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Drought resistant GM crops: a promising future

The author is a cell biologist at the International Maize and Wheat Improvement Centre (CIMMYT) in Mexico. 

Alessandro Pellegrineschi explores the scientific prospects for developing crops that are resistant to drought, and says that skeptics of GM technology must be won over to prevent future tragedies. The recent catastrophic crop failure in southern Africa due to drought has brought on famine conditions of epic proportions. It also raises the question: what could GM technology offer to poor farmers working marginal lands vulnerable to drought, including many of those in sub Saharan Africa? Several international agricultural research organisations have already devoted considerable effort to improving drought tolerance in the staple cereals that feed most of the world’s poor. Plant breeders and farmers are well aware that some plants cope with drought conditions much better than others; GM technology makes it possible to transfer genes conferring drought tolerance to, important food crops. Yet the introduction of such crops, which have the potential to significantly enhance food production in drought stricken parts of the world, has become the target of attacks by environmentalist groups. The result may be to prevent whole communities from gaining access to a technological development that could literally make the difference between life and death. 


One example of a promising new use of GM technology, which is sadly facing an uncertain future, is a technique for increasing drought tolerance. This is being investigated at the International Maize and Wheat Improvement Centre (CIMMYT) in Mexico. Wheat plants that have been GM to withstand drought are now being tested in biosafety greenhouses at CIMMYT. Most of the plants produced have shown high tolerance to extreme low water conditions. This research project illustrates how recent advances in both molecular genetics and genetic engineering can be applied to enhance drought tolerance in plants. Progress has been slow and difficult, however, due to the complex effects of drought on plants. For example, at least 4 independent signaling pathways act in plants to switch on an array of genes in response to dehydration. Some of these genes code for proteins that help protect various parts of the plant cell during water loss while others detoxify harmful substances. Understanding how it would be best to utilize these genes is a lengthy process. 

CIMMYT researchers have initially focused on incorporating a type of DREB gene (encoding a 'dehydrationresponsive element binding' protein), which enables the wheat plants to withstand extreme water loss. Unfortunately, when this gene is continually "switched on", plants are smaller and produce much lower yields than unmodified varieties significant disadvantages when it comes to plant breeding. 

But the scientists found that by fusing the DREB gene with the promoter region of another gene (rd29A), it is switched on only under stress conditions of dehydration or cold temperatures. The result is a plant that has a normal growth pattern and yield in good conditions, but is also much more resistant to drought, freezing, and high salinity. More work is now needed to fully characterize the function of the additional gene, and to dissect the complex process by which this gene is expressed. 


The researchers at CIMMYT are optimistic that their technique offers a promising way to deal with the challenges of drought. Other approaches are also being investigated, such as: 

· developing plants that stall seed development during periods of drought in order to conserve water, or that are better at taking up water (known as drought avoidance); 

· over expression of a gene related to drought tolerance; 

· accumulation of sugars and salts to protect against water loss; and 

· further investigation, at a molecular level, of the physiological mechanisms by which plants adapt to extreme environments.

Such research, when combined, will lead to a much more complete understanding of drought tolerance in plants. With the help of genetic engineering it will be possible to create plants with these traits, without the need for long and tedious breeding programmes. But taking the next critical step, namely moving these plants from the laboratory to the fields of resource poor farmers in developing countries, will require a supportive public and the well founded consent and collaboration of developing nation governments. 

A concerted effort is now required to convince both decision makers and environmentalist critics that the value of crops produced in this way and the capability to alleviate to some extent the suffering faced by rural people in drought conditions strongly outweighs any perceived health and environmental dangers. Failure to win over the sceptics could result in tragedies that are ultimately as much the responsibility of humans as of nature. 


