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Foreword

B ut\)

Innovation and adaptatlon long Have beén a way of life for farmers and the food sectors Jn most B
parts of the world. A’ stream of new technology has brought a mynad of new products and
processes leadrng to persrstent garns 'in productlvrty throughout this century Most of these
advancements have been 1ncremental with only a few precrprtatmg abrupt and w1deSpread'A o
changes across ‘the - entrre $ector. Most requrred several years for the adoptlon ‘to become
complete -and most were largely conﬁned to one component of the system little affectlng other,

‘ components in any direct manner. But, oW, a new technology, long in the maklng, has' appeared
suddenly and apparently holds the potentral to bring ‘both’ rather abrupt and far-reachmg change
across the entire food system If realized, the 1mphcatlons ‘would extend well ‘beyond the food
system to supportmg and afﬁhated rnstltutlons pubhc pohctes the consummg pubhc and well
beyond. And, the' changes are not conﬁned to one country or, group of countrres but promise to
affect the world and in a very short tifrieframe by historical’ standards.

The advent of brotechnology comes at 3 time when the food and agnculture systems already were
being strongly affected by a convergence of new ‘forces which weére rapldly changmg the
operating environment. These forces iriclude: a broad set of international trade’ agreements ‘that
included agrrculture and food products; new policies that redefined the long-standmg role of
natronal governments reducmg both their presence and subsidies; new farmmg Systems built’
upon apphcatron of computers and satellites; and greatly increased - globahzatron and -
interdependence of ecofiomic systems. The addition of biotechnology to the list promises both to
hasten the already rapid pace of resultlng change and broaden the 1mpacts as all segments of the
global system begm to adjust to the new operating environment, :

The fast-paced advancement of blotechnology and the rapid reactrons it was promptmg gave fise
to this study. It is an effort to systematlcally éxamine the prospects for an emergmg technology
over a relative short time horizon — the next five years — gnd to 1dent1fy and evaluate the hkely
far-reachrng changes it may bring. The study is not mtended to produce specrﬁc answers,
quantitative estimates, or a specific forecast Rather, its purpose is to assemble and synthesrze
the relevant information, and organize it in a way to help stimulate thlnkmg and develop
informed judgments. The specific purpose is to help chents — from their partlcular perspective in
the food system — identify 1mphcat10ns important to’ them and their busmess and’ to develop
appropriate strategres and actlons to best position themselves for the future
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Synthesrs

For the past four months SCI has conducted a. comprehensrve study of one of. the most exciting
“and important technologies ever to be developed — the science of shlftrng DNA and creating
specific traits by modifying the genetic makeup- for plants and ammals more commonly known
', as brotechnology From the outset of the study, we knéw the potentlal 1mpacts ‘of blotechnology
were enormous, especrally for agriculture and the food industry. But even our famlharrty with
this cuttrng edge, science did not prepare us for the stunning results of the- study Now that the
- study is complete we realize more than ever that brotechnology could be the most important
development for global food productlon and the agnbusmess 1ndustry in hrstory

Brotechnology has almost ummaglnable potentlal to erase hunger from the world to stop
‘environmental degradatlon and to tailor-design foods for specrﬁc health -and nutritional
purposes. . But the science also 18 accompanred by many unknowns some of whrch have been
, explored in thls report R it e g e -
Now that the study is complete we took the opportumty to step back and reﬂect to 1dent1fy a
few of the. factors that were rnost str1krng to us. These mclude L

| . Bwtechnology is unlike any technologzcal advancement seen thus far in agrtculture
~ Unlike past technologles that have focused on one aspect of productlon or. of the industry,

‘brotechnology has thé potentlal to change the entrre agriculture and food rndustry

o The acceptance of bzotechnology in North America has come early and wrth lzttle protest
.~ The application of lifesaving bioscience in the eatly 20™ century with the “wonder drug”
_penicillin la1d the groundwork for-the current environment, causifg an apprecratron by the
US consumer of the technology It is interesting to. note how partrcular experience and
" cultural drfferences have affected consumer acceptance around the world with great ease in
North America, South America, Austraha, and Japan, and much. less ease in Europe. The
“implications for the EU are enormous, involving fundamental mtemal pohcy and budget
. .1ssues; geographrc expansron -and international pohcy matters ' S

’ ) o:‘ ~ The fast pace of adoptwn of extstmg products From the ﬁrst commercral 1ntroductron of
“major products three seasons ago, farmers have eagerly adopted the new crops. Today,
almost one -half of two major crops and over one-third of another are planted to new crops.

. _0‘ T he mdustry s’ response. The industry qu1ckly recogmzed the potentral of the technology
. and that New Structures were necessary to make it successful. ‘A major restructurmg of the

=
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agricultural chemical.and seed- components of the inputs sector has taken:place in:less than 36
months: Two major»compames iare literally. reinventing themselves, shedding old traditional
businesses and emphasizing new ones, to emerge. as leadets in the life sciences field. And,
_the restructuring :now is' movmg well beyond the 1nputs sector extending far across the entire
foodssystem: ~ - .. oo o T .
L E s NIV - g . L

o The enormity of the pipeline. Whrle the number of ex1st1ng products commermally avallable
still- is-relatively tsmall, ‘the ‘number and breadth of products in the near term-(five -years)
pipeline is. impressive.: The ability t6 move quickly: from sihgle traits to “stacked” traits has
gteatly enhancedsthis. < And, this is just what can be expected.in five years hence.
Speculation about: what may come beyond.that. suggests there are few hmrts to Hew product
possibilities: “:f;rw T A & R R oo N .

. The, rapzd extenszon of the successes. .. The early focus ha$, been on: cost reducing/yield

_enharicingcrop traits — developing herblclde tolerance and msect resrstance = for imajor field
crops (soybeans ‘corn . and cotton) -Research now will extend this very quickly to a-wide
variety of -Gther -crops of -both- rnajor and -minor economic:importance . (canola; ‘potatoes,

- wheat, sugar beets, rice, vegetables, etc.). Stacked. agropomic traits will be available:in
varieties of these and more crops.in five years time. One notable omission, however, is the.
lack of progress in-developing improvements for wheat, a: major crop in both North Amerrca
and the world S . e

I
¢

. D.isparitjr betheen crop-and. livestock ;products. 1t is striking how few. ¢ommercial ‘biotech
livestock products are available. Moreover, the “murkiness” of the pipeline. in {terms of
specific products with commercial apphcatlons is noteworthy, especially given the apparent

- tremendous-economic potential. And, thls is.even more noteworthy because of the seemingly
advanced stage of the ‘basic underlying sscience. Explanatrons would seem to involve costs
(of research and. development), complexity (of animal: genetics versus plants, adding to the
cost); and expected consumer. acceptance (ethics issues). Big stakes would involve'not only
the cost reducmg/yleld enhancing and:value added for food: aspects but;also the enormous

. potential in developing medicines and compounds for treatment of humans, and perhaps even

~ donor organs, as well., .- , R R

R R R ¥ W W W RN NN

o The potential of nutraceuticals. - Aithough likely still ‘some time to come, the 'abi‘lity' to
tailor-make food for humans that correct conditions, prevent diseases, 1mprove appearance
etc. would seem to have unlimited potential. -

o The long reach. of the implications. The new technology produces change from one end of
the food system to the other, and well beyond to the supporting and facilitating institutions.
Developments introduced in the farm mputs component hterally requrre adJustments
throughout the system and beyond. - o »

. Whatf.s at siake. The p.otential benefits from the new technology — the billions of dollars in
savings from improved pest control, the billions created from .enhancing commodity
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products, the billions more from new product .developments such as nutraceuticals: —:are
simply enormous from a business perspective. -The: potential stakes-are clearly evident from
the huge investments already made for acquisitions and alliances, in only-the very beginning
stages of development of the new technology. ‘From a broader perspective,. the stakes.are
even greater — reduced hunger and malnutrition, global disease reduction and elimination,
reduced or eliminated environmental degradatlon, and on and on.

. Where everyone wzll f t.- The busmess restructurmg thus far largely 1nvolves the biotech
companies — but; what more restructuring must occur? Will biotech companies be successful
in a “dirt to difiner*-strategy spanning the foed chain? How will all the existing players relate
to this? Where will they.fit? How.are corn milling, pasta making, potato.processing, oilseed

- crushing, flour milling, and finished food companies all fit into a new structure?.

o Restructuring yet to. come. While the inputs sector restructuring-is+settling out, and more «
fundamental restructuring,across other. componerits of the food- system is being considered;
the really serious linkages —.those extending beyond the food system to the pharmaceutical;
general chemical; and industrial sectors — are hardly bemg contemplated ‘but. very hkely in-the
offing if the biotéch success continues. . - _ o - :

e The farm inputs sector. The likely changes coming to the farm sector are enormous,
hastening many trends already underway. Biotechnology not only contributes to
improvements in successful farmers continuing quest to reduce unit costs, but also offers new
revenue opportunities; as: well. . Cost reduction+and expanded .revenues should offer wider
margins for some farmers. RAEIEY S : ' T

e Environmental impacts. While agriculture long has been fingered as.a major culprit in
environmental degradation, the advent of biotechnology would seem to be-a big positive in
helping improve its:image — reduced pesticide use, less water. pollution, less use of fragile
lands,less area expansion into rainforest and other ecologically sensitive areas, all the while
with higher yields and output:to help combat hunger and malnutrition ‘ P

e Public/private sector- research. Much of the public sector biotech research is “basic

‘research,”, laying the framework for the more proprietary work that the private sector
companies have pursued: The division of labor fraces to earlier public sector budget
pressures and new legislation: enabling patenting of life forms. Alliances between the
public/private sector increasingly are evident and likely more necessary in the future.

e More international harmonization logical. The truly patchwork nature of both national
approval' processes for new biotech. products and the trade and other issues arising from
international commerce seerhs to suggest greater harmonization — both through ex1st1ng or
new bodies at.the national and international levels. ‘ .

T R E L E I RN’
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5.

L Introduction

Background

Today, the food and agnculture sectors of most national economies have advanced to the point of
being closely interrelated and collectively formmg one of-the largest sectors of the economy,

contributing more-than $1 trillion annually to GDP in the US alone. It is dominated by food and

fiber processing, sustained by producers of agricultufal genetics, chemicals, machihery and other

inputs. And, it is supported heavily by thé public, through research and extension, conservation,
stablhzatlon and market development and many other pro grams. -

Today, world econormes and 'thelr food syste“ms have :b'e‘come highly inter-linked. Developments
around the world have powerful and immediate impacts on the food sector, as we have seen
recently with economic adversities in Asia. This linkage also plainly reflects economic and

social trerids as well, so that néw developments and trends in any part of the world very qurckly_, .

have xmphcatxons for everywhere else. -

,t i e ‘ )
The currént ‘degree of world mtershnkage is relatively new, especially for agriculture. And, it
comes at a' time when'new pohcy and technology developments have appeared suddenly, and are
having major 1mpacts on the sector s structure and. orgamzatlon trends llkely to continue for the

foreseeable future.

Just as the growing linkage with world markets is a major force for change in the agriculture and
food system, the sector’s embrace of new technology resulting in dynamic and persistent
productivity growth — far stronger than for the rest of the economy — also is a major force for

- change. This trend has been a proud centerpiece of the food sector since the 18" century. (at -
east). It long has belied its hayseed image, making it among the fastest changlng (and volatile)

components of the economy
Food Sector Productivity

The dynamism that characterizes today’s food system began to develop in agriculture more than
two centuries ago, at the advent of the industrial revolution. Early agriculture offered one of the
world’s largest potential markets for new machines and new techniques. Steam power was the
force behind the industrial revolution and these miraculous new machmes quickly found
agncultural applications worldwide and. changed the sector dramatlcally The-cotton gin made
possible a new level of efficiency in textile production, just as the moldboard plow, the reaper

and the threshing machine revolutionizéd grain production. It is ‘often*thought that' the 20™

oo
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century marked the age of revolution” in agriculture, but it also is true that many of the
implications of this century S new technologres developed from 1deas of the 19" century, or

before (Tables 1 and 2).

- Table1. Nineteenth Century Farm Machinery Milestones

Machine: .-

P Remarks

Year [lnventor

11793 |Eli Whitney . Cotton gin Separated cotton seeds and lint
1797 [Charles Newbold ron plow HeaVy Did not scour well.
1826 |Patrick Bell . Reaper, " European Not widely adopted
1837 |[Cyrus Mchmiick Reaper Not really effectlve untit 1855
1837 [Hiram and John Pitts Thréstier ‘Common-use by 1860 - -
1837 - [John Deere ~ - Steelplow - " Wdely used.n .. ot

| 1840 {John Gibbons Grain drill -Simultaneously drilled and seeded -
1868 | James Ollver _ Chllled iron plow . Better, scounng and wear
1868 ;John Lane " ) Soﬂ-center steel plow More durabie
1878 ?Combme : Numerous . ';'Comblned reaper and thresher
1880 |William Deering Grain binder “Tiedbundles  ~ ~ '
1880 |EW. Quincy’ Cormn picker Experiments begun 1820

: — e - — . ,

Source: Bolino (1966), Krooss (1966), and Benedict (1953)

Many key 1nnovat1ons across the sector are well known "The combme for example emerged as.
early as 1878, and initially depended upon horse power And, agrrculture itself changed slowly

over the years in spite of the stream of innovations.
following development of the- steel plow, cultivator, drill and a few other machines for .gq

cultivation, and a reaper or binder that. baswally -gathered. small . grains, power came prlmanly
from horses until well into the 20 century. ‘Most farms continued to be, dlver51ﬁed producmg
small amounts of grain and hvestock and using huge amounts of resources to supply their own .

While a few basic technologies shifted,

power needs.
- Table 2. Farm Power Milestones
Year |Inventor Machine Remarks o
1678 P.B. Hautefeuille Engine French — burned gunpowder
1705 "{Thomas Newcomen Steam engine English —hot really practical
1770 [James Watt ' Steam engine Improved Newcomen engine
1829 |George/Robert Stephenson  Locomotive English — brought to America
1830 |Robert Cooper Locomotive - .“Tom Thumb” — 18 miles per hour
1849 A L. Archambault Portable engine “Forty Niner” threshing engine
1855, |Obed Hussy . - ..Steam tractor Could be used for plowing .
1;876 leolaus Otto Engine ~ German — 4-cycle internal cornbustlon _
1892 |Rudolf Dlesel Engine’ High efficiency _
1892 |John M. Trocllch Tractor - Gasoline” englne John Deere forerunner |
1905’ {C.W-Hart and C.H.-Parr Tractor manufacturérs  Oliver forerunner -
1920 |Competihg tractors "Rugged; durable Efficient, relatively inexpensive -
1931 |B.F. Goodrich -~ .. Rubber tires Efficient, more comfortable -

Source: Bolino (1966), Krooss (1966) Dieffenbach and Gray (1960). Davis, et. al. (1965), and Benedict

' (1953)
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Key sources of 19" and early 20" century farm productmty gains were:

hd .'.

e Machines, especmlly the plow reaper harvester and tractors.

e Plant and animal nutrition, including soil conditioners, and fertilizéts and the
development of balanced animal rations. - By 1965;use of plant nutrients relative to
1939 levels had grown tenfold for nitrogen, fivefold for phosphorous"and sixfold for
potassium, in response to better 1nformat10n about yield responses and better .cheaper
fertlhzers : . L

e Better génetics, especially the development of hyb'rids’.

e Availability of electricity, and efficient electri¢ motors.”

o Pesticidés and herbicides.:
e The advent of packaged techriology, supplementéd by numerous information sources
to improve management and 1ncrease effectlveness of machmes livestock, better
genetics and better chemicals.

”d"as occurnng about 1920'-,
bred linés ledto. - -
n--;Belt farmers

\ Yearbook; 1936. Wayne Rasmussen, USDA, 1960.

The nature of agricultural growth changed fundamentally after about 1930. The industrial
revolution had changed the sector dramatically, but productivity actually increased relatively
little between 1870 and 1930 and growth came primarily-from increased input through 1930.

Between 1930 and 1950, agricultural inputs essentially stabilized before péaking in 1950, but -

output growth was rapid so that product1v1ty mcreased dramatlcally (from an- ihdex of 53 in 1930
to921n1960and113 in 1975). ‘ L S

During the early part of the six-decade period 1920-80;the primary source of -productivity
growth was from modern farm power. But as important as the shift to tractor power was, yield

-growth also was important during the early years of the 20™ century (Table 3) However, in

more modern times, as the impact of the farm power revolution has passed, the primary source of
output increases shifted from better power and more land (especially during World War II) to
better crop and livestock yields, with most of the increase from crop yields.
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Table 3. Sources of Increased Farm Output

L

1920 to 1940 to 1950to 1960 to

Source " | 1940 1950 _ 1960 - 1980

| o : B . I percent

|Reductionin Farm Produced Power | 51 22 10 0

B Yieid Growth . . . | 34 37 . - 87 73
Cropland Use Shifts . _ B Y - A3
Livestock Yields o - 19 26 31 40 |
Farm Output Growth 100 100 -~ - 100 - 100

Source: Christensen, etal, 1964.. . Co !

The US agricultural production index was 122 in 1994, with gross output 18% higher that year
than a decade earlier (Table 4). Crop productivity continues to grow faster than for livestock;
labor and energy productivity were both negative during the period, and are stimulating the
sector to use less of those inputs. The ratio of output to input for farm labor increased nearly
one-third during the decade, more; than three-fold the rate of non-farm labor

Tablé'4. US Agricultural Production Index, 1985-94

1982 =100
_ ] 1985 - 1994] Change % o
|Farm Output - ' 103 122| 18 '
Livestock , o ©o104 0 122 T 17
Crops .~ 102 121 7 19
Inputs Co : (L v
Labor - S ‘93 - g9l . 4
Durable Equipment. . L9790 T 7.
Energy - .. 80 - .95 6
Chemicals . 100 "My, 1
|Output/Unit of Input _ .
Farm Labor 114 152 33
Non-Farm Labor 107 117, . 9
. Source: ERS, USDA, Agricultural Outlook, 1998 o - e h
N . . SA A

Without product1v1ty growth the sector hkely would have declined in absolute terms and relative - .’
to the rest of the economy over the, past 50 years. This trend-is quite uneven over time, reflecting ... :
both advances in the sector’s “knowledge base” and the economic stimuli that, lead to their _
adoption, including, in some cases, government programs that stimulate investment in .some_' -
areas while retarding it in others. And, the sector’s rapid overall productivity growth masks
substantial differences among crop and livestock, with a 1.6% average rate recorded for livestock

and a faster 2% for crops. The overall rate also- masks internal differences in some sectors = for ...,
example, dairy productivity grqwth estimates are relatively small because rapid g,rowthand .
output increases in the West were largely- offset by decreases in other regions. Across the sector, . + :

poultry and oilseed crops have been the fastest—growmg durmg the post World War 11 perlod
(Table 5). - 4 .

1
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Input productivity reflects both the quantity and quality of inputs used: Thus, the high rates of 5
productivity growth of pesti¢ide use reflect both the amount and quahty of product used.. By 3
contrast, labor productivity has declined 2.3% annually, and its use has fallen-from 7.6 million

people in 1948 to 3 4 mllhon in 1994.

Table 5. Agrlcultural Productlwty Growth
Cor_npared by Commodlty‘,‘1948_-94

~ Farm Outputsllnputs B Annual Growth
v ;Total o R 1:88 -
\ ~|Alktivestock: . 1 165 .
|Dairy-Products - e« . 0860
Poultry S . 3.55
- AliCrops ‘ 2.00
-’ |Food Grains 1.54
» " |Feed Grains' : | 167
“+ |Oil Crops S 142207
.‘ . [Vegetables - ... . 187
.. - IFertilizer Use | .72
Pesticide Use _ - 473
.j |Fuels Use 0.83
o Feed/Seed A )l 124
Labor - 2.27
- Capital =~ ' ] 067

Source: ERS Agricultural information Bulletin #740, Janugry 1998
In Canada, similar trends are. ev1dent

. Between 1921 and 1996, the- number of farms rose gradually from 711 000 in 1921 to
. ‘ahigh of 733,000 i in 19& 1, fell steadily to 366,000 in 1971, and decreased gradually to
277,000 farms in 1996. -

o . Total farm area rose from 141 million acres in 1921 to 168 millionacres in 1996. The
- consolidation of farm operations over the years, coupled with the-increase in total
farm area, resulted in an increase in the average farm area from 198 acres in 1921 to
608 acres in 1996.

The total area of land in crops increased 72% to 86 mllhon acres between 1921 and
1996.

e The 3.5 million horses reperted on 608,000 farms in 1921 fell below 800,000 on
318,000 farms by 1956. Increased farm mechanization has since ehmmated the need ‘
for horses as working animals on the farm. : i ]l:

fomB BE BN BN BF B B N
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During this period,. the total number of tractors _increased- nearly. fifteen-fold to

.711,000 tractors on 246 OOO farms. The greatest increase occurred between.1941 and

_ 1951, when total tractor numbers 1ncreased by 240,000 units.

\

.

Commercial fertilizer use increased 35% between 1981 and'41;9'9w6 to 61.6 rnillion'

acres. ' . . E St

Herbicide use increased 53% between 1981 and 1996 to 57.5 million acres.

*

Total farm capital value increased 174% betweén 1976 and 1996 to Cdn$156.5
billion. During the same period, the value of land and buildings-increased 167% to
Cdn$116.2 billion, farm machinery and equipment rose 214% to* Cdn$28 4 billion,
and livestock and poultry mcreased 165% to Cdn$11.8 billion. -~

LI PR

The food systein also has undergone trémendous changes in the last c‘enti'ufy‘ (Table 6). One
hundred years ago, food marketing was vastly different from today. Most food was purchased in
bulk in general stores, or d1rectly from the producer. Nearly all preparat1on was done at home,
and there were virtually no “processed foods™ on the market. The food system has evolved
dramatically, to the point where the commodities mvolved account for only a small portion of the

total product value. o
Table 6. Food Industry Milestones :
Year Jinventor Development .. =~ Remarks
1860s |Atlantic & Pacific (A&P) Central Warehouse Distribution Precursor to modern supermarket
1905 |Dewey & Almey Automated Can Production Used mechanized application of-seaming -
spray to increase efficiency in can production
1920s <{Several developers Refrigerated Distribution Benefited meat, dairy product industries
1930  |Michael Cullen Supermquet The supermarket itself necessitated major
. . ' - developments in transportatlon processmg
and packaging
1930s |Clarence Birdseye Freezing
1930s- |W. Edwards Deming Statistical Quality Control Deming's methods of quality. control using
| 1940 : o . . statistical sampling were quickly and wrdely
IR ‘ o o adopted in the food mdustry
| 1940s- |Several developers Plastic Packaging’ Pioneered by US government expanded by
-1 1950s _ . - Dow & DuPont :
1950s- [US Government Freeze Drying Developed for troop rations, commermahzed
ol " ' soon thereafter
1950s |Hormet Vacuum Packing _
1970s |iIBM UPC (Bar) Codes When supermarket scanners were widely
: o U . installed, bar codes provided a wealth of data
' R for inventory management

- - l'- ‘-

S ’ ‘; b

Source Dr Daniel Farkas, Oregon State Unnversﬂy

Productivity responds to both internal and external factors, including weather affecting year-to-
year variations. Other external shocks to the economy indirectly affect relative prices and

- e Wl
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resource allocations — including relative price changes that can stimulate investment in technical
innovation. An example is the sharp increases in energy prices during the 1970s which led both
public research “and private invéstors t0 develop-new techniques to save on fuel and other
expensive petroleum-based inputs. - :

Productivity growth in agriculture is normally attributed to four major factors':’
. .1Publ.ic investment in agniculturgl research and development;
¢ . Public expenditures oﬁ infrastructure;
- o Private expenditures 1n re‘s'éé’rcﬁ laﬁd' deVe‘lopment; and

o Technological advances in material inputs such as fertilizer and chemicals.

Why the Study - And, Why Now? e

Productivity growth, one of the primary keys to a healthy and growing economy, is among the
most_closely monitored performance indicators. Increased productivity not only boosts the
competitive position of products, but increases our standard of living by passing sector gains to
consumers through better products; more output and/or lower prices.

Still, biotechnology is very different from the earlier technology shifts that changed agriculture
or food processing — important as they were. Those changes focused on one or a few ‘aspects of
production that created shifts that rippled through the system. The current innovations that are
the  focus of this study have the potential to change food and agricultural products, their
characteristics, their performance, and their uses. As a result, they will inevitably change the
system itself — its size, its performance, and its control — the first innovation in history with such
far-reaching potential.

And, it is just this avalanche of change that is now upon us, after being promised for many
decades. It is clear that key economic competitors across the system are well on their way to
investing heavily in key positions in the new system. It is just as clear that those who ignore
these early signals and shifts could find themselves operating from positions of significant
disadvantage as the system changes :

Although still in its relatively early stages, this change is so powerful and broad that it will
dramatically alter the sector in each of its dimensions. To gauge its potential impacts all across
the agriculture and food industry, SCI is examining recent developments, those likely in the near
future and their likely impacts on food and agriculture. It is the vast scope of this just-beginning
revolution and the breadth of its implications that have prompted this special study.

l Mary Ahearn, Jet Yee, Eldon Ball, Richard Nehring, Agricultural Growth and Productivity in the
United States, Economic Research Service, Agricultural Information Bulletin #740, USDA, January
1998, p 12.
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Guide for the Remainder of the Report.

L

This review examines the foregoing coneerns and several others in the followmg sections. It .
proceeds in six chapters: ‘

e Following this introduction, Chapter II provides a historical perspective on the origins
of commercial biotechnology.

e Chapter III reviews the agricultural biotechnology developments that have osccurr.ed
worldwide to date.

e Chapter IV discusses the biotech pip_eli_he - the ;ptr;qcfluet‘.s; expected to become available
in the next five years. ;
o Chapter V presents an overview of the food and atgricniltural system — setting the stage .
to:examine the implications of biotechnology. . = == .- ;
. ;Chapter VL analyzes the likely impacts of agricultural .biotechnology on the various .
.;components of the food system. o N f
. Chapter VII dlscusses overarchmg 1mphcat10ns that could affect all components of
the food system as well as those with broad social implications.
. Chapter< VIII presents one- suggested view of the food system that w1ll emerge five .r .
years hence. . ; e e

!

2 '

. Chapter' IX suggests key indicators and de?eloprnents to moniton as the blotech
-revolution unfolds.
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II. The Origins of Commercial Biotechnology
~ What Is Biotec‘hno‘logy? .

While we like to thmk that our current plant and animal scrence dlSClpllneS are relatrvely modern

many of the same fundamental techniques they use have been applied throughout human hlstory E

In fact, the plant and anirnal lmprovement process itself is simple B it involves the xdentlﬁcatlon of
especially desrrable tralts and the selectlon of mdrvrduals that demonstrate Amarkers@ l1nked with
the 1mprovement :

4

Farmers tradxtronally understood that they could improve future harvests by selectmg seed from the

current €rop on the ‘basis of key traits (i.e., those plants that gave the hrghest yield, stayed the
healthiest during periods of drought or. dlsease or were easiest to harvest) because the selected plants '

tended to producé the same characterrst1cs ‘The genetic understandmg of heredlty gave strong
support for apphed scientific farming. Subsequent genetic advances have moved far béyond on-

farm selection through the introduction -of controlled hybridization and the enormous vigor and -

sustained yield increases of the mid-20" century, but most of this progress continued to depend
heavily on selection and rnore—O"r-leSS c]o'n'ventional plant and animal breeding. methods.

t,

Modern b1otechnology goes beyond tradmonal selectron processes to 1mplant specrﬁc geneuc :

information that can enhance desirable traits in an organism that can be passed.on to its progeny.

For example, scientists now routinely use enzymes to cut and remove individual genetic information -

from one organism and then transplant or recombine it with another organism.? They have
successfully identified many specific genetic sequences that are responsible for specific
characteristics in different organisms B . for example, the specific area of a bacterium=s DNA that
makes it toxic to certam insects and yet harmless to humans and animals. And they have learned
to cut and insert key genetic sequences into valuable plants and animals, and. thereby control to a
degree important characteristics.

L C ' . . N
The science of shifting DNA and creating specific traits has been extremely difficult to master. For
example, researchers must be able to list the chemical bases in an organism=s DNA in the exact
order in Wthh they occur in order to track down particular stretches of DNA devoted to genes,

2 The genetic code of every living creature B plant, animal or microorganism B-is carried by long, twisting,
molecules of DNA. A single strand of DNA consists of a long sequence of small molecules called bases, and -

it is the order of these bases that encodes all genetlc information. It is customary to represent the four bases
that go into DNA as letters in a sort of chemical alphabet A for adenne, C for cytosme, G for guanine, and
T for thymme In this way, a strand of DNA is written out as one long Aword@: AATAGCTCCY, and so
on for a hundred million or more complementary strands, with an A in oné strand always palred side- by-snde
with a T in the other strand, and similarly for C and G. Sequencing a stretch of DNA ‘means listing the
chemical bases in the exact order that they occur.” Board. on Biology, Board on Agriculture, National
Research Council, National Academy of Sciences. 1998
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identify the sections involved in turning genes on and off, and in general, decode the instructions for
assembling and operating that particular creature.

