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Summary

Tomato is one of the worlds most versatile and important food crops. We have developed inbred
lines of tomato containing genes that improve the processing characteristics of these lines.
Hybrids produced using these inbreds also show improved processing characteristics. The gene
constructs were introduced into the parental inbred line by transformation and several hundred
tomato plants were regenerated from selection experiments. After a series of tests in the
laboratory, glasshouse and field, three inbred lines were identified that are suitable for commercial
release and use in further breeding,

The gene constructs used for transformation were fully characterized in terms of sequence and
origin. Two regions from the vector are known to be transcribed in the plant. In addition a
sequence computer analysis revealed a number of potential open reading frames. None of these
have the characteristics of the transcribed genes.

The candidate lines for commercialization were analyzed at the biochemical, genetic and DNA
level over several seed-derived generations. Inbred lines: B, Da and F and hybrids made from
them all had improved processing characteristics. The agronomic characteristics of these lines
were indistinguishable from the parental inbred line and were not altered in their weediness
characteristics.

Compositional analysis of the modified lines showed no significant difference in content of
vitamins A and C, content of fiber, ash, titratable acidity, pH or color as compared to the parental
variety. The lines were specifically improved in their processing characteristics due to the
reduced degradation of pectins by the enzyme polygalacturonase.

We conclude that these tomato lines are suitable for release and commercialization and request
U.S.D.A. exemption from regulatory oversight.
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Rationale for the Development of Low PG Processing Tomatoes

Tomato is currently one of the world’s most versatile and important food crops. Grown on about seven
million acres worldwide, the annual commercial world production of tomatoes is over seventy-six million
tons, of which the United States produces 16%, followed by the former Soviet Union at 10%, Turkey and
the Peoples Republic of China at 8% each, and Italy at 7%. There are two distinct tomato industries in the
U.S., fresh market tomatoes and processing tomatoes. Each industry requires distinct tomato cultivars that
were selected and bred over the years for the specific requirements of each market and production areas.
The U.S. processing tomato industry grows 86% of the tomato volume, 90% of which is grown in
Califonia. The processing tomato crop in 1990 was valued at $700 million.

Eaten fresh, cooked in a variety of recipes, or consumed in one of its many processed forms, consumption
of tomato in the U.S. is about 86 pounds per capita per annum. Over 80% of this is consumption of
processed tomato food products such as catsup, juice, pizza sauce and salsa. Tomato’s versatility and
variety as a processed food contributed greatly to its prominent place in the American diet (Plummer, 1992).
Even though tomato does not have high levels of vitamins, minerals and other dietary components, it makes
a major contribution to the American diet for total vitamins and minerals due to its large per capita
consumption.

Over the years tomato breeding provided the processing industry with improved varieties that are adapted to
particular growing conditions, have stable yields in different environments and are resistant to pests and
diseases. In addition, breeders have focused on development of tomato varieties that have appropnate
quality determinants required by the processing industry. The major quality attributes for processing are
solids, viscosity and color. Using conventional breeding it was possible to make progress toward
developing tomato varieties in which these traits were improved.

The advent of biotechnology enabled the breeding community to make quantum improvements in specific
quality attributes. One example is the introduction of tomato varieties with increased viscosity
characteristics (Schuch et al., 1991). This was achieved through introduction of genes into tomato that
reduce the levels of the enzyme polygalacturonase (PG) (Smith ez al., 1988; Smith e al., 1990). This
enzyme is largely responsible for the breakdown of pectin in the tomato fruit. Pectin is a major contributor
to viscosity characteristics of processed tomato products. Tomatoes in which PG was reduced allow
improvements at all stages of production from harvesting to cooking and canning. Reduced PG enables the
processors to work with thicker tomatoes which leads to increased yields and products with improved flavor
and texture. The new varieties have improved consistency because of less breakdown of pectin.

Summary

The aim of this work was to introduce a known viscosity effect gene into commercial hybrid varieties. Over
three hundred low PG tomato lines were generated. These were stringently evaluated for the following
biochemical and molecular criteria: reduction of PG enzyme activity, presence of a single dominant effect
gene, and stability of the gene in inbred lines and in a range of commercial hybrid varieties. In addition,
experienced Petoseed tomato breeders evaluated the low PG lines for identity to the unmodified parental
lines. Genetically modified lines B, Da and F fulfilled the criteria of identity to the unmodified inbred.
Several commercial hybrids were made using these modified inbreds. They were extensively evaluated in
field trials in California and Chile, as well as in Portugal and Australia.

In all trials, the genetically modified tomato inbreds and hybrids were evaluated by experienced tomato
breeders, growers, agronomists and scientists. It was shown that the modified inbred lines used for the
production of commercial hybrids do not have any unexpected characteristics that may contribute to
increased outcrossing or weediness.



The low PG varieties that will be used for commercial production will be either hybrids tested so far or
other hybrids derived from the inbred lines described here. This will involve traditional crossing, selection,
hybrid evaluation, procedures that have been performed in tomato breeding for many decades.
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The Tomato Family
Taxonomy

Commercial tomato is identified as Lycopersicon esculentum Mill. It is a member of the Solanaceae family
which includes peppers, eggplants, potatoes, tobacco, and a variety of New World tropical fruits, as well as
many medicinal and poisonous plants. The genus Lycopersicon consists of L. esculentum and seven closely
related wild species all of which have the same chromosome number (2n=24) and chromosome morphology
(Rick, 1976). The genus can be subdivided into two groups, those species that can be crossed readily with
L. esculentum (the esculentum-complex) and those that can not (the peruvianum-complex). The species
forming the esculentum-complex are L. esculentum, L. pimpinellifolium, L. cheesmanii, L. parviflorum, L.
chmielewskii, and L. hirsutum. The species forming the peruvianum-complex are L. chilense and L.
peruvianum (Taylor, 1986). All of these species have been and are being used for genetic improvement of
commercial tomato cultivars and from the gene pool for today’s commercial tomato varieties.

With the exception of L. cheesmanii, which is found only on the Galapagos Islands, all wild Lycopersicon
species are native to the Andean region from Colombia to northern Chile. This region, centered in Peru, is
the center of origin and diversity for the genus. The origin and early history of the cultivated tomato is less
clear, but most of the evidence points to Mexico as the probable center of domestication and source of the
cuitivated tomatoes first brought to Europe. L. esculentum variety cerasiforme is the common weedy cherry
tomato that occurs spontaneously throughout Mexico and Central America, and is widely accepted as the
immediate ancestor of the cultivated tomato (Rick, 1976).

History of Use

The first record in the Old World describing tomato comes from the Italian herbalist Pier Andrea Mattioli in
1554 (Rick, 1976). Sturtevant cites numerous other references from European herbalists that indicate that
tomato spread throughout Europe during the 16th century and was known in different languages as the gold
apple (pomodoro), love apple (pommes d’amours), and tomatoes. Its arrival in England is put at 1596 when
Gerarde says he received seed for his garden from Spain, Italy and other hot countries (Hedrick, 1919).
Though this implies that tomato was accepted as a new food in Europe soon after the likely introduction
from Mexico in early 16th century, this is not the case. The similarities of tomato to the known poisonous
members of the Solanaceae, belladonna and mandrake, led to strong suspicions about its safety as food. As
a result, tomato remained a curiosity for most of the people in Europe and elsewhere for many years. It is
not until the late 1700’s that tomato sauces began appearing in noted Italian cookbooks. Thus began the
widespread use of tomato as a food in Italy.

Tomatoes were first mentioned in North America in the writings of William Salmon in 1710 (Rick, 1978).
D.J. Brown in a U.S. Patent Office Report, 1854, said that until the year 1834 tomato was virtually
unknown in the U.S. as a vegetable. The History of the Massachusetts Horticultural Society, 1880, states
that not until 1844 did tomato start to become a popular vegetable. In 1847, at Lafayette College at Easton,
Pennsylvania, the possibility of canning tomatoes was first demonstrated. Since then, tomato proved to be a
very versatile processed food and became the leading processed vegetable crop and main staple in diet in
the U.S.



Genetics of Prpcming Tomato Varieties

The development of improved tomato cultivars by selection from the original germplasm base imported
from the New World to Europe began only after tomato was recognized as a safe and wholesome food.
This happened first in the Mediterranean, and was followed by Northern Europe and North America. Many
locally adapted cultivars were developed in Europe and North America by selection of chance variants
resulting from mutation, or spontaneous outcrossing and recombination of existing varieties (Stevens and
Rick, 1986).

Since the 1920’s, tomato improvement proceeded at a much accelerated pace, hand in hand with the
growing understanding of the biology of the species, techniques of plant breeding and the growth of the
tomato industries and public demand. Dramatic improvements were made in yield, adaptation to specific
growing conditions, plant habit, disease resistance and fruit quality, for both the fresh market and processing
industries. Several single gene traits were of particular importance to tomato crop improvement. Many of
these traits, of which resistance to diseases is one example, were often derived from related wild species.
The development of the first machine harvested tomato cultivar by G.C. Hanna in the late 1950°s and early
1960°s utilizing the self pruning (sp) gene revolutionized the California processing tomato industry.

Today, modem day cultivars are bred to be specifically adapted to the production areas, industry
requirements and consumer preferences. Breeders build on the genetic improvements of the past, as well as
utilize new sources of genetic variation available from wild species and new molecular biology techniques,
to develop superior quality tomato cultivars for the growers, tomato processing industries and consumers.

Many of today’s varieties are inbred varieties. However, more recently production of single cross hybrids
became the predominant method for production of cultivars that have desired environmental adaptation,
disease tolerances and quality traits. The single cross hybrids allow the most efficient combination of
desirable traits from the broadest range of germplasm.

Tomato is classified as a self-pollinated crop. The structure of tomato flower promotes autogamy: the
anthers are arranged above the stigma in a tube into which pollen is released. This autogamy is a transition
in cultivated tomato from exserted to inserted stigmas within the anther cone. Over the past 50 years, the
change in style-length has been dramatic. This was brought about through selections made by breeders who
desired improved self-pollination and fruit set. This development has virtually eliminated outcrossing
(Rick, 1976). Taylor (1986) reports that all L. esculentum species are self-compatible and exclusively
inbreeding. Hybrid varieties of commercial processing and fresh market tomatoes are produced by
controlled hand pollinations.

Potential for Outcrossing

Outcrossing with Domesticated Tomato Species

The natural outcrossing of tomatoes was reviewed by Rick in 1992. The potential for outcrossing depends
on several factors including flower morphology, genetic background, planting density, and environmental
factors such as the availability of bee populations. Outcrossing among tomato cultivars was assessed using
various methods (Rick, 1992). Low frequencies (between 0-5%) were reported for special experimental
designs, in which outcrossing potential was optimized. In conventional production fields the frequencies of
outcrossing are very low.

The potential for tomatoes to become weeds was reviewed previously (Redenbaugh, 1992). There is
considerable historical evidence that despite the large acreage of plants grown annually the rate of




outcrossing between tomato varieties in conditions of intensive agricultural usage does not lead to weediness
of tomatoes.

The potential for weediness of tomatoes in which PG enzyme activity was reduced using antisense
constructs to PG (Hiatt ef al., 1988) was reviewed by the U.S.D.A. previously (Redenbaugh ez al., 1992;
US.D.A, AP.HILS, 1992). On July 14, 1992 A.P.H.LS. received the petition from Calgene requesting
that the low PG tomatoes be removed from regulatory oversight. This petition was granted on October 19,
1992.

Outcrossing with Wild Species

Pre- and post-fertilization barriers which prevent cross pollination between Lycopersicon species are well
documented (Taylor, 1986). Tomato can only be crossed by hand-pollination to wild Lycopersicon species. -
Wide hybridization between members of the two subgenera, esculentum and peruvianum, typically leads to
early embryo breakdown and non-viable seed. Sexual hybridization between the two subgenera can only be
accomplished using embryo culture. The closest genetic relatives of Lycopersicon are in the genus
Solanum. L. esculentum can also be crossed with S. lycopersicoides using controlled pollination techniques,
although the hybrids are usually sterile (Stevens and Rick, 1986). Attempts to cross L. esculentum with .
rickii and S. ochranthum failed (Rick, 1979). Recently, a controlled cross between L. esculentum and S.
rickii was successful using a sesquidiploid bridging hybrid (De Vema et al., 1990), that may provide a
means to move genes from S. rickii to commercial cultivars. No other member of the genus, including S.
nigrum, a common weed in tomato fields, yielded any viable hybrids with tomato (Taylor, 1986).

Natural interspecific crossing occurs only in the tomato’s natural habitat in South America and only within
the esculentum subgenus. There is strong evidence, however, that even in the natural range, interspecific
crossing does not occur. Esquinas-Alcazar (1981) stated that many species overlap but no evidence of
natural introgression was found, with the exception of L. pimpinellifolium and L. esculentum.

Various bees (excluding honey bees) are the principal pollen vectors. Under field and greenhouse
conditions airborne pollen is of little consequence for outcrossing. In fields in the major tomato growing
regions, solitary and bumble bees seldom visit flowers of cultivated tomatoes as they are more attracted to
the larger, better displayed flowers (usually with well-exserted stigmas) of other species. Thus, there is a
very low likelihood of outcrossing to wild species.

The only wild Lycopersicon species that was found outside Latin America is L. esculentum variety
cerasiforme. This species became established in south Florida and in southern Texas but is not considered a
weed species. No natural outcrossing between L. esculentum and L. esculentum variety cerasiforme has

been reported.
Outcrossing with Other Related Species

A number of weed species was identified by U.S.D.A. to occur in or in the vicinity of commercially grown
tomato fields. Solanum nigrum is the only major weed pest related to tomato. Other members of the
nightshade family that are weeds in tomato fields are: S. sarrachoides, Physalis heterophylla, P. lanceifolia,
P. xocarpa, P. acutifolia, Nicotiana bigelovii, Datura stramonium, D. meteloides, and D. ferox. Other
weedy Solanaceae are: Hyoscyamus niger, Lycium ferocissimum, P. virginiana variety sonorae, P. viscosa,
S. cardiophyllum S. carolinense, S. lanceolatum, S. marginatum and S. torvum. Tomato (L. esculentum) is
sexually incompatible with all of these weedy relatives.
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Description Qf the Transformation System and Vectors Used

Agrobacterium as a Delivery System

Ti Plasmids

A common soil-borne bacterium, Agrobacterium tumefaciens is known to cause a Crown Gall disease on
many plant species. When this bacterium is present at a wound site on a susceptible plant, a complex series
of events is initiated that results in transfer of genetic information from the bacterium to the plant and leads
to gall formation. Several bacterial genes are required for successful infection. Some of these genes are
encoded on the bacterial chromosomal DNA, whereas the majority are found on DNA plasmids called Ti
plasmids. A series of genes in the so called “virulence™ (vir) region of the Ti plasmid is activated by a
phenolic compound, acetosyringone, which is present in the exudates from wounded plant tissue. The
products of the vir genes cause another DNA segment on the same plasmid, called the “transfer” region (T-
region or T-DNA), to be moved into plant cells. The molecular biology of Grown Gall disease was
extensively reviewed by Koukolikova-Nicola ez al. (1987).

The T-DNA genes function in plants but not in the bacteria from which they were transferred. The T-region
is bordered by imperfect direct repeats called border sequences. Any DNA between these borders is
transferred to plant cells where it is stably integrated into the chromosomal DNA. The newly integrated
genes then direct the synthesis of substances that alter plant metabolism. Expression of auxin and cytokinin
biosynthetic genes results in uncontrolled cell division leading to gall formation, whereas genes coding for
opine biosynthesis provide nutrients for the bacteria.

Development of Disarmed Vectors

Disarmed Ti plasmids were constructed from natural Ti plasmids by deleting the tumor inducing and opine
synthesis genes from the T-region. Other genes can then be inserted into this region using conveational
cloning techniques. Any DNA inserted between the 25 base pair (bp) repeats (border sequences) is co-
transferred and integrated into the plant nuclear genome. The T-region appears to integrate randomly into
plant chromosomal DNA. Modified Ti plasmids are efficient vectors for transferring DNA inserts into
dicotyledonous plant cells from which transformed fertile plants can be regenerated.

Binary Vector Systems

Binary vectors represent a further refinement of the DNA delivery system. The binary system requires two
autonomously replicating plasmids in 4. fumefaciens. One plasmid contains the virulence genes, whereas
the second plasmid carries the genes of interest to be introduced into plant cells. The latter plasmid is
referred to as a “binary vector” (Hoekema ef al., 1983). In this binary system the virulence properties can
not be transferred to plant cells because the virulence genes and the effect genes are located on different
plasmids. Thus, binary plasmids provide a greater degree of convenience and safety than systems in which
the vir genes and the plant targeted genes are located on the same plasmid.

Tomato Transformation Involving Agrobacterium

Several methods for transformation of commercial tomato varieties were developed using disarmed binary
A. tumefaciens vectors. These involve infection of sectioned stems, hypocotyls or cotyledons with
Agrobacteria containing the transformation vectors. Tomato cotyledons were used as target tissue for the
generation of the genetically modified tomato lines reported here.



Characteristics of the Unmodified Tomato Recipient

Petoseed proprietary inbred tomato line coded as T7 was the unmodified recipient of gene vectors. This
inbred line has been used widely in production of elite processing hybrids for different growing regions
both in the U.S. and abroad for many years. The success of this inbred line is due to the wide range of
important characters that were combined into it by Petoseed breeders. This inbred is characterized by good
combining ability and resistance to several important diseases, such as Alternaria Stem Canker and
Fusarium Wilt. Seed sales of hybrids containing T7 as one of the parents amounted to approximately
15,000 pounds in 1990.

Construction of the Transformation Vectors

The vector constructs that were used to generate the genetically modified tomatoes subject to this
submission are binary vectors based on the widely used plant transformation vector pBIN-19 (Bevan, 1984).
This vector is characterized by the following features: it contains the left and the right border sequences that
delineate the DNA sequences that are transferred to the recipient plant cells. The bacterial neomycin
phosphotransferase (nprII) gene that is used as a selectable marker for selection of transformed plant cells is
located between these border sequences. This gene is fused to the nopaline synthase (NOS) promoter of
Agrobacterium to obtain expression in plant cells. The pBIN-19 vector also contains a multiple cloning site
into which genes of interest, such as the polygalacturonase (PG) effect genes, can be inserted.

In plant transformation vector pJR16A part of the tomato PG gene is inserted in antisense orientation with
respect to the CaMV 35S promoter, whereas in plant transformation vector pJR16S the same fragment of
the tomato PG gene is inserted in sense orientation.

The construction of these vectors was described previously (pJR16A: Smith ef al., 1988, pJR16S: Smith et

al., 1990). Schematic maps of the vectors pJR16A and pJR168S are shown in Figure 1. DNA sequences of
these vectors are shown in Appendices 1 and 2.

Figure 1. Structure of T-DNA in pJR16A and pJR16S
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pJR16A: Contains the tomato PG sequences in antisense orieptation.
pJR16S: Contains the tomato PG sequences in sense orientation.

Genetic elements found in these vectors between the border sequences are listed in Table 1. The details of
these elements are shown in Table 2 and are further discussed in detail in the Donor Genes to be Assessed
for Non-Regulated Status section.



Table 1. Genetic Elements of Plant Transformation Vectors pJR16A and pJR16S

Donor Description of Donor DNA Sequences
Lycopersicon esculentum Part of the polygalacturonase gene
Mill. (variety Ailsa Craig)
Escherichia coli Part of the beta-galactosidase gene

Agrobacterium tumefaciens

The left and right border sequence; part of the nopaline synthase gene; part of
the omithine cyclodeaminase gene

M13 Part of the origin or replication; part of Gene III
TnS Part of the neomycin phosphotransferase gene
CaMV Part of the 35S promoter



Table 2.

Summary of DNA Sequences Found in pJR16S

DNA Size
Seq. Element bp Function Origin References

Left border 25 | This border delineates the DNA A. tumefaciens Ti Zambryski et al., 1980
transferred to plant cells. plasmid

Origin of M13 406 | This fragment is part of a larger Bacteriophage M13 | Wezenbeek e al., 1980

fragment region which is required for the Yanisch-Perron ez,
replication of the M13 in bacteria. 1985

LacZ gene fragment 156 | This fragment is derived from the E coli Beckwith and Singer,
lactose operon of E. coli. 1966; Bevan, 1984

CaMV 35S promoter | 529 | This fragment is responsible for the Cauliflower Mosaic | Franck er al.,, 1980,
efficient expression of the PG effect | Virus Odell et al., 1985

enes (Smith ef al., 1988, 1990).

PG sense 731 | The expression of this fragment in Tomato, var. Ailsa Grierson et al., 1986,
sense orientation leads to down- Craig Smith et al., 1990
regulation of PG.

NOS 3'end 247 | This fragment aids the termination of | A4 fumefaciens Ti _Hernalsteens ef al.,
mRNA synthesis. plasmid 1980; Bevan et al., 1983

LacZ gene fragment 231 | This fragment is derived from the E coli Beckwith and Singer,
lactose operon of E. coli. 1966; Bevan, 1984

M13 gene I 440 | This fragment is derived from gene Bacteriophage M13 | Wezenbeek ef al., 1980

fragment 118 Yanisch-Perron et.,

1985

NOS 3' end 258 | This fragment aids the termination of | A. tumefaciens Ti Hemalsteens e al.,
mRNA synthesis. plasmid 1980; Bevan ef al., 1983

ocd gene fragment 209 | This is a fragment derived from the A. tumefaciens Ti Sans e al., 1987, 1988;
OCD gene of A. tumefaciens Ti plasmid Schindler et al, 1989
plasmids.

npill 800 | This fragment is derived from the Bacterial transposon | Bert et al., 1975; Bevan
transposon Tn5 and allows the TnS etal., 1983, Bevan,
selection of genetically modified 1984
plants.

NOS promoter 227 | This fragment promotes the A. tumefaciens Ti Hernalsteens e al.,
transcription of the nprIl gene. plasmid 1980; Bevan ef al., 1983

Right border 26 | This border delineates the DNA A. Tumefaciens Ti Zambryski et al., 1980
transferred to plant cells. plasmid

Various linkers 433

Total nucleotides 4718

Analysis of Open Reading Frames

The plant transformation vectors pJR16A and pJR16S were designed to express two functions: 1) the
selectable marker gene under the control of the NOS promoter, and 2) the effect gene for the control of PG
gene expression (PG antisense: PGA; partial PG sense: PGS) under the control of the CaMV 35S promoter.

A detailed computer analysis of the DNA sequences of both vectors was performed to identify whether
additional open reading frames were present. Both strands of the vector DNA sequences were analyzed but
open reading frames shorter than 50 amino acids were not covered.
Several potential open reading frames were detected in both transformation vectors. These potential open
reading frames encoded proteins ranging in size from less than 10 kD to 29 kD. Potential open reading
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frames larger than 10 kD are listed in the accompanying Tables 3 and 4. It should be noted that it is not

unusual that DNA fragments contain small open reading frames and this is not a special characteristic of
these plant transformation vectors. Detailed computer analyses of the open reading frames identified in

pJR16A and pJR16S are shown in Appendices 3 and 4.

