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…ATTATTTATTCCGCTTACTTATTG……ATTATTTATTCCGCTTACTTATTG…

WHY ?WHY ?
�� Regulation of gene expression at transcriptional and postRegulation of gene expression at transcriptional and post--transcriptional level transcriptional level 

involves the interaction between short DNA or RNA tracts and theinvolves the interaction between short DNA or RNA tracts and the corresponding corresponding 
transtrans--acting protein factors. Detection of such elements in genomeacting protein factors. Detection of such elements in genome--wide wide 
screenings may significantly contribute to genome annotation andscreenings may significantly contribute to genome annotation and comparative comparative 
analysis as well as to target functional characterization experianalysis as well as to target functional characterization experiments. ments. 

WHAT IS ?WHAT IS ?
�� A flexible and fast pattern matcher able to search specific combA flexible and fast pattern matcher able to search specific combinations of inations of 

oligonucleotideoligonucleotide consensiconsensi, secondary structure elements and position, secondary structure elements and position--weight weight 
matrices also allowing for mismatches/matrices also allowing for mismatches/mispairingsmispairings below a user fixed threshold. below a user fixed threshold. 

PatSearch: a program for the detection of patterns and structural motifs in nucleotide sequences.
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� String pattern unit 

� Range pattern unit

� Hairpin loop pattern unit

� Position weight matrix (PWM) pattern unit

� Repeat pattern unit

� Length constraints

� Post-processing

Two examples of string pattern units 
are AAUAAA, the polyadenylation
site; or TTTSSCGS (S = C or G) the 
consensus site for E2F transcription 
factor (TRANSFAC site ID 
E2F$CONS_01).

1…200 match any 
subsequence from 1 to 
200 characters.

For example, 
TTATTTATT[1,0,0] would 
match any sequence with 
up to one mismatch with 
the sequence TTATTTATT.

The pattern p1=6…7 3…6  
~p1 matches a stem-loop 
structure with a stem six to 
seven nt long and a loop 
three to six nt long.

An example of PWM with similarity 
threshold 0.70 and core 0.90
{ 
01      12      22     17     199       T
02      210   12      9      19     *   A
03      46     32      36    136   *   T
04     159    33      29     29 *   A
05     158    37      31     24    *   A
06     11      21      9      209        T
} > 0.70, 0.90

It may be very convenient to be 
able to reprocess a section of a 
sequence that has been already 
matched

For example the pattern:
AUG p1=0…300 
((UAA|UAG)|UGA)
length(p1) mod 3
can be used to search open 
reading frames up to 303 nt
long in genomic sequences.

For example the syntax:
20 > frepeat (p1=NNN) 
0…0 > 10
defines a sequence string 
of 10 to 20 identical 
tandem trinucleotides.

Pattern SyntaxPattern Pattern SyntaxSyntax
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r1={au,ua,gc,cg,gu,ug}
(p1=2...8 c p2=5...5 cagwgh r1~p2 r1~p1 |
p3=2...8 nnc p4=5...5 cagwgh r1~p4 n r1~p3)

5HSA001988 :[13,35] : GTT C GTCCT CAGTGC AGGGC AAC
5HSA013930 :[34,56] : CTG C TTCAG CAGTGC TTGGA CGG
5HSA003829 :[8,30]  : TTG C TTCAA CAGTGT TTGGA CGG
5HSA003858 :[35,57] : CTG C TTCAA CAGTGC TTGGA CGG

The consensus structures of the Iron Responsive 
Elements (IRE), the relevant PatSearch pattern 
syntax and the part of PatSearch output obtained 
on a set of 5’UTRs collected in UTRdb

p1=rrrcwwgyyy[3,0,0] p2=0...13 p3=rrrcwwgyyy[3,0,0]
p4=0...13 p5=rrrcwwgyyy[3,0,0] p6=0...13 p7=rrrcwwgyyy[3,0,0]
length(p2+p4+p6)<20
p1/p3/p5/p7:(p8=nnncnngnnnnnncnngnnnnnncnngnnnnnncnngnnn)
p1/p3/p5/p7:(p9=rrrcwwgyyyrrrcwwgyyy[3,0,0])

9EP11070   : [117,175] : GAGCAGGCGG T      GCACTCGGCC CACGGGGAACTGG AGACCGGCCC TAGAA        GAGCGAGTCT
31EP11083  : [358,410] : AGGCTCGTAA A      AATCTTGTAT GGCTGC    AGGCAAGCCA AACCCT       TGACAGGCAC
46EP30021  : [400,456] : GGACCAGTGA GCAG   CAACAGGGCC G         GGGCTGGGCT TATCAGCCTCCC AGCCCAGACC
61EP11091  : [86,144]  : GGCCAGGACT GTCCTG GGGCCAGCCG GGGCACCTGGT   GGCCAAGCTT AG           AAACATGACA
68EP07077  : [367,413] : TGGCCAGCCT        TGCCTTGACC AAT       AGCCTTGACA AGGC         AAACTTGACC
86EP47007  : [173,225] : ACCCTTGGCC TT     ATTCTGGTCT ACTGAGCTGG GAGCTTGTCT G            AGGCTGGAGC

PatSearch syntax for the p53 responsive element including two post-processing steps 
and a constraint on the total length of decamer spacers. Partial output obtained 
searching the pattern in the EPD database

