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Lecture SyllabusLecture Syllabus
(http://(http://cmgmcmgm.stanford.edu/biochem218/).stanford.edu/biochem218/)

Date Topic Lecturer
Sept. 22 Representations of Sequences and Structures Doug Brutlag
Sept 27 PubMed & Full Text Journal Access Janet Morrison
Sept 29 Molecular Biology Databases on the Web Doug Brutlag
Oct 4 Molecular Databases II Doug Brutlag
Oct 6 Pattern Matching with Consensus Sequences Doug Brutlag
Oct. 11 Quantitative and Probabilistic Pattern Matching Doug Brutlag
Oct. 13 Sequence Alignment Doug Brutlag
Oct. 18 Rapid Sequence Similarity Search I Doug Brutlag
Oct. 20 Rapid Sequence Similarity Search II Doug Brutlag
Oct. 25 Near-Optimal Sequence Alignments Doug Brutlag
Oct. 27 Multiple Sequence Alignment Doug Brutlag
Nov 1 Sequence Based Phylogenies Doug Brutlag
Nov. 3 Sequence Blocks and Profiles Doug Brutlag
Nov. 8 Discrete Protein Sequence Motifs Doug Brutlag
Nov. 10 Protein Microenvironments Russ Altman
Nov. 15 Probabilistic Protein Motifs Tom Wu
Nov. 17 Motif Discovery Using Gibb's Sampling Scott Schmidler
Nov. 22 Issues in Predicting Protein Secondary Structure Scott Schmidler
Nov. 24 Protein Folds and Protein Structure SuperpositionAmit P. Singh
Nov. 30 Protein Ligand Docking Amit P. Singh



Course AvailabilityCourse Availability

•• Gates B03 Gates B03 

•• Monday and Wednesday 2:15Monday and Wednesday 2:15--3:45 PM3:45 PM

•• Stanford Center  for  Professional  DevelopmentStanford Center  for  Professional  Development

•• http://http://scpdscpd.stanford.edu/.stanford.edu/

•• Live on SITN Channel E1Live on SITN Channel E1

•• Stanford OnlineStanford Online

•• http://stanfordhttp://stanford-- online.stanford.edu/online.stanford.edu/

•• Course available 24 hours/day,  7  days/weekCourse available 24 hours/day,  7  days/week

•• Students may register in any quarter Students may register in any quarter 



Course RequirementsCourse Requirements

•• LecturesLectures

•• Theoretical background of current methodsTheoretical background of current methods

•• Strengths and weaknesses of current approachesStrengths and weaknesses of current approaches

•• Future directions for improvementsFuture directions for improvements

•• DemonstrationsDemonstrations

•• Implementations (Mac, PC, Unix, Web)Implementations (Mac, PC, Unix, Web)

•• Illustrate homeworkIllustrate homework

•• Six to eight homework assignmentsSix to eight homework assignments

•• All homework submitted electronically as email attachmentsAll homework submitted electronically as email attachments

•• Due one week after assignedDue one week after assigned

•• Final project Final project ( D U E  N O V E M B E R  3 0 T H )( D U E  N O V E M B E R  3 0 T H )

•• CriticallyCritically review an areareview an area

•• CriticallyCritically analyze your own data setsanalyze your own data sets

•• Propose new approachPropose new approach

•• Implement a new approachImplement a new approach



Stryer Stryer BiochemistryBiochemistry



Bioinformatics TextBioinformatics Text



ReviewsReviews



Durbin Durbin et al.et al.



