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1. INTRODUCTION 
 

1.1. Overall goals of data integration 
One of the primary conceptual goals of the GEN2PHEN project is the integration of a number of 
diverse types of genotype-to-phenotype data resources in such a way as to maximise their utility 
and discoverability by researchers both within and beyond the community of those currently 
interested in and conducting research to increase our knowledge about the connections between 
genotype and phenotype.  This is illustrated in the diagram of the three legged stool (Figure 1) 
that is one of the symbols of the GEN2PHEN project: effective methods for data integration will 
consist first of the development of the tools and techniques to access data that is contained in the 
existing resources at a central location (Figure 1: “Getting data in”).  A key aspect of this is to 
create the middleware required to harmonise the way each individual resource thinks about its 
data internally, so that a resource created to integrate the data in the individual resources will be 
able to fully capture the details of the data in the external resources (Figure 1: “Data storage and 
infrastructure”).  Although once collected into an integrated framework, the methods for 
accessing and using these integrated data sets is almost limitless, we will take our first steps in 
data presentation through existing resources which are already extensively used by the 
community (Figure 1: “Getting data out”).  
 
 

 
Figure 1: Major efforts of the GEN2PHEN project: (1) getting data in;  

(2) data storage and infrastructure; (3) getting data out 
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1.2. Ensembl as a central integration resource 
Fundamentally, all of the information about the genotype-to-phenotype relationship can 
eventually be anchored to the genome sequence, although this process may be more complicated 
in some cases than others.   A natural way to view the genome sequence is through a linear 
presentation on which important features (such as genes) and other features of interest are 
presented simultaneously with additional genome annotations.  Such additional annotations 
comprise locations of variation including single nucleotide polymorphisms (SNPs), small 
insertion and deletion variations or larger copy number or structural variations (CNV/SV); 
regions of specific evolutionary conservation; experimentally known regions of the 
transcriptional activity or transcription factor binding; as well as regions predicted to be 
functional through computational analyses that focus on statistically significant patterns in the 
DNA sequence, patterns in multiple or pairwise alignments or any other information.  In this 
context genotype-to-phenotype information can be considered one of these additional 
annotations and it makes scientific sense to attempt to integrate this new information into well 
established resources where most of the remaining annotations are already stably and corrected 
presented in an integrated manner. 
 
Ensembl is one of the world’s major sources of genome information and it serves as a means to 
create, collect, visualise and make available important genomic data sets to facilitate data 
analysis, integration and understanding.  There are a number of specific challenges to integrating 
genotype-to-phenotype information into Ensembl and many of these will be addressed 
throughout the life of the GEN2PHEN project.  In this report we will detail our initial efforts to 
integrate specific datasets that represent both genetics genotype-to-phenotype databases and 
genomics genotype-to-phenotype databases. 
 

1.2.1. Founding the LRG standard 
Successful data integration is most often built on data standards.  In deliverable 3.3 we report 
extensively on the development and implementation of the LRG standard reference sequences, 
which are critical to the successful integration of data from genetics genotype-to-phenotype 
databases.  For completeness, this development is summarised here.   
 
