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With emphasis on 
characterization and 

evaluation data



Outline

• Scope is data linked to PGRFA accessions. 
Need to provide answers to the following 
questions:

1. Why is PHRFA data important?

2. How do we obtain it?

3. How do we store and retrieve it?

4. Ho do we use it?



What this is and is not about:

Is about:

• Practical situations in 
genebanks;

• Practical solutions;

• Need to interact with 
users; 

• Need to rationally use 
PGRFA.

Is not about:

• Too much theory;

• Need to be at cutting 
edge;

• Working in isolation from 
PGRFA users;

• Watching accessions in 
genebanks.



Grounding exercise

I want to walk through a scenario that every genebank 
which provides a PGRFA service to users has to, or 
should, consider early in developing its ‘mission 
statement’ and ‘vision’.

Because, without a clear focus on what you are trying to 
achieve, for whom, and by what general means, there 
is a real risk that genebanks can become more like 
museums than vibrant sources of new genetic 
variation.



Perspective

The purpose for collecting, documenting and conserving is 
eventual utilization.

Of course knowledge is continually being gathered.
Original reasons for genebanks:

1. Collect & conserve PGRFA
2. Support for plant improvement.
3. Support for research.
4. Others????

No sense in PGR conservation unless there is a rational 
end use.

발표자
프레젠테이션 노트
OK, we have all these PGR provided by nature’s machinery.What do we do with them?Why do we need them?I want to talk about how we go about making some use of all this genetic variation we have collected and/or stored.Talk to slide.



Scope

PGRFA - plant genetic resources for food & agriculture
Conservation: activities associated with storing and 

maintaining PGR.
Utilization: activities associated with identifying and 

incorporating novel alleles into new varieties for 
farmers.

Breeders: researchers/pre-breeders and plant breeders.

My scenario will mostly refer to bread wheat 

발표자
프레젠테이션 노트
Before proceeding, I want to make sure we are all starting with the same target in mind.In simple terms, these are the processes and/or procedures I will be referring to, and I’ve provided a basic definition of them here.And when I use examples today, I will almost always be drawing on my experience with wheat PGR.



PGRFA components

EXPLORATION

CHARACTERIZATION EVALUATION UTILIZATION

PRESERVATION

Marshall and Brown, 1981

발표자
프레젠테이션 노트
The general components of the PGR discipline were illustrated by Don Marshall and Tony Brown in 1981 by using this diagram.In most situations this diagram is fine, however in the case of utilization, and how utilization fits into the general PGR system, I think the diagram can be improved.It implies that characterization and evaluation are pre-requisites to utilization and, while this might be the case in many situations, a vital and essential component is ignored.We have tens of thousands of accessions in gene banks from which we can consider studying in order to obtain new genetic variation. In most situations it is physically and financially impossible to screen every available accession for a particular attribute.So we have to work out more efficient ways to find the genetic variation we are seeking.



Gene Discovery - reflection

How did we find new variation in the past?
What methods have been used?
What is success rate?
Can we improve the efficiency with which we utilise 

PGR?

발표자
프레젠테이션 노트
The Marshall and Brown diagram does not tell us how we can actually identify a set of accessions of a workable size to evaluate for particular traits being sought by breeders.In order to gain a perspective of the issues involved it is often worth reflecting on what others have done in the past.How did people chose the accessions to evaluate in times gone by if they could not afford to evaluate everything available each time a new allele was being sought?How successful were they, and how can we improve on the efficiency by which we do this?



Problems & solutions
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Mackay, von Bothmer and Skovmand, 2005

발표자
프레젠테이션 노트
Basically no obvious technical or scientific methods were used.By observing what our first breeders did, and often our current breeders still do, we can develop a general model for discovering new genetic variation.The process has largely been the same for a century or more - because each case is different, and involves assembling knowledge from many sources, it has not been very well documented. However, once we started to look for specific genetic variation we still often found it by using our intuition - a mixture of experience, common sense and determination.This model is based on observation of what others have done and on personal experience.Explain Farrer’s 1800s method briefly.Next, my personal experiences …….



More recently ……….

Late 20th Century examples:

– CCN

– Boron tolerance 

– RWA

A

발표자
프레젠테이션 노트
Here we have four examples of constraints to production that have been addressed in the past 25 years. I’ll look a bit more closely at a couple of them.



Landraces from marine
origin soils in Mediterranean
region provided genetic
variation for boron toxicity.

발표자
프레젠테이션 노트
EXAMPLE 1:In the late 1980s / early 1990s I was asked to send everything in the collection to the University of Adelaide for evaluation against this recently recognised boron toxicity problem. At that stage there were around 22,000 bread wheat accessions in the collection.My immediate response was that this was a lot of work to undertake without any guarantee of success.After some discussion it was agreed that material from countries with soils of a similar origin would most likely contain the genetic variation required.Bingo!



Russian wheat aphid is 
endemic in parts of southern
Russia.

In early 1990s AWCC chose
42 landrace accessions from 
this region for testing in France.

