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1. INTRODUCTION

Biological information management nearly always occurs in the context of federated databases.
The reasons for this are multiple, but the most important include (1) the importance of staying
connected to a wet laboratory of innovation and its daily needs; (2) the sheer diversity of
biological information leading to the need of many differently structured datasets unique to
different sub-domains in biology; and (3) the more mundane aspects of separate funding streams
to individual scientists. Although there are a number of clear “aggregation” databases, such as
UniProt, Ensembl, and ArrayExpress, which collect data (in some cases from submissions, in
some cases by literature review and in some cases by direct interaction with key collaborators)
these large aggregation datasets can never encompass the complete diversity of biological
information. It is therefore important that maximal inter-operation between databases be
engineered with an overall goal to allow seamless traversal of the biological space as needed.

1.1. Interoperation of data resources

Interoperation in any IT domain has a long and usually chequered history, with both successes
and quite dramatic failures. Interoperation techniques can be classified into two ways: the type of
technology used for the interoperation, and the semantic richness of the interoperation.
Experience has shown that the technical aspect—although important—is usually less critical for
success than the semantic level for the interoperation. The deeper the semantic interoperation,

the more complex it is to achieve systems working systems with semantic agreement. In contrast,
lighter interoperation, although conceptually less complete is far more likely to succeed. A final
consideration is the level of experience in the field of the interoperation technique; here a
technique known to a broad community is more valuable because it is easier to achieve
interoperation and there are more robust toolkits for this interoperation.

1.1.1. The Distributed Annotation System

A successful interoperation technique is the Distributed Annotation System (DAS), originally
specified by Robin Dowell, Sean Eddy and Lincoln Stein [1]. The DAS system, which was
originally designed on the basis of genomic coordinates has been gradually extended to work
with other coordinate systems such as gene or protein information. DAS is a REST? style
service, meaning that it is built directly upon existing http technology. The “semantic level” of
DAS is extremely simple — it in effect allows the transmission of a small amount of text or
images to another site attached to an identifier. The transmitted information may optionally be
restricted to a particular range or subset of the data (obviously this is critical for genomic
coordinates). The only smart aspect of DAS compared to other web technologies (eg, RSS) is the
support of multiple “coordinate systems” (or perhaps better called overlapping namespaces), a

" REST (representational state transfer) describes an architecture style of networked systems including the World
Wide Web. REST services have a number of characteristics including a memoryless client-server interaction system
in which client requests contain all of the information required for the server to respond.
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common feature in biological resources. DAS can be described as a “smart client, dumb server”
protocol, with most of the complexity needing to be handled in the client; this is ideal for the
common situation in biology where one has a large number of medium to small databases
needing to be integrated with only a few large clients, usually web based (such as the Ensembl
Browser).

1.1.2. Adoption of DAS within bioinformatics domain

DAS has now been adopted by both Ensembl and UniProt as key federation technologies, and
there are over 401 different DAS servers from 53 institutions in 17 countries registered at
www.dasregistry.org with a variety of outputs and clients (see Figure 1).

registered DAS servers over time

400

350

number of servars

2006 2007 2008
Lirme

total number of registered DAS sources

Figure 1: The growth of registered DAS sources over time as measured by DASregistry.org.

Overall DAS is a successful, stable technology able to be used for a variety of aspects. This
deliverable describes the DAS protocol and the extension of DAS to GEN2PHEN data initially
in the form of providing annotations on SNP data. We demonstrate this functionality within
Ensembl by providing annotations from SNPedia.

2. Technical Overview of DAS

Figure 2 provides an overview of DAS as it is used currently. True clients interact with large web
based systems such as Ensembl or Uniprot. These large systems provide a useful view on a series
of biological items — such as genomic features or genes. DAS is presented to the user as series of
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additional “tracks” or information that the user can switch on. To facilitate the discovery and
choosing of this information, a centralised DAS registry provides a structured repository of
submitted and active DAS servers (the DAS registry also provides statistics about up-time and
validation, allowing the application to present more information about the reliability of the DAS
server to the client). The client then activates a series of DAS servers, and the information is
rendered “in page” for each active DAS server.

o - =

£ ™) 1
N Client

DAS | www

Show available servers

Client” E 2 Chent chooses servers
E!QE! 3. Oneach page render El
Available asks servers for mformation
(' appropriate 1o this page
DAS servers™~___ g .
ﬁ:’ .DAS protocol
By
f”][.r =
-
v e L T T

o T ’ et .
“t = . 1
o -{"-\_ g P _—_
o
-
oy

DAS Registry

DAS servers

Figure 2: A schematic overview of a DAS request within the context of the Ensembl DAS client (denoted
as E!). Client users (upper right) request information on available resources and this request is relayed
by the client to the DAS Registry. Once the requested resource is chosen, the DAS client within Ensembl
requests information from the relevant DAS servers. Once provided, the external information is
integrated into the appropriate Ensembl visualisation and this data is returned to the user.

