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Introduction to the Series

The Technical Bulletin series is targeted at scientists and
technicians managing genetic resources collections.  Each title
will aim to provide guidance on choices while implementing
conservation techniques and procedures and in the
experimentation required to adapt these to local operating
conditions and target species.  Techniques are discussed and,
where relevant, options presented and suggestions made for
experiments.  The Technical Bulletins are authored by scientists
working in the genetic resources area.  IPGRI welcomes
suggestions of topics for future volumes.  In addition, IPGRI
would encourage, and is prepared to support, the exchange of
research findings obtained at the various genebanks and
laboratories.
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1 Introduction

Genebanks around the world hold collections of the genetic
resources of crop plants for long-term conservation and for
ease of access by plant breeders, researchers and other users.
The last 25 years have seen remarkable progress in assembling
and conserving these resources. Indeed, many plant germplasm
collections now face major problems of size and organization.
Some collections have grown so large as to hinder the very
purposes for which they exist, namely, the conservation and
the use of the genetic diversity they hold.

Perceiving that the large size of some collections could deter
use, Frankel (1984) proposed that a limited or “core collection”
could be established from an existing collection. With minimum
similarity between its entries1 the core collection is of limited
size and chosen to represent the genetic diversity of a large
collection, a crop, a wild species or group of species. It does not
replace the existing collection or material from which it is
obtained.

Since Frankel put forward his proposal, a body of literature
on the theory and practice of core collections has appeared
including many examples of the approach. Core collections
have become accepted as efficient tools for improving
conservation and use of collections. The Global Plan of Action
for the Conservation and Sustainable Utilization of Plant
Genetic Resources for Food and Agriculture (FAO 1996)
recommends core collection development as one of the activities
needed to improve use of plant genetic resources. This technical
bulletin sets out the procedures that can be used to establish,
manage and use a core collection, drawing on the accumulated
experience so far.

1.1 Why have a core collection?
At the outset, it is helpful to ask what the main issues and
problems in the management of a genebank are – in the work
it does on conservation, regeneration, duplication,
documentation, evaluation and its use. Specific questions that
often face the manager include:
• Are some activities of the genebank made difficult because of
the large size of the collection?

1 For clarity in this bulletin, we will use the term accession to refer to a
sample maintained in the whole collection, and the term entry to refer
to any accession or subsample chosen to be in the core collection.
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• Are genebank activities and the use of the collection limited by
lack of knowledge of the way in which genetic diversity is
distributed in the collection?
• Is it difficult to decide what the priorities are, whether gaps
exist or when new material should be added to the collection?
• Does the size of the collection mean that users are unaware of
variation in the collection; variation that might perform well in
their environments, or benefit their breeding programmes, or
enrich their research projects?

If the answer to any of these questions is “yes”, then an
attractive option for meeting the challenges is to form a core
collection. A core collection provides a structured sample from
the collection; one that is a more manageable size than the
whole collection. Its structure is such as to represent the
diversity of the collection. It forms a reference set, and, when
choices have to be made, an automatic priority for attention.

1.2 What is a core collection?
Since its inception, the core collection has been variously
interpreted and implemented. Box 1 gives three definitions.
For simplicity this bulletin uses the one that attaches to a
specific crop collection in a genebank. This definition readily
extends to a collection that includes a group of related species,
or to one that is the aggregate of several collections of the same
taxa held in a network of cooperating genebanks.

The word “core” suggests the central or innermost part, the
heart and the most important part. This idea makes most sense
when the core stands as a reference point to an identified set of
material, most commonly a collection. In this way the link
between the core and the whole collection remains firmly in
place so that the core provides efficient access to the resources of
the whole collection. The core collection idea also carries with it
the aim that the set of entries it contains has a stand-alone
function. Ideally, the core will also provide a focus for evaluation
where information on a growing set of variables can be obtained
and assessed on a structured and limited set of accessions. In
this way studies on the core collection provide an overall view
of the properties to be found in the whole collection.

A core collection will always be substantially smaller than
the collection from which it is formed. Brown (1989b) suggested
that it should be no more than 10% of the whole collection and
always less than 2000 entries. In practice, most core collections
are between 5% and 20% of the collections from which they
were established and the largest to date is about 2000 accessions.
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The overall objective is to get a
collection conserved better and used
more effectively. It would be
counterproductive to have a core so
large that it suffers the same problems
as the whole collection. On the other
hand, a core that failed to contain a
significant fraction of the whole
collection’s diversity would not serve
its purpose.

Frankel’s proposal of core
collections some 15 years ago led to
some debate over what a core
collection is, what its advantages and
disadvantages are and whether it can
be modified and used in other ways
(Brown 1995). This bulletin takes the
simplest and most straightforward
approach to forming a core collection
and leaves open to genebank
managers how they might modify,
elaborate or repeat the steps. Section
2 of this bulletin describes the methods
employed to form a structured sample
that is a core collection and Section 3
considers the questions that arise in
managing a core collection. Section 4
concentrates on uses of the core
collection, both in managing the whole
collection and how clients of the
genebank might use the core to
improve their programmes. Finally, in
Section 5 we outline some likely
developments in the establishment
and use of core collections.

Box 1.  Definitions of the core collection

The original definition:
� A core collection is a limited set of

accessions representing, with a minimum
of repetitiveness, the genetic diversity of
a crop species and its wild relatives
(Frankel 1984).

From this definition, two operational defini-
tions have followed:
� For an individual genebank, a core

collection consists of a limited number of
the accessions in an existing collection,
chosen to represent the genetic spectrum
in the whole collection. It should include
as much as possible of its genetic
diversity (Brown 1995).

Such a set of a set of accessions has
also been called a “core subset” of the
whole collection.

� For a whole crop species, a core
collection consists of a limited number of
entries chosen to represent the genetic
diversity of the whole crop species and
its wild relatives. It is a synthetic and
comprehensive core collection,
assembled cooperatively by national and
international genebanks and
supplemented with fresh samples of wild
or crop populations where needed to fill
gaps. The best example of such a core is
the international Barley Core Collection.
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2 Van Hintum (1998, 1999) describes the collection or set of material
used for forming a core as the “domain”.

2 Establishing a core collection

Creating a core collection can be very
simple. It can be done for any
germplasm collection. It does not
require complete documentation or
fully reliable data. There is no need to
have data on genetic markers or to
have specialist knowledge of
mathematics. All that is needed is a
germplasm collection, someone with
some basic knowledge about the
collection and the species involved,
and some time for selecting the core.
Box 2 gives some simple approaches
to sampling a collection to illustrate
how simple the process can be.
However simple or complex a
procedure is followed, it is always
worth ensuring that there is
consultation between genebank
managers, plant breeders and other
research workers interested in the crop and the use of its
genetic diversity.

A general procedure for the selection of a core collection
can be divided into five steps, which are described in the
following sections (see also Fig. 1).
1. Identify the material (collection) that will be represented.2

2. Decide on the size of the core collection.
3. Divide the set of material used into distinct groups.
4. Decide on the number of entries per group.
5. Choose the entries from each group that will be included in
the core.

Each of these steps can be more or less complex depending
on the information available and the procedures used. Sometimes
an iterative process is adopted in which some or all of the steps
are repeated with a decreasing core size. Thus, a first cycle
might create a preliminary core of, say, twice the expected final
size of the core collection. The material in this selection is further
characterized and, with the help of the additional data, the
preliminary core is reduced to its final size.

