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Genomatik/ A real life project

A project fully integrating in silico & in vitro methods

This application example was taken from a scientific project that had lasted
for about five years and included experimental verification of every
prediction made by bioinformatics analysis.

The results of the combined in silico and in vitro apporaches were
published in two articles:

Benkhart E., Siedler M., Wedel A., Werner T., Ziegler-Heitbrock H.W.L. (2000) Role of Stat3
in Lipopolysaccharide-Induced IL-10 Gene Expression. J. Immunol. 165, 1612 - 1617.

Ziegler-Heitbrock H.W.L., Lotzerich M., Schaefer A., Werner T., Frankenberger M., Benkart
E. (2003). IFN-a Induces Human IL-10 Gene by Recruiting Both IFN Regulatory Factor |
and Stat3. J. Immunol. 171, 285 - 290.
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Outline of tasks

What you will be doing during the next 2 hours

@®  General aim: Functional analysis of the IL-10 promoter

@® Find and extract IL-10 promoters (ElIDorado)

@® Analyze IL-10 promoters for transcription factor binding sites (TFBS)
(Matinspector from GEMS package)

@®  Analyze literature for IL-10 Promoter (BiblioSphere)

@ Analyze IL-10 promoters for TFBS frameworks
(FrameWorker from GEMS package)

& Database search with frameworks
(Modellnspector from GEMS package)
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What you will be doing next

Find and extract IL-10 promoters (ElIDorado)
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Genom: .4 ElDorado is a unique promoter source

EilDorado provides human, mouse, and rat IL-10 promoters

1. Homa sapiens
Lo | 1

15125 hps
NM_000572
NT_021877

2, Mus musculus
| LN

15125 hps
NM_010548
NW_000154

3. Rattus norvegicus
| N

15125 bps
NM_012854
NW_042839

N e E—

~ promoter set 1
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What you will be doing next

@® Analyze IL-10 promoters for transcription factor binding sites (TFBS)
(Matinspector from GEMS package)
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Genomat' IL-10 project initial in silico analysis

Matinspector: Finding TF binding sites by weight matrices

® AIUPAC consensus sequence cannot tolerate mismatches

@® A weight matrix can tolerate mismatches

A matrix family
|Group # matrl IUPACs | # IUPAC families | contains several
Fungi [ 42 | : — | | related matrices
Insects | 37 | 24 | | |
Plants | 67 ] 39 | 323 | 258 |
Vertebrates | 326 | 130 | | |
Miscellaneous | 6 | 5 | | |
Other Functional Element5| 7 | 4 | | |
Total | ass | 233 | 323 | 258 |

The vertebrate group represents binding site descriptions of 1 ooo TFS covered'

Homo sapiens: 406
Mus musculus: 373
Rattus norvegicus: 168

L]
L]
L]
® Danio rerio: 53

Matinspector can rapidly identify candidate binding sites and factors
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IL-10 project TFBS analysis

Matinspector analysis of the human IL-10 promoter

132 matches found.
1 1074

S A G

Human IL-10 promoter

GCACAGAACAGCTGTTCTCCCAGGAAATCAACCTTTTTTTAATTGAGAAGCTAAAAAATTATTCTAAGAGAGGTAGCCCA
TCCTAAAAATAGCTGTAATGCAGAAGTTCATGT TCAACCAAT CAT T TG o A ot tatmtiaelld AAGTT

ATTAGAGAGGTTAGAGAAGGAGGAGCTCTAAGCAGAAA
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Genomatj Beyond simple TFBS analysis

TFBSs shared between human mouse and rat promoter

GEMS Launcher Task (automatic mode): Search for common TF sites in multiple sequences
working on IL10_hs_mm_rn.seq (3 seq.)

hs32445/IL 10

e
Homo saplens :
=o' LT AP L S
NT 021877 ) @

632 bp
mm2432/110 —*
Mus musculus -,_._. B a_- A =_-- -
mo
NT_039180 _L- T )@ .'_' [ ] 'U_'
631 bp
M3012/110 [ >
T vew B ¥ R A .
mo EE— -
Nw_u413;4 T w L) ) v
631 bp
100 bp 27 optimized binding sites
in common!
[T +c &[] 35 Selectall |  Deselectall |
L vsapLr Musapir - [vsapar +/ VSCEBP + VSCLOX More information than common

/| V4CREB ~ V4EBOR || W4ETSF [ wsEVTL [ZF]v4FRHD
[F]veGREF FAvsHMTE [ veHNFS [/ wsHOMS | VEHOXF
[ vIRFF | WELTUR | VEMEF2 | WEMOKE | vEMYTL
[] veMEXH [Z]wsocT1 []wsparrF [ vspxrrF | VSRBIT look for TFBSs frameworks!
o VESTAT /| VS$TBPF

TFBSs is required,
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What you will be doing next

@®  Analyze literature for IL-10 Promoter (BiblioSphere)
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IL-10 promoter frameworks

Exploit knowledge about the IL-10 promoters

® IL-10is very well covered in the literature (more than 1000 papers!)

