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•• MechanismMechanism

•• SpecificitySpecificity

•• RegulationRegulation
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PositionPositionPosition

    1  2  3  4  5  6  7  8  9 10 11 12    1  2  3  4  5  6  7  8  9 10 11 12    1  2  3  4  5  6  7  8  9 10 11 12

AAA  2  1  3 13 10 12 67  4 13  9  1  2 2  1  3 13 10 12 67  4 13  9  1  2 2  1  3 13 10 12 67  4 13  9  1  2

RRR   7  5  8  9  4  0  1 16  7  0  1  0  7  5  8  9  4  0  1 16  7  0  1  0  7  5  8  9  4  0  1 16  7  0  1  0
NNN   0  8  0  1  0  0  0  2  1  1 10  0  0  8  0  1  0  0  0  2  1  1 10  0  0  8  0  1  0  0  0  2  1  1 10  0
DDD   0  1  0  1 13  0  0 12  1  0  4  0  0  1  0  1 13  0  0 12  1  0  4  0  0  1  0  1 13  0  0 12  1  0  4  0
CCC   0  0  1  0  0  0  0  0  0  2  2  1  0  0  1  0  0  0  0  0  0  2  2  1  0  0  1  0  0  0  0  0  0  2  2  1
QQQ   1  1 21  8 10  0  0  7  6  0  0  2  1  1 21  8 10  0  0  7  6  0  0  2  1  1 21  8 10  0  0  7  6  0  0  2

EEE   2  0  0  9 21  0  0 15  7  3  3  0  2  0  0  9 21  0  0 15  7  3  3  0  2  0  0  9 21  0  0 15  7  3  3  0
GGG   9  7  1  4  0  0  8  0  0  0 46  0  9  7  1  4  0  0  8  0  0  0 46  0  9  7  1  4  0  0  8  0  0  0 46  0

HHH   4  3  1  1  2  0  0  2  2  0  5  0  4  3  1  1  2  0  0  2  2  0  5  0  4  3  1  1  2  0  0  2  2  0  5  0
III  10  0 11  1  2 10  0  4  9  3  0 16 10  0 11  1  2 10  0  4  9  3  0 16 10  0 11  1  2 10  0  4  9  3  0 16
LLL  16  1 17  0  1 31  0  3 11 24  0 14 16  1 17  0  1 31  0  3 11 24  0 14 16  1 17  0  1 31  0  3 11 24  0 14
KKK   3  4  5 10 11  1  1 13 10  0  5  2  3  4  5 10 11  1  1 13 10  0  5  2  3  4  5 10 11  1  1 13 10  0  5  2

MMM   7  1  1  0  0  0  0  0  5  7  1  8  7  1  1  0  0  0  0  0  5  7  1  8  7  1  1  0  0  0  0  0  5  7  1  8
FFF   4  0  3  0  0  4  0  0  0 10  0  0  4  0  3  0  0  4  0  0  0 10  0  0  4  0  3  0  0  4  0  0  0 10  0  0

PPP   0  6  0  1  0  0  0  0  0  0  0  0  0  6  0  1  0  0  0  0  0  0  0  0  0  6  0  1  0  0  0  0  0  0  0  0
SSS   1 17  0  8  3  1  3  0  2  2  2  0  1 17  0  8  3  1  3  0  2  2  2  0  1 17  0  8  3  1  3  0  2  2  2  0
TTT   5 22  3 11  1  5  0  2  2  2  0  5  5 22  3 11  1  5  0  2  2  2  0  5  5 22  3 11  1  5  0  2  2  2  0  5
WWW   2  0  0  0  0  0  0  0  0  1  0  1  2  0  0  0  0  0  0  0  0  1  0  1  2  0  0  0  0  0  0  0  0  1  0  1

YYY   1  0  4  2  0  1  0  0  2  4  0  1  1  0  4  2  0  1  0  0  2  4  0  1  1  0  4  2  0  1  0  0  2  4  0  1
VVV   6  3  1  1  2 15  0  0  2 12  0 28  6  3  1  1  2 15  0  0  2 12  0 28  6  3  1  1  2 15  0  0  2 12  0 28

BLOCK, Weight Matrix or
Position Specific Scoring Matrix

BLOCK, Weight Matrix orBLOCK, Weight Matrix or
Position Specific Scoring MatrixPosition Specific Scoring Matrix
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Data MiningData Mining
http://www.http://www.calvinandhobbescalvinandhobbes.com/.com/
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Prosite Consensus PatternsProsite Consensus Patterns
http://www.expasy.ch/sprot/prosite.http://www.expasy.ch/sprot/prosite.htmhtm

••Active site of trypsin-like serine proteasesActive site of trypsin-like serine proteases

G D S G GG D S G G

••Zinc Finger  (CZinc Finger  (C22HH22 type) type)

C .{2,4} C .{12} H .{3,5} HC .{2,4} C .{12} H .{3,5} H

••HomeoboxHomeobox Domain Signature Domain Signature

[LIVMF]  .{5} [LIVM]  .{4} [IV] [RKQ] . . W .{8} [RK][LIVMF]  .{5} [LIVM]  .{4} [IV] [RKQ] . . W .{8} [RK]



© Doug Brutlag, 2000© Doug Brutlag, 2000

The Optimal Way to Develop PatternsThe Optimal Way to Develop Patterns
  http://www.expasy.ch/images/cartoon/prosite.gifhttp://www.expasy.ch/images/cartoon/prosite.gif
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Generating Motifs fromGenerating Motifs from
Aligned Protein SequencesAligned Protein Sequences
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TDARQDLYELEVDYANL
TEARENIAVLERDFEEV
TEAESNMNDLVSEYQQY
TEVRANMNDLVAEYQQY
SEAESNMNDLVSEYQQY
TEAREDLAALEKDYEEV
TEAREDLAALERDYIEV
SEAREDLAALEKDYEEV
AEAREDLAALEKDYIEV
SEAREDLAALEKDYEEV
SEAREDLAALERDYEEV
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GroupGroup    
AGAG  
STST  
PAGSTPAGST  
QNQN  
QNEDQNED  
KRKR  
VLIVLI  
VLIMVLIM  
FYWFYW  
KRHKRH  
DEDE  

  
  

