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›  Sequence analysis provides access to genomics/related
 information 

–  because it represents the primary data, accessing genomics
 Web sites via sequence comparison bypasses problems
 associated with searching using key words, gene names,
 various types of accession #s 

ATCCGTAAC... 

Access to many types of info
 about a gene/protein 
•  browsers 
•  organism DBs 
•  specialty DBs (ex: IGTC,

 GNF expression data) 
•  proteomics info 

Near & distant homologs in
 multiple species 

•  primary sequence DBs 
•  precalculated family DBs 
•  gene families within a

 species of interest (ex:
 GPCRs) 
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Exact (or nearly exact) matches:
 finding your gene !
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www.genetrap.org 

Example: searching for a Ldlr knockout 
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Example: searching for a Ldlr knockout 
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Example: searching for a Ldlr knockout 
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Example: searching for a Ldlr knockout 
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Example: searching for a Ldlr knockout 
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Distant matches:  
inferring functional properties !
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Homology: Sharing of a common ancestor by descent or
 recombination;  
›  2 proteins can’t be “significantly” homologous, 60% homologous… 
›  homology is a conjecture, not an experimental fact and requires

 knowledge of the evolutionary relationships among the sequences
 being compared only degrees of similarity can be quantified and
 explicitly defined 

a 

a b 

Duplication 

Speciation 

orthologous 

paralogous 
b a b a 

paralogous 

Orthology: sequence similarity as a
 consequence of a speciation event 

Parology: sequence similarity between
 the descendants of a duplicated
 ancestral gene 
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Involves accessing evolutionary signals 

Rule: What is conserved in a gene [protein] family is functionally important 
›  due to purifying selection driven by functional constraints observable in a

 background described by the theory of neutral evolution 
–  fast enough that pseudogenes rapidly deteriorate over evolutionary timescales 
–  in any prokaryotic genome, homologs from more than one distantly related

 species are detectable for 70-80% of proteins 

Application: Comparison of sequence/structures can identify homologous
 relationships, allowing inference of function based on that relationship 

Matches to similar sequences 

    Conservation 

      Conservation 

     Conservation 

Sequence    

Structure 

Function 
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Practical Issues in Sequence Analysis 

1.  Database searching 
–  principles for pairwise comparisons 
–  primary tools 

2.  Using BLAST & interpreting the results 
–  BLAST output 
–  statistics & interpreting E value 

3.  Using Psi-BLAST to find distantly related sequences 
4.  Evaluation using multiple alignments 
5.  Adding 3D structure information 
6.  Resources, tools, references 

–  posted at the end of this lecture, which is available at  http:/
/www.genetrap.org/tutorials/seqanalysis.html 
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How to find a relationship between a query sequence &
 sequences in a database? 
›  correspondence between 2 or more aligned sequences 

–  similarity score 
–  graphical representations: alignments, motifs, patterns 

›  candidate homologs evaluated using statistics 

Formalizing the problem - pairwise comparisons 
Given: two sequences that you want to align 
Goal: find the best alignment that can be obtained by sliding

 one sequence along the other 
Requirements:   
–  a scheme for evaluating matches/mis-matches between any two

 characters 
–  a score for insertions/deletions 
–  a method for optimization of the total score 
–  a method for evaluating the statistical significance of the alignment 

