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MONSANTO AND THE DEVELOPMENT 
OF 
GENETICALLY MODIFIED SEEDS

In the late 1970s and early 1980s, under the guidance of CEO John Hanley, Monsanto, the fourth largest chemical company in the United States, initiated a major change in its products and focus.  In 1977, times were rough for Monsanto.
  The OPEC nations were artificially restricting the amount of oil coming into the United States, thus raising the price per barrel of crude oil.  Petroleum was the base product for most of the products that Monsanto, and all other chemical companies, made and marketed to consumers.  The increase in the cost of oil was not something that could easily be passed on to consumers because of economic issues like price elasticity.

If the OPEC nations continued their stance, then Monsanto’s chemical business was over.  Hanley had been long aware of the low margins in the chemical business.  When times were good, they were very good, but when times were bad, they were very bad.  Even when times were good, Hanley realized, the chemical business was an economic and political minefield.  A small misstep in some aspect of the company’s core business could create a situation that could bankrupt Monsanto, already in the midst of a heated debate with the EPA for one of its chemical products.
Monsanto was seeking approval for a plastic soft drink bottle made of styrene-acrylonitrile copolymer.  Monsanto had hoped that its Cycle-Safe bottle would make it the leader in a market expected to reach 4 billion units by 1982; by 1976, the company was selling the bottle in twelve states.  The Food & Drug Administration then banned the container, claiming that unpolymerized acrylonitrile remaining in the plastic might cause cancer and birth defects.  In 1977, Monsanto wrote off $20 million in losses because of this ruling, and some people speculated that the total bill for this failed venture could reach $100 million.
  Hanley began to think that the long-term success of Monsanto should be dependant upon something other than the chemical business.
Monsanto
John Francis Queeny founded the Missouri-based Monsanto Corporation in 1901 when he brought the technology for manufacturing saccharin from Germany to the United States.  In addition to developing that product, Monsanto became the largest producer of aspirin in the United States.  By the 1920s, the company had spread into manufacturing sulfuric acid and other basic industrial chemicals.  In 1923, Monsanto began the first of its overseas ventures.  Since transportation to China was difficult and sugar was heavy, the lighter artificial sweetener saccharin became such a huge export success that by 1976, one third of all earnings were coming from this overseas investment.

During the 1930s and 1940s, Monsanto continued to grow both through the success of its products and by purchasing companies already established in the particular fields in which it wished to expand.  In the ten-year period starting in 1930, Monsanto purchased and merged with Southern Cross chemical company in Australia, Greasser, Mallinckrodt, Swann Corporation, Thomas & Hochwalt Laboratories of Dayton, Ohio, Purchase of Fiberloid Corp. and 50 percent of Shawinigan Resins (100 percent in 1963).  By the 1940s, Monsanto was a leading manufacturer of plastics, synthetic fibers, and synthetic rubber used by the allies in World War II.  In the decades that followed, Monsanto became known as one of the top ten U.S. chemical companies.

In the late 1960s, Monsanto began to diversify into various products such as synthetic fibers, plastics, resins, and even mining.  By the 1970s, Monsanto was into textile, industrial chemicals, and fibers.
Back in the mid-1950s, Monsanto had ventured into agriculture with the production of fertilizers, but it was not until the era of Roundup and Lasso herbicides, first introduced in 1969, that the company’s Agricultural Division thrived.  Monsanto established Roundup herbicide in the world markets by 1974, and it soon became the company’s most bankable manufactured commodity.  No one knew exactly how or by what mechanism Roundup functioned; all that was known was that it was arguably the best product on the market.  (See Appendix 1 for Roundup Sales.)  Aside from being a very potent herbicide, Roundup broke down quickly in the soil and did not leach into the water supply, making it an extremely popular consumer product.  Overall, agriculture was very profitable, and Roundup’s success meant Monsanto could afford research into new technologies.
CEO John Hanley was very interested in the research of his scientists,
 talking regularly with them about new technologies.  It was here that he met Ernest Jaworski, a Ph.D. under the Science Fellow Program.  Jaworski was studying how chemicals, specifically Roundup, were non-toxic to animals and still extremely lethal to plants.  His research goal at that time was to identify the mode of action of glyphosate, the primary ingredient of Roundup.  But his passion was in biotechnology.  To Jaworski, the next agricultural revolution would go beyond chemical approaches.  He envisioned a plant able to protect itself not through herbicides and pesticides or any external factor but through its own genetic configuration.
As Hanley understood it, Jaworksi was researching methodologies to “engineer” new crops with specific traits.
  These traits could be pest and herbicide resistance, longer shelf life, higher yield per acre, and just about anything else.  Hanley began to ponder whether genetic engineering could be the future for Monsanto.
Hanley was also aware that the field of genetic engineering and research was as much a minefield as the chemical business.
  During 1973, national attention had been focused on the issue because of the actions of Paul Berg of Stanford University.
  Berg had planned to put the “Simian Virus 40 (SV40), which causes tumors in Monkeys, into E. coli, a bacteria that abounds in the human intestines and is widely used for research.”
  This research made the public nervous.  In response, some towns banned genetic engineering research within their limits, and the National Institute of Health (NIH) instituted voluntary guidelines on such research.  Hanley understood that a Monsanto mistake in genetic research might not only bankrupt the company, it might cause widespread disease or worse, death.
Hanley speculated that the chemical business was not the best option for the long-term future success of Monsanto.
  He sensed that genetic engineering was an exciting and possibly profitable venture, but he did not just want to trade one set of problems for another.
Ernest Jaworski

Making the decision to move from Monsanto’s Agricultural Division to corporate Research and Development in 1979 hadn’t been easy for Ernest Jaworski.
  Howard Schneiderman, vice-president of R&D, had convinced him to do so.
In the early 1970s, the board of directors of Monsanto decided to create a venture Capitalist firm called Advent.  The idea behind Advent was to ensure Monsanto had a good feel for cutting-edge research in variously related fields.  In 1976, Jaworski introduced Advent to Genentech, then one of the first few biotechnology firms.  Monsanto acquired a small holding in Genentech as its first foray into the genetics business.  Other joint ventures, such as Biogen and Genex, followed.

