovisuals in the NLM
collections
- Result counts dizplayed in gray indicate one or more terms not found

| Counts in XML | Entrez Utilities | Disclaimer | Privacy statement | Accessibility |



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
8000 Normalized 1000 Phenanthrene 1000 Cadmium

Quality control/Trimming/Clustering/Annotation

Internet database (Collembase)




Overlap libraries

PHE
194 clusters

CAD
323 clusters

NORM
5433 clusters



) Collembase - Microsoft Internet Explorer -7 x|

Fle Edit View Favorites Tools Help | aw
@Eadtvev @ @ ‘\{:j|p5eard'1 "'L't?Favorites @‘@v& 'D"ﬂ
Address @ http:/fwww.collembase, org/search. himl j 5o |Lrics 3

=

home search blast order news

www., Collembase.org

Search Collembase

Search options

Retrieve a specific cluster
P On this page it is only possible to

| Gc—l search for blast annotations
Enter a PartiGene-style cluster ID (e.g. Fol00451 / Orc00101) and/or for cluster IDs. To search

g (i]1]
g. LIFCUIU

for sequence similarity (BLAST) go
to our Collembase ELAST page.

Database information

Quality check and analysis of the
ESTs was done using the
PartiGene pipeline. ESts were

Search by BLAST annotation

Folsomia candidaj

dinimum e value I blasted against the Genbank non-
redundant protein database. Blast
earch database | Reset | results were stored in a
PostgreSQL database.

To view all clusters for an organism just leave the text box blank

Apterygota meeting 2006
Collembola.org

Timmermans et al. BMC Genomics 2007 " e

Animal Ecology
Steve Hopkin's Collernbola site

© 2005, desien by HOW:desien



Cluster Fol00643 from Folsomia candida - Microsoft Internet Explorer

File Edit View Favorites Tools Help

Qe - O - ¥] @]

pSeard"l ‘_'Z’q\?Favorites @‘ Bv *23 - |_J o o

Address I@ http:/fwww.collembase. org/Collembase fwwwPartizene_duster. php?chosenorganism =Fol&custer =Foll0643

Folsomia candida .
Cluster: Fol00643 -

2 Seguences

Blast information for cluster Fol00643

Download all 2 seqgs |

Top 10 hits for blastx vs nr view all nr blastx results

Constituent sequences are:

Contig 01 RH17228p [Droszophila melanogaster] ref|NF_477176.1| CG 2e-51 =
FOLSXXTD1672/ Contig_ 01 ENSANGPOC000020091 [Anopheles gambiae str. PEST] gb|EA 2e-51 j
FOLS#ATO2588 Contig 01 cytochrome c 2e-51

Contig_ 01 Cytochrome ¢ prf||l1211285E cytochrome c 4e-51

Contig 01 Cytochrome ¢ 5e-51 -

ol >|
Number of contigs 1 The following Blast searches are also available:

View nr results

Fol00643 - contig :
1

Length of Contig : 780

FOLSXXT01672 / FOLSXXT02565 /

Download sequences associated with this contig |

Sequence -

TTITITITIITITITCGGTATITCAGTATGTICARCARAATCAGTTTITATITATITITARAAGTATACTGTATTARACT =
GRATCCTGCAGTTCTAATGIITITTTCTACTGACARATTRAAGTTATATATAGTATGCACTTATGCAATTCATARATAATA
CRCTTIGAGGAGGATARCCARTTTTAAACTRRAAGCTITIGTICCAGATTICTTTGTAACATCARAACCARTAAATCTITGTIGA
ACACAGTTCARATCARR AL L TGTCTACTCGTATAGTCTACGT TRAATAATGTTACTGCATGRAGRACATCTTTTGATGET
IGICATICACTITCTARCATTCCTICTITCATTARGTITARCATITATATCACTAATCATTITITIACTTITIGTAGCAGAGCE
TAGATRGECGAT A RGEICTGCACGITCGITGEECTICTITARRCCAMACARACACCATCTTAGTACCAGGARTATATTICT LI




Expressed sequence tag and gene function

Annotation “‘BLAST Hit (e-value < 0.0001)

D. melanogaster 32 %

C. elegans 25 %  ~180 yeast clusters removed
M. musculus 31 % 15 human sequences removed
All nr Genbank CDS 44 %

motor activitv
transcription regulator activity

signal transducer activity
enzyme regulator activity

catalytic activity

binding

nucleic acid binding

molecular function unknown
structural molecule activity

| transporter activity

Similarity no GO term

Molecular function
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Microarray (Agilent platform)

Collembase
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Toxicant exposure
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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

* p
Down
* MNon Sig

(adjusted p < 0.05)




Cadmium
Significant genes (adjusted p < 0.05)

Up: 513 Down: 498

15 Antibiotic proteins 20 Ribosomal proteins

11 Transporters (ABC, cation) 4 Proteasome

4 Glutathione-S-transferases 3 1-RNA synthetases

4 Myosin 2 RNA polymerases

1 Heat shock protein (Hsp70) 4 DNAJ

2 ATP synthases (subunits) 3 Fatty acid desaturases

(A5, A9)



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

GO.ID

G0:0006412
G0O:0019538
G0:0006094
G0:0006636
G0:0043087

Term

protein biosynthesis
Carbohydrate metabolism
Gluconeogenesis

Fatty acid desaturation
Regulation GTPase activity

Annotated

Significant




500050356
response i simuius
1.00000
R

GO0005550
regpanse to stress
1.00000
213

00009605
response io extermal...
1.00000
24

GOo00ase11

10000
i

GO:0042060
wound healing
0.00456
2r2

©0:0006150
blological_process
1.00000
430€23

GO:DO093E7
calllar procass
029997
24T

GO:0007SE2

4301

G0:0050875
c2lular physislegic._.
193316
320530

00008152
metaboilsm
0.3E35E
33493

00044237
celluiar metabolism
099937
221422

G0:0009053
Hosyninesls
1.00000
ai12s

GOOaiTi4L
arug metabolism
1.00000

&6

GO:0044243
celular plosyninesl...
1.00000

11

FOo0016939
antiblotic metabolis_.
1.00000
&%

Up-regulated genes

00050817
coagulation
0.00466
212

GO:00075599
hemostaszis
0.00466
22



F. candida in soil quality testing
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Van Straalen & Roelofs 2006



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)




SVM at work: the separating hyperplane
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Noble, Nature biotechnology 2006
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Fig. 3. [A) Prediction strengths. The scatter-
plots show the prediction strergths (PSs) for
the samples in cross-ealidation (left] and on the
independent sample (right). Median P5 i de-
noted by a horizontal line. Predictions with P5
= 03 are considered as uncertain. (B Geres
distinguishing &LL from AML The 50 geres
micst highly cormelated with the ALL-&ML class
distinction are shown Each roy comesponds to
a gene, with the columrs comesponding to
expreszion leeels in different :amprn res-
sion kevels for each gene are normmalized across
the samples such that the mean i O and the 5D
is 1. Expression levels greater than the mean
are shaded in red, and those below the mean
are shaded in blue. The scale indicates SDs
aboree o beloer the mean. The top panel shows
geres highly espressed in ALL the bottom panel shows geres more
highty expressed in AML Although these 5 a5 a4 group appear
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Well established
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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)



Nico van Straalen

Brrrr..
Living in polluted
soil is rough

Yes, you look pale;
| feel much more
colorful in clean soi
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Muriel de Boer



