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ACRONYMS and SCIENTIFIC TERMS
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Introduction
Bayer CropScience has developed rice varieties that are tolerant to the herbicide glufosinate
ammonium, recognized trade name, Liberty. The commercial name of the planting seed
product is LibertyLink rice. LibertyLink rice varieties are based upon a single, wellcharacterized transgenic line, known as transformation event LLRICE62, also designated by
the OECD unique identifier code as ACS-OSØØ2-5.
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Bayer CropScience is requesting consent to place on the market glufosinate ammoniumtolerant rice, LLRICE62, for importation in accordance with articles 5 and 17 of regulation
EC/1829/2003.
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To support this request, Bayer CropScience will show that the grain and grain products
derived from LLRICE62 varieties are safe for human consumption and for inclusion in animal
diet. The rice event, LLRICE62 is modified by the addition of the bar gene. The modified
plants produce the PAT protein (PAT), the presence of which confers tolerance to the
herbicide, glufosinate ammonium. Considering the positive opinion the EU Scientific
Committee on Plants expressed on several notifications for other PAT protein-producing
plants under Directive 90/220/EEC, there is no concern for safety with respect to the PAT
protein.
Bayer CropScience will demonstrate safety for the import of rice grain derived from
glufosinate ammonium-tolerant rice varieties into the European Union (EU) and for the
consumption of the derived food and food ingredients derived by the population of the
European Union. Key points of the safety assessment include:
A single linear DNA fragment containing one copy of the bar gene expression cassette was
introduced into rice variety Bengal using particle acceleration. The bar coding sequence is
regulated by the 35S promoter. No part of the vector backbone and no antibiotic resistance
gene were introduced.
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The bar gene was isolated from genomic DNA of Streptomyces hygroscopicus, a common
soil microbe, not known to be a human, animal or plant pathogen.
The bar gene encodes the specific enzyme, phosphinothricin acetyl-transferase (PAT), that
acetylates glufosinate ammonium and thereby detoxifies the herbicide.
The insertion of the bar gene has been verified through a characterization of the insert by
Southern blot and PCR analysis. Both the inserted DNA and the plant genome flanking DNA
have been sequenced. The inserted DNA consists only of the 35S-promoter sequence, the bar
ORF, and the 35S terminator sequence.

Deleted: glufosinate
Deleted: ammonium
Deleted: ,
Deleted: glufosinate
Deleted: glufosinate ammonium.

The inserted gene is inherited as a simple dominant trait. Stability of the gene insertion has
been demonstrated by Southern blot analyses and Mendelian crosses. Furthermore, current
molecular techniques were used to make a description of the insertion site on the rice
chromosome 6.
The 35S promoter and terminator sequences control expression of the bar gene in LLRICE62.
The 35S promoter directs high level constitutive expression. Specificity of expression in
LLRICE62 is consistent with the published reports for 35S driven expression in rice (highest
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expression in leaves). For estimates of exposure, the amount of PAT protein in the leaves of
LLRICE62 during the vegetative life cycle of the plant has an upper limit of approximately
150 µg/g fresh weight. Roots and grain contain approximately 12 µg/g fresh weight PAT
protein. No PAT protein was detected in rice pollen.
Substantial equivalence has been demonstrated for the food proprieties of the grain derived
from LLRICE62 plants. Grain samples were obtained from multiple field sites grown in the
regions of the U.S. where the variety is suited. LLRICE62 was grown using common
agricultural practices employing either conventional herbicide or Liberty herbicide. Nontransgenic rice was produced using conventional herbicide practices. Comparisons of the
chemical composition of key nutritional elements between transgenic and non-transgenic rice
confirm equivalence. Known antinutritional factors of rice (phytic acid, trypsin inhibitors and
lectins) were found to be either not detectable or comparable to the traditional counterpart.
No possible antinutritional/toxicological concerns were identified.
Substantial equivalence has been demonstrated for the crop plant phenotype in side-by-side
comparison with the conventional counterpart rice variety Bengal. Close correspondence
was confirmed by evaluation of the parameters associated with grain quality and the
morphological characteristics defined by the Plant Variety Protection Act. In addition, as the
transformation event, LLRICE62 has been crossed by conventional plant breeding into other
rice varieties; no phenotypic parameter has been measured outside the range for rice plants
commonly in agricultural production. No evidence of an unintended effect related to the
LLRICE62 genetic modification has been indicated.
An examination of the nature of the PAT protein raises no safety concerns. The presence of
PAT in the food and feed supply does not represent a potential risk. The enzymatic properties
are within the range of biological function and are highly substrate specific for the herbicide,
glufosinate ammonium. A battery of tests designed to evaluate the PAT protein for
characteristics associated with food allergens and toxins raises no concern. The PAT protein
shares no sequence homology with known allergens and toxins and is not stable in digestive
environments. An acute intravenous rodent study found no adverse effects from exposure to a
high dose of the PAT protein.
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No new properties of concern were identified associated with the novel protein, PAT or with
the known roles of rice in the human diet. No new or changes in toxicants were identified in
LLRICE62. Immunological tests confirmed that the naturally occurring allergenic proteins of
rice are not changed. Overall wholesomeness of the grain was confirmed in two animal
feeding studies (poultry and swine).
The environmental and food safety of glufosinate ammonium-tolerant rice has been confirmed
by positive review in the United States of America; USDA (1999) and FDA (2000).
Consideration of the product by the competent authorities of Brazil, Canada and Mexico is
ongoing.
A notification for placing on the market of LLRICE62 according to the article 13 of the
Directive 2001/18/EC was submitted to the British competent authority, Department of
Environment, Food and Rural Affairs (DEFRA) on August 26, 2003 (C/GB/03/M5/3).
DEFRA sent the assessment report according to Article 14 (3.a.) to the European Commission
on January 7th 2004 (Annex I). Bayer CropScience responded to Member States comments
and objections on July 23rd 2004 (Annex III).
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INFORMATION REQUIRED IN APPLICATIONS FOR GM
PLANTS AND/OR DERIVED FOOD AND FEED
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A.

GENERAL INFORMATION
Deleted:

1. Name and address of the applicant (company or institute)
Bayer CropScience GmbH
Industriepark Hoechst, K607
D-65926 Frankfurt a.M.
Germany
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Deleted: n
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2. Name, qualification and experience of the responsible
scientist(s) and contact details of the responsible person for
all dealings with EFSA
Name:
Address:
Phone:
Email:
Name:
Address:
Phone:
Email:
Name:
Address:
Phone:
Email:

Zsolt Jekkel, Regulatory Affairs Manager European Union
Bayer BioScience N.V. Avenue Louise 143,
B-1050 Brussels, Belgium.
+32 (0)2 535 6552
zsolt.jekkel@bayercropscience.com
Donna Mitten, Global Registration Manager - Rice Crop Team
Bayer CropScience, 2 T.W. Alexander Drive,
Research Triangle Park, NC 27709 USA.
+1 530 662 8900
donna.mitten@bayercropscience.com
Jean-Francois Sarrazin, BioScience Europe - Regulatory Affairs
Bayer BioScience N.V. Avenue Louise 143,
B-1050 Brussels, Belgium.
+32 (0)2 535 6348
jean-francois.sarrazin@bayercropscience.com

3. Title of the project
Glufosinate ammonium-tolerant Rice, LLRICE62

4. Scope of the application as defined in Annex II
Food and Feed authorisation under articles 5 & 17 of the Regulation 1829/2003.
1.1 GM plants for food uses
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2.1 GM plants for feed uses
3.1 Import and processing
Deleted:

5. Designation and specification of the GM plant and/or derived
product

Deleted:

Glufosinate ammonium-tolerant seed and Liberty herbicide work together in a new weed
control system designed for rice with favourable environmental and safety characteristics.
The system combines the broad spectrum, non-selective herbicide, Liberty (active
ingredient, glufosinate ammonium) with glufosinate ammonium-tolerant rice varieties which
have a genetically-based tolerance to Liberty herbicide.
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Glufosinate ammonium-tolerant rice was developed by virtue of the recombinant DNA
technologies used to create a new transgenic event in rice, LLRICE62. The inserted bar
coding sequence codes for the specific enzyme, phosphinothricin acetyl-Transferase (PAT),
that acetylates glufosinate ammonium and thereby detoxifies the herbicide. Molecular
characterization confirms that only the intended DNA was inserted, i.e., bar gene and
sequences regulating its expression. LLRICE62 contains no antibiotic resistance marker
genes. The inserted gene is inherited as a simple dominant trait.
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Rice grain is consumed by humans as either a whole grain food or as an ingredient in
processed food.
LLRICE62 varieties will be grown in principally the United States of America (USA) and
will enter the European Union (EU) by import as commodity rice grain. Milling, processing
and consumer packaging will be accomplished in the EU.
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Deleted:

6. Where applicable and where relevant to the risk assessment, a
detailed description of the method of production and
manufacturing. This would include, for example, a description
of methods used to process the GM plant materials during the
preparation of food/feed, food/feed ingredients, food/feed
additives or food flavourings.
The same production process applied to traditional rice will be used for the grain derived from
LLRICE62 varieties. Upon harvest, rice grain may be sold as paddy rice to milling facilities.
The processing of rice grain (Figure 1) may include milling, parboiling and polishing to
produce a product suitable for cooking by the consumer. By-products of milling (bran and
polishing) can be included in animal diet. No novel production process has been applied to the
food derived from LLRICE62. The genetic modification was not aimed at changing the
milling process.
The LLRICE62 varieties are grown using the agronomic practices of the region of production
and the grain is harvested, transported, stored and milled using the same processes as rice
currently in commerce. Upon chemical analysis, the nutritional composition of whole grain
and processed grain (brown rice, parboiled brown rice, milled rice, bran, flour and rice bran
oil) were found to be equivalent to other rice.
Rough rice grain has not been milled, thus both the hull and the bran layer remain attached to
the kernel. Brown rice has the hull removed but the bran layer is intact. Milled (polished)
rice has both the hull and bran layer removed. The more of the bran layer that is removed the
greater the degree of milling. Grain that is broken is sorted from the milled rice and sold as a
source of starch for brewing and animal feed.
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7. Where appropriate, the conditions for placing on the market of
the food(s) or feed(s) produced from it, including specific
conditions for use and handling.
No special conditions are necessary. The same conditions for use and handling applied to
traditional rice will be used for the grain derived from LLRICE62 varieties.
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Figure 1: Main Steps of the Rice Milling

Processed products outlined by solid lines; processing steps outlined in broken lines.
By-products indicated by grey highlight can be used for animal feed.
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B. INFORMATION RELATING TO THE RECIPIENT OR
(WHERE APPROPRIATE) PARENTAL PLANTS
1. Complete name; (a) family name, (b) genus, (c) species, (d)
subspecies, (e) cultivar/breeding line, (f) common name
(a) Family name:
(b) Genus:
(c) Species:
(d) Subspecies:
(e) Cultivar/breeding line:
(f) Common name:

Poaceae
Oryza
sativa
japonica
cv. Bengal
rice
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Deleted:

Deleted: )

2. (a) Information concerning reproduction: (i) mode(s) of
reproduction, (ii) specific factors affecting reproduction, if any,
(iii) generation time;
Mode(s) of reproduction
Rice reproduces naturally sexually or asexually.
i)

•

•
•

The main mode of reproduction is sexually by seeds. The sexual reproduction follows
the scheme of double fertilization of flowering plants. Fertilization occurs in the
spikelet. Immediately after opening of the spikelet pollen grains are dispersed and
germinate on the surface of the stigma. Pollen maturation in the anthers is synchronized
with the maturation of the ovule within the same spikelet. Oryza sativa is basically an
autogamous species. Morphological character of the flower, i.e. the stigma does not
extend outside of the spikelet, and the short longevity of the pollen (3 to 5 minutes)
make the opportunity for outcrossing by wind to be very limited.
Rice may be propagated asexually by tiller buds.
Artificial cell-tissue culture techniques resulting in either diploid or haploid plants are
well established in rice.

ii)

Specific factors affecting reproduction, if any

•

Self-pollination: Pollen formation and fertilization of rice are affected by low and high
temperature, flooding and drought. Low temperature can affect the microspore stage
and high temperature can affect anthesis.
Asexual reproduction requires continuous favorable water and temperature and long-day
conditions.

•

iii)

•

Generation time:
Rice is an annual crop with 4 to 6 months generation time.
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(b) Sexual compatibility with other cultivated or wild plant species.
There is no evidence of genetic transfer and exchange with organisms other than those with
which rice is able to produce fertile crosses through sexual reproduction1.
Twenty-two species of genus Oryza are distributed worldwide. Two of them are cultivated
(O. sativa - cultivated worldwide and O. glaberrima – cultivated in West and Central Africa)
and 20 species are wild. The haploid chromosome number of the genus is 12. Fourteen
species are diploid with 24 chromosomes, containing either the AA, CC, EE or FF genomes.
Eight wild species are tetraploid with 48 chromosomes that involve the BBCC, CCDD and
HHJJ genomes. The two cultivated rice species belong to the dipoid group containing the AA
genome that is considered to be sexually compatible mainly with species from the same
diploid group (AA). The likelihood of gene transfer from cultivated rice to wild and weedy
relatives is only considered possible among six diploid AA genome species.
Diploid species of the genus Oryza
containing the AA genome
O. sativa
O. rufipogon (syn. O. perennis)
O. glumaepatula (syn. O. perennis)
O. longistaminata (syn. O. perennis)
O. glaberrima
O. breviligulata (syn. O. barthii )
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Africa
Africa, cultivated
Africa
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Nevertheless, a number of factors serve to limit sexual compatibility. Among these factors
are:
1)
2)
3)

rice is a predominantly self-fertilising crop, outcrossing can occur at a maximum rate
of 5%;
cultivated rice has a very short temporal period of pollen viability (about 5 minutes);
commercial plantings of cultivated rice are not necessarily sympatric with wild and
weedy rice species;

Interspecific crosses:
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Interspecific crosses have been observed with species from the genomic groups BB, BBCC,
CC, CCDD, EE and FF, but the hybrids showed high level of male- and female -sterility.
There are two species of cultivated rice, Oryza sativa and O. glaberrima. O. sativa is
distributed throughout the tropics and parts of the temperate regions of the world, while
O. glaberrima is limited to West Africa. Hybrids between the cultivated species,
Oryza sativa and O. glaberrima are highly pollen sterile. If natural hybrids occur they tend to
disappear due to several genetic and physiological disorders. The two species are often grown
1
OECD. 1999. Consensus document on the biology of Oryza sativa (Rice). Series on
Harmonization of Regulatory Oversight in Biotechnology. No. 14. Organization for Economic Cooperation and Development. Paris. Available at http://www.oecd.org
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as mixtures of various proportions in West African rice fields, but natural hybrids between
them are rare.
Interspecific crosses have been observed under natural conditions, especially between O.
sativa and O. rufipogon (syn. O. perennis), the wild progenitor of cultivated rice, O. sativa.
Intraspecific crosses:
Weedy red rice, a variant or ecotype of Oryza sativa (not wild rice) is present in some
commercial rice growing regions of the world. The possibility of gene flow from cultivated
rice to weedy red rice can be expected, especially when the flowering periods of the crop and
red rice overlap (Appendix 8: Clegg et al., 1993).
In Europe, O. sativa is present in two forms; the cultivated rice in Italy, France, Portugal,
Spain, Hungary, Romania and Bulgaria and the introduced weed, red rice, which is present in
some fields of cultivated rice (Appendix 33: Messeguer et al., 2001).

Deleted:

3. Survivability; (a) ability to form structures for survival or
dormancy, (b) specific factors if any affecting survivability.
(a) ability to form structures for survival or dormancy
Although rice plants can grow vegetatively, seeds are the main structures enhancing survival.
Wild rice and older cultivars of O. sativa are noted for ease of seed shattering, however
modern cultivars developed for machine harvesting have been selected for lack of shattering.
Most cultivated rice has been selected for seed expressing dormancy that can be broken with a
short period of dry after ripening. Seed dormancy can be important to allow ripening of the
grain and harvest without precocious germination.
The panicles of red rice biotypes easily shatter and have strong seed dormancy, becoming a
weed problem in rice fields. Red rice seed, when buried in the soil can remain viable for
many years and thus create a recurring weed problem2 (Appendix 8: Clegg et al., 1993).
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(b) specific factors affecting survivability, if any.
In the vegetative developmental stage, rice does not survive in dry, cold climates.
Seed survival is affected by soil conditions such as temperature and moisture content Rice is
adapted to the humid tropics2.

4. Dissemination; (a) ways and extent (for example and estimation
of how viable pollen and/or seeds declines with distance) of

2

OECD. 1999. Consensus document on the biology of Oryza sativa (Rice). Series on
Harmonization of Regulatory Oversight in Biotechnology. No. 14. Organization for Economic Cooperation and Development. Paris. Available at http://www.oecd.org
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dissemination, (b) special factors affecting dissemination, if
any.
(a) ways and extent (for example an estimation of how viable pollen and/or seeds
declines with distance) of dissemination
Plant organs involved in dispersal are: pollen, seed and vegetative organs2.
•
Pollen may be carried by the wind. However, the short life of pollen in cultivated
species (3 to 5 minutes) and the narrow window of ovule receptivity limit wind as a means of
effective dissemination.
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To establish the distance and frequency of outcrossing at the four public rice breeding stations
in the USA, a benchmark study was conducted by the rice breeders of the USDA to set the
standards for seed purity in their breeding and seed production programs (Appendix 4:
Beachell et al., 1938). The study used the glutinous endosperm marker, which allowed
evaluation for outcrossing in the harvested seed. Seed samples only needed to be dehulled
and examined on a back lit table to observe the presence of a non-glutinous endosperm in a
glutinous background. Four varieties were paired with germplasm of similar maturity
containing a glutinous marker. The four USDA rice stations, located in Beaumont, Texas;
Stuttgart, Arkansas; Crowley, Louisiana; and Biggs, California participated, each planting the
same variety pairs over a period of 4 to 6 years. Seed was harvested from distances of 1, 2,
and 3 feet (0.3 to 1 m). The crossing range was from 0 to 3.4%, with the mean of all the
stations being 0.45%. The California station with its relatively higher temperature and lower
humidity recorded a mean of 0.16%. The study concluded that seasonal and environmental
conditions influence the extent of natural crossing. Isolation distances of 4.5 to 9 m between
drill-seeded varieties are used to assure genetic purity in breeding and seed production. The
purity standard for Foundation class rice seed is 0.01% (1:10,000).
•
•

Seed may be dispersed during transport, at sowing and essentially before and during
harvest.
Water seeded rice plants may be up-rooted by wind before the roots establish good
contact with the soil. Up-rooted plants may be dispersed by wind on the water surface
within the irrigation system
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(b) specific factors affecting dissemination, if any.
Rice seed has no structural modifications to facilitate transfer by animals. Dissemination is
mainly due to human activity3.

3

OECD. 1999. Consensus document on the biology of Oryza sativa (Rice). Series on
Harmonization of Regulatory Oversight in Biotechnology. No. 14. Organization for Economic Cooperation and Development. Paris. Available at http://www.oecd.org
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5. Geographical distribution and cultivation of the plant, including
the distribution in Europe of the compatible species.
The domestication of rice is considered to have likely occurred in the eastern part of India or
in the Yunnan district of China and then widely distributed as a crop. Today rice is grown
worldwide and is a staple food for half of the world’s population. Annually about 530 million
tons of rice are harvested from the fields of 146 million hectares world-wide. More than 90%
of the world rice production comes from Asia, 5% from the Americas, 3% from Africa, and
another 1% from Europe and Oceania.
In rice growing areas five water regimes are distinguished: i.) irrigated, ii.) rain-fed shallow,
iii.) deep water, iv.) upland, and v.) tidal wetland. Two types of rice culture are developed:
direct seeding, when the seeds are pre-soaked, pre-germinated and sown by hand or by
seeding machine, and transplanting of young seedlings.
Cultivated rice (O. sativa) is recognized to have two varietal groups based upon adaptation,
Indica and Japonica. In very general terms, the Indica form is more adapted to tropical, rainfed agriculture. The Japonica form is found more in temperate, irrigated agriculture,
however, Japonica rice is often grown in the upland fields of tropical regions. The two major
grain types of rice produced in the USA (long and medium grain) are based upon Japonica
germplasm. The preferred grain type of Brazil and Argentina is based upon Indica
germplasm.

At present the northern limit of rice cultivation is the border of China and Russia (lat. 53°N.)
and the southern limit, Australia (lat. 30°S) and central Argentina (lat. 51°S.). Rice can be
adapted to environmental extremes, however US rice varieties are dependent upon irrigation
and temperate climates. The northern limit of US rice cultivation is lat. 39°N.
Rice is cultivated in eight current and future Member States of the European Union; Bulgaria, France,
Greece, Hungary, Italy, Portugal, Romania and Spain. In Europe there are no species present from the
genus Oryza other than O. sativa. O. sativa however is present in two forms; the cultivated rice in the
rice producing countries and the introduced weedy red rice, which is present in some fields of
cultivated rice (Appendix 33 : Messeguer et al., 2001).

6. In the case of a plant species not grown in the member state(s),
description of the natural habitat of the plant, including
information on natural predators, parasites, competitors and
symbionts.
Italy and Spain have the largest areas (1.4 and 0.8 million ha respectively) of irrigated rice
production in Europe (Appendix 50: Supplemental information for the potential for
unintended release/seed spill as a result of the import of rice).
Worldwide rice is found in a variety of ecosystems. Natural habitats of wild rice are swampy
places, such as ditches, irrigation canals, or marshlands. The perennial types are found in
deep water, while annual types grow in seasonal swamps. The distribution of so-called
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lowland and upland rices can overlap. They have been found in the same marsh, but have
different niches in the same habitat. In Asia and West Africa, where rice has been cultivated
since ancient times, wild rice populations inhabit disturbed areas. In tropical America and
Australia, rice remains in a natural state.
The most common predator of rice habitat is man. Draining of wetlands to build housing has
destroyed wild rice habitat in Asia, Africa and the Americas. Sensitivity to photoperiods and
tolerance to low temperature, drought, flooding, salt and parasites can dictate the habitats of
rice. Ecotypes of wild rice include lowland, upland, deep-water and floating. Cultivated rice
habitats are either irrigated or upland, rainfed4.

4

OECD. 1999. Consensus document on the biology of Oryza sativa (Rice). Series on
Harmonization of Regulatory Oversight in Biotechnology. No. 14. Organization for Economic Cooperation and Development. Paris. Available at http://www.oecd.org
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7. Other potential interactions, relevant to the GM plant, of the plant
with organisms in the ecosystem where it is usually grown, or
used elsewhere, including information on toxic effects on
humans, animals and other organisms.
There are no major interactions with the environment except for being a crop. Rice does not
produce nectar. However, it is visited by foraging insects to collect pollen. A number of
insects (e.g. rice water weevil, Leptocorixa oryzophilus; rice stink bug, Oebalus pugnax;
grasshoppers, Conocephalus fasciatus and Melanopsis differentialis; rice stalk borer, Chilo
plejadellus) and diseases (e.g. sheath blight, Rhizoctonia solani; blast, Pyricularia oryzae; and
stem rot, Sclerotium oryzae) may infest the crop4.
Rice is used for food in various forms including whole and milled grain, flour and bran.
Husks are used for fertilisers and animal feed, and straw for making various materials, e.g.
mats.
The rice plant is not pathogenic or harmful, either viable or non-viable.
Rice contains a small number of antinutritional factors, all of which are concentrated in the
bran fraction. The antinutritional factors include phytic acid, trypsin inhibitor, and
hemagglutinin (lectin). With the exception of phytic acid, all of the antinutritional factors are
subject to heat denaturation. Rice bran is typically subjected to a dry or moist heat treatment
to denature lipases that otherwise would cause the rice bran to become rancid very quickly.
Some segments of the population have been identified to have an allergic reaction to rice.
The major allergenic factor is a 16 kDa globulin (Appendix 32: Matsuda et al., 1988).

