
New plant breeding technologies for food security

Item Type Article

Authors Zaidi, Syed Shan-e-Ali; Vanderschuren, Hervé; Qaim, Matin;
Mahfouz, Magdy M.; Kohli, Ajay; Mansoor, Shahid; Tester, Mark A.

Citation Zaidi SS-A, Vanderschuren H, Qaim M, Mahfouz MM, Kohli A,
et al. (2019) New plant breeding technologies for food security.
Science 363: 1390–1391. Available: http://dx.doi.org/10.1126/
science.aav6316.

DOI 10.1126/science.aav6316

Publisher American Association for the Advancement of Science (AAAS)

Journal Science

Rights Archived with thanks to Science. Final published version available
at DOI: 10.1126/science.aav6316

Download date 24/05/2023 08:34:43

Link to Item http://hdl.handle.net/10754/653050

http://dx.doi.org/10.1126/science.aav6316
http://hdl.handle.net/10754/653050


1 
 

Science 1 

Article Type: Perspective 2 

New Plant Breeding Technologies for Global Food Security  3 

Syed Shan-e-Ali Zaidi1,2, Hervé Vanderschuren1,*, Matin Qaim3, Magdy M. Mahfouz4, Ajay 4 
Kohli5, Shahid Mansoor2,* and Mark Tester4,*  5 

1 Plant Genetics, TERRA Teaching and Research Center, Gembloux Agro-Bio Tech, University 6 
of Liège, 5030 Gembloux, Belgium 7 
2 National Institute for Biotechnology and Genetic Engineering, 38000 Faisalabad, Pakistan 8 
3 Department of Agricultural Economics and Rural Development, University of Goettingen 9 
37073 Goettingen, Germany 10 

4 King Abdullah University of Science and Technology (KAUST), Biological and Environmental 11 
Sciences & Engineering Division (BESE), 23955-6900 Thuwal, Saudi Arabia 12 

5 Strategic Innovation Platform, International Rice Research Institute, DAPO 7777, Makati, 13 
Philippines 14 

*Correspondence: SM (shahidmansoor7@gmail.com), HV (herve.vanderschuren@uliege.be) and 15 
MT (mark.tester@kaust.edu.sa) 16 

 17 

A world without hunger is possible, but only if food production is sustainably increased and 18 
distributed, and extreme poverty eliminated. Globally, most of the poor and undernourished people 19 
live in rural areas of developing countries where they depend on agriculture as a source of food, 20 
income, and employment. International data show a clear association between low agricultural 21 
productivity and high rates of undernourishment (1). Global studies have also shown that rapid 22 
reduction of extreme poverty is only possible when the incomes of smallholder farmers are 23 
increased (2). Therefore, sustained improvement in agricultural productivity is central to 24 
socioeconomic development. 25 

In the past, conventional plant breeding has played a major role in improving agricultural 26 
productivity. Moreover, the adoption of genetically modified (GM) crops by smallholder farmers 27 
has contributed to higher yields, lower pesticide use, poverty reduction, and increased food 28 
security (2). Nevertheless, so far only a few developing countries, such as China, India, Pakistan, 29 
Bangladesh, and South Africa, have embraced GM crops. Even though three decades of research 30 
show that GM crops are not inherently more risky than conventionally bred crops (3), many other 31 
countries in Africa and Asia are hesitant to promote the use of GM crops, largely because of 32 



2 
 

erroneously perceived risks and fears of losing export markets. Many of these fears arose from 33 
events occurring early in the application and promotion of GM crops. 34 

In the meantime, new types of breeding technologies have emerged. These new technologies may 35 
help to allay some of the fears associated with the more traditional types of GM crops. For 36 
example, recent advances in genome editing allow the alteration of crop traits without transferring 37 
transgenes across species boundaries. In particular, CRISPR/Cas-mediated genome editing has 38 
emerged as one of the foremost systems, with rapidly increasing types of agricultural applications, 39 
not only in major cereal crops such as rice, wheat and maize, but also in other food security crops 40 
such as cassava and banana (4). The absence of transgenes in genome-edited crops could also 41 
lower the costly regulatory procedures associated with GM crops and thus speed up innovation, 42 
increase competition in the seed industry, and make improved seeds more affordable for farmers 43 
in developing countries (2). The lack of technical, regulatory, and communication capacities to 44 
handle GM technologies locally has contributed to limited public acceptance and adoption (5). 45 
Scientific and socio-political developments are not always a continuum. Adoption of technologies 46 
is seen as the mandate of ‘downstream’ development professionals, which splits ‘research’ and 47 
‘scaling’ and distances research activities from beneficiaries. Therefore, we anticipate that a 48 
renewed effort and strategy is necessary to facilitate the use and adoption of new breeding 49 
technologies. Learning lessons from the past, the strategy should be based on the three pillars: 50 
communication, capacity building and regulation (Figure 1).  51 

