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Our Vision, Our Mission

Science for Development. Our Vision is to be the world’s
leading intergovernmental organisation for research,
trainingandtechnology transferinthefield of Life Sciences
and Biotechnology. Our Mission is to combine scientific
research with capacity enhancement, thereby promoting
sustainable global development. The International
Centre for Genetic Engineering and Biotechnology
ICGEB is an Intergovernmental Organisation dedicated
to advanced research and training in molecular biology
and biotechnology, to advancing knowledge, applying
the latest techniques in the fields crop improvement,
environmental protection/remediation, biopesticide and
biofuel production.



High yielding rice plants developed
through genome editing

The DENSE PANICLE-1 (DEP-1) gene encodes a G-protein
y subunit, and a natural mutation introducing a premature
stop codon produces a truncated form that loses its
inhibitory C-terminal domain. This gain-of-function allele
enhances meristem activity, leading to denser and more
erect panicles with increased grain number per plant while
maintaining grain weight. The erect architecture also
improves canopy light penetration and photosynthetic
efficiency, ultimately boosting rice yield.



DENSE PANICLE-1 (DEP-1) gene
is a negative regulator of yield

Wild type Dep-1 mutant



Genome edited Samba Mahsuri Rice
with Enhanced Iron & Zinc
in Endosperms

Samba Mahsuri Rice Events with high Iron 15-60 ug/g (ppm) & Zn 30-70
ug/g (ppm) in Endosperms developed using genome editing

1-8: genome edited rice lines with high Iron and Zinc, WT: Wild type
Samba Mahsuri

Cas9-Free edited rice events through multiplex CRISPR-
Cas9 / knockout of the Fe & Zn-sensing genes (OsFeS1
and OsFeS2), simultaneously knockout the cadmium
transporter gene (0sCdT1) 1-8: Cas9 free rice lines, WT:
Wild type rice BPT5204 a. Free cas9 eight edited rice
lines in dough stage b. Free Cas9 eight edited rice lines
in Mature stage.






Biofortification of rice grains with Lysine
through protein engineering

Lysine is an essential amino acid vital for human health.
It supports calcium absorption, contributes to the
production of hormones, enzymes, and antibodies, aids
in muscle protein synthesis, and promotes proper organ
development and muscle growth. However, rice the
staple food for nearly 60% of the world's population is
deficient in lysine, as its biosynthetic gene, OsDHDPS, is
feedback-sensitive in rice.



Engineering of OsDHDPS protein to make it lysine
feedback-insensitive has led to a significant increase in
lysine content in rice grains



Gene editing for disease resistance

Maize callus for gene editing MSV resistance

Maize streak virus (MSV) is a major constraint to
maize production in Africa, where the crop is critical for
food security. Its agricultural, economic, and scientific
importance makes it one of the most studied plant
viruses in the region, driving ongoing efforts in resistance
breeding, sustainable management, and virus—host
interaction research.



Susceptibility of maize
to different viral variants and co-infections



The ENABLE®
Plant Gene Editing toolkit

= A molecular toolkit to allow simple cloning of a CRISPR
vector suitable for plant gene editing

= Designed for both transient and stable transformation
Designing an easy to assemble vector system

= Having the sgRNA promoters specific for monocots or
dicots is crucial

» Golden Gate cloning is the gold standard for easy,
modular cloning

= Usage of blue/white and red/white screening cassettes
allows low-cost verification of successful assembly






The ENABLE®
Toolkit validation workflow for stable
transformation

= CRISPR constructs was validated in Arabidopsis stable
transformation

= 100% edition efficiency was achieved
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Image sources: https:/bioart.niaid.nih.gov



Improving Plant Stress Tolerance

Soil salinity is a major constraintin agriculture, disrupting
water uptake, ion balance, and metabolism, and thereby
reducing yield. Understanding plants responses to saline
(mainly NaCl) stress is essential for breeding salt-tolerant
varieties and improving management practices.

Nitrilase 2 is a key enzyme that links auxin biosynthesis to
salt tolerance, but its expression must be tightly regulated
to prevent increased susceptibility to Botrytis cinerea.



Improved salt tolerance

Improved resistance
to necrotrophic fungal pathogen



Functional Testing of Bacillus:
Key Traits for Sorghum

Bacillus species play a multifunctional role in sorghum
cultivation acting simultaneously as growth promoters,
stress mitigators, and biocontrol agents. Their robustness
and adaptability make them ideal candidates for
biofertilizers and biopesticides in sustainable sorghum
farming, particularly under marginal environments
where sorghum is often cultivated.