C. INFORMATION RELATING TO THE GENETIC
MODIFICATION

Deleted: eni
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1. Description of the methods used for the genetic modification
Plasmid p35S/bar (Figure 2) was digested with restriction enzymes PvuI and HindIII, and the
resulting restriction fragments were separated on an agarose gel. The 1501 bp fragment
contains the gene of interest, and this was purified from the gel, and used in transformation.
Rice tissue for transformation was obtained from embryos derived from surface sterilized rice
seeds. The DNA preparation and delivery (particle bombardment )were performed following
the methods of Christou et al. (Appendix 7: Christou et al., 1991). No carrier DNA was used
in the process.
Cells that recieved the transforming DNA and expressed the encoded phenotype, were
selected on media containing glufosinate ammonium, and allowed to develop into transgenic
callus. This callus was transferred to regeneration medium, which induces shoot and root
development. The plantlets that developed were transferred to the greenhouse, and allowed to
flower and set seed.
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2. Nature and source of vector used
The vector, pB5/35Sbar, is a derivative of the vector pUC19 in which the β-lactamase gene
was replaced by the nptIII gene from vector pBIN19. The resulting plasmid was further
modified by insertion of a DNA element containing the Right Border of the Agrobacterium
tumefaciens octopine plasmid pTiACH5 into the single NdeI site of the vector. The bar
cassette was inserted into the EcoRI site. There is no Left Border sequence present in the
vector (Appendix 10: Eckes 1997 #A58814).
The 1501bp HindIII/PvuI fragment of plasmid pB5/35Sbar, used in the transformation,
contains one open reading frame, bar, which is intact and functional in transformation event
LLRICE62. Included on the map (Figure 2) are the restriction sites of endonucleases used in
Southern blot analysis to demonstrate that a single copy and no vector backbone were inserted
by the transformation process.
0
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P35S
1501 bp
HindIII/
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1000
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4161 bp
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T35S
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ori (1723)
2000
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Figure 2: Vector map of pB5/35Sbar
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3. Size, source (name) of donor organism(s) and intended function
of each constituent fragment of the region intended for
insertion
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The inserted sequence has a length of 1497 bp. Table 1 shows the size of each fragment
inserted in LLRICE62 (Appendix 5: Berghman and De Beuckeleer 2001 # C014571). The
bar gene was isolated from genomic DNA of Streptomyces hygroscopicus, strain
ATCC21705 (Appendix 15: Freyssinet 2002 #C025021).
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Table 1: Genetic elements of the inserted DNA component of the Vector pB5/35Sbar
Abbreviation

Definition

Source

Size Accession nº or
(bp) reference
44
(Appendix
58:YanischPerron et al.,
1985)
9

Function

Cauliflower
Mosaic Virus

203

Stop signal

Synthetic

18

Sequence
derived from
pUC19

T35S

Bar

P35S

Polylinker
sequence
Terminating
signal of bar
gene
Polylinker
sequence
Glufosinate
ammonium
tolerance bar
gene
Polylinker
sequence
Promoter

Synthetic

Streptomyces 552
hygroscopicus

(Appendix 41:
Pietrzak et al.,
1986)

Restriction site Hind
III

Plasmid cloning site
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Thompson et al., and selectable
1987)
marker

Deleted: Bar
Deleted: Glufosinate
Deleted: er
Deleted: bar

Synthetic

17

Cauliflower
Mosaic Virus

529

Sequence
derived from
pUC19

125

Plasmid cloning site
(Appendix 41:
Pietrzak et al.,
1986)
(Appendix
58:YanischPerron et al.,
1985)

High level
constitutive
expression
Restriction site Pvu
I
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D. INFORMATION RELATING TO THE GM PLANT
1. Description of the trait(s) and characteristics which have been
introduced or modified
In this chapter Bayer CropScience will show that LibertyLink® rice varieties belong to the
species, Oryza sativa L. Tables 2.1, 2.2 and 2.3 summarize our experimental approaches
relating to the characterization of LLRICE62 and indicate their relevance in different points of
Chapter D. Molecular (Table 2.1), phenotypic (Table 2.2), nutritional, toxicological and
immunological (Table 2.3) studies will demonstrate that LLRICE62 plants are distinguished
from other rice only by tolerance to the herbicide, glufosinate ammonium resulting from the
presence of the PAT protein. No concern was identified associated with the novel protein.
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Table 2. 1 Summary of molecular studies conducted on LLRICE62
Type of study
Southern blot
hybridization

Discriminating
PCRa
BLAST
sequence
similarity
research

Northern blot
hybridization,
ELISAb

Parameters analyzed
Copy number, Vector backbone
sequences

Bengal

Appendix
No.
51

Insert stability in multiple
generations
Insert stability in different
locations
Insert stability in different genetic
background
Sequence information
Flanking sequence determination
Integration site

Bengal

51

2(c); 5

Bengal

36

2(c); 5

Bengal, Cocodrie,
Koshihikari, Teqing
Bengal
Bengal
Bengal

35

2(c); 5

5
5
6

Genomic database

6

2(d); 2(e);
2(d); 7.8
2(c); 2(d);
2(d); 7.8
2(d);, 7.8

Genomic database

6

Bengal, Genomic
database
Bengal

6

2(d) ; 3(c);
7.8
3(c)

46

3 (a-d)

Similarities between flanking
sequences and known genes,
Open Reading Frame research
Cryptic expression analysis
PAT expression analysis

Comparator

Relevant in
Chapter D
2(a); 2(b);
6(a)

a

Polymerase Chain Reaction
b
Enzyme Linked ImmunoSorbent Assay
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Table 2.2. Summary of phenotypic performance studies conducted on LLRICE62
Type of study

Parameters analyzed

Comparator

Self and cross
pollination
Plant
phenotype
comparison
using PVPa
standards
Comparison of
grain
characters
using PVP
standards
Field
performance

Segregation analysis to PAT
tolerance
Maturity, Culm, Flag leaf
Ligule, Panicle, Spikelet
Fertility
Germination and vigor in cold
temperature
Endosperm color, Aroma
Shape class defined by L/W ratio
Amylose values
Alkali spreading value

Bengal

Grain
performance

Reproduction

Disease
resistance
Fecundity

Shattering
Dormancy

Persistence
a

Appendix
No.

Relevant
in
Chapter D
2(c); 5

26
Bengal,
PVP standard
varieties

Bengal, Cocodrie,
Cypress
PVP standard
varieties?

4; 6(b); 7.4
1, 26
Deleted: ?
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4; 6(b);,
7.4

Emergence and stand
establishment
Rate of growth (first and 50%
tillering date)
Vigor
Height
Yield
Whole grain milling yield
Grain moisture
Duration (days) of optimum
harvest
Date of first flower (heading)
Date of 50% and last heading
Date of grain maturity
Severity rating for naturally
occurring pathogens
Seed per panicle
100 seed weight
Empty florets
Shatter rating of mature panicles

Bengal Cocodrie,
Cypress, Drew, Earl,
Lagrue

1, 26

Bengal

1, 26

4; 6(b) ;
7.4

Bengal

26

4; 6(b); 7.4

Bengal, LL401,
LL001, Cocodrie
Bengal

1, 26

4; 6(b) ;
7.4
4; 6(b) ,
7.4

Bengal, red rice

1, 26

4, 7.4

Dry afterripening
Germination rate
Survival of imbibed seed
Census of volunteers in subsequent
season

Bengal

1, 26

4; 7.4

Bengal

28

4; 7.4
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Table 2.3. Summary of nutritional, toxicological and immunological studies conducted
on LLRICE62 and on the PAT protein
Type of study
Nutritional
composition of
grain and
straw
Antinutritional
components
Rice allergenic
protein
analysis
Rice storage
protein
analysis
Animal
feeding studies
Intravenous
exposure of
mice
SDS-PAGEa Western blot

Parameters analyzed
Proximates, amino acids,
minerals, vitamins, fatty acids

Comparator
Bengal,
literature data

Relevant in
Chapter D
7.3; 7.7;
7.10.1;
7.10.2

Phytic acid, trypsin inhibitor, and Bengal,
hemagglutinin (lectin)
literature data

40

Bengal,
literature data
Bengal,
literature data
Bengal,
literature data

48

7.7; 7.8;
7.10.1;
7.10.2
7.7; 7.9.2

29

7.7; 7.9.2

40

7.7

Bengal
Bengal
Melittin (toxic)
Aprotinin (nontoxic)
Bengal
E. coli PAT

45
14
27

7.8.4
7.8.4
7.8.1

11, 12
9,18

7.8.1
7.8.1

16 kda protein ELISA
Sera screen RAST
Albumin, globulin, glutelin,
prolamine
42-day poultry feeding
96-day swine feeding
Acute toxicity of PAT

In vitro digestibility of PAT
Comparison of PAT expressed
in E. coli and plants
PAT stability in different heat
regimes
Bacterial and plant PAT
comparison to
Total amino acid sequence of
PAT to:

Not relevant

Know toxins and
allergens
Public databases:
SwissProt, trEMBL,
GeneSeq-Prot, PIR,
PDB, DAD GenPept
Epitope sequence homology
BLASTP,
BLOSUM62
Overall homology
Other
acetyltransferases
a
Sodium Dodecyl Sulfate PolyAcrylamide Gel Electrophoresis

In silico
homology
comparison

Appendix No.
40

13

7.8.1; 7.9.1

18

7.8.1; 7.9.1

16, 19

7.8.1; 7.9.1

16, 20

7.8.1; 7.9.1

19

7.8.1; 7.9.1

The introduced trait is herbicide tolerance. The characteristic is based upon the bar gene, a
bialaphos resistance gene, isolated from the soil microorganism, Streptomyces hygroscopicus.
The bar gene, when expressed, enables the production of the enzyme, PhosphinothricinAcetyl-Transferase (PAT) that acetylates L-glufosinateand thereby confers tolerance to
herbicides based upon glufosinate ammonium (Appendix 15: Freyssinet 2002 #C025021).
The introduced trait does not result in a tolerance to the elements of biotic environment,
therefore the identification of target and non- target organisms is not relevant.
Whilst the basic characters of Oryza sativa remain unchanged in LLRICE62, rice production
based on LibertyLink® rice varieties will provide more flexibility for crop management and
for the associated land use and water conservation.
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Rice in agricultural production requires weed control. Successful weed control depends upon
combinations of management practices. For temperate rice production, farmers use the
planting of weed-free seed, crop rotation to break weed cycles, precision land levelling to aid
irrigation, seed bed preparation, conservation tillage programs, irrigation management to
suppress weeds and the application of one or more herbicides.
Liberty rice system allows 1) herbicide rotation for resistance management programs, 2)
control of less sensitive (i.e. nutsedge), or difficult to control, conspecific weeds, (i.e. red rice
and rice mimic), and 3) less reliance upon water management to control weeds.
Red rice infestations are a major problem in rice production. Estimates of the impact of red
rice infestations on the economics of US rice production report a yield decline of 10% with
three red rice plants per square meter. The decline in yield can be 50% with a 5% red rice
infestation. In addition to yield loss, the price based upon grade paid to the farmer declines
when red rice is present. Taking into account yield and grade losses, the presence of red rice
in commercial rice costs US farmers $7.38 to $10.41 per acre. As such, rice farmers with
infestations of red rice are anticipated to be among the first to adopt herbicide-tolerant rice
varieties as they become available (Appendix 2: Annou et al., 2000).
In many regions of temperate rice production and, especially in the Americas (Appendix 37:
Noldin 1998), severe red rice infestations have removed land from economic rice production.
In many cases, high clay soils of rice farm land are not suitable for other crops. In regions of
Texas and Louisiana, as well as in the southern Brazil state of Rio Grande do Sul, former rice
land is being grazed for the lack of efficacious red rice control. These rural economies would
be enhanced if rice cultivation were able to return, especially to small farmers who have no
resources to change the cropping system or to rent new land.
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2. Information on the sequences actually inserted or deleted
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the copy number of all detectable inserts, both complete and partial
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in the case of deletion(s), size and function of the deleted region(s)
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or maintained in a non integrated form) and methods for its determination.
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the organisation of the inserted genetic material at the insertion site
including sequence data of the inserted material and of the flanking 5’ and
3’ regions.
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all sequence information (in electronic format) including the location of
primers used for detection.
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The inserted DNA sequence has a length of 1497 bp and was described in Appendix 51: Tack
and De Beuckeleer 1998 #C013779 and verified by Appendix 5: Berghman and De Beuckeleer 2001
#C014571. The determination of inserted sequences in event LLRICE62 confirmed the
presence of one copy of the bar gene cassette, and also the absence of vector backbone,
including the absence of antibiotic resistance marker genes (ARMs). In event LLRICE62 the
bar gene cassette is integrated on chromosome six of the rice genome.
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The DNA sequence of the insert and the corresponding transforming plasmid DNA sequences
show a 5 bp difference (1497 bp and 1502 bp respectively).
The size of the HindIII-PvuI fragment of pB5/35Sbar used for transformation and also as a
probe during the molecular characterization (Appendix 51: Tack and De Beuckeleer 1998
#C013779) after sequencing the essential junctions only instead of the whole fragment, was
originally determined, by research, to be 1502 bp. After sequencing the entire insert and
comparing to the putative plasmid sequences one bp deletion in the 35S terminator was
observed (Appendix 5: Berghman and De Beuckeleer 2001 #C014571). Therefore the
original fragment used for sequencing of the transformation event LLRICE62 was 1501 bp.
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HindIII and PvuI enzymes used for cutting the DNA fragment create overhangs of 4 and 2
nucleotides respectively. Overhanging nucleotides show different integration patterns: they
are sometimes integrated, but frequently not.
The 4 nucleotide HindIII overhang, generated by digesting the plasmid DNA was not
integrated, while the 2 nucleotide PvuI overhang is integrated in the genomic DNA.
In conclusion, the 5 bp length difference between the putative plasmid sequences (1502 bp)
and the integrated sequence (1497 bp) is the result of a 1 bp deletion and the non-integration
of a 4 bp HindIII overhang.
There are no ARMs present in LLRICE62. In the construction of the plasmid, pB5/35Sbar,
the bla gene was replaced by npt III gene. However, only a fragment of the plasmid,
containing the bar gene expression cassette only was transferred into rice.
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The insert configuration was futher verified by probing genomic DNA of LLRICE62 with the
individual components of the transgene cassette. Hybridization results obtained with genomic
DNA of Oryza sativa transformation event LLRICE62 (digested with HindIII, EcoRV, BglII
and SacII) probed with the P35S, bar, T35S and T-DNA probes; are showing the presence of
one 5’ integration fragment and one 3’ integration fragment. This observation is indicative of
a single copy integration. Southern blot hybridization results obtained with Oryza sativa
transformation event LLRICE62 demonstrate that the transferred DNA in the plant
corresponds to the DNA configuration as designed in the pB5/35Sbar plasmid. The Southern
blot analysis was performed under conditions allowing the detection of fragments with a
limited overlap with the probe (51 bp) and allowed the detection of fragments with a size as
small as 254 bp (Appendix 55: Van Herck et al., 2004 #B004824).
The absence of vector backbone sequences (including the npt III gene) was proven by means
of Southern blot hybridization (described below). The 2665 bp HindIII-PvuI fragment of
PB5/35Sbar, carrying the nptIII coding sequence (794bp), was used to hybridize with
digested genomic DNA from LLRICE62. Subsequently the blot was deprobed and used to
analyze the insert (hybridization with the 1501 bp HindIII-PvuI fragment carrying the bar
cassette (Appendix 51: Tack and De Beuckeleer 1998 #C013779).
Southern blot hybridization data was produced by harvesting leaf tissue from transgenic and
control plants. Total genomic DNA was isolated according to Dellaporta et al., Plant
Molecular Biology Reporter, 1, vol.3, p.19-21, 1983). 10 µg of genomic DNA was digested
with selected restriction enzymes, applying concentration, buffers and temperature according
to the conditions proposed by the manufacturer. Upon termination of digestion, DNA
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fragments were separated by agarose gel-electrophoresis. The separated DNA fragments
were transferred upon denaturation, through capillary force from the agarose gel to a Nylon
membrane. DNA templates were labelled using the ‘Rediprime DNA labelling system’ from
Amersham International Inc. Hybridization and washing steps were carried out according to
Sambrook et al. (Molecular cloning, a laboratory manual). After the washing was completed,
autoradiography was established by exposing the membranes to a sheet of Kodak X-Omat AR
film.
The 1501bp HindIII/PvuI fragment of plasmid pB5/35Sbar, used in the transformation, can be
used as a probe for restriction analyses of the plant DNA. The expected fragments cutting the
DNA with four different restriction enzymes (HindIII, EcoRV, EcoRI, NcoI) are presented in
a schematic figure (Figure 3) of the hybridization strategy.

Figure 3 Hybridization strategy and the schematic drawing of the insert in Oryza sativa
transformation event LLRICE62

The results of the Southern blot analysis cut with four different restriction enzymes
demonstrate that the event LLRICE62 contains only one intact copy of the complete gene
cassette (Figure 4).
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When hybridizing HindIII digested DNA with the 1501 bp HindIII-PvuI fragment (Figure 4,
Lanes 2_-4), a 5300bp fragment was observed. Since the HindIII-PvuI fragment that was used
for transformation has no internal HindIII restriction site, we can conclude that the insert
resides on this 5300bp HindIII fragment.
With EcoRV digested transgenic DNA (Figure 4, Lanes 5-7) we observed two fragments
(14kb and 3500bp respectively). Since EcoRV has one restriction site in the transforming
purified HindIII-PvuI fragment we can conclude that both fragments represent integration
fragments (plant DNA-transgenic DNA junctions).
With EcoRI digested DNA (Figure 4 Lanes 8-10) we observed two fragments: a 3000 bp and
a 1328 bp fragment. The 1328 bp fragment is the expected internal fragment, carrying the bar
gene cassette. The 3000 bp fragment represents the upstream integration fragment.
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When hybridizing NcoI digested LLRICE62 DNA (Figure 4 Lanes 11-13) we observed three
fragments (3800bp, 2800bp and 1000 bp respectively). The 3800 bp fragment is most likely
the result of partial digestion of the genomic DNA (1000 bp and 2800 bp NcoI fragments add
up to 3800 bp), based on the observation in difference in hybridization intensities between the
hybridizing NcoI fragments and for instance the equal hybridization intensities of the
hybridizing EcoRI fragments. The 2800bp fragment represents the downstream integration
fragment. The weakly hybridizing 1000bp fragment represents the upstream integration
fragment. This Southern blot hybridization data demonstrates that the transferred DNA in the
plant genome corresponds to the DNA configuration as designed in the pB5/35Sbar plasmid
vector.
The insert was further verified by the production of two overlapping fragments representing
the complete insert of event LLRICE62. The overlapping fragments were amplified using the
ExpandTM High Fidelity PCR system from Roche Molecular Biochemicals. 50 ng of
genomic DNA and 20 pmoles of each primer were mixed in a 50 µl PCR reaction containing
3.2 mM Tris-HCl (pH7.5), 16 mM KCl, 0.16 mM DTT, 16 µM EDTA, 0.08% Nonidet P40
(v/v), 8% glycerol (v/v), 200 µM of each deoxyribonucleoside triphosphate and 8 units
enzyme mix. The reaction mixture was covered with 50 µl mineral oil. Ten individual 50 µl
PCR reactions were set up. The primers and the amplification strategy are presented in
Figure 5.
The thermocycling conditions used were 4 min. at 95°C, followed by 1 min. at 95°C, 1 min. at
57°C, and 2 min. at 68°C for 5 cycles. This was followed by 15 sec. at 95°C, 45 sec. at 60°C,
and 2 min. at 68°C for 22 cycles. Finally, 10 min. at 68°C. On completion of the PCR,
samples were pooled, and 25 µl were applied on a 1% agarose gel together with a Molecular
Weight Marker (Phage Lambda DNA – PstI digest) and a Low Mass DNA Ladder (Life
technologies). On completion of the electrophoresis, the size of the amplified fragment was
verified. The pooled samples were sent to Eurogentec S.A. (Seraing, Belgium) for sequence
determination. The samples were purified by Eurogentec and sequenced in both directions.
The DNA sequence of the LLRICE62 insert is completely identical to the corresponding
transforming plasmid DNA sequences. In addition, a detailed phenotypic analysis based upon
plant variety description and chemical analysis of nutritional components found LLRICE62 to
be the same as other rice. The lanes are loaded as follows
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1. Phage lambda DNA – PstI digested
2. LLRice62 Rice62 plant23 BNGL (T2) – HindIII digested
3. BENGAL wt – HindIII digested
4. BENGAL wt + one copy of pB5/35Sbar – HindIII digested
5. LLRice62 Rice62 plant23 BNGL (T2) – EcoRV digested
6. BENGAL wt – EcoRV digested
7. BENGAL wt + one copy of pB5/35Sbar – EcoRV digested
8. LLRice62 Rice62 plant23 BNGL (T2) – EcoRI digested
9. BENGAL wt – EcoRI digested
10. BENGAL wt + one copy of pB5/35Sbar – EcoRI digested
11. LLRice62 Rice62 plant23 BNGL (T2) – NcoI digested
12. BENGAL wt – NcoI digested
13. BENGAL wt + one copy of pB5/35Sbar – NcoI digested
14. Phage lambda DNA – PstI digested
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The 1501bp HindIII/PvuI fragment of plasmid pB5/35Sbar, used in the transformation, was
used as a probe for restriction analyses of the plant DNA.

