Golden Rice – Evaluating the Pros and Cons[footnoteRef:1] [1:  by Dr. Ingrid Waldron, Department of Biology, University of Pennsylvania, © 2014. Teachers are encouraged to copy this Student Handout for classroom use.  A Word file (which can be used to prepare a modified version if desired), Teacher Preparation Notes, and comments are available at http://serendipstudio.org/exchange/bioactivities/GoldenRice.] 


People who do not consume enough vitamin A (from animal foods) or pro-vitamin A (from plant foods) develop vitamin A deficiency. Vitamin A deficiency can result in serious health problems such as blindness, severe infectious diseases, and even death, especially for young children. 

Rice does not have pro-vitamin A, so poor people who eat mainly rice often develop vitamin A deficiency. To address this problem, scientists have developed Golden Rice, a genetically modified (GM) type of rice plant that produces pro-vitamin A in the rice grains that people eat. Specifically, two genes for enzymes that enable the rice grains to synthesize pro-vitamin A have been inserted in the DNA of Golden Rice plants.

In this activity you will read an article in favor of Golden Rice and another opposed to Golden Rice. Then you will answer the questions on pages 7-9 to evaluate the opposing arguments. 
As you read:
· Identify the arguments for and against Golden Rice, the evidence for each argument, and any counter-arguments.
· Identify proposals for other approaches to preventing vitamin A deficiency and the advantages and disadvantages of each proposed approach.

"The Deadly Opposition to Genetically Modified Food"[footnoteRef:2] [2:  This reading refers to "’golden rice’ with vitamin A"; Golden Rice contains pro-vitamin A which our bodies can easily convert to vitamin A. This reading states that Golden Rice "will be grown in the Philippines", but thus far Golden Rice has only been grown in field trials and it has not been approved for use by farmers. This reading is quoted from http://www.slate.com/articles/health_and_science/project_syndicate0/2013/02/gm_food_golden_rice_will_save_millions_of_people_from_vitamin_a_deficiency.html] 

[image: ]

The New York Times Magazine reported in 2001 that one would need to "eat 15 pounds of cooked golden rice a day" to get enough vitamin A. What was an exaggeration then is demonstrably wrong now. Two recent studies in the American Journal of Clinical Nutrition show that just 50 g (roughly 2 ounces) of Golden Rice can provide 50% of the recommended daily intake of vitamin A. They show that Golden Rice is even better than spinach in providing vitamin A to children.
[image: ]


_________

Note: Supplementation refers to providing capsules or pills that contain pro-vitamin A or vitamin A (or another needed vitamin or mineral). Fortification refers to adding pro-vitamin A or vitamin A (or another vitamin or mineral) to food products before they are sold.
[image: ][image: ]
___________

Note: With respect to cost of the seeds, the developers and distributor of Golden Rice have arranged that, for farmers who make less than $10,000 per year, the farmer will not need to pay royalties on the GM technology used to make the seeds and the farmer can keep and replant Golden Rice seeds.

"Golden Illusion: the Broken Promises of Golden Rice"[footnoteRef:3]  [3:  Excerpts from http://www.greenpeace.org/international/Global/international/briefings/agriculture/2012/GoldenRice/GoldenIllusion.pdf] 


This article uses the term genetically engineered (GE) instead of genetically modified (GM) and also uses the term beta-carotene, which is another name for pro-vitamin A.
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________

Note: Biofortification refers to increasing the amount of pro-vitamin A or vitamin A (or other vitamin or mineral) produced and stored by a plant in the part of the plant that is eaten.  Although scientists have been able to produce some types of biofortified foods by non-GE methods, scientists have not been able to produce rice plants that have pro-vitamin A in their rice grains by non-GE methods.

8

In your answers to questions 1-4:
· Label information from the first reading with DO (for Deadly Opposition) and information from the second reading with GI (for Golden Illusion). Identifying the sources for the information in your answers to questions 1-3 will help you to answer question 5.
· In the last box of each row in these tables, include at least one question that could provide information that would help you to evaluate the argument (questions 1 and 2), the other approach to preventing vitamin A deficiency (question 3), or the approach to policymaking (question 4).

