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Evaluation of Search Algorithms
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Evaluation of Search Algorithms with
Receiver-Operator Characteristic Curve
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Pyruvate Dehydrogenase E1 Family (EC 1.2.4.1) 
http://uniprot.org/

http://uniprot.org/
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Decypher Home Page
http://decypher.stanford.edu/

http://decypher.stanford.edu/
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Decypher Search Input
http://decypher.stanford.edu/

http://decypher.stanford.edu/
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Vary the Similarity Threshold
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General DNA Similarity Search Principles

• Search both Strands
• Translate ORFs and cDNAs
• Use most sensitive search possible

– UnGapped BLAST for infinite gap penalty (PCR & CHIP 
oligos)

– Gapped BLAST for most searches
– Smith Waterman or megaBLAST or discontinuous 

MegaBLAST for cDNA/genome comparisons
– cDNA =>Zero gap-length penalty 
– Consider using transition matrices
– Ensure that expected value of score is negative

• Examine results with exp. between 0.05 and 10
• Reevaluate results of borderline significance using 

limited query

http://creativecommons.org/licenses/by/3.0/


General Protein Similarity Search Principles

• Chose between local or global search algorithm
• Use most sensitive search algorithm available

– Original BLAST for no gaps
– Smith-Waterman for most flexibility
– Gapped BLAST for well delimited regions
– PSI-BLAST for families
– Initially BLOSUM62 and default gap penalties
– If no significant results, use BLOSUM30 and lower gap penalties

• Examine results between exp. 0.05 and 10 for biological 
significance

• Beware of long hits or those with unusual amino acid 
composition

• Reevaluate results of borderline significance using 
limited query

http://creativecommons.org/licenses/by/3.0/


Goals of Multiple Sequence Alignment

• Determine Consensus Sequences
– Prosite Patterns

• Building Gene Families
– InterPro, Prints, ProDom, pFAM, DOMO, COGs, KOGs

• Develop Relationships & Phylogenies
– Clusters, COGs, KOGs, ClusTR
– Relationships
– Evolutionary Models
– UPGMA, Neighbor Joining, Phylip, GrowTree, PAUP

• Model Protein Structures for Threading and Fold Prediction
– Profiles, Templates, HSSP, FSSP, SwissModel
– Hidden Markov Models, pFAM, SAM, SuperFamily
– Network Models, Neural Nets, Bayesian Networks
– Statistical Models, Generalized Linear Models

http://creativecommons.org/licenses/by/3.0/


Consensus Sequence From a
Multiple Sequence Alignment

http://creativecommons.org/licenses/by/3.0/


Block Maker  Makes a Multiple Sequence Alignment 

http://blocks.fhcrc.org/blocks/blockmkr/make_blocks.html
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NLKGFMIGNA 
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PLLLWLNGGPGCSSIGYGASEEIG
PLVLWFNGGPGCSSVGFGAFEELG
PLMIWLTGGPGCSGLSSFVYEIGP
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PLLLWLSGGPGCSSLTGLLFENGP
PLVLWLNGGPGCSSVAYGAAEEIG
PVVIWLTGGPGCSSELALFYENGP
PLVIWFNGGPGCSSLGGAFKELGP
PLVIWFNGGPACSSLGGAFLELGP
PLVLWLNGGPGCSSLYGAFQELGP
PLVLWLNGGPGCSSIAYGASEEVG
PLTLWLNGGPGCSSVGGGAFTELG
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TVKQWSGYMDYKDS
GVNQYSGYLSVGSN
SFAHYAGYVTVSED
DFAQYAGYVTVDAA
DLGHHAGYYKLPKS
SVESYSGFMTVDAK
GVKSYTGYLLANAT
NFKQYSGYYNVGTK
NFKSYSGYVDANAN
NFKHYSGFFQVSDN
DFFHYSGYLRAWTD
TVKQYTGYLDVEDD
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Sequence Profiles
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=hmmerpfam

http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=hmmerpfam
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SeqWeb Sequence Profile Search
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=hmmerpfam
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Hidden Markov Models
http://www.cse.ucsc.edu/research/compbio/sam.html

AA1 AA2 AA3 AA4 AA5 AA6

I 1 I 2 I 3 I 4 I 5
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Evolutionary Trees
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Challenges Aligning Multiple Sequences

• Computational complexity O(nk) for k sequences n long
• Space requirements O(nk) for k sequences n long
• Sequence clusters require weighting function
• Weighted alignments tend to overweight erroneous sequences
• Approximations must be used for real world data

