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What can XRT do? 

 XRT is designed to allow biologists 
to publish their data on the Internet 
with only minimal knowledge of 
database usage. 

 The source data can be very simple 
or fairly complex. 



What can XRT do? (Example 1: mutation data) 

Source data: mutation information of EPM2A gene 



What can XRT do? (Example 1: mutation data) 

 Convert the spreadsheet into XRT format 
using excel_to_xrt.pl. 

 Load XRT table into a relational database 
(eg MySQL) using bulk_load_xrt.pl. 

 Create a configuration file for TBrowse, one 
of the XRT web-based presentation tools. 

 Browse or search for data of interest using 
TBrowse. 



What can XRT do? (Example 1: mutation data) 



What can XRT do? (Example 1: mutation data) 

The TBrowse control panel allows site visitors to search for keywords and 
filter results by column values to obtain data of interest. 



What can XRT do? (Example 1: mutation data) 



What can XRT do? (Example 2: Locus Link data) 

 In order to highlight the capacity of XRT to 
host fairly large datasets with complex 
relationships, we build a demo XRT 
database which contains the entire NCBI 
Locus Link data. 
 

 Gene expression data from UCSC was 
integrated as well to show XRT’s flexibility. 



What can XRT do? (Example 2: Locus Link data) 

 Accessible at 
http://projects.tcag
.ca/xrt/locuslink 

 The given query 
example shows 
how to get the 
human genes on 
chromosome 7 p 
arm related with 
cell motility 



What can XRT do? (Example 2: Locus Link data) 

 Query result: 



What can XRT do? (Example 2: Locus Link data) 

 Detailed information is shown by XView, the 
other presentation tool of XRT. 



Why XRT? 

 The Internet is the ideal medium for publishing and 
sharing information. 

 More and more biologists need to create their own 
online databases to facilitate information sharing 
with their research communities. 

 XRT database platform aims to provide a reusable 
tool for biologists to build such databases without 
“in-house” development or duplication of effort. 

 XRT’s web tools provide major common 
functionalities of online databases, such as 
keyword search, advanced querying, fast retrieval 
and persistent referencing. 



Why XRT? (some real applications) 

 The Human Chromosome 7 Annotation Project. 
(http://www.chr7.org) 

 The Genome Segmental Duplication Project. 
(http://projects.tcag.ca/humandup and /xenodup) 

 The Autism Chromosome Rearrangement Database. 
(http://www.chr7.org/autism) 

 The Database of Genomic Variants. 
(http://projects.tcag.ca/variation) 

 The Lafora Mutation and Polymorphism Database. 
(http://projects.tcag.ca/lafora) 



What makes XRT different? 

 XRT is generally applicable to any textual 
information, and the majority of the 
biological data consists of free text. 

 High flexibility is the most important 
feature XRT provides; also it’s the feature 
most often requested by biological 
databases. 

 XRT is a simple file schema which is easy 
to understand and prepare. 



What is XRT? 

 Cross-Referenced Tables (XRT) is a simple file 
schema which encapsulates data in an object 
hierarchy with arbitrary attributes and relationships. 

 XRT organizes data into different classes (e.g. 
gene,  mutation, disease etc); each class has many 
attributes to describe the properties of its elements. 
Three attributes (ID, P_ID, C_ID) have special 
meaning to the system. The ID field (mandatory to 
all elements) stores the unique identifier of each 
element; P_ID / C_ID are used for more complex 
parent / child relationships between elements. 



Source data: 

What is XRT? (Example 1: mutation data) 

 
 
 

XRT format (one class, file name: Mutation.xrt): 
 
ID             MutationType   NucChange        aaChange   Region              MutationPolymorphism        MutFreq    References 
MT0001   substitution       c.-47G>A                               5' UTR\texon 1  Polymorphism 
MT0002   substitution       c.14T>C              F5S            exon 1               Mutation associated ….       2               unpublished …. 
MT0003   deletion            c.43-157del115   G15fs          exon 1               Mutation associated ….       1               Ianzano L et al…. 
…… 
 
 XRT table is just a tab-delimited flat file with column headers. 
 The XRT table above shows 3 elements (or data entries) in 

the Mutation class. Each element has 8 attributes, the first line 
specifies the attribute names, while the following lines contain 
the actual attribute values for elements. Unique identifiers 
have been assigned for all elements. 



