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Why Pseudomonassyringae?

� Economicallyimportantplantpathogenwith
broadhostspeci�city.

� Well-developedgenetics.

� Multiple mechanismsof pathogenesis.

ThetomatopathovarDC3000wasselectedfor
genomicsequencingbecauseit infectsArabidopsis
thaliana, acompletelysequencedplantwith extensive
genetics.
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A modelpathogen
P. syringaetomatoDC3000

� HoststomatoandArabidopsis

� Representativestealthparasite

� Hrp typeIII secretionsystem(TTSS)
>50relatedpathovarsbasedonhostspeci�ty

Tobacco Bean Tomato
P. syringaepv. tabaci P HR HR
P. syringaepv. syringae HR P HR
P. syringaepv. tabaci HR HR P
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P. syringaeDC3000
on A. thaliana leaves

Photoby TomZitter andR. Thilmony. BioQuest– p.4/52



P. syringaeDC3000
on tomato leaves

Photoby TomZitter andR. Thilmony.
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P. syringaeDC3000
on tomato fruit

Photoby TomZitter andR. Thilmony.
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Molecular basisof
pathogenesisin P. syringae
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The type III secretion system
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Up againstthe wall
Complexity in thegeneticsof pathogenesis:

Function � gene

� Virulencegenesfoundby loss-of-functionin
randomtransposonmutantscreens

� A few foundby gain-of-functiontestsinvolving
swappedgenesin relatedstrains

� "Wall" of redundancy andweakphenotypes
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Breaking thr ough the wall
Genomicsandcomputational-experimentalbiology:

Genome � candidategenes � function

� Recognitionof patternsassociatedwith virulence
genes

� Promoters

� Secretion/targetingsignals

� Geneexpressionpro�ling

� Identi�cation of candidatesfor testing

� Biological testingandsubsequentre�nementof
patternrecognitionabilities
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Pre-genomestatus
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Genome-wide identi�cation of
Hr p effector genes

� Most effectorsfoundby avirulencephenotype

� Secretion/injection“Hops” testable,but slow

� Mutantphenotypestypically weakor lacking

� No commonmotifs reportedin proteins

� All known avr genesprecededby “hrp box”
promoters

� ECF-type

� Degenerateconsensus

� Essentialnucleotidesnotde�ned
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Laboratory observations

� TTSSgenesareexpressedin ahrpL-dependent
manner.

� So-called“hrp boxes”arefoundupstreamof
many TTSS-relatedgenes.

� GeneticevidencesuggestsTTSSexport signalis
encodedin theN-terminalregionof effectors,
harpins,andpilins.

� Effectors,harpins,andhelpersaresecretedby the
TTSS.

� Effectorsaretranslocatedinto hostcells.

� Effectorscanelicit thehypersensitive responsein
resistanthosts(so-calledavirulencephenotype).
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Overview
Initial hypotheses

� Hrp boxesarehrpL-dependentpromoters.

� All TTSS-relatedgenesarein transcriptionunits
downstreamof hrpboxes.

� All genesdownstreamof hrpboxesareinvolved
in pathogenesis.

Strategiesfor TTSSfunctionalgenomics

� Locatehrpboxesin genomicsequenceto identify
componentsof hrpL regulon.

� Identify candidateeffectorsby N-terminal
sequence.
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Biological sequenceanalysis,

but a sequenceis needed� � �
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Seethelittle phrasesgo,
Watchtheir funny antics.

Themenwhomake themwiggleso
Are theteachersof Semantics.

Thewordsgoup, thewordsgo round
And makeagreatcommotion,

But all thatliesbehindthesound
hebutudeBoeotian.

F. Windsor. A SpaceChild's Mother Goose. Simon

andSchuster, 1958.
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Syntaxand semantics

� Sequenceanalysisdealswith theidentityof
objects,notenergy, time,or dynamicproperties
thataredirectly relatedto function.Therefore,
sequenceanalysisis intrinsicallysyntacticand
empiricalin nature.

� Most of biology, includingfunctionaland
structuralgenomics,is primarily semanticin
nature.