Box 2. Simple ways of sampling collections

Even a random selection from a germplasm
collection can be used as a core collection. The
simplest and almost the least efficient sam-
pling process for a core would still probably give
a better representation of the genetic diversity
than a sequential set such as the accessions
with numbers 8201 to 8485. A simple improve-
ment to this would be regular or systematic
sampling by accession number, for example for
a core collection of 10% which was obtained by
including all accessions with accession num-
bers ending with a zero. However, none of
these is satisfactory since they make no use of
any information on the accessions. Using such
information will always improve the representa-
tiveness of the core collection.
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2.1 Identifying the material to be represented
The material or collection that is to be represented by the core
will obviously differ from one case to another. It is dependent
on the material that is available, on what constitutes a sensible
set of material for core development, and on the objectives
behind the establishment of a core collection.

Most often a core collection will aim to represent all material
of a certain crop in a genebank collection. Examples of this
include the cores of the CSIRO (Commonwealth Scientific and
Industrial Research Organisation, Australia) collection of
perennial Glycine (Brown et al. 1987), the complete US
germplasm collection of peanut (Holbrook et al. 1993) and that
of the Peruvian quinoa collection (Ortiz et al. 1998). Other core
collections have been established to include the material of a

Fig. 1. Flow chart to illustrate steps in developing a core collection.
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certain crop in several collections, such as the core of cultivated
Brassica oleracea in European collections (Boukema et al. 1997).
The objective may extend to all accessions of a crop and its
wild relatives in any collection such as the international Barley
Core Collection (Knüpffer and van Hintum 1995).

In some cases, cores have been established to represent only
a part of a collection, such as the core of sesame landraces
from India (Bisht et al. 1998) or of lentil accessions from Chile,
Greece and Turkey (Erskine and Muehlbauer 1991). In another
case, Diwan et al. (1994) developed a core from a 40% cross-
section of the USA annual Medicago collection.3

This bulletin deals largely with the formation of core
collections from individual genebank collections. However,
where representation of diversity is the objective, the methods
described can be readily extended to any set of germplasm
accessions.

2.2 The size of the core collection
After defining what material the core collection is to represent,
the next step is to decide on its size; that is, how many entries
it will contain. Given the objectives of the core collection, its
size will be much less than the source collection. Most core
collections described so far are an order of magnitude smaller
than the collection from which they came. Thus, most of the
core collections surveyed by Spillane et al. (unpublished) were
5–20% of the size of the collection from which they were
established (Fig. 2).

When the collection from which the core is developed is
very large, the percentage size may be much smaller than 5%.
The international Barley Core Collection (1600 accessions) is
less than 0.3% of the world barley holding and the ICRISAT
(International Crops Research Institute for the Semi-Arid
Tropics, Patancheru, India) sorghum core collection of
approximately 600 accessions was formed from a collection of
40 000 accessions (1.5%). In terms of absolute numbers, the
largest core collection is about 2500 accessions. This is a multi-

3 Some “core” collections or sets have been described which are restricted
to material with specific traits, such as local maize populations with
good combining ability (Radovic and Jelovac 1994) or Pisum sativum
germplasm with disease resistance (Matthews and Ambrose 1994).
These may be better described as character core sets since the
representation of diversity is restricted to specific characters. In these
cases, the sets were obtained from whole genebank collections.
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species core of wild and cultivated Solanum species and the
core is about 31% of the collection from which it was developed
(Spillane et al., unpubl.).

Clearly, no single size or fixed proportion for the core will be
appropriate for all cases. A number of different studies provide
some general guidelines that can be useful. Thus, Brown (1989b)
described the consequences of simple random sampling from
either theoretical gene frequency profiles or from empirical
examples. These analyses indicate that a core of about 10% of
the total collection was likely to contain at least 70% of the
variation in the whole collection. In practice, the proportion of
variation captured in a core of 10% is likely to be higher because
of the division of the collection into genetically meaningful
groups (see section 2.3 below). For example, the sorghum core
collection developed at ICRISAT contains less than 3% of the
collection but is reported to contain over 90% of the variation in
the whole collection (Paula Bramel, pers. comm.).

Yonezawa et al. (1995) concluded that the optimum sample
fraction depends largely upon the degree of genetic redundancy

Fig. 2. Percentage core versus overall collection size for 37 core
collections of seed-propagated crops (Spillane et al., unpubl.).
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among accessions, the resources available for maintenance of
core entries and the frequency of regeneration of the entries. A
single optimum could not be identified but a proportion of 20–
30% was considered best under certain circumstances. Charmet
and Balfourier (1995) and Bisht et al. (1998) have analyzed size
and grouping strategies (see sections 2.3, 2.4) and found that
sizes of 5–10% were optimal, capturing 75–90% of the diversity.
In contrast, Noirot et al. (1996) have suggested that higher
percentages (20–30%) are needed, particularly where the
objective is to capture the genetic diversity of quantitatively
inherited characters.

In addition to the genetic aspects described above, a number
of other considerations will guide the curator when deciding
the size of the core collection. Where there are very many small
groups, as in the case of multi-species core collections, a higher
percentage of entries might be taken from each group. This is
often the case where it is necessary to include every group and
many groups have only one or two accessions in them.

The resources available for maintaining the collection will
be important as will the method used for maintaining it. For
example, the area of the field available for a clonal genebank
might place a strict absolute limit on the size. Alternatively, a
core collection maintained under in vitro slow growth conditions
will need suitable tissue culture and incubation facilities and
this may affect the size of core chosen. The needs of users also
will be important. Core collections that are too large for the
intended users are unlikely to meet the objectives of establishing
them. In these cases it might be preferable to have a smaller,
better-used core than a larger one which is seldom requested.

2.3 Division into genetically distinct groups
An effective representation of the genetic diversity of the whole
collection in a core depends on first separating the accessions
into meaningful groups. This is often called stratification. The
groups should be constructed so as to maximize variation
between groups and minimize variation within groups. The
way in which this is done is a key part of developing a good
core collection. There are a number of different approaches
which have been tested either singly or in combination. The
optimum choice will depend not only on the information
available but also on the way in which genetic diversity varies
within crop genepools and the collections being used.

A stepwise, hierarchical procedure is usually followed to
define the groups: first making the major divisions and
subsequently splitting these subgroups into smaller ones (van
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Hintum 1994). Often, the first divisions are based on taxonomy,
separating the wild from the cultivated species and, within
these groups, separating the species and then subspecies in a
stepwise manner. Using taxonomy and knowledge about
domestication, distribution, breeding history, cropping pattern
and utilization, a structured hierarchy can be developed which
forms a diversity tree (see Fig. 3).

At each stage in the stratification process one needs to
identify meaningful subgroups that are expected to be
genetically distinct from each other. It is also important to
ensure that all the material in a group finds a place in a
subgroup; adding groups such as “other” and “unclassified”
might be useful for this reason.

The process of stratification often can often be relatively
straightforward, with taxonomic groups being divided into
crop types or into ecogeographic groups which are well
established and have a long history. Examples of relatively
simple classifications of this type include spring and winter-
sown barley (Knüpffer and van Hintum 1995) and sesame
from different Chinese production regions (Zhang et al.  2000).
More complex stratification processes have been developed, as
detailed in Box 3.