Better yields from Bt cotton in India.
N. Gopal Raj. Reuters, 6 Feb 03; The Hindu, 7 Feb 03

Cultivating Bt cotton can increase yields by as much as 80% in India, according to a study being published in the coming issue of Science. Last year, Bt cotton, which carries a bacterial gene that allows the plant to make its own insecticide, became the first GM crop to be released in India for commercial cultivation. Matin Qaim of the University of Bonn in Germany and David Zilbermann of the University of California at Berkeley based their findings on records of the Bt cotton field trials, carried out under Government supervision in 2001, combined with their own comprehensive survey of 157 randomly-chosen farms in three States (Maharashtra, Madhya Pradesh and Tamil Nadu) that participated in the trials. They found that fields with Bt cotton yielded 80% more in 2001 and that the gains were largely due to the Bt gene itself. Under Indian conditions, bollworms have a high destructive capacity that was not well controlled in conventional cotton. While the loss to insect-pests in conventional cotton was only 12% and 15% in the US and China, on an average, it was 50 to 60% in India.

During the 2001 trials, when the bollworm attack was exceptionally high, Bt cotton hybrids were sprayed three times less often than the non-GM varieties. Since the Bt gene did not protect against sucking pests, the sprays were the same for both Bt and non-Bt varieties. With Bt cotton, the amounts of highly toxic insecticides used were reduced by almost 70%, with a financial saving of $30 (about Rs. 1,500) per hectare. Without Bt technology, Indian farmers would have to triple their current pesticide use to achieve a comparable level of bollworm control, says the paper in Science. Although the bollworm attack was exceptionally high in 2001, the records of the field trials carried out from 1998 to 2001 too showed Bt cotton as having an average yield advantage of 60%.

The authors admit that during the actual cultivation, when farmers are unlikely to get the same level of access to technical advice and help as they do during monitored field trials, the yield gains from Bt gains would be lower. Still, given the magnitude of the bollworm problem, the yield effects of Bt cotton in India should be sizeable, they believe. Field trials carried out by the Indian Council of Agricultural Research during 2001-02 showed that Bt cotton hybrids in Gujarat, Maharashtra and Madhya Pradesh increased seed cotton yields by 60% over identical hybrids without the Bt gene, 47% more than the zonal check variety and had a 15% yield advantage over the local check variety. In the southern States of Andhra Pradesh, Karnataka and Tamil Nadu, yields were more than double.

According to Dr. Qaim, their data showed that the Bt hybrids provided 86% greater yield in Maharashtra, 66% in Madhya Pradesh and 79% in Tamil Nadu. Bt cotton cultivation has been controversial in India, both during field trials and after the commercial release. Activists believe that proper integrated pest management practices would increase Indian cotton yields and reduce chemical sprays, without any need for Bt cotton. Last year's problems with the cotton crops have added to the controversy. Many cotton specialists say that "para wilt" created by the unusual climatic conditions affected both Bt and non-Bt varieties alike. Activists, however, say that the higher cost of Bt cotton seed adds to the farmers' woes.



North-south partnership needed to build up biotech 

Crop Biotech Update, 14 Feb 03

"Governments from the North and the South need to enter into genuine partnerships to build up biotechnology capacity in the South and to tap the potential benefits of this technology for the poor and hungry of today and particularly tomorrow." This was one of the highlights of the paper by Prof. Eric Tollens of the Department of Agricultural and Environmental Economics at Katholieke Universiteit Leuven in Belgium. Tollens pointed out that the South lacks the capacity to develop their own biotechnology applications, and to implement biosafety regulations and testing. To achieve the goals of food security and poverty alleviation (mostly in developing countries), collaboration and support is needed from the North to build up a biotechnology capacity in the South, which will include biosafety regulations and protocols. However, different environmental concerns between rich and poor countries can lead to different perspectives on the use of modern biotechnology. Other highlights of the paper include:

· Another green revolution is needed to elevate global food production. This green revolution needs to be "doubly green," pertaining to increases in yield, and the enhancement of the environment. Biological technology (non-chemical) is also needed. 

· The next generation of transgenic crops should have definite consumer advantages (e.g., better nutritional value). 

· In developing countries, there is so much emphasis and focus on the risks and dangers of biotechnology that the potential of the technology is lost. Low-income people and countries should be empowered to make their own choices based on informed debate and their own risk-benefit calculations. 

· At present, the use of biotechnology is acceptable only for the development of vaccines, but not to genetically modify food for consumption. It is time to trust science and technology based on the science, and focus on the major issues. 