1. Complete the following table to summarize and evaluate the main argument in favor of Golden Rice.
	Argument for Golden Rice
	Evidence 
	Counterargument
	Your Conclusion and Questions

	








	
	
	



2. Complete the following table to summarize and evaluate two arguments against Golden Rice.
	Argument against
Golden Rice
	Evidence
	Counterargument
(if available)
	Your Conclusion and Questions 

	






	
	
	

	





	
	
	


3. What other approaches could be used to prevent vitamin A deficiency? Complete the following table.
	Another Approach
	Advantages
	Disadvantages
	Your Conclusion and Questions

	





	
	
	

	






	
	
	



[bookmark: _GoBack]4. There is a great deal of disagreement about the best approach to policy-making on issues like genetically modified food plants where there is considerable uncertainty about the potential benefits, risks and costs of a new technology. Complete the table to evaluate the advantages and disadvantages of three major approaches to policy-making and propose questions that could help to evaluate each approach.
	
	Advantage 
	Disadvantage 
	Question

	The European Union has adopted the Precautionary Principle, which means that those who favor a new technology (e.g. GM foods like Golden Rice) must establish the safety of the new technology.
	
	
	

	The US FDA has taken a less cautious approach, approving a GM food if it is considered to be largely the same as a conventional food and therefore "generally recognized as safe".
	
	
	

	Cost-benefit analysis evaluates the balance between the potential benefits vs. the potential costs and risks. 

	
	
	



 5. Explain how the two readings ("Deadly Opposition…" and "Golden Illusion…") can argue for opposite points of view concerning Golden Rice, even though the statements in both articles are reasonably accurate. (Hint: Review your answers to questions 1-3.)











6. Based on the information you have, what policies do you propose concerning Golden Rice, including development and testing of Golden Rice and possible approval for use by farmers? Summarize the arguments and evidence that support your policy proposals and any additional information you would want to have in order to propose the best policies.















7. Based on the information you have, what do you think would be the best approach or combination of approaches for preventing vitamin A deficiency? Summarize the arguments and evidence that support your conclusions and any additional information you would want to have in order to propose the best approaches.
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‘A They show that golden rice is even
better than spinach in providing vitamin A to children.

Opponents maintain that there are better ways to deal with vitamin A deficiency.
Inits latest statement, Greenpeace says that golden rice is “neither needed nor
necessary,” and calls instead for supplementation and fortification, which are
described as “cost-effective.”

To be sure, handing out vitamin pills or adding vitamin A to staple products can
make a difference. But it is not a sustainable solution to vitamin A deficiency.
And, while it is cost-effective, recent published estimates indicate that golden
rice is much more so.

Supplementation programs costs $4,300 for every life they save in Indiia, whereas
fortification programs cost about $2,700 for each life saved, Both are great deals.
But golden rice would cost just $100 for every life saved from vitamin A
deficiency.

Similarly, it is argued that goldien rice will not be adopted, because most Asians
‘eschew brown rice. But brown rice is substantially different i taste and spoils
easily in hot climates, Moreover, many Asian dishes are already colored yellow
with saffron, annatto, achiote, and turmeric. The people, not Greenpeace, should
decide whether they will adopt vitamin A-rich rice for themselves and their
children.

Most ironic is the seff-fulfilling critique that many activists now use. Greenpeace
calls golden rice a “failure,” because it “has been in development for almost 20
years and has still not macle any impact on the prevalence of vitamin A
deficiency.” But, as Ingo Potrykus, the scientist who developed golden rice, has
made clear, that failure is due almost entirely to relentless opposition to GM
foods—often by rich, well-meaning Westerners far removed from the risks of
actual vitamin A deficiency.

Regulation of goods and services for public health clearly is a good idlea; but it
must always be balanced against potential costs—in this case, the cost of not
providing more vitamin A to 8 million children during the past 12 years.
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Regulation of goods and services for public health clearly is a good idlea; but it
must always be balanced against potential costs—in this case, the cost of not
providing more vitamin A to 8 million children during the past 12 years.

