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{A,G}, C, {D,E}, {F,Y}, H, {I,L,M,V}, {K,R}, {N,Q}, P, {S,T}, W



Definition
the Sum-Of-Pairs (SP) function is defined as:

if a column contains 
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where:      score( �  � ) = 0

the SP-score for multiply aligned sequences s1, s2, 
..., sk   is defined as:

SP-score(s1, s2, ..., sk ) = Σall collumns i SP({columni })
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                       D(i-1,j-1,k-1)+cost(i->j)+cost(j->k)+cost(i->k)

                       D(i-1,j-1,k)+cost(i->j)+2*cost(space)
                       D(i-1,j,k-1)+cost(i->k)+2*cost(space)
D(i,j,k) = min   D(i,j-1,k-1)+cost(j->k)+2*cost(space)

                       D(i-1,j,k)+2*cost(space)
                       D(i,j-1,k)+2*cost(space)
                       D(i,j,k-1)+2*cost(space)

D(i,j,0) = pairwise(i,j) + (i+j)*cost(space)
D(i,0,k) = pairwise(i,k) + (i+k)*cost(space)
D(0,j,k) = pairwise(j,k) + (j+k)*cost(space)
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!#" $" %&' () * * ( +�& si that gives the best score when compared with some sj already in 

the collection / MSP

star-alignment-based MSA

Also: MSA through clustering-imposed order

One major assumption...
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http://www.ch.embnet.org/software/BOX_form.html



http://www-pgm1.ipbs.fr:8080/cgi-bin/nph-ESPript_exe.cgi



Modified from http://www.3rdmill.com/discovery_main_panel.htm

Step 1: start with your DNA sequence of interest 
     Search PubMed, a public version of full Medline for topics of interest (US). 
     Search Genbank for sequences of interest (US). 
     Search protein and nucleic acid databases 
     Search a variety of sequence and structure databases using the SRS server at EMBL/EBI

Step 2. Identify ORFs and translate into protein 
     GeneMark (US) or  GENSCAN at MIT (US) or  GRAIL at ORNL (US), etc.
     Gene feature searches at Baylor College of Medicine (US). 
     "DNA sequence translation into protein" tool at ExPaSy (Switzerland). 

Step 3. Find similar sequences in the databases 
     Nucleotide sequence: Search the database of your choice using Blast/Fasta/S-W
     Protein sequence: Search the database of your choice using Blast/Fasta/S-W

Step 4. Do a global alignment of your sequence vs (allegedly) similar sequences 

Step 5. Look for gene families 
     Multiple sequence Alignment query at Baylor College of Medicine (US), or elsewhere
     Analyze multiple sequence alignments at the AMAS server at Oxford University (UK). 
     ...



     Color/Visualize the aligned regions with BOXSHADE or other
     Multiple sequence Alignmnt with phylogenetic tree capabilities using CLUSTAL@EBI (UK)

Step 6. Look for the presence of specific patterns in your protein 
     Search your sequence with InterPro/Blocks /  Use PHI-BLAST

Step 7. Find similar sequences in other species 
     Search several proteomes using the FASTA search interface at the Univ. of Virginia (US). 
     Search several species-specific databases with Blast at NCBI (US)

Step 8. Determine the putative structure of your protein 
     Predict the secondary structure of your protein w/ the GOR/JPred/PredictProtein Server
     Look for tm/coil-coil/other regions using the servers at ISREC (Switzerland). 

Step 9. Search PubMed for information about function of related proteins 

Step 10. Input your sequence into an "alert" server 
     Sequence Alerting server at the EMBL (Germany). 
     MIPS alert server at MIPS (Germany).  /  Swiss-Shop server at ExPaSy (Switzerland). 

Modified from http://www.3rdmill.com/discovery_main_panel.htm





DatabaseDatabase

EE11EE22EE33EE44EE55EE66EE77EE88EE99EE1010EE1111EE1212EE1313EE1414EE1515EE1616EE1717EE1818........

- may also be given:  real-valued function F(E- may also be given:  real-valued function F(Eii, E, Ejj) ) 

Many RecordsMany Records

Many EventsMany Events
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1000025  5  1  1  1  2  1  3  1  1  21000025  5  1  1  1  2  1  3  1  1  2
1002945  5  4  4  5  7  10 3  2  1  21002945  5  4  4  5  7  10 3  2  1  2
1015425  3  1  1  1  2  2  3  1  1  21015425  3  1  1  1  2  2  3  1  1  2
1016277  6  8  8  1  3  4  3  7  1  21016277  6  8  8  1  3  4  3  7  1  2
1017023  4  1  1  3  2  1  3  1  1  21017023  4  1  1  3  2  1  3  1  1  2
1017122  8  10 10 8  7  10 9  7  1  41017122  8  10 10 8  7  10 9  7  1  4
1018099  1  1  1  1  2  10 3  1  1  21018099  1  1  1  1  2  10 3  1  1  2
1018561  2  1  2  1  2  1  3  1  1  21018561  2  1  2  1  2  1  3  1  1  2
1033078  2  1  1  1  2  1  1  1  5  21033078  2  1  1  1  2  1  1  1  5  2
1033078  4  2  1  1  2  1  2  1  1  21033078  4  2  1  1  2  1  2  1  1  2
1035283  1  1  1  1  1  1  3  1  1  21035283  1  1  1  1  1  1  3  1  1  2
1036172  2  1  1  1  2  1  2  1  1  21036172  2  1  1  1  2  1  2  1  1  2
1041801  5  3  3  3  2  3  4  4  1  41041801  5  3  3  3  2  3  4  4  1  4
1043999  1  1  1  1  2  3  3  1  1  21043999  1  1  1  1  2  3  3  1  1  2
1044572  8  7  5  10 7  9  5  5  4  41044572  8  7  5  10 7  9  5  5  4  4
1047630  7  4  6  4  6  1  4  3  1  41047630  7  4  6  4  6  1  4  3  1  4
1048672  4  1  1  1  2  1  2  1  1  21048672  4  1  1  1  2  1  2  1  1  2
1049815  4  1  1  1  2  1  3  1  1  21049815  4  1  1  1  2  1  3  1  1  2
1050670  10 7  7  6  4  10 4  1  2  41050670  10 7  7  6  4  10 4  1  2  4
1050718  6  1  1  1  2  1  3  1  1  21050718  6  1  1  1  2  1  3  1  1  2
1054590  7  3  2  10 5  10 5  4  4  41054590  7  3  2  10 5  10 5  4  4  4
1054593  10 5  5  3  6  7  7  10 1  41054593  10 5  5  3  6  7  7  10 1  4