For more details, email Prof. Eric Tollens at eric.tollens@agr.kuleuven.ac.be
(Ed: Interestingly, much of GM food production is widely accepted, with only GM crops causing controversy)

Consumer groups denounce WHO trust fund
BIO Ag Weekly, 14 Feb 03

The World Health Organization (WHO) announced today at the UN Codex meeting in Geneva, the creation of a trust fund, paid for primarily with food industry dollars, to increase the participation of government delegates from less developed countries in Codex standard setting meetings. Increased participation in Codex meetings would provide delegates with an opportunity to participate in the drafting of international regulatory standards for food safety, labeling, and quality. The Centre for Science in the Public Interest (CSPI) announced yesterday that an international coalition of consumer organizations has denounced WHO's acceptance of financial support from the food industry as it is a conflict of interest.

This coalition has indicated that the WHO has "sold-out" to the food industry. The fund would cover the travel expenses of government officials from developing countries, raising concern that the food industry will gain undue influence over those officials. BIO's Mike Phillips, in attendance at this week's Codex meeting, indicated that the FAO/WHO legal counsel have ruled that funds from the private sector have been, are and will continue to be legal. Codex, FAO and WHO will collectively determine how these funds will be distributed to developing countries, so there should be no concern over WHO "selling out" to industry demands.

For more information from BIO, visit the Web site, or contact Mike Phillips at mphillips@bio.org. 
France proposes tax exemptions for life science companies

Crop Biotech Update, 14 Feb 03 

French Prime Minister Jean-Pierre Raffarin and his ministerial colleagues for industry and research announced tax-cutting measures for research-based companies. If approved by the French parliament, French biotechnology companies would be exempt from paying "social costs" taxes, which amount to a surcharge of 60% on salaries. They will also have 100% relief on corporate taxes. Increases in share value would also be exempt from capital gains tax for both shareholders and other investors. This package is expected to be acceptable to the European Union (EU) industrial competition rules considering that it applies to all research-based companies.

However, the proposed package would include only those companies that spend more than 15% of turnover on research and development, and those that are less than ten years old. Of the total number of companies that will benefit from such an exemption, 15% are basically life sciences companies.

The full report is featured in Nature Biotechnology, Vol. 21, February 2003 issue. It can also be downloaded at http://www.nature.com/naturebiotechnology.

Bioinformatics: finding a needle in a haystack

Yeong Ah Seng, The Straits Times, 26 Feb 03

Biological sciences have advanced considerably in the past few decades.  Sequencing of the human genome is almost complete. The genomes of a growing number of other species, including the malaria-causing mosquito, fugu fish and fruit fly have been successfully sequenced. And biologists are uncovering more clues about the root causes of many diseases. In retrospect, getting the information was probably the easy part. Making sense of it is quite another. Genomic and proteomic technologies have yielded such huge amounts of data that it’s impossible for humans to analyse them without the help of powerful, superfast computers.

Bioinformatics applies computer science to the monumental task of sorting out biological information. With researches the world over contributing to this mountain of information, devising quick access to the information gathered and extracting what is needed to answer a specific query is what bioinformatics practitioners have been grappling with. There are a growing number of databases covering all kinds of biological information, from genome to nucleic acid and protein sequences. But accessing data from the labyrinth is difficult. To make matters worse, there are many variants of software operating systems. Often the source codes are proprietary and closed. This complicates and slows down the work of programmers seeking to find easier and faster ways to get to the information.

One way out of this quandary is to adopt the open-source approach whose basic motive is: If programmers can read, modify and distribute the source code of a piece of software, it can evolve faster. It can be improved, adapted and de-bugged far more rapidly than the current pace of commercial software development. Helping to hasten this open-source approach was a bioinformatics event last week where Singapore played host to some 35 bioinformatics practitioners from all over the world.

BioHackathon 2003, sponsored by Apple Computer, was the 3rd such gathering, the first two of which were held in the US and South Africa. One striking feature that is advancing the cause for open-source is Apple’s decision to adopt it for its OS X, making the operating system the ideal choice for bioinformatics software, said the events organiser, Mr Elia Stupka.  Mr Stupka is director of bioinformatics at Temasek Life Sciences Laboratory. In his view, sharing software on the open-source platform does not mean sharing database information, which means companies can still continue to have a firm hold over their proprietary data. Open-source improves, and does not kill, business models, he said.

