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SUMMARY

Agritope, Inc. 1s submitting a Petition for Determination of Non-regulated Status to the
USDA Animal and Plant Health Inspection Service (APHIS) for tomatoes that contain a gene that
encodes an enzyme capable of degrading S-adenosylmethionine (SAM). Production of this
enzyme, S-adenosylmethionine hydrolase (SAMase) in fruit alters the ethylene biosynthetic
pathway and causes a modified fruit ripening phenotype. Agritope, Inc. requests a determination
from APHIS that the SAMase containing tomato line 35-1-N and any progeny derived from hybrid

crosses between this line and any other non-transformed tomato varieties, no longer be considered
a regulated article under 7 CFR Part 340.

Using standard Agrobacterium binary vectors, Agritope scientists have introduced a
SAMase encoding gene derived from E. coli bacteriophage T3 into the tomato genome. This
results in transformed tomato plants that exhibit significantly reduced levels of §-
adenosylmethionine (SAM), the substrate for conversion (through ACC synthase) to 1-
amninocyclopropane-1-carboxylic acid (ACC) which is the first committed step in ethylene
biosynthesis. Ethylene is an endogenous plant hormone known to play an important role in fruit
ripening of climacteric fruits. Lack of a sufficient pool of SAM for conversion to ACC in fruit
results in tomatoes with significantly reduced ethylene biosynthetic capabilities and a modified
ripening phenotype. In the case of line 35-1-N the phenotype is characterized by fruit in which
ripening on the vine is delayed while ripening off the vine is essentially suspended. However, in
either case, tomato fruits expressing SAMase ripen normally when exposed to exogenous ethylene.

The tomato line for which Agritope is requesting this determination. line 35-1-N, contains a
a version of the SAMase gene modified in the 5' region of the gene with a Kozak consensus
sequence. This construct encodes a functional SAMase.protein. Since SAM plays a central role in
numerous biosynthetic pathways in plants, expression of SAMase is under the control of an organ
specific (fruit) and temporally regulated (post-climacteric) promoter. The efficacy of this strategy
s demonstrated by the fact that the organ specific and temporal expression pattern of ethylene
biosynthesis precisely matches the SAMase expression kinetics (ethylene synthesis is inversely

correlated to SAMase expression) and provides an explanation of the observed modified ripening
phenotype.

Agritope. Inc. believes that the observed ripening phenotype has numerous commercial

applications in the current fresh tomato production and distribution system. These include but are
not limited to the following:

1. Reduction in producer losses through reduced harvest of immature and/or over mature fruit.
2. Improved production dynamics and reduced harvest frequency.

3. Reduced spoilage and loss through out the distribution system.

4. Enhanced fruit quality due to harvest of more physiologically mature fruit.

Tomato fruit expressing SAMase have been field tested since 1992 in the principal tomato
growing regions of the United States. These tests were carried out under field release permits
and/or notifications granted by APHIS (USDA permits Nos. 92-085-01, 93-49-01M, 93-050-01,
93.176-01N, 93-340-02N, 93-361-01-N, 940048-01N, 94-143-03-N, 94-353-01N, 95-121-
03N. 95-121-04N, 95-121-03N) and further tests are currently being conducted in additional
" locations in Mexico (permission granted by Sanidad Vegetal. May 4. 1995) Data collected from
these trials as well as from laboratory analyses and literature references presented in this petition
demonstrate that SAMase expressing tomato line 35-1-N exhibits no plant pathogenic properties, is
no more likely to become a weed than the non-transgenic parental variety, is unlikely to increase
the weediness potential of any other cultivated plant or native wild species, does not damage or

cause to be damaged processed agricultural commodities and finally is unlikely to harm other
organisms that are beneficial to agriculture.




ABBREVIATIONS AND SCIENTIFIC TERMS

SAM - S-adenosylmethionine

SAMase - S-adenosylmethionine hydrolase

sam - native bacteriophage T3 gene encoding S-adenosylmethionine hydrolase
sam-k - modified S-adenosylmethionine hydrolase gene ’
ACC - 1-aminocyclopropane- 1-carboxylic acid

ACC synthase - 1-aminocyclopropane- 1-carboxylic acid synthase

kan’ - kanamycin resistance gene

nptll - aminoglycoside phosphotransferase 3' II

RPA - RNAse protection assay '

ELISA - enzyme linked immunosorbent assay

nos - nopaline synthase

ES - ethylene responsive gene promoter

bp - nucleotide base pair

HAREC- Hermiston Agricultural Research and Experiment Station
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Standard of Identity:

Identity of transformed line: Line 35-1-N is detailed in this petition.

Construct: pAG-5420

Recipient species: L. esculentum mill var. cerasiforme, (Dunal) Alef. cultivar Large Red Cherry

Table 1 Identity and source of DNA elements contained in pAG 5420:

DNA Element

Size (Kb)

Function

Right Border

1.8

Right border region of T-DNA from A. wmefaciens (Anet
al., 1985).

pnos

0.3

The untranslated promoter region of the nopaline synthase

gene from A. umefaciens controls expression of the kan”
gene (Depicker et al.. 1985)

kan”

1.02

The kan’ gene from transposon Tn5 (Beck et al., 1982)
encodes the npt II protein which renders transformed cells
resistant to the antibiotic kanamycin.

nos 3'

1.1

The untransiated 3 region of the nopaline synthase gene

from A. tumefaciens controls expression of the kan’” gene
(Depicker et al.. 1985).

pE8

2.3

The modified E8 gene promoter from tomatoes which is
used to drive the sam-k gene in a tissue specific,
developmentally regulated manner as described by Good et
al.. 1994.

sam-k

0.51

The S-adenosylmethionine hydrolase gene modified to
contain a consensus eukaryotic translation initiation site by
altering the nucleotide sequence surrounding the sam ATG
start codon (Good et al.. 1994).

nos 3'

0.27

The untransiated 3 region of the nopaline synthase gene
from A. umefaciens controls expression of the sam-k gene
(Good et al.. 1994).

orl pBR322

1.54

E coli ongin of replication which ensures replication 1n E.
coli (Sutcliffe et al.. 1979).

lambda-cos

. 0.4

A lambda cos site to allow for the potential re-cloning and
molecular characterization of the individual integration
events. Together the Col El ongin of replication the
lambda cos site provides the necessary elements to rescue

or re-clone the insert from transgenic plants (An et al.,
1988) '

0.88

The left border region of T-DNA from A. umetaciens (An
et al. 1985).
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Line 35-1-N may also contain the following DNA elements from the backbone of plasmid pAG
5420:

DNA Element T Size (Kb) | Function
onn T 0.7 Tnitiates conjugation 1n E. coli when other essential

e

elements exist in trans (Schmidhauser, et al, 1985;
Pansegrau. et al, 1994)

trfA 1.5 A portion of an operon which functions in the stable
replication of the plasmid in host bacteria. This element
requires the remaining operon components as well as the
cis acting element in order to be functional (Schmidhauser,

et al. 1985; Pansegrau. et al, 1994)

Rationale for Development of SAMase Tomato

Agritope, Inc. has developed the SAMase tomato as means of improving the production and
distribution economics of cherry, roma and fresh market tomatoes through reduced spoilage ‘and
losses in the field and in the packing, shipping, handling and distribution systems. The SAMase
encoding gene was isolated from E. coli bacteriophage T3 and introduced into the tomato in
combination with promoter technology which results in specific down regulation of ethylene
produced only in ripening fruit. The result is a modified ripening phenotype which will provide
production flexibility and help prevent losses due to immature and overripe fruit in the field,
packing, shipping, handling and distribution systems. In addition, this technology will enable the
production of a more physiologically mature fruit able to withstand the rigors of the current
production and distribution system resulting in a product of higher overall quality.

Removal from Regulated Status

Agritope requests that USDA, APHIS based on data presehtcd in this document, determine that
SAMase tomatoes, defined as a tomato cultivar or progeny of a cultivar genetically engineered

using the following binary vector: pAG 5420 containing the sam-k gene and its associated

promoter and terminator, do not represent a plant pest risk, are not otherwise deleterious to the
environment and are therefore not a regulated article. :

SAMase tomatoes contain specific sequences introduced into the plant genome via binary vector
pAG 5420 and the sam-k gene with its associated promoter and terminator regions (Good et al.,
1994). The nos 5' promoter and the nos 3' frame shifted region and terminator and the right and
left border regions are from Agrobactenium tumefaciens (Barker et al..1983). The E8 promoter
(Good et al., 1994) is from tomato and is not considered a plant pest according to 7 CFR 340.2.
In addition, the sam-k gene is a modification of a gene isolated from E. coli bacteriophage T3 and
is not considered a plant pest according to 7 CFR 340.2. The kan" gene encoding nptIl was
isolated as a component of transposon TnS (Beck et al., 1982) and has been previously reviewed
by U.S. regulatory agencies and determined to be safe (USDA, 1992; FDA, 1994).

10



Although A. tumefaciens is a regulated article, the SAMase tomato containing DNA sequences

from this regulated article should not be classified as a plant pest risk nor as a regulated article
under 7 CFR 340.2 for the following reasons:

1. Tomato is not a regulated article.

2. DNA sequences from regulated articles used to produce the SAMase tomato have been
disarmed or are frame shifted to prevent translation and as such do not pose a plant pest risk.

3. DNA sequences introduced into the SAMase tomato from regulated articles do not cause the
SAMase tormnato to become a plant pest risk.

4. No new compounds have been measured in the SAMase tomato that cause an environmental
hazard. . :

Petition to USDA APHIS

This petition is a request for USDA APHIS to determine that SAMase tomatoes, genetically
engineered using the binary vectors described above (pAG 5420) and the sam-k gene with its

associated promoter and terminator regions do not present a plant pest risk, are not deleterious to
the environment and are therefore not a regulated article. '
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L. The Recipient Plant: Tomato
A. Description of Non-transformed Tomato Cultivar Large Red Cherry

Tomato line Large Red Cherry is an open pollinated cherry tomato line developed by Petoseed,
Inc. and available in the Public Domain through various commercial outlets. It is characterized as
an indeterminate small fruited cherry type variety with an average fruit size of 1.5 inches in
diameter. Fruit ripen to a deep red approximately 70 days post transplanting and are borne in
clusters on highly productive plants (American Hort. Soc., 1982).

B. The Origins of Tomato

Domesticated tomato is a member of the genus Lycopersicon, species esculentum (Rick, 1978).
The genus is native to South America and the natural distribution ranges from northern Chile to
southern Columbia, westward to the Pacific Ocean and eastward to the foothills of the Andes range
(Esquinas-Alcazar, 1981). No wild Lycopersicon can be found outside Latin America with the
exception of the very uniform Lycopersicon esculentum var cerasiforme (cherry tomato)
(Esquinas-Alcazar, 1981). According to Rick (1983), the wild source of cultivated tomato must
certainly have been Lycopersicon esculentum var cerasiforme , which previously had migrated
from the Andean center of origin of the genus through northern South America, across the
Panamanian Isthmus to Central America and Southern Mexico.

While it is known that the cultivated tomato originated in the New World, the exact site of
domestication is uncertain. Most evidence however points to Mexico (Taylor, 1986). Itis
believed that the tomato had reached an advanced stage of domestication before its introduction to
Europe since the first varieties cultivated in Europe appear to have been large fruited types in

contrast to the wild species which have relatively small fruit. Early reports describe a variety of
shapes and colors (Rick 1978).

Tomato has been grown for food for hundreds of years and continues to be a popular commodity
both for commercial production and also in home gardens. That tomato is one of the most popular

fruits consumed is evidenced by the fact that in the United States alone, per capita consumption is
approximately 25.5 kg/year (Rick 1978).

C. Taxonomy, Genus Lycopersicon

The genus Lycopersicon is a member of the Solanaceae family. This family is one of the most
important serving mankind and contains many essential fruits and vegetables. Within the family
Solanaceae, Lycopersicon is a member of the subfamily Solanoidae, tribe Solaneae. Within the
genus Lycopersicon , there are nine species. Of these, there are seven closely related species
known as the "gsculentum complex”(L. esculentum, L. pimpinellifolium, L. cheesmanii, L.
chmielewskii, L. hirsutum, L. parvifolium and L. pennelli). In addition there exist two additional
species (L. peruvianum and L. chilense) known as the "peruvianum complex”. All Lycopersicon
species have the same number of chromosomes (2n=2x=24) and chromosome morphology (Rick,
1976).

D. Genetics of the Tomato

Tomato is a simple diploid species with twelve pairs of highly differentiated chromosomes. The

genome size of tomato is estimated at 7.1 x 10 8 bp per haploid genome (Galbraith et al., 1983).
Cultivated tomato is self fertile and for all practical purposes, under commercial and home garden
cultivation it is exclusively self pollinating (Rick, 1979; Taylor, 1986). Cross pollination normally
requires human intervention and in general is only carried out in variety development and/or hybrid
seed production programs. Inter-specific hybrids generally occur only as a result of new variety
development efforts and are carried out via hand pollination. To this end, tomato serves asa
classical example of the use of interspecific hybridization to improve the characteristics of the
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cultivated species. Wild species represent an excellent germplasm pool for new genetic material
aimed at addressing the problems of disease resistance. insect resistance and tolerance to
environmental stresses such as drought, poor soil conditions and cool temperatures (Rick et al,
1987). While the efficacy of such wide crosses in variety improvement programs is indisputable,
the natural occurrence of such crosses appears to be very limited.

The closest genetic relatives to the cultivated tomato (outside of the genus Lycopersicon) are found
in the genus Solanum . Hybrids have been obtained between S. lycopersicoides and L.
esculentum and gene transfer has been accomplished between the two with limited success
(Stevens et al., 1986; DeVerna et al. ,1990). Such hybrids however were only possible using
specialized laboratory techniques. Hybrids have also been obtained between S. rickii and L.
esculentum using a sesquidipoloid bridging species (DeVema et al., 1990) but no other member of
the genus including S. nigrum, a common weed in commercial tomato fields, have produced any

viable hybrids with cultivated tomato (Taylor, 1986). Table 2 summarizes the occurrence of inter-
specific hybrids with L. esculentum.

Table 2. Occurrence of Inter-Specific hybrids with L. esculentum (Stevens et al.,
1986, DeVema et al., 1990) ' )

Hybrid Requires
Naturally Human
Genus Species Occurring Hybrids Intervention
Lycopersicon cheesmanii yes (rare) Facilitated
Lycopersicon chmielewskil yes (rare) Facilitated
Lycopersicon hirsutum yes (rare) Facilitated
Lycopersicon parvifolium yes (rare) Facilitated
Lycopersicon pimpinellifolium yes (rare) Facilitated
Lycopersicon penneili yes (rare) Facilitated
Lycopersicon peruvianum no yes, necessary
Lycopersicon chilense no yes, necessary
Solanum lycopersicoides no yes, necessary,
offspring usually
sterile
Solanum nigrum no never successful

E. Tomato as a Crop

Practically speaking, all cultivated forms of tomato belong to the species L. esculentum. As a
crop, tomatoes are grown commercially wherever environmental conditions permit the production
of an economically viable yield. In the United States, the principal fresh market tomato growing
regions are Florida and California which produce approximately 85,000 acres out of a total annual
acreage of more than 130,000 acres. Fresh tomatoes are available in the United States year-round
although the greatest supply is from June through October. Fresh tomatoes are consumed in many
forms. They are eaten whole, sliced or diced and used cooked as an ingredient in many prepared
foods. Due to the versatility of the tomato and its ability to be consumed in so many various
forms, tomato has become one of the most widely consumed vegetable crops with worldwide
consumption estimated at upwards of 50 million metric tons (Tigchelaar. 1986).

F. Weediness Potential

A "weed" or "weed pest” is defined by the USDA as a "plant that grows persistently in locations
where it is unwanted” (USDA APHIS 1991), or is a "plant with harmful or objectionable
characteristics, which grow where they are not wanted, usually in places where it is desired that
something else should grow" (Muenscher, 1980). Based on these definitions, the cultivated
tomato is not, nor is it likely to become a weed or weed pest. While it might appear that by using a
variety of plant breeding techniques, plant varieties which are continually improved with respect to
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productivity, tolerance to environmental stress and pest resistance would be more persistent and
more likely to become weedy, plant breeders have a long history of incorporating these traits into
crops without enhancing weediness (USDA APHIS 1991).

It follows then that the same plant breeding practices employed in the development of
conventionally improved cultivars should be sufficient to insure that changes to the genome using
molecular biological techniques result in no additional weediness potential in target crops. In fact,
since molecular methods are so specific in terms of the addition of genetic material, it would be

expected that the weediness potential of new cultivars developed using these methods may actually
be less.

In the case of cultivated tomato, we are dealing with a perennial which is grown almost exclusively
as an annual crop in the United States. It is highly inbred and not normally persistent without
human intervention. According to Holm et al., (1991) L. esculentum is not a serious or principal
weed anywhere in the world and is a common weed only in Taiwan. While it is true that tomato
volunteers are not uncommon, they are easily controlled using normal production practices.
Tomato has been grown extensively for commercial and home use for many years in the United
States and throughout the world without any reports of serious weed problems (Holm, 1991;

Muenscher, 1980) and is not classified as a noxious weed by the Federal Government (7 CFR Part
360).

G. Potential for Outcrossing

1. Wild relatives

Since tomato itself is not considered a weed pest the only possible weediness problems would be
the result of outcrossing to weed pest relatives. The only wild species sexually compatible with
cultivated tomato are members of the "esculentum complex” (Rick, 1976) whose normal
geographic range is limited to South America and these are not considered weed pests. In addition,
only through specific controlled crosses is hybridization to these relatives possible (Stevens, et al.,
1986. DeVerna et al., 1990). Solanum nigrum, is the only major weed pest related to tomato and
is sexually incompatible with Lycopersicon species (see Table 2). Because tomato has no weed
pest relatives, there is no possibility of a cross between a SAMase tomato and a wild pest relative
that would be capable of creating or enhancing the competitiveness of a weed pest.

2. Cultivated tomato

In tomato, genes can move via pollination from one individual to another within the species L.
esculentum. When field grown, tomato is predominantly self pollinated due to its self
compatibility and floral structure. Rates of cross pollination on the order of 4% have been reported
(Rick, 1978), but present commercial varieties have a floral structure (i.e., inserted stigma) which
creates a crop which is exclusively inbreeding (Taylor, 1986). As a result of this and the ability to
maintain pure seed stocks using standard practices including selection and isolation, here is little'if
any potential for outcrossing of SAMase tomatoes to commercial stocks. '

IL. Description of the donor for SAMase: Coliphage T3

T3 is a bacteriophage that infects B, K, and C strains of Escherichia coli. T3 is in the T7 group of
coliphages. T3 is commonly found in sewage and can be isolated from the human intestinal tract
(Furuse et al., 1983). T3 is neither a human pathogen or a plant pest (42 CFR 72: 7 CFR 340).
Since it is a coliphage, it has undoubtedly been associated with humans and other vertebrates for
eons. Coliform bacteria as well as bacteriophages are also present in low levels in drinking water
<o that it can be reasonably concluded that humans regularly consume bacteriophages that contain
sam genes (Goyal et al., 1980). When a bacteriophage infection of the intestinal E. coli occurs, T3
proteins are present in the infected bacteria. Thus, we conclude that both the sam gene and the
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SAMase enzyme are commonly found within the intestinal microflora of humans and other
vertebrate animals.

SAMase is the first bacteriophage T3 protein produced upon phage infection of E. coli. SAMase
inhibits the host bacterium's restriction endonuclease system both by binding the type 1 restriction
endonuclease and hydrolyzing SAM, an essential co-enzyme. This protects the remaining phage
DNA from host mediated degradation (Studier and Movva, 1976; Spoerel et al., 1979). The
coliphage BA14 (Mertens and Hausmann, 1982) and klebsiellaphage K11 (Dietz et al., 1985) also
contain SAMase coding genes, though each is poorly characterized.

III. The Transformation System

The SAMase tomato line 35-1-N contains a gene derived from E. coli bacteriophage T3 which
encodes a functional SAMase protein (Good et al., 1994). The SAMase encoding transgene is
derived from a previously reported M13 clone (Hughes et al., 1987) modified to contain a
consensus eukaryotic translation initiation site by altering the nucleotide sequence surrounding the
sam ATG start codon (Good et al., 1994) and fused to a modified E8 promoter (Good et al., 1994)
isolated from tomato and a nos 3’ termination sequence from Agrobacterium tumefaciens. The
resulting gene was named sam-k and was utilized in plasmid pAG 5420. Plasmid pAG 5420 was
used in the transformation of the Large Red Cherry parental line and also contains a selectable

marker gene kan” (Beck et al., 1982). The kan’ gene was isolated from transposon TnJ and is
under transcriptional control of a nos (Depicker et al., 1985) promoter and nos 3' (Barker et
al.,1983) termination sequence.

A._Agrobacterium mediated transformation system

The vector system used to transfer pAG 5420 to the Large Red Cherry parental line is based upon
the Ti plasmid from Agrobacterium tumefaciens. This system utilizes a "disarmed” Ti plasmid
(i.e., all genes responsible for the crown gall disease have been removed from the T-DNA) binary
(all genes to be transferred are on one plasmid, the vir genes encoding the functions necessary for
transfer are on another) vector system (Hoekema et al., 1983; Anetal., 1988). In the case of line
35-1-N, Agrobacterium strain EHA 101 (Hood et al., 1986) was used to transform the plant. This
strain, EHA 101; does not contain any DNA sequences responsible for plant pathogenesis (Hood
et al.. 1986) and it has been demonstrated with this strain that the vir genes on the second plasmid

are not transferred to the plant and therefore the transferred DNA sequences will not be remobilized
within the plant.