Theprimaryintellectualhurdleis to properlyinterpret
syntacticevidenceaspossiblecluesto semantic
content.
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The stability problem
Grammaticalcorrectnessandsemanticmeaningcan
begreatlyalteredby smallchangesin syntax.

� Changefrom aphenylalanineto aprolinein a
protein.

� Mis-spellingin computerpassword.

� Errorsin bankdepositsor withdrawls.

Dave------knowswhathe is ta lki ngabout!
|||| |||| |||||||||||||||||||||
Davedoesntknow-whathe is ta lki ngabout!
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Similarity or homology?

� Similarity is amathematicalmeasurecomputed
directly from syntacticinformation.

� Homologyarerelatedconceptsaresemanticin
natureandnotuniquelydeterminedby syntax.

Similarity canbemeasured,homologycannot.
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Applicability of
alignment-basedmethods
Many biologicalsequencemotifs correspondto
position-dependentconservationof biophysicaland/or
biochemicalstructures:

� DNA bindingmotifs

� Promoters
while othersarenot:

� tRNAs (long-rangestructuralcorrelations)

� CpGislands(dinucleotidecomposition)

� Cellularexportandlocalizationsignals

BioQuest– p.20/52



Hangman
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Hangman
I n f o r m a t i o n

t h e o r y

� Whatis thereasoningbehindtheorderthat
guessesaremade?

� How many guesseswererequiredrelative to the
numberof unknowns?

� Whataboutpre�xes,suf�x es,vowel and
consonantcombinations,androotwords?
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Syntactic-statisticalmodel
of English text

B. Hayes.A progressreporton the�ne artof turning
literatureinto drivel, Sci.Am., 249(5):16,1983.

R. W. Lucky. SiliconDreams:Information,Manand
Machine, St.Martin'sPress,New York, 1989.
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Statistical modelingof
“Moby Dick”

� Computeof eachletterseparately, thendoublets,
triplets,quadruplets,quintuplets,sextuplets,� � � ,
in agiventext.

� Convert frequenciesto probabilitiesof individual
letters,andconditionalprobabilitiesfor
substrings.

� Usea randomnumbergeneratorto generatea
streamof charactersfrom theconditional
probabilitydistributions.
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First-order correlations
Tdoryd neAeeeko,hswieadadittid eIac i
lodhginuna asvmbi ee' kwrdmn.

Clearlya monkey ata typewriter � � �
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Second-ordercorrelations
Le hoin. whantheoaromiesout
thengachilathedridbewe frergiedatek y
wee' e thesle!

Perhapsit is aWelshmonkey � � �
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Third-order correlations
'Weed.Thedto dreyouandadennie.A le
menearkyous,theslenown ithehaved
saindy. If - it to to it dreto gre. I wall much.
'Give th pal yould theit going,youldn't
thaveaway, jostovemoublesogoinksteace,
'If takewe'redomennie.

� Capitalizationis now correct.Why?

� Contractionsarealsocorrect.

� Quotationmarksarenotbalanced.Why?
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Fourth-order correlations
I canlight, 'Georgetried in youand�re. '
'Nothenit andI wantyourse,Georgesome
otherther. There's if his handrolledadther
hisky, 'I little amonelywe'rewe'rewith him
therain.

� Many shortwordsarerecognizable.

� Capitalizationis still correct.

� Quotationmarksarestill notbalanced.
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Fifth-order correlations
'I...I'm not running.' Theranch,work on the
time. Do youbecauseyougetsomethings
spreadytold you justhim by heatto coloured
rabbits.That'sgoinggrew it' s likeawhisky
place.

� Most wordsarecorrectlyspelled.

� Quotationmarksarestill notbalanced.

� Grammaris erratic.
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Sixth-order correlations
Million micebecauseit two mewe'll sit by
thefuture.We'll stealit. 'Aren' t got it.
'About the�re slowly hand.'I want,
George,' heaskednervoulsly: 'That's �ne.
Sayit toohardtoo forgetother.

� It won't win theNobelPrizefor Literature,but
it' s notbadfor acomputer.