The Locus Reference Genomic (LRG ) standard reference sequences (Deliverable 3.3) are based 
on extensive discussions with locus specific database curators, diagnostic groups, genomics 
groups and central archive groups.  These discussions crystallised during 2008, with a specific 
workshop occurring in Hinxton, phone conferences occurring during the year and another in-
person meeting associated with American Society of Human Genetics (ASHG) annual meeting 
in November. Throughout the process, the LRG standard has been built from an international 
perspective that involved at every step the appropriate colleagues at the NCBI including those 
responsible for the RefSeq annotations [1].  We have registered the domain www.lrg-
sequence.org and are using it as the central portal to the project.  
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The LRG standard is critical for defining the genomic reporting of variants because it addresses a 
fundamental tension that arises when the same sequence is used for both the reporting of variant 
information and the biological interpretation of the variant.  A key development of this standard 
has been separating the need for stable reporting of variants from the need for an up-to-date 
representation of biology in a region.  Historically the predominant variant reporting method was 
based around cDNA coordinates.  However, the use of this coordinate system has limitations due 
to irregular updates in the cDNA coordinates used for reporting and the desire for the addition of 
considerably richer sources of biological information (such as gene regulatory information) that 
are normally associated with the full genome sequence coordinates rather than the cDNA 
coordinates.  By separating these two concepts the LRG provides an unchanging reporting 
standard that can be predictably coupled to richer information within Ensembl.  This coupling, 
which is at the heart of the integration of LSDB data into Ensembl requires a considerable 
amount of engineering.  Fortunately for the LSDB community, the integration of their data into 
Ensembl provides immediate and no-cost benefits including the ability to integrate the rich data 
resources from Ensembl into the LSDB databases.   As already mentioned, additional details of 
this engineering are described in Deliverable 3.3 
 

1.2.2. Additional support for and current limitations on data integration 
The LRG standard is a necessary first step to Locus Specific Database (LSDB) data exchange 
and integration into Ensembl (although the LRG will be useful for more than just these two 
activities).  Additional work to enable LSDB data exchange, done on behalf of the Human 
Genome Variation Society (HGVS), included recommendations for the data exchange between 
LSDBs and central repositories [2]. These recommendations for the data types to be shared have 
been implemented by the Leiden Open Variation Database (LOVD) in form of a "data sharing 
export tool" available in the most recent releases of LOVD. 
 
There are significant limitations for data integration into public resources such as Ensembl.  
Most limitations are based on the potential for inadvertent identification of individual data from 
the participations in the corresponding research studies that led to the creation of the information 
to be integrated.  In some cases, the individuals concerned have provided the necessary consent 
for all of their personally identifiable information to be publicly released, but this is very much 
the exception and not the rule.  In the past, summary or aggregate level data was commonly 
released publicly, but a recent publication described a method to address the set membership 
problem for individuals participating in a genome-wide associated studies [3].  These results led 
to additional access controls for some of the summary GWAS data that had previously been fully 
integrated into Ensembl (and was originally planned to be a significant part of this deliverable 
report).  All of this summary level data was removed from Ensembl and, beyond this brief 
comment, will not be covered in this report.   
 



 
 

D 6.2 Successful initial integration of at least one LSDB and one Genomics 
Database into Ensembl 
WP6: Integration and Data Access 
Technologies Security: PU 

 
HEALTH-200754 Author(s): Fiona Cunningham and Paul 

Flicek (EMBL)  
Version: v3.0 – 
Final 9/30 

 

© Copyright 2009 GEN2PHEN Consortium 

Needless to say, these new results have significantly affected our plans for data search and 
display in this domain.  Currently the policy in this area is still being developed, and we have 
participated in these policy discussions at a number of levels and are developing methods to 
enable data access, methods for search and methods for integration in light of the expected data 
access controls that will remain in place. 

 

1.3. Existing genetics database resources with a focus on genotype-to-phenotype 
data 

Database resources containing genotype-to-phenotype information are described in this section 
and the relationship between them and Ensembl is illustrated in Figure 2. 

1.3.1. Locus specific databases (LSDBs) 
Locus specific databases are focused on one or several genes.  These resources are most often 
maintained by individual investigators with an interest in the diseases or syndromes which result 
from or are associated with the variants in the gene that is the focus of the database.  In other 
cases, the curator may have a specific long term interest in the gene itself.  There is little 
centralisation or coordination regarding the decision that a researcher makes to set up and 
maintain an LSDB, although several hundred LSDBs are known [4].  Those that do exist use a 
variety of implementations from sophisticated database applications designed to support and 
maintain LSDBs to simple text files and spreadsheets.  Of the dedicated LSDB applications, two 
of the most popular are the Universal Mutation Database (UMD) [5] and the Leiden Open 
Variation Database (LOVD) [6].  These resources are important applications, but do not provide 
the entire informatics infrastructure to integrate their data with central resources such as 
Ensembl. 