Following transformation, Agrobacterium are killed with the antibiotic carbenicillin or cefotaxine
(Fillatti et al., 1987) so no subsequent transformation or infection can occur. After transformation,
the plants themselves are grown to fruit, analyzed and selected transformants used for seed
production and advancement in the product development process.
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Figure 1. Plasmid Map of pAG 5420
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Plasmid map of pAG 5420. The binary vector pGA 482 (An et al., 1985), which contains the kan”
gene fused to the nos promoter for selection in plants, and the sam-k gene with its associated
promoter and terminator were used to produce the pAG 5420 plasmid. pAG 5420 is composed of
a 2.3 Kb E8: sam-k chimera inserted into the muitiple cloning site of pGA 482 (Good et al., 1994).
The complete DNA sequence of the T-DNA region of pAG 5420 is shown in Appendix 1. A map
of binary vector pAG 5420 is shown in Figure 1. A description of the DNA elements in pAG
5420 is also shown in Appendix 2. '
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IV. Gene Sequences from Organisms Considered Regulated Articles

The SAMase tomato line 35-1-N has been considered a regulated article because it contains DNA
sequences from A. tumefaciens, an organism considered to be a plant pest under 7 CFR 340.2.
Specifically, these sequences are as follows:

Left and Right Borders: These sequences represent the left and right border regions of the T-DNA
from A. tumefaciens (Barker et al., 1983). The border sequences function in the transfer of gene
sequences from the Ti plasmid to the tomato genome. These border regions represent the only
necessary cis-acting elements in the T-DNA for insertion into the plant genome (Klee and Rogers,
1989). The other necessary elements act in trans through the use of the binary vector system.

Border regions do not confer virulence or pathogenicity on the part of A. tumefaciens (Nester et
al., 1984; Zambryski, 1988).

nos Promoter: The nos promoter present in line 35-1-N has the untranslated 5' region of the
nopaline synthase gene from A. tumefaciens (Depicker et al., 1985). It functions in line 35-1-Nin

the expression of the kan” selectable marker gene. As used in line 35-1-N this sequence is no
longer a regulated article since it is not associated with the nopaline synthase gene and therefore

~ does not function to create or enhance either virulence or pathogenicity.

nos Termination Sequences: The nopaline synthase 3' termination sequences from A. tumefaciens
function in the expression of the kan and sam-k genes respectively. In the case of the kan’ gene,
in order to enhance expression and aid in the transformation and selection process, approximately
0.8 Kb of the nos 3' coding region (frame shifted to prevent transcription, therefore considered to
be non-coding ) in addition to 0.27 Kb containing the polyadenylation signal was used to insure

the proper expression and processing of the kan’ gene product in plants (An et al., 1985). Inthe
case of the sam-k gene, the 0.27 Kb polyadenylation signal was used to assist in the control of
expression of the sam-k gene. These sequences as used in the production of SAMase tomatoes no
longer function as regulated sequences since they are either not associated with any nopaline
synthase coding regions (i.e., sam-k) or the coding region has been frame shifted to eliminate the
possibility of transcription (i.., kan™). This conclusion is supported by data collected in field trials

(Appendix 5) where no plant pest symptoms have been observed. We therefore conclude that
SAMase tomatoes containing these sequences do not represent a plant pest risk.

V. Description of SAMase Tomato Line.35-1-N
A. Derivation of SAMase Tomato Line 35-1-N

Line 35-1-N is derived from a homozygous R progeny selection from an original R transformant
35-1, obtained by transformation of the variety Large Red Cherry with binary vector pAG 5420.

Line 35-1-N may be used either as a commercial variety itself or as source of the sam-k gene ina

breeding program for the development of additional large fruited, roma, cherry and fresh market
tomato varieties with modified ripening phenotypes.

B. Genetic characterization of Line 35-1-N
1. Segregation analysis
The initial transformant 35-1 was selected as part of a group of several primary transformants
screened in the greenhouse for a modified ripening phenotype and the presence of a single T-DNA

 insert of the sam-k gene using a germination assay on kanamycin containing media. Results of the

germination assay fit the expected chi-square value for a single Mendelian locus as shown in Table
3 (for methods, see App. 3). .
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Table 3. Segregation analysis of progeny of pAG 5420 R¢ transformant 35-1

Line Resistant Sensitive X2
35-1 43 17 0.35 *
*Ctu square goodness of fit test for hypothesis of 3:1 segregation ratio.

X2=3.84 for a 3:1 ratio @ p=0.05 df=1

2. Southern analysis:

Southern analysis of line 35-1-N and Large Red Cherry controls was used to demonstrate

Mendelian inheritance, homozygosity in progeny (to facilitate selection), to confirm the earlier
germination resuits which indicated the presence of a single T-DNA insertion within the genome of
plant 35-1 and to demonstrate stability of the insert over muitiple generations in progeny of line 35-
1-N. Results of these analysis are shown in Figures 2, 3 and 4 respectively. Genomic DNA was
isolated from leaf material of 35-1 generations R and R2. The genomic DNA was digested with

various restriction enzymes as indicated in the respective figures and separated electrophoretically
for transfer to a nylon membrane (complete methods of molecular biology techniques are found in
Appendix 4). After transfer, the membranes were probed with either a biotin labeled DNA probe

or random primed labeled 32p DNA probe specific for the sam-k gene alone or in combination
with the ACC Oxidase gene. The ACC Oxidase gene was used as an internal standard in the initial
Southern blot analyses to allow for the quantitative comparison of sam-k band intensities between

heterozygous and homozygous progeny of line 35-1. Scanning densitometry data is found in
Appendix 7.

"The results of the R} Southern analysis (Fig.2) support the initial segreagation data indicating

integration of the T-DNA at a single genetic locus. If this was not the case, multiple banding
patterns would be observed between the R} progeny of line 35-1. The presence of two sam-k
bands with a HindIII digest does however suggest more than one copy of the sam-k gene at this
locus. Additional Southern analysis with other restriction enzymes (Fig. 3) resulted in a single
band when probed with sam-k. This would indicate that the second copy of the T-DNA is
incomplete. Integration of multiple copies of the T-DNA at a single locus 1s a common occurence
and has been previously reported in the literature (Jorgensen, 1987).

3. Mendelian Inheritance:

A number of R progeny of RQ plant 35-1 which germinated on kanamycin containing media as

part of the segregation analysis (Table 3) were selected at random and planted to soil for further
analysis and selection. A set of 15 of these progeny were chosen for Southern analysis to
determine if it was possible to detect homozygous individuals from the population and to determine
if the segregation observed would be indicative of a single genetic locus. Figure 2 represents the
results of this analysis. Genomic DNA from progeny of line 35-1 were digested with restriction
enzyme HindII], electrophoresed and probed with a biotinylated probe which was a combination of
sam-k and ACC oxidase gene probes. The ACC oxidase bands represent an internal control which
was used for comparison of band intensities. Band intensities were quantitated using scanning
densitometry and comparisons were made between the sam-k bands and the ACC oxidase bands.
It was assurned that the ACC Oxidase bands would remain relatively constant across samples while
sam-k bands would vary in intensity based upon gene dosage (i.e. homozygous individuals would
have sam-k band intensities double that of heterozygous individuals). Based upon this analysis, it
was determined that lanes 1, 2, 4, 6, 8 and 15 contained homozygous individuals while lanes 3,5,
7.9, 10, 11, 12, 13 and 14 contained heterozygous individuals. These results give a ratio of
approximately 2:1 heterozygous to homozygous individuals. This is the expected result if the T-
DNA is inserted at a single locus within the genome of line 35-1-N. Based upon these results, R2
plant 35-1-N (lane 14) was one of four R progeny selected for advancement. Continued

monitoring of the modified ripening phenotype resulted in progeny of line 35-1-N being one of
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two selections subsequently sent to the field in the summer of 1993 for further phenotypic
characterization and detailed horticultural evaluation. Line 35-1-N was selected from the field in
1993 based upon phenotypic analysis demonstrating modified ripening and horticultural evaluation
comparing field performance to the non-transgenic variety Large Red Cherry (see appendix 5, field
trial reports). Seed from self fertilization of line 35-1-N have subsequently been planted for

analysis, seed increase, and hybrid seed production in Hermiston, OR, Naples, FL., Indio CA and
Baja California Mexico.

To confirm the initial segregation analysis which indicated insertion of the pAG 5420 T-DNA ata
single locus within the genome of line 35-1-N, Southern blot analysis was carried out using a sam-
k probe in combination with specific restriction enzymes. Genomic DNA of line 35-1-N was
digested with BamHI, B glIl and a combination of the BamHU/Bgill. BamHI and BglIl represent
unique restriction enzyme sites within the T-DNA of pAG 5420. Single bands of unknown size
would be predicted from digests with these enzymes if one complete copy of the T-DNA was
inserted at one locus within the genome. A single band of 5098 bp would be predicted for a digest
which uses a combination of these two enzymes. Results shown in Figure 3 support the
conclusion of one complete copy of the T-DNA at a single Mendelian locus. Additional restriction

digests idicate that a portion of a second copy of the T-DNA is present at this locus as well (see
Fig. 2).

To confirm the stability of the genetic insert over multiple generations, Southern analysis of R3 and
R5 progeny as well as non-transgenic Large Red Cherry controls were compared and used to
establish the presence of a stable T-DNA insertion within the genome of line 35-1-N over the
course of three subsequent generations. Results of this analysis are shown in Figure 4.

Individual progeny of two generations show identical banding patterns indicating that the insert is

stable over generations. Since EcoRl is not a unique site within the T-DNA, the two bands
observed are expected.

19



‘JuauraoueApe 10§ uasoyo Auadoid [e1943s Jo U0 seM (f] aueq) N-1-S¢ Auodoid 1y

-JUSWIAOUBADPR pUB UONDJ[9s 10] s[enplalpul sno3Azowoy SUIIAIOP O Pasn 21am sinsay (L xipuaddy) pajeinuenb sanisuaul pueq ayi
pue pauueds se J0[q [eUl YL -aqo1d uoNEuIqUIOd ISEPIX0 DDV Pue ¥-wivs palejKutioq e yum paqoid sem 101q UISYINOS Juensal
oy, 'y xipuaddy 3y ut paqLIOSIP SB INO PILITD SEM sisA[eue j0[q UIdYINOS pue ‘s152104d01193]2 341 pUE SUOLIdNIISUL SIdINdEjNUEL
1od o paLLed 219Mm SISAZIP YL, “1-G€ Ul JO (A(2andadsal ‘0-V) Audadoxd 13 [pnpiatpul Wolj paIejost vNQ 2twouad jo 31 ¢
sjuasardal (§[—1) saue[ ayl Jo yoey 'JIPUIH owAZu2 UoNdLISAI Yitm paIsadip N-1-6€ dulf Jo Auadoid 1y jo sisArue 10[q UWIDYINOS

_ Y-uns
— 022V

~ y-wns

UOHIIIS J0]
sjenpiAiput snod4Azowoy pue dueILBYUI ueIPPUIA Jupesjsuounp [-s¢ jyueyd jo Auadoad 1y jo sisjeue 101 WIRYINOS °T angdyy

20



Figure 3. Southern Analysis of R3 progeny of line 35-1-N confirming the
presence of a single T-DNA insertion.

14140 __

8454 —
5686 —

3675 _ |

Southern blot analysis of line 35-1-N digested with BgllI (lane 1), BamHI (lane 2), a combination
of Bglll and BamHI (lane 3) tomato variety Large Red Cherry control DNA digested with BamHI
(lane 4) blank lane and pAG 5420 positive control DNA (lane 5). Each of the lanes represents 10
pg of genomic DNA with the exception of the positive control (lane 5) which contains 100 pg of
plasmid DNA. The digests were carried out as per manufacturers instructions and the
electrophoresis, Southern blot analysis was carried out as described in the Appendix 4. The

resultant Southern blot was probed with a 32p abeled sam-k gene fragment isolated from pAG
5420.
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C. Analysis of inserted DNA from outside the border regions:

In addition to the transfer of T-DNA from within the borders, an additional region of pAG 5420
backbone DNA was transferred to the genome of line 35-1-N. This is a relatively frequent
occurrence when using A. rumefaciens to transform plant cells (Martineau et al., 1993). Southern
analysis has identified the pAG 5420 backbone DNA as extending from the left border of pAG
5420 to no more than 2.6 Kb into the plasmid backbone. (see Table 4 and Appendix 6 for
complete detail). This DNA fragment contains a portion of the pAG 5420 plasmid DNA elements
listed in Table 4. None of the DNA or DNA elements present on this fragment are derived from or
function as plant pests, nor does this fragment contain any additional antibiotic resistance marker
genes (see Figure 5). The oriT element functions in trans with other host bacterial DNA elements
in E.coli and is responsible for the initiation of conjugation between host bacteria. The 1rfA
element is part of a larger operon which is regulated by cis acting elements in the host bacteria and
functions in the stable replication of the plasmid within the host (Schmidhauser, et al, 1985;
Pansegrau, et al, 1994). These elements are non-functional in plants since they are not in the
presence of the cis acting elements nor the remaining components of the operons. In addition, it
would not be expected that the tfA gene product is present since the gene is not in frame with any
gene promoter capable of regulating its expression in eukaryotes. As a result of these analyses we
conclude that the presence this fragment of pAG 5420 backbone DNA in line 35-1-N does not

represent a plant pest issue. The complete Southern analysis and sequence of this DNA fragment
are found in Appendix 6.

Table 4. DNA elements of integrated backbone DNA from pAG 5420.

DNA Element Size (Kb) | Function

onn T 0.7 Tnitiates comjugation in E. coli when other essential

: elements exist in trans (Schmidhauser, et al, 1985;
Pansegrau, et al, 1994)
trfA 1.5 A portion of an operon which functions in the stable
replication of the plasmid in host bacteria. This element
requires the remaining operon components as well as the
cis acting element in order to be functional (Schmidhauser,
et al. 1985: Pansegrau. et al. 1994)

Figure 5 illustrates Southern analysis of line 35-1-N which indicates that the tetracycline antibiotic
resistance gene from pAG 5420 has not been transferred to the genome of line 35-1-N.
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D. Field Tests of SAMase Tomatoes

Agritope, Inc has carried out ten field trials of SAMase tomatoes in processing types, large fruited
fresh market types, roma type and cherry tomato type cultivars in Florida, California, Oregon and
Mexico. These trials have been conducted to produce seed and plant material for genetic and
molecular analysis, demonstrate and characterize the modified ripening phenotypes produced,
generate horticultural performance data relative to non transgenic controls and to produce seed of
selected lines for advancement in variety development programs. These tests were carried out
between 1992 and the present. Appendix 5 contains the field trial reports submitted to the USDA
for each of the field tests completed.

Table 6. Agritope, Inc. Field Trials of SAMase Tomatoes

Permit # Site Trial Status
92-085-01 Hermiston, OR Completed
93-050-01 Hermiston, OR Completed
93-361-01N Naples, FL ~Completed
93-048-01N Davis, CA Completed
94-143-03N Hermiston, OR Completed
93-361-01N Naples, FL Completed
94-353-01IN Indio, CA Completed
95-121-04N Hermiston. OR In Progress
95-121-03N Davis, CA In Progress
SARH Vizcaino, Baja CA, Mexico In Progress

1. Horticultural Evaluations

Cooperative researchers at the Oregon State University Hermiston Agricultural Research
Experiment Station (HAREC) conducted detailed horticuitural evaluations on line 35-1-N in both
the 1992 and 1993 field seasons. The parameters evaluated included vigor (plant growth and
development), plant height, leaf area, dry weight, fruit set, pH. soluble solids, titratable acidity,
average fruit weight and yield. Disease susceptibility and the presence of crown gall was also
monitored during the course of the trials. No evidence of Crown Gall disease was observed in
either the transgenic or control plots. This is further supported by post harvest monitoring of all
SAMase field trial locations which has demonstrated that the use of normal field clean up _
techniques (i.e. disking of desiccated vines post harvest) has resulted in an absence of volunteer
S AMase tomatoes the following season. We therefore conclude that the SAMase tomatoes have no
advantage over the parental Large Red Cherry line in terms of its ability to survive in the
environment.

Table 6a. Summary of Horticultural Evaluations of Tomato Line 35-1-N

Genotype Plant Height (cm) Léaf Area (cm2) Dry Weight (g)
Targe Red Cherry Ctrl. 106.0 a 40890 a 372.4 a
35-1-N 69.7 b 17844 b 170.4 b

Values reported represent the means of five replications. Means followed by different letters are
significantly different at p=0.05 using Duncan's Multiple Range Test. Complete data is found in
Appendix 3 field trial reports.

Leaf area and dry weight are of 2 plants/plot.
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Table 6b. Summary of Fruit Quality Evaluations of Tomato Line 35-1-N

Soluble Solids Titratable Average Fruit
Genotype pH (brix) Acidity (meq) Weight (g)
Large Red Cherry 429 a 693 a 157.5 a 193 a
Ctrl.
35-1-N 4.35a 6.75 a 134.5 a 17.7 a
Values reported represent the means of five replications. Means followed by different letters are

significantly different at p=0.05 using Duncan's Multiple Range Test. Complete data is found in
Appendix 3 field trial reports.

Table 6c. Summary of Fruit Development Evaluations of Tomato Line 35-1-N

Heat units required from transplant to:

Fruit Set Mat. Green Breaker Pink Red
Genotype ‘
Large Red 707 a 1398 a 1531 a 1629 a 1675 a
Cherry Ctrl.
35-1-N 756 a 1419 a 1709 b 1824 b 1901 b

Means followed by different letters are significantly different at p=0.05 using Duncan's Multiple
Range Test.

Heat units based upon a 45 F base, 90 F maximum

2. Yield Characteristics

As part of the ongoing horticuitural evaluation and phenotype characterization carried out at various
field test locations, yield characteristics have been evaluated by quantitative harvest at specific
developmental stages. At HAREC in the summer of 1993, three consecutive harvests were carried
out on specific dates. Fruit which had reached at Jeast the breaker stage by the harvest date were
harvested. Harvested fruit were then sorted by color, counted and weighed. As expected, yield
results were effected by a genotype by harvest date interaction. To resolve this interaction, data
was sorted by both variables for analysis. Results indicate that total yield of line 35-1-N was
negatively affected and the distribution of fruit maturity at harvest was significantly impacted.
Relative to control Large Red Cherry lines, line 35-1-N yielded the majonity of its fruit at the
breaker to pink stage at each harvest. The modified ripening phenotype significantly slowed the
rate at which the fruit on line 35-1-N ripened from breaker to full red. This phenotype is the
intended technical effect. Results of yield measurements for line 35-1-N are found in Table 7.
Complete yield data can be found in field trial reports in Appendix 5.

Table 7. Summary of Yield Measurements in Tomato Line 35-1-N

Harvest 1
Color Stage
Breaker Pink Red Total
Genotype kg/plot kg/plot kg/plot kg/plot
Large Red Cherry 0.25 0.48 270 a 345a
Ctrl.
35-1-N 0.11 0.15 0.34 b 0.62b

Means followed by different letters are significantly different at p=0.05 using Duncan’s Multiple
Range Test. ‘ :
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Harvest 2

Color Stage

Breaker Pink Red Total

Genotype kg/plot kg/plot kg/plot kg/plot

Large Red Cherry 0.58 0.92 3.01a 452a
Ctrl.

35-1-N 0.40 0.58 0.34b 1.32 b
Means followed by different letters are significantly different at p=0.05 using Duncan's Multiple
Range Test.

Harvest 3
Color Stage
Breaker Pink Red Total
Genotype kg/plot kg/plot kg/plot kg/plot
Large Red Cherry 0.32 1.92 526 a 7.63 a
Ctrl. '
35-1-N 0.85 2.80 0.83b 4.56 b

Means followed by different letters are significantly differe

Range Test.

Since 35-1-N, compared to Large Red Cherry,
slower to ripen, it is less likely to be a weed or plant pest.
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Figure 6a. Western blot analysis of line 35-1-N demonstrating tissue specific
expression of the sam-k gene.

Western blot analysis demonstrates tissue specific expression of the sam-k gene in tomato line 35-
1-N. A 20ng sample of purified SAMase (lane 1), and 9ug samples of protein extracted from leaf
(lane 3), stem (lane 4), and flower (lane 5) were resolved on an SDS-PAGE gel and blotted to a
nylon membrane as described in Appendix 4. The resulting blot was probed with a monoclonal

antibody specific to the SAMase protein and visualized using chemiluminescence as per
manufacturer's instructions.
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Figure 6b. RNAse protection analysis of fruit of line 35-1-N demonstrating
developmental regulation of sam-k gene expression.

