
http://genomebiology.com/2000/1/5/research/0010.1

co
m

m
ent

review
s

repo
rts

depo
sited research

interactio
ns

info
rm

atio
n

refereed research

Research
Accessing and distributing EMBL data using CORBA (common
object request broker architecture)
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Abstract

Background: The EMBL Nucleotide Sequence Database is a comprehensive database of DNA
and RNA sequences and related information traditionally made available in flat-file format. Queries
through tools such as SRS (Sequence Retrieval System) also return data in flat-file format. Flat files
have a number of shortcomings, however, and the resources therefore currently lack a flexible
environment to meet individual researchers’ needs. The Object Management Group’s common
object request broker architecture (CORBA) is an industry standard that provides platform-
independent programming interfaces and models for portable distributed object-oriented
computing applications. Its independence from programming languages, computing platforms and
network protocols makes it attractive for developing new applications for querying and
distributing biological data.

Results: A CORBA infrastructure developed by EMBL-EBI provides an efficient means of
accessing and distributing EMBL data. The EMBL object model is defined such that it provides a
basis for specifying interfaces in interface definition language (IDL) and thus for developing the
CORBA servers. The mapping from the object model to the relational schema in the underlying
Oracle database uses the facilities provided by PersistenceTM, an object/relational tool. The
techniques of developing loaders and ‘live object caching’ with persistent objects achieve a smart
live object cache where objects are created on demand. The objects are managed by an evictor
pattern mechanism.

Conclusions: The CORBA interfaces to the EMBL database address some of the problems of
traditional flat-file formats and provide an efficient means for accessing and distributing EMBL data.
CORBA also provides a flexible environment for users to develop their applications by building clients
to our CORBA servers, which can be integrated into existing systems.
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Results and discussion
EMBL object data model
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Figure 1
The database partitioning. The database is divided into five
main packages: Sequence Info, all general information about
sequences; Feature Info, detailed sequence annotation;
Reference Info, bibliographic references; Taxonomy Info, the
taxonomy of the organisms from which the sequences were
obtained; Location Info, representing locations on sequences.
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Figure 2
Sequence Info. This package defines class BioSeq, which represents biological sequences, and class SeqInfo, which describes
general information about these sequences. The administrative data associated with database entries are defined in EntryInfo.
The biological classes of sequence NSDBSeq, which is for nucleotide sequences, and PIDSeq, which is for protein sequences,
are subclasses of BioSeq. VirtualSeq and PhysicalSeq are storage classes of sequence, that is, virtual or literal.

NSDBSeq

molecule : MoleculeCV
topology : TopologyCV
/ aCount : long
/ gCount : long
/ cCount : long
/ tCount : long
/ otherCount : long
/ checksum : string

PIDSeq

/ molWeight : long
/ checksum : string

The derivation rule for BioSeq.sequence depends on whether
BioSeq is a PhysicalSeq or VirtualSeq:

- PhysicalSeq:
  BioSeq.sequence = PhysicalSeq.sequence
- VirtualSeq:
  BioSeq.sequence is computed from VirtualSeq.location

- BioSeq.length is derived from BioSeq.sequence.

PhysicalSeq

sequence : string

BioSeq.isVirtual

{complete}

VirtualSeq

location : Location

In SwissProt, comments
can have topics.

bioSeq 1

entryInfo

0..1

EntryInfo

id : string
version : long
status : EntryStatusCV
revisions : Coll{Revision}
secondaryIds : Coll{string}

bioSeqs

1..*

BioSeq
id : string
version : long
SID : string
/ sequence : string
/ length : long
isVirtual : boolean

1

0..1

seqInfo

0..*

SeqInfo

description : string
keywords : Coll{string}
comments : Coll{string}
dbXrefs : Coll{DbXref}

0..*info

SwissProt entries can inherit  information from a
virtual family entry. Constructed sequences may
 inherit  information from their components.

SID is the current, version (in
combination with id)  the future
sequence identifier. For a
transition period they will be
used in parallel.

CDS translations (PIDSeq) are handled like a separate
sequence database. PIDSeq is also a subclass of BioSeq,
but has no associations to EntryInfo and SeqInfo, since at
the moment these sequences only live as sub-entries on
EMBL entries (NSDBSeq). This may change when EMBL
and TREMBL are integrated.
They are currently implemented as PhysicalSeq, but could
equally well be handled as VirtualSeq.

