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Gene Editing in Maize and Wheat at CIMMYT: Impact on Smallholder Farmers 

Kanwarpal S. Dhugga, Principal Scientist and Head, Biotechnology for Agricultural 
development, CIMMYT  

Abstract: 
International Maize and Wheat Improvement Center (CIMMYT) is best known for 
introducing semi-dwarf wheat lines half a century ago, which led the way to Green 
Revolution. The focus of research continues to be to provide improved germplasm 
for maize and wheat with the goal of sustainably stabilizing crop production at small, 
marginal farms. CIMMYT also strives to extend the benefits of modern technology to 
smallholder farmers to help further alleviate poverty. CIMMYT and DuPont Pioneer 
have joined hands to exploit the gene editing (CRISPR-Cas) technology to improve 
maize and wheat germplasm. A specific example where this technology will be 
employed in the short-term is maize lethal necrosis (MLN), a devastating viral 
disease that has spread in many countries of East Africa in a short span of five 
years since it was first detected in Kenya. We identified a strong source of 
resistance against MLN, have fine-mapped it to a 1 MB region of chromosome 6, 
and expect to isolate the gene that confers resistance in the next 4-6 months. Our 
first targets will be the parents of long-standing commercial hybrids in East Africa 
that were developed before the appearance of MLN and have since become 
susceptible to this disease. DuPont Pioneer has developed a technology whereby 
any maize line can be transformed independent of its genetic background. As 
compared to conventional backcrossing to introgress a resistant locus from an 
exotic source into an elite genetic background, gene editing offers considerable 
benefit of accelerated breeding, which expedites product development while at the 
same time minimizes yield drag caused by the undesirable donor alleles. The 
susceptible form of the gene against MLN will be edited to its resistant version 
directly in the parents of two widely grown maize hybrids in East Africa. This will 
help deploy the resistant forms of popular hybrids in a much shorter period than 
conventional breeding. Several additional examples of future gene editing targets in 
wheat and maize will be discussed. 
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Application of Genome Editing Techniques in Agriculture in and Outside of Japan – Current 
Situation and Future 

ILSI Workshop on Genome Edting Technology in Agriculture (10 July, 2017) 03 Dr. Dhugga



CIMMYT Varieties Have Global Presence 

Reasons for CIMMYT to Develop In-house Gene 
Editing Capabilities 

To extend the benefits of modern technologies to small-holder
farmers.

A recent technological breakthrough has made it possible to precisely
alter gene function in a native genetic background.

CIMMYT possesses state-of-the-art laboratories and expertise to carry
out gene editing with the goal to produce novel products that
complement conventional breeding.

DuPont Pioneer has pioneered and streamlined the gene editing
system in plants.

CIMMYT and DuPont Pioneer have signed an agreement to join hands
in utilizing gene editing to improve maize and wheat, particularly for
small-holder farmers of developing countries.
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Principles Guiding Genetic Engineering at CIMMYT 

Recognize and respect the sovereignty of each and
every country if and when considering the use of crops
produced by alternative means (to plant breeding) in
their territories.
Provide technical support, as requested and required in
this process.
CIMMYT does not support the work of institutions that
do not comply with state biosafety laws and
procedures.
CIMMYT is a member of Excellence Through
Stewardship.

Traits for Gene Alteration - Examples 

• Maize
• Resistance to maize lethal necrosis (MLN)
• Biofortification

o Increase provitamin A by down-regulating CCD genes
o Fe and Zn availability via phytate downregulation

• Wheat
• Disease resistance

o Rust (Lr34 and Lr67)
o Powdery mildew

• Plant height reduction by alternative mechanisms from
Rht genes

• Biofortification
o Phytate downregulation for increased Fe and Zn

availability
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MLN is caused by a combination of Maize Chlorotic Mottle Virus 
(MCMV) and any of the Potyviruses that infect cereals, especially 
Sugarcane Mosaic Virus (SCMV)  

The disease was first reported in Bomet county of Kenya in Sept 2011, 
and since then has spread to several countries in eastern Africa. 

Maize Lethal Necrosis 

Prasanna 
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Countries Affected by MLN 

Kenya, Tanzania, Uganda, Rwanda, Ethiopia, D.R. Congo 
Possibly South Sudan and Burundi 

Prasanna 

Maize Production Losses in Kenya to MLN 

Hugo de Groote et al. 
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Genotypes Resistant (L) or Susceptible (R) to MLN 
Naivasha, Kenya, Screenhouse 2 February 2017 

Resistance Against MLN From an Exotic Genetic Resource 

CML395 KS-23-6 CML444
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MLN Resistance in Maize 
Kenya 

Association mapping of MLN in three populations under field conditions. 
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Contribution of MLNR Locus to Resistance Against MLN 

Olsen 
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CML539 X KS23-6: Entries 52 and 53 CML442 X KS23-6: Entries 297 and 298 

Fall/Winter plans MLNR Locus Fine-mapped by Pioneer Using 20K Markers

By Screening F3 Progenies, Interval Narrowed to ~ 1 MB (Chr. 6,  

Jung, Olsen 
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When a Drought-tolerant Commercial Hybrid Becomes 
Susceptible to MLN 

Naivasha: Artificial MLN 
inoculation 

Kiboko: No MLN Pressure 

• Commercialized in Uganda and Kenya
• High yielding under optimal conditions and drought
• Susceptible to MLN

CML312/CML395//CML566 
Beyene, Olsen 

Candidate Hybrids for Gene Editing to 
Confer MLN Tolerance 

CML395/CML444//CML539 

Naivasha:  Artificial MLN inoculation Kiboko: No MLN Pressure 

Beyene, Olsen 
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Challenge in Reconstituting Elite Genetic 
Background Via Conventional Breeding 

It is not only the time 

Backcross 
Generation 

Recurrent 
Parent Genome 

Donor Parent 
Genome 

Approximate 
Donor Genes 

BC1 75.0 25.0 12500 
BC2 87.5 12.5 6250 
BC3 93.8 6.2 3125 
BC4 96.9 3.1 1563 
BC5 98.4 1.6 781 
BC6 99.2 0.8 391 

Proportion of recurrent 
genome = (2n+1-1)/2n+1

Accelerated Breeding 
• Edit MLNS gene to its MLNR form directly in lines that are

parents to commercial hybrids in Africa.
• Most hybrids are three-way crosses.
• Reconstitution of original genetic background after

backcrossing can be challenging.
• Hybrids have a long lifetime in Africa, sometimes lasting

decades.
• DuPont Pioneer has streamlined genetic transformation so

the tropical maize lines from Africa can be directly edited.
• Future sources of resistance could be stacked onto the

previous one.
• These steps will save years worth of time.
• Significantly contribute toward alleviating poverty and hunger.
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Fielder 

Borlaug 100 
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Resistant allele of Lr67 differs from the 
susceptible by only two nucleotides that 
lead to amino acid changes: 
Arg144Gly and Leu387Val. 

VOLUME 47 | NUMBER 12 | DECEMBER 2015 NATURE GENETICS 

The Gene Editing Platform at CIMMYT 

We have world class facilities; we can and must use them fully to benefit 
our customers 

Molecular biology 

Transformation and  
regeneration Screening for alterations 

Testing for altered function 
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