1.3.2. Diagnostic Laboratory databases 
Data from diagnostic laboratory databases (e.g. that which is generated from the screening of 
patients with known or suspected disease risk) is rarely made available to outside resources for 
integration into more public databases such as Ensembl.  In part this is because of the 
requirements to ensure that such data is effectively and completely anonymised before the DNA 
sequence can be released.  Additionally, for the case of diagnostic laboratories any solution must 
achieve data submission and integration with minimal effort due to the demands of the clinical 
setting.  However, there are a number of technical hurdles to this release as well including 
software to support the data submission to central resources and the requirements for standard 
reference sequences that can be used by the diagnostic laboratory and understood by the central 
resources. This technical hurdle is meant to be addressed by the LRG standard reference 
sequence (see Deliverable D3.3).  However, other hurdles are still to be overcome and this report 
does not describe the integration of any clinical diagnostic data.   
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Figure 2: Idealised relationship between Ensembl and both genetics and genomics  

genotype-to-phenotype data resources 
 

1.4. Existing genomics databases resources with a focus on genotype-to-phenotype 
data 

1.4.1. Individual-level databases  
Genomics genotype-to-phenotype databases contain individual-level data, which may include 
raw or processed data formats representing array-based dense genotype information, whole or 
partial genome sequences, extensive phenotype data or any other data source that might be 
reasonably considered “potentially identifiable” to the individual research participant.  As noted 
in section 1.2.2 the information considered potentially identifiable under this standard is still an 
area of evolving policy and science.  
 
The fact that this data is stored in databases and accessible to researchers that apply for access 
and meet certain minimum standards for that access is a consequence of the need for researchers 
to replicate the results found in other large scale studies as well as the considerable benefit of 
data release.  Several major projects are working in this area and addressing these issues.  The 



 
 

D 6.2 Successful initial integration of at least one LSDB and one Genomics 
Database into Ensembl 
WP6: Integration and Data Access 
Technologies Security: PU 

 
HEALTH-200754 Author(s): Fiona Cunningham and Paul 

Flicek (EMBL)  
Version: v3.0 – 
Final 11/30 

 

© Copyright 2009 GEN2PHEN Consortium 

GEN2PHEN project has involvement in or connections to almost all of these projects, including 
the European Genome-phenome Archive (EGA) at EBI (http://www.ebi.ac.uk/ega/) and the P3G 
project (http://www.p3gconsortium.org).  We are also working closely with international 
partners and peer databases such as the NCBI’s Database of Genotypes and Phenotypes (dbGaP)  
[7].  

1.4.2. Summary-Level databases  
Summary-level databases build naturally on the individual-level databases and, to a first 
approximation, represent the results of analysis that has used the individual-level data stored in 
the databases described in section 1.4.1 as input.  There are a number of different kinds of 
summary-level analysis that are appropriate to consider in this context.  Simple aggregate 
statistics such as allele frequencies for the populations or cohort collected are the most basic of 
these summary statistics although they are now restricted from public distribution as noted in 
section 1.2.2.  Other summary-level information is the result of more comprehensive analysis 
and may include the genome-wide significance (in the form of p-values) of each of the assayed 
variants for a specific disease in a case-control study.  In an ideal world, summary-level 
information would be publicly available and widely displayed in resources such as Ensembl. 
 
A number of summary-level databases currently exist and some of these are linked to the 
individual-level databases described above.  These include public data resources from the EGA 
linked to the individual data collections in the EGA as well as information from publications that 
give accession numbers to resources such as dbGAP and EGA.  This linkage is natural because 
the individual-level databases tend to accession their data objects on the level of a study and the 
ability to release some summary-level information (such as the SNP most associated with a given 
disease) has already been provided in the form of the published results for a given study.  The 
Wellcome Trust Case Control Consortium (WTCCC) is one example of a study that published 
the most significantly associated SNPs [8].  In this specific case all of the individual-level and 
summary-level data is stored in the EGA and it is trivial to provide from the EGA the locations 
of SNPs reported in the study.  There are currently hundreds of genome regions that have been 
associated with common diseases using genome-wide association studies (see below). 
 
