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Today over eight hundred million people are malnourished.  Of these 800 million, forty thousand will die each day due to improper nutrition, with a majority of these deaths in children in developing countries (Chrispeels, 2000).  Improving micronutrient composition of staple crops in developing countries through genetic modification could improve the dietary intake of nutrients by malnourished children.  This paper discusses the recent research into this form of genetic modification.  The possible effects of these genetically modified organisms on developing countries are then outlined.

The green revolution caused a great increase in the world’s per capita supply of calories over the past fifty years.  An improvement in the yield of grains, a nutrient poor crop, caused the greatest increase in caloric intake among developing countries (Johnson, 2002). While the increase in caloric supplied helps prevent hunger, a grain dependent diet fails to provide proper dietary nutrients. These nutrient poor diets lead to widespread nutrient deficiencies in developing countries (Johnson, 2002).  

Both industrialized and developing countries suffer from these deficiencies.  Industrialized countries, however, overcome nutrient deficiencies through fortification, the addition of nutrients to foods during processing, and supplementation, the ingestion of vitamin concentrates to supplement regular dietary intake.  Fortification is only possible in food processed prior to consumption.  In developing countries, where the majority of food is consumed by the producer with no processing, fortification is not viable option (Johnson, 2002). Supplementation of vitamins to a developing country’s citizens would be a costly endeavor. These countries do not have the resources to provide and distribute vitamin supplements to their citizens free of charge (Frossard et al., 2000).   Biotechnology could be used as an alternative to supplementation and fortification.  Through genetic modification the high yielding staple crops of developing countries could contain higher levels of micronutrients.  These nutritious crops would help solve the problem of malnutrition in developing countries.  

Vitamin A deficiencies are one example of a widespread micronutrient deficiency in developing countries.  Each year vitamin A deficiencies cause blindness in 1/4 million people (Burkhardt et al., 1997). These deficiencies also lead to an increased susceptibility to childhood illnesses and can worsen illnesses such as diarrhea, respiratory disease, and measles (Ye et al., 2000).  Exacerbation of these and other diseases through vitamin A deficiencies contributes to over one million childhood deaths each year (Potrykus, 2000).  

Rice, the staple food of many developing countries does not naturally produce vitamin A (beta carotene).  After recognizing the problem of vitamin A deficiencies in developing countries, Ingo Potrykus, a professor of plant science at the Swiss Federal Institute of Technology, began working on a vitamin A producing rice. In his research Potrykus worked with Peter Beyer, an expert on the beta-carotene pathway of daffodils.  Through this collaboration, Beyer and Potrykus hoped to insert genes from the daffodil which encoded for enzymes along the beta-carotene pathway into the rice plants.  Beyer began his work by isolating the necessary daffodil genes.  Peter Burkhardt, a PhD student working under Potrykus, then discovered the beta-carotene precursor geranlygeranyl pyrophosphate (GGPP) in the rice endosperm.  This discovery proved that the production of beta-carotene in the rice plants was theoretically possible (Potrykus, 2000).  

In order for rice plants to produce vitamin A, the beta-carotene biosynthetic pathway must be completed through the insertion of four different daffodil genes encoding four different enzymes into the rice genome.  In 1997 the first breakthrough in the development of vitamin A rice occurred when Burkhardt successfully inserted the daffodil psy gene into a rice endosperm.  The psy gene’s protein product, phytoene synthase, acts as the first enzyme in the biosynthesis of beta-carotene by catalyzing the formation of phytoene from GGPP (Burkhardt et al., 1997).  Upon insertion, the phenotypically normal transgenic rice plants expressed the psy gene causing a build up of phytoene in the rice endosperm (Burkhardt et al., 1997).  This breakthrough proved that the daffodil gene could be inserted, alter the rice endosperm’s beta-carotene pathway, and produce a normal rice plant.  

Building upon this success, Potrykus and his group continued to work towards creating vitamin A rice.  Potrykus’s group attempted to create four strains of transgenic rice, each with a gene for one of the enzymes along the beta-carotene pathway.  Once each of these rice plants were produced the plants could be crossed to theoretically create a beta-carotene producing plant (Potrykus, 2000).  Inserting the remaining three genes, however, became a challenge.  In 2000 Dr. Xudong Ye, working in Potrykus’ lab attempted to introduce all four genes in one transformation event.   Upon insertion of all four genes at once were the beta-carotene pathway was completed and the rice endosperm contained beta-carotene (vitamin A).  Due to the levels of beta-carotene found in the seeds, the rice appeared golden in color, and was thus referred to as golden rice (Potrykus, 2000).  Ye and his colleagues believed that the golden rice contained levels of vitamin A sufficient to improve dietary intake of the micronutrient (Ye et al., 2000).  The creation of golden rice marked the first instance of a genetically modified crop created with the intention of use in developing countries.  