Database Searching 
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BLOSUM62 matrix 
 C S T P A G N D E Q H R K M I L V F Y W 
C 9 -1 -1 -3 0 -3 -3 -3 -4 -3 -3 -3 -3 -1 -1 -1 -1 -2 -2 -2 
S -1 4 1 -1 1 0 1 0 0 0 -1 -1 0 -1 -2 -2 -2 -2 -2 -3 
T -1 1 4 1 -1 1 0 1 0 0 0 -1 0 -1 -2 -2 -2 -2 -2 -3 
P -3 -1 1 7 -1 -2 -1 -1 -1 -1 -2 -2 -1 -2 -3 -3 -2 -4 -3 -4 
A 0 1 -1 -1 4 0 -1 -2 -1 -1 -2 -1 -1 -1 -1 -1 -2 -2 -2 -3 
G -3 0 1 -2 0 6 -2 -1 -2 -2 -2 -2 -2 -3 -4 -4 0 -3 -3 -2 
N -3 1 0 -2 -2 0 6 1 0 0 -1 0 0 -2 -3 -3 -3 -3 -2 -4 
D -3 0 1 -1 -2 -1 1 6 2 0 -1 -2 -1 -3 -3 -4 -3 -3 -3 -4 
E -4 0 0 -1 -1 -2 0 2 5 2 0 0 1 -2 -3 -3 -3 -3 -2 -3 
Q -3 0 0 -1 -1 -2 0 0 2 5 0 1 1 0 -3 -2 -2 -3 -1 -2 
H -3 -1 0 -2 -2 -2 1 1 0 0 8 0 -1 -2 -3 -3 -2 -1 2 -2 
R -3 -1 -1 -2 -1 -2 0 -2 0 1 0 5 2 -1 -3 -2 -3 -3 -2 -3 
K -3 0 0 -1 -1 -2 0 -1 1 1 -1 2 5 -1 -3 -2 -3 -3 -2 -3 
M -1 -1 -1 -2 -1 -3 -2 -3 -2 0 -2 -1 -1 5 1 2 -2 0 -1 -1 
I -1 -2 -2 -3 -1 -4 -3 -3 -3 -3 -3 -3 -3 1 4 2 1 0 -1 -3 
L -1 -2 -2 -3 -1 -4 -3 -4 -3 -2 -3 -2 -2 2 2 4 3 0 -1 -2 
V -1 -2 -2 -2 0 -3 -3 -3 -2 -2 -3 -3 -2 1 3 1 4 -1 -1 -3 
F -2 -2 -2 -4 -2 -3 -3 -3 -3 -3 -1 -3 -3 0 0 0 -1 6 3 1 
Y -2 -2 -2 -3 -2 -3 -2 -3 -2 -1 2 -2 -2 -1 -1 -1 -1 3 7 2 
W -2 -3 -3 -4 -3 -2 -4 -4 -3 -2 -2 -3 -3 -1 -3 -2 -3 1 2 11 
 A = Alanine (small and neutral) 

K = Lysine (positively charged) 
W = Tryptophan (large and hydrophobic) 

...DGAERSWIW...���
|| ||| ||���

...DGWERSDIW...	
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Scoring systems 

The degree of match between two letters can be
 represented in a matrix and changing the matrix can
 change the alignment 
›  Simplest: Identity (unitary) matrix 
›  Better: Definitions of similarity based on inferences about

 chemical or biological properties 
–  Examples: PAM, Blosum, Gonnet, profiles, HMMs, neural network

 models, etc. 
›  Scores often reported w statistics of the form  pab /qa qb 
 where pab is the probability that residue a is substituted by residue b, and qa and

 qb are the background probabilities for residue a and b respectively 

›  Scores historically derived empirically from an evolutionary
 model describing expected evolutionary change by point
 mutations (scoring gaps not accommodated in the models) 

–  models used to define expected numbers & types of mutations
 based on evolutionary distance 
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Database searching 

Current algorithms handle large DBs quickly, even for divergent
 relationships 
›  generates alignments & estimates of statistical significance 
›  different scoring matrices/other parameters provide tuning 
›  2 major heuristic algorithms compromise speed & sensitivity (only

 slightly compared to more rigorous but slower algorithms such as
 Smith-Waterman) 

–  BLAST generates pairwise alignments, based on rigorous statistical
 formalism for the significance of these alignments 

(http://www.ncbi.nlm.nih.gov/BLAST/; http://blast.wustl.edu/) 

–  FASTA (http://fasta.bioch.virginia.edu/) 

›  very fast variants developed for localizing sequences to the
 genomes (faster because they only look for ~exact matches) 

