









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













PARTNERS November 2013







Genetic resource



27



The international nature of germplasm enhancement



Underlying the performance of elite crop varieties is an international network matching plant genetic traits to the challenges of farming in dry, hot, frosty, salty or other problematic growing conditions. Through this network, which includes a range of gene banks, opportunities to improve crops flow to researchers and breeders around the world. ACIAR works to facilitate the flow of material, which is especially important to Australia, where cropping industries are unusually dependent on exotic, imported species.



I



By Dr Gio Braidotti



n 1999 wheat crops in Uganda failed when a devastating disease long considered under control—stem rust—re-emerged in a more virulent form, which was to become known as Ug99. The breakdown of wheat’s immunity alarmed the world as the fungal disease inevitably spread along well-worn routes—to Kenya, Ethiopia, Sudan and Yemen. The cause was the breakdown of the genetically based resistance built into wheat varieties in the 1950s—traits that were a cornerstone of the Green Revolution, protecting 90% of the world’s wheat varieties and 20% of the world’s total calorie intake. But in Uganda the stem rust fungus re-jigged its DNA, trying out new genetic possibilities, and found a way to break down wheat’s in-built resistance. The resistance breakdown occurred at a time of declining interest and investment in agricultural science in the developed world. It was Nobel laureate Norman Borlaug, nearing the end of his life, who raised the alarm and philanthropist Bill Gates who provided the funds to launch a response in the form of the Borlaug Global Rust Initiative (BGRI). The BGRI is a research network that makes the best use of existing resources, funding researchers with specialist rust expertise wherever they exist. It developed facilities to screen the susceptibility of the world’s wheat varieties and to screen for resistant germplasm in Kenya, where Ug99 is prevalent. Breeders at the International Maize and Wheat Improvement Center (CIMMYT) then played a pivotal role, releasing Ug99-resistant wheat cultivars to affected nations funded by donors that included ACIAR.



However, breeders know that inevitably the stem rust fungus will evolve. The genetic recoding will continue to erode away any new sources of resistance in wheat as part of a perpetual ‘arms race’ between fungi virulence and the immunity that breeders build into wheat. Throughout the Ug99 response, Australia was the global ‘black sheep’. First, Australia’s problems with rust disease are so pervasive and potentially devastating that rust has long been a research priority and it received additional funding from ACIAR and the Grains Research and Development Corporation (GRDC) to deal with Ug99. Second, the stem rust resistance built into Australian varieties often differed from the rest of the world (due to considerations for grain quality), with breeders preferring resistance traits (such as Sr2) that retained wheat’s effectiveness against Ug99. Third, rust researchers at the University of Sydney Plant Breeding Institute (PBI) in Cobbity and CSIRO Plant Industry are looking for a way off the rust merry-go-round by taking rust resistance to a new, more durable level. A crucial stepping stone towards this important objective involves isolating rust resistance genes and decoding the mechanism of action at the molecular level. That goal was achieved in 2013 when a team led by Dr Evans Lagudah at CSIRO Plant Industry announced the isolation of Sr33—a stem rust resistance gene targeted because of its unusual ability to defend against all stem rust races tested, including Ug99. Sr33 can interact synergistically with other resistance genes (such as Sr2) to further raise the overall level of protection available to a wheat crop.