One hexaploid T. vavilovii accession was 
found to have resistance, which has been 
backcrossed into Australian agronomic
backgrounds.

발표자
프레젠테이션 노트
EXAMPLE 2:CSIRO Entomology asked for all the Australian wheat and barley cultivars when Russian Wheat Aphid (RWA) posed a threat some 12 years ago. The upper limit was about 150 genotypes in total.There were about 110 cultivars that fitted the CSIRO spec and I was allowed to select another 42 to make up the numbers.Some simple research, like learning where the aphid was endemic, led me to select a number of varieties, landraces and species from a region in southern Russia. One of these was one of the first hexaploid wheats found to have resistance.So, I don’t believe there is ever no information to assist us in identifying the genetic variation we are seeking. It’s usually just a matter of common sense, logic and perseverance.



Perspective
Ingredients

발표자
프레젠테이션 노트
So, up until this time, the machinery of nature has provided us with the raw materials with which we can continue to improve production and overcome constraints.The PGRs which most often provide solutions to the problems we have faced over the last 100 years or so have mainly been primitive varieties, or landraces, and wild relatives.Nature’s genetic variation machinery is not necessarily going to continue to do this - high yielding and widely adapted cultivars are replacing many of the so called genetic treasures. In the future molecular biology and GM techniques might be required to produce the raw materials, but for the moment we will concentrate on the PGR we currently have available.



Accident and / or chance 

Nature & man work together to provide variation:

First appeared around 6,500 years ago

Spread from Caucasus region

– migration

– trade

– war

Landraces “evolved” over millennia

Distributed across Eurasia

A

발표자
프레젠테이션 노트
By briefly looking back over history we can build some sort of understanding as to how we arrived where we now are in terms of gene discovery.Because primitive varieties (landraces) and wild relatives have been moulded by the forces of the selection pressures, to which they have been exposed over millennia, they are the most likely source of new genetic variation for biotic and abiotic production constraints.These are the ‘genetic treasures’, referred to by Frankel and others, that come from the centres of diversity identified by Vavilov.Man also has been transporting seeds to new environments for millennia - trade, migration etc.



Attempts at design

Sir Otto Frankel proposed the Core Collection concept in 
1984.

• Largely in response to criticism of minimal utilisation of 
large ex situ collections

• Intended to represent the general variation within a 
collection in a 5-10% subset 

발표자
프레젠테이션 노트
Now we come to an era where we tried to develop some methodology to help us utilise PGR more efficiently.We wanted to avoid evaluating everything available each time we were seeking some new genetic variation. How could we do this?In 1986 Sir Otto told me the core collection concept came about because the work he and colleagues were doing with FAO to promote collecting missions and storage of PGR began to be questioned in the late 1970s and early 1980s.A lot of resources had been expended in obtaining germplasm which was stored in gene banks, but the actual usage rate was stagnant. Sir Otto introduced the core collection concept as a means of countering this criticism.



Utilization & core collections
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Core 
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발표자
프레젠테이션 노트
Utilization and core collections:I want to digress for a moment and talk about keeping the target, or objective, in sight.Core collections have been promoted as a method of efficiently utilizing PGR since the concept was first introduced. (Frankel 1984, Brown 1989, etc).A core collection is defined as an assembly of accessions “representing, with a minimum of repetitiveness, the genetic diversity of a crop species and its relatives” (Frankel, 1984).Significant effort has been expended in developing methods to determine how many accessions should be included and how to choose them from all the accessions in the source collection. (There are numerous papers on these topics).Much associated innovative research has resulted with new viewpoints  emerging. But, with respect to utilization, the core collection concept actually provides us with is a way of selecting accessions to evaluate - it is the third step in the utilization process.To illustrate this I would like to introduce an analogy with a library.



Library core collection analogy

Sampling Evaluating Selecting

Emphasis on using core collection
for utilization - not other purposes

If no other information is available 
then a core collection is fine to use

발표자
프레젠테이션 노트
If we apply the general principles of creating a core collection to a library we can see that a core collection is a useful way to select accessions for evaluation purposes if no other information is available.Say the city library contains a collection of 40,000 books. By various means we want to select 5% (2,000) of these for our core collection. We could select the books on the basis of the subject classification system, the author, the edition, or a range of other “book attributes”. We would end up with a broad range of books that would contain a cross-section of topics and information.If, for example, a furniture maker wanted to use the “library core collection” to find information about building different kinds of doll houses, he or she  would be faced with the task of “evaluating” nearly 2,000 books to find the one or two relevant to the purpose at hand.Why is it that in modern libraries we can go straight to one or two shelves, out of thousands, and find books relevant to our purpose, but in a gene bank we are asked to sample one book from each shelf to find what we are looking for - and have no guarantee that we will end up with the right book anyway? The message I am trying to convey is that core collections are not a very efficient method of identifying germplasm to evaluate - unless there is no other information available. I want to emphasise I am talking about making use of core collections for utilization here - not its applicability to any other purposes.



A question

How effective or efficient would it be to 
use this method to find a book on 
genebank management in a general 
library?



The take home message

Recognise problem, gather knowledge & PGR 
based on data, then evaluate etc.