PropertyProperty
TinyTiny
HydroxylHydroxyl
SmallSmall
Glutamine/GlutamateGlutamine/Glutamate
Acidic/PolarAcidic/Polar
Strongly BasicStrongly Basic
Small hydrophobicSmall hydrophobic
Small hydrophobicSmall hydrophobic
AromaticAromatic
BasicBasic
AcidicAcidic

Amino Acid Substitution GroupsAmino Acid Substitution Groups
Based on Physical PropertiesBased on Physical Properties

  OnlyOnly  allow groups of amino acidsallow groups of amino acids

sharing some chemical or physical propertysharing some chemical or physical property
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Allowable Amino Acid Substitution GroupsAllowable Amino Acid Substitution Groups

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

IV HYFY

ILV FLY FWY

ILMV

FILMV FILVY

FILMVY

KR EQ DE DN ST AS

KQR EKQ AST

EKQR
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Finding Finding eeMOTIFsMOTIFs
http://motif.stanford.edu/emotif-maker/http://motif.stanford.edu/emotif-maker/
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Histogram of Amino Acid FrequenciesHistogram of Amino Acid Frequencies
  http://motif.stanford.edu/emotif-maker/http://motif.stanford.edu/emotif-maker/
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Motif Motif DendrogramDendrogram
  http://motif.stanford.edu/emotif-maker/http://motif.stanford.edu/emotif-maker/
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eeMOTIFs Generated from theMOTIFs Generated from the
Helix-turn-helix Region of the LysR FamilyHelix-turn-helix Region of the LysR Family
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PRINTS & Block SignaturesPRINTS & Block Signatures
http://www.blocks.fhcrc.org/http://www.blocks.fhcrc.org/

HSGEQLAETLGMSRAAINKHIQHSGEQLAETLGMSRAAINKHIQ
VTLYDVAEYAGVSYQTVSRVVNVTLYDVAEYAGVSYQTVSRVVN
AMIKDVALKAKVSTATVSRALMAMIKDVALKAKVSTATVSRALM
ATIKDVAKRAGVSTTTVSHVINATIKDVAKRAGVSTTTVSHVIN
ITIYDLAELSGVSASAVSAILNITIYDLAELSGVSASAVSAILN
LHLKDAAALLGVSEMTIRRDLNLHLKDAAALLGVSEMTIRRDLN
TAYAELAKQFGVSPGTIHVRVETAYAELAKQFGVSPGTIHVRVE
GSLTEAAHLLGTSQPTVSRELAGSLTEAAHLLGTSQPTVSRELA
MSQRELKNELGAGIATITRGSNMSQRELKNELGAGIATITRGSN
ITRQEIGQIVGCSRETVGRILKITRQEIGQIVGCSRETVGRILK
FDIASVAQHVCLSPSRLSHLFRFDIASVAQHVCLSPSRLSHLFR
LRIDEVARHVCLSPSRLAHLFRLRIDEVARHVCLSPSRLAHLFR
MTRGDIGNYLGLTVETISRLLGMTRGDIGNYLGLTVETISRLLG
VTLEALADQVGMSPFHLHRLFKVTLEALADQVGMSPFHLHRLFK

INKHIQINKHIQ
VSRVVNVSRVVN
ASRALMASRALM
VSHVINVSHVIN
VSAILNVSAILN
IRRDLNIRRDLN
THVRVETHVRVE
GSSELAGSSELA
MTRGSNMTRGSN
VGRILKVGRILK
LSHLFRLSHLFR
LAHLFRLAHLFR
ISRLLGISRLLG
LHRLFKLHRLFK

SRAAINKHIVASRAAINKHIVA
VSYQTVSRVVNVSYQTVSRVVN
VSTATVSRALAVSTATVSRALA
GVTTTVSHVINGVTTTVSHVIN
SGVSAVSAILNSGVSAVSAILN
GVSEMTRRDLNGVSEMTRRDLN
TAYATIHVRVETAYATIHVRVE
GSQPTVSRELAGSQPTVSRELA
MSIATITRGSNMSIATITRGSN
ISRETVGRILKISRETVGRILK
FDISRLSHLFRFDISRLSHLFR
LRPSRLAHLFRLRPSRLAHLFR
MTVETISRLLGMTVETISRLLG
TLEFHLHRLFKTLEFHLHRLFK

10-1510-15 25-5525-55 40-4540-45

Attwood, T. K., et al., (2000).Attwood, T. K., et al., (2000).
PRINTS-S: the database formerly known as PRINTS.PRINTS-S: the database formerly known as PRINTS.
Nucleic Acids ResearchNucleic Acids Research, , 2828(1), 225-227.(1), 225-227.

Henikoff, J. G., Greene, E. A., Pietrokovski, S. and  Henikoff, S. (2000).Henikoff, J. G., Greene, E. A., Pietrokovski, S. and  Henikoff, S. (2000).
Increased coverage of protein families with the blocks database servers.Increased coverage of protein families with the blocks database servers.
Nucleic Acids ResearchNucleic Acids Research, , 2828(1), 228-230.(1), 228-230.
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Identifying Protein Function with Identifying Protein Function with eeMOTIFMOTIF
http://motif.stanford.edu/emotif-search/http://motif.stanford.edu/emotif-search/
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Identifying Protein Function with Identifying Protein Function with eeMOTIF SearchMOTIF Search
http://motif.stanford.edu/emotif-search/http://motif.stanford.edu/emotif-search/
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Mapping Sequence Motifs to Structural MotifsMapping Sequence Motifs to Structural Motifs
http://motif.stanford.edu/3motif/http://motif.stanford.edu/3motif/
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3MOTIF Labeling3MOTIF Labeling
  http://motif.stanford.edu/3motif/http://motif.stanford.edu/3motif/
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Sequence Redundancy inSequence Redundancy in
Prokaryotic Helix-Turn-Helix MotifsProkaryotic Helix-Turn-Helix Motifs