GusfieldGusfield



Genomics,  Bioinformatics & MedicineGenomics,  Bioinformatics & Medicine

BioinformaticsBioinformaticsGenomicsGenomics

Identify Drug TargetsIdentify Drug Targets

Rational Drug DesignRational Drug Design

Molecular DiagnosticsMolecular Diagnostics

Molecular  EpidemiologyMolecular  Epidemiology

Genetic  TherapyGenetic  Therapy



BioinformaticsBioinformaticsGenomicsGenomics

Identify Drug TargetsIdentify Drug Targets

Rational Drug DesignRational Drug Design

Molecular DiagnosticsMolecular Diagnostics

Molecular  EpidemiologyMolecular  Epidemiology

Genetic  TherapyGenetic  Therapy

DatabasesDatabases
Machine LearningMachine Learning RoboticsRobotics

Statistics & ProbabilityStatistics & Probability
Artificial IntelligenceArtificial Intelligence

Information TheoryInformation Theory

Graph TheoryGraph TheoryAlgorithmsAlgorithms

Genomics,  Bioinformatics & MedicineGenomics,  Bioinformatics & Medicine



National Center for Biotechnology InformationNational Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov)(http://www.ncbi.nlm.nih.gov)



Human Genome Resources  Human Genome Resources  
(ht tp ://www.(ht tp ://www. ncbincbi ..n l mn l m.. nihnih .. govgov /genome/guide/)/genome/guide/)



Genes on Chromosome 7Genes on Chromosome 7

(ht tp://www.ncbi .nlm.nih.gov/(http://www.ncbi .nlm.nih.gov/ g e n e m a pg e n e m a p /map./map. cgicgi ? C H R = 7 )? C H R = 7 )



Central Paradigm of Molecular BiologyCentral Paradigm of Molecular Biology

•• MoleculesMolecules

•• StructureStructure

•• FunctionFunction

•• ProcessesProcesses

•• MechanismMechanism

•• SpecificitySpecificity

•• RegulationRegulation

R N AR N A ProteinProtein PhenotypePhenotypeD N AD N A
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Central Paradigm of BioinformaticsCentral Paradigm of Bioinformatics



Challenges Understanding Challenges Understanding 

Genetic InformationGenetic Information

GeneticGenetic
InformationInformation

MolecularMolecular
StructureStructure

BiochemicalBiochemical
FunctionFunction PhenotypePhenotype

•• Genetic information is  redundantGenetic information is  redundant

•• Structural information is redundantStructural information is redundant

•• Single genes have multiple functionsSingle genes have multiple functions

•• Genes are one dimensional but function depends Genes are one dimensional but function depends 
on threeon three --dimensional structuredimensional structure



Redundancy in Genomic & Protein SequencesRedundancy in Genomic & Protein Sequences

•• DNA is  doubleDNA is  double-- strandedstranded

•• Genetic codeGenetic code

•• Acceptable aminoAcceptable amino -- acid replacementsacid replacements

•• IntronIntron-- exon variationexon variation

•• Strain variationStrain variation

•• Sequencing errorsSequencing errors



Discovering Function from Protein SequencesDiscovering Function from Protein SequencesDiscovering Function from Protein Sequences
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4  0  3  0  0  4  0  0  0 10  0  04  0  3  0  0  4  0  0  0 10  0  04  0  3  0  0  4  0  0  0 10  0  0

0  6  0  1  0  0  0  0  0  0  0  00  6  0  1  0  0  0  0  0  0  0  00  6  0  1  0  0  0  0  0  0  0  0

1 17  0  8  3  1  3  0  2  2  2  01 17  0  8  3  1  3  0  2  2  2  01 17  0  8  3  1  3  0  2  2  2  0

5 22  3 11  1  5  0  2  2  2  0  55 22  3 11  1  5  0  2  2  2  0  55 22  3 11  1  5  0  2  2  2  0  5

2  0  0  0  0  0  0  0  0  1  0  12  0  0  0  0  0  0  0  0  1  0  12  0  0  0  0  0  0  0  0  1  0  1
1  0  4  2  0  1  0  0  2  4  0  11  0  4  2  0  1  0  0  2  4  0  11  0  4  2  0  1  0  0  2  4  0  1