2.1. Example DAS use cases

Figures 3 and 4 show some use typical use cases in Ensembl. In figure 3, a new “track” of
mutations from the EUCOMM project is rendered “in-line” to the Location page visualisation in
Ensembl on genomic coordinates. Clicking on the EUCOMM picture then leads to a project-
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specific web page hosted at the Sanger Institute. Figure 4 shows a Gene DAS source, in this case
from Array Express on gene expression. Here more textual information is rendered into the main
gene page of Ensembl including pictures. These are rendered “in page” but are entirely generated
by the ArrayExpress DAS server. Clicking on these images lead the user back to the
ArrayExpress site.

DAS rendered

WTRT

EUCOMM (77556)B]

95.62 Kb

86.32 Mb 85.34 Mb 86.:
Figure 3: EUCOMM mutations from a DAS server at the Sanger Institute displayed on the Ensembl
Location page.

In both cases the effect for the browsing user is that this information has been “integrated” or
“federated” into the main Ensembl system, meaning that they can easily keep track of what they
want to see both in a genomic context and a gene context. Although the EUCOMM data,
representing mouse mutations, is in some sense already an example of GEN2PHEN data served
and integrated through the DAS protocol, the significant feature addressed by this deliverable is
the extension of the DAS system to also handle SNP data.
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Figure 4: A Gene DAS source providing information from the ArrayExpress DAS server at the EBI.
Information about expression patterns for the given gene are provided and incorporated into a custom
DAS display.

3. DAS Proposal for SNP and GEN2PHEN data

Analogous to the Gene-DAS proposal (http://www.dasregistry.org/extension_genedas.jsp)
“extending” the DAS protocol to SNPs requires acknowledging that this protocol can be used on
variation objects but that the start and end is redundant (though see below for a proposed aspect
to this). What is needed is an agreement on potential “authority/type” for identifiers are allowed.
The proposal is as follows:

Authority Type Meaning

NCBI Rs-id The RS id for a variation
Ensembl Ensembl-snp-id For species where
Ensembl called SNPs
before RS ids are issued
LRG LRGid If an LRG served
annotation corresponds
perfectly to a SNP
position, display this
annotation to the SNP
page
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The first two are relatively straightforward using the “natural” identifier space of variations from
NCBI or Ensembl®. DAS is ideal for this case of potentially differing namespaces in that the
client’s are tasked to work out the right identifier to send to the right server. In the specification
each server registers itself as capable of responding to specific authority/types and it is the
client’s task to send the right information to the right servers. The final case with LRG
information is again focused on appropriate client implementation. Here the “genomic DAS”
behaviour of a server in LRG coordinates would be honoured, and in particular if an LRG
annotation was recorded with start and end coordinates in the LRG space that corresponded to
the SNP, this annotation would be displayed in the SNP page. This allows all of the advantages
of the stable LRG coordinate system to be used to integrate data between clients and servers.

4. DAS implementation for GEN2PHEN Data

4.1. Support for DAS within Ensembl

Ensembl makes use of DAS in two ways. (1) External data may be integrated into the website.
(2) Ensembl data may be integrated into other applications via the Ensembl DAS server. This
deliverable focuses on the requirements for the first of these DAS applications. Future
developments may include providing G2P data directly from Ensembl by making use of the
Ensembl DAS server and, therefore, information about this functionality is included in this
section.

4.1.1. Integrating external DAS data

As described above, DAS provides a standardised method to serve custom annotation
information and to integrate data sets for display in other resources. Ensembl allows attachment
and configuration of external DAS sources to several Ensembl genome browser displays (see
section 4.1.3 for a full list)

Several DAS resources provided by the European Bioinformatics Institute (EBI) and the
Wellcome Trust Sanger Institute (WTSI) are already available and pre-configured by default.
The instructions for accessing these tracks are as follows:

o Navigate to the appropriate tab and page section. For example the Location tab and
Region in detail section.

? Ensembl variations are always submitted to NCBI, but there can be up to a 6 month delay for the roundtrip of
submission, processing to display, so handling supporting DAS visualisation during this delay is potentially
important. However, this is far less important for Human where dbSNP is both more comprehensive and also
processing occurs faster

© Copyright 2010 GEN2PHEN Consortium
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o Click the "Configure this page" link.
o Choose a track to enable from the available categories.

Further annotation information resources can be integrated into Ensembl by attaching a valid
data source provided by a DAS annotation server. These DAS servers may be located anywhere
on the Internet. To attach a DAS source in this category, a user would do the following:

o Navigate to the appropriate tab and page section. For example the Location tab and
Region in detail section.

o Click on the "Add custom data to page" link at the left.

° Click on "Attach DAS" at the left, and follow the instructions.

. Save and close the window.

After closing the window, the source will be automatically enabled.

