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Summary

Despite the rapid global adoption of GM crops there are several restrictions that hinder the development of these crops; one of the most important is the cost of development.  At each phase of development, costs are incurred.  Compliance with the regulatory process also involves significant attendant costs.  For many developing countries, these costs may be prohibitive. The costs of developing a GM crop in the Philippines and South Africa are discussed and recommendations are made for improving the current system in South Africa.
Although the potential benefits of modern biotechnology are expected to overcome many of the obstacles to better healthcare, environmental management, more efficient industrial processes and increased agricultural production, associated safety issues need to be resolved in order to optimize the benefits to society.  It is here where biosafety regulations act as a safety check in genetically modified product development and commercialization. This is important because such regulations provide:

· a stable and predictable framework within which the benefits of this new technology can be evaluated and harnessed, and 

· protection to the consumer and the environment.

On the other hand, while regulations may provide a comfort level of safety, high regulatory costs involved in compliance can hamper product development.  In many developing countries, excessive regulatory requirements imposed by national legislation and/or the interruption of the legislative process by extreme biosafety studies inhibits technology transfer
.  It is necessary, therefore, to find a balance between the cost of regulation and safety assurance: increasing biosafety regulation may be desirable as an added safety check but excessive regulation and the extra costs involved stifle product delivery and deny the benefits of the technology to society.  This is particularly relevant if the public sector is to play a significant role in the application of this technology for the improvement of “orphan crops” in developing countries.
1. The Problem

Despite the rapid global adoption of GM crops by many farmers in over 23 countries
, there are still a number of restrictions that hinder the development of these crops.  One of these is the cost of regulatory compliance and release.

Over the past ten years, the costs of regulatory compliance have soared.  For example, a new Bt maize event, grown in the U.S., Canada and Argentina, and registered in the main export markets of these countries for food and feed use, now costs over $20 million and this figure is still rising.  On top of the very considerable financial burden this poses for the developers (about 50% of the total product development cost covers the regulatory clearance of the GM crop), is the fact that this is not the full picture (W. Green, personal communication).
As more countries develop national regulations for GM crops and their products, technology developers have to keep registering their products in even more markets.  In principle, the Cartagena Protocol on Biosafety should result in a significant reduction of costs because it makes provision for importing countries to accept new GM events without additional requirements.  Unfortunately, the refusal of regulators to accept the biosafety assessment data generated by developers in favour of massive duplication of data gathering seems to be the current fashion.  As a result, regulatory clearance has become a major hurdle in developing GM crops.

In many countries, the duplication of biosafety assessments for regulatory submissions has become a sizable industry, often providing more jobs than actual product development.  In several developing countries, the absence of a biotechnology strategy and a belief in the future of their own biotechnology programmes, authorities redirect donor funding for biotechnology towards repeating biosafety assessments, most of which only confirm what was already demonstrated in the core regulatory package.

A widely traded GM crop such as maize needs to be cleared in numerous markets, from Argentina to China and from the EU to Russia.   Each of these countries requires the applicant to follow their national regulatory pathways even though the actual technical questions and the elements of the risk assessment are often very similar.  The authorities have almost systematically attempted to differentiate their approaches by different regulatory file format requirements, distribution of authorising responsibility and approval procedures.  The translation of the regulatory files, which can run up to a thousand pages or more, into dozens of languages, is by itself a major challenge and a significant cost.

If research in the public sector is to contribute to making the benefits of modern biotechnology available to resource poor farmers, these non-technical hurdles must be addressed.  It is not likely that donor agencies which are currently funding research, will be willing to cover the expense of complying with onerous and often unnecessary procedures.  There is, therefore, a need to reform those regulatory systems that have spiralled out of control. This reform is as much a priority for the biotechnology community as continued scientific development and there are several areas for improvement.

1. Minimise the duplication of data - the default approach of any authority should be the mutual acceptance of data.  Duplication of experiments should be the exception, and based on an objective scientific rationale.

