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Abbreviations Used in this Summary of the Safety, Compositional and Nutritional
Aspects of Bollgard IT Cotton Event 15985

AA

APHIS

B oor Bk
Bt

CaMVv

CFR
CFSAN
CFU

CPFA
crlAc

CrylAc
Cry2Aa
cry2Ab

Cry2Ab, Cry2Ab2, IPP2

CTP
CVM
bW
DP50B

E coli
EG7699
ELISA
EMBL
EPA
FDA
FFDCA
FR

fwt
GUS
HPLC
IgEs
Kpnl

LOD
kDa
NCPA
NOEL
NOS 3°

Amino acids

Animal and Plant Health Inspection Service
Bacilluy thuringiensix organisim

Protein derived vom Bacillus thuriugrensis
Cauliflower maosaic virus

Coede of Federal Regulations

Center for Food Safety and Nuirition
Colony-forming units

Cyclopropenoid fatty wcids; antinutrients in cotton
Gene in Bollgard@ Cotion encoding the Cryl Ac
insecticidal protein

Insecticidal protein produced in Boligard® cotton
Insectictdal protein produced by Bacillus thuringiensis
Gene in Boligard U Cotton encoding the Cry2Ab
insecticidal protein

Insecticidal protein produced in Bollgard Il cotton Event
15985

Chloroplast transit peptide

Center for Veterinary Medicine

Dry weight

Delta and PincLand Company cotton variety of
Bollgard® cotton

Lscherichia coli

Strain of B.1. altered to produce the Cry2Ab protein
Enzyme-linked immunosorbent assay

Europcan Molecular Biology Laboratory

United States Environmentat Protection Agency
United States Food and Drug Administration
Federal Food, Drug aad Cosmetic Act

United States Federal Register

Fresh weight

B-glucuronidase protein

High Performance Liquid Chromatography
Immunoglobin subclass Epsilon (E)

Restriction endonuclease that cuts DNA at specific
locations

Limit of detection

Kilodaltons

National Cottonseed Products Association

No Obscrved Effect Level

Nopaline synthase 37 polyadenylation sequence
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nptf or kan Ciene encoding for the enzyme neomycin
phosphotsunsierase type [

NPTH or Kan Neomycin phosphotrsnsferise Hprotein
3 OECD Organizanion tor Ecopomic snd Co-operation and
} Development
PCR . Poelymerase chain reaction
P-c355 ore-338 Cauliflower mosiic virus (CaMV) promoter with the
' duplicated enhancer region
PIR Protein Information Resource Database
PV-GHBKL Plasmid vector
PV-GHBKIIL : L.inear fragment of the plasmid vector used in
L transformition of Bollgarad 1 cotton
SGF Simulated Gastric Fluid
J SIF. Simulated Intestinal Fluid
' SOP Standard opcrating procedure
tidA Gene encoding the GUS protein
USDA - United States Department of Agriculture
WHO : World Health Organization

Note: Standard abbreviaiions. e¢.g.. unity of measure, are according to the format
described in “Instructions 1o Authors™ in the Journal of Biological Chemistry.
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INFORMATION TO SUPPORT THE HUMAN FOOD AND ANIMAL
FEED SAFETY OF BOLLGARD 11 COTTON EVENT 13983

. Introduction :
Boilg;n‘d@:’ colton, developed by Monsanto Company. has been adopted broudly by
growers since ils introduction in F996 as it provides cffective protection roin the feeding
of lepidopteran inscet pests such s tobacco budworm, pink bollworm and cotton
bollworm. Growers typicatly apply signtficantly less insecticide to control these pests,
realize higher yields and achieve greater profitability using these improved Bollgard
varieties, as compared to conventional insecticide products. (Fernandez-Corncjo and
McBride. 2000).

Monsanto Company has now developed a new genetically modified cotton event,
Bolgard H. using particle acceleration plant transformation procedures to insert the
cry2Ab insect control gene and the nidA scorasble marker gene into the Bollgard cotton
genome.  This new event provides cffective control of insect pests such as the cotton
bollworm, 1ohacco budworm and pink bollworm, as well as armyworm.

A. Subject of the Request

Monsanto Company is filing this summary of the safety and nutritional assessment of this
new insect-protected cotton event with the Food and Drug Administration (FDA) based
on scientific data and information evaluated according to FDA's Policy on Feods from
New Plant Varicties (FDA, 1992), as well guidance provided in the “Guidance on
Consultation Procedures - Foods Derived from New Plant Varieties™, October 1997
Data is presented on the safe history of use of the crop, the source of donor genes. the
molecutar characterization of the modified plant, the stability of the insertion of genetic
elements, characterization of proteins produced in the modified plant and their levels. the
composition of the modified cotton compared to conventional cotton and toxicelogy,
digestibility and safety of the proteins produced.

These data establish that Bollgard I cotton event 15985 and all progeny derived from it
by traditional plant breeding is as safe as other corventional cotton varietics.

B. Application of FDA Food Policy

The Food and Drug Administration has authority under the Federal Food, Drug, and
Cosmetic Act (FFDCA) to ensure the safety and wholesomeness of most foods, including
foods developed through modern biotechnology. FDA regulates foods and foad
ingredients developed using genetic engineering by the same provisions and regulations
under the FFDCA that it regulates other food products. FDA’s authority to ensure the
safety of foods under the FFDCA is derived from Section 402{a)(1), the food aduiteration
provision and Section 409, the food additive provision.