Public-private partnership has been perceived by many as one way to promote and implement 52 
modern breeding technologies. Such partnership is especially promising in emerging countries that 53 
are still home to a large number of poor people but already in a position of economic strength to 54 
negotiate mutual benefits with private agribusiness companies. Plant produce and seeds from 55 
emerging countries could then also be delivered regionally to neighboring less-developed 56 
countries, which would otherwise have limited access to new technologies or would have to pay 57 
much higher prices. An existing intergovernmental initiative for rice seeds without borders is a 58 
major step in this direction, which allows for seed sharing between a number of South and South-59 
East Asian countries (6).  60 

Such policy initiatives highlight regional efforts and capacity building as a whole, to address 61 
poverty, hunger and malnutrition through agriculture in close collaboration with private 62 
companies. These initiatives could be taken to a new level through companies working with Asian 63 
and African regional development and cooperation bodies such as the Association of the South-64 
East Asian Nations (ASEAN) or the New Partnerships for Africa’s Development (NEPAD). 65 
Opportunities exist to capitalize on previous success stories of public-private partnership, such as 66 
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the development and commercial release of GM insect-resistant eggplant in Bangladesh. The 67 
recent public declaration of the Bangladesh Minister of Agriculture in support of biotech and the 68 
initiatives of field-testing three additional GM crops position Bangladesh as a global model for 69 
addressing hunger and malnutrition through modern technology (7). Another example is the Water 70 
Efficient Maize for Africa (WEMA) project, in which drought-tolerant varieties are being 71 
developed with the intention to make these available royalty-free to smallholder farmers through 72 
African seed companies (8).  73 

The power of new breeding technologies can best be harnessed for the benefit of the poor when 74 
combined with innovative policy initiatives and partnerships. Both public-public and public-75 
private partnerships are key for providing the necessary capacity-building for plant 76 
biotechnologists and breeders as well as for policymakers in national and regional institutions (9). 77 
Beyond capacity-building, a concerted development plan for priority traits in food crops should be 78 
elaborated that would help to rapidly demonstrate the potential of new breeding technologies for 79 
food security in developing countries.  80 

Rapid Generation Advance (RGA) and critical selection on elite (but genetically variable) breeding 81 
populations (15), and single seed descent strategies are already contributing to improvement of 82 
some grains crops, building on the slower and less accurate pedigree selection methodologies that 83 
characterized the Green Revolution (16). Along with these, genomic selection, which uses 84 
genotyping and imputation as a strategy to predict the value of uncharacterized lines, is also 85 
becoming popular (17). Current limitations in breeding methods can also be partially addressed by 86 
the recent emergence of the CRISPR/Cas systems that provide an effective suite with various 87 
modalities and molecular tools to precisely and efficiently alter the genome in a user-defined 88 
manner. CRISPR/Cas9-mediated targeted mutagenesis for functional gene knock-out is widely 89 
used for a variety of applications in crop improvement. Other possible modalities include 90 
homology directed repair for precise DNA sequence editing, gene replacement and stacking 91 
applications, thereby maximizing possibilities for trait improvement. Promoter cis-element 92 
engineering by CRISPR/Cas9 is also used to alter the transcription patterns for crop improvement 93 
(10). Furthermore, CRISPR-base editors can be used to generate specific single-base editing for 94 
trait development. CRISPR genome-wide screens could identify novel traits of value. CRISPR/Cas 95 
technologies can expand the range of traits and accelerate trait development in diverse crop 96 
species. However, the utility of CRISPR technologies to improve quantitative traits including 97 
drought and salt tolerance remains to be tested in several crop species. We anticipate that 98 
CRISPR/Cas technologies, in combination with modern breeding methods, will play an important 99 
role in future crop improvement programs, but other technologies for genomic prediction and 100 
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selection will, of course, also remain very important. 101 

Several interesting applications of genome editing may already become available in the short and 102 
medium run. For instance, multiple food security crops could immediately benefit from the new 103 
genome-editing technologies to solve major pest and disease problems and make plants more 104 
resilient to climate stress (Supplementary Table 1). Successful public or public-private 105 
development of related crop varieties could serve as a clear example to build trust and demonstrate 106 
local capacities to use genome editing for local benefits. The target genes for improvement are 107 
now more easily identified by the increasing number of high-quality crop genomes and the allelic 108 
comparisons in crop/plant diversity panels. Availability of such diversity in public databases is 109 
being recognized by the private sector, which could foster mutually beneficial public-private 110 
partnerships. The publicly-funded Consultative Group on International Agricultural Research 111 
(CGIAR) has a mandate for most of the major food security crops and unites regional organizations 112 
engaged in research for a food-secure future (11). Most CGIAR centers support crop-specific 113 
genebanks whose accessions could be assessed for genome-edited improvements, in collaboration 114 
with regional and national institutes. Previous efforts of the CGIAR to provide germplasm to 115 
developing countries made it easier for breeders to develop new crop varieties. Given their 116 
presence in different local environments, the CGIAR centers could be a neutral coordinator of a 117 
network of field research facilities for development and testing of genome-edited crops.  118 