Figure 4: Southern blot analysis of plants containing the event LLRICE62 cut with
four different restriction enzymes (HindIII, EcoRV, EcoRI, NcoI) for
verification of the insert
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3-prime
flanking DNA
bar

T35S

P35S

YTP059-MDB499
BPC014-01

MDB151-YTP067
BPC014-2

Plant DNA

Fragment

primer

BPC014-1 YTP059
MDB499
BPC014-2 MDB151
YTP067

Position in 1502 bp HindIII-PvuI
fragment from pB5/35Sbar

Approximate size
amplified fragment

5-prime flanking DNA

±1008 bp

979 --> 958
738 --> 759

± 877 bp

3-prime flanking DNA

Figure 5: Amplification strategy of the event LLRICE62
The transgene can be characterized by the location and the configuration at the site of
incorporation of the recombinant DNA molecule in the plant genome. The site in the plant
genome where a transgene has been inserted is also referred to as the “insertion site’ or
‘target site”. A flanking region or sequence refers to a sequence of at least 20 bp (up to
5000) of the plant genome, which is located either immediately upstream and/or
downstream of, and contiguous with, the transgene.
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Transformation procedures leading to random integration will result in tranformants with
unique flanking sequences, which will not be altered by conventional crossing. The query
sequences were subjected to BLASTn similarity searches to map the site of integration of
Oryza sativa event LLRICE62 on the rice genome and to find similarities between plant
flanking sequences and known genes. Sequence alignment between 5-prime (149 bp) and
3-prime (670 bp) query sequences against different databases located the site of integration
in event LLRICE62 on chromosome six. Alignment of the 5-prime and 3-prime flanking
sequences with a fragment of wild-type chromosome six containing homologous
sequences confirmed the presence of the target site deletion of 18 bp in the transgenic
locus of Oryza sativa event LLRICE62 (Appendix 6: Berghman et al., 2003 #C032553).
The DNA sequence of the insertion site was deduced by searching for sequence similarity
in a database of EST (expressed sequence tags) from the rice genome program.
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Other highly similar DNA sequences were found in the database attributed to locations on
four other rice chromosomes. An analysis for expression of this deduced sequence in
different tissues (leaf, stem and root of young and mature plants) from both wild type rice
and LLRICE62 plants, detected no sequence specific RNA transcripts (Appendix 6:
Berghman et al., 2003 #C032553).
If the sequence is not expressed in the wild type, then it is unlikely that the insertion has
influenced a functioning gene. Molecular analysis of gene function found no indication of
a changed gene function at the insertion site. In fact, the molecular data suggest that the
putative gene function could be redundant, or that there may be no gene function at all at
the insertion site (no RNA) .
In addition, a detailed phenotypic analysis based upon plant variety description and
chemical analysis of nutritional components found that LLRICE62 is the same as other
rice. No evidence was found for an altered plant metabolism that would be the result of
any gene disruption.
Sequence information is provided in Appendix 5: Berghman and De Beuckeleer 2001
#C014571.
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3. Information on the expression of the insert
(a) Information on developmental expression of the insert
during the life cycle of the plant.
The field performance criteria for LibertyLink® rice varieties requires plants to be tolerant
to the herbicide, glufosinate ammonium (tradename, Liberty®) in the vegetative stages of
rice plant development, spanning the rice plant growth stages of first leaf to panicle
initiation. Liberty® herbicide applications are recommended for the rice plant growth
stages 2-4 leaf and first tiller. The leaves (blade and sheath) of the rice plant are the
principle plant parts exposed to herbicide applications. Commercial-level herbicide
tolerance depends upon the function of PAT enzyme in the leaves. The event selection
process employed by Bayer CropScience targets a commercial crop tolerance to 4-fold
higher than the recommended herbicide application rate. Transformation event LLRICE62
meets this criterion.
As a constitutive promoter with high activity in the leaves, the CaMV 35S promoter is well
suited to drive the expression of the bar gene. Studies to examine the amounts of PAT
protein expressed in LLRICE62 show in relative terms, high amounts of PAT in the leaves
(0.1-0.2% of the total extractable protein) and low amounts (0.01%) in the grain (Appendix
46: Scott 2002 #B003814, Appendix 47: Scott and Courrier 2002 #B004076, Appendix 49:
Shillito 2000 #B002225).
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(b) Parts of the plant where the insert is expressed
The promoter elements derived from CaMV 35S have been shown to be active in the vascular
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tissue of rice leaf, root and floral organs (Appendix 52: Terada and Shimamoto 1990
#C044565). In the rice leaf, vascular tissue runs the length of the leaf blade and leaf sheath.
These two organs, which constitute the rice leaf, receive the major exposure of Liberty®
herbicide. Appendix 3: Battraw and Hall 1990 report expression of GUS driven by the CaMV
35S promoter as 10 times the activity in leaves of rice when compared to tobacco and similar
activity in the roots of rice and tobacco. From the cited research, LLRICE62 plants were
expected to show high levels of PAT protein in the leaves and lesser amounts in the other
organs. Indeed, the following order of PAT expression was demonstrated: leaf blade >> stem
(culm) >> roots, seed (grain) >>>>>> pollen (not detected) (Appendix 46: Scott 2002
#B003814, Appendix 47: Scott and Currier 2002 #B004076, Appendix 49: Shillito, 2000
#B002225). In addition, RNA from expression of the bar gene was demonstrated in leaf,
stem, root and seed (Appendix 6: Berghman et al., 2003 #C032553).
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(c) Expression of potential fusion proteins
Examination of the gene insertion site, the flanking regions and the plant DNA junctions
reported 19 putative Open Reading Frame (ORF) sequences (Appendix 6: Berghman et al.,
2003 #C032553). Most of the putative ORF’s are in the flanking sequences and thus
represent sequences that are already present in the wild type rice. Only the two ORF’s
located in the plant DNA/LLRICE62 insertion junction are newly created ORF’s.
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Of the two ORF’s identified in the plant DNA/insertion junction region, only ORF-12
(located at the 3-prime end of the insert) was analysed by sequence homology search for
potential fusion proteins. The ORF in the junction region at the 5-prime end (ORF-6) has a
length of 4aa and hence it is too short to be used in a homology search.
Based on the overall homology search, the ORF-12 sequence does not code for proteins
which have potential toxic properties (Appendix 22: Hérouet 2004 #C041673). The
overall homology search found an identity of 50% (7/14) between the ORF-12 nucleotide
sequence and the Jun a 2, second major allergen of Juniperus ashei (Ozark white cedar,
mountain cedar) pollen (Accession Number trEMBL: Q9FY19, Length = 507 amino
acids), however, there is a strong evidence that this finding is a false positive result, as
homology over linear contiguous segments was never more than 2 amino acids. The
finding may be explained by the limited length of the query nucleotide sequence (coding
for less than 53 amino acids).
No similarities between the translated nucleotide ORF-12 sequence and epitopes of known
allergens based on a '100% identity over a linear contiguous 8 amino acid segment'
matching criterion were found (Appendix 21: Hérouet 2004, #C041515).
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Deleted:

(d) Methods used for expression analysis
The expression of the transgene is used to indicate that the gene of interest is producing a
novel protein so as to confer on the plant the intended phenotypic trait (glufosinate
ammonium tolerance). The expression of the gene of interest was demonstrated by ELISA
(Appendix 46: Scott 2002 #B003814, Appendix 47: Scott and Currier 2002 #B004076,
Appendix 49: Shillito 2000 #B002225). In addition, plants that expressed the bar
transgene were identified by a standard glufosinate ammonium dot identification assay
(Appendix 51: Tack and De Beuckeleer 1998 #C013779).
Another measure of expression is by analyzing RNAs in the transformed plants by
northern blot analysis. This expression was demonstrated by using an antisense bar probe
to hybridize to the northern blot (Appendix 6: Berghman et al., 2003 #C032553). The
analysis shows that the bar sequences present in transformation event LLRICE62 are
expressed in leaf, stem, root and seed.
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4. Information on how the GM plant differs from the recipient plant
in: reproduction, dissemination, survivability
Over the course of the development of lines based upon transformation event LLRICE62,
studies including the characterization of fertility, fecundity (Appendix 26: Johnson et al.,
2002 #B04395), dormancy and shattering (Appendix 39: Oard et al., #2000) have been
undertaken to evaluate reproductive, dissemination and survival fitness of rice containing
the bar gene compared to reference varieties (Cocodrie, Cypress, Drew, Earl, Lagrue, red
rice). LLRICE62 is not different from the recipient plant in any of these aspects
(Appendix 26: Johnson et al 2002 #B04395).
Rice, Oryza sativa is a self-pollinated species (OECD 1999). The floral structure of O.
sativa and the short viability of its pollen present biological barriers to cross-pollination.
Natural cross-pollination is highly dependent upon proximity in time and space. Typically,
a rice floret opens only once for a brief period during which fertilization takes place.
When rice plants with overlapping flowering periods are grown in close proximity, they
may outcross naturally at low rates. Wind can move rice pollen, however the life span of
pollen is short (3 to 5 min). Most cultivated rice have stigma that do not extrude from the
glumes, thus reducing the chance of fertilization by pollen from another source.
Fertility: Pollen viability was tested by vital stain and by pollen tube germination in
sucrose solution. The morphology of the floral structures was compared by photograph at
similar developmental stages. The fertility of LLRICE62 plants is not different from
Bengal as either male or female parent in greenhouse crosses achieved by manual
emasculation with different rice germplasm. Panicle development and fertility were rated
as equivalent in self-pollinated plants. (Appendix 26: Johnson et al., 2002 #B04395).

Deleted: i

Deleted: 40

Deleted: change

Deleted: .
Deleted: Version of
29/07/200428/07/2004 at 5:45 6:25 ¶
Correcting Appendix nbrs + table¶
Jfs 29/07/200417:47

Bayer CropScience

1829/2003 LLRICE62 -Part I –
Technical dossier

Page 38 of 102

Fecundity: Seed morphology characteristics are similar when seed of LLRICE62 is
compared to Bengal seed (see morphology discussion in the following section). The
number of seed produced per panicle, grain biomass and 1000 grain weight could not be
statistically separated. Seed survival was similar in a winter-season burial of panicles
(Appendix 26).
Dormancy and shattering: The seed characteristics of long dormancy and shattering are
important adaptive traits for weedy rice that are determined by both genetic and
environmental factors. Thus, to access the fitness potential of transformation event,
LLRICE62, evaluations specifically designed to measure seed germination, dry afterripening requirements, dormancy and shattering were conducted (Appendix 26: Johnson et
al., 2002 #B04395, Appendix 39: Oard et al., 2000) using field grown panicles. At the
time of physiological maturity of the panicle, all rice seed has some dormancy, that is, it
will not germinate until dry after-ripened. Harvest of the seed must be accomplished in a
manner that does not compromise the dry after-ripening process. Panicle samples of
LLRICE62 and its parent, Bengal, were collected at physiological maturity from the
breeding plots at the LSU Rice Research Station. Panicle samples were evaluated by Dr.
Marc Cohn, red rice expert and seed physiologist, Louisiana State University (LSU). None
of the panicles exhibited the typical easy shattering of weedy, red rice. Following the
shatter test, seed were removed by hand from the panicles and samples were transferred to
containers for dry after-ripening. Germination was tested on a weekly basis. At the end of
each 14-day germination test, the seed were examined to determine dormancy. There were
no firm seeds remaining, indicating no dormancy requirement that was not broken by dry
after-ripening. No difference in shattering, germination, length of dry after-ripening
requirement or seed dormancy was observed when transformation event, LLRICE62 and
the reference variety Bengal were compared. Neither were observed to have the seed
characteristics of weedy, red rice, which include shattering, long dormancy and red
pericarp.
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5. Genetic stability of the insert and phenotypic stability of the GM
plant
To demonstrate the stability of transformation event LLRICE62, 1.) Southern blot analysis
and 2.) segregation analysis were used.
1.) Southern blot analysis was performed using the bar cassette (1501bp HindIII-PvuI)
fragment as probe. When hybridizing EcoRV digested DNA of event LLRICE62 (Figure
4, Lane 5) two fragments were observed: a 14kb and a 3500 bp fragment. Both fragments
represent transforming DNA – plant DNA junctions. Both integration fragments were
observed in all the tested DNA samples from:
i.) different generations of LLRICE62 event (T2, T3, T5, T6);
ii.) LLRICE62 event grown under different environmental conditions (Puerto Rico,
Louisiana, Texas);
iii.) LLRICE62 event introduced into diverse genetic backgrounds (Bengal – medium
grain tropical Japonica, Cocodrie - long grain tropical Japonica, Koshihikari short grain, temperate Japonica, Teqing - short/medium gain Indica);
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demonstrating the stability of the insert in LLRICE62 genome.
i.) Multiple generations: The stability of the inserted DNA was determined by Southern
blot analysis of the T2 and T3 generations (Figure 6). The vector pB5/35Sbar, which was
used for the transformation, was used as a probe for the hybridization (Appendix 51: Tack
and De Beuckeleer 1998. #C013779).
Seeds of T2 and T3 generation of rice event LLRICE62 were grown under greenhouse
conditions and tested by a glufosinate ammonium dot identification assay to confirm the
presence of the PAT protein. Plant DNA from individual plants was extracted, digested
with restriction enzyme EcoRV, separated according to size and transferred to a
membrane. The membrane was probed with radioactive labelled probes that would only
complement the transgene. The membrane was washed to remove unbound probe and
autoradiography was performed. Interpretation of hybridizing bands from various digests
of the rice event LLRICE62 and the transforming plasmid allowed the demonstration of
the stability at the genetic level over multiple generations, the verification of the insert and
the demonstration of the absence of vector sequences.
ii.) Different locations: The same type of analysis was performed on plants from three
generations grown at different locations, under different environmental conditions. The
tested generations were grown in Puerto Rico, USA, (T3 plants), Louisiana, USA (T5
plants) and in Texas, USA (T6 plants). Genomic DNA was extracted from plants of each
location and respective generation. The isolated DNA was digested with the EcoRV
restriction enzyme, which has only one restriction recognition site in the transgene.
Probing EcoRV restricted genomic DNA with the bar gene cassette showed the two
expected bands in all rice event LLRICE62 samples (Figure 7, Figure 8). These bands,
represent the junctions between transgenic sequences and plant DNA sequences upstream
and downstream of the insert, were identical in all samples. These results demonstrate the
molecular stability of the rice event LLRICE62 at the genetic level over multiple
generations and different locations (Appendix 35: Moens and De Beuckeleer 2001.
#C017335).
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The lanes are loaded as follows
1. LLRice62 Rice62 plant23 BNGL (T2) – EcoRV digested
2. LLRice62 Rice53 plant47 BNGL (T3) – EcoRV digested
3. Bengal wt – EcoRV digested
4. Bengal wt + one copy of pB5/35Sbar – EcoRV digested
The vector pB5/35Sbar, which was used for the transformation, was used as a probe for the
hybridization.
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Figure 6: Stability over multiple generations demonstrated by Southern blot analysis of
plants containing the event LLRICE62
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The lanes are loaded as follows
1. Lambda DNA – PstI digested (molecular weight marker, sizes given in base pairs)
2. to 11. LLRice62 - T3, Puerto Rico– EcoRV digested
12. Bengal wild type – EcoRV digested
13. Bengal wild type – EcoRV digested + 1 copy pB5/35Sbar – EcoRV digested.
14. to 23. LLRice62 - T5, Louisiana – EcoRV digested
24. Lambda DNA – PstI digested
The 1501 HindIII/PvuI fragment of plasmid pB5/35Sbar, used inthe transformation, was used
as a probe for the hybridization
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Figure 7: Stability over multiple generations (T3 and T5) and different locations
(Puerto Rico and Louisiana) demonstrated by Southern blot analysis of plants
containing the event LLRICE62
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The lanes are loaded as follows
1. Lambda DNA – PstI digested (molecular weight marker, sizes given in base pairs)
2. to 11. LLRice62 – T6, Texas– EcoRV digested
12. Bengal wild type – EcoRV digested
13. Bengal wild type – EcoRV digested + 1 copy pB5/35Sbar – EcoRV digested.
14. Lambda DNA – PstI digested
The 1501 HindIII/PvuI fragment of plasmid pB5/35Sbar, used inthe transformation, was used
as a probe for the hybridization
Figure 8:
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Stability over multiple generations (T6) and different locations (Texas)
demonstrated by Southern blot analysis of plants containing the event
LLRICE62 (2)
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iii.) Genetic backgrounds. To further demonstrate the stability of rice event LLRICE62,
plants from event LLRICE62 in Bengal were crossed to several individual plants
representing four rice varieties of distinctive genetic backgrounds: Bengal (medium-grain
tropical Japonica), Cocodrie (long-grain tropical Japonica), Koshihikari (short grain,
temperate Japonica) and Teqing (short/medium grain Indica background). Genomic DNA
was prepared from the progeny and the isolated DNA was digested with the restriction
digestion enzyme EcoRV. Probing EcoRV restricted genomic DNA from event
LLRICE62 with the bar gene cassette showed the two expected bands in all test samples
(Figure 9).
These bands represent the junctions between transgenic sequences and plant DNA
sequences upstream and downstream of the insert and were identical in all sample plants
from four different genetic backgrounds. The obtained results demonstrate the stability of
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the rice event LLRICE62 at the genomic level when crossed into different backgrounds
(Appendix 36: Moens et al., 2001 #C020763).
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The lanes are loaded as follows (from Left to Right)
A.
1. Lambda DNA – PstI digested (molecular weight marker, sizes given in base pairs)
2. to 4. LLRice62 - Bengal - EcoRV digested
5. Rice wild type - Bengal - EcoRV digested
6. to 8. LLRice62 - Cocodrie - EcoRV digested
9. Rice wild type - Cocodrie – EcoRV digested
10. to 12. LLRice62 - Koshihikari - EcoRV digested
13. Rice wild type - Koshihikari –EcoRV digested
14. Rice wild type - Loto - EcoRV digested
15. Rice wild type - Loto - EcoRV digested + 1 copy pB5/35Sbar - EcoRV digested.
B.
1. to 2. LLRice62 - Teqing - EcoRV digested
3. Rice wild type - Teqing - EcoRV digested
4. Lambda DNA – PstI digested
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The 1501 HindIII/PvuI fragment of plasmid pB5/35Sbar, used inthe transformation, was used as a
probe for the hybridization

Figure 9: Stability over different genetic backgrounds demonstrated by Southern blot
analysis of plants containing the event LLRICE62
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2.) Segregation analysis of the phenotype demonstrated by Mendelian inheritance:
Beginning with a number of independent transformation events, selection of
transformation event LLRICE62 was accomplished by the assessment of field tolerance to
glufosinate ammonium herbicide and agronomic performance across several generations.
To evaluate the segregation of the glufosinate ammonium-tolerant phenotype, T2 panicle
rows were tested. A panicle row is all the seed from a single panicle obtained by self-
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pollination of a T1 plant. Liberty® herbicide was used to score the rows for segregation of
the PAT phenotype. Rows containing no sensitive plants were considered to be
homozygous for the bar gene, while the partially resistant rows were considered
segregating for the glufosinate ammonium tolerance trait and containing homozygous and
hemizygous surviving plants.
In this situation, Mendelian inheritance for a single gene locus would predict one fully
resistant row for every two partially resistant rows. For each population of LLRICE62 the
expected ratio of 1:2 was observed (Table 3). In a total of 211 T2 panicle rows, 69 rows
contained no sensitive plants. Thirty-eight of the fully resistant rows were selected by the
rice breeders for a) uniformity of plant type when compared to the parent variety, Bengal,
and b) survival to Liberty herbicide, and harvested as independent populations
(homozygous for the LLRICE62 locus) for advanced variety evaluation. All plants from
partially resistant rows (indicating homozygous and hemizygous for LLRICE62 locus)
were eliminated and not advanced in the selection process.
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Table 3: Segregation analysis of four populations of LLRICE62 T2 panicle rowsa
Populations

No. of fully
Resistant
Rows

1
2
3
4

19
11
24
15

No. of
partially
Resistant
Rows
30
30
53
29

Total No. of
rows

Expected
Ratio

Chi 2 valueb

49
41
77
44

1:2
1:2
1:2
1:2

0.65
0.78
0.16
0.01

a

Segregation of entire versus partially resistant T2 panicle rows derived from resistant T1 plants.
There was no significant difference (p=0.05) for the Chi Square or χ²goodness-of-fit test for the hypothesis of
1:2 segregation. To reject the null hypothesis, the χ² value must be greater than 3.84, with one degree of
freedom.
b
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6. Any change to the ability of the GM plant to transfer genetic
material to other organisms
Two aspects of genetic transfer to other organisms are examined, (a) potential for transfer
of genetic material from rice to bacteria (horizontal gene transfer) and (b) transfer of pollen
to other sexually compatible species (rice). There is no evidence of genetic transfer and
exchange under natural condition with organisms other than those with which rice is able
to produce fertile crosses through sexual reproduction. There are no indications that the
potential for successful exchange of genetic material has changed due to the genetic
modification.
Deleted:

(a) Plant to bacteria gene transfer
In order for any horizontal gene transfer to lead to a new type of micro-organism and
therefore to introduce a significant impact, some of the following conditions will have to
be fulfilled:
• the uptake should result in the incorporation of complete undegraded DNA;
• the plant targeted genes should result in significant expression in a prokaryotic
background;
• the expression should represent a significant increase over the background level;
• the trait should convey a competitive advantage to the strain in which it is incorporated.
Sequence analysis of elite event LLRICE62 confirmed (Section D2) the insertion of one
copy of the bar gene cassette only and also the absence of vector backbone sequences.
LLRICE62 does not contain either the origin of replication of plasmid pB5/35Sbar or any
sequences responsible for an enhanced frequency of recombination. Furthermore the
introduced bar gene is under the control of the 35S promoter, which is not functional in
bacteria, which altogether make the possibility of gene transfer from plants of LLRICE62
to bacteria to be unlikely.
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(b) Plant to plant gene transfer

Deleted:

The basic parameters relating to reproductive fitness of rice in LLRICE62 plants were
analyzed.
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Parameters of field performance (emergence and stand establishment, rate of growth, vigor,
height, yield), grain performance (whole grain milling yield, grain moisture, duration of
optimum harvest), reproduction (date of first flower, date of 50% and last heading, date of
grain maturity), disease resistance (severity rating for naturally occurring pathogens),
fecundity (seed per panicle, 1000 seed weight, empty florets), shattering (shatter rating of
mature panicles), dormancy (dry afterripening, germination rate, survival of imbibed seed),
persistence (census of volunteers in subsequent season) were found to be unchanged
compared to the traditional counterparts.
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In the discussion of gene flow to rice plants, topics considered are i) pollen dispersal to
cultivated rice, ii) natural crossing to the weed, red rice, iii) likelihood of gene flow, and iv)
consequence of gene flow.
i) Baseline for pollen dispersal.
Besides the benchmark study from 1938 (described in section B.4) no outcrossing studies
of this scale were undertaken until the advent of herbicide tolerant rice, which enables
rapid screening of large numbers of seed. Determination of the extent of pollen movement
and the potential for outcrossing of rice varieties containing the bar gene is the subject of
investigation by researchers in many of the temperate rice growing regions, including
USA, Brazil, Spain and Japan. Many of the studies are ongoing, however a summary of
the findings is provided in Table 4. Some of the studies used transformation event
LLRICE62 as the pollen donor and an appropriate reference variety as the pollen recipient.
In all cases the pollen donor and recipient lines were matched to have overlapping
flowering periods and similar adaptation to the local growing conditions.
Recently published field studies were conducted in the Mediterranean rice growing areas
of Spain and Italy (Appendix 33: Messeguer et al., 2001). Outcrossing was detected in
both locations from transgenic rice containing the bar gene to non-transgenic rice plants.
In Italy, an outcrossing frequency of 0.08% was measured at 0.2 m and none was observed
at 2.4m. In Spain at the research station on the Ebro River Delta, an outcrossing rate of
0.09% has been recorded at one meter and 0.01% at 5-meter distance. This experimental
design consisted of a central circle of pollen donor rice surrounded by two concentric
circles of receptor rice. Most of the resistant plants were recovered in the direction of the
prevailing wind.
Under the direction of Magalhães and Andres, EMBRAPA, gene flow assessment under
the cultivation conditions of the southern region in Brazil used two rice bar gene
transformation events (Appendix 1: Abreu and Mitten 2002 #B004394). Two cases were
constructed for pollen dispersal measurements; the transgenic pollen donor was surrounded
by non-transgenic rice, and the reverse, the non-transgenic rice is surrounded by transgenic
rice. Synchrony of flowering was noted and seed was harvested at prescribed distances at
maturity. A two-stage test for survival to the herbicide glufosinate ammonium was
completed. In the first stage, a laboratory seed germination evaluated seedling growth.
Seedlings scored as tolerant were established in greenhouse flats and challenged with
glufosinate ammonium herbicide. The transformation event, LLRICE62 and the variety,
Bengal were tested in the most likely scenario for gene flow, in which transgenic plants
surround the non-transgenic variety. The flowering period was coincident for 13 days.
The germination of the seed lot was 84% and 3000 seed were tested at each distance. For
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the adjacent (0.25m) samples, 2 survivors were identified in the seed germination test and
confirmed in the greenhouse test. No survivors were detected at the 1m distance. An
overall outcrossing rate can be calculated of 2 survivors in 5,040 seed or 0.04%. Using a
different transformation event based on a local variety, a similar result was obtained and
when the results of the two studies are combined, a frequency of 0.07% can be calculated
(Table 4).
In the case where non-transgenic rice is subjected to pollen dissemination from a central
plot of transgenic rice, no outcrossing was measured in the 64,000 seed collected from the
four cardinal directions at distances of 1 to 3 m.
In collaborations with public research institutions, the LibertyLink® rice variety
development program provided glufosinate ammonium-tolerant rice varieties to serve as
pollen donors in field studies designed to evaluate pollen dispersal of transgenic rice.
Studies were initiated in the two distinctive growing regions of the USA (Appendix 34:
Mitten 2003 OS 00/17). Representing the southern states, Dr. Steve Linscombe set up a
study at the LSU Rice Experiment Station in Crowley in collaboration with Dr. Shannon
Pinson, USDA Rice Experiment Station in Beaumont. Dr. Albert Fischer of the University
of California sponsored a two-season study location at the Rice Experiment Station in
Biggs.
The first year of the California study used seed of transformation event, LLRICE06 based
upon a local variety, M202. In the second season, a variety developed by the backcrossing
program and based upon transformation event LLRICE62 was used. In both cases the
transgenic rice variety was based upon M202 germplasm and the non-transgenic variety in
the field design was M202, a standard variety for California cultivation. The field design
placed a central planting of herbicide tolerant rice in a field of non-transgenic rice. Seed
samples were harvested at set distances and 15 m was the maximum distance. Samples of
100,000 seed were included in a field bioassay. Survivors of Liberty herbicide spray
were sampled and confirmed using commercially available lateral flow strip tests specific
for the PAT protein (2001 season) or discriminating PCR specific for LLRICE62 (2002
season). In California, the 2001 study found 15 survivors at 0.3 to 1 metre distance. A
total of 1,680,000 seed were screened, giving a calculated outcrossing rate of 0.0009%. In
2002, 500,000 seed were screened in the field bioassay, 39 surviviors were confirmed as
hybrid via hzPCR (homozygosity PCR) from samples taken at the 0.3 to 14.6m distance
from the pollen source. The calculated overall outcrossing rate is 0.008%.
The Louisiana study was planted in the 2000 season. The field design used a central plot
seeded with 90% transformation event LLRICE62 (variety, LL401) and 10% pollen
receptor, the long grain variety Cypress. The central plot was surrounded by Cypress with
a sampling range up to 21.5 m. Individual panicles were harvested and tested intact for
germination in the presence of glufosinate ammonium herbicide. Surviving seedlings were
confirmed with a foliar application of glufosinate ammonium herbicide and a PCR test
designed to detect hybrids of LLRICE62. No evidence of pollen dispersal beyond the
central plot was detected and no cluster of pollination was evident in the intact panicle
assay (~70,000 seed from the sampling distances near the pollen source). Bulk seed testing
(10,000 seed from each of the 8 sampling distances) found no survivors outside the central
plot, mixed planting. Of the ~ 117,000 germinating seed included in the screen, only 6
hybrids were confirmed.
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The findings support the use of state seed certification isolation practices for glufosinate
ammonium-tolerant rice (4.5 to 9 meters to insure less than 0.01% variety impurity). The
pollination characteristics of glufosinate ammonium-tolerant rice are not different from
conventional rice. The frequency of natural outcrossing detected varied with the season,
however, to measure the rate requires the screening of large number of seeds.
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Table 4: Pollen dispersal in rice, studies conducted using glufosinate ammoniumtolerant rice
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A review of field studies to measure the outcrossing potential of glufosinate ammoniumtolerant rice into its non-transgenic reference variety under conditions of coincident flowering
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Study information

