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PART A:

PRINCIPAL INVESTIGATOR’S SUMMARY



Program Accomplishments:

The Coordinating and Bioinformatics unit is responsible for the creation of the
informatics infrastructure of the consortium as well as facilitating the efforts of the
mouse engineering centers. Our programming paradigm is to develop software
systems based on an n-tier architecture, where we create the presentation layer,
business logic and data layer into separate software systems. Figure 1 presents the
system we have created for the consortium. These systems have been developed to
minimize maintenance, but provide a robust scalable model for future growth and
interactions at the national level with other organism databases. These systems have
been designed using the unified modeling language (UML). The two UML modeling
tools we use are Rational Rose and Powerdesigner. The AMDCC object model design
and implementation diagrams can be viewed at www.amdcc.org/rational, while the data
model can be viewed at http://www.amdcc.org/cbu/models/datamodel/fullpdm.htm.
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Figure 1. AMDCC n-tier design architecture

Requirements Analysis Our first task in the development of this infrastructure was to
develop a requirements analysis for the AMDCC consortium. This was accomplished
over several months through conversations with the investigators, reading the
documentation produced by the validation committees and face to face meetings during
the biannual steering committee meetings. Use-case diagrams were produced for
those interactions described in the analysis and a careful assessment of the data model



requirements was conducted. Because this portal is membership driven, there are two
broad categories of data that we have to persist and use. The administrative data,
which persists the details of the consortium members, and the experimental data
generated by the AMDCC membership. In addition to the data requirements, we also
developed the object model (API) required to support the data model in a production
environment. The object model was developed to not only support the local
programming environment, but also as a deployable SOAP or Web Service for machine
to machine interactions. We felt it was important to provide these capabilities so outside
institutions (eg. NCBI, NCl,etc) would have a mechanism to retrieve data from the
AMDCC in an automated fashion.

Core Relational Data Model

We began our development process by constructing a relational data model.
Fortunately, a number of existing schemas were available for almost all of our key
subject areas: animal models, genotypes (including array experiment data),
histopathology, and phenotype Assays. The Mouse Models of Human Cancer
Consortium (MMHCC) and the Jackson Labs were particularly helpful, and shared
several successful models. The AMDCC schema borrowed heavily from them, not only
as a jumpstart to our project, but in anticipation of data sharing. Having similar table
structures can simplify the transformations required to exchange data. All the work on
the data and object models is published on the web (see above and Appendix for
details). When we determined that our relational data model for the AMDCC data was
sufficiently complete, we deployed it to the database server. The current version of the
database addresses several domains, including administration, models, strains,
genotypes, publications, external database references, ontology management,
experiments, phenotype assays, microarray data, histology, images and dataset
persistence. This data model required 166 tables, 55 functions, 530 stored procedures,
141 data views and a total of 9344 lines of code. The stored procedures for adding,
updating, deleting, and retrieving data allow database access only through stored
procedures. This dramatically improves performance (because stored procedures are
compiled and require less network traffic to execute compared to raw SQL) and
centralizes complexity, exposing only data, not the tables and relationships from which it
comes. We have also implemented an auditing system to track data changes within the
system. This system uses database triggers to monitor all data updates and deletes. |t
saves a copy of the old data, the id of the person who modified it and a date and time
stamp for when the modification occurred.

The Experiment domain is quite generic and allows users to specify animals,
protocols, assays and independent variables used in an experiment. An “experiment” is
then linked to concrete results, such as phenotype assay measurements, histology,
images and gene expression data. We use the experiment concept as a unifying
architecture, allowing us to tie many different data types together. For example, data
from a phenotype assay (eg. Echocardiography measurements) can be tied to a
histology image from the same animal (eg. En face staining of the aortic root). This
architecture will allow us to develop data mining algorithms incorporating both
quantitative and qualitative data in the future. The screen dump below is a description



of an experiment in the system. As you can see, we have developed a unifying look of
the data collected.