4.1.2. Supported coordinate systems

Whilst DAS was originally designed to exchange annotations of reference sequences in
chromosome or clone coordinate systems, GeneDAS and ProteinDAS are extensions to the DAS
protocol used to exchange gene and protein annotations independent of genomic location
information. Currently, Ensembl supports annotations based on several different coordinate
systems. Some coordinate systems allow annotations which are positional in nature (i.e. refer to a
location within a sequence), whereas others are concerned with text-based non-positional
annotations.

The views that a particular DAS source may be displayed on depends on the data being served
and the coordinate system of its annotations:

In genomic coordinate systems (e.g. chromosome, clone, contig), annotations are positional.

In gene coordinate systems (Ensembl, Entrez, HUGO or MGI), annotations are non-positional.
In protein coordinate systems (Ensembl, UniProt or IPI), annotations may be positional OR non-
positional.

4.1.3. Supported Ensembl web pages

Ensembl supports DAS on the following sections of the website:

Region overview (positional annotations)
Region in detail (positional annotations)
Gene -> External data (non-positional annotations)
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Transcript -> External data (non-positional annotations)
Variation -> Incorporation of phenotype annotations’

4.2. The Ensembl DAS reference server

Ensembl provides a DAS reference server which gives access to genomic sequences, the latest
Ensembl gene predictions, and for some species, karyotypes and ditags. A list of the sources
currently served from the Ensembl DAS reference server may be found as XML documents at:

http://www.ensembl.org/das/dsn (listing generated from the standard DAS data source name:
DSN request)

http://www.ensembl.org/das/sources (a listing with extended information)

4.2.1. Example requests

DAS request URLs have a specific format (see Appendix for full specification):

protocol://site-prefix/das/data-source/command?arguments
For example:

Command:

http://www.ensembl.org/das/Homo sapiens.NCBI36.transcript/features?segment=13:31787617,
31871806

Result:

Request all transcripts (exons really) in the region [31787617,31871806] on human chromosome
13 (this is where the gene BRCAZ2 is located in the NCBI 36 assembly).

Command:

http://www.ensembl.org/das/Gallus _gallus. WASHUC] .reference/sequence?segment=1:1,1000
Result:

Request the first 1000 bp of the first chicken chromosome.

3 New feature reported first in this document
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4.3. Integration of GEN2PHEN data sources into Ensembl

4.3.1. The SNPedia resource

SNPedia is an Internet-based wiki site (http://www.snpedia.com) dedicated to the collection of
information about SNPs in the human genome and to support the interpretation of these SNPs
(see Figure 5). As such, it is designed to be a central resource that collects information about the
connections between genotype and phenotype. As a wiki, it is possible to update in essentially

real time and have accurate information reflecting the most current knowledge available in the
published literature or other sources.

As of the date of this report, SNPedia has information on more than 10,000 SNPs making it one
of the single most comprehensive SNP annotation resources available.

page discussion edit | | history

SNPedia snPedia

SNPedia is a wiki investigating human genetics. We share information about the effects of variations in DNA, citing peer-reviewed scientific publications. It is used by Promethease to
analyze and help explain your DNA.

Promethease 0.1.82

navigation
= SNPedia 5
e Help! [edit]
= Blog = look at the example rs1234
#;:Henan Chenges = learn more about SNPs
= Random page
= browse
search = genes
e = genomes
(Go) (Search) = genosets
\eoibo = medicines
5 s b = medical conditions
¥ Pstated : Popular [edit]
= Special pages
= Printable varsion = rs1815739 sprinters vs endurance athletes
= Parmanant link = rs4481887 “asparagus anosmia’, the inability to smell the methanethiol produced after eating asparagus
8, Ergivie gropariie = 154420638 and rs429358 can raise the risk of Alzheimer's disease by mare than 10x
= rs6152 can influence baldness
= rs333 resistance to HIV
= 151800497 in a dopamine receptor may influence the sense of pleasure
= rs1805007 determines red hair and sensitivity to anesthetics
= rs9939609 triggers obesity and type-2 diabetes
= 5662799 prevents weight gain from high fat diets
u 57495174 green eye color and rs12913832 for blue eye color
= 57903146 in 3% of the population greatly increases the risk of type-2 diabetes
= rs12255372 linked to type-2 diabetes and breast cancer
= 51799971 makes alcchol cravings stranger
= rs17822931 determines earwax
= rs4B680 varied cognitive effects
= 151333049 coronary heart disease
= rs1801133 folate metabolism and several cancers
= 151051730 and rs3750344 nicotine dependence
= rs3057 perfect musical pitch
u rs4988235 lactose intolerance
View all snps
Learn about the negative effects on your body at Discover The 12 Most Effective Cancer Treatments
NHS Smokefree In Existence!
Acs by Google
This page was last modified on 4 January 2010, af 04:30. This page has been accessed 153,998 times. Gontent is available under Attribution-Nencommercial-Share Alie 3.0 Unported, Privacy policy  [E8]] meadromd
About SNPedia Disclaimers

Figure 5: The SNPedia homepage.
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4.3.2. SNPpedia as a DAS source

We converted SNPedia into a DAS source following the proposal in section 3 as a proof of
principle for the general integration of GEN2PHEN data using DAS. This DAS source has been
added to the default configuration of Ensembl thus making it selectable via the Ensembl page
configuration interface (see Figure 6).