Following the development of golden rice, research has begun on high carotene mustard seed oil.  Due to the wide use of this oil in India, Nepal, Bangledesh and other developing countries, researchers at Monsanto along with researchers from USAID and the Tata Energy Research Institute in India sought to create a high carotene version of mustard seed oil.  These researchers began by increasing carotenoid formation in canola plants, a cousin of mustard, through insertion of genes along the beta-carotene biosynthetic pathway.  After achieving success with the canola plants, the researchers are now attempting to utilize the same technique in mustard seeds to create high carotene mustard seed oil.  They believe that this form of high carotene oil will have a great bioavailability and will contain enough vitamin A to impact the vitamin A deficiency problems in these developing countries (Mackay 2000).   


In addition to vitamin A deficiencies, iron deficiencies are also a global problem.  Iron is required by the body to transfer oxygen through the blood.  Due to dietary iron deficiencies, iron deficiency anemia affects one billion people worldwide.  In developing countries over 50% of child-bearing age women, children and infants suffer from iron deficiency anemia (Frossard et al., 2000).  This affliction can decrease “mental and psychomotor development in children, increase morbidity and mortality of mother and child at childbirth, decrease work performance and decrease resistance to infection” (Frossard et al., 2000).  In numerous cases both low iron intake and iron absorption inhibition cause iron deficiency anemia.  The body easily absorbs haem iron, a form of iron found in meats and cheeses. In contrast, the body does not readily absorb non-haem iron, a form found in plant tissues and grains (Frossard et al., 2000).  In developing countries, where grain is a staple food source, the majority of dietary iron is non-haem iron.  In addition to the poor absorption of non-haem iron, the grains eaten in developing countries contain large amounts of phytic acid, an inhibitor of iron absorption.  Finally, foods that promote iron absorption, such as fruits, vegetables and muscles tissues are not readily available in developing countries (Lucca et al., 2001).  

In order to overcome these deficiencies, Lucca et al. attempted to not only increase iron levels in rice grains, but also promote iron absorption.  First Lucca et al. inserted the ferritin gene into rice plants.  Ferritin, the product of the ferritin gene, acts as an iron storage protein in animals, plants and bacteria (Lucca et al., 2000).  Upon insertion of this gene, iron storage in the rice endosperm increased 2.5 times (Potrykus, 2000).  Next Lucca et al. mimicked the affects of eating the cysteine-rich proteins found in animal tissues. Ingestion of these proteins, which are not found largely consumed in developing countries, would promote iron absorption.  Through insertion of a metalothionin-like gene from Orzya, Cysteine-rich protein levels in the rice endosperm were increased seven fold (Potrykus, 2000).  Finally, Lucca et al. attempted to decrease the levels of the iron absorption inhibitor, phytic acid, which is found in the rice endosperm.  In order to maintain proper phytic acid levels during germination Lucca et al. inserted a gene for a thermotolerant phytase enzyme.  Upon cooking the phytase enzyme activates and begins to degrade phytic acid in the rice.  By decreasing phytic acid levels during cooking, the cooked rice will not inhibit iron absorption upon ingestion (Potrykus, 2000).  Lucca et al. indicated that the increased promotion of iron absorption caused by high iron rice along with the levels of iron storage in this rice was sufficient to “substantially improve iron nutrition in rice-eating populations” (Lucca et al., 2001).  

High iron rice, golden rice and high carotene oil have the potential to greatly improve nutrition in developing countries.  These products, however, have no use if they are not grown by farmers in the areas of need.  Getting these products to the farmers in developing countries has become a challenging task.  One of the primary problems lies in the development of these genetically modified organisms (GMO).  The research involved in development and testing of GMOs is costly.  Among developing countries in need of these products only Brazil, India, and China could pay for the public development and dispersal of these GMOs (Johnson, 2002).  Due to objections from non-governmental organizations, international agricultural research centers are not focusing on GMO research.  These problems leave many developing countries unable to develop and test GMOs to determine if they could possibly improve the health of their citizens (Johnson, 2002).  

While developing countries are unable to invest money in GM research, private firms carry out a great deal of research on GMOs.  In seeking a profit, however, these firms focus much of their research on GM products that will be marketed to industrialized countries.  Most multinational corporations investing in GM research are not researching the use of GM technologies on the staple crops of developing countries such as cassava, millet, sorghum, sweet potatoes, yams, and legumes (Chrispeels, 2000).  Based on this situation, grants from the public sector are often used to fund research into nutritional GMO that will benefit developing countries.  This form of funding, however, is declining. Between 1988 and 1996 foreign aid to agriculture dropped by 57% and lending by the world bank for agriculture decreased by 47% between 1986 and 1998 (Chrispeels, 2000).  In his article entitled “Biotechnology and the Poor” Maarten J. Chrispeels comments on his belief that public sector must “marshal the strength of the private sector through public-private partnerships” (2000).  These partnerships would allow for the transfer of technologies from private firms to the public sector.  Through such cooperation, research and testing of GM products to benefit both industrialized and developing countries could occur.  