Mr Ewan Birney, team leader for Genomic Annotation at the European Bioinformatics Institute based in Britain, concurred. He felt that open-source will make available a wider range of talent for tackling tough software problems. Mr Birney was particularly impressed by the quality of science he saw in Singapore, a view shared by Mr Stupka who also thought that infusion of foreign scientific talent had raised research in Singapore to world standards. Mr Stupka was a member of the team at the Institute of Molecular and Cell Biology that successfully sequenced the genome of the fugu fish, which shares many genes with humans. Knowledge of the fugu genome can, hopefully, provide clues on the functions of some human genes.

This gathering of bioinformatics talent in Singapore is a good pointer on where to direct the research push. It also augurs well for bioinformatics because working in isolation, Singapore will hit the wall very quickly and is destined to remain in the minor league, it’s best efforts notwithstanding. But if, as in the open-source approach, it works as part of the global society of minds and embraces the infusion of scientific talent and ideas, there is a much higher probability of Singapore appearing in the major league - and sooner too.


French ministers back gene-crop advisers
Declan Butler, Nature 421, 775 (2003)

French government ministers have sprung to the defence of scientists who claim to have been harassed and threatened with violence after they authored a controversial report for the Academy of Sciences on transgenic plants. In a joint statement issued earlier this month, Claudie Haigneré, junior minister for research and technology, and Luc Ferry, minister for youth, national education and research, condemned the attacks "without reserve".
They said that the methods of intimidation - at which they expressed "astonishment and sadness" - were unacceptable and were an attempt to stifle open debate on the issue of transgenic crops.  


The report was submitted to the science ministry last December. It called for "reasoned and careful" introduction of transgenic crops, on a case-by-case basis, as well as an increase in research into the crops that is commensurate with their agricultural and industrial importance.
These conclusions drew criticism from opponents of transgenic crops, who challenged the report's independence. Critics accuse the authors of being active proponents of transgenic technologies. But the ministerial report says that such claims are an attempt to discredit the report's conclusions, and demonstrate "a confession of ignorance or weakness" in the arguments of those who made the threats.


Writing in French newspaper Le Monde earlier this year, academy president Etienne-Emile Beaulieu called on the government to defend "the honour of scientists attacked in their mission of delivering independent and educated information to society". Roland Douce, director of the Institute of Structural Biology in Grenoble and the report's main author, has been a principal target for the threats. He told Nature that such was the ferocity of the critical reaction that he
would now think twice before giving public advice in the future.

See the original text: English
http://www.academie-sciences.fr/publications/rapports/pdf/RST13_summary.pdf
 


New applications for agro-biotech 
CropBiotech Net, 21 Feb 03

What are the future developments for biotechnology? The Agricultural Biotechnology in Europe (ABE), a group of private sector companies involved in the dissemination of information on crop biotechnology, says that there is a wide array of new applications or developments that have two things in common: real definable benefits, and demonstrated feasibility. In an issue paper entitled "Future Developments in Biotechnology" (2003), ABE contends that “there are a large number of beneficial applications still in development which would be impossible to accomplish in any way other than genetic modification."

ABE's survey listed these developments into the following categories:

· Quality traits to improve food quality: bananas with better keeping properties; improvements to oilseed crops; corn with improved feed value; tomatoes with high levels of flavonols; high lycopene tomatoes; corn with improved Vitamin E balance; and soya bean with improved protein 

· Plants which benefit our environment: corn with improved phosphorus availability; stress tolerant crops; and bioremediation through arsenic-tolerant plants 

· Plants which increase food production capacity: high yielding rice; corn for acidic soils; and virus resistant sweet potato 

· Pharmaceutical production: corn to benefit cystic fibrosis sufferers; and vaccines from fruits and vegetables 

· Non-food crops: low lignin trees for paper-making; and energy crops 

While the survey has "really only scratched the surface of developments in crop biotechnology, in many cases, biotechnology will have been used because it is the best (or perhaps only) way to achieve the result," says ABE. A PDF version of the full article can be downloaded at http://abeurope.dynamicweb.dk/images/files/abe_issues_paper_6.pdf
Greenpeace steps up campaign against US supermarket
Barbara Murray, Supermarket News, 21 Feb 03

Activists from Greenpeace USA tried to stop the distribution of GM food by blocking the gates of Shaw's Supermarket’s main distribution centre, the most dramatic in a series of protests the group has directed at Shaw's own brands in the past two years. Also yesterday, three people entered the lobby of Shaw's corporate headquarters in West Bridgewater with a video camera, apparently trying to film interviews with Shaw's employees about GM organisms, police said.