SequenceSequence HelixHelix   Turn  Turn HelixHelix

RCRO$LAMBDRCRO$LAMBD F G Q T K T F G Q T K T AA K D L  K D L GG V Y Q S A  V Y Q S A II N K A I H N K A I H

RCRO$BP434RCRO$BP434 M T Q T E L M T Q T E L AA T K A  T K A GG V K Q Q S  V K Q Q S II Q L I E A Q L I E A

RCRO$BPP22RCRO$BPP22 G T Q R A V G T Q R A V AA K A L  K A L GG I S D A A  I S D A A VV S Q W K E S Q W K E

RPC1$LAMBDRPC1$LAMBD L S Q E S V L S Q E S V AA D K M  D K M GG M G Q S G  M G Q S G VV G A L F N G A L F N

RPC1$BP434RPC1$BP434 L N Q A E L L N Q A E L AA Q K V  Q K V GG T T Q Q S  T T Q Q S II E Q L E N E Q L E N

RPC1$BPP22RPC1$BPP22 I R Q A A L I R Q A A L GG K M V  K M V GG V S N V A  V S N V A II S Q W E R S Q W E R

RPC2$LAMBDRPC2$LAMBD L G T E K T L G T E K T AA E A V  E A V GG V D K S Q  V D K S Q II S R W K R S R W K R

LACR$ECOLILACR$ECOLI V T L Y D V V T L Y D V AA E Y A  E Y A GG V S Y Q T  V S Y Q T VV S R V V N S R V V N

CRP$ECOLICRP$ECOLI I T Q Q E I I T Q Q E I GG Q I V  Q I V GG C S R E T  C S R E T VV G R I L K G R I L K

TRPR$ECOLITRPR$ECOLI M S Q R E L M S Q R E L KK N E L  N E L GG A G I A T  A G I A T II T R G S N T R G S N

RPC1$CPP22RPC1$CPP22 R G Q R K V R G Q R K V AA D A L  D A L GG I N E S Q  I N E S Q II S R W K G S R W K G

GALR$ECOLIGALR$ECOLI A T I K D V A T I K D V AA R L A  R L A GG V S V A T  V S V A T VV S R V I N S R V I N

Y77$BPT7Y77$BPT7 L S H R S L L S H R S L GG E L Y  E L Y GG V S Q S T  V S Q S T II T R I L Q T R I L Q

TER3$ECOLITER3$ECOLI L T T R K L L T T R K L AA Q K L  Q K L GG V E Q P T  V E Q P T LL Y W H V K Y W H V K

VIVB$BPT7VIVB$BPT7 D Y Q A I F D Y Q A I F AA Q Q L  Q Q L GG G T Q S A  G T Q S A AA S Q I D E S Q I D E

DEOR$ECOLIDEOR$ECOLI L H L K D A L H L K D A AA A L L  A L L GG V S E M T  V S E M T II R R D L N R R D L N

RP32$BACSURP32$BACSU R T L E E V R T L E E V GG K V F  K V F GG V T R E R  V T R E R II R Q I E A R Q I E A

Y28$BPT7Y28$BPT7 E S N V S L E S N V S L AA R T Y  R T Y GG V S Q Q T  V S Q Q T II C D I R K C D I R K

IMMRE$BPPHIMMRE$BPPH S T L E A V S T L E A V AA G A L  G A L GG I Q V S A  I Q V S A II V G E E T V G E E T
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Position-Specific Scoring Matrices
http://expasy.hcuge.ch/www/tools.html

                              Position                              Position

    1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22    1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22

A   2  1  3 13 10 12 67  4 13  9  1  2  4  3  6 15  4  4  4 11  0 10A   2  1  3 13 10 12 67  4 13  9  1  2  4  3  6 15  4  4  4 11  0 10
R   7  5  8  9  4  0  1 16  7  0  1  0  1 16  6  6  0 11 28  3  0 16R   7  5  8  9  4  0  1 16  7  0  1  0  1 16  6  6  0 11 28  3  0 16
N   0  8  0  1  0  0  0  2  1  1 10  0  7  1  3  1  0  4  8  0  1 11N   0  8  0  1  0  0  0  2  1  1 10  0  7  1  3  1  0  4  8  0  1 11
D   0  1  0  1 13  0  0 12  1  0  4  0  1  2  0  0  0  0  1  1  0  3D   0  1  0  1 13  0  0 12  1  0  4  0  1  2  0  0  0  0  1  1  0  3
C   0  0  1  0  0  0  0  0  0  2  2  1  0  0  0  0  0  0  0  1  0  0C   0  0  1  0  0  0  0  0  0  2  2  1  0  0  0  0  0  0  0  1  0  0
Q   1  1 21  8 10  0  0  7  6  0  0  2  1 17  7  7  0  2 12  5  2  4Q   1  1 21  8 10  0  0  7  6  0  0  2  1 17  7  7  0  2 12  5  2  4
E   2  0  0  9 21  0  0 15  7  3  3  0  1  6 11  0  0  2  0  1 13  6E   2  0  0  9 21  0  0 15  7  3  3  0  1  6 11  0  0  2  0  1 13  6
G   9  7  1  4  0  0  8  0  0  0 46  0  6  0  7  1  0  3  1  1  0  4G   9  7  1  4  0  0  8  0  0  0 46  0  6  0  7  1  0  3  1  1  0  4
H   4  3  1  1  2  0  0  2  2  0  5  0  3  3  0  2  0  2  4  5  0  2H   4  3  1  1  2  0  0  2  2  0  5  0  3  3  0  2  0  2  4  5  0  2
I  10  0 11  1  2 10  0  4  9  3  0 16  0  2  0  1 26  1  0  8 16  0I  10  0 11  1  2 10  0  4  9  3  0 16  0  2  0  1 26  1  0  8 16  0
L  16  1 17  0  1 31  0  3 11 24  0 14  0  2  0  1 21  1  1 12 20  0L  16  1 17  0  1 31  0  3 11 24  0 14  0  2  0  1 21  1  1 12 20  0
K   3  4  5 10 11  1  1 13 10  0  5  2  1  4  1  1  0  1  8  4  5 14K   3  4  5 10 11  1  1 13 10  0  5  2  1  4  1  1  0  1  8  4  5 14
M   7  1  1  0  0  0  0  0  5  7  1  8  0  0  2  0  2  0  0  2  0  1M   7  1  1  0  0  0  0  0  5  7  1  8  0  0  2  0  2  0  0  2  0  1
F   4  0  3  0  0  4  0  0  0 10  0  0  0  0  1  0  0  1  1  1 11  0F   4  0  3  0  0  4  0  0  0 10  0  0  0  0  1  0  0  1  1  1 11  0
P   0  6  0  1  0  0  0  0  0  0  0  0  1 12  7  0  0  0  0  0  0  3P   0  6  0  1  0  0  0  0  0  0  0  0  1 12  7  0  0  0  0  0  0  3
S   1 17  0  8  3  1  3  0  2  2  2  0 37  1 24  5  0 29  3  0  1  3S   1 17  0  8  3  1  3  0  2  2  2  0 37  1 24  5  0 29  3  0  1  3
T   5 22  3 11  1  5  0  2  2  2  0  5 16  4  2 38  0  4  1  0  4  3T   5 22  3 11  1  5  0  2  2  2  0  5 16  4  2 38  0  4  1  0  4  3
W   2  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  2 10  0  0W   2  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  2 10  0  0
Y   1  0  4  2  0  1  0  0  2  4  0  1  1  2  0  2  0 15  5  7  0  0Y   1  0  4  2  0  1  0  0  2  4  0  1  1  2  0  2  0 15  5  7  0  0
V   6  3  1  1  2 15  0  0  2 12  0 28  0  5  3  0 27  0  1  8  7  0V   6  3  1  1  2 15  0  0  2 12  0 28  0  5  3  0 27  0  1  8  7  0

