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IRtrodbcHon - Application

r\rJrrJ/JJJ Ol MICroniall commuRnIteEs 1N COmMPIEX

= Application of diagnestic chips (conserved
genes, I.e. ribosemal ribenucleic acid (rRNA))

m Interpretation of Complex Hybridization patterns

Qualitative biological meaning (i.e. presence/ absence
of gene/organlsm |n sample examlned)
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= Hybrdizatio A Patteris

Organism  Significance

D. geothermicum 75.67
D. gibsoniae 72.70
D. guttoideum 65.00
D. halophilum 64.32
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4. Result Data
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plogical-Veaning

2. (Raw) Chip Data

Probe-ID signal
EUB-1 5802.93
SRB-2 492.625

LGC-3 544.218
SRP-152 2441.46

3. Probe 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 actécaacta D. gibsoniae

".r"’"



MEGE ARSI

GenerixPro, Meolecular Devic
CA

m |ImaGene (and GeneSight), BieDiscovery Corporation,
Los Angeles, CA.

m GeneChip Analysis Suite, Affymetrix, Santa Clara, CA
m ScanArray Express, Perkin Elmer, Wellesley, MA
m QuantArray, Packard Biochip Technologies, Billerica, MA

N ScanAIyse http://rana.lbl.qov/EisenSoftware.htm

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

S L= ':':c:__.-—'l ‘
o &H & o =

Harald Meier Cost853 Ziirich 2006/09/18



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

= Signal Pixel intensity

m Local Background Pixel Intensity (Unspecific)

= Median, Mean, Standard Deviation of mean local
background

O Global Background Plxel Inten5|ty (Specmc)
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GeneChip Analysis Suite, Affymetrix
« Wilson et al., Mol Cell Probes, 2002; AEM, 2002

m Excel-Sheets
= Loy et al., AEM, 2002, 2005

= Bodrossy et al., Env Microbiol, 2003

= Stralis-Pavese et al., Env Microbiol, 2004
= Francois et al., Mol Cell Probes, 2006

= Taroncher-Oldenburg et al., AEM, 2003
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SIS Preplems

m Dliferent aata fiormats

= I[mage Data Analysis
» General Controls

= Which spots to take into account ?
= Threshold setting
= Which analysis method (which data) to use ?

m Proper Visualization of Result Representation

& &H & & D s

Harald Meier Cost853 Ziirich 2006/09/18




COMpPIEXILY FaCtors (TS fJJ PIRVICCITPS

e micrepialscommuncy, preiming)

B Seguence datalases increase rapidly: =
Evaluation of probe sets and specificities list

m “Biological” / methodological problems

= Same probe, different target organisms
—> different signals intensities

= Methodological Biases
= different probes - different hybridisation behaviour
= Any sequence could be in the sample
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DELTA495a
DELTA495b
DELTA495c

Desulfotalea arctica, AF099061

- Desulfotalea psychrophila, AF099062

Desulfobacterium catecholicum, AJ237602
| Desulforhopalus singaporensis, AF118453

| Desulforhopalus vacuolatus, L42613 DSRHP185

Desulfofustis glycolicus, X99707

Desulfocapsa thiozymogenes, X95181

Desulfocapsa sulfexigens, Y13672

Desulfobulbus rhabdoformis, U12253

Desulfobulbus propionicus, M34410 DSBB(2)

Desulfobulbus elongatus, X95180

DSTAL(5)

| DSB230

Phylogenetic Tree

Desulforhabdus amnigena, X83274

Syntrophobacter wolinii, X70905 SYBAC986
Desulfovirga adipica, AJ237605
Desulfacinum infernum, L27426 DSACI(2)

Desulfacinum hydrothermale, AF170417
Thermodesulforhabdus norvegica, U25627 TDRNO(3)

Desulfobacter latus, M34414 DSBLA623
Desulfobacter halotolerans, Y14745
Desulfobacter vibrioformis, U12254
Desulfobacter postgatei, M26633 DSB623a
Desulfobacter curvatus, M34413 DSB623b
Desulfobacter hydrogenophilus, M34412

Desulfospira joergensenii, X99637 DSB986 -
Desulfobacula phenolica, AJ237606
Desulfobacula toluolica, X70953 DSBACL(5) DSB1030 u t I p e
"Desulfobacterium vacuolatum”, M34408

"Desulfobacterium niacini", U51845 DSBM1239
Desulfobacterium autotrophicum, M34409