One man was charged with assault and battery after he pushed a Shaw's receptionist who tried to stop him, according to West Bridgewater Police Lt. Ray Rogers. The receptionist was not injured, he said. Shaw's issued a statement yesterday defending its sale of GM foods and stating that it follows the guidelines established by the FDA and the policies of the Grocery Manufacturers of America and the Food Marketing Institute on biotech food. The company also pledged to protect the safety of its workers, customers and vendors.
GM plants that recognize bio attack 
Marcel Falk, Checkbiotech.org, 21 Feb 03


Plants that lose their colour, when sensing chemical signals is what biologists from the Colorado State University are developing for multiple future uses. Dr. Reddy and Dr. June Medford, both professors of biology at Colorado State University, have teamed up to investigate the possibility of producing plants that would lose their green colour, when they come into contact with specific chemical signals.  The main element in plants that is responsible for their green colour is chlorophyll. As seasons change, plants can regulate the production of chlorophyll. In the autumn, many plants will stop producing chlorophyll in preparation for the loss of leaves.

As a model plant for their investigation, Professors Medford and Reddy will use Arabidopsis, or Thale cress, because the genome of Arabidopsis has already been entirely sequenced. Thus, using the Arabidopsis will allow the professors to have access to a wealth of genetic information, which will decrease the time it takes to finish the project. In Arabidopsis, there are two main genes that are responsible for the break down of chlorophyll, which in turn cause the plant to lose its green colour. The research groups of Dr. Medford and Reddy will seek to overproduce these enzymes in Arabidopsis plants, with the hopes of speeding up the time it takes the plant to degrade chlorophyll.  In addition, the groups will introduce a gene that will have an end effect of blocking the production of new chlorophyll. Commenting on the goal of
using this three-gene approach Dr. Reddy said, "In this way we hope that the plant loses its colour in hours - instead of days like in the natural process."

The third part of the project involves the triggering mechanism for the system. The plan is to couple the three decolorizing genes to receptors that can sense either a plant or animal hormone and act as the systems trigger. After all these components are introduced into Arabidopsis, Dr. Reddy noted, "When we spray the plant (Arabidopsis) with a plant hormone
or estrogen, it will hopefully loose its green colour." The team has set the goal of developing the plant defence cascade in Arabadopsis within the next 18 months. For this period, the researchers have recently received a grant of nearly $500,000 from Defence Advanced Research Projects Agency.

To make use of the plants sentinels in our daily life, the researchers also plan to create new receptor triggering systems that will recognize hazardous chemicals such as toxins, gases and environmental pollutants. Commenting on some future options Dr. Reddy said, "The Toll-like receptor, a receptor that recognizes flagellar protein from Salmonella, is similar to the one for brassinosteroids, like estrogen."


He wants to take the outer part of the Toll-like receptor, and fuse it to parts of receptors involved in triggering the plant defence cascade, so that the system can recognize the flagellar protein from Salmonella. Dr. Reddy also believes receptors recognizing other biological and
chemical hazards could be used as soon as they have established a working model in Adabidopsis. Besides being aesthetically pleasing, these early warning plants offer an inexpensive alternative to existing devices. Such plants could be kept in offices, mass-transit stations and shopping centres, for example, to help alert individuals of a bioterrorist attack.

Other possibilities with this innovative technology include using algae and plants to monitor water pollution be it through bioterrorist means or through hazardous wastes from industries and cities. Dr. Reddy also noted that outdoor evergreen plants, with similar artificial circuits, 
could be monitored by satellite as early detection systems and as environmental sentinels.
Although the project has a time frame of 18 months, Dr Reddy cautions that, "An inexpensive warning system may be 10 to 15 years off. Right now, we are doing the proof-of-principle studies."

Dolly the sheep euthanased
BIO Ag Weekly, 14 Feb 03.