The importance of biodiversity Like many plant genes of agronomic importance, Sr33 does not originate from the genome of domesticated plants. Rather it comes from a wild relative of wheat—a line of goatgrass (Aegilops tauschii) collected in Iran. It is a classic example that highlights the importance of collecting, conserving, sharing and exploiting the world’s crop genetic resources and of organisations, such as ACIAR, that promote these ideals. Dr Tony Gregson, an Australian farmer and former chairman of Bioversity International, says ACIAR’s influence played an important role in developments such as the establishment of the Svalbard Global Seed Vault and the International Treaty on Plant Genetic Resources for Food and Agriculture. The treaty, which was ratified by Australia, implemented a multilateral system of access and benefit-sharing of genetic resources for 64 of the most important food and forage crops. Important techniques to exploit these resources have also been developed with ACIAR assistance. This includes FIGS (Focused Identification of Germplasm Strategy), a technique that exploits information about the seasonal agroclimatic conditions where seed is collected to better select material likely to contain important traits. This includes the frost tolerance recently identified in field peas by Australian breeders from material collected in China by Dr Bob Redden while on an ACIAR project.
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The gene that made a difference When the call to action against Ug99 was issued, it is unlikely that even Norman Borlaug could have anticipated how far and wide the message would resonate. In the home of the Green Revolution, a small 1.5-hectare tropical cropping farm on the banks of the Cauvery River in India would prove a leading player in the battle against Ug99. Kuppusamy Periyannan and his wife, Subhulakshmi, are innovators in their farming community. While they have never participated in an ACIAR project, they understand something that developed nations can easily ignore—the vital role science plays in agricultural productivity to benefit the poor and their rural communities. It is an outlook that caused the Periyannans to highly value an opportunity they were denied—an education. They valued it enough to take out loans on their farm to educate their children but insisted that one, Sambasivam (‘Sam’) Periyannan, bypass popular courses in engineering or information technology (IT) in favour of agricultural science. Sam Periyannan was subsequently responsible for cloning Sr33 while completing his PhD at CSIRO Plant Industry in Canberra, supported in part by an ACIAR scholarship. “At the moment there is an IT boom in India and not many parents like their children to get into agricultural science,” Dr Periyannan says.
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Sambasivam (‘Sam’) Periyannan and parents Kuppusamy Periyannan and Subhulakshmi Periyannan.



“They see there are opportunities after studying IT. But my parents were different. My father especially pointed me to agricultural science and it was the science’s links to farming that pushed me to try and excel at research.” A plant pathologist by training, Dr Periyannan completed his PhD with assistance from ACIAR in 2011. He has chosen to stay at CSIRO as a postdoctoral research fellow to continue his work isolating two more novel stem rust resistance genes (Sr45 and Sr22). For CSIRO, the isolation of Sr33 is a longawaited innovation that radically changes the rules for breeders. Dr Lagudah says that it makes it possible to make informed, knowledge-based decisions as to which genes to combine to best thwart rust pathogens and obtain the most



The India connection aciar action Australia and India share similar agricultural and natural resource management problems for key commodity crops such as wheat, resulting in researchable issues of mutual relevance. ACIAR has supported a program of collaborative agricultural research with India since 1983. Most ACIAR programs in India consist of bilateral projects, in which Australian research organisations collaborate with one or more Indian research institutions, such as the Indian Council of Agricultural Research (ICAR). The arrangement has benefits for both partners allowing, for instance, Australian pre-breeders access to otherwise restricted germplasm or to field-trial sites especially suited to research on water-restricted dryland farming. As Indian R&D capacity has grown over the years the country has opted, like many developing countries, to invest heavily in its agricultural research sector. This has resulted in projects where the Indian research partner is directly funded by India and working with ACIAR-funded Australian teams on major productivity challenges. ACIAR’s strategy for 2011–16 focuses on joint partnerships with increasing co-investment by ICAR and other partners focusing on four ‘clusters’. photo: Peter Cornish



1. Research to improve agricultural water management, particularly in rainfed areas. 2. Sustainable intensification of zero-tillage cropping systems that incorporate pulses. 3. Faster breeding of crops to target, in the case of wheat, product quality aligned with emerging demands for better quality chapattis, bread and biscuits from India’s 200-million-strong middle class.



Rice commonly fails in the terraced uplands, as it has here in 2005. Participatory research developed aerobic rice culture to address this problem and evaluated alternative kharif crops.