>Aeropyrum pernix>Aeropyrum pernix
AAATAATAATAAAAATTAAGTGACTCATGCATTATCCTACGAGGTAAAAATATGTTATAAATTAAATAATAATAAAAATTAAGTGACTCATGCATTATCCTACGAGGTAAAAATATGTTATAAATT
ATCCCAGACTACCATCAATTTAGGGACAATAGTGTTTAAGGGATGGCCTTCGGAGCTGGCAATCCCAGACTACCATCAATTTAGGGACAATAGTGTTTAAGGGATGGCCTTCGGAGCTGGCA
GCTCGCGGGTTCAAACTCGCGTAGGGCCCGAGTTCTAGTTATAGTTGCGTGGATTTAGATGCTCGCGGGTTCAAACTCGCGTAGGGCCCGAGTTCTAGTTATAGTTGCGTGGATTTAGAT
AAATTGAGTATGATCTCTCAGTTTTATATCAATACTTACCCTCTTTATTAATCATAATTAACAAAATTGAGTATGATCTCTCAGTTTTATATCAATACTTACCCTCTTTATTAATCATAATTAACA
TTGTTACAACGAATAGAGTGGTCACTCCCGCCAACAGGATTATCCACCACATATGGAATCCTTGTTACAACGAATAGAGTGGTCACTCCCGCCAACAGGATTATCCACCACATATGGAATCC
TGCTAAAATCATATATACACCTATAGCTATGAGAGATAAGGAGGTTGGCATGAAAAATTGTTGCTAAAATCATATATACACCTATAGCTATGAGAGATAAGGAGGTTGGCATGAAAAATTGT
AATAGCTCGATCGTTTCCCGACTTAGTCCTGGTATTACATATGCTTCCGGCCTTTTTACAGAATAGCTCGATCGTTTCCCGACTTAGTCCTGGTATTACATATGCTTCCGGCCTTTTTACAG
ATAGAAAAACGGTATATCCTGCTAATATTTCAATAGATAAATGTGAAGCTAACGTTCCGTAATAGAAAAACGGTATATCCTGCTAATATTTCAATAGATAAATGTGAAGCTAACGTTCCGTA
TGCACCAATACTATATAGTTTAAGAGAACCTTCAATTGAGAATACAATCGAGATTAGATAAATGCACCAATACTATATAGTTTAAGAGAACCTTCAATTGAGAATACAATCGAGATTAGATAAA
CTAGTAATATAATAGTCAAATATTTTAATTTAATAGAACCTACTGGCTCGAATCCTTCAAGGACTAGTAATATAATAGTCAAATATTTTAATTTAATAGAACCTACTGGCTCGAATCCTTCAAGGA
CTGGTTGGTTTAAAGACTCTATTTCGGCGAGCCTCATAGAATATTCCACGGTAACTACGGTCTGGTTGGTTTAAAGACTCTATTTCGGCGAGCCTCATAGAATATTCCACGGTAACTACGGT
TATCAATGCAAGTAATAGGGCTAGTGTAGATGCCTGAATAGTAATACCATATGCTGCACCATATCAATGCAAGTAATAGGGCTAGTGTAGATGCCTGAATAGTAATACCATATGCTGCACCA
ACCACAAAAGATATTAAACTCGCTAACAAAGTAAGCGAACCCAATAGCTTGCTCGCTTTAACACCACAAAAGATATTAAACTCGCTAACAAAGTAAGCGAACCCAATAGCTTGCTCGCTTTAAC

>HBP_CANLI 62686306>HBP_CANLI 62686306
MGAFSEKQESLVKSSWEAFKQNVPHHSAVFYTLILEKAPAAQNMFSFLSNGVDPNNPKLKAHAEKVFKMTVDSAVMGAFSEKQESLVKSSWEAFKQNVPHHSAVFYTLILEKAPAAQNMFSFLSNGVDPNNPKLKAHAEKVFKMTVDSAV
QLRAKGEVVLADPTLGSVHVQKGVLDPHFLVVKEALLKTFKEAVGDKWNDELGNAWEVAYDELAAAIKKAMGSAQLRAKGEVVLADPTLGSVHVQKGVLDPHFLVVKEALLKTFKEAVGDKWNDELGNAWEVAYDELAAAIKKAMGSA
>HBP1_CASGL 1>HBP1_CASGL 1
ALTEKQEALLKQSWEVLKQNIPAHSLRLFALIIEAAPESKYVFSFLKDSNEIPENNPKLKAHAAVIFKTICESATELRQKALTEKQEALLKQSWEVLKQNIPAHSLRLFALIIEAAPESKYVFSFLKDSNEIPENNPKLKAHAAVIFKTICESATELRQK
GHAVWDNNTLKRLGSIHLKNKITDPHFEVMKGALLGTIKEAIKENWSDEMGQAWTEAYNQLVATIKAEMKEGHAVWDNNTLKRLGSIHLKNKITDPHFEVMKGALLGTIKEAIKENWSDEMGQAWTEAYNQLVATIKAEMKE
>HBP2_CASGL 1>HBP2_CASGL 1
MSTLEGRGFTEEQEALVVKSWSAMKPNAGELGLKFFLKIFEIAPSAQKLFSFLKDSNVPLERNPKLKSHAMSVFLMTMSTLEGRGFTEEQEALVVKSWSAMKPNAGELGLKFFLKIFEIAPSAQKLFSFLKDSNVPLERNPKLKSHAMSVFLMT
CESAVQLRKAGKVTVRESSLKKLGASHFKHGVADEHFEVTKFALLETIKEAVPETWSPEMKNAWGEAYDKLVAAIKCESAVQLRKAGKVTVRESSLKKLGASHFKHGVADEHFEVTKFALLETIKEAVPETWSPEMKNAWGEAYDKLVAAIK
LEMKPSSLEMKPSS
>HBPL_PARAD 1>HBPL_PARAD 1
SSSEVNKVFTEEQEALVVKAWAVMKKNSAELGLQFFLKIFEIAPSAKNLFSYLKDSPVPLEQNPKLKPHATTVFVMTSSSEVNKVFTEEQEALVVKAWAVMKKNSAELGLQFFLKIFEIAPSAKNLFSYLKDSPVPLEQNPKLKPHATTVFVMT
CESAVQLRKAGKATVKESDLKRIGAIHFKTGVVNEHFEVTRFALLETIKEAVPEMWSPEMKNAWGVAYDQLVAAIKCESAVQLRKAGKATVKESDLKRIGAIHFKTGVVNEHFEVTRFALLETIKEAVPEMWSPEMKNAWGVAYDQLVAAIK
FEMKPSSTFEMKPSST
>HBPL_TRETO 1>HBPL_TRETO 1
MSSSEVDKVFTEEQEALVVKSWAVMKKNSAELGLKFFLKIFEIAPSAKNLFSYLKDSPIPLEQNPKLKPHAMTVFVMMSSSEVDKVFTEEQEALVVKSWAVMKKNSAELGLKFFLKIFEIAPSAKNLFSYLKDSPIPLEQNPKLKPHAMTVFVM
TCESAVQLRKAGKVTVRESNLKRLGAIHFKNGVVNEHFETRFALLETIKEAVPEMWSPEMKNAWGEAYDQLVAAIKTCESAVQLRKAGKVTVRESNLKRLGAIHFKNGVVNEHFETRFALLETIKEAVPEMWSPEMKNAWGEAYDQLVAAIK
SEMKPSSTSEMKPSST

SECTION 2. THE HOUSE OF SECTION 2. THE HOUSE OF 
REPRESENTATIVES SHALL BE REPRESENTATIVES SHALL BE 
COMPOSED OF MEMBERS CHOSEN COMPOSED OF MEMBERS CHOSEN 
EVERY SECOND YEAR BY THE PEOPLE EVERY SECOND YEAR BY THE PEOPLE 
OF THE SEVERAL STATES, AND THE OF THE SEVERAL STATES, AND THE 
ELECTORS IN EACH STATE SHALL ELECTORS IN EACH STATE SHALL 
HAVE THE QUALIFICATIONS HAVE THE QUALIFICATIONS 
REQUISITE FOR ELECTORS OF THE REQUISITE FOR ELECTORS OF THE 
MOST NUMEROUS BRANCH OFMOST NUMEROUS BRANCH OF
THE STATE LEGISLATURE. THE STATE LEGISLATURE. 

NO PERSON SHALL BE A NO PERSON SHALL BE A 
REPRESENTATIVE WHO SHALL NOT REPRESENTATIVE WHO SHALL NOT 
HAVE ATTAINED TO THE AGE OF HAVE ATTAINED TO THE AGE OF 
TWENTY FIVE YEARS, AND BEEN TWENTY FIVE YEARS, AND BEEN 
SEVEN YEARS ASEVEN YEARS A
CITIZEN OF THE UNITED STATES, CITIZEN OF THE UNITED STATES, 
AND WHO SHALL NOT, WHEN AND WHO SHALL NOT, WHEN 
ELECTED, BE AN INHABITANT OF ELECTED, BE AN INHABITANT OF 
THAT STATE IN WHICH HE SHALL BE THAT STATE IN WHICH HE SHALL BE 
CHOSEN. CHOSEN. 