Message:

발표자
프레젠테이션 노트
So, let’s return to the earlier general principles of utilizing PGR Recognise problem, gather knowledge and use it to identify likely PGR, evaluate etc.Our objective is rational utilization of PGR. I purposely introduced the word “rational” because it implies a clear purpose, or goal, based on sound reasoning and/or accepted scientific principles.In practical terms most breeders and pre-breeders are gradually building on previous successes. They have agronomically acceptable backgrounds into which they slowly introduce new alleles, a few at a time.So our tools need to be able to focus on a small number of attributes at a time, to be able to pool different sources of knowledge, and to identify germplasm in an innovative way.This  sounds very simple!



Knowledge comes from ?

Data types:
• Passport: identification of the accession
• Characterization: gross morphological traits not usually 

environmentally sensitive.
• Evaluation: Environmentally sensitive traits.
• Environmental: Climatic & edaphic.
• Genetic: Genotypic data, sequences, etc.
• Derived – from above.
• Expert opinion: Knowledge of experts without ‘hard 

supporting data’.



• Data adds value – usually the more data the greater the 
potential value of an accession.

• Without data the accessions in genebanks are virtually 
worthless.

• Useful data can come from many sources, as indicated in 
the previous slide.



First: Characterization

• What is characterization data?
– Often gross morphological traits.
– Give examples 

• Can you give me an example of characterization data you 
are familiar with? 
– How do you describe it?
– How do you measure it?
– What do you use it for?
– Can other people understand it?



Next: Evaluation

• How does it differ from characterization?

– Environmentally sensitive.

– Use categories in GRIN – morphology, 
phenology, pest & diseases (biotic), abiotic, 
etc.

• But similar in how to manage?



What form does C & E data usually come in?
– Raw vs Summary data.

• How often will raw data be necessary for utilization? Publication? 
Other reason?

• Value in terms of utilization?
– Associated statistics.

• Standard deviation
• Mean & range for experiment

– Necessity for meta‐data.
• Methods – used to measure or collect data. E.g. for drought tolerance; 
how many methods can you think of?

• Experiment – location (geo‐reference), soil, scientist, institute, rainfall, 
others such as duration, planting date, fertilizer, irrigations etc.)

Next: Evaluation



Next: Evaluation

Intellectual property: Something we all need to become aware of 
and consider in our management of data about PGRFA.

– Copyright. Deals with economic (e.g. publishing) and moral (e.g. 
attribution to author) rights. Rights over look and feel.

– Patent. More difficult to understand. Deals with situations where a 
person or company has exclusive rights to use a certain discovery or 
system. This can be sub‐licenced. 

I am no expert – but I intend to become very knowledgeable.

There will be more guidance on this area later in the course





CHARACTERIZATION
7. Plant descriptors
　 Colour: To keep colour description simple, both Bioversity 
and IRRI colour codes for colour descriptors have been listed. 
The IRRI colour coding system uses one code for one colour
regardless of the descriptor. To ensure consistent recording of 
colour states, the use of standard colour charts is 
recommended; use the IRRI colour code in conjunction with
Annex II to look up the corresponding colour in the Methuen 
or RHS standard charts.

Source: Rice Descriptors



　 Quantitative characters: For all quantitative descriptors, 
it is recommended to use actual measurements. Coded 
scores for Oryza sativa are provided as an alternative where 
resources are insufficient to take actual measurements.
　 Taxonomic applicability: Descriptors listed here are 
applicable for wild and cultivated species, unless otherwise 
specified.
　 A table summarizing descriptor cross-references to other 
documentation systems (e.g. UPOV) and their recording 
stage can be found in Annex III.

Source: Rice Descriptors



GRIN-Global – Data Standards

Characterization and Evaluation data…

The collection of crop descriptors used by the USDA 
National Plant Germplasm System (NPGS) is created 
through a collaboration between a Crop Germplasm 
Committee (CGC) and the curator responsible for 
maintaining that crop within the NPGS. 

Inputs:
• IPGRI/Bioversity Descriptors are used as the starting point for 
crop specific descriptors
• Needs of the researchers
• Historical data already collected on the crop is considered in 
order to minimize the possibility of losing data



GRIN-Global – Data Standards

Impact on GRIN Schema…
Contraints:

• GRIN Descriptors are crop specific (and GRIN handles 
all crops)
• GRIN Descriptors are evolving over time to meet 
changes in research

Result:
The GRIN system uses a row-wise storage methodology 
(database normalized) for characterization and 
evaluation data

• Very flexible (system can handle any descriptors)
• More work to load data (handled through programming)
• More work to retrieve data (handled through programming)



So, what’s all this mean?

• A lot of work on genebank management activities has 
already been done;

• Is it all relevant to all the objectives of a genebank?
• Good management can only facilitate effective utilization.
• So, now we have some characterization data, what do we 

do with it????



Using the data

www.legournal.com

Schemas for managing data:
1. GRIN
2. Global Portal

The ultimate objective:
Utilization

Focused Identification of Germplasm Strategy
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