Pure isolates

Protease

N fixation

P solubilisation



Building Stress Memory:
Priming Strategies in Agriculture

Heat priming of pearl millet

C: Control, CT: Heat priming, S: Salt Stress, ST: Salt Stress + Heat priming

Priming is a promising strategy to enhance salt tolerance
in crops by preparing plants to respond faster and more
efficiently to salinity stress. It operates through ion
regulation, osmotic balance, antioxidant defense, and
epigenetic memory, offering a sustainable complement
to breeding and biotechnological approaches.
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Priming for salinity tolerance in alfalfa

C: Control A: Allantoin S: Salt Stress S/A :Salt Stress + Allantoin
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Microbial Biofertilisers: Nature’s Power
for Productive and Sustainable Farming

ICGEB's portfolio of elite bacterial strains offers farmers
and agri-industries a reliable, eco-friendly alternative to
chemical fertilizers. These microbes improve nutrient
efficiency, boost yields, and restore long-term soil health
- while reducing costs and environmental impact.
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Featured Strains

Bacillus aryabhattai

= Solubilises bound phosphorus, making it available to crops

» Produces antimicrobial metabolites that enhance plant
resilience

= Thrives under diverse soil conditions, improving overall
soil fertility

Azospirillum brasilense

» Fixes atmospheric nitrogen, reducing synthetic N
fertilizer needs

» Produces growth hormones that stimulate root
proliferation

»Increases drought tolerance and vyield in cereals,
legumes, and vegetables

Priestia (Bacillus) megaterium

= Efficient phosphorus mobiliser and strong plant growth
promoter

» Produces bioactive compounds that suppress soil-
borne pathogens

= Safe, spore-forming, and versatile across multiple
cropping systems

With a culture collection of more than 3,000 bacterial
strains, ICGEB offers a unique reservoir of solutions
to power sustainable agriculture and bio-innovation
worldwide
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Enhancing food security in Africa and creating economic
opportunities by supporting capacity building initiatives,
research, entrepreneurship, international collaborations
and large-scale upward initiatives.

= Fellowships schemes to support training and skills
enhancement of researchers, that include south-north
mobility and south-south mobility.

» Research Grants to accelerate applied research and
demonstrate or scale-up innovations in biofertilisers,
biopesticides, bioinoculants for food production and
microbiome-based products.

= Meetings and Courses to organise events and to

support participation of researchers from eligible
countries.
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E r E www.icgeb.org/b-inoc

Bioinoculants
E for food security in Africa
. CGEB
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7

$

Type of project

Discovery
Demo / Validation
Field Trial
@ Scale Up
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Nature-Based Microbial Solutions
for Sustainable Agricultural Productivity
in Sub-Saharan Africa (NAMSSA)

CABI, the University of Abomey-Calavi (Benin), Exotic
Green Enterprises (Zambia), Twiga Chemical Industries
(Kenya), and the International Centre for Genetic
Engineering and Biotechnology (ICGEB) have launched
a project to expand nature-based solutions in African
agrifood systems. Part of ICGEB's B-INOC AFRICA
programme, supported by the Italian Ministry of Foreign
Affairs through the Mattei Plan for Africa, the initiative
promotes biofertilizers, biopesticides, and biofungicides
to boost yields, biodiversity, and food safety.

The project focuses on four products: MycoBen (Benin),
a mycorrhizal-based biostimulant for maize; Xentari
DF (Kenya), a biopesticide against lepidopteran pests in
broccoli; Remedier WP (Kenya), a biofungicide for soil-
borne diseases in beans, carnations, and tomatoes; and
VH Microorganisms (Zambia), a probiotic biostimulant
improving field and fruit crops.
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INOC
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BIOBOOST 1
Enset Innovation: From Tradition
to Technology

Through the B-INOC BioBoost project, funded by ICGEB
within the Mattei Plan for Africa, Arba Minch University
(AMU) and ICGEB are transforming enset (Ensete
ventricosum) into a driver of food security and rural
development.

AMU scientists, led by Dr. Addisu Fekadu, developed
microbial starter cultures that cut fermentation from
60 to 7 days, improving safety, flavor, and shelf life. This
innovation is being piloted in 30+ processing facilities
across Ethiopia, benefiting thousands of farmers and
enabling new enterprises such as Lucy Enset.