Probe

Desulfofrigus oceanense, AF099064

Desulfofrigus fragile, AF099065 DSFRG(3) DSB674
"Desulfobotulus sapovorans”, M34402 DSBOSA445 |
Desulfosarcina variabilis , M34407 D 9 CO I l C e p t »
"Desulfostipes sapovorans”, AF148141
Desulfobacterium indolicum, AJ237607 DSBMIN218
"Desulfobacterium oleovorans”, Y17698 DCC868
Desulfococcus multivorans, M34405 DCC209
Desulfonema ishimotonii, U45992 DSNISH(3)
Desulfonema magnum, U45989 DSN658

Desulfonema limicola, U45990

"Desulfoarculus baarsii", M34403
Desulfomonile tiedjei, M26635

—: Desulfomonile limimaris, AF282177 DSMON(2)

Desulfobacca acetoxidans, AF002671

Desulfocella halophila, AF022936

{‘ Syntrophus buswellii, X85131
Syntrophus gentianae, X85132

L Geobacter/Pelobacter/Desulfuromusa/Desulfuromonas
10%
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m Hypridisation sUceessiul?
4 signal/noise of - OJJJFJ\/:‘ control™
\/

= Hybridisation specific ?

u signal/noise ofi “negative control” < Thresholdy:
(Peplies, AEM, 2006; Loy et al., AEM, 2002, 2005)

= Individual mismatch probe ? (wilson et al, Mol Cell Probes,
2002; AEM 2004; DeSantis et al, FEMS Microb Lett, 2004)

13

s — L= ':':c:__.-— ‘
o &H & o =

Harald Meier Cost853 Ziirich 2006/09/18




4 COefficient of variation
« median filtering (Cherkasova et al., PNAS 2003)
« Deviation threshold from mean signal

= Normalisation
= high signal sample (Liu et al., Env. Microbiol, 2001)

= total signal (Bodrossy et al., Env. Microbiol. 2003)
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N

BaCk <0)[0)¢ na’ Correction (Francois et al, Celll Mol Probes 2006)

CSPB = F635pB = BG35PB

Ignal to NIOISE (Francois et al, J Microb Meth 2001; Oh et al.,

J Clin Microbiol 2004)

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

m Signal to Noise - GenePIX (urray et al, PNAS 2001)

F635,; = 635nm Fluorescence Pixel Intensity of Probe PB
B635,; = 635nm Background Pixel Intensity of Probe PB
B635StandDev,, = Standard. Deviation of-Mean Background.Pixel Intensity

o’ o @ @ | SNRgg = Sl‘gﬁ@j to W of PW PB <. -_—
CSNR,. = Corrected Signal to Noise Ratlo f Probe PB 15
&. &H & & S -
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B CSNR: 2.0 @woy et al, AEMI 2002

B SNR-GP: 2 (vurray et al, PNAS 2001)

m SI(PR) > 3X SI(NC) (kakinuma et al., BIOTECHN AND BIOENG, 2001)

Above threshold - include analysis

And then.? -~ = O
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AlPARalySer

m Data environment 1or pnylechip data

m Grapnical user Interface

Various functions and analysis methods

= Interfaces to foreign software applications
m Proper data representation

m Error logging

—_—
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m Platiorm Inaependency: (Windews + Lintx)

= Runtime optimisation
« Structured Iinternal data management (tripartite graph)
u Adapted search algorithms

= Processing of large data files

—_— —_—

- o
& &H & & S

Harald Meier Cost853 Ziirich 2006/09/18




AlgeritamrChipanaly/SeEr

n Open (rRaw) Data frem: Image Analysis

m Select method + Set parameters for calculation
= Prove positive/negative control

m Calculate values

m [ranslate into biological meaning

m Display results

20
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- Chipanalyser, SECIES

File Edit Help

|Dpticns | Result Table | Interfaces | Chart View | Chip Overview | Logfile |

Name (mr_mc_r_c) |Signa| |Backgmund |De!ta |Comm|]|J| use |metamw |metacoi |row |ch |probeID mean signal |mean bg |signal delta

) Chipanalyser - File Dialog BSEE

~Chip data file

|;pr-Listmenu!examples.flestdata!newasbnleJ 000pmt_neu 270504 DS.gpr

Dpen,,,l | |

Row Row L1l Column Column
Background B635 Median _"l Signature F635 Median
ID ID i Block

—Probe data file

F635 Mean
F635 SD

F&635 CV ] he |probe sequence
APPS/chipanalyser-gpr-Listmenu/examples/arb-matched-s|gg35