      Examples of motifExamples of motif

HSGEQLAETLGMSRAAINKHIQHSGEQLAETLGMSRAAINKHIQ
VTLYDVAEYAGVSYQTVSRVVNVTLYDVAEYAGVSYQTVSRVVN
AMIKDVALKAKVSTATVSRALMAMIKDVALKAKVSTATVSRALM
ATIKDVAKRAGVSTTTVSHVINATIKDVAKRAGVSTTTVSHVIN
ITIYDLAELSGVSASAVSAILNITIYDLAELSGVSASAVSAILN
LHLKDAAALLGVSEMTIRRDLNLHLKDAAALLGVSEMTIRRDLN
TAYAELAKQFGVSPGTIHVRVETAYAELAKQFGVSPGTIHVRVE
GSLTEAAHLLGTSQPTVSRELAGSLTEAAHLLGTSQPTVSRELA
MSQRELKNELGAGIATITRGSNMSQRELKNELGAGIATITRGSN
ITRQEIGQIVGCSRETVGRILKITRQEIGQIVGCSRETVGRILK
FDIASVAQHVCLSPSRLSHLFRFDIASVAQHVCLSPSRLSHLFR
LRIDEVARHVCLSPSRLAHLFRLRIDEVARHVCLSPSRLAHLFR
MTRGDIGNYLGLTVETISRLLGMTRGDIGNYLGLTVETISRLLG
VTLEALADQVGMSPFHLHRLFKVTLEALADQVGMSPFHLHRLFK
                    ..

Structural or functional motifStructural or functional motif
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Block Signatures for a Protein FamilyBlock Signatures for a Protein Family
  http://www.blocks.fhcrc.org/http://www.blocks.fhcrc.org/

HSGEQLAETLGMSRAAINKHIQHSGEQLAETLGMSRAAINKHIQ
VTLYDVAEYAGVSYQTVSRVVNVTLYDVAEYAGVSYQTVSRVVN
AMIKDVALKAKVSTATVSRALMAMIKDVALKAKVSTATVSRALM
ATIKDVAKRAGVSTTTVSHVINATIKDVAKRAGVSTTTVSHVIN
ITIYDLAELSGVSASAVSAILNITIYDLAELSGVSASAVSAILN
LHLKDAAALLGVSEMTIRRDLNLHLKDAAALLGVSEMTIRRDLN
TAYAELAKQFGVSPGTIHVRVETAYAELAKQFGVSPGTIHVRVE
GSLTEAAHLLGTSQPTVSRELAGSLTEAAHLLGTSQPTVSRELA
MSQRELKNELGAGIATITRGSNMSQRELKNELGAGIATITRGSN
ITRQEIGQIVGCSRETVGRILKITRQEIGQIVGCSRETVGRILK
FDIASVAQHVCLSPSRLSHLFRFDIASVAQHVCLSPSRLSHLFR
LRIDEVARHVCLSPSRLAHLFRLRIDEVARHVCLSPSRLAHLFR
MTRGDIGNYLGLTVETISRLLGMTRGDIGNYLGLTVETISRLLG
VTLEALADQVGMSPFHLHRLFKVTLEALADQVGMSPFHLHRLFK

INKHIQINKHIQ
VSRVVNVSRVVN
ASRALMASRALM
VSHVINVSHVIN
VSAILNVSAILN
IRRDLNIRRDLN
THVRVETHVRVE
GSSELAGSSELA
MTRGSNMTRGSN
VGRILKVGRILK
LSHLFRLSHLFR
LAHLFRLAHLFR
ISRLLGISRLLG
LHRLFKLHRLFK

SRAAINKHIVASRAAINKHIVA
VSYQTVSRVVNVSYQTVSRVVN
VSTATVSRALAVSTATVSRALA
GVTTTVSHVINGVTTTVSHVIN
SGVSAVSAILNSGVSAVSAILN
GVSEMTRRDLNGVSEMTRRDLN
TAYATIHVRVETAYATIHVRVE
GSQPTVSRELAGSQPTVSRELA
MSIATITRGSNMSIATITRGSN
ISRETVGRILKISRETVGRILK
FDISRLSHLFRFDISRLSHLFR
LRPSRLAHLFRLRPSRLAHLFR
MTVETISRLLGMTVETISRLLG
TLEFHLHRLFKTLEFHLHRLFK

10-4510-45 25-5525-55 4040

(After Henikoff and Henikoff)
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BLOCKS+ Is Based OnBLOCKS+ Is Based On
Several Protein Family DatabasesSeveral Protein Family Databases

PROSITE

PRINTS

Pfam

ProDom

DOMO

BlockMaker

BlockMaker

BLOCKS

BLOCKS+
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eeMATRIX MakerMATRIX Maker
http://motif.stanford.edu/ematrix/http://motif.stanford.edu/ematrix/
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An An eeMATRIXMATRIX
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eeMATRIX SearchMATRIX Search
  (http://motif.stanford.edu/ematrix/)(http://motif.stanford.edu/ematrix/)
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eeMATRIX Search ResultsMATRIX Search Results
  http://motif.stanford.edu/http://motif.stanford.edu/ematrixematrix-search/-search/
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eMATRIX & Similarity Search IdentifyeMATRIX & Similarity Search Identify
77% of Human Proteins77% of Human Proteins
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Sequence AlignmentSequence Alignment
http://motif.stanford.edu/alion/http://motif.stanford.edu/alion/

F--SGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKE-QLK-YF--SGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKE-QLK-Y