The major obstacle to sequencing an organism=s genome B the total complement of DNA
B 1s the sheer amount of DNA involved. Even bacteria tend to have genomes that are one or
two mllhon base-pairs long, and the genomes of plants and animals are generally hundreds of
‘millions to billions of base-pairs long. Modern sequencing techniques can handle pieces of
DNA no more: than a thousand base-pairs in length, so researchers must chop up the long
; ONA into small fragments. before sequencing them, and this leaves them with the

w.\o.plece ﬁtogetheri'these fragmentary sequences With various tI'leS it is

The term biotechnology is not new B it was first used by a Hungarian engineer, Karl Ereky, just after
World War I, but his concepts were as different from modern biotechnology as the horse and buggy
is from the automobile. Ereky included all lines of work by which products are produced from raw
materials with the aid of living organisms. Still, Ereky was something of a visionary and described
a biochemical age similar to the stone and iron ages B an era in which we are beginning to find
ourselves today.

As biotechnology has become more widely used, its meaning has become more specific and less
traditional. New understandings of organisms and their cellular structure now permit increasing
control of many functions of cells and organisms. Gene splicing and recombinant DNA technology
permit scientists to combine the genetic elements of two or more living cells. Functioning lengths
of DNA can be taken from one organism and placed into the cells of another. As a result, bacterial
cells can be caused to produce molecules identical to those produced by humans or animals. And,
we can synthesize therapeutic molecules that did not previously exist. Increasingly, biotechnology
has come to mean the use of such processes involving more direct implantation of specific genes into
target plants and animals, in contrast to more conventional selection processes.

For any process as dynamic as biotechnology, specific definitions are soon outdated B and, perhaps
misleading. In fact, the purpose of this study is a comprehensive examination of agricultural
biotechnology and its implications rather than the possible boundaries of this field of science. As
a result, a broad definition of biotechnology is used that includes both processes and crop and
livestock attributes. The terms Atransgenic@ and Anontransgenic@ are used to describe segments of
the biotech product cosmos. Transgenic crops are those that have had a gene inserted from another
plant or organism and are the same as Genetically Modified Organisms (GMOs), and the word also

-

-
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encompasses Living Modified Organisms (LMOs), a term used frequently in Canada.
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-~ Background B Biotechnology Then and Now L N

Biotechnology in one form or another has been important since prehistoric times. When man first

domesticated crops and livestock, primitive biotechnology approaches were used to improve on what .
nature first provided. Processes that convert juices into wine, milk into cheese or yogurt, grain into

beer, all involve some form of fermentation and other basic biological processes improved by the

application of technology B as has the production of breads and other foods made from flour and '
many, many other products over millennia. Herdsmen, selecting breeding stock on the basis of

physical traits that could be either magmﬁed or diminished, were engaged in genetic mampulatlons

B a form of biotechnology. -
Not all traditional plant and animal improvement efforts focused on agricultural production B many

processing operations depend on biological processes. Controlled fermentation processes have been '
used since the earliest times to produce foods by allowing living organisms to act on other

ingredients. And, it was soon discovered that, by manipulating the conditions under which '
fermentation takes place, both the quality and the yield of ingredients themselves can be improved.

The German scientist, Eduard Buchner, found in 1897 that enzymeés extracted from yeast are

effective in converting sugar into alcohol, a discovery that has long been 1mportant in the '
development of specific agro-processing operations.

F ermentation depends naturally on microorganisms including bacteria, yeasts, and molds that digest
grain and other products. Beer is made using yeast cells to break down starch and sugar (present in
cereal grains) to form alcohol; the froth of the beer results from the carbon dioxide gas that the cells
produce. Bread rises as a result of gas produced by yeast cells. The digestion process generates
alcohol (which contributes to the aroma of the bread) and carbon dioxide gas (which makes the
dough rise and forms the honeycomb texture of the baked loaf).

The precursors of modern biotechnology processes ranged increasingly beyond food and agriculture.
Early efforts to control disease outbreaks in overcrowded industrial cities led to the introduction, in
the early years of the present century, of large-scale sewage purification systems based on microbial
activity.- By this time, it had proved possible to generate certain key industrial chemicals (glycerol,
acetone, and butanol) using,b_acteria.

Perhaps the most widely known major Awonder drug@ of the early 20" century was Alexander
Fleming=s discovery of the bacteria-phage penicillin, derived from the mold Penicillium. Large-
scale production of penicillin was achieved during World War II B although the revolution in
understanding the chemical ba315 of cell function that stemmed from the post-war emergence of
‘molecular biology was still to come. ;This enormously important application of lifesaving bioscience
helped lay the groundwork for today s explosive development of biotechnology. And, as US
society has come to know and apprec1ate these advances and their benefits, the acceptance of
blotechnology in the United States has come early : and with little protest. _ _ i

.' o
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Biotech Regulatory Policy

Today, the US government appears strongly committed to the use of biotechnology in developing
increasingly competitive products for domestic and international markets. Two key public policies
have been particularly important in support of that commitment for agriculture:

The Plant Variety Protection Act of 1970 permitted genetic traits and transformation
methods to be patented (with materials that could be used as parents in another breeding
program protected). Before that time, most agricultural genetics was in the public
domain B with the exception of work on hybrid corn and a few others. Since then,
growing amounts of investment in plant, animal and microbial genetics have been
private, contributing significantly to the recent explosion in biotechnology.

In the intervening years, the Congress and a succession of administrations have made
clear the public policy of promoting joint public-private investment in basic research on
biotechnology, with much of that effort intended to stimulate private investment in the
commercial biotech products.

This policy commitment is not exclusively for agriculture B many of the earliest biotech
products were medical, and that continues to be the case. However, the public
commitment to support the development of private commercial biotech products has
become increasingly clear over time.

xample of govemmen (& ommltment to 1 lotechnology was its support for the
g P,roygram A small, nondescnpt ‘member of the mustard family,
vided- scientists the equivalent of the laboratory mouse B and now is
oised ‘become e:«ﬁrst plant o have its entire genome sequenced and made available for
’is’cudy Arabzdopszs was chosen for this project because it has a small life cycle, is a prolific
seed producer, and has the smallest known genome of any flowering plant B only 100 million
base pairs.

/In 1996 three US government agencmsr‘(US]A Department of Energy and

ard on Agrzculture Natzonal Research Council,

The White House Regulating Framework B Federal Coordinated Framework for
Regulation of Biotechnology. In the mid-1980s, new medical biotechnology products
were appearing rapidly and the Reagan administration was deeply concerned that the
bureaucracy would stymie this flow.
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The White House Regulatory Framework of 1986 divided responsibility for regulation
-among three ex1stmg agencies, rejected-completely the concept of a Asuper agency@ for
blotechnology, and clearly established a policy that permitted biotech product testing and
approval without undue delay The Umted States Department of Agriculture (USDA),
the Food and Drug Administration (F DA) and the Environmental Protection Agency
(EPA) are the three agencies involved in momtonng the development and testing of.
;‘zgenetlcally engmeered products R e

i

S
USDA/APHIS The USDA regulates genet1cally engmeered food plants through its

Animal and Plant Health Inspectlon Services (APHIS) Division. . APHIS
adm1msters the Federal Plant. Pest Act (FPPA) which authorlzes APHIS to
regulate interstate movement 1mportatlon and field testing of Aorganisms and
- . .products altered or produced through genetic engineering@. This includes such
' potential products as plants with 1mproved disease resistance and ammal vaccines
made with genetlcally-modlﬁed bacteria. APHIS also may, establ1sh specific

rules under which the test must be conducted as a condition of its approval.

. APHIS exercises its regulatory authority, through a permit system There are

' three basic types of perm1ts that an applicant who.is developing a genetically
engineered. plants may be requlred to obtaln Permit applications are handled by
the Blotechnology Permits tnit of Blotechnology, Biologics, and Env1ronmenta1
Protection (BBEP) within APHIS. An APHIS permit and approval of individual
state departments of agriculture are required to move any genetically-engineered

.otganism that is a potential plant pest into the United States or between states.

I € B - ”
R . b “ SoE . S S
. . !
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APHIS also ovérseés field testing or Aenvironmental rélease@ Of genetlcally- _'
" engineered crops, téquiring information about the plant, all’ new’ genes their
s "orlgm the purpose of the test, the expenmental des1gn and precautlons tobe
L taken to prevent the ‘escape of pollén, plants, ‘or plant parts from the field test site.
Upon evaluation, APHIS prepares an environmental assessment (EA) document
that analyzes any possible environmental impacts the field test could have. The
‘EA’ is required by”the National Env1ronmental Pohcy Act Councxl on
Env1ronmental Quahty regulatlons and USDA procedures
. } A DR

Apphcants also may request’a courtesy perrmt from APHIS to move or ﬁeld test

" . agenetically-engineered plant that is not regulated by the agency Sometimes a'
non-regulated plant may be similar to one that is regulated by APHIS and an
APHIS: penmt may make 1t ea51er to move or ﬁeld test the plant.

- Corn, cotton, potato soybean tobacco and tomato crops are considered by
APHIS using special criteria. After reviewing many permlt requests, APHIS
found that 85% of genetically-modified plant field tests involved varieties of

i
(.

_
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these six major crops. Based on the data obtained from“these tests, APHIS
determined that tests of these.crops.did not pose a plant pest risk. It therefore
issued rules in March 1993 that allow genetically-modified varieties of these
crops to undergo field tests with only :a 30- day advance notification to APHIS
avoiding the permit-application process.

FDA. . The Food and Drug Administration-has the primary. responsibility of
‘regulating food additives and new foods, except meat and poultry products that
are regulated by the USDA. However, the genetically-modified animal growth
hormones bovine somatotropin (BST) and porcine somatotropin (PST) came
under FDA regulation because the agency is required to.determine the safety and
efficacy of animal drugs. Before allowing drugs for food-producing animals to
be marketed, the FDA requires under the Food, Drug, and Cosmetic Act that
these drugs are ngorously studied and that residues of the drug in meat, mﬂk or

- eggs must besafe to consume. .- - L ERRE L
FDA will require labeling -of --genet:icaliy»-eng‘i‘ncered foods if potential allergens
are present. Ifa gene from a food that commonly ‘causés allergic reactions, dike
fish or peanuts, is inserted into tomatoes or corn, where people would not expect
to find allergens, then the vegetables would have to be labeled to alert consumers.
FDA=s policy states that proteins taken from commonlyallergenic foods are

presumed to be allergens unless demonstrated otherwise.

; ‘Labeling also could be required if the nutritional content of the food:is changed.
.+ Tomatoes are a'major source of vitamin C, and-if aitomato-were developed that -
~ no longer contains vitamin C, that then would have to.be disclosed. In contrast,

'FDA does not specify the method by which a plant is.developed by.a-plant
breeder to be material information. For example, FDA does not require sweet
corn to be labeled Ahybrid sweet corn@ because it was developed through cross-

hybridization. .Other biotechnological techniques used by.plant breeders'do not -

- need to be reported for practicality;reasons. - If;-however, genetic engineering
changes the composition of a tomato in-a way that it is not the samie tomato
anymore, then it must have a different varietal name, or, 1f 1t was a significant
difference, it may no longerbe called a tomato.

EPA. The Environmental Protection Agency regulates pesticides under the authority -
of the Federal Insecticide; Fungicide, Rodenticide Act (FIFRA) and the Federal -
Food, Drug, and Cosmetic Act (FFDCA). The former holds EPA responsible for
regulating the distribution, sale, use, and testing of pesticides in order to protect
humans and the environment, while the latter authorizes EPA to set tolerances or -
establish exemptions from the requirement of a tolerance for pest1c1de residues
in or on food crops. |, - ' v - o

Voot vy
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Producers’ of ;biotech products. are: requrred 1o consult thh the EPA if the
_ pestlcrde meets any of the followmg critéria:.
e 3 . f;»“ ,~<; v TR . . . .
The,pestrcrde is not deriVed ‘ﬁom‘t:.a‘known food sourcé (e.g., Bacillus
- ' thuringiensis pesticides are derived from a bacteria).

The pesticide is derived from a known food source and is introduced into a
< ~known food source, but the way humans are exposed to it in their diets
changes : ‘
.. T he pesticide has a different“structure, function, or composition than its
e .. counterpart that already occurs in food (e.g., the structure of a protein
B T pestrcrde that already occurs in food could be altered srgmﬁcantly)

- Sy ,'-,vn‘>
.31..3' | ¢ '

The regulatory system descrrbed above i is, in essence,.a patchwork of pre-existing regulatory
authorities. The issuance of the Federal Coordinated Framework for Regulation of Biotechnology
in 1986, claiming,there would be.no new laws to regulate biotechnology, paid off for drug and
pharmaceutical research which at the time was already heavily regulated and able to cope with the
existing federal . regulatory requirements. This was' not the case, though, for agricultural
biotechnology. USDA=s APHIS perrmttmg system arose to regulate crop plants and comply with
the Coordinated Framework. .

The current segregated approval process has been considered by some to be burdensome to the
agricultural-biotechriology research-agenda. The early lobbying of the drug-and pharmaceutical
industry llkely drove the decision for no:new regulations, but also forced the application of standards
from multiple arid competing regulatory-agencies. As a result, agr1cultural brotechnology research

pays very high transaction costs for regulatory comphance

. L
Ly o

thtle change has been suggested however by agricultural b1otechnology companles as it likely is
‘easier to comply with current regulations.than risk a tightening of standards even further.- For large
companies, .compliance with regulations is not: particularly burdensome and réceiving federal
government approval of. research and products: provrdes a level of >cover= for brosafety quest1ons

PRI . . M 4 e . oA
!wtv‘;_-.f - ! * &

Blotech B Long Term Investments to. Pay Oft"

In spite of'its tremendous promise, the biotech industry hasbeen economically stagnant for much
of the past two-decades or more B.with many of thé companies incurring continuing losses and- far
slower than expected product developmefit. ‘In.1986; FDA identified 155 companies working on
significant biotechnology projects with the. potentlal to‘affect food and agriculture B a large group
for a field just evolving. In fact; many-of those companies were built around one or a few very
strong researchers with a powerful idea for a new.commercial product. Ih many cases, they were

retired university professors or retrred scientists from public research ufits bettirig on exotic new"

technologies. ‘
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For many relatively young companies, techniques developed in university laboratories in the 1970s
have opened-the possibility of being able to exploit Advances in biotechnology in new commercial
ways. For instance, scientists realized that they could-isolate: genes that tell the body how to produce

insulin, ‘insert those-into a germ or bacteria, grow illions 6f ¢ coples and get the otganisms to

produce-humzn:insulin. And, theartificial product is both-purer and cheaper than -insulin from

livestock. In the past, drugs had been produced on a hit-or-miss strategy of experiméntation‘in‘the ~ |

laboratory, followed by tests on animals, The new methods promised a far more targeted approach,

with drugs: de51gned molecule by molecule to achieve their intended effect. Early products, in-
addrtron to msuhn mcluded blood-clottmg factors that were already known to work as’ treatrnents ~

AT t e SRt

AThe ﬁrst blotech company is generally acknowledged to have been Genetech: Inc.;'of South San

Francisco, founded in 1976. Genetech stock first soared but then fadéd as it became ¢lear that the

science of producing commerclal blotechnology ‘was a lot more comphcated than laboratory work

had suggésted.- And, since the 1970s, the mdustry was locked intoa serles of boom-and-bust cycles
on Wall Street. _, B L

At the other extreme, the largest biotech company today is' ‘Amgen Inc.; with'5,300 emiployées and
$2.4 billion-in sales from just two.products. The first is erythopoetin (Epogen) which signals the

bone marrow to produce red blood cells and offsets ariemia in people on kidney dialysis. The second -

product is similar and corrects imbalances in productlon of white blood cells. Amgen=s market - :

capitalization now has reached $16 billion, making it perhaps the largest biotech company in the

world.

Many of today=s biotechnology companies were linked to medical products, in part because the
market for human drugs is so large and provides such potentially large payoffs from risky
investments, and successful commercial development of new biotech medical products provides
powerful success stories. Recent press reports suggest that long periods of heavy losses may be
nearing an end for many small biotechnology companies. A handful have finally become profitable,
and analysts expect many more to become so over the next few years.” For example, Ernst and
Young projects the industry as a whole should be operating in the black by the end of the century
for the first time in history. Sales and employment are rising by about 20% annually.> New
treatments, long in the works, have advanced to late stages of testing and reportedly are holding up
well B and, a number (especially in the drug field) are winning approval by FDA.

In many cases, these companies still seem to be betting on risky propositions. An example cited in
a recent article was of a small company (MedImmune) that developed an antibody to prevent
respiratory infections hospitalizing 90,000 babies annually. Its approval by FDA was the first for
that type of product, and represents broad potential for such drugs. In response, biotech executives
are increasingly predicting many other dramatic results, with Ahigher crop yields, improved
manufacturing methods and striking advances in medical care@ seen as a result of the long years of

3 Biotech=s Payday Arrives, Washington Post, July 6, 1998
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continued,research investment.. However, despite this optimism, biotech.investing still is seen as .. .
perilous.,Many companies carry high price tags, still have little cash flowing in, and thus continue, -}
to trade on hopes and expectations. And, even-if analysts are correct and the industry as.a whole: .
becomes much more profitable, individual firms could face continuing disappointments.: Ernst and
Young suggests an announcement of bad news by one of these companies easily could mean a 35% . .~
drop in stock value in a single day . DY .

P A N
- , e
Still, the prospects for biotech compames in both food and agnculture and the: medlcal fields seem |
far brighter today than just a few years earlier. For example« Medlmmune.is now workmg on:a::
vaccine for the human papilloma virus B responsible for nearly all cases of cervical cancer, which
strikes. 80,000 women annually and kills nearly 5,000. A safe, effective vaccine, perhaps given to ;} T
young girls as part of childhood immunization, could stop widespread suffering and would-have a-
huge market, perthaps worth billions of dollars. To an important extent;'it is prospects of payoffs of -
this magmtude that have stnnulated the developments B and continuation against adverse conditions, . __
and low returns B that are driving the biotechnology revolution today. RO

Key Events in the Evolution of Blotechnology L e - ‘

R 'r" - R

Genetlc engmeermg became areality when a man-made gene was first used to manufacture a human, af

protem in a.bacterium. However, it is instructive to review selected key events of the-past that led G
to today=s explosion of biotechnology. . _ e L e

;
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Selected Milestones in the Development of Agricultural Biotechnology

. endelpostul es a set of rqlei}_s;«to.:‘e;;plainifhgetainheritance of biological characteristics in living

S ecombma/nt\ ene was used to clone a protem ‘Many consider thrs to be the advent of the Age of
~Biotechnology. -

1978 Stanford Umversnty scientists successfully transplanted a mammalian gene.

1980 Lt us "Supreme Court rules that microorganisms can be patented under existing law (Diamond v.
i -C “ opemng up enormous:possibilities for commercially exploiting genetic engineering,
1t had. rested fsolely on the ablllty of: compames to protect trade secrets.

n ,US and UK
ies to another (a transgenic mouse carrying
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net(cally _engmeered plants
human growth hormone (USDA, Beltsville,

of tr tomatoes w1th gene for msect resnstance)

kst US field tnals of: genetically engmeered microorganism approved for commercial sales as a

o ‘blocontroiagent of a plant disease (crown gall of fruit trees in-Australia).

S eiCl gene, Inc. received a patent for the tomato polygalacturonase DNA sequence, used to produce
e , antlsense RN _Lsequence that can extend the shelf-life of fruit.

us Patent Ofﬁce extends patent'protectlon”to ‘genetically engineered animals.
First ,genetlcally modlﬁed microorganism approved for commerc;al sales as biocontrol agent of plant
IS ease (crown gall of frunt trees in Australia).

C Dawsscxentnsts developed a recombinant vaccine against the deadly rinderpest virus, which had
ns. of cattle an deve!oplng countnes (1989).

1990 aThe ﬁrst successful ﬁe!d tnal of geneﬂca!ly engmeered cotton plants was:conducted by Calgene Inc.
: The plants had been engineered to withstand use of the herbicide Bromoxynil.
The Plant Gene Expresswn Center reported stable transformation of corn using a high-speed gene
gun.
- GenPharm International, !nc created the first transgemc dairy cow. The cow was used to produce
‘human-milk protems for. lnfant formula -

‘USDA APHIS notlf' catlon procedureto streamhne perrmttmg process.
FDA approves: supplemental BST for commercialization.

1994 Congressional‘moratorium on supplemental BST ends:.
FDA considers policy on voluntary labeling for supplemental BST.

1996 - FlavrSavr tomatoes pulled from market shelves.
. Introduction of commercialized herbicide tolerant and insect resistant crops B significant acreage
_ planted in United States.

Source: ERS Agricultural Economic Report #687, Agricultural Biotechnology: An Economic Perspective,
1994.

Recent Experiences with Biotechnology
The FlavrSavr Tomato
Calgene developed a genetically engineered tomato variety with a gene that delays softening and
reduces spoilage in order to provide vine-ripened tomatoes throughout the year with improved taste.

Calgene began talks with FDA in 1989 and submitted the marker gene for approval in 1990. The
company opted to forego the confidentiality usually maintained by FDA and requested that all
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findings and issues be made public In 1992, USDA deregulated the FlavrSavr tomato, allowing

Calgene to grow and Shlp the new tomatoes in"the same manner as conventlonally developed ™
tomatoes. In May 1994, in response to Calgene=s’ request FDA rendered an advisory opinion that .
the FlavrSavr tomato- was safe to consume and‘as nutritious’as converitional tomatoes. Calgene’ '

introduced the FlavrSavr tomato to commercial markets in 1994 under 1ts MacGregor—s ‘brand.

L e

But, the product was pulled from store shelves in ‘mid-1996. The product hkely fa1led not because
of concerns over b1otechnology but because of | the unexpected requirements of a new product. Upon
introduction, the tomatoes promised the taste of home-grown tomatoes from the grocer=s cooler.

Typical store-bought tomatoes are picked while they.are green and hard so that they will not spoil
while they are. shipped.. The tomatoes then have their red colot brought out by spraylng w1th the -

plant hormone ethylene, but still have the lackluster flavor of unrlpe tomatoes e ‘

FlavrSavr was supposed to change that Because 1t had longer shelf life, it could ripen on the vine

and then be shipped to the supermarkets. But, producers continued to use the same equipment to
pick and ship the ripe, soft tomato as they had the hard; green tomatoes.: This brought-losses of as
much as 30%, and by the time new packaging equipment was obtained, the company could no longer
continue productlon

Blotechnology suffered only a modest setback from that experlence but faced further controversy
with the 1ntroduct10n ofa synthetlc growth hormone for llvestock BST. e

BST R ' |

One of the ﬁrst genetically englneered products avallable to farmers was bovme somatotropm (B ST),
also called bovine growth hormone (BGH)., This key hormone is made naturally in the pituitary
gland of cattle, and promotes growth in calves and regulates milk production in mature dairy cows.

The engineered version of BST is manufactured by bacteria using copies of.the cow=s genes and -

boosts milk yield by up to 20%.

Whlle the product adm1mstered to the cow is 1dent1cal to that made by the-cow herself ‘the use of
recombinant BST has been the subject of much controversy. After long study, the hormone was

approved for commercial use by US farmers in 1994, but the debate continued for some time over

consumer reactions, seeming only in recent years to moderate.

Economics played a large role in the development and adoption of BST. A dairy cow=s normal milk
production cycle peaks about 50 days after calving before declining steadily over the following 10
months. The extra energy needed to make more milk comes initially from the cow=s own body fat,
but after the peak, the cow relies on feed for that energy.. Dairy farmers use BST during the second
half of this cycle to boost productlon and to reduce the number of cows necessary to achleve a given
milk output

y 7oA

The overall eCoriomic effect of BST on farmers depends on the economic structure of each herd. The
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added costs of medication and veterinary consultations associated with use of BST and the need for
increased management related to feeding and housing, make it uneconomical for many small
operations:. The main focus, however, of the debate that swirled around official'approval of BST for

commercial use has been animal health and consumer welfare - Arguments’ were'made that BST ¢
resultedin increased stress:on. cows due to the increased: productlon Compames producing BST
included warnings of possrble sideieffects ranging from:swelling to a reduced rate. of pregnancy -

Opponents of the hormone argued considerably more hannful effects.. < ..
. UZ ST 5 L .

Posilac (Monsanto =S BST product) was.approved-in: the United States on F ebruary 1, 1994, and 14

million doses were administered on 13,000 farms that year, representing 11% of US milk producers. :

Close monitoring by FDA for the next 18 months revealed several hundred Aadverse reactions@ in
herds given Posilac, but all of them invelved conditions also found in herds not given BST. Biotech

advocates thus argue-that health problems are. caused not: by the hormone but by 1nadequate

management and i 1mproper feedlng, hyglene or veterinary care.
: :tg.w"yz; . . LT

Anx1ety about drinking milk from COWS: treated with BST also has been a concern: - In announcing’

the approval of the product in 1994, then FDA Commissioner David Kessler observed that, AThis
has been one of the most extensively studied animal drug products to be reviewed by the agency.

The pubhc can be confident that milk and meat from BST-treated cows is safe to consumers.@ The
fear still -exists, though, that milk from these cows ‘may contain antibiotics or hlgh -levels of
hormones, which could be a health risk to humans, especially children.*

Caught between industry demands and publ’ic concerns, a fiumber of ,'govemments opted for extreme

caution over BST. By 1996, some 15 countries worldwide had licensed the use of BST. However,
the EU placed a moratorium on itsuse until 2000 and banned the import of milk-from BST-treated
cows.B. citing their oversupply of milk, rather than concerns about safety Due to. percelved risks,
Canada has to date refused to approve BST. N . S

In spite of the concemns ralsed,~ no substantial health threat has developed in nearly five years since
the approval of BST. As acceptance of the hormone has.grown in additional countriés, opponents
shifted the terms of the debate to one of Aright to know@ and the question of whether milk should
be labeled. Countering this'argument, the Food and Nutrition Science Alliance (representing the
American Institute of Nutrition, American -Society for Clinical Nutrition, Institute of Food
Technologies and American Dietetic Association) points ot that milk from BST-treated cows is no
different from other milk and that the’ presence of any such label 1mphes some health risk which has
not been demonstrated.

The issues that emerged during the development and release of these two products'did little to slow
the emergence of other agricultural biotech products. The explosron of blotech crops planted in the
United States and Canada in 1996 and the exponential growth in acreage over the past three years
and around the world well make the case that the biotechnology revolution has.begun.

LN
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'The Players Today

3

Many compames that have been long 1nvolved in blotechnology are making: the transmon from the
chemicals industry into the life sciences, positioning for control of products and global markets. -

This is illustrated by industry leader Monsanto; long a world leader in-chernical products, selling off
its entire chemical division in 1997 and anchoring-its research,-developinent and marketing in
biotech-based technologies and products. Other leaders are consolidating their position, rapidly
buying biotech start-up companies, seed companies, agribusiness and agrichemical concerns,

pharmaceutical, medical and health ‘businesses, and food and beverage compames, creating broad- -

scalelife-science complexes.’ . S T . =
E - . . v ' N
PR fa [N ol L ' " . t-

The consohdatlon of the mdustry is occurrmg rapldly In. 1997 the top ten agrochemlcal companies

control 82% of the $31 billion global agrochemical market.- Ten life science companies control 40%.
of the $15 billion per year global seed market.~The world=s ten-thajor pharmaceutical companies -

control 36% of the $251 billion pharmaceutical market.. Ten global firms now control 63% of the
worldwide veterinary pharmaceutical market.® The leading transnational food and beverage
companies are extremely diversified and increasingly active in.other life science fields.

The life seiences eompanies are striving to take full advantage of the new biotechnology products

and processes,.and are devoting significant -funds to research and development and licensing -
agreements. An estimated $7.5 billion annually-is currently invested in-house on biotechnology -

programs.

’

In the seed industry; too, companies are quickly positioning themselves to.gain fharket access (Table

7). The seed business is:cledrly the vehicle to deliver the new technology.: In' 1997, the-top ten seed
companies accounted for 30% of the $23 billion seed trade worldwide. . Pioneer Hi-Bred
International currently is the world leader in the seed industry with nearly $1.8 billion in revenues..
Monsanto=s interest in acquiring seed companies is clearly driven by its strategy to sell proprietary,
genetically engineered traits in the global market.. Monsanto now holds-an 85% market share for US
cotton seed, 33% for soybeans and 15% for corh seed S

St Lo Table 7. World—s Leadmg Seed Compames
¥ — N N
Cqmpanv - 1
C D ' ~ mil-US$-
+ | Pioneer H| Bred Intl. (US) ' ,.«f e « 1,784
Proposed Monsanto/American Home Products (US) 1,320*
Novartis (Switzerland) 928
Groupe Limagrain (France) SR ' 686
Advanta (UK-and Netherlands)-, -~ '~ . - - 437
AgriBiotech, Inc. (US) fT , _ 425
Grupo Pulsar/Semmls/ELM (Mexico) RE 375
{ Sakata (Japan) - " 349
KWS AG (Germany) - » >t =+, <@ t - - q 329
_Takii (Japan) . 300*

' " ‘
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1/ Merger canceled. *Estimated.
Source: Various

It is likely that by 2000 virtually all commercial seeds of major crops will contain at least one
bioengineered trait, an enormous market potential. The International Seed Federation says that the
world market for genetically engineered seeds could reach $2 billion by 2000, and then predicts
explosion to $20 billion by 2010.

