
Resource revolution
Featuring former US Secretary of Energy and Nobel Laureate, Steven Chu, the 
Mars panel discussion at this year’s Lindau Laureate Meeting focused on the 
role of science — and scientists — in tackling global resource challenges

“We will continue to face interconnected 
challenges involving energy, agriculture 
and water that we have a moral obligation to 
confront. Scientific collaboration — and the 
determination of people like you — will play 
a key role in addressing that,” stated Steven 
Chu, Physics Nobel Laureate and Stanford 
University Professor, talking to 150 of the 
world’s top young scientists who participated 
in the Mars panel discussion.

The discussion, which was hosted by 
Mars, Incorporated and took place during 
this year’s Lindau Nobel Laureate Meeting, 
focused on the role of science in tackling 
interrelated and global resource challenges, 
from climate change to food and nutrition 
security. The panel brought together Nobel 
Laureate Steven Chu; Chief Agricultural 
Officer at Mars, Howard-Yana Shapiro; and 
Christina Heroven, a Biochemistry Masters 
student from the Freie Universität Berlin.

“As one of the world’s leading food manu-
facturers, Mars has a critical interest and 
role to play in the sustainable management 
of our global resources,” said Howard-Yana 
Shapiro, Chief Agricultural Officer at Mars, 
Incorporated and Senior Fellow, UC Davis 
Plant Science Department. “Partnerships 
and uncommon collaborations that bring 
together varied expertise are the best way to 
address the global issues facing us as a busi-
ness, and society as a whole.”

Dr. Shapiro provided an example of 
Mars’ approach to sustainable agriculture 
and spoke of the African Orphan Crops 

Consortium (AOCC), a cross-sector col-
laboration that aims to sequence, assemble 
and annotate the genomes of 100 tradi-
tional African food crops to improve their 
nutritional value, productivity and climatic 
adaptability. The data gathered by the AOCC 
will be made publically available with the 
endorsement of the African Union.

Professor Chu, who was awarded the Nobel 

Prize in Chemistry in 1997 for his contribu-
tions to the development of methods to cool 
and trap atoms with laser light, reinforced the 
importance of bringing together varied per-
spectives and expertise. He spoke of the value 
of becoming an expert in your field, while also 
having an open and inquisitive approach that 
takes into account challenges, and potential 
opportunities, in areas outside your direct 
field of expertise. “It actually helps you do 
better science,” commented Professor Chu.

Moderated by Adam Smith, Editorial 
Director of Nobel Media, the panel discus-
sion also involved an extensive Q&A session 
with the audience of young scientists. This 
covered topics such as the role of fundamen-
tal versus applied science, the relationship 
between academia, industry and govern-
ment and the responsibility of scientists 
in addressing some of the resource issues 
facing society.
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The Mars-hosted panel discussion focused on how science can tackle global 
resource challenges. It featured the views of Howard-Yana Shapiro, Chief Agricultural 
Officer at Mars, Incorporated (Right); Steven Chu, Physics Nobel Laureate (Centre 
Right), and Christina Heroven, a Biochemistry Masters student from the Freie 
Universität Berlin (Centre Left). The panel was moderated by Adam Smith, Editorial 
Director of Nobel Media (Left).

Mars’ relationship with Lindau
Mars’ relationship with the Lindau Nobel Laureate Meetings began in 2007. Since then, 
Mars has continued to work together with Lindau to help realise the Meetings’ mission 
of education, inspiration and connection, supporting young researchers and actively 
contributing scientific themes. In 2008, Pamela Mars, member of the Mars Board of 
Directors, was appointed to the Honorary Senate of the Lindau Foundation in recogni-
tion of this work and Mars’ history of scientific achievement.

