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Outline 

•  The Tool Integration problem in the Bioinformatics Domain 

•  The Workflow-based Task Coordination (High Level Tool Integration) 

•  The Wrapper-based Data Integration (Low level Tool Integration) 

•  The Proposed Approach:  
An Agent-based Middleware for Tool Integration 

•  Preliminary Results 

•  Future Activities and Conclusions 
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The Tool Integration problem in Bioinformatics 
Domain 
Problem:  To find the crystallographic structure of the 10 proteins more similar to a new 

genetic sequence, e.g X=MEEP … DSD,  

Objective: To use several Bioinformatics Software Tools available on Internet in order to 
find the wanted result  

1.  Select the 10 proteins more similar to the X=MEEP … DSD sequence 
•  by using BLASTn in GenBank at NCBI 

2.  Search for the PDB ID (crystallographic structure identifier) of each selected proteins,  
•  by using BLASTp in SWISS-PROT at EMBL-EBI 
•  by retrieving from PubMed via Entrez Retrieval System at NCBI, abstracts containing PDB-ID 

information 

3.  Search for the Crystallographic Structure of any selected PDB ID  
•  find 3-D biological macromolecular structure in Protein DataBank repository 

Aim: To integrate the four Bioinformatics tools freeing the Bioscientist from the need to 
continous interact with remote sites.  

1st Tool 

2nd Tool 

3rd Tool 

4th Tool 

For Tool Integration we mean 
1)  Supporting Tasks Coordination 
2)  Allowing Data Integration  

in order to automatically execute 
an experiment 
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Workflow-based User BioApplication 1st Tool 

2nd Tool 

3rd Tool 

4th Tool 
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Wrapper-based System: general scenario 
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Wrapper-based System: Bioinformatics Tools  
Tool 1:  

Environment:  NCBI (WebSite): html format 
Data:   GenBank (DB): proprietary format 
Tool:   BLASTn (Algorithm): Takes nucleotides sequences in FASTA format, GenBank 

Accession numbers or GI  numbers and compares them against the NCBI nucleotide databases  
Output:  GenBank Format 

Tool 2: 
Environment:  EMBL-EBI (WebSite): html format 
Data:   Swiss-Prot (DB): proprietary format 
Tool:   BLASTp (Algorithm): Takes protein sequences in FASTA format, GenBank 

Accession numbers or GI numbers  and compares them against the NCBI protein databases.  
Output:  FASTA format 

Tool 3: 
Environment:  NCBI (WebSite): html format 
Data:  PubMed & MEDLINE: ANS.1 format 
Tool:  Entrez Retrieval System 
Output:  XML 

Tool 4: 
Environment:  Protein DataBank web site 
Data:   PDB(DB): proprietary format 
Tool:   FASTA (Algorithm):  
Output:  FASTA Format 
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Wrapper-based System: Retrieval MedLine articles 
about  P53 proteine 

Filter and Map 

XML Trasl. 

Access 

ID P53_HUMAN STANDARD; PRT; 393 AA.  

AC P04637; Q16848; Q9UBI2;  

DT 13-AUG-1987 (Rel. 05, Created)  

TEXT 

XML 

XML  
GRAMMAR 

XML 

XSLT XML 

    <…>    

     <entry> 

              <ID name="P53_HUMAN" type="STANDARD" molecule="PRT" lenght="393"/> 

              <AC value=“P04637”/> <AC value=“Q16848”/> <AC value=“Q9UBI2”/> 
              <DT day=“13” month=“AUG”  year=“1987” rel=“05”/> 

       </entry> 
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Wrapper-based System: the software architecture 
(AIXO) 

•  DataSource: HTTP, RDBMS, Command Line program,…. 

•  ResourceToXMLReader: HTML, FlatFile, … 

Wrapper 

addXSLFilter (pathfile : String) : void 
retrievalXMLDocument(parmeter : Object) : org.jdom.Document 
access : DataSource, XMLResource : ResourceToXMLReader, engine : WaterfallXSLTProcessor 

ResourceToXMLReader 

toXMLReader (Input : Object) : Reader 

DataSource 

getAccess (parameter : Object) : Object 

WaterfallXSLTProcessor 

getDocument (input: java.io.Reader) : Document 
….. 
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The Tool Integration Problem in Activity-Based 
Applications 

Problem: To integrate and coordinate multiple software tools for retrieving and 
integrating heterogeneous, distributed and frequently redundant data  

Objective: To integrate and coordinate several software tools in order to provide 
a uniform way and an high level of abstraction for users 