Beyond the summary-level databases directly linked to individual-level databases, there are a 
number of resources that exist.  Some of these already have limited availability in Ensembl 
through the DAS protocol [9] including the OMIM database (Online Mendelian Inheritance in 
Man) referenced to http://www.ncbi.nlm.nih.gov/omim/. 
 
More recently an effort has been made by a group at the National Human Genome Research 
Institute (NHGRI) of the US National Institutes of Health to collect and curate the results of 
published genome-wide association studies [10].  This resource is especially topical considering 
the explosion of replicated results from genome-wide association studies and is quickly 
becoming the definitive source for staying abreast of this field. 
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2. Ensembl extensions and development  

2.1. Variation annotation 

2.1.1. Requirement of common identifier space 
The ability to annotate variation objects is required for the integration of data held in other 
resources.  Simply put, annotation is the structured storage of information which describes 
characteristics of the object in question.  In this case, we are interested in storing structured 
information about variation objects for which information exists in other resources.  The first 
step in this process is the identification of the common identifier that will be used to ensure that 
both the external resource and Ensembl are referring to the same data object.  For the case of 
variations there are two obvious identifiers that might be used to ensure that the same object is 
being referred to.  The first is the location of the variation in genome coordinates and the second 
is the RefSNP identifier (rsID) assigned by the dbSNP build process.  There are advantages to 
each option: genomic location can be readily determined as long as the genome assembly version 
is known and is useful to describe newly discovered genetic variation before such variations have 
been submitted to and processed by dbSNP, while the use of an rsID is well understood in the 
variation community though not every variant has an rsID assigned. 
 
We have chosen to use the rsID as the primary identifier, although we confirm the genomic 
location as an additional validation check when it is possible to do so.  Moreover, we are 
working closely with dbSNP to ensure that new rsID can be assigned quickly (see section 5 for 
more details.  

2.1.2. Extension of Ensembl variation database schema  
The integration into Ensembl of external genotype-to-phenotype data resources, whether genetics 
genotype-to-phenotype resources as described in section 1.3 or genomics genotype-to-phenotype 
databases as described in section 1.4, requires modifications to the underlying database schema 
and application programming interface (API).  Specifically the Ensembl variation database had 
to be extended to support the storage and retrieval of phenotype data through the creation of a 
phenotype table and variation annotation table show in Figure 3 below.  Both database tables 
required the development of API code compatible with the Ensembl-style API conventions [11].  
These conventions specify a series of method types for data storage, retrieval and other 
operations required for database production, analysis and display on the Ensembl web site. 
 
As well and setting up an import pipeline, we have added an additional two tables into our 
variation database for "phenotype" and "variation_annotation". 
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A (phenotype table) 
Field Type Null Key Default Extra 

phenotype_id Int(10) unsigned NO PRI  auto_increment
name varchar(50) YES UNI  (null) 
description varchar(255) YES UNI  (null) 
 
B (variation_annotation table) 

Field Type Null Key Default Extra 
variation_annotation_id int(10) unsigned NO PRI  auto_increment 
variation_id int(10) unsigned NO MUL  (null) 
phenotype_id int(10) unsigned NO MUL  (null) 
source_id int(10) unsigned NO MUL  (null) 
study varchar(30) YES (null)  (null) 
study_type set('GWAS') YES (null)  (null) 
local_stable_id varchar(255) YES (null)  (null) 
associated_gene varchar(255) YES (null)  (null) 
associated_variant_risk_allele varchar(255) YES (null)  (null) 
variation_names varchar(255) YES (null)  (null) 
risk_allele_freq_in_controls varchar(30) YES (null)  (null) 
p_value varchar(20) YES (null)  (null) 
Figure 3: The full table structure for the phenotype table (A) and variation_annotation table (B) in the 
Ensembl variation database. 
 