6  3  1  1  2 15  0  0  2 12  0 286  3  1  1  2 15  0  0  2 12  0 286  3  1  1  2 15  0  0  2 12  0 28

Sequence AlignmentsSequence AlignmentsSequence Alignments

Res idue Ident i ty  =    14%  Matches          =     21  Mismatches =     2 2Res idue Ident i ty  =    14%  Matches          =     21  MismatchesRes idue Ident i ty  =    14%  Matches          =     21  Mismatches =     2 2=     2 2
Ini t ia l  Score    =     63  Opt imized Score  =     98  S igni f ican ce =  5.51Ini t ia l  Score    =     63  Opt imized Score  =     98  S igni f icanIni t ia l  Score    =     63  Opt imized Score  =     98  S igni f ican ce =  5.51ce =  5.51

10         20         30         40               5010         20         30         40               5010         20         30         40               50
1      VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF------ DLSHGS1      VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF1      VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF------------ DLSHGSDLSHGS

|:| :|: | |:||||     | |:||| |: : :|:|  :|  |      |:  ||:| :|: | |:||||     | |:||| |: : :|:|  :|  |      |:  ||:| :|: | |:||||     | |:||| |: : :|:|  :|  |      |:  |
2      HLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGN2      HLTPEEKSAVTALWGKV2      HLTPEEKSAVTALWGKV----NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGN

10          20         30         40         5010          20         30         40         5010          20         30         40         50

Gaps             =      2   Conservat ive Subst i tut ions           =     1 1Gaps             =      2   Conservat ive Subst i tut ions           Gaps             =      2   Conservat ive Subst i tut ions           =     1 1=     1 1

Sequences of  
C o m m o n

Structure or 
Function

Sequences of  Sequences of  

C o m m o nC o m m o n

Structure or Structure or 

FunctionFunction

Hidden Markov ModelHidden Markov ModelHidden Markov Model

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



Multiple Representations of Protein StructureMultiple Representations of Protein Structure

82% Hydrophobic

18% Hydrophilic

82% Hydrophobic82% Hydrophobic

18% Hydrophilic18% Hydrophilic

40              5040              50
FPTTKTYFPHFFPTTKTYFPHF -- DLSDLS---------- H G SH G S
:| |: :|  | |||      |:| |: :|  | |||      |
YPWTQRFFESFGDLSTPDAVMGNYPWTQRFFESFGDLSTPDAVMGN

40        5040        50

∑∑
a l l b o n d s

Kb ( bi - bo )2 +

∑∑
a l l a n g l e s

Kθθ (θθi - θθo )2 +

∑∑
a l l t o r s i o n a n g l e s

Kφφ [1 - cos ( nφφi + δδ)] +

∑∑
a l l n o n- b o n d e d p a i r s

εε {(ro /ri j)12 - 2 (ro /ri j)6 }

∑∑
a l l p a r t i a l c h a r g e p a i r s

qi qj / ri j

H T H ?

AA1

AA2

AA3 AA4

AA5

AA6



Buried TreasureBuried Treasure



Buried TreasureBuried Treasure



Buried TreasureBuried Treasure



Sequence AlignmentSequence Alignment
(http://motif.stanford.edu/(http://motif.stanford.edu/alionalion /)/)

FF ---- SGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKESGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKE -- Q L KQ L K -- YY

GDFIHTLGDAHIYLNHIEPLKIQLQREPRPFPKLRILRKVEKIDDFKAEDFQIEGYNGDFIHTLGDAHIYLNHIEPLKIQLQREPRPFPKLRILRKVEKIDDFKAEDFQIEGYN

X        220       230       240       250           XX        220       230       240       250           X

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

X         260       270       280       290          XX         260       270       280       290          X



Sequence AlignmentSequence Alignment
(http://motif.stanford.edu/(http://motif.stanford.edu/alionalion /)/)

FF ---- SGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKESGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKE -- Q L KQ L K -- YY

