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			Inspiration for this book but absolved of any responsibility.

			Dr. Geoff Hawtin OBE

			World Food Prize laureate 2024

			The book clearly resonates with CIMMYT’s mission. The seven pillars described — from gene banks and the Green Revolution through to genomics, gene editing, and market-led seed systems — map closely onto the work our scientists have dedicated their careers to. The challenges you describe — population growth, climate stress, and the fragility of global food systems — are ones we live with daily. It is important that this story reaches a wider audience,

			Bram Govaerts | Director General CIMMYT

			“As brilliantly explained in this captivating book, a highly committed group of researchers worldwide are harnessing the latest scientific and technological advances to boost and stabilise food production. ‘Super Seeders’ not only illuminates the science behind these pivotal innovations but also celebrates the dedicated individuals involved”.

			Dr. Geoff Hawtin OBE World Food Prize winner 2024 

			“For specialists, The Super Seeders offers a valuable synthesis across disciplines that too rarely speak to one another. For general readers, it makes urgent and complex science human and accessible without sacrificing rigour. In an era when the work of plant scientists rarely makes headlines, Hillmann gives it the attention, and the audience, it deserves. This is a book for anyone who eats. And for everyone who wants to understand how the world might continue to do so.”

			Mark Guiltinan, Professor of Plant Molecular Biology; 
The Pennsylvania State University

			“Miles Hillmann, in his book, The Super Seeders, looks back at this history, but also looks to the future, and the plant genetics revolution. The role of the plant geneticist has not diminished over the years. Indeed, it is more important than ever.”

			Gary Kuhn. “Award-Winning Industry Professional and Agronomist”.
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			Introduction

			Sarah Gilbert was a methodical professor working on a vaccine platform based on a harmless chimpanzee adenovirus vector originally for Middle Eastern respiratory syndrome (MERS). When the SARS-CoV-2 genome data dropped on her desk on January 11, 2020, Sarah and her team at the Jenner Institute were ready. Within forty-eight hours, they had designed a vaccine candidate by inserting the new spike protein gene into their vector. By March 2020 when the UK entered lockdown, Gilbert’s team was already producing the first clinical batches. But they had no time to lose; the virus was replicating with brutal efficiency.

			Enter AstraZeneca, brought in through high-level negotiations to prepare for vaccine manufacturing at scale and for global trials. Gilbert and her team worked around the clock, sleeping in the lab, juggling manufacturing deals, ethics approvals, and clinical trial design in parallel—a sprint that usually takes years. By April 2020, human trials began months ahead of any traditional schedule. They gambled everything—funding, careers, and reputations—on the promise that the vaccine would work.

			And it did. The revolution in human genetics had not only worked, but it had captured public attention and inspired plant geneticists. That moment mirrored what has been taking place for years in plant genetics. “It’s fascinating what we are able to do in genetics with new genomic technology,” said Prof Cristabel Uauy, director of the John Innes Centre (JIC). “We’ve seen the revolution in humans, and now it’s coming to plants to help with food security, health, and the environment.”

			My interest in plant genetics was stimulated when my friend Dr. Geoff Hawtin was nominated for the World Food Prize in ٢٠٢٤. This annual award was set up in Iowa, USA, in recognition for a scientist’s lifetime contribution to food security. Iowa City is the hometown of Norman Borlaug, who won the Nobel Peace Prize in 1971 for his instigation of the Green Revolution.

			Geoff had long been a champion of the conservation of crop diversity, a cornerstone of future food security. He helped forge the global network of gene banks, repositories of rare and diverse genes now at the heart of crop improvement. With the father of the treaty, Pepe Escudos, he was instrumental in negotiating the International Treaty on Plant Genetic Resources for Food and Agriculture, a landmark response to decades of controversy, from biopiracy scandals and uneven access to genetic materials, to the disruptive impacts of intellectual property on biodiversity. It moved agriculture into the international legal framework of access to genetic material and benefit sharing between ١٥٤ countries and the EU. The Treaty has facilitated the transfer of millions of seeds from the gene banks to plant research and breeding centres around the world, contributing to food security, agricultural resilience, and innovation. But as Geoff often said, “Conservation is only as valuable as the use that’s made of it.”

			It is paradoxical that in a world awash with calories—where obesity and overconsumption are commonplace—we should still be urgently concerned with food security. The uncomfortable truth is not about food production, it’s food insecurity. At a time of overproduction in the developed world, there is alarming potential food insecurity in Africa, Latin America, the Caribbean, and parts of Asia, also known as the global south. This is caused by forecast doubling of population levels in Africa by 2050, hikes in fuel prices, political instability, and the increased incidence of drought, excessive heat, and plant pandemics caused by climate change.

