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What you will be doing during the next 2 hours

Analyze rbcS promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze rbcS promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Outline of tasks

Modify and optimize rbcS promoter models for TFBS frameworks
(FastM from GEMS package)

Determine and define new TFBS matrix from multiple alignment
(DiAlign and MatDefine from GEMS package)

Experimental design: specifically deleting a TFBS
(SequenceShaper from GEMS package)
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What you will be doing next

Task 1 

Analyze rbcS promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze rbcS promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Modify and optimize rbcS promoter models for TFBS frameworks
(FastM from GEMS package)

Determine and define new TFBS matrix from multiple alignment
(DiAlign and MatDefine from GEMS package)

Experimental design: specifically deleting a TFBS
(SequenceShaper from GEMS package)
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Comparative promoter analysis

Training dataset: five orthologous rbcS promoter sequences
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GEMS Launcher Task: Search for common TF sites in multiple sequences,
working on rbcS_promoters.embl (5 seq.)

Search for common TF sites

Which of these matches
represent functional binding sites?
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What you will be doing next

Task 2  

Analyze rbcS promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze rbcS promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Modify and optimize rbcS promoter models for TFBS frameworks
(FastM from GEMS package)

Determine and define new TFBS matrix from multiple alignment
(DiAlign and MatDefine from GEMS package)

Experimental design: specifically deleting a TFBS
(SequenceShaper from GEMS package)
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GEMS Launcher Task: FrameWorker: Definition of common framework

Definition of common framework

Minimum no. of sequences with framework: 5 sequences (100% of 5)
Distance between elements: 10 - 50

FrameWorker Parameters:

Result: 1 framework with 2 elements was found:
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What you will be doing next

Task 3 

Analyze rbcS promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze rbcS promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Modify and optimize rbcS promoter models for TFBS frameworks
(FastM from GEMS package)

Determine and define new TFBS matrix from multiple alignment
(DiAlign and MatDefine from GEMS package)

Experimental design: specifically deleting a TFBS
(SequenceShaper from GEMS package)
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GEMS Launcher Task: Modification of user-defined models 

Modification of rbcS Model1

Manual modification of rbcS Model1 based on matches to the 
five rbcS promoter training sequences (optional)

P$IBOX P$ABRE
14 to 25 bp

(+) (+)

rbcS Model1
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What you will be doing next

Task 4 

Analyze rbcS promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze rbcS promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Modify and optimize rbcS promoter models for TFBS frameworks
(FastM from GEMS package)

Determine and define new TFBS matrix from multiple alignment
(DiAlign and MatDefine from GEMS package)

Experimental design: specifically deleting a TFBS
(SequenceShaper from GEMS package)
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GEMS Launcher Task: ModelInspector: Search for user-defined models, 
working on Buchers EPD (Eukaryotic Promoter Database, Rel. 78)

ModelInspector Result: A total of 37 matches was found.
Sequences searched: 4810 (2,886,000 bp).

8 rbcS genes (RuBPCss)

1 chalcone synthase 
(also known to be 
light regulated)

Model1 is selective for rbcS and other light regulated genes

Evaluation of rbcS Model1

9 out of 37 EPD matches
were plant promoters:

rbcS Model1

EPD
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GEMS Launcher Task: ModelInspector: Search for user-defined models,
working on Plants (GenBank Release 141, a total of 1.14 Billion bp)

A) Result: a total of 9440 matches was found.
     - A two elements model usually also has spurious matches, 
       outside of the right promoter context.

B) => Matches filtered for: promoters => A total of 121 matches was found.

11 were annotated as rbcS

At least 5 matches are genes also supposed to be light regulated:
phenylalanine ammonia-lyase
chalcone synthase
sucrose-phosphate synthase
nitrate reductase
phosphoglycerate kinase 

GenBank
Plants

rbcS Model1

Model1 is selective for rbcS and other light regulated genes

34 matches had a single gene annotation in the description line. For these,
a software supported screen for keywords within PubMed was performed:
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GEMS Launcher Task: ModelInspector: Search for promoter modules,
working on rbcS_promoters.embl (5 seq.)