Each year, the Mars panel discussion provides an opportunity for open interaction 
between Laureates and young researchers that sets the tone for the week-long meetings.
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Decoding the genomes of Africa’s 
“orphan crops”
Mars leads partnership to sequence the genomes of 100 of Africa’s most 
important food crops

The Challenge
Sub-Saharan Africa has the highest pov-
erty rate in the world, with 47.5 percent 
of the population living below USD 1.25 
a day in 2008. Approximately 195 mil-
lion children in the world suffer from 
chronic malnutrition, or stunting. This 
represents a third of all children who are 
under 5 years old. Of these, 90 percent 
live in just thirty-six countries, twenty-
one of which are in Sub-Saharan Africa. 
In some African countries the propor-
tion of children stunted is as high as 
50 percent.

Uncommon Collaboration
Launched at the Clinton Global Initiative 
in 2011, the African Orphan Crops 
Consortium (AOCC) is an international 
programme to sequence, assemble and 
annotate the genomes of 100 traditional 
African food crops. These “orphan crops” 
are crucial to African farm family liveli-
hoods and nutrition, but have largely 
been ignored by science because they are 
not traded internationally. Among the 
crops being sequenced by the consortium 
are African eggplant and potato, cocoyam 
and Ethiopian mustard.

Building on the cacao genome project 
(see overleaf), Mars is a lead partner of 
the AOCC and provides a framework that 
brings together expert organisations such 

as the African Union’s New Partnership 
for A frica’s Development (NEPAD), 
the Beijing Genomics Institute, Life 
Technologies, the World Agroforestry 
Centre, World Wildlife Fund, the UC 
Davis Plant Breeding Academy and iPlant.

Working together, the consortium 
aims to improve the nutrition, micro-
nutrient content, productivity and 
resilience of some of Africa’s most impor-
tant food crops. In order to have the 

greatest scientific and societal impact, 
the AOCC will put the data generated by 
the project into the public domain. Taken 
together, the work will have an impact 
on the lives of approximately 600 mil-
lion Africans involved in farming and will 
help address issues relating to food and 
nutrition security across the continent.

What Now?
The University of California, Davis and 
the AOCC partners are launching a 
new African Plant Breeding Academy 
to enable plant breeders to enhance the 
nutritional value of key crops through 
breeding and application of genomic 
tools. This will involve a six-week pro-
gramme held at the World Agroforestry 
Center in Nairobi, Kenya and led by 
internationally recognised experts 
in plant breeding, genetics and seed 
technology.

Participating African plant breeders 
will be trained in the most advanced the-
ories and technologies for plant breeding, 
in support of critical decisions for crop 
improvement. The curriculum will 
cover the latest concepts in plant breed-
ing, quantitative genetics, statistics and 
experimental design.

Science and innovation at Mars
Several interrelated challenges — from climate 
change to food security — face global society and 
the food industry, and Mars has a critical inter-
est and role to play in addressing them. At Mars, 
we believe scientific research and cross-sector 
collaboration are essential to apply new and 
diverse knowledge capable of addressing these 
societal challenges that face our business. We 
aim to develop uncommon collaborations among 
industry, government, academia and NGO part-
ners to promote an evidence-based, coordinated 
and mutual approach to innovation. Together, we are working to boost supplies 
of sustainable raw materials, make our operations more sustainable, and improve 
the nutritional profile of our products and their role in a healthy lifestyle.

Richard Ware, Vice President Supply, Research & Development and Procurement, 
Mars, Incorporated

The AOCC is an international programme to sequence, assemble and annotate the 
genomes of 100 African food crops.
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What next for the cacao genome?
Following the release of the cacao genome by Mars and partners in 2010, scientists and 
breeders worldwide are using this new information to build a more sustainable, secure 
and productive cacao system

In 2008, Mars, IBM and the US Department of 
Agriculture announced the launch of a five-
year “uncommon collaboration” to sequence, 
assemble and annotate the cacao genome. 
In 2010, a preliminary version was publicly 
released in order to allow scientists to apply 
this knowledge as soon as possible to benefit 
cacao growers; the genome project findings 
were shared through the Public Intellectual 
Property Resource for Agriculture (PIPRA) 
and the Cacao Genome Database.