Aim: To define an integrated environment freeing the user from the need to know 
details on data repository and to coordinate the intermediate steps of an 
experiment (tasks) 

Proposed Approach: To define an application as a workflow of tasks; to 
coordinate the execution of cooperative tasks by using software agent tools  
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System’s software architecture 
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A general system’s architecture 
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Agent-based System Architecture 
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From Data to Knowledge and vice versa 

data + algorithms 

Information + coordination 

ontologies (human  
concepts) + workflow 

tool  
Integration 

XML elements 

Different data format  

meta-data 
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The Proposed Approach: an Agent-based 
Middleware  
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Preliminary Results: User-agent as high level Tool Integration 
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Preliminary Results: Wrapper-agent as low level Tool Integration 
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BioAgent  
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Future Activities and Conclusions 

For different application domains (i.e supply chain, components 
traceability for testing…) we plan to: 

•  Develop wrapper agents  
•  Design and develop the knowledge database to manage software tools 
•  Develop the compiler to allow the automatic generation of user-agents  
•  Evaluate the possibility to include mobility to user-agents in order to 

minimize the data transfer during tasks execution.  

We conclude saying that software tool integration for real applications, as 
those in Bioinformatics domain, is a very difficult task due to both 
heterogeneity of data format and wide variety of tools which 
continuously evolve. 
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NCBI – Home page 
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NCBI – main databses 
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NCBI – site map 
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NCBI - Entrez 
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PDB –Home page 
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NCBI - BLAST 
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NCBI – ASN.1 
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NCBI - fomats 
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•  PDB-ID (P53) = 1TSR 

•  www.rcsb.org ( 
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DNA and nucleotide sequence 

atggaggagccgcagtcagatcctagcgtcgagccccctctgagtcaggaaacattttca 
M E E P Q S D P S V E P P L S Q E T F S 
gacctatggaaactacttcctgaaaacaacgttctgtcccccttgccgtcccaagcaatg 
D L W K L L P E N N V L S P L P S Q A M 
gatgatttgatgctgtccccggacgatattgaacaatggttcactgaagacccaggtcca 
D D L M L S P D D I E Q W F T E D P G P 
gatgaagctcccagaatgccagaggctgctccccgcgtggcccctggaccagcagctcct 
D E A P R M P E A A P R V A P G P A A P 
acaccggcggcccctgcaccagccccctcctggcccctgtcatcttctgtcccttcccag 
T P A A P A P A P S W P L S S S V P S Q 
aaaacctaccagggcagctacggtttccgtctgggcttcttgcattctgggacagccaag 
K T Y Q G S Y G F R L G F L H S G T A K 
tctgtgacttgcacgtactcccctgccctcaacaagatgttttgccaactggccaagacc 
S V T C T Y S P A L N K M F C Q L A K T 
tgccctgtgcagctgtgggttgattccacacccccgcccggcacccgcgtccgcgccatg 
C P V Q L W V D S T P P P G T R V R A M 
gccatctacaagcagtcacagcacatgacggaggttgtgaggcgctgcccccaccatgag 
A I Y K Q S Q H M T E V V R R C P H H E 
cgctgctcagatagcgatggtctggcccctcctcagcatcttatccgagtggaaggaaat 
R C S D S D G L A P P Q H L I R V E G N 
ttgcgtgtggagtatttggatgacagaaacacttttcgacatagtgtggtggtgccctat 
L R V E Y L D D R N T F R H S V V V P Y 
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atggaggagccgcagtcagatcctagcgtcgagccccctctgagtcaggaaacattttca 
M E E P Q S D P S V E P P L S Q E T F S 
gacctatggaaactacttcctgaaaacaacgttctgtcccccttgccgtcccaagcaatg 
D L W K L L P E N N V L S P L P S Q A M 
… 

ccagggagcactaagcgagcactgcccaacaacaccagctcctctccccagccaaagaag 
P G S T K R A L P N N T S S S P Q P K K 
aaaccactggatggagaatatttcacccttcagatccgtgggcgtgagcgcttcgagatg 
K P L D G E Y F T L Q I R G R E R F E M 
ttccgagagctgaatgaggccttggaactcaaggatgcccaggctgggaaggagccaggg 
F R E L N E A L E L K D A Q A G K E P G 
gggagcagggctcactccagccacctgaagtccaaaaagggtcagtctacctcccgccat 
G S R A H S S H L K S K K G Q S T S R H 
aaaaaactcatgttcaagacagaagggcctgactcagactga 
K K L M F K T E G P D S D - 
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ULAD 
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