Source data (in file LL_tmpl.gz, from NCBI): 
>>9844 
LOCUSID: 9844 
LOCUS_CONFIRMED: yes 
LOCUS_TYPE: gene with protein product, function known or inferred 
ORGANISM: Homo sapiens 
STATUS: REVIEWED 
NM: NM_014800|18765699|na 
NP: NP_055615|18765700 
CDD: pfam04727: Protein of unknown function, DUF609|17522|331|na|1.315390e+02 
CDD: KOG2999: Regulator of Rac1, required for phagocytosis and cell migration [Signal transduction mechanisms]|20784|1043|na|4.058930e+02 
PRODUCT: engulfment and cell motility 1 isoform 1 
TRANSVAR: Transcript Variant: This variant (1) encodes the longer isoform of this protein. 
ASSEMBLY: AF398885,AL136787,BC003051 
NM: NM_130442|18765701|na 
NP: NP_569709|18765702 
CDD: KOG2999: Regulator of Rac1, required for phagocytosis and cell migration [Signal transduction mechanisms]|20784|1043|na|4.058930e+02 
PRODUCT: engulfment and cell motility 1 isoform 2 
TRANSVAR: Transcript Variant: This variant (2) includes a unique exon in its 5' end, resulting in use of a downstream in-frame start 
 codon as compared to variant 1. Isoform 2 is 480 aa shorter than isoform 1. 
ASSEMBLY: BC003051 
CONTIG: NT_007819.14|37538470|na|36186449|36780587|-|7|reference 
EVID: supported by alignment with mRNA 
........ 

What is XRT? (Example 2: Locus Link data) 



Source data (in well-structured format): 

What is XRT? (Example 2: Locus Link data) 
• Class: Locus 
ID 
LocusLinkID 
Organism 
RefseqStatus 
GeneName 
PudMed 
OMIM 

• Class: RefSeq 
ID 
P_ID/Locus 
Refseq 
TransVariant 
SourceSeq 
ProtAccess 
ProtProduct 

• Class: ProtDomain 
ID 
P_ID/RefSeq 
Name 
Accession 
Score 



XRT classes 

What is XRT? (Example 2: Locus Link data) 
• Class: RefSeq 
ID 
P_ID/Locus 
Refseq 
TransVariant 
SourceSeq 

• Class: ProtDomain 
ID 
P_ID/RefSeq 
Name 
Accession 
Score 

File: Locus.xrt 
ID                 LocusLinkID      Organism            RefseqStatus       GeneName      PubMed                        OMIM 
LL009844     9844                 Homo sapiens     REVIEWED          ELMO1           14702039\t14638695     606420  

• Class: Locus 
ID 
LocusLinkID 
Organism 
RefseqStatus 
GeneName 
PudMed 
OMIM 

File: RefSeq.xrt 
ID                     P_ID/Locus      Refseq              TransVariant                                                          SourceSeq 
_RS0002328    LL009844         NM_014800     This variant (1) encodes the longer isoform …...    AF398885\tAL136787 
_RS0002329    LL009844         NM_130442     This variant (2) includes a unique exon in ……      BC003051 

File: RefSeq.protein.xrt 
ID                       ProtAccess          ProtProduct 
_RS0002328      NP_055615         engulfment and cell motility 1 isoform 1 
_RS0002329      NP_569709         engulfment and cell motility 1 isoform 2 

File: ProtDomain.xrt 
ID                          P_ID/RefSeq         Name                                                                       Accession        Score 
_PD00023452       _RS0002328         pfam04727: Protein of unknown function ……         17522              331 
_PD00023453       _RS0002328         KOG2999: Regulator of Rac1, required for ……      20784              1043 
_PD00023454       _RS0002329         KOG2999: Regulator of Rac1, required for ……      20784              1043 