In 1978, Hanley set out to develop Monsanto’s own corporate research in biotechnology.  With the help of Lou Fernandez, then executive vice-president in charge of staff activities, he found and hired a new senior vice-president for R&D.  Howard Schneiderman joined Monsanto in 1979.

Schneiderman was hired from the University of California at Irvine where he was the dean of the School of Biological Sciences.  Schneiderman was well suited for the position because he had both the technical and business background necessary.  He had a doctorate degree from Harvard, was considered a specialist in insect physiology, was a member of the National Academy of Sciences and, prior to joining the University of California in Irvine, was a distinguished professor of biology at Western Reserve University.  He brought with him the contacts with educational institutions that are required to attract top researchers.

In some ways, Schneiderman added validity to the idea of talented researchers going to work for corporations.  During the 1970s and 1980s, almost all of the most talented researchers worked for universities and colleges as either professors or postdoctrate researchers.  It was, however, not only Schneiderman’s talent that was good for business.  What was more potent was his ambition not only for himself but also for mankind’s triumph over nature.  In his autobiography, he wrote, “My greatest satisfaction is not in having power over people, but in having power over nature.”

As Jaworski contemplated this offer, he realized that there were definitely advantages to continuing his research under Schneidermann.
  The agricultural division, predominantly chemists and certain that by controlling the growth rate of plants, one could effect the characteristics exhibited by a plant, was preoccupied with Plant Growth Regulators (PGRs), another chemical product thought to be the next after Roundup.  But Jaworski was thinking in another direction.  His bet was on biotechnology.  He envisioned a plant able to protect itself not through herbicides and pesticides or any external factor, but through its own genetic configuration.

Jaworski’s Research
Around the end of the 1960s, scientists in the fields of cellular and molecular biology were making critical discoveries.  (See Appendix 2 for DNA discovery timeline.)  Jaworski, an ardent scholar, eagerly followed these events.
  It became possible to regenerate a whole plant from a single cell with select characteristics through suspension culture.  A two-month sabbatical at the University of Saskatchewan in 1972, gave him hands-on training in tissue culture technology.  To further his exploration, he sponsored and co-chaired with Olf Gamdorg the first Gordon research conferences to facilitate the exchange of ideas on advances of plant cell and tissue culture.  One of the existing dogmas under question at that time was the notion that foreign genes, when introduced into an organism, would doubtlessly be destroyed.  Jaworski knew that breaking down the dogma would usher in unimaginable possibilities.  However, aside from these kinds of technical scientific questions and doubts, there were a lot of risks and ethical disputes that plagued the field.
The debate on recombinant DNA, the primary form of genetic engineering, flared up in June 1973, during the Gordon Conference on Nucleic Acids, a private meeting in New Hampshire of some 130 molecular biologists.  Discussion at the meeting led its co-chairpersons, Dr. Maxine Singer (NIH) and Dr. Dieter Soll (Yale) to write a letter to the president of the U.S. National Academy of Sciences requesting that the Academy set up a committee to investigate the possible consequence of recombinant DNA techniques.  They also wrote a second letter to the journal Science to announce publicly the molecular biologists’ concern that recombinant DNA experiments might entail biohazards.

In 1974, a blue-ribbon committee of the Academy of Science led by Paul Berg published its findings, “Potential Biohazards of rDNA Molecules,” later to be known as the Berg Letter.  The media and the public were caught up in the fear.  Headlines at the time included: “Halt in Genetic Work Urged,”
  “Possible Danger Halts Gene Tests,”
 and “Genetic Tests Renounced Over Possible Hazards.”

In February 1975, the Asilomar Conference was held to draft guidelines to set a scale of special lab safety procedures to match the scale of conjectural hazards imagined to be associated with recombinant DNA experiments.  On June 23, 1976, NIH issued further guidelines as an extension of Asilomar.  Following the release of the guidelines, several scientists found themselves with completed and partially completed experiments no longer permissible under the new guidelines.  A number were forced to abandon their work.

General public alarm grew.  During the summer of 1977, Congress seriously considered the passage of specific legislation covering recombinant DNA research.  This prompted the proponents of the original Berg Letter to verbalize the reversal of their position from their original review.  They believed that the fear and hazards originally contemplated were very speculative and that recent experience with the research refuted them.  Members of the scientific community confirmed this stance; lobbyists in support of the cause were engaged; and numerous studies and results concerning safety were published.  Finally, on January 2, 1979, NIH revised and relaxed its guidelines, allowing viruses to be studied.  Genetic engineering, however, was still a touchy subject.