As anillustration, current regulations for GM foods, if applied to non-GM
products, would ban the sale of potatoes and tomatoes, which can contain
poisonous glycoalkaloids; celery, which contains carcinogenic psoralens;
rhubarb and spinach (oxalic acic); and cassava, which feeds about 500 million
people but contains toxic cyanogenic alkaloids. Foodstuffs like soy, wheat, milk,
eggs, mollusks, crustaceans, fish, sesame, nuts, peanuts, and kiwi would likewise
be banned, because they can cause food allergies.

Here it is worth noting that there have been no documented human health
effects from GM foods. But many campaigners have claimed other effects, A
common story, still repeated by Shiva, is that GM corn with Bt toxin kills Monarch
butterflies. Several peer-reviewed studies, however, have effectively established
that “the impact of Bt corn pollen from current commercial hybrids on monarch
butterfly populations is negligible.”

Greenpeace and many others claim that GM foods merely enable big companies
like Monsanto to wield near-monopoly power. But that puts the cart before the
horse: The predominance of big companies partly reflects anti-GM activism,
which has macle the approval process so long and costly that only rich
companies catering to First World farmers can afford to see it through.

Finally, it is often claimed that GM crops simply mean costlier seeds and less
money for farmers. But farmers have a choice, More than 5 million cotton
farmers in India have flocked to GM cotton, because it yields higher net incomes.
Yes, the seeds are more expensive, but the rise in production offsets the
additional cost.

Of course, no technology is without flaws, so regulatory oversight is useful. But it
is worth maintaining some perspective. In 2010, the European Commission, after
considering 25 years of GMO research, concluded that “there is, as of today, no
scientific evidence associating GMOs with higher risks for the environment or for
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Of course, no technology is without flaws, so regulatory oversight is useful. But it
is worth maintaining some perspective. In 2010, the European Commission, after
considering 25 years of GMO research, concluded that “there is, as of today, no
scientific evidence associating GMOs with higher risks for the environment or for
food and feed safety than conventional plants and organisms.”

Now, finally, golden rice will come to the Philippines; after that, it is expected in
Bangladesh and Indonesia. But, for 8 million kidls, the wait was too long.

True to form, Greenpeace is already protesting that “the next ‘golden rice’ guinea
pigs might be Filipino children.” The 4.4 million Filipino kids with vitamin A
deficiency might not mind so much.

This article was originally published by Project Syndicate. For more
from Project Syndicate, visit their Web site and follow them
on Twitter or Facebook.

Bjorn Lomborg is an adjunct professor at the Copenhagen Business School and directs the
Copenhagen Consensus Center. He is the author of The Skeptical Environmentalist, Cool It,
and most recently How Much Have Global Problems Cost the World?
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GM CEO Mary Barra and Controversial Trade
the Rocky Road of the Agreement Could Make
Female "Car Guy" "Bio-Piracy" Worse





image5.png
€ - € [D wwwgreenpeace org/international/Globalyinternational/briefings/agriculture/2012/GoldenRice/Goldenillusion pdf PR v%| =
Apps (D Penn Libraries 23 More Minds-on At

Hands-on Actities... ) NAMIPA, Msin Line... [T] biology PD [ NSDL MGR - Login >

>

m

Golden illusion:
The broken promises of “golden” rice

September 2012

Summary

“Golden" rice is a genetically engineered (GE, also called genetically modified, GM) rice variety
developed by the biotech industry to produce pro-vitamin A (beta-carotene). Proponents portray
golden rice as a technical, quick-fix solution to Vitamin A deficiency (VAD), a health problem in
many developing countries. However, not only is golden rice an ineffective tool to combat VAD tis
also environmentally irresponsible, poses risks to human health, and compromises food security.

Golden rice has been in development for over 20 years, yet no commercial applications have
resulted ~ largely because of the complexit of the genetic engineering. Exactly how the beta-
carotene is made in the plant is not well understood, and the complextty of the genetic:
engineering increases the potential for unexpected and unpredictable effects, which could affect
food safety. Yet assessing food safety is problematic for regulators because the concept of
substantial equivalence is not applicable to golden rice.