Open ... | B635 Median
—B635 Mean
f|
Probe ID = Organism |D g:g: is
Probe Name A

, % >B635+1SD| ,
Probe Sequence R EE ey TR

=
Ly

Cancel | | Close and Update

=
7 Show Chipdata Tablel" Show Probedata Table ChipTable: Mark All | Unmark All

_| enable autocommit (update data every time something has changed; slow)

|File open and save dialog. v B
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(Individual /' mean / median filtering)
m Probes are weighted equally

m Result: Clear statement (positive / negative)
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“prefn

m Proplems:

r'ccr' A\ ad c c rar""" c """\\rzlu (\)‘c': \‘C-.rnxr‘~

= One negative probe - gene/organism negative

m Group specific probes - induce “False positives”

—_— —_—
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Chipanalyser

File Edit Help

Data Table |Options | Result Table | Interfaces | Chart View IChip Overview |L‘ogF le |

_‘| s P | ey | Bt Tk | it 1a-n-.-|m.||

hart type

~ show :chip-data 'charl' # show threshold chart Zoom Qut | Save Chart

enable autocommit (update data every time something has changed; slow) «orl chonoes

Using Threshold methed to compute the results (step #2). v
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Normalised by AuUMmMber ofi matched organisms

Species specific probes = group specific probes
= Normalization > Number of relevant probes

m Result:

m comparable hit value for each organism

m Fault tolerance (= group specific probes)

> G o e s - -_— -
SRR - e
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PIOPERLIES O POSHINrESHeIC MEtNoE

acknowledged

m Final evaluation of results =2 user
(Sets threshold for hit value)

m Higher fault tolerance (?)
m Full probe list required

m Error for saturated signals

T > - @ @ = -— -—

27
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- Result Representation

Chipanalyser.

File Edit

Data Table |Dj:ﬁorg‘s | Result Table |l.lflterfaces | Chart View | Chip Overview |l.'ogﬁlg |

1 Dfm Desulfobacterium cetonicum 114.185
20| DetProts |dt‘|td prc:t obacterium 114.185|
DImE [az cambiense 9?.8549|
i 05.3521|

ina variabi 95. 3521|

|Desulfomicrobium sp. 94, 916|

f i Desulfomicrobium sp.

|Du°u|f0mrcrobmm s

vlun|un|slolalslnln

IDr:squomrcrobmrn sp.

Desulfomicrobium Sp.

Chi praical
|Du°u|f0mrcrobmm baculatum ipatialypes

DFmOraIe
DImDralS
D[mOral4
DImDra}B
DFmOraIZ

DIimSpec9 Dr:su[fumlc
2 1Spe15  |Desulfomicrobium s
DImE_,_arn IDesu[fornicrc:biur‘n
300 |DsfDesu |Desulfovibrio desulfuricans
i | Bl DImBaLuS |D!:SLJ[fUI’nlCFUbIUm baculatum

enable autocommit ;‘uﬁaéte_ data every time s.cim__githind has changed :'-slciw)

28
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ARBEINT

>
\>

- e T
L Chipannlyser, = OfX

Eile Edit Help |

_] Data Table | Dptions
Il AR home directany: Ll'l-mmermelerhMFtE

I

O ARB server address: l!n-call'l:usl: ssu_janDd_com_opt_treedata_otimi.arb

Result Table | Interffaces. | Chart View | Chip Ovenview | Logfile |

«  Temporary directory Ll'fmp

m Visualise results
in ARB g ————

Warning:

Mark resulis in ARB
?.iarkl (Takes qguite a while with large probefilas. )

m Create/Update i

= e = New probefile (destination): | J
pro e SpeCI ICI y F Use weighted mismaiches
# Allowed Mismatches I Upper Limit for weighted mismatches: {000 Run Probemalch

ChipDesigner Interfaces |
CD binaries path [lrﬂurful::sfdnul:hip

CD-data file: [il'ﬂ'l:lfﬂcl:'m'dnathiprrl‘ﬁl.ﬂl hin
CD-prabefila |

Create ED-F'rl:rl:ui:fiIc| Compute CD-Results [

|_| anable suincommit (update data every lime somathing has changed: slow) I
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LimEacus, Desullemicrobium baculatum
; DsfDesul, Desulfovibrio desulfuricans

Horm Funclions  Hors semech

BfmMaces, Desullobaclerium maces i LA
DimSpe 15, Desulfomic robium sp
Dimapshe, Desulfamicrabium apshe ronum
Dimiorwe, Desulfomic rabium noreegicum
DimSpe 14, Desultomic robium sp
DimEacud, Desulfomicrobium baculatum
DimEBacul, Desulfomicroblum baculatum
m DimSpecs, Desullomicrobium sp

" Hearch zpecies
~ Ml Epac igs

o Beep specles

SEARCH and QUERY

DATAAARSE SEAHCH

- Ehat match btha mmry
- that gdent match bha q.