The situation at Monsanto was equally discouraging.  At the Agricultural Division, resources poured into research focused on the immediate commercialization of products where R&D turnover was fast.  In contrast, biotechnology was novel and green.  Jaworski’s work needed a great deal of basic and fundamental research before any real commercialization would be able to take place, an activity deemed slow in company divisions.  Even at Monsanto, questions and doubts about Jaworski’s research cropped up.  Not only was it perceived as a risky endeavor, but also as a competitor to PGRs where much study has already been done.

Biotechnology research, both within Monsanto and elsewhere, would be arduous, lengthy, and unclear.  Schneiderman was offering security of funding and upper management support.  Jaworski recognized that a move to Corporate R&D meant that he would have to leave behind everything he had spent a career building.  He would be able to devote himself full-time to the research that up until this point was something that he could only focus on when work permitted.  By moving, he would be severing working relationships that he had been fostering for over 20 years.  He would also be under the intense spotlight of having to yield promising results.  He was no longer just researching for a small part of Monsanto, he was researching for Monsanto’s future, and the price for failure would be enormous.
  Nonetheless, realizing the pitfalls, Jaworski had made the decision to switch his line of work at Monsanto.

Birth of the Intelligent Plants

Once ensconced in Monsanto’s Agricultural Division in 1979 with the task of creating the first genetically modified plants,
 Ernest Jaworski began to assemble his team of researchers.  The first member to join the team was Stephen Rogers.  (See Appendix 3 for team biographies.)
Rogers, a microbial geneticist and newly appointed assistant professor at the Indiana University School of Medicine, had never really considered a career in industry.  Reluctant to join Monsanto at first, Rogers was convinced to come give a seminar on his work and see Monsanto for himself.  “I didn’t meet Schneiderman on that visit, but the fact that he had come to Monsanto from academia added a level of comfort.  His and Ernie’s vision opened huge possibilities for me,” said Rogers.  He joined Jaworski’s new team in August 1980.

The next to follow was David Tiemeier, an assistant professor at the University of California Medical School at Irvine.  Tiemeier was the first to do gene-cloning research at Irvine, and he already knew Howard Schneiderman.  He later focused his research on animal growth.

The third recruit was Robb Fraley, a postdoctoral fellow at the University of California at San Francisco and a pioneer in the field of DNA transfer into plants.  Fraley was so eager to join Monsanto that he arranged an interview with Jaworski between planes at the Boston airport.  “I grew up on a farm in the Midwest, always had an interest in agriculture, and always knew I wanted to do research,” said Fraley.  “Monsanto had shown a commitment in tissue culture, and the agricultural business was important to the company.  I thought if anyone has the commitment to stick out what is clearly going to be a long, expensive investment, it would probably be a company like Monsanto.”

After Fraley signed on early in 1981, only one key player was missing: a specialist in plant-cell and tissue culture.  As it happened, a postdoctoral fellow named Robert Horsch was working at the University of Saskatchewan, where he heard about Jaworski.  “People remembered Ernie from when he had studied in Gamborg’s lab,” recalled Horsch.  “They knew he was building a molecular biology staff, and they suggested I write to him.”  Horsch’s letter so intrigued Jaworski that he invited the young scientist to St. Louis for an interview.  “The day after I got home—it was a Saturday—Ernie called to offer me a job,” said Horsch.  “I had been interviewing with other companies, but Monsanto was the most compelling because they seemed really serious about their approach.  Besides, I thought, ‘Wow! If they can make up their minds so quickly, this is a place I want to work.’”

Jaworski’s group was first temporarily housed in the new biotechnology laboratories on the fourth floor of “U” Building at Creve Coeur campus in 1981.
  The group, which had begun with two scientists and a secretary from the Agricultural Products Company just two years before, numbered 36 people, including Robb Fraley, Steve Rogers, Rob Horsch, and David Tiemeier as the scientific leaders.  Their charge was to establish a library of state-of-the-art technologies and to develop fundamental knowledge that would lead to business opportunities in agriculture, animal science, and human health.  Later, the staff increased to more than 100 people housed in a $150 million modern life-science research center in Chesterfield, Missouri.
Because of Jaworski’s training and experience in the agricultural area, the largest effort went into plant science.  Fraley, Rogers, and Horsch focused on plant science.  So did Tiemeier at first, but by the end of 1983, his molecular genetics group had turned its attention full-time to human health and animal growth.

“I was given a very clear target when I arrived at Monsanto,” said Horsch, “and that was to develop the methodology to transfer cloned genes into plant cells and then regenerate healthy, fertile plants from those cells.  “Horsch’s team began work with the white mice of the plant research world: garden-variety petunias and a wild relative of tobacco called Nicotiania plumbaginifolia.  The scientists were perfecting their expertise in plant tissue culture, a technique used to grow whole plants from single cells.

Plant tissue culture involved creating protoplasts—cells whose exterior walls had been painstakingly removed with special enzymes.  When hormones that promoted growth were added to the protoplasts in a petri dish, the single cells grew into a yellow-green clump that resembled a tiny cauliflower head, called a callus, and then into whole plants.  Because of Horsch’s work, the laboratory incubators bloomed with delicate white, pink, and deep-rose petunias.

“We chose to work with petunias and tobacco because both plants had been well studied genetically by other labs,” said Horsch.  The choice of plants made sense to everyone from a basic scientific research point of view, but spending time and money on the basics seemed a waste to some Agricultural Products Company scientists.  “Ag thought we should be working in soybeans right away,” said Jaworski.  “They said, ‘We’re an agricultural company. We’re supposed to be working on crop plants.’  But no one knew how to regenerate soybeans from single cells at that time, and if you couldn’t grow whole plants, you couldn’t answer the basic questions we needed to answer. My philosophy is that if you can’t answer the basic questions, you can’t have a business.”