The extensions of the Ensembl variation database schema can be clearly seen in the context of 
the other data that is stored within the database from the schema extract that is shown in Figure 
4.  The extract is not a complete representation of the data stored in the Ensembl variation 
database, but instead represents the most important of the 33 tables that make up the Ensembl 
variation databases as of Ensembl release 55.  Connections to the Ensembl core data base which 
stores all of the DNA sequence and the gene annotations are also noted where appropriate.  Note 
that not all connections to other Ensembl databases are shown in the diagram. 
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Figure 4: Extract of the Ensembl variation database schema showing new development for the storage 

and integration of genotype-to-phenotype data. 
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3. Integration of a genomics genotype-to-phenotype database into 
Ensembl 

We have taken advantage of close ties with the EGA (http://www.ebi.ac.uk/ega/) to set up a 
pipeline to integrate their publicly available data into Ensembl. Similarly, we have developed a 
collaboration with the National Human Genome Reference Institute (NHGRI) to incorporate 
their "Catalog of Published Genome-Wide Association Studies" 
(http://www.genome.gov/GWAstudies).  As of Ensembl release 55 (July 2009) we have 
incorporated data from these two resources totalling 134 phenotypes from 1120 phenotype 
annotations. 
 
We include a direct link from the web page to the original submitter's data entry under the 
"Source" column thereby acknowledging their contribution directly. In addition we provide a 
link to the publication via PubMed. 
 

3.1. European Genome-phenome Archive 
The European Genome-phenome Archive (EGA) database at the European Bioinformatics 
Institute (EBI) is designed to provide a permanent archive for all types of personally identifiable 
genetic data including genotypes, genome sequence and associated phenotype data.  The EGA 
contains both data collected from individuals whose consent agreements limit data release to 
specific research uses or bona fide researchers and specific data approved for unlimited public 
release.  For access to genomic and phenotypic data from samples important to biomedical 
research the EGA seeks to lead in implementation and play an important role in policy creation.  
There are currently data representing approximately 50,000 individuals and 10 studies within the 
EGA. 
 

3.2. NHGRI manually curated catalog 
The Office of Population Genomics at the National Human Genome Research Institute (NHRGI) 
of the US National Institutes of Health has developed a curated database of published significant 
genomic regions identified from genome-wide association studies [10].  This database content is 
shown graphically on the karyotype image downloaded from 
http://www.genome.gov/GWAstudies and shown in Figure 5.  More regions are being added 
each month as additional GWAS studies are published and the data is being updated for every 
release of Ensembl. 
 
The NHGRI catalog contains data about the associated SNP (listed by rsID), the disease, and the 
publication of reference for this association.  All of this data has been integrated into Ensembl 
(see section 3.3, Figure 6 and Figure 7). 
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Published Genome-Wide Associations through March 2009 
-8398 published GWA at p ≤ 5 x 10

 
Figure 5: A karyotype view of the regions identified by genome-wide association studies and contained in 
the NHGRI curated database.  A partial list of the diseases covered is listed by colour at the bottom of the 
figure. 
 

3.3. Integration with the Ensembl website 
To display the data we have added a new panel tab to the "Variation" data pages on the Ensembl 
website. This tab collects all the phenotype related data by SNP and groups the data across 
sources to enable easy comparison.  The data stored under the phenotype tab may come from any 
of the genetics or genomics genotype-to-phenotype data resources described above.  For each 
case the data source of the phenotype information will be prominently displayed (see Figure 6). 
 
