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BIO-EARN’s mission is to build biotechnology capacity 
in Ethiopia, Kenya, Tanzania and Uganda and to promote 
relevant research and related policies. The goal is to develop 
into a network of excellence to assist in improving livelihoods 
and food security, and to promote environmental sustainability. Tr
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Why BIO-EARN?
The development and application of biotechnology has not only been 
associated with opportunities, but also with human health risks and 
environmental hazards. The East African Regional Programme and 
Research Network for Biotechnology, Biosafety and Biotechnology 
Policy Development (bio-earn) represents a joint effort to empower 
four countries – Ethiopia, Kenya, Tanzania and Uganda – to meet 
the challenges of modern biotechnology and assist them in realising 
its potential under local conditions. In short, the goal is to enable 
the four countries to make informed choices regarding the use of 
modern biotechnology.

What biotechnology has to offer 
While genetic resources have for a long time been important raw 
materials in agriculture and in the natural products industry, 
biotechnology is now opening a new frontier. Through the use of ad-
vanced tools, such as genetic engineering, biotechnology is expected 
to dramatically infl uence the world economy in coming years.

Agricultural biotechnology can assist breeders in improving yields 
and quality of crops. To date, research has concentrated on using 
genetic information, including dna-markers, to make the traditional 
breeding of seeds and animals faster and more precise. Through 
genetic engineering, desirable genes can be transferred to crops 
irrespective of species barriers, creating genetically modifi ed crops. 
Plants can be made more resistant to diseases, insect pests, drought or 
other strenuous environmental conditions. Genetic engineering can 
also facilitate the development of crops with improved storage proper-
ties or quality characteristics (for example rice with higher vitamin A 
content). 

“BIO-EARN enables 
countries in Eastern Africa 

to make informed choices 
regarding the use of modern 

biotechnology”
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Environmental biotechnology can be used as a tool to assess the 
well-being of ecosystems, transform pollutants into benign substances 
and to develop environmentally safe manufacturing and waste 
disposal processes. One example is bioremediation which involves 
the use of living organisms to degrade waste into less- or non-toxic 
products.

Industrial biotechnology. Genetic engineering can create organ-
isms with commercially useful biosynthetic pathways leading to 
novel products for industrial uses. Molecular genetic screening 
techniques can also help scientists involved in fi elds like biological 
prospecting fi nd novel and useful genes and organisms. This activ-
ity involves generating commercially attractive products (such as 
cosmetics, fragrances and fl avours based on natural products) from 
plants, microorganisms and algae. It also involves developing crops 
for valuable industrial products such as bio-fuels, fi bres, starch 
products, biodegradable plastics, oils, lubricants and detergents. 

Using a combination of agricultural, environmental and industrial 
biotechnology may enable countries in Eastern Africa to develop 
sustainable and productive crop- livestock- and forestry sectors, as 
well as environmentally friendly agro-industrial processes, allowing 
the countries to benefi t from the natural resources in the region.

Biosafety is concerned with minimising the potential 

risks to people and nature from the handling and 

transfer of living genetically modifi ed organisms 

produced through modern biotechnology, or genetic 

engineering. This includes careful design and review 

of organisms with novel traits, as well as proper 

planning and regulation of their 

environmental introductions. 

Components of a biosafety 

regulatory structure include: 

legislation; risk assessment; 

management systems; and 

control and monitoring mechanisms. Risk assess-

ment is a key tool that offers a formalised evaluation 

of the hazard potential of the organism and the extent 

of its exposure to humans. While the risks may not be 

completely eliminated as a result, these procedures 

can help minimise them.

Even though a country may have a biosafety regula-

tory system, diffi culties can arise in its implementation. 

It is virtually impossible to evaluate the benefi ts or 

assess the risks of a particular GMO, when competence 

in relevant fi elds – such as molecular 

biology; ecology; plant breeding; 

toxicology; or rural and agricultural 

economics – is weak or lacking. 

This is often the case in develop-

ing countries. Therefore, adequate 

profi ciency in natural, social and economic sciences, 

and clear biotechnology policies, is absolutely neces-

sary. Otherwise the implementation of the regulatory 

biosafety structure will occur in a vacuum. 

