
Overview of 
Research Effort 
at Reading



Areas of activities

• International Cocoa Quarantine Centre, Reading.
• International Cocoa Germplasm Database.
• Physiological research
• Plant response to environmental variation.

• Cocoa Swollen Shoot Virus
• Cryopreservation



ICQC, R



International Cocoa Quarantine Centre

• Provides intermediate quarantine for safe international 
movement of cocoa germplasm (2 year quarantine period)

• Germplasm has been provided from Trinidad, Costa Rica, 
Ecuador, Malaysia, USA and France

• Institutes in around 20 countries have received plant 
material from ICQC, R

• Currently over three hundred accessions available for 
distribution; another 100 are passing through the 
quarantine process





Improving the quarantine progress
• Receipt of material as micro-grafted plants: to improve 

establishment
• Cryo-preservation of somatic embryos: to back-up key 

clones
• Genetic identification of new material entering the 

collection (confirm identity).

Physiological Characterisation of 
Germplasm
•Assessing heat stress tolerance in different genotypes
•Genetic variation in photosynthetic rates



International 
Cocoa 
Germplasm 
Database



The ICGD

• Began in 1988, becoming the International Cocoa 
Germplasm Database in 1990.

• Supported by Euronext.liffe and BCCCA.
• 28,239 clone names, of which 14,127 are true 

names and 14,112 are synonyms.
• Meaning and origin of most of those clone names.
• Accession lists for 48 of the major cocoa 

genebanks, including quarantine stations.
• Details of collecting expeditions from 1919 to the 

present day.
• 740 colour photographs and drawings of cocoa 

germplasm in collections around the world.
• Genetic fingerprinting data of the accessions in the 

ICQC,R collection.



The ICGD Website
• Information about 

the ICGD project.
• Access to the 

online database.
• Details on the 

quarantine facility 
and germplasm 
collection.



ICGD Online

• Web-based MySQL
database.

• Free public access.

Information can be accessed for any accession 
name or using the full range of characters 

recorded in the database.



ICGD Online

• All information is referenced to the original source.
• Also available as CD-ROM



Germplasm 
Management 
Tool



Germplasm Management Tool

• An online tool for the 
impartial and unambiguous 
ranking of accessions.

• All inputs are user-defined.

• Is not restricted to Cocoa.

Combine agronomic traits with genetic information with specific 
weighting for each trait and allowing interaction between 

genetic and agronomic data.



Germplasm Management Tool

• The accessions are ranked 
based on the scores and 
weightings of each trait.

• Rare traits are highlighted.



Regulation of 
physiological traits



Stomatal number change with genotype



Relationship between stomatal
number and conductance
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and limited water supply.



Plant plasticity 
and Genomic 
regulation



DNA methylation differences 
between tissue types

• Different tissues from the 
same plant show 
reproducible and predictable 
differences in methylation of 
patterns.

• Indiscriminate methylation 
increases with age.

• Similar response for 
temperature differences



Where are the changes

• By identifying areas of the genome that are heavily regulated in
response to temperature we identify genes linked the plant response



Cocoa population 
structure in the 
upper Amazon

Nicholas Cryer, David Butler





The upper Amazon region is 
rich in diversity



Morphological classification

• It is difficult to describe 
relationships between 
populations based on 
morphological descriptions 
of individuals.

•There are environmental effects on the morphological 
traits being measured.

•Morphological traits are complex.



Collection Sites in Upper Amazon

NA

POUND / SCA

IMC

LCTEEN

PARINARI
MO

AMAZ



What has been measured?



Populations in the Upper Amazon

Pop11 (NA) + 

Pop9 (NA)

Pop8 POUND/SCA)

Pop12 (SCA)

Pop6 (IMC)

LCTEEN

Pop4(PARINARI)
Pop10 (MO)

Pop5(AMAZ)



Most typical specimens

• By inferring an ideal population individuals can be assigned 
based on how closely they meet this concept.