			It was scientists at the JIC and The Sainsbury Laboratory (TSL), leaders in genetics and plant pathology, who first alerted me to the scale of the transformation underway in plant science. From there, voices from research stations across Africa, Asia, the Americas, and Europe echoed the same message: A plant genetics revolution is unfolding which facilitates the breeding of new varieties of crops at a vastly accelerated rate to tackle the challenges to food security. And most people have no idea.

			I set out to understand this revolution and to convey its urgency and impact to those outside the field. I found not just a story of genes and tools, but of visionaries, crises, global cooperation, and farmer resilience. These stories are told by the people who are on the sharp end. I try to understand and interpret their expertise and breakthroughs through their stories.

			Modern genetics builds on past advances of countless scientists from Charles Darwin and Gregor Mendel, through James Watson and Francis Crick to Emmanuelle Charpentier and Jennifer Doudna. It is not the purpose of this book to look at the contribution that each of these makes to plant genetics. But in the conversations and exploration of the plant genetics revolution, it became clear to me that this revolution rests on seven foundational pillars. Without each of these, the breakthroughs in modern plant genetics could not have achieved the momentum—the white heat—they now carry.

			Part One: 
The Seven Pillars of the Plant Genetics Revolution

			Part One describes the seven fundamental pillars that have enabled the breakneck speed of plant genetics the world is experiencing.

			Pillar One was the creation of seed collections going back to Nickolay Vavilov’s Leningrad gene bank established in the early twentieth century. There are now eleven leading international gene banks that conserve hundreds of thousands of rare and diverse genes of all important food crops. Without this huge genetic resource, plant breeding could not have developed as strongly as it has.

			The stories of a few of those gene banks include the Germplasm Resource Unit (GRU) at JIC in the UK, the International Centre for Tropical Agriculture in Colombia (CIAT) in Colombia, the International Maize and Wheat Improvement Center (CIMMYT) in Mexico, and the Genetic Resources Research Institute, Kenya (GeRRI). Together they form a powerful narrative of conservation, resilience, and global cooperation. Each gene bank tells a different story, but they are united by a common mission: to ensure that the seeds of yesterday are not lost to tomorrow.

			Pillar Two was the Green Revolution initiated in the 1960s and 1970s by the twin architects Norman Borlaug and M. S. Swathinathan in response to widespread famines in Mexico and Asia. Their success in breeding high yielding varieties of wheat and rice proved that, when combined with fertiliser, water, credit, lack of conflict, and strong political support, famine could be averted.

			Pillar Three describes the founding and role of the Consultative Group for International Agricultural Research (CGIAR) as a response to the development of the seed industry in the global south. The evolution of the seed industry can be divided into four big waves involving commercial and public-sector plant breeders. In the first big wave (١٩٢٠s–١٩٥٠s), the hybridisation of maize in the US, developed by private companies, proved that capturing hybrid vigour could become a renewable business. The second big wave (١٩٦٠s–١٩٧٠s) encompasses the Green Revolution. In the third big wave (١٩٨٠s–٢٠٠٠s), genetic modification transformed the industry with the development of Bt maize and soya by the commercial sector. In the fourth big wave (٢٠١٥–٢٠٢٠s), the plant genetic revolution is occurring in which developments in genomics and the ability to access the full spectrum of rare and diverse genes held in international gene banks have collapsed breeding cycle times and accelerated the effectiveness of new varieties such as drought resilience and durable disease resistance.

			The seed industry has entered a new frontier where climate resilience, nutrition, and sustainability rival yield as goals. Genomic sequencing, bioinformatics, crop phenotyping, genetic editing, and AI have been developed in the public sector by universities and plant research institutes. Commercial companies embed conventional breeding, gene modification, genetic editing, and predictive breeding into global research and development (R&D) pipelines. They are primarily operating in markets in the developed world that can justify their investment. The CGIAR centres focus on crops key to food security in the global south. The non-profit 2Blades foundation pioneers stacked resistance genes for rust diseases working in partnership with private and public interests.

			Pillar Four tells the story of the pre-science behind two fundamental elements of the new genetics crucial to modern plant breeding. Pre-science represents the research work where the concepts, tools, and resources are developed that later enable others to breed the crops the world depends upon. The two pre-sciences identified are the understanding of plant immunity and the development of the pre-breeding model.

			Pillar Five is the International Treaty on Plant Genetic Resources for Food and Agriculture (a.k.a. the International Plant Treaty), a global framework for equitable access to seeds and genetic information. Arising from the backlash to the era of pharmacy biopiracy, the International Plant Treaty is a groundbreaking agreement negotiated over twenty years and now ratified by 154 countries and the EU that ensures farmers, researchers, and breeders can access a wide range of crop seeds and traits held in international collections. In exchange, users are expected to share the benefits when that material helps create new commercial products.