– Linked lists used to find exact words shared between k 
sequences

– BLAST can find inexact shared words between k sequences
– FASTA can be used to do progressive pair-wise alignments
– HMM Pair models find best overall alignment probabilistically

• Pairwise comparisons followed by Progressive Alignments
• Final alignment is often dependent on order data presented
• Gaps make alignment unnaturally long

http://creativecommons.org/licenses/by/3.0/


Three Protein Alignment
(Murata, Richardson & Sussman)

http://creativecommons.org/licenses/by/3.0/


One Pairwise Alignment from the
Three-Way Alignment
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All Pairwise Alignments from the
Three-Way Alignment
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Carrillo-Lipman Limits for  MSA
http://searchlauncher.bcm.tmc.edu/multi-align/multi-align.html

http://searchlauncher.bcm.tmc.edu/multi-align/multi-align.html
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Clustal Progressive Alignment (Step 1)

http://creativecommons.org/licenses/by/3.0/


Clustal Progressive Alignment (Step 2)

http://creativecommons.org/licenses/by/3.0/


DNPYIVRMIGICEAE-SWM
DHPNIIRLEGVVTKSRPVM

DNPYIVRMIGICEAESWM
QHPRLVRLYAVVTQEPIY

 DNPYIVRMIGICEAE-SWM
 DHPNIIRLEGVVTKSRPVM

 DNPYIVRMIGICEAESWM
 QHPRLVRLYAVVTQEPIY

SEQ2: MQQL-DNPYIVRMIGICEAE-SWM
SEQ4: MKMIGKHKNIINLLGACTQDGPLY

SEQ2: MQQL
SEQ1: MGQF

SEQ2: MQQL
SEQ3: MKQL

 SWM
 PIY

Gaps Are Propagated To Make Alignment
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Clustal Procedure
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Clustal Dendrogram
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Clustal Globin Alignment
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ClustalW Step 1: BLOSUM Distance Matrix
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ClustalW Step 2: Dendrogram
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ClustalW Sequence Weighting
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ClustalW Residue Specific Gap Penalties
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Position Specific Gap Penalties
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ClustalW Step 3: Progressive Alignment
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T-Coffee Procedure
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Regular Progressive Alignment
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T-Coffee Primary Alignment Library

http://creativecommons.org/licenses/by/3.0/


T-Coffee Extended Alignment Library
and Progressive Alignment

http://creativecommons.org/licenses/by/3.0/


Comparison of T-Coffee to Other MSAs
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MUSCLE
Edgar (2004)  NAR 32, 1792-1797

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15034147
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MUSCLE
Edgar (2004)  NAR 32, 1792-1797
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MUSCLE BaliBase Test
Edgar (2004)  NAR 32, 1792-1797
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ProbCons
Do, et al. Genome Research 15, 330-340

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=1568729
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ProbCons
Do, et al. Genome Research 15, 330-340

• Step 1: Compute posterior probability matrices of 
each pair of aligned sequences from the pair-
HMM model

• Step 2: Compute expected accuracies of pairwise 
alignments.

• Step 3: Probabilistic Consistency Transformation
• Step 4: Calculate Guide Tree using UPGMA from 

measure of similarities of sequence pairs
• Step 5: Progressive alignment
• Step 6: refinment by dividing sequences into two 

groups and re-align.  Repeat multiple times.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=1568729
http://creativecommons.org/licenses/by/3.0/


ProbCons
Do, et al. Genome Research 15, 330-340
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ProbCons
Do, et al. Genome Research 15, 330-340
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ProbCons
Do, et al. Genome Research 15, 330-340
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SeqWeb ClustalW
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=clustalw-prot
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SeqWeb ClustalW MSA Parameters
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=clustalw-prot
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SeqWeb ClustalW Alignment
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=clustalw-prot
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SeqWeb ClustalW Text Output
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=clustalw-prot
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SeqWeb Pileup Input
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pileup-prot

http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pileup-prot
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SeqWeb Pileup Input
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pretty-prot

http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pretty-prot
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SeqWeb Pileup Dendrogram
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pileup-prot
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SeqWeb Pretty Input
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pretty-prot

http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pretty-prot
http://creativecommons.org/licenses/by/3.0/
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pretty-prot


SeqWeb Pretty Alignment and Consensus
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pileup-prot
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Decypher ClustalW Input
http://decypher.stanford.edu/
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Decypher ClustalW Results
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Decypher ClustalW Results
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ClustalW @ EBI Input
http://www.ebi.ac.uk/clustalw/
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ClustalW @ EBI Results
http://www.ebi.ac.uk/clustalw/
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ClustalW @ EBI Results
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