Location and study
design
Messeguer et al., 2001
CIRAD project

Magalhães and Andres
EMBRAPA-CPACT
(LLRICE62)
Cheetham and Fischer
University of California
2001

Cheetham and Fischer
University of California
2002

(LLRICE62)
Pinson and Linscombe
USDA and LSU, 2001
(LLRICE62)

Estació Experimental del
Delta del Ebro, Tarragona,
Spain
215,000 seed assessed
Rio Grande do Sul, Brazil

transgenic surrounds nontransgenic
non-transgenic surrounds
transgenic
California Rice Experiment
Station, Biggs
15 surviviors in 1,680,000
seed field screen
survivors confirmed by LL
strip test
California Rice Experiment
Station, Biggs
39 hybrids confirmed by
hzPCR in 500,000 seed
field screen
LSU Rice Research
Station, Crowley,
Louisiana
>100,000 seed germination
tests conducted in the
USDA lab, and confirming
dPCR by Bayer.
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Finding (distance and
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1 meter distance: 0.09%
5 meter distance: 0.01%
6 hybrids in 9000 seed or
0.07%, 0.25 to 1 m
0 hybrids detected in
64,000 seed, 0-3m
Distance 0 to 15 m
1 ft (0.3m): 0.04%
3 ft (1m): 0.009%
No hybrids beyond 1
meter.
Distance 0 to 14.6 m
Hybrids detected at 14.6 m

Distance 0 to 20 m
Survivors found only in
mixed planting, none in
borders or beyond.
6 confirmed hybrids in
7,700 seed or 0.08%,
mixed
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ii) Natural crossing to red rice.
Studies to measure pollen movement of glufosinate ammonium-tolerant rice to red rice
under field conditions were undertaken in the USA by researchers at Louisiana State
University and in Brazil by researchers from EMBRAPA and EPAGRI. Studies to
quantify crossing between two biotypes of red rice and glufosinate ammonium-tolerant
rice were completed by red rice expert, José Alberto Noldin and rice breeder, Satoru
Yokoyama (EPAGRI- Empresa de Pesquisa Agropecuária e Extensão Rural de Santa
Catarina S.A.) and by rice agronomists, Ariano Martins de Magalhães Junior e André
Andres (EMBRAPA – Pelotas-RS Empresa Brasileira de Pesquisa AgropecuáriaCentro de Pesquisa Agropecuária de clima temperado/Estação experimental de Terras
Baixas).
The LSU study (Appendix 60: Zhang et al., 2003) reports a low rate (< 1%) of
outcrossing of the bar gene into interplanted red rice with coincident flowering period.
No hybrids were detected in an EMBRAPA study, which planted red rice both within a
glufosinate ammonium-tolerant block and radiating from it. Glufosinate ammoniumtolerant rice and red rice were planted on the same date in both the LSU and EMBRAPA
studies.
In the EPAGRI study, the red rice and glufosinate ammonium-tolerant rice were planted
in adjacent plots. The red rice plots were planted at four weekly intervals to provide a
longer flowering period. Cross pollination occurred in both directions, that is, either
weed red rice or glufosinate ammonium-tolerant rice may serve as pollen donor or
female parent. A natural crossing frequency range of 0.02 to 0.2% was observed (6,000
seed evaluated) for conditions of coincident flowering and distances of less than 1 meter
(Appendix 1: Abreu and Mitten 2002). Appendix 37: Noldin 1998 concludes that
crossing rate will depend on the synchronization of flowering, relative abundance of
pollen, self-fertility of the female, and environmental conditions, especially wind,
humidity and temperature, that influence the dispersal and survival of the pollen.
The EPAGRI researchers also made greenhouse hand-crosses in both directions,
demonstrating sexual compatibility between the red rice biotypes common in Brazil and
glufosinate ammonium-tolerant rice. At LSU, crosses in the greenhouse between US
biotypes of red rice and glufosinate ammonium-tolerant rice varieties have been
undertaken. One published study (Appendix 44: Sankula et al., 1998) reported that; 1)
the presence of the bar gene does not change reproductive biology of rice or red rice,
and 2) reciprocal crosses are successful and bar gene functions in F1 and F2 progeny.
Similar studies include the work by Dr. Elisabetta Lupotto at the Istituto Sperimentale
per la Cerealicoltura in Italy and Dr. Steve Linscombe at LSU.
iii) Likelihood of gene flow
Gene flow can occur into an adjacent rice crop and into weed red rice, however, the rate
is likely to be very low because there exists a combination of genetic, botanical,
geographic and agricultural barriers to gene flow. Gene flow will not occur into wild
Oryza species, which are far removed from rice production. Findings from the
environmental risk assessment of LLRICE62 support the following conclusions:
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Measurements of outcrossing frequency
•
Standards for rice breeding and seed production in the USA are based upon experience
of less than 0.5% outcrossing with an isolation distance of 1 m and less than 0.1% at 3
m. Experience in Brazil found no outcrossing at 5 m.
•
Experience with glufosinate ammonium-tolerant rice does not show an increase in
outcrossing frequency.
Barriers to gene flow
•
Gene flow is possible via pollen transfer and no other mechanism.
•
Crossing is possible within the AA genome, however reproductive barriers exist for F1
progeny (sterility) between diverse rice types.
•
Regions of temperate rice production are removed from the tropical habitats of the wild
Oryza species of the AA genome.
•
O. sativa is self pollinating (in general, less than 1% outcrossing has been observed in
cultivated rice, however, the degree of self-fertility can be affected by temperature at
critical stages).
•
O. sativa rice pollen has a short life (5 to 9 minutes).
There are no insect pollen vectors that could move the pollen long distances.
•
•
Successful outcrossing depends upon proximity of plants and coincidence of flowering.
Although red rice is dependent upon rice cultivation, the phenology of the two often do
not overlap.
•
Normal practices in rice cultivation, for example the separation of varieties by a
roadway or irrigation ditch, provide sufficient isolation distance to prevent crosspollination between a glufosinate ammonium-tolerant rice crop and a standard rice
variety.
•
Seed certification guidelines, designed for specific regions and different levels of seed
purity, use isolation distances of 3 -10 m between seed production fields.
iv)
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Consequence of gene flow

The transfer of the bar gene into red rice will not exacerbate problems of weed control or
adversely impact agriculture. A weed resistance management model developed for Brazil
(Appendix 30: Lima 2003 #B004397) finds that resistant red rice populations can be managed
using currently practiced agronomic techniques. An evaluation of glufosinate ammoniumtolerant / red rice hybrids in Louisiana, found hybrid families with a wide range of maturity
resulting in many of the plants unable to set seed within the normal agricultural cycle
(Appendix 60: Zhang et al., 2003). The fitness of crop-weed hybrids is not greater than that
of red rice (Appendix 39: Oard et al., 2000). No adverse impact to biodiversity could be
identified.
Field studies and observations comparing rice and glufosinate ammonium-tolerant rice
support the following conclusions:
Potential effects on rice crop and crop-weed hybrid fitness
•
Studies with rice / red rice hybrid populations find no impact of the bar gene on life
history, reproductive or seed dormancy traits.
•
No fitness advantage provided by bar gene, other than tolerance to the herbicide,
glufosinate ammonium.
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No changes for weediness characters have been observed in agronomic and breeding
evaluations carried out by the company or its university collaborators.

Potential effects on agriculture and rice productivity
•
New weed control tools for difficult to control weeds like rice mimic (Echinochloa
phyllopogon) and red rice (Oryza sativa) that have life cycles similar to cultivated rice.
•
New control options for biotypes of early watergrass (E. oryzoides) and barnyardgrass
(E. crus- galli) which are resistant to currently registered rice herbicides.
•
Compliments existing weed control programs.
•
Potential to bring rice land back into production that has been fallowed due to difficult
weed infestations.
•
Improved water management options which can lead to conservation.
•
Competitive rice varieties developed for temperate rice markets in USA, Brazil and
Argentina.
•
Commitment to a stewardship initiative to manage Liberty® herbicide resistant red rice
that may arise.
Potential effects on biodiversity
•
Red rice is an introduced weed that resides only in agro-ecosystem and is not an
important genetic resource for modern rice breeding.
•
Floristic surveys have identified the distribution and habitats of the wild Oryza species.
There is no overlap with temperate rice production. There is no impact by bar gene on
other organisms that may consume rice grain for food or feed.
There is no change in nutritional composition or levels of anti-nutrients measured in
•
glufosinate ammonium-tolerant rice or associated with the bar gene.
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7. Information on any toxic, allergenic or other harmful effects on
human or animal health arising from the GM food/feed
No harmful effects on human health arising from the genetic modification are expected.
The PAT protein is not toxic for mammals and does not possess any of the
characteristics associated with food allergens. Findings to support this conclusion
include:
•
The coding sequence of the bar gene is derived from a common soil microbe not known
to be a pathogen (Appendix 15: Freyssinet 2002 #C025021).
•
The PAT protein has no homology with any known allergens, toxins or antinutrients
(Appendix 16: Herouet 2002 #C024579).
•
The PAT protein has no glycosylation sites present on certain food allergens (Appendix
17: Herouet 2002 #C024581).
•
The PAT protein is quickly degraded and denatured in gastric and intestinal fluids of
domestic animals and humans (Appendix 11: Esdaile 2002 #C024588; Appendix 12:
Esdaile 2002 #C025155) and by heat (Appendix 13: Esdaile 2002 #C024585).
•
The PAT enzyme is highly substrate-specific. It acts on its target, glufosinate
ammonium, but it does not act on glutamate, the closest structural analogue of Lglufosinate ammonium (Appendix 56: Wehrmann et al., 1996 #A57959)
•
There were no adverse effects found in mice, even at a high dose level of the PAT
protein, after intravenous administration (Appendix 27: Kennel 2002 #C021395).
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Due to the relatively low expression of PAT in the event LLRICE62, the pure PAT
protein used in the above studies was isolated from a transgenic PAT-expressing E. coli
strain. The PAT protein generated in E. coli was not distinguishable by means of
biochemical and immunological methods from that expressed by event LLRICE62
(Appendix 9: Currier and Hendrickx 2004 #B004781).

Rice grain of LLRICE62 has the same nutritional quality and identical allergen profile
as rice in commerce. Safe consumption of the grain by humans is supported by the
following comparisons:
•

•
•
•
•

Nutritional compositions for whole grain and processed products of rice grain were not
different from the standards of rice in commerce and for most parameters found to meet
the standard of statistical equivalence (Appendix 40: Oberdoerfer 2001 #C011512).
Antinutritional factors common to rice are well below acceptable levels.
There is no increased risk of allergenic potential of the event LLRICE62 as compared to
its counterpart in rice-allergic subjects (Appendix 29: Lehrer 1999 #B004249).
Amount of endogenous rice allergenic protein is the same (Appendix 48: Shillito 1998
#B002195).
The amount of PAT protein present in LLRICE62 rice varieties is small. The amount of
PAT protein detected in the grain and grain derived products contain is less than 0.03%
on a weight basis (w/w) of the crude protein. The PAT protein was not detectable in
rice bran oil and parboiled brown rice (Appendix 40: Oberdoerfer 2001 #C011512).
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Comparative assessment
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Bayer considered 1) plant variety descriptors (plant and grain morphology using PVP
standards - described in section D 7.4), 2) agronomic performance traits (field performance,
grain performance - described in section D.7.4), 3) plant reproductive characteristics
(reproduction, disease resistance, fecundity, shattering, dormancy, persistence - described in
section D.4), and 4) compositon of key nutrients (nutritional composition of grain and straw,
anti-nutritional components, rice allergenic protein, rice storage proteins-described in section
D.7.10) for the comparative assessment of LLRICE62, as summarized in Table 5.
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In each case, LLRICE62 was compared to its parent variety, Bengal, a commercial medium
grain rice variety grown in the Southern US since its release in 1992 (Appendix 31:
Linscombe et al 1993). Medium grain rice is grown on ~100,000 Ha in Arkansas and
Louisiana, and Bengal is the principal variety.
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Additional comparators were Cocodrie and Cypress in the plant variety description,
Cocodrie, Cypress, Drew, Earl and Lagrue in agronomic performance, Cocodrie and red rice
in plant reproductive studies. In compositional studies LLRICE62 data were compared to
data obtained with Bengal as well as with data from public literature.
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Throughout the field testing history of LLRICE62 there were no differences observed that
could be attributed to pleiotropic effects of the bar gene insertion. Neither did LLRICE62
differ from the recipient in nutritional, agronomic or reproductive characters (Table 5).
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1. Plant variety
descriptors

Table 5: Summary of parameters evaluated in the comparison of LLRICE62 and the
recipient rice variety, Bengal.
Characteristic
Plant morphology
using PVP standards

Grain morphology using PVP
standards

2. Agronomic
performance traits

Field performance

Grain performance

3. Plant reproductive
characteristics

Reproduction

Disease resistance
Fecundity

Shattering
Dormancy

4. Composition
of key nutrients

Persistence
Nutritional composition of
grain and straw
Anti-nutritional components
Rice allergenic protein
Rice storage proteins

Parameters
Maturity, Culm, Flag leaf
Ligule, Panicle, Spikelet
Fertility
Germination and vigor in cold
Endosperm color, Aroma
Shape class defined by L/W ratio
Amylose values
Alkali spreading value
Emergence and stand
establishment
Rate of growth (first and 50%
tillering date)
Vigor
Height
Yield
Whole grain milling yield
Grain moisture
Duration (days) of optimum
harvest
Date of first flower (heading)
Date of 50% and last heading
Date of grain maturity
Severity rating for naturally
occurring pathogens
Seed per panicle
100 seed weight
Empty florets
Shatter rating of mature panicles
Dry afterripening
Germination rate
Survival of imbibed seed
Census of volunteers in
subsequent season
Proximates, amino acids,
minerals, vitamins, fatty acids
Phytic acid, trypsin inhibitor, and
hemagglutinin (lectin)
16 kDA protein
sera screen
Albumin, globulin, glutelin,
prolamine

Findings
Same as recipient variety

Same as recipient variety

Same as recipient variety, with
the exception of height and yield
Selected lines in USA based
upon LLRICE62 were shorter by
7-10 cm than recipient, and
depending upon the agronomic
practice, yield differences were
observed.
Same as recipient variety

Same as recipient variety

No changes in disease reaction
compared to recipient variety
Same as recipient variety

Same as recipient variety and not
like weedy rice.
Same as recipient variety and not
like weedy rice.
Same as recipient variety.
Same as recipient variety
Same as recipient variety
Same as recipient variety
Same as recipient variety
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7.2 Field trials
Deleted:

(a)number of locations, growing seasons, geographical
spreading and replicates

Deleted:

1) plant variety descriptors
Plant variety descriptors were studied in two locations in seasons 1998-1999 and 1999- 2000.
i.) Using the Objective Variety Description for Rice of the USDA, Plant Variety Protection
Office, measurements were made in the 1999 season in side-by-side plantings at the Rice
Research Station of Louisiana State University (Latitude 30º North) from 10 representative
plants of the variety Bengal and the LLRICE62-derived line, LL-401.
ii.) In the rice growing region of Southern Brazil, state of Rio Grande do Sul (RS),
measurements collected in the 1999-2000 season by scientists of the Temperate Climate
Research Station of EMBRAPA located in Pelotas-RS (Latitude 30º South), support the
conclusion that the variety Bengal and a primary transformation LLRICE62-derived line are
similar in the plant morphology characteristics used for variety descriptions.
2) agronomic performance traits
Field studies were conducted in Brazil and Argentina in the 1998-1999 and 1999-2000
season. (Appendix 1: Abreu and Mitten 2002 #B04394). The Southern US variety
development program began replicated agronomic evaluations in 1999 and continued for three
years in Arkansas, Louisiana, Texas and Mississippi (Appendix 26: Johnson et al., 2002
#B04395). Plots sizes varied by type of test, and were 4.5, 8 or 16 square meters in size.
Replications for the various tests ranged from 2 to 4.
3) plant reproductive characteristics
Field and greenhouse studies of parameters of plant reproductive characteristics have been
undertaken in the Southern United States of Louisiana and Arkansas and in the Southern
Brazilian States of Rio Grande do Sul and Santa Catarina in 1998, 1999 and 2000.
4) compositon of key nutrients
To produce grain for the food and feed safety assessment studies, glufosinate ammoniumtolerant rice (transformation event LLRICE62) was grown in the same manner as for
commercial production, using either conventional weed control practices or glufosinate
ammonium herbicide. The rice varieties were identical in genetic background, except for the
presence of the bar gene in the glufosinate ammonium-tolerant rice. Grain samples were
taken from replicated plots for analysis, which included multiple field sites over two growing
seasons.
The geographic range included the Southern United States rice growing regions of Louisiana,
Arkansas and Mississippi. Grain samples were collected from two growing seasons (1998
and 1999), 14 locations, three treatments from almost every location, and a 3-fold replication
per treatment. The three treatments consist of: a) non-transgenic rice grown using
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conventional herbicide weed control, b) transgenic rice grown using conventional herbicide
weed control, and c) transgenic rice grown with Liberty® herbicide weed control.
Plots were harvested by mechanical combine. Plots size varied by location, and was either 8
or 16 square meters. Grain samples were collected from the combine grain bin. The plot
combine cuts the panicles, removes the grain from the panicles using mechanical rollers, the
grain passes over a screen to remove the chaff and is finally is mixed by the mechanical agar
as it passes into grain bin. Three replicate 500 gm samples (~18,750 seed) were taken from
each plot in this manner. Because the study design consists of randomized plots and the
harvester transverses the field in plot order, some co-mingling of samples could be expected.
Adventitious presence of <10% was the internal threshold for compositional studies.
Deleted:

(b) statistical models for analysis, confidence intervals
1) plant variety descriptors
T-test comparison to reference variety and USDA plant variety descriptors.
2) agronomic performance traits
Analysis of variation, 95% confidence interval
3) plant reproductive characteristics
Comparison to reference variety.
4) compositon of key nutrients
Analysis for bioequivalence, 95% confidence interval.
The statistical approach we took was an extension of the t-test procedure for supporting the
probability of equivalence. Instead of using the t-test table for the means comparisons to
determine difference, the equivalence analysis tests whether the treatment differences exceed
the range of normal variation of the comparator, non-transgenic plants (Appendix 38: Nordic
Council 2000, Appendix 40: Oberdoerfer 2001 #C011512).
Statistical equivalence for a component is assumed if the difference of the mean values is
within a certain interval. Another power of this approach is that natural variation caused by
environment is evident in the site interaction term of the control data.
In the first step of the statistical assessment of the data, the means of the non-transgenic
(reference) group were calculated for each nutritional component using the data of the single
site and over all the sites. Then equivalence boundaries were set to ± 20% of the means.
The next step is the analysis of equivalence for each component, first for each site separately,
and then over all sites. An analysis of variance (ANOVA) was calculated with the factors
treatment, location and their interaction term. Significant interaction is indicated when
p<0.05, that is to say that in cases where the p-value was less than 0.05 the nutritional
component measured was more influenced by the environment than the treatment (rice
variety/herbicide system).
Based on the ANOVA, 2-sided confidence intervals (95%) were calculated pair wise for the
treatment differences (LSMEANS statement in SAS-procedure PROC MIXED). Following
the advice of the FDA and the Nordic Council for accepted limits for biological equivalence,
two treatments were considered in these studies as equivalent, if the 95%-confidence interval
of the difference was within ± 20% of the mean value of the respective reference treatment
(non-transgenic plants).
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(c) the baseline used for consideration of natural variations
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The bar gene introgression into Bengal genome resulted in modification falling inside the
normal ranges of variation that requires no further evaluation to determine any biological
significance.
1) plant variety descriptors
Side by side comparison to the parent variety, Bengal and to PVP standard varieties.
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2) agronomic performance traits
Side by side comparison to other rice varieties (Cocodrie, Cypress, Drew, Earl and Lagrue)
and to the parent variety, Bengal.