Br Ori

#4-2

RNAse protection assays were used to demonstrate the pattern of sam-k gene expression in
ripening tomato fruit. Tomato fruit were picked at the breaker stage (Br) and allowed to ripen to
the orange (Or) or red (Ri) stage. Between 0.7 and 1.0 ug of poly A+ mRNA was used in each

reaction. The 510 bp protected probe was resolved on a denaturing polyacrylamide gel and
visualized by autoradiography.
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Figure 7. Expression Profile of Ethylene in Ripening Transgenic Fruit of Line 35-

Ethylene Produced (nl/g/hr)

Days Post-breaker

Ethylene produced from transgenic tomatoes of pAG 5420 transformed line 35-1. The graph

represents ethylene produced by fruit of RQ transformant 35-1 (diamonds) and Large Red Cherry

controls (squares). The values for transgenic fruit represent the average of three fruit from the
individual RQ plant. The values for the controls represent the average of six fruit from two different

plants. Error bars represent one standard deviation of the data.
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B. npt II

The kan” gene and its product the npt II protein have been previously reviewed by US regulatory
agencies and determined to be safe (USDA. 1992: FDA, 1994).

C. S-adenosylmethionine hydrolase

S-adenosylmethionine (SAM) is a ubiquitous nucleotide used in many activities in all cells (for
reviews see Salvatore et al., 1977 and Usdin et al., 1979). SAM acts as a co-factor in a variety of
reactions and as a methyl group donor in a specific variety of reactions and as a methyl group
donor in specific transmethylation reactions. Among these reactions are the biosynthesis of biotin,
rare nucleotides, 5'-methylthioadenosine (MTA), polyamines and the production of the plant
hormone ethylene. SAM also acts a methyl donor during modifications of proteins, lipids,
polysaccharides and nucleic acids. SAMase hydrolyzes SAM to homoserine and 5
methylthioadenosine (Gold et al., 1964). In the course of ethylene biosynthesis, 1-
Aminocyclopropane-1-carboxylic Acid (ACC), the immediate precursor to ethylene, is produced
from SAM by the enzyme ACC synthase. As the pool of SAM is depleted by the action of

SAMase, neither ACC nor ethylene are produced. A diagram of the ethylene biosynthesis pathway
is shown in Figure 8.

The sam-k gene is derived from an E. coli bacteriophage T3 gene which encodes a functional S-
adenosylmethionine hydrolase (SAMase) protein (Hughes et al., 1987). The SAMase protein
catalyzes the conversion of S-adenosylmethionine (SAM) to methylthioadenosine (MTA). Figure
6 above demonstrates fruit specific, developmentally regulated expression of the sam-k gene in
tomato. The effect on the methionine recycling pathway of SAMase expression is illustrated in
Figure 9. Expression of the SAMase protein in fruit does not represent an environmental exposure
to a novel protein as SAMase occurs naturally in the environment. (Furuse et al., 1983). The
. enzymatic degradation of SAM is carried out by a number of naturally occurring enzymes in plants,
among them ACC synthase. The tissue specific and developmentally regulated expression system
employed to express SAMase in tomato line 35-1-N insures that the only impact on the plant of
SAM hydrolysis is the down regulation of ethylene production in ripening fruit through the

reduction of the pool of SAM available in the ripening fruit for conversion to ACC and then
ethylene.
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Figure 9. Methionine Recycling Pathway

SAM ACC
- Synthase
3Pi \\h, ACC — CoHy
AN
ATP .
SAMase N\
MET ~—_ MTA
Homoserine )
MTA
Nucleosidase
NH3
Ade
a-KMB
MTR
' MTR
HCOOH Kinase ATP
Pi
MTR-1-P ADP

The methionine recycling pathway in plants. The bold line shows the effect of sam-k expression
on the pathway where the reaction products re-enter the cycle (Good et al., 1994). Abbreviations:
MET, methionine; SAM, S-adenosylmethionine; ACC, 1-aminocyclopropane--carboxylic acid;
MTA, 5'-methylthioadenosine; MTR, 5-methylthioribose; Add, adenine; KMB, a-
ketomethylthiobutyric acid. ‘
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The E8: sam-k chimera present in line 35-1-N expresses a functional S-adenosylmethionine
hydrolase (SAMase) protein in a fruit specific, developmentally regulated manner (Fig.6).
Transgenic fruit of line 35-1-N express the SAMase protein in breaker to light red fruit and
expression is attenuated in fruit that is fully ripe. The fact that E8: sam-k gene expression follows
the normal pattern of ethylene expression means that the SAMase protein 1s a transient species and
final concentrations in the ripe fruit are minimal (Fig. 7). As aresuit of these data we conclude that
there is no increased risk to the environment from the gene product SAMase.

D. Safety of the gene products in the environment

Use of the SAMase tomato will not alter the weediness potential of tomato or any related species.
While the sam-k gene encodes a functional SAMase protein, it is not a novel protein in the
environment (Furuse et al., 1983), is not homologous with any known toxins and/or allergens as
listed in the University of Geneva reference database, nor is it a novel enzymatic activity in plants.

SAM degrading enzymes (i.e. ACC synthase) carry out a number of important metabolic functions
in plants.

The SAMase protein sequence is presented in Appendix 7 and is not homologous to any of the
known protein toxins listed in the University of Geneva reference database. Glycosylation and
subsequent increase in the antigenic capacity of SAMase will not occur because SAMase does not
contain the necessary sequence information needed for transport of the protein to the subcellular
locations where glycosylation takes place. Furthermore, we have determined that the SAMase
protein is rapidly inactivated by incubation under simulated gastric conditions (Fig. 10).
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Figure 10. Results of SAMase Protein Digestibility Studies

Inactivation of SAMase by simulated gastric fluid. Digestibility studies of the SAMase protein
were carried out using 2 SAMase fusion protein produced as described in the manufacturers
instructions and purified by affinity column chromatography (Appendix 4). Simulated gastric fluid
(0.32% pepsin, 0.2% NaCL pH 1.2) either without (A) or with (B) pepsin was prepared to
25ng/ml of SAMase with the fusion protein and incubated for O min. (lane 1), 5 min. (lane 2), 10
min. (lane 3), 20 min. (lane 4), 30 min. (lane 5) or 60 min. (lane 6) at 37° C. (C).Non-transgenic
tomato fruit control prepared to 25 ug/ml of total protein in simulated gastric fluid without pepsin.
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The npt I protein and the gene have been previously reviewed by US regulatory agencies and
determined to be safe (USDA, 1992; FDA, 1994).

E. Effects on Agriculture and Cultivation Practices

SAMase tomatoes have the potential to improve the economics of production and distribution in
today's fresh market tomato industry in the following ways: First, this technology will provide
additional flexibility to the producer in terms of the time frame during which the crop will mature
and be harvestable as well as the impact of outside environmental influences upon the rate of crop
maturation and necessity of harvest. Second, it may be possible to reduce the number of harvests
needed to get an equivalent economic yield from a production field and thus reduce labor needs and
costs. Third. losses in the production, handling and distribution systems currently experienced
due to immature and over ripe product will be mitigated.

Using a fruit specific developmentally regulated SAM degradation strategy as a means to reduce
ethylene biosynthesis in plants has a number of distinct advantages. The fruit specific nature of
gene expression targets only the SAM found in fruit and diverted to ACC for ethylene production
(Figure 9). This means that normal ethylene biosynthetic processes as well as other SAM
dependent reactions in the remainder of the plant proceed uninhibited. The developmental
regulation of the sam-k gene expression allows for the initial climacteric burst of ethylene
necessary in climacteric fruit like tomato for initiation of the ripening process prior to down
regulation of ethylene. The result is a fruit of higher quality due to a lack of immaturity in the crop.
The fact that sam-k gene expression follows the normal pattern of expression of ethylene during

the ripening process means that the SAMase protein is essentially transient and final concentrations
in the ripe fruit are minimal (Figure 7).

The use of an enzyme that degrades SAM also allows for the selection of broad range of modified
ripening phenotypes which can be predictably determined by the level of SAMase protein
expressed. This results in an array of precise and predictable phenotypes which may be adapted
for use in a variety of applications within the production and distribution system depending upon
the problem to be addressed. It is possible to use exogenous ethylene to ripen these fruit or if
necessary they may be left on the vine for an extended period to ripen on their own. The lack of an

immediate ripening response due to environmental effects such as increased temperature will
further benefit producers.

We believe that together, all of these benefits will allow for a substantial increase in production
flexibility, help to reduce production and handling related losses and produce a higher quality in the
crop as a whole with the concomitant cost savings in labor and distribution costs.

All SAMase tomato field trials have been carried out using standard tomato cultivation practices
with no adverse effects on the environment or surrounding commercial crops observed( see '
Appendix 5: field trial reports). It is expected that there will be no adverse effects on the standard

tomato cultivation practices of non transgenic crops as a result of the de-regulation of the SAMase
tomato.

F. Human and Animal Exposure

In general tomatoes are marketed in two distinct ways, either as a fresh or processed product . We
do not anticipate that SAMase tomatoes will result in any change in the way both humans and
animals are currently exposed to tomatoes. Tomato line 35-1-N is a Cherry type tomato intended
to be consumed fresh. The presence of a SAMase protein will not result in any modification to the
food product as it is currently consumed. The SAMase protein occurs naturally in the human
digestive tract, it is not toxic and will not affect allergenicity of the fresh or processed tomato
product. The exposure of livestock animals to SAMase tomatoes is not expected to be any
different than current €Xposures and there is no reason to believe that SAMase tomatoes will result
in any increased use of tomato as an animal feed. Safety of SAMase tomatoes as human food is
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the subject of an ongoing consultation process between Agritope, Inc. and the Federal Food and
Drug Administration.

G. Unintended Effects on Non-Target Organisms

S AMase tomato line 35-1-N is one of numerous SAMase tomato lines that has been tested in
tomato producing areas throughout the United States. These tomatoes have shown no deleterious
effects towards the environment or any non target organisms found within the production areas
(Appendix 5, field trial reports). This is an expected result since SAMase occurs naturally in the
environment, it is not toxic and will not affect allergenicity of the fresh tomatoes of which itis a
constituent. Exposure to organisms such as local wildlife (i.e., deer, rodents and birds etc.) would
be casual and in the absence of toxicity on the part of SAMase tomatoes there would be no
deleterious effects expected. This is borne out by observations at field trial sites. In addition, as
stated by Rick (1976), tomato flowers are not normally attractive to bees or other beneficial insects
in a field production setting. The main insect species which feed on tomato plants and fruit in a
field production setting are limited to those insect pests most commonly encountered as production
problems. Table 9 lists the major species of tomato insect pests in the major production regions of
North America (U.C. Davis Cooperative Extension Pub. 3274). None of these species is listed as

an endangered species (50 CFR 17.1 1, 50 CFR 17.12) nor would SAMase tomatoes be expected
to be toxic to these organisms. :

Table 8. Major Species of Tomato Insect Pests

Genus Species Common Name
Agrotis ipsilon Cutworm
Epitrix hirtipennis Flea Beetle
Frankliniella sp. Thrips
Manduca sp. Hornworm

| Liriomvza sativae Leafminer
Aculops lycopersici Tomato russet mite
Myzus persicae Green peach aphid
Heliothus zea Tomato fruitworm
Bemisia tabact Sweetpotato whitefly
Heliothus virescens Tobacco budworm
Spodoptera exigua Beet armvworm
Keiferia Ivcopersicella Tomato pinworm

Line 35-1-N also contains the kan” gene which encodes the npt II protein. The human and

environmental safety of both the protein and previously reviewed by USDA

APHIS and FDA and been determined to

the gene have been
be safe (USDA, 1992; FDA, 1994).

H. Expression specificity of pAG 5420 in transgenic tomato

Stable insertion of the sam-k transgene into the tomato

functional SAMase protein in a

6. Using this expression system,
treatment of the fruit with exogenou
regulated expression, the expression o
The expression pattern of SAMase in this syste

genome results in the production of

fruit specific and temporally regulated manner as shown in Figure
SAMase is induced at the onset of ripening and/or by the

s ethylene. In addition to the fruit specific and temporally

f SAMase in transgenic fruit using this system is transient.

m, closely mirrors the pattern of ethylene

expression normally found in ripening fruit (Good et al., 1994; Figure 7).

I. Compositional Analysis

Composition of fresh tomato fruit can vary

environmental conditions, horticultural practices and genetic background. We have carried out a2

compositional analysis of various tomato lines transformed with pAG 5420 to determine if tomato
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fruit expressing the sam-k gene differ from the Large Red Cherry non transgenic parental
background only in the presence of the npt IT and SAMase proteins and that in all other respects,
the SAMase tomatoes differ from traditionally bred tomatoes only for the intended technical effects.

We have evaluated pH, soluble solids and titratable acidity of fruit from line 35-1-N and compared
this data to values obtained from non transgenic Large Red Cherry parental lines. Fruit were
grown at HAREC during the summer of 1993, allowed to ripen on the vine, hand harvested and
approximately 20 fruit per line were combined for analysis. Fruit were chopped in a Waring
biender, screened to remove the pulp and then vacuum filtered to produce the juice that was
analyzed. Soluble solids were measured by refractometer, pH was measured with a pH meter and
titratable acidity was measured by titration with 0.1N NaOH. There were no significant
differences in the parameters measured.

We have also measured a set of nutritional components in the SAMase tomatoes and controls.
Table 5 summarizes a selected set of the components measured and the values obtained. Values
obtained for the vitamin and amino acid analysis fail well within the range normally reported for
fresh tomatoes (Davies et al., 1981; Souci et al., 1986 and Souci et al., 1989).
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Table 9. Nutritional Components in pAG 5420 SAMase Tomatoes and Large Red
Cherry Control lines.

} Normal Range | Measured Range Measured Range
Constituent (Davies et al., 1981: SAMase Large Red
Souci et al., 1986; Tomatoes Cherry Controls
Souci et al.. 1989
Vitamin A (IU) 192 - 3833 1922 - 2131 2649 - 2727
Vitamin C
(mg/100g) 8.4 - 59.0 24.64 - 27.05 17.53 - 23.37
Selected soluble
amino acids
(mg/100g)
Methionine 0.5-11.0 2.20 - 2.39 1.75 - 2.33
Threonine 6.5-42.0 - 26.0-364 9.23 - 25.0

J. Tomatine Content

Tomatine is a steroidal glycoalkaloid found naturally in a number of solanaceous plants (Roddick.
1974). In cultivated tomato, it is found in the leaves, stems and immature green fruit. Normally,
tomatine levels are highest in young fruit and decline to barely detectable levels at physiological
maturity. In normal ripening genotypes, levels ranging between 0.3-0.6 mg/100g fresh weight
have been reported in ripe fruit while in ripening mutant genotypes such as nor and rin, levels of
0.9-1.2 mg/100g fresh weight have been reported (Eltayeb and Roddick, 1984). Toxic levels of
tomatine have been determined by studies in mice, which indicate an LD 5o for tomatine of 500
mg/kg body weight (Grierson and Kader, 1986). As such, levels found in tomatoes; even in
young green fruit, do not represent a food safety hazard. Nevertheless, in order to insure that

S AMase tomatoes have tomatine levels which are substantially unchanged from the non transgenic
Large Red Cherry parental genotype we have measured tomatine content of a representative set of
ripe fruit from line 35-1-N and non transgenic Large Red Cherry. As expected, the tomatine
content of all samples of SAMase tomatoes was non detectable, just as in the non transgenic Large
Red Cherry samples. Table 10 summarizes the results of the tomatine analysis.

Table 10. Tomatine Content of Representative Ripe Fruit From SAMase Tomatoes
and Large Red Cherry Control Toamtoes (mg/100g fresh weight)

Large Red Cherry
Normal Range SAMase Tomatoes Control
(mg/100g) : ‘
0.3-0.6 n.d. n.d.

—J =not detectable, (LOQ = 0.5mg/100g)
K. Weediness Potential

The introduction of an additional SAMase activity to tomato cultivars should not result in an
increase in the "weediness" potential of the cultivar. A general consensus of the traits common to
many weeds has been put forth by Baker (1974) and include: 1) germination requirement fulfilled
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, 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
and brittleness (so as to be not easily removed from the ground) and 10) ability to compete
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interspecifically by special means (i.e. rosette formation and presence of allelochemicals). While
not all weeds share all of these traits, tomato possesses few of these characteristics which make
plants successful as weeds. It is an annual crop which is considered to be highly domesticated and
not persistent in the environment without the aid of direct human intervention (USDA, 1992). The
non transgenic Large Red Cherry cultivar which has been used as a genetic background for line 35-
1-N, is not considered to be a weed and the modified ripening phenotype exhibited in the
engineered line 35-1-N resulting from an additional SAMase activity has not imparted any new
"weedy " characteristics. No changes in seed germination, seed production, disease and pest
resistances and plant growth characteristics that would confer weed characteristics have been noted
in any of the greenhouse or field trials comparing line 35-1-N to Large Red Cherry or other non
transgenic tomato varieties.
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L. Potential for Outcrossing

1. Outcrossing with wild species

As previously described in section II part F. hybridization between Lycopersicon esculentum and
wild Lycopersicon species is possible, although normally only through specific controlled crosses
is hybridization to the wild relatives possible. As a result, there is little probability of a naturally
occurring cross between line 35-1-N and a wild relative in the United States.

2. Outcrossing to cultivated tomato

As previously described in section II part F, when field grown, tomato is predominantly self
pollinated due to its self compatibility and floral structure. In addition, present commercial
varieties have a floral structure which creates a crop which is exclusively inbreeding (Taylor,
1986). As a result of these facts and the ability to maintain pure seed stocks using standard
practices including selection and isolation, there is little if any potential for outcrossing of SAMase
tomatoes to commercial stocks. The only instances in which line 35-1-N will be crossed to
commercially cultivated tomatoes, will be in the context of a traditional variety improvement

program directed at developing improved hybrid and open pollinated cultivars.

3 Transfer of genetic information to organisms to which it cannot interbreed
USDA has previously stated in an interpretive ruling on a petition by Calgene, Inc. (5TFR, No.202
p. 47608-47616, Oct. 19, 1992) "There is no published evidence for the existence of any
mechanism, other than sexual crossing” by which genes can be transferred from a plant to other
organisms. Evidence presented in the FR Notice suggest that, based on a limited homology of the
DNA in question transfer from plants to microbes may have occurred in evolutionary time over a

period of many millennia. However, even if such transfer were to occur, transfer of the sam-k or

kan" gene to microbes would not pose a plant pest risk. Neither of the genes involved is derived

from a plant pest and there is no evidence to suggest that transfer of these genes to microbes would
result in the creation of a plant pest.
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VII. Statement of Grounds Unfavorable

No negative aspects have been determined for SAMase tomatoes
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pAG-5420 T-DNA seq Enzyme Cutters
Tuesday, November 14, 1995 9:50 AM
Sequence Range: 1 to 9352

Enzyme #Cuts Positions

BamH1 1 8690

Bgl2 1 3591




APPENDIX 2
A Description of the DNA Elements Found in pAG 5420




DNA Element

Size (Kb)

Function

Right Border

1.8

Rignt border region of T-DNA from A. tumetaciens (Anet
al.. 1985).

pnos

0.3

The untransiated promoter region of the nopaline synthase

gene from A. tumefaciens controls expression of the kan”
gene (Depicker et al., 1985)

1.02

The kan” gene from transposon Tn5 (Beck et al., 1982)
encodes the npt II protein which renders transformed cells
resistant to the antibiotic kanamycin.

nos 3'

1.1

The untransiated 3 region of the nopaline synthase gene

from A. tumefaciens controls expression of the kan” gene
(Depicker et al., 1985). '

The modified E8 gene promoter from tomatoes which 1s
used to drive the sam-k gene in a tissue specific,
developmentally regulated manner as described by Good et
al., 1994.

.sam-k

0.51

The S-adenosylmethionine hydrolase gene modified to
contain a consensus eukaryotic translation initiation site by
altering the nucleotide sequence surrounding the sam ATG
start codon (Good et al., 1994). _

nos 3'

0.27

The untranslated 3 region of the nopaline synthase gene

from A. tumefaciens controls expression of the sam-k gene
(Good et al., 1994).

ol pBR322

1.54

E coli ongin of replication which ensures replicatioh m E.
coli (Sutcliffe et al.. 1979).

lambda-cos

0.4

A lambda cos site to allow for the potential re-cloning and
molecular characterization of the individual integration
events. Together the Col EI origin of replication the
lambda cos site provides the necessary elements to rescue

or re-clone the insert from transgenic plants (An et al.,
1988)

0.88

The left border region of T-DNA from A, umefaciens (An
et al. 1985). '




Line 35-1-N may also contain the following DNA elements from the backbone of plasmid pAG

5420:

DNA Element Size (Kb) | Function

onT 0.7 Tnitiates conjugation in E. coli when other essential
elements exist in trans (Schmidhauser, et al, 1985;
Pansegrau, et al, 1994)

trfA 1.5 A portion of an operon which functions in the stable

replication of the plasmid in host bacteria. This element
requires the remaining operon components as well as the
cis acting element in order to be functional (Schmidhauser,
et al, 1985; Pansegrau, et al, 1994)




APPENDIX 3

Kanamycin Germination Assay Methods




KANAMYCIN GERMINATION ASSAY FOR TOMATO

TISSUE CULTURE METHOD

MATERIALS:

1. Seeds

8.

S.

For Ro plants, 200+ seeds for germination
For R1 plants, 30+ seeds for germination

_ 50% bleach/ 1% Tween 20 solution, made fresh daily

Sterilized seed strainer
Sterile forceps
Laminar flow hood

Appropriate media prepared in petri dishes.”

. Sterile distilied water

50 ml conical tubes

Petri dishes (17mm x 100mm)

10. Waste container for hood use

11.

Parafilm

12. Plant growth chamber




METHODS:
1. Prepare media the day before plating of seeds.