4. Assisting policy development in relation to agricultural adjustment, water management and climate change.



durable forms of rust resistance. “We can even pre-combine genes and insert them—like a cassette of genes—into one site of the wheat genome, clearing the way for breeders to focus their crosses on combining beneficial yield and quality traits. The cassette could even include tolerance genes to stresses like salinity. ” It is a vision shared by ACIAR and the GRDC, which have both funded the CSIRO team, well before the existence of the BGRI. “That support allowed us to gain the attention of the Gates Foundation, which then provided additional resources that accelerated progress towards identifying individual resistance genes,” Dr Lagudah says. “Along the way we proved that it is possible to do sophisticated molecular work with wheat despite its large, cumbersome genome. In turn, that means we can attract more young scientists to risk working with wheat. So there is a spectrum of benefits from this kind of work: from research right through to the delivery of real world impacts.” For Dr Periyannan, there is an additional benefit, one arising from ACIAR’s unique position as both an R&D funder and a research for development agency. “I’m so happy and proud that part of the work I do goes back to the farm—including smallholders and subsistence farmers in developing countries—through ACIAR’s work in India, Bangladesh and other countries,” he says. “My own roots are with smallholder farmers
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The vital link to international research centres While award-winning research is underway in Australia to provide wheat with durable, broad-spectrum resistance to rust disease, it is breeders at CIMMYT who exploited their gene bank and breeding capability to release resistant wheat cultivars to nations devastated by Ug99. Australian taxpayers help fund CIMMYT and other International Agricultural Research Centres (IARCs) through funds administered and managed by ACIAR. It is an investment pattern with a long-standing record of achievements and one that was more recently adopted by the Bill and Melinda Gates Foundation. “Investing in agricultural development is one of the most effective investments we can make,” Bill Gates said at the opening of a new $25 million Biocentre, built at CIMMYT’s headquarters with philanthropic dollars from the Carlos Slim Foundation and ongoing support for research activities from the Gates Foundation.



and something that really interests me now is to get involved in an ACIAR project and to further my ties with ACIAR, perhaps by helping to train scientists from India, Nepal or Bangladesh, introducing them to gene cloning technology and DNA markers and how they can be applied to help farmers.” For the Sr33 discovery and many other contributions, Dr Lagudah and Dr Periyannan were both listed among researchers awarded the BGRI Gene Stewardship prize during the 2013 BGRI Technical Workshop in New Delhi, India. The award is given annually to scientists who contribute to responsible management of genetic resources of wheat. The Australian researchers were selected for outstanding achievements in 15 areas, including developing programs for stacking resistance genes, creating molecular markers, strategic planning for durable, long-lasting, diseaseresistant wheat varieties, highly effective training programs, willingness to share genetic resources, and strong efforts to clone resistance genes. The winning researchers are based at three institutions—CSIRO Plant Industry, the University of Sydney and the University of Adelaide—which collectively form the Australian Cereal Rust Control team. “The nominating credentials of each institution were so strong that the selection committee couldn’t pick one,” said Sarah Evanega, adjunct professor of plant breeding at Cornell University, where the BGRI is administered. “Their spirit of collaboration was



the inspiration for combining the nominations into one award. “So much great work is being done at these Australian institutions. Their expertise, their collaborative spirit and their recognition of the importance of developing durably



“It allows farming communities to become self-sufficient and prosperous by growing and selling more of what they produce. When you ask where the best work is done for poor farmers, the answer is here, at CIMMYT. Bringing together the collective experience of our respective organisations, we can promote innovation to transform the lives of farmers in Mexico and around the world.” Australia has a system in place to fast track access to this germplasm. The system, established by the Grains Research and Development Corporation, allows elite breeding material to be received annually from CIMMYT and evaluated under Australian growing conditions. Initially established around wheat germplasm, the program has been so well received that it was subsequently expanded to include durum wheat, barley and chickpea germplasm from ICARDA and ICRISAT, including both elite material and landraces.



resistant varieties serve as an inspiration for rust scientists all over the world. With this award, we gratefully recognise the efforts of the Australian Cereal Rust Control Team.” n ACIAR project: CIM/2007/084 and 064



Shared germplasm: a pillar of Australia’s grain industry aciar action No less than 98% of the Australian wheatbelt is sown to varieties with genetic material derived from the genebank and breeding programs of the International Maize and Wheat Improvement Center (CIMMYT), one of the International Agricultural photo: paul jones Research Centres (IARCs) operating to sustain global food security. The influx of CIMMYT germplasm into Australian wheat has lifted yields by as much as 10.5% in Queensland’s tropical cropping region and by an average of 4.6% across Australia. By the end of 2003, an estimated 193 Australian wheat varieties were found to incorporate CIMMYT genetics. But it is not just wheat that benefits. There are two other IARCs of particular importance to all phases of a typical Australian crop rotation—which might include wheat, barley, canola, lentils, faba beans and chickpeas. These are the International Center for Agricultural Research in the Dry Areas (ICARDA), and the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). ICRISAT adds an estimated $131 million in value for sorghum to Australian farms. Underscoring this value is the goodwill brokered by ACIAR on Australia’s behalf.
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