REPRESENTATIVES AND DIRECT REPRESENTATIVES AND DIRECT 
TAXES SHALL BE APPORTIONED TAXES SHALL BE APPORTIONED 
AMONG THE SEVERAL STATES WHICH AMONG THE SEVERAL STATES WHICH 
MAY BE INCLUDED WITHIN THIS MAY BE INCLUDED WITHIN THIS 
UNION,UNION,
ACCORDING TO THEIR RESPECTIVE ACCORDING TO THEIR RESPECTIVE 
NUMBERS, WHICH SHALL BE NUMBERS, WHICH SHALL BE 
DETERMINED BY ADDING TO THE DETERMINED BY ADDING TO THE 
WHOLE NUMBER OF FREE PERSONS, WHOLE NUMBER OF FREE PERSONS, 
INCLUDINGINCLUDING
THOSE BOUND TO SERVICE FOR A THOSE BOUND TO SERVICE FOR A 
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SILDIENXYAJVDWLXDLYFTOSHWUBSKUTFBNGLEKPQCUDKFNYXJDHVQJAUNJEGAMLAYQWUUVGAFNF
XOIXYQEDYDTKGFEPUQGNLXPSYKJNPNGYJIDXDIXKXFAQISVTFAKAZNENIDSENABCSVCUSRYURAS
TOEOSAKCIGKYQVUANESCGQBUSUKSKFDRAUSGCUUQSQEFYTSYMORFWAPDBNHXFNHSFZFUGTMIUZP
NRXLRARXIJGBOLDMZQFOLGCUEVOOZIHEITNHWXHQITVDTQOGZKRNJMDHSVONIRHEBERXBSTJTUJ
FYHCZWFSIJGBONICFAJSUSTJDUNCXHTGQGWVQXVARREOPZNZZEPMIZVCMZVUFLAYUYHTYXTIXBX
HQXEVFNHFZDGEWXFAYQZGGQZXVCAXINEBLRKKLHPRHPQYJFVIFTBNBUFRVDPAWGPSVQFYCPIPTA
GWWZURSOXFHUAPJVEINSWCUQCITQPIXUAHNXLESWPILEJEVMDIKVMXVWWRMEKFXWOATNXNDJRSH
VGAENFTLITCJAOGRPEDODFVEBBWVPRJYHRPCAQBESMUPTEVOEEWJEWIRADLUGVKEYYEIEZFPRQJ
BHSWOYABEDSHCODLQHYTPUTBXQCXQVRCQHRQAZKSUBEVPRSDCSPZWKCUNVYQIXCMMZOUASKWPWD
WHLSLSEFMCBQIOXLIYGYWHYIMFAENSETWOMAFCTNCDYFYAHCCZCUDRISRADTBEVTZGNAIFSRIAT
UKDHCXTWDJVMVHEANVRPLEBFAYGSJTJTEALHTNGDBCDAHCCDCUHRRPRAETKEJCRAKDKCEGARPWF
NLMBXPJYYKOQRFLXCTMDINTEQWDLTJHJSCXSZARMWSWVZZOULNERMYZSUXQJZATUWIHDTPYYORO
TGBIIKFAFPYXQQAMIZTILXLCUOGSYGRSLLDIMHGREUUVJUZPTEQHRNPUGABJUJYAITJFIZXBADJ
WQFALZASKQVAXIRUTSCGWPZGQZWHWTWQULYCVBGXAELZIIYXTUVQSEAMPXTEMDABBAGXAEHCBKV
GDXQAVQTDSXFCDBCKUMIBOLFAHPSETCBBAGGCNIDMFXAPCGZCUARQHRAUTAEEJTCKTNRAEBGAXB
DLQNKDNAOZUTHHEHTWADKQBDWKFQCULRXPBJENTAWJSQBEPUONFFZUMNGNXVQRAUXHHRIEHGPOZ
POYVEEBAVHCUEEYEVYIQOAKKJLIYPEJGDCAARGDMLBDHFLZWYQTNTPPIZYNAYKCDGANNNDEHZLQ
IWNCDMKXIAOANERJKVHRHQHPZCZKFMMXCXTWWSCVASDPUGYCBLPUXUVDPYZCQZPQEKMKTIVOJFE
CSLHCGKUBCGZIMSYNYCDWUBEHPDLAEROUGXEUDSBNNJGZDOYJKRDQMNHHSXANQYPWPPCARDPXDK
WMCEVURGSLVJCTEMEOMBWTGIHLLMDTLLFZVAZGUFJFNIZCLGRMKIGRFERLDYAQSEEZCZYNPTCMD
JNRASNWDEOGKNIUMRIIEPTOLZMHHNWCOLFITFNLQASCHUAQVOXLWJOJKKWIDKBTGWHZDQGAOWXR
HFGFJRNWBKPZWTCYPSGJCLTIYEIUBDBNJQIKCFGSMUBBGHIDGLVDUVYKLGXQOOXSOUDKIEVUVTK
YKBJNBKJHBZCFXUMLLI
........
...
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TOEOSAKCIGKYQVUANESCGQBUSUKSKFDRAUSGCUUQSQEFYTSYMORFWAPDBNHXFNHSFZFUGTMIUZP
NRXLRARXIJGBOLDMZQFOLGCUEVOOZIHEITNHWXHQITVDTQOGZKRNJMDHSVONIRHEBERXBSTJTUJ
FYHCZWFSIJGBONICFAJSUSTJDUNCXHTGQGWVQXVARREOPZNZZEPMIZVCMZVUFLAYUYHTYXTIXBX
HQXEVFNHFZDGEWXFAYQZGGQZXVCAXINEBLRKKLHPRHPQYJFVIFTBNBUFRVDPAWGPSVQFYCPIPTA
GWWZURSOXFHUAPJVEINSWCUQCITQPIXUAHNXLESWPILEJEVMDIKVMXVWWRMEKFXWOATNXNDJRSH
VGAENFTLITCJAOGRPEDODFVEBBWVPRJYHRPCAQBESMUPTEVOEEWJEWIRADLUGVKEYYEIEZFPRQJ
BHSWOYABEDSHCODLQHYTPUTBXQCXQVRCQHRQAZKSUBEVPRSDCSPZWKCUNVYQIXCMMZOUASKWPWD
WHLSLSEFMCBQIOXLIYGYWHYIMFAENSETWOMAFCTNCDYFYAHCCZCUDRISRADTBEVTZGNAIFSRIAT
UKDHCXTWDJVMVHEANVRPLEBFAYGSJTJTEALHTNGDBCDAHCCDCUHRRPRAETKEJCRAKDKCEGARPWF
NLMBXPJYYKOQRFLXCTMDINTEQWDLTJHJSCXSZARMWSWVZZOULNERMYZSUXQJZATUWIHDTPYYORO
TGBIIKFAFPYXQQAMIZTILXLCUOGSYGRSLLDIMHGREUUVJUZPTEQHRNPUGABJUJYAITJFIZXBADJ
WQFALZASKQVAXIRUTSCGWPZGQZWHWTWQULYCVBGXAELZIIYXTUVQSEAMPXTEMDABBAGXAEHCBKV
GDXQAVQTDSXFCDBCKUMIBOLFAHPSETCBBAGGCNIDMFXAPCGZCUARQHRAUTAEEJTCKTNRAEBGAXB
DLQNKDNAOZUTHHEHTWADKQBDWKFQCULRXPBJENTAWJSQBEPUONFFZUMNGNXVQRAUXHHRIEHGPOZ
POYVEEBAVHCUEEYEVYIQOAKKJLIYPEJGDCAARGDMLBDHFLZWYQTNTPPIZYNAYKCDGANNNDEHZLQ
IWNCDMKXIAOANERJKVHRHQHPZCZKFMMXCXTWWSCVASDPUGYCBLPUXUVDPYZCQZPQEKMKTIVOJFE
CSLHCGKUBCGZIMSYNYCDWUBEHPDLAEROUGXEUDSBNNJGZDOYJKRDQMNHHSXANQYPWPPCARDPXDK
WMCEVURGSLVJCTEMEOMBWTGIHLLMDTLLFZVAZGUFJFNIZCLGRMKIGRFERLDYAQSEEZCZYNPTCMD
JNRASNWDEOGKNIUMRIIEPTOLZMHHNWCOLFITFNLQASCHUAQVOXLWJOJKKWIDKBTGWHZDQGAOWXR
HFGFJRNWBKPZWTCYPSGJCLTIYEIUBDBNJQIKCFGSMUBBGHIDGLVDUVYKLGXQOOXSOUDKIEVUVTK
YKBJNBKJHBZCFXUMLLI
........
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UALHSQBREMHBPOVFBVOAPPROACHHBWFYJNXLHNXGCUI BRGVDCBI TESOJWZGR
BXFESKSQLELSVNVEPOACHXHAAUWTKYODFFZHCGSGNFSFJKHVPYBYKRNYBPEW
AQXWODCZI SRBWOLSTWWFPGKGYRTMI UNKZBAHQMWWVOHI DOTBGPKAMDHHPVYQ
KWCZBRNMGKSAPPLEDPRSDGCRLXWPKCVSOI WALTCYOSQPOACHNAKMKLQBI SFF
XQXTDWWNOVLOUPOACHWGSRNZEJSKHRPOLI LRTAI NVDXCAOABWZAXQFAMSKGT
I WOALALKYBJXGQXWYUUZUPOACHEI KAPQQBI TFMUI NZPGMKEQPKXERKQI KZUC
QMSTZHGAGQJEHACHEZCPYZMGPSWSDFNWOFSTUWVADKRFRPEHJLKTZNYFAPPR
OACHPELLSCZOHZMNVGNZOWI ACFYTNWBI SKBKQRSAVBCERTNSUNQMFHZTQRSL
BEKXCDHBYLTUCDMGVFMQNKOKZLDDVDWXZCI DOSBQBWMLHTBYWPUBFLANI I LF
LZSSZWZETRWYRACVGFVOESI MQBKUI GEEAJJUKTMXMVCAOZMFOJNNTRPNUAAJ
LJNLEBARWEEOBUUTPFRI NPBMUMJYRAOVKAPPLEZRCVFXPMVFLKFOBKAXGRNK
EUKJCCFDGI QKZJTSXCPFFCBSUPJKEYUAHAPSRJCAEJRYSYQFCWPQMACNSYVK
YBGNPDBOUFSI UZI ACHEJTRI LXCODWBNMSFRVEJURQKHQTJCOFHLLREUEQUDC
FGKDRPOVAUWKOLQPCCTDTOVRTLLVJSXUI PHLPMNMRI LEOWKRTUFDLI UAEQQN
WREBTXGURTBBGWPCVUGWUXYUWFMEARJGRDYXXVOOGLBMRVZHGQQANKOQVOVB
GPCXOQGUPWHZUCPDFAUUQQFRVZEJNNRAPPROACHQXCSBWLHMOGYMACHEVOAW
GPUMWCVLWZAZCLHDQHWWPQRWACJASUVSUYVKZXEGSHLRTGNBZZAHLQCXJAOA
HZGDAPPROACHUCPRLTTAZEQLJI SOXXWLHBCCGQTI I NURVI GYBSFJELDHLPWA
WKGVNNLGYSPQTI NLVRHI COXFQZYFXOAPPLEAHULZBGQWECLCSRHEJUCYWEWE
MJHI PWUNBBGHI RPJDDJMNXLOXRTFOKVJPLAYHZJGHLZERVJNRAVJXXZODKRS
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Algorithm allows the discovery of:

all patterns appearing at least k times in the input

patterns that are maximal in composition
patterns that are maximal in length

Time complexity essentially linear in the size of  
the generated output (output-sensitive)

patterns that in their most general form consist 
entirely of bracketed expressions:
 e.g.   [NS][LIMYT][FYDN].[DNT][IMVY].[STGDN][DN]..[SGAP]

without a need to align the input first
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                             * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *      * * * * * * * * * * * *
 AGL_ARATH:  - meeggsshdaesskkl - GRGKI EI KRI ENt t NRQVTf cKRRNGl LKKAyEl SVLCDAeVal vi - - - - FSt r Gr Lyeyan

 AG_BRANA:   mayqmel ggesspqr ka- GRGKI EI KRI ENt t NRQVTf cKRRNGl LKKAyEl SVLCDAeVal I v- - - - FSsr Gr Lyeysn
 AP1_ARATH:  - - - - - - - - - - - - - - - - - MGRGr vql kr i enki nr qvt f skr r agl LKKAhei SVLCDAeVal vv- - - - FShkGkLf eyst

 CMB1_DI ACA: - - - - - - - - - - - - - - - - - MGRGr vEl KRI ENki NRQVTf aKRRNGl LKKAyEl SVLCDAeVal I v- - - - FSnr GkLyEFcS
 FBP1_PETHY: - - - - - - - - - - - - - - - - - MGRGki Ei KRI ENssNRQVTysKRRNGi l KKAkEi SVLCDAr VsvI i f ass- - - - GKmhEFsS

 GLOB_TOBAC: - - - - - - - - - - - - - - - - - MGRGki Ei KRI ENssNRQVTysKRRNGi l KKAkEi SVLCDAr VsvI i f ass- - - - GKmhEFsS

            * *                                                 * * * * * * * * * * * * * * * * * * * * * * * *       
            nsvr gt i er ykkacsdavnppsvt eant qyyqqeaskl r r qi r di qnsn- RHi vGEsl gsLNf kELknLEgr l ekgi sr v

            nsvkgt i er ykkai sdnsnt gsvaei naqyyqqesakl r qqi i si qnsn- RqLmGEt I gsmspKELr nLEgr LDr svnr i
            dscmeki l er yer ysyaer ql i apesdvnt nwsmeynr l kaki el l er nqRHyl GEDl qamspKELqnLEqqLDt al khi

            t Scmnkt l er yqr csygsl et sqpsket essyqeyl kl kakvdvl qr sh- RnLl GEDl geLst KELeqLEhqLDksl r qi
            t Sl vdi l dqyhkl t gr r l l dakhenl dnei nkvkkdndnmqi el - - - - - - RHLkGEDI t sLNhr ELmi LEdal engl t si

            t Sl vdi l dqyhkl t gr r l wdakhenl dnei nkvkkdndnmqi el - - - - - - RHLkGEDI t sLNhr ELmmLEdaLDngl t si

                                                                                
            r skknel l vaei eymqkr emel qhnnmyl r aki aegar l npdqqessvi qgt t vyesgvsshdqsqhynr nyi pvnl l ep

            r skknel l f aei dymqkr evdl hndnql l r aki aener nnpsmsl mpggsnyeqi mpppqt qpqpf dsr nyf q- - - - - - -
            r t r knql myesi nel qkkekai qeqnsml skqi ker eki l r aqqeqwdqqnqghnmpppl ppqqhqi qhpyml shqpspf
            r si kt qhml dql adl qkkeeml f esnr al kt kl eescasf r pnwdvr qpgdgf f epl pl - - - - - - - - - - - - - - - - - - - - -

            r nkqnevl r mmr kkt qsmeeeqdql ncql r ql ei at mnr nmgei gevf qqr enhdyqnhmpf af r - - - - - - - - - - - - - - -
            r nkqndl l r mmr kkt qsmeeeqdql nwql r ql ei asmnr nmgei gevf hqr eneyqt qmpf af r - - - - - - - - - - - - - - - -