This process of dividing groups ends at the point where it is
no longer sensible or possible to divide the subgroups any
further. This might be because there is no further reliable

Fig. 3.  The first part of the diversity tree of the CGN Lactuca collection.
The widths of the branches correspond with the number of accessions
in the corresponding groups.
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information available that could be
used for separation of genetically
different groups, or because the
groups are genetically homogeneous.

Stratification might end, as in the
previous example, with groups such
as “beans from short-day, dry,
lowland areas in Mexico” (Tohme et
al. 1995). In other, less refined cases,
stratification produced groups such
as “white cabbages from France”
(Boukema and van Hintum 1994), or
the wild species “Medicago arabica”
(Diwan et al. 1994, 1995).

An alternative approach to
creating groups of similar accessions
is using multivariate analysis (for a
discussion of the techniques see
Crossa et al. 1995). If data are
available on genetic markers,
agromorphological characteristics or
other characters, it is possible to
construct a dendrogram and to group
accessions, using a range of different
cluster, discriminant or principal
components analysis methods (e.g.
Fig. 4, Box 4). This approach can be
used together with the classification procedures described
above, as in the case of a Chinese sesame core collection
(Zhang et al. 2000). In this case 14 different groups were
established using geography, type of variety (modern or
landrace) and agroecological production zone. Cluster analysis
of 14 agromorphological characters using Ward’s procedure
was then used to identify the final sets of groups for core
formation.

In some cases, it is not possible to include all accessions in
the cluster analysis. This may result from incomplete data sets
or from limits in the capacity of the statistical software. In
these cases the next step will be to allocate the remaining
accessions to the clusters formed. Bisht et al. (1998) developed
a procedure to carry out this process when software capacity
was limiting and used it to allocate 4000 sesame accessions to
clusters developed from a clustering analysis of a test set of 100
accessions. More work is required to test this type of procedure
and determine its adequacy. In particular, care should be

Box 3. The hierarchical classification used
for the CIAT Phaseolus core collection

Tohme et al. (1995) used an elaborate
classification in developing their Phaseolus
core collection. They divided the CIAT (Centro
Internacional de Agricultura Tropical,
Colombia) common bean (Phaseolus vulgare)
collection into the groups “cultivated in primary
centres of diversity”, “cultivated in non-
primary centres of diversity” and “wild”. Within
the first group a division according to country
of origin was made, resulting in 11 subgroups.
Within each subgroup a division according to
similar adaptation was made, separating the
areas with a long history of bean production
from those where beans had been introduced
recently. These adaptation zones were further
divided into agroecological classes according
to the specific combination of soil type,
altitude, water stress and daylength that was
present. This gave a set of 54 possible
environments and bean accessions were
classified according to the environment from
which they had been collected.
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taken that the data used produce genetically consistent groups;
the data (and characters used) must have genetic significance.
In the case of data on quantitative traits, this might be a
problem given genotype × environment interactions and
experimental error variation.

2.4 The number of entries per group
Once the groups have been defined, the number of entries that
are to be included within each group has to be decided. This

Fig. 4. First two dimensions of a multidimensional scaling of 389 Brazilian
cassava accessions showing the close association between agromorpho-
logical characteristics and ecological classification (Cordeiro et al. 1995).
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can be done in a stepwise manner as
the process of stratification is carried
out. After the first stratification step
the number of entries allocated to each
major group is determined and this
process is repeated with each
subsequent division. Alternatively, it
may be carried out as a separate
activity at the end of the grouping
process.

There are several ways of deciding
on the number of entries that should
be in each group and these are
described in some detail in the
paragraphs below. Broadly speaking,
three approaches have been used.
One involves allocating entries
according to the number of accessions
that occur within a group.
Alternatively, if sufficient material in the groups has been
characterized with genetic markers, it is possible to compare
marker diversity within the groups and base the allocation on
this comparison. Finally, a subjective approach:  the allocation
can also take account of user needs or other information
available to the curator.

The decision as to which of these approaches to follow is
largely up to the curator and a mixture of different strategies
may often be most appropriate. For example, information on
marker diversity can be used to determine allocation numbers
for some groups, while for other groups a different allocation
strategy could be used. Similarly, a decision on the number of
entries of wild or cultivated materials that should be included
in a core can reflect user capacity or needs. However, within
each of these groups a different allocation strategy based on
diversity or numbers can be followed. Another common
decision made by curators is to ensure that a least one accession
is included from every group, even when group sizes are so
small that a proportional allocation would result in their
omission from the core.

2.4.1 Procedures based on group size
Procedures for determining the number of entries per group
are available that are based on the number of accessions in
each group. The number of accessions in the various groups in
the collection is often a good overall indicator of the utility of

Box 4. The clustering procedure used for
developing a French core collection of
ryegrass

An interesting example of using multivariate
analysis is given by Charmet et al. (1993;
Balfourier et al. 1999). They used a clustering
algorithm in which wild ryegrass populations
collected in France were grouped on the basis
of agronomic traits. The clustering procedure
had the constraint that two populations could
only be clustered together if their collection
sites were less than 60 km apart. This made
it impossible that populations growing in
different parts of the country would occur in
the same group simply because they
resembled each other agronomically.
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the groups or the diversity within them (or both). They will
reflect the results of collecting trips, research efforts, historical
needs and users’ interest. Of course they will not be infallible
indicators and often some subjective adjustment may be
desirable, as discussed in section 2.4.3 below.

Brown (1989a) proposed three procedures based on group
size which are usually known as the constant (C), proportional
(P) and logarithmic (L) strategies. Brown recommended that,
whatever strategy was followed, at least one accession from
each group should be included in the core, no matter how
small the group.
• The constant strategy (C) simply allocates an equal number of
entries to each group, independent of the number of accessions
in the group.
• The proportional strategy (P) allocates the entries to a group
in proportion to the number of accessions in each group. Also
here, the number of entries in the subgroups need to be integers,
and an appropriate rounding function should be used.
• The logarithmic strategy (L) allocates entries to each group in
proportion to the logarithm of the number of accessions in the
group. The number of entries in each group is rounded to the
nearest whole number, ensuring that the total number of entries
allocated equals the number available.

The three strategies will give different number of entries in
different groups (Table 1) and their efficiency has been
compared by a number of workers (e.g. Brown 1989a; van
Hintum et al. 1995; Mahajan and Bisht 1999). While differences
were usually slight, the constant strategy generally performed
less well than the other two. The evidence therefore favours
the use of a proportional or logarithmic strategy and these
have been most widely used. As a general rule, the logarithmic

Table 1. Allocation of entries to different groups in a core collection
according to the constant (C), proportional (P) and logarithmic (L) strategies,
if 30 entries are to be selected from 205 accessions

No. of entries using different strategies
No. of accessions

Group in collection C L P

1 120 8 10 18
2 50 8 8 7
3 25 7 7 4
4 10 7 5 1
Total 205 30 30 30
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algorithm might be the first one to consider, since it gives
intermediate results.

2.4.2 Procedures based on marker diversity
The next group of procedures involves the use of data that
provide estimates of the amount of diversity within groups or
the divergence between them (Brown and Schoen 1994; Schoen
and Brown 1995).
• In the H strategy, marker genes such as allozymes or DNA

markers provide estimates of allele frequencies at polymor-
phic loci from which to calculate a gene diversity index (h).
This index is equivalent to the expected heterozygosity if a
population is fully outbreeding. Theory based on a strict
maximization of the allelic richness of the total core (the total
number of alleles in a combined sample) suggests that the
relative contribution of each group to the core should be in
direct proportion to its diversity as measured by the function
{h / (1-h)}.