Deleted: derived
Deleted:

3) plant reproductive characteristics
Side by side comparison to the parent variety, Bengal as well as to Cocodrie and red rice.
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4) compositon of key nutrients
Published literature was consulted for the range of values to be expected for each nutritional
component. Ranges for statistical comparison were build from the values of the nontransgenic, reference variety, Bengal (Appendix 40: Oberdoerfer 2001 #C011512, Section 3).
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7.3 Selection of compounds for analysis
Rice is primarily an energy source in human nutrition, and carbohydrates comprise ~80% by
weight of the whole grain. However, in regions of the world where it is considered a staple,
rice can be the principal dietary source not only of energy, but also of protein, iron, calcium,
thiamin, riboflavin and niacin. Bayer CropScience undertook a systematic review of the
composition of the grain derived from LLRICE62 (Appendix 40: Oberdoerfer 2001
#C011512, Section 4). The scope of the evaluation included the raw grain (also known as
rough or paddy rice) and selected processed grain products. The components selected for
compositional and nutritional analyses comprise the important nutrients of rice. These are
proximate, amino acids, fatty acids, micronutrients, such as vitamins and minerals, and
antinutrients, such as phytic acid, trypsin-inhibitors and lectins.
Composition analysis of rough rice. For the nutritional components that could be measured
in rough rice a robust data set from the two season multi-site design can evaluate potential
environmental effects between the sites and allow a sound statistical comparison between the
non-transgenic and transgenic samples. Means are reported for all locations comparing the
non-transgenic comparator with the transgenic rice grain, produced either with conventional
herbicides or with the application of glufosinate ammonium herbicide (Table 6). Part of the
substantial equivalence evaluation uses a comparison with reference ranges to look for
consistent differences as an indication of unintended effects. The reference ranges from
literature for rice in commerce are included to provide an expected range for each of the
nutrients.
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Analysis of Equivalence. Summary results compiling the data from all 14 sites of the
analysis for equivalence for the proximates, fiber compounds, micro-nutrients (minerals,
vitamins) anti-nutrients, and total amino acids measured in the whole rice grain (rough rice)
are provided in Table 7.
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Table 6: Comparison of the nutritional components measured in rough rice produced
from LLRICE62 and from non-transgenic reference Bengal in conventional
and in Liberty® herbicide regimes together with reference ranges for rice in
commerce
Component
(on dry matter basis)

Deleted:

Reference
Crop/herbicide regime
Non-Transgenic/ Transgenic/ Transgenic/ Range
from
Conventional
Conventional Liberty
Literature
Herbicide
herbicide
herbicide

Proximates

Moisture %fw
Crude protein %
Crude fat %
Ash %
Total carbohydrates %

10.99a
8.10
2.57
4.55
84.78

10.42
8.41
2.61
4.47
84.51

12.93
8.31
2.62
4.69
84.38

11.0 - 13.7
6.7-8.9
1.8-2.7
3.4-6.0
83.0-87.8

18.84
14.68
18.10
10.36

19.41
14.31
19.44
10.61

18.42
14.13
17.93
10.45

19.1
16,4
8.4-12.1

Fiber compounds
Total dietary fiber %
Acid detergent fiber %
Neutral detergent fiber %
Crude fiber %
Total amino acids
Alanine %
0.41
0.42
0.42
0.47
Arginine %
0.55
0.55
0.55
0.52-0.80
Aspartic acid %
0.73
0.74
0.73
0.81
Cystine %
0.18
0.19
0.18
0.09-0.14
Glutamic acid %
1.25
1.30
1.26
1.59
Glycine %
0.36
0.36
0.36
0.39-0.69
Histidine %
0.19
0.20
0.21
0.10-0.20
Isoleucine %
0.28
0.29
0.29
0.30-0.43
Leucine %
0.58
0.59
0.59
0.60-0.68
Lysine %
0.29
0.29
0.29
0.28-0.34
Methionine %
0.19
0.20
0.19
0.15-0.20
Phenylalanine %
0.37
0.38
0.37
0.34-0.42
Proline %
0.34
0.35
0.35
0.37
Serine %
0.38
0.38
0.38
0.41-0.56
Threonine %
0.28
0.28
0.28
0.26-0.35
Tryptophan %
0.10
0.10
0.10
0.10-0.14
Tyrosine %
0.13
0.12
0.13
0.26-0.71
Valine %
0.41
0.43
0.42
0.44-0.58
a
Means obtained across all locations and seasons, calculated on the basis of dry
matter
Table 6 (continued): Comparison of the nutritional components measured in rough rice
produced from LLRICE62 and from non-transgenic reference Bengal in
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conventional and in Liberty® herbicide regimes together with reference
ranges for rice in commerce
Component
(on dry matter basis)

Crop/herbicide regime
Reference
Non-Transgenic/ Transgenic/ Transgenic/ Range from
Literature
Conventional
Conventional Liberty
herbicide
herbicide
herbicide

Minerals
Phosphorus %
Potassium %
Calcium %
Iron mg/kg

0.268
0.286
0.022
35.85

0.278
0.297
0.027
50.52

0.286
0.294
0.028
41.44

0.24-0.36
0.18-0.53
0.02-0.07
16.2-57.0

48.76
9.10
5.28
1.11
17.30

49.86
10.52
5.89
1.10
20.76

54.73
11.10
5.96
1.12
19.70

14.6-65.0
4.0-12.4
1.4-3.8
0.4-1.3
6.7 - 34.7

0.83

0.86

0.81

0.72 - 1.20

Vitamins
Niacin mg/kg
Pantothenic acid mg/kg
Vitamin B1 mg/kg
Vitamin B2 mg/kg
Vitamin E IU/kg
Anti-nutrient
Phytic acid %
a

Means obtained across all locations and seasons, calculated on the basis of dry matter

Equivalence in the rough rice was demonstrated for all proximates, fiber compounds, and the
total amino acids. Equivalence by this method was not proven for calcium, iron, and three of
the vitamins. However, in every case where equivalence was not statistically proven, the
mean values calculated for the transgenic samples are within the reference range reported in
the literature for rice in commerce (Table 6) and in some cases, were higher than those of the
non-transgenic reference.
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Table 7: Results of analysis of equivalence for nutritional components in rough rice
produced from LLRICE62 and from non-transgenic reference Bengal in
conventional and in Liberty® herbicide regimes.

Component

Deleted:
Deleted:
Deleted: .

Analysis of Equivalence a
p-value for Non-transgenic reference Non-transgenic reference
site by
compared to transgenic with compared to transgenic
treatment
conventional herbicide
with Liberty herbicide
interaction
system
system
b

Proximates

Moisture
Crude protein
Crude fat
Ash
Total carbohydrates

<0.05
<0.05
<0.05
<0.05
<0.05

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

>0.05
<0.05
<0.05
<0.05

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
>0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Deleted:

Fiber compounds
Total dietary fiber
Acid detergent fiber
Neutral detergent fiber
Crude fiber
Total Amino Acids
Alanine
Arginine
Aspartic Acid
Cystine
Glutamic Acid
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Valine
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Table 7 (continued): Results of analysis of equivalence for nutritional components in
rough rice produced from LLRICE62 and from non-transgenic reference
Bengal in conventional and in Liberty® herbicide regimes
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a

Component

Analysis of Equivalence
p-value for Non-transgenic reference Non-transgenic reference
site by
compared to transgenic with compared to transgenic
treatment
conventional herbicide
with Liberty herbicide
interaction
system
system
b

Minerals
Phosphorus
Potassium
Calcium
Iron

>0.05
<0.05
<0.05
<0.05

Yes
Yes
No (+)
No (+)

Yes
Yes
No (+)
Yes

>0.05
<0.05
<0.05
>0.05
>0.05

Yes
No (+)
Yes
Yes
No (+)

Yes
No (+)
No (+)
Yes
No (+)

<0.05

Yes

Yes

Vitamins
Niacin
Pantothenic acid
Vitamin B1
Vitamin B2
Vitamin E
Anti-nutrient
Phytic acid

Table notes:
a
Analysis of equivalence over all the sites reflects the comparison between the pooled data of the
respective component in the transgenic samples and the pooled data for the same component in the
non-transgenic samples. The criterion for equivalence (yes) is met when the 95% confidence interval
of the difference does not exceed the 20% range of the reference (non-transgenic). In every case
where equivalence was not statistically proven (no), the reported values are within the ranges of the
literature values. When the value is greater than the reference, an (+) is indicated.
b
Analysis for interaction between the field site and component, comparison of all three treatments,
across all sites. A significant interaction is indicated, if the p-value is <0.05.

Analysis of post-processing nutritional composition. Rice grain from one location was
processed to provide samples of processed products for analysis.
Rice bran gives brown rice its color and nutty flavor. Vitamin determinations showed an
excellent correspondence between LLRICE62 and the comparator for brown rice samples
(Table 8). Bran is generally high in minerals and vitamins, especially the B-complex group,
and is used as an ingredient in cereals and mixes as well as in vitamin concentrates. The
minerals and vitamins of the transgenic rice bran samples (Table 9) have values which are
comparable to the values for the respective conventional rice bran sample and the reference
ranges reported from the literature.
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Minerals and vitamins in brown rice produced from LLRICE62 and from nontransgenic reference Bengal in conventional and in Liberty® herbicide regimes

Component
(on a dry matter basis)
Minerals
Ca (%)
Fe (mg/kg)
Vitamins
Niacin (mg/kg)
PantothenicAcid (mg/kg)
B1 (mg/kg)
B2 (mg/kg)
E (IU/kg)
a

1829/2003 LLRICE62 -Part I –
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Crop/herbicide regime
Non-Transgenic/ Transgenic/
Conventional
Liberty®
herbicide
Herbicide

Reference
Range from
Literature

<0.01a
17.2

0.02
17.1

0.02-0,04
14.7-40

56.31
12.60
6.21
1.29
29.29

62.14
11.33
7.44
1.19
24.56

41-58
10-17
3.0-4.71
0.5-1.6
13-29

Deleted: Liberty

Values are means of duplicate analyses of the samples

Table 9: Minerals and vitamins in rice bran produced from LLRICE62 and from nontransgenic reference Bengal in conventional and in Liberty® herbicide
regimes

Deleted: ¶
Deleted:

Important nutritional factors were measured in the transgenic, LLRICE62 rice bran samples
and the respective conventional rice bran. The values are means of duplicate analyses of the
samples.
Component
(on a dry matter basis)

Mineral
Phosphorus %
Vitamins
Niacin (mg/kg)
B1 (mg/kg)
B2 (mg/kg)
a

Crop/herbicide regime
Non-Transgenic/ Transgenic/
Conventional
Liberty®
herbicide
herbicide

Reference
Range from
Literature

1.61 a

1.35

1.59-2.02

318
30.26
4.58

280
32.49
3.7

330-580
11.0-29.3
1.2-4.0

Deleted: Liberty

Values are means of duplicate analyses of the samples

Rice bran oil is a high quality cooking oil, and we found that the desired lipid profile is
preserved in LLRICE62 (Table 10). The fatty acid values for the non-transgenic and
transgenic samples agree well. The unsaponifiable lipid constituents in unbleached rice bran
oil (tocopherols, tocotrienols, and oryzanol) showed very little difference in content between
the non-transgenic and transgenic rice samples, and good correspondence to literature
reference ranges.
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Table 10: Lipid composition of crude rice bran oil produced from LLRICE62 and from
non-transgenic reference Bengal in conventional and in Liberty® herbicide
regimes
Fatty Acid
(Relative percentage)

Saturated
C14:0
C16:0
C18:0
C20:0
C22:0
C24:0
Total
Mono-unsaturated
C16:1
C18:1
C20:1
Total
Poly-unsaturated
C18:2
C18:3
Total
Grand Total
Unsaponifiable Lipids
(on a dry matter basis)

Oryzanol (%dm)
Tocopherols (mg/kg
dm)
α
γ
δ
Tocotrienols (mg/kg
dm)
α
γ
δ
a

Crop/herbicide regime
Transgenic/
Non-Transgenic/
Liberty®
Conventional
herbicide
Herbicide

Reference
Range from
Literature

0.39 a
15.1
1.82
0.71
0.30
0.59
18.9

0.38
14.6
1.86
0.73
0.28
0.54
18.4

0.70
16.9
1.60
19.70

0.26
40.3
0.61
40.9

0.26
40.0
0.67
40.7

0.20
39.10
0
39.30

38.7
1.12
39.8
99.6

39.0
1.12
40.1
99.2

33.40
1.60
35.00
93.50

Non-Transgenic/ Transgenic/
Conventional
Liberty®
Herbicide
herbicide

Reference
range

2.23

2.17

1.5-2.9

239.2
15.49
14.80

254.1
16.52
19.30

190-460
10-100
4-9

157.3
10.40
13.06

138.7
12.40
18.94

140-330
90-690
-

Values are means of duplicate analyses of the samples
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Special nutritional considerations of rice. There are three anti-nutrients that are important
in rice and rice products: phytic acid, trypsin-inhibitors and lectins. These anti-nutritional
factors were measured in rough rice, white, polished rice, and rice bran. The biochemical
analysis did not detect lectins in any of the rice products (limit of quantitation 0.2 HU/mg).
Trypsin inhibition was only found in the rice bran, but not in any rough rice or white rice
samples. For phytic acid, equivalence between the transgenic and non-transgenic rough rice
samples was demonstrated. Phytic acid was also measured in white rice and rice bran
samples. There was no difference in the phytic acid contents of the transgenic and nontransgenic samples, and the measured values were in agreement with literature reference
ranges.
Prolamins: Rice is an important grain source in diets which require low prolamin protein.
For example, rice is used as a substitute for wheat in baby food and special diets for celiac
patients, because rice has the lowest prolamin content of all the common food grains
(Appendix 40: Oberdoerfer 2001 #C011512, Section 4.17).
Osborne fractionation separates proteins into four fractions of solubility, extracting
successively the albumins (water fraction), the globulins (saline fraction) and the prolamins
(ethanol fraction). The glutelins remain in the residue, but are partially soluble in diluted acid
and completely soluble after reduction of the disulfide bonds. Brown rice (with hulls
removed, but not milled) was analyzed using the Osborne method to confirm that the protein
profile remained unchanged (Table 11). The classification of the rice proteins, and especially
the prolamin content, is the same in non-transgenic and transgenic brown rice (Table 11).
This result is an important indication for the stability of the prolamin fraction in the transgenic
rice.
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Table 11: Osborne fractionation of rice proteins produced from brow rice samples of
LLRICE62 and from non-transgenic reference Bengal in conventional and in
Liberty® herbicide regimes

Osborne
protein classes
(% total protein)
Albumin
Globulin
Glutelin

Prolamin
a

Transgenic/
Non-Transgenic/
Liberty®
Conventional
herbicide
Herbicide
3.1 a
10.3
85.4
1.2

2.8
9.9
86.2
1.1

Reference
range from
Literature
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5-17
4-15
70-86
2-5

Values are means of duplicate analyses of the samples
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7.4 Agronomic traits
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The agronomic evaluations included a detailed phenotypic analysis based upon plant variety
description, agronomic performance evaluations common to yield trials, pest resistance
evaluations and agronomic practice evaluations to determine plant nutrition requirements
(Appendix 1: Abreu and Mitten 2002 #B04394; Appendix 26: Johnson et al., 2002
#B04395).
Plant morphology characteristics: Using the Objective Variety Description for Rice of the
USDA, Plant Variety Protection Office, measurements were made in the 1999 season in sideby-side plantings at the Rice Research Station of Louisiana State University from 10
representative plants of the variety Bengal and the LLRICE62-derived line, LL-401. Many of
the phenotypes measured by PVP analysis are recognized to be inherited as single genes and
thus provide an indication of unintended or pleiotropic effects.
In the rice growing region of Southern Brazil, state of Rio Grande do Sul (RS), measurements
collected in the 1999-2000 season by scientists of the Temperate Climate Research Station of
EMBRAPA located in Pelotas-RS, support the conclusion that the variety Bengal and a
primary transformation LLRICE62-derived line are similar in the plant morphology
characteristics used for variety descriptions.
The maturity for the variety and its related line was recorded to be 82 days (seeding to 50%
heading) in Louisiana and a few days longer in Rio Grande do Sul (84-88 days). A series of
plant morphology characters were observed at different life stages. Characteristics of the
culm are assessed after flowering, for both comparators, the culm was erect, the height class
was short, the internode colour was green and the strength (lodging resistance) was found to
be strong. The flag leaf at heading was observed to be pubescent, with an erect leaf angle,
blade colour of dark green and green basal leaf sheath colour in both comparators. Ligule
characters at the late vegetative stage were identical, white in colour, with collar and auricle
colour of pale green. Panicle characters near maturity were of intermediate type, with heavy
secondary branching, complete exertion from the culm, with droopy axis, very low shattering
and intermediate threshing quality.
The spikelet at full heading has no awns, an apiculus colour of straw, stigma colour of white,
lemma and palea colour of straw with pubescence on the lemma keel. The spikelets were
scored as highly fertile (>90%) at maturity. In low temperatures, the germination and
seedling vigor is medium and the spikelet fertility is low, a characteristic of Southern US rice
varieties.
Grain (seed) parameters record light brown bran, nonglutinous endosperm of clear
translucency and less than 10% of the sample showing chalkiness. There was no aroma or
scent. Rice grain shape class is defined by the length/width (L/W) ratio of paddy rice. The
L/W ratio indicative of short grain is 2.21 or less, medium grain is 2.31 to 3.31, and for long
grain the L/W ratio must be 3.41 or more. The shape class of the paddy rice is medium grain,
Bengal, 2.6 L/W ratio and LLRICE62, 2.8 L/W ratio.
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Depending upon the production season, amylose values for Bengal and for LLRICE62 range
between 12 and 13%. Alkali spreading values range between 5.8 and 6.2. These are typical
values for medium grain rice. For comparison, US long grain varieties have amylose values
of 21-23% and alkali values of 2-4. Rice varieties with low amylose content cook moist and
sticky, in contrast, varieties with higher amylose content cook dry and fluffy.
Milling yield evaluations are an important indicator of the capacity of a variety to produce
grains that can withstand the milling and polishing process without breaking or fracture.
Whole or head rice milling yield is obtained by cleaning, hulling and then milling a certain
quantity of rough or paddy rice. The whole milling yield is expressed as the % of grains
which remain whole following milling to remove the bran and germ layers. Total milling
yield is the quantity of whole plus broken grains of milled rice that can be obtained from a
given quantity of uncleaned rice. Grain moisture at the time of harvest interacts with genetics
of a variety to influence the milling yield. A study conducted at LSU to compare milling
quality and harvest parameters of 10 rice varieties, found Bengal and LL-401 to be similar,
with maximum head rice (whole milling yield) of 67% and 68%, optimum grain moisture of
17.6% and 17.8% and the duration of optimum harvest time for both was 13 days.
Field performance: The US variety development program began replicated agronomic
evaluations for selected lines derived from transformation event, LLRICE62 in 1999. Field
studies were conducted in Brazil and Argentina in the 1998-1999 and 1999-2000 season.
Initial field trials compared the selected lines to the original parent variety, Bengal. In the
2001 season, testing began for new varieties based upon transformation event LLRICE62
derived by traditional crossing programs. In no genetic background did the presence of
transformation event LLRICE62 result in a difference in performance that could be attributed
to pleiotropic effects of the insertion.
USA Agronomic Evaluations: Two lines, LL-401 and LL-001 of transformation event
LLRICE62 were the subject of three years of agronomic testing beginning in 1999. Locations
in Arkansas, Louisiana, Texas and Mississippi tested these lines across the region of
adaptation. All the evaluations in the state of Louisiana were conducted under the direction of
Dr. Steve Linscombe of LSU Rice Experiment Station. Activities in all the other locations
were directed by Dr. Kirk Johnson, Bayer Crop Science. The Liberty lines were grown in
replicated trials with their variety reference, Bengal and other commercial rice varieties using
conventional herbicide programs common for the location of the trials. In general, the data
indicate no statistical differences in all characteristics except height measured at maturity.
Both lines of transformation event LLRICE62 are shorter than the conventional counterpart
variety Bengal. Shorter stature is considered an attribute, although the recorded difference in
height is not sufficient to move the PVP height classification from short to semidwarf. It
must be noted that there were lines with taller height, however, the plant breeding program
selected for shorter stature.
An important consideration for a new rice variety is the yield and quality of the grain. In the
tests conducted in 1999 and 2000 under conventional weed control programs, the grain
production of Bengal was more than either of the derived lines by 5%.
However, in the 2001 tests at seven locations in Louisiana, where comparisons can be made
between variety performance under weed control delivered by conventional herbicide and
Liberty herbicide, the lines demonstrated an improved yield capacity. For example, at the
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Acadia Parish location, the mean for yield of line LL401 in the Liberty herbicide treated plots
was 7492 kg/ha (ANOVA, 14 % CV, alpha= 0.05, error df = 28). The variety Bengal in
conventional herbicide treatments had a mean yield of 7457 kg/ha and line LL401, 7007 kg/ha
(ANOVA, 7.6% CV alpha= 0.05, error df = 62).
The breeding and variety development program has been active to transfer the event
LLRICE62 into other genetic backgrounds. A large number of lines are currently in plant
breeding field evaluations to make selections and set targets for further crossing. In parallel
to the traditional crossing program, an accelerated backcross or marker assisted breeding
program was applied to event LLRICE62. Bayer has molecular evidence that the conversion
of event LLRICE62, (transformed in medium-grain tropical Japonica germplasm, cv. Bengal)
to temperate Japonica (recurrent parent, M202) and long-grain tropical Japonica (recurrent
parent, Drew) is complete. In 2001, Bayer completed field evaluations for comparison of the
behaviour of transformation event LLRICE62 in these two different genetic backgrounds.
The region of adaptation for M202 is California while Drew is a Southern long grain variety.
Data from this first year of testing demonstrates that many of the converted lines have equal
or better agronomic performance than the corresponding conventional recurrent parent
cultivars.
South American Agronomic Evaluations: Two seasons of field evaluation were completed
in Argentina; 1) 1998-1999, Concepción del Uruguay, Entre Ríos, completed by INTA
(National Institute of Agricultural Technology) and 2) 1999-2000, Estancia El Rocio,
Mercedes, Corrientes, under the management of Bayer.
In the first field season in Argentina, T3 generation lines of transformation event LLRICE62
in Bengal genetic background were planted in replicated blocks containing 28 experimental
lines and 8 commercial lines. Crop tolerance to Liberty herbicide (two applications) and
grain yield were evaluated. Mean for yield for the Liberty herbicide treated plots was 7769
kg/ha, 18.3% CV and no significant difference observed between the lines (ANOVA, alpha=
0.05, error df = 27). The lines in conventional herbicide treatments (which included regional
varieties) had a mean yield of 7626 kg/ha, 11.8% CV ANOVA, alpha= 0.05, error df = 35).
The plots were subjected to high weed pressure of Portulaca sp, which neither the Liberty
herbicide nor the conventional treatments completely controlled. Rainfall was observed some
10 hours after the second herbicide applications. All the lines based upon Bengal germplasm
expressed susceptibility to a late attack of Pyricularia grisea in the collar and rachis and to
Sclerotium oryzae (stem rot). Compared to Bengal, the LLRICE62 derived lines were not
different for height (range 75-80cm), seedling vigor, tillering or lodging.
The field evaluation focus in 1999 shifted to variety development. In a breeding nursery, one
F2 population of transformation event LLRICE62 crossed by Bayer Brazil breeding program
was evaluated in 6 rows of 3 meters each. Selections were made from the populations based
upon agronomic performance characteristics.
At the location of the Bayer breeding station, near Pelotas, in the Southern Brazil state of Rio
Grande do Sul (RS), a large field site contained several independent studies in the 1999-2000
season. Field and greenhouse studies were undertaken by scientists on staff at the Temperate
Climate Research Station of EMBRAPA located in Pelotas-RS, EPAGRI located in Santa
Catarina as well as faculty from the Agronomy Department of two regional Universities;
Universidade Federal de Santa Maria-RS (UFSM) and Universidade Federal de Pelotas-RS
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(UFP). A particular focus of these studies was the biosafety of the transformation event
LLRICE62 under the growing conditions in Brazil. The event was compared to the variety
Bengal for plant morphological characteristics, agronomic performance, reaction to natural
infestation of rice pathogens, impact upon other organisms and pollen dispersal
characteristics. Under conventional herbicide treatments, the glufosinate ammonium-tolerant
rice, LLRICE62 has a yield of 6366 kg/ha and the yield for the Bengal variety was 4656
kg/ha. Plant morphology and maturity were similar.
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Response to pathogens of rice: Studies carries out in USA, Brazil and Argentina to observe
the sensitivity of rice containing the bar gene when challenged with the naturally occurring
pathogens of rice have found no changes in disease resistance when compared to the reference
variety.
Two lines based upon transformation event, LLRICE62 (LL401 and LL001) were included in
the rice disease resistance evaluation program of the LSU Rice Research Station (Crowley
LA) in 2000 (Table 12), comparing their disease severity to traditional varieties, Bengal and
Cocodrie. Disease pressure included natural infestations of Pyricularia grisea (blast),
Sphaerulina oryzina syn. Cerospora janseana (narrow brown spot), Burkholderia glumae
(panicle blight) and inoculation of Thanatephorus cucumeris, syn. Rhizcotonia solani (sheath
blight).
The trials were designed in randomized complete block, with 4 replications in conventional
herbicide regime. Severity rating scales, between 0 (immune) and 9 (very susceptible) were
used.
Evaluation found the disease symptoms of the LLRICE62 derived lines and the reference,
Bengal variety to be similar.
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Table 12: Summary of disease severity ratings performed in USA (Crowley LA, 2000)