The questions were daunting.  First, was it possible to insert new DNA—deoxyribonucleic acid, the genetic basis of all life—into a plant cell?  Second, could the DNA be inserted in such a way that it would work in the cell?  Third, would the modified single-plant cell grow into a whole plant that exhibited the new trait?  And, finally, would the offspring of that plant also show the new trait?  In 1981, no one knew.

While Horsch perfected his tissue culture techniques, Steve Rogers developed genes that “mark” cells carrying the new DNA.  Robb Fraley, an expert in plant transformation, worked on a means to carry the new gene into the DNA of a plant cell.  “The challenge was to put it all together,” said Fraley.  “Had any one of the steps not worked, the whole idea would have failed.”

For the next two years, long, tedious hours of the most basic research in molecular biology, genetics, tissue culture, and bacteriology filled the days, nights, and weekends of Jaworski’s scientists.  During that time, they perfected a method for changing the genetic makeup of plants that was widely recognized as ingenious and that was in fact later on used by scientists worldwide.

In nature, a bacterium, called Agrobacterium tumefaciens, caused a mild disease in plants by injecting its DNA into cells through wounds in the plants’ outer surfaces.  Rogers and Fraley recognized that this bacterium might be the vehicle they needed to carry a gene of their choice into a plant cell.  Fraley knew that many kinds of bacteria, including Agrobacterium tumefaciens, had an unusual circular form of DNA, called a plasmid, which existed outside the nucleus of the cell.  He also knew that Agrobacterium tumefaciens caused disease by transferring a gene from the plasmid into the nucleus of a plant cell.  Putting these facts together, he decided that the plasmid could be a key piece in the plant genetic-modification puzzle.

At this point, Rogers and his team took over.  They removed plasmids from  Agrobacterium tumefaciens cells and used special enzymes to cut out the disease-causing gene.  Then, using other enzymes, they “pasted” a new gene of their choice into the plasmid.  The final step was to return the “recombinant” plasmid to the Agrobacterium tumefaciens.  Because this was a basic research project primarily aimed at proving the Agrobacterium tumefaciens system, Rogers chose to insert a gene that would allow him to know whether it had been incorporated into the plant cell’s DNA and whether it was functioning.

The gene Rogers chose for the test was one that enabled plant cells to grow in the presence of kanamycin, an antibiotic that normally would kill them.  His plan was to expose the new cells to kanamycin.  If the experiment worked, if the gene functioned, only those cells with the gene would grow, making it easy separate cells that had the gene from those that didn’t. Meanwhile, Horsch perfected a tissue-culture system called “co-cultivation,” a technique in which he combined the plant cell protoplasts with the engineered Agrobacterium tumefaciens in solution.  He expected the Agrobacterium tumefaciens to transfer the portion of the plasmid carrying the antibiotic resistance gene directly into the plant cells’ DNA.  Then, he grew the protoplasts in a petri dish on media that contained both kanamycin (which killed cells) and plant hormones (which encouraged cell growth).  As the researchers predicted, only the engineered cells proliferated.

A Scientific Breakthrough

The entire system, as envisioned by Rogers, Fraley, Horsch, and their teams, worked.  By late 1982, Jaworski’s group had succeeded in genetically modifying a plant cell for the first time in scientific history.  This was a milestone in basic research, and it established Monsanto’s early lead in agricultural biotechnology.  Horsch announced the breakthrough in January 1983 at the Miami Winter Symposium, a prestigious annual scientific convergence of biologists from around the world.  In the first public presentation of his career, his voice quaking, Horsch presented Monsanto’s evidence.  Adding to his stage fright was the fact that two of Monsanto’s academic consultants, Mary Dell Chilton, and Jeff Schell, were on the same panel announcing similar successes of their own.  However, the assembled biologists gave Monsanto credit for the breakthrough.  “Our data were airtight and conclusive,” Jaworski recalled.  “Neither Schell nor Chilton presented data to support their claims.  We got the recognition because we showed incontrovertible data.”

In February 1983, only three months after the first breakthrough, Horsch succeeded in growing whole plants from individual engineered cells.  Fraley and Rogers soon proved that the antibiotic resistance gene existed in every cell of the “regenerated” plants.  In April 1983, they found evidence that offspring of the modified plants also exhibited the new trait.  In less than three years of arduous effort, Jaworski’s molecular biology group had answered its basic questions, and it had developed a viable system for genetically modifying plants.  “Now we could replace the antibiotic-resistance gene with any gene we wished and obtain improved plants,” says Rogers.
  (See Appendix 4 for research results.)
In 1985, Monsanto developed tomatoes that were tolerant to Roundup.  The company’s next project was to make plants insect resistant, which it did with the introduction of Bacillus thuringiensis (B.t.) to plant cells.  The research team then focused on the commercial application aspect.  Fraley, followed later by ten of his scientists and Horsch, transferred to the Ag division to build a skill-base and support the applied side of commercializing the crops.  On June 2, 1987, the U.S. Department of Agriculture permitted Monsanto to plant genetically modified tomatoes, the first time these types of plants were to be grown outdoors.
  (See Appendix 5 for products of R&D breakthroughs.)
Ernest Jaworski, Robert Fraley, Robert Horsch, and Stephen Rogers were awarded the National Medal of Technology for their pioneering achievements in plant biology and the genetic engineering of crops on April 27, 1999.  According to Nobel laureate, Norman Borlaug, father of the “green revolution,” “[t]heir work heralded the birth of agricultural biotechnology, both as a science and as an industry, and placed the United States at the forefront of this new science.”
The Investment