� Problemswith balancedquotationmarksand
grammarremain.Why?
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Strengthsand weaknesses
Quantitativeanalyticalmethodsareavailable:

� Simplemathematics.

� Elegantmechanismto incorporate“intuition”.

� Widely usefulin practice.

This kind of statisticalmethodcanmodelsyntax,but

notgrammaror semantics.
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Usinghidden Mark ov models
HiddenMarkov models(HMMs) usearti�cial
parameterizedstatisticaldistributionsto model
context-dependenttransitionprobabilities.

� Obtaintrainingsetof sequenceswith common
property.

� Align trainingsetusingstandardtools(e.g.,
Clustal).

� ConstructHMM (selectfamiliesof parameterized
distributionsandoptimizeparameters).

� Calibrateto determinestatisticalsigni�canceof
scores.

� Classifyunknown sequencesaccordingto HMM
score.
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Characterizing the hrpL regulon
usinghidden Mark ov models
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GeneralHMM scheme

training set

aligned training set

substitution matrix

HMM

null model

statistically significant hits

genome

laboratory confirmation
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Complications

� Initial trainingsettoosmall.

� Augmentedwith additionalhrpboxesidenti�ed
by randomtransposonmutagenesissurvey with
reporter.

� Genomewasnot yet closed( �

�� �

contigs).

� Mosaicstructurecausedproblemswith gene
�nding algorithms.

� Redundancy dueto transposableelementsand
repetitive intergenicsequencescausedassembly
problems.
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Hr p box training set

TGGAACCAAATCCGTCCCAAAGGCCACACAGAG avrDtom
TGAAACCGAAACGGCGTTGCTTGCCACACAGCA avrA
TGGAACCTAATTCAGGGTAAATGCCACACAGCT avrB
TGGAACCGATCCGCTCCCTATGACCACTCAAGT avrPto
GGGAACCCATTCATTGTTTGGAACCACCAACGG avrRpt2
GGGAACCACATCATGGGTAAAAGCCACGAAGAG avrPpiB.R3
TGGAACCTTATCGGGAAAATTTGCCACCCACCC hopPsyA
GGGAACCGG. TCGCTGCGCTTTGCCACTCACTT avrE1
TGGAACCCGCTGGC. ATTGCATGCCACTCATCC avrE2
TGGAACCGTTCTGC. AACTCGTGCCACTAAGCT avrC
GGGAACTCATTTTC. TTTTAAAACCACACATGT avrPpiA2.R2
TGGAACCGAATGGGTCAGCTGGA. CACTTAGAT avrPph3
GGGAACTGAACCGC. TTATGAAACCACTCATTT avrPpiC2
TGGAACCACGGTAGCTTAGCTGACCACTCAAGG avrPpiG1
TGGAACCCAAGAGC. CCTTGCGACCACACATTG avrPphD
TGGAACCAGCTACATAGGTATGACCACTGATCT avrPphF
TGGAACCAACTCGC. ACGCAAAACCACACAGTT hrpY
TGGAACCAACTTGC. ACCTTCAACCACACAGTT hrpKtom
GGGAACTGATCCGGGACCGTGACCCACTCAGCG hrpJtom
TGGAACTGAAATCG. ATGCTCGACCACTTATCA hrpUtom
TGGAACCGCTCGGCGGGTTTGCTCCACTCAAGG hrpCtom
TGGAACCGTATCGCAGGCTGCTGCCACCTAGTG hrpZtom
TGGAACCTCACGCTTAGTGATGACCACGCATAG HrpF03
GGGAACCGG. TCGCTGCGCTTTGCCACTCACTT HrpF07
TGGAACCAGATCTCGTTGC. TTGCCACCAAGGC HrpF09
CGGAACTGCAACGT. TGTTTCGGTCACTCAGTG HrpF43
TGGAACCGGACGAG. GCTTTTTACCACTCAATG HrpR20
TGGAACTCTTTCCTGCTCTTTTGCCACACAGCG HrpR23
CGGAACCGAATCCATATTTC. GACCACCCATCC HrpR25
GGGAACCCTGCGCAGGTCATTGACCACTCAGTG HrpR26
GGGAACCGCATCAC. GTCTTGAACCACAGAGGA HrpR31
TGGAACCGTCAACCGATCCGGGACCACACAGCC HrpR32
TGGAACCGCCTCGAGCAGAGGCTCCACTCATTG HrpR34
GGGAACCGTAACGGCGAGCGT. GCCACGTAGGG HrpR36
TGGAACCGATTTCG. ATGAGTCGCCACACATAA HrpR40
GGGAACTGAACCGC. TTATGAAACCACTCATTT HrpR41
CGGAACTCTTTCCCTGCGCTTT. CCACTCAGGG HrpR55
CGGAACCGATCCGG. TTGCCTGGCCACTCAATT HrpR57
GGGCACCGACCACGCCGGTATCGCCACGCAGAT HrpR72
AGGAACTCATCACC. GCGAATCGCCACTCAGCA HrpR85
AGGAACTGCAAGCTGGTGCGGCTCCACTAAAAC HrpF70
AGGAACTGCAAGCTGGTGCGGCTCCACTAAAAC HrpF62
* ! * * ! ! * * * * * * * * * * * * ! ! ! * * ! * * consensus
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Hr p box sequencelogo