–  BLAT (UC Santa Cruz browser & GNF expression datasets) 
–  SSAHA2 (Ensembl) 
–  MegaBlast (NCBI genome browser) 
–  GMAP (Genentech) 
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BLAST 
(excellent documentation at http://www.ncbi.nlm.nih.gov/BLAST/) 
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BLAST flavors 
blastp    compares an amino acid query  sequence  against  a

 protein sequence database 
blastn    compares a nucleotide  query  sequence  against  a

 nucleotide sequence database 
blastx    compares  the  six-frame  conceptual   translation

 products  of  a  nucleotide  query  sequence (both strands)
 against a protein sequence database 

tblastn   compares  a  protein  query  sequence  against   a
 nucleotide     sequence    database    dynamically translated  in 
 all  six  reading   frames   (both strands) 

tblastx   compares the six-frame translations of  a  nucleotide
 query sequence against the six-frame translations of a
 nucleotide sequence database 



Running BLAST 
& 

Interpreting Results 
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Example: highly conserved gene families – creatine kinase 
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Example: highly conserved gene families – creatine kinase 
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Example: highly conserved gene families – creatine kinase 



23!

. . . 
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What’s an E value? 

E value = Expectation value, the number of alignments with scores ≥ than the
 associated score expected to occur in a database search by chance 

>  for E-values, the smaller the better! 
>  depends on both the size of the alignments & the size of the sequence

 database 
– E-value INCREASES as the database gets bigger 
– E-value DECREASES as the alignment gets longer 

. . . 



25!

Example: highly conserved gene families – creatine kinase 
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. . . 

Example: highly conserved gene families – creatine kinase 
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Example: highly conserved gene families – creatine kinase 

. . . 
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Query= /phosphonatase/phosSt.gcg (255 letters) (10/20/99/pcb)
Database: /mol/seq/blast/db/swissprot 78,725 sequences; 28,368,147 total letters
 

Score     E
Sequences producing significant alignments: (bits)  Value

sp|O06995|PGMB_BACSU Begin: 93 End: 204 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 38 0.020
sp|P31467|YIEH_ECOLI Begin: 1 End: 180 HYPOTHETICAL 24.7 KD PROTEIN IN TNAB-BGLB I... 36 0.10
sp|O14165|YDX1_SCHPO Begin: 34 End: 201 HYPOTHETICAL 27.1 KD PROTEIN C4C5.01 IN CHR... 31 2.6
sp|P41277|GPP1_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 1 30 4.4
sp|Q39565|DYHB_CHLRE Begin: 3911 End: 4032 DYNEIN BETA CHAIN, FLAGELLAR OUTER ARM 29 7.6
sp|P77625|YFBT_ECOLI Begin: 143 End: 187 HYPOTHETICAL 23.7 KD PROTEIN IN LRHA-ACKA I... 29 10.0
sp|Q40297|FCPA_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
sp|P40853|GPHP_ALCEU Begin: 94 End: 188 PHOSPHOGLYCOLATE PHOSPHATASE, PLASMID (PGP) 29 13
sp|Q40296|FCPB_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
sp|P52183|ANNU_SCHAM Begin: 119 End: 168 ANNULIN (PROTEIN-GLUTAMINE GAMMA-GLUTAMYLTR... 29 13
sp|P40106|GPP2_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 2 28 17
sp|P37934|MAY3_SCHCO Begin: 435 End: 552 MATING-TYPE PROTEIN A-ALPHA Y3 27 29
sp|O06219|MURE_MYCTU Begin: 255 End: 371 UDP-N-ACETYLMURAMOYLALANYL-D-GLUTAMATE--2,6... 27 29
sp|P08419|EL2_PIG Begin: 182 End: 245 ELASTASE 2 PRECURSO 27 38
sp|Q11034|Y07S_MYCTU Begin: 163 End: 218 HYPOTHETICAL 69.5 KD PROTEIN CY02B10.28C 27 38
sp|P00577|RPOC_ECOLI Begin: 1290 End: 1401 DNA-DIRECTED RNA POLYMERASE BETA' CHAIN (T 27 38
sp|P32662|GPH_ECOLI Begin: 20 End: 49 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 38
sp|P32662|GPH_ECOLI Begin: 116 End: 224 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 28
sp|P32282|RIR1_BPT4 Begin: 239 End: 266 RIBONUCLEOSIDE-DIPHOSPHATE REDUCTASE ALPHA C... 27 50
sp|P17346|LEC2_MEGRO Begin: 36 End: 121 LECTIN BRA-2 27 50
sp|P54947|YXEH_BACSU Begin: 24 End: 51 HYPOTHETICAL 30.2 KD PROTEIN IN IDH-DEOR IN... 27 50
sp|P77366|PGMB_ECOLI Begin: 95 End: 190 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 27 50
sp|P30139|THIG_ECOLI Begin: 43 End: 79 THIG PROTEIN 27 50
sp|P95649|CBBY_RHOSH Begin: 96 End: 189 CBBY PROTEIN 27 50
sp|Q43154|GSHC_SPIOL Begin: 228 End: 327 GLUTATHIONE REDUCTASE, CHLOROPLAST PRECURSO... 26 66
sp|P34132|NT6A_HUMAN Begin: 191 End: 215 NEUROTROPHIN-6 ALPHA (NT-6 ALPHA) 26 66
sp|P34134|NT6G_HUMAN Begin: 115 End: 144 NEUROTROPHIN-6 GAMMA (NT-6 GAMMA) 26 66
sp|P95650|GPH_RHOSH Begin: 48 End: 114 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 26 66

