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INTRODUCTION

The extensive ongoing work within the international community of
genetic resources is extremely valuable in the efforts to solve the
world's food problems. From diverse fields (such as plant breeding,
agronomy, botany, economics, management science, and biometrics)
scientists are endeavoring to make significant breakthroughs in the
effort to provide an adequate global food supply, often working under
difficult conditions. Intimately imbedded in these efforts is a set
of problems, tasks, and activities dealing specifically with genetic
resources conservation that cut across and overlap into the functional
activities of these working scientists. For example, the importance
of getting new germplasm from centers of genetic diversity is quite
well known to the breeder.

Because of the importance of plant genetic resources conserva-
tion, the Consultative Group for International Agricultural Research
(CGIAR) formed the International Board for Plant Genetic Resources
(IBPGR) in November, 1973 to promote an international network of
genetic resources activities. This global network would have the
goal of providing an efficient mechanism through which information
and physical material maintained at any genetic resources center
would be exchanged and shared by any other center or authorized
individual user. To realize a global network, the implicit genetic
resource work functions currently in operation must be identified

and understood. Also, an operating system must be designed and
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implemented to satisfy the needs of individual scientists.

During the first year of operations the IBPGR initiated several

projects. One project concerns an investigation of current methods of

documenting, processing, and communicating genetic resources informa-
tion. The objective of this investigation is to define and better
understand the information problems and requirements associated with
genetic resources activities so that the establishment of the global
network may be facilitated. The IBPGR is funding an interdisciplinary
research project at the University of Colorado through the Food and
Agriculture Organization (FAO) of the United Nations to carry out this
investigation of Genetic Resources Communication Information Documen-—
tation Systems (GR/CIDS).

As a starting point for this investigation the members of the
Genetic Resources project have begun to work with individuals in
accordance with their specific problems and the data requirements of
the centers they represent. Knowing that decisions are made and
problems are defined at these centers, the members of the Genetic
Resources CIDS project are now working closely with staff scientists
at several locations including Centro Internacional de Mejoramiento
de Maiz y Trigo (CIMMYT), Centro Internacional de la Papa (CIP),
Instituto Colombiano Agropecuario (ICA), and International Institute
of Tropical Agriculture (IITA). Work is also being initiated at
other centers. By closely working with centers' staff the members of
the project expect to successfully fulfill the requirements of those
to whom the project is geared.

The approach taken in making the investigation is not neces-

8arily a traditional descriptive orientation. The main objective
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is not only to identify the problems associated with genetic resources
work and merely document them. The identification of problems is only
one objective within a set of objectives that yield a communication
network between scientists in the field. Other objectives within the
set deal with directing the flow of data to the point where it
subsequently can be transmitted or exchanged in msponse to requests as
well as dealing with how new data can be recorded and used. To
accomplish the network, it is necessary to work with real data drawn
from active and base collections in different parts of the world.
Further, computerized methods of information management will be tested
at centers having the appropriate facilities. An effort will be made
to facilitate the exchange of data analysis procedures that are used
by individual scientists at different centers to promote feedback on
analytical techniques.

One of the first steps necessary in the investigation,has been
to take the organizational structure of genetic resources work and
begin to understand the data and information problems that currently
exist. The structure of Genetic Resources work needs to be identified.
And the real data problems within this structure actually must be

utilized as the foundation for the work.

Genetic Resources Functions

Five major functions have been identified in genetic resources
work. These are exploration/collection, storage and maintenance,
improvement (e.g. plant breeding), introduction, and utilization.
While each of these functions has its own particular information
problems, a systaematic perspective reveals how each 1s linked to the

other via data requirements as well as through the concrol and
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measurement responsibilities

illustrates the structure of
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of monitoring and evaluation. Figure 1

these five functions as they are con-

" nected through the data information transmission and feedback flows.
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From workshops that have been held as part of the GR/CIDS
Project, it has been possible for scientists (breeders, statisticians,
collectors) and administrators (research directors) to describe their
own problems within each of these functions. These discussions have
produced a more detailed breakdown which better defines and classifies
the informational components of the various activities. These are
described as follows:

Exploration/Collection

Planning, scheduling and executing collections with limited resources.

Data capture on genetic resources collection and operational taxonomic
classification of genetic resources collection.

Documentation of collection information and its integration into a
center's operating structure for immediate retrieval.

Diversity mapping for a more effective genotypic-geographic coverage.

Storage and Maintenance

Germplasm storage and initial testing procedures which include re-
juvenation, multiplication, and access.

Documentation requirements of plant characteristics, history, field
notebooks and literature references.

Herbarium specimen storage, documentation requirements such as anno-
tation validation and access.
rovement

Breeding objectives based on field inputs.
Field trial screening.
Progeny testing analyses.

- Recording of and access to pedigree history.
Analytical methods for complex genotypic-environmental interactions.
Utilization

Expected sffect and reaction to new genetic resources material on
farming systems in target area.