& Staging

Home > Human [GRCh37] Login / Register | BLAST/BLAT | Docs & FAQs | Mirrors
[l R P VPR L RVVEN Variation: rs1333049
Variation: rs 049 ariation: 0429
summary J|_Configure page
Gene/Transq Configure view
Population d - Configure

DAS sources

Individual ge| #  SNPedia
Context DAS source mirroring data from SNPedia. SNPedia is a wiki investigating human genetics. We share information
Phenotype [ about ... [Homepage] (Mouseover for full text)

To update this configuration, select your tracks and other options in the box above and close this popup window. Your view
will then be updated automatically.
Reset configuration for this page to default settings.

ntact Us | Help

Figure 6: The Ensembl configuration page showing the SNPedia DAS source which has been selected. As
additional GEN2PHEN data is made available for SNPs via DAS, they would appear on this page if
incorporated into the Ensembl default sources or though the DAS registry for all DAS sources that have
provided information to the DAS registry.
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4.3.3. GENZ2PHEN data displayed via DAS in Ensembl

Figure 7 shows the final integration of the SNPedia data within Ensembl. This protoype
provides a general method to incorporate any DAS sources into clients supporting the proposal in
section 3. Ensembl supports this capability as of Release 57 (expected March 2010) and will
publicise this new feature as a way to encourage investigators both within and outside the
GEN2PHEN project to make data available via DAS and to build additional DAS clients capable
of displaying GEN2PHEN data.

& Staging

Home > Human [GRCh37] Login / Register | BLAST/BLAT | Docs & FAQs | Mirrors
Variation: rs1333049

Variation: rs1333049 | Variation: rs1333049

Summary

iati S ( 3130)
Gene/Transcript (2) variation class  SNP (source dbSNP130)

Population genetics Synonyms ENSEMBL:Watson ENSSNP13617910
Individual genoty (331 Affy GeneChip 500K Array SNP_A-2191519
Context dbSNP rs17761501, rs58844516, rs59077428
Phenotype Data (6) Affy GenomeWideSNP_6.0 SNP_A-2191519
Phylogenetic Context (11 ENSEMBL:Venter ENSSNPZ966091
E External Data Alleles G/C (Ambiguity code: S)
SNPedia Ancestral allele: C

/ Configure this page Location This feature maps to 1 genomic location(s). _hide locations
9:22125503 (forward Jump to region in detail
= Manage your data strand)

L « External Data | SNPedia
Description DAS source mirroring data from SNPedia. SNPedia is a wiki investigating human genetics. We share information about the effects of variations in DNA,
citing peer-reviewed scientific publications. It is used by Promethease to analyze and help explain your DNA.
Homepage http://snpedia.com/

dbSNP Variation RS ID rs1333049 [view DAS response]

* Problem parsing note

Data provided by this DAS source contains HTML markup, but it contains errors or has dangerous content. As a security precaution it has not been processed. Tag "sup”

not allowed
Type Notes

Description rs1333049 has been reported in a large study to be associated with heart disease, in particular, coronary artery disease.
rs1333049

Info rs1333049 1.15x risk associated with both coronary heart disease and stroke

Info In a cross-sectional study of individuals with stable coronary artery disease, there was no association with cardiovascular structure and
function.

Info A long-term study of a cohort of 769 individuals finds that the rs1333049(C) allele was associated with:

Info * prevalent carotid atherosclerosis (odds ratio 1.46, 1.43 or 1.44, from data collected in 1990, 1995, and 2000, respectively. all with Cl:
~1.1-1.9);

Info * progression of atherosclerosis (for example, odds ratio 1.87 (Cl: 1.44 to 2.42) during 1995 to 2000);

Info * incident cardiovascular disease (hazard ratio: 1.37 (Cl: 1.05 to 1.79)}.

Info * Note: this SNP and rs107 57278 are practically equivalent, with linkage r<sup>2</sup>=1 in HapMap CEU populations

Publication The risk allele (oriented to the dbSNP entry) is most likely (C); the odds ratio associated with heterozygotes is 1.47 (Cl 1.27-1.70), and for

homozygotes, 1.9 (Cl 1.61-2.24).
PMID 17554300
Publication This SNP has also been reported to have the highest association of any SNP studied in a subsequent experiment conducted with the
resources of the German MI [Myocardial Infarction] Family Study.
EMID 18362232
PMID 17634449
Publication The initial studies were conducted on Caucasian populations. A subsequent study of Japanese and Korean patients has also found
rs1333049 to be associated with increased coronary artery disease risk, with roughly similar odds ratios.
PMID 18264662

Ensembl release 57 - Feb 2010 © WTSI / EBI About Ensembl | Contact Us | Help

Permanent link - View in archive site

Figure 7: The Ensembl Variation tab showing data directly imported from the SNPedia DAS source.
Information provided by the DAS source includes information about the publications citing the SNP,
information on associations and phenotype information and other details. As SNPedia is updated, this
information is incorporated in real time into Ensembl.
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APPENDICES

The DAS protocol was originally specified approximately 10 years ago [1] and has been
extended several times since [2-7]. In order to make this deliverable internally consistent, the
following sections provide details of the specification, which are then refined below to represent
the implementation available for G2P data.