An important caveat - Statistical significance & biological significance are not
 necessarily the same thing! 

Example: poorly conserved homologs – haloacid dehalogenases 
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BLAST 
(see http://www.ncbi.nlm.nih.gov/BLAST/ for excellent documentation) 



30!

›  Generalizes BLAST algorithm to use a position-specific
 score matrix in place of a query sequence & associated
 substitution matrix for searching the databases 

›  Position-specific score matrix generated from the output of a
 gapped Blast search, i.e., uses a profile or motif defined in
 the initial Blast search in place of a single query sequence
 and matrix for subsequent searches of the database 

›  Results in a database search “tuned” to the specific
 sequence characteristics of interest 

›  Good at finding remote homologs but contains no clustering
 information 

Extending our reach: Psi-Blast, etc. 
(Altschul et al., “Gapped Blast and PSI-Blast: A new generation of protein database search programs,” NAR 25:3389-3402, 1997) 
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Evaluation of sequence relationships using
 multiple alignments 

Multiple alignments provide more information than
 pairwise alignments 
›  Identification of conserved elements important to function 
›  Determination of the level and sites of variability across the

 members of subgroups/families/ superfamilies 

›  Many tools & compilations of pre-computed alignments
 available 
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BLASTP 2.0a19MP-WashU [05-Feb-1998] [Build decunix3.2 01:53:21 05-Feb-1998] 

Query= /phosphonatase/phosBc.gcg        (302 letters) 

Database:  swissprot 
           77,273 sequences; 27,815,109 total letters. 
                                                                     Smallest 
                                                                       Sum 
                                                              High  Probability 
Sequences producing High-scoring Segment Pairs:              Score  P(N)      N 

sp|P77247|YNIC_ECOLI HYPOTHETICAL 24.3 KD PROTEIN IN PFKB...   116  2.2e-05   1 
sp|O67359|GPH_AQUAE  PHOSPHOGLYCOLATE PHOSPHATASE (PGP)        106  0.00030   1 
sp|O06995|PGMB_BACSU PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BE...    97  0.0039    1 
sp|P31467|YIEH_ECOLI HYPOTHETICAL 24.7 KD PROTEIN IN TNAB...    94  0.0082    1 
sp|P44755|GPH_HAEIN  PHOSPHOGLYCOLATE PHOSPHATASE (PGP)         93  0.011     1 
sp|P54607|YHCW_BACSU HYPOTHETICAL 24.7 KD PROTEIN IN CSPB...    89  0.030     1 
sp|P32662|GPH_ECOLI  PHOSPHOGLYCOLATE PHOSPHATASE (PGP)         87  0.067     1 
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K
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P
P
P
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D
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I G L C T N K P V G A S R Q I L S L F - - - G L L E L F - -
I G S T T - - - - G Y T R E M M D I V A K E A A L Q G Y K P

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

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

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

~ 21% identical!