There are many technical questions surrounding the beta-carotene in golden rice: exactly whatis
produced, how stable it is, and exactly what happens when it is processed in the human body.
While the food safety of golden rice is in doubt, what is known is that GE rice wil undoubtedly
contaminate the non-GE rice supply, particularly traditional varieties and landraces. GE
contamination of food supply poses risks to health. By encouraging a diet based on one staple
rather than an increase in access to the many vitamin-rich vegetables, golden rice could —
introduced on a large scale ~ exacerbate malnutrition and ultimately undermine food security.

The tens of millions of dollars spent on this project would have been better spent on VAD
solutions that work. Golden rice is simply the wrong approach and a waste of money. Golden rice
diverts significant resources away from dealing with the real underlying causes of VAD and
malnutrition, which are mainly poverty and lack of access to a more diverse diet. Indeed, itis a
tisky distraction from solutions that are already helping to tackle VAD and malnutrition more.
effectively without subjecting the population to unknown health risks.

Dangerous glitter: the risks of golden rice
Feeding an illusion

‘So-called golden rice has been under development since 1990 (Potrykus 2000). From the outset,
the project appeared to be designed more towards helping the biotech industry overcome the.
‘widespread consumer rejection of GE crops, than to help overcome malnutrition. The first
prototype (GR1) was unveiled in 2000 (Ye et al. 2000), but this was much critiised as it
contained so little beta~carotene. In 2001, Greenpeace pointed out that, in addition to
environmental and human health concerns of golden rice, the low concentrations of beta~carotene
present meant that people would need to consume vast quantities of rice (over 12 times the
normal daily intake of rice) in order to obtain the recommended dietary allowance of vitamin A
(Greenpeace 2001).
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prototype (GR1) was unveiled in 2000 (Ve et al. 2000), but this was much criticised s it
contained so little beta~carotene. In 2001, Greenpeace pointed out that, in addition to
environmental and human health concerns of golden rice, the low concentrations of beta~carotene
present meant that people would need to consume vast quantities of rice (over 12 times the
normal daily intake of rice) in order to obtain the recommended dietary allowance of vitamin A
(Greenpeace 2001).

‘Then, in 2005, Syngenta announced golden rice 2 (GR2; Paine et al. 2005), this time containing
more beta~carotene than GR1. But despite the milions of dollars and over 20 years spent on the
research and development, golden rice remains a research project, with no applications for
commercialisation anywhere in the world. This is largely because the complex nature of plant
biochemistry means that attempting to genetically engineer a whole new biochemical pathway
(i.e. to produce beta~carotene) is fraught with diffculties. Genetically engineered golden rice is
simply the wrong tool to tackle VAD.

X
1

Intel

Althoughit is difficult to estimate exactly how much money has been spent on golden rice to date, it s clear that it
runs to tens of millons of dollars, and includes substantial investment by the Bill and Melinda Gates Foundation
(Greenpeace 2010).

icant and welcome contribution to VAD

Money spent on golden rice is money that would have been a si
solutions that use proven and reliable methods.

Rice at risk: Contamination of conventional rice will occur

The environmental risks inherent in GE organisms apply to golden rice without exception. Next to nothing is known
‘about how this GE rice interacts with the environment — for instance, its effect on the beneficial insects that prey on
tice pests. More importantly, rice is a staple food in many parts of the world, and contamination of the food supply
with this GE rice is a real risk.

Rice is widely cultivated throughout many parts of the world, particularly Asia. Seed saving is common. This means
that if any seed gets mixed up, or cross-pollination causes contamination, it will be difficult to eradicate. Rice is
known to cross-pollinate (outcross), and wild and weedy relatives grow in close proximity 1o rice cultivation (Lu et al.
2003; Chen et al. 2004). Thus, the spread of genes to landraces and wild varieties of ice is likely to happen over

e. This could lead to genetic contamination of wild populations as well as cultivated seed supply. Although there
s no commercial growing of GE rice anywhere in the world, there have now been at least two incidents of rice
contamination that have caused problems for export: ane from China in 2005 (Europa Press Release 2008), one from
the US in 2006 (Nature Biotechnology 2006). It s self-evident that GE rice cannot be controlled.

Releasing GE rice in Asia could irreversibly affect traditional rice varieties, landraces and wild relatives of
rice, decreasing our ability to use these valuable genetic resources in the future. For example, if a
hazardous unexpected effect arises with the GE rice, e.g. increased toxicity or susceptibility to disease,
there could be no withdrawal of the gene because of contamination. It is conceivable that this could
undermine the food security of a region if the problem became widespread.