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-penaltyPenalty = GapPenalty = Gap--penalty + Sizepenalty + Size--ofof--gap x Gapgap x Gap--sizesize--penaltypenalty

Score =           Similarity-weights     - PenaltiesScore =           SimilarityScore =           Similarity--weights     weights     -- PenaltiesPenalties���
Region EndRegion EndRegion End

Region StartRegion StartRegion Start
���

Region StartRegion StartRegion Start

Region EndRegion EndRegion End

where:where:where:



SmithSmith -- Waterman Similari ty  SearchWaterman Similari ty  Search
Q u e r y :        H U- NS1    Max imal  Score : 4 5 2

PAM Matr ix : 2 0 0 Gap Pena l ty : 5 Gap Extens ion: 0.5

No.   Score   Match  Length DB ID          Descr ipt ion P r e d.  No.

1     4 5 2   1 0 0 . 0      9 0   2   D B H B _ E C O L I   D N A -B I N D I N G  P R O T E I N  H   8 . 7 4 e- 86
2     4 5 1    9 9 . 8      9 0   2   D B H B _ S A L T Y   D N A -B I N D I N G  P R O T E I N  H   1 . 5 4 e- 85

3     3 3 6    7 4 . 3      9 0   2   D B H A _ E C O L I   D N A- B I N D I N G  P R O T E I N  H   1 . 6 4 e-5 7

4     3 3 6    7 4 . 3      9 0   2   D B H A _ S A L T Y   D N A -B I N D I N G  P R O T E I N  H   1 . 6 4 e- 57
5     3 2 8    7 2 . 6      9 0   2   D B H _ B A C S T    D N A -B I N D I N G  P R O T E I N  I   1 . 3 5 e- 55

6     3 2 8    7 2 . 6      9 2   2   D B H _ B A C S U    D N A- B I N D I N G  P R O T E I N  I   1 . 3 5 e- 55

7     3 2 7    7 2 . 3      9 0   2   D B H _ V I B P R    D N A- B I N D I N G  P R O T E I N  H   2 . 3 5 e- 55
8     3 0 2    6 6 . 8      9 0   2   D B H _ P S E A E    D N A- B I N D I N G  P R O T E I N  H   2 . 1 4 e -4 9

9     2 7 3    6 0 . 4      9 1   2   D B H 1 _ R H I L E   D N A- B I N D I N G  P R O T E I N  H   1 . 4 7 e- 42

1 0     2 7 2    6 0 . 2      9 1   2   D B H _ C L O P A    D N A- B I N D I N G  P R O T E I N  H   2 . 5 2 e- 42
1 1     2 6 3    5 8 . 2      9 0   2   D B H _ R H I M E    D N A- B I N D I N G  P R O T E I N  H   3 . 1 8 e-4 0

1 2     2 6 1    5 7 . 7      9 1   2   D B H 5 _ R H I L E   D N A -B I N D I N G  P R O T E I N  H   9 . 2 9 e- 4 0

1 3     2 5 0    5 5 . 3      9 4   2   D B H _ A N A S P    D N A- B I N D I N G  P R O T E I N  H   3 . 3 2 e-3 7
1 4     2 3 3    5 1 . 5      9 3   2   D B H _ C R Y P H    D N A- B I N D I N G  P R O T E I N  H   2 . 7 0 e-3 3

1 5     2 2 6    5 0 . 0      9 5   2   D B H _ T H E T H    D N A -B I N D I N G  P R O T E I N  I   1 . 0 7 e- 3 1

1 6     2 1 0    4 6 . 5      9 9   3   I H F A _ S E R M A   I N T E G R A T I O N  H O S T  F A C T   4 .46e- 28
1 7     2 0 6    4 5 . 6     1 0 0   3   I H F A _ R H O C A   I N T E G R A T I O N  H O S T  F A CT   3 .52e-2 7