Some Leading Players

After several decades of investing billions of dollars in agricultural biotech research and strategic
mergers and acquisitions, a few leaders in the field have emerged and have been able to quickly
bring their products to market. Today=s leaders are three of the largest companies in agricultural
biotechnology: DuPont, Monsanto and Novartis.

The -1argest chemlcal company in the;world, DuPont ,nducts business in six major
segments: Chemicals, Fibers, Polymers, Petroleum, Life Scxencés and Diversified Businesses.
The Life Sciences group, with 1996 sales of $2.5 billion, produces pharmaceuticals and
agricultural products {(DuPont Agricultural Products), mcludmg crop.protection (herbicides,
insecticides and fungicides), feed, seed, food ingredient and food safety products. In 1997,
DuPont formed a research alliance and separate joint venture ompany, Optimum Quality
?Grams Wlth Ploneer Hl-Bred Intematxonal;to speed the elo;pmcnt and delivery

to help grow 1ts hfe sciences busmess poss1b1y ﬂxréugh the acqmmtlbhs of agncultural biotech
companies.

i

000313




1 e o o« o o

Document disclosed under the Access to Information Act -
Document divulgué en vertu de la Loi sur I'accés a I'informati

26
Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Industry B Nov. 1998

;{Monsanto

Headquarters
}*1997 Sales
. \Employees

 Monsanto has set a fast pace of strateglc acquisitions: focused on creating the world=s

leading Ahfe sciences@ company. Monsanto produces agricultural products, food substitutes,
and pharmaceuticals. Its products include Roundup, a leading herbicide; several genetically
;’engmeered products; artificial sweetener NutraSweet; fat substitute Simplesse; and drugs used
to treat insomnia and arthritis. Monsanto is looking to agricultural biotechnology products for
igrowth (1997 agricultural products sales totaled $3.1 billion) B especially seeds, as its
purchases of DeKalb Genetics and Delta and Pine Land illustrate. While spinning off its

and. ‘Agracetus. - In.

Some of the largest life sciences companies are strategically positioned to control much of the global
biotech market. Novartis, a giant new global firm resulting from the $27 billion merger of two Swiss
companies, the pharmaceutical company Sandoz and the agrochemical company Ciba-Geigy, is
typical of the trend toward corporate consolidation in the life sciences industry. Novartis is the
world=s largest agrochemical company, the second largest pharmaceutical company, the third largest
seed company, and ranks very high in veterinary medicines. The company also is staking claims in

the field of human genetic medicine.

chemicals business (Solutlaeln )in 1997' Monsanto: acqulred‘blotech firms such as Calgene
) “develops -and

manufactures herb1c1des lawn and‘garden products and;BST; a vsynthetlc gfowth hormone to
boost milk: production. Monsanto=s acqulsmon by drug maker Amencan Home Products
recently was called off. = '
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Novartis AG -

) ?fsales of $200 mllhon worldw1de)

Other companies (not affiliated with those above) with commercialized biotech products released
to date include: AgrEvo, Dow Chemical (Mycogen), Zeneca, DNAP Holding Corporation, and Gist-
Brocades. Introductory information on these companies and their business activities follows.
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A rEvo
' ‘ﬁeaddﬁdﬁtérs: Bedin Gérma‘ny
Salesyi -$2.0 billion (1996)

Employees: 8,550

agncultural blotechﬁo dgyfﬁrsciucts and seeds accdunted fof about 3% of total sales in 1997.

The Doi"* 'Chemlca{ Comu

: Headquarters .

Mldlqnd;vl\(h(ihi gan
Annual Sales: ’_ - $20.1 billion (1996)
- Eniployees: = 7425861 e

Dow Chemical, the No. 2 US chemical company, is a global leader in production of
chemicals, plastics, hydmcarbons and agricultural and specialty products. It has sold noncore
pharmaceuncal consumer, and engineering operations to focus on its chemical line and the
blotechnology marke Dow AgroScxences the agricultural chemical/biotech unit, with annual
sales of about $2 bill of erlarge:‘ : research—based agmcultural companies in North
.i.Am’enc L , 5

Last year the company. formed Dow AgroSc1ences by acquiring the remaining 40% share
of DowElanco, the joint venture between Dow and Eli Lilly. It researches, develops,
manufactures, and markets agricultural and specialty products including herbicides,
insecticides, fungicides, nitrogen stabilizers, plant growth regulators, fumigants, seeds, and
industrial noncrop pest management products. The company has expanded its interests in the
agricultural biotech arena by investing in its own R&D programs to find novel genes and by
purchasing the biotech seed company Mycogen.

s B B B
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- Zeneca

Headquarters: London UK

“ ncreaéed%ineé m’ toma o)' cleared for sale on both s1des of the

reglonal dlstnbﬁtors) In early 1997 ELM entered lnto a collaboratlon agreement with
Monsanto to. ‘gain access to technology for a large number of fruits and vegetables, including
enabhng technology, herbicide resistance, insect resistance, virus resistance, and quality traits.

000317



Document divulgué en vertu de la Loi sur 'accés a I'informa

Document disclosed under the Access to Information Act .

30
Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Industry B Nov. 1998

\ v ! ic foedsfﬁffs "and"eattle food enzymes Its;
most 1rnportant products emanate from fermentatlon processes. Its subsidiary, Gist-
Brocades/Blo Intermedlalr, spec1ahzes in: large 'scale ammal cell culture and  microbial

There are many other key players in the agricultural biotechnology field B this is by no means an .
exhaustive list. But as mergers and acquisitions continue at a rapid pace, it becomes more and more

difficult to rank or categorize the industry=s players, and any classification is simply short-lived. .
Throughout the remainder of the report, there will be many references to the other Aplayers@ in the

biotech arena B what has just been outlined is merely a Asnapshot@ of those with widespread .
recognition and products already available in the marketplace.

A Word on Categories and Concepts
In subsequent sections, the biotech products available today and in the near-term pipeline are
identified and described. To facilitate that presentation, we have developed categories into which
the products are placed. These categories are delineated below and will be used throughout the
presentation.
For purposes of the study, we view the biotech products as belonging in one of four categories:
Crops
Field crops
Vegetables

Fruits

Livestock
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Microbes/Enzymes (primarily for-use in food processing). - = . .
Nutraceuticals C .

We also categorize themas: . = - et e

R 4

.!-

Cost reducmg/yleld enhancmg products B reduce mput costs for producers and 1mprove :

ylelds either by reducing productlon losses or improving: the products= agronomic or .

growth properties:

Herbicide tolerance
Insect/disease resistance
Drought/cold/stress tolerance . ‘

!

- Special product attrlbutes (some of whlch can be cla351ﬁed as both:cost reducmg/yleld
enhancing and value enhanced) ' . .

Delayed ripening‘ l

‘Reduced bruising

Shippability

Longer shel{- life ‘
Enhanced flavor/appearance | .:

Value enhanced products (e.g., high protein com) B altered composition and/or
characteristics to make the product more valuable than a correspondlng commodlty

Livestock products (e-g., clones, vaccines and growth ,promoters)..
Processing products (e.g., rnicrobes, enzy.mes).

‘Nutraceuticals-and industrial products B functional foods de31gned to prevent dlseases,
treat conditions, or to prevent diseases and conditions. a

! Like any new product seeking public approval it underwent lengthy testing to detemnine its safety, quality,
purity and stability. Trials to'measure’its effects on human and animal health: mvolved much larger doses
than anything consumers reasonably would be exposedto. In 1994, the US National Academy of Sciences
Board on-Agriculture reviewed many:studies on BST and concluded that there was-no disagreement among
scientists that Acomposition and nutritional value of milk from. BST-treated cows.is essentially the same as
that of milk from untreated cows.@ : o ' RS U
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1IL Biotechnology Today

Agricultural Biotechriology Products Available Today
The “first wave” of biotechnology has been dominated by crops with “input traits,” such as
herbicide tolerance and insect resistance. Herbicide tolerant crops are attractive to farmers

¢

mainly because they reduce costs, and many are “yield neutral” or affect yield On‘ly modestly due

to less competltlon from weeds for nutrients and water, so farmers’ revenues are largely
unaffected. On the othér hand, some - insect resistant' crops both rediice costs (reducing
insecticide applications) and improve yields, since pests such as the European corn borer cause
production losses by causing “lodging” and other damage. - S

Key Developments

. Herbrclde Tolerance. Herb1c1de tolerant crops enable farmers to spray herbicides on
their fields, controlling the weeds while leaving crops-unharmed. In the past, since
- nonselective herbicides such as Roundup.and Lrberty were desrgned to kill all plants
regardless of whether they were valuable crops; the use of such herbicides was
generally limited to pre-plant applications or controlled spraying between crop rows.
Monsanto’s Roundup Ready and AgrEvo’s Liberty Link séeds opened new post-
emergent markets for both products. Similarly, imidazolinone ‘(i.e., Pursuit) also
served as a selective herbicide effective against annual grasses and broadleaf weeds in
soybeans and other legumes. But since the early 1990s, corn varieties (nontransgemc)

tolerant of the herbicide have been avallable asIMIcorn. ©

‘o "Insect Resistance. By inserting the gene 4f a common 5011 mlcroorgamsm Bacillus
" thuringiensis (Bt), into plant'tissue, scientists have created crops that ‘produce their
own insecticide. Commercrahzed in 1996, Bt cotton combats bollworms and
budworms, and Bt corn protects against the European corn borer.” Future insect
resistant crops promise control of many other economically 1mportant pests such as

the cotton boll weevil and the corn rootworm. ' %

oSt successﬁ,tl age ! _ass=of blologlcal control first drscovered in the early 19803 is”

jensis. (Bt),‘ a: naturally:occumng bacterium . that produces 1nsect1c1dal;
1en. ingested-by, insects, the ‘bacterial spores: germinate and produce toxins, .
he insect-aspart:of:theiriown'life cycle. Different strains of the bacterium
‘own'toxins,-each of which has its own range of insect targets. ‘Bt has been used

pesticide sprays for many years, ‘but this is both costly and difficult to synthesize in
commercial quantities. Today; the. Bt gene responsible for producing the toxin is directly .
1nserted into the plant to produce:pest resistant varletles
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Chart 1. Biotech Crop and Hybrid Corn Adoption:
“S” Curves Compared
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The nature of the biotech crops constituting ‘the successive “waves” likely will be much broader
than for-the hybrid corn varieties. For-example, biotech soybeans have achieved almost 50%
market penetration, consisting mostly. of Roundup Ready and STS soybeans (Chart 2). These
will be followed not only by other herbicide tolerant crops, such as Liberty Link soybeans, but
also by value enhanced crops, including nutraceuticals and functional foods.. And, in just three
years, biotech varieties also account for-a sighificant share of the US corn:and cotton acreage.
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Chart 2. Adoption Rates of Major Biotech Crop'As:.i_n the United States
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It also is plausible to suggest-that within the overall biotech “S” curve, there may be several -
scallop-shaped curves for individual varieties; .all occurring within a greatly compressed:
timeframe from previous adoption rates.. Moreover, the biotech ‘adoption process encompasses a. «
greater range of crops and marketing chains than the hybrid corn example, and the impacts reach - -
much further up and down the marketing chains.. The “‘S” curve of biotech crop adoption and the .
composition of varieties driving adoption are shown in Chart 3..
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‘Chart 3. Varieties Driving-Biotech Crop Adoption
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Adoption of Biotech Crops in the United States

A tremendous amount of biotech research has been ongoing, much of it concentrated in the
United States. The first commercial agricultural biotech products were introduced in the United
States, making it a loglcal startmg point for a dlscusswn of such biotech products avallable to
date.

The first commercial transgenic grains and oilséeds were released in 1996 in the United States —
Ciba Seeds’ Bt corn and Monsanto’s Roundup Ready ‘soybeans and Bollgard (Bt) cotton. For
this reason, 1996 is marked as the -inaugural ‘year for biotechnology in agriculture. Biotech
acreage totaled just over 13 million acres, for both transgenic crops and nontransgenic crops with
enhanced attributes (mostly herbicide tolerance) similar to transgemc crops. It is estimated that
biotech crop area in 1998 has grown 51xfold to nearly 75 mllhon acres, 23% of total planted
acreage of all major crops o :

Still, biotech acreage is dominated by relatively few ctops — soybeans, corn and cotton (Chart 4).
This year, nearly 35 million acres of biotech soybeans were planted, an 1ncrease of nearly 20
million acres over last year. Biotech corn varieties account for over 32 million acres, including
11 million acres of nontransgenic varieties with enhanced characteristics, primarily used in
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specialized processing applications (e.g., waxy corn, high-amylose corn). For cotton, over one-
half of 1998 plantings were biotech varieties, mostly Monsanto’s Bollgard and Roundup Ready.

Chart 4'._' ”{-\c_reag_e' of Biotech Cljops in the United States
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Other crop acreage, such as biotech canola'and’-potatoes, remains small. 'In 1998, an estimated

80,000 acres were planted to Monsanto/Calgene’s Laurate canola, which contains oil high in
lauric acid suitable for food processmg applications as well as industrial uses such as soaps and
detergents. Biotech potato acreage totals only 50, OOO acres all Monsanto s NewLeaf potatoes.
Thesé plantmgs represent 7% of canola and 4% of potato acreage.

Transgemc crops account for more than 70% of the total blotech acreage in the Unlted States

(Table' 8). Soybean varieties make up the largest portron with 25 million acres, while com area is
21.4 million acres. Many of the value ‘enhanted corn varieties that are currently on the market
have traits which were developed through conventional breeding techniques; these nontransgenic
varieties accounted for 11.2 mllhon acres this .year. = Nontransgenic soybean varieties .were
planted on just over 10 mllhon acres thls year mostly accounted for by DuPont’s STS soybeans,

which are tolerant of sulfonylurea herb1c1des - .—».'t: ,

1 : LA Daut a0

'
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Table 8. Transgenic and Nontrarisgenic Crop Acreage - United States -

3 Transgenic . Nontransgenic

11996 1997 ' 1998 | 1996° 1997'' 1998
I Ny -~ 'million acres I
.{Canola ‘" 0.0 01 01 - 007 - 00 0.0] -
jCormn 1.0 56 - .21.4 60 - 74 112
{Cotton - 0.1 1.1 6.5 ~.0.0 . 00, 0.0| .
{Potatoes 0.0 0.0 0.1, 00 -~ 00 0.0
|Soybeans 10 90 250 35 . 70 100
{Total 27 758 sa0| 95 44213

PPN

It is notable that no biotech wheat product yet has beén comirtiercialized. 'I":hié likely .res’ulté both
from scientists getting a late start on research, and the reported greater difficulty in its genetic
- modification than other crops, especially the oilseeds.

H,eAr,bicide, Ioleljant,‘,CropS

N

’

The most w1dely adopted, blotech crop is Roundup Ready soybeans — 25; fmllhon acres, 34% of .
total soybean plantings (Table 9). DuPont’s STS soybeans have the w1dest plantings of any.
nontransgenic biotech crop — 10 mllhon acres this year.

. Table 9. Herbicide Tolerant Crops in the United.States

i

SR A R P ST 2ol

.
.

Company Product USDA Approval .
' ' ‘ - Y1 Date | 1996 1997 1998
i : million o
AgrEvo Liberty Link canola 1/29/98 n/c n/c n/c
AgrkEvo {Liberty Link corn A o 6/22/95 nic 0.7 4.2
Agrkvo Liberty Link soybeans 7131197 ~nfc nlc n/c
{AgrEvo , |Liberty Link sugarbeets - 4/28/98 n/c nic n/c
American,Cyanamid 1M1 (imidazolinone tolerant) corn 1/ Not Transgenic 3.4 4.5 6.6
|DeKalb GR (glufosinate resistant) corn T 12119195 n/c 0.1 0.2
{DuPont STS (sulfonylurea tolerant) soybeans . | Not Transgenic 3.5 7 10
DuPont STS cotton ' 1/25/96 nic nlc nic
Monsanto |Roundup Ready corn - 11/18/97 n/c n/c 0.75
Monsanto Roundup Ready cotton 2/: 7111195 _nfc 0.8 5.00-
Monsanto Roundup Ready soybeans ., 5/19/94 1 9 25.
Monsanto/Calgene BXN cottor - T 2/15/94 0.05 0.28 1.3
Univ. of Minnesota/BASF |Poast Protected (sethoxydlm reSIstant) Not Transgenic. {. n/a n/a 0.3
corn S

1/ Estimate based on seed avallabmty not actual planted acres.
2/ Total 1998 acreage of Roundup Ready and Bollgard cotton is estimated over 5 million acres. Estimate not
available for Roundup Ready cotton.

n/c = not commercialized; n/a = not available

\
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Source: Blotech/seed compames US Grams Council Value Enhanced Corn Quallty Report Furman Selz LLC,
NatWest Securities °

AgrEvo’s leerty Lmk corn is estlmated to have been planted on 4.2 million acres in 1998.
DeKalb also -has developed vanetles that are tolerant of herbicides containing glufosinate (i.e.,
Liberty), which are marketed under the name GR Corn, though the area planted to these varlet1es
is thought to be only 20,000 acres. Monsanto’s Roundup Ready com was commercialized i in
1998 and planted on an estlmated 750, OOO acres.

Roundup Ready cotton introduced only this year, was planted on a significant acreage although
no estimate is yet available for it separate from Roundup Ready stacked with Bollgard. Monsanto

has reported a total acreage with Bollgard and/or Roundup Ready traits of over 5 million. acres in
1998 "

R T e : . o syl

~

Insect Resistant Crops

o , L , LS P ILT
The insect resistant crops that have been commercialized all contain genetic material from the ™~

Bacillus thuringiensis (Bt). Thus far, insect resistant varieties have been mtroduced for corn and

cotton, targeted at thé' bollworm and budworm i in cottén 'and the European ¢orn boret. These e
include Ciba’s Bt corn in‘1996 (just under one mllhon acres) and Monsanto S Bollgard cotton '_ '

(1.8 million acres) (Table 10). e

Then came YieldGard *éom isi" 1997, ‘and by the next year it had -thé 'second- largest biotech
acreage (13 million). It surpasses -Novartis’-Bt corn (two million-acres) -by a wide margin.
DeKalb 1ntroduced a Bt corn (DEKALBt/Bt-Xtra) in 1997 and it accounted for 1.2 mllhon acres
this year.

Table 10. lnsect Re3|stant Crops in the Umted States

2d e T

Company T 7 Pr_oduet USDA Approval ~ Acreage

i . |- Date "l 1996 1997 =~ 1998 |

million

DeKalb DEKALBYBt-Xtra ¢orn . . 3/28/97 - nlc 0.2 12

Monsanto ‘|Bollgard cotton 1/ 6/22/95 ’ 1.8 2.5 5-

Monsanto NewLeaf potatoes’ 3/2/95- = | 001 0.03 0.05 '
Monsanto YieldGard corn | 8/22/95 & 3/15/96 1| nis 26 A3 ]
Novartis (Clba/Northrup King) Maximizer& KnockOut corn | 5/17/95°& 1/18/96 .1.00- 2 o .

1/ Total 1998 acreage of Roundup Ready and Bollgard cotton is estimated over 5 million acres Estimate not*
avallable for Bollgard cotton. e

n/c = not commercialized S

WY g

- e e a3
__ ] 3 . . i )
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Stacked Trait Crops |

Once a s1ngle new trait could be introduced mto a crop, it was clear that others would soon

follow producing multiple or “stacked” traits (Table 11). The first of these appeared in 1997 .

when Monsanto released Roundup Ready and" Bollgard cotton. Monsanto then released“'

BXN/Bollgard cotton this year, tolerant of Buctril herbicide and insect resistant. It also released

a small amount of com that combines Roundup Ready tolerance and European corn borer

re51stance planted only on some 30, 000 acres v . o :

- -

Table 11. Crops Wlth “Stacked” ?Tralts in the Umted States

R AT

‘ Qo'mpany | Product . ~USDA Approval 7 R Acreage ) .
| ‘ | | 7 Date | 1996 1997 ~ 1998
. mllllon PR
Monsaiito Roundup Ready & Bollgard cotton 1/ n/a n/c 0.06 5
iMonsanto/Calgene |BXN & Boligard cotton . _ 4130197 | nlc nlc 027 |
’fMonsanto __|Roundup Ready & YieldGard coin * | 5/2{(97 1 ne we. 003,

-

17 Total 1998 acreage of Roundup Ready and Bollgard. cotton is estimated over 5 million acrés. Estumate not
available for stacked Bollgard and Roundup Ready cotton. . , . i : .
“‘n/c = not commercialized :

Biotech‘no.l’o_gyvand the Food and Feed Industries S . e
Most- developments in the current wave of brotechnology have focused on agronomic traits -
adding value for the producer while providing little apparent direct benefit to the .consumer,
However, some products with consurher-oriented traits have been developed, and many more- can
be expected. While not every crop easily lends itself to consumer-oriented traits, fruits and
vegetables and other value enhanced products (including modified oﬂseeds and com tarlored for
specific markets) are those where such benefits are obvious.

Fruits and Vegetables

Fruits and vegetables have been a focus of biotech research for more than a decade.
Modifications include input traits for the farmer’s benefit, but most are clearly mtended to add
value downstream at the consumer end of the marketing chain.

The first food crop, the. FlavrSavr tomato developed by Calgene (now a sub51d1ary of Monsanto)
was commercialized in 1994. It was the first high-profile genetically modified food to reach the
consumer marketplace — and still may be the most recognized biotechnology food product among
consumers. More recently, DNAP, part of the Empresas La Moderna/Seminis group of
companies, has developed two tomatoes marketed under the FreshWorld Farms brand. Each has
delayed ripening characteristics (Table 12).

000327



~ One product designed specifically to be mdre healthful is soybean oil with reduced saturated

. B B e e
Document disclosed under the Access to Information Act -
Document divulgué en vertu de la Loi sur 'accés & F'informy

Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Industry — Nov. 1998 37 ..

‘Table 12. Biotech Fruits and Vegetables on the Market in the United States

H . . .. ghe . Cid

: Name . ‘ Manufacturer ) ' : Descnptlon»h S Lo
FreshWorld ' o DNAP/Empresas La .Deveioped to have improved color, taste, and texture and
FarmsTomato [Moderna - ja: 10 to 14 day shelf life. N e
FreshWorld Farms DNAP/Empresas La | Tirited production of ethylene, the hormone that causes -
Endless Summer Tomato |Modérna fruits to ripen.~ extends shelf life by 30 to 40 days. . . |
Increased Pectin Tomato |Zeneca Plant These tomatoes remain firm longer and retain pectin

‘ Sciences® .during processing into tomato paste. . .-,

Bt SWeetcorn - TNovartis_ '» T Contains the Bt bactena and prowdes protection agalnst ,
g - |several pests. "7 o Corbe ;
Value Enhanced Products o e "

The “ﬁrst wave” input traits, which reduce costs and/or enhance ylelds for _the farmer, are,
substantlally equivalent” once harvested and pass the farm gate. The “second wave,” however,”
exhibits. consumer-oriented traits, and more are expected’ in the coming years. Most value ' V'
enhanced crops thus far have been concentrated among: oilseéds with" modlﬁed fatty ac1d 5t
composrtlon and corn tailored to specific end-uses (i.e., processing or feed). ; -

Most ‘of the value enhanced corn and oilseed varieties now availablé are nontransgenic”
(accounting for 97% of the 3.8 million acres planted in the United States in 1998). The most
wrdely adopted are DuPont/Optimum Quality Grains’ hlgh-oﬂ corn used mostly as an enhanced-
energy animal feed, and varieties used in spec1ﬁc processing apphcatlons ‘These 1nclude waxy
and hlgh-amylose corn with starch compositions opposite’ fo“each other ‘and standard corn,

de51gned to y1e1d starch for spe01ﬁc food and industrial uses. “Food- grade” corn, techmcally

hard-endosperm corn, is desired for its large grits used in extruded products such as’ breakfast
cereals and snack foods. ‘ .

The modifications to fatty acids in value enhanced oilseeds thus far have been intended to
produce oils more healthful and/or more stable. Enhanced stability can be targeted at shelf-life
and/or stabrhty in spec1ﬁc apphcatxons such as producmg the shortemng used in restaurants

- fatty acids (Table 13). Developed by Iowa State Unlver51ty and marketed by Optlmum Quality
Grains, the oil is marketed as LoSatSoy in Hy-Vee stores In the Mldwest ‘

el [

vt

: LT

]
. . .
I - o - '
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- Table 13. Value Enhancéd Crops in the United'States -

' Company RS C Product | USDA Approval ... . . Acreage .
s e e pate ™ 1996 1997, 1998
; SR : R v million

|DeKalb - . ... {Nutritionally dense. corn "] Not Tran§genic._w., 014 .. 014. 014
|Monsanto/Calgene ~ ¢ lLauratecanola VT ™FD o 10/31/94%" " 0.02° 007 7 0.08
|Muttiple =+ - ' {Hard endosperm/food-grade 1 ‘Not Transgenic "~ | 1.00- 1.00-  1.00-
| “leorn S I :
|Multiple (Main: DeKalb/Custom "ngh amylose com .- ") Not ]?ran_sgenic' 1 0.04 0.04,,... 0.04. |
|Farm Seeds) : BREEUR | [N A i B ' T
|Multiple- {Whitecorn | » ~- ] Not Transgenic:z] ~ 0.58 055., 0.65
Multiple (Main: DeKalb/Custom "Wa'xy-cc')rn ’ : : .NotTransgemc 104 0.42%" 048" ,
|Farm Seeds) ' S e ‘ . S .

Optimum Quality Grains , -~ {High protein soybeans ° | NotTransgenic | n/a 0.01.., 0.01.
{Optimum Quality Grains - |High sucrose soybeans - - Not Transgenic { - n/a 001+ 0.01
|Optimum Quality Grains (DuPont)  {High oil-comn . N Not Transgenic | . 0.4 075 .- 1.20.
|Optimum Quality Grains (DuPont) {High oleic soybeans 517197 n/c 0.01 0.03
|Optimum Quality Grains (Pioneer {High oleic sunflower Not Transgénic |- n/a-~ ~ <nfa ~ 0.1
{Hi-Bred)
|Optimum Quality Grains (Pioneer |Low linolenic soybeans Not Transgenic | n/a 0.01 001
{Hi-Bred) o : , ,

Optimum Quality Grains/ lowa _{LoSatSoy (low saturates) | Not Transgénic | nfc 0.01 ~ 0.05

State University soybeans
n/c = not commercialized; n/a = not available S o

: ' . : . PR B TES P S

ngh-olelc soybeans-and sunﬂowers also are currently on the market (Table 14). These yleld oil .
that is stable with low or.no hydrogenation for use in food -applications, thereby reducing or.
eliminating the presence of trans-fatty acids (associated with heart disease) that result from
hydrogenation. This reduces food processors processing costs and results in a healthier oil. The.
high levels of monounsaturated fatty acids and low levels of trans-fatty acids also are more
desirable from a health standpoint.. The high-oleic soybeans are transgenic while the high-oleic
sunflower is not. Both are marketed by Optimum .Quality: Grains, which also markets -and
arranges for the contract-growing of low-hnolemc-amd soybeans which yield oil requiring less
hydrogenation. "

Optimum Quality ‘Grains also has commercialized soybeans with modified components other
than oil. High-sucrose soybeans are promoted as having improved flavor and less desirable side-
effects (such as gas in humans). Products from these soybeans will enable food processors to
include a higher proportion of soy in foods-without incurring off-tastes or other undesirable -
consequences. - High-protein soybeans are intended for use in soyfoods, particularly tofu and
soymilk. . o o T TR o '

R | ' . K .
] 3 E ] A , ! I <
4 d 3 d , ]

000329



Blotechnology Fundamentally Reshapmg the Agrlculture, Food and Fxber Industry - Nov 1998

Document disclosed under the Accéss¥& THfSrMUTtOT AL

Document divulgué en vertu de la Loi sur I'accés a l'inform

39

Table 14. Biotech Edible Oils Currently on.the Market in the United States

Typeofol — |

~ Company

- Description

|High-Oleic Peanut Ol

FLIFVRTRY

Mycogen:

o

' \Developed through mutagenesis, produces oil hlgh in
loleic acid, resulting in fonger shelf-hfe for nuts, candy, and |

peanut butter.

| _Hig'hloieie Soybean Qil

»

Optimum Quality
|Grains

~

ond

Contain oil with 10% saturated fat and 80% oleic acrd -
compared to, 15% and 24% respectlvely, for standard
soybeans The oil requires low or no hydrogenatnon

Low-LmoIemc Soybean

Optimum ddaiity

resulting in lower trans-fatty acrds e et

QOil is lower in linolenic acid and requrres iess

loil : +. . |Grains. - {hydrogenation. e
| Low;Saturate Soybean : Optlmum Quallty {Oil has a saturated fatty acrd content of 8%: whichis’ . {je
‘Oil Grains about half the saturated fatty acid content of standard 25| 7 -
" | . s soyoil and is comparable to canola oil. ey
ngh Olelc Sunﬂower Oll Optimqm Quality Oil has improved stability and requires less ]

s Grains hydrogenation, resuiting in lower trans-fatty acids. = g+

. P SY « . ERTI R

Adoptlon of Blotech Crops meanada x RN

While much ‘of the blotech crop acreage is in the United Statés, several crops also have been
commercialized in Canada. The focus there has been on input traits, specifically herbicide
tolerance. ' ” R

Canada’s principal crops are wheat, barley'and canola, but since wheat and barley have been
little affected, canola is the dominant biotech crop. Canola has proven to be one of the most
receptive crops.to genetic manipulations, including value enhanced traits. Other crops that have

been commercialized also are .on the market in the United States. - And, there is broader adoption

of imidazolinone herb1c1de tolerant crops, mostly under the Pursuit Smart brand developed by
Ploneer _ =

e
e

Biotech-.canola is thought to comprise about half of all canola acreage in 1998 (Table 15).
leerty L1nk Roundup Ready and Pursuit.Smart varieties have about equal market shares, each

accounting for'two million acres.