Media is comprised of: ,
1X MS Salts
30 g/L Sucrose
100 mg/l Inositol
1X Gamborg's B5 Vitamins
0.8% Bacto Agar
100 mg/L Kanamycin (added post-autoclaving)

25 mis media per 177mm X 100mm petri dish.
Store in cold room until ready tor use.
Sheli-life is 3 weeks.

o Count out desired amount of seeds and transfer to a 50 mi conical tube, add approx.
30 mis of 50% bleach/1% Tween solution to the tube, cap and mix gently for 15 minutes.

3. Note: the rest of the procedure is carried out in a laminar flow hood.
Pour the contents of the conical tube through the seed strainer held over the waste container.
Gently pour sterile water into the strainer to rinse off the bleach/tween solution.
Usually a liter of water is sufficient to rinse away excess bleach/tween.

4. Using forceps, transfer individual seeds from the strainer and place them on the
surface of the media of a petri dish. Plate between 10-15 seeds per plate, evenly spaced
apart from each other. Seal each plate with a strip of parafiim. Label each plate
with the contents and date of plating. Place completed petri dishes in a plant growth chamber.

5. After approx. 7 days, germination should be complete. After 14 days from plating, scoring of the
individual seedlings can be done. Kanamycin resistant seedlings will have developed good lateral root
growth off of the main root system and the foliage will be green. Kanamycin sensitive seedlings will
have a single diminutive tap root and the foliage will be small and in many instances purplish in color.

6. For Ro seedling experiments, compare the total # of Kan resistant seedlings to the total # of Kan
sensitive seedlings. See if it fits the expected Chi-square.

7. For R1 seedling experiments, also compare the # Kan resistant to # Kan sensitive. Non-segregating
homozygous lines will be 100% Kan resistant.




APPENDIX 4

Molecular Biology Methods Used in the Characterization of Line 35-1-N



Standard Operating Procedures

ARD-0000
ARD-0001
ARD-0003
ARD-0004
ARD-0005
ARD-0006
ARD-0007
ARD-0008
ARD-0009
ARD-0010
ARD-0011
ARD-0013
ARD-0014
ARD-0015
ARD-0017

(New England Biolabs)

Reagent List

CTAB Method of Isolating DNA (Tomato)
Restriction Digestion of Plant Genomic DNA
Agarose Gel Electrophoresis for Southern Transfer
Southern Transfer by Capillary Blotting

Isotopic DNA Probe Labeling and Southern Blot Hybridization
Southern Blot Washing & Autoradiography

Protein Concentration Determination of Plant Lysates
Ribonuciease Protection Assay

Ethylene Analysis

Preparation of Single Stranded RNA Probe

- Preparationof SAMase RNA

Total RNA Preparation (Tomato)
Double Stranded DNA Sequencing
Western Blotting Procedure

Protein Fusion and Purification System



AGRITOPE, INC.
SOP No. ARD-0000 Effective Date: 12/8/93 Page 1 of 3

LIST OF REAGENTS

5M TRIS pH 8.0

302.75 g. TRIZMA / 500mis

Start dissolving tris in approx. 250-300 mls of distilled water, then begin pH
determination with 12M HCI ( it may take up to 100-160 mis of HC).
¢

" 1M TRIS pH 8.0

60.55 g. TRIZMA / 500 mls

Start dissolving tris in approx. 300 mls of distilled water, then begin pH
determination with 12M HCI ( it may take up to 50 mls of HCI).

5M NaCl

146.1 g. NaCl / 500 mils
0.5M EDTA pH 8.0

93.05 g. Na2EDTA / 500 mls

Need to add 10N NaOH to bring to pH 8.0.

CTAB EXTRACTION BUFFER

Makes 500 mls of extraction buffer:

10 g. CTAB (Hexadecyltrimethyl-ammonium bromide)
140 mis of 5M NaCl

1.0 ml of 2-mercaptoethanol

20 mls of 0.5M EDTA

50 mis of 1.0M TRIS

Q.S. to 500 mls with distilled water.

7.5M NH40Ac

Prepared by: D.L. Langhoff



AGRITOPE, INC.
SOP No. ARD-0000 Effective Date: 12/8/93 Page 2 of 3

289.05 g. / 500 mls
e Tris-EDTA Solution

0.4 mls of 0.5M EDTA
10 mis of 1M Tris pH 8.0

Q.S. to 1000 mls with distilled water
+ 10X Loading Buffer

0.1 g. Bromphenol blue

0.1 g. Xylene cyanol

10.0 g. Ficoll 400

Q.S. to 40 mls with distilled water
« 1X TAE Electrophoresis Buffer

Make a 50X TAE Concentrate:

242 g. Trizma

57.1 ml Glacial Acetic Acid

37.2 g. Na2EDTAx2H20

pH to approx. 8.5, Q.S. to one litre.

Dilute 1:50 to make a working solution of 1X TAE buffer.
e Ethidium bromide Solution (10 mg/mi)

Dissolve 1 g. of EtBr into 100 mis of Distilled water

Note: Ethidium bromide is a carcinogen, always wear gloves when handling!

+ Depurination Solution

Note: Add concentrated acid to water! Never add water directly to a
concentrated acid or violent reactions may occur’

Add 83.2 mls of Concentrated HCI to approx. 2000 mls of distilled water.

Q.S. to 4000 mls with distilled water

Prepared by: D.L. Langhott




AGRITOPE, INC.

SOP No. ARD-0000 Effective Date: 12/8/93

Pége 30f3

e Denaturation Solution

80 g. of NaOH
350 g. of NaCl

Q.S. to 4000 mis with distilled water
e 20XSSC

701.2 g. NaCl
352.8 g. Na3-Citrate

Q.S. to 1000 mis with distilled water.
e 10% SDS

10 g. Sodium doceyl sulfate

Q.S. to 100 mls with distilled water.
e 0.1XSSC0.1% SDS

Smils of 20X SSC
10mls of 10% SDS

Q.S. to 1000 mls with distilled water.
. 0.5N NaOH
20 g. of NaOH

Q.S. to 1000 mls with distilled water.

Prepared by: D.L. Langhoff




AGRITOPE, INC.
SOP NO.: ARD-0001 Effective Date: 3/3/95 Page 1 of 2

IL.

1y
2)
3)
4)
5)
6)
7)
8)
9
10)
11)
12)
13)
14)
15)
16)

11

REFERENCE COPY
VALID ONLY IF THIS STAMP IS RED
CTAB METHOD OF ISOLATING DNA FROM TOMATO

PURPOSE
To isolate pla.nf nucleic acid from plant material.
MATERIALS AND EQUIPMENT

Mortar and Pestle (per Sample)
Liquid Nitrogen

CTAB Extraction Buffer
Chloroform

Isopropanol

Tris-EDTA Solution

70 % Ethanol

Water bath

Microfuge Tubes
Micropipettor and tips |

50 ml Polypropylene screw cap conical tubes
Trays

10 ml Pipettes and Dispenser
Test tube rack

Table top centrifuge

Transfer Pipettes

PROCEDURE

Preheat a water bath to 60°C.

Collect 0.5 - 1.0 grams of fresh tissue from each sample to be extracted.
Grind each sample in a separate mortar with liquid Nitrogen. Label each
mortar with the sample identification code.

Add 10 mls of CTAB Extraction Buffer to each mortar.

Place the mortars in a room temperature water bath to thaw the

sample/buffer mixture.

F. Once thawed, pour sample/buffer mixture into an appropriately labeled 50
ml polypropylene centrifuge tube and place vertically in a rack in the 60°C.
water bath. Let sample(s) incubate for 30 minutes. Invert tubes every 10
minutes. '

G. After incubation, add 10 mls of chloroform to tube; cap, mix and vent tube.
Spin tube(s) in the Beckman centrifuge for ten minutes at 1600 x g (¢:8-, J2-
21 with JS7.5 @ 3,000 rpm, or TJ6 @ 2500 rpm).

H. After centrifugation, remove top layer of liquid with a transfer pipette and

place in a.clean 50 ml centrifuge tube. Add 0.67 volumes of isopropanol to

tube; cap and mix tube. Spin tube(s) in the Beckman centrifuge, (refer to
Step G) for ten minutes.

mo OWp

Prepared by: D.P. Langhoff Revised: 3/13/95



AGRITOPE, INC.

AEFERENCE COPY
VALID ONLY IF THIS STAMP IS RED
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After centrifugation, carefully decant supernatant from tube(s); the DNA
should be visible as a whitish pellet at the bottom of the centrifuge tube.
Wash pellet with 70 % Ethanol to remove salts. Resuspend DNA pellet in
0.1-1.0 ml of Tris-EDTA.

Add 2 ul RNAse Plus (5 Prime -> 3 Prime) and incubate at 37°C for at least
15 minutes.

Add equal volume Phenol:CHCI3 to sample, mix well and spin through a
light phase lock gel. .

Add 1/10 vol. NaOAc + 2.5 vol 100% EtOH. Precipitate 10 minutes, spin for
10 minutes at room temperature.

Decant, wash twice, dry and resuspend in 400 ul TE. Store at 4°C.

(DNA can be reprecipitated with 0.5 volumes of 7.5M NH30Ac and 3.0
volumes of 100% Ethanol)
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RESTRICTION DIGESTION OF PLANT GENOMIC DNA

I. PURPOSE

Restriction endonuclease cleavage of DNA into discrete fragments is one of the
most basic procedures in molecular biology. Restriction endonucleases
recognize short sequences of DNA called recognition sites and under favorable
conditions will cleave double-stranded DNA within or adjacent to the
recognition site. The DNA molecule is such a large and variable structure that
when digested completely with a restriction endonuclease, it produces
fragments of DNA of every size. When this assortment of fragments is
electrophoresed through an agarose gel, the fragments migrate due to their
negative charge and are distributed by molecular weight. The fragments appear
as a homogenous smear under UV illumination. :

IL MATERIALS AND EQUIPMENT
1) DNAase free water

2) Restriction endonuclease(s)

3) 10X buffer per manufacturer’s instructions.
4) 10X loading buffer

5) Microcentrifuge tubes

6) Micropipettor and tips

7)  Ultramicropipettor and tips

8) Microcentrifuge tube rack

9) 37°C. Water bath

10) Icebath -

. PROCEDURE

A. A restriction digestion contains 4+1 components:
DNA :
Water
Buffer
Enzyme
After digestion is complete add loading buffer.
The following recipe is used as an example of the restriction digestion:
10 pg DNA(1.3 mg/ml) 7.7 ul

N

HO 24.3 ul
10X buffer 4.0 ul
Enzyme (20 pw/pl) 4.0 pl*
Total volume , 40.0 i
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Record specific reaction conditions. They should be maintained at
37°C for a minimum of 30 minutes.

After the digestion is complete, add:
10X loading buffer (1/9 vol.) 4.4 pl

Final volume loaded onto gel: 444 pl

* In this example the enzyme:DNA ratio is 8 units/ng DNA which is
sufficient for complete digest in most situations. The volume of added
enzyme should never exceed 10% of the total reaction volume. The
50% glycerol in the enzyme storage buffer may interfere with the
reaction of the concentration is greater than 5% of the reaction mixture.

D. Calculate the amount of DNA and water for each sample:

Example: A260 = 1.333 10 ug/1.333 = 7.5 pl (amount of DNA)
Water = 24.1 - DNA 24.1 pl-7.5 ul = 16.6 pl (amount of water)

E. Do this for each sample.

F. Label a 0.6 ml microcentrifuge tube for each sample. Take 10X buffer out
of -20°C. freezer to thaw at room temperature. Obtain restriction
enzyme from freezer and place it in an ice bath. Add corresponding DNA
and water to the tubes. Add 10X buffer and first dose of enzyme to tubes,
cap tubes and place in a 37°C. water bath incubator for at least 1 hour.

G. After incubation, add 6.6 ul of 10X Loading Buffer to each tube. Samples
are now ready to load onto an agarose gel.
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I. PURPOSE

IL

1)
2)
3)
4)
5)

6)

7
8)
9)

10) Micropipettor and tips

11) UV Camera and illuminator
- 12) Ethidium bromide Solution
13) Trays

14) Gel transfer device

M. PROCEDURE

AGAROSE GEL ELECTROPHORESIS FOR SOUTHERN TRANSFER

Agarose gel electrophoresis is a highly effective method for separating and
identifying DNA fragments by molecular size. The protocol can be divided into
three stages (1) a gel is prepared with an agarose concentration appropriate for
the size of DNA fragments to be separated; (2) the DNA samples are loaded into
the sample wells of the gel and run at a voltage for a time period that will
achieve optimal separation; and (3) the gel is stained with Ethidium Bromide
for direct visualization of DNA under UV light. DNA, being negatively
charged, migrates towards the positive end of the gel electrophoresis chamber
through the agarose gel. The pores inherent in the agarose gel act as a
molecular sieve, allowing the smaller DNA fragments to migrate faster
throughout the gel and the larger fragments migrate much slower. A

logarithmic distribution of DNA fragments by molecular size is the eventual
result.

MATERIALS AND EQUIPMENT

LE Agarose (FMC, Seakem LE)

1X Trizma-Borate-EDTA Buffer (TBE)
IBI Large gel electrophoresis chamber
Power supply with electrode leads
Microwave

Gel Boiling Bottles (Pyrex)

IBI Large gel casting tray

IBI gel casting comb

Time Tape

A. Preparation of samples:
Samples for agarose gel electrophoresis are prepared at the end of
restriction digestion when 6X stop buffer is added to the reaction
tubes and are subsequently stored in the refrigerator until needed.
Samples are then organized by gel well location and a plan is
drawn up to correspond to the samples being loaded. The plan
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must contain a lane reserved for a negative control
(untransformed plant). Optionally, size markers with discrete

fragments of known size shall span and flank the entire range of
DNA loci being tested.

Preparation of agarose gels:

1. Add 350 mls of 1X TBE Buffer to a gel boiling bottle. Repeat
process for each gel to be made.

2. Add 2.45 g. of LE Agarose to each gel boiling bottle with 1X TAE.
Loosely fit cap onto bottle.

3. Microwaving each boiling bottle separately, bring the agarose-
buffer solution to a boil to effectively incorporate the agarose into
the buffer solution. Usually 5 minutes on the HIGH setting will
suffice.

4 Remove boiling bottle from microwave with pot holders and
allow to cool to =40-50°C.

Preparation of gel casting tray:

1. Using a clean and dry gel casting tray, attach strips of time tape
along the open ends of each tray.

2. Place the gel casting comb into the casting tray slot. Place
completed casting tray on a level undisturbed surface.

Pouring of the agarose gel:

1. Once the gel solution has sufficiently cooled to 42°C., it is ready to
be poured into the gel casting tray. Pouring a gel that is too hot
can warp and damage the gel casting tray.

2. Slowly pour the agarose solution into the gel casting tray,
avoiding the generation of large bubbles. Once gel has been
poured, it must be left undisturbed for 1-2 hours to gel sufficiently.

3. After the gel has set, carefully remove gel casting comb by pulling
up on the comb slowly. Next, remove time tape from the gel
ends. The gel is now ready for transfer to the gel electrophoresis
apparatus.

Setting up the gel electrophoresis apparatus: ,

1. Level the IBI gel electrophoresis chamber and add 2500 mis of 1X
TAE buffer to the interior of the chamber. Gently "burp” the
chamber to remove trapped air pockets.

2. Place the gel tray into the gel electrophoresis chamber with the
wells at the "black” or anodal end of the chamber.

Loading samples into the gel:

1. Add samples into wells according to plan drawn up earlier.

2. The volume of sample loaded into each well is typically 40 pl.
Using a micropipettor, draw up the first sample. It is important to
fill the well with the sample. Place the pipette tip containing the
sample in the first designated well of the gel at a 60-90 degree
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3.

angle. Slowly dispense the sample into the well being careful to
contain the sample contents only to the desired well. Repeat for
each sample.

When all the samples are loaded, close the lid of the gel chamber.
Do not disturb gel chambers once samples have been loaded.

G. Running the gel electrophoresis:

1.

Attach electrode leads to gel chamber leads and the power supply.
Attach black leads to black terminals and red leads to red
terminals. Turn on power supply and set for 40 Volts overnight.

H. Terminating the gel electrophoresis:

1.

2.

Turn off the power supply and disconnect leads from respective
terminals.

Carefully remove gel casting tray containing the gel from the gel
chamber. Caution: gels are quite slippery and will slide
completely off of gel casting tray without much effort; always carry
gels level and with a hand for support on the open ends of the gel
casting tray.

Gently slide gel off of gel casting tray into a adequately sized tray
containing the used running buffer (TBE) with 0.5 pg/ml
Ethidium bromide. Allow gel to remain for 15-30 minutes in this
solution with gentle agitation.

L Viewing, photographing and cutting the gel:

1.

2.

3.

o e

After the gel has been adequately stained, direct visualization of
the DNA can be accomplished with UV illumination.

Carefully move gel from stain solution (wear gloves) onto gel
transfer device. Transport gel to UV camera area.

Carefully slide gel off of gel transfer device onto the face of the UV

" camera/illuminator. Important: Always use appropriate eye

protection when using UV camera.

Turn UV light source on.

Evaluate gel: At this point, one can evaluate individual samples
for completeness of digestion with restriction endonucleases. A
complete digestion will appear as a homogenous smear with
uniform width throughout the gel lane. Partial digestions will
appear top-heavy with most of the DNA concentrated at the
higher molecular weights with little or no DNA in the lower
nucleotide range. Samples which are digested. with an excess
amount of restriction enzyme have a good chance of complete
digestion. However, some samples will not effectively digest
completely due to impurities, etc., and must be repeated with
another restriction digestion.

J.  Certain sections of the gel will not be important in the overall analysis.
Cutting these sections out of the gel allows for ease in transferring the gel
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and less reagent usage. Determine the desired area of the gel for analysis
and cut away the top and bottom parts of the desired gel area
horizontally with a scalpel.

Photograph the gel under UV illumination.

Carefully slide the gel off the UV camera/illuminator onto the gel
transfer device. Gel is now ready for the Southern transfer process.

&R
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G.

SOUTHERN TRANSFER BY CAPILLARY BLOTTING

PURPOSE

DNA fragments that have been separated according to size by electrophoresis
through an agarose gel are depurinated, denatured and transferred through
an alkaline buffer onto a solid nylon membrane support by a technique
described by Southern (1975). The relative positions of the DNA fragments in
the agarose gel are preserved during their transfer to the nylon membrane.
Once the DNA fragments are transferred onto the nylon membrane, they are
immobilized by UV crosslinking in a Stratalinker.

MATERIALS AND EQUIPMENT

Depurination solution (O.25 N HCl)
Denaturation solution (0.5 N NaOH/0.6 M NaCl)
Neutralization buffer (10.05 M Tris pH 6.8/1M NaCl)
Distilled water

Filter paper

Paper towels

ONCOR nylon membrane

Trays '

Glass plates

Stratalinker

Tweezers

Orbital shaker

Gel transfer device

PROCEDURE

Slide gel off of gel transfer device into a tray containing 400 ml. of

Depurination solution. Place tray on orbital shaker set at ‘2. Let rotate for 10

minutes. As an internal control the bromphenol blue should be completely
ellow. ‘

)./;fter depurination, drain solution and add 500 ml of distilled water to the

tray. Briefly rinse gel and then drain water away.

Add 400 mi. of Denaturation solution into the tray, rotate for 15 minutes,

drain.

Add 400 ml. of denaturation solution into the tray, rotate for 30 minutes,

drain.

Repeat step D.

While the gel is denaturing, cut 1 sheet of 5&S GBO002 filter paper to match

the size of the gel. Wearing gloves, also cut a piece of ONCOR membrane to

match the size of the gel. '

Using another gel transfer device, place the gel onto plastic wrap.
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Wet the membrane in denaturation solution. Carefully place the membrane
in contact with the gel. Watch for bubbles. Roll a pipette across the
membrane gently to insure even contact between the gel and membrane and
remove trapped air.
Place precut piece of dry filter paper on top of the gel-membrane complex.
Cover the filter paper with a stack of paper towels 1.5 inches thick. Cover the
paper towels with a glass plate. Place a weight approximately 70 g on the glass
late. : ‘
I;&llow the transfer to proceed for at least three hours.
After the transfer is complete, crosslink the DNA to the membrane by UV
irradiation in the Stratalinker as described:
1. Place one or two sheets of absorbent paper lightly dampened with
transfer buffer on the floor of the Stratalinker UV crosslinker. Place the
membrane (to obtain the best results the membrane should still be damp
from the transfer) on top of the absorbent paper with the side with the
attached nucleic acids facing upwards, enabling direct irradiation of the
nucleic acids by the ultraviolet bulbs.
2. Close the door.
3. Press the Autocrosslink button. When the UV light bulbs turn on, the
display will immediately begin to count down from the entered value

(120,000 pjoules/ cm2, or 1200 on the LED display). If the door is opened at

any point during the exposure, the irradiation will stop and the

remaining exposure value will be displayed. (Close the door to continue

irradiation.) . ~

4 When the irradiation is complete, the beeper will sound for

approximately 3-4 seconds. The autocrosslink setting should take

approximately 25-50 seconds.

5. Remove the membrane and close the door. The irradiation is now

complete. Clean the floor of the unit after each use to remove any

residual salt.

6. Wash blot in 300 ml Neutralization buffer for 15 minutes at room

temperature.