2. Promote the use of a uniform set of application formats, and accept the limited need for translation of technical files. Translation of highly technical files in widely different languages is a difficult task, and reliable and accurate translation is only achieved at high cost.  Public sector institutions are unlikely to have the resources for the necessary quality control, and may therefore be working with files that have different meanings for the applicant and the regulator.  A uniform format already exists in the different guidelines developed by OECD between 1986 and 1995
. These are the technical basis for the annexes of almost every regulatory system in the world today.

3. Amend the "time limited permit".  This system, which allows countries to approve GM crops only for a limited period of time leads to a great deal of complexity. Applications for product approval extensions have to start several years before the actual end of the approval period.  During that time developers shoulder massive risks in their product development pipeline, since permit renewal cannot be taken for granted and large breeding and seed production programmes may well have to be abandoned at the last moment. The inability of many regulatory authorities to respect their own official timelines for reviewing files merely adds to the uncertainty.

There is an urgent need to review the current regulatory jungle in the light of the coming generation of public sector GM crops, in an environment where the actual science of the regulatory system can again become the focus of discussion.  Unfortunately, there are not many policy platforms left where this is possible and this is a sad reflection of how far contact has been lost with scientific and farming reality in the biotechnology debate.  Much of the science-based framework for risk assessment which proved itself so well in the past was agreed upon in a Group of National Experts of OECD, working between 1983 and the mid-90s.  Given the current political environment around agricultural biotechnology, it is unlikely that a similar group of experts could be brought together to do a non-politically influenced task today.
2. The developmental pathway
Research and development of GM crops is subject to biosafety considerations. The ultimate goal is to produce a plant that exhibits desirable novel characteristics without posing a risk to man or the environment.  In this regard the sequence of development, from trait identification to regulatory submission, is shown below.
Fig. 1: Activity, sequence, timing and average spend to produce a transgenic plant.
	
	Discovery Gene/trait identification
	Phase I

Proof of concept
	Phase II

Early development
	Phase III Advanced development
	Phase IV Regulatory submission

	Key activity
	High throughput screening
	Gene optimization. Crop transformation.
	Trait development. Preregulatory data.
	Trait integration. Field testing. Regulatory data.
	Regulatory submission (US). Seed bulk up



	No. genes evaluated
	10 000’s
	1000’s
	10’s
	<5
	1

	Average duration
	24 to 48 months
	12 to 24 months
	12 to 24 months
	12 to 24 months
	12 to 36 months

	Probability of success
	5%
	25%
	50%
	75%
	90%

	Average years to complete
	2
	4
	6
	8
	10

	US$ (millions)
	2 to 5
	5 to 10
	10 to 15
	15 to 30
	20 to 40


Source: Monsanto 2007 Pipeline.

After a particular practical problem is defined, the next step in GM crop development is gene discovery - a gene that expresses the desired characteristic must be sourced.  In the case of stem borer–resistant maize, the gene responsible for the resistance was obtained from the soil bacterium, Bacillus thurungiensis (Bt).  A gene construct is then made and introduced into the host plant by use of a "gene gun" or a tumor–inducing bacterium such as Agrobacterium tumefaciens.  After a selection is made to determine which plantlets have successfully integrated the novel gene, the genetically enhanced plants are ready for laboratory or greenhouse testing, confined field trial, multi–location field trials and finally general release or commercialization. 

At each phase of development, costs are incurred.  Aside from the resources expended on R&D activities there are also costs involved in biosafety checks.  A battery of tests is conducted to evaluate the safety of the protein product or the entire GM plant for humans, animals and the environment. The more stringent the regulatory process, the more safety studies are required, and the longer it takes for the GM plant to reach commercialization. 
Compliance with the regulatory process also involves significant attendant costs.  Apart from the collection and reproduction of a technical dossier and other overhead costs, activities associated with compliance, such as convening of institutional biosafety committees, field trial set–up and visits and publication of public information sheets (PIS), also contribute to the total cost. 