GDFIHTLGDAHIYLNHIEPLKIQLQREPRPFPKLRILRKVEKIDDFKAEDFQIEGYNGDFIHTLGDAHIYLNHIEPLKIQLQREPRPFPKLRILRKVEKIDDFKAEDFQIEGYN

X        220       230       240       250           XX        220       230       240       250           X

|  : |::|||:||:|  |  | |||: : :| |     |   ::::: |:: ||  : |::|||:||:|  |  | |||: : :| |     |   ::::: |:: |

X         260       270       280       290          XX         260       270       280       290          X

 Penalty = Gap-penalty + Size-of-gap x Gap-size-penalty Penalty = Gap-penalty + Size-of-gap x Gap-size-penalty

 Score =           Similarity-weights      Score =           Similarity-weights     --       Penalties       Penalties
Region EndRegion End

Region StartRegion Start Region StartRegion Start

Region EndRegion End

where:where:
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Smith-Waterman Similarity SearchSmith-Waterman Similarity Search

Query:       HU-NS1   Maximal Score: 452
PAM Matrix: 200 Gap Penalty:  5 Gap Extension: 0.5

   No.  Score  Match Length DB  ID          Description            Expectation
     1    452  100.0     90  2  DBHB_ECOLI  DNA-BINDING PROTEIN H  8.74e-86
     2    451   99.8     90  2  DBHB_SALTY  DNA-BINDING PROTEIN H  1.54e-85
     3    336   74.3     90  2  DBHA_ECOLI  DNA-BINDING PROTEIN H  1.64e-57
     4    336   74.3     90  2  DBHA_SALTY  DNA-BINDING PROTEIN H  1.64e-57
     5    328   72.6     90  2  DBH_BACST   DNA-BINDING PROTEIN I  1.35e-55
     6    328   72.6     92  2  DBH_BACSU   DNA-BINDING PROTEIN I  1.35e-55
     7    327   72.3     90  2  DBH_VIBPR   DNA-BINDING PROTEIN H  2.35e-55
     8    302   66.8     90  2  DBH_PSEAE   DNA-BINDING PROTEIN H  2.14e-49
     9    273   60.4     91  2  DBH1_RHILE  DNA-BINDING PROTEIN H  1.47e-42
    10    272   60.2     91  2  DBH_CLOPA   DNA-BINDING PROTEIN H  2.52e-42
    11    263   58.2     90  2  DBH_RHIME   DNA-BINDING PROTEIN H  3.18e-40
    12    261   57.7     91  2  DBH5_RHILE  DNA-BINDING PROTEIN H  9.29e-40
    13    250   55.3     94  2  DBH_ANASP   DNA-BINDING PROTEIN H  3.32e-37
    14    233   51.5     93  2  DBH_CRYPH   DNA-BINDING PROTEIN H  2.70e-33
    15    226   50.0     95  2  DBH_THETH   DNA-BINDING PROTEIN I  1.07e-31
    16    210   46.5     99  3  IHFA_SERMA  INTEGRATION HOST FACT  4.46e-28
    17    206   45.6    100  3  IHFA_RHOCA  INTEGRATION HOST FACT  3.52e-27
    18    205   45.4     99  3  IHFA_SALTY  INTEGRATION HOST FACT  5.90e-27
    19    204   45.1     99  3  IHFA_ECOLI  INTEGRATION HOST FACT  9.87e-27
    20    200   44.2     94  3  IHFB_ECOLI  INTEGRATION HOST FACT  7.71e-26
    21    200   44.2     94  3  IHFB_SERMA  INTEGRATION HOST FACT  7.71e-26
    22    165   36.5     99  5  TF1_BPSP1   TRANSCRIPTION FACTOR   3.42e-18
    23    147   32.5     90  2  DBH_THEAC   DNA-BINDING PROTEIN H  2.12e-14
    24     76   16.8    477  2  GLGA_ECOLI  GLYCOGEN SYNTHASE (EC  3.80e-01
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Original BLAST AlgorithmOriginal BLAST Algorithm

•• Indexes databaseIndexes database

•• Starts with all overlapping words from queryStarts with all overlapping words from query

•• Calculates “neighborhood” of each word using BLOSUMCalculates “neighborhood” of each word using BLOSUM
matrix and probability thresholdmatrix and probability threshold

•• Looks up all words and neighbors from query in databaseLooks up all words and neighbors from query in database
indexindex

•• Extends High-Scoring Segment Pairs (Extends High-Scoring Segment Pairs (HSPsHSPs) left and right) left and right
to maximal lengthto maximal length

•• Finds Maximal Segment Pairs (Finds Maximal Segment Pairs (MSPsMSPs) between query and) between query and
databasedatabase

•• Does not permit gaps in alignmentsDoes not permit gaps in alignments
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GAPPED BLAST Starts with aGAPPED BLAST Starts with a
Two Hit ApproachTwo Hit Approach



© Doug Brutlag, 2000© Doug Brutlag, 2000

GAPPED BLAST Extension ofGAPPED BLAST Extension of
Two Hit HSPTwo Hit HSP



© Doug Brutlag, 2000© Doug Brutlag, 2000

GAPPED BLAST AlignmentGAPPED BLAST Alignment
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Extreme Value Distribution of ScoresExtreme Value Distribution of Scores
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Expectation ofExpectation of
High Scoring Segment Pairs (High Scoring Segment Pairs (HSPsHSPs))

Distribution of Scores > S

0.001

0.01

0.1

1

Score S

Pr ob(S > X) ≈ 1 − exp −Ke− X{ }
where  is the root of the equation:

pi p j exp sij{ } = 1
j =1

r

∑
i =1

r

∑
pi  and p j  are the probabilities of each

residue in each sequence,

sij  are the similarity scores of

two residues.