This approach can be extended to use quantitative data.
Estimates of additive genetic variance can be used instead
of estimates of {h/(1-h)} as weighting factors. If
environmental variance can be presumed constant, the
same theory justifies using phenotypic variances as
weighting factors for group contributions to the core. Other
options include the use of the Shannon-Weaver diversity
index based on qualitative morphological trait data (see
Mahajan and Bisht 1999 for an example of this).

• The M strategy is an alternative approach to using marker
data that focuses on the distinct allele types present for a
range of marker loci in each accession. It makes a deterministic
use of the marker data, rather than a statistical use. Using a
linear program it searches for the combination of accessions
that will maximize the number of observed alleles at the
marker loci in the core while keeping the total number of
samples to a specified limit and ensuring a minimum number
from every group. Thus the M strategy guarantees including
the maximum allelic richness for the marker loci used and
takes direct account of the amount of variation and the
pattern divergence at those loci. It is worth noting that the M
strategy not only determines the number of accessions that
should come from different groups, it also identifies the
accessions that should be included.

Both strategies assume that all the elements of diversity
information used (the alleles in strategy M) are equivalent in
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their value as indicators of total diversity within groups. More
complex value systems are conceivable that would attach
particular weighting factors to variation at specific loci, if
variation at these loci was felt to be more important than
variation at other loci.

It is worth emphasizing that the effectiveness of these
different strategies depends on a successful classification that
gives genetically meaningful groups. The grouping procedure
ensures that the major components of adaptation across all
habitats or separate areas are properly represented so that a
genetically rich area will not entirely displace samples from
areas with less polymorphism but different adaptive
characteristics.

2.4.3 Procedures based on informal knowledge
Subjective procedures, based on informal knowledge, can be
used to determine the number of entries in a group, and may
also be used to adjust the numbers obtained through some
other procedure. As noted above, while group size may often
be a reasonable indicator of group diversity or utility, this is
not necessarily so. The accessions in collections often reflect
past priorities which are no longer relevant, historical accidents
(such as gifts of material from other centres) or specific research
projects. These can all increase the number of accessions in
certain groups. Whatever strategy is used, the curator may
want to adjust the size of certain groups either upwards or
downwards (see Table 2).

The most common adjustments that curators might make
are:
• to increase the size of a group that is expected to be particularly
important to the user community
• to decrease the size of a group which is of little interest to the

Table 2. Theoretical example of allocation of entries to groups following
adjustment of the L strategy to take account of expected diversity level in
the groups

No. of Allocation Expected
accessions through L diversity Adjusted no.

Group in collection strategy in group allocated

1 120 10 Moderate 10
2 50 8 Low 6
3 25 7 Moderate 7
4 10 5 High 7
Total 205 30 30 30
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user community despite its high diversity (common for wild crop
relatives in collections)
• to decrease the size of a group that is present in large numbers
but is not believed to contain much diversity
• to increase the size of a group believed to contain high levels
of diversity that is poorly represented in the whole collection,
even when a formal estimate of diversity is not available (this
may be the case for wild crop relatives).

2.5 Choosing the entries
The final step in establishing a core collection is choosing the
actual entries. At this point in the procedure the collection has
been divided into many small groups of similar accessions and
the number of entries that have to be chosen in group is
decided. The question that remains is which entries should be
chosen in each group.

The selected entries should be those that best represent the
group and best serve the function and purposes of the core. This
is not only with respect to the genetic diversity in the group but
also with respect to other considerations such as the quality of
the documentation of the entries, availability of seeds or the role
of some entries as standards or as important parents in breeding
programmes. As described below, several approaches are
possible. The choice can be more or less random, it can be based
on some formal analytical procedure or on pragmatic
considerations. The method used can differ between groups
since the available information may well differ. When the choice
is between well-known cultivars in a group, an informed decision
often can be made because information on them is available. In
contrast, when the choice is between accessions in a group of
wild material from the same region, there may be no additional
data and only random procedures can be used.

2.5.1 Random and systematic procedures
The quickest and easiest way to choose the entries is to make a
random sample of accessions in the group. Systematic selection
is an alternative to simple random sampling but care should be
taken to avoid selecting a set of sequential accession numbers
since this might be biased. Often, blocks of accessions of similar
origin will enter a collection together, and will be given
sequential accession numbers. For this reason it may be better
to choose spaced accession numbers. For example, if accession
numbers 23, 24, 25, 53, 65, 66, 67, 68 and 69 form a group and
three entries have to be chosen, it is better to take 24, 53 and 67
rather than 23, 24 and 25.
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2.5.2 Analytical procedures
There are several ways in which additional data from the
accessions in a group can be used to select the entries. For
example:
• If some marker, characterization/evaluation or additional
passport data are available, one can ensure that all possible
variants are represented in the core. Thus, if two entries are to be
selected from a group, and data on flower colour are available,
one might include accessions with different flower colour.
• If extensive marker, characterization or evaluation data are
available, it is possible to carry out a multivariate analysis of the
accessions (Crossa et al. 1995). This could be a principal component
analysis or a clustering analysis. It should ideally result in a
number of clusters equal to the number of entries allocated to the
group. Each cluster can then be represented by a random accession,
by the most representative accession of the cluster or by an
accession meeting pragmatic criteria listed above.
• A formal procedure for selecting the entries has been developed
by Noirot et al. (1996). This method (Principal Component
Scoring) maximizes the sample diversity of a group of selected
accessions using quantitative data and principal component
analysis and can be used for selecting accessions within any
identified group.
• If the pedigrees of the accessions in a certain group are known,
this information can be used to maximize the diversity of the
selected entries by avoiding accessions with common parentage
(van Hintum and Haalman 1994).

2.5.3 Pragmatic procedures
Practical considerations will always play a part in the choice
of entries from a group. These can include:
• Reliability of classification. As a general rule, the entries in the
core collection should have reliable data; accessions for which
the classification into groups is uncertain should, if possible, not
be selected.
• Amount of additional information. The amount of information
available on an entry increases its potential usefulness in a core
collection and entries with additional information, such as
evaluation or pedigree data, are to be preferred whenever possible.
• Reputation. Accessions with a high reputation, for example
that played an important role in breeding history, or that are
being used as a standard in research, should be favoured for
inclusion in the core collection.
• Availability of material. It will probably be important to have
relatively large quantities of material available for entries in the
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core collection and those accessions for which substantial
quantities are available will be preferred.
• Policy.  There may be some restrictions on distributing some
accessions and these should be omitted from the core collection.
One important aspect, for example, may be the date of collecting.
Material collected after the entry into force of the Convention on
Biological Diversity in 1992 is governed by different procedures
with regard to its distribution than material collected before this
date.

At the end of this stage a core collection will have been
established. In the next sections its management and use are
discussed.
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3 Managing the core collection

Once the entries for the core collection have been identified,
genebank managers need to make a series of decisions about
the management of the core collection. These include deciding
on how to store the entries, how to regenerate and multiply
them and how to manage their documentation. Once the core
collection is established, the manager will also want to evaluate
the extent to which it has been successful in including diversity
present in the whole collection without unnecessary
redundancy. This process has been called validation. Finally,
procedures for altering the core entries will need to be
established that can take account of new knowledge, or the
addition of new accessions to the whole collection (some of
which it might be desirable to include in the core collection).