			Pillar Six arises from the Human Genome Project (HGP). Gene sequencing, and the dramatic drop in its cost, has allowed ubiquitous use of genomics in plant genetics research. In practice, genomics involves gene sequencing, mapping, analysis, and application involving breeding of improved crops—increased yield or drought, and heat tolerance and durable disease resistance. The advent of genomics allowed scientists to read the book of life that they were previously studying without being able to open it.

			Pillar Seven is the development of market-led sustainable seed systems. Plant breeders, once guided mostly by scientific traits, are learning to listen to a different kind of data: demand. The formal seed system, through the recognised national seed multiplication and distribution channels, accounts for only a fraction of seed distribution, and most farmers in the global south obtain seeds through unlicensed informal traders. So it is the traders—those who buy, sell, and understand market demand—who know what farmers require and will pay for. With that in mind, breeding programs can be oriented to establish farmers’ requirements through contacts with informal traders. The result is a new focus on varieties that meet the needs of distinct market segments and targeted diseases. This holistic, connected approach that links breeding, seed production, grain production, commercial trade, and new cultivar delivery has built sustainable seed systems rooted in local realities and driven by market forces.

			Part Two: 
Reading the Book of Life: What is the Plant Genetics Revolution?

			In Part Two, I examine the key technologies that define the plant genetics revolution. Four groundbreaking research projects using conventional breeding techniques exemplify the power of genomics, gene banks, and marker-assisted selection (MAS) in tackling emerging plant diseases. Crop breeding is no longer guesswork. It has become a rational, knowledge-driven process—faster, more efficient, and far more powerful in its ability to respond to future challenges in food security, nutrition, and climate resilience.

			Gene modification altered the trajectory of plant science; gene editing is now refining it with unprecedented precision. In Part Two, I examine the attitudes of consumers in Europe and of the major commercial seed breeders in America, China, Europe and Africa to gene modification and gene editing. My investigation shows the impact and their limitations. I then describe examples of AI’s potential to reshape plant genetics.

			Part Three: 
From Lab to Land: The Impact of the Plant Genetics Revolution on Food Security

			The global south is where the stakes are highest. Here, over two billion people still rely directly or indirectly on agriculture for their livelihoods. Climate change bites hardest, with smallholder farmers already facing erratic rainfall, rising temperatures, and degraded soils. This is also where 90% of future population growth will occur. Agriculture has the greatest untapped potential to lift communities out of poverty, feed growing populations sustainably, and build climate resilience from the ground up.

			Plant breeding is a long-term game. Even the most optimistic breeders admit that developing a new variety can take a decade, followed by years of farmer adoption before measurable impacts emerge. The modern plant genetics revolution is barely a decade old; it is too soon to see its full harvest.

			For these challenges of providing food, the plant genetics revolution must transform the production and security of staple food crops of the global south. I limit my investigation of two of the major staple crops in the global south, cassava and wheat, from which I draw conclusions of the potential and the obstacles to attaining food security.

			A Personal View

			I first witnessed the fragile link between food, politics, and survival during the 1973 food crisis in Ethiopia when my wife and I moved to Addis Ababa. I had previously worked alongside an Ethiopian, Ato Debebe. He was a larger-than-life character in all respects—waistline, booming voice, charisma, and irreverent humour. Debebe would tell me stories about Ethiopia’s most spectacular scenery, most beautiful women, tastiest food, and the richest culture in the world. He was appointed Minister of Food in Haile Selassie’s government, and I joined the Ethiopian Livestock and Meat Board.

			I was charged with developing the burgeoning trade in the live export of sheep and goats across the Red Sea to Mecca in Saudi Arabia for the Eid al-Fitr holiday. After a year, it became apparent that there was impending food shortage caused by four consecutive years of scant rainfall, perennial disease of their teff (the staple food grain in Ethiopia), and of their wheat and sorghum crops. Large numbers of farmers were being forced to sell breeding stock of their sheep and goats, which were their savings or bank accounts. Selling breeding stock in Africa in numbers is often a sure sign of impending severe food shortage. .Civil unrest against Selassie’s feudal system did not help.

			In October 1973, the Yom Kippur War, the Organization of Petroleum Exporting Countries’ (OPEC) oil embargo, more poor harvests in Ethiopia and the breadbaskets of Europe (Ukraine and Kazakhstan) turned an impending food shortage into a crisis. Teff and fuel prices soared. The taxi drivers (the main form of transport in Addis Ababa) struck, students protested against the Ras (the aristocracy), and soldiers patrolled schools. Many couldn’t afford food.