During these times, agriculture business was growing and becoming a profitable venture.  In the 1980s, Monsanto and its competitors, Dow and Dupont, were estimated to be spending $50 million per year on research of new pesticides and herbicides, according to Smith Barney and Harris Upham and Company, a group of market analysts.
  Roundup was earning around $400 million a year, which, with one other herbicide, accounted for 13 percent of Monsanto’s corporate sales.  This $400 million was to be the source of funding needed to commercialize Monsanto’s intelligent plants.  Between $25 million to $30 million was the estimated cost to achieve full registration of a successful transgenic seed under current environmental procedures.

By 1986, Monsanto had invested enormous resources in biotechnology.  It had committed $2.7 billion to the purchase of G.D. Searle & Co., a Chicago-based pharmaceutical company; $23 million to a groundbreaking research agreement with Washington University in St. Louis; and $150 million to the construction of a state-of-the-art life sciences research center in Chesterfield, Missouri.

Business Week described Richard J. Mahoney, Monsanto’s president and CEO from 1980 through 1995, as a “gutsy guy,” but it also claimed that he had “bet the store” on the new-product push in the life and food sciences.  At the time, many thought the magazine was right.  During his first three years as CEO, Mahoney hiked R&D spending by 80 percent to 8 percent of sales.  More than 40 percent of the R&D budget was earmarked for emerging technologies, primarily biotechnology.

Mahoney believed that the commercial potential of biotechnology could be enormous.  In an August 1989 Business Week interview, he said that he was betting on heavy spending in the life sciences to begin paying off by the mid-1990s.  “Many are now surprised that the payoff is happening,” he said, “but this was the target.  R&D wasn’t part of the strategy; R&D was the strategy.”

“We didn't have a good business plan on how to make money out of this stuff,” remembered CEO Mahoney.  “The science was so intriguing, it was my feeling we ought to just keep going.  I stayed very close to this stuff because it was all we had, and I could see what the company had to do.  There were two main pressures during that period: criticism from Wall Street that Monsanto’s R&D spending was profligate and requests from the scientists for more money.”

Protecting Intellectual Property
The new seeds were very attractive to farmers because of the improvements the genetically engineered crops offered.  The USDA stated that the adoption of genetically engineered technology on soybeans, cotton, and corn had increased dramatically since its introduction in the mid-1990s, from about 8 million acres in 1996 to more than 50 million acres in 1998.  Use of Bt cotton and Bt corn had been associated with significantly higher yields in 1997.  In addition, herbicide-tolerant technology significantly reduced herbicide treatments in soybeans and to a lesser extent for cotton; and fewer insecticide treatments were required for Bt protected corn and cotton.  (See Appendix 6 for use of bioengineered crops in the United States.)
According to Monsanto, this would all not be possible if not for the decades of research and millions of dollars spent in developing these plants.  So, they wanted to ensure a return on their investment, to protect their intellectual property, and to provide funding for future R&D aimed at bringing growers more improvements.  Furthermore, since nearly 40 percent of the R&D budget was directed towards biotechnology, Monsanto had to prove to both internal agents and Wall Street that its bet had been a good one.
To do so, Monsanto required farmers who purchased their modified seeds to sign a contract that stated that farmers would not reuse seeds from the plants or trade or sell those seeds to anyone else, even though the use of second-generation seed would result in considerably lower yields.  The contract also granted Monsanto the right to inspect the farmer’s property for up to three years afterwards, with or without the farmer’s presence, to verify that the contract had not been broken.  Farmers purchasing Round-Up Ready herbicide-resistant seeds were asked to agree to use only Round-Up herbicide on their plants.
  Many farmers and environmental groups viewed te contract as an infringement on the rights of farmers.

But Monsanto maintained that the protection of intellectual property was in the best interest of the entire agricultural industry, including growers and chemical retailers, because it encouraged companies like Monsanto to invest in new technologies that the industry wanted and needed.  Monsanto had always been prepared to take action against those who attempted to use their technology illegally.
  In 1996, Monsanto hired five full-time inspectors to hunt down those not abiding by the contract.  By the late 1990s, these inspectors had investigated at least 500 farmers.  Since the goal was more to deter than to recoup losses,
 Monsanto donated the collected back royalties to agricultural college scholarship funds.  Monsanto anticipated even more difficulties in developing countries where, with seed trading between farmers and the norm, copyright enforcement would be difficult.  Consequently, sales to these countries were limited.
Terminator Gene

In 1998, Monsanto proposed a merger with Delta and Pine Land Company.  The Delta and Pine Land Company developed a potential technical solution for the protection of intellectual property rights that could replace the use of contracts.  The solution was to add a gene to the seeds that would render them sterile after the first generation, a process for which Delta and Pine Land Company and the USDA had received a joint patent.  Many activists immediately protested this technology.  Greenpeace in Mexico protested by hanging banners that said, “Genetic Imperialism” and “Bioserfdome,” alluding to the image of farmers under the mercy of agricultural company giants.
In 1995, Robert Shapiro succeeded Richard Mahoney as the CEO of Monsanto.  Shapiro believed that “…new technology is the only alternative to one of two disasters: not feeding people (and) letting the Malthusian process work its magic on the population or ecological disaster.”
  In other words, Monsanto could succeed by offering biotechnology products that produced greater yields with fewer pesticides.