The need for biosafety regulations

“Biosafety is concerned with 
minimising the potential risks 
to people and nature from the 
handling and transfer of living 
genetically modifi ed organisms”
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Balancing benefi ts and risks
For developing countries, the use of agricultural biotechnologies – 
and in particular the introduction of genetically modifi ed crops 
– has caused intensive debate and controversy. The principal 
issues of contention are: the potential increase in crop yields; the 
decrease of pesticide and herbicide use; the impact on the physical 
environment (ecology and biodiversity); and the health of human 
beings and animals. The livelihoods and socio-economic futures 
of small-scale farmers, and the relevance of advanced agricultural 
biotechnology and genetic engineering to these farmers, have been 
intensively discussed, especially in relation to trade, ownership and 
control of genetic resources.

The issues and concerns surrounding genetically modifi ed 
organisms (gmos) are complex, involving scientifi c, economic, 
social, political and trade aspects. In deciding whether to ap-
prove the use of gmos, it is important for the authorities and 
various stakeholders in developing countries to weigh the poten-
tial benefi ts with the potential risks. Therefore, countries that 
decide to use genetically modifi ed crops need to develop clear 
biotechnology and biosafety policies and build adequate regula-
tory systems that address the above issues and enable effi cient 
decision making. 

Who will gain? 
Complicating the biotechnology debate is the potentially uneven 
distribution of the benefi ts and risks that arise from its applications, 
both nationally and internationally. Concerns have been voiced 
over private sector monopolies of technologies and seeds. 

Agricultural biotechnology, including research tools and output 
traits, is today largely proprietary and to a large extent under 
commercial control. This could have serious implications for the 
access to, and use of, improved crop varieties and possibly also for 
seed saving practices in developing countries. As a result, public 
sector institutions involved in crop breeding for small-scale farmers 
may face higher transaction costs in the technology transfer process 
and they may be blocked from valuable research and development 
pathways. In order for the public breeding sector in Eastern Africa 
to commercialise suitable agro-biotechnology for the benefi t of 
small-scale farmers, a constructive collaboration between the public 
and private sectors is essential. 

The new regulatory regimes governing access to, and exchange 
of, genetic resources have created both obstacles and opportunities 
for countries in the South. They are now forced to acquire a clear 
understanding of the new legal regimes and their implications. To 
be able to capture potential benefi ts, while still protecting indig-
enous knowledge and genetic resources, there is a need for countries 
in Eastern Africa to formulate proper national and institutional 

“Countries that decide to use 
genetically modifi ed crops need 
to develop clear biotechnolog y 

and biosafety policies” 
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policies on intellectual property management and also to engage in 
international debates and negotiations.

Creating an enabling environment 
The challenge for the countries in Eastern Africa is how to best 
integrate advanced biotechnology in the key sectors of agriculture, 
health, environment and industry, so as to maximise its potential 
while minimising the risks and adverse effects. 

Four areas are of principal importance in this regard:

• Research capacity and the ability to adopt and develop appro-
priate technologies.

• Biosafety regulations and assessment capacity in handling gmos.

• Capacity to formulate and implement effi cient biotechnology 
policies according to national and regional needs, abilities and 
opportunities, enabling technology transfer and product devel-
opment partnerships.

• Strong institutions which are able to collaborate effectively and 
enter into national, regional and international partnerships 
which in turn reach a suffi ciently critical mass for solving com-
plex problems and increase the likelihood of development impact.
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The BIO-EARN Programme 
Since 1998, bio-earn has received generous support from Sida-
sarec (Swedish International Development Cooperation Agency 
– Department of Research Cooperation). The Programme has 
been coordinated by sei (Stockholm Environment Institute) in 
collaboration with uncst (Uganda National Council for Science 
and Technology).

A major consideration has been to incorporate the three 
disciplines of biotechnology, biosafety and biotechnology policy 
into every aspect of the Programme, facilitating a more compre-
hensive and integrated capacity building process. The format of 
a large research network enables the partners to capture benefi ts 
from regional similarities and experiences. It also provides a 
larger pool of human and infrastructure resources and a solid 
structure for research and development (r&d) collaboration. 
The Programme focus on improved communication between 
scientists and policy makers increases the ability to structure 
biotechnology research to effectively contribute to improving 
livelihoods, ensuring food security and safeguarding the environ-
ment. 