All derived values are computed
from BioSeq.sequence.
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Figure 4
CORBA development overview. CORBA object interfaces
together with their operations and type of data are defined
in IDL. For the ORB, we have chosen IONA Inc’s C++
ORB, OrbixTM. Its IDL compiler generates skeleton code
and stub code in C++. We provide the server object
implementation code and the Persistence application code.
These codes are subsequently compiled and linked together
to become executable. Clients can be written in any
language for which an ORB and IDL compiler are available,
including Ada, C, C++, COBOL, CommonLisp, Eiffel, Java,
Python, Perl, SmallTalk, Tcl, and so on. 
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Figure 3
System architecture. On the server side, CORBA
implementation objects access and query the relational
database via PersistenceTM, which is a middleware between
our CORBA implementation and the Oracle database. To
allow invoking operations on the objects, the server
provides its clients interfaces in OMG IDL, which is
independent of the server implementation. An object’s
interface is composed of the operations and types of data
that can be passed to and from those operations. Clients
access the CORBA objects via operation calls through an
Object Request Broker (ORB) where the distribution details
are handled by the ORB.
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Figure 5
Part of module seqdb and nsdb, extracted from the EMBL IDL specification. The interfaces BioSeq and SeqInfo are defined in
module seqdb; The interfaces EntryInfo, NucSeq and EmblSeq are defined in module nsdb. NucSeq inherits from seqdb::BioSeq
and EmblSeq inherits from NucSeq, seqdb::SeqInfo, and EntryInfo. 

module seqdb {

   interface BioSeq {
   string getBioSeqId();
   unsigned long getLength();
   any getAnySeq();
   unsigned long getBioSeqVersion();
   };

   interface SeqInfo {
   string getDescription() raises (type::NoResult);
   type::stringList getKeywords() raises (type::NoResult);
   type::stringList getComments() raises (type::NoResult);
   type::DbXrefList getDbXrefs() raises (type::NoResult);
   type::DbXrefList getReferences() raises (type::NoResult);
   };
  
   };

module nsdb {
   
   interface EntryInfo {
   string getEntryName();
   unsigned long getEntryVersion();
   string getEntryStatus();
   type::RevisionList getRevisions();
   type::stringList getSecondaryIds();
   unsigned long getCountA();
   unsigned long getCountC();
   unsigned long getCountG();
   unsigned long getCountT();
   unsigned long getOtherCount();
   }

   interface NucSeq : seqdb::BioSeq {
   string getSeq();
   unsigned long getCheckSum();
   string getTopology();
   string getMoleculeType();
   NucFeatureList getNucFeatures() raises (type::NoResult);
   Location getLocalLocation(in NucFeature nuc_feature) raises (type::InvalidRelation);
   type::DbXrefList getOrganisms() raises (type::NoResult);
   NucFeatureList getNucFeaturesByKey(in string key) raises (type::NoResult, type::InvalidArgumentValue);
   string getSubSeq(in unsigned long start, in unsigned long end) raises (type::IndexOutOfRange);
   string getSubSeqByFeature(in NucFeature feature) raises (type::InvalidRelation,   InexactLocation);
   }

   interface EmblSeq : NucSeq, seqdb::SeqInfo , EntryInfo {
   };
   ...
  }
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Figure 6
Classes of BioSeq and SeqInfo. The class BioSeq has four
methods: getBioSeqId, getLength, getAnySeq and
getBioSeqVersion. The returned values of methods
represent attributes of class BioSeq defined in the object
model, providing information on biological sequences. The
class SeqInfo has methods: getDescription, getKeywords,
getComments, getDbXrefs and getReferences, representing
general information on the sequences.

SeqInfo

string getDescription();
type::stringList getKeywords();
type::stringList getComments();
type::DbXref-List getDbXrefs();
type::DbXrefList getReferences();

BioSeq

string getBioSeqId();
Unsignded long getLength();
any getA nySeq();
Unsignded long getBioSeqVersion();

Figure 7
Class relationship in UML notation. The class seqdb consists
of 3 classes: SeqInfo, BioSeq, and Feature. The class nsdb
comprises 4 classes: EmblSeq, NucFeature, FeatureLocation and
Embl. EmblSeq inherits from the classes of EntryInfo, SeqInfo
and NucSeq that in turn inherits from BioSeq. FeatureLocation
inherits from Location, and NucFeature inherits from Feature.

seqdb

EntryInfo

FeatureLocation

FeatureBioSeq

Embl

NucFeature

EmblSeq Location

SeqInfo

nsdb

NucSeq

Class

Generalization
/specialization

Aggregation

Figure 8
The NsdbSeq view in Persistence. As the class NsdnSeq
inherits from the class BioSeq, the view of NsdbSeq in
Persistence therefore has attributes defined in both
NsdbSeq and BioSeq, representing information on
nucleotide sequences.

NsdbSeq

char id[15]

long length

char molecule[20]

char type[20]
char topology[50]
char strand[20]

long seqid
long entryid

long sequence Version
long sid
text seqText

long checkSum

int is Virtual

long aCount
long gCount
long cCount
long tCount 
long otherCount
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Figure 9
Tables for the NsdbSeq view in the actual database. The view is built from a number of tables (or views) of the database.
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Figure 10
Access to the EMBL database via the CORBA server. The client submits its query with bio-seq-id to the Embl object, which is a
factory object representing the whole database. It invokes the operation findMe provided by EmblSeq object, which in turn
invokes the loader object. The EmblSeq reference is returned to the client. Once the client has the EmblSeq object reference,
it can then invoke the methods provided by EmblSeq to get the sequence information defined in SeqInfo. The object attributes
are obtained through invoking the methods. Further queries can be made through the invocation to other methods.
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