1

2

1

10 20 30
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Characterizing the
TTSSexport signal
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Initial training set

MGNI CVGGSRMAHQVNSPDRVSNNSGDEDNVTSSQLLSVR avrPto
MWNVSKSSNNLGAYKLPLEAQTPPEKI SPFDAMSAAQPEG avrA
MGCVSSKSTTVLSPQTSFNEASRTSFRALPGPSQRQLEVY avrB
MGNVCFRPSRSHVSQEFSQSEFSTASPVRTSERPSDASLD avrC
MPGI NGAGPSNFFWQWRTDGEPVTEREHDSSRSASSANSP virPphA
MGCVSSTSRSTGYYSGYENHEEPRVASSPTNRHDRGYETD avrRpm1
MKI GTQATSLAVLHNQESHAPQAPI AVRPEPAHAI PEI PL avrPphB.R3
MGNVCFRPSRSHVSQEFSQSEFSAASPVRTSERPSDASLD avrPphC
MNPLRSI QHNI TTPPI SGGQPLDAVGPQAQQSHPKRI SPS avrPphD
MRI HSAGHSLPAPGPSVETTEKAVQSSSAQNPASCSSQTE avrPphE.R2
MGCVSSTSRSTGYYSGYESHEEPRVASSPANRHDRGYETD avrPpiA.R2
MHANPLSSFNRAQHGNLTNVEASQVKSAGTSSTTNI DSKN avrPpiB.R2
MTI VSGHI GKHPSLTTVQAGSSASVENQMPDPAQFSDGRW avrPpiC
MNRI STSSVNSSFNYTAPTEEAQNRFASAPDNSPLVVTTT avrRps4
MKI APVAI NHSPLSREVPSHAAPTQAKQTNLQSEAGDLDA avrRpt2
MKDRLFI LSQHLLPHHLLSRLAGCVAECRVRWFKNAFTAW AvrRps4Pto
MYSPSHTQRI TSAPSTSTHVGGDTLTSI HQLSHSQREQFL AvrPphFPto
MNPLRSI QHNI ATPPI SGGQPLDAVGPQAQQSHPKRI SPS AvrPphD1Pto
MNPLQPI QHSI TNSQMSGGQQLEAEGSQAHNSYSHPDRI S AvrPphD2Pto
MTI VSGHI GKHPSLTTVQAGSSASVENQMPDPAQFSDGRW AvrPpiC2Pto
MGLCI SKHSGSSYSYSDSDRWQVPACPPNARSVSSHQTAS AvrXv3Pto
MNPI QSRFSSVQELRRSNVDI PALKANGQLEVDGKRYEI R HopPsyAPto
MHI NRRVQQPPVTATDSFRTASDASLASSSVRSVSSDQQR HopPtoA1
MHI NQSAQQPPGVAMESFRTASDASLASSSVRSVSTTSCR HopPtoA2
MRPVGGPAPGYYPPTYEAERPTAQAAGNDRARSSQASSSP HopPtoB1
MPRI VAGHAEGVCVVNGRHYVELSGRTFQVHYDTHLRGWQ HopPtoB2
MNI SGPNRRQGTQAENTESASSSSVTNPPLQRGEGRRLRR AvrBstPsy
MRI HSSGHGI SGPVSSAETVEKAVQSSAQAQNEASHSGPS AvrPphEPss
MGCVSSKASVI SSDSFRASYTNSPEASSVHQRARTPRCGE AvrPphCPss
MRI HSAGHSLPAPGPSVETTEKAVQSSSAQNPASCSSQTE AvrPphEPta
MKI HNAGPSI PMPAPSI ESAGKTAQSSLAQPQSQRATPVS AvrPphEPdp
MSTI PGTSGAHPI YSSI SSPRNMSGSPTPSHRI GGETLTS AvrPphF
! * consensus