Table 3. Open Reading Frame Analysis of pJR16A
Normal Orientation
Size of Potential
ORF Peptide (kD) Locations
1 19.5 nptll
2 15.6 35S Promoter
3 14.9 OCD Gene
4 12.8 OCD Gene
s 1.5 35S Promoter
Inverse Orientation ‘
1 29.0 nptll (selectable marker gene)
2 25.7 Inverse PG
3 16.9 : 3' end nptl/OCD
4 16.4 nptll
] 15.9 nptll
6 14.1 nptll
7 12.9 nptll
8 12.3 Gene IT1
9 12.1 OCD
10 11.4 Gene II1
11 10.5 oCD

11




Table 4. Open Reading Frame Analysis of pJR16S

Normal Orientation
Size of Potential
ORF Peptide (kD) Locations
1 25.3 PG (effect gene)
2 19.5 Inverse npril
3 15.6 358 Promoter
4 14.9 OCD
s 12.8 OCD
6 11.5 35S Promoter
Inverse Orientation
1 29.0 nptll (selectable marker gene)
2 16.9 3' end nptil/OCD
3 16.4 nptll
4 15.9 nptll
5 14.1 nptll
6 12.9 nptll
7 12.3 Gene I
8 12.1 OCD
9 11.4 Gene I
10 10.5 OoCDh

Several conclusions can be drawn from this computer analysis:

| 4

The open reading frame of the selectable marker gene (npiIl) was clearly identified. This selectable
marker gene was used for the generation of the genetically modified tomato lines.

The open reading frame covering part of the PG gene in pJR16S was also clearly identified. This
open reading frame extends the partial sequence of the PG protein by 3 amino acids.

There were no open reading frames identified in the normal orientation in the part of the PG gene
sequences used in pJR16A.

Several potential open reading frames were located within the coding sequence of the np/II gene or
its inverse complement. There are no cited reports that any of these is expressed in genetically
modified plants using the same promoter selectable marker gene cassette.

Several potential open reading frames were located within the CaMV 35S promoter. There are no
cited reports indicating that any of these potential open reading frames is translated into mRNA or
peptides in genetically modified plants using the same promoter sequences.

Several potential open reading frames were found in the OCD gene sequences from Agrobacterium
Ti plasmid and the Gene III sequences from M13. These do not match the known open reading
frames of the OCD and Gene IIl genes accept for cases discussed below.

In order to assess whether any of these potential open reading frames can be potentially transcribed into
mRNA and proteins within the genetically modified tomato fruit, further computer analyses were carried out
(the computer program EUKPROM was used for these analyses, this program is a part of the PC/GENE
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suite of DNA sequence analysis programs by Intelligenetics, Inc.). These analyses focused on three
essential features required for eukaryotic gene expression:

> The transcriptional activation region located around the TATA box of eukaryotic promoters
(Bucher, 1990).

> The CAP signal sequence required for the modification of the §' end of the mRNA (Bucher, 1990).
> The consensus sequences required for efficient translation (Lutcke er al., 1987).

A summary of these analyses is shown in Appendix 5. These analyses demonstrated two potential regions
of transcription adjacent to potential open reading frames. These are:

> Potential open reading frames 1, 3 and 4 in pJR16A and potential open reading frames 2, 4 and S in
pJR16S. These potential open reading frames are equivalent between these vectors (e.g., 1 in
pJR16A equals 2 in pJR16S, etc.) These potential open reading frames are located on the opposite
strand of the transcription unit which expresses the npill gene. There are no cited reports that any of
the frames are expressed in genetically modified plants using the same promoter selectable marker
gene cassette.

> Potential open reading frame 2 in pJR16A (inverse orientation). This potential open reading frame
is located on the opposite strand of the transcription unit which expresses PG antisense.

In summary, we conclude that:

> Expression of the open reading frames found on the opposite strand of the PG and npiIl effect
genes is unlikely to occur. Any expression from the frames would almost certainly interfere with
PG and npill expression; this clearly does not occur.

> Other open reading frames are not associated with plant based transcriptional and translational
control regions and are therefore highly unlikely to be expressed into proteins.
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The Donor Genes to be Assessed for Non-Regulated Status

The PG Effect Genes

The effect gene sequence is derived from a tomato (Lycopersicon esculentum Mill. variety Ailsa Craig) and
encodes the enzyme polygalacturonase (PG) gene. PG is a key enzyme in fruit ripening. It accumulates
only during ripening due to de novo synthesis of the enzyme (Tucker and Grierson, 1982). It is responsible
for the breakdown of pectin molecules in the cell walls of tomato fruit (Hobson, 1965). Pectin is a large
polymer consisting of galacturonic acid residues to which rhamnose residues are attached at irregular
intervals. Pectin is largely insoluble in green fruit During ripening, the average size of pectin molecules
significantly decreases with a coincident increase in soluble polygalacturonic acid molecules (Smith er al.,
1990b). The structure of pectin in tomatoes is a key determinant of tomato fruit texture and of the
rheological characteristics of processed products. PG catalyses the cleavage of pectin chains by hydrolysis
of bonds between adjacent galacturonic acid residues. Tomato fruit contains three related isoforms of
endopolygalacturonase (PG1, PG2a and PG2b), all products of a single PG gene (Bird ez al., 1988).
Purified PG isozymes were shown to degrade tomato cell walls in vitro and to reproduce cell wall softening
changes that occur during natural ripening (Themmen e? al., 1982).

The PG gene was isolated and completely sequenced. In addition, the complementary DNA (cDNA) to PG
was also cloned and completely sequenced (Grierson et al., 1986). The cDNA clone encoding PG, pTOMS,
was identified by comparison of the protein sequence predicted from DNA sequence analysis of this clone
and direct sequencing of the purified PG protein (Grierson ef al., 1986). This clone is 1636 base pairs long
and encodes the pre-PG protein with a molecular weight of 50,051 daltons and is comprised of 457 amino
acid residues (Grierson ez al., 1986).

The first 731 bp of the cDNA clone pTOM6 were used in the construction of the two plant transformation
vectors as indicated in Figure 1 and Appendix 2 (pJR16A: Smith et al., 1988; pJR16S: Smith et al., 1990).
Plant transformation vector pJR16A contains the PG cDNA fragment inserted in antisense orientation with
respect to the CaMV 35S promoter. Plant transformation vector pJR16S contains the same fragment in
sense orientation. Both the antisense and partial sense genes down-regulate the endogenous PG gene in
modified plants (Smith ez al., 1988; Smith ef al., 1990 a,b). The resulting tomatoes have improved
processing characteristics (Schuch et al., 1991).

The source of the genetic elements used in the design of the transformation vectors was Lycopersicon

esculentum Mill variety Ailsa Craig (Darby et al., 1977). This variety was first produced by a cross
between tomato cultivars Fillbasket and Sunrise in 1910 (Lisman, 1961). This variety has vigorous

indeterminate growth. Itis a common gardener variety grown for over 30 years in the United Kingdom.

The nptll Selectable Marker Gene

The neomycin phosphotransferase gene (np!Il) was derived from the bacterial transposon TnS$ isolated from
E. coli (Berg et al., 1975). This gene encodes the enzyme aminoglycoside (3') phosphotransferase II (APH
[3’] II) that has a high specificity for kanamycin and neomycin. It catalyses the ATP dependent
phosphorylation of the 3’ hydroxyl group of the aminohexose ring. The enzyme consists of 264 amino
acids with a molecular mass of 25,000. This gene has been used extensively as a selectable marker in
transformation experiments in bacteria, mammalian and plant cells (Bevan et al., 1983; Fraley et al., 1983;
Hoekema et al., 1983; Bevan, 1984). The npiIl gene used in plant transformation vectors pJR16A and
pJR16S was fully sequenced (Auserwald ez al., 1981).
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CaMYV 35S Promoter

The Cauliflower Mosaic Virus (CaMV) belongs to a group of small isometric plant viruses with a double
stranded DNA genomes called Caulimo viruses. CaMV has a narrow host range restricted to the
Cruciferae, although experimentally, other species such as carrot or tobacco can be infected. In nature
CaMYV is transmitted via aphids of the species Myzus persicae. This virus is of agronomic importance, as
crop losses were attributed to it in several environments. The molecular biology of CaMV was reviewed
previously (Gronenborn, 1987).

A complete DNA sequence of CaMV has been determined (Franck et al., 1980). This permitted
identification of the functional structure of the virus. The viral genome is transcribed into two polycistronic
mRNAs, one of which was termed the 35S RNA. The promoter that is responsible for the transcription of
this RNA was termed the 35S promoter. This fragment is used widely by researchers as it provides high
levels of expression of a wide variety of plant genes (Odell et al., 1985). A 529 bp fragment of the 35S
promoter was used in the construction of the plant transformation vectors pJR16A and pJR16S to drive both
the partial PG antisense and sense constructs. (Smith et al., 1988; Smith et al., 1990).

NOS Promoter and Terminator Sequences
The Promoter of the Nopaline Synthase Gene

The promoter from the nopaline synthase gene was incorporated into the plant transformation vectors in
order to promote transcription of the neomycin phosphotransferase gene (Bevan, 1984). It is derived from
the Agrobacterium Ti plasmid pTiT37 (Hemalsteens ez al., 1980; Bevan et al., 1983; Bevan, 1984). The
DNA sequence was determined and its function as a promoter demonstrated by others (Bevan ez al., 1983;
Fraley e al., 1983).

The Terminator of the Nopaline Synthase Gene

The terminator sequence from the 3’ end of the nopaline synthase gene was included twice in the plant
transformation vectors to ensure that transcription ceases after both the PG effect gene and the nprll
selectable marker gene. It is derived from the Agrobacterium Ti plasmid pTiT37 and its sequence is fully
characterized (Hemnalsteens et al., 1980; Bevan et al., 1982; Bevan et al., 1983; Bevan, 1984).

Other DNA Sequences
Sequences Derived from Agrobacterium Ti Plasmids
The Right and Left Border Sequences

The border sequences were derived from the Ti plasmid pTiT37 (Zambryski et al., 1980;
Hemmnalsteens et al., 1980). This plasmid was derived from strain T37, a natural nopaline
producing isolate. The Ti plasmid of this strain was mapped in detail by others (Zambryski
et al., 1980; Depicker et al., 1982).

The function of these border sequences is to delineate the DNA that is transferred from

Agrobacterium to plant cells. The left border sequence is 25 bp in length, whereas the right
border has 26 bp.
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Part of the Ornithine Cyclodeaminase Gene

The omithine cyclodeaminase (OCD) gene is responsible for the catabolism of nopaline. It
is a part of the noc region of the Ti plasmid which is localized just outside the right border
region of the T-DNA (Sans ez al., 1987). The OCD gene is responsible for the conversion
of nopaline to L-proline and is the last enzyme of this pathway. The gene was isolated

from the nopaline Ti plasmids pTiC58 and the octopine Ti plasmids pTiAchS and fully
characterized by DNA sequence analysis (Sans et al., 1988). A 209 bp internal fragment of
the gene is present in the vector.

Part of the Beta-galactosidase Gene from Escherichia coli

During the construction of pBIN19, the starting point for the construction of plant transformation vectors
pJR16A and pJR16S, a part of the beta-galactosidase gene was transferred from an intermediate
bacteriophage cloning vector M13mp19 (Bevan 1984). This beta-galactosidase gene is derived from the
bacterial strain ECO (Beckwith and Singer, 1966) which is a derivative of the wild type E. coli K12 strain.
The K12 strain is used widely and many derivatives have been generated by the scientific community
(Bachmann, 1972). The presence of this fragment permits application of a widely used color selection
method. A blue colored compound is produced in the presence of an inducer of the lac operon, such as
IPTG (isopropyl-thio-beta-d-galactoside), indicating the presence of active beta-galactosidase in the
bacteriophage. When DNA fragments are inserted into this gene, bacterial colonies are colorless due to
production of inactive beta-galactosidase protein. The lac operon is responsible for the metabolism of
lactose in bacteria. The beta-galactosidase enzyme breaks down lactose into glucose and galactose.

Sequences Derived from the Bacteriophage M13

M13 belongs to a group of non-virulent single stranded DNA filamentous bacteriophages that are able to
infect E. coli. This bacteriophage has found widespread use as a cloning vector to generate DNA sequence
information from cloned DNA fragments. Development of a variety of such cloning vectors was described
by others (Messing et al., 1977; Yanisch-Perron et al., 1985). The DNA sequences found in plant
transformation vectors pJR16A and pJR16S are derived from two regions of the bacteriophage derivative
named M13mp19 (Bevan, 1984).

Part of the Origin of Replication

This DNA sequence does not encode a protein. The function of the origin of replication is
the initiation region for the replication of DNA synthesis. A highly specific mechanism
involving M13 proteins and host proteins is required for replication of the M13 DNA. The
complete sequence of the origin of replication was determined by others (Wezenbeek et al.,
1980; Yanisch-Perron et al., 1985).

Part of Gene il

The Gene III is a component of the viral coat. The fragment of Gene III that was
incorporated into the plant transformation vectors represents 455 bp of an internal fragment
of the Gene I1I. The complete sequence of Gene III was determined by others (Wezenbeek
et al., 1980; Yanisch-Perron et al., 1985).
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Other Sources of DNA

Other small DNA sequences were included in the construction of the plant transformation vectors to act as
linker fragments between above listed genetic elements. These DNA elements were added during the
construction of the vectors as synthetic pieces of DNA.

The sequences represented in Appendices 1 and 2 were determined experimentally. The sequences of
Agrobacterium that confer characteristics of hormone independent growth were eliminated from the vector.
The remaining sequences do not confer weediness characteristics to the genetically modified plants. NPTII
protein is the only protein that is expressed.
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Genetic Analysis, Genetic Stability and Agronomic Performance
History of the Genetically Modified Inbred Lines B, Da and F
Generation of Primary Lines

Inbred lines B, Da and F were generated using Agrobacterium-mediated transformation of the Petoseed
proprietary commercial inbred T7 using the plant transformation vectors pJR16A (PG-antisense; line B) and
pJR16S (PG-sense; lines Da and F). These vectors contain the npill gene for selection of transformed cells,
and the PG effect genes as described in the Donor Genes to be Assessed for Non-Regulated Status
section. The primary transformed lines (T, lines) were regenerated from tissue culture, then grown in the
glasshouse and analyzed for PG enzyme levels. Lines that contained reduced levels of the PG enzyme were
selected and characterized for the number of insertions of the effect gene cassette. Only lines with one
insertion were advanced. A further selection was made during field trials conducted in 1991 and 1992 for
lines that were agronomically identical to the parental line T7. The lines 66-51/08 (B), 87-22A/08 (Da) and
88-37/13 (F) were selected using this protocol.

Molecular and Blochemical Analysis of Lines B, Da and F

Southern hybridizations of DNAs isolated from the primary transformants indicated single gene insertion
sites in lines 66-51 and 88-37. Lines B and F were identified after selfing these primary transformants,
selection of homozygous progeny lines, and selection of the best candidate out of the pool of homozygous
lines. This identified plant 66-51/08 as line B and plant 88-37/13 as line F.

Southern hybridization of DNA isolated from line 87-22 identified two inserts at separate sites. These two
inserts (designated as A and B) segregated after selfing of the Toplant. A single locus “A” was identified in
T, plant 87-22/08. This plant was self pollinated and designated as a line Da. The letter A was added to this
line experimental number (87-22A/08) and a subscript “a” was added to the inbred designation D, making it
Da to indicate the single insertion at locus A. A scheme for the production and characterization of inbreds
B, Da and F is shown in Figure 2. The gene copy number analysis for all three lines is presented in
Appendix 6.

A protocol was developed for PCR analysis of the B, Da and F lines that allows identification of the PG
antisense and PG sense plants. This protocol can be used to: 1) differentiate between PG antisense and PG
sense plants; 2) differentiate genetically modified plants from control plants. This protocol is shown in
Appendix 7.
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Figure 2. Origin of Inbred Lines B, Da and F
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07.08/66-51/08 (B)
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¢ 07.09/88-37/13 (F)

Homozygous lines were identified as lines in which there was no segregation of the effect gene using PCR
analysis. A further selection criterion was a consistently low level of PG enzyme activity. The details of the
molecular and biochemical characterization of lines B, Da and F are presented in Table 5. The details of the
PG activity in lines B, Da and F are shown in Appendix 8.
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Table S. Molecular and Biochemical Characterization of Lines B, Da and F. Determination
of PG Enzyme Levels and Segregation Ratios

Inbred T, (PG%)' T, (PG%)' T;(PCR+:PCR-)! T, (PG%)'
T7 Control 100 - - -

B 34 2.6 24:0 14+02

Da 32 0 24:0 0.7+02

F 0.2 27 30:0 38+04

1 PG activity expressed as percent of PG expression of non-transgenic control line. Individual plant analysis was
performed on six pericarp discs (cut out using s No. 5 corkborer) collected from two red ripe fruits (three discs per
fruit). To and T; columns show PG expression in individual plants. Data in T; column shows an average of 17-20
plants + standard eqvor.

2 Segregation analysis was performed on DNA extracted from tomato leaves using a PCR amplification method.

Seeds of the homozygous inbred lines were transferred to the Petoseed production facility in Chile (line B in
1991, lines Da and F in 1992) where they were increased. At the same time seeds of genetically modified
commercial hybrids Nema 1200, Nema 1400, Nema 1401 and H282 were produced. These genetically
modified hybrids were produced using each of the modified inbreds, B, Da and F, as a hybrid parent. In
this fashion genetically modified Nema 1200B, Nema 1200Da, Nema 1200F, Nema 1400B, Nema 1400Da,
etc., were produced. The production of different genetically modified hybrids was possible because the
inbred line T7 is used in production of these commercial hybrids as one of the hybrid parents. Thus, the
genetically modified versions of inbred T7 could be tested as hybrid parents in a series of well known and
extensively characterized commercial hybrids.

Analysis of Hybrids Derived from Genetically Modified Inbred Lines

The genetically modified hybrids were tested in a series of field trials in 1992 and 1993 in California, Chile,
Portugal and Australia. The California trials were conducted in the major growing areas of processing
tomatoes representing distinct climatic regions (Southern, Central and Northern California). The objectives
of these trials were to evaluate the agronomic and processing characteristics of these hybrids. During trials
conducted by Petoseed extensive field observations were carried out by experienced Petoseed breeders,
agronomists and scientists. Trials conducted by Hunt Wesson were evaluated by Hunt Wesson staff and
various commercial growers.

In addition to evaluation of the performance of these hybrids from the agronomic and processing point of

iew, extensive PG enzyme and PCR analyses were carried out. These analyses showed that PG enzyme
levels were consistently low both in the inbreds and in the different hybrids, confirming the effectiveness
and stability of the PG effect gene. These trials also demonstrated superior processing characteristics of the
genetically modified versions of commercial hybrids. Detailed observations from these trials are presented
in later sections of this document.

DNA Analysis of Genetically Modified Inbred Lines and Selected Hybrids

Genomic DNA was isolated from leaf tissue of the B, Da and F inbred lines and derived from the hybrids.
PCR analysis was carried out to establish DNA sequences of the plant transformation vectors pJR16A (line
B) and pJR16S (Da and F) that were present in the modified lines. PCR primers were designed in such a
way that DNA sequences located between the borders could be visualized. The results are summarized in
Table 6. Technical details of this analysis are shown in Appendix 9.
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Table 6. PCR Analysis of Inbred Lines and Selected Hybrids Derived from Lines B, Da & F

Inbreds Hybrid Nema 1401 Hybrid H282
Da Da F Da
+ +

Primer Pair

Ori-2 + 35SC
358 + NOS
NOS-A + GIII-AR
GIII-A + OCD-AR
CD + npilI-RC
nptll + NOS-PR
nptll + RB

Key:

+ 4+ 4+ +++
+ 4+t
++++ 4+ +|m
+++++ +]@
++ 4+ + 4+ +
V4
+++++ 4+ +|w
+ 4+ ++ + +
C+++++ e

- +

+ PCR fragment gencrated using primer pair
- No PCR fragment generated using primer pair

The following can be concluded from this analysis:

A complete insert is present in the inbred line B. No alteration in the structure of the DNA occurred during
breeding and hybrid seed production. '

A complete insert is present in the inbred line Da. No alteration in the structure of the DNA occurred during
breeding and hybrid seed production..

A small deletion occurred in the right border sequence of inbred F. The precise location of the deletion was
not determined. It is likely that the deletion is between the NOS promoter and the right border region of the
insert because the nprIl + NOS-PR primers indicate presence of a complete nptIl selectable marker gene,
and both the inbred F and derived from it hybrids have detectable levels of the NPTII protein (see Table 12
in the Environmental Consequences of the Introduction of Genetically Modified Hybrids section).

Agronomic Performance of the Modified Hybrids
Summary of Field Trials

Field trials that were carried out with genetically modified inbreds and derived from them hybrids are listed
in Table 7.

Table 7. Summary of Field Trials
Trial Site Year U.S.D.A. Permit No.  Lines

Felda, Florida 1992 91-205-02 B

Colina, Chile 1992! 91-351-01M* B

Woodland, California 1992! 92-049-03 B

Colina, Chile -1993! 92-281-02M* B,Da F
Woodland, California 1993! 92-352-01 B,Da F
Yolo County, California 199312 92-352-01 B,DaF
Fresno County, California 19932 92-352-01 B,Da F
Kern County, California 1993!2 92-352-01 B,Da F
Imperial County, California 19932 92-352-01 B,DaF
Woodland, California 1994! 92-352-01 B,Da F
Fresno County, California 1994 94-047-07N B,DaF
Merced County. California 1994° 94-083-06N B, Da, F

1 Applied for by Petoseed 2 Applied for by Hunt Wesson ¢ Courtesy/transportation permit only



Field Observatlons

Agronomic characteristics of the modified inbreds and hybrids were closely monitored during the field trials
by experienced Petoseed breeders, Hunt Wesson staff, and commercial growers. Plants were observed for
growth characteristics, disease resistance, flowering characteristics, and yield. Additionally, the fruit was
evaluated for shape, firmness and processing characteristics. In some cases a modified Plant Variety
Protection (PVP) form was used to obtain very detailed comparisons between genetically modified and
control hybrids. The use of the PVP form was necessarily limited due to high labor required for such
careful evaluations. An example of the PVP form with detailed evaluations performed on genetically
modified and control hybrids Nema 1200 and Nema 1401 is given in Appendix 10.

The trials were conducted under standard growing conditions, using standard agronomic practices. The
modified inbreds and hybrids did not show any alterations as compared to controls in any of these trials.
Plant type, size, leaf cover, concentration of fruit set and overall fruit yield were judged to be identical to
unmodified control plants.

The reduction of the PG enzyme levels in the genetically modified plants did not introduce any unexpected
characteristics. Increased viscosity was the only difference between the genetically modified and control
plants. The field observations are summarized in Tables 8 and 9.

Table 8. Field Observations from Tomato Breeders (Petoseed)
Observed Difference to
Characteristics Unmodified Control'
Seed Growth None
Seedling Morphology None
Plant Growth None
Plant Morphology None
Leaf Morphology None
Inflorescence Morphology None
Flower Morphology None
Time to Flowering None
Time to Fruit Set None
Fruit Shape None
Fruit Set None
Fruit Quality Yes*
Disease Susceptibility:
Fusarium Wilt, Race 1 None
Fusarium Wilt, Race 2 None
Alternaria Stem Canker None
Verticillium Wilt, Race 1 None
Pest Susceptibility None
Seed Production ' None
Volunteers None
Yield None

1 Data was gathered during the 1993 fieid trial heid at Woodland, CA, using s PVP form.
Observations were made on eight randomly selected plants in each control and genetically
modified Nema 1200 and Nema 1401, as often as needed to determine the characteristic (s
detailed summary of the observations and PVP forms are included in Appendix 10).

2 Viscosity only; other parameters not altered.
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Table 9. Field Observations from Tomato Processor/Grower (Hunt Wesson)

Observed DifTerence to
Characteristics Unmodified Control
Vine Habit None
Fruit Shape None
Firmness None
Peeling Potential None
Maturity None
Estimated Field Yield None
Overall Field Ranking ’ None
Product Viscosity Yes'
Product Sensory Properties None
Product Nutritional Value None
Product Glycoalkaloid Content None
Grower Acceptance None
Volunteer Plant (weed) Potential None

1 Viscosity only; other parameters not altered.

The overall phenotypic assessment indicates that modified hybrids are not distinguishable from the
unmodified, control hybrids. It was therefore concluded that the inbreds used for the hybrid production
were not modified in any way other than that intended by the genetic modification.