The bio-earn activities have been structured around three 
thematic areas:

– Grey leaf spot disease causes maize yield losses of 

up to 60%. Addressing this serious problem is ranked 

highly on both national and international research agen-

das for the next decade, says Dr. 

Patrick Okori. He has been involved 

in a BIO-EARN project to characterise 

the grey leaf spot pathogen, sharing 

his time between the Department of 

Crop Science, Makerere University in Uganda, and the 

Department of Plant Biology and Forest Genetics, Swed-

ish University of Agricultural Sciences.

This project has generated information that has 

helped in designing strategies for managing grey leaf 

spot disease. The strategies use information on the 

genetic variability between different populations in order 

to estimate the response of the pathogen to disease 

control processes. Accordingly, disease management 

strategies are designed to slow down the rate of disease 

development. In another part of the project, the so-called 

“disease triangle” has been investigat-

ed. The three important components of 

the triangle: the disease itself, the crop, 

and the human activities, (as well as the 

interrelationships between these com-

ponents) are characterised for use in disease control.

Patrick Okori recognizes the benefi ts of being part 

of an international training programme: 

– It has provided a solid background for me to 

develop a career as a scientist in an emergent and 

important discipline of biotechnology. My new compe-

tence will help me engage in research for development, 

to the benefi t of my country and the region.

New ways to deal with major crop diseases

”New competence will help 
me engage in research for 

development, to the benefi t of my 
country and the region”
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“The core feature of 
BIO-EARN has been the 

training of students from 
the four countries in 

Eastern Africa”

Biotechnology research and capacity building – divided into 
agricultural, environmental and industrial biotechnology. Including 
17 PhD projects.

Biosafety research and capacity building – training in biosafety 
assessment, fi eld evaluation of transgenic crops and analysis of 
biosafety regulatory systems. Including three PhD projects on 
ecological risk assessment, as well as MSc courses.

Biotechnology policy development and promoting awareness – gen-
erating knowledge and training representatives from the four bio-
earn countries in biotechnology policy formulation, and promoting 
awareness among policymakers and the public. Focus has been to 
support an enabling policy environment for product development, 
transfer and diffusion.

Developing biotechnology competence
The core feature of bio-earn has been the training of students 
from the four countries in Eastern Africa. Swedish institutions 
have hosted 20 PhD students through a “sandwich model”, where 
the students have shared their time between African and Swedish 
institutions. Other activities have included short training courses 
and workshops for policy makers and scientists, as well as intern-
ships for students and researchers at selected institutions. 

All 20 bio-earn collaborative research projects have been 
focused on Eastern African research problems. Topics for these 
projects have included: 

• Studies of genetic diversity of coffee, cassava, enset (an 
Ethiopian staple crop) and the tree species Hagenia abyssinica; 
characterisation of sweet potato-, maize- and coffee diseases; 
and the development of tissue culture protocols, all aiming 
to facilitate local breeding and production of disease free 
crops; 

• Cloning of starch branching enzymes in cassava and genes 
involved in oil production in sesame, enabling local produc-
tion of cassava and sesame with altered starch and oil quali-
ties;

• Improved biological treatment of wastewater, and production of 
biogas and fertilisers from industrial organic waste;

• Characterisation of enzymes from microorganisms that live 
under extreme conditions, leading to potential value in local 
industrial processes; and

• Investigation of the potential biosafety risk of gene fl ow in the 
Eastern Africa context, focusing on pollen transfer and seed 
dispersal mechanisms.
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BIO-EARN makes a difference
The main achievements of the bio-earn Programme so far can be 
summarised as follows: 

• Successful graduation of 18 PhD students.

• Through human capacity building, infrastructure support, 
policy and networking support, the Programme has been able to 
greatly strengthen eleven r&d institutions in Eastern Africa. As 
a result, these institutions are now better equipped to carry out 
advanced biotechnology r&d relevant to their national needs. 
They also have an enhanced ability to engage in regional and 
international research collaboration, which shall prove increas-
ingly important to ensure the sustainability, quality and impact 
of future research efforts in the region. 