@® Atthis point we are only interested in TFs linked to IL-10

@® BiblioSphere automatically analyzes the whole PubMed for TF links

® Get candidates from the |IL-10 BiblioSphere

&®  Start with the TFs with BSs in the IL-10 promoter and cocited with IL-10

Focus the framework analysis on likely candidate TFBSs already known
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Genomat'. IL-10 promoter frameworks

— Transcriptional context of IL-10 identified by BiblioSphere

Green connection:

@® IL-10is cocited with 1209 genes Binding site confirmed
In promoter sequence
@® 96 are transcription factors @ @ \
® BiblioSphere determined ?m o @ o
TFBS for 10 TFs in the P 9. /
IL-10 promoter efi“ﬂ’”x o

- AP1

- CEBP %Hg POUIF

- CREB |

- EBOX ?. Do

- FKHD

- GRE

- CNOTE

- :BEFRO MHC2TA e e

- RXRF FOXP3  MYC

- STAT Parameters (default) Gray connection:
Tlfs: cocited on_septence level Binding site not found
minimum 2 cocitations In promoter sequence
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IL-10 promoter frameworks

Common TFs of human and mouse IL-10 promoter

@® Only the BS for the 10 TFs identified by BiblioSphere are shown

hs32445/IL10 —

Homo sapiens _—

T — R e |&
NT 021877

632 bp
mm2432/110 —

Mus musculus . -
e ¥ ee e — e
NT_039180
631 bp
m3012/110 —*
Ratts nonvegics ___oem -
mo . —— _—

NW_047394 W w W

631 bp

100 bp

T T Selectall |  Deselectall |

[¥]vsaprir | VECERP | VeCRER [¥]vscRer []vsIrFE
7 VESTAT =

Frameworks are not obvious even with only 6 TFBSs to be considered!
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What you will be doing next

@ Analyze IL-10 promoters for TFBS frameworks
(FrameWorker from GEMS package)
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FrameWorks and Modules

—  Describing promoter/enhancer TFBSs organization
® Aframework describes a conserved <« m —
set of transcription elements

@& Thedistances of TFBSs within a framework are variable as is the
position of the whole framework within different sequences

® A module describes experimentally
verified mutually dependent
functional transcription elements

Delete a single site -
lose function of all

Modules definitely have a biological function, frameworks may have a function
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Genomatix/

hs32445/1L10
Homo sapiens

TLL{) e
NT_021877
632 bp

mm2432/1110
Mus musculus

o ——
NT_039180
631 bp

Show model matches at position
349 - 455 ' 354 - 455

m3012/T110
Rattus norvegicus

mg ——
MW _0473%4
631 bp

Showr model makches at position
R4 350 - 440 366 - 440

Selectall |  Deselectall | (

Align | 100 bp ’I

BETTEE e g

372 -440

_

IL-10 promoter frameworks

FrameWorker identified a single framework including
the functional STAT binding site

Element |Strand

Matrix sim.

Distance to next
element

Common to

VEIRFE |+

Optimized
{min, 0.86)

50 - 88 bp

WESTAT =

Optimized
(rmin, 0.77)

3 sequences (100 %)
& matches, 3 non-
overlapping
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Genomat_' IL-10 promoter frameworks

The IRF1-STAT TFBS pair is conserved, the sequence is not!

1 tccogoctoo otggootoct gocttotttt cottgttott toooctictt ccaccoocotc ttttoooctt togoctccog coacogooge ttocooctoo aogoooctct coggocoott tootccaogy tttcottcto tgtgctggog aTOOTOTACA GTAGGOTEAL GAAACCAAAt tctoogttgy coctg---—-
1 caogtcoggog ogogggoogt gogggtccot gotogotggg tottgogoct cttotggogt toogtoto—- =TEATCTACH GOAGTETOTC CACACCTAAD ocotcagotc ogagoggoag

1%
112 ttgottctge tgttggoooc ggocotccoa

ggaggcaget tgtoooocttc cotgtgotty ctgotogtog aaaactooge ctggooctgo ccggogooge agticttgog tooottccot tocancttct agoogottct tttoccogtog

a

aoaoacagaa ot

155 GTETACCCTE
318 oogagtgtca cragacccee ttgatcctga totgocagoc actgoatcag ataogocgeg otoaccccga gttoctgttc toccagocot ggtgtggton coctctccan tggggoagge ttggooccot gtgccaacga agatcotcce cogtactgat go cagoocggga GTHTACI T
HEEERRE

X gtocoggtgo tg
518  tacatgggtc tocttttatt toogooacaco ttocctggtc aocoggacgt gtogoattge cocccccctt gggtcocaca gaoaacaggt accaggogan cangtagttg cttgoccaag gtacagoatg aooggcoota gaggactcta ggogaatgtt cttcccocco aaactgoggt agtoggogoa gtocctactg