* that are morked

Udng 1622, unidentifled bacterium
DimSpec?, Desullomicrobiom sp.

F GUERY
 DimSpecZ, Desulfomicr

Sonrch fekds

—I rﬂm";m- Desulfamicrablum sp.
I.almb eod, Desulfomicrobium sp.
I:llmitn-c! Desulfomic roblum sp.
DimEscad, Desullomicrobium escambiense
Dim&p, Desulfomicroblum sp
DImEscam, Desullomic robivm escambiense;
T.uncultured I:-

TéAa

L] DimBacu3, Desulfo
r Dl pe1 3, Oesulfa rln:rrrh_lu m sp
[ DimSpe10, Desulfomicrobium sp

SERRCH

3
]

Search sinngs

|
ir

| [m DimHypog, Desulfomicrebium hypogeum Kite: 4
DlmSpet, Pesulfomicrobiom =p
DlmSpe 2

1llbl

= ﬂFs'-'n:ri.E
BFallnbon
Bk Prokis
0 InHacud
B lnllacu]
DF nHaciy
O inSpelh
B InSpecil

Rintpald
el 1622
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Bindpee
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tI sVar- 12
:NFplalon
tlnkPyol.b
s nBoacud
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iI¥nlocos
ST
N nfpachl

sulfomicroblum sp
BemMle 15, wi ured bac terium
® DIimOral2, Desulfomie robium orale
Dimoral3, Desulfomic robinm orale
UneDe260, uncultured delta
uncedd s, uncultured delta
UncDe248, uncultured delta
Uncbedsd, uncullured delta
UncDeZis, uncultured delta
| DimOrals, Desulfomicr: erm orale
Dimirals, Desulfomicrobium arale
|___m DimOrale, Desultomic robium orale
= UncDe2 54, uncultured delta
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Dutsubma, Desulfonauticus submarinus
Ud a4, wnidentified bacteriom
I-' Difracet], Desulfurella acetlvorans

L A

DirMultl, Desullarella multipotens
DfrPropi, Desulfurella prapionica
DirKamch, Desullure kamchatkensis
UncheE50, anculture Ita Finti; denitiln £l i

TR,

l Unel 39 uncultured bacter wm;
UncBakTd, upcu ltured bacterivmg
UneDesIh, uncultured Desulfurella
E4VEHIRS, protepbacterinm EHIB0-23
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Probe Match

133 ARGLO
136 DERHP 185

138 DEEACL143
139 DSBACL23S

CCACCTTTCCTG TTT CCA
TOG GGC AGT TAT CCC GGG
GGT CCG CAAACT CAT CTC

ARB
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PT-Server

-Jru.ullur':-:l -dfi.hil"‘hln
writuliured archae
unculiured archa
urtuliured archae
uncultured archa
Desulforhopalu
Desulforhopalus sp
Desulforhopalus vacuolatus

133 ARGL
133 ARGLOST
133 ARGLOST2

133 ARGLOST2
136 DSRHP18S
136 DSRHP 185
136 DSRHF 185

WQAPOTENSIS

Desulfebacula phenalica
Desulfobacula lolualca
Desulfobacula toluslica
Desulfebacula phenalica

CG CAA
130 DSBACLIIS D8lTo
133 DSBACLI25 DsITol
139 DSBACLZZS Unc 1226
133 DSEACLIIS UncDesdl

CG CAA
GGT COG CAAR
G CLG CA

uncultured bacterium
uncultured Desulfobacula

T

[am = A -

ALCT CAT
CTCa
ACT CAT CTC
ACT CAT CTC
ACT CAT CTC

cTC
cTC

L ey o L _—re AlIFiry AccA ALITLrF (fSdiooes SAS
L=l = e CLFLT Fasalr EE.-II. or I:.’"E.ﬂ SR =L e
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* licrbarray-based examination of tooth pg _
m‘ies of patients with adult period‘n |
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Vie O | ?
2C
‘(\aeaB . "Desulfobacterales*
> "Syntrophobacterales”
"Desulfovibrionales"
Euryarchaeo 10%

Proteobacteria

m 132 ssu-rRNA-targeted oligonucleotide probes
m Duplicates
m Positive/negativ control probes

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

m-Reverse hybridization -of CY5 labelled PCR.— ampllflcates
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Desulfomicrobium orale in Patients with Adult Periodontitis
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16S rRNA

/Desulfovibrio et al.