But in order to insure an adequate return on its investment in genetically modified organisms, Shapiro needed to decide whether to protect Monsanto’s intellectual property through legal agreements, acquisition of the “terminator” technology, or by some other means.  Whatever method he and the company chose had to maximize the potential for global dissemination and use of these new technologies.

Appendix 1
 Roundup Sales
A key factor in volume growth for Roundup was a strategy based on price elasticity, with selective price reductions followed by larger percentage volume increases.
 Since 1985, when the elasticity strategy was first introduced, volumes and income for Roundup had grown steadily in countries around the world, both before and after patent expiration. This was projected to take place also in the United States where Roundup’s patent-protection expires in the year 2000.
Roundup prices had come down to more than 50 percent worldwide, even in markets where there were no competitors. Volume sales had been expanding about 20 percent a year since 1990. Monsanto expected to maintain Roundup’s extraordinary profit margin of more than 40 percent until the end of the century.
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In new U.S. pricing announced in 1998, Monsanto cut the price of Roundup Ultra and increased the Roundup Ready soybean technology fee. The new structure provided the potential for savings to growers who used the Roundup Ready soybean system, and it encouraged adoption of conservation tillage. At the same time, the move was intended to support volume growth, to produce increased value from biotechnology traits, and to strengthen brand identity. Roundup Ready soybeans accounted for more than 35 percent of the U.S. soybean market in 1998.
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Appendix 2

DNA Discovery Time Line

1871:
Discovery of DNA in the sperm of a trout from the Rhine River

1943:
DNA proved to be a genetic molecule capable of altering the heredity of bacteria

1953:
Postulation of a complementary double-helical structure of DNA

1956:
Genetic experiments support the hypothesis that the genetic messages of DNA are conveyed by its sequence of base pairs.

1958:
Isolation of first enzyme that makes DNA is a test-tube.

1959:
Discovery of an enzyme (RNA polymerase) that makes RNA chains on the surface of single-stranded DNA

1960:
Discovery of messenger RNA and demonstration that it carries the information that orders amino acids in proteins

1961:
Use of a synthetic messenger RNA molecule to work out the first letters of the genetic code

1965:
Appreciation that genes conveying antibiotic resistance in bacteria are often carried on small supernumerary chromosomes called plasmids

1966:
Establishment of the complete genetic code

1967:
Isolation of the enzyme DNA ligase that can join DNA chains together

1970:
Isolation of the first enzyme (restriction) enzyme that cuts DNA molecules at specific sites

1972:
Use of the joining enzyme DNA ligase to link together DNA fragments created by restriction enzymes. The first recombinant DNA molecules generated at Stanford University

1973:
Foreign DNA fragments inserted into plasmid DNA to create chimeric plasmids.
 Finding that they can be functionally reinserted into the bacterium E. coli.

Potential now exists for cloning bacteria of any gene
.


First public concern that recombinant DNA procedures might generate potentially dangerous, novel microorganisms.
1974:
Call for worldwide moratorium on certain classes of recombinant DNA experiments

1975:
Government report in the UK calls for special laboratory precaution for recombinant DNA research

International meeting at Asilomar, California, urges adoption of guidelines regulating recombinant DNA experimentation

Call for development of safe bacteria and plasmids that cannot escape from laboratory

Appendix 2 (continued)
1976:
Release of the first guidelines by the NIH; prohibition of many categories of rDNA experimentation. Rising public concern that the guidelines were not effective. The New York Times Magazine article urges prohibiting the awarding of Nobel Prize for rDNA research.
1977:
Formation of the first genetic engineering company (Genentech), specifically founded to use rDNA methods to make medically important drugs

Creation of the first rDNA molecules containing mammalian DNA, and the discover of split genes

Development of procedures for the rapid sequencing of long sections of DNA molecules

1978:
Nobel Prize in Medicine is awarded for the discovery and use of restriction enzyme

Production of first human hormone somatostatin by use rDNA

1979:
General relaxation of the NIH guidelines allows viral DNAs to be studied by using rDNA procedures

1980:
Construction work begins on the first industrial plant designed to make insulin by using rDNA procedures

Nobel Prize in Chemistry is awarded dually for the cloning of the first rDNA molecules and the development of powerful methods for sequencing DNA

1981:
Offer to the public of stock in Genentech, valuation by Wall Street in excess of $200 million

