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Introduction Introduction -- ApplicationApplication

Analysis of microbial communities in complex Analysis of microbial communities in complex 
samplessamples

Application of diagnostic chips (conserved Application of diagnostic chips (conserved 
genes, i.e. ribosomal ribonucleic acid (genes, i.e. ribosomal ribonucleic acid (rRNArRNA))))

Interpretation of Complex Interpretation of Complex Hybridization patternsHybridization patterns

Qualitative biological meaning (i.e. presence/ absence Qualitative biological meaning (i.e. presence/ absence 
of gene/organism in sample examined)of gene/organism in sample examined)

GOAL:
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HybridizationHybridization Patterns Patterns BiologicalBiological MeaningMeaning

2. (Raw) Chip Data1. Image

A. Image Analysis

3. Probe Data

4. Result Data

Probe-ID Sequence Specificity

EUB-1 acggtgcaaggtt Bacteria
SRB-2 cgggaataaattc Group A
LGC-3 gggcctaaatggc Sulfate Red. Bact.
SAB-4 cgtattccgtacc D. guttoideum

.

.
SRP-152 acgtacgaacta D. gibsoniae

.

.

.

Spot Probe-ID signal noise

A  1  1  EUB-1     5802.93   402.73 
A  1  2  SRB-2      492.625   362.11 
A  1  3  LGC-3      544.218   317.35 
A  1  4  SRP-152  2441.46   384.28
B  1  1  ...... .

.

.

.

.

.

Organism Significance

D. geothermicum 75.67
D. gibsoniae 72.70
D. guttoideum 65.00
D. halophilum 64.32

.

.

.
E. coli 12.63

.

.

C. Representation

B. Data Analysis
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Image Analysis SoftwareImage Analysis Software

GenePixProGenePixPro, Molecular Devices Corporation, , Molecular Devices Corporation, SunnyvalSunnyval, , 
CACA

ImaGeneImaGene (and (and GeneSightGeneSight), ), BioDiscoveryBioDiscovery Corporation, Corporation, 
Los Angeles, CA.Los Angeles, CA.

GeneChipGeneChip Analysis Suite, Analysis Suite, AffymetrixAffymetrix, Santa Clara, CA, Santa Clara, CA

ScanArrayScanArray Express, Perkin Elmer, Wellesley, MAExpress, Perkin Elmer, Wellesley, MA

QuantArrayQuantArray, , Packard Biochip Technologies, Billerica, MA

ScanAlyseScanAlyse http://rana.lbl.gov/EisenSoftware.htmhttp://rana.lbl.gov/EisenSoftware.htm

(Michael (Michael EisenEisen, , Lawrence Berkeley National Lab, Berkeley, Lawrence Berkeley National Lab, Berkeley, CA)CA)

http://rana.lbl.gov/EisenSoftware.htm
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Data from Image Analysis Data from Image Analysis ––
Signal and backgroundSignal and background

Signal Pixel intensitySignal Pixel intensity

Local Background Pixel Intensity (Unspecific)Local Background Pixel Intensity (Unspecific)
Median, Mean, Standard Deviation of mean local Median, Mean, Standard Deviation of mean local 
backgroundbackground

Global Background Pixel Intensity (Specific)Global Background Pixel Intensity (Specific)
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ChipanalysisChipanalysis of Diagnostic Arraysof Diagnostic Arrays

BioconductorBioconductor (Statistics)(Statistics)

Cluster analysis and Cluster analysis and TreeviewTreeview
Murray et al., PNAS, 2001Murray et al., PNAS, 2001

GeneChipGeneChip Analysis Suite, Analysis Suite, AffymetrixAffymetrix
Wilson et al., Mol Cell Probes, 2002; AEM, 2002Wilson et al., Mol Cell Probes, 2002; AEM, 2002

ExcelExcel--Sheets Sheets 
Loy et al., AEM, 2002, 2005Loy et al., AEM, 2002, 2005
BodrossyBodrossy et al., et al., EnvEnv MicrobiolMicrobiol, 2003, 2003
StralisStralis--PavesePavese et al., et al., EnvEnv MicrobiolMicrobiol, 2004, 2004
Francois et al., Mol Cell Probes, 2006Francois et al., Mol Cell Probes, 2006
TaroncherTaroncher--Oldenburg et al., AEM, 2003

A
ffym

etrix
Spotted A

rraysOldenburg et al., AEM, 2003
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General Data Analysis ProblemsGeneral Data Analysis Problems

Different data formatsDifferent data formats

Handling large data listsHandling large data lists

Image Data AnalysisImage Data Analysis
General Controls General Controls 

Which spots to take into account ?Which spots to take into account ?

