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Goal: To search PDB using only sequence 
and structural information
Challenges: Speed and accuracy of 
search,  data storage and maintenance

Analog Query Service

Requirements

• Definition of structural similarity
• Alignment algorithm to maximize similarity
• Database of alignments for known structures 
• Software to integrate database and query tools
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Structural similarity defined by the 
Number of Equivalent Residues (NER)
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Standley D, Toh H, Nakamura H. Proteins 2004;57:381-391

• Can be maximized for a given alignment by optimizing 
superposition or for a given superposition by optimizing alignment.

• Scales linearly with the number of aligned residues

1. Robust NER maximization
2. Both alignment and 

superposition optimized
3. HTTP and SOAP interface
4. CPU time similar to Dali, CE
5. Finds multiple solutions 

GASH: Genetic Alignment of
Structural Homologs

http://www.pdbj.org/GASH/

Standley D, Toh H, Nakamura H. BMC Bioinformatics 2005; 6:221
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GASH Flowchart
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GASH Interface

To start GASH, enter a pair of PDB IDs 
or PDB formatted files

All alignments satisfying the 
selection criteria will be displayed

The 3D coordinates for each solution
can be downloaded or viewed online

SOAP service allows command 
line interaction from a remote 

computer
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Alignment Accuracy

GASH compares favorably with CE and DaliLite

10994514255108986260601161047075663102374Ave.

15614063777416314776998216815185108862404111sftB

16615172868217315580107851791619211391563691obaA

1028638524510088506350108955984563202981kyqB

343341326242743433413282427634334132824277134541e03L

1021019415831011019615841021019716854851401bww

108975424581049563336010599793268234161udyA

705118122683764791458778558849253031r6fA

13511653716213611968846814412674101723084221nvbB

7558222030685731293283714660434953851gqeA

11098585262107101688966117110819774162441dwuA

106863451441059251855211810056108565307091bgw

1169640754912611969157691321217514971322531u02A

7760241731776638323878695130442351741qgtB

130128111131011301291151510313112911819104651841mniA

13611550806214312767121731431277512175972931frvA

1541326963731491307211073170148921408612411041bxrA

847949384985805447518479594653382081ab8A

N6N4N2GpNERN6N4N2GpNERN6N4N2GpNERNtmpNresID

CEDaliLiteGASHQuery

61286010741bxrA

4525406801bgw

1822224241e03L

2316253921nvbB

2412143861udyA

2422253811sftB

2210153551gqeA

2423273391obaA

17572731r6fA

2010152681kyqB

1810142631frvA

1910132231u02A

189132141dwuA

15351781ab8A

13441541mniA

17671441qgtB

13441101bwwA

CEDaliLiteGASH  NresID

CPUAverageQuery

Alignment Timing

GASH, CE and DaliLite speed are similar
for structures < 500 residues
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Structure Navigator 1.0 

•Stores alignments for PDB entries

•Returns neighbor list for any PDB ID 

•Alignments and structural superpositions can   

be downloaded or displayed

1. Rapidly generates structure 
neighbors for any PDB ID

2. Both Java and SOAP 
interfaces are available

3. Alignments are displayed in a 
readable format

4. 3D coordinates can be viewed 
or downloaded

Structure Navigator 1.0
Interface

http://pdbjs3.protein.osaka-u.ac.jp/strucnavi/
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Simple Object Access Protocol 
(SOAP) service

SOAP service allows command line interaction from a remote computer

Java Web interface

To start Web interface enter PDB ID

The input ID is mapped to 
a sequence representative

The structure neighbors
of this representative
have been computed
and stored on our server
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Results Sorted by NER Score

NER Alignment

The 3D coordinates 
can be downloaded
or viewed with PDBj 
Viewer or jV
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xPSSS Link

To learn more about a 
particular neighbor,
click the ID and the 
xPSSS page will appear

Sequence Navigator

1. Can search from PDB ID or 
sequence

2. Java and SOAP interfaces
3. Superpositions computed by 

both RMSD minimization and 
NER maximization

4. 3D coordinates can be viewed 
or downloaded

http://pdbjs3.protein.osaka-u.ac.jp/seqnavi/
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Superpositions are computed by both RMSD 
minimization and NER maximization

A BLAST search is performed on a 
representative set of PDB sequences
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Each hit can be used as input for a new query

Analog Query Server

• Real-Time structure alignment

• Select best match from list of templates

• Infer remaining matches using Structure

Navigator 1.0
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Real-time structural alignment
Conventional Structural Alignment Programs too slow:

Assume 3000 representative templates, 15 sec/alignment
Query time = 15 sec X 3000 alignments = 12.5 Hrs!

Rapid ASH
• Less than .5 sec per structure alignment
• Nearly as accurate as GASH
• More robust NER maximization than FAST 

program (Zhu J and Weng Z Proteins 2005 58:3)

Comparison between Rapid ASH and FAST for 1500 structure pairs

Accuracy CPU Time
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Rapid ASH Flowchart

Initial        
Alignments

Parse Distance Matrix

Sub   
Alignments

Maximize NER

Best Unique 
Superpositions

Cross Alignments

Hybrid 
Alignments

Local ASH

1. Rapidly generates structure 
neighbors for any structure

2. BLAST search option
3. Choose between Optimized 

ASH or FAST programs
4. Domain or structure-based 

alignment options

Structure Navigator-RT
beta-version

http://www.pdbj.org/cgi-bin/run_algn_strucx.cgi
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Templates are initially ranked by the “structural descriptor”
distance  then aligned in order by Rapid ASH 

Template Ranking
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BLAST hits appear as a separate link

BLAST Results

Alignments appear as separate links

NER Alignment
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Coverage better than Structure Navigator 1.0
NER scores returned using SN 1.0  (blue) and SN-RT (red) for 4 PDB queries

Summary

•GASH, Structure Navigator 1.0 and Sequence  
Navigator are the foundation of analog query server

Rapid ASH derived from GASH

Structure Navigator-RT derived from Structure  
Navigator 1.0 and Sequence Navigator

•Structure Navigator-RT not limited to PDB queries

•Larger coverage than Structure Navigator 1.0
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