3.1 Maintaining the core collection
A first question to be asked is whether sets of the core collection
entries need to be maintained separately from the rest of the
genebank accessions or whether, even if maintained as part of
the whole collection, they need any special treatment. In
genebanks with good facilities and ample storage or
maintenance capacity, it may seem unnecessary to maintain
core entries separately from the rest of the collection. However,
even in these situations, additional quantities of seed or
propagating material of the core entries will probably be
required and space and facilities allocated accordingly.

If the collection from which the core has been developed is
maintained as a base collection4 a separate set of the selected
entries will certainly be required. Where an active collection
already exists and is used to provide the core collection entries,
then the genebank manager can decide if physical separation
of a core set is useful. There are a number of reasons why it
may be desirable:
• Minimizing the possibility of errors by ensuring that a single
standard source is used which is maintained in one place as the
core collection
• Simplifying distribution and use by retaining all the core
collection in the same physical location

4 A base collection is a collection of genetic resource samples which is
kept for long-term secure conservation and is not used as a routine
distribution source. Materials are only removed from a base collection
for infrequent regeneration (IBPGR 1991).
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5 Formerly ORSTOM (Institut français de recherche scientifique pour
le développement en coopération).

• Simplifying the additional
monitoring that is desirable for a core
collection of, for example, the amounts
and quality of the entries
• Providing added security by
maintaining the core collection in a
more secure site (e.g. under close
supervision near appropriate facilities
in the case of field-maintained material)
• Meeting the expected needs for
increased quantities of the core
collection entries.

In some cases, the reduced number
of accessions will allow the core
collection to be maintained using
alternative (improved) conservation
methods. Cold-temperature facilities (a
deep freeze cabinet) may be available
for the entries in the core collections
even when it is not available for the
whole collection. The use of in vitro
storage methods can become feasible
for core collection entries, as is the
case for the core collection of coffee
developed by IRD5 (Institut de
recherche pour le développement),
where accessions are maintained
under slow growth conditions as shoot
cultures (Dussert et al. 1997).

The entries selected for core
collections are not normally modified
in any way when they become part
of the core. More seed or other propagating material may be
required but, in most cases, genebank managers will want to
ensure that the properties and characteristics of the core entries
remain unchanged. This has the advantage that the core entry
remains identifiably the same as the accession in the base (or
active) collection that was originally chosen. However,
exceptions are possible. In the international Barley Core
Collection (Box 5) each entry is being converted to a pure line

Box 5. The international Barley Core
Collection

The international Barley Core Collection (BCC)
is an example of a core collection which is
not part of any other collection or combination
of collections (Knüpffer and van Hintum 1995).
It is ‘a selected and limited set of accessions,
optimally representing the genetic diversity
of cultivated barley (H. vulgare s.lat.) and
wild species of Hordeum, and providing well-
known genetic standards.’ The objectives are
‘to increase the efficiency of evaluation and
thus of utilization of existing collections, to
provide a manageable and representative
selection of the available barley germplasm
for use in research and breeding, and to
provide adequate material for the needs of
standardization in scientific work with barley.’
The BCC was compiled by an international
committee on the basis of expertise on barley
diversity in specific regions or particular wild
taxa of Hordeum. The size has been kept
restricted, and will not exceed 2000 entries.
It is maintained and distributed by a number
of genebanks throughout the world, some of
which are responsible for specific parts of the
core collection. Wherever possible the
accessions in the BCC are homozygous lines,
permitting identical multiplication of the
material over generations and locations and
avoiding genetic change due to natural
selection or random drift.



26 IPGRI TECHNICAL BULLETIN NO. 3

by single seed descent from an individual plant typical of the
entry (Knüpffer and van Hintum 1995). The arguments in
favour of this were that the core entry would always remain
identical and unchanging and could be used anywhere in the
world for any purpose in the sure knowledge that the material
used was genetically identical. On the other hand, the
advantages of retaining the entries as heterogeneous as they
originally were means that intrapopulation variation can be
studied, and used.

Another suggestion is to constitute the entries of a core
collection by combining or bulking the accessions within a
group. Once a final group of accessions has been identified,
samples would be taken from each accession and mixed
together to form the core entry. This would be used with seed-
propagated crops and might retain the allelic richness of the
whole collection in the core. However, it breaks the connection
of equivalence between the entry in the core and that in the
original collection. Some of the data on the original accessions
such as passport data would no longer be relevant. This
procedure has been suggested for a perennial ryegrass core
collection being developed in France (Balfourier et al. 1994)
and is further discussed in Section 5.

3.2 Distributing the core collection
The demand for core collection entries is likely to be substantially
greater than for other accessions in the whole collection.
Genebank managers will want to have larger quantities of
seed or other planting material available of the core collection
entries. It is therefore desirable to use the best available
procedures for regenerating and multiplying the core entries.
Thus, seed-propagated outbreeding species should be multiplied
using sufficiently large plant populations, with optimum
isolation practices, so as to minimize genetic drift and avoid
geneflow between accessions (Breese 1989). Appropriate
precautions also will be needed for vegetatively propagated
species. Where the species is maintained in vitro, more samples
should be maintained but where this is not possible the entries
will often have to be multiplied “on demand”.

An aspect of genebank management that is increasingly
important is the distribution of material free of pathogens and
pests. Many countries impose severe restrictions on germplasm
introduction for plant health reasons. Genebank managers
will want to ensure that core collection entries meet appropriate
plant health standards, both because these are the accessions
that are most likely to be distributed, and because it is desirable
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that the highest possible maintenance standards are adopted
for this set of material (see FAO/IBPGR Technical Guidelines
for the Safe Movement of Germplasm). At the same time, with
a relatively small number of entries, it often will be possible to
carry out testing, quarantine and pathogen-elimination activities
for a core collection that are impractical for the whole collection.

3.3 Information management
As the core collection is developed and used, more and more
information will become available on the entries. No special
procedures may be required for this and the genebank’s normal
documentation systems will be appropriate. Normally, the
core collection will be fully characterized and, where possible,
it should be the first material used when new characters (e.g.
biochemical or molecular markers) are assessed. The
information available on the core entries will therefore soon
become more extensive than that available for other accessions.
This is likely to be particularly the case for information on the
agronomically important characteristics that constitute
evaluation data.

The process of core collection establishment and entry
selection should itself be documented. Information on the
procedures that were followed and the data used needs to be
available so that it can be used in validation, substitution,
amendment or in exploring properties of accessions from the
same core group. Publication of the procedures used to establish
the core collection is one important part of this process.

Information on the core collection entries can provide
valuable additional information on the whole collection. The
stratification procedures used to establish the core can be used
in reverse to provide information about other accessions in the
group from which a specific entry was obtained. Of course,
there are limitations to this process depending on the grouping
procedure used and the characteristics involved.