Although the Canadian corn acreage is limited, biotech varieties cover just over one million acres

this year; about 40% of the.crop. The most prominent varieties are Monsanto’s YleldGard (Bt) -

on 700,000 acres, and AgrEvo’s Liberty Link on 300 OOO acres. S

L

Bes1des the L1berty Link, Roundup ‘Ready, YleldGard and Pursuit-Smart brands which have

gained significant market shares in.the.canolaand.com sectors, other bictech varieties have

received approval for planting from the Canadian government (Table 16). Almost all of these are -

crops with input traits, and many are the same as biotech crops commercialized in the United
States.
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Table 15. Acreage of Biotech Crops in Canada

oo
¥

Company Product {.Approval Acreage
O ) ~Date |- 1996 1997 1998 -

|AgrEvo Canada ;Lrberty Link canola | Mar-95 | 370, 500 2, 100,000 2,100,000
AgrEvo Liberty Link corn | Apr-97 - nlc " nfc 300,000
Monsant6 . |Roundup Ready canola Mar-95 50,000 450,000 2,000,000
|Monsanto/Calgene Laurate canola ' © Apr96 5,000 ° 5,000 5,000
{Monsanto |Roundup Ready soybeans Apr-96 nfc 6,000 150,000
{Monsanto . [YieldGard corn ] Feb-97 alc 60,000 700,000
{Monsanto ©_|Roufdup‘Ready & YieldGard corn | Sep-97 . nic nlc . 3,000
{Monsanto . |NewLeaf Potato 4 Dec-95 1,500 5,000 10,000
jPloneer Hi-Bred | Pursunt Smart Ml tolerant) corn .| Feb-96 na 10,000 20,000{
IPioneer’ Hi-Bred {Pursuit Smart {IMI tolerant) canola Apr—95 n/c 1,600,000 2,100,000]
iUnlv of Saskatchewan |sTS ﬂax May-96 440 6,000 3,400]
n/c*= not-commercialiZed T R o -

Source Canadlan Natlonal Research CouncullPIant ABlotechnology lnstltute Ontarlo Corn Producers
Assocnatron Company Reports Press Reports :

Table 16. Other Biotech Crops Approved in Canada

Company "« Product Approval
_ ' _ R ~_ Date

. |BASF S . . |Poast Protected corn , —Feb 97 -
iDeKalb Genetics |GRcormn Dec-96
DeKalb Genetics |GR & DEKALBUYBt- Xtta corn Apr-97
licl/Zeneca Seeds ~~ {IMi comn Jul-97
Novartis/CIBA"& Mycogen* . {Maximizer & NatureGard corn - | ‘Feb-96
INovartis/Northrup-King -~ -+ |Maximizer. "+ ' Aug-96
|Pioneer Hi-Bred {Roundup: Ready .& YleIdGard corn 1/ |- . Dec-96 .
{Pioneer Hi-Bred - |High oleic/low finolenic acid canola 1/ Aug-96 | -
|Rhone-Poulenc BX- canola (Bromoxynil tolerant) Jul97

1/ Pioneer's Roundup Ready & YieldGard comn and hlgh-olelcllow-hnolemc acid canola

havenot been commercrahzed

Source: Agrlculture Canada, Proneer Hi-Bred . -

Although considerable research on value enhanced crops is underway, little acreage is planted to .
these crops. Monsanto/Calgene S Laurate canola has been planted on some 5,000 acres in 1996-
98, and high oleic acid and low lmolen}c;.,amd canola were approved by the government in
August 1996 but have yet to be commercialized.
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Adoption of Biotech Crops in the Rest of the World

v
o1 . -
* oY e * . °

Mexico and South America

- o, -w

Aside from the Umted States and, Canada the next largest biotech acreage is in Argentina,
Roundup- Ready soybeans planted there over the last two years reached 3.75 million 4ctes in
1997, 22% of total acres. Monsanto reported it had sufficient Roundup Ready soybean seed for
10 million acres in 1998, and Bt corn was approved for planting. »
Biotech;crops have yet to be approved by- Brazil. .A ‘major hurdle was cleared in September
1998, when the Brazilian National Bio-security Technical Commission.(CNTBio) ruled to allow
the sale. of Roundup Ready soybeans. ‘However, the Agncultural Ministry still must give formal
approval and this is expected soon. Monsanto is expected to have Roundup Ready seed
available for sale next year :
In Mexico, Monsanto’s Bollgard/Ingard cotton has been commercially available since 1996,
when some 2,000 acres were planted. Acreage rose to 50,000 acres in 1997, 10% of total cotton )
acres. Monsanto planned to have ‘sufficient seed for 200,000 acres of Bollgard/Ingard cotton
seed for 1998 , though prehmmary reports suggest plantings may not have exceeded 100,000
acres.

i

N Vope . -
O A v

Asia and Australia

China has adopted-a biotechnology-friendly stance as it seeks ways to feed its massive and
growing population. Biotech crops réportedly have been there since the early 1990s including
virus resistant vanetles of tomatoes and tobacco

The International Service for the Acquisition of Agri-biotech Applications (ISAAA).at Cornell
University estimates biotech crop acreage of 2.8 million acres in 1996 and 4.5 million acres in
1997. Tobacco resistant to the Cucumber Mosaic Virus’ accounted for 2.5 million acres of the
1996 acreage and:4:0 million in 1997. Virus. re51stant tomatoes were planted on O 3 mllhon acres -
in 1996 and 0.5 million acres in 1997. '

Plantings for 1998 are not yet availablé though the ISAAA has adde'd‘Bt cotton to the list of
biotech crops grown. Monsanto reported it would have as much as 375,000 acres worth of
Bollgard/Ingard seed avallable but ISAAA suggests no more than 100,000 acres. 8

In Australia, ‘Bollgard/Ingard cotton already ‘has gained srgmﬁcant market share. - Monsanto
reports 75,000 acres planted in 1996 and 150,000 acres in 1997, 15% of the total crop. - Monsanto
1nd1cated seed sufﬁc1ent for 20() 000 acres Bollgard/Ingard cotton thls year

¥,

Biotech Developments in Livestock

Until two spectacular developments in the mid-1990s, few people realized that biotechnology
applications were as far advanced for animals. The first was the February 1994 introduction of
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_ bo"v’ine somatotropin(BST) (Posilac brand), d protein hotthone that increases miilk production in’

cows.. The second evenit was public introduction in'Febraary 1997 of Dolly,’a sheep, the first
mammal cloned from a cell of an aduit.

Thesincrease in-milk production:from Posilac tends-to be between five and*lS pourids per cow: 3
‘per day. * The ‘product now Has a sizable market. “Monsanto estimates that of the nearly nine

million dairy cows in the United States, 30% are ‘in *herds supplemented w1th rPosﬂac "The
volume ‘of Posﬂac reportedly 1ncreased 45% in 1996 and 30%in 1997. "

ML

Forms of somatotropln also have been developed for beef cattle (“Beef BST™) and hogs«(porcine

- somatotropin, or PST). However, neither has béen adopted to the extent of daity BST. - Beef

BST has had difficulty for two reasons. First, it must be injected or even placed into the rumen
of beef cattle, which can be difficult and adds (significantly) to labor requirements at the feedlot,
thus increasing costs.” Second, feeding trials have generally indicated Beef BST should be used
in combination with a steroid implant in-order to be fully effective — a costly combination — and a

- study by Towa State University even showed that treating steers with Révalor (a-commionly used

anabolic 'steroid implant) alone produced-equal or better weight gain and béttet feed conversion
than using 4 combination of BST and Revalor.” -Beef BST, however, has‘a‘key benefit -of
significantly increasing the lean pércéntage of carcasses, which may be desirable as the cattle
sector-attempts to align production practices closer to consumer demands. Still, the €conomic

and operational constraints of Beef BST have not permitted it to be commercially Viable thus far.

Similarly, porcine somatotropin is effective at increasing the average ddily gain of hogs ard
improving feed conversion ratios, and it results in a higher lean percentage. However, hog

producers: have had:remarkable success at achieving these goals by adopting superior genetics
(through breeding, not biotechnology), rather than PST, in order to lmprove the entire - structure" .

of the-hog, including increased Ioin-eye depth and reduced backfat. *

The birth of Dolly in Scotland was followed by the birth of cloned calves in the United States.
One calf, dubbed Mr. Jefferson was produced by PPL: Therapeutics, thie same company that
produced Dolly.: Another company, ABS Global, which long has been a provideér of cattle
breeding products and services, cloned a calf that it named “Gene.” Then, Japanese researchers
reported-in July: 1998 they had produced cloned calves, and scientists in Hawaii reportedly have

cloned mice ~ with both teams producmg the clones from the cells of adult ammals
g v.f Y . .

Perhaps suggestmg things to come, PPL Therapeutlcs announced in May 1998 that using the

same cell-nucleus transferal method as had‘been used: for Dolly, it had produced two transgenic
lambs, Molly and Polly, into which human genes had been inserted to “manufacture” blood-
clottinig factor in the sheep’s milk. This'leads to the possibility that herds of such sheep-can be
used as “factories” for the production of the factor (Factor IX) used in the treatment of
hemophilia B. PPL also is reported to have a herd of 700 transgenic sheep (not cloned through

" nuclear: transferal) that produce the enzyme alpha—l -antitrypsin, wh1ch is 1n'chmcal trxals for the

Bes) LR

5 John Rathmacher, et. al., Towa State UmverSIty, Effects of Bovine Somatotropzn and Revalor-S on
Growth Performance and Carcass Leannéss‘in-Beef Cattle.’
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treatment of cystic fibrosis. Similarly, ABS formed a partnership with Pharming Holding NV to -
develop the blood-clottmg protems Factor VI, Factor IX and Flbrmogen to be produced in the
milk of transgemc ammals SRR ~

In a development that has already been commercialized in Canada, researchers have discovered a
DNA-based test. for Porcme Stress Syndrome (PSS), a genetic - condmon that contributes to the -
incidence of pale soft and exudative.pork. Research has shown that PSS is also associated w1th'
other problems such as lower conception rate, smaller litter size and higher mortality -rate: -
Subsequent to the identification of the DNA site of the defect, a DNA test was developed that
provides a reliable and practical method for detecting the.“halothane sensitivity gene” present<in -
ammals\susceptlble to PSS. The test is-used to select against breeding animals carrying thlS
recesswegene SRR T 5 R : .
R T A - S L - T
Through an agreement between the Canadian Pork: Council- and-the University of ,Toronto’sl-.
Innovations .Foundation, 'swine breeders and hog' producers across Canada are now. ablerto -
become licensed users. of this DNA test to determine the presence of the halothane gene, and‘ztO* i
use the results to control the incidence of PSS:; The Canadian-Pork Council, which represents the =-
1nterests of commerc1al hog producers “has made use of this licensing agreement to distribute the- .
technology as w1dely as possible throughout Canadlan industry.- This benefits all segments of the
swine and pork: industries, with on-farm productivity gains by both breeders and commercial
producers, and eghanced pork quality for packers and processors.iy - - : :

Biotech Microorganisms,and Enzymes - = . = . : Cwi

Biotech developments are not limited to- large living orgénisms. Microorganisms th_af have , 7

improved functional characteristics also are being developed. through genetic engineering.. These
microorganisms are being targeted at.agricultural-and food processing industries; the animal feed. -
sector, and even crop production.

One of the most prominent areas in-which biotechnology has affected the food industry is in
cheese production. Traditionally, to augment the curdling of the milk to produce cheese, rennet ; «
had to be obtained_from calves’ stomachs. However, in the late. 1980s, prodicts were.+ -

commermahzed that contained the enzyme chymosin. that sperforms this function, after . . -

researchers had dlscovered the means to transfer the DNA responsible for the production ofithis. -
enzyme in the calf into commercial microorganisms. These microorganisms have the advantage
of being more consistent.in quality and availability than rennet obtained from calves’ stomachs,‘m’i
and they .also result in cheese that meets-religious-regulations and other dietary requirements, -
such. as kosher _halal and/or vegetarxan needs, although some groups are averse to the use of ~
genetic. englneermg Chymosm -based, blotech products are now used in the manufacture of a,
majority of hard cheese. . .. oLl e , e v o
3 - '.snulilf‘\ To b . i
Transgenlc enzymes such as alpha-amylase .and beta—glucanase also. are used by the - gram* -
processing industry in the conversion of grain into ethanol, beverage alcohol and sweeteners. In
* the .animal feed sector, transgenic forms of the;enzyme phytase, are added to feed to aid the °
digestion of phosphorous by monogastric animals-(i.e., hogs and poultry). In grains, a substantial. -
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portion of the phosphorous tends to be in the form of phytate, which is difficult for monogastrics
to digest. When excreted, this phosphorous can contribute to water pollution.

Two of the key companies in the development and. commercxal}zatlon of biotech microorganisms
for the commodity processing, food” and “feed ‘sectors “are Gist-Brocades and Genencor
Internat1onal a ]omt venture between Eastman Chemrcal Company and Cultor Ltd of leand

'-.J)Fu-'n :
-:

Another focus' of blotech efforts related to _m1croorgan1sms 1s targeted at crop productlon
N1trogen fixation i in crops such as corn has‘been a
1s provmg 1o be a very elusrve goal _Gr

Seeds; Inc. has already commercialized transgemc rhizobia for use as an alfalfa seed inoculant, to
increase nitrogen fixation and thus yields.of alfalfa. As with many biotech developments to date,
this is a precursor of products to come . that will* focus not only on mtrogen fixation in legumes
but also enhanced uptake of nutrients by other CIOps.

ol
s t.)

e

Nutra'ceutilca'ls !

X
4

The modlﬁcatlon of crops to produce foods that 1nﬂuence Ruman heaith is a natural progressron‘

for blotechnology developments This ablhty already has been demonstrated in the development

of oilseeds with more healthful oil properties (e. £., ‘lower saturated fats) However, products _

with a specific health function (i.e., nutraceuticals) have yet to be introduced commerc1ally
These products likely will be developed and commercialized more raprdly as l1nkages between
agricultural biotechnology and thé pharmaceutlcal 1ndustry are strengthened Though

pharmaceutical production from plants and the’ ablllty to create tarlored foods for spec1ﬁc health’
needs may seen futuristic, two major biotech- players (Monsanto and AgrEvo) also are s1gn1ﬁcant ‘

in the pharmaceutical industry, suggesting development of “farmaceutlcals and “functlonal farm
foods™ to be very plaus1b1e

k]

One of the areas in which biotech research is reported. to be ongoing is the deVeloptnent of

“functional foods,” often referred to as “nutraceuticals.” While no ‘widely-held definition of
these terms yet exists, functional foods generally are regarded as provrdlng a health benefit
beyond basic nutrition, either because they have been fortified with added nutrients or genetically
modified to contain higher.levels of nutrients. Consequently, a soybean genetically modified to
have higher levels of vitamin E could be con51dered a functlonal food whlle a soybean with
lower fat content would not. '

Examples of fiinctiorial foods currently on the market all of which are nontransgenlc include
Tropicana’s calcium-fortified orange juice, Hain Foods soups ‘with added"St. J6hn’s Wort, and
Benecol, the margarine made from 1ngred1ents derived from pine trees that reduces blood
cholesterol levels. However, there are’ no blotech products with a spec1ﬁc health functlon that
have been commercialized to date. e

‘Holy Grail” Tor plant:}blotech researchers butf o
| that n1trogen ﬁxatlon by crops results from the
acteria, pr1nc1pally l‘hlZObla some researchers ‘aré
_startmg to focus on enhancement of the role of bactena through genetlc modification. Researchv

Document disclosed under the Access to Information Act -
Document divulgué en vertu de la Loi sur I'accés & I'informat,

000335




Document disclosed under the Access fo Information Act
Document divulgué en vertu de la Loi sur I'accés & Imfor

_Biotechnology: Fundamentally Reshaping the Agriculture, Food and FibérrIndustr’fy‘A_‘_—mNov‘.r 1998 45

IV. ‘Biotechnology Tomorrow
While the commiercially available biotech products apﬁea;’ed “suddenly” in.1996, they were the
products of research and development programs that had been underway for a long time. - The. .,
products now available are. 1mpressrve and lead 1mmed1ately fo the questlon of what more can we, ' .
expect and how soon. This section exammes the research and’ development prpehne and suggests
what may be'i m the offing in the riext few years. It begins with an overview of the research efforts, .
their structure and magmtude to help develop an apprec1at10n for an exammatlon of what the
pipeline contams ’

L P
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. Research - . ) o
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Since the 1950s, the world food problem has been w1dely recogmzed as the result of poverty the
inability of poor people in developing countries to produce the food they needed or to purchase it. ,,
on world markets. In fact, those problems included isolation from markets, lack of investment in
human resources, badly-des1gned economic policies, and a host of other constraints. Part of the.
recent progress in those nations 1ncludes imported technology, an end to much of the former_ oY
economic 1solat10n more supportlve economic and trade pohcres and much greater dependence on .
direct cap1tal investment. _ , o

3

i ¥ ” Sy

How can blotech help? Biotechnology's contnbutlon wrll be mult1 faceted and complex and will -
extend well beyond simple food production. Today’s blotechnology already has demonstrated the e
capacity to increase productrvrty, and reduce input needs — and tomorrow's advances promise the.
capacity to deal with many of the key constraints limiting current systems They promise to provide .
srgmﬁcantly incréased productivity over time, reduced environmental pressures through reduced .
pesticide use, and increased product values that make commercial users more competitive in growing
markets. Pojtentlal impacts include: . .

7

Boostlng yrelds by producmg plants and hvestock spec1ﬁcally tallored for cllmatlc
" conditions in relatrvely small production regions, and thereby reducmg pressure to
* cultivate marginal and/or fragrle land

Increasing tolerance to stress, perhaps éxpan‘ding'potential' production area. .
R S Y
Increasing resistance to dlseases and pests, reducmg the use of chemicals, and increasing the
performance and practlcahty of no-tlll or hmrted-tlll and other conservation practices. -

~Increasing commodity quahty and un1form1ty ~ as well as its storability and many other
characteristics that réduce losses and increase value.
1
Tailoring plant and animal products to speciﬁcation, increasing value for consumers and

- lli?II N |

000336

1T 1N



.

Document disclosed under the Access to Information Act -
Document divulgué en vertu de la Loi sur I'accés a I'information

Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Induistry ~Nov. 1998 46’

- reducing production input requiretents. - : Y

Helping low income, low-technology producers increase their food supply. Inthe 66 developing
countries where 2.3 billion people live, and whete current food supplies are iﬁad'eq‘uate -productivity
growth is barely 2% annually (just shghtly faster than'population growth), ¢onstrainéd by lack of
inputs, lack of ctop protection products; poor management and numerousiother problems. In these

nations, impotts are increasing as fast as domestic productlon and economic aid-is falling rapxdly

P : - RIS AFLAR RS . .
Injusta decade the world "food gap," the amount required 10 maintain currént-inadéquate nutrmon '
levels, could approach 18 million tons, nearly 3.5% of the total supply available to these consumers.
To achieve minimum nutrition standards by that time would require evenmore; §6ime 24'million tons
or 4.5%of total availability. ‘Since food aid to these countries also'is falling, an: improvement in the
nutritional level of these .people appears 10 depend heavﬂy on 1mprov1ng thelr agricultural

product1v1ty and their incomes. S T O R 1 coe

Over the longer term, these countries all need large amounts of investment cap1ta1 in production,
infrastructure, 'and agricultural support systems as well as technical assistance in improving their -
production and marketing processes. However, they also can benefit very significantly from crops
and livestock specifically tailored for Jocal production situations. 'Crops, especially, that can be
produced in poor soil, that tolerate stress, that require minimal fertilization and resist dlseases and
pests and stlll produce improved-yields would be partlcularly helpful
- 4 ' ‘

A'key feature of biotechnology's future role in increasing productmty of small farmers in-developing
countries is the capacity of the system to produce new plant and livestock strains spe_clﬁc_ally tailored
to meet specific needs. A major stumbling block to the use of biotechnology in-this way is the lack
of capacity of these producers to pay the "genetics fee" for private, commercial products. However,

it is likely that international philanthropic institutions or one.or more governments might consider

a special, sponsorshlp role to develop a modest number. of demonstration ;products, and that
developing country governments might also support future use of blotechnology in this way.

Helping reduce pressure on the envi;gpment. Asa practical matter, virtually, -_all of the highly
productive land in the world now is cropped, much of it at levels of intensity that are near maximum
for sustainability. Pressure on the environment commonly includes, among-other forms:

‘Clearing "new lands" for more intense cropping, frequently resultmg in soil loss, stream
siltation and rap1d femhty loss

Cultivation of margmal lands frequently pasture land, with steep slopes thm topsoil, or
other constraints to cultivation, resulting in severe soil loss, damage to streams and rivers
and lakes. _ ,

~

000337



Document disclosed under the Access to Information Act - -
Document divulgué en vertu de la Loi sur I'accés & I'information-

Blotechnology Fundamentally Reshapmg the Agrlculture, Food and Fiber Industry — Nov. 1998 ~ - 47"

Increasing fertilizer and other agricultural chemical use, often to uneconomical levels, again
with damage to streams and aquifers.

" ,Increaé,ing cropping intensity by mining aquifers until their use becomes uneconomical, by

increasing salinity of irrigated land; or by damagmg the natural environment by d1vert1ng ’
‘natural watercourses. - 1. v L e : . N

i

'1v O \ ‘.

o : : i ‘ ’ [

In the future, substantial i mcreases in output, elther to meet rapldly growmg commercial markets or

to increase nutrition levels of the world's poor must depend on increased productivity of crops and:

livestock.. The expected output growth rates under current technology provide little margin for either -
rapid growth:in commercial markets or substantial increases in diets for the poor. While the major -
part of future productivity growth likely will come from commercial producers, non-commercial - -
producers in developlng countries will benefit from productivity increases, as.well. ‘For-¢ither:group *-

to meet the expected needs of the next quarter-century the support of well de31gned blotechnology o

approaches will be requlred

Researcthvestment - . A - S e ‘

e ‘._.dr,b A N

The long-terrn product1v1ty growth in agrlculture and food systems is widely attnbuted to four maj or

factors: - . .t o
Public investment in agncultural research and development
.+ Public'expenditures on infrastructure;
* Private expenditures in research and developmient;-and -
" Technological advances in material-inputs such as fertilizer and chemicals. - -

Except for direct investment in infrastructure, each of these reflects (with a very long, '15-year or 50
lead time) investmerit in research. In addition the nation's eXperie‘nce indicates that irivestment in.

each of these ‘areas means'quite high rates of social return -~ incliding,- surprisingly; private *
investment in research (Table 17). USDA analysis of research priorities suggests that the greatest -

return is to basic research’to find new-approaches and néw relationships without regard to their

application. However, it also concludes that the social’return to private research is very high — nearly

as high as for all public research, as high as farmiéts' education and highér than public¢xtension.

‘Table 1 7 Somal Rates of Return to Research
Tidy o

. Soc:al Rate of Return _
4ae im .- ... . percent
All Publlc Agrlcultural Research | v 40-60
|Basic Public Research RN 60-90
Private Research ' 30-45
Public Extension : . . 20-40

i

P dan

“' ’ '

R |
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-Current research on brotechnology has unlocked some of the deepest secrets of the organisms we

_investment.
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|Farmers' Education N 3045 - . - |-

depend upon for our food fiber and medicines. The key to the commercial development — and the
distribution of beneﬁts from this knowledge is current and future investment in research. Just as the
world food system _is facing -a revolution from brotechnology, the .research and- development
investment that fuels the revolution has changed: dramatically, as well. An example is the focus and
importance of pnvate research — a system' that has come to dominate the development of
pr"oduct'ivity. . S ; : . : : :

» ot

Today, the vast bulk of; US research i mvestment m agnculture is prrvate about 60%, w1th 16% from
development for example, federal spendrng 1ncreased raprdly durmg the 19705 and through the nnd-
1980s, but since that time has declined in real terms. Private research and.development spending has
grown much faster — an average. of 4.5% annually through the 1980s and early 1990s, reaching
nearly $2.4 billion in 1993 (in constant 1985 dollars) and substantially exceedrng the federal

In the rmd 19605 over two—th1rds of pnvate research rand development (R&D) in agnculture went_

,,,,,,

Pubhc research by contrast, concentrated on brologrcal mnovatrons to increase crop and hvestock
yields, pest control and natural resources research.

Table 18 Prlvate- Agrlcultural Research

: anary Focus Areas B 1966 ) 1995

! ‘ "~ percent

Farm Machinery , 29 1"
Food Products ‘ 38 30
*IPlant Breeding" R 3 : 14
|Animal Health RN 8 8
|Agricultural Chemicals - = |- 22 : .37

By 1995, the structure of private R&D had changed dramatically. Much of the focus had shifted
from farm machinery to agricultural chemicals' (now thesingle largest private investment area),
while retaining its strong focus in food products. And, private research. had become much more
1mportant in the overall US agncultural and food research system — the key mvestment structure now

ir“l "',"‘ v .

s \ AT, Liee 0 SR AR

6 Wallace Huffman and Richard Just Agrzcultural Research: Benef ts and Beneficiaries of Alternative
Funding Mechanisms, Iowa State Un1versrty and Umversrty of Maryland December 1997.

PR \.Lo\'. % - ' R
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driving the biotechnology revolution.

The US public and private investment in research new is about $7 billion and has doubled in real
terms since 1970. Since 1982, however, the ptivate sector has invested more in agricultural R&D
than the federal and state governments combined. ' As real federal spending has stagriated, the gap

between prrvate and public R&D spending has widened: arid the private sector has’developed

significant capacity in areas long dominated by public research, such as plant breedrng "And, at the
same time, state experiment stations have relied increasingly on -private industry, other non-
governmeént organizations and product sales to find their research programs. Bétween 1970 and
1995, the share of experiment station research funded by private and non-government-sources
(including prrvate ssales) has nearly doubled from under. 11% to more than 20%. Key factors that
have spurred private sectorfmvestrng have been key discoveries'in brotechnology, growing market?’
opportumtres, and stronger mtellectual property protectrons for blotechnology advances ' v
Several. polrcy shrfts have spurred the mcreased 1nvestment in brotechnology research These
1nclude o T h

. o e
- : RS LI

Relat1vely recent changes inUS patent and copyrrght laws that have encouraged the growth - - -

of private. agricultural research as commercial investors were able to protect their

marketing rights for new ptoducts for 20 years. Expansion of intellectual property rights - -

to include plants and animals also’has coritributéd to the: srgmﬁcant growth of private-
- sector research in'plant breedifig and blotechnology in recent years o

The Patent and Trademark Amendments of 1980 that allow institutions to patent technology
developed through federally funded research.  Most universities.now have offices of
technology transfer to patent and license inventions developed in their laboratories.

. The Federal Technology Transfer Act of 1986 estabhshed Cooperatrve Research and

o Development Agreements (CRADAs) asformal arrangements between federal
laboratories and private companies to develop; specific technologies. Key advantages of
this cooperation include reductrons in research redundancy and increased efficiency in
the allocation of research efforts However it also raises. questions regarding the division
of property rights between public and private partners, and possrble shifts in research

- focus toward shorf-térm payoffs rathér than'longer-term investments.” Toddy, there are’ '
290 active joint projects between USDA and private companies, with about 60% of these .
: related in some way to b1otechnology AT e e

TR T M I v l.'l.'.-*b?" WA . . " - : I

The prrvate/pubhc 1nvestment partnershrp continues to be extremely important. Private
agrlcultural research is revenue drrven and tends to focus in hmrted areas 1nclud1ng
Ty \ ‘ R vy 0N a

P { ‘ ,s\‘rnw

=8 T

? Role of Research in Global F ood Security and Agrzcultural Development, World Food Summrt FAO 1996

000340
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USDA Agency e 1985 . 1990 ,1995 1997 : 1998 Change
. _ ... ] 1998/85
| S ' . “million 1986 ,‘douars T T %
{Agricultural Research Service ’ 797 738 724 696 711}-10.8
Alternative Agriculture | 0 0 5 7 7
‘1Cooperat'ive State Research, Education .. ]. 454 400 - 427 - 394 393|-13.4:
Agricuitural Marketing Service , 5 3 5 8 860.0
JAnimat & Plant. Health | 0 16 7 20 19
' Economlc Research Service - i 74 63 55 53  69/-6.8
] Forelgn Agncultural Servnce -9 3 1 1 1]-88.9
|Forest Service» . : o 182 185 198 177 182[0.0
|Grain Inspection, Packers S | 2 0 2 3 3]50.0
{National Agricultural Statistics Serwce . 13 3 4 3 . 3|-76.9
Rural Business-Cooperative Services 5 4 0 0 0{0.0
|Research Facilities = : o 54 88 124 138  86|59.3
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pesticide and herbicide research, biotechniology andcertain types-6f plant -breeding.