HQLAESAGLP avrPto
KAPHDQLQND avrA
DQCL I GAARW avrB
AGLESSSACH avrC
ELPPPASPAE virPphA
SEHSNVNL I P avrRpm1
DLAI RPRTRG avrPphB.R3
AGLESSSACH avrPphC
QLSQSAHQAL avrPphD
RPEAGSTQVR avrPphE.R2
SEHSNDNL I P avrPpiA.R2
I EEHVADRLS avrPpiB.R2
KKLPTQLSSI avrPpiC
SI AQASEGLQ avrRps4
RKSSASSPET avrRpt2
FARRYQVDMS AvrRps4Pto
NMHDPMRVMG AvrPphFPto
QLSQSAHQAL AvrPphD1Pto
LSQLSQSAHL AvrPphD2Pto
KKLPTQLSSI AvrPpiC2Pto
ASDI ASGDVD AvrXv3Pto
AADDGTI SVL HopPsyAPto
EI NAI ADYLT HopPtoA1
DLQAI TDYLK HopPtoA2
AASVAPETPM HopPtoB1
I VDPENPFAF HopPtoB2
QDALPTDI RY AvrBstPsy
EHPESRSCQA AvrPphEPss
LQGPQVSRLM AvrPphCPss
RPEAGSTQVR AvrPphEPta
PSETSDARPS AvrPphEPdp
I HQLSASQRE AvrPphF

consensus
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Other problems

� Genomestill not closed( �

��

contigs).

� Gene�nding unreliablein low GCcontentareas
typicalof known TTSS-relatedtranscription
units.

� Largefractionof ORFswith nosigni�cant
similarity to genesin existingclosedgenomes.

Workingwith draft genomicsequenceis hard.
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Analysisof
unalignablesequences
Why doesalignmentfail?

� Improperselectionprocess.

� Too few sequencesin alignment.

� Correlations,possiblylong-range.

� Impropersubstitutionmatrix.

� Inappropriatestructuralassumptions.
Whatotherpatternsmakebiophysicalsense?

� Net chargeandpI.

� Post-translationalmodi�cations.

� Amphipathicity.
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Chargeson N-terminii