The cost of developing a GM crop from the research stage to market approval is also influenced by the biosafety system.  While a biosafety decision takes into consideration the safety of the regulated GM crop in terms of food, feed and environmental safety, a biotechnology policy decision may also involve all other aspects such as social, ethical and moral considerations
.  A GM crop that has already addressed the necessary biosafety concerns may also be required to meet other requirements which escalate the cost of development.  In the United States, for example, the cost of regulatory data collection and compliance has already forced many small players out of GM crop development, resulting in most of the work now being carried out by large companies who have the funds and the appropriate staff to deal with the regulatory requirements.
Compared to most regulatory evaluations conducted to establish the safety of a technological innovation, the process required for genetically modified organisms is much more stringent.  All relevant safety aspects and probable risks associated with a GMO are scrutinized by regulators.  In general, the biosafety evaluation process is conducted in a step–by–step fashion: the organism passing through a series of successive stages, each one being a prerequisite to the next.   Each stage incrementally introduces the organism from confinement (laboratory experiments) to the open environment (commercial propagation), provided safety considerations are satisfied at each level. 
3. Cost of development

3.1. The Philippines

On 4th December, 2002, Bt maize became the first GM crop to gain approval for commercial propagation in the Philippines.  It took five years, three months and 16 days to complete the process and satisfy the requirements of the Philippine biosafety system
. 

The cost of developing Bt maize event MON810 in the Philippines (from the US laboratory testing to the post approval stewardship stage) was estimated at $2,607,793 at 2004 prices. Laboratory and greenhouse activities conducted in the Philippines only amounted to about $57,000.  These activities simply complemented those already conducted in the US, thus the relatively small amount. The product developers also earned additional savings from the use of laboratory and greenhouse facilities of the International Rice Research Institute (IRRI) free of charge. 

Cost for the single–site confined field trial (CFT) was about $170,000. Contrasting this to the total costs of about $888,000 incurred for the conduct of the multi–location field trials (MFT) in 17 sites—or an average of $52,000 per site—the unit cost of conducting the latter experiment is cheaper by roughly 70%.  Conducting simultaneous multi–location field trials costs relatively much less per unit compared to the conduct of a single–site field test. 

Costs incurred for the application for commercial propagation amounted to about $316,000.  A significant portion of this amount (about $267,000) came from the nine biosafety and socioeconomic studies outsourced to independent scientists and conducted in support of the commercial application.  Also worth noting is the $5,300 government fee paid for the permit application.  Due to financial constraints, the DoA follows the principle of full cost recovery, whereby the transaction costs involved in processing the permit application is passed entirely to the applicant. 

Post–application activities amounted to more than $965,000. The two items entailing the most significant costs were the IRM activities across the country and the production of promotional and information, education and communication (IEC) materials. 

Fig. 2: Cost of developing Bt maize event MON810 in the Philippines.
	Phase
	Discounted cost at 2004 prices (US$) 
	Percent share (%)

	Lab/greenhouse (US)
	212,057.86
	8.13

	Greenhouse (Phil.)
	57,362.13
	2.20

	Confined field trials
	169,717.60
	6.51

	Multi–location field trials
	887,773.99
	34.04

	Commercial application
	315,853.39
	12.11

	Post–commercial activities
	965,028.12
	37.01

	Total
	2,607,793.08
	100.00


Fig. 3: Cost of developing Bt maize event MON810 in the Philippines by year of expenditure (excluding 1985).
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3.2. South Africa

In South Africa, GMO’s have been imported and grown since 1992.  Initially, in the absence of specific legislation to regulate activities with GMO’s, local scientists established an advisory committee to inform government, industry and the public on the safety of GMO’s.  This Committee, known as the South African Committee for Genetic Experimentation (SAGENE), was responsible for the evaluation of risk assessments, i.e. food, feed and environmental impact assessments, of all applications to conduct activities with GMO’s.  Activities approved by the Department of Agriculture were conducted according to a permit issued under an amendment of the Agricultural Pest Act, 1983 (Act No. 36 of 1983).

Since implementation of the Genetically Modified Organisms Act, 1997 (Act No. 15 of 1997) by the National Department of Agriculture in December 1999, SAGENE has been disbanded and all GMO activities are conducted according to permits issued in terms of this act.  The GMO Act is administered by the Directorate Genetic Resources Management and makes provision for a Registrar, two regulatory bodies (the Advisory Committee and Executive Council), and inspectors.