Some information management implications will be apparent
where core collections are developed through collaboration
between different genebanks (e.g. in the case of the
international Barley Core Collection or the proposed Beta core
collection). Arrangements will need to be made to ensure that
all partners have access to, and can provide the same
information on, the core accessions. As core collections are
distributed and used, more information should become available
from a variety of different sources. The ways in which this
information is incorporated and made available may require
some special arrangements by database managers.
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3.4 Validating the core collection
Once a core collection has been established, an important
question for genebank managers is the extent to which it meets
its original objectives in terms of the representation of diversity
and lack of repetition. This process of validating the core
collection usually involves comparing it in some appropriate
way with the original collection from which it was developed.
Validation should not interfere with the use of the core
collection but should, if possible, be integrated with it. A
comparison between the core collection and the whole
collection can be carried out using characteristics that were
involved in establishment of the core or using characteristics
that were not used in its development. In general, both types of
comparisons are desirable for validation. A critical analysis of
whether entries meet the objectives of the core collections is
also useful (Ortiz et al. 1999)

A preliminary evaluation can be made by comparing means,
ranges, frequencies and variances of specific characters in the
different groups of the core collection with those of the groups
from which they were derived. Ranges are expected to remain
similar while means will move toward the median and variances
may increase in the core compared with the whole collection
(Figs. 5, 6). However, certain core collection selection methods
may not give this result. The principal component score strategy
developed by Noirot et al. (1996) tends to select entries with
extreme expressions of character states used. With this method,
entries with median expressions may be under-represented.

Biochemical and molecular markers have been suggested as
suitable characters to assess the success of the core in meeting
the objectives of representing genetic diversity. For example,
core collections of about 10% should possess about 70% of the
alleles found in the whole collection. Of course, it is impractical
(and unnecessary) to test a core sample against the complete
collection from which it is derived. However, samples of the
core and the whole collection can be compared to determine
whether they have broadly similar biochemical or molecular
marker alleles. Thus, Skroch et al. (1998) used RAPDs to test
Mexican Phaseolus core entries and compare them to a random
set of the collection from which they were derived. Interestingly,
in this case no difference was found between the two samples.
This suggested, on the one hand, that the core was no more
successful than a random set of accessions in capturing diversity
of RAPD polymorphism and, on the other, that all
polymorphisms found in the random set were also present in
the core.
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Fig. 5. Distribution of a quantitative trait in the whole collection and a
core collection. (a) The whole collection. Number of accessions=400,
average=11.3, standard deviation=3.9, minimum=1, maximum=24. (b)
A core collection. Number of entries=80, average=12.4, standard
deviation=5.9, minimum=1, maximum=24.

Fig. 6. Distribution of a qualitative trait in the whole collection and in a
core collection. (a) The whole collection (number of accessions=100,
number of classes=5). (b) The core collection (number of entries=20,
number of classes=5).
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Testing for redundancy is more difficult and will depend to
a great extent on the experience of the genebank manager.
Where costs of maintenance are high it may be worth using
molecular and biochemical markers for such tests (van Hintum
et al. 1996; Phippen et al. 1997). However, it will always be
important to look at all characteristics for which information
is available and not to rely on a few characters to detect
presumed duplication or redundancy.

3.5 Altering the core collection
Once established, a core collection should be fairly stable. Its
management will become more difficult if its constitution is
continually changing and its use will be inhibited if the entries
are constantly subject to change. There is a need for a certain
level of constancy of the core over time so that evaluations of
the core at different times can be compared and the bulk of the
entries should remain constant. At the same time, genebank
managers will want to change the number and identity of the
entries in a core collection from time to time. The changes may
be slight (substituting one entry for another in a specific group),
but they may be more substantial (changing the balance
between groups). Some of the factors that genebank managers
should consider when deciding to change the constitution of a
core collection include:
• Identifying accessions with specific desirable traits that should
be included in the core collection such as new forms of resistance
to specific diseases or to particular stresses.
• Meeting requests from users to include specific accessions on
the grounds that they have important characteristics for the user
community such as standard cultivars for specific tests or anchor
genotypes used in molecular genetic mapping or genome
sequencing.
• Acquiring additional accessions with new diversity that needs
to be represented in the core collection.
• Increased knowledge on the extent and distribution of genetic
diversity within the material from which the core is drawn.
Finding that some groups have substantially more diversity than
other groups may lead to considering the possibility of altering
the number of entries taken from the groups in question.
• Taking account of new breeding methods or knowledge
that change the value of a group to users. Thus, the detection
of yield-related QTLs (quantitative trait loci) in wild relatives
might increase the value of some wild species to users.

Whatever the reasons for change, the process should be
planned and organized in such a way as to avoid compromising
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the integrity of the core collection or causing problems to
users. Ideally, users should be informed of any significant
changes to the core and the reasons for such changes. The
quality of the material that is introduced into the core and the
data on it should be of the same standard as the rest of the
core, or rapidly brought to that standard. Since the emphasis
of core collections is on size limitation, the objective of the
manager should be to replace rather than to add new material.
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4 Using the core collection

Core collections are established to improve the conservation
and use of genetic resources. They can help in genebank
management, in the decisions that need to be taken on what
should be conserved and in the improved use of material held
in genebanks (Table 3). In this section, the ways in which core
collections can be used are described and ways to increase
their use are outlined.

From Table 3 it can be seen that core collections can be used
in a number of different ways:
• As a limited set, in tasks where a small number of accessions
is needed (e.g. 12, 15 in Table 3).
• As a list of entries that will have priority for attention (e.g. 3,
4, 6 in Table 3)
• As a reference set, when an indicator is needed for sections of
the whole collection (e.g. 1, 5, 10 in Table 3)
• As an optimum set of experimental material, for assessment of
the collection or the development of methods (e.g. 2, 7, 9, 11, 16
in Table 3).

Often the core will function in more than one way with
respect to a particular task. Thus, all or part of a core can
function as both an experimental set and a reference set in
developing the optimum method for testing for a complex
trait, evaluating the core response to the trait, and using some
(or all) of the core in genetic studies to determine trait
inheritance. In discussing the use of the core it is helpful to
distinguish between the ways in which core collections can
help genebank managers conserve material better, and the
ways in which cores can help improve use of collections.

4.1 Improving genebank operations
The work of establishing a core collection usually leads to a
substantial increase in knowledge of the extent and
distribution of genetic diversity within a collection. Once it
has been established, it becomes the framework for further
studies. Patterns of diversity can be expected to reflect among-
group and within-group structures of the core collection.
Specific hypotheses concerning the distribution of diversity
in certain groups or sets of groups can be tested (Tohme et al.
1999), e.g. are samples from centres of origin more diverse
than from outlying areas of a species distribution? Data failing
to confirm this hypothesis might indicate a serious gap in the
collection.
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Table 3.  Examples of the ways in which core collections can be used

Task Function of core

Collection characteristics
1 Dealing with new accessions Provide a reference set for determining

the group of accessions with which new
material should be compared

2 Detection of gaps or uneven Allow identification of discontinuities in
collecting variation indicating missing material or

sets where large amounts of variation
are associated with a few accessions

Collection management
3 Developing regeneration Core entries have priority, especially

schedules when upgrading collections
4 Prioritizing handling Provide set for priority handling when

needed
5 Monitoring viability Provide appropriate set of accessions

for monitoring whole
6 Duplication Act as a priority group for safety-

duplication, for further distribution to
regional or international genebanks or
for maintenance in different conditions
(e.g. as DNA libraries, in field banks or
in vitro)