MHANPLSSFNRAQHGNLTNVEASQVKSAGTSSTTNI DSKN AvrPpiB1(Pto)
MHANPLSSFNRAQHGNLTNVEASQVKSAGTSSTTNI DSKN AvrPpiB2(Pto)
MHI NRRVQQPPVTATDSFRTASDASLASSSVRSVSSDQQR HopPtoA1
MHI NQSAQQPPGVAMESFRTASDASLASSSVRSVSTTSCR HopPtoA2
MRPVGGPAPGYYPPTYEAERPTAQAAGNDRARSSQASSSP HopPtoB1
MRFDAARGQKPKAPMDAPSSLRLRAI AGGMPSEEAGTTAP HopPtoV
MKTVSNHSI PSTNLVVDAGTETSAQKSQPVCSEI QRNSKI HopPtoT1
MKLLRDARTLKTKAVSSLRTGMQAFNSFDDDGRI TTVLLH AvrPphE(Pto)
MHRPI TAGHTTSRLI LDQSKQI SRTPSESSAQSALSQQAS HopPtoQ
MNRVSGSSSATWQAVNDLVEQVSERTTLSTTGYQTAMGRL HopPtoE
MNRI STSSVNSSFNYTAPTEEAQNRFASAPDNSPLVVTTT HopPtoK
MTDI NSLRTRLRSGEHAFADTLAFI ADGYDYQPQPFRNGD HopPmaJ(Pto)
MQI KNSHLYSASRMVQNTFNASPKMEVTNAI AKNNEPAAL HopPtoG
MNI NRQLPVSGSERLLTPDVGVSRQACSERHYSTGQDRHD HopPtoS2
MNPLRSI QHNI ATPPI SGGQPLDAVGPQAQQSHPKRI SPS HopPtoD1
ML I GHSLHHMRPTAVDSSLPTSATSQTI SNTKSRLDPHRV HopPtoI
MI SSRI GGAGGVELSRVNQQHDTVPAQTAHPNAVTAGMNP HopPtoM
MAGI NRAGPSGAYFVGHTDPEPVSGQAHGSGSGASSSNSP AvrPtoB
MI NLTHI ASSLARAALSDSTKPKMERAI NVASHI AGKVAL HopPmaI(Pto)
MI TPSRYPGI YI APLSNEPTAAHTFKEQAEEALDHI SAAP HopPtoH
MQSPSI HRNTGSI I QPTVTPDARAATDLQERAEQPRQRSS AvrE(Pto)
MNPI QSRFSSVQELRRSNVDI PALKANGQLEVDGKRYEI R HopPsyA(Pto)
MTI VSGHI GKHPSLTTVQAGSSASVENQMPDPAQFSDGRW HopPtoC
MGLCI SKHSGSSYSYSDSDRWQVPACPPNARSVSSHQTAS HopPtoJ
MTTLTTRQI QLAHAWTSVHTGAGLALDWVADVAEKVEEI A HopPtoL
MNPLQPI QHSI TNSQMSGGQQLEAEGSQAHNSYSHPDRI S HopPtoD2
MNI SPVSGAHGSSYPSAQSTASTASKGPSGSFLKQLGGCF HopPtoS3
MGNI CVGGSRMAHQVNSPDRVSNNSGDEDNVTSSQLLSVR AvrPto(DC3000)
MGNI CGTSGSRHVYSPSHTQRI TSAPSTSTHVGGDTLTSI HopPtoF
MGNI CGTSGSNHVYSPPI SPQHASGSSTPVPSASGTMLSL HopPtoS1
MYI QQSGAQSGVAAKTQHDKPSSLSGLAPGSSDAFARFHP HopPtoN

I EEHVADRLS AvrPpiB1(Pto)
I EEHVADRLS AvrPpiB2(Pto)
EI NAI ADYLT HopPtoA1
DLQAI TDYLK HopPtoA2
AASVAPETPM HopPtoB1
ADVNQPPPAD HopPtoV
EKAVI EHI AD HopPtoT1
LQHACEMLLK AvrPphE(Pto)
MSSPVLERSK HopPtoQ
NKPEKSDADA HopPtoE
SI AQASEGLQ HopPtoK
VDNAAGQNEG HopPmaJ(Pto)
SATQTAKTHE HopPtoG
FYRFAARLHV HopPtoS2
QLSQSAHQAL HopPtoD1
RELTFI GVGS HopPtoI
PLTPDQSGSH HopPtoM
QVQPRPSNTP AvrPtoB
QVTSSLLEQK HopPmaI(Pto)
SGDKLLRKI S HopPtoH
HSLSSVGKRA AvrE(Pto)
AADDGTI SVL HopPsyA(Pto)
KKLPTQLSSI HopPtoC
ASDI ASGDVD HopPtoJ
TKADALSRDL HopPtoL
LSQLSQSAHL HopPtoD2
SPCLGSSSTG HopPtoS3
HQLAESAGVP AvrPto(DC3000)
HQLSHSQREQ HopPtoF
SHEQI LSQNY HopPtoS1
EKAGAFVPLE HopPtoN
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Hydr opathy of N-terminii