Global opposition to GM crops accounts for the fact that only very few concrete applications of 119 
these crops have materialized until now. European attitudes and policy approaches are very 120 
important in this respect. Given their longstanding trade connections to Europe, African and Asian 121 
nations also logically fear that adoption of GM crops could lead to the loss of export opportunities 122 
to Europe where opposition to GMOs is now deeply ingrained (12). As mentioned, genome editing 123 
could represent a renewed opportunity to harness the potentials of modern biotechnology for food 124 
security. However, the recent EU Court ruling to regulate genome-edited crops in the same way 125 
as GM crops (13) is disappointing and could seriously stifle international progress. Nevertheless, 126 
the rulings by the United States (14) and Japan on relaxation of rules towards genome-edited crops 127 
are expected to set the ground for a new paradigm that could lead to more efficient regulation 128 
internationally. Over 30 years of experience with GM crops show that regulatory procedures 129 
influence public attitudes, and that negative public attitudes in Europe can have a significant effect 130 
on public and policy perceptions in developing countries (2). A less restrictive regulation of 131 
genome-edited varieties in the EU could therefore send a positive signal to developing countries 132 
in need of agricultural technologies for food security. 133 

In conclusion, future success towards global food security will require a framework based on the 134 
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lessons learnt from the past – innovation is essential, and thus an environment facilitating 135 
innovation is essential. In order to fully exploit the potentials of new breeding technologies, a 136 
multipronged approach is needed, taking into consideration all components involved in technology 137 
development, dissemination, adoption, and social acceptance (Figure 1). New breeding 138 
technologies should not be misunderstood as a panacea. Many other technologies and approaches 139 
are needed as well, including improvements in post-harvest management, market infrastructure, 140 
and social services. However, genome-editing is predicted to be a powerful addition in the fight 141 
against hunger and poverty. The global community should seize this opportunity by developing 142 
conducive regulatory frameworks. 143 

 144 



 145 

 146 

Figure 1: Key factors in the rationalized delivery and social adoption of New Plant 147 
Breeding Technologies (NPBTs) for global food security. 148 
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Supplementary Table 1: Grand regional/global challenges where new plant breeding 214 
technologies can provide immediate solutions 215 

Food 
crop 

Target 
region / 
community 

Food security issue Yield losses How New Breeding Technologies (NPBTs) can help 

Wheat West Asia, 
North Africa 

Powdery mildew Up to 40% on average, 
100% in case of early 
infection 

• Genome editing of MLO (1) (encoding a 
membrane- associated protein that is required for 
fungal penetration of host) or/and TaEDR1 (2) 
(encoding a Raf-like mitogen-activated protein 
kinase kinase kinase (MAPKKK)) in stably 
transformed local cultivars  

• Speed breeding for rapid introgression of MLO/ 
TaEDR1 resistance alleles (3) into local cultivars  

Maize South and 
East Africa 

Drought   • Genome editing of a gene encoding negative 
regulator of ethylene responses ARGOS8 (4) in 
stably transformed local cultivars  

Rice South-East 
Asia 

Rice blast 
(Magnaporthe 
oryzae) 

10-30% loss in annual 
production 

• Genome editing of an ethylene responsive factor 
gene OsERF922 (5) in stably transformed local 
cultivars  

Bacterial leaf blight 
(Xanthomonas 
oryzae) 

Up to 70% under 
favorable conditions 

• Genome editing of a sucrose transporter gene 
OsSWEET14 (6) in stably transformed local 
cultivars  

Drought Up to 30% loss in rainfed 
production zones 

• Genome editing of genes in the large effect QTL 
qDTY12.1 (7) especially the gene encoding a 
recently characterized amidohydrolase for root 
architecture (IRRI, unpublished results) 

Cassava East and 
Central Africa 

Cassava brown streak 
disease 

Annual losses worth 
US$1billion  

• Genome editing of elongation factor eIF4E (8) in 
stably transformed local cultivars  

Banana West and 
Central Africa 

Fusarium wilt 40-60%, responsible for 
Panama disease epidemic 

• Replacement of RGA2, a nucleotide-binding and 
leucine-rich repeat (NB-LRR)-type resistance gene 
(9) using CRISPR/Cas RNP in banana  

 216 
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