Threshold setting Threshold setting 

Which analysis method (which data) to use ?Which analysis method (which data) to use ?

Proper Visualization of Result Representation Proper Visualization of Result Representation 
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Complexity Factors (using Complexity Factors (using PhylochipsPhylochips
and microbial community profiling)and microbial community profiling)

Probe dependant complexity factorsProbe dependant complexity factors

Sequence databases increase rapidly Sequence databases increase rapidly 
Evaluation of probe sets and specificities listEvaluation of probe sets and specificities list

““BiologicalBiological”” / methodological  problems/ methodological  problems
Same probe, different target organisms Same probe, different target organisms 

differentdifferent signals intensitiessignals intensities

Methodological BiasesMethodological Biases

different probes different probes different hybridisation behaviourdifferent hybridisation behaviour

Any sequence could be in the sampleAny sequence could be in the sample
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DELTA495a
DELTA495b
DELTA495c

DSB706

DSBAC355

DSBAC355

DSB706

DSBAC355

DCC868

DSB986
DSB1030

DSB674

DSB1240

DSB230

DSB220

DSSDBM(4)

DSTAL(5)

DSRHP185

DSBB(2)

DSN658

DCC209
DSNISH(3)

DSC193

DSBMIN218

DSBLA623

DSB623a
DSB623b

DSBACL(5)

DSBM1239

DSFRG(3)

DSBOSA445

DSMON(2)

TDRNO(3)

SYBAC986

DSACI(2)

Desulfotalea arctica, AF099061
Desulfotalea psychrophila, AF099062

Desulforhopalus singaporensis, AF118453
Desulfobacterium catecholicum, AJ237602

Desulforhopalus vacuolatus, L42613
Desulfofustis glycolicus, X99707

Desulfocapsa thiozymogenes, X95181
Desulfocapsa sulfexigens, Y13672

Desulfobulbus rhabdoformis, U12253
Desulfobulbus propionicus, M34410

Desulfobulbus elongatus, X95180

Syntrophus buswellii, X85131
Syntrophus gentianae, X85132

Desulfobacterium anilini, AJ237601
"Desulfoarculus baarsii", M34403

Desulfomonile tiedjei, M26635
Desulfomonile limimaris, AF282177

Desulforhabdus amnigena, X83274
Syntrophobacter wolinii, X70905

Desulfovirga adipica, AJ237605
Desulfacinum infernum, L27426

Desulfacinum hydrothermale, AF170417
Thermodesulforhabdus norvegica, U25627

Desulfobacca acetoxidans, AF002671

Geobacter/Pelobacter/Desulfuromusa/Desulfuromonas

Desulfobacter latus, M34414
Desulfobacter halotolerans, Y14745

Desulfobacter vibrioformis, U12254
Desulfobacter postgatei, M26633

Desulfobacter curvatus, M34413
Desulfobacter hydrogenophilus, M34412

Desulfotignum balticum, AF233370
Desulfospira joergensenii, X99637
Desulfobacula phenolica, AJ237606

Desulfobacula toluolica, X70953
"Desulfobacterium vacuolatum", M34408

"Desulfobacterium niacini", U51845
Desulfobacterium autotrophicum, M34409

Desulfofrigus oceanense, AF099064
Desulfofrigus fragile, AF099065

Desulfofaba gelida, AF099063

Desulfobacterium cetonicum, AJ237603
Desulfosarcina variabilis , M34407
"Desulfostipes sapovorans", AF148141
Desulfobacterium indolicum, AJ237607

"Desulfobacterium oleovorans", Y17698
Desulfococcus multivorans, M34405

Desulfonema ishimotonii, U45992
Desulfonema magnum, U45989

Desulfonema limicola, U45990

"Desulfobotulus sapovorans", M34402

Desulfocella halophila, AF022936

10%

16S rRNA-Based
Phylogenetic Tree

Multiple
Probe

Concept !