1 8     2 0 5    4 5 . 4      9 9   3   I H F A _ S A L T Y   I N T E G R A T I O N  H O S T  F A CT   5 .90e- 27

1 9     2 0 4    4 5 . 1      9 9   3   I H F A _ E C O L I   I N T E G R A T I O N  H O S T  F A CT  9 .87e -2 7
2 0     2 0 0    4 4 . 2      9 4   3   I H F B _ E C O L I   I N T E G R A T I O N  H O S T  F A CT  7 .71e -2 6

2 1     2 0 0    4 4 . 2      9 4   3   I H F B _ S E R M A   I N T E G R A T I O N  H O S T  F A CT  7 .71e- 26

2 2     1 6 5    3 6 . 5      9 9   5   T F 1 _ B P S P 1    T R A N S C R I P T I O N  F A C T O R 3.42e -1 8
2 3     1 4 7    3 2 . 5      9 0   2   D B H _ T H E A C    D N A- B I N D I N G  P R O T E I N  H   2 . 1 2 e-1 4

2 4      7 6    1 6 . 8     4 7 7   2   G L G A _ E C O L I   G L Y C O G E N  S Y N T H A S E  ( EC   3 .80e- 01



DecypherDecypher Similarity SearchSimilarity Search
(http:.//(http:.//decypherdecypher .stanford.edu/).stanford.edu/)



Prosite Consensus PatternsProsite Consensus Patterns
(ht tp ://www.(ht tp ://www. expasyexpasy.. c hc h /prosite/)/prosite/)

•Active site of trypsin-like serine proteases

G D S G G

•Zinc Finger  (C2H 2 type)

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

•N-Glycosylation Site

N [^P] [S T] [^P]

•Homeobox Domain Signature

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

•Active site of trypsin-like serine proteases

G D S G G

•Zinc Finger  (C2H 2 type)

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

•N-Glycosylation Site

N [^P] [S T] [^P]

•Homeobox Domain Signature

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



The Optimal Way to Develop PatternsThe Optimal Way to Develop Patterns
(http://www.expasy.(http://www.expasy.chch/images/cartoon//images/cartoon/prositeprosite..gifgif))



EMOTIF Pattern Discovery EMOTIF Pattern Discovery 
(http://motif.stanford.edu/emotif/)(http://motif.stanford.edu/emotif/)



Identifying Protein Functions Identifying Protein Functions 
(ht tp ://moti f . s tanford.edu/(ht tp ://moti f . s tanford.edu/emoti femoti f -- search)search)



Identifying Protein FunctionIdentifying Protein Function



eMOTIFs  eMOTIFs  on on ParetoPareto -- Optimal  CurveOptimal  Curve



Mapping Sequence Motifs to Structural MotifsMapping Sequence Motifs to Structural Motifs
(ht tp ://moti f . s tanford.edu/3moti f/)(ht tp ://moti f . s tanford.edu/3moti f/)



Motifs as Potential Drug TargetsMotifs as Potential Drug Targets

HIV Reverse TranscriptaseHIV Reverse Transcriptase

o..Y[VLIM]DD[VLI]oo.ii



Discovering Function from Protein SequencesDiscovering Function from Protein SequencesDiscovering Function from Protein Sequences

Consensus SequencesConsensus SequencesConsensus Sequences

Zinc Finger  (C2H2 type)Zinc Finger  (C2H2 type)Zinc Finger  (C2H2 type)
CX{2,4}CX{12}HX{3,5}HCX{2,4}CX{12}HX{3,5}HCX{2,4}CX{12}HX{3,5}H

Blocks, Profiles or TemplatesBlocks, Profiles or TemplatesBlocks, Profiles or Templates
PositionPositionPosition

1  2  3  4  5  6  7  8  9 10 11 121  2  3  4  5  6  7  8  9 10 11 121  2  3  4  5  6  7  8  9 10 11 12

2  1  3 13 10 12 67  4 13  9  1  22  1  3 13 10 12 67  4 13  9  1  22  1  3 13 10 12 67  4 13  9  1  2