If the expected value of

the scores for random sequences is

<  0,  i. e. pip jsij < 0
j =1

r

∑
i =1

r

∑
 

 
  

 
 

then there are two solutions for ,

zero and one other positive root.
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Decypher Database Search EngineDecypher Database Search Engine
http://http://decypherdecypher.stanford.edu/.stanford.edu/
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Decypher Database Search EngineDecypher Database Search Engine
http://http://decypherdecypher.stanford.edu/.stanford.edu/
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Profiles & Hidden Markov ModelsProfiles & Hidden Markov Models
http://pfam.wustl.edu/http://pfam.wustl.edu/

AA1AA1 AA2AA2 AA3AA3 AA4AA4 AA5AA5 AA6AA6

I 1I 1 I 2I 2 I 3I 3 I 4I 4 I 5I 5

D 2D 2 D 3D 3 D 4D 4 D 5D 5
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Discovering Function from Protein SequenceDiscovering Function from Protein SequenceDiscovering Function from Protein Sequence

Consensus SequencesConsensus SequencesConsensus Sequences

Zinc Finger  (C2H2 type)Zinc Finger  (C2H2 type)Zinc Finger  (C2H2 type)

C.{2,4} C.{12} H.{3,5} HC.{2,4} C.{12} H.{3,5} HC.{2,4} C.{12} H.{3,5} H

Sequence AlignmentsSequence AlignmentsSequence Alignments

              10        20        30        40              50              10        20        30        40              50              10        20        30        40              50
1     VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF------DLSHGS1     VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF------DLSHGS1     VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF------DLSHGS
      |:| :|: | |:||||     | |:||| |: : :|:|  :|  |      |:  |      |:| :|: | |:||||     | |:||| |: : :|:|  :|  |      |:  |      |:| :|: | |:||||     | |:||| |: : :|:|  :|  |      |:  |

2     HLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGN2     HLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGN2     HLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGN

             10          20        30        40        50             10          20        30        40        50             10          20        30        40        50

Sequences of Common
Structure or Function

Sequences of CommonSequences of Common
Structure or FunctionStructure or Function

Profiles, PSI-BLAST
Hidden Markov Models

Profiles, PSI-BLASTProfiles, PSI-BLAST
Hidden Markov ModelsHidden Markov Models

AA1AA1 AA2AA2 AA3AA3 AA4AA4 AA5AA5 AA6AA6

I 1I 1 I 2I 2 I 3I 3 I 4I 4 I 5I 5

D 2D 2 D 3D 3 D 4D 4 D 5D 5

PositionPositionPosition

    1  2  3  4  5  6  7  8  9 10 11 12    1  2  3  4  5  6  7  8  9 10 11 12    1  2  3  4  5  6  7  8  9 10 11 12

AAA  2  1  3 13 10 12 67  4 13  9  1  2 2  1  3 13 10 12 67  4 13  9  1  2 2  1  3 13 10 12 67  4 13  9  1  2

RRR   7  5  8  9  4  0  1 16  7  0  1  0  7  5  8  9  4  0  1 16  7  0  1  0  7  5  8  9  4  0  1 16  7  0  1  0
NNN   0  8  0  1  0  0  0  2  1  1 10  0  0  8  0  1  0  0  0  2  1  1 10  0  0  8  0  1  0  0  0  2  1  1 10  0
DDD   0  1  0  1 13  0  0 12  1  0  4  0  0  1  0  1 13  0  0 12  1  0  4  0  0  1  0  1 13  0  0 12  1  0  4  0
CCC   0  0  1  0  0  0  0  0  0  2  2  1  0  0  1  0  0  0  0  0  0  2  2  1  0  0  1  0  0  0  0  0  0  2  2  1
QQQ   1  1 21  8 10  0  0  7  6  0  0  2  1  1 21  8 10  0  0  7  6  0  0  2  1  1 21  8 10  0  0  7  6  0  0  2

EEE   2  0  0  9 21  0  0 15  7  3  3  0  2  0  0  9 21  0  0 15  7  3  3  0  2  0  0  9 21  0  0 15  7  3  3  0
GGG   9  7  1  4  0  0  8  0  0  0 46  0  9  7  1  4  0  0  8  0  0  0 46  0  9  7  1  4  0  0  8  0  0  0 46  0

HHH   4  3  1  1  2  0  0  2  2  0  5  0  4  3  1  1  2  0  0  2  2  0  5  0  4  3  1  1  2  0  0  2  2  0  5  0
III  10  0 11  1  2 10  0  4  9  3  0 16 10  0 11  1  2 10  0  4  9  3  0 16 10  0 11  1  2 10  0  4  9  3  0 16
LLL  16  1 17  0  1 31  0  3 11 24  0 14 16  1 17  0  1 31  0  3 11 24  0 14 16  1 17  0  1 31  0  3 11 24  0 14
KKK   3  4  5 10 11  1  1 13 10  0  5  2  3  4  5 10 11  1  1 13 10  0  5  2  3  4  5 10 11  1  1 13 10  0  5  2

MMM   7  1  1  0  0  0  0  0  5  7  1  8  7  1  1  0  0  0  0  0  5  7  1  8  7  1  1  0  0  0  0  0  5  7  1  8
FFF   4  0  3  0  0  4  0  0  0 10  0  0  4  0  3  0  0  4  0  0  0 10  0  0  4  0  3  0  0  4  0  0  0 10  0  0

PPP   0  6  0  1  0  0  0  0  0  0  0  0  0  6  0  1  0  0  0  0  0  0  0  0  0  6  0  1  0  0  0  0  0  0  0  0
SSS   1 17  0  8  3  1  3  0  2  2  2  0  1 17  0  8  3  1  3  0  2  2  2  0  1 17  0  8  3  1  3  0  2  2  2  0
TTT   5 22  3 11  1  5  0  2  2  2  0  5  5 22  3 11  1  5  0  2  2  2  0  5  5 22  3 11  1  5  0  2  2  2  0  5
WWW   2  0  0  0  0  0  0  0  0  1  0  1  2  0  0  0  0  0  0  0  0  1  0  1  2  0  0  0  0  0  0  0  0  1  0  1

YYY   1  0  4  2  0  1  0  0  2  4  0  1  1  0  4  2  0  1  0  0  2  4  0  1  1  0  4  2  0  1  0  0  2  4  0  1
VVV   6  3  1  1  2 15  0  0  2 12  0 28  6  3  1  1  2 15  0  0  2 12  0 28  6  3  1  1  2 15  0  0  2 12  0 28

BLOCK, Weight Matrix or
Position Specific Scoring Matrix

BLOCK, Weight Matrix orBLOCK, Weight Matrix or
Position Specific Scoring MatrixPosition Specific Scoring Matrix
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DoubleTwist’s Home PageDoubleTwist’s Home Page
http://doubletwist.com/http://doubletwist.com/
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What is What is DoubleTwist.com?DoubleTwist.com?

