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Abstract: The objective of this article is to achieve the Chinese human genetic resources’ information sharing
services. Firstly, the data collection, integration, classification and standardization as well as the data taxon-
omy and the data processing toolkit were discussed in details, the specification for human genetic resources
data description was established and the data processing tools was disseminated at first. Secondly, based on
the service-oriented system architecture method, the human genetic resources sharing infrastructure was
strategical designed, the services capabilities of the framework was interpreted in details, the intelligence,
networking, virtualization and security co-ordination platform were designed comprehensively. Finally, the
human genetic resources information-sharing system (or platform) and resource databases were constructed
and the information shared services hierarchically were realized between sharing alliance members and public.
The results demonstrated that the technological capabilities of the platform will lead new research opportuni-

ties promoted the human health research work.

Keywords: human genetic resources;sharing infrastructure; reference model ; data standard; data mining

1. Introduction

The National Infrastructure Project of Chinese Human
Genetic Resources (NIPCGR) is a comprehensive web-
based management information system for Chinese hu-
man genetic resources sharing and services . It is the
important component of National Science and Technol-
ogy Infrastructure Program.

NIPCGR will construct an environment where many
different initiatives interoperate to provide rich mecha-
nisms for human genetic resources information access,
storage, knowledge exploration, analysis, and application
services with international situation !,

The NIPCGR infrastructure major capabilities are: 1)
An interoperable platform to support the exchange and
use of services for discovery, data access and data analy-
sis about human genetic resources. 2) The provision of
information sharing environments, which dedicated to
use the services for resources management ' " and the-
matic services; 3) Provision of the appropriate use of
resources through security mechanisms and IPR and at-
tribution policies ™.

This article is organized as follows: Section 2 provides
a compilation of relevant standardization about human
genetic resources and description formats are then de-
scribed grouped by themes. Section 3 lists the current
resources providers and their contribution for NIPCGR.
Section 4 gives an overview of relevant services or func-
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tion provided by the platform, Issues such as technical
architecture and services organization as well as the intel-
lectual property and the resources security are discussed.
Finally, section 5 gives a conclusion about this article
and the research work.

2. Standards and Taxonomic Data

Standards are at the heart of any undertaking that strives
for interoperability or sharing of data, services, and tools
8], The interoperability of NIPCGR infrastructure should
consider the following contents such as standardized
data formats, data transmission protocols or interface
specifications and the specific identifiers of the re-
sources.

2.1. Standards

Chinese human populations are distributed in a vast ter-
ritory with complex topography and a varied natural
environment. The human genetic resources are based on
the Chinese multi-ethnic state (56 ethnic groups) com-
prising 1.3 billion people and aims to represent their
patterns of genetic diversity. Chinese human genetic
diversity is characterized by abundant minority groups
with varied sizes, lifestyles, histories and disease and
marriage patterns. Such data would be an invaluable
asset for both the study of Chinese populations and for
research on human evolution worldwide.
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In China, many institutions have collected and stored
human genetic samples such as blood, cell lines and tis-
sue samples from all over the whole country in the past
few years. The main tasks of the project are firstly, to
integrate the existing resources and format the useful
information into the standard metadata description
which used for information storage, and secondly, to
stimulate the collection of the further human genetic
resources that are most needed and strengthen the devel-

opment of the management environment and tools .

The critical thing here is to establish data specification
for human genetic resources. From the information view-
point and considered the intrinsically characteristics of
human genetic resources’ objects, the hierarchy system
of human genetic resources standardization was con-
structed for the first time, show in Fig.1.
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Figure 1.NIPCGR Standards

General specification of the resources is the core ele-
ments for both the metadata database and web services.
The metadata structure is beneficial for users when they
access the database and discovery relevant information
and resources. The standardized terms of the metadata
are made sensibility and feasibility for specific retrieval.
Special specification is used to describe the sample in-
trinsically information and the individual specification is
used for the potential information in the sample for re-
search and analysis.

2.2. Taxonomy and Identifier

Human genetic resources research will need to critically
revise the taxonomy of the organisms involved in the
specific study. NIPCGR should come to an agreement
with the different sources of taxonomic backbone infor-
mation to be able to offer their usage in the technical
framework. Taxonomic methods have been changed
over time due to better understanding of the relation-
ships between resources and different providers. Multi-
ple taxonomies can exist concurrently due to differing
scientific opinions about the relationships. This means
that the scientific classification about the genetic re-
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sources can be ambiguous.

A taxonomy concept and the unique identifier are
brought up to avoid the unambiguous identification of a
specimen, both items are including in the general speci-
fication contents, information such as the donor’s age,
sex, and diagnosis coded according to the tenth Revision
of the International Classification of Diseases (ICD-10).
A Taxonomy Concept is a unique identification of a
specimen, restricting the identity of a specimen to a sin-
gle identifier. Any resources and information that are
generated by NIPCGR or that are retrieved into the in-
frastructure and subsequently processed should be iden-
tifiable by the globally unique identifier as a foundation
for provenance and citation as well as the attribution
policies. This also makes information discovery more
computationally intensive.