- Public agficultural research i$ fnore "broad-based," focusing on basic and pre-téctinology

science, and concentrates largely on increasing productivity. Public research continues

) ,to be an 1mportant part of the: foundatlon support for product1v1ty growth far in the future

The dlspanty between public and pnvate research spendmg has widéned. sxgmﬁcantly sifice the
1980s. The decrease in public funding, in real terins, has occurred not only in spite of pressufes to
increase the world's food supply but also as the agricultural research system increased its focus

'beyond its trad1t10na1 goals of i mcreasmg productrvrty to. mclude envnonmental protectlon and

1mproved food safety

oo : ' SR o
For example USDA’s research budget in 1985 was just under $1 6 brlhon including research'in 11
agencies, and $54‘million for facilities (Table 19).- By FY 1998, this -amount had declined modestly
to $1.48 billion (in constant, 1986 dollars), a drop:of 7% oveér the ‘period. However, for the two
agencies that support the bulk of the productivity-focused research, the Agricultural Research
Service (ARS) and the Cooperative State Research, Education & Extension Service: (CSREES) the
cuts were larger nearly 11% for ARS and more than 13% for CSREES

PP

Table 19 USDA Research Development and Educatlon

£

Ve

Total . - ' , 1595 1503 1562 1500 1482}-7.1

. e e s

Private sector agricultural research funding, however, is likely to continue to increase to supply
profitable markets. Thus, while the private sector could pick up some of the slack'left by declines
in public funding, the concern remains that dechmng public research will ‘undercut productivity
growth and diminish US competitiveness in the growing world markets.

L Rl
As the structure of research 1nvestment ‘has shlfted from pubhc to private, there also has been a shift
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in the character of public research.- Encouraged by, the revenue potential, com breeding, for example, '
now is bemg done almost exclusively by the private sector, in contrast to 20 to 30 years ago when
a significant portion of it was conducted.in the public arena.:- As private research in the more I
commercial, patent-protected areas has increased; public research has-focused on technologies for
which it is difficult to exclude use by others. Research in high-yielding varieties of open-pollinated l
crops like wheat is now being done malnly by the public sector;.as is the bulk of the food safety and '
environmental research. o RO RO W SOPCUN L S
ot e e o S N L A S -
Biotechnology research is a -good example of the benefits of long-lead time, basic research that l
subsequently is used by the private sector to boost overall sector productivity. For example, the $40
million national Plant Genome Initiative begun in FY 1998 will focus on deciphering the genetics l
of corn and other economically significant. crops. Thusy while most:agricultural biotechnology
research now is done in private labs, public and pnvate research:15 to 20 years ago helped create the . . :
knowledge base now. supportlng product1v1ty advances. . " . v . - o '
S SRR T D L ) ‘ T S )
Global Trends in Agncultural Research S SR THAR ' ~ ' l
o SN PR - '
Long-term trends in support for pubhc and pnvate research in OECD countnes through the early
1990s (most recent such data available) are shown in Tables 20 and 21.°" The United-States spends
more on agricultural research than any. other single country, followed by Japan. The total agricultural l
research budget for the 22 OECD mriember countries is estimated:to be between $10 billion and $14 .
billion, with the United States accountmg for about $4.5. bllhon in 1993, likely nearing $6 billion- l
today.

. H L)
e vt

; Table 20. Publlcly Funded Agrlculture Research Developed Natlons

h

. , —TGrowth Rats] ¢
4971 1976 4981 1986 1990 1991 1992  1993:-|- 1981-93 |
H

g e million 1985 dollars___ v | % Sdoen
USA 1,2290.5 1,683.8 1,621.7 1,804.8 1,995.6 20282 2,060.9 2,073.7 2.1 S S
Japan 926.2 1,033.3 1 232 11,2681 14119 14726 14719 .1,3484 0.8 1=
France | 2957 3552 4095 4330 4492 1462, 0. ..4936 .509.7] . 18- 1=
Canada | 3547 331.1 4515 506.3 4437 4717 450.2. .- 4666 . .03 o™
UK 2744 3321 3723 3746 3565 3644 3803 3711 00 =
Germany 308.6 3269 --'299.8--304.7° 3116 '314.4 '317.2 320.1 0.6 b ll
Rest of OECD | 930.7 1,133.4 1,356.7 1,6426 17587 1,8432 1,859.9 20789 - 3.6 ) !

Total 4319.8 50958 57436 6334.1 67272 69565 7.034.0 7.168.5 1.9

¢

.
~

¢ Dr. Wallace Huffman Department of Economlcs Iowa State Umver51ty, personal 1nterv1ew March 17

1998. ‘ o o o I
P T 1S B : PR L

’ These OECD estimates, the most current avallable reflect worldwide investment trends for the 1981-93
period. * - . AU bl
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Source: ISNAR/FPRI, Agncultural Science and Technology lndlcators Database

The trend of stagnatmg 1nvestment for pubhc research 1s not unlque to the Umted States, but is
occurring in almost every country around the globe Pubhcly-funded agrlcultural research in the
OECD member countries grew annually by 1.9% (constant. dollars) during 1981-93.'° By contrast,
private research funding in these eve‘loped countries grew.at.a 4.8% annual rate.during the period.
While developed countnes contmue to support agncultthral research heavrly, they are generally
reducing the rate of growth. Examples include Canada where research reached a peak in 1985 but
has been lower since that time, and the UK where there was essentlally no growth between 1981-93.

. ) . e N
N - Y - +

[ S

Table 21. Privately Funded Aéricultdremﬁese‘areh, ‘;Devveiio:péd'»Nations

ST T ' T . _ | Growth Rate
1 1981 1985 1990 - 19917 1992 1993 | 1981-93
. ) million 1985 dollars = - _ , %
USA | 14179 18633 22230 22614 23915 2,391.5] 4.5
Japan | 8018 10822 1,610.0 1,559.4 . 1,587.1 . 1,639:7] 6.1
UK | 41486 465.1 623.0 5935 . 6413 641.8 37
France | 25586 '352.8 507.3 510.1° . 5403 572.4] 6.9
Germany 1 4261 4788 5226 6202+ 4895 4589 0.8
|Netherlands 183.7 206.9 2475 241.9 <+ 12378 - 281:3 36
Canada : 755 - - 916 - 989 - 103.2 .. 106.0 - 118.7 3.8
Australia 25.2 55.5 91.0 1126 . 136.9 137.3 15.2
Rest of OECD 414.8 538.2 718.5 739.9 774.3 7672 . 5.3
Total — | 40152 51344 66418 . 66422 69047 __ 7.0088] 4.8

Source: ISNAR/IFPRI, Agrlcultural Scnence and Technology lndlcators Database

At the same time, private agncultural research fundmg growth rat€s in those same countries have -

been significant. In Canada, private research funding has increased at an annual rate of 3.8% from
1981 t0'1993, 3.7% in the United Kingdoir, France 6.9%, Australia 15.2%, and Japan 6.1%.

CGIAR : , 1 e S AN SR

.. o ST e A P . telec T il A
The Consultative Group on International Agricultural Research (CGIAR), pethaps the world’s
preeminent public agricultural research body, is cosponsored by FAO, the-UN Development

Program, the UN Environment Program and the World Bank. Its research is primarily conducted”

Ty :

' ISNAR/IFPRI, Agricultural Science and Technology Indicators Database, The Hague/Washington, DC,
1997. Also Paying for Agricultural Productivity: Financing Agricultwral R&D in Rich Countries, edited by
J.M. Alston, P.G. Pardey, M. Philips:and V:H:-Smith, Johin Hopkins University Press,?1998. .
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CIAT Centro Intemacronal dé Agricultura Tripical in Cali, Columbia. _
CIFOR Center for Internat1onal Forestry Research, Bogor Barat Indonesra.
- CIMMYT = Centro Internacronal de Mejorarmento de Marz y Trrgo v
Mex1co D.F., Mexics:" : v o
CIP" Centro Intetndcional de la Papa;Lima;Pera. -~~~ ' 0
ICARDA Internatronal Center for Agrlcultural Research in Dry
- Areas, Aleppo, Syria. reT L ' ,
"+ ICLARM: Intemat1onal Center for lemg Aquatlc Resources, Makat1 M
* City, The Philippifies. -~ - SR '
ICRAF International Center for Research in Agroforestry, Nairobi, Kenya.
- ICRISAT * International Crops Instltute for the Sem1-And Troplcs
" Andhra Pradesh; India; "~ %
- - IFPRI - International-Food Policy Research Instrtute Washington, D.C. g
'IIMI.  International Irrigation Management Institute, Colombo, Sri Lanka.
IITA  International Institute of Tropical Agriculture, Abadan, Nigeria.
ILRI  International LiveStock Research Institute, Nairobi, Kenya. SRS
“IPGRI International Plant Genetics Research Institute, Rome, Italy. o
IRRI  International Rice Research Institute, Manila, the Philippines.
_ISNAR Internatronal Servrce for National Agncultural Research, The =
Hague, Netherlands f - e
‘WARDA - .- West Afncan Rice Development Assocratron Bouake, Cote .
“d’Ivoire. e : : R

in its 16 centers located around the world including: 1

%

T

i ‘ -

- ’ N ,.’ ‘o. 2w !

L ---m«-...

The CGIAR centers have been extremely active in the development of fiew agncultural technologres o
since their establishment, and were instrumental in the discovery.of many Green Revolution” plants
and varieties. Today, their stated objectives.are much broader than simply the development of new
crops and livestock, and include both poverty, alleviation and natural resources management. . -

i

- CGIAR now is planning research eip.'enditures for the coming fiscal year of about $355 million, with - .
about 10% of that amount going to biotechnology research.!. However, in spite of this support, these
research centers have major concerns regarding some of the directions brotechnology has taken in :
recent years, especially about the availability of advance genetics for the poor. The system strongly
supports;many biotechnology;projects, ‘including those focused on biotechnology safety, those' -
focused on greater understanding of-biotechnology generally and the .concept of a biotechnology~ -
service center to help.each of the centers increase the'effectiveness of their biotechnology research::
For example, they also are concerned about:. . -

P P 0 . . .
3 "'r". L4 - ke s

< e ’ R P
vy . P

1 Mobilizing Science for Global Food Security, CGIAR'1998 mid-term meeting, Brasilia, Brazil; May 1998.

mE B OE B E E B B B B
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The extent to which CGIAR mandated crops already are affected by propnetary clalms

The extent to whlch owners of propnetary agncultural =b10technology (pnvate compames and
universities) make their proprietary science available.r The: organization has concluded,
for example that intellectual property owners generally agree that.their property should
beused to help the poor; but only if they-do not face technical or ﬁnanmal damage from
such assistance subsequently S L

£l
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The impacts and cotiséquenCeé of new biotechnologies. Ata World Bank meeting held just

last month, the CGIAR adopted a resolution banning the “Terminator” and related

- genetic seed sterilization technology from its crop breeding prograrmis worldwide. The

-CGIAR cited the potential-for the Terminator to have negative consequénces for food

security, genetic diversity, biosafety, sustainable agﬁculture é‘rid"plant breeding. It did

note, however, that CGIAR scientists might retain the option to‘ study the technolo gy in
the laboratory w1thout aims to releasé it to farmers. :

Research Investment in BiOtechnology

It is difficult to estimate directly public expenditures for biotechnology research since most research
expenditure records do not permit that level of direct detail. However, in a number of interviews
with research adm1mstrators estxmates of these amounts were requested and are reflected below.
These include: S

research expenditure.

USDA - Cooperative State Research and Extensxon blotech estlmated at 15% of $393
million. - :

USDA - Other (e.g., APHIS’, FS) — biotech estirﬁated to be 5% of $378 million.
Other Public — State, Foundation — biotech could be 3% of $1,500 million.
- CGIAR - International Centers — biotech estimated to be 10% of $355 million.
' ’Other Developed/Developing Countries — biotech estimated to be 1.0% of o;/er $8 billion.
Summary

Based on interviews with research administrators, public budget documents and other research
reports, the following amounts are estimated for public spending on biotechnology — a very small
share of the public/private R&D budget for agriculture and food. The largest individual amounts
appear to be spent by public institutions in the United States which account for well over one-half
of the world total (Table 22). Research spending in other developed and developing countries, and
by the World Bank appears to be a much smaller share of total research than in the United States.

USDA - Agricultural Research Service — biotech estimated to be 15% of $711 millidn .
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Table 22. Public Spendmg on Blotechnology

, o ) Blotech g’ Blotech
- |mstitution ~ .~ " -1 Research " Share _-Spending | -
& o S ‘ - -milg % - mi$ . .|
- |USDA =~ ARS oy 711 © 15 107 :
|USDA - CSREES o 393 .18 59
‘ |USDA —Other . : S 378 5 19
|Other US StatelFoundations - 1500 ~ ~ 3 45 -
lcGIAR 355 ’. 10 36
' Other’Developed/DeveIopmg ) 000 o1, 80
Total T S R A 346 _ '
o “';‘-“ ' “'‘The Pipeline 5

While the extent of biotech products already-in use and the fast pace of their adoption has been |
spectacular, available evidence suggests that many more products with wide-ranging characteristics '

will continue to emerge in the marketplace. Given the rapid adoption of the new products in just ‘the L

past three years, it seems reasonable that the appearance of new products could be expanded to be
even-more rapid in the next few years. This section identifies the new products that are bemg
developed for regulatory approval and thus can be expected to become commer01a11y avallable in
the next ﬁve years e

;g . ) o
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1a.I products m several areas.

_ The identification of what 'the é“bxotech product pipeline was compiled from a wide
 variety of sources. Many of the major biotech companies — seed, chemical, animal
__veterinary, food, etc. — werecontacted over the course of the study period. Interviews and
Con ersa‘uons were conducted with the appropriate company representatives. Publicly
ilable datébases from APHIS of US field trial notifications and OECD (global field trials)
6 thoroughly reviewed and analyzed to détermine those products currently in field trials

t likely will reach the market in the next several years. Other sources included company
n f‘iSecunti, sE change Commission filings (10Ks and 10Qs), other reports,
‘;,;s.semmars and:conferenccs:"” ubhc' sector sources included USDA/ARS, World Bank and

Field trials for biotech crops have been underway for more than ten years in the United States.
Between 1993 and August 1998, APHIS has received nearly 5,600 notifications of field trials for
biotech crops. Of that total, nearly one-half have been genetically modified corn varieties (Chart 5).
Potatoes follow with 12% of the field trials while soybeans and tomatoes are next with 11% and
10%, respectively. Cotton varieties account for 8% of the APHIS field trials conducted since 1993,
while wheat represents a low 1%. Other crops that have been tested (to demonstrate the
extensiveness of research) include alfalfa, eggplants, walnut trees, melons, barley and carrots.

In the first quarter of 1998, the USDA approved 870 requests to field test
genetically engineered crops, almost double the approvals made during
the same peripd;in_;l 997:
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Chart 5. APHIS Field Trials by Crop — 1993 to Present

o

; APHIS Regulatlons For Genetlcally Engmeered Qrgamsms

:Developmg and commermahzmg new genencally englneered plant varieties most- often

involves field testing under APHIS oversight, followed by submission of a petition for
-determination of “nonregulated status” by the agency. APHIS grants nonregulated status to a
new. plant Vanety when:1t determmes the new vanety hasno- potential to pose a plant pest risk

1y bioengineered plant, no plant pest -
ropagation, and cultivation of the
es;;the vector used to

Recently amended regulatlons wﬂl allow a broader. apphcatlon of existing simplified
procedures for requests for movement or field testing of genetically engineered plants. They
also will streamline the determination of nonregulated status for plant varieties that closely
_resemble other varieties that have already been through the determination process. For
example once. DeKalb’s. Roundup Ready corn was approved by APHIS, other companies
testmg similar varieties will not have to start at the beginning of the extensive, nonregulated-
status determination process. This will enable APHIS to-extend the existing determination of
nonregulated status for new products that do not raise new risk issues.

The following subsections identify and describe from all the many sources the various products
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found to be in the pipeline with a reasonable expectation of being commercially released within the

next five years.

Crops |

Herbrclde Tolerance Developments As one of the ﬁrst commermally successful biotech product
traits, herbicide tolerance will contmue to'be a key trait of ‘many products in the pipeline as it is
extended to many additional plants Monsanto, for example plans to release Roundup Ready alfalfa
and sugar beets in 2000, potatoes in 2001, and rice and wheat around 2002. American Cyanam1d

. expects to extend: its IMI- system for resrstance to imidazolinone (LIGHTNING) herbicide from corn

to sugar beets, rice and Wheat A summary of the herblclde tolerant crops in the plpehne is presented
(in Table 23 A T L _ o

Y .
o T

Table 23. Summary of Herbrcrde Tolerant Crops in the Plpelme

.

. [ N . T .. . .
ERINY e . ot e . . L

r..;..'

12 The chem1cal names for the actlve mgredlent in the herb1c1des are referenced The brand names that

correspond to these chemrcals mclude

i Sulfonylu'rea' = Synehro_ny, Merit R
. Glyphosate - Roundup ~~ * ' _
Glufosinate v‘- Liberty - S : ‘ S ¥,
" Phosphinothricin =~ .-~ Liberty T
.. Imidazolinone - Pursuit,Odyssey, LIGHTNING .(IMI)
Bromoxyml - BXN

[Crop__ — it~ TR S
{Alfalfa Monsanto, — leohoqate tolerant : |
|Corn Cargill Glyphosate tolerant-
T, Limagrain .. i
- |Pioneer . ' _ . '
- |DeKalb e a GlyphOSate tolerantl
C .-|Monsanto . '
N Pioneer  |imidazolinone tolerant
o - JGarst. : gPhosphmothrlcm tolerant '
B : ;Mycogen | :
* o |Pioneer
' |Rogers- .
,-Southern lllmors Umversrty ' T e
| A - |Zeneca_ " — |Chloroacetanilide tolerant
Cotton’ © "."|Chembred” - s {24 Dtolerant o
Lo 2 United Agri Products .
|AgrEvo - . Glufosmate tolerant .
JBoswell Imidazolinone tolerant -
‘ Creenmc Bentorass 1Rutgers University Phosphinothricin/tolerant
lpﬂurp — ‘Qemmms)&gyﬁabkLSeedc (Myphhea&ahjérant:g-_ :

[P,

000350

Act

EEEEEEEEE

e
i

-

?&.‘



Document disclosed under the Access to Information Act -
Document divulgué en vertu de la Loi sur I'accés & I'informatig

'Brotechnology Fundamentally Reshapmg the Agnculture, Food atid Fxber Industry 'Nov. 1998 , 60

|Poplar Trees ~IMonsanto ., - (Glyphosate tolerant. DI &
; " |Oregon State Umversrty ' ‘ ‘ ;
] . |Weverhaeuser - . . ‘ - ?
[Potata.. . Jniversityofidaho . .~ . . ] Bromoxvml tolerant.-,. — |
Rapeseed E TR {Calgene ;Glyphosate tolerant E '
‘ - “1Gargill . ’ :
St “8) Ploneer o i 4 a : s "L b ]
e Western Aq Research ) e Glufosinate tolerant
Rice © .- "]Monsanto, - " |Glyphosate tolerant N
e + .~ , |American Cyanamid.. 1lmidazolinoné tolerant
, . JAgrEvo’ . | S -;Glufosrnate tolerant - |
v JARS/USDA - : 1
e - Louisiana State Umversrtv,, N e ‘4.
{Soybean - JAgrEvo - - | Glufosinaté tolerant :
1 1Asgrow S ‘
] . |Pioneer
; {University of lllinois . : . |
| I - Jlimagrain .- - lisoxazoletolerant N }
{SugarBeet - = - +Monsanto o Glyphosate tolerant | :
1 . .- osNovartis Seeds T SR (. L
o ‘{American Cyanamid , ,lmzdazolmone tolerant .
- |AgrEvo . . Glufosrnate tolerant . o
o o ABetaseed.. i et | e
|Sugarcane . [Thermo Tnloqv e Phosohmothncm tolerant
|Sweetgum - ‘- - UnionCamp . — . 124-Diolerant -
JTomato . .- . . ..L able - — S Glyghosate: tolerant
“IWheat |Monsanto ] Glyphosate tolerant
: jAmerican Cvanamld — limidazolinone foletant .
1/ The USDA/APHIS database term “rapeseed”: refers to canola varieties.” =«

Source: APHlS field trials database and: blotech/seed company reports
Key ob”servatz_lons inclnde:

A sxgmﬁcant amount of research contmues on developing herbicide tolerance for the high-

" 'Value, hxgh-volume crops (e.g., corn and soybeans). But herb1c1de tolerant varletles of
alfalfa, lettuce, rice, sugarcane and wheat are likely to appear in the next five years.

. Herbicide tolerant varieties of wheat have yet to appear in comtercial markets, owing
- toits complex genetic make-up, but Monsanto appears hkely to release Roundup Ready

" wheat near '2002. Once achieved in wheat, it hkely can then be extended to other

complex small grams such as barley, sorghum and oats.

Blotechnology is belng used on trees as well as ﬁeld crops, makmg it p0351ble to make them
faster-growmg and disease resistant. Scientists are workmg on techmques for mass-
cloning from tlssues for reforestatlon purposes, and new genetic characteristics are being
introduced into the breeding stock. For example, researchers at Monsanto, Weyerhauser
and Oregon State Umver51ty are workmg to develop herb1c1de resistance in hybrid
poplars. "

Herbicide tolerant crops are under development both by universities and private companies.
The university research appears to be focused in product areas that have yet to reach

L 000351
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. commercialization, including potatoes, rice, poplar tre”es, and :Wheat.
1 T

e ow A [}

Insect Resistance Developments. By 1nsert1ng the gene of a conimon soil mlcroorgamsm 1nto plant!
tissue, scientists have ¢reatéd ‘crops that produce their own internal 1nsect1c1de Most of these
products thwart lepldoptera or caterpillar-type insects — Bt corn ‘wards off the European corn borer, ,
for example. Future- generatrons of ingect resistant crops promrse control of other damaging types
of insects - sucking: 1nsects in- cotton,usmg cholesterol oxidase and conitrol of corn rootworm. -

Several other crop varletres are in development that w111 control many drfferent damagmg insects
(Table24). =~ e e

- - .o . P A . . o
- . < . N

M.

Key obsewations include: | RS

s

Monsanto has; been workmg on the “development of 1n-plant protectron ‘against ‘corn
rootworm since 1989 Field trials conducted this year demonstrated control of the
insect, and commercral 1ntroduct10n is expected by 2001 or. 2002 In 1997, Monsanto
introduced YleldGard msect-protected corn which provides résistance to the Eurepean.,
and Southwestéin com borers Management of both'¢ corn. borers and rootworms could

-~ save-US farmers nearly $2 billion annually:-, - i~ <= = TR

t

Several new developments are - expected-in cotton-over the next ﬁve years Monsanto plans
to release a Second-generation Bollgard Inisect protected cotton’in 2001 that coritains a
Bt protein that fatally damages the second generation of bollworms. Monsanto also i is.
expected to release a cotton variety resistant to the boll weevil around the same time.

Insect | protectron agamst lepldoptera wﬂl be extended to several crops mcludmg rapeseed
' soybeans and tomatoes o , o

'There is little ev1dence of hkely release of insect res1stant vanetles for wheat rice and
' soybeans Bactenal toxins in Bt are very specific to a few msect specres and its
Wrdespread use“requires - both comprehensrve understandrng of the crops’ "genetic

" mapping as well as the genetic codlng of Bt insecticides.

Umver51ty mvolvement in the research on insect resrstance appears to be srgmﬁcantly greater
* than in herbrcrde tolerance research. Umversmes appear focused on extending insect

resrstance to eggplants peanuts potatoes poplar trees, soybeans and sugarcane.

Table 24. Summary of insect Resistant Crops in the Pipeline
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Crop Developing Company/institution Specific Trait i
Corn Many companies. European corn borer resistant ;
Monsanto Corn rootworm resistant i
Pioneer
DeKalb European corn borer/Corn rootworm
Cotton Monsanto Boll weevil resistant
Bollworm resistant (second generation)
Mycogen Boll weevil resistant
Eggplant Rutgers University Colorado potato beetle resistant
Peanut University of Georgia | esser cornstalk borer resistant
Potato Michigan State Umversnty Colorado potato beetle resistant
New Mexico State University
Plant Genetics
Poplar Qregon State University Cottonwood leaf beetle/Phratora leaf
Rapeseed University of Chicago Lepidopteran resistant
Soybean Monsanto Lepidopteran resistant
University of Georgia
Sugarcane Texas A&M University Mexican rice borer resistant
Tomato BHN Research Lepidopteran resistant
Monsanto

Source: APHIS field trials database and biotech/seed company reports

Disease Resistance Developments.

B d : tdxms_:.bmay.}evehtually help manage res1stance to Bt toxins, but that may
'requlre ten or more years to develop. Dow AgroSciences has licensed the Photorhabdus
technology.

lty \f lesconsmaMadlson

Considerable research is underway to control many of the

deadly diseases that damage or ruin crops each year. Most of the focus is on viruses, but attention
also is being given to fungi and bacteria (Table 25). Traditionally, disease resistance was developed
in crop strains through selective breeding of naturally resistant individuals. The process now is made
quicker by cloning the genes responsible for resistance and inserting them into other plants, reducing
the time needed to develop new strains from perhaps 12 years to only two or three. Once a resistant
strain is established, the genes will persist in future generations through normal breeding methods.
This technique has been used to culture oat plants with resistance to yellow dwarf virus, for example.

Table 25. Summary of Virus Resistant Crops in the Pipeline

Crop Dev

it

Cucumber Seminis Vegetable Seeds Cucumber Mosaic Virus
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. Papaya ngspot Virus® o S
- . S Watermelon Mésaic Virus C
E _ Zucchini Yeliow Mosaic V;rus (all stacked)
{Grape GenApps - INepovirus ,
Melon 1Seminis Vegetable Seeds o | Cucumber-Mosaic Virus.
' Harns Moran v . Papaya Ringspot Virus
: e |Squash Mosaic.Virus
' . - i |Watermelon.Mosaic Virts
. ‘ . . |Zucchini Yellow Mosaic Virus v
A : {(individual traits/combination stacked/all . ..
Qat llowa StateJJm\Lersnv . |Barley Yellow Dwarf Virus -
Papaya ARS/USDA N Papaya Rlngspot V|rus B
3 INew York Experiment Statton . ,
Pea Umversnty of Idaho SN - Bean Leafroll Vlrus : : .
. - ’ . . |{Bean.Yellow Mosaic Vifus ‘. ‘ Tl
S Pea Enation Mosaic Virus _
_ - |Pea Seed-borne Mosaic Virus
| AU NS S __J{individual traits/combination stacked/all
Peanut {University-of Geqrgia Tomato Spotted Wilt Virus:- - - A
epper ASeminis Vegefable Seeds {Cucumber-Mosaic Virus: R
Potato ARS/USDA Potato Leafroli Virus
Monsanto Potato Virus'Y: -
|Cornell jTobacco Rattle VII’US
|University of Idaho (individual traits/combination of traits stacked/all
Sayhean . ,“,_[Qm(aﬁj;am_l_mme[sm R anhpnn I\Agenm \/l_rllQ SN
’ (‘1 e v.’:? . ’
- .‘n‘ (% »
- }; - ) H
» H
‘ E)
- o ; . !
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S
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Table 25. Summary of Vlrus Re3|stant Crops m the Plpelme—contmued

B B A E A A  E A A N A E E R X N B

[Crop ,.‘De'v..“ ompany/ins 7ait.
|Squash’ - |Seminis Vegetable Seeds’ ’ Cucumber Mosaic VII’US
{ - : 1. e {Papaya Ringspot Virus
: |Watermelon Mosaic Virus Lo
! IR RIS i{Zdéchini Yellow:Mosaic Virus - '
; - . |(all stacked) .
Sugar Beet Betaseed 1Beet Necrotic Yellow Vem Vlrus
Tobacco® - ‘{University ofﬂKentuck& ' “*{Potato VirusY
... |North Carolina State mverSlty : {Tobacco Spot Virus ,
1ARS/USDA R {Tobacco Yellow Mosaic Vifus -~ = .,
- o | Tomato Spotted Wilt Virus o
1 _|{individual traits/combination stacked/all
|Tomato a Agntope 5, |Beet Curly Top Virus . , :
‘ Calgene o ’ Cucumber»Mosalc Virus T
]
- Comell University - ' “iCucumber Mosalc VII'US -
|Harris Moran ' | T
|Seminis Vegetable Seeds |Gemini VH'US ’
! ‘ __{Potato Virus Y
Watermelon Semmls Vegetable Seeds ~|Watermelon: Mosalc Vlrus . :
N _{Zuechini Yellow Mosaic Virus a stacked) . -
{Wheat ] Umversnty of eldaho , o |Barley Yellow Dwarf Virus
| A e 1\Wheat Streak Mosaic Virys (mdlwdual traits/bo

Source: APHIS ﬁeld trials database and blotech/seed company reports

TR, s

Key observations include:

Significant research is underway:to'combat a large number of viruses, reflecting the severe -
damage and even ruination of cfops caused by these viruses. In many crops, viruses -

- : T P

typically carried by aphids tend to cause tissue necrosis, yellowmg, reduced root growth,

and premature death

I

A central focus of the research is minor crops, primarily fruits and vegetables, more at risk
from attack by aphids and other carriers. Management of viruses is espe01ally important
in mamtammg the hlgh value assocxated thh these crops

w

vPrivate sector leaders in ‘development of virus resistance include Seminis Vegetobl‘e"Se'eds

and Harris Moran. Promment public institutions are the University of Idaho and Iowa

State Umver51ty

Much attention is being focused on products with “stacked” virus resistant traits.