7 Put the membrane in a plastic bag and seal. Store at room temperature

until ready to hybridize with DNA probes. (Storing in a sealed bag is not

necessary if hybridization will occur the same day as the transfer.)
Place the flattened gel in a tray with distilled water and a few drops of
Ethidium bromide for 15 minutes. (Precise measurement of Ethidium
bromide is not necessary, but concentrations above 0.5 pg/ml are not required
for quick staining and are more dangerous to dispose of.) After staining, ’
photograph gel under UV illumination. Absence of visible DNA in the gel
post-transfer represents a successful transfer of DNA from the agarose gel to
the nylon membrane. Significant amounts of residual DNA remaining in
the lanes on the post-transfer gel indicates a poor transfer and may result in
absent or faint bands appearing on the final autoradiograph.
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1SOTOPIC DNA PROBE LABELING AND SOUTHERN BLOT HYBRIDIZATION

IL

1
2)
3)
4)
5)
6)
7
8)
9)
10
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)

PURPOSE

DNA probe(s) are labeled with a radioactive marker. The nylon membrane
containing the DNA fragments is incubated with the probe in a special
hybridization solution overnight. This solution will allow maximum
sensitivity in specific binding of probe to complementary DNA sequences
incorporated in the membrane. The method for labeling the DNA probe with
radioactive markers is called "random-primed" DNA labeling, utilizing a kit
supplied by Boehringer Mannheim Biochemica. ‘

MATERIALS AND EQUIPMENT

Boehringer Mannheim random primed DNA labeling kit
[P32}-dCTP (NEN-Dupont)

Ice bath

37°C water bath

Micropipettor and tips

Ultramicropipettor and tips

Heating block

1.5 ml screw-cap microcentrifuge tubes

Table top centrifuge

5.3’ D50 select purification columns (TE version)
Hybridization oven and supplies

Hybrisol I (ONCOR)

Trays

TE (10 mM Tris-HCl, pH 8.0/1 mM EDTA)

PLUS appropriate materials for safe radioisotope handling:
Isotope monitoring supplies

Designated work area

Beta counter

Beta shield

Appropriate disposal containers

Gloves :

Eye protection

Radiation dosimeter

Laboratory coat

PROCEDURE

Notes: DNA to be labeled must be linear, isotope should only be on first havlf-
life. :
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1. Add 25 ng of DNA plasmid and distilled water to a volume of 9 ul
and place in an eppendorf tube with a tiny hole punched in the
cap. Cap the tube and denature the DNA /water mixture by
heating for 5 minutes in a boiling water bath and subsequent
cooling in an ice bath.

2. After denaturation, give tube a quick spin in a centrifuge to

- remove condensation in tube. Add 3 ul of dNTP's (prepared by
making a 1+1+1 mixture of dATP, dGTP and dTTP-from kit) to the
tube. Add 2 pl of reaction mixture(from kit) to the tube.

3.  Behind the beta shield, add 5 pl of isotope to the tube.

4. Obtain Klenow enzyme from kit in the freezer, place in ice bath
and transport to the beta shield. Add 1 ul of enzyme to the tube.

5. Incubate tube for 30 minutes at 37°C.

6. Place sample on ice, add 30 ! of TE to stop the reaction.

B. Purification

1.  Let a 5'-3' D50 select column warm to room temperature, invert
the column several times to resuspend the gel inside the column.
Remove the top cap first, then the bottom cap from the column,
allow excess buffer to drain from column.

9. Place the column in the column collection tube with cap entirely
removed. Spin the tube and column together for two minutes at
1000-1500 g. Discard tube and excess buffer. Keep column in
upright position.

3. Place the column in a fresh collection tube and carefully add the 50
pl probe mixture to the top of the gel in the column. DO NOT
apply the mixture to the sides of the column. Spin the column
and tube for 4 minutes at 1000-1500 g.

4. The fluid contained in the tube is the purified probe. Measure the
amount of counts in both the tube and the column to access level
of radioactive incorporation into the probe. Discard column into
radioactive waste container.

C Hybridization

1. Prewarm Hybrisol I and hybridization tube to 45 C.

2. Prehybridize the nylon membrane (blot) by placing in a
prewarmed hybridization tube, DNA side in with 5 mls of -
prewarmed Hybrisol I. Always use gloves when handling the
membrane to avoid fingerprints on final autoradiograph.

3. Prepare probe for hybridization: Boil the probe for 5 minutes and
quickly cool on ice. Place the denatured probe mixture in a fresh
prewarmed 5 mis of Hybrisol I, mix and place in tube with the
blot.

4. Place the entire assembly in a hybridization oven overnight at
45°C. '
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SOUTHERN BLOT WASHING & AUTORADIOGRAPHY

PURPOSE

Autoradiography is used to visualize and quantitate on X-ray film radioactive
molecules hybridized to nylon membranes. The isotope P32 emits beta
particles which activate silver bromide crystals on a film emulsion to the silver

metal form. This form is visualized during the photographic development
process.

MATERIALS AND EQUIPMENT

Wash Solution (0.1X SSC 0.1%SDS)
Orbital Shaker

Orbital Shaking Waterbath
Tweezers

Darkroom

Darkroom chemicals and supplies
Film cassette holder

Clamps

Saran wrap

-80°C. freezer

Gel transfer device

0.4 N NaOH

2X SSC/0.1% SDS.

PROCEDURE

A. Stringency washes: After overnight hybridization, the membrane is
given a series of washes at high stringency to remove nonspecific
binding of probe to membrane but allows specific probe/DNA sequence
interactions to remain intact.

B. Take hybridization tube out of hybridization oven, pour off excess

hybridization fluid in designated radioactive sink. Add approx. 250 mls

of Wash Solution to the tube. The membrane can be moved to an
alternative container at this point. Place container on an orbital shaker
set at '2'. Rotate for 15 minutes. Pour off old Wash Solution and replace
with new. Wash in this manner for a total of 3 times. ‘

Add 250 ml Wash Solution to the container containing the membrane.

Place the container in a 52°C water bath to wash for 1 hour.

on
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E. Prepare a piece of saran wrap twice the size of the membrane. Lay the
saran wrap out on a clean flat surface. Remove wrinkles.

F. When the washes are completed, remove the membrane from the bag
and place it on the saran wrap. Fold the remaining saran wrap over to
cover both sides of the membrane. Place in a film cassette holder and go
to the darkroom.

G. In the darkroom, in the dark, place a sheet of unexposed X-ray film and
an intensifying screen in the film cassette holder with the membrane in
this order: intensifying screen, film, top of blot facing film. Close film
cassette holder and sandwich between two gel transfer devices. Seal with
clamps and place in the -80°C. freezer overnight.

H. The next day, thaw out film holder and develop the X-ray film according
to darkroom chemical specifications. Dry film and analyze.

I.  When all data has been analyzed, the membrane can be stripped of the
radioactive probe for storage or for reprobing with another probe.

j.  Stripping: Place blot in a tray with approx. 400 mis of 0.4 N NaOH and
rotate in the orbital shaking waterbath at 42°C for 30 minutes.

K. Pour solution out and add approximately 400 mis of 0.1X SSC 0.1% SDS
to the tray, rotate at 65°C for 30 minutes. Repeat two more times.

L. Remove last wash solution, reseal in plastic bag and expose to film to
ensure removal of hybridized counts. If there are still counts repeat the
stripping process again and do a final Beta/Geiger counter check after
that.

M. Store the cleaned membranes in a sealed bag with 20 ml 2X S5C/0.1%
SDS.
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PROTEIN CONCENTRATION DETERMINATION OF PLANT LYSATES

I. PURPOSE
" To prepare plant protein lysates and determine their soluble protein concentrations.

IL. MATERIALS AND EQUIPMENT REQUIRED

1) Mortar and pestle
2) Liquid nitrogen
3) 1X Sample buffer: 0.05 M Tris HCl1 pH 6.8
1% SDS
5% beta mercaptoethanol(BME)
- 10% glycerol
4) Microcentrifuge tubes - 1.5 ml and 2.0 ml
5) Microcentrifuge
- 6) Heating Block
7) 5X Sample buffer: 0.25M Tris HCl pH6.8
5% SDS
25% BME
50 % glycerol
8) Pierce's Albumin Standard: 2 mg/ml bovine serum albumin (BSA) in 0.9% NaCl
and 0.05% NaN3, Product #23209
9) Deionized distilled water (ddH20)
10) 0.15%(w/v) sodium deoxycholate solution
11) 72% trichloroacetic acid (TCA) solution
12) Solubilizing solution : 5% SDS(w/v) in 0.1 N NaOH
13) Pierce's BCA Protein Assay Reagent , Product # 23225
14) - 12x 75 mm test tubes
15) Disposable polystyrene cuvettes
16) Beckman DU-64 Spectrophotometer or equivalent

[11. PROCEDURE

A.  Sample Lysate Preparation

1. Weigh out approximately 0.5 grams of each tissue to be tested.

2. Using a mortar and pestle and liquid nitrogen, grind the tissue to a fine powder.
3. Place ground tissue in a 2.0 ml microfuge tube.

4. Add 400ul of sample buffer and vortex.

The volume of sample buffer added to the ground tissue sample was calculated using
the following formula: . ~

Micrograms of tissue weighed X 0.8 = uls of sample buffer added
‘This ratio of plant tissue to sample buffer produces protein concentrations
ranging from approximately 1000 -1500ug/ml.
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5. Heat for 5 mins. at 95-100°C.
6. Centrifuge for 10-15 minutes at 13K rpm, 4°C.
7.

Remove supernant from debris pellet and place in new centrifuge tube. Discard
pellet. Divide supernants into three or four aliquots and store at -20°C.

B.  BSA Protein Standards Preparation .
1. Prepare BSA protein standards at 200-1600 ug/ml as outlined in the table below:

BSA Std. Conc. 2mg/miBSA 35X Sample Buffer dd H20

200 ug/ml 50 ul 100 ul 350 ul
400 ug/ml 100 ul 100 ul ~ 300ul
600 ug/ml 150ul 100 ul 250 ul .
800 ug/ml 200 ul 100 ul 200 ul

1000 ug/ml 250 ul 100 ul 150 ul

1200 ug/ml 300 ul 100 ul 100 ul

1400 ug/ml 350 ul 100 ul 50 ul

1600 ug/ml 400 ul 100 ul Oul

C.  TCA Precipitation of Protein
1. Pipet 100 uls of each BSA protein standard or sample lysate into a 1.5 ml
_microfuge tube. For blank use 100 uls of 1X sample buffer. Set up three tubes of
each BSA standard and blank and two tubes of each sample lysate. '

2. TCA precipitate the proteins by adding the following reagents to each tube,
in the given order:

a. 400 uls ddH20

b. 100 uls 0.15 % deoxycholate soln.

c. 100 uls 72% TCA soln.

Allow the tubes to stand at room temperature for 15 minutes.

Vortex , then centrifuge reactions for 10 minutes at 13K rpm

Pour off the supernatant from each protein pellet and add 100 uls of ddH20.
Break up pellet by vortexing or pipeting up and down with a pipetman.

6. Add 100 uls 0.15% deoxycholate soln. then 100uls 72% TCA soln. to each
tube.

Repeat steps 3 and 4.

Pour off the supernatant. Add 100 uls solubilizing soln. to each protein pellets and
vortex to resuspend. o

Al iy

o N

D.  BCA Protein Assay
1.  Pipet 50 uls of each protein ppt. soln. into a test tube.
2. Prepare BCA working reagent by mixing 50 parts of Reagent A with 1 part of
Reagent B. .
Add 1.0 ml of the BCA working reagent to each test tube and mix well.
Incubate all tubes at 37C for 30 minutes. ‘
After incubation, cool tubes to room temperature. :
Measure the absorbance at 562 nm of each tube versus water reference.

ENEURCR
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6. Subtract the absorbance of the blank from the value found for the standards or
unknowns.

7. Prepare a standard curve by plotting the net (blank corrected) absorbance at 562
nm versus BSA std.protein concentration. Using this standard curve, determine
the protein concentration for each unknown lysate sample.

Prepared by: Prepared by M. Matsumura
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I1L

RIBONUCLEASE PROTECTION ASSAY

PURPOSE

This assay is used to detect the existence of SAMase RNA in plants.
MATERIALS AND EQUIPMENT REQUIRED

RPA II™ Kit [Ambion #1410].

Anti-sense SAMase RNA probe.

Ubiquitin RNA probe.

Plant RNA.

Total RN A sample.

30% Acrylamide [Boehringer 100670]

2% Bis-acrylamide [Boehringer 100675]

10% Ammonium persulfate.

TEMED [Bio-Red #161-0800].

Urea [Stratagene #300191].

100% EtOH.

10xTBE buffer: 890 mM Tris base, 890 mM Boric Acid, 20 mM EDTA.
Heating blocks. :
Microcentrifuge [Brinkmann 5415].

Electrophoresis apparatus [Bio-Red Mini Protean ).

Micropipets capable of accurately delivering 1-20 L, 10-100 pL, 100-1000 pL.
KODAK film.

Scintillation counter [Beckman LS 6000SC.
Scintillation fluid [Beckman #158735].

PROCEDURE

A.  Hybridization of Probe and Sample RNA:

1. For each 1.7 ml tube, mix 2x104 cpm probe with sample RNA (25
ug-50 ug). , ‘ :

2. Set up 2 yeast RNA control tubes for the probe to be used by
mixing 2 ul yeast RNA with the same amount of probe used above.

3. Set up a standard control tube by mixing 100 pg SAMase RNA
with probe.

4. Adjust the concentration of NH40OAc to 0.5 M and add 2.5
volumes of EtOH to precipitate samples in -20°C freezer for 30

. minutes.

5. Spin tubes in microcentrifuge for 15 minutes at 4°C. Remove

Prepared by: X.C. Good Revised: 3/13/95
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6.

7.

supernatant from each tube.

Resuspend each pellet in 20 ul Hybridization Solution A. Heat all
tubes at 90°C for 3-4 minutes.

Incubate tubes in 42°-45°C heating block overnight.

B. RNase Digestion of Hybridized RNAs:

1.
2.
3.
4.

5.

Prepare RNase buffer by 1:100 dilution of solution R with solution
Bx. ‘

Add 200 pl of RNase buffer to all tubes, except one yeast RNA
control tube is added with 200 pl of solution Bx.

Incubate at 37°C for 30 minutes.

Add 300 pl solution Dx to each tube, mix well. Precipitate RNA in
-20°C freezer for 1 hour. - :

Spin all tubes for 15 minutes at 4°C. Remove all supernatant from

each tube. Dissolve pellet in 8 pl loading buffer and heat tubes
for 3 minutes at 90°+5°C.

C. Preparation of 5% Polyacrylamide/8 M Urea Gel:

1.

Add followings into a 50 ml tube:

3.6 g of Urea

0.75 ml of 10x TBE

1.23 ml of 30% Acrylamide

0.25 ml of 2% Bis-acrylamide

1.67 mi of water.

Heat in 37°C water bath until all dissolved

Add 60 pl of 10% APS, 8 ul of TEMED, mix well. Pour a 0.75

mm gel in a Bio-Rad vertical electrophresis apparatus. Allow it sit
at room temperature for 30 minutes to polymerized.

D.  Separation and Detection of Protected Fragments:

1.

Load reactions into gel, run gel with 1x TBE buffer at 200 volts

~ until all the dyes just come off the bottom of the gel.

2.
3.
4.
E. Calcul
1.

2.

Transfer gel to a blot paper, cover by Saran Wrap, dry it in Bio-
Rad gel drier for 2 hours.

Change the Saran Wrap, then expose gel to KODAK film for 2
hours and 16 hours.

Develop film.

ations:

Locate SAMase band in the gel, cut out the band and transfer to a
vial.

Add 5 ml scintilation fluid, count in Beckman scintillation
counter. :

Prepared by: X.C. Good
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ETHYLENE ANALYSIS

L PURPOSE

To measure plant ethylene production level by gas chromatograph.

II. MATERIALS AND EQUIPMENT REQUIRED

1)
2)
3)
4)
5)
6)
7)
8)
9)

Gas chromatograph FID [HP 5890 series II].

Mason jars with lids.

Rubber stoppers.

Air tight 2 ml syringe: Pressure-lok® [Dynatech #050033].
Side-port needles [Alltech #943052].

10.8 ppm ethylene in nitrogen [Aldrich #32,128-1].

125 ml gas Sampling buibs [Alltech #6940].

- 390 ml vacuum bottles [Alltech #8090].

20 mi Vacutainer [Becton Dickinson #6433]

[II. PROCEDURE

on

Turn on the computer in the equipment room near scintillation counter,
open Windows 3.1 and doublle-click the GC-FID icon to run FID software
per FID manual instructions.

Turn on control valves of air and hydrogen gas tank. Press the ignition
button to start the FID.

Prepare settings on chromatograph (see manufacturer’s instructions).
Prepare ethylene standards :

1. Flush sampling bulbs and vacuum bottles with air. Close all of
openings.
2. Prepare standards as follows:

_Dilute 2 mi of 10.8 ppm ethylene into a 390 mi bottle to reach final
concentration of 0.0553 ppm.

-Dilute 4 ml of 10.8 ppm ethylene into a 390ml bottle to reach final
concentration of 0.1108 ppm.

-Dilute 4 ml of 10.8 ppm ethylene into a 125 ml sampling bulb to
reach final concentration of 0.3456 ppm.

-Dilute 2 ml of 10.8 ppm ethylene into a 20 ml Vacutainer tube to
reach final concentration of 1.08 ppm.

Prepared by: X.C. Good Revised: 3/13/95
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-Dilute 4 ml of 10.8 ppm ethylene into a 20 ml Vacutainer tube to
reach final concentration of 2.16 ppm.

-Flush a 125 ml sampling bulb with 10.8 ppm ethylene.

E. Program the analysis methods as follows:
1. Injector information :
Manual injection, dual injectors.
2. Zone temperature:
Set both injector temperatures at 200°C, both detectors at 250 *C.
3. Oven parameters:

Set oven equilibration time for 0.5 minutes, oven maximum
temperature at 190 °C; oven initial and final temperature at 60°C,
and initial time for 2.2 minutes.

4. Signal information:
Set detector A and B as the sources for signal 1 and 2, respectively.
Set both peak width for 0.020 minute, data rate as 20 Hz. Start
saving data at 0 minute and stop at 2.2 minutes.

5. Valves/relays information

Set initial setpoints for valve 1 and 2 off, valve 3 and 4 on.
6. Detector information:

Set both FIDs on.

7. Signal plot information:
Set attenuation at -1, offset 10%; set time as 1 minute.

8. Integration events:
Set initial area reject value as 1, initial peak width as 0.04, shoulder
detection off, and initial threshold as -3. Set integrator off at2.2
minutes.

9. Report specification:

‘ Reports are based on area of peaks. Use external standard for
calculations. Send report to screen.

10.  Calibration settings:
Set both reference and non-reference window for 0.5 minute. Units
of amount is nl/ml and multiplier is 1.

11.  Multilevel information: '
Choose linear curve fit and ignore the origin in the calculation.

F. Set up standard curves.for both detectors:

Inject 2 ml of a standard into each GC-FID injector and start analysis

program. Set retention time at 1.9 minutes which is the time ethylene

peak starts. Enter the amount of the ethylene standard at the end of each

run. Repeat twice with same standard to ensure accuracy. Plot the curve

and check the r2 value. The r2 value should be .98 or better.

G.  Ethylene analysis:

1. Place sample in jar, close lid and tighten the rubber stopper. Let
sit at room temperature for 30-60 minutes or until ethylene amount
falls within a detectable range. Record the close time.

2. Use air tight syringe to withdraw a 2 ml gas sample from Mason jar

Prepared by: X.C. Good Revised: 3/13/95
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through the rubber stopper.
3. Inject sample into GC-FID and start the analysis program.
4. Record the sampling time and the amount of ethylene from the

computer screen.
Repeat steps 1 through 4 for all samples.
Clean columns at the end of each day by setting theoven
temperature just below the maximum temperature, approximately
175°C. Finish the cleaning when the signal is parallel with baseline
and no peak is present.
H.  Data analysis:
Record the sample name and weight in an Excel spread sheet. Enter the
close time and the measure time, as well as the amount of ethylene into
Excel. Also record the volume of the mason jar. Calculate the nanoliters of

ethylene produced per hour per gram of tissue, minus the weight of the
tomato.

o

Prepared by: X.C. Good Revised: 3/13/95
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PREPARATION OF SINGLE STRANDED RNA PROBE

L PURPOSE

To prepare high specific activity single-stranded RNA probes used in ribo-
nuclease protection assay.

[I. BACKGROUND

In vitro transcription reaction and radioactive nucleotides are used to generate
RNA probe.

II. MATERIALS AND EQUIPMENT REQUIRED

1) pGEM® Express System IT [Promega P2490].
2)  Heating block.

3) CsClbanded DNA template pGEM-7Z{(+)SAM-K. pAG #924.

4) Temed [Bio-Rad #161-0800].

5) RQ1 RNase-free DNase [Promega #M6101).

6) a-32P UTP [NEN #NEG-007H].

7)  Micropipets capable of accurately delivering 1-20 l, 10-100 pl, 100-1000 pl.
8)  Beckman Scintillation counter. ,

9) Scintillation fluid [Beckman #158735].