7  5  8  9  4  0  1 16  7  0  1  07  5  8  9  4  0  1 16  7  0  1  07  5  8  9  4  0  1 16  7  0  1  0

0  8  0  1  0  0  0  2  1  1 10  00  8  0  1  0  0  0  2  1  1 10  00  8  0  1  0  0  0  2  1  1 10  0

0  1  0  1 13  0  0 12  1  0  4  00  1  0  1 13  0  0 12  1  0  4  00  1  0  1 13  0  0 12  1  0  4  0

0  0  1  0  0  0  0  0  0  2  2  10  0  1  0  0  0  0  0  0  2  2  10  0  1  0  0  0  0  0  0  2  2  1

1  1 21  8 10  0  0  7  6  0  0  21  1 21  8 10  0  0  7  6  0  0  21  1 21  8 10  0  0  7  6  0  0  2

2  0  0  9 21  0  0 15  7  3  3  02  0  0  9 21  0  0 15  7  3  3  02  0  0  9 21  0  0 15  7  3  3  0

9  7  1  4  0  0  8  0  0  0 46  09  7  1  4  0  0  8  0  0  0 46  09  7  1  4  0  0  8  0  0  0 46  0

4  3  1  1  2  0  0  2  2  0  5  04  3  1  1  2  0  0  2  2  0  5  04  3  1  1  2  0  0  2  2  0  5  0

10  0 11  1  2 10  0  4  9  3  0 1610  0 11  1  2 10  0  4  9  3  0 1610  0 11  1  2 10  0  4  9  3  0 16

16  1 17  0  1 31  0  3 11 24  0 1416  1 17  0  1 31  0  3 11 24  0 1416  1 17  0  1 31  0  3 11 24  0 14

3  4  5 10 11  1  1 13 10  0  5  23  4  5 10 11  1  1 13 10  0  5  23  4  5 10 11  1  1 13 10  0  5  2

7  1  1  0  0  0  0  0  5  7  1  87  1  1  0  0  0  0  0  5  7  1  87  1  1  0  0  0  0  0  5  7  1  8

4  0  3  0  0  4  0  0  0 10  0  04  0  3  0  0  4  0  0  0 10  0  04  0  3  0  0  4  0  0  0 10  0  0

0  6  0  1  0  0  0  0  0  0  0  00  6  0  1  0  0  0  0  0  0  0  00  6  0  1  0  0  0  0  0  0  0  0

1 17  0  8  3  1  3  0  2  2  2  01 17  0  8  3  1  3  0  2  2  2  01 17  0  8  3  1  3  0  2  2  2  0
5 22  3 11  1  5  0  2  2  2  0  55 22  3 11  1  5  0  2  2  2  0  55 22  3 11  1  5  0  2  2  2  0  5

2  0  0  0  0  0  0  0  0  1  0  12  0  0  0  0  0  0  0  0  1  0  12  0  0  0  0  0  0  0  0  1  0  1

1  0  4  2  0  1  0  0  2  4  0  11  0  4  2  0  1  0  0  2  4  0  11  0  4  2  0  1  0  0  2  4  0  1

6  3  1  1  2 15  0  0  2 12  0 286  3  1  1  2 15  0  0  2 12  0 286  3  1  1  2 15  0  0  2 12  0 28

Sequence AlignmentsSequence AlignmentsSequence Alignments

Res idue Ident i ty  =    14%  Matches          =     21  Mismatches =     2 2Res idue Ident i ty  =    14%  Matches          =     21  MismatchesRes idue Ident i ty  =    14%  Matches          =     21  Mismatches =     2 2=     2 2
Ini t ia l  Score    =     63  Opt imized Score  =     98  S igni f ican ce =  5.51Ini t ia l  Score    =     63  Opt imized Score  =     98  S igni f icanIni t ia l  Score    =     63  Opt imized Score  =     98  S igni f ican ce =  5.51ce =  5.51