To date, the research has identified close 
to 30,000 unique genes within the cacao 
genome. Breeders are already using this 
knowledge to identify traits of disease resist-
ance, enhanced yield, water- and nutrient-use 
efficiency, as well as climate change adapt-
ability among the world’s cacao trees.

In June 2013, Mars published a more 
comprehensive version of the cacao genome 
sequence in Genome Biology. This open-
access paper includes the identification of 
thousands of genetic markers for the world’s 
most commonly cultivated cacao plant, and 
outlines how the sequence can be used to 
develop better cacao trees through traditional 
breeding techniques.

“The genome sequences of dozens of plant 
species have been generated in recent years. 
However, more can be done to translate 
sequence data into knowledge that relates 
specific genes to specific phenotypic traits. We 
therefore wanted to outline all the necessary 
steps to move from a sequence of letters, i.e. 

ATCG, to clear findings that will ultimately 
benefit the cacao producer and the industry,” 
commented Dr. Juan Carlos Motamayor, Cacao 
Genomics Programme Manager for Mars, 
Incorporated and lead author of the paper.

To demonstrate the quality of this latest 
genome assembly, the Mars-led collaboration 
chose to characterise the genetics of cacao 
pod colour, which can be either green or red, 
depending on the presence or absence of the 
plant pigment, anthocyanin. Through a com-
bination of genetic, genomic and epigenetic 
analyses, the research team not only identi-
fied a key gene, but also a critical mutation 

and the cellular mechanism that underlies 
the observed variation in the pod colour trait.

Although the identified gene is directly 
responsible for pigment accumulation, the 
team of scientists determined that cacao 
pod colour is regulated epigenetically by a 
second, small RNA-encoding gene that regu-
lates expression of the protein regulating pod 
colour. Epigenetics focuses on the study of 
changes in gene function (such as gene silenc-
ing) that originate by mechanisms not directly 
related to the DNA sequence of a given gene. 
The findings indicate that the relationship 
between genes and certain traits in cacao is 
more complex than previously suspected.

This work is part of a larger body of Mars 
research that focuses on developing knowl-
edge and tools to enhance and accelerate cacao 
breeding using traditional techniques. It is 
hoped that these efforts will enable farmers 
to plant higher-quality cacao that is healthier, 
stronger, highly productive and more resistant 
to pests and other threats.

Further reading:
Cacao Genome Database, The Genomics, 
Genetics and Breeding Resource for Cacao 
Improvement. www.cacaogenomedb.org 
(2013).
Motamayor, J.C. et al. The genome sequence 
of the most widely cultivated cacao type 
and its use to identify candidate genes 
regulating pod colour. Genome Biol. 14, 
R53 (2013).

The challenges of the cacao tree
Demand for cacao beans is growing — assuming 2 percent annual growth, by 2020 the 
world will require at least one million more metric tonnes. Small farms provide more than 
90 percent of world production; however, cacao farmers are faced with many challenges, 
including ageing trees, pests and disease, depleted soils and poor access to training and 
other resources. Furthermore, because cacao has suffered from long-term technical and 
scientific under-investment, it lags behind other major crops in terms of both knowledge 
and modern farming practices. As a result, individual farmers are able to produce only 
small amounts of cacao beans, with yields barely improving over the past 100 years, thereby 
limiting their incomes to subsistence levels. The plight of the farmers is exacerbated by 
a lack of access to information and financing to improve their skills, agricultural inputs 
and yield. Mars is one of the world’s leading food manufacturers, and our long-term 
business depends on a sustainable supply of high-quality cacao beans. Through a holistic 
and collaborative cacao strategy, Mars aims to use its scale to develop a secure and high-
productivity system that is both equitable and sustainable from farm to factory.

To find out more visit: mars.com/cocoasustainability.

Mars recently led a collaboration to characterise the genetics of cacao pod colour.
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