                                                * * * * * * * * *                              

            nqqf sgqdqppl ql v- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
            - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Vaal QPNnhhyssagr edqt al ql v- - - - - - - - - - - - -

            l nmggl yqeddpmamr ndl el t l epvyncnl gcf aa- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
            - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PcnnNLQi gyneat qdqmnat t saqnvhgf aqgwml

            - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - VqPmQPNLQer l - - - - - - - - - - - - - - - - - - - - - - - - - -
            - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - VqPmQPNLQer f - - - - - - - - - - - - - - - - - - - - - - - - - -
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M 
rows

N 
columns



macroscopic
entities

(e.g distinct tissues,
plants, etc.)

microscopic
measurable entities

M 
rows

N 
columns

GOAL:
generate hypotheses 
about MICroscopic cause 
behind the state/behavior 
of  observable 
MACroscopic entities



active agents
(eg.  genes in cells)

dynamic tracking of
agents' behavior

M 
rows

N 
columns

GOAL:
generate hypotheses 
about genes with 
similar or opposite 
profiles - indicates 
cell status and gene 
roles



M rows

N columns

DIFFICULT

M rows

N columns

EASY



Breast Cancer Data

Dr. William H. Wolberg 
@ U. Wisconsin-Madison

   #  Attribute 
   -- ---------------------------------------
   1. Sample code number
   2. Clump Thickness
   3. Uniformity of Cell Size
   4. Uniformity of Cell Shape
   5. Marginal Adhesion
   6. Single Epithelial Cell Size
   7. Bare Nuclei
   8. Bland Chromatin
   9. Normal Nucleoli
  10. Mitoses
  11. Class: 2=benign / 4=malignant

1000025 5 1 1 1 2 1 3 1 1 2
1002945 5 4 4 5 7 10 3 2 1 2
1015425 3 1 1 1 2 2 3 1 1 2
1016277 6 8 8 1 3 4 3 7 1 2
1017023 4 1 1 3 2 1 3 1 1 2
1017122 8 10 10 8 7 10 9 7 1 4
1018099 1 1 1 1 2 10 3 1 1 2
1018561 2 1 2 1 2 1 3 1 1 2
1033078 2 1 1 1 2 1 1 1 5 2
1033078 4 2 1 1 2 1 2 1 1 2
1035283 1 1 1 1 1 1 3 1 1 2
1036172 2 1 1 1 2 1 2 1 1 2
1041801 5 3 3 3 2 3 4 4 1 4
1043999 1 1 1 1 2 3 3 1 1 2
1044572 8 7 5 10 7 9 5 5 4 4
1047630 7 4 6 4 6 1 4 3 1 4
1048672 4 1 1 1 2 1 2 1 1 2
1049815 4 1 1 1 2 1 3 1 1 2
1050670 10 7 7 6 4 10 4 1 2 4
1050718 6 1 1 1 2 1 3 1 1 2
1054590 7 3 2 10 5 10 5 4 4 4
1054593 10 5 5 3 6 7 7 10 1 4
1056784 3 1 1 1 2 1 2 1 1 2
1057013 8 4 5 1 2 ? 7 3 1 4

...



M rows

N columns

s1 = rent R&B romance BSc $30K 4 dr. sedan

s2 = rent rock fiction MSc $50K 2 dr. hatchback

s3 = own jazz science-fiction PhD $70K sports util. veh.

s4 = own jazz romance PhD $70K 4 dr. hatchback

s5 = rent R&B fiction MSc $30K 2 dr. sedan

Instances:

s1 = 1 3 6 9 12 15

s2 = 1 4 7 10 13 16

s3 = 2 5 8 11 14 17

s4 = 2 5 6 11 14 18

s5 = 1 3 7 10 14 19

or, equivalently:
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4545 [Toy car][Toy car]
4141 [Lemonade ][Lemonade ]
......
66 [Mineral water ][Antifreeze][Soap A][Toilet paper][Mineral water ][Antifreeze][Soap A][Toilet paper]
66 [Mineral water ][Apple juice][Antifreeze][Soap A][Mineral water ][Apple juice][Antifreeze][Soap A]
........
44 [Orange juice  ][Lime juice][Washing-up liquid][Toilet paper][Colour slide film][Orange juice  ][Lime juice][Washing-up liquid][Toilet paper][Colour slide film]
44 [Apple juice][Toilet paper][Toy car][Puzzle (1000 p.) ][Apple juice][Toilet paper][Toy car][Puzzle (1000 p.) ]
44 [Tonic water][Apple juice][Washing-up liquid][Toilet paper][Tonic water][Apple juice][Washing-up liquid][Toilet paper]
........
33 [C-Beer][Mineral water ][Antifreeze][Car light bulb H4][Soap A][Toilet paper][C-Beer][Mineral water ][Antifreeze][Car light bulb H4][Soap A][Toilet paper]
              [Battery][Toy car]              [Battery][Toy car]
33 [C-Beer][Disp. nappies Q][Puzzle (1000 p.) ][C-Beer][Disp. nappies Q][Puzzle (1000 p.) ]
......
22 [Mineral water ][Car tyres 175-14 ][Oil - brand B ][Oil filter XYZ][Mineral water ][Car tyres 175-14 ][Oil - brand B ][Oil filter XYZ]
              [Windscreen wipers][Spark plugs ABC][Antifreeze][Car light bulb H4]              [Windscreen wipers][Spark plugs ABC][Antifreeze][Car light bulb H4]
                     [Soap A][Detergent][Toilet paper][Battery][Battery charger][Toy car]                     [Soap A][Detergent][Toilet paper][Battery][Battery charger][Toy car]
22 [Mineral water ][Lemonade ][Orange juice  ][Windscreen wipers][Soap A][Mineral water ][Lemonade ][Orange juice  ][Windscreen wipers][Soap A]
              [Brandy][Colour slide film][Battery charger]              [Brandy][Colour slide film][Battery charger]
......
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M  lines 
(event streams)

N gene markers
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Li ne I dent i f i er
RMS 
error

Corresponding Markers W/ Their Values

18 20 22 31 35 2.50 35 ( = 1)  37 ( = 1)  39 ( = 1)  41 ( = 1)  42 ( =1)  

 1 14 17 47 48 2.79 41 ( = 2)  43 ( = 1)  45 ( = 1)  

 1 11 17 37 47 3.51 21 ( = 1)  25 ( = 1)  27 ( = 2)  

 1 11 17 39 47 3.56 21 ( = 1)  24 ( =1)  27 ( = 2)  

 3 14 15 18 36 37 3.77 49 ( = 1)  53 ( = 1)  55 ( = 1)  56 ( =1)  

 3 14 15 22 36 37 3.77 46 ( =1)  49 ( = 1)  53 ( = 1)  56 ( =1)  

 5 13 14 15 47 4.17 38 ( =2)  43 ( = 1)  



Line Identifier
RMS 
error

Corresponding Markers W/ Values

3 6 11 23 32 20.56 2 ( =1)  5 ( = 1)  8 ( =1)  10 ( =1)  13 ( = 1)