7 Development and application Provide test material of choice for
of new conservation methods possible improved maintenance

procedures (e.g. ultra-dry seeds,
in vitro and cryopreservation)

Information management
8 Database organization Provide benchmark standard for

documentation and allow stratification
of whole collection to be recorded

Study and use of collections
9 Developing descriptor lists Entries appropriate to test sufficiency of

descriptors to discriminate accessions
10 Testing expensive and Allow development of efficient two-step

complex traits (e.g. sampling procedure – first between,
photoperiod response) then within groups

11 Method development Provide set of material which is likely to
cover full range of characteristic
expression

12 Relationships between Provide restricted set likely to cover full
different characters range of different character expressions

to maximize efficiency of correlation
studies

13 Genetic studies Allow selection of optimal material for
studies of trait inheritance and
estimation of general combining ability

14 Prebreeding Provide dissimilar groups likely to assist
in identifying heterosis or bringing
together new gene combinations

Distribution from collections
15 Having adequate seed Larger amounts of seed can be produced

supplies on hand of the limited set of core entries
16 Distribution of diverse Provide maximum diversity in limited sets

and representative samples of accessions for assessment by users
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More specifically, the core provides evidence of gaps in
collections (groups with very small number of accessions or
substantial discontinuities between groups) which may indicate
that further collecting is required. The core accessions also
provide a suitable reference set for new material entering the
genebank which can be assigned to a specific group and tested
with a set of accessions expected to show similar properties.

Genebanks are usually interested in applying and improving
a variety of different conservation activities (e.g. in vitro
methods, methods for assaying purity, regeneration protocols,
development and testing of descriptor lists). Such methods
must be applicable and reliable across the spectrum of genetic
variation that they handle and the core provides the most
appropriate group for such studies (Dussert et al. 1997). The
core furnishes ideal material for this purpose. It also provides
good material for the various routine monitoring activities that
genebanks have to carry out, such as seed viability testing.

The core is never intended to replace the whole collection
but there may be a number of situations where it can function
as a priority set for security purposes. It can be given priority if
resources for regeneration are limited or if safety-duplication
of a collection has to be carried out in stages. It can also
provide the optimum set of material for emergency situations,
such as civil strife or environmental disasters, where only a
portion of the collection can be secured.

A continuing area of development once a core collection
has been established will be the linkage between the core
collection and the whole collection. An important question for
any collection is: how reliable are inferences based on core
entries in predicting the performance of other accessions in the
same group? An ideal strategy for curators would be to
accumulate case histories and experience relevant to this
question as a way of assessing and improving their core
collections.

4.2 Improving the use of plant genetic resources
The wider the range of different users for the core collection
the wider the range of uses the core will be put to. While plant
breeders and other researchers may be the mainstay of the
user community, it is worth trying to identify other potential
users who could use a core collection in their work could be
identified. Possible users for all or part of a core collection
could include educationalists, agronomists, extension agents,
NGOs (non-governmental organizations), farmers’
organizations, and growers themselves.
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All users of plant genetic resources should be encouraged to
use the core collection wherever relevant. In this way they will
be able to use the genetic diversity in a crop more effectively and
comprehensively to detect the characteristics or properties in
which they are interested. This will improve the quality of their
work and will provide opportunities to ensure that information
on the core collection continually improves. The advantages
that the core provides to users in terms of both increasing the
quality and efficiency of their work should be continually stressed.

Genebank managers will want to ensure that they maintain
flexibility in using a core to address the specific needs of
different users. These may not always require all of the core
collection. Subsets of the core, which are maximized for genetic
variation of certain characters, or in certain types of material,
can be used to address specific requests. For instance, subsets
might be provided from a core subset which included only the
wild relatives of a crop as part of a search for new yield-
increasing genes (Tanksley and McCouch 1997).

A major interest of many users concerned with either applied
or basic research will be to locate specific characters or variation
in specific characteristics in a crop genepool, as part of an
efficient search strategy. The core collection provides an efficient
entry point to the whole collection for a genepool-wide search
for characteristics of interest. For instance, the US peanut core
collection has been used as an entry point to the overall
collection by identifying which groups in the core subset contain
accessions with resistance to tomato spotted wilt virus (TSWV).
It is then planned to screen all accessions in the whole collection
from groups possessing resistance (Anderson et al. 1996;
Holbrook 1999).

4.2.1 Applied research: Screening for useful traits and
characterist ics
A common use of the core collection will be to screen for
agronomically useful traits or characteristics. Core collections
can be screened for a wide range of qualitative and/or
quantitative traits. The presence or absence of the traits or
characteristics in the core might be used to make cost-benefit
analyses of how comprehensive search strategies should be and
what procedures will optimize benefits. In fact, core collections
already have been used to detect material with specific useful
traits in a range of crops and the evidence suggests that they
have been an effective way of identifying useful new germplasm
(Table 4). Core collections also have been used in more general
multi-trait evaluation experiments (e.g. Willner et al. 1998;



Core collections of plant genetic resources 37

Hodgkin et al. 1999).
In some crops, users may wish to

identify useful genotypes rather than
genes (e.g. many forages or clonal
crops). In such instances, the core will
allow a rational sampling of the
broadest representation of genetic
diversity in the selection and
improvement activities. A wider range
of users, such as agronomists,
extension workers or farmers, may be
interested in making direct selections
of genotypes from core collections and
evaluating them for their own needs.

So far, there have been few reports
of the use of core collections for
identifying lines with good
combining ability (Frankel and
Brown 1984; Spagnoletti Zeuli and
Qualset 1995). However, core
collections provide a very good basis
for choosing lines for such studies.
Knowing the relationship between
commonly used tester lines and
relevant core entries may provide
added incentives for use of the core.

Core collections will be powerful
tools where researchers are interested
in background effects on gene
expression (epistasis, epigenetics, etc.)
and need a range of highly divergent
background genotypes for the planned
studies. Similarly, end users with an
interest in assessing or exploiting the
extent of either genotype by
environment (G × E) interactions or
gene or QTL by environment
interactions can use core entries to
assess the extent of such interactions
in a genepool (Charmet et al. 1993;
Balfourier et al. 1997).

4.2.2 Basic research and education
Core collections will be useful wherever a wide range of
diversity is needed for either research or illustrative purposes.

Box 6.  Some options and links for
promoting use of the core collection

Options
� Direct mail to all existing users
� Posters or presentations at conferences or

meetings
� Scientific and other publications (e.g. Crop

Science, Plant Genetic Resources
Newsletter, Genetic Resources and Crop
Evolution, Euphytica)

� Crop newsletters (e.g. InfoMusa, Barley
Newsletter)

� E-mail listservs or newsgroups (e.g. Plant
Tissue Culture Listserv, GrainGenes)

� Crop-specific networks (e.g. Cassava
Biotechnology Network, INBAR, Nitrogen
Fixing Tree Association, International
Network for Genetic Evaluation of Rice)

� Regional genetic resources or agricultural
research networks (e.g. ASARECA, ECP/
GR, AgREN)

� Crop or germplasm committees
� International information systems such as

WIEWS.

Links
� Relevant Internet web sites (e.g.

germplasm databases:  SINGER, pcGRIN)
� Genome mapping/sequencing databases

(e.g GrainGenes, SolGenes, Rice
Sequencing project, Grasses Genome
Iniative etc).