10         20         30         40               5010         20         30         40               5010         20         30         40               50
1      VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF------ DLSHGS1      VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF1      VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF------------ DLSHGSDLSHGS

|:| :|: | |:||||     | |:||| |: : :|:|  :|  |      |:  ||:| :|: | |:||||     | |:||| |: : :|:|  :|  |      |:  ||:| :|: | |:||||     | |:||| |: : :|:|  :|  |      |:  |
2      HLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGN2      HLTPEEKSAVTALWGKV2      HLTPEEKSAVTALWGKV----NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGN

10          20         30         40         5010          20         30         40         5010          20         30         40         50

Gaps             =      2   Conservat ive Subst i tut ions           =     1 1Gaps             =      2   Conservat ive Subst i tut ions           Gaps             =      2   Conservat ive Subst i tut ions           =     1 1=     1 1

Sequences of  
C o m m o n

Structure or 
Function

Sequences of  Sequences of  

C o m m o nC o m m o n

Structure or Structure or 

FunctionFunction

Hidden Markov ModelHidden Markov ModelHidden Markov Model

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



Block Signatures for a Protein FamilyBlock Signatures for a Protein Family
(http://www.blocks.(http://www.blocks. fhcrcfhcrc.org/).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

1010-- 4545 2525-- 5555 4040



ee MATRIXMATRIX : Position: Position -- Specific Scoring MatricesSpecific Scoring Matrices

(http://motif .stanford.edu/ematrix)(http://motif .stanford.edu/ematrix)

Posit ionPosit ion

1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 221 22

A   2  1  3 13 10 12 67  4 13  9  1  2  4  3  6 15  4  4  4 11  A   2  1  3 13 10 12 67  4 13  9  1  2  4  3  6 15  4  4  4 11  0 100 10
R   7  5  8  9  4  0  1 16  7  0  1  0  1 16  6  6  0 11 28  3  R   7  5  8  9  4  0  1 16  7  0  1  0  1 16  6  6  0 11 28  3  0 160 16
N   0  8  0  1  0  0  0  2  1  1 10  0  7  1  3  1  0  4  8  0  N   0  8  0  1  0  0  0  2  1  1 10  0  7  1  3  1  0  4  8  0  1 111 11
D   0  1  0  1 13  0  0 12  1  0  4  0  1  2  0  0  0  0  1  1  D   0  1  0  1 13  0  0 12  1  0  4  0  1  2  0  0  0  0  1  1  0  30  3

C   0  0  1  0  0  0  0  0  0  2  2  1  0  0  0  0  0  0  0  1  C   0  0  1  0  0  0  0  0  0  2  2  1  0  0  0  0  0  0  0  1  0  00  0
Q   1  1 21  8 10  0  0  7  6  0  0  2  1 17  7  7  0  2 12  5  Q   1  1 21  8 10  0  0  7  6  0  0  2  1 17  7  7  0  2 12  5  2  42  4
E   2  0  0  9 21  0  0 15  7  3  3  0  1  6 11  0  0  2  0  1 1E   2  0  0  9 21  0  0 15  7  3  3  0  1  6 11  0  0  2  0  1 13  63  6
G   9  7  1  4  0  0  8  0  0  0 46  0  6  0  7  1  0  3  1  1  G   9  7  1  4  0  0  8  0  0  0 46  0  6  0  7  1  0  3  1  1  0  40  4
H   4  3  1  1  2  0  0  2  2  0  5  0  3  3  0  2  0  2  4  5  H   4  3  1  1  2  0  0  2  2  0  5  0  3  3  0  2  0  2  4  5  0  20  2
I  10  0 11  1  2 10  0  4  9  3  0 16  0  2  0  1 26  1  0  8 1I  10  0 11  1  2 10  0  4  9  3  0 16  0  2  0  1 26  1  0  8 16  06  0