• Class: RefSeq 
ID 
P_ID/Locus 
Refseq 
TransVariant 
SourceSeq 
ProtAccess 
ProtProduct 

XRT tables 



What is XRT? (Example 2: Locus Link data) 

• Class: RefSeq 
ID 
P_ID/Locus 
TransVariant 
SourceSeq 
ProtProduct 

• Class: ProtDomain 
ID 
P_ID/RefSeq 
Name 
Accession 
Score 

• Class: Locus 
ID 
LocusLinkID 
Organism 
RefseqStatus 
GeneName 
PudMed 
OMIM 

• Class: LinkButton 

• Class: GO_function 

• Class: ExternalDB 

• Class: RefSeq 
ID 
RefSeq_NM 

• Class: RefSeq 
ID 
RefSeq_NP 

• Class: GenomeAnnotation 

• Class: Annotation 
• Class: GenomeAnnotation 
ID 
Contig 

• Class: GenBank 

• Class: GenBank 
ID 
NucSeq 

• Class: GenBank 
ID 
ProtSeq 

• Class: STS 

• Class: GO_process 

• Class: GO_component 

• Class: Phenotype • Class: GenExpression 
ID 
P_ID/Locus 
GenBank_mRNA 
Affy_probe 
Tissue_1 
Tissue_2 
…. 

18 XRT tables representing 14 classes in 3 levels 



What makes XRT generally applicable and flexible? 
 

 The cross-referenced tables can be converted into a uniform vertical format. 
 Adding new classes and/or new attributes will not change the structure of 

the vertical table.  
 Data in the vertical table can later be converted back to a human readable 

table which integrates the original cross-referenced tables.  



What makes XRT generally applicable and flexible? 
  XRT tables are stored in a generalized database. 
 The generalized database is capable of storing arbitrary data 

items by simply adding new attributes and/or new classes. 



How does the XRT system work? (Typical workflow) 

 Prepare your data in XRT format. 
 Load XRT tables into a database using provided tools. 
 Define output table for TBrowse. 
 Define view for XView (only needed for complex data). 
 Explore the data in TBrowse and XView. 
 Revised XRT tables (eg. new data type added) can be reloaded. 



How does the XRT system work? (Defining table for TBrowse) 
 A typical configuration file for TBrowse: 

xrt_db        = chr7annotation 
host           = localhost 
user           = username 
pass          = password 
 
[TCAG_Gene] 
view_id       = V0001 
title              = TCAG annotated genes on chromosome 7 
main_class = Gene 
Column1.    = 0::ID::Gene ID::/cgi-bin/geneview?id=* 
Column2.    = 0::Class 
Column3.    = 0::Symbol 
Column4.    = 0::HGNC Symbol 
Column5.    = LocusLink::Name::Gene Name 
Column6.    = LocusLink::LL ID::Locus Link ID 
Column7.    = LocusLink::OMIM 
Column8.    = Transcript::ID::Transcript ID 
Column9.    = Transcript::Source Seq::Source Sequence  

 

 Nine attributes from three related classes 
get integrated into a single output table. 



How is XRT related to biological database integration? 

 XRT is not attempting to provide a data 
warehousing approach for integrating biological 
databases. 

 If more data providers can use generic data 
models,  like XRT, integration would be simpler. 

 An in-development XRT SOAP server will provide 
a program-friendly interface to facilitate 
integration between distributed XRT databases. 

 In the future XRT will provide tools for exporting 
to BioMOBY to automate integration and 
publishing. 



What’s next for XRT? 

 The ability to handle images. 
 Plug-in modules that provide more flexibility to 

visualize the data in a user-defined manner. 
 A web interface allowing users to update, insert, 

and remove records from a XRT database. 
 A maintenance tool that provides an interface to 

maintain all the XRT tables, and enforcement of 
the cross-references. 

 Performance enhancements.  
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