2.3. Toolkit for Data Collection

NIPCGR uses the data standards and specifications de-
velop a toolkit for human genetic resources collection
and integration in accordance with the uniform templet
and requirement '”. The toolkit is installed on the data
provider's web server. The core part of the provider
software is the wrapper software. It is an XML/CGI da-
tabase interface written in object-oriented program lan-
guage. This toolkit therefore transfers the data into a
standard XML format which can access to the selected
structured databases directly.

For different resources providers, they can build a
standard template for their resources by this toolkit and
then upload the final data files to NIPCGR. After the
successful certification, the data will be imported to the
permanently database. This way it is easy to build new
DB modules for different resources providers. And this
service will aid the mass data standardization and man-
agement. The toolkit function and the main interface
show in Fig.2.
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Figure 2.NIPCGR Data Collection Toolkit
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3. Catalogue of Database

So far, more than 30 cooperative partners as data pro-
viders participating into the NIPCGR. The unstructured,
semi-structured, or structured data and/or a provider of
functions in terms of services have been stored in the
NIPCGR database. These resources are with very het-
erogeneous nature and contain information in a variety
of types and formats t''"'?],
The database of the NIPCGR which holds the resource
repository is the focus issue of this paper. It includes
disease subclass data, minority population genetic re-
sources and special population-genetic resource data, all
of which are unique in China population. It is invaluable
for the study of the origin and evolution of the Chinese
populations as well as for improving medical treatment.
Until now, we have built different thematic database for
variation purpose. Whole database have a collection
about 300,000 records and classified into 27 thematic
database lists in tablel.

Table 1.Thematic Database and Records in NIPCGR

No. Thematic Database Records
1 Minority Ethnic Population 19072
2 Qinghai-Tibet Plateau Population 7511
3 Genealogy 2109
4 Tumor 12236
5 Hepatitis B 3000
6 Insulin Resistance 10650
7 Hypertension 20000
8 Miocardial Infarction 29910
9 Human Body and Organization Tissue 49150
10 AIDS 100

11 Isolated Population 2565
12 Obesity Population 6507
13 Gynecology Disease 14351
14 Birth Defects 19407
15 Space Mutagenesis Cell 5119
16 Stroke 6720
17 paternity identification 600
18 letterman 389
19 kidneys 8199
20 embryo 615
21 prospective cohort between rural and urban | 38712
22 reproduction 6183
23 mental disorder 4146
24 human skeleton 4056
25 Liver 2096
26 Forensic Science 30000
27 Longevity population 2080

4. Services-Oriented Sharing Environment
4.1. Service-oriented Architecture

OASIS-SOA-RM defines Service Oriented Architecture
(SOA) as a “paradigm for organizing and utilizing dis-
tributed capabilities that may be under the control of
different ownership domains”. The person or organiza-
tion offering a capability is called a Service Provider and
the entity having a need to be solved by one or more
capabilities is called a Service Consumer %,
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The following Fig.3 illustrates a basic service-oriented
architecture. It shows a service consumer at the right
sending a service request message to a service provider
at the left. The service provider returns a response mes-
sage to the service consumer.

Service Service

Service request

A

Service response

Figure 3.NIPCGR Data Collection Toolkit

The key concepts attached to a Service are:

e Visibility Exposure of capabilities to be found
by an entity with needs, typically done through
Service Descriptions

e Interaction The activity of using a capability,
typically through the exchange of Messages be-
tween consumer and provider in a particular Ex-
ecution Context(Real World)

e Effect Purpose of using a capability, result of an
interaction.

Based on the SOA concepts, NIPCGR architecture was
estabished.Fig.4 illustrates the Service-oriented architec-
ture of NIPCGR.

The system management services, human interactive
services, processing services and information manage-
ment services as well as the integration services are pro-
vided in NIPCGR platform. The detailed contents will
be interpreted in next subsection.
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Figure 4. Service-oriented Architecture

4.2. NIPCGR Capabilities

The system management services, human interactive
services, processing services and information manage-
ment services and integration services make up the
NIPCGR Services Capabilities. The following list
(Tab.2) gives an overview of the services classification
of NIPCGR.
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Table 2. Classification of NIPCGR Services

Service Description

System management service

Creates and maintain subjects including

M t .. "
User Managemen groups of principals as entities that need

i T

Service authentication.

Authentication Verifies genuineness of principals using a
Service set of given credentials

Authorization Ser-
vice

Gives a compliance value as response to a
given authorization context

Service Monitoring | Provides an overview about Service In-

Service stances currently running
Log service Record the server system problems, failure,
& and the server to track the efficiency.
Processing Services
Harmonized access to direct user-to-user
Communication communication means based on informa-
service tion technology and data-exchange be-

tween users

Common interface for services offering
processing operations by initiating the
calculation and managing the outputs to be
returned to the client.