The partnership also strengthened laboratory capacity
and training, ensuring quality standards and empowering
young researchers. Together, ICGEB and AMU show how
science and local knowledge can deliver climate-resilient
crops, enhance food sovereignty, and drive Africa’s bio-
economy.
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U INOC
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BIOBOOST 2
Transforming Dairy
with Local Starter Cultures

Transforming Dairy with Local Starter Cultures
Through the BioBoost project, funded by ICGEB under
B-INOC Africa, Ethiopian partners are developing
local lactic acid bacteria (LAB) starter cultures to
revolutionize milk fermentation. The strains deliver
yogurt with distinctive flavor, shorter fermentation, and
shelf life of up to 20 days.

Tested in leading Ethiopian dairies, these cultures
matched imported starters while offering unique
qualities valued by consumers. The project is now moving
to scale-up production, use of cost-effective media from
local flours, and improved packaging for stability and
market entry.

By reducing reliance on imports and strengthening local
bio-manufacturing, BioBoost is building a competitive,
self-reliant dairy sector and unlocking new opportunities
for processors across East Africa.
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Starter culture Yogut produced
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Unlocking the Power
of Sorghum’s Microbiome

= Led by ICGEB, with partners in South Africa, Ethiopia,
Burundi, Kenya, Zimbabwe, and Mozambique

» Focus: harnessing beneficial microbes in sorghum
to improve growth, drought resilience, and disease
resistance

= Thousands of samples collected and analyzed across
African regions

= Training of African fellows in advanced microbiome
science and field validation

» Development of bio-fertility tools and microbial
inoculants tailored to sorghum systems

= Goal: reduce chemical inputs, strengthen local biotech

capacity, and build climate-resilient food systems for
smallholder farmers
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Vittorio Venturi
ICGEB
www.icgeb.org
/vittorio-venturi

Lara Donaldson Ramesh V. Sconti

ICGEB ICGEB
www.icgeb.org www.icgeb.org
/lara-donaldson /rvsonti
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Creation of a sustainable cross-border
agro-ecosystem by leveraging
root microbiome biodiversity

CEDRIC is pioneering a sustainable way to revive infertile
soils by restoring their microbiological biodiversity—
the foundation of fertility.

Building on new microbiome science, the project moves
this innovation from lab to field, offering a natural
alternative to chemical fertilizers.

By reducing reliance on synthetic inputs, CEDRIC helps
cut environmental impacts and build resilient farming
systems. Its cross-border alliance unites Italian and
Austrian expertise in agriculture and biotechnology,
combining skills not available locally.

The project also creates a stakeholder platform and
Forum to connect farmers, researchers, and policymakers,
share experiences, and spread Good Agricultural Practices.
The goal: healthier soils, stronger biodiversity, and a
sustainable agro-ecosystem for future generations.
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www.cedricproject.eu
CEDRIC Ptoject
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Clean Crops, Safe Food:
Biopesticide Strategies
for Residue Reduction

This innovative approach combines conventional
pesticides early in the season with a biopesticide as
the final application before harvest. The result: crops
protected from pests, but with significantly lower
chemical residues—ensuring compliance with strict
MRL standards while delivering healthier, safer produce
to consumers. It's a win for farmers, markets, and the
environment.

CGE,
/M

STDF
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www.icgeb.org
/dennis-obonyo-ndolo
Dennis Obonyo Ndolo — ICGEB
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Smarter IPM with Biopesticides

This toolkit builds on the widely recognized IPM
Compatibility Guidance Document, expanding it to
the world of biopesticides. By prioritizing efficacy,
adaptability, and risk management, it empowers
stakeholders to integrate biopesticides effectively —
ensuring safer crops, better resistance management,
and more sustainable pest control.

With this Guidance Document, biopesticides can finally

take their place as a trusted, practical component of
modern IPM.
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Guidance Document for Evaluating
the Usefulness of Biopesaticides

in Integrated Pest

Management Programmes

Biopesticides bring unique modes of action that
strengthen Integrated Pest Management (IPM)
strategies. They extend application timing, support
preharvest flexibility, and play a vital role in resistance
management. Yet until now, there has been no dedicated
tool to evaluate their fit within IPM programmes —
limiting adoption and impact.