3 98.15 100. 15 98.90 99. 86 100. 16 99.16 99. 15 100. 04 99. 87

6 95.82 100. 19 96.46 99. 89 100. 05 96.31 99. 20 99. 62 99. 83

11 99.44 99. 94 99.94 99. 22 99. 78 99.60 99. 84 99. 93 100. 00

23 97.37 101. 02 100.02 100. 79 101. 31 94.73 98. 99 99. 55 100. 08

32 99.53 100. 09 99.89 100. 14 99. 91 98.92 99. 84 99. 96 99. 96

4.78 + 0. 36 + 4.58 + 0. 64 + 0. 75 + 8.99 + 0. 33 + 0. 10 + 0. 0220. 56 = 
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Figure courtesy of:
 Joanne K. Kelleher
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Rigoutsos, I., A. Floratos, L. Parida, Y. Gao and D. Platt (2000) 
Metabolic Engineering 2(3).
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40 Genes: 26 'blue' + 14 'red'



YOL020W TAT2   TRANSPORT                
YNL292W PUS4   TRNA PROCESSING          
YNR041C COQ2   UBIQUINONE BIOSYNTHESIS  
YNL332W THI12  PYRIMIDINE BIOSYNTHESIS  
YNR023W SNF12  TRANSCRIPTION            
YNR045W PET494 PROTEIN SYNTHESIS        
YNL284C MRPL10 PROTEIN SYNTHESIS

YNL330C RPD3   CHROMATIN STRUCTURE      
YOL012C HTA3   CHROMATIN STRUCTURE      
YNL312W RFA2   DNA REPAIR               
YNL290W RFC3   DNA REPLICATION          
YOL018C TLG2   ENDOCYTOSIS              
YNR017W MAS6   MITOCHONDRIAL PROTEIN TA 
YNL286W CUS2   MRNA SPLICING, PUTATIVE  
YNL316C PHA2   PHENYLALANINE BIOSYNTHES 

YNL306W NONE   PROTEIN SYNTHESIS        
YNR015W SMM1   PROTEIN SYNTHESIS, MITOC 
YNL282W POP3   RRNA AND TRNA PROCESSING 
YNR049C MSO1   SECRETION                
YNR019W ARE2   STEROL METABOLISM        
YNR043W MVD1   STEROL METABOLISM        
YNR001C CIT1   TCA CYCLE                
YNL268W LYP1   TRANSPORT                

23 Genes



71      70      say Mr .  l or r y 
44      44      say mi ss Pr oss 
24      24      say Mr .  Cr uncher  
20      20      say madame Def ar ge 
17      17      say t he spy 
16      16      say t he doct or  
15      15      say t he mar qui s 
13      13      say t he .  of  
12      12      say Mr .  .  .  hi s 
11      11      say Mr .  St r yver  
11      11      Mr .  l or r y say 
11      11      what  do .  say 
11      11      say t he .  .  t he 
10      10      what  do you say 
10      10      i  be .  .  say 
9       9       say i n a 
8       8       i t  be .  .  .  say 
8       8       say .  wi t h a 
8       8       t he .  and say 
8       8       be .  .  say t he 
8       8       you .  .  say Mr .  
7       7       say t he uncl e 
7       7       he say i t  
7       7       i  .  .  .  say Mr .  l or r y 
7       7       say Mr .  l or r y .  hi s 
7       7       say Mr .  .  wi t h 
7       7       say t he .  i n 
7       7       say t he .  wi t h 
7       7       say t he .  .  a 
. . .

12      11      t hat  be t o say 
7       7       say Mi chel  Ar dan 
6       6       say J.  T.  
6       5       t he .  .  .  t o say 
5       5       say J.  T.  Mast on 
5       4       t he .  t hat  be t o say 
4       3       of  t he .  t hat  be t o say 
4       4       t hat  be t o say i n 
4       4       t he .  .  .  .  .  .  t o say 
3       3       t o say t hat  
3       3       gent l emen say he 
3       3       t he .  of  t he .  t hat
                    be t o say 
3       3       t o say a 
3       3       t o say .  t he 
3       3       gent l emen say .  we 
3       3       my dear  .  say 
3       3       say t he .  .  .  t he 
3       3       t o say .  .  .  .  .  t he 
3       3       say t he .  .  .  .  .  .  of  
3       3       of  .  i  .  say 
3       3       say .  t he .  .  .  t he 
3       3       say .  .  .  .  of  t he 
3       3       say .  .  .  .  t he .  .  of  
3       3       say .  .  .  .  .  .  t he .  of  
2       2       you know say 
2       2       say J.  T.  Mast on .  .  .  .  
                    .  .  .  of  
2       1       of  t he .  t hat  be t o say at  



17 17 TOUTE PERSONNE A 
17 16 A DROI T à 
12 12 $$ TOUTE PERSONNE 
11 11 DROI T à LA 
11 11 TOUTE PERSONNE A DROI T 
10 10 A DROI T à LA 
10 10 $$ TOUTE PERSONNE A 
9 9 LE DROI T DE 
8 8 TOUTE PERSONNE A DROI T à 
7 7 A LE DROI T 
7 7 $$ .  .  A DROI T 
7 7 NE PEUT êTRE 
6 6 $$ .  .  A DROI T à 
6 6 DROI T ET LI BERTéS 
6 6 TOUTE PERSONNE A LE DROI T DE 
6 6 DE .  .  ET DE 
5 5 DES NATI ON UNI ES 
5 5 à LA .  DE 
5 5 $$ TOUTE PERSONNE A LE DROI T DE 
5 5 A DROI T à .  .  DE 
5 5 DROI T DE L' HOMME 
5 5 $$ TOUTE PERSONNE A DROI T 
5 5 DE .  .  .  ET DE 
5 5 LA PRéSENTE DéCLARATI ON 
5 5 DES DROI T DE 
6 4 DE .  DE .  .  DE 
5 4 LA .  DE LA 
5 4 DROI T .  LA .  DE 
. . .

3 3 DE LA .  HUMAI NE 
3 3 LA .  .  DE LA 
3 3 A DROI T à LA LI BERTé 
3 3 DE LA .  ET DE 
3 3 A DROI T à LA PROTECTI ON 
3 3 à LA .  DES 
3 3 DE .  .  ET .  LA 
3 2 LES .  ET .  LES 
3 2 DE .  .  .  DE .  DE 
3 2 TOUS LES .  ET 
3 2 DROI T .  LA LI BERTé DE 
3 2 DROI T .  LA .  .  .  DE 
3 2 DE .  .  .  OU DE 
2 2 A DROI T à LA PROTECTI ON .  .  .  ET 
2 2 DE .  .  DE LA .  ET DE LA 
2 2 A DROI T à LA PROTECTI ON DE LA .  DE 
2 2 LES .  ET TOUS LES 
2 2 $$ .  .  A DROI T à UNE 
2 2 $$ .  .  NE PEUT êTRE .  .  LE 
2 2 TOUTE PERSONNE A DROI T AU 
2 2 ONT DROI T à UNE 
2 2 ONT DROI T SANS 
2 2 DROI T ET LI BERTéS .  .  LA 
2 2 TOUTE PERSONNE A DROI T à UN 
2 2 LES DROI T ET 
2 2 DROI T à LA .  EN 
2 2 $$ TOUTE PERSONNE A DROI T à .  .  DE 
2 2 LES êTRES HUMAI NS .  LI BRES 
. . .



inthebeginninginthebeginningGODGODcreatedtheheavencreatedtheheaven

andtheandtheEARTHEARTHandtheandtheEARTHEARTHwaswithoutfwaswithoutf

ormandvoidandormandvoidandDARKNESSDARKNESSwaswasUPONUPONthetheFAFA

CECEoofthedeepandthespiritoffthedeepandthespiritofGODGODmovedmoved

UPONUPONthetheFACEFACEofthewatersandofthewatersandGODGODsaidlsaidl

ettherebeettherebeLI GHTLI GHTandtherewasandtherewasLI GHTLI GHTandand

GODGODsawthesawtheLI GHTLI GHTthatitwasgoodandthatitwasgoodandGODGOD

divideddividedthetheLI GHTLI GHTfromthefromtheDARKNESSDARKNESSandand

GODGODcalledthecalledtheLI GHTLI GHTDAYDAYandtheandtheDARKNESDARKNES

SShecallednightandtheeveningandthehecallednightandtheeveningandthe
morningwere...morningwere...