Enables clients to interactively visualize
tabular and statistic data by providing a
intuitionistic representation

of the data

Processing service

Visualization ser-
vice

Interaction Services

Allows interoperable read and write access

Access service L . .
on service instances available in NIPCGR

Supports the ability to publish, query, and
retrieve descriptive information for re-
sources data, independent of a specific
meta-information standard

Catalogue Service

Upload/Download
service

Download or upload data use the interface
provided by NIPCGR

This list of basic services shall be incrementally updated
during the part of the optimizing phase. The instances of
core services currently is:

e Retrieve service
NIPCGR provides a versatile query interface allowing
intuitive access to the resources which contains data
compiled from multiple heterogeneous resources. Two
kinds of patterns for retrieval data are provided: Criteria
Query: User input parameters, NIPCGR generates the
standard SQL sentence which can interaction with data-
base. and Classified Query: with the defined classifica-
tion and taxonomy, user can access the sequence dataset
under a certain classification.Fig.5 and Fig.6 show the
user interface of Criteria Query and Classified Query
respectively.
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Figure 6. Classified Query

e Processing service

NIPCGR platform has the capability of statistical analy-
sis and the function of statistical figures, using the fusion
chart open sources, customized statistical processing ser-
vice instance has been done. Users can get these services
directly. Fig.7 shows the user interface and an example
about statistical analysis services.

e Visualization service

The infrastructure has the capability of presentation for
both attribute data and the multimedia data, the attribute
data expressed as the tabular form in client browser and
the medical images shown dynamicly in flash viewer
tools '), The users can access to the general and the de-
tails information about the resources using the web
browser like Fig.8. Fig.9 illustrates the medical image
representation service.
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Figure 7. Statistical Analysis Example
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Figure 9. Medical Image Resources Dynamic Represention

e Download service

Download service is the function that user can export the
data or information from server to client, it includes the
metadata, catalogue data, documents, reports download
services etc. The context can be output as new data for-
mat which user has selected before such Adobe PDF
format, Microsoft Excel format or Microsoft Access
format for local application.

4.3 Information Sharing Environment

The objective of the NIPCGR is to promote the human
genetic resources information sharing using the technical
framework '*'®]. The capabilities developed have in-
creased the services qualities but it’s not enough for sus-
tainable sharing and the scope extended for more re-
sources. At the same time, following question must be
answered: 1) How to ensure the data security and re-
sources intellectual property right (IPR)? 2) How to en-
sure the sharing benefits for providers, manager and the
users?

e Data Security and IPR

The metadata specification supports extensive metadata
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on intellectual property rights (IPR) and other rights, thus
ensures that data providers can make their claims as to
copyright, proper accreditation, and utilization of their
data. NIPCGR extends IPR information to all kinds of
data, requiring it for primary data as well as generating it
for derived data. Such information may be represented as
meta-information related to a globally unique identifier
(GUID) for the data.
The providers and the preservation organization are the
owner of data, the legal entity possess the right resulting
from the act of creating a digital record in metadata. The
record may be a product derived from another, such as
the digital watermarking,
For sensitive data or confidential data, NIPCGR not
make available public, only the users or participants who
were authorized can access these types of data.

e Sharing Agreements

In according to the information sharing principle that the
process of and agreements for making data freely are
universally available on the web. The participants will
signed the Memorandum of Understanding (MoU) to
express their willingness to make human genetic re-
sources data available through NIPCGR and to support
the public access of these data (metadata). Data providers
offer the primary data and the metadata on specimens
and are responsible for updating the information and data
quality. Non-registered users use the internet to access
data can get the metadata information. The registered
users can access the special data information.

5. Conclusion

The research results demonstrate that the human genetic
resources and the potential knowledge in the diversity of
information integrated into a collaborative network plat-
form will lead new research opportunities for human
genetic resources application. It’s very critical to build
the information sharing environment and the infrastruc-
ture for human genetic resources information sharing.
The following contents can be summary: 1) Data is the
fundament and core resources, the standards and specifi-
cations system establishment make it possible for differ-
ent participants with diversity resources integration. A
large-scale and resource-oriented database has been con-
structed for the first time, 2) The manage regulations and
the sharing agreement documents have improved the
sharing status, and ensured the data providers’ IPR and
the data security. This can increase the material resources
sharing future.3) the technological capabilities and the
infrastructure with generic and thematic services have
realized the human genetic resources information like
metadata, special data sharing on-line, the retrieve, repre-
sentation service, the statistic analysis services promoted
the information sharing feasibility. In future, the capabili-
ties can guide the sharing services of the resources and
strengthen the e-science environment development of
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human health research.
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