The potenti
Plant chemistry is complex, making even the simplest of genetic alterations liely to produce unexpected effects.

I for unexpected effects with GE golden rice
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Releasing GE rice in Asia could irreversibly affect traditional rice varieties, landraces and wild relatives of
rice, decreasing our ability to use these valuable genetic resources in the future. For example, if a
hazardous unexpected effect arises with the GE rice, e.g. increased toxicity or susceptibility to disease,
there could be no withdrawal of the gene because of contamination. It is conceivable that this could
undermine the food security of a region if the problem became widespread.

The potenti

I for unexpected effects with GE golden rice

Plant chemistry is complex, making even the simplest of genetic alterations liely to produce unexpected effects.
The genetic engineering constructs used in golden rice (both GR1 and GR2) are more complex than many current
GE crops (e.g. Roundup Ready soya and insect resistant (Bf) maize). GE Roundup Ready soya and GE Bt maize
generally contain ane or possibly two genes with very few additional elements. Their function is relatively simple: to
produce one protein. By contrast, the synthesis of a whole new biochemical pathway is being attempted in golden
tice, with more complex genetic constructs. Even in these comparatively simple GE crops, extra fragments of the
inserts and re-amangements or deletions of the plant’s own DNA are known to occur (Windels et al. 2001;
Hernéandez et al. 2003). There are concems that these irregularities may affect or interfere with the plant’s own
metabolism, for example, by creating unintended novel protein, or altering or interfering with the production of an
existing plant protein. These concerns are magnified with the complex genetic engineering attempted in golden
ice, and there is an increased likelihood of unexpected and unpredictable effects.

Attempting to introduce a new biochemical pathway has a high probability of altering another pathway. The genetic
engineering of a biochemical pathway can result in unintended changes in plant composition.

“[Plant metabolic] pathways pull components from various genetic tool kits; some of those components evolve
independently and others do not. A push in one place can produce unexpected responses in other pathways. And
‘metabolic pathways multiply with modiications, tweaks, and twinges every step of the way.” (Hines & Zahn 2012)

Unexpected effects have already been observed in golden rice. GR1 was engineered with two genetic constructs:
one (psy + crt1) to make lycopene (tomato red) and another (icy) to convert lycopene to beta-carotene (yellow) (Ye
etal. 2000). However, the developers discovered “to our surprise” (Beyer et al. 2002), that those without one of the
genes (lcy) were yellow when they should have remained a red colour. This was because there was an unexpected
pathway in rice that converted lycopene to beta-carotene. Thus, the insertto convert lycopene to beta-carotene
was superfluous. Five years later, it was found that intrinsic rice genes cause the conversion of lycopene to beta-
carotene (Schaub et al. 2005). Other unexpected effects include changes to levels of closely related compounds,
particularly lutein and zeaxanthin (Ve et al. 2000; Schaub et al. 2005).

Other compounds may also have changed in the rice: they could be higher or lower. New compounds could be
produced. The case of golden rice is  typical example of how litle is actually known about the complexity of plant
physiology — it would not be a surprise if additional unexpected changes in the plant occurred, posing new risks to
the environment or human health.

Evaluating the importance of any unexpected changes found in golden rice for food and environmental
safety would be highly important. However, rtually impossible to look for unexpected effects — by
definition, one cannot know what these effects might be, or where to look for them!

Risks to human health

Beta-carotene occurs naturally in many plants. It is a reasonably complex pathway, with two different types of
carotene (alpha and beta). and also different isomers (with the same chemical make-up but different structure)
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Risks to human health

Beta-carotene occurs naturally in many plants. It is a reasonably complex pathway, with two different types of
carotene (alpha and beta), and also different isomers (with the same chemical make-up but diferent structure)
(Cazzonelli 2011). Technical questions arise over which isomers are present, and whether they will be effective.

Are there any health impiications it different isomers are present to those that occur naturally? The precise pathway
utilised by the inserted genetic constructs and the rice itself o create beta-carotene golden rice is poorly
understood (see www.goldenrice.org), yet might be vitally important for human health.