GMO’s approved for commercial use in South Africa have been thoroughly tested for safety with regard to humans, animals and the environment.  As of 2003, GMO’s that are commercially available in SA include:

· Insect resistant maize

· Insect resistant cotton

· Herbicide tolerant cotton, maize and soybean

· Herbicide tolerant and insect resistant cotton and maize

Adoption has been rapid and by 2007 more than half of the area planted to these crops in South Africa consists of GM varieties
, as indicated in the following tables.
	Crop
	% of total crop
	Area

	Maize
	62
	 1 600 000 ha

	Soybean
	80
	    144 000 ha

	Cotton
	90
	        9 000 ha

	
	
	

	Total
	
	 1 753 000 ha


	Crop
	Trait
	Area

	Maize - White
	Bt
	760 000 ha

	
	Herbicide tolerant
	220 000 ha

	
	Bt/Herbicide tolerant
	  60 000 ha

	Maize - Yellow
	Bt
	394 000 ha

	
	Herbicide tolerant
	153 000 ha

	
	Bt/Herbicide tolerant
	  20 000 ha

	Soybean
	Herbicide tolerant
	144 400 ha

	Cotton
	Bt
	       500 ha

	
	Herbicide tolerant
	       500 ha

	
	Bt/Herbicide tolerant
	    8 000 ha


In South Africa, the following steps need to be considered in the application for the general planting of a GM crop.
	Step
	Estimated cost (SA Rands)

	1. Regulatory trial dossier preparation
	23 000

	2. Application fees for trials (minimum 2 seasons)
	4 000

	3. Local regulatory trials – Confined Field Trials to assess efficacy/phytotoxicity under local conditions.
	300 000

	4. Laboratory assessments – e.g. MRL’ s for herbicides in HT traited crops.
	20 000

	5. Public participation and advice notices (minimum 2 seasons).
	32 000

	6. Regulatory General Release dossier preparation
	50 000

	7. Public participation and advice notices
	32 000


In addition to the above costs, provision must also be paid for the costs incurred by trait introgression into local varieties (which starts when phase III is reached in US), development and testing of the new hybrids/varieties, establishment of pre-foundation, foundation and pilot seed production, seed production (by contracted growers), market development costs, training, product guides, Farmer’s Days, labels and packaging.
South Africa has the only fully functioning biosafety regulatory system in Africa that has approved numerous genetically modified organisms (GMOs) for both field trials and commercial releases.  Farmers throughout South Africa plant GM maize, cotton and soybeans and research is being conducted to apply genetic engineering to numerous crops.
Cost of delayed decision-making
From 1996 to 2006, farm incomes in South Africa are estimated to have improved by US$3 million from the cultivation of GM soybean, US$134.5 million from GM maize and US$18.2 million from GM cotton
.  These figures indicate not only farm income benefits arising from the use of GM crops but also the cost incurred by farmers for the unnecessary delay in approving the general release of a new GM crop traits. Similarly:
· Bt cotton grown under irrigation increased farm income by US$146/ha while under rain-fed conditions the increase was US$20/ha.  Small scale farmers cultivating Bt cotton under rain-fed conditions improved their farm incomes by US$37/ha
.  
· More recently
, interviews with resource-poor farmers growing Bt cotton in South Africa indicated that 88% reported a higher income from Bt compared to non-Bt varieties previously grown by them, and this higher income was used primarily for greater education of their children (76%), more investment in growing cotton (46%), repaying debt (28%), investment in other crops (20%) and spending money on themselves.  Some 89% had increased their asset base due to Bt cotton, primarily by increasing their cultivable land. 
· A recent study
 has indicated that Bt maize under irrigation increased farm income by US$117/ha while under rain-fed conditions the increase was US$35/ha. 
Delaying the access of small-scale farmers to the products of this new technology by  inefficient or cumbersome regulatory control, denies small-scale farmers access to these benefits and robs them of the opportunity to improve their level of food security and reduce their level of poverty.