� Crop evaluation networks (e.g INGER,
LAMP, UPWARD).

� Educational initiatives (e.g modules of
university courses, practical work).

� Agronomists and extension networks
involved in agricultural development (e.g.
AgREN).

� NGOs involved in agricultural development
(e.g. SRISTI).
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Core collections have been used to examine the extent and
distribution of genetic diversity within crop genepools (Tohme
et al. 1996, 1999) and relationships between genepools. Cores
also may be used to establish correlation between traits and
environmental parameters and this approach was taken to
establish the relationship between cyanogenesis and climate in
US white clover germplasm (Pederson et al. 1996).

4.3 Increasing the use of core collections
Once a core collection has been established, it is important to
let users know of its existence and of how it might be useful to
them in their work. It should not be assumed that users of
germplasm are automatically aware of the existence and utility
of the core collection. Reaching as wide a range of users as
possible with relevant information about the core collection
will increase the utility of the collection to users and hence
strengthen the link between the core and its users. The more
clients that use the core and provide feedback on its utility, the
more the value and relevance of the core to end user needs can
be enhanced over time.

Many different ways can be used to reach potential users
with relevant information about the core. Being proactive in
seeking new users will be desirable and many different ways
of “advertising” the core to a wide range of potential users,
both at the national and international levels, should be
considered. A list of some possible options is given in Box 6.

Continuous feedback from users will help to evaluate and
enhance the utility of the core collection. Additional
characterization and evaluation data from users should always
be sought and will enhance the information quality of accessions
in the core collection. In this respect, it is important to establish
clear procedures and requirements for users to provide whatever
relevant data.

It is important to provide clear guidance on how the core
collection should be cited or referenced by end users. If the
results of different users are to be cross-comparable, it is essential
that all users use the same nomenclature for accessions in
references to the core collection. All users could be encouraged
to publish or make known their work with the core collection.
Constructing and continuously updating a bibliography of
documented information and usages of the core collection will
provide an invaluable resource over time to new users of the
core and assist in core collection management.

Needs, preferences and procedures of germplasm users
change over time and it may be useful to survey core collection
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needs of users periodically (e.g. every 2–5 years). Such surveys
could be used as an input to any efforts to modify the core, and
may help to tailor the core toward the needs of different
groups (McFerson et al. 1996).

Opportunities will arise when multiplying core accessions
to demonstrate the range of variability available to the end
users. Users could be invited to open days to inspect what
phenotypic variability is available in the core or in particular
parts of it (e.g. groups within the core). If a wide range of
different users is invited to participate in such exercises, their
feedback could be particularly valuable to the core collection
curator.

Crop improvement approaches and methodologies are
continually changing. Linkages or “bridges” between the core
collection and other crop improvement initiatives (see Box 6)
and having the core collection as either a reference or a
relational point for crop improvement activities will be
extremely useful.
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Future developments

The core collection concept has been around since 1984 and,
since then, many core collections have been established and
used, and the number is continuing to grow. There will
undoubtedly be improvements in the procedures used to
establish core collections, as results from different studies become
available. The relative effectiveness of taxonomic, geographic,
ecological and agromorphological methods of grouping will
become clearer. The extent to which different methods ensure
that genetic diversity is captured in core collections will be
established. New ways of choosing entries for the core from
specific groups will be tested and improved methods of using
core collections devised.

Information from the increased use of biochemical and
molecular markers will certainly help to improve core
collections as will the increasing use of geographic information
systems in the analysis of patterns of distribution of genetic
diversity (Guarino et al. 2001). Confirmation and revision of
core collections as such data sets become available means that
the core collection will function as a “summary” of existing
knowledge about the broad variation patterns found in crop
genepools. At the same time, better access to information about
collections via the Internet can increase both the popularity
and usefulness of core collections.

Core collections will have a major influence at yet another
level. The procedure fosters an approach which validates the
knowledge that exists about a collection and which provides a
powerful incentive to acquire new knowledge. In this way a
core collection adds value to the whole collection. Furthermore,
it fosters a methodology of sampling and analysis that allows
new and better ways of accessing and utilizing genetic diversity
to be developed.

An essential step in the methodology of forming a core
collection is the selection of a genetically representative set
from any larger set of accessions. This means that it is possible
not only to represent the entire collection, but also smaller
parts of it, or different parts in different densities. It provides a
way in which genebank managers can meet requests such as
“50 accessions representing the West European cultivars of
butterhead lettuce”, “50 accessions representing all other
butterhead lettuce in the world”, or, “25 accessions representing
the other types of cultivated Lactuca”.

Van Hintum (1999) describes a procedure that can be used
to identify a representative sample from a germplasm collection
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on-line, where there is direct access to computerized data on a
genebank collection. This procedure can be used to meet specific
demands, such as those listed above and, more generally, to
select a sample of any specified size according to established
and defined principles. He calls these samples “core selections”,
and notes that the procedure can be used for selection of a
representative sample of any size based on any set of material.
Such systems, in combination with improved Internet interfaces
to germplasm databases, can be expected to greatly improve
the access to germplasm collections.

The sampling methodology used to develop core collections
can be used for other conservation work where defined sets of
samples of limited size are required. It could be used to help
identify those populations of a wild species, such as a crop
relative or forestry species, that should be maintained in situ in
order to maximize the genetic diversity maintained. It has
been suggested that it could be used in a similar way to
support on-farm conservation of traditional cultivars (Bhuwon
Sthapit, pers. comm.). Here again, the procedures would allow
national programmes to work with communities and farmers
in identifying local cultivars whose continued use would
maximize the genetic diversity maintained.

Another possible methodological development that has been
proposed is the “bulk core collection” (van Hintum 1998). This
was briefly referred to in Section 3.1. In most core collections,
groups of accessions are formed from which one or more
entries are selected. In creating a “bulk core collection” all or
some of the accessions within a group are bulked to form a
single entry. These entries will thus, initially, contain all genetic
diversity available within the corresponding groups. The
material within a bulk entry can be recombined by crossing or,
in the case of cross-pollinators, by growing them out in a single
isolation plot.

Bulk core collections might provide a way of increasing the
amount of genetic diversity within a core collection since one
does not need to select a single accession from groups that are
still heterogeneous. However, their utility for use in future
work depends on the ability of curators to identify these genes
in bulk populations, a problem that is similar in some ways to
that of identifying useful genes in large collections. Bulk
populations might be used in situations where variable
populations are desirable. For example:
• They could function as a starting point for creating adapted
populations with broadly similar characteristics. By exposing the
bulk entries to natural and mild mass selection, and “feeding”
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them with germplasm with desired new characters, the
germplasm would slowly introgress into the adapted background
of the bulks. Experiences with composite crosses of barley (Suneson
1963) and alternative bulk approaches (e.g. Kannenberg and
Falk 1995; Veteläinen et al. 1996) show the potential of population
improvement and suggest that this may be a useful additional
approach.
• Bulk core collections, or the products after several rounds of
mild selection and adaptation, could be used in dynamic
conservation programmes. In these programmes genebank
material is exposed to the changing environment and can thus
adapt to new stresses. Population conservation programmes are
not new (Simmonds 1962) but may be an increasingly relevant
way of maintaining adaptive capacity to cope with climate
change or increasing UV radiation. In the final analysis such bulk
core collections are breeding tools and not core collections in the
original sense.
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