Example: poorly conserved homologs – haloacid dehalogenases 
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What is the range of divergence among the sequences you plan to
 align? 

pairwise % identity: 
Human CKM vs Torpedo california CKM = 84% 

. . . 

Example: highly conserved gene families – creatine kinase 
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Alignment of highly similar proteins 

Example: highly conserved gene families – creatine kinase 
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pairwise % identity: 
Human CKM vs Schistosoma guanidino kinase= 36% 

Example: highly conserved gene families – creatine kinase 

What is the range of divergence among the sequences you plan to
 align? 
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Alignment of highly similar proteins 

Example: highly conserved gene families – creatine kinase 

…and less similar proteins that are still homologous 
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Query= /phosphonatase/phosSt.gcg (255 letters) (10/20/99/pcb)
Database: /mol/seq/blast/db/swissprot 78,725 sequences; 28,368,147 total letters
 

Score     E
Sequences producing significant alignments: (bits)  Value

sp|O06995|PGMB_BACSU Begin: 93 End: 204 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 38 0.020
sp|P31467|YIEH_ECOLI Begin: 1 End: 180 HYPOTHETICAL 24.7 KD PROTEIN IN TNAB-BGLB I... 36 0.10
sp|O14165|YDX1_SCHPO Begin: 34 End: 201 HYPOTHETICAL 27.1 KD PROTEIN C4C5.01 IN CHR... 31 2.6
sp|P41277|GPP1_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 1 30 4.4
sp|Q39565|DYHB_CHLRE Begin: 3911 End: 4032 DYNEIN BETA CHAIN, FLAGELLAR OUTER ARM 29 7.6
sp|P77625|YFBT_ECOLI Begin: 143 End: 187 HYPOTHETICAL 23.7 KD PROTEIN IN LRHA-ACKA I... 29 10.0
sp|Q40297|FCPA_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
sp|P40853|GPHP_ALCEU Begin: 94 End: 188 PHOSPHOGLYCOLATE PHOSPHATASE, PLASMID (PGP) 29 13
sp|Q40296|FCPB_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
sp|P52183|ANNU_SCHAM Begin: 119 End: 168 ANNULIN (PROTEIN-GLUTAMINE GAMMA-GLUTAMYLTR... 29 13
sp|P40106|GPP2_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 2 28 17
sp|P37934|MAY3_SCHCO Begin: 435 End: 552 MATING-TYPE PROTEIN A-ALPHA Y3 27 29
sp|O06219|MURE_MYCTU Begin: 255 End: 371 UDP-N-ACETYLMURAMOYLALANYL-D-GLUTAMATE--2,6... 27 29
sp|P08419|EL2_PIG Begin: 182 End: 245 ELASTASE 2 PRECURSO 27 38
sp|Q11034|Y07S_MYCTU Begin: 163 End: 218 HYPOTHETICAL 69.5 KD PROTEIN CY02B10.28C 27 38
sp|P00577|RPOC_ECOLI Begin: 1290 End: 1401 DNA-DIRECTED RNA POLYMERASE BETA' CHAIN (T 27 38
sp|P32662|GPH_ECOLI Begin: 20 End: 49 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 38
sp|P32662|GPH_ECOLI Begin: 116 End: 224 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 28
sp|P32282|RIR1_BPT4 Begin: 239 End: 266 RIBONUCLEOSIDE-DIPHOSPHATE REDUCTASE ALPHA C... 27 50
sp|P17346|LEC2_MEGRO Begin: 36 End: 121 LECTIN BRA-2 27 50
sp|P54947|YXEH_BACSU Begin: 24 End: 51 HYPOTHETICAL 30.2 KD PROTEIN IN IDH-DEOR IN... 27 50
sp|P77366|PGMB_ECOLI Begin: 95 End: 190 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 27 50
sp|P30139|THIG_ECOLI Begin: 43 End: 79 THIG PROTEIN 27 50
sp|P95649|CBBY_RHOSH Begin: 96 End: 189 CBBY PROTEIN 27 50
sp|Q43154|GSHC_SPIOL Begin: 228 End: 327 GLUTATHIONE REDUCTASE, CHLOROPLAST PRECURSO... 26 66
sp|P34132|NT6A_HUMAN Begin: 191 End: 215 NEUROTROPHIN-6 ALPHA (NT-6 ALPHA) 26 66
sp|P34134|NT6G_HUMAN Begin: 115 End: 144 NEUROTROPHIN-6 GAMMA (NT-6 GAMMA) 26 66
sp|P95650|GPH_RHOSH Begin: 48 End: 114 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 26 66