For

example, Seminis and Harris Moran are both testing melon varieties with resistance to
Cucumber Mosaic Virus, Papaya Ringspot Virus, Squash Mosaic Virus, Watermelon
Mosaic Virus, and Zucchini Yellow Mosaic Virus. Other multiple virus resistant crops
in the pipeline include cucumbers, potatoes, peas, and wheat, among others.
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Researchers have learned that the difference between resistance and susceptibility to fungal-diseases
is srmply the rate of the plant’s response. Ifa plant can respond, to a first fungi attack’ raprclly, then

it likely can resist further damage. This enables farmers to incéulate crops. agamst sonie fungal

diseases. Slow-respondmg plants aré given-a tiead start by being deliberately infected,with the
disarmed fungi ~ the same principle used to vaccmate children against mfectrous drseases

F ungal diseases of fruits, vegetables and grams can’ cost farmers billions’of clollars ,annually New
fungal resistant genes can be 1nserted into many. of these vulnerable crops; resultlng ina srgmﬁcant
number of resistant crops 'to be’ released in thé next few years (Table 26).

S

P e ..‘ . ».«,'-‘Q

i
1
«mw-.., <

1:!".

.

Creeping Bentgrass

Rutggters University

Dollar spot resistant
Rhizoctonia solani resistant

Eggplant -

JRutgers:-University.

Grar)e

Cornell Un_e::snty

1 Phytophthora resistantVerticillium resistant. |

Botrvtls cinerea resistant/Powdery mlldew

entucky Bluecrass

Scofts

Rhizactonia solani resistant

Paoplar

1Qregon.State lUniversity

__IMarssonina resistant/Melamtsora 7.

Potato ARS/USDA Phytophthora resistant .| . /

Boyce Thompson Institute :

Michigan State University

Monsanto Phytophthora resistant o

, Verticillium resistant
-|[Washington State Umversrty |Phytophthora resistant- '
2 {Verticillium dahlae resustant S

Rapeseed Cargill Cylindrosporium remstant/Ehomaremstant[

ARS/LISDA Eruit rot resistant

d Rnephprr\/

TR

Table 26. Summary of Fungus Resnstant Crops in the Plpelme ‘ el
|Crop.. D ituti it o '
Apple N CorneIlUmversuv i ‘AQpIe qoab resistant . ..

rrot | Seminis Veuetan]_gSeeds |Alternaria daucij resistant
Corn 1DeKalb |Leaf blight resistant ‘
j Northern corn leaf blight resustant
{Northrup-King Northern corn leaf blight resistant
Novartis Seeds’ |Helminthosporium resistant’ - . . '
Pioneer - v o Leaf spot resistant - - .- o el
S Ear mold resistant/Gray leaf spot resustant
Fusarium ear rot resistant/Gray leaf spot -1 -
Gray leaf spot reSIStant/Northern corn Ieaf 1
Mycotoxin dégradation S
Smut resistant
otton Texas Tech University Verticillium resistant - . . R
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Table 26. Summary of Fungus Resistant Crops in; the Plpelme-—contmued

& . E A EEEEaEEE™ T

a

“‘ l‘ ‘l “
" A ¥ ¥

Crop. .. . .. {Deve J it
{Soybean o UnlverSIty of Illln0|s L Fusanum rot*resnstant
i & IMichigan State University TISclerotinia resistant -
{Strawberry __|DNAP. HQI_dmg_Q_QLp_Q[aILQ_L____\Lemcﬂhum dahlae fesistant
{Sunflower . _|Pigneer .- .. _ _ISclefotinia resistant ..
{Tohacco . Umversﬂv of Kentuckv ____IBlack shank resistant ,
{Tomato |Calgen {Fusarium wilt resnstantNemcnlhum dahlae
‘ o .Semmns\/egetable Seeds {Fusarium wilt résistant * i
| _ .. 1Powdery mildew resistant ‘ ———
|Wheat o Monsanto o T - "JFusarium head bllght resnstant '
. Novartls S_ppds : . _ S_enmna resnstant =

e E

Source: APHIS field tnals database and blotechlseed company reports < - B

Ok : Cee
Key observations include: . - L

Several varieties of major crops are in-the pipeline for f&ngﬁ's—res"istance Corn varieties
likely to be released focus on ear mold, gray leaf spot, northern corn leaf blight and smut,
among others. Resistance to fusarium rot and wilt diseases, caused by the fusanum
oxysporum fungus also is belng bullt 1nto corn, soybea_ns tomatoes _and -wheat.’

Pioneer Hi-Bred is focusing on development of fungal res1stant corn: vanetles while few
other private companies appear to be’ focusmg efforts in this area. Monsanto plans to
rélease a fusarium wilt résistant wheat variety in the next few years, and is doing similar

~ work in potatoes. Other companies are focused more-on developmg fungus resistant

varieties of ﬁ'ults and vegetables. Pebble Ridge Vmeyards a: producer and processor of

grapes — not a technology or input suppher —is testmg grape vanet1es with fungal-
resistance. L

Universities also are promment in this area. Washmgton State is. developmg potato varieties
resistant to phytophtora and verticillium. Oregon State is developlng a poplar tree
variety that would resist four different fungi. Others are testing crops that are important
in their particular geographic areas. ' ' '

Many insect pests, such as whlteﬂles ~aphids and leathoppers, not only transmlt viruses but also
bacteria that can cause devastating plant diseases while also causing bllllOI‘lS of dollars worth of
direct damage to crops by feeding on them. Several varieties with resistance to these bacteria are
in the product pipeline (Table 27).
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Table 27. Summary of Bacteria Resistant Crops in the Pipeline

Crop Developing Companyl/Institution |Specific Trait
Apple Cornell University Fire blight resistant
Poplar lowa State University Crown gall resistant
Potato ARS/USDA Erwinia carotovora resistant
Rice University of California/Davis Bacterial leaf blight resistant
Sugarcane |Texas A&M University Clavibacter résistant
United States Sugar Corp.
Tomato Ohio State University Bacterial speck resistant
Purdue University
Walnut University of California/Davis Bacterial leaf blight resistant

Source: APHIS field trials database and biotech/seed company reports

) plants from root-knot nematodes

2 majordiscoyery that 4 single-
ect pest from a different phylum.

Key observations include:

Virtually all research on bacteria resistant crops is being done in the public sector (ARS or
universities), except a sugarcane variety resistant to clavibacter by the United States
Sugar Corporation.

The research effort on bacteria-resistance is focused mostly in minor crops and in trees
(poplar and walnut).

Yield Effects — Agronomic Property Developments. World grain production since 1950 has
increased at an astonishing rate, due to the combination of improved crop varieties, irrigation,
fertilizers and chemical pest control. During that time, world population has more than doubled, and
today nearly 90 million new people are added each year. Biotechnology is being viewed as a means
to avoiding the adverse environmental consequences that accompany the quest to expand food
supplies to meet that growth.

Genetic engineering now can be used to modify crop production at stages, from speeding up early
growth of food plants to increasing yields to slowing ripening or wilting. Since the form and
function of a plant depends a great deal on its genetic composition, the ultimate goal is to engineer
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plants optimal for every growing ¢ondition and market niche. co o

Changing a crop’s agronomic properties not only affects yields but also the production process itself, -
as crops can be stylized for specific “climates and soil types.
development include increased stalk strength (standability), yleld increases, altered growth rate,

drought tolerance, and stress tolerance (Table 28).

"

Table 28. Summary of. Crops W|th Altered Agronomlc Propertles in the Prpelme

‘Some "specific ‘altetations in -

] lmverelfy,nfﬁahfnrnm

.SPeciImI:aif'
Elo ime

: Texas Tech’ UmverSIty

Corn 'Car jll "~ Male sterile .
' D Carbohydrate level mcreased
5 . {Carbohydrate metabolism altered |
o - |Stress folerant .
S 1CH Garst -~ IModified growth-characteristics - ]
‘ {lowa State Umversnty ~IMale sterite | - . |
|Limagrain- |Lipase expressed in seeds {
{Monsanto i «/|Development altered '

: {Photosynthesis enhanced ! ‘

{New York State Unlver3|ty/Albany {Male sterile .. ‘ !

- |Pioneer 1Fertility altered !

! |Growth rate increased 3

, 1increased stalk strength I

‘|Altered maturing . - ]

1Yield increased !

Umver3|ty of Arizona fAnthocyanin produced in seed , |

jUniversity-of Minpnesota - 1Vivipaty increased . : :

{Cotton ] Monsanto Altered maturin :

¥)ene metabgollsm altered

ohydrate metabolism altered"
: Oxrdatlve stress tolerant . —

C‘r‘-ee'ping Bentér'a‘s"s

‘%Rutgers Umversrty -

{Aluminum tolerant -

Drought tolerant:

1Salt folerance- mcre:'xe.pd

Mmhmnnj'pr-hn ¢

Panlar 1A sis
a| ACalc ~Yield. mrmaqu 5
Rice . Maonsanto . — . _{Yield.incréased - L,
_':‘.Qg_‘b,enn — {Monsanta.: y L8 — 1Altered nlnnf dp\/plnnment LI
Tobacco {Southern llinois Umversnty .. |Ammonium. assmlation lncreased :
Ca 1University of Hawaii/Manoa 1Growth rate altered -
University of Kentucky Senescence altered
University of Wisconsin/Madison ISenescence altered
Walnut- . " Umversrty of Cahforma/Daws -~ {Cutting rootabrhty rncreased
R _|Flowering altered
Wheat Monsanto Carbohydrate metabolism altere_d

Nitrogen metabolism altered

- |Photosynthesis enhanced .

Yield increased

Montana State University

Drought tolerant
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Key observations include:

Many of the trait modifications for some crops appear rather vague or non-descriptive. This
likely is for proprietary reasons, but may well suggest significant yield impacts for
crops.”

Many of these traits including drought tolerance, stress tolerance, and enhanced
photosynthesis would have direct impacts on yield, but it is notable that many groups are
working to develop “increased yield” varieties of crops including corn, rice, soybeans
and wheat.

The work being done in this area covers a wide range of crops, including the major crops of
corn, cotton, soybeans and wheat to the more minor crops such as apples, grasses, trees
and tobacco. In the United States, there does not appear to be considerable work
underway in the traditional developing country crops — a potentially huge market.

Gene Mappmgo assavaDeveloped by the International Center for Tropical

Agriculture (CIAT)

-Researchers at CIAT have been working to find the genes that control agronomic traits in

cassava. This knowledge could be used to enhance cassava's traditional role as provider of
- food security in Africa, and future role as an industrial crop worldwide. The search has
- spurred researchers to ;dévelop -a molecular genetic map for cassava, the first such map for
amajor vfood-crop generated outside of:an industrialized:country.

: ‘;The gene map 1S expected% celerate the study of economlcally nnportant genetic traits in
- cassava, partlcularly root quahty‘tralts The erratic supply of cassava roots typically prevents
~ new marketing and. post—harvest opportumt1es — gene mapping success likely will lead to
 better root quahty as Well as re51stance to disease and bactenal bhght

Monsanto continues research on agronomic properties in crops in which it has already altered
traits. Additional work also is underway by several universities since development of
these traits likely requires more “basic” research and understanding of the crops’
genomics.

' Applications for field trials are not required to make available details of the specific trait modifications
being sought to the public. A firm can claim in a parmit application that some scientific data is confidential
business information (CBI). APHIS can, however, use that information in its safety deliberations, but may
not divulge the information to the public.
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f' d1t' 'nal plant breedmg has

fyiThe research focuses on cold acchmatron where plants exposed to gradual low, non-
-~ freezing: temperatures tolerate subsequent freezing temperatures by expressing a series of “cold
: "regulated” genes Thus a gradual coolrng can help the plants better prepare for icy weather

Fruits and Vegetables. Among the many products in the frult and vegetable pipeline are insect
resistant and virus resistant produce, improved-texture peppers, enhanced-taste vegetables, and
ripening-altered fruits with longer shelf life (Table 29). There also are fruits and vegetables with
"stacked" (multiple) traits, combining agronomic and consumer-oriented traits. Major players in this
industry include DNAP (formerly known as DNA Plant Technologies), Calgene, and Agritope, as
well as Monsanto and Zeneca.

Table-29- Rln‘l’nsl‘\ Er Ht-and \Ioncfahl f‘rnne iTal Development

T:‘alt - ro. -.n?“ g g h YT
Insect/Disease Insect Protected Tomatoes — Calgene Plants require less lnSEClICIde to achieve

lirus-Resistant Tomatoss (‘nlgcno Resistantto-cerain nl:nf VLS SS-
Improved Texture Eirmer Peppers — DNAP Remains firmer after harvest
Improved Taste W tness To Calgene hanced flavor.

P gﬁee%er ers — [BR}RP g Eléd% sweeter Yy overexpressmg a gene

Eresh Ml:rl.(o Tomato=-—_2eneca Enhanced ﬂa\lnr nnlnr and-increased
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jotech-Fruit-and-Vegetable-Crops in-Development—continued
3 jhe- Vel 30 -Gontinued
Ripening &tered Ripening-Controlled Tomatoes — Extended shelf life '
Ripening-Controlled Cantaloupe — Extended shelf life
Rlpenmg Controlled Cherry Tomatoes —|Longer market Ilfe improved flavor, and
|npn|nn Cantralled Bananas and Fyfpndpd shelf
L High.Sollds Rotata. - Mansanto Soiping '?ssnma}ﬁ;mss Joinol s Al
Multiple Traits Transwitch Strawberries — DNAP Modlﬁed to keedp fruit firmer after harvest
NewLeaf Insect and Y Virus-Protected |Better protected against the Colorado
Corn w/Monoclonal Antibodies in its Res;stant to several plant diseases.
Fungus Resistant Ranana — Zeneca Resistant ta Black Qmafnkn and will have

enes that are present in
red tomatoes:was the high
e seedles tomatov,may funnel 1ts Tesources
'ave gone nto producing seeds.

’ Both seedlessness and hlgh sohds are valuable traits for the tomato processing industry,
' vwhere most of: the tomato harvest ends up. Processors routinely remove the seeds and reduce
: 'fthe water ‘content of tomatoes before cooking up ketchup or pasta sauce. Currently, the
_tomatoes need to be emasculate '”(pollen sacs removed) to obtain completely seedless fruits,
'»"‘;-*alabonous rocess -A Dutch b1otechnology company, field testing the transgenic tomatoes,
s working to introduce a female sterility gene into these lines.: The Kansas State researchers
 alsoare developlng seedless watermelons they hope will result in better tasting fruits with
o extended xshelf life.

Edible Oils. Oil crops in the product development pipeline include traits described above, as well
as new ones that could add value in processing (Table 30). Monsanto is attempting to develop both
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low-stearate canola and soybeans, whose 0il would require no hydrogenation. Nétto be outdoneby -
the introduction of LoSatSoy (the reduced saturated fatty acid oil already marketed by Optimum
Quality /Grains), canold:varietiés with even. IOWer levels of saturated fat-are: bemg developed by
Calgene and Cargill. I O LT TR DTS P O AES

_.__.

2 .-T’ £ o ; ‘ 'A L *
Trat b A - 15-4 P il = Desorptio ¢
[Cess 'Hy rogenatlon ngh Stearate C anola O|I - Does not *requnre hydroq
R . h-Stearat Qn\l anOile D .

b
[

ILess Saturated Fat JVer_y Low Saturated Fatty » |
— VPN"-—"MISEJ.U.IBIEI‘L th/ i

‘Hmh "f e
‘ llnl{mn Inr'ln

|Processing
{Multiple Traits

THioh MoRou

T

-
-
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i = EAS ’ S T v

Key,o_‘bservations include:- :  orbyer g FREr
.._;,.'.‘ e K i“ . 3

The maJ orplayers in ollseed development thus far have been Monsanto (or 1ts subs1d1ary,

Calgene) DuPont and Optlmum Quahty Gralns e A
-Most of the development to date has centered on’ the two major 01lseeds 1n North Amerlca
" soybeans and canola

A g e S : ,,

. The riew tralts in: development are broadly-based although the two most w1dely developed
' tralts are lower-fat OllS and reduced-hydrogenatlon oilsi/* .. o

EPA _‘
Yo, . ¢ %
. g . -~‘ : o . . . T . . T
: .

ValueEnhancedeps

While "the initial focus'in biotechnology has been on cost reducing and yield enhanoing

characteristics, value enhianced traits in field crops hold significant potential in the next few years’

and beyond. This class of innovations includes, for example, corn with higher amino acid content
or methionine levels, ‘cotton with increased fiber quality, rapeseed and soybeans with altered oil

profiles, and potatoes, tomatoes and vegetables with improved shipping qualities and ripening

attributes.. These newtraits create value for animal feeders (reduced feed costs due to increased
energy value and amino acid content in grain), for food companies’(healthier oils and tailor-made
components for food ingredients),and personal care companies (oils for soaps and gels). These are
but the first-of what promlse to be a senes of value enhanced products for crops (Table 31).

Table 31. Summary of Product Quallty Developments in the Pipeline

Crop L ‘-Develomg Compa‘nyllnstltutlon ' Specific Trait

Alfalfa . -|W-L Research & Altered lignin blosynthe3|s

Barley {Coors Brewing . | Disulfides reduced in endosperm
. |Washington State Umversuty ~ |Heat stable glucanase produced

Comn - |DeKalb ~ |Altered amino acid composition

Lysine level increased
Methionine level increased
' Tryptophan level increased
_|BuPont T Carbohydrate metabolism altered-
o Increased phosphorus
Protein quality altered
Oil profile altered and lysine and methionine

Monsanto B T |Carbohydrate metabolism altered
‘ ’ Nitrogen metabolism aitered
Pioneer " |Carbohydrate metabolism altered

Increased phosphorus
{Lysine level increased
Methionine level increased
Mycotoxin production inhibited

B

-

[
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Table 31. Summary of Product Quality Developments in the Pipelfne——coﬁtinué&

DNAP Holding Corp.

Crop __|Developing Companyl/institution |Specific Trait
Corn University of Arizona Nutritional quality altered
1, : . Anthocyanin produced in seed
|University of Minnesota Oil profile altered
' Lysine level increased
|Rutgers University Methionine level increased L
Cotton Agracetus Fiber strength altered o
Calgene “|Melanin produced in cotton fibers
Monsanto Fiber strength altered
N {Natural pigments altered
| Texas Tech University Fiber quality altered
Melon - |Agritope |Fruit ripening altered
|Harris Moran T
Pepper |DNAP Holding Corp. Prolonged shelff life
Potato |ARS/USDA Blackspot bruise resistant
: Nutritional quality altered
] Steroidal glycoalkaloids reduced
Frito Lay Carbohydrate metabolism altered
Monsanto Bruising reduced/Carbohydrate metabolism
Carbohydrate metabolism altered
Solids increased
North Dakota State University ‘Carbohydrate metabolism altered
Rutgers University Bruising reduced
Rapeseed Cargili ' Amino acid composition altered
Fatty acid metabolism altered
1 {Limagrain Nutritional quality altered
{Red Raspberry  |Agritope Fruit ripening altered
Soybean DeKalb Protein quality altered
' Lysine level increased
DuPont Protein quality altered
Carbohydrate metabolism altered
Lysine level increased
Oil profile altered/Seed composition altered
Lysine and-methionine levels increased ‘
J Oil quality altered/Protein altered |
Monsanto Protein altered |
Seed composition altered
Nitrogen metabolism.altered
Pioneer Methionine level increased
' ‘ Seed methionine storage increased
University of lllinois Protein altered
Strawberry Agritope Fruit ripening altered

I

- - Pi [~ [

s,

|

000366 l



\

Biotechnology: Fundamentally Reshaping the Agriculture; Food and Fiber Tndustry — Nov. 1998 76

Document divulgué en vertu de la Loi sur I'accés a Imformatron ;

Table 31. ‘Summa‘ry of Proddct-—QuaIity ?D'e'Ve']Iopmer’ltsh_‘in.'the Pipeliné—continued

o,

Cr—

Developmg Companyllnstltutlon

] Speclf'cTrart “

4

| Tomato o
» ..|Agritope -
B BHN Research

g

A

ARSIUSDA

"Calgene -
! Campbell Soup Company

{DNAP Hoiding Corp.
|Gargiulo -
1Harris'Moran - .
jHunt-Wesson -
{Lipton

|Monsanto
|Purdue University

]

Seminis Vegetable Seeds

{Sunseeds
{University of Florida - -

Universlty‘of Georgia
University of WrsconsmlMadrson

Zeneca

[

1.

" Polyamlne metabolism altered
|Friiit ripening altered -

13 Sohds increased .

' 1! Frurt sugar prof ile altered
{Yiéld increased S -
Carbohydrate metabolism. altered
{Fruit sugar profile altered

" {improved fruit quality - .

{Fruit ripening altered t

. |Solids increased’ '

| Carbohydrate metabolism altered

1;‘

Pectin esterase level reduced

|Antioxidant enzyme increased

| Fruit ripening altered _
{Pectin esterase {evel reduced
Polyamme metabolrsm altered

| Prgment metabolism altered

* {Fruit sugar proﬁle aitered

~{Fruit ripening altered wo
|Fruitripening altered . =~ - . -
|Fruit solids increased/Seed: set reduced
{Carbohydrate metabolism altered
|Carotenoid content altered )

Dry matter contént increased/Y reld
Ethylene metabolism altered -
Fruit solids increased

| Solids soluble increased

Wheat

ARS/USDA

Storage protein altered

Key observations include:

Significant research is underway to develop valuable food properties — high starch corh, high
solids potatoes and tomatoes, and “flavor genes™ for strawberries and other fruits and
vegetables.

Research in this area is being conducted by food processihg companies, such as Frito Lay,
Hunt-Wesson and Campbell as well as by universities and biotechnology/seed
companies. :

Product development is a focus of both universities and private companies.
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The major and minor crop focus is well balanced, with corn, potatoes, soybeans and
tomatoes prominent. ARS/USDA is developing a wheat variety with an altered protein
composition — apparently the only value enhanced wheat variety currently in testing.

Many companies are working to develop crop varieties with increased lysine and other
amino acid concentrations. Since lysine is one of the amino acids in low concentration
in corn, animal feeders (especially poultry) often add lysine supplements to their feed
mix to increase its competitive value.

ts ' 1kely Wﬂl prove p0531b1e over: the next several years
SSibi 1t1es that wheat millers and processors have in mind

s Creaseless Whe‘at"ker'nel - simplifies mill diagrams and requires less machinery
s Whiter endosperm allows longer extraction

-+ Larger germ ~ facilitate marketability of germ oil

~« - Uniform kernel size— reduction in numbers and types of machines

sy ngh starch/gluten content allow for dry process for starch extraction plus
creatlon e %
e of spec1a1‘gy roducts, ,

'« Fiberincre iS¢ ,utntlonal gams
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New fL"oW’-‘Phytate‘COrns Ready for Spring 1999 ... ; :

The first two low-phytate corn varieties are NutriDense LP and Yellow Dent LP, available for
‘planting in 1999 from ExSeed Genetics LLC (Owensboro, Kentucky) which will license the

new technology from USDA's Agricultural Research Service. NutriDense LP and Yellow Dent
P w111 be available through Thurston Genetics, the exclusive agent for ExSeed Genetics.

‘Th1$ Iatest hne of spec1a11zed grams ‘designed specifically for the addition to swine and poultry
v .ra’aons asma’curally hlgh in ig ""ble phos horus _unhke genenc corn. «Phytlc acid (referred to

, Ilhno1s researc
-t1mes**the Ieve}_‘_ .

1 'tonng and poienﬁal regulatlon Earlier,
‘}productssno sooner than2000 or 2001. Now,

fthat tlmetable has been slieeded up

Sugar Beets...Genetic Engineering Yields Liow-Cal Sweetener

‘Dutch researchers say they have genetically engineered sugar beets to make a natural low-
 calorie sweetener, adding a gene from the J erusa-lem artichoke to make beets produce fructan,
fa'ﬂtype of .sugar'*thatris;hard to «.digest' and which thus inflicts fewer calories.

Jerusalem aruchokes — small, knotty roots, irregularly shaped and hard to‘process — are not
good sources for commerc1a1 sugar- makers ‘But beets have been used for many years to make
sugar. The Jerusalem artichoke gene causes the plant to convert sucrose — which becomes
table sugar — into fructans, whlch*taste sweet but are not. digested as easily. The Dutch team
suggests their approach could offer an ea51er way to produce fructan:

Stacked Traits

With the resources to actually “stack” traits, one on top of the other, in a plant, the possibilities for
crop characteristics become endless. And, the “stacking” is not limited to similar traits (i.e., all
traits must be herbicide tolerant). There are products being tested that have five or more different
traits — to provide insect resistance, herbicide tolerance, multiple virus resistance and increased
proteins or amino acids, thus combining the cost reducing/yield enhancing traits and value enhanced
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traits (Table 32). The ability to~stack” these traits has obvious potentlal for greatly enhancmg the
value of what once was merely commodltles

Table 32 Summary of Stacked Tralt Crops in the Plpellne

Crop

5

R Sp96lf|c Tra‘" - —

Brassrca oleracea

g Developmg Companyllnstltutlon

American Takii

_{Male steriIe/P‘hbsbhAinbtﬁ'ri‘ciri tolerant_

Corn

3
A ]

o3

b

47y

.
1}

AgrkEvo

.

|Asgrow

Cargill
DeKalb

Male sterlle/Phosphmothrrcm tolerant

] Phosphlnothncm tolerant/Carbohydrate R

Alternaria resistant/Botrytis resrstant/thzoétoma

| Aspergillus resistant/Leaf. bhght resistant/Leaf
|Male sterrle/Phosphmothrrcm toierant
|Male sterile/Phosphinothricin tolerant -

Carbohydrate metabolism ' < 7

Glyphosate tolerant/European corn borer
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Table 32. Summa'ry of Stacked Trait Crops'in:the Plpelme—contmued

-Crop i Developmg Companyllnstltutlon ; Speclflc TraltU*’ R
{Corn ?DeKaIb K s IMethionine level mcreased/Phosphmothncm
| ] {Phosphincthricif. tolerant/AItered amino acid
' : ;Phosphlnothncm tolerant/increased lysine level
vt {Phosphinothricin tolerant/increased methionine
+. | Phosphinothricin tolerant/Seed methionine |
‘ {Phosphinothricin tolerant/Storage protein altered |
{Phosphinothricin tolerant/Tryptophan.tevel
SE {Northern com leaf bllght resistant/Southwestern |
Limagrain. - "|Glyphosate tolerant/European corn borer
Lo {Phosphinothricin tolerant/Lipase expressed in
I : Phosphinothricin tolerant/Starch metabolism
-{Holdens' |Anthracnose resistant/Cercospora
] H |Anthracnose resistant/Cercospora
{Leaf blight resistant/Phosphinothricin tolerant
] Monsanto . |Glyphosate tolerant/European corn borer
. 'IPioneer - |Fertility altered/Phosphinothricin tdlerant
" |Plant:Genetic Systems ™ " |Phosphinothricin tolerant/Stress tolerant
: T ‘ Male sterile/Phosphinothricin tolerant
Stine Biotechnology. 1Growth rate mcreased/Phosphmbthncm
e G }imidazolinone tolerant’/Phosphinothricin
1: P Phosphmothncm tolerant/European corn borer
" JU of fllinois  ~ * |Aspergillus resistant/Phosphinothricin tolerant .
o |Many companies {Phosphinothricin tolerant/European corn borer
Cotton Calgene Bromoxynil tolerant/Lepidopteran resistant
Monsanto Glyphosate tolerant/Coleopteran resistant
Peanut {AgraTech: Seeds Visual marker/Tomato Spotted Wilt Virus
Pineapple University of Hawaii Flower and fruit set altered/Root-knot nematode
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Table 32. Summary of Stacked Trait Crops in the Pipeline-——continued "v

Crop

{Developing Conipany/Institution

{Specific Trait

Potato

-

{Boyce Thompson institute -
- |Michigan State University -
+IMonsanto, . s

bl

T et
v

| Universify ofldaho *°

' Glyphosate tolerant/Bruising reduced
' Glyphosate tolerant/Carbohydrate metabolism’

Phytophthora reSIStant/Ka> amycm resistant
Phytophthora res15tant/CoIeopteran .