Large doses of beta-carotene can have negative health effects, including in conjunction with cigarette smoking
(see, e.g. Eroglu et al. 2012). The processing of beta-carotene to vitamin A also creates related compounds that
can negatively affect health at high concentrations (Schubert 2008). Researchers found that these compounds from
the processing of beta-carotene to vitamin A can block important signalling in cells (Eroglu et al. 2012). Thus, the
exact type of beta-carotene, and the way itis processed in the human body, is vitally important. But exactly how
beta-carotene from golden rice would be processed in the human body, and how the products compare to natural
beta-carotene in plants, is not yet known.

“Our analyses of both beta-carotene-containing animal diets and frits containing beta-carotene suggest that any
dietary source of beta-carotene also contains beta-apocarotenoids. It may also be useful to consider these findings
in attempts to alleviate vitamin A deficiency in humans through the biofortification of crops with high levels of beta-
carotene.”Eroglu et al. (2012)

Any food safety assessment of golden rice would be extremely complex. Most regulatory systems rely on the
concept of substantial equivalence, where the plant is considered equal to its non-GE counterpart except for the
protein produced by the introduced genes. However, because golden rice attempts to introduce a whole new.
biochemical pathway, the concept of substantial equivalence is not applicable. If golden rice ever reached the stage
where the developers were to apply for commercialisation, regulators would have to find whole new ways of
assessing the food safety of golden rice (Glenn 2008; ILS 2008; Schubert 2008).

‘The food safety of any GE rice is of vital importance because rice can make up a large part of people’s diet
in Asia and other parts of the world, yet it would be very difficult to give any assurances regarding the
food safety of golden rice.

Compromising food security

Questions remain concerning the effectiveness of golden rice. Does the beta-carotene degrade during storage or
cooking? Would it be bioavailable (available for uptake and conversion to vitamin A in the human body) to people
with VAD? The developers and researchers claim that the beta-carotene is eficiently converted to vitamin A in the
body, and that it can make a substantial contribution to vitamin A intake (Tang et al. 2009; Tang et al. 2012).
However, the first results have been questioned as the volunteers in the study were not vitamin A-deficient and, it
they were deficient, it is likely their diet would also lack the necessary fat for bioconversion (Krawinkel 2009). The
same critcism also applies to the more recent results:

“One of the arguments used for advertising Golden Rice is that the people at risk of vitamin A deficiency have such
poor diets that other sources of beta-carotene and vitamin A are not accessible to them. Because diet definitely has
an effect on the bioavailabiliy of beta-carotene from any beta-carotene-containing food, the choice for a study diet
that included meat, oil, and nuts, which does not represent a poor diet, is of concem. Therefore, the results of the
study do not much help us in preventing vitamin A deficiency in populations at risk.” (Krawinkel 2009 commenting
onthe study by Tang et al. 2009)

In addition, the researchers conducting the trials have been criticised for using human subjects, especially children,
in an experimental study (Tuffs Daily 2009; Greenpeace 2012).

Alongside the technical issues of how beta-carotene would be metabolised in the human body, there are
concerns that golden rice could undermine food security, because it encourages a diet based on one
staple rather than an increase in access to the many vitamin-rich vegetables. So, if introduced on a large
scale, golden rice can exacerbate malnutrition and ultimately undermine food security.
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carotene (alpha and beta), and also different isomers (with the same chemical make-up but different structure)
(Gazzonelli 2011). Technical questions arise over which isomers are present, and whether they will be effective.
Ave there any health implications if different isomers are present to thase that ocour naturally? The precise pathway
utilised by the inserted genetic constructs and the rice itself o create beta-carotene golden rice is poorly
understood (see www.goldenrice.org), yet might be vitally important for human health.

Large doses of beta-carotene can have negative health effects, including in conjunction with cigarette smoking
(see, e.g. Eroglu et al. 2012). The processing of beta-carotene to vitamin A also creates related compounds that
can negatively affect health at high concentrations (Schubert 2008). Researchers found that these compounds from
the processing of beta-carotene to vitamin A can block important signalling in cells (Eroglu et al. 2012). Thus, the
exact type of beta-carotene, and the way it is processed in the human body, is vitally important. But exactly how
beta-carotene from golden rice would be processed in the human body, and how the products compare to natural
beta-carotene in plants, is not yet known.