Loy et al., Appl. and Environ. Microbiol., 2002.
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Data Evaluation and ProcessingData Evaluation and Processing

Hybridisation successful ? Hybridisation successful ? 
signal/noise of signal/noise of ““positive controlpositive control”” > > ThresholdThresholdPCPC
(Loy et al., AEM, 2002, 2005)(Loy et al., AEM, 2002, 2005)

Hybridisation specific ?Hybridisation specific ?
signal/noise of signal/noise of ““negative controlnegative control”” < < ThresholdThresholdNCNC
((PepliesPeplies, AEM, 2006; Loy et al., AEM, 2002, 2005), AEM, 2006; Loy et al., AEM, 2002, 2005)

individual mismatch probe ? (individual mismatch probe ? (Wilson et al, Mol Cell Probes, Wilson et al, Mol Cell Probes, 
2002; AEM 2004; 2002; AEM 2004; DeSantisDeSantis et al, FEMSet al, FEMS MicrobMicrob LettLett, 2004), 2004)
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Data Evaluation and Processing IIData Evaluation and Processing II

Uniform hybridisation ? Replicates and Outliers Uniform hybridisation ? Replicates and Outliers 
coefficient of variation (CV)coefficient of variation (CV)

median filtering (median filtering (CherkasovaCherkasova et al., PNAS 2003)et al., PNAS 2003)

Deviation threshold from mean signal Deviation threshold from mean signal 

Normalisation Normalisation 
high signal sample (Liu et al., high signal sample (Liu et al., EnvEnv. . MicrobiolMicrobiol, 2001), 2001)

total signal (total signal (BodrossyBodrossy et al., et al., EnvEnv. . MicrobiolMicrobiol. 2003). 2003)
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Corrected Signal / Signal to NoiseCorrected Signal / Signal to Noise

Background Correction Background Correction (Francois et al, Cell Mol Probes 2006) (Francois et al, Cell Mol Probes 2006) 

CSCSPBPB = F635= F635PBPB -- B635B635PBPB

Signal to Noise Signal to Noise (Francois et al, J (Francois et al, J MicrobMicrob MethMeth 2001; Oh et al., J 2001; Oh et al., J ClinClin MicrobiolMicrobiol 2004)2004)

SNRSNRPBPB = F635= F635PBPB/B635/B635PBPB

Corrected Signal to Noise Corrected Signal to Noise (Loy et al, AEM 2002)(Loy et al, AEM 2002)

CSNRCSNRPBPB = (F635= (F635PBPB –– (F635(F635NSNS--B635B635NSNS)) /B635)) /B635PBPB

Signal to Noise Signal to Noise -- GenePixGenePix (Murray et al, PNAS 2001)(Murray et al, PNAS 2001)

SNRSNR--GP = (F635GP = (F635PB PB –– B635B635PBPB) / B635 ) / B635 StandDevStandDevPBPB

F635PB = 635nm Fluorescence Pixel Intensity of Probe PB
B635PB = 635nm Background Pixel Intensity of Probe PB
B635StandDevPB = Standard Deviation of Mean Background Pixel Intensity
SNRPB = Signal to Ratio of Probe PB
CSNRPB = Corrected Signal to Noise Ratio of Probe PB
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When is a signal positive? When is a signal positive? –– The The 
ThresholdThreshold

SNR: 1.5 SNR: 1.5 (Francois et al, J (Francois et al, J MicrobMicrob MethMeth 2001; Oh et al., J 2001; Oh et al., J ClinClin MicrobiolMicrobiol 2004)2004)

CSNR: 2.0 CSNR: 2.0 (Loy et al, AEM 2002)(Loy et al, AEM 2002)