Application Example #2

Application Example #1

ExamplesExamplesExamples
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PatSearch is available on the web at

http://www.ba.itb.cnr.it/BIG/PatSearch

�� developeddeveloped in in CC usingusing EMBOSS, SRS, NCBI EMBOSS, SRS, NCBI 
librarieslibraries

�� UnixUnix ((CompaqCompaq TRU64 TRU64 UnixUnix), ), LinuxLinux (RH 9)(RH 9)
�� CGI (CGI (cgi_litecgi_lite) interface through ) interface through perlperl scriptscript
�� useruser authenticationauthentication and job management and job management 

software (software (handmadehandmade, , thesisthesis work)work)
�� outputsoutputs storagestorage in a scratch areain a scratch area
�� notificationnotification of the of the resultresult toto the the useruser byby emailemail
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�� LowLow computationalcomputational complexitycomplexity (in (in generalgeneral))

�� Performance and Performance and executionexecution time time dependsdepends on:on:
�� pattern pattern complexitycomplexity

�� numbernumber of of sequencessequences toto search (database search (database sizesize))

�� Access Access toto flatflat--filefile databasesdatabases through:through:
�� direct access (Fasta, direct access (Fasta, EmblEmbl, , GenbankGenbank format)format)

�� EMBOSS, SRS, BLAST EMBOSS, SRS, BLAST indicesindices (ex: (ex: humanhuman divisiondivision, , accessionaccession numbernumber list,…)list,…)

CharacteristicsCharacteristicsCharacteristics

GeneralGeneral::
�� VariousVarious processprocess in in executionexecution contemporarilycontemporarily

�� UserUser space space toto managemanage and display and display resultsresults

�� StatisticalStatistical usageusage of the softwareof the software
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././PatSearchPatSearch --INPUT=PRI.rna.gbff INPUT=PRI.rna.gbff --OUTPUT=PRI.rna.gbff.out OUTPUT=PRI.rna.gbff.out --COMMAND=vimentin.txtCOMMAND=vimentin.txt

•• INPUT:INPUT: PRI.rna.gbffPRI.rna.gbff =  420Mb  =  420Mb  

•• COMMAND:COMMAND:
p1=yttrrrrraa[2,0,0] 0...4 p1=yttrrrrraa[2,0,0] 0...4 

p2=cagctttcaagtgccttt[2,0,0] 0...2p2=cagctttcaagtgccttt[2,0,0] 0...2

p3=tscagtt[2,0,0] 6...7 p3=tscagtt[2,0,0] 6...7 

p4=gagcg[2,0,0] 0...1 p5=aagatw[2,0,0]p4=gagcg[2,0,0] 0...1 p5=aagatw[2,0,0]

p1/p2/p3/p4/p5:(p6=yttrrrrraacagctttcaagtgccttttscagttgagcgaagatp1/p2/p3/p4/p5:(p6=yttrrrrraacagctttcaagtgccttttscagttgagcgaagatw[2,0,0])w[2,0,0])

Test CaseTest CaseTest Case

•• TIME:TIME:
RealReal: 0m57.805s: 0m57.805s
UserUser: 0m52.870s: 0m52.870s
SysSys:   0m0.740s:   0m0.740s

RefSeqRefSeq
((primatesprimates) ) 
databasedatabase

CompaqCompaq//DigitalDigital AlphaServerAlphaServer
TRU64Unix (OSF)TRU64Unix (OSF)

�� PreprocessingPreprocessing: database : database splittingsplitting ((offlineoffline))
�� 10 10 jobsjobs => 1 x database => 1 x database chunkchunk
�� PostprocessingPostprocessing: output : output mergingmerging ((onlineonline) ) 
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GENIUS implementationGENIUS GENIUS implementationimplementation

p1=yttrrrrraa[2,0,0] 0...4 
p2=cagctttcaagtgccttt[2,0,0] 0...2
p3=tscagtt[2,0,0] 6...7 
p4=gagcg[2,0,0] 0...1 p5=aagatw[2,0,0]
p1/p2/p3/p4/p5:(p6=yttrrrrraacagctttcaagtgccttttscagttgagcgaagatw[2,0,0])
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GENIUS implementationGENIUS GENIUS implementationimplementation



CNR - ITB, Bari – BioInformatics and Genomics

GENIUS implementationGENIUS GENIUS implementationimplementation
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GENIUS implementationGENIUS GENIUS implementationimplementation
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GENIUS implementationGENIUS GENIUS implementationimplementation
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GENIUS implementationGENIUS GENIUS implementationimplementation
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GENIUS implementationGENIUS GENIUS implementationimplementation
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WHISHES:WHISHES:

�� More database More database toto search, search, biggerbigger database/database/datasetdataset
�� usageusage of of EmbossEmboss, SRS, , SRS, BlastBlast indicesindices

�� UserUser defineddefined set of set of sequencessequences

�� DynamicDynamic//automaticautomatic splittingsplitting of the of the searchedsearched databasedatabase

GENIUS implementationGENIUS GENIUS implementationimplementation
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ThanksThanks toto

Giuseppe La Rocca Giuseppe La Rocca (INFN Catania)(INFN Catania)

and the and the 

GILDAGILDA’’s teams team

GENIUS implementationGENIUS GENIUS implementationimplementation