The final field trial reports from trials carried out in 1992 and 1993 are shown in Appendix 11. Field
observation reports from outside visitors are shown in Appendix 12.
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Nutritional Analysis of Hybrids
The Role of Tomatoes in the U.S. Diet

Tomatoes are an important component of the American diet (see The Tomato Family section). Even
though tomato has only intermediate levels of vitamins, minerals or other dietary components, it ranks
number one as a contributor of vitamins and minerals due to its large consumption by the U.S. population.
In particular, tomatoes provide significant amounts of both vitamin A and C to the American diet (Stevens,
1986).

Vitamin Content of Genetically Modified Hybrids

Modified tomato hybrids, grown in various locations in California, were used for the production of hot
break tomato paste and pulp in the Hunt Wesson Process Engineering Laboratory at Fullerton, California.
Tomato paste and pulp were produced using methods established for comparison of pre-commercial
varieties and the levels of vitamins A and C were determined. This analysis showed that the levels of
vitamins A and C found in the genetically modified varieties were not significantly different from those
found in unmodified varieties in both paste and pulp (Table 10). Data are adjusted for moisture content,
pulp to 7% dry matter and paste to 24% dry matter. Amounts are per 100 grams.

Table 10. Vitamin Content of Genetically Modified and Control Tomato Products

Product Vitamin A S.E.! Vitamin C S.E.!
Modified Paste’ 428 LU. 90.0 7.2 mg 4T
Traditional Paste* 570 LU. 91.7 12.5mg 5.28
Modified Pulp’® 262 LU. 383 14.5 mg 1.67
Traditiona! Pulp* 281 LU. 55.8 146 mg 051
1 S.E. (standard esrors) are based on total variance among all varieties
2 Dete represents an average of the following modified hybrids:

Nema 1200B n=1 Nema 1401B n=1
Nema 1400B n=1 H282B n =1

3 Dete represent an average of the following modified hybrids:
Nema 1200B n=3 Nems 1200Da n=1 Nema 1200F p=1
Nema 1400B =2 Nema 1400Ds n=2 Nema 1400F n=1
Nema 1401B n=4 Nema 1401Da n=2 Nema 1401F n=2
H282B n=3 H282Da n=1 H282F p=1

4 Traditional Paste and Pulp = Non-transgenic paste and pulp

Compositional Analysis of Genetically Modified Processed Tomato Products

To determine the impact of genetic modification on other nutritional components of processed tomato
products nutritional analysis of tomato paste and pulp was conducted. Samples were prepared as for
determination of vitamins A and C (see the section above). All analyses were done according to methods
established by the Association of Official Analytical Chemists as appropriate for each component of the
respective tomato product. These analyses showed no alteration in any of the parameters measured when
compared to the unmodified samples. Differences between means were not statistically significant at the
0.05 level by independent group test (Table 11). We therefore conclude that the genetic modification did
* not affect any of these characteristics. The list of Analytical Test Methods is shown in Appendix 13.




Table 11. Nutritional Analysis of Genetically Modified Tomato Products

Tomato Type
Paste’ Pulp’
Modified* Traditional Modified®  Traditional
Calories 73.3 719 22.8 22.6
Fat gm 0.62 0.72 0.38 0.35
Na mg 59.3 40.6 20.1 25.3
Carbohydrate gm 15.8 12.1 435 4.39
Fructose gm 6.66 - 707 2.04 1.91
Glucose gm 735 6.62 1.77 1.54
Dietary Fiber gm 4.77 5.09 1.22 1.2§
Protein gm 5.07 3.63 1.51 1.50
Camg 43.7 41.7 11.8 11.0
Femg 9.12 13.0 0.46 0.39
1 Amounts are per 100 mg
2 Deate represents an average of the following modified hybrids:
Nems 1200Bp=1  Nema 1401B n=1
Nema 1400B n=1 H282Bn =]
3 Deate represent an average of the following modified hybrids:
Nema 1200B n=3 Nema 1200Ds o=1 Nema 1200F p=1
Nema 1400B o=2 Nema 1400Da =2 Nema 1400F =1
Nema 1401B n=4 Nema 1401Da o=2 Nema 1401F n=2
H282B n=3 H282Da n=1 H282F =1
References
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Environmental Consequences of the Introduction of Genetically Modified Hybrids
Expression of the nptIl Gene

Fruit samples were collected from selected inbreds and hybrids grown in a field trial at Woodland,
California, and levels of the NPTII protein were determined using an NPTII enzyme linked
immunoabsorbant assay (ELISA). Levels of the NPTII protein varied among fruit samples of different
lines, with line F showing the highest and line Da the lowest levels. The data from the NPTII ELISA is
shown in Table 12.

Table 12. Levels of NPTII Protein in the Fruit of Genetically Modified Inbreds and Hybrids

Modified Ng of NPTTI Protein
Inbreds & Hybrids' per mg Total Protein’
Inbred Da 0.7+ 0.0
Hybrid Da Not tested
Inbred F 97107
Nema 1200 F 26109
H282 F 35407
1  The NPTII proteins was quantified using an NPTII ELISA Kit (5 Prime — 3 Prime Co., Inc.,
Boulder, Colorado)

2 Each data point represents an average of 20 plants (one fruit per plant) + standard error. The
sample size was determined using a formula n = 46*/L2 (Snedecor, G.W. & Cochran, W.G.,
“Statistical Methods™, The lowa State University Press, 1978) with the upper limit of error L =
100 picograms, at 95% probebility.

The reported levels of NPTII protein are within the limits determined by U.S.D.A. and F.D.A. to be safe in
genetically modified food. We also determined that upon processing the levels reported here are further
reduced by more than 95%.

Expression of the PG Gene

Fruit samples were collected from selected inbreds and hybrids grown in Woodland, California, and
analyzed for PG levels. The levels of the PG enzyme (expressed as percent of PG expression of glasshouse
grown non-transgenic control T7 line) are shown in Table 13.

Table 13. PG Enzyme Levels in Field Grown Hybrids B, Da and F

Tested Hybrids'
Parent Line Nema 1200 Nema 1400 Nema 1401 H282
T7 Control 6221136 8251310 46.1 £6.2 61.0+838
B 35+03 . 56%45 13106 09104
Da 1610 26%16 29117 19+1.2
F 39+14 26109 34105 38+08

1 Each data point represents an average of four bulked samples + standard error. Each bulked sample consisted of 15 paricarp
discs collected from five plants (one fruit per plant, three discs per fruit). The discs were cut out using a No. 5 corkborer.



Disease and Pest Characteristics

Disease and pest incidence were monitored throughout the trials by experienced Petoseed breeders and field
personnel as well as commercial growers. Their observations are summarized in Table 14.

Table 14. Comparison of Disease Resistance in Genetically Modified and Control Hybrids

Disease’ Difference
Fusarium Race 1 None
Fusarium Wilt, Race 2 - None
Alternaria Stem Canker None
Verticillium Wilt, Race 1 None

1 Disease ratings were performed by experienced tomato breeders on
field-grown plants under natural disease pressure.

Agronomic Characteristics

Overall yield was determined using observational methods that are standard in the tomato industry. Yield
was assessed to be comparable to unmodified lines. Previously described observations (Tables 8, 9 and 14)
further support the conclusion that the modified lines are comparable to control lines in all monitored
characteristics.

Processing Characteristics

Fruit from all trials run in California was evaluated for processing characteristics. This involved processing
of tomato fruit samples on a laboratory scale, as well as on a pilot plant scale. In all instances, improved
processing of the modified hybrids was observed in comparison to the unmodified hybrid samples. An
increase in product yield ranging from 15% to 38% was demonstrated.

Weediness Potential

The following consensus of the traits common to many weeds was developed by Baker (1974): 1) good
germination requirement in many environments; 2) discontinuous germination and great longevity of seed;
3) rapid growth through vegetative phase to flowering; 4) continuous seed production for as long as growing
conditions permit; 5) self compatibility but not completely autogamous and apomictic; 6) when cross-
pollinated, pollinated by unspecialized visitors, or wind pollinated; 7) high seed output in favorable
environment and some seed production in a wide range of environments; 8) adaptation for short and long
distance dispersal; 9) if perennial, vegetative production or regeneration from fragments, brittleness (not
easily removed from the ground); 10) ability to compete interspecifically by special means (rosette
formation and presence of allelochemicals). Not all weeds have all of these characteristics.

Tomatoes represent an annual crop that is highly domesticated and well characterized. Tomatoes possess
only a few of the characteristics of plants that are successful as weeds. They are not persistent in the
environment without human intervention. The unmodified inbred line T7 is not considered a weed; the
introduction of the PG effect genes leading to a reduction of PG activity during fruit ripening does not
affect “weediness™ characteristics. In fact, many commercial fresh market tomato lines have reduced PG
levels due to the introduction of the rin gene, this does not increase the weediness of these varieties. The
reduction in PG activity in these fresh market lines is of similar magnitude as described here for the
modified T7 varieties.




The introduction and expression of the selectable marker gene also does not affect the weediness
characteristics. There were no increases in the number of produced seed, the rate of plant growth, fruit
development, and disease susceptibility (see Final Reports 1992 and 1993, submitted to U.S.D.A,,
Appendix 11). The results of the agronomic and environmental testing described here provide no evidence
that the genetic modification resulted in increased weediness of the genetically modified inbred lines.
The vector constructs were analyzed in detail for the expression of novel polypeptides (see Appendices 3
and 4) to evaluate the possibility of expression of any new characteristics that could contribute to the
weediness of the genetically modified lines, or impact on the food safety. This analysis showed that it is
very unlikely that any novel polypeptides are expressed in these plants. The observations summarized in
Tables 8, 9 and 14 clearly demonstrate no change in any of the phenotypic determinants of the modified
lines.

The occurrence of volunteers in fields containing genetically modified plants was monitored as a part of
standard practice of conventional breeding. These observations demonstrated that the rate of volunteers was
not different from fields with unmodified plants (see field sheets/reports for comments in Appendices 11
and 12).

Low PG Tomato Products and Human/Animal Exposure

Tomato pomace remaining after processing is commonly fed to cattle. The pomace left after processing of
modified lines was found to be nutritionally equivalent and unaltered when compared with traditional
tomatoes. Please see the accompanying F.D.A. Advisory document for further details. The conclusion of
the F.D.A. Advisory document was no concern as to safety for food or feed use.

Potential for Qutcrossing
Outcrossing with Domesticated Tomato Varleties

The outcrossing potential of tomatoes has been reviewed in the Tomato Family section. The evidence
provided here does not support the argument that the genetic modification altered the outcrossing potential
of modified inbreds. Flower morphology, the major contributor to outcrossing, was not altered. Therefore,
it can be concluded that the genetic modification does not effect the outcrossing characteristics.

The potential for tomatoes to become weeds was reviewed previously (Redenbaugh, 1992). There is
considerable historical evidence that in conditions of intensive agricultural usage the rate of outcrossing
between tomato varieties does not lead to weediness.

Tomatoes in which PG enzyme activity was reduced using an antisense constructs was previously reviewed
by the U.S.D.A. (Redenbaugh er al., 1992; U.S.D.A,, AP.HLS. 1992). On July 14, 1992, AP.HILS.
received a petition from Calgene requesting that the low PG tomatoes be removed from regulatory
oversight. This petition was granted on October 19, 1992.

Outcrossing with Wild Specles

Outcrossing with wild species was reviewed in the Tomato Family section. As described above the genetic
modification of inbred T7 does not alter the behavior of this line.
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Outcrossing with Other Related Specles

Outcrossing with other related species was reviewed in the Tomato Family section. As described above
the genetic modification does not alter the properties of the inbred line T7, which does not show outcrossing
to related species.

A number of weed species was identified by the U.S.D.A. to occur in, or in the vicinity of, commercially
grown tomato fields. Solanum nigrum is the only major weed pest related to tomato. Other members of the
Nightshade family which are weeds in tomato fields are: S. sarrachoides, Physalis heterophylla, P.
lanceifolia, P. xocarpa, P. acutifolia, Nicotiana bigelovii, Datura stramonium, D. meteloides, and D. ferox.
Other weedy Solanaceae are: Hyoscyamus niger, Lycium ferocissimum, P. virginiana variety sonorae, P.
viscosa, S. cardiophyllum, S. carolinense, S. lanceolatum, S. marginatum and S. torvum. Tomato (L.
esculentum) is sexually incompatible with all these weedy relatives.
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Statement of Grounds Unfavorable

We have included all information and summaries available for the assessment of the parent lines B, Da and
F. We have no knowledge of any reason why this petition should not be approved.
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DNA Sequence of pJR16A (Antisense orientation)

(only sequences between the border regions are shown)

61
121
181
241
301
361
421
481
541
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1681
1741

10
TGGCAGGATA

i
TATTGTGGTG

| Left border

i
TAAA?AAATT

GACGTTTTTA
TGCCCTTCAC
GCAGGCGAAA
AGAATAGCCC
GAACGTGGAC
TGAACCATCA
CCTAAAGGGA
GAAGGGAAGA

ATGTACTGGG
CGCCTGGCCC
ATCCTGTTTG
GAGATAGGGT
TCCAACGTCA
CCCAATCAA

GCCCCCGATT
AAGCGAAAGG

< Orz from M1lampl9

GTGGTTTTTC
TGAGAGAGTT
ATGGTGGTTC
TGAGTGTTGT
AAGGGCGAAA
GTTTTTTGGG
TAGAGCTTGA
AGCGGGCGCC

l
GACGCTTAGA

TTTTCACCAG

|
CAACTTAATA

TGAGACGGGC

| Orz from M13mpl9

i
ACACATTGCG

AACAGCTGAT
>

GCAGCAAGCG
CGAAATCGGC
TCCAGTTTGG
AACCGTCTAT
GTCGAGGTGC
CGGGGAAAGC

ATTCAGCGTG
from £.

GTCCACGCTG
AAAATCCCTT
AACAAGAGTC
CAGGGCGATG
CGTAAAGCAC
CGGCGAACGT
CGCAACTGTT

colt >

ATCGGTGCGG

TTAAGTTGGG

TTCCCATGGA
RI

GCCTCTTCGC

TAACGCCAGG

GTCAAAGATT

CAMV 358 PROMOTER

LZac gene

TATTAGCCAG
GTTTTCCCAG

CAAATAGAGG
>

AACAGTTCAT
TGGAGCACGA
GGGCATTGA

CAGCTATCTG
ATCATTGCGA
ATGGACCCCC
AGCAAGTGGA
CTTCGCAAGA
ACTCAAATTT

ACAGACTCTC
CACGCTTGTC
GACTTTTCAA
TCACTTTATT
TAAAGGAAAG
ACCCACGAGG
TTGATGTGAT
CCCTTCCTCT

GATATGAATT

| PG antisense >

TTTTGCAATT
TTTTGCAAGA
CAACTAAATT
TTTTACTAGA
CTGAAAAGGT
GTGTTCTAGA
TTCCATCACC
CCTTGTCAAT
AATCATGAGC

CCAGAAGGTT
ACTTGGCCAC
TTGAACACTA
TGCTTCTAAG
GATTTGCTTG
TGAACATGCT
CTTAGCTCCA
ATTATTGITG
AAATTCTTGT

TTACGACTCA
TACTCCAAAA
CAAAGGGTAA
GTGAAGATAG
GCCATCGTTG
AGCATCGTGG
ATCTCCACTG
ATATAAGGAA
TGTTGTGCAT
AAGGCCGTTG
CATACTTGTC
TCAAAAGCAA
GATCCAAAAA
AGAAGATAAT
TCATTCCATG
AAGCTAAGTA
CTTTCAATAT
TCAAGAATAT

CTGGCGAAAG
TCACGACGTT

ACCTAACAGA
ATGACAAGAA
ATATCAAAGA
TATCCGGAAA
TGGAAAAGGA
AAGATGCCTC
AAAAAGAAGA
ACGTAAGGGA
GTTCATTTCA
TTTTACTCTT
GTGCATCCCT
CATTGCCATT
TCCAAAGCCT
TCTTTACTGA
TCTTGTTTTT
CTTGCTCAAA
CATTAATCAC
TTTTGCTCAA
TATCATAAAC

Page 1 of Appendix 1

GGGGATGTGC
GTAAAACGAC

ACTCGCCGTA
GAAAATCTTC
TACAGTCTCA
CCTCCTCGGA
AGGTGGCTCC
TGCCGACAGT
CGTTCCAACC
TGACGCACAA

TTTGGAGAGG
> CaMVv 358

GTTTGCCCCA
ATAAATCAAA
CACTATTAAA
GCCCACTACG
TAAATCGGAA
GGCGAGAAAG
GGGAAGGGCG
TGCAAGGCGA

GGCCAGTGAA
| ECO
AAGACTGGCG

GTCAACATGG
GAAGACCAAA
TTCCATTGCC
TACAAATGCC
GGTCCCAAAG
ACGTCTTCAA
TCCCACTATC
ACAGGTACCC

TAGATTATTC
GCATGGCAGT
GATAGTTCCT
TCTATCTTTG
AATAGAAGAT
AGGAACCACA
TGCAATATTA
TTTAATCCCA
ATAAGAAAGA
TTGTTTGAAT

ACTTTCAAAT
GATTTATTTA
CCTCCTCCAA
TAGTCTGAAA
CTGCATGGAC
AATTGARCAG
TCATATGTTT
TTTTTATCAA
TAAGCTTGAA
AAATTGTCAT



1801
1861
1921

CAATAACATT
TACTATTCCT

TTGAAAAAGA
>PG Sense

GCTTCTACAA
TTGGATAACC
TTGGATCCTC

1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721

GTTTCTTAAG
ATTACGAATT
TTATGATTAG
CAAACTACCA
GTAATCATGG
CATACGAGCC
ATTAATTGCG
TTAATGAATC

GCGACATTCA

M1l3impl9 >

TGAATTATCA
AGCACCATTA
GTAATCAGTA
GGCATTITTCG
GGAACCAGAG
CTCAGAGCCA

GACAGGAGGC

ATTGAATCCT
GCATGTAATA
AGTCCCGCAA
TAAATTATCG
TCATAGCTGT
GGAAGCATAA
TTGCGCTCAC
GGCCAACGCG
ACCGATTGAG
CCGTCACCGA
CCATTAGCAA
GCGACAGAAT
GTCATAGCCC
CCACCACCGG
CCACCCTCAG

CCGATCTAGT

M13mpls|| zos 3’ <

GTTGAAATTG
ATGATATATT
TAGAGTCGAC

ATGAAGCAAA
GTTATATGGT

CTGCAGGTCG

| nos 3’ >

GTTGCCGGTC
ATTAACATGT
TTATACATTT
CGCGCGGTGT
TTCCTGTGTG
AGTGTAAAGC
TGCCCGCTTT

CGGGGAGAGG

TTGCGATGAT
AATGCATGAC
AATACGCGAT
CATCTATGTT

AATAATAATG
ATGGTTTTTA
TTCAAACATT
TATCATATAA
GITATTTATG
AGAAAACAAA
ACTAGATCGG

> nos 3’

AAATTGTTAT
CTGGGGTGCC
CCAGTCGGGA

CGGTTTGCGT

> Lac gene from

CCGCTCACAA
TAATGAGTGA
AACCTGTCGT
ATTGGGCCAA

AGAAGGAGAA
AACTTGTCTA
TGGCAATAAA
TTTCTGTTGA
AGATGGGTTT
ATATAGCGCG
GAAGCTTGGC
HImIIT |

TTCCACACAA
GCTAACTCAC
GCCAGCTGCA

AGACAAAAGG

Z. coli || gene I1l from

GGAGGGAAGG
CTTGAGCCAT
GGCCGGAAAC
CAAGTTTGCC
CTTATTAGC

AACCGCCTCC
AGCCGCCACC

AACATAGATG

CGCGCTATAT
AAACCCATCT
TCAACAGAAA
TTTATTGCCA
AAATATCCGA
CGACGCCGTT
GCTTGTCGGC
TCCCGTGGGC
TCCCGGAAAA
CGTGATGGCA
AGAACTCGTC
AAAGCACGAG
CCAACGCTAT

AAAGCGGCC

TITGTTTTICT
CATAAATAAC
TTATATGATA
AATGTTTGAA
ACGCAGCAAG
GATGTGGACG
CGTTGCTGTC
GAAGAACTCC
CGATTCCGAA
GGTTGGGCGT
AAGAAGGCGA
GAAGCGGTCA
GICCTGATAG

ATTTTCCACC

ATCGCGTATT
GTCATGCATT
ATCATCGCAA

CGATCGGGGA
< XNos 3’|

TAAATATTGA
TTGGGAATTA
GTCACCAATG
TTTAGCGTCA
GTTTGCCATC
CTCAGAGCCG
AGAACCACCA

CGGAAATTAT
GAGCCAGCAA
AAACCATCGA
GACTGTAGCG
TTTTCATAAT
CCACCCTCAG
CCAGAGCCGC

TCATTAAAGG
AATCACCAGT
TAGCAGCACC
CGTTTTCATC
CAAAATCACC
AACCGCCACC
CGCCAGCATT

> gene III from

ACACCGCGCG
AAATGTATAA
ACATGTTAAT
GACCGGCAAC

TCATCCGGGT
| ocd gene

from 4.

CGATAATTTA
TTGCGGGACT
TATTACATGC
AGGATTCAAT
CTGTGGCGGG

TCCTAGTITTG
CTAATCATAA
TTAACGTAAT
CTTAAGAAAC
AACTCCACGA

tumetaciens >

ATATCGCGGT
CCGGGCCCGA
GTAATGATAT
AGCATGAGAT
GCCCAACCTT
CGCTTGGTCG
TAGAAGGCGA
GCCCATTCGC
CGGTCCGCCA

ATGATATTCG

GCATCTCGGT
TCATATIGTC

CGGCACCTTC
< ocd gene

CTTGCCTGGG
GCTCAGGATC
GACCGCCTGT

CAGTCGCCGC
GTGGCGTTGT
TCCGCAGAGA

from 4. tumefaciens |

CCCCGCGCTG
TCATAGAAGG
GTCATTTCGA
TGCGCTGCGA
CGCCAAGCTC
CACCAGCCG

GCAAGCAGGC
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GAGGATCATC
CGGCGGTGGA

ACCCCAGAGT
apdal

CAGCTCGGCG
ATCGAAATCT

CCCGCTCAGA
<

ATCGGGAGCG
TTCAGCAATA
GCCACAGTCG

ATCGCCATGG

GCGATACCGT
TCACGGGTAG
ATGAATCCAG
GTCACGACGA




3781
g4l
3901
3sel
4021
4081
4141
4201
4261

4321

GATCTCGCC

CCTGATGCTC
CTCGCTCGAT
GCAGCCGCCG
ACAGGAGATC
CAACGTCGAG
CCTCGTCCTH
GCCCCTGCGC
AGTCATAGCC

GTTCAATCAT
< npai ||

GTCGGGCATG
TTCGTCCAGA
GCGATGTTTC
CATTGCATCA
CTGCCCCGGC
CACAGCTGCG
CAGTTCATTC
TGACAGCCGG
GAATAGCCTC
GCGAAACGAT

nos promoter

CGCGCCTTGA
TCATCCTGAT
GCTTGGTGGT
GCCATGATGG
ACTTCGCCCA
CAAGGAACGC
AGGGCACCGG
AACACGGCGG
TCCACCCAAG

CCAGATCCGG
<

4381
4441
4501
4561
4621

4681

AGACTCTAAT
ACAAGAAATA
CTGACGTATG
GTTGCGGTTC
TAACGTGACT
AACTATCAGT

TGGATACCGA
TTTCTAGCTG
TGCTTAGCTC
TGTCAGTTCC
CCCTTAATTC
GTTTGACAGG

GGGGAATTTA
ATAGTGACCT
ATTAAACTCC
AAACGTAAAA
TCCGCTCATG
ATATATTGGC

| Right Border

GCCTGGCGAA
CGACAAGACC
CGAATGGGCA
ATACTTTCTC
ATAGCAGCCA
CCGTCGTGGC
ACAGGTCGGT
CATCAGAGCA
CGGCCGGAGA
TGCAGATTAT
TTGGTAACGA
TAGGCGCATT
AGAAACCCGC

CAGTTCGGCT
GGCTTCCATC
GGTAGCCGGA
GGCAGGAGCA
GTCCCTTCCC
CAGCCACGAT
CTTGACAAAA
GCCGATTGTC
ACCTGCGTGC
TTGGATTGAG
TTCAGTTGAG
TGAACGCGCA
GGCTGAGTGG

GGCGCGAGCC
CGAGTACGTG
TCAAGCGTAT
AGGTGAGATG
GCTTGAGTGA
AGCCGCGCTG
AGAACCGGGC
TGTTGTGCCC
AATCCATCTT
AGTGAATATG
CATTTTTTGA
ATAATGGTTT
CTCCTTCAAC

< nos promoter |

CGGCTTGTCC
ATCAGATTGT
GGGTAAA?