For detailed instructions about using variation data in Ensembl including information about the 
SNP displayed in Figure 6, please see Appendix I. 
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Figure 6: An example of rs2476601 from Ensembl release 54 showing that this SNP in the PTPN22 gene 
is associated with several diseases including Crohn's Disease, Rheumatoid Arthritis, and Type I Diabetes.  
It is interesting to note that the risk allele for each of these diseases is different in this position in the 
genome.  The reference publications for each of these associations are linked to the appropriate record in 
the PubMed database.  Additional links allow the user to immediate display the genomic region around 
the associated SNP in Ensembl which is shown in Figure 7 and immediately demonstrates the value of 
data integration within the Ensembl system. 
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Figure 7: The genomic region immediately surrounding the disease associated SNP shown in Figure 5.  
Several benefits of data integration within Ensembl are immediately apparent from this figure.  For 
example, the associated SNP, which is in a coding exon on the PTPN22 gene is at the centre of the figure 
in the variations track and is coloured yellow to indicate that it is a non-synonymous SNP within a protein 
coding gene.  Additionally, we see the annotation of a putative regulatory region (in grey) very close to 
the SNP.  We can also simultaneously view the evolutionary conservation as displayed by the GERP score 
calculated from the 31-way multi-species alignment (at the top of the image).  Finally, we can see the 
deep evolutionary conservation of this region by displaying the human-chicken pairwise alignment (in 
pink at the bottom of the image), which shows that this region of the genome is likely to be under strong 
evolutionary constraint throughout vertebrate evolution.  

3.4. Searching for phenotype data with Ensembl 
It is also possible to search for the phenotype terms using the general Ensembl search as shown 
in Figure 8.  The results of these searches include the associated SNPs for a given disease 
including the example shown in Figure 6.  This is an entirely new feature introduced in Ensembl 
release 55. 
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Figure 8: Results for searching for diabetes in Ensembl 
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4. Integration of a genetics genotype-to-phenotype database into 
Ensembl 

4.1. Introduction 
 
We will use the LRG standard reference sequences described in Deliverable 3.3 as the primary 
mechanism for incorporation of LSDB data into Ensembl.  The LRG standard is uniquely 
appropriate for this purpose and, because we are also intimately involved with the 
implementation of the LRG project, both the LRG project and Ensembl will benefit from the 
sharing of knowledge and computer code between these efforts.  We described above some of 
the development made to the Ensembl databases to support the integration of genotype-to-
phenotype data.  In this section we will provide details of the implementation of LRG standard in 
the Ensembl databases using the example of LRG_3 which corresponds to the COL3A1 LSDB 
that is currently available at https://eds.gene.le.ac.uk/home.php?select_db=COL3A1. 
 
The LRG is a general format that will allow the integration of any LSDB that meets the LRG 
standard directly into Ensembl.  Our initial integration, which is described in detail below uses 
the COL3A1 LSDB as an example, but could have chosen any LSDB that can be described with 
the LRG standard. 

4.2. LRG implementation within the Ensembl core database 
The LRG sequences are integrated into Ensembl through inclusion in the Ensembl core database, 
which is designed to store sequence and assembly information.  The LRG itself is stored as a set 
of mappings between the reference chromosome and the LRG. They have a coordinate system 
called "LRG". Deletions are handled by the mappings in the assembly table. Insertions are 
handled using the seq_edit feature with the Ensembl core database (see below for an example). 
 

4.2.1. LRG storage in Ensembl core database tables 
An example here is LRG_3, as it is stored in the Ensembl core database: 
 
select * from seq_region where seq_region_id in(1966011,226033); 
+---------------+------+-----------------+----------+ 
| seq_region_id | name | coord_system_id | length   | 
+---------------+------+-----------------+----------+ 
|        226033 | 17   |              17 | 78774742 | 
|       1966011 | LRG3 |             102 |    22876 | 
+---------------+------+-----------------+----------+ 
 