Disease severity rating scales (0 =immune, 9= very
susceptible)
RNBb
PBc
NBd
LSe
LBf
SBa
4.8
0.0
3.3
0.5
1.5
4.5
LL401
LL001
5.3
0.0
3.3
0.3
0.3
5.0
Bengal
4.8
0.5
3.5
1.3
2.5
4.0
Cocodrie
7.0
0.5
4.5
3.0
2.0
2.3
10.5
70.3
27.3
37
52
24
CV (%)
LSD (0.05)
0.9
1.1
1.1
1.1
1.6
1.3
a
SB= sheath blight, b RNB= rotten neck blast, c PB= panicle blight, d NB= narrow brown leaf
spot, e LS= leaf smut, f LB= leaf blast
Variety

In Argentina in the 1998-1999 season, all the lines based upon LLRICE62 and the reference
line Bengal expressed susceptibility to a late attack of Pyricularia grisea (blast) in the collar
and rachis and to Sclerotium oryzae (stem rot).
In Brazil, 1999-2000 seasons, no natural infestations of Pyricularia grisea were present.
However, natural infestations of Drechslera oryzae and Rhynchosporium oryzae were present
and the severity of the foliar symptoms was the same for glufosinate ammonium-tolerant
derived lines (LLRICE62 and ABR15) and the reference varieties (Bengal and IRGA 401)
(Table 13).
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Table 13: Summary of disease severity ratings performed in Brazil (Rio Grande do Sul, 19992000)

Genotype

LLRICE62/ABR15
LLRICE62/ABR15

Herbicide
treatment
No herbicide
Glufosinate
ammonium
Conventional
Conventional

Pyricularia
oryzae
Not observed
Not observed

Rice pathogens
Drechslera Rhynchosporium
oryzae
oryzae
4.19 a
1.06 a
4.25 a
0.94 a

Deleted: Glufosinate

LLRICE62/ABR15
Not observed 3.63 a
1.06 a
Bengal/IGRA 401
Not observed 3.63 a
0.50 a
CV
10.7%
25.5%
No difference detected between means by Tukey’s test (P>0.05).
Rating represent the mean of 40 plants. Severity rating corresponds to the area of the
foliage with symptoms of the disease.
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7.5 Product Specification
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The derived food is rice and the derived feed can be ground whole grain or the by-products of
rice milling.
The introduced trait is herbicide tolerance. The characteristic is based upon the bar gene,
isolated from the soil microorganism, Streptomyces hygroscopicus. Using recombinant DNA
technologies, the bar gene has been cloned from S. hygroscopicus, fused with the 35S
promoter from Cauliflower mosaic virus. The transformation (DNA delivery) was performed
by particle bombardment using a purified plasmid fragment containing the bar cassette. The
bar gene, when expressed, enables the production of the enzyme, Phosphinothricin-AcetylTransferase (PAT) that acetylates L-glufosinate and thereby confers tolerance to herbicides
based upon glufosinate ammonium.
LLRICE62 varieties belong to the species, Oryza sativa L. and are distinguished from other
rice only by tolerance to the herbicide, glufosinate ammonium, the genetic locus defined as
LLRICE62 and the presence of the PAT protein.
Glufosinate ammonium-tolerant rice transformation event LLRICE62 has been
conventionally bred into varieties with grain rice types common in the diet of the European
Union.
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7.6 Effect of the production and processing
The harvested rice or paddy rice is dehulled to obtain brown rice. Milling and polishing
processes (Figure 1) remove hulls, bran layers and germ (Appendix 40: Oberdoerfer 2001
#C011512, Figure 2.2.1). Brown rice is produced by removal of the hulls from rice kernels.
Brown rice may be eaten as is or milled into regular-milled white rice which results in a
smooth surface to the so-called milled or polished rice. In the polishing process, broken rice
is produced, which serves as the raw material for production of rice flour, rice starch, rice
proteins and beer brewing. Most polished rice is enriched, giving it a nutritional value similar
to brown rice (Appendix 40: Oberdoerfer 2001 #C011512, Section 2.5, Figure 2.5.1).
Parboiled rice is produced from paddy rice, first by soaking in hot water steaming in an
autoclave, and drying the grains, before milling. Used mainly for long grain rice, this process
gelatinises the starch in the grain, and ensures a firmer, more separate grain. The effect of this
special treatment is to save the vitamins and minerals, because they migrate from the outer
aleuron layer into the inner endosperm layers. Other positive effects of the parboiling process
are that the cooking time decreases and that the cooked rice is not glutinous. Parboiled rice is
favoured by consumers and chefs, who desire extra fluffy, separate cooked rice (Appendix 40:
Oberdoerfer 2001 # C011512, Section 2.5). Most of the rice imported from the US into the
European Union is parboiled, long grain rice. Parboiled rice may be imported as brown or
milled rice.
The same production process applied to rice will be used for the grain derived from
LLRICE62 varieties. The genetic modification was not aimed at changing the milling
process. Processing using heat, for example parboiling and cooking, degrades the PAT
protein, but not the DNA. In rice bran oil, the PAT protein is not detected, while DNA can be
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detected (Appendix 54: Van der Meeren et al., 2000 #C009658) (Appendix 40: Oberdoerfer
2001 #C011512, Section 5.2).
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The LLRICE62 varieties are grown using the agronomic practices of the region of production
and the grain is harvested, transported, stored and milled using the same processes as rice
currently in commerce. Upon chemical analysis, the nutritional composition of whole grain
and processed grain (brown rice, parboiled brown rice, milled rice, bran, flour and rice bran
oil) were found to be equivalent to other rice (Section D.7.10).
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7.7 Anticipated intake/extent of use
The intake of rice in the diet of the European Union is not anticipated to change with the
introduction of LLRICE62 varieties. Grain derived from LLRICE62 varieties is not different
in grain quality or nutritional composition from the rice now consumed. No change in the use
patterns for rice is anticipated. No potential dietary and nutritional impacts have been
identified for rice grain derived from LLRICE62 varieties.
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The per capita consumption of rice for the European diet was 5,2 kg/year on the ex 15
member States and 2,9 kg/year on Eastern Europe. The extremes of rice consumption in the
member States include 18,2 kg/person/yr in Portugal down to 1,9 kg/person/yr for the Polish
population.5 The principal contribution of rice in the human diet is carbohydrate for energy.

Deleted: is 4.4 kg/year
Deleted: 6
Deleted: 2
Deleted: UK

7.8 Toxicology
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7.8.1 Safety evaluation of newly expressed proteins
Substantial equivalence has been established for LLRICE62. Rice grain derived from LLRICE62
varieties is only different from counterpart rice by the presence of a novel protein, phosphinothricin
acetyltransferase (PAT). It is a highly specific enzyme for acetylation of L-phosphinothricin
(glufosinate ammonium herbicide), but it does not acetylate other L-amino acids (Appendix 15:
Freyssinet 2002 #C025021). The PAT protein belongs to the class of acetyltransferase enzymes
common to plants and animals. PAT shares very similar two-dimensional structure, immunoreactivity, molecular weight and functional properties with other acetyltransferase enzymes which
occur as a natural component of human and animal diet. There are no reports of toxicity or
allergenicity associated with the acetyltransferase enzyme class. The presence of PAT in the food and
feed supply does not represent a new exposure.
A battery of tests designed to evaluate the PAT protein for characteristics associated with food
allergens and toxins raised no concern. The PAT protein shares no sequence homology with known
allergens and toxins (D.7.9) and is not stable in digestive environments (D.7.8.1.i). To complete the
assessment of toxicity, exposure to PAT via an acute intravenous route was assessed in mice at a high
dose of 10mg/kg body weight (D.7.8.1.ii). A considerable experience base is available in the
published scientific literature using iv injections to test for the presence of bacterial and food toxins
(Appendix 23: Hérouet 2004 #C044382). Also, when compared to the oral exposure route, very little
protein is needed to demonstrate a lethal or non-lethal response. Such an approach provides a direct
exposure to the intact PAT protein since gastrointestinal degradation is by-passed by this route of
administration. This acute toxicology test is therefore considered as a worst-case evaluation compared
to other routes of exposures. Since the iv route of exposure at 10mg/kg body weight did not affect the
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weight of the mice or manifest any sign of toxicity, it can be concluded that there is a reasonable
certaincy of no harm resulting from the inclusion of the PAT protein in human food and animal feed.

In addition, bridging studies demonstrated the structural, biochemical and functional
equivalence for the PAT protein (encoded by the bar gene) as it is expressed in LLRICE62
and the PAT protein (encoded by the bar gene) as it is produced by Escherichia coli
(D.7.8.1.iii) and homology searches (sequence and epitope) indicated significant homology
only with other acetyltransferases (D.7.8.1.iv).
Deleted: ¶

i.) In vitro digestibility in simulated gastric and intestinal fluids

Results in the Bayer laboratories using methods recommended by the International Life
Science Institute (ILSI) ring trial confirm the rapid degradation of the PAT protein (within 30
seconds) in simulated gastric fluid (pH 2), in presence of pepsin. The degradation was caused
by the pepsin present in the SGF (Appendix 11: Esdaile 2002 #C024588). Furthermore,
results obtained with a similar method coupled with a Western blot, under GLP conditions,
show the rapid degradation of the PAT protein (within seconds) in simulated intestinal fluids
(pH 7.5), in presence of pancreatin. The remaining 7 Kdal-fragments completely disappeared
after a short incubation of 5 min. The degradation was linked to the presence of pancreatin in
the SIF (Appendix 12: Esdaile 2002 #C025155).
These in vitro digestion experiments demonstrate that the PAT protein encoded by the bar
gene has an extremely short structural and functional stability under simulated gastric and
intestinal conditions. These results confirm the safety of the PAT protein for human or
animal consumption because the rapid degradation of the PAT protein greatly minimises the
likelihood that this protein could survive in the digestive tract and be absorbed- thereby
potentially eliciting a toxic or allergenic reaction.
ii.) Acute intravenous exposure in mice
To test the case of an acute exposure of the PAT protein to the circulatory system, an acute
intravenous toxicity study (Appendix 27: Kennel 2002 #C021395 and #C025883) was conducted in
mice with PAT protein, encoded by the bar gene, produced in E. coli and highly purified (>95%).
Groups of 5 mice were administered either PAT protein, aprotinin (negative control) or melittin
(positive control) at dose levels of 1 and 10 mg/kg body weight. All animals were observed for
clinical signs daily for 15 days whilst their body weights were measured weekly. At study
termination, animals were subjected to a necropsy including macroscopic examination. The results
showed that the animals treated with the PAT protein and aprotinin at 10 mg/kg had no visible signs of
systemic toxicity, by contrast to melittin which induced 100% mortality within 10 min at the same
dose. Based on these results, it is concluded that the PAT protein is very unlikely to be toxic to
humans or mammals even under conditions of maximal exposure at a very high dose (10 mg/kg body
weight) by the intravenous route.

iii.) Bridging for PAT protein expressed in E.coli and plants
Studies were undertaken demonstrating equivalence for the PAT protein (encoded by the bar gene) as
it is expressed in LLRICE62 and the PAT protein (encoded by the bar gene) as it is produced by E.
coli. The two PAT proteins differ only by a single one amino acid at the second N-terminal position,
i.e. a serine in, LLRICE62 rather than an aspartic acid in the bacteria (Appendix 18: Hérouet 2004
#C044030). Five analytical tests show that the PAT/bar protein produced in E. coli is representative
of the PAT/bar protein produced in rice, LLRICE62. The comparison of structural and functional
characteristics demonstrated: 1) the identity of the proteins is confirmed using Edman degradation; 2)
the molecular weights are proven to be identical using protein mobility in SDS-PAGE; 3) the immuno-
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reactivities are comparable on Western blot analysis; 4) specific staining on SDS-PAGE shows
identical glycosylation profiles; and 5) both proteins react on the same substrate demonstrating same
biological activity (Appendix 9: Currier and Hendrickx 2004 #B004781). The two proteins are
considered to be equivalent based on their structural and functional properties and the conclusion from
the safety studies using the bacterial protein can be applied to the PAT protein produced in
LLRICE62.

iv.) Sequence homology with known allergens and toxins
In addition, sequence homology and epitope homology searches are provided. The overall
homology search for LLRICE62 bar gene product indicated significant homology only with
other acetyltransferases. No identity with known toxins or allergens was shown (Appendix
19: Hérouet 2004 #C041097). The results of the epitope homology search showed no
similarities between the PAT protein expressed by LLRICE62 and epitopes of known
allergens based on a ”100% identity over a linear contiguous 8 amino acid segment” matching
criterion (Appendix 20: Hérouet 2004 #C041098).
Deleted:

7.8.2 Testing of new constituents other than proteins
Not required for LLRICE62, as no constituent other than the PAT protein is novel.
Deleted:

7.8.3 Information on natural food and feed constituents
Natural constituents of rice have not been changed in LLRICE62 (D 7).
Deleted:

7.8.4 Testing of the whole GM food/feed
Following the guidance (Draft Guidance Document for the Risk Assessment of Genetically
Modified Food and Feed, EFSA, April 2004), no further testing of the whole GM food / feed
is necessary because;
a) Substantial equivalence to rice currently in commerce is demonstrated (Appendix
40: Oberdoerfer 2001 #C011512);
b) No concerns are raised in toxicology evaluation of PAT protein produced in high
purity by E. coli (Section D.7.8.1);
c) Biochemical equivalence was demonstrated for PAT protein produced by bacteria
and by LLRICE62 using SDS-PAGE and Western Blotting analysis (Section
D.7.8.1);
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d) No other proteins or RNA are expressed as a result of the genetic transformation.
(Appendix 6: Berghman et al., 2003 #C032553).
However, two animal feeding studies were conducted to supplement the safety evaluation; 1.)
a 42-day feeding study was performed in male broiler chickens (Appendix 45: Schat et al.,
1999 #C005148) and 2.) a 96-day growing-finishing study in swine (Appendix 14: Fletcher
2003 #B004257, Appendix 57: Wetzel 2004). Poultry were selected to evaluate the effects of
a feed component over an entire life span and under conditions of rapid growth, thus the assay
is highly sensitive for nutritional deficiencies or toxic effects. In contrast, swine represent a
close approximation to the human food preferences and digestive processes. No differences
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were identified for nutritive value of the grain and no indications of toxic or adverse effects
were associated with any of the sources of rice in either of the tested animal species.

Poultry feeding study
The broiler chicken (Gallus gallus domesticus) is an economically significant and widely
distributed food animal. The species used is based upon commercial practice and is very
sensitive to detect differences in nutrient quality because of its rapid growth (66-fold increase
in body weight over 6 weeks). This test is considered to be very rigorous; a small difference
in body weight gain (3.5%) or feed/gain (2%) could be detected. This study showed no
indications that neither the event LLRICE62 nor the transformation process itself, has adverse
effects on feeding, growth or general health. Moreover, no negative impacts on the nutritional
quality of the event LLRICE62 were observed on poultry (Appendix 45: Schat et al., 1999
#C005148).
Swine feeding study
The growing-finishing swine is considered an economically significant and widely distributed
food animal in the United States and in Europe and a reliable indicator of toxic potential,
nutritional and metabolic value. Replicated pens of 4 pigs were fed diets containing four
sources of brown rice; transgenic rice event LLRICE62, grown with either conventional
herbicide or Liberty herbicide, Bengal grown with conventional herbicide and long grain,
brown rice obtained from a commercial source. The transgenic rice and the non-transgenic
Bengal were derived from medium grain rice. 110 pigs were fed a diet containing rice from
the time they are about 20 kg until they reach 100kg over a 100-day period. Effects on health,
weight gain, feed conversion efficiencies and carcass quality parameters were determined.
One-way ANOVAs on pen body weights and groups show no statistical difference. There
was no feeding preference for any of the rice types. This study confirmed that neither the
event LLRICE62 nor the transformation process itself has adverse effects on feeding, growth
or health. Moreover, no negative impacts on the nutritional quality of the event LLRICE62
were observed on swine (Appendix 14: Fletcher 2003 #B004257, Appendix 57: Wetzel
2004).
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7.9 Allergenicity
Deleted:

7.9.1 Assessment of allergenicity of the newly expressed protein
It is an accepted approach for a safety assessment to compare the characteristics of a novel
protein with a number of parameters that are common to food allergens. A search of the
current amino acid sequence databases for homology with known allergens provides
another point of review. Since most allergens may resist gastric acidity and digestive
proteases, and may remain stable in food processing (heating), the stability of the PAT
protein under these conditions is a consideration.
As discussed in D 7.8, the two PAT proteins differ only by a single one amino acid at the
second N-terminal position, i.e. a serine in LLRICE62 rather than an aspartic acid in the
bacteria. The two proteins are considered to be equivalent based on their structural and
functional properties. To confirm this point, homology comparisons to known toxins and
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allergens were conducted using both the bacterial PAT protein and the LLRICE62 PAT
protein sequence (Appendix 18: Hérouet 2004 #C044034).
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Sequence homology searches
The total amino acid sequence of the PAT protein was compared to that of known toxins
and allergens listed in 7 large public databases (SwissProt, trEMBL, GeneSeq-Prot, PIR,
PDB, DAD and GenPept). The algorithm used for the homology comparison was
BLASTP and the scoring matrix BLOSUM62. The criterion indicating potential toxicity or
allergenicity was a 35 % identity, on a window of 80 amino acids, with a toxin or an
allergen. Based on these in silico results, no evidence for any similarity to known toxic or
allergenic proteins was found. As expected, the PAT protein presented only a high
structural similarity with other non-toxic and non-allergenic PAT proteins (Appendix 16:
Herouet 2002 #C024579). The overall homology search for LLRICE62 bar gene product
indicated significant homology only with other acetyltransferases. No identity with known
toxins or allergens was shown (Appendix 19: Hérouet 2004 #C041097).
An epitope sequence homology search of the PAT protein, subdivided into 8 amino acid
blocks, to known epitopes belonging to known allergens has been performed. The
BLASTP algorithm and the BLOSUM62 scoring matrix were also used for this search.
The criterion indicating potential allergenicity was a match of at least eight contiguous
identical amino acids with a known allergenic epitope. No sequence similarities with an
allergenic epitope were observed (Appendix 17: Herouet 2002 #C024581). The results of
the epitope homology search showed no similarities between the PAT protein expressed by
LLRICE62 and epitopes of known allergens based on a ”100% identity over a linear
contiguous 8 amino acid segment” matching criterion (Appendix 20: Hérouet 2004
#C041098).
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FAO/WHO 2001 expert consultation proposed the use of two criteria: (1) an identical
sequence of 6 contiguous amino acids and (2) an overall amino acid sequence homology
of 35%. Although the distinction between allergenic and non-allergenic epitopes remains
unclear, a search for any 6 or more contiguous aa that are identical to any segment of any
known allergen has been recommended by the FAO/WHO 2001 report. This reduced the
number of homologous and contiguous aa in a sequence from 8 to 6 compared to the
FAO/WHO 1996 report. However, in 2002, Hileman published experimental data
(Appendix 24: Hileman et al 2002 #C035251) demonstrating that large numbers of nonallergens have matching sequences of 7 aa with known allergens, therefore these matches
cannot be definitively concluded as indication of allergenic potential. In addition, the
optimal peptide length for a T-cell binding epitope (Appendix 43:, Rothbard and Gefter
1991 #C023827) is 8 amino acids. Bayer asserts that matches of 8 contiguous and
identical amino acids are appropriate criteria.
The in silico approach enabled the search of the potential N-glycosylation sites often found
on allergens. The results showed that such sites of potential post-translational
glycosylations were not found on the PAT protein (Appendix 17: Herouet 2002
#C024581).
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Protein stability studies
The PAT protein encoded by the bar gene has an extremely short structural and functional
stability under simulated gastric and intestinal conditions. PAT is not stable in an acidic
environment. It is rapidly degraded (within 1 min) and inactivated in stomach fluids of
cattle and pig. It is also rapidly and completely degraded in mammalian simulated gastric
and intestinal fluids (between few seconds and 5 min). These results confirm the safety of
the PAT protein for human or animal consumption because the rapid degradation of the
PAT protein greatly minimises the likelihood that this protein could survive in the
digestive tract and be absorbed, thereby potentially eliciting a toxic or allergenic reaction
(as discussed in D.7.8.).
In general, IgE binding epitopes are known to be commonly robust to treatment with heat
and electroblotting on nitrocellulose. For this reason, the stability of food allergens to heat
processing argues for importance of linear, continuous epitopes in assessing potential
allergenicity. When treated at temperatures up to 90°C for 10 minutes, the PAT protein
(encoded by bar gene) remains detectable by SDS-PAGE (Appendix 13: Esdaile 2002
#C024585). This shows the importance of the epitope homology search, which found no
similarities with known allergenic epitopes. Thus, there is a reasonable certainty of no
allergenicity concern associated with the presence of PAT protein.
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7.9.2 Assessment of allergenicity of the whole GM plant or crop
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Rice is not considered a major food allergen by Codex Alimentarius. There are naturally
occurring allergenic proteins in rice, principally the 14-16 kDa alpha-amylase/trypsin
inhibitor, which are food allergens for certain populations (Appendix 32: Matsuda et al.,
1988). Two studies were designed to evaluate a potential increase of the endogenous
allergenic protein amount in rice, transformation event LLRICE62, as compared to its nongenetically modified counterpart.
To demonstrate no increased endogenous allergenicity, it was essential to show that rice
reactive sera do not exhibit any significantly increased IgE antibody binding to LLRICE62
components as compared to its counterpart. RAST (radioallergosorbent test), RAST
inhibition and immunoblotting (SDS-PAGE) studies can detect the presence and the quantity
of allergenic proteins in a food, and to a certain degree whether the allergenicity of the protein
has been altered. A study of LLRICE62 based on 15 individual rice-allergic patients (3 from
Spain, 8 from Japan, 4 from the USA) observed no immunoglobulin E reaction different from
other rice. There is no increased risk of allergenic potential of the genetically modified rice as
compared to parental rice in rice-allergic subjects (Appendix 29: Lehrer 1999 #B004249).
To directly compare the amount of rice allergenic protein (14-16 kDa), Bayer completed an
ELISA-based test using antibody and rice allergenic protein standards. Rice allergenic
proteins amount was detected at 0.415 mg/g in the non-genetically modified rice and at 0.304
mg/g in the genetically modified brown rice. Moreover, crude protein was determined as 9.40
% dry matter in non-genetically modified brown rice and 9.92 % dry matter in the genetically
modified brown rice, respectively. The ELISA reactive rice allergenic protein represents
0.505 % (w/w) of the crude protein in non-genetically modified brown rice and 0.348 %
(w/w) in the genetically modified brown rice, respectively. Therefore, the amount of 16 kDa
endogenous allergenic proteins in genetically modified and non-genetically modified rice has
been shown to be similar (Appendix 48: Shillito 1998 #B002195).