Total number of bases is: 4718
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CGCGTCATCG
CGTTTCCCGC

GCGGGGGTCA
CTTCAGTTTA



DNA Sequence of pJR16S (Sense orientation)
(only sequences between the border regions are shown)

61
121
181
241
3ol
361
421
481
541
601
661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741

10
TGGCAGGATA

20
TATTGTGGTG

| Left border

30
TAAATAAATT

GACGTTTTTA
TGCCCTTCAC
GCAGGCGAAA
AGAATAGCCC
GAACGTGGAC
TGAACCATCA
CCTAAAGGGA

GAAGGGAAGA

ATGTACTGGG
CGCCTGGCCC
ATCCTGTTTG
GAGATAGGGT
TCCAACGTCA
CCCAATCAA

GCCCCCGATT

AAGCGAAAGG

< Ori from M13mpl9

GTGGTTTTTC
TGAGAGAGTT
ATGGTGGTTC
TGAGTGTTGT
AAGGGCGAAA
GTTTTTTGGG
TAGAGCTTGA
AGCGGGCGCC

| _Zac gene

l
GACGCTTAGA

TTTTCACCAG

°l
CAACTTAATA

TGAGACGGGC

| Oori from M13mp1l9

°l
ACACATTGCG

AACAGCTGAT
>

GCAGCAAGCG
CGAAATCGGC
TCCAGTTTGG
AACCGTCTAT
GTCGAGGTGC
CGGGGAAAGC

ATTCAGCGTG
from Z.

GTCCACGCTG
AAAATCCCTT
AACAAGAGTC
CAGGGCGATG
CGTAAAGCAC
CGGCGAACGT
CGCAACTGTT

coll >

ATCGGTGCGG
TTAAGTTGGG

TTCCCATGGA
RI

AACAGTTCAT
TGGAGCACGA
GGGCATTGA

CAGCTATCTG
ATCATTGCGA
ATGGACCCCC
AGCAAGTGGA
CTTCGCAAGA

AATCTTTTTC
| PG Sense

GCCTCTTCGC
TAACGCCAGG
GTCAAAGATT

ACAGACTCTC
CACGCTTGTC
GACTTTTCAA
TCACTTTATT
TAAAGGAAAG
ACCCACGAGG
TTGATGTGAT
CCCTTCCTCT

AATAGACAAG
>

AAAGGAATAG
GCAATGTTAT
TTGCTCATGA
ATATTGACAA
AGGGTGATGG
CATCTAGAAC
TCACCTTTTC
CATCTAGTAA
AAAATTTAGT

TATTCTCCTT
TGATGACAAT
TTTTCAAGCT
GGTTGATAAA
AAAMACATAT
ACCTGTTCAA
AGGTCCATGC
AATTTCAGAC
TGTTGGAGGA

TATTAGCCAG
GTTTTCCCAG
CAAATAGAGG

TTACGACTCA
TACTCCAAAA
CAAAGGGTAA
GTGAAGATAG
GCCATCGTTG
AGCATCGTGG
ATCTCCACTG
ATATAAGGAA
TTTAAAAACC
CTCATTATTA
TTATTCAAAC
TATCTTTCTT
AATGGGATTA
GATAATATTG
TTTGTGGTTC
AGATCTTCTA
TACAAAGATA
GGAGGAACTA

CTGGCGAAAG
TCACGACGTT
ACCTAACAGA

ATGACAAGAA
ATATCAAAGA
TATCCGGAAA
TGGAAAAGGA
AAGATGCCTC
AAAARAGAAGA
ACGTAAGGGA
GTTCATTTCA
ATACCATATA
TTTTTGCTTC
AAGTTTATGA
ATTTGAGCAA
AAGTGATTAA
CATTTGAGCA
CTAAAAACAR
TTTCAGTAAA
GAAGGCTTTG
TCAATGGCAA
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GGGGATGTGC
GTAAAACGAC
ACTCGCCGTA

GAAAMATCTTC
TACAGTCTCA
CCTCCTCGGA
AGGTGGCTCC
TGCCGACAGT
CGTTCCAACC
TGACGCACAA

TTTGGAGAGG

GTTTGCCCCA
ATAAATCAAA
CACTATTAAA
GCCCACTACG
TAAATCGGAA
GGCGAGAAAG
GGGAAGGGCG
TGCAAGGCGA
GGCCAGTGAA

| Bco
AAGACTGGCG

GTCAACATGG
GAAGACCAAA
TTCCATTGCC
TACAAATGCC
GGTCCCAAAG
ACGTCTTCAA
TCCCACTATC
ACAGGTACCC

> CaMV 358 |

ACAATATATC
ATCAATTTCA
TAATATTCTT
AAATATTGAA
TGTACTTAGC
AGCATGGAAT
GAATTATCTT
GATTTTTGGA
GATTGCTTTT

TGGACAAGTA

ATGGTTATCC
ACTTGTAGAA
GAACAAGAAT
AGCAACAATA
TTTGGAGCTA
GAAGCATGTT
CTCAAGCAAA
TCCTTAGAAG
GATAGTGTTC
TGGTGGCCAA




1801
1861
1921

GTTCTTGCAA
GGAATTGCAA

TCAAATTTGA
>PG Sense

AATAAATAAA
AAATTTGAAA
GTGGATCCTC

1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721

GITTCTTAAG
ATTACGAATT
TTATGATTAG
CAAACTACCA
GTAATCATGG
CATACGAGCC
ATTAATTGCG
TTAATGAATC

GCGACATTCA

M13mpl9 >

TGAATTATCA
AGCACCATTA
GTAATCAGTA
GGCATTTTCG
GGAACCAGAG
CTCAGAGCCA
GACAGGAGGC
CGCGCTATAT
AAACCCATCT
TCAACAGAAA
TTTATTGCCA
AAATATCCGA
CGACGCCGTT
GCTTGTCGGC
TCCCGTGGGC
TCCCGGAAAA
CGTGATGGCA
AGAACTCGTC
AAAGCACGAG
CCAACGCTAT
AAAGCGGCC

ATTGAATCCT
GCATGTAATA
AGTCCCGCAA
TAAATTATCG
TCATAGCTGT
GGAAGCATAA
TTGCGCTCAC
GGCCAACGCG
ACCGATTGAG
CCGTCACCGA
CCATTAGCAA
GCGACAGAAT
GTCATAGCCC
CCACCACCGG
CCACCCTCAG
CCG%TCTAGT
TTTGTTTTCT
CATAAATAAC
TTATATGATA
AATGTTTGAA
ACGCAGCAAG
GATGTGGACG
CGTTGCTGTC
GAAGAACTCC
CGATTCCGAA
GGTTGGGCGT
AAGAAGGCGA
GAAGCGGTCA
GTCCTGATAG

ATTTTCCACC

TCACTGCCAT
GTGAATAATC
TAGAGTCGAC

GCAGGGATGC
TAAAGAGTAA
CTGCAGGTCG

| nos 3° >

GTTGCCGGTC
ATTAACATGT
TTATACATTT
CGCGCGGTGT
TTCCTGTGTG
AGTGTAAAGC
TGCCCGCTTT

CGGGGAGAGG

TTGCGATGAT
AATGCATGAC
AATACGCGAT
CATCTATGTT

ACCAACGGCC
AAATGCACAA
TTCAAACATT
TATCATATAA
GTTATTTATG
AGAAAACAAA
ACTAGATCGG

> nos 3’

AAATTGTTAT
CTGGGGTGCC
CCAGTCGGGA

CGGTTTGCGT

> Lac gene from

CCGCTCACAA
TAATGAGTGA
AACCTGTCGT

ATTGGGCCAA
£ coll ||

TTAACCTTCT
CAAATTCATA
TGGCAATAAA
TTTCTGTTGA
AGATGGGTTT
ATATAGCGCG
GAAGCTTGGC

ALmIIT |
TTCCACACAA
GCTAACTCAC
GCCAGCTGCA

AGACAAAAGG

gene III from

GGAGGGAAGG
CTTGAGCCAT
GGCCGGAAAC
CAAGTTTGCC
CTTATTAGC

AACCGCCTCC
AGCCGCCACC
AACATAGATG
ATCGCGTATT
GTCATGCATT
ATCATCGCAA

CGATCGGGGA
< Nosg3'|

TAAATATTGA
TTGGGAATTA
GTCACCAATG
TTTAGCGTCA
GTTTGCCATC
CTCAGAGCCG
AGAACCACCA

CGGAAATTAT
GAGCCAGCAA
AAACCATCGA
GACTGTAGCG
TTTTCATAAT
CCACCCTCAG

CCAGAGCCGC

TCATTAAAGG
AATCACCAGT
TAGCAGCACC
CGTTTTCATC
CAAAATCACC
AACCGCCACC
CGCCAGCATT

> gene III from

ACACCGCGCG
AAATGTATAA
ACATGTTAAT
GACCGGCAAC

TCATCCGGGT
ocd gene

CGATAATTTA
TTGCGGGACT
TATTACATGC
AGGATTCAAT

CTGTGGCGGG
from 4.

TCCTAGTTTG
CTAATCATAA
TTAACGTAAT
CTTAAGAAAC
AACTCCACGA

tumeraciens >

ATATCGCGGT
CCGGGCCCGA
GTAATGATAT
AGCATGAGAT
GCCCAACCTT
CGCTTGGTCG
TAGAAGGCGA
GCCCATTCGC
CGGTCCGCCA
ATGATATTCG

GCATCTCGGT
TCATATTGTC

CGGCACCTTC
< ocd gene

CTTGCCTGGG
GCTCAGGATC

GACCGCCTGT
from 4.

CAGTCGCCGC
GTGGCGTTGT
TCCGCAGAGA

tumeraciens

CCCCGCGCTG
TCATAGAAGG
GTCATTTCGA
TGCGCTGCGA
CGCCAAGCTC
CACCAGCCG

GCAAGCAGGC
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GAGGATCATC
CGGCGGTGGA
ACCCCAGAGT

CAGCTCGGCG
ATCGAAATCT
CCCGCTCAGA

apal <

ATCGGGAGCG
TTCAGCAATA
GCCACAGTCG
ATCGCCATGG

GCGATACCGT
TCACGGGTAG
ATGAATCCAG
GTCACGACGA




3781 GATCTCGCC

3841 CCTGATGCTC
3901 CTCGCTCGAT
3961 GCAGCCGCCG
4021 ACAGGAGATC
4081 CAACGTCGAG
4141 CCTCGTCCTH
4201 GCCCCTGCGC
4261 AGTCATAGCC

4321 GTTCAATCAT
< _npal

GTCGGGCATG
TTCGTCCAGA
GCGATGTTTC
CATTGCATCA
CTGCCCCGGC
CACAGCTGCG
CAGTTCATTC
TGACAGCCGG
GAATAGCCTC
GCGAAACGAT

nos promoter

CGCGCCTTGA
TCATCCTGAT
GCTTGGTGGT
GCCATGATGG
ACTTCGCCCA
CAAG?AACGC
AGGGCACCGG
AACACGGCGG
TCCACCCAAG

CCAGATCCGG
<

4381 AGACTCTAAT

4441 ACAAGAAATA
4501 CTGACGTATG
4561 GTTGCGGTTC
4621 TAACGTGACT

4681 AACTATCAGT

TGGATACCGA
TTTCTAGCTG
TGCTTAGCTC
TGTCAGTTCC
CCCTTAATTC
GTTTGACAGG

GGGGAATTTA
ATAGTGACCT
ATTAAACTCC
AAACGTAAAA
TCCGCTCATG
ATATATTGGC

| Right Border

GCCTGGCGAA
CGACAAGACC
CGAATGGGCA
ATACTTTCTC
ATAGCAGCCA
CCGTCGTGGC
ACAGGTCGGT
CATCAGAGCA
CGGCCGGAGA
TGCAGATTAT
TTGGTAACGA
TAGGCGCATT
AGAAACCCGC

CAGTTCGGCT
GGCTTCCATC
GGTAGCCGGA
GGCAGGAGCA
GTCCCTTCCC
CAGCCACGAT
CTTGACAAAA
GCCGATTGTC
ACCTGCGTGC
TTGGATTGAG
TTCAGTTGAG
TGAACGCGCA

GGCTGAGTGG
< 2

CGGCTTGTCC
ATCAGATTGT
GGGTAAAT

Total number of bases is: 4718
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CGCGTCATCG
CGTTTCCCGC

GGCGCGAGCC
CGAGTACGTG
TCAAGCGTAT
AGGTGAGATG
GCTTGAGTGA
AGCCGCGCTG
AGAACCGGGC
TGTTGTGCCC
AATCCATCTT
AGTGAATATG
CATTTTTTGA
ATAATGGTTT
CTCCTTCAAC
GCGGGGGTCA
CTTCAGTTTA



Analysis of Open Reading Frames in the Plant Transformation Vector pJR16A
Using the universal genetic code.

The initiation codon(s) are: AUG/ATG only.
The minimal size for an ORF is set to 50 amino acids.

Normal Orientation. Total number of bases: 4718.

List of Open Reading Frames in decreasing size order.

ORFs Size (bp) From Base To Base
1 N2-11 534 3485 4018
2 N34 426 666 1091
3 N3-18 408 3075 3482
4 N3-19 351 3132 3482
5 N3-5 315 777 1091
6 N2-12 252 3767 4018
7 N3-20 231 3252 3482
8 N2-13 174 3845 4018
9 NI-16 168 2323 2490
10 N3-21 159 3324 3482

Inverse Orientation. Total aumber of bases: 4718.

List of Open Reading Frames in decreasing size order,

ORFs Size (bp) From Base To Base
1 N23 792 389 1180
2 N2-28 702 2837 3538
3 NI4 462 1204 1665
4 N24 447 734 1180
5 N2.5 435 746 1180
6 N3-6 384 561 944
7 N2-6 351 830 1180
8 N3-14 336 1980 2315
9 N29 330 1265 1594
10 N3-15 312 2004 2315
11 N2-10 285 1310 1594
12 N2-11 261 1334 1594
13 N2.7 261 920 1180
14 N3.-7 204 741 944
15 N2-8 204 977 1180
16 N1-28 192 4207 4398
17 Ni1-9 189 2014 2202
18 NI1-10 183 2020 2202
19 N3-26 177 3066 3242
20 N1-7 165 1840 2004
21 N3.3 156 402 557
22 N3-27 150 3093 3242
23 N2-12 150 1445 1594
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Analysis of Open Reading Frames in the Plant Transformation Vector pJR16S

Using the universal genetic code.
The initiation codon(s) are: AUG/ATG only.
The minimal size for an ORF is set to 50 amino acids.

Normal Orientation. Total number of bases: 4718.

List of Open Reading Frames in decreasing size order.

ORFs Size (bp) From Base To Base
1 N3-6 690 1251 1940
2 N2-13 534 3485 4018
3 N3-4 426 666 1091
4 N3-16 408 3075 3482
5 N3-17 351 3132 3482
6 N3-5 315 777 1091
7 N2-14 252 3767 4018
8 N3-18 231 3252 3482
9 N1-10 177 1480 1656
10 N2-15 174 3845 4018
11 NI1-20 168 2323 2490
12 N3-19 159 3324 3482
13 NIl-11 150 1507 1656
Inverse Orientation. Total number of bases: 4718.
List of Open Reading Frames in decreasing size order.
ORFs Size (bp) From Base To Base

1 N2-3 792 389 1180
2 N14 462 1204 1665
3 N24 447 734 1180
4 N25 435 746 1180
5 N3-6 384 561 944

6 N2-6 351 830 1180
7 N3-14 336 1980 2315
8 N29 330 1265 1594
9 N3-15 312 2004 2315
10 N2-10 285 1310 1594
11 N2-11 261 1334 1594
12 N2.7 261 920 1180
13 N3-7 204 741 944

14 N2-8 204 977 1180
15 NI1-26 192 4207 4398
16 NI1-9 189 2014 2202
17 NI1-10 183 2020 2202
18 NI1-7 165 1840 2004
19 N3.3 156 402 557

20 N2-12 150 1445 1594
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Promoter Analysis of pJR16A and pJR16S

1
c
T T TCC ;% T
PJRIBA & 3 E = <y
T . ch
pJn1es s IC I TC_TCC T T3,
Coding Regions | ———" P - —
TDNA  [M130d Iad CaMvass | PGAPGS INos|isc |gonelt Nosioca] |  nput | Nes ||
Left Border Right Border
cCT e
CATL:
pUR1ES-inv 3 —L a & &«
e | - -l
- = =
-y
2 |
ceT
pIR1EAINY & 2 S - ¢
-
-
=2 :_.
-
Key. L .
Y= TATA box ' -
- Coo sgnal 1000 bp
= CCAAT box
P = Potendat ORF (> 10Kd)
P = Orlentation of coding regions

Computer analysis was performed to identify; open reading frames, TATA boxes, cap sites and translational
initiation sites. The direction of the arrows indicate the direction of the open reading into the frame. Lines
associated with the arrows indicate the length of the open reading frames shown in Tables 3-4. Symbols
identify the following sequence elements, T: TATA box, C: cap sites, LAT: translational sequences. The
conclusions of this analysis are summarized in the Analysis of Open Reading Frames section.
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Copy Number Analysis of Line 66-51 (B)

A Lane B Lane
| 2 3 4 5 6 7 8’ 9 1 2 3 4 5
: |
23.1-
23.1- -
94- oo
94.-
6.5-  waum
6.5- ¢
44- ...
4.4-
23- b
2.3- e
20- |

2.0' =

Panel A: Autoradiogram of genomic DNAs isolated from T, plants derived from selfing plant 66-51.
Genomic DNAs were digested with EcoRl, resolved on a 1% agarose gel, transferred to a membrane and
incubated with a [&-**P] dCTP-labeled probe generated from a 647 base pair fragment of the PG coding
sequence. Molecular size markers are located on the left side of the autoradiogram and are expressed in
Kilobase pairs. The probe was amplified by PCR and labeled using a random priming kit (Boehringer
Mannheim). The probe hybridizes to several areas of the tomato genome from the non-transgenic parental
control (negative control, lane 9). A transgenic insert is indicated by an additional band that is not found in
the parental control. EcoRI cuts once in the pJR16A plasmid; the recognition site is found immediately
upstream of the CaMV 35S promoter. As aresult, every insertion will result in a novel band of a size
greater than 4060 base pairs (the distance between the EcoRI site and the right T-DNA border). The exact
size of the novel band is determined by the distance from the right border insertion site in the tomato
genome to the next EcoRlI site in the tomato DNA. Lanes 1-4 are DNAs from pJR16A transformed T,
plants that were produced by selfing the original 66-51 primary transformant. Note that in each lane (1-4),
there is a single, novel band of approximately 16 Kbp that is highlighted with parenthesis. This novel 16
Kbp band contains approximately 12 Kbp of DNA from the tomato genome and 4060 base pairs of the
inserted DNA, including both the 35S-PGS-Nos and NOS-nprII-Nos chimeric genes. Lanes 5-8 areEcoRI
cut DNAs isolated from unrelated T, plants. Lane 9 is EcoRI cut DNA from non-transformed control T7
plant.

Panel B: Fluorogram of genomic DNAs isolated from Ts plants derived from the generational selfing of T
plant 66-51. DNA from bacteriophage lambda that has been digested with HindIIl and labeled with
digoxigenin serves as molecular weight markers and are shown in lane 1. The respective sizes of these
marker bands are shown to the left of lane 1 and are expressed in kilobase pairs. Genomic DNAs from
three T plants (lanes 3,4 and 5) and a non-transformed parental control plant (lane 2) were electrophoresed
and blotted as described in Panel A. The blot was incubated with a dUTP digoxigenin-labeled probe
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prepared from a 478 base pair fragment of the PG coding region. The probe was labeled and amplified by
PCR. Reagents for probe preparation, markers and for detection were purchased from Boehringer
Mannheim. Although both probes used in Panels A and B are from the PG coding region, variation in the
probes is reflected by the amount of hybridization to the non-transformed parental control line (lane 2 in
Panel B and lane 9 in Panel A). Using the 478 bp probe, the amount of hybridization to the non-
transformed parental control DNA is reduced; however, bands of approximately 5 Kb and 4 Kb can be
observed in both the non-transformed control (lane 2) and the transgenic plants (lanes 3-5).

To plant 66-51 was selfed in subsequent generations; during this process, the single insertion of PG was
taken to homozygosity. Lanes 3-5 show the PG banding patterns from three plants of the Ts generation. In
each plant, the transgenic PG insert is represented by a novel, approximately 16 Kbp band. This is the same
size band that was observed in the T, generation (data not shown), T; generation (Panel A) and all
subsequent generations (data not shown), and is an indication of the generational stability of the introduced
transgenic PG locus.
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Copy Number Analysis of Line 87-22A (Da)

A Lane B Lane
1 2 3 4 1 2 3 4 5 6
23.1- -
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Panel A: Autoradiogram of genomic DNAs isolated from 87-22 derived T, plants transformed with
pJR16S (PGS). Genomic DNAs were digested with EcoR], resolved on a 1% agarose gel, transferred to a
membrane and incubated with a [a-*’P] dCTP labeled probe generated from a 647 base pair fragment of the
PG coding sequence. Molecular size markers are located on the left side of the autoradiogram, and are
expressed in Kilobase pairs. The probe was amplified by PCR and labeled using a random priming kit
(Boehringer Mannheim). The probe hybridizes to several areas of the tomato genome from the non-
transgenic parental control .

The 87-22 T, plant was found to have two copies of the transgenes (35S-PGS-Nos, NOS-npfI-Nos)
incorporated into the genome (data not shown). Plant 87-22 was selfed and the progeny were analyzed to
determine whether the two copies could be separated. The autoradiogram shows the DNA hybridization
patterns for four T, plants derived from plant 87-22 (lanes 1-4). One of the insertions yields a band of
approximately 20 Kbp; the second insert yields a band of approximately 5 Kbp. Both novel bands,
representing separate insertions of the transgenes, are highlighted by parentheses. In some of the T, plants,
the two insertions have segregated. For example, while lanes 1 and 2 have both of the transgenic bands,
lane 3 retained only the larger of the two bands (locus A), and lane 4 has retained only the smaller of the
two bands (locus B). The plant in lane 3 (87-22A/08) that carried locus A but not locus B was selected for
further study.