Adding structural information  

Example: poorly conserved homologs – haloacid dehalogenases 
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Query= /phosphonatase/phosSt.gcg (255 letters) (10/20/99/pcb)
Database: /mol/seq/blast/db/swissprot 78,725 sequences; 28,368,147 total letters
 

Score     E
Sequences producing significant alignments: (bits)  Value

sp|O06995|PGMB_BACSU Begin: 93 End: 204 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 38 0.020
sp|P31467|YIEH_ECOLI Begin: 1 End: 180 HYPOTHETICAL 24.7 KD PROTEIN IN TNAB-BGLB I... 36 0.10
sp|O14165|YDX1_SCHPO Begin: 34 End: 201 HYPOTHETICAL 27.1 KD PROTEIN C4C5.01 IN CHR... 31 2.6
sp|P41277|GPP1_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 1 30 4.4
sp|Q39565|DYHB_CHLRE Begin: 3911 End: 4032 DYNEIN BETA CHAIN, FLAGELLAR OUTER ARM 29 7.6
sp|P77625|YFBT_ECOLI Begin: 143 End: 187 HYPOTHETICAL 23.7 KD PROTEIN IN LRHA-ACKA I... 29 10.0
sp|Q40297|FCPA_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
sp|P40853|GPHP_ALCEU Begin: 94 End: 188 PHOSPHOGLYCOLATE PHOSPHATASE, PLASMID (PGP) 29 13
sp|Q40296|FCPB_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
sp|P52183|ANNU_SCHAM Begin: 119 End: 168 ANNULIN (PROTEIN-GLUTAMINE GAMMA-GLUTAMYLTR... 29 13
sp|P40106|GPP2_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 2 28 17
sp|P37934|MAY3_SCHCO Begin: 435 End: 552 MATING-TYPE PROTEIN A-ALPHA Y3 27 29
sp|O06219|MURE_MYCTU Begin: 255 End: 371 UDP-N-ACETYLMURAMOYLALANYL-D-GLUTAMATE--2,6... 27 29
sp|P08419|EL2_PIG Begin: 182 End: 245 ELASTASE 2 PRECURSO 27 38
sp|Q11034|Y07S_MYCTU Begin: 163 End: 218 HYPOTHETICAL 69.5 KD PROTEIN CY02B10.28C 27 38
sp|P00577|RPOC_ECOLI Begin: 1290 End: 1401 DNA-DIRECTED RNA POLYMERASE BETA' CHAIN (T 27 38
sp|P32662|GPH_ECOLI Begin: 20 End: 49 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 38
sp|P32662|GPH_ECOLI Begin: 116 End: 224 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 28
sp|P32282|RIR1_BPT4 Begin: 239 End: 266 RIBONUCLEOSIDE-DIPHOSPHATE REDUCTASE ALPHA C... 27 50
sp|P17346|LEC2_MEGRO Begin: 36 End: 121 LECTIN BRA-2 27 50
sp|P54947|YXEH_BACSU Begin: 24 End: 51 HYPOTHETICAL 30.2 KD PROTEIN IN IDH-DEOR IN... 27 50
sp|P77366|PGMB_ECOLI Begin: 95 End: 190 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 27 50
sp|P30139|THIG_ECOLI Begin: 43 End: 79 THIG PROTEIN 27 50
sp|P95649|CBBY_RHOSH Begin: 96 End: 189 CBBY PROTEIN 27 50
sp|Q43154|GSHC_SPIOL Begin: 228 End: 327 GLUTATHIONE REDUCTASE, CHLOROPLAST PRECURSO... 26 66
sp|P34132|NT6A_HUMAN Begin: 191 End: 215 NEUROTROPHIN-6 ALPHA (NT-6 ALPHA) 26 66
sp|P34134|NT6G_HUMAN Begin: 115 End: 144 NEUROTROPHIN-6 GAMMA (NT-6 GAMMA) 26 66
sp|P95650|GPH_RHOSH Begin: 48 End: 114 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 26 6615% Identity 