LCTEEN10 0.978 0.004 0.001 0.000 0.001 0.003 0.002 0.002 0.001 0.003 0.002 0.003
LCTEEN16 0.944 0.000 0.001 0.006 0.009 0.009 0.000 0.003 0.002 0.022 0.001 0.002
ELCTEEN1 0.945 0.001 0.000 0.000 0.022 0.007 0.006 0.001 0.000 0.017 0.000 0.000
LCTEEN21 0.995 0.000 0.000 0.001 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000
LCTEEN32 0.979 0.008 0.001 0.000 0.004 0.001 0.000 0.003 0.000 0.002 0.002 0.000
LCTEEN38 0.970 0.004 0.002 0.007 0.001 0.001 0.001 0.005 0.003 0.004 0.001 0.002
LCTEEN41 0.159 0.780 0.000 0.001 0.000 0.000 0.035 0.001 0.000 0.000 0.018 0.005
LCTEEN36 0.005 0.837 0.039 0.010 0.000 0.006 0.000 0.001 0.014 0.087 0.001 0.000
LCTEEN40 0.119 0.853 0.023 0.001 0.000 0.001 0.001 0.003 0.000 0.001 0.000 0.000
LCTEEN36 0.012 0.945 0.000 0.001 0.013 0.019 0.004 0.002 0.002 0.001 0.001 0.000
LCTEEN41 0.253 0.713 0.000 0.000 0.005 0.000 0.000 0.001 0.000 0.003 0.000 0.024
ELP16 0.000 0.001 0.990 0.000 0.001 0.001 0.000 0.001 0.004 0.000 0.000 0.002
GU300/P 0.000 0.000 0.992 0.000 0.001 0.000 0.000 0.000 0.002 0.002 0.001 0.001
GU351/P 0.001 0.001 0.990 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0.000 0.003
GU175/P 0.001 0.000 0.989 0.001 0.000 0.001 0.001 0.001 0.004 0.002 0.001 0.000
GU151/F 0.000 0.002 0.988 0.002 0.002 0.001 0.000 0.000 0.000 0.000 0.002 0.002
GU335/P 0.003 0.001 0.985 0.001 0.000 0.001 0.000 0.001 0.005 0.001 0.001 0.001
GU305/P 0.001 0.002 0.992 0.001 0.001 0.000 0.001 0.000 0.001 0.000 0.002 0.000
PA184 0.001 0.002 0.005 0.936 0.021 0.010 0.000 0.002 0.001 0.001 0.015 0.006
NA534 0.002 0.000 0.002 0.983 0.001 0.002 0.003 0.001 0.001 0.001 0.004 0.000
PA12 0.003 0.000 0.023 0.960 0.005 0.000 0.001 0.003 0.002 0.000 0.003 0.001
PA27 0.000 0.000 0.001 0.944 0.000 0.000 0.000 0.007 0.005 0.029 0.000 0.014
PA186 0.005 0.002 0.002 0.952 0.008 0.006 0.008 0.009 0.001 0.002 0.001 0.005
PA95 0.004 0.002 0.005 0.962 0.004 0.004 0.001 0.001 0.010 0.002 0.004 0.001
PA139 0.003 0.002 0.001 0.956 0.002 0.023 0.000 0.009 0.004 0.000 0.000 0.001
PA41 0.002 0.004 0.006 0.973 0.004 0.001 0.002 0.003 0.001 0.002 0.002 0.001



Morphological classification

• By using the most typical 
individuals defined from the 
molecular data it is possible 
to gain an insight into how 
the morphological variation 
follows population 
relationships .

•There are environmental effects on the morphological 
traits being measured.

•Morphological traits are complex.



Relationships between populations

Pop11 (NA) + 

Pop9 (NA)

Pop8 POUND/SCA)

Pop12 (SCA)

Pop6 (IMC)

LCTEEN

Pop4(PARINARI)
Pop10 (MO)

Pop5(AMAZ)



Outcomes (1)

• We now have direct evidence that there are 
geographically separated populations in the upper 
Amazonian region.

• Distinct populations can also be collected from 
confined regions.

• Individuals can be assigned to populations and hybrids 
between populations have been identified.



Outcomes (2)

• The agronomic characterisation of 
accessions can be prioritised in order
to most efficiently study a wide a
range of significantly different germplasm.

• We can better recommend where to collect new 
accessions based on improved understanding of 
population groups.

• Provide information to aid rationalisation decisions in 
genebanks.



Reading University
• Paul Hadley
• Andrew Daymond
• Chris Turnbull
• Nicholas Cryer
• Penny Tricker
• Helen Binns
• Heather Lake

Aberystwyth University
•Mike Wilkinson

CRU, Trinidad
•David Butler



Funding

• Cocoa Research UK
• Biscuit, Cake, Chocolate, and Confectionary 

Association (BCCCA).
• Dutch Ministry of Agriculture, Nature and food 

quality (LNV) through sustainable cocoa subsidy 
scheme

• United States Department of Agriculture
• CFC
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