Panel B: Fluorogram of genomic DNAs isolated from Ts plants derived from the generational selfing of T,
plant 87-22A/08. DNA from bacteriophage lambda that has been digested with HindIlI and labeled with
digoxigenin serves as molecular weight markers and is shown in lanes 1 and 6. The respective sizes of these
marker bands are shown to the left of lane 1 and are expressed in Kilobase pairs. Genomic DNAs from
three T plants and a non-transformed parental control plant were electrophoresed and blotted as described
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in Panel A. The blot was incubated with a dUTP digoxigenin-labeled probe prepared from a 478 base pair
fragment of the PG coding region. The probe was labeled and amplified by PCR. Reagents for probe
preparation, markers and for detection were purchased from Boehringer Mannheim. Although both probes
used in Panels A and B are from the PG coding region, variation in the probes is reflected by the amount of
hybridization to the non-transformed parental control line (lane 2). Using the 478 bp probe, the amount of
hybridization to the non-transformed parental control DN A is reduced; however, bands of approximately 5
Kb and 4 Kb can be observed in both the non-transformed control (lane 2) and the transgenic plants (lanes
3-5).

T, plant 87-22A/08 was selfed in subsequent generations; during this process, the single insertion of PG was
taken to homozygosity. Lanes 3-5 show the PG banding patterns from three plants of the Ts generation. In
each plant, the transgenic PG insert is represented by a novel, approximately 20 Kbp band. This is the same
size band that was observed in the T, plant (Panel A, lane 3) and all subsequent generations (data not
shown), and is an indication of the generational stability of the introduced transgenic PG locus.
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Copy Number Analysis of Line 88-37 (F)

A Lane B Lane

1 2 3 1 2 3 4 5 6 7
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Panel A: Autoradiogram of genomic DNAs isolated from T, plants transformed with pJR16S (PGS).
Genomic DNAs were digested with EcoRI, resolved on a 1% agarose gel, transferred to a membrane and
incubated with a [0-**P] dCTP-labeled probe generated from a 647 base pair fragment of the PG coding
sequence. Molecular size markers are located on the left side of the autoradiogram, and are expressed in
Kilobase pairs. The probe was amplified by PCR and labeled using a random priming kit (Boehringer
Mannheim). Hybridization patterns are shown for non-transgenic parental control (lane 1) and two T, plants
(lanes 2 and 3). Unique bands that are not found in the non-transgenic parental control indicate insertional
events and are shown parenthetically in lanes 2 and 3. The plant in lane 2 has had two copies inserted, while
the plant in lane 3 (88-37) has had a single copy inserted into the plant chromosome, and is represented by
the unique 23Kbp band.

Panel B: Fluorogram of genomic DNAs isolated from T; plants derived from the generational selfing of T
plant 88-37. DNA from bacteriophage lambda that has been digested with HindIII and labeled with
digoxigenin serves as molecular weight markers and is shown in lanes 1 and 7. The respective sizes of these
marker bands are shown to the left of lane 1 and are expressed in Kilobase pairs. Genomic DNAs from
three Ts plants (lanes 3,4 and 5) and a non-transformed parental control plant (lanes 2 and 6) were
electrophoresed and blotted as described in Panel A. The blot was incubated with a dUTP digoxigenin-
labeled probe prepared from a 478 base pair fragment of the PG coding region. The probe was labeled and
amplified by PCR. Reagents for probe preparation, markers and for detection were purchased from
Boehringer Mannheim. Although both probes used in Panels A and B are from the PG coding region,
variation in the probes is reflected by the amount of hybridization to the non-transformed parental control
line (lanes 2 and 6 in Panel B and lane 1 in Panel A). Using the 478 bp probe, the amount of hybridization
to the non-transformed parental control DNA is reduced; however, bands of approximately 5 Kb and 4 Kb
can be observed in both the non-transformed control (lanes 2 and 6) and the transgenic plants (lanes 3-5).
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To plant 88-37 was selfed in subsequent generations; during this process, the single insertion of PG was
taken to homozygousity. Lanes 3-5 show the PG banding patterns from three plants of the Ts generation.

In each plant, the transgenic PG insert is represented by a novel, approximately 23 Kbp band. This is the
same size band that was observed in the T, generation (Panel A, lane 3) and all subsequent generations (data
not shown), and is an indication of the generational stability of the introduced transgenic PG locus.
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PCR Confirmation of PG Sense, PG Antisense and Gene Orientation

Tomato plants transformed with the plasmid constructs pJR16A (PG antisense) and pJR16S (PG sense) can
be differentiated using two PCR primer sets. One primer of each set will anneal to a specific nucleotide
sequence within the PGA or PGS gene respectively. The other primer will anneal to a specific nucleotide
sequence outside of the PGA or PGS gene within the CaMV 35S promoter. The presence or absence of the
correct size PCR product for a particular primer set is a simple and rapid method to confirm sense or
antisense PG gene orientation. In addition, a third set of PCR primers can be used to detect the presence of
either orientation of the PG gene. The expected PCR products for plants transformed with the PGA and
PGS genes and for non-transformed control plants are listed below.

Table 1. PCR Products for Plants Transformed with the PGA and PGS genes and for non-
transformed control plants
PCR Products (bp)
Primers Primers 1010 Primers

1010 & 1011 & 1012 PGR & PGL
PGA Plants 472 None 180 and 380’
PGS Plants 1100} 478 180 and 380"
Non-transgenic Control Plants 1100’ None 380!

1 Product of amplification of the endogenous PG gene.

Detailed description:

To confirm the antisense (pJR 16A insert) orientation, the following primer set is used:

Primer 1010: (5'-AGTTCATTTCATTTGGAGAGGACA-3') is a 24 mer that anneals
within the CaMV 35S promoter at nucleotides 1170 to 1193,

Primer 1011: (5'-TTTGGAGCTAAGGGTGATGGA-3") is a 21 mer that anneals within the
PG gene at nucleotides 1622 to 1642.

The positioning of primers 1010 and 1011 is shown schematically below in Figure 1.

Figure 1.
> €
| CaMV 35S | PG Antisense
> 1010 1011 ]
L ]
L L}
| PCRProductforPGS-472bo |

When DNA from tomato lines transformed with PG antisense (pJR16A) are used in a PCR reaction with the
above primer set, a 472 bp fragment is amplified (see schematic figure above, and lane 6 in Figure 4). In
contrast, when DNA from tomato lines transformed with PG sense (pJR16S) are used in a PCR reaction
with the above primer set, a larger, approximate 1100 bp fragment is amplified (see lanes 9 and 12 of
Figure 4). This is an endogenous PCR product of the line since an identically sized PCR product is
produced when non-transformed tomato DNA is used with these primers (see lane 2 of Figure 4).
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Using primers PGR and PGL, a 380 bp fragment is obtained in all cases due to detection of the endogenous
PG gene.

To confirm the sense (pJR16S insert) orientation, the following primer set is used:

Primer 1010: (5'-AGTTCATTTCATTTGGAGAGGACA-3") is a 24 mer that anneals within the
CaMV 35S promoter at nucleotides 1170 to 1193

Primer 1012: (5'-GAAGATCTGCATGGACCTGAAAA-3")is a 23 mer that anneals within the
PG gene at nucleotides 1626 to 1648.

The positioning of primers 1010 and 1012 is shown below schematically below in Figure 2.

Figure 2,
> >
CaMV 358 | PG Sense
[> 1010 1012 <
L [
| | | |
L PCRProductforPGS-478bp |

When DNA from tomato lines transformed with PG sense (pJR16S insert) are used in a PCR reaction with
the above primer set, a 478 bp fragment is amplified (see schematic figure above, and lanes 10 and 13 in
Figure 4). In contrast, when DNA from tomato lines transformed with PG antisense (pJR16A) are used in a
PCR reaction with the above primer set, no amplification product is produced (see lane 7 of Figure 4).

To confirm the presence of the PG gene, irrespective of orientation (either pJR16A or pJR16S), the
following primer set can be used:

Primer PGR: (5'-CGTTGGTGCATCCCTGCATGG-3")isa 21 mer that anneals to nucleotides
1285-1306 of the PGA gene (pJR16A), and to nucleotides 1827-1848 of the PGS gene (pJR16S).

Primer PGL: (5-GGATCCTTAGAAGCATCTAGT-3") is a 21 mer that anneals to nucleotides
1445-1465 of the PGA gene (pJR16A), and to nucleotides 1668-1688 of the PGS gene (pJR168S).

The positioning of primers PGR and PGL is shown schematically below in Figure 3.
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Figure 3.

> ¢
CaMV 35S | PG Antisense
[> PGR  PGL
i I |
| { | §
| 180 bo Internal |
> —3p
CaMV 35S 1 PG Sense |

D PGL PGR <I
i |

] 1

l 180 bo Internal I

When DNA from tomato lines transformed with either PG antisense (pJR16A) or PG sense (pJR16S) are
used in a PCR reaction with the above primer set, a 180 bp fragment from the PG gene insert is amplified
(see schematic figure shown above, and the faint bands in lanes 8, 11 and 14 in Figure 4.). In addition, an
approximate 380 bp fragment is also amplified from an endogenous PG gene sequence (see lanes 8, 11, and
14 in Figure 4.). In contrast, when DNA from a non-transformed tomato line are used in a PCR reaction
with the above primer set, only the endogenous 380 bp PG gene fragment is amplified (see lane 4 of Figure
4).
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Figure 4. PCR Based Differentiation of PGA and PGS Transformed Plants

Lanes
1 234 5S6 7 8 91011121314 15

bp bp
-1599
-1107
1100-
-738
472 -492
47
380- -369
-246
180-
-123

A PCR based assay is used to distinguish transformed and non-transformed lines, and to identify lines
transformed with the PG antisense (pJR16A) or PG sense (pJR16S) gene. Aliquots from several PCR
reactions were resolved on a 2% agarose gel and compared to DNA size standards from Gibco-BRL (123
bp ladder; lanes 1,5 and 15).

Three primer combinations are used to synthesize a specific sized fragment using substrate DNA from either
a non-transformed parental line (lanes 2-4), PG antisense (pJR16A) transformed line B (lines 6-8), and PG
sense (pJR16S) transformed lines Da (lanes 9-11) and F (lanes 12-14).

To distinguish the non-transformed parental control line from transgenic PG lines, primers PGR and PGL
are used. These primers will synthesize a 380 bp fragment in both non-transgenic (lane 4) and transgenic
lines (lanes 8,11 and 14). These primers will also uniquely synthesize a 180 bp fragment in the transgenic
lines, irrespective of PG orientation (lanes 8,11 and 14). This 180 bp fragment is not present in the non-
transformed parental control (lane 4). Thus this assay can be used to distinguish the transgenic lines from
the non-transformed parental control.

To distinguish PG antisense and PG sense transgenic lines, primer combinations 1010/1011 and 1010/1012
are used. Primers 1010 and 1011 are used to synthesize a 472 bp fragment in lines transformed with PG
antisense (pJR16A, lane 6). In either the non-transgenic parental control line (lane 2) or lines transformed
with PG sense (pJR16S, lanes 9 and 12), these primers synthesize an approximate 1100 bp fragment.
Primers 1010 and 1012 are used to synthesize a 478 bp fragment in lines transformed with PG sense
(pJR168S, lanes 10 and 13). No amplification product is observed with this primer set in either the non-
transformed parental control line (lane 3) or PG antisense (pJR16A, lane 7).
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PG Activity in T2 Homozygous Inbred Lines (% of glasshouse standard)

66-51/08 (B) 88-22A/08 (Da) 87-37/13 (F)
0.0 0.2 5.4
1.0 0.7 2.4
4.0 0.3 2.3
1.4 0.6 3.8
13 03 2.7
0.1 0.0 1.9
34 ' 0.2 2.7
0.7 0.9 3.1
2.2 0.4 7.0
1.2 03 2.1
2.2 0.2 5.9
1.9 2.5 3.3
1.0 0.5 5.9
2.3 0.8 47
1.4 0.4 5.1
0.8 2.6 42
0.0 3.1
1.5 2.0
0.0

1.4+0.2 0.7 £ 0.2 3.8+0.4

Individual plant analyses were performed on six pericarp discs (cut out using a No. 5 corkborer) collected
from two red-ripe fruits (three discs per fruit).
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PCR ANALYSIS OF PGA INSERT(pJR16A)

* * *
LB MB hc CaMViS PGA nos lac gene nos ocd npe I nos RB
ori promoter k m 3 5

NN

4718 bp

= ) gobp ¢ NOs

NOS-A ) 68bp ¢ GI-AR

OCl'A ) 650bp ¢ ox-AR
ot | ¢ mpdlRC
1 bp

npedl ), 943 bp 4 PR

EXTRANEOUS REGIONS *

npell ) s bp R

ocd = Part of coding region for Agrobacterium
Ti plasmid CS8 ornithine cyclodeaminase
gene

gene III = Part of coding region of Ml13mpl9 coat
protein GeneIIl

Mi3 ori = Ml3mpl9 origin of replication

Zeneca Seeds
May 1994
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PCR Analysis of PGA Insert (pJR16A) in Inbred B

EcoR/HindIIl1 1 2 3 4 5 6 7  F100bpladder

bp

5148 —
4973 —

2027 —

1904 —
1584 —
974 —
831 — — 1500
— 1100
— 9000
—700
— 500
—300
Lane Primer Pair PCR Product (bp) PCR (+/-)
1 ori-2 + 35-SC 941 +
2 35S + NOS 890 +
3 nos-A + GIII-AR 658 +
4 GIII-A + ocd-AR 660 +
5 ocd + nptlI-RC 401 +
6 nptIl + nos-PR 943 +
7 nptll + RB 1173 +
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PCR Analysis of PGA Insert (pJR16A) in Hybrid Nema 1401B

EcoRVHindIIT ! 2 3 4 5 6 7 [100bpladder
bp
5148 —
4973 —
2027 —
1904 — — 1500
1584 — 1100
974 — — 9000
831 — 700
. — 500
—300
Lane Primer Pair PCR Product (bp) PCR (+/-)
1 ori-2 + 35-SC 941 +
2 35S + NOS 890 +
3 nos-A + GIII-AR 658 +
4 GIII-A + ocd-AR 660 +
5 ocd + nptlI-RC 401 +
6 nptll + nos-PR 943 +
7 nptll + RB 1173 +
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PCR Analysis of PGA Insert (pJR16A) in Hybrid H282B

EcoRI/Hind 1111 1 2 3 4 5 6 7 F100bp ladder
bp

5148 —
4973 —

2027 —

1904 —
1584 —
974 — — 1500
831 — oo
— 9000
— 1700
— 500
—300
Lane Primer Pair PCR Product (bp) PCR (+/-)
1 ori-2 + 35-SC 941 +
2 35S + NOS 890 +
3 nos-A + GIII-AR 658 +
4 GIII-A + ocd-AR 660 +
5 ocd + nptll-RC 401 +
6 nptll + nos-PR 943 +
7 npdl + RB 1173 +
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PCR Analysis of PGA Insert (pJR16A)

PCR primers used, as follows:

Name Sequence
ori-A 5'- AAT CGG AAC CTA AAG GGA GCC-3'
35-SC 5'-GAT TGT GCG TCA TCC CTT ACG - 3'
ori-2 5'- ATC CTG TTT GAT GGT GGT TCC - 3'
358 5'-CAATCCCACTATCCTTCGC-3'
NOS 5'- CAT CGC AAG ACC GGC AACAG-%
NOS-A 5'-TGA ATC CTG TTG CCG GTC TTG - 3'
GIII-AR 5'-CTA CTG ATT ACG GTGCTGCTA -3
GIHI-A 5'-TAG CAG CAC CGT AAT CAG TAG-3'
ocd-AR 5'- CGA TCC TGA GCG ACA ATATGA -3’
ocd 5'-CTG TGG CGG GAACTC CACGA-3'
nptI-RC 5'-TAT CGC CTT CTT GAC GAG TTC-3'
nptll 5'- GAA CTC GTC AAG AAG GCG ATA-3'
nos-PR 5'- GTT CAA ATG CGC CTA AGGTCA-3'
RB 5'-TAC CCG CCA ATATAT CCTGTC-3'

Amplification Conditions

Primer Pair Annealing T°C Cycling Parameters
ori-2 + 35-SC 60 Dissociation 94°C for 1.0 min.
35S + NOS 60 Annealing X°C for 0.2 min.
NOS-A + GHI-AR 64 Extension 73°C for 1.5 min.
GHI-A + ocd-AR 63
ocd + nptlI-RC 59 FOR 35 CYCLES
nptll + nos-PR 64
nptll + RB 60

Page S of Appendix 9




Summary of Analysis of PGS Insert (pJR16A)

The presence of all regions comprising the PGA insert, except the left border region (see PGS analysis in
following pages in this Appendix), has been confirmed by PCR analysis for both the inbred PGA lines B
and the two hybrids H282B and Nema 1401B.
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PCR ANALYSIS OF PGS INSERT (pJR16S)

* * *
LB MB hc CaMV3S PGS nos  fac gene nos  ocd npe O
ort promoter 3 o kg

w

g |

1S ) tobp ¢ NOS

NOS-A ) 6as8bp ¢ CIMAR

CII-A ) 660 bp ¢ ox-AR
od ) { npdl-RC
01 bp

npdl )y 943 bp
EXTRANEOUS REGIONS *
npdl u7s bp
ocd = Part of coding region for Agrobacterium
Ti plasmid C58 ornithine cyclodeaminase
gene
gene III - Part of coding region of M13mpl9 coat
protein Gene III
M3 ori = M13mpl9 origin of replication

Page 7 of Appendix 9

4718 by

‘nurPR

‘RB

Zeneca Seeds
May 1994



PCR Analysis of PGS Insert (pJR16S) in Inbreds Da and F

EcoRVHindIil 1 2 3 4 5 6 7  [100bpladder
bp

5148 —
4973 —
2027 —
1904 —
1584 —

974 —

831 —

— 1500

— 1100
— 9000
— 700

— 500

~— 300

EcoRVHindII1 1 2 3 4 5 6 7 [100bp ladder

Line F
Primer PCR Product PCR (+/-) PCR (+/-)
Lane Pair (bp) Da F
1 ori-2 + 35-SC 941 + +
2 35S + NOS 890 + +
3 nos-A + GIII-AR 658 + +
4 GIII-A + ocd-AR 660 + +
5 ocd + nptlI-RC 401 + +
6 nptll + nos-PR 943 + +
7 nptll + RB 1173 + -
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PCR Analysis of PGS Insert (pJR16S)
in Hybrids Nema 1401Da and Nema 1401F

EcoRV/HindIIl 1 2 3 4 5 6 7 [100bp ladder

Nema 1401Da

EcoRV/HindII?1 1 2 3 4 5 6 7 [100bp ladder

5148 —
4973 —

2027 —
1904 —

1584 — e
974 — — 9000
831 — —700
— 500
—300
Nema 1401F
Primer PCR Product PCR (+/) PCR (+/-)
Lane Pair (bp) Da F
1 ori-2 + 35-SC 941 + +
2 3558 + NOS 890 + +
3 nos-A + GIII-AR 658 + +
4 GIII-A + ocd-AR 660 + +
5 ocd + nptlI-RC 401 + +
6 nptll + nos-PR 943 + +
7 nptll + RB 1173 + -

Page 9 of Appendix 9



PCR Analysis of PGS Insert (pJR16S)
in Hybrids H282Da and H282F

EcoRVHindIIT ! 2 3 4 5 6 7 [100bpladder
bp

5148 —
4973 —

2027 —
1904 —
1584 —
974 — — 1500
— — 1100
831 ~ 9000
-~ 700
-— 500
— 300

EcoRIHindIM1 ! 2 3 4 5 6 7 [1000bpladder

H282F
Primer PCR Product PCR (+/-) PCR (+/-)
Lane Pair (bp) Da F
1 ori-2 + 35-SC 941 + +
2 35S + NOS 890 + +
3 nos-A + GIII-AR 658 + +
4 GIII-A + ocd-AR 660 + +
5 ocd + nptlI-RC 401 + +
6 nptll + nos-PR 943 + +
7 nptll + RB 1173 + -
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PCR Analysis of PGS and PGA [hsert (pJR16S, pJR16A)

PCR primers used, as follows:

Name Sequence

35-SC 5'- GAT TGT GCG TCA TCC CTT ACG - 3'
ori-2 5'- ATC CTG TTT GAT GGT GGT TCC - 3'
358 5' -;CAA TCC CACTATCCTTCGC-3'
NOS 5'- CAT CGC AAG ACC GGC AACAG-3
NOS-A 5'-TGA ATC CTG TTG CCG GTCTTG - 3'
GIII-AR 5'-CTACTG ATT ACG GTGCTG CTA-3'
GIII-A 5'-TAG CAG CAC CGT AAT CAG TAG- 3
ocd-AR 5'-CGA TCC TGA GCG ACA ATATGA - 3'
ocd 5'-CTG TGG CGG GAA CTCCACGA -3
npt/I-RC 5'-TAT CGC CTT CTT GAC GAG TTC - 3
npfll 5'- GAA CTC GTC AAG AAGGCG ATA-3'
nos-PR 5'-GTT CAAATG CGC CTA AGGTCA -3’

RB 5'-TAC CCG CCA ATATAT CCTGTC- 3

Amplification Conditions

Primer Pair Annealing T°C Cycling Parameters
ori-2 + 35-SC 60 Dissociation 94°C for 1.0 min.
35S + NOS 59 Annealing X°C for 0.2 min.
NOS-A + GIII-AR 63 Extension 73°C for 1.5 min.
GII-A + ocd-AR 62
ocd + nptlI-RC 59 FOR 35 CYCLES
nptll + nos-PR 62
nptll + RB 60
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a)

b)

)

d)

Summary of Analysis of PGS Insert (pJR16S)

Presence of the left border region could not be confirmed by PCR for any of the lines under
analysis due to priming difficulties. Consequentially, optimization of cycling parameters was
ineffective.

All regions of the PGS insert were PCR positive for the Da lines and the two hybrids, H282Da and
Nema 1401Da. This confirms the presence of all regions comprising pJR16S, not allowing for the
left border. '

All regions of the PGS insert were not PCR positive for the F lines. Inbred line F and hybrids
H282F and Nema 1401F were PCR negative for the presence of the right border region. This
indicates a possible deletion 3’ of the NOS promoter of the npiil gene. All other regions were PCR
positive thus confirming their presence.

Despite the presence of non-specific PCR products in some of the tracks, a feature commonly
associated with PCR, the specific product is always clearly visible as the more intense band.
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Summary of Observations Made on Genetically Modified (li_ne F)

and Control Hybrids Nema 1200 and Nema 1401.