L  16  1 17  0  1 31  0  3 11 24  0 14  0  2  0  1 21  1  1 12 2L  16  1 17  0  1 31  0  3 11 24  0 14  0  2  0  1 21  1  1 12 20  00  0
K   3  4  5 10 11  1  1 13 10  0  5  2  1  4  1  1  0  1  8  4  K   3  4  5 10 11  1  1 13 10  0  5  2  1  4  1  1  0  1  8  4  5 145 14
M   7  1  1  0  0  0  0  0  5  7  1  8  0  0  2  0  2  0  0  2  M   7  1  1  0  0  0  0  0  5  7  1  8  0  0  2  0  2  0  0  2  0  10  1
F   4  0  3  0  0  4  0  0  0 10  0  0  0  0  1  0  0  1  1  1 1F   4  0  3  0  0  4  0  0  0 10  0  0  0  0  1  0  0  1  1  1 11  01  0
P   0  6  0  1  0  0  0  0  0  0  0  0  1 12  7  0  0  0  0  0  P   0  6  0  1  0  0  0  0  0  0  0  0  1 12  7  0  0  0  0  0  0  30  3
S   1 17  0  8  3  1  3  0  2  2  2  0 37  1 24  5  0 29  3  0  S   1 17  0  8  3  1  3  0  2  2  2  0 37  1 24  5  0 29  3  0  1  31  3

T   5 22  3 11  1  5  0  2  2  2  0  5 16  4  2 38  0  4  1  0  T   5 22  3 11  1  5  0  2  2  2  0  5 16  4  2 38  0  4  1  0  4  34  3
W   2  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  2 10  W   2  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  2 10  0  00  0
Y   1  0  4  2  0  1  0  0  2  4  0  1  1  2  0  2  0 15  5  7  Y   1  0  4  2  0  1  0  0  2  4  0  1  1  2  0  2  0 15  5  7  0  00  0
V   6  3  1  1  2 15  0  0  2 12  0 28  0  5  3  0 27  0  1  8  V   6  3  1  1  2 15  0  0  2 12  0 28  0  5  3  0 27  0  1  8  7  07  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



eeMATRIXMATRIX -- SearchSearch
http://http:// e x o ne x o n // ematr ixematr ix // e m a t r i xe m a t r i x-- search.htmlsearch.html



ee MATRIX MATRIX Search ResultsSearch Results
(http://motif.stanford.edu/ematrix(http://motif.stanford.edu/ematrix--search)search)



Hidden Markov ModelsHidden Markov Models
(after(after HausslerHaussler))

AA1AA1AA1 AA2AA2AA2 AA3AA3AA3 AA4AA4AA4 AA5AA5AA5 AA6AA6AA6

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

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



Protein IdentificationProtein Identification

BLASTBLAST Smith &Smith &
WatermanWaterman

MOTIFSMOTIFS

YesYes

H o m o l o gH o m o l o g H o m o l o gH o m o l o g

YesYes

NoNo NoNo

FunctionFunction

YesYes

NoNo NoNo

SuperfamilySuperfamily

YesYes

H M M sH M M s

D o m a i nD o m a i n

YesYes

PROFILESPROFILES SCOPSCOPNoNo

D o m a i nD o m a i n

Y e sY e s

NoNo Molecular orMolecular or

StructuralStructural

BiologyBiology

FunctionFunction

M a y b eM a y b e



Sequence RepresentationsSequence Representations

• Consensus                          Deterministic

• Alignment

• Blocks or Weight Matrices

• Templates or Profiles

• Bayesian Networks

• Hidden Markov Models       Probabilistic

• Consensus                          Deterministic• Consensus                          Deterministic

• Alignment• Alignment

• Blocks or Weight Matrices• Blocks or Weight Matrices

• Templates or Profiles• Templates or Profiles

• Bayesian Networks• Bayesian Networks

•• Hidden Markov Models       ProbabilisticHidden Markov Models       Probabilistic