Deleted: ¶

Deleted: Version of
29/07/200428/07/2004 at 5:45 6:25 ¶
Correcting Appendix nbrs + table¶
Jfs 29/07/200417:47

Bayer CropScience

1829/2003 LLRICE62 -Part I –
Technical dossier

Page 78 of 102

The results of both studies affirm that no difference is observed in the total endogenous rice
allergens content of LLRICE62 when compared to its counterpart and demonstrating no
increased risk of allergenic potential of the genetically modified rice as compared to parental
rice in rice-allergic subjects.
Deleted:

7.10 Nutritional assessment of GM food/feed
The primary use of rice is for human food, however rice grain and the by-products of rice
milling are often included in animal diets. The nutritional composition of the grain, rice
straw and certain processed products were found to be equivalent to other rice by chemical
analysis
(Appendix 40: Oberdoerfer 2001 #C011512).
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7.10.1 Nutritional assessment of GM food
In the Nutritional Impact assessment (Appendix 40: Oberdoerfer 2001 #C011512, Section
4) compositional equivalence was demonstrated for the food proprieties of the whole grain.
Rice was grown in the same manner as is common for commercial production, using either
conventional weed control practices or using glufosinate ammonium herbicide.
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A two-season multi-site trial design provided a robust data set to evaluate environmental
effects between the sites. Statistical comparisons to test for equivalence were made
between glufosinate ammonium-tolerant rice and a conventional counterpart variety. The
key nutrients, carbohydrates, protein, iron, calcium, thiamine, riboflavin and niacin, for
which rice can be the principal dietary source, were investigated. The data shown in Table
6 and Table 7 demonstrate that rice containing the transgenic event LLRICE62 has the
same nutritional composition as its non-transgenic counterpart, and values for nutritional
components fall within the range of values reported for rice commodities in commerce.
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Some of the nutrients in rice can be best measured in processed products.
The light brown colour of brown rice is caused by the presence of bran layers which are
generally high in minerals and vitamins, especially the B-complex group. The vitamin
determinations show (Table 8) an excellent correspondence for brown rice and parboiled
brown rice samples (Appendix 40: Oberdoerfer 2001 #C011512, Section 4.11).
Rice bran gives brown rice its colour and nutty flavour. Bran is used as an ingredient in
cereals and mixes as well as in vitamin concentrates. The minerals and vitamins of the
transgenic rice bran samples are similar (Table 9) to the respective conventional rice bran
sample and within the ranges reported for the literature (Appendix 40: Oberdoerfer 2001
#C011512, Section 4.15).
Rice bran oil is a high quality cooking oil and the lipid profile is preserved in LLRICE62.
The fatty acid values for the nontransgenic and transgenic samples agree with each other
(Table 10). The unsaponifiable lipid constituents in unbleached rice bran oil (tocotrienols,
tocopherols, oryzanol) showed very little difference (α forms are within 5 ppm and the δ
forms within 20 ppm) in content between the non-transgenic and transgenic rice samples
(Appendix 40: Oberdoerfer 2001 #C011512, Section 4.16).
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7.10.2 Nutritional assessment of GM feed
The by-products of rice milling (bran and rice hulls) can be used in animal feed. Rice
contains a small number of antinutritional factors, all of which are concentrated in the bran
fraction.
The antinutritional factors include phytic acid, trypsin inhibitor, and
hemagglutinin (lectin). With the exception of phytic acid, all of the antinutritional factors
are subject to heat denaturation. Rice bran is typically subjected to a dry or moist heat
treatment to denature lipases that otherwise would cause the rice bran to become rancid in
storage. Antinutritional factors common to rice were best measured in rice bran and are
well below acceptable levels (Appendix 40: Oberdoerfer 2001 #C011512, Section 4.18).
In addition, two studies using two animal species (chickens and pigs) raised no concerns
about the nutritional value of the rice. (see Section D.7.8.4, study reports provided by
Appendix 14: Fletcher 2003 #B004257, Appendix 45: Schat et al., 1999 #C005148).
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7.11 Post-market monitoring of GM food/feed
The tiered approach for safety assessment followed by Bayer CropScience begins with degree
of equivalence evaluations. When the evaluation supports substantial equivalence, the focus
of the risk assessment is the novel protein. When the degree of equivalence is not substantial,
then the safety assessment of the whole plant becomes of greater importance. If a potential
hazard is indicated, then more detailed studies to define the hazard are undertaken. Based
upon scientific information, post-marketing monitoring plans will be developed.
The Preliminary Guidance document on the information needed for the risk assessment of
genetically modified plants and derived food and feed (Draft Guidance Document for the Risk
Assessment of Genetically Modified Food and Feed, EFSA, April 2004) has identified seven
topics for consideration in a risk assessment. When Bayer CropScience evaluates food
derived from LLRICE62 grain under this framework (Table 14), no potential hazard is
identified. Food derived from LLRICE62 does not present ethical or religious concerns and
thus, does not require special labelling beyond that required under Regulation 1830/2003.
The bar gene is not derived from an animal, thus presenting no concerns for kosher or halal
law (Appendix 42: Regenstein et al., 2003).
No hazard has been identified, thus there is no risk and no need for post-market monitoring.
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Table 14: Conclusion of the Risk assessment of food derived from LLRICE62 grain

Consideration

Summary of findings

Hazard identified

Characteristics of the
donor and recipient
organisms

bar gene origin is common
microbe, rice is a staple
food crop

None

Genes inserted and
expressed

Single well characterized
insert with no antibiotic
resistance gene, stable
expression and inheritance

None

Potential toxicity and
allergenicity of gene
products and metabolites

PAT protein is common in
nature and in commercial
use in other transgenic
crops. Extensive safety
review of PAT protein
finds no cause for concern.

None

Extent of equivalence with
appropriate comparators

Bioequivalence
demonstrated for
compositional, nutritional,
safety and agronomic
parameters

None

Potential for dietary
impact

No change in nutritional
composition or
bioavailability of key
nutrients.

None

Influence of food
processing on the
properties of the food or
feed

No change in nutritional
composition or
bioavailability of key
nutrients in processed
products.

None

No post-market monitoring plan is required for LLRICE62. Traditional comparators were
used in the comparative analysis (D.7.1-3). The intent of the genetic modification was for
agronomic benefit (D.7.4), no change in the nutritional composition or value was intended
(D.7.6,10). No health claims are intended. Food derived from LLRICE62 will not be
marketed as an alternative to or replacement for traditional rice food (D7.5). LLRICE62 has
no specific properties that might increase the dietary intake compared to traditional rice
(D.7.7). There is no evidence that the long term nutritional and health status of some
individuals of the European population could be impacted by the marketing of LLRICE62
derived food (D.7.8-10).
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8. Mechanism of interaction between the GM plant and target
organisms (if applicable)

Deleted:

The introduced trait is not an insecticidal trait, nor has it resulted in a tolerance to the
elements of biotic environment. There are no target organisms, therefore the interaction
between LLRICE62 and target organisms is not applicable.
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9. Potential changes in the interactions of the GM plant with the
biotic environment resulting from the genetic modification
LLRICE62 plants are not intended to be grown in Europe. The commercial production will
be in the USA, Brazil and Argentina. The potential for interactions with the biotic
environment are limited to those activities linked to the import of commodity rice grain. In
that context, the unintentional release or spillage of rice grain is considered in the analysis,
where a potential interaction could be anticipated if pollen from LLRICE62 were to fertilize
commercial rice or the weed red rice in European rice production (Appendix 50:
Supplemental information for the potential for unintended release/seed spill as a result of the
import of rice), resulting in a glufosinate ammonium tolerance and thus providing a selective
advantage for the hybrid.
For acquiring this herbicide tolerance and the associated selective advantage, spilled seed
must be i.) viable, the seed spillage must occur in a climate that ii.) supports rice growth, iii.)
LLRICE62 plants must be established within 1 meter of receptive red, or cultivated rice plants
and iv.) on which glufosinate ammonium herbicide must be applied.
Trade statistic data however show that the most common form of imported rice is a) nonviable parboiled long grain rice into the ports in the Northern Europe, b) far north of the rice
growing regions of Europe. Of the EU countries producing rice, only Spain and Italy have
warmer climate and imported commodity paddy rice (potentially viable seed) in the last five
years. c) the ports, the mills, and transit routes do probably not provide an opportunity for
feral rice populations to establish and are generally far removed from rice cultivation, and d)
the application of glufosinate ammonium herbicide, which could give LLRICE62 plants an
advantage, is mainly confined to agricultural areas, not roadways or areas surrounding ports
or milling facilities.
Thus the potential interactions of imported LLRICE62 commodities with the biotic
environment including any population characteristics, altered susceptibility, compromising
prophylactic, therapeutic, veterinary or plant protection treatments and the effect on
biogeochemistry processes are extremely limited and show the same natures as exist with the
importation of traditional rice commodities.
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9.1 Persistence and invasiveness
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A review of the reproductive and vegetative fitness finds that LLRICE62 compares to its
parent variety Bengal in all aspects except the tolerance to herbicide.
The fitness of potential hybrids between LLRICE62 and the weed red rice found the
hybrids to be intermediate in fitness characters between the two parents (D.4.).
Subsequent season monitoring for volunteers has found no indication of increased
persistence or invasiveness of LLRICE62 (D.9.9).
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9.2 Selective advantage or disadvantage
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The new trait allows the rice plants growing from the seeds to survive sprays with
glufosinate ammonium. Under pressure of selection in an area treated with glufosinate
ammonium, LLRICE62 may establish in the environment and, thereby, modify the
biodiversity. Furthermore it might transfer the trait via pollen flow to other cultivated rice
or weed rice (red rice) or wild rice (Oryza sp. in the AA genome group; not present in
Europe) in the vicinity and contribute to their establishment and modification of the
biodiversity too. However the anticipated area of cultivation is not Europe, but rather the
USA, Brazil and Argentina. Commodity rice from the USA to Europe is imported almost
entirely as non-viable grain. Therefore the likelihood that some imported grain could
escape from silos or lorries, and subsequently germinate, is very low.
In Europe, glufosinate ammonium is registered for uses in agricultural and non-agricultural
environments. The very rare LLRICE62 plants that would germinate have a selective
advantage only in those cases where a glufosinate ammonium herbicide is applied.
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9.3 Potential for gene transfer
Plant to bacteria gene flow. In order for any horizontal gene transfer to lead to a new type
of micro-organism and therefore to introduce a significant impact, some of the following
conditions will have to be fulfilled:
- the uptake should result in the incorporation of complete undegraded DNA;
- the plant targeted genes should result in significant expression in a prokaryotic background;
- the expression should represent a significant increase over the background level;
- the traits should convey a competitive advantage to the strain in which they are incorporated.
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Sequence analysis of elite event LLRICE62 confirmed (Section D.2), the insertion of one
copy of the bar gene cassette only and also the absence of vector backbone sequences.
LLRICE62 does not contain either the origin of replication of plasmid pB5/35Sbar or any
sequences responsible for an enhanced frequency of recombination. Furthermore the
introduced bar gene is under the control of the 35S promoter, which is not functional in
bacteria. Considered altogether, these facts make the possibility of gene transfer from plants
of LLRICE62 to bacteria to be very unlikely (Section D.6 (a)).
Plant to Plant gene flow. Gene flow to red rice or other crop rice is possible in rice
producing areas of Europe. Studies find the potential to be small. Impacts of outcrossing to
other cultivated rice can be managed with modest isolation distances in commercial
production. Prudent use of glufosinate ammonium herbicides can control red rice before it
can flower, thus eliminating the opportunity of cross-pollination. In cases where red rice does
flower in field production, subsequent monitoring has not found hybrids. The self-pollinating
nature of rice and red rice serve as a barrier to cross pollination (Section D.6 (b)).
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Likelihood of gene flow. Gene flow can occur into an adjacent rice crop and into weed red
rice, however, the rate is likely to be very low because there exists a combination of genetic,
morphological, physiological, geographic and agricultural barriers to gene flow. Gene flow
will not occur into wild Oryza species, which are not present in Europe. Measurement of
natural cross pollination from LLRICE62 to cultivated rice and weed red rice found the rate of
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outcrossing to be the same as other rice, less than 0.1% between plants in close proximity and
difficult to measure at distances beyond 1 meter (D.4).
Nevertheless LLRICE62 is not intended to be grown in Europe. The only chance for
LLRICE62 plants to exchange pollen with European rice would be the unintended release
through a grain spill as a result of import. An analysis of this probability finds the possibility
to be restricted to the European rice growing countries of Spain and Italy (Appendix 50:
Supplemental information for the potential for unintended release/seed spill as a result of the
import of rice).
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The portion of imported rice that is potentially viable seed is low. In 2003, the EU imported
334,000 metric tons of commodity rice from the USA and 23,000 metric tons of the total was
paddy rice, potentially viable seed. Of the eight current and future EU member states with
rice production (Bulgaria, France, Greece, Hungary, Italy, Portugal, Romania and Spain) only
Bulgaria, France, Hungary, Spain and Italy have imported paddy rice from the US in the last
five years (1999 – 2003). Greece, Portugal and Romania only imported milled rice from the
US in this five year span.
The amount of paddy rice imported represents only a small amount of the total rice produced
by these nations; however, the import of paddy rice is important for the economic operation of
the local rice mills. The volume of paddy rice imported depends upon the stock of grain
available and the operating capacity of the rice mills. In years of high production, the volume
of import will be low. For example, Italy imported no paddy rice from the US in the years
2001 and 2003. France imported none in 1999 and 2003. Bulgaria imported only a small
amount in 2003. Hungary imported paddy rice only in the last two years. Spain is a
consistent importer of US-produced paddy rice, representing about 4% of the national
production volume.
Spain and Italy are the only EU importers of paddy rice with domestic rice production and
mild climates that might allow the establishment of feral rice populations. However, no
evidence of feral rice populations was discovered. Ports and mills are located in industrial
areas where growing conditions are unlikely to support the growth of rice. In addition rice
needs wet soil conditions (soft water irrigation, which is unlikely to be present in these areas).
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Additional information on this topic will be collected by the Sigmea project (Sustainable
Introduction of GMOs into European Agriculture. Proposal/Contract Nº 502981) which will
include one location for GM rice. The Sigmea project will collect data on the establishment
of rice and red rice on the margins of agricultural fields.
The only foreseeable chance for LLRICE62 to outcross to rice or red rice in Europe would be
the unlikely case of imported grain spilled in transit, if that grain was viable seed and plants
established within 1 meter of cultivated rice.
-Consequence of gene flow. Furthermore, the transfer of the bar gene into red rice will not
exacerbate problems of weed control or adversely impact agriculture. The fitness of cropweed hybrids would not be greater than that of red rice (D.4). Current agronomic practices
for management of herbicide resistant weeds are appropriate for this case (D.9.9) No adverse
impact to biodiversity was identified.
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9.4 Interactions between the GM plant and target organisms
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The introduced trait does not result in a tolerance to the elements of biotic environment.
There are no target organisms.
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9.5 Interactions of the GM plant with non-target organisms
Three possible interactions with other organisms were examined. The genetic modification,
tolerance to the herbicide, glufosinate ammonium, did not change the interaction of GM rice
varieties with other organisms in the absence of herbicide application. Under agricultural
conditions when the herbicide is used (a), some advantage may be gained in plant population
dynamics (the intended effect is weed control). In habitats outside agriculture (b), the
interaction with other plant communities is like any other rice. No changes could be identified
in interactions with non-target organisms (c) in the environments under which glufosinate
ammonium-tolerant rice will be cultivated (USA, Brazil and Argentina). Under agricultural
conditions, with direct comparisons of herbicide application, insect population diversity and
measures of sensitivity to natural pathogens of rice found no advantage for the transgenic
event LLRICE62.
(a) Effects on biodiversity in the area of cultivation
Under pressure of selection in an area treated with glufosinate ammonium, LLRICE62
may establish in the environment and, thereby, modify the biodiversity. Furthermore it
might transfer the trait via pollen flow to other cultivated rice or weed rice (red rice) or
wild rice (Oryza rufipogon is not found in Europe) in the vicinity and contribute to their
establishment and modification of the biodiversity too. However the anticipated area of
cultivation is not in Europe, but rather in the USA, Brazil and Argentina.
(b) Effects on biodiversity in other habitats
LLRICE62 will be imported as mostly non-viable grain. Therefore the likelihood that
some imported grain could escape from silos or lorries and germinate is very low. The
very rare LLRICE62 plants that would germinate only have a selective advantage in those
cases where the glufosinate ammonium herbicide is used. In all other cases, the likelihood
to establish a feral population of LLRICE62 is not higher than conventional rice.
c) Effects on non-target organisms
There are no non-target organisms specific to the GMHP compared to non-genetically
modified rice. There are no observed effects of the herbicide-tolerant rice on non-target
organisms. Field observations found no differences in insect populations (Table 15) or
reactions to natural infestation of rice pathogens (discussed in section D 7.4, Tables 12
and 13). No effect was observed on birds or small mammals. Studies from an isolated
field study of LLRICE62 in Japan found no effects on the germination and growth of an
indicator crop, daikon (Table 16) when seed were planted in soil in which glufosinate
ammonium -tolerant rice and its counterpart variety were previously grown.
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In field trials conducted in Brazil (Rio Grande do Sul - RS), populations of non-target
organisms were counted at the vegetative, reproductive and ripening plant stages within the
plots of herbicide efficacy evaluations of LLRICE62. The selected plots included one plot of
LLRICE62 grown without (w/o) any herbicide, 2 plots of LLRICE62 treated with glufosinate
ammonium (LLRICE62 + glufosinate ammonium), and two plots with conventional herbicide
treatment applied to both LLRICE62 and the comparator variety, Bengal. A total of 33
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species were censused from five taxons of entomofauna; associated, pests, parasites,
predators, and spiders (Appendix 1: Abreu and Mitten 2002 #B004394).

Table 15: Total of number of insects captured at several plot treatments in studies
conducted using glufosinate ammonium-tolerant rice

Taxons

LLRICE62
w/o
herbicide

LLRICE62 /
Glufosinate
ammonium
(plot 1)

277
Associated 378
135
140
Pests
3
3
Parasites
57
Predators 50
Spiders
1
3
567
480
Total
w/o= without herbicide application

LLRICE62 / LLRICE62 /
Glufosinate conv. Herb.
ammonium
(plot 2)

Bengal /
conv.
Herb.

312
129
3
49
2
495

244
132
0
44
3
423

305
233
2
51
2
593

Total
No of
insects of
different
taxons
1835
1011
17
304
13
3180

Conclusion: In direct comparison of insect populations on transgenic and non-transgenic rice
plants, no influence of bar gene expression was observed over the entomofauna of the rice
crop in any plant stage. There were no observed differences on entomofauna dynamics when
comparing LibertyLink system and conventional herbicide system. An analysis of species
diversity found 80% similarity between the groups of varieties (Bengal-derived or BR IRGA
410-derived) (an identical trial was conducted on another glufosinate ammonium-tolerant
event ABR 15 compared to its non-transgenic parents BR IRGA 410 - Data are not shown)
and no difference in diversity was observed within a variety group.
Thus, no impact was observed on non-target organisms (in this case, 33 species of
entomofauna) due to the growing of the transgenic plants, the expression of the bar gene
product, the PAT protein in the transgenic plants, or from the use of the glufosinate
ammonium herbicide system.
In tests conducted in Japan (Table 16) to support the environmental assessment of glufosinate
ammonium -tolerant rice, LLRICE62, soil from the field plots was placed into pots. The pots
were seeded with the Japanese radish, daikon, and measurements were taken from
germination to three true leaf stage. No effects were noted in the comparative growth of the
indicator crop (Appendix 59: Zaita 2000 #B004398).
Table 16:
Origin of soil
Variety
LLRICE62
Bengal

Significance
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Potential for Allelopathy
Growth parameters measured
Germination
Height (cm)
94.4
9.00
94.4
9.18
ns
Ns

Root (cm)
11.02
10.90
ns

Leaf Number
2.59
2.66
Ns

Dry wt (mg)
100.2
99.8
ns

ns = 5% T test
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9.6 Effects on human health

Deleted:

No effects on human health are indicated for people working with, coming into contact
with or in the vicinity of an environmental release of LLRICE62. As discussed in section
D.7, rice grain of LLRICE62 has the same nutritional quality and identical allergen profile
as rice in commerce. The plants of LLRICE62 have the same qualities as other rice.
Furthermore PAT protein is not detectable in pollen of LLRICE62 plants (D.3 (b));
Therefore the exposure of field workers to pollen is the same as with the traditional rice.
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9.7 Effects on animal health
The primary use of rice is for human food; however rice grain and the by-products of rice
milling are often included in animal diets. The nutritional composition of the grain was
demonstrated to be equivalent to other rice by chemical analysis (Appendix 40:
Oberdoerfer 2001 #C011512).
To support the finding of nutritional equivalence and to demonstrate bioavailability,
poultry and swine were fed diets containing rice under study conditions designed to
evaluate growth and health parameters. Poultry were selected to evaluate the effects of a
feed component over an entire life span and under conditions of very rapid growth, thus
the assay is highly sensitive for nutritional deficiencies or toxic effects (Appendix 45: Schat
et al., 1999 #C005148). In contrast, swine represent a close approximation to the human
food preferences and digestive processes (Appendix 14: Fletcher 2003 #B004257). No
differences were identified for nutritive value of the grain and no indications of toxic or
adverse effects were associated with any of the sources of rice in either of the tested animal
species.
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The grain of transformation event LLRICE62 is not anti-nutritional or toxic for mammals
and no effects on animal health are expected.
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9.8 Effects on biogeochemical processes
Throughout the field testing history of transformation event, LLRICE62, no differences
were noted that could be attributed to pleiotropic effects of the insertion. Neither were
differences observed in agronomic studies that would indicate an effect on biogeochemical
processes resulting from the cultivation of LLICE62 (D.7).
Potential effects on biogeochemistry were assessed indirectly in agronomic studies
designed to identify best agronomic practices for growing glufosinate ammonium-tolerant
rice. For example, studies to determine nitrogen fertilization requirements found rice
varieties containing the transformation event, LLRICE62 are not different in grain yield
response to nitrogen levels than comparable rice varieties (Appendix 26: Johnson et al.,
2002 #B004395).
Chemical analysis of the nutritional components grain and straw found no differences in
the mineral composition and thus no reason to consider mineral utilization from the soil to
be different than for conventional rice (Appendix 40: Oberdoerfer 2001 #C011512).
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Nevertheless LLRICE62 plants are not intended to be grown in Europe, but will be grown
commercially in the USA, Brazil and Argentina.
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9.9 Impacts of the specific cultivation, management and
harvesting techniques
LLRICE62 varieties will be grown in principally the United States of America (USA),
Brazil and Argentina. Rice produced in the USA enters the European Union (EU) by
import as commodity rice grain. Milling, processing and consumer packaging are
accomplished in the EU. No new milling or processing activities are required for
LLRICE62.
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Rice in agricultural production requires weed control and successful weed control depends
upon combinations of management practices. For temperate rice production, farmers use
the planting of weed-free seed, crop rotation to break weed cycles, precision land leveling
to aid irrigation, seed bed preparation, conservation tillage programs, irrigation
management to suppress weeds and the application of one or more herbicides (Appendix
25: Hill et al., 1994). Agronomic practice field studies with the Liberty rice system have
been conducted in the USA and Brazil using local practices. The focus has been to define
use parameters for the Liberty rice system in specific growing regions. Field research
included rice weed control in small plots with both natural and supplemented infestations.
Tests were made with typical weed spectrum for the region, as well as studies with
infestations of weed biotypes presenting special concerns. Commercial-scale tests have
confirmed the agronomic practice recommendations.
In this section, we will discuss the agronomic and weed science findings from studies that
have been undertaken to define the best practices for glufosinate ammonium-tolerant rice
and glufosinate ammonium herbicide. We will review the findings that support our
assessment that the agricultural production of glufosinate ammonium-tolerant rice will
provide benefits for the rural economy and can lessen the impact of rice agriculture on the
environment.
Agronomic practices studies in the USA
Field evaluations conducted in 1996-1999 by private-sector agronomists and local
university specialists have identified the weed control spectrum, the recommended rates,
and the herbicide application timing in relation to plant growth stage of weeds and rice
(Appendix 28: Kinney et al., 2002 #B004396). In the 2000 season, twenty-one rice growers in
Louisiana, Arkansas and Texas participated in farm-scale evaluations of the management
practices developed in the small plot tests under the terms of the US EPA experimental use
permit. Two thousand five hundred (2500) acres (1000 hectares) of glufosinate
ammonium-tolerant rice were managed under strict identity preserved production
practices. After harvest, the grain was collected and disposed to avoid entry into
commerce. Efficacious control of the important weeds for the rice-growing regions of
USA was demonstrated. Glufosinate ammonium performs well alone or in combination
with the standard rice herbicides. The rice weed management system based upon
glufosinate ammonium is a good fit for US rice production. The new, glufosinate
ammonium-tolerant rice varieties are well adapted to the target regions.
Single application of glufosinate ammonium at 400 g/ha controls all the key rice weeds in
the Southern rice-growing regions, except sedges, which required sequential applications.
Where red rice is present, two applications of 400 g/ha are required, the first application
should be made when the red rice is 2-3 leaf stage and the second application should be
made 10-14 days later or before white rice reaches the mid-tillering stage of growth.
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These sequential applications of glufosinate ammonium control weeds and prevent
flowering of red rice reducing the risk of gene flow into red rice.
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The use of glufosinate ammonium-tolerant rice varieties with tolerance to the non-selective
glufosinate ammonium herbicide has proven to provide new control options for difficult to
control weeds like rice mimic (Echinochloa phyllopogon) and red rice (Oryza sativa) that
have life cycles similar to cultivated rice. Glufosinate ammonium has been shown to
control biotypes of early watergrass (E. oryzoides) and barnyardgrass (E. crus-galli)
which have been identified to be resistant to currently registered rice herbicides.
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Farm sites with high red rice pressure were included in farm-scale evaluations conducted
under the terms of a US EPA experimental use permit. In some locations, red rice did
flower in areas of the field where herbicide applications were not uniform. In the
following year, a monitoring effort of the farm sites was undertaken. Bayer CropScience
found that the weed spectrum had shifted depending upon the current season field
management. The Liberty rice sites were rotated to either soybeans, milo, pasture or
fallow, and the weed census reflected weed species common for the rotation. Volunteer
LibertyLink white rice was found in 2 non-crop fields. Red rice plants were found in 9
of the fields and when treated with Liberty herbicide, none of the red rice plants survived.
Fifty-nine red rice plant samples were tested by lateral flow strip test6 with no positive tests
for presence of the PAT protein. There was no evidence of red rice outcrossing with
glufosinate ammonium-tolerant rice, transformation event LLRICE62 (Appendix 28: Kinney
et al., 2002 #B004396).
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In California, a three year study is monitoring cropping systems at a 9 acre site set aside in
a field infested with a herbicide resistant biotype of watergrass. After three years, the
Liberty rice system (glufosinate ammonium-tolerant rice variety and glufosinate
ammonium herbicide) has reduced the resistant biotype in the seed bank (Fischer, personal
communication)7.