We have provided detailed data model diagrams in the appendix. These
diagrams describe the relationships, constraints and properties we capture.
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Ontologies/Controlled Vocabulary. We use controlled vocabularies extensively
throughout the website. All the drop down boxes used during data entry or data query
use either existing controlled vocabularies or ones developed by the consortium. We
have populated our ontology “terms” table with Gene Ontology terms (Stanford) and
anatomy terms from the Computational Biology and Informatics Laboratory (University
of Pennsylvania). For mice, we have used the Standard Anatomical Nomenclature
Database (University of Edinburgh/The Jackson Laboratory) to relate these terms to
developmental (Theiler) stages. In addition, we have imported mouse gene information
from the Jackson Laboratory for those genes currently associated with GO terms. This
enables searches using the gene name, symbol, or GO concept. We are currently
completing programs for automatic, scheduled retrieval and import of externally
maintained data (such as GO). Note that we do not reproduce these databases; rather,
we import enough information to permit structured data entry and searches. Should
users require further details about a term or gene, we provide hyperlinks to the
appropriate web resource. The ontologies required for microarray data exchange were
imported from Chris Stoeckert’s work in the MGED Ontology Workgroup. The AMDCC
CBU has been very careful to align our vocabulary with existing groups whenever
possible. This will be very important for automated data exchange between the
AMDCC and other biological databases.



Object Model and Application Programming Interface (API)

We used Rational Rose, our software development tool, to create a preliminary
object model from the relational data model. This object model has required a lot of
post-generation tweaks, and in some instances, it proved simpler to rebuild the classes
by hand. Once the classes are modeled, however, Rose is very adept at generating
COM components or Java Classes. The COM API connects web page functions
(viewing, adding, and updating information) to database stored procedures (see the
Appendix for a detailed view of the object model diagrams).

Much of the infrastructure/experimental code are in place. The “administrative”
objects, such as Security, Member, Meeting, etc. are functionally complete with the
majority of the AMDCC-experimental objects (Strains, Models, Experiments, etc.) near
completion. With the exception of the Experiment and PhenotypeData class, all the
core elements of these objects have been created and are functionally active. The most
significant addition to the object model over the last 6 months was the addition of the
microarray object model and the datasets object model. The microarray OM was not
included in the appendix due to its size. However, the object architecture was almost
completely borrowed from the MAGE-OM standard. This standard is quite extensive
and includes a number of elements that are unnecessary for our purpose, therefore we
created a scaled down version. We will be able to generate a MAGE compliant data
stream with the model we developed.

The dataset object model was developed to assist the investigators in data
analysis. A dataset is a generic class used to construct complicated data queries
across all the data generated by consortium members. Investigators will be able to
build sophisticated queries using all the objects in the AMDCC-OM. We use
SearchCriteriaGroup (SCG) objects to build the queries. One can use as many SCGs
to define the query, giving them the ability to combine all the available objects to build
complicated queries. For example, one may want to extract all the assays performed
on C57BL/6 mice with blood glucose measurements > 200 mg/dl for at least 4 weeks
and induced with STZ 20mg/kg body weight. The datasets can be saved to the
database for future use or one can use it in ad-hoc mode to generate complex queries
on the fly.

The object model currently defines 168 classes to describe the activities and data
generated by the consortium. It required 30,782 lines of code to create the current
version of the object model. All the methods and properties are documented in a context
sensitive help system so programmers know how to use the OM to retrieve data. This
will be useful when we implement the OM as a SOAP service.

AMDCC Web Portal

We have secured the web domain amdcc.org for use by the consortium with the web
site using www.amdcc.org . The web portal must accommodate both public and
member driven interactions (private). We have completed a third generation design of
the AMDCC web portal. We are continually adding content to the website for both the
public and the members. The web portal currently contains 136 ASP pages and
requires 24,616 lines of code.