A. The Distributed Annotation System (DAS) Protocol and
Implementation from Dowell, et al [1]

DAS implementation

The basic system is composed of a genome server, one or more annotation servers, and an
annotation viewer. The genome server is responsible for serving genome maps, sequences, and
information related to the sequencing process. Annotation servers are responsible for responding
to requests on a region and delivering annotations. The client, an annotation viewer, is a
lightweight application whose behavior is analogous to a web browser. The viewer
communicates with the genome and annotation servers using a well defined language
specification.

At a fundamental level, all annotations can be reduced to their coordinates relative to a particular
sequence landmark. The DAS viewer retrieves annotations from the various annotation servers
and uses the sequence coordinates to generate an integrated index of what is on the genome. This
integration is then presented to the user in tabular or graphical form. Annotation providers can
provide a suggestion of how their annotations should be rendered in a graphical display, and can
provide links back to their databases and web sites to allow the researcher to retrieve further
information about the annotation.

Because it relies entirely on sequence coordinates to achieve integration, DAS does not attempt
to resolve semantic contradictions between different data sources. The goal of the system is to
provide indexing and visualization, thereby making contradictions between annotations visible.

Reference sequence

The distributed annotation system relies on there being a common "reference sequence" on
which to base annotations. The reference server consists of a set of "entry points" into the
sequence, and the lengths of each entry point. Entry points will vary from genome to genome.
For some genome projects, entry points correspond to entire chromosomes. For others, entry
points may be a series of contigs.

The entry points describe the top level items on the reference sequence map. It is possible for
each entry point to have substructure, basically a series of subsequences (components) and their
start and end points. This structure is recursive. Annotations take the form of a statement about a
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region of the reference sequence. Each annotation is unambiguously located by providing its
position as the start and stop positions relative to a "reference sequence."

To give a concrete example, the C. elegans reference map consists of six top level entry points,
one per chromosome. Each chromosome is formed from several contigs called "superlinks," and
each superlink contains one or more smaller contigs called "links." Links in turn are composed of
one or more fully-sequenced clones [8]. One could refer to an annotation by specifying its start
or stop positions in clone, link, superlink, or chromosome coordinates.

The reference sequence server is responsible for providing the reference sequence map and the
underlying DNA. The server can provide a list of sequence entry points or given a component of
the map it can return its parent and children components. The reference server can provide
arbitrarily long stretches of raw DNA sequence given a reference subsequence, start position,
and stop position. Needless to say, bandwidth becomes a limiting factor for retrieving multi-
megabase segments of DNA. However, in practice it is rare for users to retrieve more than a
gene's worth of raw DNA at a time.

Annotation servers

Annotation servers are specialized for returning lists of annotations across defined regions of the
genome. Each annotation is anchored to the genome map by way of a start and stop position
relative to one of the entry points. Annotations have an identifier that is unique to the providing
server and a structured description of its nature and attributes. The general description of an
annotation follows loosely the general feature format (GFF) which intentionally aims for a basic
lowest common denominator description http://www.sanger.ac.uk/Software/formats/GFF/.
Annotations may also be associated with URLs where additional human or machine readable
information about the annotation can be found.

The annotator is free to describe his annotations using any terms which he feels are appropriate,
as DAS does not impose a controlled vocabulary. Annotations have categories, types, and
methods defined by the annotator. The annotation type corresponds to a biologically significance
description. In the Eddy Lab RNA track of the HGP three types are defined, "tRNA", "snoRNA",
and "miscRNA". The annotation method is intended to describe how the annotated feature was
discovered, and may include a reference to a software program. The annotation category is a
broad functional category. "Homology", "variation" and "transcribed" are example categories.
This structure allows researchers to add new annotation types if the existing list is inadequate
without entirely losing all semantic value. It is intended that larger annotation servers provide
URLSs to human-readable information that describes its types, methods and categories in more
detail.

Another optional feature of annotation servers is the ability to provide hints to clients on how the
annotations should be rendered visually. This is done by returning a DAS "stylesheet."
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Stylesheets use the type and category information to associate each annotation with a particular
graphical representation, a glyph.

Although the servers are conceptually divided between reference servers and annotation servers,
there is in fact no key difference between them. A single server can provide both reference
sequence information and annotation information. The main functional difference is that the
reference sequence server is required to serve the coordinate map and the raw DNA, while
annotation servers have no such requirement.

Specification

The main component of DAS is the XML specification, which defines all valid DAS
communication. As with HTML, our goal is a language which is human readable, easily parsed,
and extensible. 1 provides a summary of version 1.01 of the DAS specification.

