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Core collections-necessity and concept

• Very large ex situ collections in gene banks
• They are too difficult to maintain and evalualate
• Sir Otto Frankel proposed use of core collections in 1984
• Definition: A subcollection of limited size that, while minimizes the
similarities among its entries, represents the genetic diversity in the
whole collection

• Core collections facilitate the use of PGR because they are smaller.
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Characteristics of core collections

• Original definition: Limited set of accessions, minimum of
repetitiveness, maximal resp. representitive diversity

• Within a given gene bank, a core collection represents the genetic
diversity in the gene bank (core subset)

• Core collection for the whole species: synthetic core collection

Design parameters of core collections
• Contains <10% of whole collections
• Not more than 2000 entries
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Why construct a core collection?

Goals
• Increase the efficiency of the evaluation and therefore the
utilization of existing collections

• Produce a manageable and representative selection of germplasm
for research and breeding

• Provide adequate material for standardisation in scientific work
• Rationalize the search for new traits (e.g., resistances)
• Accumulate large quantitities of diverse evaluation results for a
limited set of accessions.

• Allele mining: efficiently find useful genetic variation
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Methods for establishing core collections

• Random sampling: not so bad, since
Population genetic theory (Brown (1989))
On average, a random sample of 10% of accessions accounts for 70%
of variation present in the total collection.

• Structured approach: Increases the captured variation while
minimizing the number of accessions. For example, in 2000 the
sorghum core collection from ICRISAT consisting of 3 % of
accessions contained > 90% of the variation (see
http://www.icrisat.org/crop-sorghum-genebank.htm)

Though more work, the structured approach is superior and should be
used
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Workflow of the structured approach

Step 1 Identify the material (collection) that will be represented by the
core collection.

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

core.
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Step 3: How to group material

• Geographic origin
• Phenotypic variation
• Genetic variation
• Agronomic characteristics (e.g., threshold for specific trait)
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Example: Stratification of a Lactuca collection

Van Hintum et al. (2000)
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Practical questions

Step 3: How to cluster into groups?

• Multivariate statistical approaches (e.g., PCA)
• STRUCTURE analysis

Step 4: How many individuals should be in each group?
• First idea: Same proportion of accessions in total collection should
be in core collection (other ratios possible)

Make sure that all groups are incorporated. Small groups can contain
important genetic information (e.g. about adaptation)
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Using genetic markers to choose accessions

Advantages of genetic markers
• Relatively cheap
• Independent of the environment for classification
• Genetic distance and variation can be classified with good precision

Step 4/5: Strategies for choosing accesions
• H strategy⇒ maximise heterozygosity
• M strategy⇒ maximise allelic richness
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The H strategy (Step 4/5)

• Estimate level of heterozygosity using a statistic like Nei’s gene
diversity h (estimated heterozygosity)

• Goal: assemble a collection in which gene diversity across markers
is maximized

• Relative contribution of each group to total collection should be

h/(1− h)

where h is the diversity within the group
• Statistical approach (Step 5): Pick individuals randomly within group
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Step 4/5: The M strategy

• Focus on distinct allele types
• Maximize allelic richness
• Search for a group of accessions that maximizes the number of
alleles in the core collection

• Number of accessions can be kept to a pre-defined number
• Deterministic approach (Step 5): The accessions to be included are
selected by the algorithm
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Step 5: Additional/alternative criteria for selecting accessions

• Fulfill certain criteria (e.g., agronomic characteristics)
• Maximize diversity for all the other criteria
• Inclusion of external information (quality of data, politics, etc.)
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Other methods

• Many other methods were developed (see James (2013))
• They differ in how to quantify diversity and how to choose a
possible combination of accessions.

⇒ There is a nearly infinite number of possibilities to select 2000
accessions out of a total of 20000 accessions!
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Distribution of variation in a core collection

Van Hintum et al. (2000)

a: in whole collection, b: in core collection
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Distribution of variation in a core collection

Van Hintum et al. (2000)

a: in whole collection, b: in core collection
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Relative sizes of core collections

Van Hintum et al. (2000) 20 / 29
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Several core collections used in the 1990s

Van Hintum et al. (2000) 22 / 29

Some recently established core collections (CC)

Crop CC size % collection Reference

Foxtail millet (ICRISAT) ∼ 155 10.5 % Upadhyaya et al. (2008)
Sorghum landraces 107 3 % Shezad et al. (2009)
Durum wheat (from Spain) 94 17 % Carillo et al. (2013)
Mungbean (AVRDC) 289 4 % Schafleitner et al. (2015)
Rice (USDA) 217 ≈ 1 % Agrama et al. (2009)

23 / 29

The International Barley Core Collection

• Established since 1989
• A synthetic collection
• Current size: ≈ 1300

Structure of the Barley Core Collection (2008)

Category Count

Cultivars 500
Landraces 800
Wild barley Hordeum vulgare ssp. spontaneum 150-200
Other wild species (ca. 2 per species) 60 - 100
Genetic stocks, reference material <200
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Institutions involved in the Barley Core Collection

International Barley Core Collection

25 / 29

Summary

• Core collections are small subsets of large (ex situ) collections
chosen to represent the variation in the whole collection

• Many strategies exist to choose the accessions for a core collection.
Main idea: Identify groups of similar accessions, represent many
groups with few accessions
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Further reading

• Van Hintum et al. (2000), available via
http://www.bioversityinternational.org/nc/

publications/publication/issue/core_collections_

of_plant_genetic_resources.html
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