Plant module library

Library: Module Library Version 3.5, Plant Modules (January 2004)

Model IBOX_BZIP_01: P$IBOX, P$BZIP, Distance: 19-27 bp

Model IBOX_BZIP_01 from Genomatix  library is very similar to the in silico generated rbcS Model1

Model rbcS Model1    : P$IBOX, P$ABRE, Distance: 14-25 bp

~110 plant matrices ~30 plant modules
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What you will be doing next

Task 5 

Analyze rbcS promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze rbcS promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Modify and optimize rbcS promoter models for TFBS frameworks
(FastM from GEMS package)

Determine and define new TFBS matrix from multiple alignment
(DiAlign and MatDefine from GEMS package)

Experimental design: specifically deleting a TFBS
(SequenceShaper from GEMS package)
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ATRBCSA   378   AG--CACCAC TCCACCATCA CACAATTTCA C-TCatagat ----------  415   -----AACGA TAAGATTcat gGAATTATCT TCCACGTGGC ATTATTCCAG
SOYRUBPA  234   t-------CC ACCACCATCA CACATTTTac gtTCTTCCA- ----------  266   -AGGAAGAGA TAAGATAAt- -GAAGCCTCC TCCACGTGTC ACT-TCCACA
TOBRBCS8B 195   AA--TAACCA ACCTCAATCA TACATTCATA T-CCTCTTCC TAcCCCCATC  242   TAGGATGAGA TAAGATTACT GAGGTGCT-T TACACGTGGC ACC-TCCATT
NTRUBSS   334   AAatTAACCA ACCTCAATCA CACATTCATA T-CCTCTTCC TA-CCCCATC  382   TAGGATGAGA TAAGATTACT agg----TCT TACACGTGGC ACC-TCCATT
PEARPC    142   ---------A ACCACCATCA CACATTTACA C-TCTTCAC- ----------  171   -ATGAAAAGA TAAGATCAGT GAGGTAAT-A TCCACATGGC ACTGTCCTAT
                                                                                    
                **  ****** ********** ********** * ******** ** *******        ********** ********** ********** ********** **********
                **  ****** ********** ********** * ******** ** *******        ********** ********** ******** * ********** *** ******
                    ****** ********** ********** * ******** ** *******        ********** **********          * ********** *** ******
                    ****** ********** ********** * ******** **                 ********* **********          * ********** *** ******
                         * ********** ********** * *******                     ********* ********            * ********** **  ******
                           ********** ********     **                                *** ******                ********** **        
                            ********* ******                           
                            ********* ******                           

GEMS Launcher Task: DiAlign: Local multiple alignment

ATRBCSA   607   CACTCCAAag cttgttctca ttgttgTTAT CATTATATAT AGAtgaccaa
SOYRUBPA  446   TAGTACTACA CAAATCACAc t--------- -ATTATATAT AGT-------
TOBRBCS8B 447   GCGAAATATG TAAAACC--- ------TTAT CATTATATAT AGAGTGGTGG
NTRUBSS   583   AGGAAATATG TAAAACC--- ------TTAT CATTATATAT AGgGTGGTGG
PEARPC    357   TGGAAATAGA TAAATAAAAa ---------- CATTATATAT AGC-------
                                                  ||||||||| ||        
                ********** *********        **** ********** **********
                  ******** *******          **** ********** ***       
                  ******** *******          **** ********** ***       
                  ******** *******          **** ********** ***       
                                            **** ********** **        
                                            **** ********** **        
                                                 ********** **        
                                                  ********* **        
                                                  ********* **        
                                                  ********* **   

TATA-Box

Element 1

Four conserved elements:

- Element 1 (unknown)
- IBOX (GATAA), -> light regulation
- ABRE, abscisic acid response. Contains
  G-Box core (CACGTG), -> light regulation
- TATA-Box

Sequence alignment

P$IBOX P$ABRE

rbcS Model1
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ATRBCSA   CCACCATCA CACAAT
SOYRUBPA  CCACCATCA CACATT
TOBRBCS8B CCTCAATCA TACATT
NTRUBSS   CCTCAATCA CACATT
PEARPC    CCACCATCA CACATT
                                 
          ********* ******
          ********* ******
          ********* ******
          ********* ******
          ********* ******
          ********* ******           
          ********* ******                           
          ********* ******                           

Element 1

GEMS Launcher Task: MatDefine: Definition of weight matrices

User defined weight matrix for rbcS Element1

Definition of weight matrix

User defined Matrix: U$rbcS_Element1
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U$rbcS_Element1

(+)

Enhancement of the rbcS model

GEMS Launcher Task: Modification of user-defined models 

Enhance the rbcS model based on matches to the 
five rbcS promoter training sequences:

rbcS Model2 is specific for rbcS gene promoters

15 to 50 bp

P$IBOX P$ABRE

14 to 25 bp

(+) (+)

rbcS Model2

Database search: GenBank
Plants

rbcS Model2

- 26 matches were found in GenBank plants section (1.14 Billion bp):

100 to 250 bp

P$TBPF

(+)

- 22 rbcS genes from different plant species
- 4 unannotated BAC clones
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Angiosperms

Monocots

Dicots

Solanaceae

Brassicaceae

Fabaceae

Arabidopsis thaliana (thale cress)

Pisum sativum (pea)

Glycine max (soybean)

Nicotiana tabacum (tobacco)

Nicotinia plumbaginifolia

Brassica napus (rape)

Spinacia oleracea (spinach)Chenopodiaceae

Trifolium repens (white clover)

Phaseolus vulgaris (kidney bean)

Solanum tuberosum (potato)

Lycopersicon esculentum (tomato)

Petunia hybrida (garden petunia)

7 new species were found 
by rbcS Model2 (yellow)

Phylogeny of rbcS Model 2 matches

Phylogeny
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What you will be doing next

Task 6 

Analyze rbcS promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze rbcS promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Modify and optimize rbcS promoter models for TFBS frameworks
(FastM from GEMS package)

Determine and define new TFBS matrix from multiple alignment
(DiAlign and MatDefine from GEMS package)

Experimental design: specifically deleting a TFBS
(SequenceShaper from GEMS package)
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CCACCgaCACACAATAGCACCACTCCATCACTCATAGAT

Pitfalls in mutational analyses

Experimental design

Arabidopsis:   ATRBCSA  AGCACCACTCCACCACCATCACACAATTTCACTCATAGAT

Reporter assay (wet lab)

These unintended side effects can happen without experimental design:

Generates TF binding site:

CCACCATCACACAAT

Generates TF binding site:

AGCACCACTCCACCACCATCACACAATTTCACTCATAGAT

Deletion:
AGCACCACTCCA                TCACTCATAGAT

Mutation:

Is there experimental evidence for 
the functionality of unknown Element1 ?

   
ATRBCSA   CCACCATCA CACAAT
SOYRUBPA  CCACCATCA CACATT
TOBRBCS8B CCTCAATCA TACATT
NTRUBSS   CCTCAATCA CACATT
PEARPC    CCACCATCA CACATT

Element 1
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Experimental design:  Specific generation/deletion of TF binding sites 
without changing the sequence context.

Experimental design

GEMS Launcher Task: SequenceShaper: Design of regulatory sequences ,
working on rbcS_At_Element1_context.fasta (40 bp) 

Matrix libraries: plants.lib, user_defined.lib

ATRBCSA  AGCACCACTCCACCACCATCACACAATTTCACTCATAGAT

In silico sequence design is a prerequisite for wet lab mutational analyses
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