My AMDCC This third generation design of the web portal has significant
improvements with respect to the users experience. Because we built a robust security
model, we are able to tailor the web site based on the user and their privileges. All the
web pages generate their options, look and feel and information based on the users
personal profile. For example, when a user logs into the system, the main member
area page provides the user with a summary of the models, strains, experiments and
publications they have submitted to the system. These lists provide immediate access
to these entities, minimizing the need to “click around” to find what you want. The home
page for the website provides overall stats for the consortium as a whole and tailors
these numbers. If the general public comes to the site, they will only see what has been
released to the public, while a member that is logged in will get everything. We are
striving towards a My AMDCC organization (similar to commercial portals like My
Yahoo). For example, if a user is logged in and they go to one of the seven different
active search pages, the drop downs and automated selections are done based on the
investigator with whom they are associated.

Security Model We have built the database tables and stored procedures needed to
manage application security. The model requires that we assign members to groups
based on their roles in the consortium. Each group has privileges associated with it.
Thus, members inherit privileges based on their group membership. This security layer
is called every time a member tries to perform a privileged action. We have worked with
the consortium members to determine what information is public and what should be
kept private. All experimental data entered into the system is tagged with a public
release date determined by each participating investigator. Investigators are notified 2
weeks in advance when their data is about to be released. This was done to avoid
potential publishing problems with releasing data before manuscripts have been
accepted.

The center serves as a Certificate Authority (CA) for the members of the
consortium. Digital certificates containing a participant’s identification, valid time period,
public key, and other cryptographic information including the digital signature of the CA
applied to the hash of the certificate itself can be obtained by members, although they
are not required. All CA hashing is done using MD5, a common hash function found
standard in both Java and various Microsoft environments. All communication with the
AMDCC private side are protected by Transaction Layer Security (formerly Secure
Sockets Layer, or SSL). TLS is a protocol for exchanging cryptographic parameters
between clients and servers. It has the advantage of being able to negotiate to
determine the strongest common ciphers as well as to allow the use of future stronger
ciphers as they become available all without the modification of code.

Models and Strains: Investigators use the words Model and Strain interchangeable.
However, with respect to the IT structure, we have to separate the two concepts. The
reason for this separation is that a particular mouse strain could be a model for more
then one complication and storing the data will require unique attributes for each data
type. We have developed the object model structure to accommodate this concept.
Models are defined by the complication type, diabetes type, species and strain. While,
the strain is the actual animal being assayed and is defined by the genetic manipulation



and breeding strategy. As of this writing, the system holds data on 61 models (under
development) and 45 AMDCC-created strains. This data is publicly viewable and may
be searched using various criteria. AMDCC Members can add and edit models and
strains developed by their labs using a web interface.

Genotype: The genotype class is used to capture more detailed genetic information for
strains created. We borrowed many of the concepts that define the genotype of a strain
from The Mouse Models of Human Cancer Consortium. The overhauled genotype
class can now be used to precisely define any genetic manipulation, including genomic
segment mice, transgenics (regulatory elements can be defined separately from the
gene), cre/lox mice and all the standard manipulations (eg. knockout, knockin, etc). We
expect to have the new model implemented in the website by August 1.

Protocols Protocols can be attached to virtually any entity in the system and are
conceptually grouped (eg. array manufacturing, diabetes induction, staining, breeding,
etc.). AMDCC Members continue to submit protocols to the Coordinating unit for
reformatting and storage in the database. The current protocols are publicly available
via the website.

Data Templates. In order to facilitate the data upload procedure, we arrived at a
common method and format for uploading phenotype assay data based on input from
the membership. Members specify general information about their experiments (such
as assays used and independent variables) and download a dynamically generated
Excel template. Members then enter or cut-and-paste results in the template, upload
the Excel file to the website, and correct any validation errors prior to saving it to the
database. To accomplish this, we developed a very simple curation mechanism that
flags potentially incorrect data and gives the users to correct it before they save it to the
database. All assays in the system can have units of measure and valid data ranges
attached to them. We use these ranges during the upload process to validate the data
before saving it to the system. This bulk upload method will allow members to not only
bulk upload their data, but also the animal definitions. Members can then browse the
data using a variety of search options.