f i r st onl yaf ewmor eexampl est r i ck l ei nf i r st onl yaf ewmor eexampl est r i ck l ei n

t henmor eof what wehavet odeal wi t har r i vest henmor eof what wehavet odeal wi t har r i ves

t hensomeonecomesupwi t hanunusual newmet hodt hensomeonecomesupwi t hanunusual newmet hod

t hi s i soneexampl eof what weusual l ybegi nwi t ht hi s i soneexampl eof what weusual l ybegi nwi t h

t hi s i soneexampl eof what weusual l ybegi nwi t ht hi s i soneexampl eof what weusual l ybegi nwi t h

publ i cdat abasesgr owasar esul t of t hi sunt i lpubl i cdat abasesgr owasar esul t of t hi sunt i l

somet hi ngel secomesal ongsomet hi ngel secomesal ong



Figures from: The Story of Writing by Andrew Robinson pp. 114-115
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WeWe havehave essentiallyessentially compiledcompiled aa comprehensivecomprehensive collectioncollection of of 
patterns (=seqlets)  for this 'unknown' language.  patterns (=seqlets)  for this 'unknown' language.  

Some of theseSome of these seqletsseqlets (a(a relativelyrelatively smallsmall percentage)  havepercentage)  have been been 
encountered before by other researchers and annotations exist.  encountered before by other researchers and annotations exist.  

ButBut similarsimilar toto wordswords inin naturalnatural languages,languages, somesome wordswords serveserve as as 
connectingconnecting oror modifyingmodifying agentsagents andand appearappear inin sentencessentences (resp. (resp. 
proteins) that convey different meaning (resp. protein function). proteins) that convey different meaning (resp. protein function). 

InIn suchsuch cases,cases, thethe seqletsseqlets cancan onlyonly bebe annotatedannotated withwith thethe unionunion of of 
the functions that correspond to  the proteins that contain them.the functions that correspond to  the proteins that contain them.



SimilarSimilar toto thethe grammaticalgrammatical variationsvariations inin naturalnatural languages,languages, the the 
Bio-Dictionary contains variations of the same 'coherent entity' Bio-Dictionary contains variations of the same 'coherent entity' 

OnOn thethe nextnext page,  wepage,  we areare showingshowing anan exampleexample ofof variationsvariations for for 
the ATP/GTP-binding P-loopthe ATP/GTP-binding P-loop

IdeallyIdeally wewe wouldwould likelike toto bebe ableable toto findfind thethe "one"one regular regular 
expression" to use instead of all these variations.  expression" to use instead of all these variations.  

SuchSuch tight,tight, variation-encompassingvariation-encompassing expressionsexpressions cancan bebe thought thought 
ofof asas "irredundant"irredundant motifs"motifs" andand areare usefuluseful notnot onlyonly inin thethe context context 
we are examining but in all data-mining applications.we are examining but in all data-mining applications.



seqlet functional 
annotation
(e.g. SwissProt's DE & FT, other 
proprietary annotation dbases, etc.)

seqlet Markov chain
method

seqlet database w/ 3D 
information

seqlet other info

 functional 
"meaning"

"probability"

other attribute(s)

 structural 
"meaning"



#   SEQLET     "Functional Meaning"

1   G..G.GK[STG]TL ATP/GTP binding P-loop
2   H.....HRD.K..N Ser/Thr-protein kinases 
3   SGG[QEMRY]..R[VLIA].[IGLMV]R.L ABC transporters 
4   V.I.G.G..G...A NAD/FAD-binding, Flavoproteins 
6   G.GLGL.I Sensory transd. His-prot. kinases
...
10  GA.DY[LIV].KP 2-component sensory transduction 
11  HR.GR..R....G DEAD-box helicases 
12  GDG[IVAMTD]ND[AILV][PEAS][AMV][LMIF]..A Cation-transporting ATPases 
13  D.FK.[IYVFL]N[DE].[YLFWR]GH..GD.[CLVF]L Bacterial-type regulators* 
14  DKT[GV]TLT Cation-transporting ATPases 
...
16  KMSKS[LKDIR][GNDFQ]N Amino-acyl-tRNA synthetases I 
17  PTREL..Q DEAD-box helicases 
18  Q..GRAGR DEAD-box helicases 
19  F.[ASDN].[MIVTLA][SAT]HE[LIF]RTP Sensory transd. His-prot. kinases 
...
27  DL[IVL][LIMVF]LD[ILVW].[ML]P..[DNST]G 2-component sensory transduction 
...
30  LD.GCG.G Various methyltransferases 
...
34  T.[IVL][FLYMI]VTHD[QLIVP].[ELV]A ABC transporters 
...
..



V[ I FLVC] . G. . G. G[ KGC] T. L

>1ayl
VFFGLSGTGKTTL
>1pox
VCFGSAGPGGTHL

RMS error=
2.192 Angstroms



A. . PA. AA. . . . . . A

>1reg
APVPADAARRFEELA
>2ccy
ADLPADAAQRAENMA

RMS error=
0.974 Angstroms



>1uag 
ADAAGLPRASSLKAL
>1ttp 
AFAAGVTPAQCFEML

RMS error= 
1.908 Angstroms



Seqlet    = G..G.[GAI]KST....L
Log Probability= -29.443913
# of occurences= 27 # of sequences = 27
(SeqId,Offset)s= [2917 27], [2918 20], [2919 12] ...
PDB Rel 38 Hits= 1nip_B_ 1gky
PDB RMS Error  = 0.649908 Angstr.
3D Struct File = G..G.[GAI]KST....L.mol2
Seqlet Annotat.= 229 NP_BIND ATP / 11  NP_BIND GTP

Seqlet    = C..[CVY]G.C..VCP
Log Probability= -33.055840
# of occurences= 56 # of sequences = 51
(SeqId,Offset)s= [1598 415],  [5102 215],  [5938 416] ....
PDB Rel 38 Hits= 1bc6 1fca 1fdn 1clf 1 1fdx
PDB RMS Error  = 0.349209 Angstr.
3D Struct File = C..[CVY]G.C..VCP.mol2
Seqlet Annotat.= 159 Iron-Sulfur (4FE-4S) binding



GDISYSLYLIHW

AREGRKFGVGL

29 instances / LogProb= -62.88

6 instances / LogProb= -54.78

C. elegans

Meth. thermoautotrophicum
Archaeoglobus fulgidus
Methanococcus jannaschii
Pyrococcus horikoshii

[ST]..[ST]C[ST][ST][NQ]..[AG]

glyceraldehyde 3-phosphate dehydrogenases

"Something that is statistically significant/insignificant
is not necessarilly biologically significant/insignificant"
                                                   Patricia Babitt



Teiresias

SwissProt/TrEMBL SequencesBio-Dictionary

seqletK: where1 where2 ... whereN

seqletK+1: where1 where2 where3

.

.

.

.

.

.

.

.

.

.

seqlet1: where1 where2 

SwissProt/TrEMBL Entry 
For seq #L

.

.

.

FT np_bind   featfrom feat to atp 

>QUERY
MERLKERAEGIFVSGPPGSGKSTFVAALAEFYRSQGKIVKT

co
nt
r i
bu
t i
on

amino acid
position

in the query

>seq#1 PTR
...SESLVVCDVAEDLVEKLRKFRFRKETNNAAIIMKIDKDKRLVVLDEE....
>seq#2 PTR
....KRVSDVPRGLVLVTGPTGSGKSTTLAAMLDYLNNTKYHHIL...

.

.