Segments of the LRG_3 sequence that match the reference assembly stored in the assembly 
table. 
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select * from assembly where cmp_seq_region_id = 1966011; 
+-------------------+-------------------+-----------+----------+-----------+---------+-----+ 
asm_seq_region_id | cmp_seq_region_id | asm_start | asm_end |cmp_start | cmp_end | ori | 
+------------------+-------------------+-----------+----------+-----------+---------+----+ 
|          226033 |           1966011 |  45623706 | 45638067 |       940 |   15301 |  -1 | 
|          226033 |           1966011 |  45623449 | 45623705 |     15304 |   15560 |  -1 | 
|          226033 |           1966011 |  45616138 | 45623448 |     15566 |   22876 |  -1 | 
|          226033 |           1966011 |  45638068 | 45638239 |       763 |     934 |  -1 | 
|          226033 |           1966011 |  45638240 | 45638999 |         1 |     760 |  -1 | 
+-----------------+-------------------+-----------+----------+-----------+---------+-----+ 

 
From the above data we can see that LRG_3 is largely identical to Chromomsome 17.  
 
The additional sequence that is not on Chromosome 17 is stored as seq_edits in the 
seq_region_attrib table i.e. 
 
select * from seq_region_attrib where attrib_type_id = 145 and seq_region_id = 
1966011; 
+---------------+----------------+-------------------+ 
| seq_region_id | attrib_type_id | value             | 
+---------------+----------------+-------------------+ 
|       1966011 |            145 | 15302 15303 AA    | 
|       1966011 |            145 | 15561 15565 AAAAA | 
|       1966011 |            145 | 761 762 AA        | 
|       1966011 |            145 | 935 939 ATGAT     | 
+---------------+----------------+-------------------+ 
 

4.2.2. Ensembl API developments to support LRG integration 
The Ensembl API contains methods for creation, retrieval and manipulation of the data objects 
stored with the Ensembl databases.  A key feature of the API is that is provides a consistent 
interface to the data that allows the Ensembl web site and other resources to interact with the 
Ensembl data objects even if Ensembl changes the underlying database structure.  A new module 
LRGSlice.pm has been created which will act exactly the same within the Ensembl software 
system as any other DNA sequence (Ensembl refers to an arbitrary stretch of DNA sequence 
such as a chromosome or a haplotype as a “slice”), but will do all the internal mappings of 
features from the chromosome onto the LRG.  The average user does not need to know about the 
LRGSlice as this will be created automatically and hence no changes are expected to the user 
interface. In this way there will be seamless access of the data without a requirement to 
understand the internal storage model. 
 

4.3. LRG dataflow into Ensembl 
We recognise that the LRG creation process will be independent from the Ensembl release cycle 
and we have therefore developed a pipeline process to ensure that new LRG records are 
incorporated into Ensembl as soon as possible after their creation.   
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In short, the Ensembl core team will download the latest batch of LRGs from the LRG FTP site. 
These will be stored in the core database as "seq regions" with a coordinate system called 
"LRG". We have created a special wrapper call to be able to retrieve features on an LRG slice.   
 

4.4. Variant data and annotations from LSDB databases 
The LRG standard provides a stable sequence coordinate system for reporting variants, but the 
LRG itself does not contain the variants or the annotation of these variants.  These variants are 
integrated into Ensembl using the same mechanism as used for the genomics genotype-to-
phenotype databases described in section 3.  This involves the storage of the variant data within 
the Ensembl variation database and the interaction of the Ensembl variation database and the 
Ensembl core database.  The major difference from the point of view of Ensembl is that the 
genomics genotype-to-phenotype data resources described in section 3 use the reference genome 
sequence assembly for their coordinate system; for the integration of genetics genotype-to-
phenotype data resources such as LSDBs and clinical databases we use the LRG coordinate 
system as described in this section. 
 

5. Interactions with NCBI 

5.1. Introduction 
As described in Deliverable 3.3, LRG reference sequences provide a coordinate system which 
can be used by diagnostic and locus specific databases in a stable manner going forward. This 
stability provides a key aspect in the transfer of information about specific variants worldwide. 