“Our analyses of both beta-carotene-containing animal diets and frits containing beta-carotene suggest that any
dietary source of beta-carotene also contains beta-apocarotenoids. It may also be useful to consider these findings
in attempts to alleviate vitamin A deficiency in humans through the biofortfication of crops with high levels of beta-
carotene.”Eroglu et al. (2012)

Any food safety assessment of golden rice would be extremely complex. Most regulatory systems rely on the
concept of substantial equivalence, where the plant is considered equal to its non-GE counterpart except for the
protein produced by the introduced genes. However, because golden rice attempts to introduce a whole new
biochemical pathway, the concept of substantial equivalence is not applicable. If golden rice ever reached the stage
where the developers were to apply for commercialisation, regulators would have to find whole new ways of
assessing the food safety of golden rice (Glenn 2008; ILS| 2008; Schubert 2008).

The food safety of any GE rice is of vital importance because rice can make up a large part of people’s diet
in Asia and other parts of the world, yet it would be very difficult to give any assurances regarding the
food safety of golden rice.

Compromising food security

Questions remain concerming the effectiveness of golden rice. Does the beta-carotene degrade during storage or
cooking? Would it be bioavailable (available for uptake and conversion to vitamin A in the human body) to people
with VAD? The developers and researchers claim that the beta-carotene is efficiently converted to vitamin A in the
body, and that it can make a substantial contribution to vitamin A intake (Tang et al. 2009; Tang et al. 2012).
However, the first results have been questioned as the volunteers in the study were not vitamin A-deficient and, it
they were deficient, i is likely their diet would also lack the necessary fat for bioconversion (Krawinkel 2009). The
same critcism also applies to the more recent results:

“One of the arguments used for advertising Golden Rice is that the people at risk of vitamin A deficiency have such
poor diets that other sources of beta-carotene and vitamin A are ot accessible to them. Because diet definitely has
an eflect on the bioavailabilty of beta-carotene from any beta-carotene-containing food, the choice for a study diet
that included meat, o, and nuts, which does not represent a poor diet, is of concem. Therefore, the results of the
study do not much help us in preventing vitamin A deficiency in populations at risk." (Krawinkel 2009 commenting
onthe study by Tang et al. 2009)

In addition, the researchers conducting the trials have been criticised for using human subjects, especially children,
in an experimental study (Tuffs Daily 2009; Greenpeace 2012).

Alongside the technical issues of how beta-carotene would be metabolised in the human body, there are
concerns that golden rice could undermine food security, because it encourages a diet based on one
staple rather than an increase in access to the many vitamin-rich vegetables. So, if introduced on a large
scale, golden rice can exacerbate malnutrition and ultimately undermine food security.
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Golden rice is neither needed nor necessary

In the past decade, great progress has been made against VAD and other malnutiton problems. Well-proven
solutions to fight VAD, multi-nutritional deficiencies and malnutrition, are known, available and cost-effective. For
example, VAD is currently being successfully tackled by a combination of supplementation and home garder
Bangladesh, whereas 20 years ago it was considered one of the worst public health problems (for a review, see
Greenpeace 2010). Despite such successes, VAD remains a serious health problem in many countries; not
because there is a lack of tools for combating the deficiency, but rather due to political instabilty, a lack of funds, or
alack of political will to combat the underlying causes.

VAD often occurs in conjunction with other micronutrient deficiencies. Genetic engineering approaches to these.
nutrient deficiencies are bound to fail because they don't address the root cause of these problems. Effective short
and medium-term interventions are already being employed, such as fortfication of food with vitamins and
minerals, food additives and supplementation. Dietary diversification addresses multiple deficiencies, and in the
case of home gardens empowers people to diversify their own diet. By looking at the root causes of the problem, a
range of projects such as home gardens and diversifying farms can eradicate not only VAD but also tackle all other
nutrients and malnutition in the same instance. Sustainable solutions to VAD and other micronutrient deficiencies
are proven and in use. The real need is to ensure that these solutions are rolled out to the peaple who need them.

