TITLE: Normalized Location Representation

Author: Brian King (bking@animorphics.net)

Date: 30 May, 2002

1 Introduction

A computationally annotated genome database could contain several billion annotations with associated sequence locations.  Creating a reliable system of interacting applications on such a database requires that the location data itself be reliable.  For data to be reliable it must not be unexpectedly  inconsistent.  It is generally desirable to have data structures (entities) whose attributes are normalized.  The aspect of nomalization we stress here is functional independence, that is to say “you can change one attribute without having to change any others”.  Normalized entities require no programming logic to keep the data self-consistent. Any change to an attribute that is consistent with its type result in a self-consistent structure.   In this sense traditional sequence location representations are not normalized.  When entities are not normalized it is up to the application implementers to create the necessary programming logic to maintain data consistency.  It is better to design data structures that exclude inconsistencies, so we propose here a normalized representation for sequence locations.

2 Traditional Representation

Definite sequence locations would usually be represented with a start and end position where the end position being before the start position indicates a location on the complement strand.  Consider two types of operations on this data structure that might be required when curating an annotation:

1. Change start or end position of feature

2. Change strand of feature

Using the traditional location data structure we can not change the start position without changing both the start and end attributes if we want to preserve the length, and we can not change the strandedness without changing both start and end.  The usual location representation is not normalized which means that data consistency is the responsibility of the application logic.

Additional difficulties are often introduced by the use of other symbols in the “start” and “end” attributes.  Various life science databases and bioinformatics algorithms may use negative numbers, zeros, blanks or even poorly defined textual descriptions to represent positions, errors, or other position related information.  Building a reliable computational analysis system on such open-ended representations is unlikely. 

3 Normalized Representation

For the simplest case of definite locations, we propose a normalized representation having the attributes start, length and orientation.  Start and length are defined to be positive integers, and orientation is an enumeration with values “+”, “-“, or “none”.  In this representation transformations change attributes independently.  Position changes without affecting length, length changes without affecting start position, and strand changes without affecting start or length.  It is easier to check for data consistency because the attributes are independent.

4 Proposed XML Schema

The proposed location structure is defined using XML Schema to take advantage of its rich data typing.  Specifically start and length are required positive integers, which excludes error conditions such as blanks, zeros, and negative numbers.

         <!-- common attributes -->

    <xsd:attribute name="start" type="xsd:positiveInteger"/>

    <xsd:attribute name="length" type="xsd:positiveInteger"/>

    <xsd:attribute name="orientation">

      <xsd:simpleType>

        <xsd:restriction base="xsd:string">

          <xsd:enumeration value="+"/>

          <xsd:enumeration value="-"/>

          <xsd:enumeration value="none"/>

        </xsd:restriction>

      </xsd:simpleType>

    </xsd:attribute>

    <!-- location definition -->

    <xsd:complexType name="location">

      <xsd:annotation>

        <xsd:documentation>A contiguous region of sequence.</xsd:documentation>

      </xsd:annotation>    

      <xsd:attribute ref="start"  use="required">

        <xsd:annotation>

          <xsd:documentation>the start position in the container coordinate system.</xsd:documentation>

        </xsd:annotation>

      </xsd:attribute>       

      <xsd:attribute ref="length" default="1" />

      <xsd:attribute ref="orientation" use="optional">

         <xsd:annotation>

           <xsd:documentation>indicates the orientation within the sequence</xsd:documentation>

         </xsd:annotation>                  

      </xsd:attribute>      

    </xsd:complexType>

5 Issues

Non-stranded locations