To address this, we developed a simple, user-friendly
Guidance Document that helps farmers, growers,

advisors, and regulators:

» Assess how a biopesticide fits into their specific IPM
strategy

» Make informed decisions on product selection and
application

» Apply a standardized set of criteria adapted to the
unique features of biopesticides
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Policy brief:

Promoting safe trade in southern Africa:
steps to harmonizing guidelines

for the registration of biopesticides

and biological control agents

International Centre for Genetic
Engineering and Biotechnology

STANDARDS and TRADE
DEVELOPMENT FACILITY

STDF
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Policy brief: Promoting safe trade
in Southern Africa
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Efficient biomass hydrolysis
for 2G ethanol

RECOMBINANT FUNGAL ENZYMES: comparable hydrol-
ysis efficiency to commercially available enzymes.

Advantages:

= Allowed local manufacturing of the enzyme in India:
same vield, same process time

» Non-food feedstock: Uses crop residues and
lignocellulosic biomass, avoiding food—fuel conflict.

» Waste valorization: Turns surplus biomass into fuel,
reducing stubble burning and pollution.

= Lower emissions: Cuts CO, by up to 80—-90%, supporting
climate goals.

= Energy security: Provides renewable domestic fuel,
reducing oil imports.

» Rural support: Extra farmer income and jobs in
collection, transport, processing.

= Sustainable & scalable: Abundant biomass, compatible
with existing ethanol infrastructure.

= Cleaner air: Prevents residue burning, reducing smog
and particulates.
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New ICGEB Biofoundry:
Accelerating Microbial Biomanufacturing

Biofoundries integrate automation, synthetic biology,
and data-driven design to transform how microbes are
engineered for production.

Advantages:

» Speed: Automated DBTL cycles accelerate strain
engineering.

= Reliability: Standardized workflows reduce errors,
ensure reproducibility.

»Scale: Parallel testing speeds up lab-to-industry
transition.

= Al: Data-driven design improves strains each cycle.

= Flexibility: Works with diverse microbes and products.
» Cost-effective: High-throughput lowers R&D costs.

= Collaborative: Shared hubs connect academia and
industry.

» Sustainable: Enable bio-based, circular economy
solutions.

Biofoundries make microbial biomanufacturing faster,
scalable, and industry-ready.
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Biofoundry for microbial biomanufacturing

Al: Artificial Intelligence and ML: Machine Learning

Chassis organism: start with yeast (S. cerevisiae); E. coli, 4 internal projects;
10 external projects

New additional chassis strains such as fungi, microalgae, and cyanobacteria
will be added
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Capacity Building: genome editing

= Workshops are useful in demystifying CRISPR by
presenting it as a routine molecular biology method

= Beta testing opportunity for protocols/toolkit provided
valuable feedback from participants

= A potential distribution route for the toolkit
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Elshaday Sahilu
Postgraduate Student
Addis Ababa University

“ It's the first time (I get) to
practice producing competent
cells (..) and also how to edit the
genome using the CRISPR/Cas
techniques.”®

Rediet Guta
Student
Addis Ababa University

“Having previously only studied
genome  editing in  theory,
the opportunity to have this
hands-on experience brought
theoretical concepts to life (.) |
would encourage other young
researchers to participate in
similar training opportunities.”®
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Manufacturing local lab solutions

ICGEB is pioneering decentralized biomanufacturing,
giving labs the tools to produce their own equipment,
reagents, and diagnostics. By developing open-source
kits and low-cost protocols, the initiative reduces
dependency on imports and strengthens local innovation
capacity. This approach turns labs into producers, not
just users, opening new opportunities for self-reliant
science and resilient bioeconomies.

Qbyte LAMP maker hack
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Qbyte LAMP maker hack

Fluorometer maker hack
10 Rodeo Open Colorimeter Plus

The OpenFlexure Microscope

Learn more:
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Science for Development,

Innovation for Impact

At the International Centre for Genetic Engineering and
Biotechnology (ICGEB), we believe that cutting-edge
science must deliver practical solutions to the world’s
most pressing challenges. Our agricultural technologies
and microbial innovations are designed to:

= Empower farmers with affordable, locally adaptable tools

= Reduce reliance on chemicals while enhancing soil,
crop, and ecosystem health

» Strengthen resilience to climate change and
environmental stress

= Promote equity and sustainability through capacity-
building and technology transfer

Together with our partners, we are building the future
of agriculture: greener, smarter, and more inclusive.

Contact us at: techtransfer@icgeb.org
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International Centre for Genetic
Engineering and Biotechnology

ICGEB is an Intergovernmental Organisation with operations
aligned to those of the United Nations Common System. It is a
Centre of excellence for Research, Training and Technology
Transfer to industry to promote sustainable global development.

https://www.icgeb.org
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