Example: poorly conserved homologs – haloacid dehalogenases 

Adding structural information  
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›  map conserved elements of structure to conserved elements of
 function 
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›  experiment! 

Confirmation of relationships for biological insight 

Example: poorly conserved homologs – haloacid dehalogenases 



40!

www.rcsb.org/pdb 



Resources 
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Lecture & Workshop available online 
(http://www.rbvi.ucsf.edu/Outreach/Workshops/BayGenomics_traveling_tutorial/seqanalysis.html) 
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One-stop shopping 
http://193.62.197.151/services/services_tree.html 
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see http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi 
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Primary sequence/structure resources 
Entrez: Access site for multiple types of databases at NIH NCBI, including

 GenBank, GenPept, Gene, Genomces, SNPs, etc.
 http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi 

SwissProt: A highly curated protein sequence database       
 http://www.expasy.org/sprot/ 

Pfam: Pre-computed library of multiple sequence alignments and HMM*s
 for many protein domains (7316 families as of 1/04) http://pfam.wustl.edu/  

Superfamily: Pre-computed multiple sequence alignments & HMMs based
 on 1539 structural superfamilies associated with the SCOP hierarchy
 (see below),                 http://supfam.mrc-lmb.cam.ac.uk/SUPERFAMILY/ 

Protein Data Bank: The repository of all publicly available 3D structures
 http://www.rcsb.org/pdb/Welcome.do 

SCOP (Structural Classification of Proteins): Compilation of publicly
 available 3D structures organized hierarchically by fold, superfamily,
 family http://scop.mrc-lmb.cam.ac.uk/scop/ 

MODBASE: A database of structural models (3,094,524 reliable models or
 PSI-BLAST fold assignments for domains in 1,094,750 proteins)       
 http://modbase.compbio.ucsf.edu/modbase-cgi-new/search_form.cgi 

 *HMM = Hidden Markov model, as used for sequence analysis: A probabilistic model used to align and analyze
 sequence datasets by generalization from a sequence profile  



Tools 
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Note: Searching any genomics database with either a nucleic acid or
 protein sequence requires  specific formats that the resource software
 can recognize 

–  Most common: Fasta format (for more information, see
 http://www.ncbi.nlm.nih.gov/BLAST/fasta.shtml) 