			The ancient regime of Selassie fell and was replaced by the Derg, a Marxist junta. Debebe was blamed for the food shortage and jailed. My work transitioned into launching food-for-work programmes that paid desperate farmers 3 kg of teff per day for work in building flood irrigation systems to catch the occasional flash floods for sorghum crops. But we could not reach all the destitute. Many died, mostly children and the elderly.

			What I witnessed in Ethiopia was not an isolated episode or cause. It was one of a series of recurring global food crises triggered by a combination of droughts, crop disease, geopolitics, oil shocks. History echoed during the global financial crash in 2008 that sent oil prices soaring to $147 a barrel. Wheat, maize, and rice prices tripled. Droughts in Australia deepened the impact. These combined issues led to the Arab Spring and the overthrow of Arab governments. one hundred million people, mostly in the global south, were pushed into hunger. (1)

			War returned to the Black Sea in 2022 when Russia invaded Ukraine, a major exporter of wheat, maize, and sunflower oil. This sent global food, fuel, and fertiliser prices spiralling. Countries across Africa, the Middle East, and Asia, heavily dependent on imports, were plunged into food insecurity. Meanwhile, droughts and heatwaves struck China, India, Europe, and the US, compounding the crisis. These crises hit hardest in the global south, where agriculture remains a lifeline for billions.

			The convergence of climate stress, food insecurity, and population pressure paints a sobering picture. In this light, agriculture of the global south is not peripheral—it is pivotal. Not only does it supply the world with key commodities like cocoa, coffee, rice, and pulses, but it also holds the biological diversity and traditional knowledge that will be critical for adapting global agriculture to future shocks. In a world of apparent surplus, the periodic return of hunger on a massive scale is a sign of systemic fragility. Investing in resilient agriculture in the global south is not an act of charity. It is a form of global risk management. The lesson is clear: Surplus in the north cannot insulate us from scarcity in the south.

			In an age when headlines are crowded with conflict, crisis, and cynicism, the super seeders, the architects of the plant genetic revolution, work largely out of sight and without fanfare. They are not driven by fame or fortune. In their own way, they are engaged in humanity’s oldest struggle: securing food on a fragile planet. The Super Seeders brings together the visionaries who, over decades, have built this revolution, supported by the seven pillars that now underpin modern plant genetics.

			At its core, the plant genetic revolution is founded on genomics, often described as opening the book of life. Before genomics, biologists studied that book without ever opening it. Gene sequencing allowed scientists to read the text for the first time, revealing the language of life itself. Genomics transformed plant science, but it did not stop at reading. With the advent of gene editing, using tools such as CRISPR, it became possible to change a single letter in that text, and in doing so, alter its meaning.

			The ultimate value of this revolution, however, lies not in scientific breakthroughs alone, but in their adoption by farmers, particularly in the global south. Its success will be measured by the extent to which new varieties meet the twin pressures of population growth and climate change. This book identifies five themes that emerge clearly and consistently. If these can be successfully addressed—and there is every reason to believe they can—their impact will be felt not only in tonnes of grain or hectares of improved land, but in something less tangible and far more enduring: The work of the super seeders is sowing resilience, hope, and the promise of a secure food future for generations to come.

		

	
		
			Part One

			The Seven Pillars of the Plant Genetics Revolution

			Pillar 1: Gene Banks

			Seeds of Selam: A Story from the Highlands of Ethiopia

			In the cool, rolling hills of southern Ethiopia’s Wolaita Highlands, the sun crested the teff and barley fields and coloured the red soil with long shadows. Selam, widow and mother of four, wrapped her scarf around her tightly and came out into the morning light from her thatched tukul house, her hands clasped around a woven basket.

			She headed for the community seed bank, a mud-brick hut just outside the school, amidst the eucalyptus trees. Inside the hut, the scent of dried grain and neem leaves filled the air. Wooden shelves ran around the room, where clay jars and gourd containers were labelled neatly in Amharic: Aba Dula wheat, Dabo barley, Red sorghum of Wando. Each had a history, some passed down from grandparents, others brought by farmers like her.

			“Selam, good morning!” said Abebe, the seed bank coordinator and the village elder. His weathered face creased into a smile behind his grey beard. “We’ve just finished processing the new batch of the sorghum seed. Strong stalks. Early maturation. Your father preferred this variety.”

			Selam smiled. She remembered sowing that very same red sorghum as a child alongside her parents. It had been gone for years only to reappear thanks to the gene bank.

			“I need two plots’ worth of sorghum and maize seeds,” she said. “And that climbing bean I brought last year? And
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