10) RNAse-free G-50 spin column (STE SELECT D(RF) G-50 spin column,
' 5 Prime 3 Prime))

[V. PROCEDURES

A.  Preparation of DNA template: _
1. Digest pGEM-7Z{(+)SAM-K with Ncol, then extract DNA with
phenol/chloroform once, chloroform/isomy! alcohol once.
2. Adjust NaOAc concentration to 0.3 M, add 2.5 volumns of EtOH
to precipitate DNA at -20°C.
3. Spin for 10 minutes. Wash with 75% ethanol, dry the pellet and
dissolve in TE to a final concentration at 1 ug/pl.
B. In vitro transcription reaction: [Promega kit P-2490 or equivalent]
1. Add following components into 1.7 ml tube:
4 pl of 5x transcription buffer

Prepared by: X.C. Good Revised: 3/13/95
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2 ul of 100 mM DTT
0.5 pl of RNasin ribonuclease inhibitor (40u/pub)
4 ul of ATP, GTP, and CTP (2.5 mM each)
2.4 ul of 100 uyM UTP
1 pl of linearized template DNA (1 ug/ul)
5l of [a-32P]UTP |
1 ul of T7 RNA polymerase (15 u/pl)

2. Incubate for 60 minutes at 37-400C.
C.  Removal of DNA template:

Add RQ1 RNase-free DNase to a concentration of 1lu/pg of template
DNA. Incubate at 37°C for 15 minutes.

D.  Purification of RNA probe:

1. Invert G-50 spin column several times to fully resuspend the
gel. Remove the top closure first, then the bottom closure and
allow the buffer to drain from the column.

2. Place the column in one of the collection tubes provided with
the column and centrifuge at 1100*g for two minutes with a
swinging bucket or horizontal rotor. '

3. Discard the collection tube and collected buffer.

4. Place the column in a second collection tube, apply reaction
directly to the center of the gel bed, and centrifuge at
1100*g for four minutes.

5. The RNA probe will be recovered in the collection tube. Remove
one pl of probe and place in a scintillation vial. Add fiveml
of scintillation cocktail and determine the radioactivity by
scintillation counter, per mfgr. instructions.

6. Store the probe at -200C.

Prepared by: X.C. Good Revised: 3/13/95
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AGRITOPE, INC.
8505 SW CREEKSIDE PL.
BEAVERTON, OREGON 97008

(503) 641-6115
(503) 643-2781 FAX

General:

USDA Notification Number: 94-143-09-N

Cooperator Name: ‘George Clough Ph.D.
Field Trial Location (State, County): Oregon, Umatilla

Type of Trial : Efficacy/Seed production
Agritope Field Representative: Matthew Kramer

Seed Storage Information:

Date seed received: April 28,1994
Seed received by (give name): G. Clough
Seed lot number: see entry list
Amount received: 150 seed
Amount remaining after planting: 0
Disposition of seed remaining: n/a

Give location of the secure locked seed storage facility:

Horticultural lab, Hermiston Agricultural Research & extension Center, Oregon State

University, Hermiston OR

Planting_Information:

Date planted:
Greenhouse: April 28, 1994
Field: June 2, 1994
Number of transgenic seeds planted:

Number of non-transgenic seeds planted:

Date of seedling emergence:
Estimated percent of germination:
‘Width in feet of tomato-free buffer:

150

25

n/a (greenhouse)
85%

5,280 feet
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Containment Information:

containimet i ==

Did any seeds or other plant material inadvertently escape
from the trial site?

NO

If yes, explain:

1.

During flowering--Give date(s) that field equipment was examined
before leaving the trial site with all flowers removed from the
machinery:

No equipment entered field

During harvest (if applicable)--Give date(s) that field équipment was
examined before leaving the trial site with all plant material, fruit and
seeds removed from the machinery.

No equipment entered field

Plant Observations:

1.

Date of first observed open flower:

June 2, 1994

Presence of crown gall disease symptoms on any of the transgenic or
non-transgenic tomato plants? If yes, explain:

NONE

Any of the transgenic tomato plants have abnormal
appearance? If yes, explain:

NONE

Herbicide Treatments:

1.
a.

What herbicides were applied as your standard regime?
Pre-plant incorporated, please describe:

Vapam @ 60 gal./acre, roto tilled April 5, 1994
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b. Pre-emergence, please describe:
None

c. Post-directed, please describe:
None

2. Any additional treatments, please list:

None

1. Date harvested (if applicable): October 17, 1994

2. Date trial destroyed. Describe how trial was destroyed:
October 22, 1994, flail-chopped plants, disced field 2X

Site Monitoring:

1. What crop was planted after the field trial was destroyed?
Wheat, Barley

2. Were there any volunteer tomato plants after trial was destroyed? If
yes, explain and state when and how they were destroyed:

NO
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Date Plant Stage Activities/Comments

4/5/94 pre-plant furmigated w/ Vapam @ 60gal/acre

4/9/94 pre-plant broadcast fertilizer

4/17/94 EE—plant sub-soil roto-tilled

4/28/94 Seed ship to HAREC, plant to greenhouse

5/15/94 pre-plant Toto-tilled, lay drip tape, apply muich

6/2/94 §_eefdling transplant to field -

8/15/94 Fruit set estimate maturity for seed harvest, evaluate ripening
phenotype.

10/17/94 Mature fruit harvest each genotype for seed production.

10722194 Post harvest destroy trial

10/23/95 Seed final seed shipped to Agritope, Inc.

4/12/95 Monitoring visit walk field to detect presence of volunteer tomato plants-
none detected

571595 | [Momtoring visit ] [walk tield to detect presence ot volunteer tomato plants-

" |none detected

[6/5/95 | [Monitoring visit __|{walk Tield to detect presence of volunteer tomato plants-
none detected

[8/9/95 | [Monitoring visit ] [walk field to detect presence of volunteer tomato plants-

none detected

Other Observations:
None

Conclusions:

This trial was completed with no observed symptoms of Agrobacterium infection or loss of
he trial were met in that the various ripening phenotypes of the

containment. The objectives of t
different transgenic lines were ev
Monitoring of the site was compl

aluated and seed was produced from the selected materials.
eted during the spring and summer of the following growing

season with no volunteer plants detected.




APPENDIX 9

Chromatographs of Tomatine Measurements in Large Red Cherry Control and
Transgenic pAG 5420 Transformants
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FIELD TRIAL ENTRY LIST

HERMISTON AGRICULTURAL RESEARCH AND EXPERIMENT CENTER
SUMMER, 1994

GENOTYPE:

TORC 5420 35-1
TORC 5420 22-1
TORC 5420 40A-1 :
LARGE RED CHERRY CONTROL
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IV.

PREPARATION OF SAMase RNA

PURPOSE

To produce SAMase RNA used as standard in Ribonuclease Protection Assay.

BACKGROUND

pGEM® Express System II [Promega P2490] is used to synthesize SAMase RNA
by In vitro transcription reaction. '

MATERIALS AND EQUIPMENT REQUIRED

pGEM® Express System I (Promega P2490].

Heating block.

CsCl banded DNA template pGEM-5Zf(+)SAMK (pAG 923).

RO1 RNase-free DNase [Promega #M6101].

Micropipets capable of accurately delivering 1-20 uL, 10-100 pL, 100-1000 pL.
Phenol:chloroform [Amresco #0883]

7.5 M NH4OAc.

3 MNaOAc.

100% EtOH.

Chloroform:Isoamyl alcohol {Amresco #X205].
Beckman spectophotometer.

PROCEDURES

A.  Preparation of DNA template:

1. Digest pGEM-5Z£(+)SAM K (pAG 923) with Asp1718, then extract
. DNA with phenol/chloroform once, chloroform/ isomyl alcohol
once.
2. Adjust NaOAc concentration to 0.3 M, add 2.5 volumns of EtOH
to precipitate DNA at -20°C.

3. Spin for 10 minutes, dry the pellet, dissolve in TE to a final
concentration at 1 pg/pl. :

B. In vitro transcription reaction:
1. Add following components into 1.7 mi tube:
40 pl of 5x transcription buffer
20 pl of 100 mM DTT

5 ul of RNasin ribonuclease inhibitor (40pL/ul)

Prepared by: X.C. Good - Revised: 3/1395
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40 W of ATP, GTP, UTP and CTP (2.5 mM each)
4 ul of linearized template DNA (1 pg/ul)
4 ul of T7RNA polymerase (15 pu/pul)
87 ul of H20
2. Incubate for 2 hours at 37-40 degree.
Removal of DNA template:
Add RQ1 RNase-free DNase to a concentration of 1u/pg of template
DNA. Incubate at 37°C for 15 minutes. .
Purification of RNA:
1. Extract RNA with phenol:chloroform once, then with chloroform/
isoamyl alcohol once.
3. Add 0.5 volumn of 7.5 M NH40Ac and 2.5 volumn of 100%
EtOH to precipitate RNA at -20°C.
4. Spin for 15 minutes, dry pellet, dissolve in H20.
Determine RNA concentration:

Make 1:100 dilution of RN A, and determine the concentration on the UV
spectophotometer.

Prepared by: X.C.

Good Revised: 3/13/95
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TOTAL RNA PREPARATION (TOMATO)

L PURPOSE

A modified RNA miniprep is used to extract total RNA from tomato plant
tissues. this procedure may be applicable to other plant species.

IL MATERIALS AND EQUIPMENT REQUIRED

1) Plant leaf tissue, or fruit tissue.
7)  Saturated Phenol, Biotechnology grade.[Amresco #0945].
- 3) Extraction Buffer: 100 mM LiCl, 100 mM Tris pH 8.0, 10 mM EDTA pH 8.0,
1% SDS.
4) Liquid Nitrogen.
5) Chloroform [Aldrich #31,998-8].
6) 4 M LiCL
7) 30 M NaOAc (pH 5.2).
8) 100% absolute ethanol.
9) Phase Lock Gel™ I Heavy [5'->3" #1183182].
10) Mortar and pestle.
11) Heating block set at 80°C.
12)  Microcentrifuge Tomy MC-150 or Eppendorf 5510.
13) Micropipets capable of accurately delivering 1-20 uL, 10-100 L, 100-1000 puL.
14)  Beckman Spectrophotometer.

[l PROCEDURE

'S

Mix 1:1 phenol and extraction buffer, heat in the 80°C heating block.
Pour liquid nitrogen into mortar, grind about 1 g plant tissue with liquid
nitrogen until it becomes a powder. Transfer the powder intoa 1.7 ml
microfuge tube.

Vortex 1:1 mixture of phenol and extraction buffer and add 500 uL to the
microfuge tube. Vortex 1 minute until all tissue is thawed.

Add 250 pL chloroform, vortex 30 seconds. ‘

Transfer contents into a phase lock gel tube, spin 5 minutes in a
micro-centrifuge at 4°C.

Transfer the top aqueous phase into a 1.7 ml tube. Add an equal

volurme of 4M LiCl and vortex. Precipitate at least 2 hours at -20°C.

G.  Spin 10 minutes ina microcentrifuge, remove all of the supernatant, air
dry the pellet, dissolve in 50 uL. H20. '

mg 0

m

Prepared by: X.C. Good ' ‘ Revised: 3/13/95
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H. Determine concentration of RNA sample by Beckman
Spectrophotometer, according to SOP ARD-0002.

L RNA preparations are stored precipitated at -20°C. Add 1/10 volume
3.0M NaOAc then 2.5 volumes 100% ethanol. Vortex and place in -20°C
freezer for storage.

Prepared by: X.C. Good ' Revised: 3/13/95
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DOUBLE STRANDED DNA SEQUENCING

PURPOSE
To elucidate DNA sequence information.

MATERIALS AND EQUIPMENT REQUIRED

Double stranded plasmid DNA as template.
Single stranded oligomer (10-30 bp), 0.5 pm/ul as a primer.
USB Sequenase® Version 2.0 DNA Sequencing Kit consisting of:
5X Sequenase Reaction Buffer
Control DNA M13mp1i8
Primer (-40), 17-mer
0.1 M, DTT
5X labeling Mix (dGTP)
5X labeling Mix (dITP)
ddGTP Termination mix (dGTP)
ddATP Termination mix (dGTP)
ddTTP Termination mix (dGTP)
ddCTP Termination mix (dGTP)
Sequence Extending Mix (dGTP)
ddGTP Termination mix (dITP)
ddATP Termination mix (dITP)
ddTTP Termination mix (dITP)
ddCTP Termination mix (dITP)
Sequence Extending Mix (dITP)
Sequenase® Version 2.0 T7 DNA polymerase, 13 U/pl
Pyrophosphatase, 4 U/ul
Enzyme dilution buffer
Mn Buffer (dGTP)
Glycerol dilution buffer
Stop Solution
Protocol booklet
[355]dATP, 1000-1500 Ci/mmol.
75% Ethanol.
100% Ethanol.
70% Ethanol.
Distilled, deionized H;O.
7.5 M Ammonium Acetate (AmOAc).
3 M Sodium Hydroxide (NaOH).
10X TBE.
Long Ranger® (AT Biochem).
10% Ammonium Persulfate (APS), made on the day of use.
TEMED.
Neutral pH detergent (Beckman).
Sodium bicarbonate (NaHCO3).

Prepared by: J.A. Kellogg
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17) Urea
18) Siliconizing agent (Gel Slick, AT Biochem, or equiv.)
19) Constant temperature bath or heating block for 37°C, 65 ‘C and 75°C.
20) 3000 volt power supply.
21)  Microfuge.
22)  BRL model SA sequencing apparatus or equivalent and accessories:
Pair of glass plates
0.4 mun spacers :
0.4 shark’s tooth comb, 24 or 48 well
Porous bottom spacer (AT Biochem)
1” binder clamps
Gel temperature sensing strip
23) Large format autoradiography film and film holder.
24)  Filter paper (Schleicher & Schuell GB002 or equiv.)
25)  BioRad® model 583 gel dryer or equivalent.
m. PROCEDURE
A. Denaturing double stranded DNA
1. These volumes can be proportionately increased for multiple reactions:
DNA x (x contains 3-5 pg double stranded DNA /reaction)
H20 9-x
3MNaOH 1

10
2 Incubate for 5 minutes at room temperature.
3 Add 2.7 w1 7.5 M AmmOAc + 50.8 ul EtOH.
4. Incubate on ice for 10 minutes.
5. Microfuge 15 minutes, decant.
6. Wash with 75% EtOH, dry.
7. Resuspend template DNA in 7 pl di H20.
A

B. nnealing of primer to template DNA
1. Combine: .
Primer 1
Seq. buffer 2ul
Template DNA 7 ul
10 pl Total

2. Heat to 65°C for 2 min.

3. Allow to cool to 35°C slowly (20-30 minutes)
C Labeling of template DNA

1. Choose a dilution to use based on desired results:
Normal will be able to read ~ 50 bp from primer
Intermediate will be able to read ~ 25 bp from primer
Close will be able to read ~ 5 bp from primer
2. Dilute as described below for normal, intermediate or close:

a. Dilute labeling mix (dGTP) 1:5 (1 pl + 4 ul H20) - normal.
b. Dilute labeling mix (dGTP) 1:7 (1 ul + 6 ul H20) - intermediate.
c Dilute labeling mix (dGTP) 1:10 ((1 ul + 10 ul H20) - close.

Prepared by: J.A. Kellogg Revision Date: 3/13/95
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3. Dilute Sequenase® Version 2.0 1 ul + 7 pl cold enzyme dilution buffer.
Use within 60 minutes of diluting the enzyme.

4. Combine:
Template-Primer 10 wl
Diluted labeling mix 2
0.1 M DTT : 1 w
355-dATP - 0.5ul
Diluted Sequenase® Version 2.0 2 ul
15.5 ul Total
5. Mix thoroughly, spin briefly in a microfuge to force all solution to the

bottom of the tube. Total incubation time 3-4 minutes at room

temperature. (Labeling temperature may be modified according to the
USB protocol booklet.) :

D. Termination of sequence reaction

1. Put 2.5 pl of each ddANTP (ddGTP, ddATP, ddCTP, ddTTP termination
mixes for dGTP) into a separate tube; one set for each sequencing

reaction. _

2. Pre-warm to 37°C. (Termination temperature may be modified
according to the USB protocol booklet.)

3. When labeling reaction is complete transfer 3.5 ul of the labeling
reaction to each ddNTP tube. Mix thoroughly by pipeting up and down
3-5 times.

4. Return to 37°C, incubate for > 5 minutes. (Termination temperature

may be modified according to the USB protocol booklet.)
5. Add 4 pl of stop solution to each reaction.
6. Mix and place on ice to cool; store at -20°C.
E. Sequencing gel
1. Prepare gel
a. Clean plates prior to pouring the gel. Detergent, dust,
fingerprints, grease, etc. if present on the plates can interfere
with pouring a sequencing gel. Be sure one of the plates is
water-repellent with a siliconizing agent. If not, follow the
directions from a siliconizing agent to make one and only one of
the plates water repellent.
b. Use a neutral pH detergent to clean. If an abrasive is needed try
sodium bicarbonate.

C Rinse many times with deionized water.
d. Use 70% ethanol to rinse the plates. Dry thoroughly with a
paper towel.
e. Assemble the glass plates with side and bottom spacers in place.
Clamp with 1” binder clamps. '
f. Make a gel solution.
1. Combine the following with di H,O to < 60 ml:
Urea 252g
10X TBE 7.2ml
Long Ranger 6 ml

Prepared by: J.A. Kellogg v Revision Date: 3/13/95
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F. Run gel

1.

2.
3.

9.

2. Mix until urea is dissolved. Placing in 37°C bath for a
brief period speeds up the dissolution of urea.
3. Add distilled. H,O to 60 ml.

g Use a disposable 0.2 or 0.45 p filter unit, attach to vacuum.
Transfer the gel solution to the filter unit. Filter and de-gas 5-10
minutes.

h. Remove the plunger from disposable 60 cc syringe. Wrap small
piece of parafilm around tip of syringe. Pour gel solution into
the barrel of the syringe.

i. Add 300 pl 10% APS & 20 ul TEMED to the gel solution. Replace
plunger at barrel opening. Mix gently to avoid introducing air
bubbles.

j. Remove parafilm from tip of syringe. Using slow, even pressure
on plunger, expel gel solution through tip of syringe into the
assembled gel apparatus. Watch for bubbles! Pounding on the
glass plate with a pipetman to prevent bubble formation is an
accepted practice. Note: If bubbles develop in the gel that would
interfere with running the gel, the gel must be discarded and a
new gel made.

k. Place shark’s tooth comb between the two glass plates with the
straight edge facing the bottom of the gel. Clamp the comb in
place with 1” binder clamps.

1 Allow the gel to set for up to 24 hours.

Remove binder clamps from gel apparatus, then place the gel apparatus
in the sequencing apparatus.

Pre-run gel with 0.8X TBE at 80 W until gel temperature reaches 50°C.
Heat the samples at 75-80°C for 2 minutes, then place on ice. Load

3 ul of each reaction per lane, making note of the order in which they
were loaded.

Run the gel at 80 W for 3-4 hours (for a long read). Replace the buffer
in the upper chamber with fresh 0.8X TBE.

Another 3 pul per lane of each reaction are loaded in new lanes, making
note of the order loaded. |

Run the gel at 80 W for another 2 hours (for a short read).

(The long read total run is 5-6 hours.)

Turn off the power supply, drain the upper chamber. Remove the gel
apparatus from the sequencing apparatus. Separate the glass plates.
Gel should remain on one plate. Lay a sheet of filter paper on top of
the gel and lift the gel off the glass. The top 16 cm should be discarded
(it contains no useful sequence data and will not it in our gel dryer).
Lay the gel, filter side down, on the base support of the gel dryer. Cover
the gel with saran wrap. Lay the plastic gel dryer sheet on top of the gel.
Fold the rubber sheet over the whole assembly. Attach vacuum and
turn on the dryer to 80°C for 2 hours. ' ‘
Expose the gel to film.

Prepared by: ].A. Kellogg
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G. Develop the autorad
1. Follow the directions for the film used.
2. Exposures vary from overnight to several days depending upon the
amount and ratio of template and primer DNA and upon the age of

the isotope used.