• Awareness has been raised with respect to key biotechnology 
policy issues in the region, for example, Intellectual Property (ip) 
management, product development partnerships and biosafety 
regulatory issues. 

• Strengthened national and institutional abilities to assess, 
develop and implement effective policies for technology develop-
ment and dissemination. 

High population growth rates, urbanisation and a steady 

industrial growth pose great challenges for the waste-

water treatment sector. The discharge of untreated 

domestic and industrial effl uents 

puts environmental and human 

health at risk. 

– In Ethiopia, as in many other 

countries, facilities for water treat-

ment are either ineffi cient or non-existent, leading to 

high levels of heavy metals and other toxins in surface 

waters downstream from a discharge, says Dr. Seyoum 

Leta. 

Dr. Leta has investigated ways of using bacteria to 

remove nitrogen from tannery wastewater. The outcome 

from his PhD-project within BIO-EARN is expected to 

have a great impact on the management of wastewater 

from various sources, both nationally and regionally. He 

has identifi ed six different cultures of bacteria, which in 

pilot bioprocess plants have proved to be operationally 

effi cient in removing nitrogen, organic matter and other 

pollutants from tannery wastewaters. 

– In addition to the scientifi c achieve-

ments, this Programme also created a 

great opportunity for networking and 

in-depth understanding of biotechnology 

in its holistic way, linking to related disciplines such as 

bio-safety and bio-policy issues, says Dr. Leta, adding 

that the new tools and technologies that have been 

generated are going to be further refi ned and scaled 

up. Future applications can assist in enhancing the per-

formance of wastewater management practices in the 

region, thereby contributing to environmental sustain-

ability and improved livelihoods for people lacking safe 

drinking water.

Turning wastewater into drinking water

“Discharge of untreated 
domestic and industrial 

effl uents puts environmental 
and human health at risk”
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• Facilitated development of biosafety regulatory structures and 
building regulatory implementation capacity, including capacity 
for in-depth scientifi c biosafety assessment. The Programme 
has also produced a resource book for the implementation of 
biosafety in Eastern Africa.

• Development of a strong platform for regional collaboration 
and a “network of excellence”, which has facilitated mobilisation 
of policy makers and scientists in the region, contributing to a 
more effi cient and rapid capacity building process.

• Stimulation of the much-needed dialogue between policy mak-
ers and scientists on research and policy issues, both nationally 
and regionally, thus contributing to a more effective priority 
setting, technology development and technology dissemination.

• Production of a large number of publications on biotechnology 
and biotechnology policy development. 

As a result, the countries in Eastern Africa, and the bio-earn network 
institutions in particular, now have an increased ability to make use of 
biotechnology as well as to develop and promote appropriate biotech-
nology and biosafety policies adapted to local conditions in the region. 
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The future direction of BIO-EARN
Since its inception, bio-earn has been effective in developing 
human and infrastructure biotechnology research capacity. The 
Programme has also greatly contributed to building capacity and 
awareness of biotechnology policy issues, including biosafety regula-
tory implementation. 

Now that the bio-earn Programme coordination and manage-
ment responsibilities have been transferred from sei to Eastern 
Africa, allowing true regional ownership, a major step in develop-
ing regional capacity has been taken. 

With continued support from Sida for the period 2006–2009, 
bio-earn will shift the focus from capacity building to strategic 
collaborative research and policy cooperation. The Programme will 
revolve around fi ve large interdisciplinary project consortia with 
the following aims: 

Se
an

 S
pr

ag
ue

/P
H

O
EN

IX



13

• to increase productivity of sorghum by breeding for resistance 
to different kinds of stresses, for example, drought or leaf blight. 
This will be done through the use of marker-assisted selection 
(mas), a process that allows more effi cient and precise breeding;

• to generate technology and capacity that will facilitate genetic im-
provement and clean seed production of cassava and sweet potato;

• to create knowledge and technologies for sustainable treatment 
of wastewater from agriculture and industry;

• to improve technologies that generate bioenergy and value-
added chemical products from biomass waste from the sisal and 
fi sh industries; and

• to enhance product development opportunities and supportive 
policies, including biosafety policies, supporting the r&d institu-
tions in Eastern Africa in the process of bringing products from 
the laboratories to the market. 