Advantages for US agriculture provided by the Liberty rice system include; 1) more
options to rotate herbicides for resistance management programs, 2) control of less
sensitive weeds, i.e. nutsedge, 3) removal of difficult to control, conspecific weeds, i.e. red
rice and rice mimic, 4) control of currently identified biotypes of herbicide resistant weeds,
and 5) less reliance upon water management to control weeds, thus more options for crop
management and potential implications for water conservation.
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Agronomic practices studies in Brazil
At the location of the Bayer CropScience breeding station, near Pelotas, in the Southern
Brazil state of Rio Grande do Sul (RS), a large field site contained several independent
studies in the 1999-2000 season (Appendix 1: Abreu and Mitten 2002 #B004394). Field
studies were designed to test the performance of the glufosinate ammonium-tolerant rice
under the common agronomic systems which use the non-selective herbicide glyphosate
and the selective rice herbicides propanil and clomazone. Conventional practices were
followed and label rates of the herbicides were applied. Evaluation for weed control and
crop sensitivity was 21 days post application. Glufosinate ammonium-tolerant rice has the
6
7

Trait™ LL Grain Test Kit, Strategic Diagnostics Inc. 111Pencader Dr., Newark, DE 19702
Dr. Albert Fischer, University of California-Davis.
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same sensitivity to glyphosate herbicide as the non-transgenic parental varieties.
Volunteer glufosinate ammonium-tolerant rice can be controlled by glyphosate and other
herbicides with similar modes of action, for example, sulfosate. Glufosinate ammonium
herbicide can be applied to glufosinate ammonium-tolerant rice without preventing the use
of conventional rice herbicide programs. In weed control studies, glufosinate ammonium
herbicide, 400-600 g/ha and glufosinate ammonium-tolerant rice varieties provide
efficacious control of three problem weed species in Brazil, red rice (Oryza sativa),
barnyard grass (Echinochloa crus-galli) and jointvetch (Aeschnomene rudis). The Liberty
weed control program was tested alone and in combination with conventional herbicides.
The study demonstrated that the Liberty system will be an important addition to current
rice field weed control practices for Brazil.
Herbicide applications prior to seeding of rice is a common practice in Brazil for reducedtillage seed bed preparation in irrigated rice cultivation. The so-called “burn down”
treatment is useful to remove red rice and other weeds from the seed bed and provides the
germinating rice seedlings with a window of reduced weed competition in which to
establish the crop. Three herbicides commonly in use for this agronomic practice are
glyphosate, sulfosate and paraquat (all having a different mode of action from glufosinate
ammonium). A greenhouse study was undertaken to evaluate the impact of rice varieties
carrying the bar gene on this important weed control operation. The glufosinate
ammonium-tolerant rice variety survived application of glufosinate ammonium, while the
parent variety and the red rice were 95% controlled at the 10 day post-application
evaluation and 100% controlled when scored 30 days after treatment.
All of the current herbicide treatments controlled the glufosinate ammonium-tolerant rice.
The introduction of glufosinate ammonium-tolerant rice varieties will not disrupt the
agronomic practice of seed bed burn-down and other reduced tillage practices.
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Red rice infestations and land use
In many regions of temperate rice production and, especially in the Americas (Appendix
37: Noldin 1998), severe red rice infestations have removed land from economic rice
production. In many cases, high clay soils of rice farm land are not suitable for other
crops. In regions of Texas and Louisiana, as well as in the southern Brazil state of Rio
Grande do Sul, former rice land is being grazed for the lack of efficacious red rice control.
These rural economies would be enhanced if rice cultivation were able to return, especially
to small farmers that have no resources to change the cropping system or to rent new land.
Rice cultivation brings jobs not only for the direct farming activities, but also for the
milling and transport of the grain. This is especially important for Brazil, a net importer of
rice. As a nation, Brazil does not produce sufficient rice to feed the current population.
Estimates of the impact of red rice infestations on the economics of US rice production
report a yield decline of 10% with three red rice plants per square meter. The decline in
yield can be 50% with a 5% red rice infestation. In addition to yield loss, the price based
upon grade paid to the farmer declines when red rice is present. Taking into account yield
and grade losses, the presence of red rice in commercial rice costs US farmers $7.38 to
$10.41 per acre. As such, rice farmers with infestations of red rice are anticipated to be
among the first to adopt herbicide-tolerant rice varieties as they become available
(Appendix 2: Annou et al., 2000).
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10. Potential interactions with the abiotic environment
Analysis for potential interactions with the abiotic environment finds only one to consider; the
cultivation of LLRICE62 is less reliant upon water management to control weeds, resulting in
potential for water conservation.
The intended commercial effect of LLRICE62 is to expand weed management options for
rice. The common practice of seeding rice into flooded fields allows the rice seedling to
establish without weed competition as the flooding suppresses the germination of weed seeds
in the soil. Preparation of the land for this practice often requires successive flooding and
draining of the fields and field operations that result in the release water with high silt loads
into watersheds and aquifer systems. The planting of LLRICE62 varieties which can tolerate
the herbicide glufosinate ammonium, allows an alternative seeding practice in which weed
seeds germinate and the rice and weed seedlings are exposed to herbicide application. The
rice seedlings survive, the weeds do not. This practice can deplete weed seed from the soil, is
not dependent upon the release of highly silted water and can delay the establishment of
permanent flood by several days (Appendix 28: Kinney et al., 2001 #B004396).
Nevertheless LLRICE62 is not intended to be grown in Europe, but will be grown
commercially in the USA, Brazil and Argentina.
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11. Environmental Monitoring Plan
Based on the conclusions of the environmental risk assessment (e.r.a.), monitoring can
address the identified potential risks of the GMO to human health or the environment on a
case-by-case basis, and confirm the related assumptions in the e.r.a. This is referred as casespecific monitoring.
The identification of potential adverse effects of the GMO on human health and the
environment, which were not anticipated in the e.r.a., can be addressed under the general
surveillance.

11.1 General
The scope of this application is the import of grain derived from LLRICE62 for food, feed
and industrial uses. No authorization for growing is requested in the Member States of the
European Union.
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11.2 Interplay between environmental risk assessment and
monitoring
Environmental risk assessment for the import of LLRICE62 into the European Union
identified no potential risk, however a potential adverse effect could be anticipated if pollen
from LLRICE62 were to fertilize commercial rice or the weed red rice in European rice
production*. The only foreseeable chance for LLRICE62 to outcross to rice in Europe would
be if imported grain spilled in transit, if that grain was viable seed and plants established

*

Sections D9.1 to 9.3
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within a short distance of cultivated or weed rice (less than 0.1% between plants in close
proximity and difficult to measure at distance beyond 1 meter; D.9.3).
A review of the trade statistics of rice exported to the European Union from the USA shows
the most common form of imported rice is parboiled long grain rice, which enters the ports in
the Northern Europe, far north of the rice growing regions of Europe. None of the EU
Member States that cultivate rice: Bulgaria, France, Greece, Hungary, Italy, Portugal,
Romania and Spain, have a climate suitable to produce fertile flowers during winter time.
Only Spain and Italy have a climate warm enough towards the end of the year to support
germination and vegetative growth and have imported commodity paddy rice (potentially
viable seed) in the last five years in a reasonable amount (although never higher than 4% of
the national production).
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The potential occurrence of gene transfer as a result of the import of viable seed is highly
unlikely as; a) the amount of paddy rice imported for milling is small (less than 4% of
domestic production of Spain and less than 2% in Italy), b) the changing economics of
importing paddy rice will likely stop the practice import by 2009 , c) the ports, the mills, and
transit routes do probably not provide an opportunity for feral rice populations to establish
and are generally far removed from rice cultivation, d) outcrossing happens only at a low
frequency because of the self pollinating nature of rice (outcrossing is lower than 0.1% even
for plants within 1 meter distance), and e) rice pollen have a very short life time (less than 10
minutes).

Thus, if rice were to spill at the port or along the roadside or at a milling facility, it is very
unlikely it would establish a feral population, or that it would outcross to commercial and/or
weed rice. If LLRICE62 were to spill in one of these environments, the result would be the
same as for any other rice. The only difference, tolerance to the herbicide glufosinate
ammonium, would not provide a survival advantage, as long as the herbicide glufosinate
ammonium is not used.

11.3 Case-specific GM plant monitoring
The conclusion of the risk assessment was no adverse effects assumed and as a consequence
there is no need for a case specific monitoring plan.
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11.4 General surveillance of the impact of the GM plant
The scope of this application is the import of grain derived from LLRICE62 for food, feed
and industrial uses, no authorization for growing is requested in the Member States of the
European Union. The general surveillance will be focused on those domains involved from
import to milling facilities.
The essential elements of the surveillance plan are:
i. The best possible chance of detecting an unanticipated adverse effect would be ensured
by having an adequate number of people, with relevant experience, involved in the
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surveillance process. It follows, therefore, that those persons or organizations normally
involved in agriculture, or whose activities are connected to agriculture, the environment
and human and livestock health, will be in the best position to participate in a general
surveillance plan.
ii. In order to allow detection of the broadest possible scope of unanticipated adverse effects
it is proposed that general surveillance is performed by either selected, existing networks,
or by specific company stewardship programmes, or by a combination of both. Such
networks are already in place in the majority of EU countries. As outlined in the Council
Decision establishing guidance notes on monitoring, the general surveillance plan should
not be regarded as research per se.
iii. While the principles for the entire EU should be the same, the intensity of surveillance
activities is unlikely to be the same in each of the different EU countries since, for
example, certain GM crops may not be imported, processed and used in all Member
States. Instead, the approach to surveillance should include the concept of general
observation in representative environments and should be responsive to indications of
possible adverse effects. Finally, the availability, extent and composition of existing
networks in the different EU countries will have a direct influence on the existence and
availability of baseline and surveillance information.
iv. Where there is scientifically valid evidence of a potential adverse effect (whether direct
or indirect), linked to the genetic modification, then further evaluation of the consequence
of that effect should be science-based and compared with baseline information. In many
cases it may not be possible to establish a causal link between a potential adverse effect
and use of a particular GM crop.
v. The surveillance plan should be focussed and should not attempt to include all research,
stewardship or other programmes ongoing during the commercialisation of the GM crop.
It is recognized that independent research and other programmes will be undertaken
which are not associated with the detection of unanticipated adverse effects.

The conclusion of the risk assessment was no adverse effects and as a consequence there is no
need for a case specific monitoring plan. Parameters to be used in a monitoring plan will be
taken up in the general surveillance.
Background information.
Of the current and future EU Member States that cultivate rice; Bulgaria, France, Greece,
Hungary, Italy, Portugal, Romania and Spain, only Spain and Italy have imported commodity
paddy rice (potentially viable seed) in the last five years in a reasonable amount (although
never higher than 4% of the national production). The potential parameters determining a
possible gene transfer are: a) seed spillage in ports, mills, and along transit routes. However
these sites probably do not provide an opportunity for feral rice populations to establish and
are generally far removed from rice cultivation, b) the application of glufosinate ammonium
herbicide, which could give LLRICE62 plants an advantage, c) outcrossing happens only at a
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low frequency because of the self pollinating nature of rice (outcrossing is lower than 0.1%
even for plants within 1 meter distance), and d) rice pollen have a very short life time.
Thus, if rice were to spill at a port or along a roadside or at a milling facility, it is very
unlikely it would establish a feral population, or that it would outcross to commercial and/or
weed rice. If LLRICE62 were to spill in one of these environments, the result would be the
same as for any other rice. The introduced trait of tolerance to the herbicide glufosinate
ammonium, would not provide a survival advantage, as long as glufosinate ammonium is not
applied in these environments.
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Parameters to evaluate
Different parameters influence the possible occurrence and/or establishment of feral or
weed rice populations. Of the ones mentioned above, outcrossing possibilities and
pollen viability are already discussed in detail in other papers and do not need to be
repeated here. Remaining parameters to be used are: a) accidental spillage in ports,
along transit routes and around milling facilities, b) occurrence and/or establishment of
feral Liberty Link populations of cultivated or weed rice, and c) usage frequency of
glufosinate ammonium in harbours, along transport routes and around milling facilities
(usage of glufosinate ammonium provides an opportunity for feral rice populations to
establish).
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Providing information and creating awareness among stakeholders
Bayer CropScience, as the notifier, will be the holder of the authorisation referred to in Article
4 (2) when granted. This authorisation will allow the operators to place on the market and
handle GM food and feed in the EU. In no matter Bayer CropScience will be one of those
operators.
It is the responsibility of the operator to strictly adhere to the labelling requirements laid out
in article 12, 13, 14, 24, 25 and 26 of the Regulation (EC) N° 1829/2003 on Genetically
Modified Food and Feed and to the traceability requirements laid down in Article 4 and 5 of
the Regulation (EC) N° 1830/2003 on traceability of GM Food and Feed. In order to comply
with his obligation each operator will find information on the Community Register of GM
Food and Feed:
http://europa.eu.int/comm/food/food/biotechnology/authorisation/commun_register_en.htm
It is therefore the responsibility of BCS to provide the information that will be placed on the
Register. This information is as follows:
• Regulation (EC) N° 1829/2003, Art. 13.1 and Art. 25.2.a and b:
Name of the genetically modified organism : Genetically modified rice
• Regulation (EC) N° 1829/2003, Art. 13.2 and Art. 25.2.c: Not applicable.
• Unique Identifier Code: ACS- ACS-OSØØ2-5
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Existing surveillance systems
The people and their networks participating in the surveillance plan would tend, although not
exclusively, to be best suited to identify possible unanticipated adverse effects of the GMO to
the receiving environment and/or human or livestock health. Table 17 shows examples of
existing networks that potentially could participate in General Surveillance.

Table 17:

Public
organisations

Other
organisations

Examples of existing potential surveillance networks
Receiving Environment
National grain inspection service, data
from port of entry
National plant protection, phytosanitary
and grain inspectors
National environmental observation
agencies
University ecologists
Commodity brokers, port of entry to food
processor / millers
Trucking dispatchers and the
groundskeepers at the rice milling
facilities.
Handlers, processors, users
Independent consultants

Human and Livestock health
National network for monitoring of
veterinary products
National network for monitoring of
medical products
National food councils
National food safety agencies
Industry Associations, for example the
Northern European Millers Association
and the USA Rice Federation
Professional associations of occupational
health
Professional associations of independent
veterinarians
Handlers, processors, users

Receiving environment
Those people and networks best suited to surveillance of the broader receiving environment in
which the grain derived from a GM crop is transported and processed would be those whose
day-to-day work gives them regular experience of this environment (for example;
governmental phytosanitary and grain inspectors, trucking dispatchers and the groundskeepers
at the rice milling facilities).
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Human and livestock health
Those people and networks having regular contact with handlers, processors, users, and farm
livestock, are best suited for surveillance of any unanticipated human occupational health and
livestock health effects.
Primary sources of surveillance information
The grain import and distribution network.
To meet the requirements of the Traceability and Labelling regulations, shipments of grain
derived from GMO crops will be identified as such in the invoice and import documents. The
industry is experienced in tracking shipments with full documentation of the origin of the
grain. Experience has shown that this network ensures a continuous and efficient
communication link from the exporter to the importer/miller, especially in relation to
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complaints about grain quality parameters, and thus would provide a key surveillance network
for possible adverse effects.
Key external networks.
The use of existing networks to provide surveillance information is seen as a key aspect of
ensuring that sufficient observers are available to identify and report possible unanticipated
adverse effects, as well as ensuring methodological consistency and optimising the
expenditure of resources. This would include existing observation programmes in the
receiving environment, occupational health and livestock welfare.

Other sources of surveillance information

Although not a formal part of the surveillance plan, it is appropriate to note that there is an
extensive information network, with global reach, which will provide additional information
on possible unanticipated adverse effects arising from the use of GM crops. These include
new and rapid means of access to information from across the globe through
telecommunications, the media and Internet access. Through these means, many groups,
including agronomists, ecologists, health professionals, and the general public now have
unprecedented access to reports on the use world-wide of GM crops. In addition, electronic
discussion sites, for example those of WHO, OECD, FAO, and consumer organisations, are
valuable sources of information and communication for professionals and, in many cases, the
general public.
Information collection and analysis
Surveillance information will be collected from two primary sources:
1. Feedback from selected networks. Bayer CropScience will send a questionnaire to the
different operators to a) collect information regarding the accidental spillage of rice (only
paddy imports may be viable seed) at the port, in transit or in storage at the mill before
processing in a member state, b) follow up a significant accidental spillage of viable seed
when it is requested by that member state, by visiting the site and check for establishment
of a feral rice population, c) collect information regarding usage frequencies of glufosinate
ammonium formulations at above mentioned sites.
The questionnaire will be made available to the operators before the initial placing on the
market (first import). Besides the product briefings and technical literature to the
operators, the questionnaire can also be used to give specific information. One of these is
for example not to apply a glufosinate ammonium herbicide when rice populations are
found in harbors, along transit routes and in or around milling facilities.
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2. Ongoing record keeping of reported potential adverse effects and other relevant
information received via direct contacts with Bayer CropScience.
Evaluation of potential adverse effects
Where scientific analysis of the observation confirms the possibility of an unanticipated
adverse effect, this would be investigated further to establish a correlation, if present, between
the use of the GM crop and the observed effect. The analysis should consider the consequence
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of the observed effect and remedial action, if necessary, should be proportionate to the
significance of the observed effect.
Deleted: ¶

11.5 Reporting the results of monitoring
Responsibility
Bayer CropScience is responsible, under the Regulation, to inform the Commission of the
results of the surveillance effort.
Information that does not change the risk assessment.
Frequency
Direct and immediate effects refer to primary effects on human health and the environment
that, if they occur, are likely to be observed during the period of release of the GM crop.
Market introduction of a specific GM crop is a gradual process and the placing on the market
might be very small during the initial time period of the consent. Therefore, it is proposed to
submit a general surveillance report on an annual basis, following the initial placing on the
market (first import). A final report will be made at the end of the consent.
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Indirect effects refer to a causal chain of events with an effect on human health and the
environment. Observations of indirect effects might, in some cases, be delayed. Since
surveillance will also include the observation of potential indirect and/or delayed effects, we
propose to include a report covering potential indirect or delayed effects at the stage of reevaluation or at the end of a given consent in the case where Bayer CropScience does not
apply for a renewal. An evaluation of the need for additional, post-consent surveillance will
be included in such a report.
Content
Bayer CropScience will submit a General Surveillance Report containing information
obtained from key external networks.
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Confirmed potential unanticipated adverse effects
Frequency
If information that confirms an adverse effect which alters the existing risk assessment
becomes available to Bayer CropScience from users or other sources, Bayer CropScience is
required immediately to inform the Competent Authority which gave consent for marketing of
the GM crop, and in collaboration with the Competent Authority, to evaluate the information
and, if necessary, to take measures to protect human or livestock health and/or the
environment.
Content
Bayer CropScience will submit a Report, consisting of a scientific evaluation of the potential
adverse effect and a conclusion on the safety of the product. The report will also include,
where appropriate, the measures that were taken to ensure the safety of human or livestock
health and/or the environment. These procedural steps are summarised in figure 10.
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Figure 10: Summary of procedures for the observation, analysis, reporting and
management of an unanticipated adverse effect
Surveillance by different networks

Observation and confirmation

Notification of the Rapporteur and European Commission and, where a risk is identified, the
adoption of measures to protect the environment, or human and/or animal health


Report preparation

Possible adaptation of the environmental risk assessment and the management plan in
collaboration with the Competent Authority
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2. Agronomic
performance traits

1. Plant variety
descriptors

Characteristic
Parameters
Maturity, Culm, Flag leaf
Plant morphology
using PVP standards Ligule, Panicle, Spikelet
Fertility
Germination and vigor in cold
Endosperm color, Aroma
Grain morphology
using PVP standards Shape class defined by L/W ratio
Amylose values
Alkali spreading value
Emergence and stand
Field performance
establishment
Rate of growth (first and 50%
tillering date)
Vigor
Height
Yield
Grain performance

Reproduction

3. Plant reproductive
characteristics

Disease resistance
Fecundity

Shattering
Dormancy

Persistence

4. Composition of
key nutrients

Nutritional
composition of grain
and straw
Anti-nutritional
components
Rice allergenic
protein
Rice storage proteins

Page 100: [3] Deleted

App.

Our ref.

Whole grain milling yield
Grain moisture
Duration (days) of optimum
harvest
Date of first flower (heading)
Date of 50% and last heading
Date of grain maturity
Severity rating for naturally
occurring pathogens
Seed per panicle
100 seed weight
Empty florets
Shatter rating of mature panicles
Dry afterripening
Germination rate
Survival of imbibed seed
Census of volunteers in
subsequent season
Proximates, amino acids,
minerals, vitamins, fatty acids
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Findings
Same as recipient variety

Same as recipient variety

Same as recipient variety, with
the exception of height and yield
. Selected lines in USA based
upon LLRICE62 were shorter by
7-10 cm than recipient, and
depending upon the agronomic
practice, yield differences were
observed.
Same as recipient variety

Same as recipient variety

No changes in disease reaction
compared to recipient variety
Same as recipient variety

Same as recipient variety and not
like weedy rice.
Same as recipient variety and not
like weedy rice.
Same as recipient variety.
Same as recipient variety

Phytic acid, trypsin inhibitor, and Same as recipient variety
hemagglutinin (lectin)
16 kdal protein
Same as recipient variety
sera screen
Albumin, globulin, glutelin,
Same as recipient variety
prolamine
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