While a client can query multiple servers simultaneously, the communication between the client
and any single server follows a simple client server model. Clients query the reference and
annotation servers by sending a formatted URL request to each server. Each URL has a site-
specific prefix, followed by a standardized path and query string. The standardized path begins
with the string /das. This is followed by URL components containing the data source name and a
command. For example:

http://stein.cshl.org/das/elegans/features?segment=2K154:1000,2000

In this case, the site-specific prefix is http://stein.cshl.org/. The request begins with the
standardized path /das, and the data source, in this case /elegans. This is followed by the
command /features, which requests a list of features relative to a given set of named arguments
(?segment=7K154:1000,2000). The data source component allows a single server to provide
information on several genomes.

Servers process the request and return a response as defined by the DAS specification, typically a
formatted XML document. The response from the server to the client consists of a standard
HTTP header with DAS status information within that header followed optionally by an XML
file that contains the answer to the query. The DAS status portion of the header consists of two
lines. The first is X-DAS-Version and gives the current protocol version number, currently
DAS/1.0. The second line is X-DAS-Status and contains a three digit status code which indicates
the outcome of the request. The defined status codes are listed in Table Al.

Table Al. Server Status Codes Server status codes are modeled after the familiar status codes of the
HTTP 1.0 protocol.

Code Meaning
200 OK, data follows
400 Bad command (command not recognised)
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401 Bad data source (data source unknown)
402 Band command arguments (arguments invalid)
403 Bad reference object (reference sequence unknown)
404 Bad stylesheet (request stylesheet unknown)
405 Coordinate error (out of bounds/invalid)
500 Server error, not otherwise specified
501 Unimplemented feature

An example HTTP header: (provided by server)
HTTP/1.1 200 OK

Date: Sun, 12 Mar 2000 16:13:51 GMT

Server: Apache/1.3.6 (Unix) mod_perl/1.19
Last-Modified: Fri, 18 Feb 2000 20:57:52 GMT
Connection: close

Content-Type: text/plain

X-DAS-Version: DAS/1.0

X-DAS-Status: 200

DATA FOLLOWS ...

The specification outlines seven basic queries which a client can use to interrogate a DAS server.
The valid queries are briefly summarized in Table A2. Two queries, "dsn" and "entry points",
essentially provide information to the client about the structure of the server and the reference
sequence. The "dna" query can be used to fetch a segment of DNA from a reference server. A
client can request annotations, "features", or a summary of the annotations available, "types",
from any DAS server. The main annotation content query, "features", basically follows the
general feature format (GFF). The servers provide a "stylesheet" to suggest representations to the
client's graphical display. When more information is desired about a particular annotation, the
client makes a "link" request. The "link" request, the only query which does not return a
structured XML document, returns HTML. It is anticipated that DAS clients will hand off the
link requests to the local web browser or other web-accessible genome database.
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Table A2. Queries Summary The basic seven queries of the DAS 1.01 specification.

Command Basic Format Scope
dsn PREFIX/das/dsn both
entry-points PREFIX/das/DSN/entry points reference
dna PREFIX/das/DSN/dna?segment=SEG reference
types PREFIX/das/DSN/types?segment=SEG both
features PREFIX/das/DSN/features?segment=SEG both
stylesheet PREFIX/das/DSN/stylesheet both

link PREFIX/das/DSN/link?field=TAG;id=ID both

Servers

A server is expected to respond to the DAS specification's defined queries with the appropriate
content, usually XML. The details of server implementation are left to the various annotation
source providers. We provide a sample Perl script for converting ACeDB-based databases into
DAS servers, and the Dazzle Java library does the same thing for annotation databases based on
the Ensembl code base (T. Down, personal communication, 2001).

The first reference DAS server was written for WormBase [8] and piggybacks on the WormBase
software architecture: an Apache/mod_perl web server communicating with an ACeDB database
via the AcePerl database access library. The Perl DAS server accepts incoming DAS requests,

translates them into the ACeDB query language, reformats the results as XML, and returns them.
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B. DAS 1.53E specification from Jenkinson, et al [7]

Coordinate systems

DAS may be used to annotate different types of data. In order to distinguish these, coordinate
systems describe the various reference data types DAS supports. Each coordinate system may be
thought of as a model that bioinformaticians commonly use to denote biological entities and
locations of features within them. A coordinate system has four parts:

1. The category or type of annotatable entity. For example a chromosome, gene, protein
sequence or protein structure.

2. The authority or project responsible for defining the coordinate system. For example NCBI,
UniProt or Ensembl.

3. The version, used where entities themselves are not versioned (as in genomic assemblies).
4. The species, for coordinate systems containing only entities from a single organism.