SNRSNR--GP: 2 GP: 2 (Murray et al, PNAS 2001)(Murray et al, PNAS 2001)

SI(PR) > 3x SI(NC) SI(PR) > 3x SI(NC) ((Kakinuma et al., BIOTECHN AND BIOENG, 2001)2001)

Above threshold include analysis
Below or equal to threshold exclude from analysis

And then ?
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Basic Design Basic Design ChipAnalyserChipAnalyser

Data environment for Data environment for phylochipphylochip datadata

Graphical user interfaceGraphical user interface

Various functions and analysis methodsVarious functions and analysis methods

Interfaces to foreign software applications Interfaces to foreign software applications 

Proper data representationProper data representation

Error loggingError logging
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Technical FeaturesTechnical Features

Platform independency (Windows + Linux)Platform independency (Windows + Linux)

Runtime optimisationRuntime optimisation
Structured internal data management (tripartite graph)Structured internal data management (tripartite graph)

Adapted search algorithmsAdapted search algorithms

Processing of large data filesProcessing of large data files
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Algorithm Algorithm ChipanalyserChipanalyser

Open (Raw) Data from Image AnalysisOpen (Raw) Data from Image Analysis

Select the data for analysisSelect the data for analysis

Select method + Set parameters for calculationSelect method + Set parameters for calculation

Prove positive/negative controlProve positive/negative control

Calculate valuesCalculate values

Translate into biological meaningTranslate into biological meaning

Display resultsDisplay results
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Open Raw Data FileOpen Raw Data File
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DataTableDataTable and Visualisationand Visualisation
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““preThresholdpreThreshold”” based computation based computation 
methodmethod

Signal/Noise (or CSNR or SNRSignal/Noise (or CSNR or SNR--GP)GP)

Threshold determines status of each spotThreshold determines status of each spot
(individual / mean / median filtering)(individual / mean / median filtering)

Probes are weighted equallyProbes are weighted equally

Result: Clear statement (positive / negative)Result: Clear statement (positive / negative)
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““preThresholdpreThreshold”” based computation based computation 
methodmethod

Problems:Problems:

Proper Threshold setting (Proper Threshold setting (““WeakWeak”” Signal/Noise!)Signal/Noise!)

One negative probe One negative probe gene/gene/organism negativeorganism negative

Group specific probes Group specific probes induce induce ““False positivesFalse positives””
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GUI: GUI: ThresholdThreshold graphgraph



Harald Meier, Cost853, Zürich 2006/09/18

26

Hit Value Significance MethodHit Value Significance Method
((postThresholdpostThreshold))

Signal intensitiesSignal intensities

Normalised by number of matched organismsNormalised by number of matched organisms

Species specific probes > group specific probesSpecies specific probes > group specific probes

Normalization Normalization Number of relevant probes Number of relevant probes 

Result: Result: 

comparable hit value for each organismcomparable hit value for each organism

Fault tolerance (Fault tolerance ( group specific probes)group specific probes)
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Properties of Properties of ““postThresholdpostThreshold”” methodmethod

Hit value for each target gene/organism Hit value for each target gene/organism 

All signal values and probe specificities All signal values and probe specificities 
acknowledgedacknowledged

Final evaluation of results Final evaluation of results useruser
(Sets threshold for hit value)(Sets threshold for hit value)

Higher fault tolerance (?)Higher fault tolerance (?)

Full probe list requiredFull probe list required

Error for saturated signalsError for saturated signals
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ResultResult RepresentationRepresentation
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ARBARB--InterfaceInterface

Visualise results Visualise results 
in ARBin ARB

Create/Update Create/Update 
probe specificity probe specificity 
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ChipanalyserChipanalyser ResultsResults visualisedvisualised in ARBin ARB
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CreateCreate/Update Probe /Update Probe SpecificitySpecificity ListList

Probe Match

ARB 
PT-Server
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Microarray-based examination of tooth pocket
samples of patients with adult periodontitis

Loy et al., Appl. and Environ. Microbiol., 2002.
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MicroarrayMicroarray forfor detectiondetection and and identificationidentification
of of sulfatesulfate reducingreducing prokaryotesprokaryotes (SRP)(SRP)

SRPs are polyphyletic !