Actual and expected effect on socio-economic conditions in extended

tarset areps,
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WORKING WITH REAL DATA PROBLEMS

The methods being used to investigate the network formation are

organized into three categories. Each of the three is being applied

within the five functional areas of genetic resources in close co-

operation with members of participating centers' staff and on real

data.

These methods have been classified into the categories of

systems analysis and design, development, and transfer. Although

these functions are closely related and even overlap for several

activities, there are separate functions with each.

Systems Analysis and Design

Using the tools of systems analysis, the members of the GR/CIDS

Project have been and will be able to continue to discover the specific

details of problems within the genetic resources structure. The

analysis itself is simple in theory yet when applied can be a rigorous

methodology. For such an analysis the following types of questions

should be answered:

15

2:

What part of the genetic resources system is being observed?
How does it function?

How does it link to other elements of the system?

How can its structure be altered to perform better?

How can the internal feedback mechanisms be made more
effective so the system is more self-corrective?

What types of monitoring and evaluation techniques can be
utilized for measuring progress?

This type of analysis provides a descriptive understanding from

which an evaluation can be made of the operation of the network. The

networl is visualized as consisting of genetic resource operating units.
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These units are in fact, genetic resources workers, operating individ-
ually or at centers which have a genetic resource component.

The first step in generating a deseriptive understanding of the
system is to determine what is known. This is done as follows:
Pertinent literature is reviewed. Conversations are held with indi-
vidual genetic resource workers. They are then asked to provide in
writing their description of the network. Finally, there is a working
through of a real data problem. From this information, comes an initial

model which will continuously improve as it evolves. (See Figure 2)
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Figure 2, Flow diagram summarizing the

process of the systems approach
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The initial network provides a means of determining the types of
system changes desired by the users collectively. The Genetic
Resource workers and the GR/CIDS Project members are together respon-
sible for developing a system to meet effectively the requirements of
the users.

To test the system design a pilot project is set up. This
determines whether the design changes meet the predicted necessary
requirements. The system's design is continuously improved through
testing the most suitable techniques and using them to the required
capacity. Within the comparative testing there is a dynamic inter-
action between the system design under consideration and the user.

In this way a Pilot which is set up as a good initial system expands
to an effective operating system.

As the analysis proceeds, decisions are made to implement the
system. The system is then installed at some centers. Current and
backlog data is prepared to enter the system at these centers. And
the systems at these centers are connected to a network of global
CIDS on a priority basis. The following cases illustrate how systems
analysis can allow direct involvement in addition to uncovering the
interrelated information problems in each of the five identified
genetic resources functions. Two of the projects currently underway
with centers deal with the broad aspects of creating and evaluating
a data bank as well as a progeny analysis for a breeding program. The
former is being done with Instituto Colombiano Agropecuario while the
latter is being carried out in collaboration with Centro Internacional
de Mejoramiento de Maiz y Trigo. These are only parts of larger

projects at both ceatars.
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The ICA project specifically deals with maize collections in
South America (especially the Andean variation). Data on these
collections resides in three locations. Some is on machine readable
computer tape. Most is in the journals of the leaders of the
breeding program. And perhaps the most critical is in the minds of
sclentists and other field personnel. The immediate task is to
work with the scientists to establish procedures for extracting this
data and to organize it into computerized form. When this is completed,
the data can be effectively evaluated, analyzed and updated. The
resulting banks can then provide easily accessible information which
is useful in breeding programs and future collections planning and
implementation. The maize progeny testing at CIMMYT exhibits the
type of multi-site international project in which the specific analysis
is directed by the breeders. Interaction with the GR/CIDS Project
takes place through the development and installation of an integral
mini computer assisted system of CIMMYT. A combined team from CIMMYT
and the GR/CIDS Project have already worked out a schedule to develop
the data/information flow, computer methods, test the results, and
evaluate the information based on selection criteria. The entire
analysis is to be completed by the end of this year so that the inter-
national breeding program can effectively use the data for the next
round of tests.
DEVELOPMENT

An important consideration within the systems approach is the
investigation of computer assisted methods as they apply to genetic
resources work. Preliminary results of pilot projects have indicated

that the requirements for a computerized information system [or genecic
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resources work can be met by EXIS (Executive Information System).*
EXIS is a set of software programs that can virtually operate on any
large scale computer. It was designed to meet center specific problems
as well as to function as a probing tool. By July, 1975, the programs
will be operzble on minicomputers. The process employed in implementing
EXIS provides great flexibility for the user in working with the system.

The design of the computer programs assists the user in
structuring working data banks, extracting subsets of the entire data
bank, and in formulating the output in any manner specified to present
information to others. Thus the system places the burden on the
effective use of the computer as opposed to demanding highly specialized
programming skills from the user. Specifically what the system allows
is as follows. The user can input data in any quantity and form as
long as the user cérefully. clearly and completely describes the data.
A query system is provided that assists the user in determining and
extracting subsets of information. The user has simple access to
additional computer programs for further processsing of information
(statistical, clustering, mapping, graph drawing, simulation). The
user is provided with the capability of designing output in standard
forms, such as catalogs.