Biofortfication can be an effective mid-term intervention for micronutrient deficiencies. It does not reqire genetic
engineering. Whereas genetic engineering approaches to bio-fortification have attracted much publicityin recent
years, it has remained largely unnoticed by the general public that conventional breeding and Marker Assisted
Selection (MAS) represent a viable altemative to genetic modification strategies for biofortification. MAS is a
moder breeding technique that complements traditional breeding and makes it more efficient (for a review, see
Greenpeace 2009). It uses our knowledge of how genes and genomes operate, but does not resultin a GE plant.
HarvestPlus, for example — an interdisciplinary alliance of insitutions and scientists working to breed bio-fortfied
crops — devotes 85% of ts resources to conventional breeding, because of regulatory and politcal restrictions on
the use of genetic engineering approaches, and because significant progress can be made through conventional
breeding (Nestel et al. 2006). MAS has already achieved success enriching beta-carotene in maize enriched with
beta-carotene (Harjes et al. 2008), which is already being used in Zambia to help tackle VAD (Harvestplus 2010).

Greenpeace advocates the long-term solution of supporting people to diversify their diets with food grown
in a system of ecological farming (a particularly appropriate technology requiring minimal resource/input
investment), as well as acknowledging the intermediate steps of supplementation and fortification. A key
a healthy, balanced diet (IAASTD 2008), requiring access to a variety of foods.

Conclusions

* After over 20 years and millions of dollars, ‘golden’ rice remains an illusion. Itis simply a research
project with good public relations

* GE rice will contaminate (via outcrossing and seed mixtures) traditional rice varieties, landraces, wild
and weedy rice relatives, raising cultural, agronomic, environmental concerns and potentially affecting
food security

* The specific pathway of beta-carotene synthesis in the plant is not well understood and the complexity
of the genetic engineering increases the potential for unexpected and unpredictable effects.

* The human food safety of golden rice is unknown. There are concerns regarding unexpected changes
in plant biochemistry, and technical questions over exactly what would be produced when the human
body processes the beta-carotene present in golden rice. Golden rice cannot be considered
substantially equivalent, meaning it cannot be assessed under existing regulations in most countries.

* GE golden rice is not a solution for VAD, no matter how much beta-carotene is in it. It is simply the
wrong approach. Over the past 20 years, the world has been tackling VAD using safer and more
effective techniques.

* I required, biofortification does not require genetic engineering. Non-GE
in farmers’ fields and on people’s plates.

iofortified crops are already
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HOW “GOLDEN” RICE WILL SAVE MILLIONS OF LIVES

eoco B

Finally, after a 12-year delay caused by opponents of genetically modified foods,
so-called “golden rice” with vitamin A will be grown in the Philippines. Over
those 12 years, about 8 million children worldwide died from vitamin A
deficiency. Are anti-GM adivocates not partly responsible?

Golden rice is the most prominent example in the global controversy over GM
foods, which pits a technology with some risks but incrediible potential against
the resistance of feel-good campaigning. Three billion people depend onrice as
their staple food, with 10 percent at risk for vitamin A deficiency, which,
according to the World Health Organization, causes 250,000 to 500,000 children to
go blind each year. Of these, half diie within a year. A study from the British
medical journal the Lancet estimates that, in total, vitamin A deficiency kills
668,000 children under the age of 5 each year.

Yet, despite the cost in human lives, anti-GM campaigners—from Greenpeace to
Naomi Klein—have derided efforts to use golden rice to avoid vitamin A
deficiency. In Indiia, Vandana Shiva, an environmental activist and adviser to the
government, called golden rice “a hoax” that is “creating hunger and
malnutrition, not solving it.”

Advertisement

The New York Times Magazine
reported in 2001 that one would need

to “eat 15 pounds of cooked golden - I
rice a day” to get enough vitamin A,
What was an exaggeration then is L

cemonstrably wrong now. Two recent [N,
studies in the American Journal of

NOT-COMING

Clinical Nutrition show that just 50
grams (roughly two ounces) of golden
rice can provide 60 percent of the
recommended daily intake of vitamin
A They show that golden rice is even
better than spinach in providing vitamin A to children.