Desulfonatronum lacustre, Y14594

Desulfohalobium retbaense, U48244

Desulfomicrobium apsheronum, U64865

- "Desulfobacterium macestii", AJ237604

- Desulfomicrobium norvegicum, M37312
"Desulfomicrobium hypogeium", AF132738

— Desulfomicrobium baculatum, AF030438
Desulfomicrobium escambiense, U02469

Desulfomicrobium orale, AJ251623
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
L periodontal tooth pocket clone P1-1

LLIXI R MAdd Loy et al., Appl Environ Microbiol, 2002

Desulfonatronovibrio hydrogenovorans, X99234
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Desulfomicrobium orale in Patients with Adult Periodontitis
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-~ ARG NT ST
File Spegies Seqpeecs 00 Probes Tres Tools  Deboggiog  Propesties |

| e, 165 _PT2E0304 .0 _al [ _soenbec0d 130 ali_16x
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i T e
ﬁ SELECT RODE LEFT: zelect species and opencclose groug

Desulfuromusa succinoxidans, X79415

Desulfuromusa bakii, X78412

Desulfuromusa kysingii, 79414

Pelobacter acidigallici, X77216

_[ Wadi Gaza clone WGA2 1, Wadi Gaza, contaminated site A (300B01), local_host2:1025079727
“pasulfuromonas palmitatis”, UZB172

Pelobacter venetianus, U41562

Pelobacter acetylenicus, X70955

Pelobacter carbinolicus, X79413

Palobacter carbinolicus, UZ3141

Pelobacter sp., U49748

Desulfuromonas acetexigens, U23140

Pasulfomicrobium sp., X98505

"Dasulfomicrobium hypogeium™, AF132738
Desulfomicrobium baculatum; D5M 1742, AJ2Z7 7886
Desulfomicrobium escambiense (T); esc1; 3162, UD2468
Desulfomicrobium escambiense, UD2469
Desulfomicrobium sp 'Dalta +'; Delta +, AF443583
Desulfomicrobium escambiense; DSM 107077, AJ27 7886

* Desulfomicrobium sp. "Bendigo B', AF131233

Desulfomicrobium aspharonum, ARB_ECCSBEA

Desulfomicrobium apsheronum, UB4B65

Bacterial sp., X95570

' "Dasulfobactarium macesti”, AJ237804
Dasulfomicrobium baculatum, AFD30438

Desulfomicrobium baculatum; DSM 4028T, AJ2778494

Desulfomicrobium baculatum; DSM 2555, AJ27 7845

Desulfomicrobium norvegicum (T): DSM 17417, Aj27 7847
Desulfomicrobium sp "Clear 59m'; Clear 59m, AF1 32864
Desulfomicrobium sp "Scale 9m'; Scale 9m, AF132883

* uncultured bacterium mlel1-31; mlai-21, AF2ZE0859

:} Desulfomicrobium orale, AJ251624

|F Desulfomicrobium orale, AJ251623
|t Desulfomicrobium orale, AJ251629
Desulfomicrobium orale, AJZS1627
L Desulfomicrobium orale; AJ251628
Desulfovibrio sp. FD1, AJ251631
Dezulfovibrio =p., X93 1486
Desulfovibrio desulfuricans, AFO3E671

Desulfovibrio desulfuricans ATCC 27774, M34113




Hen

Withrernginail result

Result by “Post-Threshold™ method indicates
existence of another SRB group

m Pre-Threshold method works with “reduced”
probe lists

m Factors that influence results by “Post-
Threshold” method
= quality of /n silico probe specificity list
. degree of saturation of spot S|gnals
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summary

| SOItWenre 1o analy/siS o1 phnylocnipraata irom
commuinity: analy/sis

Xtens ga

« Various analysis methods
u Supports threshold setting
= Result export

m ARB-Interface (chip result tree, probe list update)

m Biological example study showed in principal
applicability of both methods

= o S -

38
— -

Harald Meier Cost853 Ziirich 2006/09/18



-uture prospects

EXLENSIion: by data typ

EXtension of the results tar

Extension for data evaluation (control function)

= Evaluation/optimization of analysis algorithms
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