The selective blocking of commodity imports
In 2004, based on an objection from a domestic farmer group, Grain South Africa, South Africa decided, as a temporary measure, to block the approval of a new GM maize event in commodity imports of maize from USA
. This GM maize is resistant to corn rootworm, a pest that is neither present nor endemic in South Africa. The developing company requested an import permit to allow imports of mixed GM maize containing this GM event to be sold in South Africa.  At a time when the world price of maize was relatively low and with relatively large US imports, local maize producers supported the idea that this new GM maize should be blocked because of what they considered as unfair competition despite the fact that the new GM event held no advantage to South African farmers and could not be grown in the country.
What seemed to be a temporary decision has since not been rescinded. All new GM events approved have had to pass the full approval procedure for environmental release. This issue has divided the local agricultural sector into two groups. Maize producers who want to keep the requirement that any GM product should be imported only if it is approved for planting and the animal feed industry which sees it as a protectionist measure.

Cost of loopholes in or misinterpretation of Act

In South Africa, the Registrar (GMO Act), receives all applications for activities with GMO’s.  Once the Registrar is satisfied that the application is compliant with the provisions of the GMO Act, the application is forwarded to the Advisory Committee.  Members of the Advisory Committee are appointed by the Minister for Agriculture and consist of ten scientists who are experts in fields related to GMO’s. This Committee evaluates risk assessments, which are submitted with every application, to determine the potential impact of the proposed activity on the environment, human and animal health, and makes a recommendation to the Executive Council on whether the proposed activity should be approved or not and which risk management procedures should be applied.

The general public is consulted on intended activities related to GMO’s by means of notifications in major newspapers. Comments from the public are considered by the Council when they evaluate an application. This promotes credibility and transparency in the regulatory process.

The Executive Council is the decision-making body and consists of officials from six government departments;

· Agriculture,

· Health,

· Environmental Affairs &Tourism,

· Labour,

· Trade &Industry,

· Science &Technology, 

and

· The Chairperson of the Advisory Committee.

In an amendment to the Act, representatives from the following two departments are soon to be added to the EC:

· Forestry & Water Affairs

· Arts & Culture

If the Executive Council is satisfied that a certain activity with a GMO may proceed, the Registrar is authorised to issue the necessary permit.   A register of all permits issued since implementation of the Act, the Act itself and regulations on the Act, are available on the directorate’s website.  Under the GMO Act, provision is also made for the appointment of inspectors.  These are officials within the Directorate South African Agricultural Food & Quarantine Inspection Services and they are responsible for monitoring GMO trials through inspections of trial sites at regular intervals during the planting or trial season. All inspection reports are recorded with the Registrar’s office.

Since the implementation of the GMO Act, one of the most repetitive complaints from applicants is that the Executive Council often asks questions that have already been addressed by the Advisory Committee or have been covered in the applicant’s submission.
As the applicant is not present or invited to attend the Executive Council meeting at which the application is discussed, a great deal of time is wasted in conveying the Executive Council’s question to the applicant and receiving the applicant’s reply.

The Executive Council

In terms of the GMO Act, the Executive Council is the decision-making body that approves or denies the issuing of a permit to undertake a certain activity.  But while the biosafety regulatory system in South Africa is functioning and issuing authorizations for activities with GMOs, there is a consensus among biotechnology and biosafety stakeholders that the system needs to be optimized.
  
Recommendations

The following recommendations for improving the current system have been made
:
1. The Executive Council Should Provide a Formal Decision Document to Applicants and the Public
Currently, the Executive Council (EC) decides permit applications by consensus and informs the applicant of its decision by having the Registrar issue a permit to the applicant and then places a notice that a permit has been issued on its website. The EC does not write down the basis of its decision in an official government decision document that could be released to the applicant or the general public.  

The Executive Council should memorialize its decision on GMO applications in a document accessible to the public.  This document should explain the basis for the decision and would be available for use in any appeal of an adverse decision.  Such a document would also provide feed back to applicants about the issues pertinent to their application and also inform other developers about issues that were of concern to the EC.  The document should be provided to the applicant and be posted on a government website for anyone to view.    

2.
Increase the Transparency of the Work of the Biosafety Regulatory System
If a biosafety regulatory system is transparent, it is more understandable to the different stakeholders (applicants, government officials, and the public at large) and can be more efficient.  It can also result in decisions that attract more public confidence.  