An important consideration is the system's anticipation of

changes in user requirements and demands and its ability to locate or

*
EXIS includes the EXIR Program. EXIR is the current name for

the updated TAXIR computer program. TAXIR is the acronym for TAXonomic

Information Retrieval, a general purpose, computer assisted information

system developed at the Taximetrics Laboratory, Department of EPO Biology,

University of Colorado, David J. Rogers, Director. The development of

the initial system was supported by a grant from the National Science

Foundation, Office of Scientific Information Services Giban.
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develop more effective techniques to be applied specifically to
genetic resources work. Changes suggested by breeders and scientists
working with genetic resources are being introduced into the work
program of the development group. Such modifications include linking

with the programs of the Statistical Analysis System (SAS) developed

at North Carolina State University. Ease of installation and implemen-
tation in genetic resources centers has been another important consid-
eration. The first installations have already been implemented in
Mexico and Colombia.

The ultimate success of the system depends on its integration
into the real data needs of the centers staff. In this manner genetic
resources workers will be able to work with their own methods in
creating, documenting, accessing and exchanging information on real
germplasm banks.

TRANSFER

The transfer function is designed to facilitate the analysis
and development aspects of the GR/CIDS Project. Ome of its main roles
is in the installation and implementation of computer assisted methods
in those centers where the members of the GR/CIDS Project are working
with scientists and breeders. Installation and implementation consist
of more than the introduction of software packages. Included are short
range orientation and training programs in which members of the GR/CIDS
Project work directly with technicians and others at the centers, at
workshops and at various sites. The preparation of proper documenta-
tion and materials for such workshops and working sessions is one of

the aspects of the transfer function.
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Another primary role 1s related to the preparation of data for
those centers without the necessary computer capabilities. The GR/CIDS
Project is able to offer data service bureau facilities to aid in the
preliminary steps of data preparation and data analysis. These are
eruclal to the development of the network of CIDS. Data preparation
assistance includes the translation of data into machine readable form
and then into useable data banks so that breeders and scientists can
analyze the information available to them.

Funds are currently being used for several pilot projects.
These include the training of technicians and others in the methods
of data preparation and the development of more effective computer
analyses than are currently functioning at certain centers. All pilot
projects work with data from national centers or international centers
with gene banks of primary importance. The transfer function is able
to facilitate the acquisition of data for the GR/CIDS Project members
so that the investigation of such information can be iuplemented.

Various preliminary analyses are being done on data banks by
the GR/CIDS Project members to facilitate the investigation of infor-
mation that breeders and scientists require. Such analyses at present
include descriptive statistical methods, associative analyses and more
complex cluster analyses including measurements based on information
theory. Standard data base analysis and maintenance procedures are
being defined throughout the network which will facilitate the com-
munication of information regarding the data to the users of such
data banks. Shown below is an example of the banks presently under

analysis.
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DATA BANKS
CIAT (Mexico INIA (Mexico)
CIATPHS INIAZ
8656 Items 96 Items
36 Descriptors 52 Descriptors
Phaseolus germplasm collection INIA Zea mays germplasm bank
CIMMYT (Mexico) PCIM (Peru)
CIMMYT Catalog PCIMZEA
10,000 Items 6000 Items
200 Descriptors 64 Descriptors
Maize germplasm collection Maize germplasm bank
ICA (Colombia) IZMIR (Turkey)
ICAZEA IZMIR
3653 Items 2316 Items
42 Descriptors 43 Descriptors
ICA maize germplasm bank Major section of Izmir

Regional germplasm bank

USDA-NSSL (United States)
200 Files of Representative Collections
100,000 ILtems
40 Descriptors
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CONTINUING WORK

A set of coordinating activities have come from the workshops
and the pilot projects. Individual scientists at several centers
have agreed to participate and contribute to the GR/CIDS Project by
serving on one or more groups.

The Data/Information Group is concentrating on the require-

ments for establishing data banks. The work includes all facets of
information flow from the exploration/collection phase to the utiliza-
tion phase of the genetic resources function.

The Network Investigation Group aids in the invastigation

of the information network. Procedures are being developed for the

exchange of data between scientists working at centers throughout

the world.

The Quantitative Models Group is organizing the types of

analyses currently in use and also those needed in evaluating, testing
and measuring the data in each of the five genetic resources functions.

As the information grows in each of these areas, it will
contribute to the investigation of the network concept. This work
and the knowledge gained from the computer programs installations
and pilot projects will provide more information on the specific
problems of the working scientists.

In summary the GR/CIDS Project offers a method for investigation
and evaluation so that the need and means for an international communi-
cation network in Plant Genetic Resources will evolve. In no way are
all the answers provided. What is offered are the necessary means

for setting up the probe and for continuing from there.
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