Dolly the sheep, the world's first mammal cloned from an adult, was euthanized after being diagnosed with progressive lung disease. Dolly, a six-year-old sheep, was cloned at the Roslin Institute in Edinburgh from a six-year-old sheep, and had given birth to six lambs before her death. In 1999 scientists began to notice that many of Dolly's cells had begun to show some signs of wear that are more typical of an older animal. Last year, the Roslin Institute announced that Dolly had developed arthritis, but had been responding well to treatment with anti-inflammatory drugs.

Egypt open to accepting biotech wheat
BIO Ag Weekly, 14 Feb 03

Egyptian Foreign Minister Youssef Boutros Ghali announced last Thursday that Egypt will not resist purchasing Bt wheat, as long as it is scientifically proven to be safe for human consumption, once US farmers begin its production. Egypt is the world's second largest wheat importer after Brazil. Currently, no Bt wheat is being grown commercially, though applications for permission from the US and Canada for commercial growth have been filed.

GM mosquitoes not fit enough 
Natasha McDowell, SciDev.Net 27 Feb 03

GM mosquitoes which scientists hope could one day be used to eradicate malaria do not compete well against normal mosquitoes, according to work published today in the journal Science. Researchers found that when GM mosquitoes are bred with unmodified mosquitoes, the introduced test gene disappears in subsequent generations. The findings stress the importance of ensuring the fitness of modified mosquitoes before they are released into the wild, says Andrea Crisanti of Imperial College, London, who led the study. 

Malaria affects 300 million people every year and with no immediate prospect of a vaccine, scientists have been seeking alternative ways to tackle the disease. One strategy is to create and release a GM strain of mosquito that is unable to transmit the malarial parasite, which will eventually dominate wild populations. Three years ago, Crisanti created the first GM mosquito by introducing a DNA fragment that glows under ultraviolet light. However, he and his colleagues have now shown that when these mosquitoes are allowed to breed with normal mosquitoes, the number of GM mosquitoes in the population quickly drops. In some experiments, the introduced gene disappeared within 4 to 16 generations. 

“It casts a gloomy light on the idea of engineering mosquito strains unable to transmit malaria,” says Chris Curtis of the London School of Hygiene and Tropical Medicine. Crisanti thinks the problem could be that the GM mosquitoes are inbred, originating from a single modified individual. As a result, the introduced gene may have become associated with harmful mutations that, while they do not kill the mosquitoes, cause them to lose out when competing with normal mosquitoes. “A solution would be to make sure that the GM mosquito lines are outbred, by mating the GM mosquitoes only with normal mosquitoes,” says Crisanti. He also says that larger population studies are now needed, but is optimistic that anti-malaria GM mosquitoes could be employed within 10 years. But even if the problem of inbreeding is overcome, Curtis is sceptical that the approach will ever work. Rather than modifying mosquitoes so that they are unable to transmit the malarial parasite, he believes a better approach would be to make sterile males. 

“The screw worm fly a pest of cattle has been eradicated all the way from Texas to Panama by swamping the wild populations with sterile males unable to breed,” says Curtis. It’s an old idea, he says, but the advantage is that any decrease in fitness can simply be overcome by releasing larger numbers into the wild. 


Meetings

11-14 March 03: 4th Session of the Codex Ad-Hoc Intergovernmental Task Force on Foods Derived from Biotechnology; Yokohama, Japan

4-6 April 03: Conference on Biodiversity, Biotechnology and the Protection of Traditional Knowledge; Washington University School of Law, St. Louis, Missouri http://law.wustl.edu/centeris/upcomingevents/biodivsp02.html
27-1 Aug 03: An International Short Course in Food Safety, Sponsored by Michigan State University; East Lansing, Michigan




“Biotech could boost productivity: the average maize yield in Africa is less than half the global average…the African continent, more than any other, urgently needs agricultural biotechnology, including transgenic crops, to improve food production’


(Florence Wambugu, Ph.D. International Service for the Acquisition of Agri-biotech Applications (ISAAA), Food brochure, April 2002








Quote on Biotechnology:


Norman Borlaug, Nobel Laureate 1970, Kuza issue no. 7


“There has been research into food production for hundreds of years. We’re just learning now how to do it in a better way”











PAGE  
1