218 —-TASCATCT CTOTGCCTCY gtttgetcoc totacantoga gacggtag- ——————— ————- GOETC ATOOTGEAGCY CTACCTGACY AGCATATAAG AAGCTTTCAG CAAGTgoagy ———-———-—- ———————————
712  oogggoogot ccogocotoo tooooggact accagogotc toccoggtot ctgtogoogt acTASCATCT COATCCTTCA acogotocog gttococgtot coonggoto goocottgta goocaGaoCC ATOOTASGOT CTACCCGAC- AGCACAGAGC AGGICTCCCN GAAGTctgog ttocttctcc toacttcotco
ERERRERE RO FRERE FERRE

dokkkk bbbkl okl ik

340 ——=CTACTCT TACCCACTTC COCCAAGCAC agttggggty ggggocogct gaagagotgg coocotgtge ctgogaatcc tootgoootc ggggtacogg ogoctggooc acatcctgtg acccogoctg toctgtaggo agocogtote
917  tgotgggotc tgegottctt cgtgosacoc ggggoagagg aggcoccaga actCTCCTOT GACCARCTOC CCCACAGCAC acatatcotc caaggotogt cttgaatocg tgotggoogo att

457 tggaoogtaa aatggoaggg ctgottGnh ACTTTGAGGA TATTTAGCOD ACCCcctcat tTTTACTTON GOARATaag gcccuGAGAC CTAAGOTCAC TOCCtaagtt agooagghth AGTCTTOGET ATTCATCCOE GOTTHOGLAL ACc-—-CART TATTTCTCAS TCCCATTOTA TTCTGGAATg ggeadTTTG0T

1047 TGN GATCTRAG AMKTCAGCCC TCTCagag—— ~TTTCCTTTG GOTARCT-—— ————— TG CTAAGGTAAC TTCCgagten gra———~AGh AATRTCHGAC GTTCAACCCA GATTGAGTEG nﬁguuuom TATTTCTCAY TCCTANTATG TTCTGGEAATa gerehTTTAT
sk Rkl Rkl okl skl ookl ***** skckkokk okl ddk Aok fezfesy
*okk *k Ak EEss s
Ak Ees sty
Aokokok e s
Ak

954 CCACOTCACT GTGACCTAGG ASCACGCGAS TooGAACCCH CAGCTGAGHG CCTCTGCOCA CAGAACAGCTT GTotCCOCCH GGAAATCAAC RAT TGAGAAGCTA AdMAottott ct-—-—-- Af GAGAGGTAGC CCATCCTAAS AATAGCTOTA ATGCAGAAGT TCATGTTCAS CCAATCATTT TTGCTTACGA
1206 CCACGTCATT ATRACCTON0 AGTGCOTEAS TO-GAATCCA CAGATEAGHS CCTCTOTACA TAGAGCAGCT GTotgCCTCh GLAAATACAN C BETAT TRAGAAGCTS Atdfgoonon anaottoalt GAGAGOTAGC CCATACTAAL AATAGCTOTA ATGCAGAAGT TCATTCCGAC CAGTTCTTTA GCGCTTACASL

23 dok bk Hokikok okt

*E wERERRE Aok *k

23 dok bk Hokikok okt

*E Wk bRk Aokitok *k

F R e T e wk

ok okt

FRREERROR Rkl ok *k

wk

P n

IRF1 < 50 bp » STAT »
252 og tttottogog oggttogo-—- G AAGGAGEAGC TCTARGAAGA Attt 1 gocttttton tgootgoogh GOCCTCCCTG AGCTTACAAT ATAAMAGGGG QACARAGAQE toadGOTCTA Cacatcogag
1425 T 0000000000 gadagaaatt oooctcacoa attgoatgat ttagoagegh GALGALGAGC CTRAATAMCA asaf CACTG AGCCTTCAGT ATAAMAGLAL GACCAAGAQC aggdGGTCTA C—-—-mmm—m

Sk * dohEk EkdE *

=4RF1 < 88 bp »STAT

*® % E o %

gottgotoctt goaaaoccon gccacaogoc agacttgoon aagaoggc
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Genomat

What you will be doing next

& Database search with frameworks
(Modellnspector from GEMS package)
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IL-10 promoter frameworks

Database search with the IL-10 IRF-STAT framework

@® 221 matches located in the Eukaryotic Promoter Database (EPD, 4.6%)

® Among those were:

- IFNA13 - IFNA16 - MHCI
- IFNAG - IL-2 - HLA-D
- IFNAS - IL1B - HLA-E
- IFNAY - IL2RG

- and several other Interferon target genes

@  Alltogether 11 of 221 matches were directly IFN/IRF/STAT related

The IL-10 IRF-STAT module identified other potential IFN-alpha targets
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Genomatix/ IL-10 promoter summary

The IL-10 promoter as signal processor

IL-10

IFN-O( <@ o

! STAT3 Both, IRF1 and STAT3 are

essential for IL-10
induction by interferon-alpha

Not essential for
IL-10 induction by LPS >

IRF1 IL-10

Molecular basis for two pathways converging on the IL-10 promoter elucidated
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-.nNOow it is your turn!
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