Revision Date: 3/13/95
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WESTERN BLOTTING PROCEDURE

I. PURPOSE

The transfer of proteins from SDS-PAGE gels to a solid support for immunological detection
of immobilized proteins

II. MATERIALS AND EQUIPMENT

1) 5X Protein Loading Buffer:
325mM Tris HCl, pH 6.8
50% glycerol
5% SDS
.005% bromophenol blue

Add 50 pl B-mercaptoethanol to 950 pl of sample buffer prior to use.
2) BioRad Mini-PROTEAN II Cell or equivalent gel electrophoresis apparatus and
accessories: Mini-gel glass plates
1.5 mm spacers
1.5 mm teflon combs
gel clamp assemblies
casting stand
inner cooling core
electrophoresis tank and lid
3) 125 mi vacuum flask
4) 30% liquid acrylamide (Boehringer Mannheim Biochemicals , cat.# 100670)
5) 2% liquid bis-acrylamide (Boehringer Mannheim Biochemicals, cat. #100675)
6) 4X Tris C1/SDS, pH 6.8 Stacking buffer: 0.5 M Tris. Cl, 0.4 % SDS, pH 6.8
7) 4X Tris C1/SDS, pH 8.8 Separating buffer: 1.5M Tris. Cl, 0.4% SDS, pH 8.8
8) Deionized distilled water (ddH;O)
9) 10% (w/v)Ammonium persulfate (APS)
10) TEMED
11) Isobutanol, H,O-saturated

11) Purified SAMase protein from pMalcRI.SAM fusion protein
12) Amersham Rainbow Protein Molecular Weight Markers or equivalent
13) Electrophoresis buffer: 25 mM Tris, 192 mM glycine, 0.1% SDS
~ 14) BioRad Mini Trans-Blot Electrophoretic Transfer Cell or equivalent transblot apparatus
and accessories: gel holder cassettes
fiber pads
Bio-Ice cooling unit
electrode module
transblot tank and lid
15) Blotting paper (Schleicher and Schuell GB003 GelBlot paper or equivalent)
16) Millipore Immobilon-P membrane or equivalent PVDF membrane
17) 100% Methanol :
18) Transblot buffer: 25 mM Tris, 192mM glycine, 15% methanol pH ~ 8.3
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19) 10X Phosphate Buffered Saline (10X PBS): NaHoPO4. H,O 203g

Na2HPO4 1149 g
NaCl 85¢g
ddH,0 to 1 liter

The pH of the 10X solution is 6.7 to 6.9. The pH of the 1X working solution should
be 7.3 to 7.5 ( if not, adjust the 1X)

20) PBS: 1:10 dilution of 10X PBS in ddH,0

21) PBS.Tween 20 solution: PBS with 0.05% (v/v)Tween 20

22) Blocking Solution: 5%(w /v)Non-Fat Powder Milk in PBS.Tween20

23) Wash Solution: 3.5% (w /v) Non-Fat Powder Milk in PBS.Tween 20

24) SAMase mouse monoclonal antibody - Epitope SAM10-9A3.1.3 Mab

25) Kirkegaard and Perry Laboratory peroxidase labeled goat antimouse IgG+IgM(H+L)

antibody, 1 mg/ml |

26) DuPont NEN Renaissance Western Blot Chemiluminescence reagent: enhanced
luminol reagent and oxidizing reagent

27) Kodak XAR X-ray film

II1. PROCEDURE

A. Preparation of Two 16% SDS-PAGE Minigels, 1.5 mm thick

1. Assemble the minigel plates according to the manufacturer's instructions,
using 1.5 mm spacers.

2. Prepare separating gel solution by combining the four reagents below in a vacuum
flask: '

10.38 ml 30% acrylamide
4.32ml 2% bis-acrylamide
5.0 ml 4X Tris/SDS(pH8.8)
0.3 ml ddH,O _
. Degas separating gel solution for 10-15 minutes.
Add 40 pl 10% APS and 20 ul TEMED, swirl to mix.
. Using a Pasteur pipet, pour separating gel solution into the gap between the glass
plates until the height of the gel solution is approximately 6.0 cm.
6. Carefully overlay gel solution with H,O saturated isobutanol.
7. Let gels polymerize at room temperature for 45-60 minutes.
8. Pour off the isobutanol overlay and rinse the tops of the gels with ddH,0. Drain off
25 much of the H,0 as possible. Before pouring stacker, remove any remaining
H,O with the edge of a piece of blotting paper.

9. Prepare 4.5% stacking gel solution by combining the four reagents below in a
vacuum flask:

1.1 mi 30% acrylamide
45 ml 25 bis-acrylamide
1.88 ml 4X Tris/SDS (pH 6.8)
4.07 ml ddH,O '
10. Degas stacking gel solution for 10-15 minutes.

11. Add 75 ul 10% APS and 9 ul TEMED, swirl to mix.

Prepared bv: Judit Monis Revised: 11/13/95
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12. Pour stacking gel solution onto separating gel.
13. Insert 1.5 mm comb into stacking gel solution. If necessary, add more stacking gel

solution to fill in spaces in the comb. Be careful not to trap any air bubbles in between
the teeth of the comb.

14. Let gel polymerize at room temperature for 30-45 minutes.

B. Gel Electrophoresis of Protein Samples

1.

Now

Remove the combs from the gels. Using a squirt bottle,

wash the wells out with ddH,0
to remove any unpolymerized acrylamide.

2. Assembly gels in electrophoresis apparatus according to manufacturer's instructions.
3.
4. Prepare molecular weight markers and SAMase standards for loading on the gel.

Fill upper and lower buffer reservoirs with cold electrophoresis buffer.

Combine markers or standards with a 1/4 volume of 5X protein sample buffer.
Use 7 ul markers + 1.75 ul sample buffer for 15 well gels and 10 pl markers +

2.5 ul sample buffer for 10 well gels. Heat for 1 minute at 95-100 C°.

For SAMase, prepare with the 1/4 volume sample buffer but heat for 2-3 minutes
at 95-100 C°. '

If frozen , thaw plant lysates to room temperature.

Load lysate samples, standards, and markers on gel.

If necessary, add more cold electrophoresis buffer to the electrophoresis tank until
it is at least 1/2 full.

Electrophorese gels at 150 volts for approximately two hours or until the magenta
143 kilodalton molecular marker is one cm. from the bottom of the gel.

C. Transblotting Proteins to a Membrane

1.
2.

oo

Remove gels from glass plates and soak in transblot buffer for 15 minutes.

Cut Immobilon-P membranes and blotting paper to the same size of the gels

(approximately 5.5 X 8.5 cm.). Note: always use forceps or wear gloves when

handling membranes.

Prepare membranes by soaking in 100% methanol for one minute, washing with

ddH,0 for 2-3 minutes, and finally soaking in transblot buffer for 5 minutes.

Prewet fiber pads and blotting paper in transblot buffer.

Assemble gels in transblot "sandwich” as follows:

a. Open up gel cassette holder and lay flat on the benchtop. On the black half of the
holder (cathode (-) side), begin stacking the following components on top of each
other in the following order: (bottom to top) '

cathode(-) side of gel cassette (black)

fiber pad :

blotting paper

gel

membrane

blotting paper

fiber pad

' 8. anode (+) side of gel cassette(clear)

b. When placing gel onto the blotting paper, wet gel with more buffer and smooth

out gel removing any air bubbles between paper and gel.

N U
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c. Place membrane directly onto the gel. Using a pipet as a rolling pin , remove
any air bubbles between gel and membrane.
6. Place gel cassette between the clectrode module of transblot apparatus with the black
side of the cassette facing the cathode(black) and the clear side of the holder facing
the anode (red).

7 Add a one inch stir bar and cooling unit to transblot tank and fill to the top with cold
transblot buffer.

8. Place the transblot apparatus in the walk-in cold room (4 C°). Electrophorese at 100
volts for 2 hours, stirring the buffer during therun..

9. Take apart transblot sandwich and remove membrane. Rinse with PBS to remove
any gel stuck to the membrane.

10. Let membrane air dry for 30-60 minutes. Store in a cool dry place.

D. Immunological Detection of Target Protein
Note: All incubations and washes are performed at room temperature Onan orbital
shaker. v
1. Rewet membranes for 1 minute in 100% methanol then wash with ddH,O for
2.3 minutes and finally soak in transblot buffer for 5 minutes.
Block open sites by incubating in blocking solution for one hour .
Rinse blots with washing solution twice.

Dilute the SAMase Mab (SAM10-9A3.1.3) to 1 ug/ml in washing solution
Incubate blots with SAMase Mab for 2 hours.
Wash blots five times: 1X 10 minutes, 4X 5 minutes in washing solution
Dilute the peroxidase labelled conjugate (Goat anti-mouse IgG+IgM(H+L) Ab)
1 to 10,000 in washing solution.
Incubate blots with conjugate for 2 hours .
Wash blot five times: 1X 10 minutes, 3X 5 minutes in washing solution
1X 5 minutes in PBS
10. Prepare chemiluminescence working reagent just before using by mixing equal
volumes of enhanced luminol reagent (brown bottle) and oxidizing reagent (white

bottle). Use at least 0.125 ml per cm2 membrane - approximately 6 mi/blot.

11. Incubate blots in chemiluminescence working reagent for 1 minutes.

12. Remove excess chemiluminescence reagent from the blots. Place blots between the cover
of a polypropylene sheet protector. Gently smooth out any air pockets.

13. Expose blots to film. For detection of SAMase, expose blots for one hour and overnight.

No U WO
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Protein Fusion and Purification System

The System includes:
s pMAL-c2: 5 ug

s pMAL-p2: 5119

w Amylose Resin: 15 m!
(binaing capacity 40 mg}

a Factor Xa: 50 ug

a anti-MBP antiserum: 25 ul
(for Western lot analysis)

« MBP2": 10ug
(marker for SDS-polyacrylamige gels)

o MBP2-paramyosin-aSal: 100 ug
(controf for factor Xa cleavage)

s £ colr Host

a A Comprenensive Instruction Manual
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with mailose. Lane 2 puried crotein aner
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sowmn

secnnicat Support: 1 800 632 7743, intpaneb.com
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' Wash Elute
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CLEAVE Factor Xa
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SEPARATE
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Flow Througn

The gene of interest is
cloned into one of the
pMAL vectors. creating a
gene tusion with the
MBP-encoding maiE
gene. .

Transformed £. col is :
grown and the cuiture 1S I
induced to produce MBP
fusion protein constituting
up to 30% of the cetiutar
protein.

The crude cell extract is
poured over the amylose
cotumn. The tusion i
protein 1s punfied by i
binding to an amyiose '
column, while aii other

proteins flow through.

The fusion proten is then

eluted in purtied torm

with maltose.

The puntied tusion

protein 1s cleavea with ,
the specific protease !
tactor Xa. i

The proten of interest is
separated from MBP by
passing the mixture over
an amylose column.

in the Protein Fusion ang Punitication System. the
cioned gene 15 inserted 1nto 3 DMAL vector cown-
stream from the maf€ gene. which encoges matiose-
binding prote:n (MBP) This resuils in the expression ot
an MBP-fusion protern (1,2.3). The tecnmaue uses tne
strong P promoter and the transtation nitiation
signats of MBP 10 exoress targe amounts of the fusicn
protesn. The fusion proten 1s then punified Dy a one-
step atfinity puritication for MBP {4)

The system uses the pMAL-2 vectors which are
designeg SO that inserion 1nterruots 3 1acla gene
allowing d biue-to-white screen for insens on X-gal (5}
pMAL-c2 has an exact deletion of the matf signal
sequence. resulting in cyloplasmic expression of the
fusion proten. pMAL-p2 contans the normal maik
s1gnal sequence, which directs the tusion proten
through the cytopiasmic membrane pMAL-p2 fusion
proteins capable of being exported can be purihed trom
the peniplasm. Between the maiE sequence and the
polylinker there 1S a Spacer sequence coding tor 10
asparagine resiaues. This spacer insutales MBP lrom
the protetn of interest. Increasing the cnances that a
particutar tusion will bind tightly to the amylose fesin
The veclors aiso snclude a sequence caaing for the
recognition site of the protease factor Xa (cieaves alter
the amino acids lle-Glu-Giy-Arg). This allows the
proten of interest to be cleaved from MBP atter
sunfication, without agding any vector-gerivea resicues
10 the prote:n (6). For this purpose. tne polviinker

\nciuges an Xmn | site supenmposed on the sequence
coging tor the factor Xa Site. This is where the gene of
/nterest 1s inserted An EcoR | site in the same reading
‘rame as that of Agt11 and a number of other usetul
<ites are present directly after the factor Xa sequence.
The vectors also inciude the M13 ongin of ONA
replication which ailows the production of single-
stranced DNA for sequenctng ano mutagenesis.

£xpression from the pMAL vectors yietds up 10 100 mg
tusian protewn from a inter of culture (gel photo). While
N0 expression system works with every cloned gene, the
Protein Fusion and Purification System gives .
substantiat yields of protein in about 75% of the cases
testeq o far. A chapter in Current Profocols in
Morecurar Brology (3) provides an in-depth analysis of
1he use of the pMAL vectors. The System's instruction
manual 1s available separately upon request.
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October 19, 1993

Dr. Amold S. Foudin

Deputy Director, Biological Permits
BBEP-APHIS, USDA

Federal Building, Room 844

6505 Belcrest Road

Hyatsville, MD 20782

Dear Dr. Foudin:

This final report is being submitted for Biotechnology Permit Number 92-085-01 in compliance
with Supplemental Permit #3.

Our field test was initiated on June 12, 1992—ithe approval date of the permit application. The
field test was terminated on September 30, 1992 with all non-collected plant material being disced
into the soil. The test site has been kept fallow for the past year and observed to be free of any
volunteer plants. There was no observed horizontal movement, aitered survival characteristics or
unusual phenotypes in any of the field plants.

Fruit was harvested from the field-grown plants at various stages of ripening. Molecular,
biochemical and physiological measurements were made to assess the extent of gene expression,
the effect on ethylene biosynthesis, and postharvest properties. Leaf area, plant dry weight, fruit
number, fruit size, pH, soluble solids and titratable acidity were also measured. The results of
these analyses are described in the attachment.

All mgc;xic plam; had normal appearance. All material has been handled in accordance to the
specificatons contained in the permit and supplemental conditions attached.

I hope that this n?port provides all necessary information to complete the permit conditions. Thank
you for cooperation throughout the permit application procedure and conduct of these field trials.

Sincerely,

Richard K. Bestwick, Ph.D.
Sr. Vice President, Research & Development

RKB/jrd
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visual Observations

Weekly visual observations were made from transplanting
until first harvest. ESKN 37 plants appeared small, with lighter
colored foliage than the other lines. CGN 30 plants, while
larger than ESKN 37 and of normal color, also were small; the
remaining lines appeared normal in size and color. These
' differences were apparent throughout the observational period.

Mid-season plant growth

Eight weeks after transplanting, 2 plants/plot were cut at
ground level. Leaves and fruit were removed. Plant leaf areas
were measured with a LI-3100 LAM. Fruit were counted and
weighed. Leaves and stems were recombined, dried in a forced air
oven at 65 C, and plant dry weight was taken. Data were analyzed
using the SAS general linear models procedure; ESKN 18 was
compared to the check (35A) by single degree of freedom
orthogonal contrast. Mean separation between constructs was by
puncan’s multiple range test.

Leaf area, plant dry weight, and fruit number were similar
for all 6 lines evaluated (Table 1). However, total and average
fruit weights differed between constructs. Total fruit weight of
ESKN 18 did not differ significantly from the other lines, but
average fruit weight was greater for ESKN 18 than any other.

Table 1. Tomato plant characteristics, Hermiston, Oregon, 1992.

Plant _ Fruit

Leaf area Dry wt. No. wt. Ave. wt.
Line (cm?) (9) (9) (9)
315A ’ 31571 323 312 1774 b* 5.4 C
CGN 8 25140 344 163 1260 b 7.1 ¢
CGN 30 49020 530 431 4247 a 10.2 b
ESKN 1D 42535 530 225 1458 b 7.9 bc
ESKN 18 53137 583 201 2681 ab 13.0 a
"ESKN 37 26228 321 255 1826 b 6.6 C

sMeans followed bY different jetters significantly different at
p=0.05 (Duncan’s multiple range test). ‘

Fruit guality evaluation

Procedures:

12-15 red ripe fruit/plot were combined and homogenized in a
Waring blender. Homogenate was strained to remove solids and
vacuum-filtered to produce a clear solution. Soluble solids were
determined with an Atago hand-held refractometer, and pH was
measured with an Accumet 825MP specific ion/pH meter. Titratable
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acidity was determined by titration of § ml of solution to pH 8.2
with 0.1N NaOH. Data were analyzed using the SAS general linear
models procedure; ESKN 18 was compared to the check (35A) by
single degree of freedom orthogonal contrast. Mean separation
between constructs was by puncan’s multiple range test.

pH, soluble solids and titratable acidity differed
significantly between lines (Table 2). When ESKN 18 was compared
to 35A, pH was significantly higher; soluble solids and
titratable acidity were similar.

Table 2. Tomato fruit characteristics, Hermiston,
Oregon, 1992.

Soluble Titratable

Line pH solids acidity (meq)
35A 4,11 c® 5.78 ab 124.0 ab
CGN 8 3.98 C 5.15 C 154.0 a
CGN 30 4.05 C 5.23 ¢C 139.5 ab
ESKN 1D 4.26 b 6.10 a 119.5 b
ESKN 18 4.45 a 5.48 bc - 107.0 b
ESKN 37 4.32 ab 5.40 bc 115.5 b

:Means followed by different letters significantly
different at P=0.05 (Duncan’s multiple range test) .

Table 3. Tomato fruit ripening, Hermiston, Oregon,

1992.
Heat units® to

Line Breaker  Pink Red

35A _ 1044 <’ 1095 d 1143 d

CGN 8 1124 b 1233 b 1288 b

CGN 30 1060 cC 1122 d 1177 4

ESKN 1D 1136 b 1207 bc 1253 bc
ESKN 18 1227 a 1367 a 1433 a

ESKN 37 1113 b 1151 cd 1192 cd

z Heat units from anthesis with 45°F. base, 100°F.
maximum. :

vy Means followed by different letters significantly
different at P=0.05 (Duncan’s multiple range test) .
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AGRITOPE, INC.
8505 SW CREEKSIDE PL.
BEAVERTON, -OREGON 97008

(503) 641-6115
(503) 643-2781 FAX

General:
USDA Notification’ Number: 93-050-01
Cooperator Name: George Clough Ph.D.
Field Trial Location (State, County): Oregon, Umatilla
Type of Trial : Evaluate Phenotype
| Agritope Field Representative: Richard K. Bestwick, Ph.D.

Seed Storage Information:

Date seed received: April 27, 1993
Seed received by (give name): G. Clough
Seed lot number: see entry list
Amount received: 1500 seed
Amount remaining after planting: 0
Disposition of seed remaining: n/a

Give location of the secure locked seed storage facility:

Horticultural lab, Hermiston Agricultural Research & Extension Center, Oregon State
University, Hermiston OR

Planting Information:

Date planted:

Greenhouse: April 28, 1993

Field: June 2, 1993
Number of transgenic seeds planted: ‘ 1008
Number of non-transgenic seeds planted: 128 vector transformed control

128 untransformed control

Date of seedling emergence: n/a (greenhouse) |
Estimated percent of germination: 88.6%
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Width in feet of tomato-free buffer: 5,280 feet

Containment Information:

Containment INIO1 ML 220"

Did any seeds or other plant material inadvertently escape
from the trial site?

NO

If yes, explain:

1.

During flowering--Give date(s) that field equipment was examined

before leaving the trial site with all flowers removed from the
machinery:

No equipment entered field

During harvest (if applicable)--Give date(s) that field equipment was
examined before leaving the trial site with all plant material, fruit and
seeds removed from the machinery.

No equipment entered field

Plant Observations:

rlant VDot Yo 122020

1.

Date of first observed open flower:

June 30, 1993

Presence of crown gall disease symptoms on any of the transgenic or
non-transgenic tomato plants? If yes, explain:

NONE

Any of the transgenic tomato plants have abnormal
appearance? If yes, explain:

NONE .

Herbicide Treatments:

1.
a.

What herbicides were applied as your standard regime?
Pre-plant incorporated, please describe: '

Vapam @ 60 gal./acre, roto tilled April 2, 1993

[ ]
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b. Pre-emergence, please describe:
None

c. Post-directed, please describe:
None

2. Any additional treatments, please list:
None
1. Date harvested (if applicable): August 26-September 10, 1993
2. Date trial destroyed. Describe how trial was destroyed:
October 21, 1993, flail-chopped plants, disced field 2X

1. What crop was planted after the field trial was destroyed?
Wheat, Barley

2.  Were there any volunteer tomato plants after trial was destroyed? If
yes, explain and state when and how they were destroyed:

NO
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Date Plant Stage ActivitiessComments

4/2/93 pre-plant furmgate with Vapam @ 60 gal/acre

4/9/93 pre-plant broadcast tertilizer

4/15/93 pre-plant sub-soil roto-tilled

5/18/95 pre-plant roto-tilled. lay drip tape

6/2/93 seedling transplant

6/16/93 seedling it&e tield. first ue
6/17/93 seedling Tirst evaluation for vigor and growth
6/22/93 fruit set tied plants

6/23/93 fruit set fertigaton

6/30/93 fruit set second evaluation for Vigor. growth and fruit set
711193 fruit set Asana application for Colorado potato beetle
%/93 fruit set tied plants -

7712193 fruit set measure plant height

7/14/93 fruit set fertigauon

7723/93 fruit set tied plants

7121193 npening sample leaf area

R/26-27/93 | |npe fruit harvest

9/2/93 ripe truit harvest

9/9-10-/93 ripe truit harvest

10/21/93 n/a trial destroved. plants chopped

10/29/93 n/a field disced

5/9/94 monitorng Vvisit no voluteer tomato detected

6/2/94 monitoring Visit o voluteer tomato detected

Other Observations:
None
Conclusions:

This trial was completed with no

containment. The objectives of th
different transgenic lines were eva

observed symptoms of Agrobacterium infection or loss of

e trial were met in'that the various ripening phenotypes of the
luated and seed was produced from the selected materials.
Monitoring of the site was completed during the spring and summer of the following
season with no volunteer plants detected.

growing




Final Field Trial Report

1993 Hermiston. OR

FIELD
HERMISTON AGRICULTURA

TRIAL ENTRY LIST
L RESEARCH AND EXPERIMENT CENTER

SUMMER, 1993

GENOTYPE:

TORC 5420 35-1

TORC 5420 22-1

TORC 5420 40A-1

LARGE RED CHERRY CONTROL
H 100 CONTROL

TOHC5420

RIO GRANDE CONTROL
TORGS5420

UC82B CONTROL

TOUCS5420




Final Field Trial Report 1994

Hermiston. OR
AGRITOPE, INC.
8505 SW CREEKSIDE PL.
BEAVERTON, OREGON 97008
(503) 641-6115
(503) 643-2781 FAX

General:
USDA Notification Number: 94.143-09-N
Cooperator Name: George Clough Ph.D.
Field Trial Location (State, County): Oregon, Umatilla
Type of Trial : Efficacy/Seed production
Agritope Field Representative: Matthew Kramer

Seed Storage Information:

Date seed received: April 28,1994
Seed received by (give name): G. Clough
Seed lot number: | see entry list
Amount received: 150 seed
Amount remaining after planting: 0
Disposition of seed remaining: n/a

Give location of the secure locked seed storage facility:

Horticultural lab, Hermiston Agricultural Research & extension Center, Oregon State
University, Hermiston OR

Planting Information:

Date planted:
Greenhouse: April 28, 1994

Field: June 2, 1994
Number of transgenic seeds planted: 150
Number of non-transgenic seeds planted: 25
Date of seedling emergence: ' n/a (greenhouse)
Estimated percent o}f germination: 85%

‘Width in feet of tomato-free buffer: 5,280 feet
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Hermiston. OR

Containment Information:

Containment IR e 2200y

Did any seeds or other plant material inadvertently escape
from the trial site?