Plant breeders now have access to an outstanding 

number of genes that can be inserted into plant ge-

nomes for crop improvement, for example, to enhance 

a plant’s resistance to insects or diseases.

– These genetically engineered traits may result in 

undesirable consequences for natural and agricultural 

ecosystems if dispersed from the 

modifi ed crops, says Margaret 

Mollel, a PhD graduate of the 

BIO-EARN Programme. She is cur-

rently working with conservation 

of plant genetic resources at the 

National Gene Bank of Tanzania, but plans for continued 

research regarding gene fl ow from cultivated rice to its 

wild relatives. In later stages of these studies, geneti-

cally modifi ed rice will be included. 

– Knowledge of ecological risks associated with 

widespread commercialisation of genetically modifi ed 

plants should be emphasised, Dr. Mollel explains. 

– Gene fl ow by mechanisms such as pollen 

transfer is of great concern, especially since the high 

number and small size of pollen grains make their dis-

persal diffi cult to control. With the 

knowledge I have gained through 

BIO-EARN, I will be able to assist 

in carrying out proper risk assess-

ments of genetically modifi ed 

plants prior to their introduction 

to the region. Data from the assessments will help 

policy makers to make good and justifi ed decisions in 

this regard.

“Knowledge of ecological 
risks associated with widespread 
commercialisation of genetically 

modifi ed plants should be 
emphasised” 

Understanding biosafety risks



Building on the regional network of excellence that has started 
to take shape within the BIO-EARN Programme, countries in 
Eastern Africa will stand a better chance of making their own 
informed decisions on how to use biotechnology in the future. 

The agricultural sector in Eastern Africa generates a 

great deal of biomass waste, contributing to environ-

mental pollution in the region. Suhaila 

Omar Hashim has, through a PhD 

project within BIO-EARN, evaluated 

the role of certain enzymes in con-

verting biomass waste into valuable 

products for the market. 

– A good source of stable enzymes is from “ex-

tremophiles” – microorganisms that survive what man 

considers “harsh” or “extreme” environments, for exam-

ple, extreme salinity, acidity, pressure or temperature. 

Because of their natural habitat, these microorganisms 

produce enzymes that are able to function under condi-

tions similar to those in many industrial processes, 

Dr. Hashim explains. 

– With the aid of these enzymes, waste biomass 

can be converted into products with a market value, 

such as sugars, vitamins or protein extracts.

Suhaila Omar Hashim’s home country Kenya, which 

relies on an agricultural economy, has many of these 

naturally occurring extreme environments, such as the 

soda lakes and hot springs found along the East African 

Rift Valley. 

– Within this project we have demonstrated the 

possibility of utilising locally available resources, 

microorganisms and surplus agro-waste, to facilitate 

the establishment of sustainable technologies that meet 

local needs, says Dr. Hashim.

She adds: 

– By participating in this Programme, I have been 

exposed to quality research training and I have gained 

signifi cant experience in conducting research. I hope to 

actively participate in capacity building and to create 

awareness among the upcoming generation as well as 

among politicians and policy makers in 

the region.

– The BIO-EARN graduates have 

established good collaboration rela-

tions and we will continue to work 

together towards a common goal: to 

improve livelihoods in our societies within the region, 

Suhaila Omar Hashim concludes. 
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“The BIO-EARN graduates 
will continue to work together 
towards a common goal: to 
improve livelihoods in our 
societies within the region”

How to create market value from waste
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Halving poverty by 2015 is one of the greatest 
challenges of our time, requiring cooperation 
and sustainability. The partner countries are 
responsible for their own development. Sida 
provides resources and develops knowledge and 
expertise, making the world a richer place.

SWEDISH INTERNATIONAL 
DEVELOPMENT COOPERATION AGENCY

SE-105 25 Stockholm Sweden
Phone: +46 (0)8 698 50 00
Fax: +46 (0)8 20 88 64
sida@sida.se, www.sida.se

www.bio-earn.org 
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