MHANPLSSFNRAQHGNLTNVEASQVKSAGTSSTTNI DSKN AvrPpiB1(Pto)
MHANPLSSFNRAQHGNLTNVEASQVKSAGTSSTTNI DSKN AvrPpiB2(Pto)
MHI NRRVQQPPVTATDSFRTASDASLASSSVRSVSSDQQR HopPtoA1
MHI NQSAQQPPGVAMESFRTASDASLASSSVRSVSTTSCR HopPtoA2
MRPVGGPAPGYYPPTYEAERPTAQAAGNDRARSSQASSSP HopPtoB1
MRFDAARGQKPKAPMDAPSSLRLRAI AGGMPSEEAGTTAP HopPtoV
MKTVSNHSI PSTNLVVDAGTETSAQKSQPVCSEI QRNSKI HopPtoT1
MKLLRDARTLKTKAVSSLRTGMQAFNSFDDDGRI TTVLLH AvrPphE(Pto)
MHRPI TAGHTTSRLI LDQSKQI SRTPSESSAQSALSQQAS HopPtoQ
MNRVSGSSSATWQAVNDLVEQVSERTTLSTTGYQTAMGRL HopPtoE
MNRI STSSVNSSFNYTAPTEEAQNRFASAPDNSPLVVTTT HopPtoK
MTDI NSLRTRLRSGEHAFADTLAFI ADGYDYQPQPFRNGD HopPmaJ(Pto)
MQI KNSHLYSASRMVQNTFNASPKMEVTNAI AKNNEPAAL HopPtoG
MNI NRQLPVSGSERLLTPDVGVSRQACSERHYSTGQDRHD HopPtoS2
MNPLRSI QHNI ATPPI SGGQPLDAVGPQAQQSHPKRI SPS HopPtoD1
ML I GHSLHHMRPTAVDSSLPTSATSQTI SNTKSRLDPHRV HopPtoI
MI SSRI GGAGGVELSRVNQQHDTVPAQTAHPNAVTAGMNP HopPtoM
MAGI NRAGPSGAYFVGHTDPEPVSGQAHGSGSGASSSNSP AvrPtoB
MI NLTHI ASSLARAALSDSTKPKMERAI NVASHI AGKVAL HopPmaI(Pto)
MI TPSRYPGI YI APLSNEPTAAHTFKEQAEEALDHI SAAP HopPtoH
MQSPSI HRNTGSI I QPTVTPDARAATDLQERAEQPRQRSS AvrE(Pto)
MNPI QSRFSSVQELRRSNVDI PALKANGQLEVDGKRYEI R HopPsyA(Pto)
MTI VSGHI GKHPSLTTVQAGSSASVENQMPDPAQFSDGRW HopPtoC
MGLCI SKHSGSSYSYSDSDRWQVPACPPNARSVSSHQTAS HopPtoJ
MTTLTTRQI QLAHAWTSVHTGAGLALDWVADVAEKVEEI A HopPtoL
MNPLQPI QHSI TNSQMSGGQQLEAEGSQAHNSYSHPDRI S HopPtoD2
MNI SPVSGAHGSSYPSAQSTASTASKGPSGSFLKQLGGCF HopPtoS3
MGNI CVGGSRMAHQVNSPDRVSNNSGDEDNVTSSQLLSVR AvrPto(DC3000)
MGNI CGTSGSRHVYSPSHTQRI TSAPSTSTHVGGDTLTSI HopPtoF
MGNI CGTSGSNHVYSPPI SPQHASGSSTPVPSASGTMLSL HopPtoS1
MYI QQSGAQSGVAAKTQHDKPSSLSGLAPGSSDAFARFHP HopPtoN