Data Upload In order to support the AMDCC investigators, we held two data entry
workshops for AMDCC member laboratories (March 25th, 28th 2003). Representatives
from each of the mouse engineering laboratories came to Augusta, GA for a one day
workshop on data entry and website navigation. This gave us the opportunity to get
better user feedback and train members on how to upload data into the system. As of
March 28th, 2003 we had trained all AMDCC investigators on how to create
experiments and upload their data into the system. The original plan was to have each
member that attend return to their home laboratories and train local personnel.
However, by the time the investigators were ready to upload data, many of the people
that attended the workshop forgot what to do. We decided to take a more aggressive
approach and visit each of the member laboratories and train all their personnel at once.
We began this process in December of 2003 and visited three laboratories a month.
Except for two laboratories, we have visited and trained all the laboratories to date.



These two laboratories were recent additions to the consortium and were not ready to
upload data. We will train these last two laboratories within the next month so they will
be prepared once they are ready to upload their data. In addition to the training
workshops, we decided to create a number of training videos that can be streamed from
the website. This will allow member laboratories to train new personnel as well as
provide a mechanism for existing personnel to get a refresher course if they forget what
to do.

Publications The publication committee can now coordinate publication review online.
AMDCC investigators submit publications via the website, and committee members are
automatically notified of the new submission by email. They may then log on to the site
to make comments. If the publication is approved, it may be viewed by the AMDCC
membership. When the author sets an approved publication’s status to “In Press” or
“Published”, the information becomes publicly available.

Histology Images The Histology class is derived from a generic image class with
specific attributes associated with doing histology. These attributes include
magnification, staining protocols, sample dates, slide prep dates, and macroscopic and
microscopic descriptions. When a histology image is uploaded to the system, the
investigator connects the image to an animal and an experiment. Because we have
linked the image to an experiment, this provides immediate access to all the phenotype
and microarray data associated with the animal. Histology images are converted on the
server side using a third party component called Zoomify, providing a compression
mechanism to efficiently serve X .

very large images over an
HTTP connection. Zoomify
comes with a flash viewer that
enables the users to scroll and
zoom around the image.
Investigators can annotate the
images using this viewer (an
example is shown to the right).
One can attach points-of-
interest, notes and labels to the
images. These are saved via
XML and saved to the
database. We will use these
annotations to build the
controlled vocabulary for
pathological terms used to
describe histology.
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External References We continue to link specific data to as many external web-
addressable databases as possible. For example, a mouse strain record could include
links to various Jackson Laboratory resources, such as the Mouse Phenome Database.
The object model and database already accommodate such data.

Phenotype Exploration Over the last couple of months, we have turned our attention
to the data analysis aspects of the website. We will provide data exploration schemes
for both the general public and AMDCC membership. Part of the exploration concept is
the ability to query the system in a flexible manner. The dataset objects described
above were developed to accommodate the exploration. The first applications will
provide custom charting mechanisms as well as basic statistics. We use a third party
application called Dundas Chart Server to serve the graphs and charts over the web.
All our applications will provide both ad-hoc queries as well as saved data templates for
the most common data requests. In addition, the charts are completely customizable
with respect to their appearance. We will be augmenting these exploration schemes to
include statistical comparisons, microarray data and develop a knowledgebase from the
data to use in data mining algorithms.
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Class Diagram: PhenotypeAssay Classes | PhenotypeAssayMeasurement Diagram
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Class Diagram: OM_DiabCDb | ExternalReferenceClasses
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Class Diagram: Publication Classes | Publication Class
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Class Diagram: Publication Classes | Comment Class
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Class Diagram: Publication Classes [ Publication Response Class
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Class Diagram: Publication Classes [ Journal Class
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Class Diagram: Utility Classes [ Main
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Class Diagram: MemberAdmin [ Member Related Diagrams
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Class Diagram: MemberAdmin | Association Diagram
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