All participants agreed that the South African biosafety regulatory system could improve its transparency.  It was recommended that the government include on a biosafety website the non confidential portions of the applications they receive, with the 30 day public comment period to commence after such information is uploaded and publicly accessible.  In addition, the decision documents for each application and as well as guidance documents should also be provided on such a website.  Finally, the government should publish on the website any new information from the applicant that it receives during its review process.

3.
Provide for More Efficient Communication Between the EC and Others
Currently, the EC communicates any questions or issues it has to the applicant or its science advisors through written correspondence from the Registrar.  The EC should invite the applicant to answer EC questions immediately at its meetings.  In addition, the chair of the expert review committee or a member of the SAC knowledgeable on the particular issues raised by an application should be present at the EC meeting to answer any scientific questions from EC members.  Finally, it was suggested that applicants be allowed to orally present their applications to the Registrar if the Registrar believed this would be helpful.

4.
Improve Forms and Provide Additional Guidance

To both improve transparency and make the biosafety regulatory system more efficient for both applicants and the government regulators, the current forms should be revised and additional guidance given.  Current forms should be made user friendly and made relevant to the specific application.  For example, a commodity form should not request environmental information that is needed for a general release GMO.  Guidance should be provided on new GMO applications, such as on stacked gene applications or pharmaceutical crops.  In addition, more specific guidance would be helpful on the various studies needed for different applications.  Finally, the regulatory system should allow the applicant to ask questions in advance of submitting an application for a novel type of GMO, such as nutritionally enhanced product, so that the application can be complete when it is finally submitted.

5. Build Biosafety Capacity of the Executive Council Members
Biotechnology and biosafety are technical, scientific areas where some level of competence and understanding of the issues is extremely important to making good decisions.    Although EC members need not be experts in biotechnology or biosafety, they should have received some formal training on those subjects.  It was recommended that existing EC members, as well as new members (and also replacement members) obtain some formal training in biotechnology and biosafety.

6.  Ensuring that the Executive Council Gets the Needed Expert Advice for Reviewing Applications

The current Science Advisory Committee (SAC) and its advisory panels determine the risks associated with an application and raise issues that require further clarification. However, this process could be improved by:

· Matching the reviewers with the particular issues raised by an application (including the use of non-scientists such as an economist when an application raises economic or trade issues);

· The reviewers should be allowed to meet and achieve a consensus opinion on the issues raised by the application and then forward it to the EC (as opposed to the current process of providing the EC with a summary of the different reviewer opinions);

· The report of the experts should be standardized;

· When an application raises issues that go beyond the expertise of the three reviewers, all SAC members should be given the opportunity to opinion on the issues raised within their areas of expertise; and

· Appropriate compensation should be given to SAC members so they can devote the necessary time and effort to reviewing applications and providing good advice to the EC.

7.
Improve the Appeals Process

Now that several EC decisions have been appealed, those procedures should be clarified and improved.  Applicants appealing a decision of the EC should have the right to present their case orally before the Appeals Board.  In addition, when the Appeals Board reaches a decision, it should be immediately communicated to the applicant.  Finally, the time taken from the lodging of the appeal to the final decision being provided to the applicant should be much shorter than it is at present.

8.
Clarify How Socio-Economic Considerations are Addressed in the Application Process

While socio-economic considerations now play a role in the review and approval of a GMO application in South Africa, the applicant should have some responsibility and role in their assessment.  When a concern is raised that involves such issues, the EC should require the applicant to conduct an assessment of the issue raised.  In this regard, the government should provide guidance on how socio-economic considerations will be considered in the decision-making process and how they should be analyzed by the applicant   It was also recommended that socio-economic considerations should include a benefits analysis of the proposed product.
9. Other Areas of Agreement

There should be further engagement with neighboring countries on biosafety regulatory issues.  The participants also noted the conclusions of the NEAF report and agreed that they support that report’s call for greater public participation in the regulatory process as well as the need for more transparency.

The Registrar should be provided with sufficient resources to enable him/her to carry out his/her duty in an efficient and effective manner.

The EC does not frequently enough to consider all applications in a timeous fashion or insufficient EC members are present at a meeting to make a quorum. Set dates that EC meets
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