Characteristic Nema 1200F | Nema 1200 | Nema 1401F | Nema 1401
Seedling
Anthocyanin in hypocotyl of | present present present present
15 cm seedling
Habit of 3-4 week old normal normal normal normal
seedling
Mature plant
Height 55 cm 53.1 cm 59 ¢cm 61 cm
Growth indeterminate | indeterminate | indeterminate | indeterminate
Form normal normal normal normal
Size of canopy medium medium medium medium
Habit semi-erect semi-erect semi-erect semi-erect
Stem
Branching profuse profuse profuse profuse
Branching at cotyledonary or | present present present present
first leafy node
No. of nodes below the first | 4-7 4-7 4.7 4.7
inflorescence
No. of nodes between early 1-4 1-4 1-4 1-4
inflorescences
No. of nodes between later- 1-4 1-4 1-4 1-4
developing inflorescences
Pubescence on younger moderately moderately moderately moderately
stems hairy hairy hairy hairy
Leaf
Type tomato tomato tomato tomato
Margins of major leaflets nearly entire | nearly entire | nearly entire | nearly entire
Marginal rolling or wiltiness | absent absent absent absent
Morphology type 3 type 3 type 3 type 3
Surface of major leaflets rugose rugose rugose rugose
Pubescence normal normal normal normal
Inflorescence
Type simple simple simple simple
Number of flowers 6 6 6 6
Leafy inflorescence absent absent absent absent
Flower
Calyx normal normal normal normal
Calyx lobes shorter than shorter than shorter than shorter than
corolla corolla corolla corolla
Corolla color yellow yellow yellow yellow
Style pubescence sparse sparse sparse sparse
Anthers all fused into | all fused into | all fused into | all fused into
tube tube tube tube
Fasciation absent absent absent absent
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Characteristic Nema 1200F | Nema 1200 | Nema 1401F | Nema 1401
Fruit (3rd fruit of 2nd or
3rd cluster)
Typical fruit shape type 4 type 4 type 4 type 4
Shape of transverse section angular angular angular angular
Shape of blossom end flat flat flat flat
Shape of stem end flat flat flat flat
Shape of pistil scar dot dot dot dot
Abscission layer absent absent absent absent
Point of detachment of fruit | at pedicel at pedicel at pedicel at pedicel
Length of pedicel 11.9 mm 12.1 mm 11.7 mm 11.4 mm
Length of mature fruit 56.5 mm 57.3 mm 57.5 mm 62.1 mm
Diameter of fruit 58.4 mm 56.5 mm 55.0 mm 56.5 mm
Weight of mature fruit 88 gm 84 gm 90 gm 92 gm
No. of locules three and three and three and three and
four four four four
Fruit surface smooth smooth smooth smooth
Fruit base color light green light green light green light green
Fruit pattern green green uniform uniform
shouldered shouldered green green
Shoulder color dark green dark green dark green dark green
Fruit color, full ripe red red red red
Flesh color, full ripe red/crimson | red/crimson | red/crimson | red/crimson
Flesh color uniform uniform uniform uniform
Locular gel color red red red red
Ripening uniform uniform uniform uniform
Ripening uniformly uniformly uniformly uniformly
Epidermis color “yellow yellow yellow yellow
Epidermis normal normal normal normal
Epidermis texture tough tough tough tough
Thickness of pericarp 6-9 mm 6-9 mm 6-9 mm 6-9 mm
Stem scar size small small small small
Core coreless coreless coreless coreless
Resistance to fruit disorder | not assessed | not assessed | not assessed | not assessed
Disease and pest reaction
Fusarium wilt, Race | resistant resistant resistant resistant
Fusarium wilt, Race 2 resistant resistant resistant resistant
Verticillium wilt, Race | resistant resistant resistant resistant
Alternaria Stem Canker resistant resistant resistant resistant
Southern root knot nematode | resistant resistant resistant resistant
Chemistry and composition
of full-ripe fruit
Juice Bostwick cold break 21.5 27.9 15.1 17.2
Brix (raw puree) 5.4 5.7 5.4 5.6
pH (raw puree) 4.3 4.3 4.2 4.3
Agtron color (raw puree) 25.7 26.3 25.8 26.9
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Characteristic Nema 1200F | Nema 1200 Nema 1401F | Nema 1401
Phenology
Fruiting season very very very very
concentrated | concentrated | concentrated | concentrated
Relative maturity in areas carly early medium medium
tested
Adaptation
Culture field field field field
Principal use concentrated | concentrated | whole pack whole pack
products products canning; canning;
concentrated | concentrated
products products
Machine harvest adapted adapted adapted adapted
Regions to which adaptation | All regions in | All regions in | All regions in | All regions in
has been demonstrated California California California California
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Ismcﬁnqnwmcrﬂm!uivm 7 » Presgrre 2™ Absmnt

lz’Na.:fm:acme.m:’nﬂcm 1=t A T 3= 4 = 1Q or more

Na. ot toces Setaeerr-eurty (16T - I, Tna - g} inflorescences, l ’ I Na. at ncces Setween !Iterasverac:ng inflcrescences,

=

AupeTcInce an youncer STETIS: 1 = Smooget (o iong amrsi 2 = Scarseiy airy (seatterea lang haird
: 4 =» Corrsaty Mairy or woaly

[£

3 = Mogerstaty Iary

! , ".'ygg 1t = Toarmmo = = Ao {Tro-L-wed) l3 Mcrznalegy (crocse iilusarydon an 3¢ § of s form oxe 3 arose Smsiart
‘ ' '.u.-gmcrm:ier:uﬂtz: ’ 1 = Nearty enare 2 = Shallewiy matied or sulcoed
—— . 2 = Caepty TOCCIKS OF 2IT, S, IWAres Saxme
Lumrdﬁnqerwim 1 = Abyare S Signe 2 = Mocerze 4 = Stung
'Ct_taf.'-ﬂctraung: 1 = Sxrry-mmsan 2 = Midsauson 3 =» Lsee smascs

1V Mege T ar3
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L LEAF (mwnure ieat benenthy the Ird inflorsscencs ~ continued): . .
a Surface of major lesflees: 1 = Smocth 2 = Rugoss (bumpy or veiny)

QM 1 = Servoout (no long hairs) " 2 = Normal 3 = Hirsute ' 4 = Waoty

S, INFLORESCENCE (make cmrvations on 2rd inflorescencs):

Type: 1 = Simoile 2 = Forked (2 major axes) 3 = Camoound (muct branched)
0 G Numger af flowers in inflarescencs, Jverage
[ Leafy or "“Tunning”® inflorescances: 1 = Absent 2 = Cezasianal 3 = Freguent
8. FLCWER:
' Catyx: 1 = Normai, loDes swesnacea 2 = Macrocaivx, ‘oces larga, !esilike 3= Fiesry
1 Calyx-iqbez: 1 = Sharter Man caroiia - 2 = Acorax. :qualling zaraiia 2 = Jistnezy ionger Man c=rotla
Caroila calor: 1 = Yeliow 2=Cla zole 3 = ‘Nhite or aIn
7) | stviepubescence: 1 = Absanc 2= Soarse 3 = Qense
l AnTiers: 1 = All fused intQ ube 2 = Saoarating into 2 or MGre Grouas at ancens
m Fasczacion {15t Hower of 2ngd or 2rg inflerescence): 1 = Absant 2 = Cemmticnaily 3resene 3 = Fracuenty sresent

fruit af 2nd or U Suster): ~or Ste (3T S SNarICI2rT JICW, MACST JOUL 13NETY ‘arTY ST MOST Saniar ilusTavesn on s¢. § of Jus forr.,

7. SRUIT (3
Typicat fruic snace: l 3, Shage of Tansverss tacsicn: [ ! l Shace of stem e
_2—] Shace =f Siessam ne: ‘ [ l Shace aof sis=i s

—

Alscistion layert 1 = Aresent (Cedicetistel 2 = Absent {jeintessi Pzint of cemcnment of fruit 3t Marvese 1 ® Ag Segics [oint

H@ E{

2 = At aiyx stTcment
mm length of segicet (frem joint B caryx acacmrent Cl/‘ ‘I)
,O,G’a] mrn lengm of mature ituic (stem axis) CGQJ) ' mmiengcr, creckvarg. . . . . . . |2l
! )lsl:zl am ciamerer = fruit ac wicest Soure | [S"S) l | . T ciaTeTer, CEeCR VAL 0. . . . . . '2_'2_!
IO(Q' ] gmeignTaf MaTUrR TUIE . . . . . . . . . L , g weignt, Steex var. @, . . . . . . 'Z-IZJ
4’ Na. of locuies: 1= Twa 2 = Three and four 3 = Stve or mare
Pruit susrface: 1 = Smoom < = Sligntty rayugh 3 = Mocerately rougn or risbed
l Pruit Ssse cater 1 = Lgire green (‘Lainsi’, "VF145-F3") 2 = Ughe grav-green ("YWestover’!
(maturegreen 3 = Agpie or mediwm green {(“Menz 1429 VF) 4 = Yericw green
oaqe): S = Cark green
l Fruit satoam 1 » Uniform gresn 2 = Gresn-shouidered 3 = Ragial soives an ades of fruit
(rracure-green sagei:
L Shouidar calcr if ditferent ‘rom Sase: 1 = Sark green 2 = Grey gresn 3 = Yetiow green
l 5 . Sruit solar, fuilvioe: 1 = White 2= Yailaw 3 = Crange 4 = Pax S=Aed
8 = Srowmisn 7 = Greemsiy 3 = Cther (Soeify)
3 Flen cviae, fulivice: 1 = Yellow 2= Pink 3 = Rect/Cimson 4= Crange 3 = Qther (Soec:ty )
l Flesn cutor: 1 = Unifarm 2 = Wit lighter ana carier aresas in wally
Lacuiar get sStor 3f acievipe fruic 1 = Green 2 = Ysilow - 3% Red
Ricening: 1 = Slossem-m-rtent endt = Uniformy
@ Page S o% Appendix 10
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7. rnurr(:nfm‘ugauuumn Continued

¢ ﬂ Ripening: 1 = inside out 2 = Uniformiy 3 = Quesids in ( Smscarsize: 1= Smull (MRomy)
. 2 = Medium {"Rugers) 3 Large
‘2 Eoidermis color: 1 = Caloriess 2= Yeilow
Eoi ., 1N ‘ 2= Easy . ’ Core: 1 = Corelezs (absent oF trmaiier iy
3[ Eoidermis Texture: 1 = Tender 2 = Average 3 = Toughn
Thiexnes of gericarn . . . . @ Thickness of gericarn, check var. na, Q o
1 = Uncer 3 mm 2= 3-8 mm l=89mm 42 Qver 3 mm
8. RESISTANCE TQO FRUIT CISCRDERS (Use code: 0 = Unknawn, 1 = Suscepuble, Z = Renstany
Slossom ena rot D Cacfacs Bruit 20x Zooering
lorery ricening l I Cracking, concentric Gaia flecx Qner /Soecify)
| l Sravwail

3ursung

Cracking, ragial

9. CISEASE AND PEST REACTION (Use coce: 0 = Not tested, T » Susceotible, 2 = Resisantl. NOTE: !f 2am of noveity is Sased wholly or in sucsant
ST uBOn cissase resisTmnce, TN aIta should Se acoended. These should specity Tie method af testing, T reaction of the agolication vanety, ang

reacion of weil-own cecx varietes grown in the ial (idendfied Yy name).

11 LI

L2 IS

VIRAL DISEASES:

Cucumper masac

Curty ©c3

]

333r2-Y Areg

Tagacsa masae, Jage 2
Tosacsy Tosauc, Azee |

Tezacss mesaic. Jace 2

-
Tagaczs mosdic, Race 2%

TamaTa 100G mIT

L]

Tsmazs vetiows

Qrcner ‘nrus (Soecfyi
8ACTERIAL DISEASES:

3acterial anker (Corynecact=rium michiganensel
3acm=ral soft ot (Erwinia carorovoral

3acTerty oeck Preudomanas amaro)
PUNGAL DISEASES:

Antmracicse /ColleroTicrum el

3roewn rage SOt 3r corky reot.
(Pyrenocraeta lycopersicsi

Callar rat or starm Canker,
{Alternaria solani)

Sarty Sfignt cafctiation,
(Alcernama solans)

Busarium wiie, Jace 1,
(F. oxysporum % (ycoperpc)

Fusarrum wiit, Jacs 2
Fusarrum waile, Jace 2
Grav eaf ot (Stempayirum ool

Lare sligre, Race 0,
{Phryrcontrors infesans)

Late Sligere, Race 1

Page 6 of Appendix 10

0]

L]

]

JacTerial ot (Xantiemonas vesicatariumi
Jactenal walt, [Praugomenas solanacsarum)

Ciner Sacerial sissase ‘Soecsfy)

L23t mod, Race 1 (Cacotzarum futvum)
L2af mata, ace 2

L=at? moid, Race 3

Leat moid, ather races /Soecify)

Naiihead soot (A/termana omac)
Seurcria lexfsoot (S /ycopernici]

T arget lexfsoot (Corynewoors cagicola)
Veraciilium wilt, Race 1 (V. sadowoumi
Verticillian wilt, Race 2

Cmewmﬂlﬁkz‘ﬂﬁ.ﬂ‘w

Ctier fungai disease

. CAM LMGS-470-88 (22l
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INSECTS AND PEITS:
C3lorsoa goTeo beede (Lat.vm decemiinesas) Tamato homworm (Mesducs quingquemsayiscal

Soutern roat mar Jemamas (Mecraagyre iacagnrel l Tamam fruicworm (Meticoris 2esl

‘Avicerly (Trisieuraass regererrorur)

Sogsr Tites (T emINYenusg 0.

[N
|l

Ctner (Soecriy)

—

l

SuGar Jeet Irmy ~orm [(Sgodcotery exigua)

—
[ Tapac== ‘lem cewne ‘S3icrrx rroenmg;
L
PCLLUTANTS:
— R
1] .
| Cz=ne || Swtur sioxice I ' Zener ‘Scecitr)
——— —— ‘e———
1A SHEMISTRY AND CTMPCSITICON S8 SULL-APE 2AUITS. Sugeestse T3ST MeCIocs TTav T ‘Iung i T oTate Aescucs:,” Sov e, Nauonw
Saarers Asm. 3ui. IT-o. 'ease SecTV T TTETNCSS P jve 3 CSTRrenc: 3 TETTIOCS Q. Uil 4% lITie INICW NI AaIueR (ar Tiw daw vanety mnc
‘ar 1T GAST I Amii-<NOVen IUECT /3MTTY 3T JUMNIC ~;/0€ TOwWN A T1C tAMe U, ISesir tames 3P TSy S Seex sarneties.
; Seex Varewy | Sieex Varery | Sheex Janety
SL3MITTES | h i I =
Newma™Reo ) | !
Cma. [ : ' :

JUICE BOSTWICK COLD BREAK!  [Z.QL ! !

BRIX (raw suree) ‘ 5¢° =' 5 !
PH (raw puree) ' ‘{'3 i I
AGTRON COLOR (raw ourse) | R£.9 i

T LT TSy Segee 23S, A Segreey Clitug, if Nest umss

1, AMENCLIGY: IxSress 2nGTY ST ILYeICCITEN T SIIGRS 2R 1S SIIENCIr TIVS IFo 18T
Ire S38C, (ICICITE TN SITW TEISECITUNR UIRC (0 Terr SICUITICN Tere 32, See sacer tv 'Narmcex uncer “Qaterences”
lor metioe, ive UTTAUITVE ST SSr 3T ieRLT SN 2UEEX VANETYD ISMTHY tnesxs Sv TR IF IY TUTCEr T I0te It oage |,

i neex caney ‘ e caneTy { ek raney
specaTien | |
TARIET ' ; i
i - ' . . H
reing == 35 Jower {7 20en flower st 309 : i !
T Sran=s ; : : i
: 1 H
e = sneaover warres: if acSticzorer ! : H !
i H i H
J— . - L)
i f Sayong reasen: = _ang (THarmcce’! 2 = Meciucy (“Nesssver'' 2 = here, =ncenaree (/P 1387
! 3 = Verv =nceneacee {UC 220
—
t = Sy < * ‘Aeciurt sanv 3 = Megium

’ 3 | 3eacve maturTy it e =ema:
— 2 » Vegium ‘ate Se' e 3 = Yarage (it ~S1TOve METULTCY '3 nOWn
- T3 citfsr Sy ‘ocInGR ar MwranmTTeTt.
S1E338 XA 2T SHOICITY 2tewTs.

S ACAFTATICON: it Tore Tan 2ne ItEgOry 100%es. (ist Ul it INK arger.

——
! | l D zuicure: t e Teac 2 = Greenncuse
' ,3. ! bt L RIT° S TTH | = Homre jarcen 2 = Feesn arceT 2 = Ahcie-cack Inmng
< = ConcenTItaa Srecucs 3 = Coer ‘Scacsrr)
]
,2_.’ Machne aress ¢ = Ngt icacT=e 2= Acwc=e
i : i
65 IO' ” " Feqen 13 AT iCITTITEN 123 JLEN EMONTITITIC:
t = Normreaxs S = Mic Azanze 3= Ssumexss 4 » Fones
S =» Greze Muns § » Sgu=-cnT T * imrermcuntnn Nese 3 = Nerstwess
3 = Caiferma: Sicuments ing USCer San J2acuin ‘Valey
1C e Cuiferma: Coasty arvas 11 = Cuifermaz Scustem San Jcacun Vailey & Jexers

Pege & T
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ILLUSTRATIONS OF TOMATO LEAR AND FRU(IT CHARACTERISTICS

m (2) et (4} (s)

7. FRUIT: Typical fruic snage:

>4 NV N .
(6) (7 \I ) / { (€) ‘ (10} ,

Shape of Transverze seczon:
J
lszsund Zeflazzened Jeangular laizveguisr l=fZlaz Irizdemced

Shage af sistal scars

OO 0OE)

- i e T e wwe @ e e e - —— e s

leindeweed Z=flaz Senizgpled 4atzper=d | 2Z=stellacs S=iizear {sizTeguiac
|
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*  Hunt - Peto - Zeneca
TG Tomato Field Trial Data Form

Year (993 APHIS Permit ¢

Location LQoodLAnD. C4 Evaluator

NEMA 4ol P&sS

Zcaws ~wracnsex Jar Ae ‘oilawng c2amcrery wiied 3ee St yous Tamecy, Compist s focm as Suily 23 jossibis :'ar'ae::-':'-‘:::z::aaai:cmq,
ﬁaxmmmnﬂuhml&;—&'-@mmwﬁod&&c.l.c:e:aot'u.dscu.z-l’z—.;abiadanzicofﬁaz. Use !eacing
=zes wnex dec==mcyi{es. [ I3 { o JO 1 31 (1 ,emml Tlesguiicsns Tamssy 2cuid 3¢ camparsd wmeR :'mem-dw;.—_-‘;_—t.-z

w327 Of =& ume S7pe (ses LT 3L rcommences teex vamemet Jeaw), iad grawn 2 =T ams Tmic Tha c3zrzsoey os s Sorm ciouid e ssambed Som
a2z Zawm .zc:: 2armal c3ndicans of suisirs S 2e ransry. [2cicare 3y 1 cBeck wihteiar Tmi i ire Ttm peenbowe o o Seis ——— lizzor
maiy zise=e 3¢ Ta=spiancees isged Srussaked . Give !locz=zns 2ng dacsy of seedizg 228 s=wiacong te:

Seeded 4-2-93 Trauaplonted %29 EAY

SUPAAISTNS SHCULD 3E UAQE T ONE SR MCRE CHEZX JARISTIES IN THE SQLLOWING LiST. IFATALL PCSSI3LE SYTZI THE NuMge3
2 THE ZHECY IN 3ICXES NHEAE /DEV, 71, OF CHELX 'S ISTUESTED.
= ics 32 YF 7 = Somesteac 23 12 = Reg Rcex SmyR 1z
» Cursee 37 3 = Marqioce 2= Icma /7 Zsus2
s Tuesz il 2 = Vuner 12 = Sucgery I sYR IS S TITE /
= Sizra Jace 1Q = New Yarxer 19 = Suarav = = Jner ‘Scecryi IVLZZ!& %l
s Sigrey M. 11 = Chig MRA-i2 . 17 = Trezie
s ~enz 1250 12 ® 3ec CNerry 'argy i3=UC32
SESTUING:

[
! b, . . .
: a.l AqTiccrania in AvGoeStyl 3F 213 o, mmcting:  © = Absent I = Aremens ! I =EEIT OF - weei Sic seesting: 7 = Nestrmt 28 Cormmact

.n.a.‘_,ne SLANT {at mzumum veqetiuve develcomants: lo , 5, é o, Hewgne

E_l!, Growe: 1 = Incemrminate” T = Sateemingte
1-,3‘:1—!: 1 =isx, scen ;Z-Ner..-.a S =Comeaer <= Tuar? 32 = Incr/oe
z Sise ot zncov comoares 3 octars :1:' :uﬁiar - 1M T = Sl 2 = Meciure 3= arse
: |
E___i =agic 1 = Sorawwing (cecumeent 2 = Sarmvi-arecs S @ Trecs (‘Cwart Quarmsion’?
)
1)
I:T;M:
!__' Irancring: 1 = Scarse (*Srenny's Solid Rea’, S recmi’? 2 = Intermegizm (“Vestover’) 2 = Frofuss (LCITT
I 'mqnccrnnwcrﬂm'uwm 1 = Preserre <= Absent
! 'Nq.afmaamcwmﬁmfnﬂm HERE raX g i=7sQ 4= 1Q or more

:l INd.afnanum~mHn-:nu.:-n-z:ulinﬂm l l I Na. af 1cess Sevveen [ITErasvelocing (nflcreacences,

;,5' PIDSTCENCS Ot YOUSGRr STEMTS 1 » Smoow (ma icng ames) 2 = Scarsety Yairy (scyttered lang tairgd
3 = Mocaryoey Yarv 4 = Cencaty Yairy or wooly
ZAF rwmre lest Senest T 3 intlorescences:

l

1 » Targre o = domro (T on-.-Coor? I ;E Maronaicgy (aracse illuseroon an 3% 5 of Tux ‘ormy oI IS AvoSe Zimiilart

—

H Tree:
l 'M-vmcfmcrm " 1 = Naarty anTre 2 = Shalicwiy TBatTed or seulcced
cm—— : 3 = Cormty CTHR2 Qr =T, ol Cvearts Sise
L1
! Maergirai roiling or ‘witness 1 = Absarre <= Sieae 2 = Mocerzes 4 = Syeng
5 Cr—tcf'uﬂctmﬂnq: 1 = Sxrry-sason 2 = Mic-mason 3 = e masont
- MG S 068 (e Page 9 of Appendix 10 e tars




L&F(nmummmm-ma; j
9\ Surface of major lesflets: 1 = Smooth

2 Pubescanca: 1 = Smooth (no lang hairs) " 2= Normai

2 = Rugase (burngy or weiny)

3 = Hirmos " = Woaly

S INFLORESCENCE (makte obssrvetions on Jrd inflarescence):

l Type: 1 = Simoie 2 = Farkea (2 major axes)

O G Numaoer of flowers in inflorescence, sverage

31 = Cammoound [much branched)

] | Laaty or “runming” intlorescences: | 1 = Absent 2 = Cezssicnal 3 = Frequent

d FLOWER:

l Caivx: 1 » Normst, !ades swi-naced 2 » Macocaivx, loces large, lexilike 3 *Fiany
] caivadobes: 1 = Sharrer Man caraila '2 = Acarax. squaiting sroila 2 = Jissincay longer Tran croila
Caroila calor: 1 » Yellow 2= QIg 30lc 3 ='Nhiteor 2an
2| styte sudescmcs: 1 = Absent 2= Scane 3 =Cense
I Anmers: 1 = Al fusedt into ube 2 » Sasarating into 2 2r Tore groucs ac antieas
[_U- Fasezaticn (15t Hower of 2nd ar 2re inderescence): 1 s Absent 2 = Ccsnignaily aresent 3 = Trequency Srerent
7. FRUIT (3rd frust af 2nd or 3rd Custers: ~or 5Te Frse § S1303CIIT 201QW, TS JOUS 730TeTy mll ST MAst miac ulusaagen o 53, 5 of s form,
m_. Tyeicat fruit snage: F_s-i Shace af cransverse secsicn: m Shacs 37 stern mna:
? Shage 3f sicssOm 20 i; Shace of sissi st

/ IQ mrm length of Segicy (frem jaint 3 caiyx atsIcnmens; (”.?)
Qiﬁ'g mm ‘engm of mature uic /seem axis) (.5?'5) .

Y| 5!5' v ciameter oF fruit at wicest =oint

Q ABscssian igver: | = Prgent (Sagicetiztal 2 = Absent [Qincdess; ! / ' d=ine of Seacrment of ‘ruil 3t Marvest 1 = AL segicst joint

Z = At yx aTICTUTENC

T lengT, cTeck var, 10, (Ga") .. 9'2
m ciarmecer, Ztecx var. no.@.G's). . 2 2_!