Appendix 3
Team Biographies
Robert T. Fraley
Robert T. Fraley was part of the team that developed the world’s first practical system to introduce foreign genes into crop plants. Dr. Fraley had also been active in the development of insect- and herbicide-resistant plants. He also concentrated on the integration of the chemical, biotech, and seed businesses within Monsanto. Dr. Fraley earned both his B.S. in biology 1974 and Ph.D. in microbiology/biochemistry in 1978 from the University of Illinois. He was a postdoctoral fellow at the University of California at San Francisco from 1979 to 1980. He also studied business management at Northwestern University in 1991.
Robert B. Horsch
Robert B. Horsch was part of the team that developed the world’s first practical system to introduce improved genes into crop plants. He led the group that expanded Monsanto’s gene transfer capability to most important crops including soybean, corn, wheat, cotton, canola, tomato, and potato. He was also a co-president of Monsanto’s Sustainable Development Sector and general manager of Monsanto’s Agracetus Campus in the late 1990s. Dr. Horsch earned both his B.S. in biology in 1974 and Ph.D. in genetics in 1979 from the University of California, Riverside. He was a postdoctoral fellow in plant physiology, University of Saskatchewan from 1979 to 1981.
Ernest G. Jaworski
Ernest G. Jaworski assembled and led the team that developed the world’s first practical system to introduce foreign genes into plants. Before retiring from Monsanto in 1993, Dr. Jaworski served as the company’s director of Biological Sciences. He then served as Scientist-In-Residence at the St. Louis Science Center and interim director of the Donald Danforth Plant Science Center. Dr. Jaworski earned his B.S. in chemistry at the University of Minnesota in 1948. He earned his M.S. and Ph.D. degrees in biochemistry in 1950 and 1952 respectively from Oregon State University.
Stephen G. Rogers
Stephen G. Rogers was a member of the scientific team to first introduce foreign genes into plants. The early systems he and his group developed for producing new proteins in plants remain the standard. Their work led to virus resistance and insect protection traits for crops. Dr. Rogers worked with industry and government agencies throughout the world for the safe introduction of these crops and the foods they produce, and researched the integration of modern crop breeding with newer methods for crop improvement. He served as director of biotechnology projects for Europe located at Monsanto’s Cereals Technology Center in Cambridge, England. Dr. Rogers earned his A.B. degree in biology/chemistry from Wabash College in 1969. He earned his M.A. in biology in 1970 and Ph.D. in biology in 1976 from the Johns Hopkins University.
Appendix 4
 
Research Results

In the 1980s, researchers developed the tools necessary to transfer specific genes from one organism to another, allowing the expression of desirable traits in the recipient organism. The breakthrough came in the discovery of enzymes that could be used as molecular “scissors” to cut or remove a gene segment from a chain of DNA at a specific site along the DNA strand. A number of these enzymes exist, many of which have been catalogued according to the point at which they cut a DNA molecule.
The enzyme “scissors” also can be used to cut an opening in a plasmid—a ring of DNA often found in bacteria. Plasmids can pass between certain cells of bacteria and exchange genetic information. To transfer genetic information from one cell to another, an enzyme cuts an opening in a bacterial plasmid. Researchers then paste or place a gene segment cut from the donor DNA strand into the plasmid. Because the cut ends of both the plasmid and the donor gene segment are chemically “sticky,” they can attach to each other and recombine—to form a plasmid containing the new gene. This technique is called gene splicing or recombinant DNA (rDNA) technology—terms used interchangeably with genetic engineering. The new plasmid now carries genetic instructions, allowing the plasmid when inserted into a bacterium to produce a new protein that leads to the expression of the new trait.

Researchers developed the first commercial application of this process when, in 1982, they produced human insulin for the treatment of diabetes. To provide insulin in quantities necessary for medical use, they isolated the gene that produces human insulin and transferred it to bacteria. The bacteria multiply and grow in a fermentation tank, producing the protein insulin as they live and grow. The insulin then is isolated and purified for the treatment of diabetes.
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Other applications of this cut-and-paste technology include crop plant improvements that employ the use of soil bacteria. For example, Monsanto researchers use the plasmid DNA of a naturally occurring bacterium called Agrobacterium tumefaciens as the means to introduce new genes into plants. This plasmid acts as a tool that allows researchers to insert new genes that code for specific proteins. These proteins produce desirable traits, such as disease protection, in a plant.
Genetic Engineering Makes New Benefits Possible
The success of a genetically improved plant ultimately depends on the ability to grow single, modified cells into whole plants. Some plants—potatoes, tomatoes and canola—grow easily from single cells or plant tissue. Others, such as corn, wheat, and soybeans, are more difficult to grow.

The process to grow an improved potato plantlet, for example, begins by growing stock plants under sterile conditions. Researchers first cut stems into small pieces. Then, they add the improved genes to the cells of the potato plants, using Agrobacterium and the cut-and-paste system. It takes only two days for the Agrobacterium to insert new genes into the plant cells, but fewer than one cell in 10,000 successfully accept the new genes.

After gene transfer succeeds, researchers first move the plants to a medium that is similar to firm gelatin and then to a culture medium. After four weeks, they transfer them again to promote the development of new shoots, which takes about another four weeks.
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Researchers cut the shoots from the original plant and transfer them to provide room for the formation of a strong root system. By using this process, tissue culture specialists can produce modified potato plantlets from single cells in approximately 12 weeks. Finally, they pot plantlets in soil and grow them to maturity in a growth chamber or greenhouse, where the plants mature and finally produce seeds to grow improved crops.
For some crops, such as corn and wheat, researchers may use a special device called a “particle gun,” instead of Agrobacterium, to transfer desirable traits into a plant. Researchers bathe microscopic pellets of gold or tungsten in DNA that has the desired trait. The coated pellets are inserted into plant cells with the special device. As the pellets pass through the cells, some of the DNA coating is left behind, mixing with the plant cell’s DNA to add a new beneficial trait.
Decades of research enable plant specialists to apply their knowledge of genetics to improve various crops, such as corn, soybeans, cotton, canola, and potatoes. These researchers work carefully to ensure that improved crops are the same as traditional crops, except for the addition of the beneficial traits.