–  Many others, including plain text 

>gi|8051613|ref|NM_000527.2| Homo sapiens low density lipoprotein receptor (familial
 hypercholesterolemia) (LDLR), mRNA 
GCCCCGAGTGCAATCGCGGGAAGCCAGGGTTTCCAGCTAGGACACAGCAGGTCGTGATCCGGGTCGGGAC 
ACTGCCTGGCAGAGGCTGCGAGCATGGGGCCCTGGGGCTGGAAATTGCGCTGGACCGTCGCCTTGCTCCT 
CGCCGCGGCGGGGACTGCAGTGGGCGACAGATGTGAAAGAAACGAGTTCCAGTGCCAAGACGGGAAATGC 
ATCTCCTACAAGTGGGTCTGCGATGGCAGCGCTGAGTGCCAGGATGGCTCTGATGAGTCCCAGGAGACGT 
GCTTGTCTGTCACCTGCAAATCCGGGGACTTCAGCTGTGGGGGCCGTGTCAACCGCTGCATTCCTCAGTT 
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>  Local alignment methods identify ordered series of motifs, then aligns
 the intervening regions 

>  Examples: MACAW, PIMA 

>  Global alignment methods construct an alignment throughout the
 length of the entire sequence   

>  Examples:  Pileup, Clustal family, MSA 

>  HMMs & profile methods generate a profile or position-specific scoring
 system based on the liklihood of seeing a particular residue at a given
 position 

>  T-Coffee attempts to combine the best of both local and global
 alignments 

>  MUSCLE combines tree-building with progressive global alignments &
 profile methods - fast becoming the method of choice in the field 

Multiple alignment tools 
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Tools for working with 3D structures 

Structure comparison 
›  Fold-based 

–  Combinatorial Extension algorithm (CE); server available at
 http://cl.sdsc.edu/  

–  Dali algorithm (pre-computed comparisons in FSSP DB); server
 at http://www.ebi.ac.uk/dali/ 

›  Active-site templates 
–  Fuzzy Functional forms, SPASM, JESS 

Structure visualization/mapping to sequence info 
›  Evolutionary Trace (no really good automated servers yet

 available) 
›  Chimera - structural visualization software developed at

 UCSF, free download at http://www.cgl.ucsf.edu/chimera/ 
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›  Most commonly used implementation in a family of programs
 using profile-based progressive alignment 

›  Access: http://www2.ebi.ac.uk/clustalw/ 
›  Permits user adjustment of many parameters for both the

 pairwise and multiple alignment stages 
›  Computes position-specific gap opening and extension penalties

 as the alignment proceeds, e.g., varies parameters at different
 positions 

›  Uses different weight matrices for different alignments 
›  Allows addition of new sequences to an existing alignment

 without recomputing the entire alignment (recomputes weights) 
›  Alternate version, ClustalX, provides a windows interface for

 ClustalW   

 *"W" stands for "weighting" the sequences to correct for unequal sampling of sequences
 from different evolutionary distances 

Multiple alignment program: ClustalW* 
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Evolutionary Trace 

Takes advantage of the larger context provided by a family-based
 view of proteins to improve the accuracy of binding site
 determination 

Uses sequence-based clustering of related proteins to distinguish
 class-specific differences in ligand binding determinants across
 a particular family or superfamily of proteins.  

The sequence information derived from multiple alignments and
 phylogenetic clustering is leverage by mapping class specific
 patterns likely to be functionally important onto three
 dimensional structures and models 

see papers by Lichtarge, O and Joachimiak MP & Cohen FE,
 “JEvTrace: refinement and variations of the evolutionary trace
 in JAVA,” Genome Biol. 3:(12), Epub 2002 Nov. 26 
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1. Select nodes 2. Select conserved or  
class conserved regions 

3. Map selections to structure  
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Statistical Significance 
For searching large DBs, the ONLY criteria available to judge the likelihood

 of an evolutionary relationship between 2 sequences is an estimate of
 statistical significance 
›  to determine if the alignment score has statistical meaning,

 compare it with the score generated from the alignment of  random
 sequences  

›  a model of random sequences is needed 
–  simplest: choose the amino acid residues in a sequence independently,

 with background probabilities 

Twilight zone 
›  <25% identity (Doolittle) 
›  better rule of thumb 

–  <3 SD = not statistically significant 
–  3-6 SD =  twilight zone  
–  >6 SD = statistically significant 
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