•• DoubleTwist is a web portal for life sciencesDoubleTwist is a web portal for life sciences

•• DoubleTwist accepts sequence & text queriesDoubleTwist accepts sequence & text queries

•• DoubleTwist provides multiple analysesDoubleTwist provides multiple analyses

•• DNA & protein sequence databasesDNA & protein sequence databases

•• Completed genome databaseCompleted genome database

•• Clustered EST databasesClustered EST databases

•• Motif & domain databasesMotif & domain databases

•• DoubleTwist provides research reportsDoubleTwist provides research reports

•• DoubleTwist provides evaluation of resultsDoubleTwist provides evaluation of results

•• DoubleTwist links to reagents, clones & protocolsDoubleTwist links to reagents, clones & protocols

•• DoubleTwist is agent drivenDoubleTwist is agent driven

•• DoubleTwist runs dailyDoubleTwist runs daily
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Query SequencesQuery Sequences
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DoubleTwist Research AgentsDoubleTwist Research Agents

•• Given an EST, cDNA, genomic DNA or protein sequenceGiven an EST, cDNA, genomic DNA or protein sequence
DoubleTwist will:DoubleTwist will:

•• Find identical cDNA, EST or genomic sequencesFind identical cDNA, EST or genomic sequences

•• Find similar cDNA, EST or genomic sequencesFind similar cDNA, EST or genomic sequences

•• Find identical protein coding regionsFind identical protein coding regions

•• Find coding regions for similar proteinsFind coding regions for similar proteins

•• Find functional motifs in coding regionsFind functional motifs in coding regions

•• Find similar proteins whose structure is knownFind similar proteins whose structure is known

•• Find similar sequences that have been patentedFind similar sequences that have been patented
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Assigning DoubleTwist Agents to QueriesAssigning DoubleTwist Agents to Queries
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Assigning DoubleTwist Agents to QueriesAssigning DoubleTwist Agents to Queries
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How one DoubleTwist Agent WorksHow one DoubleTwist Agent Works

Agent name: Find Similar ESTsAgent name: Find Similar ESTs

•• Initial stepsInitial steps

•• 1. Remove trailing poly(A) and poly(T)1. Remove trailing poly(A) and poly(T)

•• 2. Mask vector sequences2. Mask vector sequences

•• 3. Mask repetitive/low complexity regions3. Mask repetitive/low complexity regions

•• Every nightEvery night

•• Run BLAST2N against GenBank nightly updatesRun BLAST2N against GenBank nightly updates

•• Return hits that fall within acceptable parametersReturn hits that fall within acceptable parameters

••determine if hit is an EST from specifieddetermine if hit is an EST from specified
tissue/organismtissue/organism

•• Notify user via E-mail (Web Link points to Report)Notify user via E-mail (Web Link points to Report)

••flag hits with confidence valuesflag hits with confidence values
(high/medium/low)(high/medium/low)
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DoubleTwist Protein Query versusDoubleTwist Protein Query versus
EST Similarity AgentEST Similarity Agent
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DoubleTwist’s DatabasesDoubleTwist’s Databases

Sequence/motif databasesSequence/motif databases
•• SwissProtSwissProt
•• TREMBLTREMBL
•• dbESTdbEST
•• PDBPDB
•• PIRPIR
•• BLOCKS+BLOCKS+
•• PRODOMPRODOM
•• PRINTSPRINTS
•• PFAMPFAM
•• UNIGENEUNIGENE
•• CGAPCGAP
•• Patent DatabasePatent Database
•• RepbaseRepbase
•• GenBank non-redundant nucleotide databaseGenBank non-redundant nucleotide database
•• GenBank non-redundant protein databaseGenBank non-redundant protein database
•• GenBank daily DNA database updatesGenBank daily DNA database updates
•• GenBank daily protein database updatesGenBank daily protein database updates

DoubleTwist curated databasesDoubleTwist curated databases
••Human EST cluster databaseHuman EST cluster database
••Mouse EST cluster databaseMouse EST cluster database
••Arabidopsis EST cluster databaseArabidopsis EST cluster database
••Completed Genomes DatabaseCompleted Genomes Database
••Comprehensive Vector DatabaseComprehensive Vector Database

Other databases in developmentOther databases in development
••AlphaGene clone databaseAlphaGene clone database
••ClonTech clones & reagentsClonTech clones & reagents
••ProNet™ (Myriad Genetics)ProNet™ (Myriad Genetics)
••Microbial metabolic database (Karp)Microbial metabolic database (Karp)
••Many othersMany others
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DoubleTwist’s AlgorithmsDoubleTwist’s Algorithms

•• BLAST2N (NCBI)BLAST2N (NCBI)

•• BLAST2X (NCBI)BLAST2X (NCBI)

•• TBLAST2N (NCBI)TBLAST2N (NCBI)

•• TBLAST2X (NCBI)TBLAST2X (NCBI)

•• MASK (vector masking, DoubleTwist Inc.)MASK (vector masking, DoubleTwist Inc.)

•• RepeatMasker (Smit & Green, U. Washington)RepeatMasker (Smit & Green, U. Washington)

•• Blocks Search (Henikoff & Henikoff, FHCRC)Blocks Search (Henikoff & Henikoff, FHCRC)

•• GRAIL (Uberbacher et al.,DOE)GRAIL (Uberbacher et al.,DOE)

•• GenScan (Burge et al., Stanford & MIT)GenScan (Burge et al., Stanford & MIT)

•• HalfWise (Birney et al., Sanger Center)HalfWise (Birney et al., Sanger Center)

•• HMMer (Eddy & Sonnhammer, Wash U. & MRC)HMMer (Eddy & Sonnhammer, Wash U. & MRC)

•• SIM4 (Miller et al., Penn State)SIM4 (Miller et al., Penn State)
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Advantages of DoubleTwist’sAdvantages of DoubleTwist’s
Clustered EST DatabasesClustered EST Databases

Clustering and alignment tool (CAT) detects alternativeClustering and alignment tool (CAT) detects alternative
splicing and sequence polymorphismssplicing and sequence polymorphisms

•• CAT corrects cloning & sequencing errorsCAT corrects cloning & sequencing errors

•• CAT removes insertion/deletion errors resulting inCAT removes insertion/deletion errors resulting in
longer open reading frames (ORFs)longer open reading frames (ORFs)

•• CAT distinguishes alternative splicing from sequencingCAT distinguishes alternative splicing from sequencing
artifacts (chimeras & lane tracking errors)artifacts (chimeras & lane tracking errors)