Glyphosate tolerant/Colorado potato beetle
Glyphosate tolerant/Colorado potato beetle -
Glyphosate tolerant/Potato Leafroll Virus
Verticillium resistant/Colorado potato beetle
Verticillium resistant/Colorado:potato beetie
Verticillium resistant/Glyphosate’

Colorado potato beetle resistant/Bruising. .
Colorado potato beetle resistant/Bruising
Colorado potato beetle resistant/Potato Leafroll
Colorado potato beetle resistant/Potato Virus Y
Late blight resistant/Potato-Leafroll Virus

Rapeseed

|AgrEvo i

*. {Calgene

Fertility altered/Phosphinothricin tolerant
Male sterile/Fertility-altered |
Phosphinothricin tolerant/Lepidopteran resistant | :
Glyphosate tolerant/Oil profile altered

Soybean

“|DeKalb

P

Phosphinothricin tolerant/Lysine level increased |

Tobacco . « -

{Southern lllinois U . - ..

Ammonium assimilation increased/Visual marker

LI
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Key observations include: - -~ | T
5 i oL . ) Sre Lo S ey ¥ L i 13!.

an

Potato and «corn varieties appear to be the focus for stacked products in the pipeline.

Compames suchas DeKalb, Pioneer, AgrEvo and others are workmg to-develop comn

vanetles ‘that are herb1c1de tolerant inséct tolerant, fungus re51stant and contam incréased™

E 'f".mlevels of lysme methlomne and protem Monsanto is leading in potato deveIOpment

o combmmg ina vanety ‘of Ways, traits'to resist the Colorado potato beetle, Pétato viruses
- Y and X, reduce brulsmg, tolerate glyphosate, and' alter the carbohydrate proﬁle

Ed oL S SO . s -4 gt

Many companies and institiitions a‘r’e*build'm’g' ‘on traits alre?ad’y‘ suceessfil in‘comthercial’*

markets and are elther Jommg tralts together or “stacking” them with others still in the
p1pe11ne ' : R Y
leestock

B A L A T s . ¢ =, ¥

While few biotech livestock: products aré yet in the Commercial arena, it-is apparernit that srgmﬁcant

tesearch is well underway that poténtially will resiilt in revolutionary changes in the livestock sector

in‘the not-too-distant future. Researchers are developing genetically engineered “super: ammals”wrth
enhanced charactertistics for food production, novel transgenic animals to serve as “chemical

factories” to produce drugs and medlcmes, and ammals to serve as organ donors for human

transplants R R S S 5_}'
This sectionprovides an -overview of several possrble apphcatrons of brotechnology‘m ‘the 11vestock
sector, mcludmg

Embryo transfer and in-vitro' fertrhzatron

DNA and ‘gene | markers s «

Cloning; ' '

Vaccines;

Pharmaceutical product, medicines and nutrlent productron and
Product’ 1mprovement : '

Embryo Transfer and In-Vitro Fertilization. Embryo transfer is not a new technolOgy, having

been routinely practicéd in cattle for mote than 20 years. Initially, it-was eéxpected to: revolutlomze '

genetic-progress by its ability to increase the number of offsprrng from ‘elite breedmg animals.
However, it proved to be quite costly

With in-vitro fertilization, imthature oocytes (eggs) are obtained from the female anirnal’s ovaries,

matured and fertilized in a culture environment, and either implanted into recipients or frozen at an

early stage. - During: fertilization,-the embryo s'DNA can be examined to'detérmine its genetic
attributes. For example, some quahtatlve traits controlled by a single gene pair (i'e., coat coler,
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7

i

R

horns) can be determined. More complex traits, controlled by multiple gene pairs (quantitative
traits), such as growth rates and birthing ease also can be determined. The DNA also can be used
to deter_mine t_he sex of the embryo.. -

|

] c. Pt

# .- -

‘Research is underway to develop efﬁc1ent collecuon methods for oocytes from females The
vanablllty of superovulatlon and low rates ‘of development of the embryos have Jlimited the offspring
produced.’ Oocytes collectlon from he1fers offers the best method for decreasmg :the generation
interval in cattle reproductlon Researchers are tying to gain a more complete understanding of the
changes occurring in the nucleus during oocyte growth _maturation, fertilization and early
development — all essential to the complete development of i m-v1tro fertilization. .. - 1

4

i‘

-

¥

DNA and Gene Markers: The current bio‘technolbg‘y emphasis in animal agriculture stresses the
need to integrate new molecular technologies into the identification of major genes affecting growth
and development, reproductive performance, lactation and disease resistance characteristics. Basic -
research is underway to identify those genetic variants which affect growth traits, either positively
or negatively. By constructing a well-based genomic-map of the animal,.genetic improvement of.
livestock can be accelerated with the general knowledge of genetic markers with beneficial economic .
traits. L ¢

. W

4

L)

el I O

i+

: e
There isa great deal of srmllarlty between the gene maps of humans and other mammals SO genes’
mapped in humans or even mice may lead-to discoveries in hvestock Gene mapping of livestock
has lagged behind thé human effort due mostly to funding constraints. But even if spec1ﬁc genes’
are not known,,genetlc ‘markers can be used to identify certain regions of a chromosome and then :
to trace the inheritance of that region related to a particular trait. More importantly, researchers not
only have to locate the specific gene on a chromosome, but also need to determine its funcuonahty
or association with a given biological or physiological characteristic.. Presently, researchers are
further along in mapping the genomes of livestock than in determining their functions. . «

‘,.\ . S
-‘ i’ -

Cloning. In the past few years, cloning has received enormous attention, not just from within the
livestock industry but also from the general.public. The births of “Dolly” and “Gene” raised the
issue of the potential for cloning in livestock production and also began a debate over the control and
use of cloning technology that likely will continue for quite some time.

o~ . N .; . ’

N " . .
i‘ 4

The current appr'oach to cloning, involves the use of primordial germ cells as the base cloning
material taken from a developing fetus, the foundation genetic material. This technology was used. .
by researchers at ABS Global, Inc. to produce “Gene” the calf in.1997. , o

A new cloning approach for development,of transgenic cows has proven successful and is.being -
investigated. . The approach developed by researchers at the University of Massachusetts and
Advanced Cell Technology involves transfer of nuclei from genetically modified cultured cells, a
strategy similar to that used to produce the. transgenic sheep “Dolly.”

]

)

)]
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In contrast to ‘the sheep experiment, the bovine experiment involved transfer of. miclei from an
actively dividing population of cells, seeming to be more efficient than the classical microinjection
method. This method of nuclear transfer produced thiree transgeriic calves from 276 embtyos.
Typically, about 500 embryos are needed to-obtain one transgenic cow. The three surviving calves
were phenotypically and genetically identical. A family portrait-of the three calves showed that the
calves had the same pattern of black and white coloration. Researchers also expect that the sex of
‘the transgemc cow can be predetermined using this new miethod. ST e
Advanced clomng techmques offer: 31gn1ﬁcant potentlal 10 1mprove the quahty and con51stency of
the animal. = Producing -multiple copies ©of animals with known meat characteristics :(flavor,
tenderness and color) is possible. However, exte_nswe cloning in the near term is-unlikely given the
high costs of the technology - breeding operations would have to-completely switch:from natural
service or artificial insemination to use of cloned embryo transfers. And, public acceptarice.of - -
cloning procedures remains a huge unknown — ethical issues related to animal and human cloning
have been brought to-the forefront of public debate by last year’s major developments. -
Vaccines. Many companies are focusing on development of technology- and/or ;product
opportunities that improve animal health and production efficiency in poultry, dairy cattle, beef
cattle, swine, and sheep. This includes therapeutics used in animal health and biclogicals for
diagnosis and ;p’revention of disease in prodUction -animals. ' e

Significant work.on 11vestock vaccines is. underway by ARS in: conjunctlon w1th several major
companies. Some of these projects include: = :

Vaccine for Ovine Lentiviral Infection — researchers are examining the feasibility of
transfecting sheep with the -ovine- lentivirus (OvLV) genes to .determine the. immune
system responses and the possibility-of inducing protection to the virus.

Relationships among IBDV, IBV, CAV And E .Coli in the Development of Respiratory
‘ ‘Disease Complex-in Chickens — researchers are studying the interrelationships of
= _ 1nfect10us bursal disease virus (IBDV) chicken anemia.virus (CAV), infectious
bronchitis virus (IBV), and E. coli in the development of respiratory disease complex
(RDC) in chickens. New control measures for RDC using recombinant DNA techniques
are being examined, and researchers are using biotechnology to.develop techniques for
rapidly identifying new pathotypes of the disease agents Testing of this research has
resulted in a-vaccine for IBV R

Natural Resistance to Salmonella: Detection of Susceptible and Resistant Pigs — the
National Animal Disease Center in conjunction with Pig Improvement Center (PIC) is
working to develop an in-vitro bactericidal test to identify, Salmonella-susceptible and

m B B R R
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 resistant pigs. A large population of PIC pigs will be screened and designated "resistant"
“and-"susceptible" based on their ability to kill Salmonella. Preselected pigs will be
- exposed to Salmonella in containment facilities to validate the in-vitro-test. The ability
to separate the pigs.into two groups, resistant and susceptible, will -allow for better
~ -scréening of genetlcally defined breéding stock for altered genes that may predlspose
fthem to Salmonella or other pathogens . . ' o
Pharmaceutical Product, Medicines and Nutrient Production. Much of the'cutting edge research
in livestock is occurring in the pharmaceutical industry. Researchers are transforming livestock into
bio-factories to. produce pharmaceutical products, medicines and nutrients. This-approach has
several-advantages-over standard chemical means of production, including relatively low operating
costs and unlirited ability to multiply. ‘As an added benefit, bioengineers can ensur¢ that-the protein
products expressed by added genes .are'deposited in the milk of mammalsor the eggs of hens, 5
makmg the chemicals easy to’ harvest and process. Some of the products already’developed 1nclude ‘
Lysozome is an antibacterial agent that makes up three to four percent of a-hormal egg white.
Researchers are manipulating the lysozome gene to increase the volume of antlblotlc
produced and make lysozome effectwe agamst a w1der range of bactena A
Egg yolk normally contains antibodies that'are deposited by the hen toﬂ'protect the embryo -
from infection before its own immune system' develops. - The variety of antibodies can -
be customized by first immunizing hens with particular antigens. This strategy can be
taken one step further by creating transgenic hens. Given genes from other species, these .
hens will lay eggs with antibodies specific to diseases of pigs, cattle or humans, among ~ -
others.

In April 1996, Genzynie Transgenics announced the birth of Grace, a transgenic goat carrying a-gene
that produces BR-96, a monoclonal antibody being developed and tested by‘B'ristol Myers Squibb
to deliver conjugated anti-cancer drugs. Reportedly, by the time Grace turned one year old, she was
expected to produce moré than a kilogram of the experimental anti-cancer' drug.- Genzyme
Transgenics also plans on testing a goat to produce anti-thrombin, an anti-clotting drug. Genzyme’s
relatively new $10 million facility which produces drugs for Gaucher dlsease reportedly could be
replaced in the near future by a herd of- only twelve goats' -

Other work in thls area 1ncludes research at PPL Therapeitics, whose transgenic calf Rosie produces
milk that contains alpha-lactalbumin; a human protein that provides éssential'amino acids, making
the milk nutritious for premature infants. And, another company, Somatogen, recently has created
transgenlc plgs that produce human hemoglobm

Scientists-are conducting more research to rnodlfy milk content by giving the animals added genes
encoding various therapeutic proteins. Female mammals regularly produce large quantities of
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protein in their milk, and research is underway to designate the type and amount of certain protein
production. After the milk is collected, the desired proteins are isolated and purified. Human milk
proteins including human lactoferrin (a source of iron for infants), human protein C (needed for
proper blood coagulation), collagen (for tissue repair) and fibrinogen (a tissue adhesive) soon will
be produced in the milk of transgenic animals. These protelns may subsequently may-be added to
milk-based infant diets and other products RN PR

Product Improvement. Research is ongomg to deﬁne the optxmum and maximum potentials for
use of recombinant derived growth factors (or promoters) under current livestock production systéms
in the ‘United- States. " New techniques are being evaluated which would promote more efficient
muscle growth and aid in the identification of animals with superior genetic potential for reduced
fat and muscle protein synthesis. : Othet. evaluauon cntena mclude growth performance carcass
traits, and. quality and sensory-evaluation of meat.’ e

Some key research underway includes:
University of Adelaide (Australia) scientists have developed a novel breed oof genetically
- engineered pigs that are 30% more efficient and brought to market seven weeks earlier,
than normal pigs. The Australian Commonwealth Scientific and Industrial Organization
also has produced genetically engineered sheep that grow 30% faster than normal and-are
currently transplanting genes into sheep to increase wool growth. . -~ .

- University of Wisconsin scientists‘genetically altered brooding turkey hens to increase their
productivity to lay one-quarter to one-third fewer eggs thian notibrooding hens. Brooding
hens make up nearly 20% of an average flock, so researchers wanted to curtail the
“brooding instinct’ that tends to disrupt. productlon and increase-costs. By blocking the
gene that produces the prolactm hormone, biologists were able to limit the natural

- brooding instinct, resulting in increased egg production. e ’ ’

USDA/ARS researchers are attempting to use genetic technology to produce a domestic
dairy sheep strain productive under US southern region and third world conditions. A
major limiting factor to dairy sheep production is availability of dairy genetics. -Another
limiting factor for the US southern region is inadequate use of tropically-adapted sheep
breeds that tolerate heat and humidity, and possess high feed conversion efficiency and
parasite resistance. :In Europe, a dairy sheep breed:- the East Friesian dairy sheep — has
unsurpassed production traits and Has been successfully used in cross breeding programs
in the Middle East and Europe. Scientists are attempting to import East Friesian embryos
while at the same time performing Jactation and metabohsm studies on two tropically-
adapted breeds: the St. Croix and the Gulf Coast Native. The ultimate goal of the
research is to develop new synthetic strains of sheep that possess both the excellent
production traits of the East Friesian and the hardiness and adaptable qualities of the St.
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Microbes and Enzymes L '3«1 I e L
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Blotech enzymes now are. used pnmanly for cheese production’and animal feeds. Con51derable
work is under way to develop new enzymes with a much broaderirange of applications in.thé food
and related industries. Applications under development include:

P L . . . - SRR e N
FE R A w~t T

Enzymes-used for the;liquefaction and ‘saccharification. of starch into -glucose’ and
..~ isomerization into fructose, thus allowing corn and other grains-to -be'converted into
., Sweeteners such as high-fructose corn:Syrup and maltose syrup through.the application* -
of enzymes. Most of the major, players.in,the industrial enzyme industry (Genencor .
Internatlonal Novo NOI'dlSk and Gist-Brocades International B.V. ) are working on such
- products. :

- -
o -

Similar technology can be used to produce ethanol by use of enzymes rather than.
conventional means. Genencor and Novo NOI‘dlSk are developmg products aimed at thls
- market P B T T .
The brewing-pr0cess.could be accelerated and/or made more efficient through usé of biotech
enzymes. - Genencor and Gist-Brocades are developing enzymes. that ‘will improve
brewing efficiency and reduce filtration needs. Novo Nordisk, meanwhile, is developing
a wide range of enzymes for brewing that could .allow for reduced use of malt, -boost
fermentability, ease filtration, reduce calories, and speed maturation. . . .

Baking applications for enzymes include. flour supplementation, increased crust color,

- preserving chilled-and frozen dough;.longer:shelf.life (prevents staling), dough
improvement, and gluten strengthening. Several.firms are developing a wide range of
enzymes for this market. :

Novo Nordisk is developing several -enzymes for the wine and fruit Juice industries,
.including products aimed at removing starch ﬁom _]UlCC enhancmg aroma, and
. enzymatic peeling of frult e 2 :

[

'G1st-Brocades and Novo Nordlsk are’ developmg enzymes for the edible oil industry,
including enzymes that will degum oil or produce lyso-lecithin.

*
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uable enzyme phytase This
'1ements in swine and poultry
anure. The end result could

. annot,ful_}; ;ﬁtlllze ihe

pollutlon and. promotes the ;;rowth of algae in lakes and streams. As rapldly multiplying
i algae use up oxygen in the water, fish populations dwindle.

d poultry skm thef_'jg

Nutraceuticals and Industrial Products

Nutraceuticals or functional foods are considered by many food industry analysts to be the major
product innovation of the next decade. Thus far, much of the product development in this area has
focused more on conventional methods than on biotech, such as the use of additives and fortification.
The key to biotech development of functional foods is in finding products that can be produced more
cost-effectively through biotech than through conventional means. Some of the products in
development likely to reach the market in the next five years include:

A tomato with enhanced beta carotene, developed by Zeneca. USDA's Agricultural
Research Service is developing (with no apparent private-sector involvement) carrots and
cucumbers with added beta carotene.

Potatoes and bananas with vaccines genetically added at the Boyce Thompson Institute for
Plant Research. The Institute has developed potatoes with vaccines for hepatitis B and
cholera. However, the vaccines do not yet survive the cooking process, which renders
them inactive. They also have developed bananas with a genetically built-in malarial
vaccine.
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A rice-based food that would allow diabetes sufférers to avoid 1nsu11n 1nJ ectrons Monsanto
hopes to have this product on the market in three to four years.

A lycopene-enhanced tomato in development by Zeneca 1n conJunctlon w1th the Royal
Holloway Hospltal ~This fomnato, wh1ch has’ attracted mterest from major food
compames could be used to create lycopene—rlch ketchup, pasta sauce, and other foods.
(Lycopene is an ant10x1dant carotenoid which may reduce the risk ‘of cancer.)

1

"

Mllk-denved products that prevent travelers d1arrhea ImmuCell Corporatron is developlng
these products us1ng bovme antl—E coli 1mmunoglobu11ns

i - l
. m?‘. £ '(

. - 3 et \
N 5 b A

The mdustry Stlll is very much i in the. formatrve stages wrth small compames formmg alliances w1th
larget partners whrle contmumg basic research. The next ﬁve years.may see only atrickle of GMO
functional foods, but the long-term impacts on the food mdustry of such new products are. enormous
Foods could be tailored to achieve specrﬁc médical benefits, targeted for people with certam medlcal:'
conditions, and designed to prevent food-borne illness. In troprcal areas where w1despread d1seases"
still are prevalent, foods genetically modified to contain vacc¢ines could control preventable didéases
that have plagued humans for centuries. S v T

f r
f s

o O B

Human clinical trials already have demonstrated the effect1veness of transgenrc plant derrved
pharmaceutlcals In the past decade intensive research has been focused on expandlng the use of
plants as pharmaceutical production systems through genetlc enginéering. Tt now is clear that plants
can be manipulated to produce a wide variety of such compounds, from vaccine antrgens and;.,
monoclonal antibodies to pharmaceutically valuable secondary metabolites.

i
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«A‘;Botat’oA Day KeepS\V»The fl)octor.x AWay,, -An Edlble Naccine In Transgenic Potatoes

R EEw

o ‘ . oh enterotoxm In 1995
e thrs group showed that not 'onl could transgemc potato plants express the E..coli protein, but
also that potatoes expressing this protein could induce a specific immune response when fed

to mice as'part of their normal diet. These results suggested that transgenic plant tissues
_expressing vaccine antigens could be used for immunization-against a myriad of diseases, and
_ raised hopes that this technology might solve many of the problems associated with delivery
: »{of safe effectlve wvaccines to people in developing countries. Production of recombinant
o ines could be as low-cost as. agnculture drstnbutlon as convement as: marketmg fresh

Tobacco...A Plant-Derived

< 1 1 ndon UK demonstrated that
e *»transgemc tobacco; pla.nts could express: and assemble recombmant secretory
antibodies to figh ,agmnst bacterial colomzanon in the mouth and subsequent
r’{development of tooth decay he. smentlsts expressed each of the proteins in
separate tobacco hnes and’ created a separate line which: expressed all of the lines

by sexually crossing them :

For the human trials, the mouths of adult volunteers were sterilized with a
bacteriocidal mouthwash, and the tobacco-derived antibody solution applied to
the teeth. Overall, the results of this trial were spectacular. The plant-derived
antibody survived for longer periods of time than the synthetic antibody (three
days cornpared with one day) in the human ‘mo".uth.

"In the human tnals no maj or side effects were observed ‘These reports suggest

significant advances in plant brotechnology, and have shown that transgenic
plants may indeed be cost-effective, efficient and effective production system for
protein pharmaceuticals. :
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;i.fxl‘l";‘ot'at(\)"i',‘l‘.»eﬁPreVentrl)fiabetes '

, : A recen repon descnbes development ofa potato -based msuhn vaccme that is almost 100

prress the appropnate protem When transfonned potato tubers Wlﬂ’l microgram

L au 1t1es; of the protein were fed to diabetic mice, they showed reduced pancreatic

- ,:mﬂammatlon and delayed progression of the disease. Thus, the conjugated cholera subunit-

promsuhn protem was effectively delivered directly to the intestinal immune system tissues.

- Tie research represents another advancement in edible vaccine: technolo gy development by
usmg a pre01se1y targeted drug-dellvery system :

As agricultural biotechnology develops, it increasingly will find applications in non-agricultural
industries. Plants are efficient producers of proteins, and since biotechnology gives scientists the
tools to introduce code for proteins into plant DNA, plants eventually will be transformed into a
delivery mechanism for a broad variety of commercially attractive proteins. The first of the value
enhanced products already offers a glimpse of what the future could bring. Monsanto already has
demonstrated that specialty oils from its canola work could have application as industrial lubricants
and as ingredients in soaps and other personal care products. The key to the concept of plants as
factories is economics. The plant-derived product must be less costly to produce than with
traditional (chemical or other) means.

Agriculture’s traditional role in providing food, feed and fiber is being expanded by biotechnology
into entirely new forms of production. Some farms of the future very likely will be living factories
churning out industrial chemicals from genetically engineered plants. Research projects in Sweden,
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Australia and England, for example have developed plants producmg unusual 01ls used in the 7«

production of polymers, plastrcrzers lubrlcants and other industrial products thus potentially
provrdmg a renewable alternatrve to petrochemrcal oil.

' vt

Acetylemc and epoxy fatty ac1ds are critical raw materlals used in productlon of polymers such as o '
plastics’ and certaln chemrcals These fatty acids, which are mod1ﬁed forms of those present in o
edible oils, are currently derlved from either non—renewable petroleum or chemrcally processed”
vegetable oils. A § paper in the ]ournal Sczence descnbes the’ clomng and expression in transgenic

plants of genes 1nvolved in the synthesrs of acetylenic and epoxy fatty acids. The chemical

modifications of oil are done wrthm the plant, obv1at1ng the need for expensive 1ndustnal processing -

L

and also ehmmatmg waste,

The posmbrhtres mclude components of detergents nylon glue, pamts lubncants and plastrcs
Researchers beheve that spemalty oils eventually will be produced in flax (hnseed) to minimize the
risk of contammatmg ed1b1e oils through gene flow (it i is better to target self—polhnatmg oil crops

such as flax rather. than outcrossmg ones such as canola or sunﬂower) But it may be beyond our .

five year horizon before crop “mini-factories” are producing hlgh value industrial compounds.
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The Plant That Grew The Golden Leaves... Phytomining’ For Gold

1mpat1ens and Brassma juncea, the latter chosen
: cumulated Y ’ldiunder laboratory condltlons

 The authors claim that this prOcess could be profitable by comparing the estimated gross
value of the gold extracted with the chemical cost of the ammonium thiocyanate. They
vestunated that the cost of: the ammommn thlocyanate Would I’be $3 627 per hectare, assuming

f‘eig‘h't would be needed for
theoretlcal concentration is

gold iiptake"by plants of different species illustrates the

; feas1b111ty of phytomlmng éxt logical step will be the application of these studies to

field tests around mines. Ob usly, the phytormmng process becomes more economically
favorable as thc prlce/\_of.goldwmcreases oor as the accumulation of gold is enhanced.

The demonstration of 1gn1ﬁ, :

1 gold this level does not i
bﬂhon, whlch is not an

, ry Welght achleved ,

Global Developments in Biotech Research

Most of the research on and production of biotech crops has occurred in North America, with the
United States and Canada leading the way, followed by Argentina, China, Australia, Mexico, Japan
and South Africa. Commercialization also is beginning in Europe, and, within just a few years,
Brazil likely will be a major producer of biotech products as well. The following section examines

some of the research and product development that is underway in several of these countries.
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Canada

The early focus on crops in Canada has been on input traits, especially herbicide tolerance.
Attention now has expanded to output characteristics, with a wide variety of traits being pursued for
human, livestock and industrial markets. However, input characteristics such as herbicide tolerance,
disease and insect resistance, and stress tolerance still dominate the research agenda. Cost
reducing/yield enhancing traits accounted for 87% of the field trials in 1997, with 51% of trials still
targeting herbicide tolerance (Chart 6).

Chart 6. Canadian Field Trials by Modified Trait

Plant biotechnology research focuses heavily on the Brassica family which includes canola
(Argentine and Polish varieties) and mustard. Canola has proven to be one of the most receptive
crops to genetic manipulations and has been the primary focus of much research. This year, canola |
represented 43% of all field trials and transgenic canola varieties accounted for roughly 55% of

commercial acreage in 1998 (Chart 7). Potatoes also are receiving considerable attention, with 126

field trials (24%) in 1998. Other crops of interest include alfalfa, corn, soybeans and wheat.

Chart 7. Canadian Field Trials by Crop Type - 1998
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Regionally, the Prairie provinces account for the majority of biotech research (Chart 8).
Saskatchewan and Alberta each accounted for about one-third of field trials in 1997. Their research
focus is canola. Quebec and Ontario accounted for about 16% of 1997 field trials but their focus is
corn and soybeans. Research in the Maritime provinces centers on potatoes.
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Chart 8. Canadian Field Trials by Province - 1997

— oo 900
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Some of the most significant research initiatives underway suggest commercialization of the
products described in Table 33:

Crop Tyupe

'|' .
B'rnrlurt I i;nst\rlnhnn

Oilseeds

HEAR (Super High Euyrucic
E w lmol(enlg % ano a
|g stearate canola
lgh oleic canola
Canola productlon from Juncea
Kbn canola
Shatter resistant varieties
Canola meal enhancements

Potential for industrial uses such as lubricants,

Canola oil and meal characteristics introduced in
Improved hybridization, creating male sterility and

Reduced levels or blocked production of “anti-
Yellow coated seeds to make meal more attractive,

Reduced lmnm levels
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|Wheat ' odified starch composition (jow ' l
| -Ierbyc1Je toﬁerant wheat . ommerc?ia re ease%xpec?eg% %Héose/mgh :
* | h amylose wheat {Gontains high levels of non- |gest|ble starch for use
| h lysine wheat Replaces synthetlc lysine in livestock feeds s
] S ecfion of large starch
‘ Mgdlf ied proteln (gluten) v kFor food apphctlos nd use as meat l
Barley -|Increased disease resustance 1 N ‘
. :denrp J ..' N
Alfaifa . Edgrc\:gg Iamnrnrr_\hyl prndnnjnnn _ ggleﬂielg mgpgfeglgim', \lgdc l

The European Union

While discussion in Europe once focused on- mandatory segregatlon of biotech grams the EU now
has settled on labelmg grains and food mgredlents that contain genetlcally modlﬁed attributes. And,

despite some calls for moratoriums -and other bans on, the plantmg and even the importation of
biotech crops, Europe’s options for. buymg GMO free grains and oilseeds likely will become

increasingly narrow as biotech’ adoptlon expands both 1n the Umted States Séuth America and
elsewhere. REI ST e

N 4

Even though the acceptance of biotechnology is proceeding at a slower pace than in North America,’
there also is considerable research underway on development of biotech crops in European nations. -

Most of the product development appears centered in France, Italy and the United ngdom and a
considerable number of niew products are in the company pipelines (Tables 34 35, 36 and 37)
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Table 34.- Summary of Blotech Developments in‘France

JCrop .- . ...