.OI ,O g weignt of mature ruic . . . . o[ !al §WEGHT, STECX V. 8. . . . . . - la'zi
0‘ Na. at locutes: 1= Two Z = Three and four 3 = Sve or mare
f Pruit surface: 1 = Smootm < = Slignuy rougn 3 = Moceratety rougn or ribbed
] | Pruit Sase cotor 1 & Lghe green (*Lansi’, “VE14%-75") 2 = Lighe grav-green ("Westaver’!
{rmaturegreen 2= Aonie or medium green ["Menz 1439 VF 4 = Ysicw sTewn
reagel: 3 = Carx green
I l Pruit satam 1 » Unsform green 2 = Gresnanouiderse 3 = Raciai soToes on gdes af “ruic
St (rrTure-green seagel:
' Shouicsr coicr if ditfferent ‘Tom Sam: 1= Qarx green 2= Grey sTemm 3 = Yetiow green
E. Fruit iar, fullrioe: 1 = White 2= Yailow 3 = Crange & = Pric S=fea
§ = Srowenisn 7 = Greenish 3 = Cthver (Soecsfy/
3 Flesn calor, fullvioe: 1 = Yellow 2=k 3 = Rect/Crirmaan 4 = Crarge 3 = Qe (Soecsty)
[I | Flan cator 1 = Unitorm 2 = Wict lighter 10 Garker wress in weils
3| Laciiar get coior of aotewive fruic 1 = Green 2« Yeilow . 3=Red
Z' Ricenings 1 = Slomsom-m-stam end 2 = Uniform

EQAM LWGS470-48 (2-4)
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7. FRUW(MMO!MQ&'M: Continued

* 1&2] Ricening 1 = Inside out Z=Uniformly 3« Qumicsin [ | somuwrsize: 1o 3meil (Romey
. 2 = Mectium ("Rugers? 3= Large
a Enidarmis color: 1 = Coloriess 2= Yeliow f
’ Epidermis: 1 = Normai 2 = Easv-peet [ Carez 1 @ Coreless (stwent or tmailer tma
6x8 rmwn) 2 Preseny
Soigermis texture: 1 » Tender 2 = Average 3 = Tougn
Thickneg ofpericare . . . . . . . . . . . . @ Thicxnmofp-nm.ducxnr.ne.Lzé
1 s Unger I mm 2*36mm Jo39mm 4= Qver3mm

8. RESISTANCE TQ FRUIT QISCRDERS (Use coae: Q @ Unkknawn, 1 » Susceoubie, 2 = Renstand

3lossom ena rot E Cactace ’ E; Fruit gox Zooering

C- 3lotzny roening E Cracking, concentric + Gola flecx Cener (Soecity)

3ursung D Cracking, raciai D Gravwail

2. OISEASE AND PEST REACTION (Uss coge:s 0 = Not testad, 1 = Susceotibie, 2 = Resisrantl. NCTS: !? =aim af acverty is Dased whatly or in sussant:
Sart uDon cisame resistance, sl 3@ Nculd Se 0cended. These should ecity e metod 3¢ tesung, M2 reaction of Me apolication vanisty, ang

reacon af weil-<nown Cliecx vanetes grawn in e rial licentfied By namei.

VIRAL DISEASES:

A— — l—' .
l_,, Cucumoer masac l___! Totacss mosac, Jase '__' T3oacs3 mesaic. Jace 2+
a— p— S—
1
| l Curty B | l Tosac=3 —osaic, Jace 3 I , TSMatS 150 mit

[
: I 2313137 Ny | Tezacss mesaic. 32c2 2 ' ! Tamats vetiows

Crner neus (Sceeifvi

3ACTERIAL DISEASES:
| | o | : o
' 3actanal ;anxer (Corynecacs=rium michiganense) I 3acreriai oot /Xancrermenas vesicatariumi
— >
f , 3acr2nal oft ~ot (E-winia sarcrovoral l , Zac=nal wilt, /Paudcmenas sclanacearum)
; | 3acteriat ssecx (Preucdomonas omarto) l Qsiter zacteriai sisease ‘Scecsfyi)
FUNGAL DISEASES:
, | Antrachcse /Callerooictum ool l ' L2af maid, Race | (Cacosaarium “uivumi
‘ 3rown raot BT Or SIrkv reat. L2af moid, Race 2
=" (Pyrenocraecy /yccoernc}
Lest moid, [ace 3
l Cailar rot or stam canker, Pt
L (aicarnars sotani) I Leat moid, atrer races /Soecify)

Sarty Slignt cefoliation,
{Alrernaca saiani)

Susanium wait, Jace 1, Nailhead oot LA/errana pman)

(F. axysoorum % lyesoernce)

Segreris lezfsoot (S lyesoersici)

D[S
1]

Pusarrum wiit, Jace 2
Target lestsoot (Corynemora casircola)

Pusarium wiit, Jace 2
Sray ieat ssot ‘Scamonviium scod

Vertcillium walt, Jace 2
Late sligire, Jace O, , 5‘(
/Phyroontrors nfesant) 2 Qther funcal cisease

Cther fungal Jiseaxe

Veracillium wiie, Jace | (V. ado-eoum/

1

Late sligne, Jace 1
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HND Gl + o3 AL 2D b e

Tomatn hormworm (Menducs SuinQuermscuiacel

Calorsaa gomto Dewve (Laém decamiinescr)

i

_& | Southern oot ‘«iar tamamas /Merargagyne incagmea) C Tomam lruitwormn (Hetiotris Seel

: _’ Soxcer ‘M (TeTInyenut 0o. C ‘Nvtetty (Thateyroges reocrsrorusmi .
:—_i SuGar Jeer Iy ~orm (Sa0dCOters axigual ,__-f Crner /Scecrry)

. 7 Tesac=3 ‘les sewue /Sxorx awmoenmis; -

— PCLLUTANTS:

:_j Czmme ;—_.! Suitur gioxice ':j Ctrer !Saecifry

A SHEMISTAY AND COMPLSITICN CF SULL-AIPS SAUITS. Suggestse "=IT Thwthocs <7av S8 ‘gung i “Tamatg 3escucs=.” 3o s, Nauonw
2anrerr Assn. 3y, IT-L e Decitv TR TETNCSS Ir jIve ] CSTErenct T3 TeTIOCT J8C. Sl . 130t INGW i SEueS SOr e lew vanetr ne
QP 3T SAST NG ~MU<0WN NECT VEANTTY AT TS TCOL FTOWN (T IR IIME M. SSECS7 TAMEes Ir IUITDrT Of Tteex arreves.

Steex Jaurery Smeex ‘anety Stecx arery

sUaMITT=S

VARIZTTY

o —————

m;% lzoé ;
'MM i

JUICE BOSTWICK COLO BREAK! /55, ] R 5
8RIX (raw auree) : 5. (fo 5¢C° ‘
PH (raw puree) ' Y.2 Lf.3 : !
- AGTRON COLOR (raw ouree) | Z2S.& . 29 :i

.
PMENCLITY: Ixsress #nGTY If SIYEIOCTENTIL TAGET M Tier 1S SSISNCAr SIVSE 30 28 I3 LN GTSWNG ISTTSe SAVES, (1 ITeprees JUGuL. if tege ms
32, Tee 3ager =v Mfarmcex uncer “Seferences”

Cemesme

e SIeC. . ICICITT IO TATE TEISETITUI USEC (N TIOr SUCUIATICN tere
‘3r Temioe, Give sUTZarative T3 30 3T leaST SRe SRNECK VATV SMTHY SleSks Sv tame SF SV TUMCEe T TIsedn 3¢ .

i Jtsex anesy i Theex Larery : Dnecx arey
apecaTien | | l
TARIT ; H ;
I eing sz I3 lSwer i1 3Cen dower 1t 339 : i i
3 sanes ' : ! i
. ' X !
i @ = aneeover “arrest [if Josiicsster ! H H }
i i Segong srasen: ! w i smg T Marjcoe?? 2 = Mecius “Vesssver'® 2 = Dere, SncenTaee [7/S 1aST
: .L.t
. 3 ® Verv s=neentacee (%UC 3T
—
}3 eaTve TATLCT7 1 wreas TEeTIC? 1 ® S2r1v < * ‘ecium zanv 2 = Meciuym
— < = Megiuwm ‘ate Seiie 3 = Vamagte (it ~#30Ve TETULCY ‘s Rowen
D Siffer Sy :CCTOCN OF MMVIFGrITTT.

-

SISEIR XU T POICATE LNew.

— ACAFTATION: it more TTan 30w IqOry IcOLex. .ist ul in TINK Jrger.

_l l b zasure: L 2 = Greenncuse
. I'Lfi 3=aczar i ! = <crre ;arcen S = Frman marce: S » ‘Whate-cacx mnning
- < = ContcsrTIteg Srecucs 3 = Cover 'Ssecfry
'9~’
: . MacTmre tarrers { = Ngt acacT=as I~ Acxcex
railo
. ,o “ . Fememt 3 ~nict mITTTEN TEX Seen IETTONSITItG:
1 = Nor—esse S = Mig¢ AzanTe 3 = SsuTreast 4 s Tomea
3 7 = latermounTnn Nest 3 = Nor=twer?

* Grex Murs 35 = Sgu=t-cInTH
3 = Quitormx Sacmrents ang LUScer Sun .2acuin Yuley
10 = Cuilfornrz: Coastas arvss 11 = Cuiferma: Scustern Sun Jcacuus Viliey & Ssxers
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ILLUSTRATIONS QF TOMATO LEAF AND FRUIT CHARACTERISTICS

$E>
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==
=0 L3 =>
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[

(1

7. FRUIT: Typical fruic snage:

Shace af ;2am ang:

Shace of Transversa secon:
~ N, \
7
leraund Seflazzened Jeangalar LaizregulaT I=lac Zstadented

Shage of sisul scar:

ONOROI®

I=dot Zustellats Jeiizear daizreguiac

Shaoe of Sicsom end:

OO0

leindemtad

¢
§
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*  Hunt - Peto - Zeneca
TG Tomato Field Trial Data Form

Year (993 APHIS Permit #

Location QooDLANYD , cA Evaluator
IYEMA /200 Check

ocsa ~=manses ar e failowing z3aszcc=s wnics Jext St your vasssy. Campiess iy farmy s Suily zs jessibie :‘ar’ae::éz.md::vm'gq,
ien 1 amgis suancCRREYe Taige i3 freuesd fa :'.—..;-z-z'g':t).;murmxhould'at&:gaim;dequg-siziubﬁndza;haf;iggL'_,.g,,&z
zes wnexace=smrries, [ 319 ) 3 [Q 1 3 1) ,seml The 3ppiicaae Tty Rouid te camzared M ac least one mell-imown magand sneer

is. The ==arzsTery om s farm 0uid e iecmted fom

1257 of e ;ame C70e (3o 32 I ITeITmEnCLD neex Fr=ssse deigw)y, ind TIWR IR ks ame =i

ax Fawn znder 2ocmal csadittans of siisess for 2e vamsty. [ncicoce 2y 3 cReek wemer wim Sai oo St renionse o i=d L Sfigeage
23 zirscT-seeded o 30 T2RsPizooss : seiksd 3¢ uastaxed . Give l3caZ2ns and Jaces of sezding 2aé =mspisamer 2o ._.___-

SeeDEDP 4-2-93 IRANSDCANTED Y4-29-%3

SCSSIILE ZTIA THE NUMgeR

MPARISTNS SHCULD I& HAQE 7T ONE 2R MCRS CHECX JAAIETIES IN THE FILLSMING LUST. IF AT ALL
THE CHECX IN 3CXES NHERE ICENTIT Y OF CHELX IS AESUESTSA.

- DCREN

13 ® Seg Feex

Ac2 32 YR 7 = “gmesteac T2 i
Sumsce 2T 3 = viargrece 2= 3ema /T SusZ
' Cuies il 3 = urers 15 = Rucgers I aYR 282 TITS
' Sigrg Jacm 10 = New Yarxer 1§ = Syarav 2 = Oter [Scesryi Z! EH& @00
Fizrey M- 17 = Chig MA-:2 17 = Tresie
~anz 1250 1T = Ree Serry ‘o 13=uCc iz
SEISULING:
N :
: ! Anticeranin in Aveecstvi 3f I-15 o cemating: 1 = Absent I = Aresent ! | agsT of J- weex Cicd teecting: T =Nemmm e Commeaes
VATLRE FLANT (at TRxmunt veqecitive afvetaament: 0 !5‘ S, ewgne ng.] )
}
1 , Growen: 1 = incaserrmnace” 2 = Catrminave
':Z§% 1 »lax, soen 2 ® Ngrmma 2 = Cormeaes < Jaart g = 3racvee
;zlkdmmimnomm:r:miuwmt: t = Smal 2 * dezium I = larce
A
I—Q | Hagic 1 = Sorawiing (cecumeend T = Sarmiaress T o= Srees {"Swar? Chamoien’)
’
3 WS
!2! 2rancring: 1 » Scarse {"Srenny’: Salic Jed’, "Trecml’) 2 = intermeciate (“Nestover’) 3 = Profuse (UC L)
’ l |3nn=tingu=w1nm=r.‘.m:ar'vneeo: 1 = Presarre <= Abgent
,2' 1=1ad cwtad 3= 7-Q 4 = 1Q ar mare

Na. 3t noaes Sgicw e Sere inflerescances

|

ED Na. 3t acces Setween [gmrqrvelocny inflorescences,

—
———

Ng. ot 10ces Setveen-egrty (15t 2, Iaa - Ira) infloresceness,

j l?umauvwm 1 = Socen (na leng axmes) 2 = Scarmary hairy (scattered long hairsd
3 = Mocsrymaty Tary 4 = Cerxmrv "mry or wooly
ZAFR {rwane last Yenes e Ja isflcrescences:
! ‘ -
! ' !'.’yg.: 1 » Tamama I = 3o {7 ro-l-Seg’? 3 Marcnoicgy /crocse ilfuseracon an 29, 5 af Pz form qac s mest Zmiart

l ! Marging of majcr ‘axfiess 1 = Nearty avore 2= Shuicwry DoTheg or sculeced
[ . 3 = Coesty DT Or =T, &3, Svearcs Sase
u_'mm:-mnnqar-dﬁn-s 1 = Abserre == Sient 3 = Mocerse 4 = Syeng

'I Creswt of 'exsiat ~oullag: 1 = Sxty-smsan 2 = Mic-sguson 3 = L_zt2 semsont

Dm 14 ol ¥ 7 PN
M LGS 008 (S4T i SO SRPEIUIA IV e tars




« LEAF (mwture (eef benesxts the 3rd inflorescsncs ~ cantinued): . ) .
72 | Surtacs of major lexflees: 1 = Smooth 2 = Rugose (bumgy or veiny)

2 | Pubexcenca: 1 = Smoot (no long hairs) © 2= Normat 3 = Hirsute 4 = Wooly

% INFLORESCENCE {maits absarvations on Jrg inflorsscenca):

l Type: 1 = Simole 2 = Farksg (2 majar anes) 3 = Campaund (muc branched)

0 ’ 6 Numoer of flowers in inflorescencs, sverage

l Lesty ar “running” inflorescences: 1 = Abssnt 2 = Qezzvional 3 = Frequent
8. FLOWER:
1 Cayx: 1 = Normai, !cbet awr-inagea 2 * Macrocaivx, 'oces large, ‘estlike 3= Sy
’ Calyx<obes: 1 = Sharter tan coraila 2 = Acgrox. scuaiiling ssreila 2 = Qisgney longer an coraila
l Caraila xatar: 1 = Yellow 2= Qlg z0ic 3 ='‘AMMute aor zan
2 Style putescancs: 1 = Abvene 2 = Soare 3 * Qenzs
[ Anorers: 1 = All fused intQ ubs 2 = Segarating into 2 Ir TTGre Grouss at antrens
—_—
| l | Fasczation (15t Hower 3f 2nd or et inflarescence: 1 = Atsent 2 = Se=mignaily oresent 2 = Fraguency Jresent
7. SRUIT (3 fruit of 2nd or 2rd =uster): Aor STe At 3 SRarscIirs 3810w, TTECST JOUS 73NetY it T18 MOt amiar iilusgInan an 2¢. 5 IF s Form,
g 9 ' Tygicat fruit imnage: E.i Shace of Transverse seczen: l / ’ Shace of e ine:
:Z Shace 3f stcssam 2na: ll ; ' Shace of SisTi st
[ ]
! 2! Abscissian (ayer: | = Present (Cecicetiatel 2 = Agsent [jgintiess; ‘ I _ Azint of Setaciment 3F ‘ruit at harvess 1 = A ssaics jqint
2 * At 3vx FTTICTMENT
’ IQ mun lengoy of Sedicet {freny joint 23 cuyx aczacimensy (/2‘/)
._)353 mure lengn of mature Suit (scere axis) C5?.3) ‘ l mmiengtl.Cleck vAr. . . . . . . . 2-,2
~

] lS]Z‘ mcimdhitnm:c-m.[%'s.). , ; l mm ciamenr, ek ar a0, L L .. .| lz’
0!8‘ 1 gwelgneofmatureSwit . . . . . . . . . ! ‘ Jweigne, SeeX VAL, 0. . . . . - . [2'2'

No. of locules 1= Twa Z = Three anad four 3 = Sive or mare
l Pruit surface: 1 = Smoom < = Slighty rough 3 = Moderately rougn or ribiied
I Pryit Sase coicr 1 = Lghre sreen (*‘Lansi’, VF1485-7F") 2 = Lighe grav-green {‘Westaver’)
{rratiregreen 3 = Agpie or medium green {"Menz 1429 VF) 4 = Ysigw gTeen
sagel: 3 = Carx green
2 Fruit sscam 1 = Uniform green 2 = Greenshouicersa 3 = Raqgial srioes an gcas of fruic
{mature-green sagei:
! ' | Shouicsr cuior if cifferent from Sase: 1 = Carc qreen 2= Grey greenr 3 = Yeilow green
_SI Fruit csiar, fullvioe: 1 = White 2= Yeilow 3= Cranm &= Pink S = Aed
§ » Srowntist 7 = Greenish 3 = Qner (Soucify)
’3] Flesn caior, full«ive: 1 = Yellow 2 = Pnic 3 = Rect/Crimson 4 = Crange 5 = Qurer (Soacxfy/
l 'l Flesn =sicr: 1 = Uniform 2 = Wit lighter and carker aress i walls
3' Laciar 3ei cSior of tte-ripe fruit 1 » Green 2= Yelow 3 = Ret
(=]
al Ricenings 1 = FlcTarm=o-somm et 2 = Uniform
S— Page 15 of Appendix 10
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7. murr(::ufqurnummu Coertinued
* 12| micening: 1 = ingide out 2=Uniformly 3 = Qumidein | | somocarsize: 1= Smuil CRome
. 2= Medium (Rugers] 3= Lamgy
2 Egidarmis colar: 1 = Calortens 2 = Yellow R
I Eoidermis: 1 = Normsi 2 = Exsy-geel Care: 1 © Corsiens (absent oF thusler mp,
xS mm) 2= Presant
3 Eoidermis wxture: 1 @ Tender 2 = Aversge 3 = Tougn
(D] Thiewnes of sericam e .. . @ Thickness of pericarD, check var. na. L2 2_
1t = Under 3 mm 2= 36 mm I=33mm 4 =Quer3mm
8. RESISTANCE TQ FRUIT OISCROERS (Use code: 0 = Uniknawn, 1 = Suscaguble, 2 = Renstant)
l [ Cracking, concantric Gala Aecx Ctrer (Soecity)

3lotery ricening

3urttung

D Cracking, ragial

l l Gravwail

2, CISEASE AND PEST REACTION (Use coge: O = Not testad, 1 = Susceotibie, 2 = Resismad. NOTZ: !f =aim of navetty is based whally or in sussant;
ST UDON Cisaze FESISTANCY, 713 At sYould Se appendect. These shouid scecify e metod ot tesuing, T reaction of Mre agolication vanety, ang

reacticn af weil-<noven clieex varteties growe i e trial (identified Sy name).

I

VIRAL DISEASES:

Cucumper masac

Curty o

I

Crner ‘nrus (Soeery;

A3tats.Y vires

HRN

Tatac=a mesaic, Jac2
Tooacsa mosaic, Jace i

Tezacss mesaic, 2ace 2

- . -
T S03C33 masaic, Race I*

T2mats snores mit

[

T3mats seilows

BACTERIAL DISZASES:
l
L_ 3acoarial 3nker (Corynecacoerium michiganensel
i
!' ' 3act=nal saft ~ot [E~winis saratovora)
—

1

—
——

HIR RN

[

3acterial sSecx /[Poeugomenas sormacol

FUNGAL DISEASES:

Anmracncse (Caileroorierum =g

3rown roat SOt 3r TIrky rogt.
{Pyrenocraea /ycoverscsi

Cotlar rat or steme canker,

{Alterrraria solani]

Sarty Stight catoliztomn,
lAlternana soiani}

Fusartum waie, Jace 1,

(F. axysporum % lyespersics)

Fusartum wiit, Jace 2

Fusarium wilt, Jace 2

Gray laaf at (Sampnyirer o0l

Late Sligne, Yace Q,
{Phytoonciars infestans)

L3t zligne, Racw 1

‘GAM  MGS-470-58 (232}

NN

0 [

HNEN

3actenial soet (Xantiertonas vesicaniumi
3actenal mic, (Preucdcmonas soianaczarum)

Cmer Sacterial ciszase ‘Sgecify)

Leat mod, Race 1 (Cacesorrum fuivum)
L3t moid, Jace 2

Lzat maic, Jace 3

Lesf moid, ather races /Soecify)

Nailhead oot (Aternaria amato)/
Segruria !eafsoot (S iyesoersicy]

Target lexisoat (Corynespors camicotls)
Vertcillum wilt, Race | (V. alo~egum)
Verticillium wilt, Race 2

GWWMMM

Omer uncal dissmse

- 1U Pege 3 at.



INSECTS AND PESTS:

Cllorsaa coawm bSewde Ian;mm decamiinescs) Tamatn hormwarm (Mssducst quinguernscuiscal

Saumerm "ot ‘<ot 1emamda (Mevardegyne incagmal l Tomaw fruitworm (Hewiacnis >sel

‘Ntcerly {Tnyeurodes vagorsrorum)

Sewcer ™ites (T eranyerus o0

T T (TS [

———
SuGar lewt irmy ~orm (Sgodooters exigual , | Ctner tSaeerivi
—
Tagacs ‘lea zewne (Sxyorx nencenms;
PCLLUTANTS:
— T
Czome || Zwhur gignes ' | Ctnver ‘Soeertri
—— m——

29 ‘Sung in Tty deacucs.” 3oy sa. Nstuonm

0, THEMISTARY AND COMPCSITICN OF 3ULL -IIPE 3QUITS. Sucgertse 33T TeTIocs T3v
il . ac1e IMCw At cmues ‘Or i dew vanety e

Sonrery Agn. 3wl T Meam Zec:fv tart TETUCS: Ir Jve ) SITErenc: T3 TretTiods Jsac.
‘QF 1T AST IME AN<ACWN INECT JINTTY IF NAMIAL /AR FTWA A TIE SAME Al SSEESs 1aTes 3P usmTSrt S Sieex arrettes.

: ngex /arety Seex ‘/anety Seex anery

i
| suamiTTEs |

e IVEMA P800 cheiE
JUICE BOSTWICK COLD 8REAX' Q7.9 !

SRIX (raw surse) : 5.7

PH (raw ourae) i Lf.,} :

AGTRCN COLOR (raw puree) | 29 .3 : '

-2NQTY II STvMGeTeNnTd ¢ 8 1 Ier 1S TUGNCIS ZJvs Sr 1S 23T SulD TG S8t Qvel, [ e g, if rent umss
by

. PWENCLITYY: Ixare ™
Ire 532, CICITY? 178 2258 "AMTErITUIR LIBEG (A ILr SUCUITON ere 37, e zacer zv Narmcex uncer “Rererences’”

oF TeTICC, Jive SIIMCArATVE SITX SIr 1T 2Rt SR SNECK TAUTET/ (SINTIY SUESXT SV ;T Ir Y TWMCEr T IS8 I 30w L.