Though coordinate systems are normally used to describe the location of a feature within a
reference entity (for example residue 26 of UniProt sequence P15056), some annotations are not
always associated with a sequence location but rather the entity itself (for example database
cross-references). Such features are commonly called non-positional features and are used most
when annotating genes, which themselves are often thought of as abstract entities. The difference
between annotating an entity versus a region of an entity's sequence is conceptual and requires
no special implementation for a data source, but does have implications for a client's display.

DAS commands

A DAS source may offer one or more different services to clients, determined by the commands
it implements. A DAS command is a request issued by a client for a certain class of data, such as
a sequence or annotations of a sequence. The server responds with an XML document
representing the requested data. DAS defines a model for constructing the query (a specific URL
format), a model for representing the data (an XML document type) and its means of transport
(HTTP). Each command has similar but distinct query and data models. Version 1.53 of the DAS
specification (http://www.biodas.org/documents/spec.html) has five main commands:

1. entry points — fetches a list of entities a source can annotate
2. sequence — fetches the sequence of a segment of DNA, protein et cetera

3. features — the most commonly implemented command; fetches annotations located within a
segment

4. types — fetches a list of the types of feature a source or segment has
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5. stylesheet — fetches instructions for displaying features

DAS sources that offer sequences are often referred to as reference sources because they provide
the reference entry points for other commands on the same or different servers. Sources
implementing the features command are by contrast referred to as annotation sources because
they provide annotations based on a reference sequence. This distinction is largely historical
since some DAS sources are conceptually both reference and annotation sources, and DAS has
since expanded to cover non-sequence data.

The DAS specification has also been extended with several other commands, such as those
offering 3D structures and alignments. These are discussed in the Results section.

DAS registry

The steady growth in both the number and diversity of publicly available DAS sources
necessitated the development of a method for the discovery of DAS services. Previously reported
is the implementation of such a mechanism in the form of the DAS Registry [5]. This service
allows data providers to publish their DAS sources, allowing their automatic discovery by
compatible clients. This discovery feature has been incorporated into most client
implementations and libraries. The registry also performs service validation on registered sources
to check that they are both functioning and conforming to the DAS specification. The number of
registered sources has steadily increased since the DAS registry was created (see Figure 1).

In recent years the DAS protocol has been expanded beyond the core specification to cater for
the data integration needs of additional areas of biological research. However these extensions
have yet to be incorporated into the specification itself, the latest version of which is 1.53.
Instead, collectively they form an extended version of the DAS protocol, version 1.53E. This
protocol, documented at http://www.dasregistry.org/spec_1.53E.jsp, comprises five additional
commands, an ontology for protein features, a server-side data preparation option (binning) and
additional options for stylesheets. The extensions it offers are all optional for both servers and
clients.

New commands
The DAS 1.53E specification defines five new commands.

Structure

Similar to the "sequence" command, this command allows DAS sources to act as reference
sources for 3D structures. Clients may request the structure of a given entity, and the source
responds with an XML representation of the atomic structure. PDB structures are currently
served by a data source maintained by the Wellcome Trust Sanger Institute.
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Alignment

This command provides a flexible mechanism for exposing pairwise and multiple alignments of
entities. As well as full alignments, clients can request partial alignments containing entities
within a given range of a query entity. This is particularly useful for clients wishing to display
alignments containing large numbers of entities, such as the protein family alignments displayed
on the Pfam website (http://pfam.sanger.ac.uk).

DAS alignments may additionally be used by clients as a means of converting between
coordinate systems. For example, the Sanger Institute maintains an alignment DAS source that
offers mappings between the UniProt and PDB databases. Using an alignment as an
intermediary, it is possible for clients such as SPICE [2] to project features from one coordinate
system to the other.

Interaction

The interaction command is used for unifying and integrating different sources of molecular
interaction data. A DAS source implementing this command supplies XML representations of
molecular interactions.

The DAS representation of an interaction is flexible enough to allow many types of interactions,
including those for which the interacting region is known and those for which it is not. The XML
document contains a list of interactions and a list of the interacting entities (termed "interactors"),
with each interaction referencing two or more interactors. In addition to standard attributes such
as name and database source, both interactions and interactors may be further described with
additional custom properties.

An interaction DAS source can be queried using one or more interactor identifiers, whereupon
the DAS source returns interactions involving them all. The client can also request that
interactions be filtered by their custom properties, specifying either interactions for which a
given property is defined or those for which the property matches a given value.

Volmap

The volmap command is used for syndicating 3D structure volume map data from electron
microscopy. It accepts a single "query" ID, and the simple XML response contains metadata for
the volume map and a link to the raw data. Unlike other DAS commands, the data itself is not
encapsulated in XML due to its large size. The 3DEM group at the Spanish National Center for
Biotechnology offers DAS reference and annotation servers for volume map data, and have
developed the PeppeR client to facilitate its display [9].