,Modlﬁcatlon Cateqorv

= TTrait - 4

'. Companvllnstltutlon

Improved Nutritional Quality

Phytic acid conversion

{Chicory - . |Herbicidé Tolerance. & Male ‘.“ {Male stenlltv/Herblcnde tole_rant 1Plant Genetic Systems )
|Lettuce -|Altered Nitrogen Metabolism !~ |Reduced nitratés. -~ ' ¢ 'TINRA
Corn . [Altered Carbohydrate! Metabohsm -|Modified starches: . ' ~ |Biocem -
i Altered ngments ‘ {Regulated chain of. brosnthess of ‘| Biocem
|Herbicige Toterance : fGquosmate tolerant - -ﬂ:Va'nrder Have .
1 | Glyphosate tolerant Société de Production &
e * : d'approvisionnement du
- Herbicide Tolerance & Insect Glufosinate tolerant/Insect - =~ | ‘beartlsilNRA
o L AN 1Glyphosate ;to‘le'ra’n'thlcjfosinate.._':'1As_'s,oc_ia'tl“ofn’f?Générale des
L - |Giyphosate tolerantinsect © * [KWS
v HerblCtde Tolerance & Male : . |Male sterility/Glufosinate tolerant ~|Plant Genetic Systems
- I'nsect Resistance’ {Insect resistance derived from Bt |Mycogen
A .. . ' - © " |Société de Production &
‘ d'approvisionnement du
: Asgrow France
. |Hilleshdg NK
[Meton [Virus Res‘istance ] Zucchml Yellow Mosaic VIl'l;lS {SEG SEMENCES
Ollseed Rape 1/ | Altered ‘Oil- Composrtlon |High Iaurlc aC|d content |Centre Technical
. B Herbrcude Tolerance «'-;Glufosmate tolerant e | INRA
B R {Glyphosate tolerant” - {INRA ‘
" |Herbicide Tolerance & Male Male stenllty/Glufosmate tolerant  |Plant Genetic Systems

Limagrain Genetics

oy . d i J

Potato ° {Altered Carbohydrate Metabolism |Improved starch quality Agrevo France
N, I | e > | Germicopa
Soybean ___ lHerbicide Tolerance Glyphosate tolerant. 1Monsanto/Asgrow
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- Table 34. Summary of Blotech Developments in France—-contmued

JCrop . ... Modification Category , [Trai__ Companyllnstltutlon
ISquash - 1Virus Resistance s o Wirusresistant - - . . - ]Asgrow/Petosluis
{Sugar Beet ~ " |Abiotic Stress Toleranc "« ., .. |Drought reS|stant " v Van der Have =
R Altered Carbohydiate M tabollsm Glyphosate toleranthlufosmate “|Monsanto b .
& Herbicide Tolerance &Virus -~ tolerant/Beet Necrotic Yellow Virus '
r.;HerblCIde Tolerance e ‘Glyphosate tolerant - ;Hilles‘h69 NK i
B 50 N Y [T ' : DLF-Trifolium
R Glufosinate tolerant SES France
: AgrEvo France Ny
- ‘-.;Vlrus Resrstance R .|Beet Necrotic Yellow Virus . _{Van der Have i
- |Sunflower. . Di . |Eungus resistant (sclerotinia |\ or ]
Tobacco ~ ° jAbiotic Stréss Tolerance Metaliothionein production Seita
| -|Altered Nitrogen Metabolism - |Reduced nitrate production = {Seita - i 3
Herb|C|de Tolerance {lsoxazole tolerant - * |Rhone-Poulenc . .
| _ Bromoxynil tolerant - . ‘|Seita '
, ‘Vlrus ReSIstance LM Virus resistant i Selta :

.

Source»: OECD BloTrack Database. The BloTrack database of field trlals includes records of field trials of genetlcally

" Table 35, Summary of Blotech Developments in ltalyf ',k o .
Crop _[Modification Category _ Trait_ ‘Companvllnstrtutron :
|Chicory {Herbicide Tolerance & Male _{Male sterllltlel\Lohosate tolerant _|Bejo Zadén _ .
Comn “|Herbicide Tolerance " 7'|Glufosinate tolerant ... |SES ltalia
o R o . ~ |Hoechst Schering AgrEvo
- o . “|Force Limagrain. '
' ' o " |Asgrow ” ,‘
{Insect Resrstance ~ }Insect resistance derived from Bt - IHilleshog |
L 3 S |Pioneer Hi- Bred Italia SpA.
Herbicide Tolerance & Insect  |Insect resistance derived from Mycogen .
Monsanto '
DeKalb
I
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Table 35 Summary of Biotech Developments m ltaly-—-contmued

- 1Virus Resistance

{Cucumber Mosaic Virus resistant

t

+
[

Crop Modlflcatuon Cateqorv — [Trait .. |Companylinstitution -
{Botato______linsect Reslstanceo " {Potato tuber worm resnstant . {Metapontum Agrobios
a\i f ‘ (=Y e ”_Glyp,bgsa’te_mle!ant AMansanto_ taliana S na
|Squash . . 1Viru RN ini Ye! ‘ Sluj
Sugar Beet  [Herbicide Tolerance S Glyphosate tolerant - TMonsanto Europe SA
_WirusResistance- -~ "* _ {Rizomania fresistant - . |KWS l[talia
Tomato JAltered Fruit Rlpemng Lo Improved processmg 'characterlstlcs {Stazione Spenmentale per

_ {tindustria delle Conserve

|instituto Sperimentale per la

|S&G Sementi Spa

Source: OECD BioTrack Databaée "

Tomato Yellow Leaf Curlvirus tesistant

ad

{Vilmorin SA_

Table 36.. Summary of Biotech. Developments in the Unlted Kingdom

Crop TMod flcatlon Cateqorv | Tralt TCompanyiinstitution
Com |Herbicide Tolerance : GlufosuLte tolerant
|Oilseed Rape |Altered Oil Composition |High’stearate/laurate oil content
|Altered oil content
|Herbicide Tolerance Glufosinate tolerant
f |Glyphosate tolerant
|Herbicide Tolerance & -Male Sterility Malehste'rility/Fertili_ty restorer/’
|Male’ Sterility & Male Fertllltv Male Sterility & Male Fertility
Potato |Altered Carbohydrate Metabollsm Altered Carbohydrates , .
: |Virus Resistance {Potato Léafroll virUs resistant
‘ , e Potato Virus X resistant
Sugar Beet | Herbicid_e‘ Tolerance Glyphosate tolerant ‘
i Glufosinate tolerant
[Tobacco Altered Pigments Phytochrome altered - -
Source: OECD BioTrack Database
000391
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Table 37 Summary of Blotech Developments in Other EU. Countnes

\&

T,
Pl
[ -

-
P
L2 S
IR
JE——

.,
L3
1
L]
!

Country Crop Mndlﬁommn (‘ateonrv - 'Ermf . 3 - ‘ (‘nmnnnv/'lnqtmmnn
Austria Corn - [Herbicide Tolerance Glyphosate tolerance T.B. Agrartechnik :
Potato Altered Carhohydrate Inhibition of amylose: Zuckerforschung Tulln Ges
Denmark |Potato Virus Re31stance Potato Virus Y reswtant Landbrugets Kartoffelfond Danish
Sugar Beet i ‘Herbi»c,ide Tol‘erarice,, _|Glyphosate tolerance e Danisco ! < ?_
Finland Barley Marker Genes - |Marker gene identification:* ‘Boreal Plant Breedmg
Pine/Spruce/Birch - {Marker Genes _ Marker gene identification Finnish Forest Research Inst.
Potato Virus Resistance - - ~ |Potato Leafroll virus resistance ‘Kemlra Agro Ltd -
Spring rapeseed  .-|Altered Oil Composition -~ . |Incteased stearic acid contént <
Sugar Beet _|Herbicide Tolerance ‘ Glyphosate tolerance ) HxlleshogAB
Germany ' |Rapeseed Herbicide Toleratice ;ley;tghosate tolerance Monsanto -, -
: ‘| Glufosinate tolerance - — BlOlOngChe Bundesanstalt/
Deutsche Saatveredelung
. Hoechst Schering/AgrEvo
Potato Disease Resistance Fungal pathogen resistance MPI fiir Ziichtungsforschung
Sugar Beet Herbicide Tolerance —__|Glyphosate tolerance’ ‘Monsanto . .
Holland  |Human somatic cells |Animal - “|Interleukine 2 T cell growth.  [Acadernisch Ziekenhuis Gronmgen
Potato Altered Carbohydrate _ Increased amylopectin content/ St1cht1ng Proefstatxon voorde
Metabolism _ :»Kapamycm resistance Akkerbouw én de Groenteteelt inde
: | e N AVEBE  °
Improved Storage Reduced bruising CEBECO ZADEN B.V.
i . . N ." 'i r .
& . Lo 11 ,\
; ) ? b }vf
:.: ¥ ? , Jj;m ; :
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Key observations of Européan déveélopments include: "+
. , B £ e PO

Biotech developments in Europe have been very broad-based, covering a wide variety of
crops and products Most countrles have been mvolved to some degree
s ¥ : . B 4 b

2

Much of the development thus far ha$ been centeted on ‘feed crops'and- oﬂseeds, rather. than

PR

&
b

M| E R EaEEN

sugar beets and tobacco A T

L RO TI:

Al
i

- Burope, organizations such as trade assomatrons academlc 1nst1tutes -and- co-operatlves

The breadth and depth of biotech development in Europe — and the mvestment and economlc

acceptance in the future ’ ST e VAR
. Cor Tl e e e T
South America o S T

' . . L

b {1 S

early biotech crop and some ¢ountries there are major producers, it seemed logical that they would

Roundup Ready soybeans. Argentina, typically the third largest exporter, planted:3.5 million‘actes
(28% of total crop) to. Roundup Ready soybeans, and hkely increased that number substantially this
year. Once Brazil joins the United States and Argentina as a Roundup Ready producer, some 90%
of world soybean exports will be genetically modified. Significant research also is focused on
introduction of other biotech crops in Brazil, partlcularly com Vanetres (Table 38).

Key observatlons 1nclude.:

Biotech development in Braail has been focused thus far on commercial crops of
considerable economic importance, such as comn, soybeans, and tobacco.

The regulatory approval process in Brazil is about where it was in North America in the early
1990s. In Brazil, the plantrng of most GMO crops is litnited only to small, experimental
plots grown under government monltorrng However, approval for w1despread

» 3 J J i
) .

)

' Whrle the pnvate sector is playmg a maJor froleun agrrcultural biotech: development 1nr s..

also are playing srgmﬁcant roles. N S e ar

benefits that accompany it — should most hkely lead to greater regulatory and consumer -

Considerable biotechnology research also is underway in-South America. ‘Since soybeans dre an -

move to -early adoption. Brazil, the second largest e'r(p’orter, likely will begin:planting-Roundup -
Ready soybeans in 1999 and already has approved its cfushing industry’s importation of US-origin -

production of Roundup Ready soybeans is expected by the end of the year, in time for

_Biotechnology: Fundamentally Reshaping the Agrlculture, Food and Flber Industry - Nov 1998 102

food crops (not too dissimilar from the development in North Amenca) but thereisa
growing focus on food and value-enhanced crOps From a crop—by—crop standpoint, -

- -European blotech development has been focused primarily on corn and rapeseed (rather =
than soybeans as;in the United States) as W ‘as,hlgher-value crops such as potatoes Y

4
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the crop that will be planted in 1999; and this will most likely.open the doors to broader
approval for other crops, whether developed in Brazil or elsewhere.

e . . - L oy
BT . * . RALS

rébie 38." Summary bf Biotech De&elob'méh’is in 'B're‘zil

L 1 { R 7Y REREEES wy/institution
Corn ;Herbtc:de Tolerance ‘Ammonlum glyphosate tolerant . Novartls eeds
‘ Insect Resnstance |Insect resrstance , Monsanto do Brasil
S : ; Novartis Seeds Lida.
T C e .. }|Pioneer-Sementes Ltda.
Insect Resistance and nsect resnstance ammonlum ___INovartis Seeds
Cotton _linsest Resistance: -~ {hséét fresistance - “IMonsanto do Rrasil .
Soybean Herbicide Tolerance Glyphosate tolerant . ¢ |Centro Nacional.de Pesqunsa de Soja
. Monsanto do Brasil
S Ammonium glufosinate resistance. |Hoechst Schering AgroEvo do Brasil
Sugar Cape {Herbicide Tolerance . . |Ammonium glufgsinate resistance ™ {Cooperativa dos Productores de
_'l:QbaccQ__}__MLus_E_es,[s‘tance —1Tomato q'r)nt"fnd,,\l\lilf,\/in IS lEmFgen da anml 1.tda

Source: OECD BioTrack Database

Japan TR T s e
In Japan, more than 40 transgenic plants have been developed to date. A tomato variety resistant

to tobacco mosaic virus has been commercially ‘available since 1992. Two rice varieties resistant to
rice stripe virus and a petunia variety resistant to cucumber mosaic virus also have been planted - -
since 1994. Other virus resistant melon, tobacco and potato varieties as well as a low protein rice
variety .and a low.allergen rice variety, two late ripening tomato varieties, a long-life carnation-r s
variety, three herbicide tolerant canola varieties, and other herbicide- tolerant soybean and corny, .
varieties have been tested in confined fields for assessments of their effects on-the environment. Mes
Several .other c6m, cotton and canola -varieties are being tested in Japan and awaiting -

commercialization (Table 39). ‘ K - C e en
Wi

s - ¢ : - : . Ve ¢
Noting the 1mportance of blotechnology to Japan S food and agncultural system the:Ministry;of.,, .,
Agriculture, Forestry and Fisheries (MAFF) plans_ to increase its support: for biotech' research;
targeting the development of rice and vegetables (initially cucumbers and eggplants) resistant:to
pests and other diseases. The enhanced support program, the “Super Resistance Plan”, is aimed at
preventing foreign domination of seeds used in Japan and increasing the number of patent filings:
related to Japanese genetic research.

1 Japan s Mmlstry of Agrlculture Forestry and Flsherles‘ “Current Status Of R&D In Biotechnology And
Its Practical Application In Agnculture, Forestry, Fisheries And The Food Industry In Japan,” December

1997 http //www.s affrc. go. lp/docs/sentan/emtro/r&d htm.
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JCron — ation ‘ '_:_'[[alt . ‘ — . ICo :
{Carnation | Altered wFIQ\nLer.Colon;. 7 IViolet Calared. catnation - SRR |
{Corn « .. |Herbicide.Tolerance . = .|Glufosinatetolerant ~ ° - ~ .. {DeKalb .

| : 1Glyphosate tolerant : ‘ Monsanto

| 4 {Bromoxynil tolerant : {Rhone-Poulenc

Hinsect Resistance 1European corn borer resistant |DeKalb .. .

o o |Monsanto

Northrup King
{ o ' ’ {Pioneer Hi-Bred ‘Intematlonal
JHerbicide Tolerance and | European corn borer resnstant/Glyphosate {Monsanto -
N SO ~tInsect resistant, Glufosinate tolerant._ 1Plant Genetic Svstems

Source: OECD BioTrack Database

Key observatioss include:

Thus far, agriculﬁlral biotech development in Japan has focused on many of the same crops
as elsewhere in the developed world (corn and potatoes). Reseaich also is underway oh
several traditional Japanese ctops, such as rice and vegetables. Japanese based biotech J
development in th13 group of CIops i is likely to gam prominence in the not too dlstant
future. ' ‘

With the Japanese government having given a high priority to agricultural biotech reséarch, ‘
it may take a more active role in biotech research than have govemments in other ‘
1ndustnahzed countnes

Elsewhere ’

Development of agricultural blotechnology is taking place in several other parts of the world,

including Australia and China. In Australia, agncultural biotech companies include Southern Cross
Biotech Pty, which has developed Reporcin, a pig growth hormone, and Biotech Australia, who is
active in all facets of the industry, including animal vaccines. In China, the government has
reportedly conducted some field trials of biotech crops, but details are not widely available. The
Consultative Group on International Agricultural Research (CGIAR) has noted the potential of
biotechnology to boost agricultural production in developing countries, and may devote a portion
of its resources to research in major developing-country crops such as rice and cassava.

As international trade in the ever-growing number of biotech crops expands, the plethora of
regulatory approvals (normally required for each new crop in each new country) will create an
increasing drag both on world agricultural trade and biotech research, possibly leading to calls for
some kind of multilateral approval process. Monsanto, as an example, is seeking the following
approvals for the worldwide commercialization of its biotech products (Table 40).

It is clear that the proliferation of biotech crops around the world is and will continue to be rapid.
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However, there are many hurdles that.companies must cross to get product approvals — and the
approval process, its requ1rements and timeframe are dxfferent in every country.. This fragmented --
approach™miakes it obvious why an- international approval process’ through ‘the, World ‘Trade

Organization (WTO) or some other international entity 1s belng pushed by-some. -if xx.; il
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Ty
o Table 40 Monsanto s-Worldwide Regulatory Approval for Crops
| Atgentina 1996 ] Roundup Ready soybeans | Japan 1996 "New Leaf msect-protected
i I . | ' : B | potatoes
1 1 1999 : | Yieldgard insect protected corn 5 Roundup Ready oilseed rape
1'2000 | Bollgard insect-protected corn J | Roundup Ready soybeans
] Roundup Ready corn 1 1997 | Bollgard insect-protected corn
| 2001 | Roundup Ready cotton Newl.eaf insect-protected
. ? ] S potatoes (new varieties)
' Australia | 1996 | Ingard inséct-protected cotton | Roundup Ready cotton
‘ . { Roundup Ready soybeans Yieldgard insect protected corn
J ) 1998 | Roundup Ready cotton : 1998 | Roundup Ready corn
{ Brazil 1999 | Roundup Ready soybeans | Mexico | 1996 | New Leaf insect-protected
! | ; j potatoes
; 2000 | Bollgard insect-protected cotton 1997 | Bollgard insect-protected corn
‘ | Roundup Ready corn | Roundup Ready ‘cotton
| Yieldgard-insect protected corn 1 1998 | Yieldgard insectprotected corn
2001 | Roundup Ready cotton | 1999 | New Leaf Plus insect- and
| ; | | virus-protected potatoes
| Canada. | 1995 | Roundup Ready canola { NewlLeaf'Y insect-and virus- .
| ‘ N | protected potatoes
| 1996 | Bollgard insect-protected cotton | | Roundup Ready corn
] ' New Leafinsect-protected S. Africa 1998 | Bollgard insect-protected cotton
1 potatoes o IR
‘ Roundup Ready soybeans 1999+ | Roundup Ready cotton
o | 1997 | New LeafPlus insect- and 1 YieldGard insect-protected corn
1 1 virus-protected potatoes ‘ o
Newleaf Y insect- and virus- Thailand . | 1999+ | Bollgard insect-protected cotton
| protected potatoes
Roundup Ready cotton Roundup Ready cotton
: YieldGard insect-protected corn YieldGard-insect-protected corn
] China | 1998 . | Bollgard insect-protected cotton | United | 1994 | NewLeaf insect-protected
States potatoes
1999 | Yieldgard insect-protected corn : 1995 | Boligard insect-protected cotton
+
EU 1996 | Roundup Ready soybeans Improved ripening tomatoes
1997 ‘| NewLeaf insect-protected 'Roundup Ready soybeans
potatoes
1998 | Maisgard insect-protected corn 1996 | Roundup Ready canola
1999 | Roundup Ready corn Roundup Ready cotton
+
' | Roundup Ready oilseed rape 1998 | New Leaf Plus insect- and
virus-protected potatoes
‘Roundup Ready sugar beets NewLeaf Y insect- and virus-
: . ' { protected potatoes
1 India 1999 | Bollgard insect-protected cotton Roundup Ready corn
+
Yieldgard insect-protected corn Vietnam 1999+ | Bollgard insect-protected cotton
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n

Indonesia | 1999 | Bollgard insect-protected cotton ‘ Roundup Ready cotton

| Yietdgard insect-protected'corn - | Zimbabwe 1998 | Boligard insect-protected cotton
{ Roundup Ready cotton R - | 1999+ l.Roundpp Ready cotton

]

Source: Monsanto cor?pany reports, Investor reports’
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V. The Blotech Revolutlon° What Is At Stake"

The biotech revolutlon has generated such great 1nterest ) early because the 1mp11cat10ns are so
profound and so far-reaching And, the prev1ous chapters have ¢learly indicated thé'wide range of
products that reahstxcally can be expected in the not—too-dlstant future The remaining chapters.of
this report now attempt to 1dent1fy and elaborate some of thé more important of those 1mp11catlons
in a systematic fash1on Since the most immediate and most direct of the 1mphcat10ns center on the
food system thlS sectlon develops a framework from Wthh to begln an exarmnatlon of what 1s at

frarnework that may help stlmulate and orgamze 1dent1ﬁcat10n and evaluanon aofr cntxcal

implications. : S o TR I T
.( - - ' R & .'{2‘.:’.‘}"»

The Food and Agnculture System e

The food and agnculture system of any country typlcally is dlvxded mto several components W1th

the relative. 51ze and 1mportance of each dependent upon the country=s stage - of - econom1c N

development

RITOARN B o T

A review of the US food system (1997) shows it contributing almost $1. 1 trillion to the total GDP.
It represents a, large portion of the total economy, 13.3% of total GDP .and employment for nearly .

18% of the'éntire labor force. It also reveals that the farm inputs component accounts for one-third,
farming about 6%, and the processing, distribution and retail components the remaining 61%.

Inputs ] Farm | ProcessmgID|str|but|onIReta|l ‘ ;
S ‘. S Processmg Transport - Wholesale/Retail Food Service |
$3578b | $60.6b $1815 ' _ $3.2b 30250 $1394b

332%  |° 56% - | 168% - 3.4% T281% 129%

ve ‘ N B

Viewed in this manner, it is apparent that 94% of the activity in the food system involves selling
products to'the farm sector and taking that sector=s raw materials and turning them into corisumer
food products. The greatest proportion of the value added, by far, is thus! seen as ‘being outside the
farm sector. :

Developing country food systems-may be quite different. The relative size of the components
changes as the economy becomés progressively miore developed. Typically, as development and
modernization occur, the industrial inputs component expands (greater -use of mechanization,
fertilizers, improved seeds, etc.), along with:the processing and distribution‘'component. "As new
farming technology is introduced and each fariner can produce more, employment declines in the
farming sector, releasing labor into the economy for employment in other sectors.
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Relative Importanoe' Shifts As Economic Development Proceeds
vt | . : . H ’ i

.. L . B [ e

Inputs | - . Farming B ProcessmgIDlstrlbutlonl
‘ ‘ PR I " . A -.‘.- . . ~ o] Retall ‘J 3‘ »j‘i
Y 1. L | T DI . N . ik 'Y cade

I CRET R RS I r._v:‘s;:- T
p o o . Loy e ‘e i e " EE B o

The 1mt1a1 1mpacts of the biotech revolutlon will vary greatly around the world, depending upon the
stage of development of a food system. This in turn means that the stakes will be different and at
different points in the system according to the stage of development.

v .
R L

The Potential Stakes

aDirteg -y .- - v - - St _ ADiAner@ -. *
ILRTE A% I
Inputs Farm Processing/Distribution/Retail
. . . . A L. e e e P . . . o!.,., -.1',«: |
M - — ——— i e N — L i IR i W
. AFarmgatee _y . . . - ADinner Plate@
e A AT _— ’ ‘ e X TR .,;5 R

Farmers have readily adopted the new biotechnology products because of attainable cost .. - -

economies, i.e., the netreturns from their uis¢ dre positive. How miich more potential is'theré? . _ ...

Anecdotal evidence would indicate that itis enormous. The cost to farmers of challenging the
forces of nature are staggering B the costs of insects, diseases, and weather abnormalities, plus
revenue loss from lost product when the efforts to control the natural forces are unsuccessful

R a]

" Consider for illustration the following costs:

3 Y

Nematode infestations are estimated to eost agriculture throughout the world over. $100+- 5~
_billion annually, a potentially huge saving if biotech methods can prevent such damage. hac

European corn borer damage costs US farmers some $1-2 billion annually,

The corn rootworm causes losses to US farmers of some $1 bill:ion annually.

e

iAlrl cofton insect pests cost US farme'rs‘an eétimated $720 inillion annually. The bollworm: '

and budworm, which can be effectively controlled with Bt cotton varieties, are variously.:
estimated to reduce the value of the cotton crop by $280 million annually.
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- Livestock B annual losses from diseases, parasites, and insects cause literally untold
economic losses around the world-each year. SR

Crop damage from early frosts randuvulnerablllty to other diseases and insects .cause
enormous losses of plant and animal foods, Tosses which have the potentlal to be greatly
reduced and eliminated : eventually with prom1smg new technology

While it is not possible to develop _preciise estimates of all the savings that might be achieved from
all the preventable crop and livestock losses worldwide, it is.obvious that the order of-magnitude is
huge B that might be achieved from hundreds of billion dollars annually in reduced losses (w1th

undoubtedly correspondmg quality 1mprovements) Bthus both’ reducmg farmers—- productxon costs

while greatly 1ncreasmg the amount of féod-ahd ﬁber aVallable for consumpnon
AT I P “’ e S oLtarLr Ty oafE ,_.,( g s . %". R ,_;; ;_a o S A

.....

volume of some productlon 1nputs One rmght qulckly surmise that farmers expendltures for the’ '

new technology seeds would expand considerably, while those for pesticides 11kely would fall over
time. Fertilizer sales in the aggregate might be more or less, depending upon the particular crop
properties developed (e.g., improved nutrient uptake). 'Water costs also likely would shift in relative
importance as plants are made to be more efficient users of moisture, more dtought tolerant, etc.

It is difficiilt to know-on balance how the aggregate size 6f the inputs component of the food systetn
will be changed because of several offsets (e.g., greater seed sales and lower insecticide $ales). But,
con51der the followmg

- -~ S sl N e
- TATR AT, A - : e

The sizé-of the farm production componerit would'seem-to éxpand B first, more product

results from the adoption of new, loss-preventing technologies. ~ And; 'second, the
emergence, of value enhanced products could be expected to add significantly to
revenues, over and above what they were for-€ommodities. For example the 10 billion
bushel corn-commodity crop-at $2.50 per bushel produces a total value of $25 billion.
If the average value of the crop-s boosted only 10% by value enhanced corn products,
some $2.5 billion is added to revenues B if the value boost is 25%, then revenues expand
by $6.25 billion.

Today, the gross sales value of all US crop and llvestock products at the farmgate is $209
“billion. Value enhancement B across all crops “and hvestock B if only 10% adds $21
bllhon in sales revenues' L

Simple arithmeti¢ makes abundantly cléar that the stakes in the biotech revolution are high B billions,
and billions of cost savings and new sales, and just in the input and farm components of the food

chain.

[P
R A . . 5
¥

4 e . i} .

000401 - |




Document disclosed under the Access to Information Act -
Document divulgué en vertu de la Loi sur I'accés & I'information

_ 104
Biotechnology: Fundamentally Reshaping the Agriculture, Food and Fiber Industry B Nov. 1998

Inputs 1. - Farm -
Lo v | Production | - -~
o, R B T
| Fertilizer Seed  Pesticide
F RIS IR Nk RS BRI o R T

rlv )w

The portlon of the food system from the farmgate to the ﬁnal consumer compnses just over three-
fifths of the fotal. ‘The final food product is constantly changrng in attributes-and in value.. QOver
time, more and more service attnbutes have been added to the basic raw material content, to enhance

the value. Con51der  how the raw material proportion of the consumers' food,dolar has changed. . ..

over time: o o, o e t{, En L vy
S S - R [
_ 1950 .~ 4lcents . , o ar
. 1960 33 cents .
. Today 20 cents,

This vividly illustrates how the addition of services to the product changed relative value proportions |
ofthecomponents o U _ L . e

Foa e e

And, today, nearly 44% of all food expenditures (exclusive of alcoholic beVerage’s)are for food

consumption outside the home or prepared outside the home B clearly revealing the: demand for the
added value service component :

L S T P

SO | o Food Expendltures .
: At Home . ... Away From Home
L : : blllion.$ B .~ '
1950 . 30 ., - . 125
1980 185.8 120.3
Today e ,‘380.2 : 7297.9

Blotechnology prorruses 0 further enhance the consumer value of food products by agam changlng
and expanding the attributes B and beyond just addmg a service (convemence) component The
value added may be health-related, or medicinal, or include some other Afunction.@ And, this value

enhancement may ¢ome about because the raw materlals B the genetlcally engmeered components

» WO, T
B are made more valuable P f : >
ey ey b

b, A

It is much too early ‘to reliably estimate add1t1on to the value of consumer foods from nutraceuticals-

functional foods. But, it also is obviotss that the- stakes are enormous here B a mere 10% increase
in value to the present consumer food expenditure base of $678 billion expands the system a

Y 7 .
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whopping $68 billion. RS
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More At Stake

A

Processing/Distribution/Retail Consumption

Moreover, this may well prove to be the minor-part of the value enhancemient to the global food
system. The cost to global society today of the numerous diseases and insects that plague the
population simply cannot be reliably estimated. But, the addition of a malarial or cholera

preventative or treatment to a widely consumed food (such as rice or bananas) in those parts of the

world where thi¢ diseases are most prevalent would yield incalculable benefits. The reductions in
human misery and suffenng would be tremendous, as would the added productivity from healthy
individuals able to function fully in daily productive econoii¢ pursuits.

Summary

What=s at stake? A few simple calculations make clear that the potential benefits from the biotech

revolution are enormous B the stakes are very great indeed. The stakes involve billions of dollars, -

all across the food system B national food systems and the global trade in food, as well. And, the
stakes for the global population i in terms of the potential promise of nutraceuticals are enormous, not
even considering biotechnology=s potential to help curb hunger and malnutrition which continue
to afflict a significant proportion of t_h? world=s people.

W W W W
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VI. The Blotech Revolutlon° “Imphcatmns for
the Food System Components ., - .

Many of the 1mphcatlons of the biotech revolution will prove to be obV10us Yet, many | WIH not
nor will tracing through:the full ‘extent of their impacts. Also, ‘both their number and thelr
potenitial magnitude makes them difficult to évaluate w1thout some systématlc approach In thls

food system as the framework — 1dent1fymg and traclng the implications component by
component — starting first with’ the inputs sector, thert movmg to the farm sector and on across to
the final consumer. In the following chapter, we'then examine the “bveratching” implications,
those that span the entlre system. _ Ce e

' Inputs Sector

RIS

launched by agnoulmre genetic and pesticide companies, for the most part; focusing on the
economically more important field crops. Crops with built-in insect resistance“can reduce or
elimina<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>