Appendix 5
Products of R&D Breakthroughs

Roundup resistant plants came to be known commercially as Roundup Ready seeds. The product was critical to Monsanto’s long-term herbicide sales. The patents on glyphosate, Roundup’s active ingredient, expired in various countries in 1991 and expired in the United States in 2000. The introduction of the genetically engineered seeds tolerant to Roundup ensured the extended use of the herbicide. The immediate commercial goal was to extend the “life” of profitable herbicides, which soon would outlive their patents.

For insect protection, Monsanto used Bt, Bacillus thuringiensis, a naturally occurring bacterium present in soil and known for its ability to control insect pests as a biological insecticide spray by farmers for decades. Bt produces protein that disrupts the digestive system of targeted insects, while remaining harmless to other insects, people, birds, and other animals. This Bt gene had also been introduced into plants. For example, Monsanto’s New Leaf potato protected plants from the Colorado potato beetle. Bollgard cotton protected cotton plants from tobacco budworm, cotton bollworm, and pink bollworm. YieldGard maize protected corn plants from European corn borer.
For disease protection, Monsanto scientists inserted a small part of the DNA from a virus into the genetic makeup of a plant. These scientists developed crops that have built-in immunity to a specific disease. As an example, Africa’s sweet potato was protected from the feathery mottle virus that could reduce crop yield by as much as 50 to 80 percent.

For weed control, Monsanto developed herbicide-tolerant crops. Farmers used these crops along with its corresponding herbicide, instead of relying upon soil tillage to reduce weeds, a process that left valuable topsoil exposed to wind and wind erosion. Herbicide-tolerant crops gave farmers flexibility to apply herbicide only when needed. The goal was to reduce total herbicide use and to use particular herbicide with preferred environmental characteristics. Examples of these types of plants were Roundup Ready crops like oilseed rape/canola, cotton, maize, and soybean. Herbicides used with these crops extinguished a broad range of grasses and broadleaf weeds by inhibiting an enzyme essential to the weeds’ growth.

Appendix 6
Agricultural Resource Management Study

Economic Research Service of the U.S. Department of Agriculture compiled data called the Agricultural Resource Management Study to provide insight into the extent of adoption of genetically modified crops in terms of the percentage of acres planted and production by type of technology, crop, and region for 1996, 1997, and 1998.

Adoption rates. Acreage using genetically modified crops has increased from about 8 million acres in 1996 to more than 50 million acres in 1998. Bt cotton became available to farmers in 1995 and its use expanded rapidly, reaching 15 percent of cotton acreage in 1996 and about 17 percent in 1998. The EPA approved Bt corn in 1995, and its use has grown from 1 percent in 1996 to 19 percent in 1998. According to the study, “Extent of Bt and Herbicide-Tolerant Seed Technologies Used in Corn, Soybean, and Cotton Production by Region, 1996–98,” the majority of farmers surveyed (54–76 percent of adopters) indicated that the main reason was to increase yields through improved pest control. The second reason (19–42 percent) of adopters was to decrease pesticide costs.

Yields. Comparison of mean yields showed that in most cases, adopters of Bt cotton appear to obtain statistically significant higher yields than nonadopters. (From “Yields from Bt and Herbicide Tolerant Seed Technologies used in Corn, Soybean, and Cotton Production Compared to All Other Seed Technologies, by Region, 1996–98.”)

Pesticide Use. Comparison of mean pesticide acre-treatments for 1997 showed that in most cases the adoption of Bt cotton reduces treatments of insecticides normally used on the pests targeted by Bt. (“Pesticide Acre-Treatments from Bt and Herbicide Tolerant Seed Technologies used in Corn, Soybean, and Cotton Production Compared to All Other Seed Technologies, by Region, 1996–98.”)

The impacts of genetically modified crop adoption were explored by statistically controlling for other factors that also affect the impact. Multivariate regression modeling in effect decomposes the influence of various other factors on the decision to adopt genetically modified crops as well as the influence of other factors on yield, pesticide use, and variable profits. (“Impact of Adoption of Herbicide Tolerant and Insect Resistant Crops).

Cotton production relies heavily upon herbicides to control weeds, often requiring applications of two or more herbicides at planting and post-emergence herbicides later in the season. Close to 28 million pounds of herbicides were applied to 97 percent of the 13 million acres devoted to upland cotton production in 12 major states in 1997. In 1997, increases in adoption of herbicide-tolerant cotton were estimated to have increased yields, leading to increased variable profits. However, no statistically significant change in herbicide use on cotton was observed in 1997.

By contrast, increased use of herbicide-tolerant soybeans (17 percent of 1997 soybean acres) produced only a small increase in yield and no significant change in variable profits in 1997. Soybean production in the United States uses a lot of herbicides and 97 percent of 66.2 million acres devoted to soybean in the 19 major states were treated with more than 78 million pounds of herbicide in 1997. Genetic engineering produced herbicide-resistant soybean, of which 15 million pounds were used in 1997. However, almost two-thirds of the herbicides used on soybeans were other synthetic materials. As genetically modified seed adoption increased, use of glyphosate herbicide (herbicide to which the seed is tolerant) also increased but the use of other synthetic herbicides decreased by a large amount. The net result was an overall decrease of the pounds of herbicide applied.

Cotton production uses a large amount of insecticides and 77 percent of the 13 million acres devoted to cotton production in 12 major states were treated with 18 million pounds of insecticide in 1997. In 1997, an increase in adoption of Bt cotton in the Southeast (22 percent of cotton acres) led to an increase in cotton yields and variable profits.
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