Nitrospirae

"Desulfovibrionales"

"Desulfobacterales“
"Syntrophobacterales"

FirmicutesThermodesulfobacteria

Euryarchaeota 10%
Proteobacteria

Archaea Bacteria

132 132 ssussu--rRNArRNA--targetedtargeted oligonucleotideoligonucleotide probesprobes

DuplicatesDuplicates

Positive/Positive/negativnegativ control probescontrol probes

Detection and differentiation capacity > 130 described Detection and differentiation capacity > 130 described 
species of SRB organisms species of SRB organisms 

Reverse hybridization of CY5Reverse hybridization of CY5--labelled PCR labelled PCR –– amplificatesamplificates
of of ssussu--rRNArRNA genegene
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Desulfomicrobium orale in Patients with Adult Periodontitis

16S rRNA gene
targeting primers:

Desulfomicrobium spp. 

periodontal tooth pocket clone P4-16
periodontal tooth pocket clone P4-15
periodontal tooth pocket clone P4-14
periodontal tooth pocket clone P4-17
periodontal tooth pocket clone P4-13
periodontal tooth pocket clone P1-1

DSM194
DSM213

DSV686

DELTA495a

SRB385

10 %

Desulfonatronum lacustre, Y14594

Desulfonatronovibrio hydrogenovorans, X99234

Desulfohalobium retbaense, U48244

Desulfomicrobium apsheronum, U64865
"Desulfobacterium macestii", AJ237604

Desulfomicrobium baculatum, AF030438

Desulfomicrobium norvegicum, M37312
"Desulfomicrobium hypogeium", AF132738

Desulfomicrobium escambiense, U02469 

Desulfomicrobium orale, AJ251623

Desulfovibrio et al.

16S rRNA

DSM194
DSM213

DSV686

DELTA495a

SRB385

Loy et al., Appl Environ Microbiol, 2002
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Desulfomicrobium orale in Patients with Adult Periodontitis
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Desulfomicrobium orale in Patients with Adult Periodontitis
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Application and EvaluationApplication and Evaluation

““PrePre--ThresholdThreshold”” result agrees with original result result agrees with original result 

Result by Result by ““PostPost--ThresholdThreshold”” method indicates method indicates 
existence of another SRB groupexistence of another SRB group

PrePre--Threshold method works with Threshold method works with ““reducedreduced””
probe listsprobe lists

Factors that influence results by Factors that influence results by ““PostPost--
ThresholdThreshold”” methodmethod

quality of quality of in in silicosilico probe specificity listprobe specificity list

degree of saturation of spot signalsdegree of saturation of spot signals
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SummarySummary
Software for analysis of Software for analysis of phylochipphylochip data from data from 
community analysiscommunity analysis

Extensive GUI (data handling/editing, visualization)Extensive GUI (data handling/editing, visualization)

Various analysis methodsVarious analysis methods

Supports threshold settingSupports threshold setting

Result exportResult export

ARBARB--Interface (chip result tree, probe list update)Interface (chip result tree, probe list update)

Biological example study showed in principal Biological example study showed in principal 
applicability of both methodsapplicability of both methods
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Future prospectsFuture prospects

Extension by data typesExtension by data types

Extension of the results tableExtension of the results table

Extension for data evaluation (control function)Extension for data evaluation (control function)

Evaluation/optimization of analysis algorithmsEvaluation/optimization of analysis algorithms
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ThankThank youyou!!

Kai Bader, Wolfgang Thomas, 
Technische Universität München, Informatik

Wolfgang Ludwig, Technische Universität 
München, Lehrstuhl für Mikrobiologie

Alex Loy, Michael Wagner, University of Vienna, 
Department of Microbial Ecology

Harald Meier
meierh@in.tum.de

www.lrr.in.tum.de/~meierh

mailto:meierh@in.tum.de
http://www.lrr.in.tum.de/~meierh
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