.

.

>seq#L PTR
...RKITDVPRGLVLVTGPPGSGKSTTLAAMLDYLNNTKYHHIL...

.

.

.

.

>seq#M PTR
...RKVTEAPRGLVLVTGPTGSGKSTTLAAMIDYLNSHKHHHIL....

.

.

.

.

+ + + + 
+ + + + 
+ + + + 
+ + + +

area of
contribution

>QUERY
MERLKERAEGIFVSGPPGSGKSTFVAALAEFYRSQGKIVKT

pfrom pto

qfrom qto

>QUERY
MERLKERAEGIFVSGPPGSGKSTFVAALAEFYRSQGKIVKT
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�
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�
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DNA Sequence
start 

codon
stop 

codon

ATGGCTCTTACTGAGAAACAGGAAGCTCTTCTTAAGCAGAGTTGGGAAGTCCTCAAACAG...

translate

MALTEKQEALLKQSWEVLKQNIPAHSLRLFALIIEAAPESKYVFSFLKDSNEIPENNPK...Candidate 
Gene

ORF

Bio-Dictionary

locate ALL instances of B-D 
seqlets in candidate gene

NO

YES

can we account for all of
the candidate gene positions 

with  support above 
threshold?

Shibuya, T. and I. Rigoutsos, (2002)  Nucleic Acids Res. 30(12).

report current
ORF as 

putative gene

proceed with 
next ORF



��� � �) � � � ( �� � & % & 	 �
 � �� & � � �� � % (" ��� � �) � � � ( �� � & % & 	 �
 � �� & � � �� � % (" ��� � �) � � � ( �� � & % & 	 �
 � �� & � � �� � % (" ��� � �) � � � ( �� � & % & 	 �
 � �� & � � �� � % (" ��� � �) � � � ( �� � & % & 	 �
 � �� & � � �� � % (" ��� � �) � � � ( �� � & % & 	 �
 � �� & � � �� � % (" ��� � �) � � � ( �� � & % & 	 �
 � �� & � � �� � % (" ��� � �) � � � ( �� � & % & 	 �
 � �� & � � �� � % (" Sensitivity 
&

Specificity

Not 
Previously 
Reported

Genes

Confirmed 
by

FASTA

Confirmed 
by

BLASTP

Confirmed 
by
CD

Correct Start 
Site 

Prediction  
# of Genes

Correct Start 
Site 

Prediction 
Ratio of Genes

AF 95.3 113 52 54 34 1835 81.5
MJ 96.9 53 23 24 17 1476 89.9
MT 96.8 60 5 6 1 1499 83.9
PA 95.9 72 16 17 2 1306 77.7
AA 95.7 66 18 23 15 1279 88.3
BB 94.0 51 4 5 1 672 83.7
BS 96.4 147 36 42 10 2643 67.8
CJ 96.9 50 21 18 7 1375 87.2

CPc 97.0 32 23 23 6 838 83.0
CPa 93.9 68 15 15 6 888 85.2
CT 96.9 28 5 5 0 662 76.9
EC 97.0 128 45 45 16 3256 80.2
HI 96.8 54 45 44 27 1384 84.9
HP 96.0 63 35 35 18 1222 82.2
RP 96.9 26 9 11 6 688 85.7
SS 96.7 106 12 16 2 2423 80.5
TM 95.9 76 35 38 29 1300 73.9



phoR phoB pstA pstC pstS

H. influenzae

Two operons involved in phosphate transport:

phoR + phoB form regulon
pstS/pstC/pstA/pstB form transport system



phoR phoB pstA pstC pstSpstB

our gene 
finder
discovers pstB

H. influenzae

phoR phoB pstB pstA pstC pstS

P. multocida



Q9PEZ3                         MSVDS- - - - - VSRKH- DRI P- F- I RFLGVY- - - - - LLFQWRRQCARLHRA
Pr ed_AFul _282847- 284262_-       MDYCSGAALMVKKEI FEKI GGFDGRFKPAYYEDTDLCFSVRKMGYKVMYQ
                               * .   *      * . : :   : : *   *   * *   . *      *  * .  * :    : :    

Q9PEZ3                         R- - - - I ALYSRRFG- - - - QWI RLRAAVSADQSAPPSVAAVVSASATQTPT
Pr ed_AFul _282847- 284262_-       PKSVI I HLEGATCGTDTSSGVKKFQEI NRQKFYEKWKDTLLKHHYNPDPS
                                    *  *  .    *     .  : :     : .  : :        : : : .    .   * :

Q9PEZ3                         N- - - TRC- - - - - - I LLI DTVPPRPDRDSGSLRCHHLMHLMVCMGYKVVLH
Pr ed_AFul _282847- 284262_-       NLFLARCRNGGKRI LVI DHYVPTFDKDSGSYRMYNI LKI LI ELGHCVTFI
                               *    : * *       * * : * *    *   * : * * * *  *  : : : : : : : :  : * :  * . :  

Q9PEZ3                         CQERMPSAAEVMALRAI GVTTT- - AVAGGFPSWLLTNPERYCAVVVCRYH
Pr ed_AFul _282847- 284262_-       GDNLAKMEPYTSI LQQI GI EVLYGPYTRSI EDYLKDHGKFFDI VI LSRAP
                                : :      .  .   * :  * * :  .    .  :  . :  . : *   :  :  :   * : : . *   

Q9PEZ3                         LGLSWLPLLRAFVPDSLCI LDTVDLHHLREQREAELRNLSGLRAAAAI TR
Pr ed_AFul _282847- 284262_-       I AEKHI LAVRKYCSKAKI I FDTVDLHFLREMRRAELEKNDKVKELAEKLK
                               : .  .  :   : *  :  . . :   * : * * * * * * . * * *  * . * * * . :  .  : :   *    :

Q9PEZ3                         RHELHAI SCADLVWVVSPVERDYLARLLPQARVEVVPNMHDMVETI PPFV
Pr ed_AFul _282847- 284262_-       NI ELKLARLANLTLVVSPFEKELLLKEDPTLNVEVLSNI HEI KPPKNSFE
                               .  * * :     * : * .  * * * * . * : :  *  :   *   . * * * : . * : * : :   .   . *  

Q9PEZ3                         SRHGFLFVGGSRHPPNVDAVRWLLSEI FPRI RERLPDAQLHLVGAGLAEA
Pr ed_AFul _282847- 284262_-       NRKDI MFLGGFAHPPNI DAVKWFI NDI FPKI KQQLPEVKFI I VGSNPPEE
                               . * : . : : * : * *   * * * * : * * * : * : : . : * * * : * : : : * * : . : :  : * * : .  . *  

Q9PEZ3                         MQSQQMI CPGVSFHGHVPEMAPLLHACRVSLAPLRFGAGVKGKI SEALAY
Pr ed_AFul _282847- 284262_-       I MS- - LSSDDI I VTGYVRELEPYFESVRVFVSPLRYGAGVKGKI GEAMAH
                               :  *   :  .  . :  .  * : *  * :  *  : . :  * *  : : * * * : * * * * * * * * . * * : * :

Q9PEZ3                         GLPVVTTPEGAEGMYLRSGMDALI SGDAEDLARQAVCAHEDLEVWQRLSD
Pr ed_AFul _282847- 284262_-       GVPVVTTSI GGEGMGLI DGENALI ADDPVEFAEKVVKLYTDKALWEKI SM
                               * : * * * * * .  * . * * *  *  . *  : * * * : . * .  : : * . : . *   :  *   : * : : : *  

Q9PEZ3                         NGQQI I KQHFSLHSTRAALAVMLPH
Pr ed_AFul _282847- 284262_-       RSI EHVKCNFSYNVAKNKI I NI I - -
                               . .  :  : *  : * *  :  : :   :   : :
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