NO

If yes, explain:

Equipment Cleaning:

1.

During flowering--Give date(s) that field equipment was examined
before leaving the trial site with all flowers removed from the
machinery:

No equipment entered field

During harvest (if applicable)--Give date(s) that field equipment was
examined before leaving the trial site with all plant material, fruit and
seeds removed from the machinery.

No equipment entered field

Plant Qbservations:

rlant Vosel 223 209

1.

Date of first observed open flower:

June 2, 1994

Presence of crown gall disease symptoms on any of the transgenic or
non-transgenic tomato plants? If yes, explain:

NONE

Any of the transgenic tomato plants have abnormal
appearance? If yes, explain:

NONE

Herbicide Treatments:

Herpicide 112at %2029

1.
a.

What herbicides were applied as your standard regime?
Pre-plant incorporated, please describe:

Vapam @ 60 gal./acre, roto tilled April 5, 1994
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b. Pre-emergence, please describe:
None

c. Post-directed, please describe:
None

2. Any additional treatments, please list:

None
Trial Completion:
1. Date harvested (if applicable): October 17, 1994
2. Date trial destroyed. Describe how trial was destroyed:
October 22, 1994, flail-chopped plants, disced field 2X

Site Monitoring:

1. What crop was planted after the field trial was destroyed?
Wheat, Barley

2. Were there any volunteer tomato plants after trial was destroyed? If
yes, explain and state when and how they were destroyed:

NO
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Chronological Log:

Date Plant Stage Activities/Comments

4/5/94 pre-plant furmigated w/ Vapam @ 60gal/acre

4/9/94 pre-plant broadcast terulizer

4/17/94 Bg-plant sub-soil roto-tilled

4/28/94 Seed ship to HAREC. plant to greenhouse

5/15/94 Brc_—plam Toto-tilled. lay drip tape, apply muich

6/2/94 Seedling transplant to field ~

8/15/94 [Fruit set estimate matunty for seed harvest, evaluate rpening
phenotype.

10/17/94 Mature fruit harvest each genotype for seed production.

10/22/94 Post harvest destroy tral

10/23/95 Seed final seed shipped to Agritope, Inc.

4/12/95 Monitoring visit Wwalk field to detect presence of volunteer tomato plants-
none detected

5P | fMonitoring visit __| {walk Tield to detect presence of volunteer tomato plants-
none detected

67595 |[Monitoring visit | [walk field to detect presence of volunteer tomato plants-
none detected

FEE [Monitoring visit __|{walk field to detect presence of volunteer tomato plants-
~ none detected

Other Observations:
None
Conclusions:

This trial was completed with no observed symptoms of Agrobacterium infection or loss of
containment. The objectives of the trial were met in that the various ripening phenotypes of the
different transgenic lines were evaluated and seed was produced from the selected materials.
Monitoring of the site was completed during the spring and summer of the following growing
season with no volunteer plants detected. ‘ :




APPENDIX 9

Chromatographs of Tomatine Measurements in Large Red Cherry Control and

Transgenic pAG 5420 Transformants
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FIELD TRIAL ENTRY LIST

HERMISTON AGRICULTURAL RESEARCH AND EXPERIMENT CENTER
SUMMER, 1994

ENOTYPE:

TORC 5420 35-1
TORC 5420 22-1
TORC 5420 40A-1
LARGE RED CHERRY CONTROL
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AGRITOPE, INC.
8505 SW CREEKSIDE PL.
BEAVERTON, OREGON 97008

(503) 641-6115
(503) 643-2781 FAX

General:

USDA Notification Number: 93-361-01N
Cooperator Name: " Dr. Steve Czaplewski
Field Trial Location (State, County): - Florida, Hendry

Type of Trial : Phenotype evaaluation
Agritope Field Representative: Matthew' Kramer

Seed Storage Information:

Date seed received: August 24, 1994
Seed received by (give name): Dr. Steve Czaplewski
Seed lot number: see entry list
Amount received: 2500

Amount remaining after planting: none

Disposition of seed remaining: n/a

Give location of the secure locked seed storage facility:
Rogers Seed Company Naples, Field Station

Planting Information:

Date planted:

Greenhouse: . August 26, 1994

Field: October 4, 1994
Number of transgenic seeds planted: 2500
Number of non-transgenic seeds planted: 600
Date of seedling emergence: n/a (greenhouse)
Estimated percent of germination: 77%
Width in feet of tomato-free buffer: > 100 ft.
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Containment Information:

Did any seeds or other plant material inadvertently escape
from the trial site?

NO

If yes, explain:

Equipment Cleaning:

1.

During flowering--Give date(s) that field equipment was examined
before leaving the trial site with ail flowers removed from the
machinery:

No equipment entered field during flowering, all cultivation and weeding and
chemical applications done by hand.

During harvest (if applicable)--Give date(s) that field equipment was

examined before leaving the trial site with all plant material, fruit and
seeds removed from the machinery. '

No equipment entered field, all harvest ‘was done by hand.

Plant Observations:

1.

Date of first observed open flower:

November 3, 1994

Presence of crown ga“ disease symptoms on any of the transgenic or
non-transgenic tomato plants? If yes, explain:

NONE

Any of the transgenic tomato plants have abnormal
appearance? If yes, explain:

NONE

Herbicide Treatments:

Hnerpiciac 2= et il

1.

What herbicides were applied as your standard regime?
a. Pre-plant incorporated, please describe:

Methyl Bromide fumigation @ 200 lbs./acre

b. Pre-emergence, please describe:

None
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c. Post-directed, please describe:
See chronological log

2. Any additional treatments, please list:

Various fungicide and bacteriacide applications were done by hand with a backpack
sprayer.

Trial Completion:

1. Date harvested (if applicable): January 23 - February 28, 1995

2. Date trial destroyed. Describe how trial was destroyed:
March 3, 1995

Plants were pulled and left in the field. Field was disced 2 X and site was
fumigated with Methyl Bromide @ 200 lbs./acre.

Site Monitoring: !

1. What crop was planted after the field trial was destroyed?
Melons '

2. Were there any volunteer tomato plants after trial was destroyed? If
yes, explain and state when and how they were destroyed:

NO
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Chronological Log:

Date Plant Stage Activities/Comments
8123194 Seed Ship to Rogers Seed CO. Naples. FL Research Station
8/26/94 Seed [Seed sown In greenhouse
10/4/94 Seedling stage Transplanted to field
T0/10/94 | [Seedling stage Stake the trial
10/14/94 Seedling stage Spray diquat. backpack sprayer
10/20/94 Seedling stage [Prune and sucker .

11/4/94 Flowering Apply admire for whitetly control

11/15/94 Flowering Tie mal

11/28/94 Fruit set Prune and weed by hand

12/6/94 Fruit set Spray Kocide, Manex, Agnimek and Induce to control
bacteria and leaf miner -

12/8/94 Egit set Spray lannate and Javelin to control fruit worm

12/29/94 fiuit set Spray lannate and Javelin to control fruit worm

1/5/95 Fruit set [Evaluate trial

1/13/95 [Fruit set [Evaluate trial

1723195 Harvest Begin harvest

2/6/95 Harvest Evaluate trial

2/22/95 Harvest Conunue harvest

2728195 Harvest Complete harvest

373195 Post-harvest Destroy field. fumigate

Other Observations:
None

Conclusions:

This trial was completed with no observed symptoms of A grobacterium infection or loss of
containment. No abnormal plant growth was observed and no enhanced weediness was observed
on the site. The objectives of the trial were met in that the various ripening phenotypes of the
different transgenic lines were evaluated and seed was produced from the selected materials. Fruit
for tomatine and nutritional studies was also harvested from this trial. Post destruction fumigation
with methyl bromide was used to insure the lack of any re-growth of transgenic tomatoes on the
site.
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1994

Naples. FL

GENOTYPE:

TORC 5420
TORC 5520
Large Red Cherry Control

TOK 1 5420
TOK 2 5420
TOK 3 5420
TOK 4 5420
TOK!1 Control
TOK2 Control
TOK3 Control
TOK4 Control

FIELD TRIAL ENTRY LIST

Rogers NK Seed Co.
Greenway Rd., Naples, FL

WINTER, 1994
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Indio. CA

General:

USDA Notification Number:
Cooperator Name:

Field Trial Location (State, County):
Type of Trial :

Agritope Field Representative:

Seed Storage Information:

Date seed received:

Seed received by (give name):
Seed lot number:

Amount received:

Amount remaining after planting:

Disposition of seed remaining:

AGRITOPE, INC.
8505 SW CREEKSIDE PL.
BEAVERTON, OREGON 97008

(503) 641-6115
(503) 643-2781 FAX

94-353-01N

Mark Draper

California, Riverside County
Efficacy/Seed production

Matthew Kramer

December 10, 1994
Speedling, Inc. Nipomo CA
see entry list

4,000

n/a

400 excess plants disposed on field site

Give location of the secure locked seed storage facility:

Speedling, Inc. Nipomo California

Planting Information:

Date planted:
Greenhouse:
Field:

December 26, 1994

February 17, 1995
Number of transgenic seeds planted:

Number of non-transgenic seeds planted:

Date of seedling emergence:

Estimated percent of germinatioh:

Width in feet of tomato-free buffer:
Containment Information:

n/a (greenhouse)

70%
> 200 feet




Final Field Trial Report 1995 Indio. CA

Equipment Cleaning:
1.

Plant Observations:

ridatie A o =~

1.

Herbicide Treatments:

Did any seeds or other plant material inadvertently escape
from the trial site?

NO

If yes, explain:

During flowering--Give date(s) that field equipment was examined
before leaving the trial site with all flowers removed from the
machinery:

No equipment entered field, all weeding done by hand.

During harvest (if applicable)--Give date(s) that field equipment was
examined before leaving the trial site with all plant material, fruit and
seeds removed from the machinery.

No equipment entered field, harvest was completed by hand.

Date of first observed open flower:

March 21, 1995

Presence of crown gall disease symptoms on any of the transgenic or
non-transgenic tomato plants? If yes, explain:

NONE

Any of the transgenic tomato plants have abnormal
appearance? If yes, explain:

NONE

What herbicides were applied as your standard regime?
Pre-plant incorporated, please describe:

NONE
Pre-emergence, please describe:
NONE, weed control was accomplished by hand hoeing.

Post-directed, please describe:
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NONE, weed control was accomplished by hand hoeing.
2. Any additional treatments, please list:

NONE, all weed control was accoinplished by hand hoeing.

Trial Completion:
1. Date harvested (if applicable): June 7, 1994
2. Date trial destroyed. Describe how trial was destroyed:

June 22, 1995, flail-chopped plants, disced field 2X

1. What crop was planted after the field trial was destroyed?
fallow

2. Were there any volunteer tomato plants after trial was destroyed? If
yes, explain and state when and how they were destroyed:

TBD
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Chronological Log:

Date Plant Stage Activities/Comments
12/10/94 Seed shupped to Speedling, Inc, N ipomo CA for transplant
production.
2/1/95 pre-plant roto-till field. shape beds
277195 pre-plant . | {lay dnp irrigauon tape
2/15/95 pre-plant lay plastic and set up plots
2/17195 seedling transplant to tield
3/23/95 seedling stake field, first tie
3/25/95 seedling Tirst evaluation tor vigor and growth
4/7/95 fruit set tied plants
5/3/95 fruit set Second evaluation for vigor, growth and fruit set
5/29/95 fruit set third evaluation for vigor, growth and phenotvpe
6/7/95 mature fruit harvest
677795 harvest shup fruit to Agritope for seed production
6/22/95 post harvest destroy tield

Other Observations:
None
Conclusions:

This trial was completed with no observed symptoms of Agrobacterium_infection or loss of
containment. The objectives of the trial were met in that the various ripening phenotypes of the
different transgenic lines were evaluated and seed was produced from the selected materials.
Monitoring of the site was completed during the spring and summer of the following growing
season with no volunteer plants detected.
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FIELD TRIAL ENTRY LIST

Mark Draper Enterprises, Inc.
40555 Monroe, Indio, CA

SPRING 1995

GENOTYPE:

TORC 5420
TORC 5520
LARGE RED CHERRY CONTROL




v APPENDIX 6
DNA Sequence of the Integrated Backbone DNA from pAG 5420
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APPENDIX 7

Complete Protein Sequence of S-adenosylmethionine hydrolase




sam-k Nucleotide and Aligned Amino Acid Sequences

*

ATG GTT
Met Val

TTC
Phe

50

* * .
GCT TTC CGT
Ala Phe Arg

100

* *
ATG GTA
‘Met Val

CAC
His
150

* *

GAG TCA
Glu Ser

ACC
Thr

200

* ¥
cca ACT GAG
Pro Thr Glu

ACT
Thr

GAG

Lys Glu

TCT
Ser

AAC
Asn

CcTC
Leu

110

*
ACT
Thr

AGC
Ser

TTA
Leu

160

x* *
GAT TTG ACC
Asp Leu Thr

210
* *
ACT
Thr

GAA

Glu Lys

250

CTC
Leu

GCA
Ala

AAT
Asn

290

w *
GTA CTG GTA
val Leu Val

340
* *
AAA GGT ATC
Lys Gly Ile

390
* *
GAG GTT
Glu Vval

CCT
Pro

440

* *
TTC GGT CGC
Phe Gly Arg

* *

GTT GCA
val Ala

CGC
Arg

300

* *
TAC AAA TCA
Tyr Lys Ser

350

L
GAC GGG
Asp Gly

TAT
Tyr

400

* *
AAA GGC GCA
Lys Gly Ala

450

* *

CGC TGG CAA
Arg Trp Gln

20

* *
CCT GCG AAC
Pro Ala Asn

70
* *
TGC GAT GAG
Cys Asp Glu

120
* *
CGT GCC
Arg Ala

GCA
Ala

170

GGG
Gly

TGC
Cys

TAT
Tyr

30

GTC
val

GTG
vVal

CcCG
Pro

CGT
Arg

220

GTT
val

CGT
Arg

GTA
val

260

w* *

CTA GCT TGT
Leu Ala Cys

310
* *
CAG ACT CAC
Gln Thr His

360
* *
AAG GCT
Lys Ala

GAA
Glu

410

* *
CCG CTG CAA
Pro Leu Gln

w

GTA CAA TAA
val Gln ***

CGC
Arg

270

*

AAT
Asn

ACG
Thr

CGT
Arg

GGC
Gly

*

TTC TAT GTA
Phe Tyr Val

80

* *

AAT ATG AGC
Asn Met Ser

130

GGT
Gly

CTT
Leu

TAT
Tyr

180

GAG
Glu

GCA
Ala

ATC
Ile

230

TAC
Tyr

ARG
Lys

GAC
Asp

2

GAG
Glu

TGG
Trp

GAG
Glu

320

* *

GCT GGT CTG
Ala Gly Leu

370
L 4 *
CTG CCG GGT
Leu Pro Gly

420
* *
TGC TTC
Cys Phe

ACT
Thr

40

* *
CTG GTT
Leu Val

TCC
Ser

90
* *
AGA CAC CGC
Arg His Arg

140

*

GGC TCC
Gly Ser

GTT
val

190

- *
TCA AGC GCA
Ser Ser Ala

240
* *
GCG CAG
Lys Ala Gln
80

CAA
Gln

GAT
Asp

TGC
Cys

330

GTG
Val

TAC
Tyr

GCT
Ala

380
AGT TTC
Ser Phe

CAA
Gln

430

* . »*
ATT GAT GAG
Ile Asp Glu
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0| |0 IntelliGenetics January 19, 1995
> 0 <

IFind - Sequence Data Bank Searching Program Version 5.4
(Based on the algorithm of Wilbur and Lipman.)

Begin recording for user rbestwic at 18-Jan-95 12:06pm Swiss-Protein databank -toxin
as keyword toxin.pep compared to SAMSYNL.pep

500-

nmOozZmcomn
]

10 20 30 40 50 60 >60

¥

Mean score=3.14, Standard deviation=.68.

IFIND search completed. Number of sequences compared: 675
RANK SEQUENCE LENGTH SCORE STANDARD-DEVIATION-FROM—MEAN
1 HLY1_ECOLI L=1023 7 5.65
2 CX3_NAJHA L=60 5 2.72
3 CX4_NAJHA L=60 5 2.72
4 CX8_NAJHA L=60 5 2.72
5 THNB_VISAL L=103 S 2.72
6 TTR_PSESY L=177 S 2.72
7 RAC1_HUMAN L=192 5 2.72
8 RAC1_MOUSE L=192 B 2.72
9 SPEA_STRPY L=251 5 2.72
10 RIPC_PHYAM L=313 5 2.72
11 PHLC_CLOBI L=398 S 2.72
12 CEAC_ECOLI L=561 5 2.72
13 HLYA_ECOLI L=1024 5 2.72
14 HSER_HUMAN L=1073 5 2.72
15 HSER_RAT L=1075 5 2.72
16 BXE_CLOBO L=1250 5 2.72
17 BXE_CLOBU . L=1250 S 2.72
18 HTS1_COCCA L=5217 5 2.72
19 CXOC_CONMA L=29 4 1.26
20 TXAM_METSE L=36 4 1.26




APPENDIX 8

Scanning Densitometry of sam-k and ACC Oxidase B"and Intensities in R1
Progeny of Line 35-1-N




Scanning Densitometry of 35-1-N Ry Southern Analysis (Fig. 2)

sam-k ACCO sam-k ACCO
Lane v \ \/ v Peak
355.00 299.00 526.00 Ratios!
1 AN ~
. o~ 21
1.76
47200 /\499.00 596.00
34100
2 1.75
1.19
oo B0 u2e0 26500
0.54
325.00
141.00 251.00 N 202.00
sl ~ _-.—-—""’"Q ——_ 1.29
a0 361,00 287.00 310.00
P e 0.93
5 Z M 0.8
T
155.00 363.00 33100 2800
6 e TN 1.29
1.51
P 292.00 20000
0.98
440.00 ‘
1.06
g v—v—&—'—*——; 1.38
153.00 264.00 21700 409.00
0.53
9 — A N e s J,A——» 0.82
. 352.00
. 110.00 /\ '2;23; . }"{ . 085
A M ;
10 . 072
$9.00 K 189.00 220 0.85
o A M __,A—M y
11 0.68
34500 SO3 ’ 621.00
: Cz 157.00
0.25
12 e A— e 0.31
249.00 W 3300 359.00
0.84
13 Q.59
. 1%6.00 43 .00
21100 44400
0.48
14 0.87
22300 %0 17.00 110,00 .
1.35
15 < —_ 105

1 peak ratios represent the integrated band intensity ratios for the second sam-k peak to cither the right most ACCO
peak (top number) OFf the left most ACCO peak (bottom number).




Scanning Densitometry

APPENDIX 8

of sam-k and ACC Oxidase Band Intensities in R1
Progeny of Line 35-1-N




Scanning Densitometry of 35-1-N Ry Southern Analysis (Fig. 2)

sam-k ACCO sam-k ACCO
Lane \ v v v Pmeak !
355.00 299.00 526.00 250.00
AN J\ s
AN 1.76
472.90 49900 596.00 341.00
2 J\ J\ ' N 178
—— 1.19
17,00 392.00 212,00 . 265.00
0.54
325.00
141.00 251.00 \ ‘ 202.00
361,00 287.00 310.00
81.00 .
A AN U N, -
155,00 365.00 551.00 .00
6 N 1.29
— 1.51
gioo 2% 29200 g
— /& AN S e et o9
7 0.98
%200 319.00 44000 415.00
PN AAS e U -+
g 1.38
15300 264.00 217.00 “w
0.53
" 0.82
352.00 298.00
252,00
110.00 A ' 0.85
10 . A e e~ P 0.72
27600
#9.00 189.00 mmn 0.85
" : /\ N\ I, - S 068
4500 50500 621.00
157.00 A 0.25
12 s e e, 0.31
S17 363 .00 339.00
249.00
13 0.59
156.00 S0 444,00
0.48
14 0.87
0
223.00 $7.00
310.00 135
1.05
15 '

1 peak ratios represent the integrated band intensity ratios for the second sam-k peak to cither the right most ACCO
peak (top number) of the left most ACCQ peak (bottom number).




APPENDIX 9

Chromatographs of Tomatine Measurements in Large Red Cherry Control and
Transgenic pAG 5420 Transformants
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