Sources
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The sources command is different from other DAS commands in that it is not implemented by
individual DAS sources. Instead it is typically implemented by the servers on which DAS
sources are hosted, and provides metadata describing their DAS sources. This allows clients and
end users to discover the services a server offers. The command details for each source:

1. The capabilities (commands) the source responds to.

2. The coordinate systems the source offers data for.

3. A contact email address.

4. Custom properties that describe the source further (such as the project the source belongs to).

Through the sources command, the DAS Registry can automatically 'mirror' individual servers,
significantly augmenting the federation capabilities of the DAS protocol.

Protein feature ontology

The DAS protocol is intended to facilitate user-driven data integration such as graphical
interfaces, and to enable data providers to quickly and easily expose their data. For these reasons,
although the data transport mechanism has a defined structure, unlike other data integration
technologies DAS does not impose strict semantic constraints on the data itself. Whilst this has
resulted in widespread adoption, data shared via DAS are typically not amenable to automated
analysis because the relationships between data types cannot be reliably inferred and it is
difficult to assess their relative significance. To address this shortcoming, the DAS/1.53E
specification defines an ontology for sharing protein feature annotations within a controlled
vocabulary, developed jointly by the BioSapiens, UniProt and Gene Ontology projects.
Currently, 34 BioSapiens DAS sources are committed to implementing the ontology in their
annotations, though any source may choose to do so.

The ontology is an optional extension to the features DAS command, and because it is
implemented by convention rather than by modifying the XML schema it is fully backwards
compatible. The ontology itself is actually a composite of three ontologies:

1. Sequence Ontology [10], an established ontology describing features of biological sequences.
2. PSI-MOD, an ontology for post-translational modification terms.

3. A new ontology for BioSapiens-specific terms not covered elsewhere, such as literature
references and other non-positional annotations.

Command extensions
The DAS 1.53E specifications defines two new optional extensions to existing commands.

© Copyright 2010 GEN2PHEN Consortium



D3.8 DAS Implementation for GEN2PHEN Data

— b WHP3: Standard Data Models And Security: PU
£ | Terminologies y:

Author(s): Paul Flicek (EMBL — European Version: v2.0
Bioinformatics Institute) Final

HEALTH-200754 25/27

Binning

A core principle of DAS is the notion of servers being relatively simple, which lowers the
requirements for data providers to expose their data. However, some DAS sources can
potentially serve very large numbers of annotation features for a given segment of sequence.
This creates problems for user-driven clients that rely on fast response times. Often, the client is
not capable of rendering all these features because the user interface has insufficient resolution.
For example, a DAS source might annotate every base in a megabase region of the genome, but
the user of a graphical client will not be able to see every annotation.

To solve the speed issue, the Ensembl DAS client takes advantage of this fact. It adds a maxbins
parameter to a "features" command request. This parameter informs the DAS source of the
client's maximum available rendering space by means of the number of 'bins' that features may
be placed into. The DAS source may then choose to optimise its response by only returning
features that are renderable by the client (i.e. maximum one per bin). It is up to the DAS source
to decide which features it should filter.

Advanced stylesheets

Some DAS sources opt to provide stylesheets — generic blueprints that allow a client, if it so
wishes, to render features according to the intention of the DAS source provider. The core
specification defines several glyphs that a feature can be rendered as such as boxes, lines and
arrows. Stylesheets, as in other DAS commands, are provided in XML format and work by
specifying the size, colour and type of glyph to be rendered for each type of annotation provided
by the features command.

Though stylesheets work well in representing sequence annotations such as exons, it is often
desirable for some feature annotations to be rendered in more elegant formats. The 1.53E
specification contains new glyph types for the "stylesheet" command that allow a server to define
new ways of rendering data. The most notable of these are instructions for rendering plots
according to a feature's score property. Different plot types include histograms, colour gradients,
line plots and tiling arrays (wiggle plots).

Implementation

The DAS specification has several client implementations. The Ensembl genome browser [11]
incorporates a DAS client for several of its "views", and is able to display data from a wide
variety of genomic, gene and protein sequence coordinate systems. It also integrates with SPICE
[2], a Java Web-Start application that uses DAS alignments to combine protein sequence and
structural annotations. Using SPICE, protein sequence annotations can be projected onto and
visualised within a 3D structure. The DASMIweb portal (http://dasmi.de) integrates protein-
protein and domain-domain interaction datasets. The iPfam website also integrates interaction
data, comparing the interaction topologies of different sources by overlaying them in a node
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graph (http://ipfam.sanger.ac.uk/graph). Other clients include Dasty [3], a web-based standalone
DAS client implemented in Javascript, and the Pfam website (http://pfam.sanger.ac.uk).

Several solid client implementations are based on open source libraries, which are available for
the Perl and Java programming languages. These include Bio::Das::Lite
(http://search.cpan.org/~rpettett/Bio-Das-Lite/) and the Dasobert component of BioJava
(http://www.spice-3d.orgldasobert/). DAS server implementations are also provided for both
languages: ProServer [12] and LDAS (http://www.biodas.org/servers/LDAS.html) for Perl;
Dazzle (http://www.biojava.org/wiki/Dazzle) and MyDas (http://code.google.com/p/mydas) for
Java.
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