However, this standard does not have any provision for the storage of variants in a worldwide, 
coordinated manner, with correct linkage to source database which is one of the purposes of this 
deliverable. As described above, we propose initially to provide a system for the transmission 
and storage of presence of variants stored in LSDBs and diagnostic databases.  We would then, 
in a second phase to be developed in the future and built using the information reported here, like 
to create a graphical representation providing a concise interpretation of variant alleles with 
respect to phenotype based on the proposed HGVS reporting standard.  In both cases, clear links 
to originating databases would be present for more detailed information extraction. 

A key requirement for the success of the above is an effective working relationship with our 
colleagues from NCBI and dbSNP.  This is required as LRGs will also be created at NCBI and 
data from LSDBs (and other sources) may be provided directly to NCBI. 

 



 
 

D 6.2 Successful initial integration of at least one LSDB and one Genomics 
Database into Ensembl 
WP6: Integration and Data Access 
Technologies Security: PU 

 
HEALTH-200754 Author(s): Fiona Cunningham and Paul 

Flicek (EMBL)  
Version: v3.0 – 
Final 23/30 

 

© Copyright 2009 GEN2PHEN Consortium 

5.2. Plan of interaction 
In consultation with colleagues at NCBI and dbSNP, we propose the following six point plan of 
interaction regarding the processing of genetics genotype-to-phenotype data. 

1. Variants provided as positions on LRG reference coordinates will be sent, in a simple tab 
delimited format from the LSDB/Diagnostic database to dbSNP.  Submitted data include a 
“local” identifier for the variant and a URL link.  If the LSDB has already associated some 
variants to rsIDs then they can reported.  If desired, it would be appropriate for an LSDB to 
create an entire dump of a locus, tracking the load from a previous release by virtue of the rsIDs.  
We believe that this system is already available at dbSNP through the Variation Batch 
Submission: http://www.ncbi.nlm.nih.gov/projects/SNP/tranSNP/VarBatchSub.cgi 

2. dbSNP will provide a fast-turnaround (they have promised 2 weeks) assessment of this 
file, providing a similar tab delimited format which will then include a column of rsIDs that they 
have assigned. When a variant has the same position and same type as an existing rsID, this will 
be assigned the existing rsID. When it does not, dbSNP will create a new rsIDs. For LSDB 
submitted rsID cases, dbSNP will accept this if they agree, but flag it if they disagree on this 
assignment. 

3. NCBI can optionally reject a submission if they believe there is systematic set of errors 
present in the file, and would report this promptly to the submitting LSDB. 

4. On receipt of the rsIDs, there will be a two week period in which the LSDB can check the 
accuracy of the mapping. If there is no response, it will be assumed that this mapping is correct. 

5. After this the LSDB submission will be accepted and dbSNP will regularly create 
aggregations of all SNPs present through this procedure outside of the normal dbSNP release 
cycle, though this may not be present on the main NCBI displays until the next dbSNP build. 
(Scheduling the integration of this data into NCBI main resources is an NCBI process.) 

6. Ensembl will take these aggregations and show all these positions within two weeks of 
retrieval as a DAS source present as a one-click track on both genome and gene orientated 
displays. Ensembl will also integrate this information in the next available release cycle, with a 
worst case delay of approximately four months. 
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5.3. Future plans and benefits 
In phase 2, the format will be extended to take a limited set putative associations, based on 
HGVS reporting standards, (ie, the seven state flags proposed), and a simple flat text file of 
phenotype information. Ensembl and dbSNP will describe this as a “phenotype summary” and 
highlight the originating source for more details.  

These proposals put the onus on providing clustering and tracking to dbSNP, with a relatively 
quick turnaround outside their normal cycle. The benefits of this are considerable especially 
considering the use of rsIDs as the coordinating ID system for SNPs.  We think it is better for 
there to be one system worldwide than to create complex mappings between two competing 
systems. However, we know that this clustering in a fast turn around may be a more complex 
feature to implement and maintain than it appears, and we intend to evaluate its implementation 
over time and make changes as necessary. 

ANNEXES 
 
Appendix I:  Information about making the most of Ensembl variation information.   
 
More details can be found at http://www.ensembl.org/info/website/tutorials/index.html. 
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