I EEHVADRLS AvrPpiB1(Pto)
I EEHVADRLS AvrPpiB2(Pto)
EI NAI ADYLT HopPtoA1
DLQAI TDYLK HopPtoA2
AASVAPETPM HopPtoB1
ADVNQPPPAD HopPtoV
EKAVI EHI AD HopPtoT1
LQHACEMLLK AvrPphE(Pto)
MSSPVLERSK HopPtoQ
NKPEKSDADA HopPtoE
SI AQASEGLQ HopPtoK
VDNAAGQNEG HopPmaJ(Pto)
SATQTAKTHE HopPtoG
FYRFAARLHV HopPtoS2
QLSQSAHQAL HopPtoD1
RELTFI GVGS HopPtoI
PLTPDQSGSH HopPtoM
QVQPRPSNTP AvrPtoB
QVTSSLLEQK HopPmaI(Pto)
SGDKLLRKI S HopPtoH
HSLSSVGKRA AvrE(Pto)
AADDGTI SVL HopPsyA(Pto)
KKLPTQLSSI HopPtoC
ASDI ASGDVD HopPtoJ
TKADALSRDL HopPtoL
LSQLSQSAHL HopPtoD2
SPCLGSSSTG HopPtoS3
HQLAESAGVP AvrPto(DC3000)
HQLSHSQREQ HopPtoF
SHEQI LSQNY HopPtoS1
EKAGAFVPLE HopPtoN
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Alignments, scoring,and
substitution matrices
A substitutionmatrix is a tableof scoresfor the
alignmentof two charactersin thealignmentof
strings.
For similarity searching,

� Closesimilarity � positivescores

� Indifference � zeroscores

� Dissimilarity � negativescores
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Biological relevance

� Largepenaltyfor mismatchesrelative to rewards
for matchesleadsto short,strongalignments.

� Smallmismatchpenaltiesleadto long,weak
alignments.

What meaningcanbe assignedto short,weakalign-

ments?
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NCBI recommendedprotein
substitution matrices

Query length Substitution matrix Gap costs

	


 �

PAM30 (9,1)


 ��� ��

PAM70 (10,1)

��

�


 �

BLOSUM80 (10,1)

�


 �

BLOSUM62 (11,1)

� Shortsequencescannothaveparticipatein long,
weakalignments.

� Gapcostsmustbetailoredto thesubstitution
matrix.
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Qualitati veclassi�cation of
amino acids

� Polar, non-polar

� Ionizable

� Acidic, basic

� Non-ionizable

� Aliphatic, aromatic

� Volume

� Small,medium,large

Whichpropertiesareimportant?

Are theimportantcriteriaposition-dependent?
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Genericexposure-dependent
substitution patterns
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Wu-Brutlag substitution groups
“DiscoveringEmpiricallyConservedAmino Acid Substution
Groupsin Databasesof ProteinFamilies.”
T. D. Wu andD. L. Brutlag. ISMB, pp.230–240(1996).
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KQR EKQ

KR

Q

EQ

KR E

DE

D

DN

N

AST

AS ST

SA T C G P
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An alternativestrategy

� Searchof all six translationframesfor ORFs.

� Lengthcutoff of 150residues.

� Regularexpressiondescribing�rst 15
residues.

� Apply statistical�lters to �rst 50 residues.

� Eliminatecandidatesthatpartiallyoverlapwith
goodBLAST hits,or arehighly similar to well
characterizednon-TTSSgenes.

� Filter out candidateswith highGCcontentand
thoselackingribosomebindingsites.

Translocationand secretionassaysyield additional

TTSSsubstrates(work ongoing).
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Conclusionsand observations

� TTSSexport signalcanbeidenti�ed, but more
work is needed.

� TTSSexport signalrecognitionmechanismand
biophysicsof TTSSexportarecompletely
unknown.

� Identi�cation of startcodon(s)areunreliable.

� Geneticmanipulations

� A priori estimationof proteinlifetime

� Identi�cation of TTSSexportandsignal
peptides
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Breaking thr ough the wall
Genomicsandcomputational-experimentalbiology:

Genome � candidategenes � function

� Recognitionof patternsassociatedwith virulence
genes

� Promoters

� Secretion/targetingsignals

� Geneexpressionpro�ling

� Identi�cation of candidatesfor testing

� Biological testingandsubsequentre�nementof
patternrecognitionabilities
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