H S2azx raresr i e saneTy H Siesx anesy
P9 CATICS ! {
LARITT : ; i
~dCING 12 32 “ISwer ‘7 z3en ‘lcwer 1 309 { ! ' !
T Saney i : ! i
i ! !
2 2 zncover “arvest i igsiicsorer i : . :
! : i !
: !E . S~azrg seasen: ! ®isng “Margese” = * Megiurz {7 ' S = Shere, =acmTIee (/S 1357
i 4 = erv cancenemycee (UG T2
——
I , i Aeatve Tatur ‘v wreas sertea: LR Y 2 = Mecium sanv < » Magium
— i® Megiurmaee 30 lace 3 = Varagie iif ~=FTVE AATULTY 'S KNGWeN
. 23 Qitfer ov :cCIVCN Ar STVIrGATIENTE,
SICASW XTI SN SRCACATE INEWTS.
ASAFTATION: .t more an ane sTteqory 1oouies. jist 1l i Sk Jraer.
=
i I P Suture: t = Tag 2 = Greenncuse
e—
' ; L’l dmpczar iomsi: ! = <“ome sarcen 2T » Frem anes 2 = Whcte~cacx mnmng
— < = ConcenrTIte Srecucs 3 = Cer ‘Sseeryy
1
2. ‘'Aacrire rarcess 1 = Nov aezcTe 2 icxme
lio It a
Feq@cns 13 MMICT ;EITTTEN 133 Sgen IEMQMSITING:
t = NgrTieast 2 = Mig Azante 3 = ScuTax < # Sanez
5 = Gezax Mauny 3 = Scu= 7 = [rearmreunrTnn Nest 3 = Nor=rwess
g = Cuiferm Sacoarrerrts ane LUSSer San JSacuin Y uley
1C = Cuiferma: Coasoy aress 17 = Cuifermaz Scuttem an cacun Vauley i Sorer=
4 MCTaTOAE S Page 17 of Appendix 10 PrmiT
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ILLUSTRATIONS OF TOMATQ LEAR AND FRUIT CHARACTERISTICS

7. FRUIT: Typical fruit tnape:

(6) 7}
Shagce of Transverss seca0n Shace of s:em and:
~ N
y
lessund 2eflaciemed Jeangular LeizTegular 1=¥lac Zsiadented

Shaoce of Zicmam ena:

OO0 Jooom®

leinderrtad Z=flac Senigpled 4istapezad | l=dsc 2estellacs S=lizear
1

REFZRENCSES
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[

|

f
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{

l
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: Shanse of 3isul scar:
I

{

I

[

|

{
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Ancaymous, 1976. All About Tomstces, Qrmo 3ooks, Chewon Clemical C3,, San Francisca. n Niree volumes:  Micwest/Nor=remse Stitan, ‘Nest
Egiton, and South Sditon

Ware, G.N. & L P. McCatlum, 1968. Producing Vegemadie Croox. The (ncertats Prinver & uctishers, Ine., Canviile, [Oinciz. Chageer 30, so. 481472,
“Tamaroes”,

Wammock, $J. 1978, Using Tomsm Hest Unice, Laafler No. 6, Camudeil Insguste ‘or Agricuiturai Remaren, Cumcen, NL 10 3.

Weoo, A5, T. H. Jariccsie, & A. X Stoner, 1973, “Tomatoes™, 5o. 344381, I Neison, AR, (E4), 3reecing Plamsx for Cissass Aesirance.
Penngyivanis Stxte University Press, Univernty Parx.
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IGAM LMGS470-85 (2-82). Page 18 of Appendix 10 Poge s or-




*  Hunt - Peto - Zeneca
TG Tomato Field Trial Data Form

vear __ 1992 APHIS Permit 2

Location QooptanD , CA Evaluator
NEMA (200 P&s

C:o0ss r=xponses (or Be failaweg s2azctery wiicl e 3¢ yous macscy. Caotgiss® s facm i Suily is jossble :'arbe:d:-.mdam
167 3 nugie Juancmcre ralue s rreuared {2, S5t weigic), rour 3swer souid e B2 322 af 13 :ceguars-siTe<l abissed amaie of rizare Use leaging
L |, see. Tis ippiiczas 7amsty Souid e camzarsd wicS ac lezse ona weil-zown jzéass cnaps

ez wnea aes==sacyies. [ 3 ) ar fO L 31 L
rasesy of € 1ame TFTE (e Ut AL SIe3mmenced smesx vaSismnas delgwy, ind JTIWR = 2o izms Tomiz The cRirzessry on =it D3rm siouid e fesceies S

_:iaa'z F3wn .t.ncc: zarmai ::nc:.:ans af .:.:-.z: Jor == sy lacicge= ':y.: =e== wemer Tl d2xs 2o ..'?:n ;:z:.-.zom — T Smis slaa==gs
iy sirTeT 3r T=nspiassd ;s=isd 3¢ uastiked . Give !5cazons :ad dacss of eeding 2ad e St —
by B -—

i SEZDED Y- 2,-93 TRANSPLANTED U-29.-93

. WWPAAISTNS SHCULD 38 AAQE 7T ONE CR WCARE CHELX JAAIETIES IN THE FILLOWING LIST, IF AT ALL PCSSi3LE S4TSR THE NUMBES
PTHE CHECK IN 3CXES NMEAS ICENTIT? OF SHELCX IS IETUYESTSD.

[ £ S
Te i I3 VE 7 = Momesteaq 1% 12 = Fes Jcex 1w yE s
' Cimveoet 27 3 = Margicce i3 = 3cmg /¥ e=ys2
cCQues il 3 = Muners 18 = Aurgere 2 =R g ST
i Zier Sace G = New varxer 8 = Suarzy = = Cer iscemrri NEMA J200
3 = Sigreg MMt 17 = S MRLD 17 = Tremie
¢ o=enz 1350 12 Few Therry gy 1d=lC2
1. SEESLING:
t ! [ !
! | ARTICC/AMA it AYCCCSTr of 2-15 c. 2ecting: 1 Absent I v 3reseme i l 1 =iz 9F I~ weeic ig seecting: ¢ v N 3w Cammoact
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pls

Woodland Research Station

37437 State Highway 16 « Woodland, CA 95695
Telephone: 1916} 666-093 1. Fax: {916) 668-0219

November 11, 1993

Dr. Arnold Foudin

Biological Assessment Support Staff
Plant Protection and Quarantine
APHIS - USDA

Federal Building

6506 Belcrest Road, Room 600A
Hyausville, MD 20782

Dear Dr. Foudin:
Enclosed you will find the Summary/Final Report for the 1992 Petoseed Transgenic Tomato Field Trial 92-049-03.

The Petoseed Transgenic Tomato Field Trial grown under Permit Number 92-049-03 during the summer of
1992 at Woodland, California included tomatoes carrying PGA, PGS, PEA and EFEA constructs as described in
the permit application. The objectives of the trial were to evaluate the field performance of the transgenic plants,
to determine the enzyme expression levels of inbreds and hybrids and to measure the effect of different enzyme
expression levels on select fruit quality characteristics in fresh market and processing tomatoes. The trial was
conducted as described in the permit application following all procedures and safeguards stated and according to
the standard and supplemental permit conditions. All poilen and seed from the transgenic plants were handled o
insure that no unintended dispersal of the introduced genes occurred. There were no unusual phenotypes or plants
with altered survival characteristics in the trial beyond the normal range of variation and off types that
spontaneously occurs in tomato fields. All volunteer tomato plants on the site were controlled throughout the
winter and early spring on fallow ground and throughout the next growing season within a melon crop.

Field Performance Observations
The transgenic plants were evaluated for plant habit, maturity, fruit set, size, shape and color. For horticultural

features and field performance the transgenic plants were just like the comresponding unmodified check inbred
lines.

Gene Copy Numt { Stabili

The transgenic T3 and T4 lines that went to the field trial were derived from plants determined to be single copy by
T] and T segregation analysis and Southern blot analysis. T3 lines were also determined to be homozygous for
the incroduced gene before going to the field. The stability of transmission through seed generations for the gene
was checked by sampling for PCR analysis in the T3 PGA lines. Up to 80 plants per line were checked for the
presence of the construct. The PGA construct was detected in all plants of the advanced PGA T3 lines. PCR
analysis was also used to identify homozygous T PGS lines and plants carrying the PEA and EFEA constructs
from segregating lines in the observation trial.

THE HYBRID VEGETABLE SEED COMPANY

Corporate Headquarters
P.O. Box 4206 - Saticoy, CA 93007-4206 USA
Telephone: (805} 647-1188 « Cable: PETOSEED « Fax: (805} 656-4818 « Telex: 65-9247
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Gene Expression

Both PG and PE enzyme activity analyses were carried out on fruit samples collected from the trial. For the PG
expression levels, inbred PGA and PGS lines were identified that had 0% to 5%, 0% t 15%, 0% to 20%, and 0%
to 60% of normal enzyme activity levels in the fruit. PGA and PGS hybrids were identified that had 0% to 5% and
20% plus normal levels. The data demonstrated dominant gene action for the introduced gene in some of the T3
PGA and PGS lines, and incomplete dominant gene action for others. The PE expression levels were checked in
only a few T lines and ranged from 10% to 30% of normal in PCR positive plants.

Fruit Ouality Cl .
Juice bostwick flow was measured from low PG fruits from the processing tomato transgenic lines and hybrids. In
summary, the data showed that 0% t 5% PG activity gives a significant increase in viscosity across genetic
backgrounds. Firmness determination on low PG fresh market tomato fruit showed no difference compared with
unmodified fruit and a number of sensory analyses conducted on low PG fresh market tomatoes gave inconclusive
results.

Please contact us if you have any questions regarding the trial.

Jeffrey B. McElroy, Ph.D.
Senior Plant Breeder

fvem
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PETOSEED

Woodland Research Station

37437 State Highway 16 « Woodland, CA 95695
Telephone: (916} 666-093 1« Fax: (916) 668-0219

June 29, 1994

Dr. Amold Foudin

Biological Assessment Support Staff
Plant Protection and Quarantine
APHIS - USDA

Federal Building

6506 Belcrest Road. Rm. 600A
Hyattsville, MD 20782

Dear Dr. Foudin:
Enclosed you will find the Summary/Final Report for the 1993 Petoseed Transgenic Tomato Field Trial 92-352-01.

The Petoseed Transgenic Tomato Field Trial grown under Permit Number 92-352-01 during the summer of 1993
at Woodland, California included tomatoes carrying PGA, PGS, PEA, EFEA, modified invertase and PGES double
construct constructs as described in the permit application. The objectives of the trial were to evaluate the field
performance of the transgenic plants, to determine the enzyme expression levels of inbreds and hybrids and to
measure the effect of different enzyme expression levels on select fruit quality characteristics in fresh market and
processing tomatoes. The trial was conducted as described in the permit application following all procedures and
safeguards stated and according to the standard and supplemental permit conditions. All poilen and seed from the
transgenic plants were handled to insure that no unintended dispersal of the introduced genes occurred. There
were no unusual phenotypes or plants with altered survival characteristics in the trial beyond the normal range of
variation and off types that spontanecusly occurs in tomato fields. All volunteer tomato plants on the site were
controlled throughout the winter and early spring on fallow ground and throughout the next growing season within
a melon crop.

Field Performance Observations

The transgenic plants were evaluated for plant habit, maturity, frait set, size, shape and color. For borticultural
features and field performance the transgenic plants were just like the corresponding unmodified check inbred
lines.

Gene Copy Number and Stability

The transgenic T; and T lines that went to the field trial were derived from plants determined to be single copy by
T, and T, segregation analysis and Southern blot analysis. T, lines were also determined to be homozygous for the
introduced gene before going to the field PCR analysis was used to identify homozygous T- lines containing the
modified invertase construct. :

Gene Expression

Both PG and PE enzyme activity analyses were carried out on fruit samples collected from the trial. For the PG
expression levels. inbred PGA and PGS lines were identified that had 0-5% normal enzyme activity levels in the
fruit. PGA and PGS hybrids were identified that had 0-5% and others that had 20% and higher levels of PG. The
data demonstrated dominant gene action for the introduced gene in some of the PGA and PGS hybrids, and

THE HYBRID VEGETABLE SEED COMPANY

Corporate Headquarters
P.O. Box 4206 « Saticoy, CA 93007-4206 USA
Telephone: (805] 647-1188 « Cable: PETOSEED « Fox: {805) 656-4818 « Telex: 65-9247
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Dr. Amold Foudin 2 _June 29, 1994

incomplete dominant gene action for others. The PE expression levels were checked in two T lines and ranged
from 10% to 30% of normal in PCR positive plants. PE hybrids had similar expression levels, thus demonstrating
a dominant gene action. Plants with modified invertase gene showed Brix readings ranging from control levels up
to twice that of control. EFEA plants were primary transgenics, and were planted for seed increase and selection
for agronomic characteristics. The plants transformed with PGES double construct expressed 0-10% PG and 20-
30% PE.

Fruit Quality Characteristics

Juice bostwick flow was measured from low PG fruits from the processing tomato transgenic lines and hybrids. In
summary, the data showed that 0% to 5% PG activity gives a significant increase in viscosity across genetic
backgrounds. Limited data from lines transformed with PE showed some elevation in soluble solids. Firmmess
determination on low PG fresh market tomato fruit showed no difference compared with unmodified fruit and a
number rove sensory analyses conducted on low PG fresh market tomatoes gave inconclusive resuits.

Please contact us if you have any questions regarding the trial.

Sincerely,

Charles E. Green, PhD.
Vice President New Technology

fvem
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Woodland Research Station

37437 State Highway 16 « Woodland. CA 95695
Telephone: (916) 666-093 1. Fax: {916) 6680219

September 27, 1994

Mr. Michael A. Lidsky

Deputy Director, BBEP, APHIS, USDA
63506 Belcrest Road

Federal Building

Hyattsville, MD 20782

Dear Mr. Lidsky:

I have been employed by Petoseed for twenty years and have accurmuliated extensive experience as a Research
Assistant (14 years) working for fresh market and processing tomato breeders. Overlapping with this, I have
seventeen years experience in hybrid seed production, particularly tomatoes. I currently work in the Foundation
Seed/Stock Seed Department. My carrent responsibilities are to insure that inbred lines used for hybrid prodnction
are “true-to-type”, have normal growth, development and seed set and that each line is highly pare.

During the 1992/1993 crop year [ was in Santiago, Chile at Petoseed’s production farm for virtually. the eatire
growing season. [ arrived in mid-November and was there until mid-March. Part of my responsibilities during
that trip was to observe and evalnate the performance of the T7 wansgenic lines. As the season progressed I was
respoasible for and personally collected and extracted fruit samples from over 700 individpal plamts in the
transgenic hybrid and T7 inbred growing block. The pericarp tissue samples collected were shipped to Woodland,
California for PG enzyme analysis in the laboratory. [ was also involved in the seed harvest for the F; hybrids with
the T7 transgenic line.

During the growing season no difference from non-transgenic control T7 inbred or hybrids were observed or noted
in the transgenic lines with respect to growth habit. plant morphology. flowering, fruit-set. fruit development and
seed set.

In conclusion. I did not observe any distinguishable differences between the T7 transgenic lines and hybrids and
traditionaily breed tomatoes.

Sincerely.

|
'\ e

)

Cathy
Crop Specialist

THE HYBRID VEGETABLE SEED COMPANY

Coroorate Heodguarters
2.0.Box 4200 « Saticoy. CA 93007-4206 *JSA
Taiepnene: {805) 647-1188 « Cabie: PETOSEED « Fax: 18051 036-4813 « Taiex: 55-9247




- HUNT
£~/ WESSON, INC.
\

1645 West Valencia Drive
Fulierton, CA 92633-3899
714 680-1000

Writer's Direct Dial Number

714-680-2811 - July 1, 1994

Mr. Michael A. Lidsky

Deputy Director, BBEP, APHIS, USDA
6506 Belcrest Road

Federal Building

Hyattsville MD 20782

Dear Mr. Lidsky:

Hunt-Wesson is conducting field trials of tomatoes modified to
suppress polygalacturonase activity (T-7 hybrids) from Zeneca and
Petoseed. T-7 hybrids are the subject of a pending petition for
release from regulation.

Our testing began in 1992 with plots at the Petoseed facility and
continued with trials in our own contract fields in California at §
locations during 1993 and 2 locations during 1994. These trials,
and ongoing Petoseed plots, have been evaluated by Hunt-Wesson field
and research personnel on numerous occasions. 1993 trial sites are
being monitored regularly during 1994. Trial fields were worked by
growers using ordinary practices.

We observed no characteristics of the modified tomatoes to suggest
that they would pose any problem to agriculture, the environment or
consumers. The T-7 hybrids were comparable to traditional tomatoes
with regard to horticultural attributes such as; germination,
vegetative growth, fruit growth, fruit ripening, etc. Nothing
atypical was seen in disease and pest susceptibility or carryover of
volunteer plants. Nutritional value and processing characteristics
of T-7 and traditional tomatoes were well within expectations for
equivalence. There were no reports from the growers of any unusual
aspects or problems with the trial plants.

We recommend that the T-7 hybrids be released from regulation.
Testing has addressed fundamental issues of safety, agricultural
fitness, and nutrition. It is now appropriate to test the horticul-
tural and processing characteristics of these tomatoes at large
scale to validate them for future commercial use.

Sincerely, .

e /%/ 2 Guasglrs . Kl

T. Casey Garvey, PhD. _Robert Sacher, Ph.D.

Director Manager, Sr. Scientist,
Agricultural Agricultural Biotechnology
Operations Research Coordinator
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TIMOTHY, STEWART & LEKOS
Seed Company
Post Office Box 359 - Woo’:I'and. California 95776
Office (916) 666-1239 + Fax (916) 666-2910

June 20, 1994

Ms. Anne Mueller
Zeneca Plant Science
P.O. Box 751
Wilmington, DE 19897

Dear Ms. Mueller:

I am an agnibusiness manager with over 20 years of experience in the processing tomato industry.
During my career I have spent a significant amount of time in the area of variety evaluation and
new product development. I have observed several Zeneca trial sites in California during 1993
which included genetically transformed tomato varieties.

I can confirm that 1 have observed no agronomic differences between the transformed tomato
varieties and their non-transformed variety counterparts. This includes evaluation of vine size and
habit; fruit shape, size, color (internal and external) and fruit texture. Additionally no differences
in fruit defects were observed. Each of these Zeneca trials were statistically randomized and
grown under normal, standard field conventions.

California climatic conditions were also normal during this period of evaluation and observation.
Temperatures ranged between 90°F and 100°F, rainfall was less than 0.5 inches.

1 am pleased to confirm these agronomic and horticultural results. It was impossible to
distinguish any difference whatsoever between traditionally breed non-transformed tomato
varieties and their genetically transformed complements.

(209) 832-8894 « Fax (209) 832-2216 (209) 739-7333 + Fax (209) 739-7165




LAl sy BURT ASSTUIATES

13 June 1994

Ms. Annc Mueller
Zencca Plant Science
1800 Concord Pike
Wilmington, DE 19897

Dear Ms. Mucller:

As an agribusiness consultant with extensive processing tomato experience and also
as a photographer, I observed the Zeneca tomato trials for three days in the Fresno
arca in July, 1993. Several trials sites were visited.

I found no observable differences whatsoever between the several comparisons of
*standard” and genctically transformed varicties. This included size, shape, color,
internal color and texture and the number of processing inspection defects. All
trials were statistically randomized and grown under standard field trials protocol.

There were no observable differences in tomato plant size, shape, vigor, color or
harvest timing.

Weather was hot (up to 100F), typical of the area for that time. I judged the discase
and insect pressures on the crop to be normal for the time and location.

In short, I found it impossible to detect any differences between the standard and
transformed varicties.
Very truly yours,

Maclay Burt Associates ;

by: Maclay Burt
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THE MORNING STAR COMPANY
724 MAIN STREET
WOODLAND, CALIFORNIA 95695
Phone 916/666-6600 « Fax 916/666-8690

June 15, 1994

Dr. Ed Green

Vice President, New Technology
Petoseed

37437 State Hwy 16
Woodland, CA 95695

Dear Dr. Green

During the summer tomato season of 1993, | was able to observe some of the transgenetic
tomato material in California. | was not with The Morning Star Company during this time, but
was with another major tomato processor. | actually observed the material in the Imperial
Valley in June, and the Sacramento Valley in September. The ability to observe these various
trials gave me a clearer understand of the potential impact of this new technology.

Most of the evaluations | preformed were of horticultural tomato characteristics. | was unable
to do many quality characteristics of the tomato varieties, but was able to obtain a small amount
of quality data. From a horticultural standpoint | could not tell any gignificant difference In the
growing aspect of the.control varieties verus the transgenetic material. Fruit shape, plant size,
plant vigor all seemed consistent between the trialed materials. The presence of any diseases
seemed absent in the material. The color, both external and internal, were the same from an
observational standpoint. The conclusion to my observations were that there is no noticeable
difference in a variety that has been aitered against the control.

| feel that this new technology has the ability to keep the consumer supplied with a high quality,
low cost supply of tomato products in the future. The potential ability to enhance disease and
insect resistance also could have a positive effect on pesticide uses in the future.

This new technology has great interest to me and feel it is the next step in moving the tomato

industry into the future.

Sincerely,

Jerald/E. Gilbert
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Analytical Procedures Used to Determin Contents of Important Nutrients

Ascorbic Acid

Ash

Color, Hunter

Fatty Acid

Fat (Soxhlet)

Mineral Elements

Pectin %

Protein

Sugars (HPLC)

Vitamin A

in T7 Transgenic Tomato Hybrids and Controls

Ascorbic acid content is measured by visual titration of an acidic (Titration) ascorbate
solution with the dye, 2,6 dichloroindophenol. The dye has been standardized so that
the titration volume is directly proportional to ascorbic acid content.

% ash is the mineral fraction which remains after a high heat treatment which burns
off the organic fraction. The sample is weighed before and after the operation to
obtain the value.

This method determines color in tomato products using a Hunter tristimulus
reflectance colorimeter. Color is reported in units of tristimulus Hunter L, a and b.

This procedure determines the types and amount of fatty acids Composition present in
the triglycerides of an oil. It involves the esterification (GLC) of the fatty acids with
BF; - methanol reagent, followed by the capillary GC analysis of the prepared fatty
acid methylesters (FAME’s). The fatty acids are obtained by the complete
saponification of the triglycerides.

This method determines the percentage of ether extractable matter in food products. It
involves a continuous solid liquid extraction in a Soxhlet apparatus. The extracted
material is quantitated gravimetrically after solvent evaporations and reports. The
ether extractable material is considered crude fat.

This method determines calcium, magnesium, sodium, potassium, (ICP) tin, iron,
sulfur, phosphorus, silicon, lead, cadmium, copper and nickel in tomato products by
inductively coupled plasm (ICP) spectroanalysis.

This method determines the amount of total pectin in a tomato product. The pectin is
divided into three fractions by progressive extractions with distilled water, 0.4%
sodium hexametaphosphate, 0.05 N sodium hydroxide. The amount of pectin is
expressed as percent anhydrous galacturonic acid (AGA).

This method determines the percent crude protein in food products. The sample is
digested, the nitrogen distilled off as ammonia, and the ammonia collected and back
titrated to determine the nitrogen content of the sample. Percent nitrogen is converted
to percent protein using an appropriate conversion factor.

This method is based on HPLC separation of fructose, glucose and sucrose and their
detection and quantitation with a refractive index (RI) detector.

Carotenoids are extracted with a suitable solvent system, separated by

chromatography on a MgO-Hyflo Super Cel and quantitatively determined by their
light absorption at 436 nm.
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