•• CAT distinguishes SNPs from sequencing errorsCAT distinguishes SNPs from sequencing errors

•• Better drug target discoveryBetter drug target discovery

•• Increased sensitivity (target discovery)Increased sensitivity (target discovery)

•• Improved selectivity (target validation)Improved selectivity (target validation)
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DoubleTwist ClustersDoubleTwist Clusters
Resolve Alternative SplicingResolve Alternative Splicing
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Single Nucleotide Polymorphisms:Single Nucleotide Polymorphisms:
Resolving Adjacent Polymorphic SitesResolving Adjacent Polymorphic Sites

                                 A
WIAF-1302 GTCTTCAGCCTCCTCTACCCTACGAGATCTGGAGCAACAGCTAGGAAA
                                 ^
                                 [A/G]
                                 |
          GTTTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA gene_gnl|UG|Hs#S576
          GTTTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA AA484792
          GTTTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA R.C.T40995
            |
          GTCTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA gene_gnl|UG|Hs#S1790
          GTCTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA gene_gnl|UG|Hs#S5761
                                 ||
          GTCTTCAGCCTCCTCTACCCTACGAGATCTGGAGCAA gene_gnl|UG|Hs#S4384
          GTCTTCAGCCTCCTCTACCCTACGAGATCTGGAGCAA genel|UG|Hs#S268846
          GTCTTCAGCCTCCTCTACCCTACGAGATCTGGAGCAA gene_gnl|UG|Hs#S1791
                                 |
          GTCTTCAGCCTCCTCTACCCTACAAGATCTGGAGCAA gene_gnl|UG|Hs#S269861
          GTCTTCAGCCTCCTCTACGCTACAAGATCTGGAGCAA AA233679
          GTCTTCAGCCTACTATACCCTACAAGATCTGGCGCAA R.C.AI000973
          GTCTTCAGCCTCCTCTACCCTACCAGATCTGGAGCAA AA736471
          GTCTTCAGCCTCCTCTACCCTACAAGATCTGGAGCAA D57354
          GTCTTCAGCCTCCTCTACCCTACAAGATCTGGAGCAA AA393215
            ^                    ^^
            [C/T]                |[A/T]

   [A/G]
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DoubleTwist’s View of an EST ClusterDoubleTwist’s View of an EST Cluster
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DoubleTwist Research ReportsDoubleTwist Research Reports
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A DoubleTwist Research Report:A DoubleTwist Research Report:
Protein FunctionProtein Function
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A DoubleTwist Research Report:A DoubleTwist Research Report:
Protein Functional MotifsProtein Functional Motifs
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A DoubleTwist Research ReportA DoubleTwist Research Report
Late Breaking Database EntriesLate Breaking Database Entries



© Doug Brutlag, 2000© Doug Brutlag, 2000

Patent, Structure and EST ReportsPatent, Structure and EST Reports
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Viewing Monitor Agent ReportsViewing Monitor Agent Reports
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Notification of New FindingsNotification of New Findings

Date: Friday, 4 Feb 2000 16:18:11 -0800 (PST)Date: Friday, 4 Feb 2000 16:18:11 -0800 (PST)
From: report <report@DoubleTwist.com>From: report <report@DoubleTwist.com>
To: BRUTLAG <brutlag@stanford.edu>To: BRUTLAG <brutlag@stanford.edu>
Subject: Find Similar ProteinsSubject: Find Similar Proteins

This mail is auto-generated, and was triggered by NEWThis mail is auto-generated, and was triggered by NEW
FINDINGS for the sequence you specified at:FINDINGS for the sequence you specified at:
http://www.DoubleTwist.comhttp://www.DoubleTwist.com

Here is the outline:Here is the outline:
Agent: Find Similar ProteinsAgent: Find Similar Proteins
Sequence: MSH-2Sequence: MSH-2
Details:Details:
http://www.DoubleTwist.com/report.jsp?id=26074http://www.DoubleTwist.com/report.jsp?id=26074

The links above are secured by password, and allThe links above are secured by password, and all
access to DoubleTwist is monitored to ensure privacy.access to DoubleTwist is monitored to ensure privacy.
For more information about DoubleTwist, security andFor more information about DoubleTwist, security and
privacy, please go to: privacy, please go to: http://www.DoubleTwist.comhttp://www.DoubleTwist.com
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Similar Protein Monitor Agent ReportSimilar Protein Monitor Agent Report
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Submission Date for CAA21156Submission Date for CAA21156
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Similar Protein Monitor Agent ReportSimilar Protein Monitor Agent Report
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DoubleTwistDoubleTwist Genome Viewer Genome Viewer
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PSI-BLAST In BriefPSI-BLAST In Brief

1) Compare the query sequence to database1) Compare the query sequence to database

2) Construct profile from significant similarities2) Construct profile from significant similarities

3) Compare the profile to database3) Compare the profile to database

4) Repeat step 2 and 3 until convergence4) Repeat step 2 and 3 until convergence
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PSI-BLAST Results Contain Multiple SimilarPSI-BLAST Results Contain Multiple Similar
RegionsRegions

Major Steps:Major Steps:

1) Clustering1) Clustering

2) Alignment2) Alignment

3) Trimming3) Trimming
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2
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Clusters Are Organized Into GroupsClusters Are Organized Into Groups
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eBLOCKs eBLOCKs SummarySummary

•• SWISS-PROTSWISS-PROT
•• 79,449 Sequences79,449 Sequences

•• Filtered Target SetFiltered Target Set
•• 57,266 Sequences57,266 Sequences

•• PSI-BLAST SearchesPSI-BLAST Searches
•• 17,41517,415

•• Final Number Of GroupsFinal Number Of Groups
•• 16,65816,658

•• Final Number Of BlocksFinal Number Of Blocks
•• 74,39674,396
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BLOCKS+
(9,498)

78%

eBLOCKs
(74,396)

38%

eBLOCKs eBLOCKs Is More ComprehensiveIs More Comprehensive
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Web Access toWeb Access to eBLOCKS eBLOCKS
(http://eblocks.stanford.(http://eblocks.stanford.eduedu/)/)
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An Entry From eBLOCKsAn Entry From eBLOCKs
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An Entry From eBLOCKsAn Entry From eBLOCKs
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A Sample Keyword SearchA Sample Keyword Search
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Search A SequenceSearch A Sequence