The development of golden rice is one example of a beneficial public-private partnership.  The initial research and development of golden rice was publicly funded by the Rockefeller Foundation, the Swiss government and the European Union (Nash, 2000).  Following development, the researchers involved in the golden rice project wanted to make golden rice seeds available to “subsistence farmers free of charge and restrictions” (Potrykus, 2000).   In order to give the rice to farmers, the developers needed a freedom-to-operate status.  This status could only be reached by gaining free licensees to the over 72 Intellectual Property Rights (IPRs) and Technical Property Rights (TPRs) used in golden rice’s development (Potrykus 2000).  This task proved too difficult for the public sector group of researchers.  Therefore, these researchers formed an alliance with the private company AstraZeneca.  Based on their agreement AstraZeneca provided legal help in obtaining freedom-to-operate status in exchange AstraZeneca received the exclusive license for commercial use of golden rice (Potrykus, 2000).    Upon achieving the freedom-to-operate status AstraZeneca would allow golden rice to be given to subsistence farmers earning less than $10,000 a year (Potrykus, 2000).  Even though golden rice still must undergo years of testing before it will become available to subsistence farmers, the cooperation between the public and private sectors that occurred with golden rice provides a model for future GMO research.  

In addition to problems involving funding and property rights, many developing countries are reluctant to introduce any form of GMOs into their country’s agriculture.  These countries obtain financial growth through the export of their agricultural products.  Due to opposition to GM foods, some countries are beginning to ban the import of GMOs.  These regulations would prevent a developing country from exporting their GM crops to opposing governments.  One example of these regulations affecting the use of GMOs in developing countries occurs in China.  Although China leads developing countries in research of GMOs, China has only approved two GMO crop varieties; tobacco and cotton (Johnson 2002).  A genetically modified virus resistant tobacco strain, however, was removed from the Chinese market due to importer opposition.  It is due to fear of importer opposition that China has yet to approve transgenic varieties of rice or wheat (Johnson, 2002).  This opposition by importers causes governments to prevent farmers in developing countries from improving their diet through genetically modified foods.  

Proper labeling of GMOs for export would also be a costly endeavor for developing countries.  Many developing countries simply do not have marketing systems that are capable of tracking GM food products from the farmer to the consumer. Recently the European market began requesting labeling on all GM products. On April 18th 2004 the European Union began to relax its stance on the import of genetically modified foods.  With these changes the European Union also began requiring labeling on all food products containing more than 0.9% genetically modified ingredients (Miller, 2004).  These new rules will require all farmers growing genetically modified crops to maintain proper labeling of their crops until they reach the store shelf.  Although more GM crops are being allowed into the now 25 nation, 460 million people strong European Union; developing countries may still be reluctant to introduce GMOs into their society (Miller, 2004).  According to an article in the Wall Street Journal  farmers in developing countries “have been resisting pressure to grow bioengineered crops—even if they could improve their productivity and reduce hunger—for fear of losing their European market” (Miller, 2004).  This resistance to growing GM food crops could prevent farmers in developing countries from growing crops that would improve their levels of nutrition.  

 This reluctance to grow bioengineered crops is indicative of a subsistence farmer’s hope to market any surplus yields.  Farmers in developing countries will not survive without proper crop yields and profits.  In May of 2003 Mark Chong investigated the knowledge of golden rice in Nueva Ecija, the rice bowl region of the Philippines.  During this study Chong interviewed village leaders about their perspectives on golden rice.  In these interviews he found only one village leader out of thirty-two had any knowledge of transgenic plants.  No village leaders were aware of golden rice.  These subsistence farmers are concerned with the immediate outcomes of increasing profit through an increase in crop yields.  Nutritional affects are less tangible and more challenging to explain to the subsistence farmers.  Upon further explanation of golden rice, village leaders said they would grow the rice “if it is high yielding, is proven safe for human consumption and has sufficient market demand” (Chong, 2003).  These interviews indicate that golden rice and other nutritional GMOs will not be readily utilized by subsistence farmers if they are lower yielding or not as widely accepted by foreign markets.  Based on this study Chong felt that “the biotechnology debate is still predominately an urban, elite discourse that is not closely attended to by rice farmers in rural areas” (2003).  In order for nutritional GMOs to prevent malnutrition in developing countries, researchers must begin to focus on creating crops with increased nutritional levels as well as increased yields.  If researchers do not listen to the immediate needs of the farmers, GMOs with improved nutrient content will not reach the malnourished people who need them.  

Nutritional GMOs such as high iron rice, golden rice and high carotene mustard seed oil, were created in order to improve nutrition in developing countries.  These noble GMOs, however, spark a great deal of debate.  In order to be utilized in areas of need, public and private sector research firms must work together to overcome the tremendous cost and legal issues associated with giving these GMOs to subsistence farmers.  Opposition to GMOs must also decline and subsistence farmers must be better informed of the nature of these particular GM crops.  Until these problems are addressed, biotechnology will be unable to help improve the worldwide problem of micronutrient deficiencies.  
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