I its May 29, 1992 statement of policy concerning “Foods Derived from New Plant
Varieties,"” ("Food Policy” or the "Policy”), the Food and Drug Administration provided
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vutdance for determining whether @ new plant variety developed with the wid of new
genctic techniques s as safe and nutritious as ils parentad variety (FDAL 1992). The
policy focuses on dssues relaled o changes in food crops. whether intended  or
unexpected. The Policy is based on decision trees than are designed 1o establish whether
the new plant variety is materially different in composition, silety or any relevant
parameter from 1s pareatal varicty. In the policy. the agency noted that consultations on
new plint varieties are approprite forems for developers ol the products and the agency
to discuss scicntific and regubidory issues prior 1o market entry. The agency encouriged
developers to consult early in the development phase of the product.

Monsanto Company initiated its consultation with the FDDA by meeting with members of
the Center for Food Safety and Applied Nutrition (CFSAN) and the Center for Veterinary
Mecdicine (CVM) in March. 1995 to define and discuss the scientific data and
information necessary to support the safety and nutritional assessment of insect-protected
cotton varieties expressing a Bacilluy thuringiensis protein. Since 1995, Monsanto has
completed the consultation for three cotton events containing the CrylAc protein.
Bollgard cotton event 531 has been commercially produced in the United States since
1996. In addition, from 1994 to 1999, Monsanto has completed the consultation process
on a number of other insect-protected crops, including corn, potate, and tomato that
express similar Bt proteins.

Monsanto has followed the guidance in the 1992 policy to assess whether cotion event
15985 is materially different from cotton currently being marketed in the United States.

C. The Safety and Nutritional Assessment of Bollgard I Cotton Event 15983

The dietary safety of Bollgard II cotton event 159835 is based on (1) extensive animal
toxicity testing of Cry proteins; (2} a history of safety of Cry2A and GUS and; (3) results
of in vive and in vitro safety studies conducted with the proteins. These data, together
with compositional data, support the conclusion that cotton eveat 15985 is as safe and
nutritious as conventional cottan currently being marketed.

The concepts and appﬂjnchcs Monsanto has employed are derived from, and consistent
with, the principles outlined by independent international bodies such as the Organization
for Economic Co-operation and Development (OECD), the United Nations World Health
Organization (WHO) and the United Nations Food and Agriculture Organization (FAQ)

~ (OECD, 1992; FAO, 1995; WHO 1996) and consistent with the guidance presented in the
. flow charts found in the FDA Food Policy (FDA, 1992). For cach question, we have

developed answers based on extensive studies or analyses. Qur data and findings in every
case have led us 1o the conclusion of “no concern™, as described in the relevant sections
of the following summary. Following the Agency’s Food Policy. these data have provided
us with a basis for concluding that Bollgard II cotton event 15985 is as safe and nutritious
as the cotton varieties grown commercially today.
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D.  Coordination with Other U.S. Federal Agencies
Belore commercializing Bolgard I cotton event 13985, Monxsanto has tuken or will ke
the fellowing uctions in the United States:

. Bollgard 1 cotton event 13985 is within the scope of the FDA policy statemen
concerning regufation of products derived from new plant varieties, including
genctically enginecred vanietics, published in the Federal Register on May 29, 1992,
As a result of consuliations on insect-protected cotton with the FDA since March,
1993, Monsanto is providing this summary of the food and feed safety and nptritional
assessment of Bollgard 11 cotton event 15985 to the Agency prior to commercial
distribution,

2. Under regulations administered by the Animal and Plant Health Tnspection Service
(APHIS) of USDA (7 CFR 340}, Bollgard H cotton eveat 15985 is currently
considered a “regulated article.”  Monsanto will request a  determination of
nonreguiated status for this cottonr event and all progentes derived from crosses
between this line and other cotton lines,

3. Substances that arc pesticides as defined under the Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA) (7 U.S.C. section 136(u)) are subject to EPA’s regulatory
authority. A request for registration of Cry2Ab as a plant-incorporated protectant was

- submitted to EPA in April, 2000. Pursuant to section 408(d) of the Federal Food
Drug and Cosmetic Act (FFDCA), requests for exemptions from the requirement of
tolerances for Cry2Ab and GUS protein were submitted to EPA in the fall of 1999,

[. Rationale for the l)evc!opment of Boﬂgard I Cotton

A Rationale for the Dcve!npmmt of Insect-Protected Cotton
Cotton is the leading plant fiber crop produced in the world and the most important in the
United States. Cotton production in the United States is located primarily in the tier of 15
- southern states_stretching from California’ to North Carolina, with approximately 13
- million acres grown annually. Lepidopteran insects are’ the main insect’ pest problem in
- colton.  Puring the growing season other insccts {(e.g.. cotion boll weevil, lygus bugs,
" fleahoppers; spider mites; thrips, and aphids) are also present.” The primary Iepidopteran
© pests infesting cotton dre cotton botlworm, tobacco budworm and pink bollworm:  These
~ insect pests: infest approximately’ 80% of the planted acres with 'approxnmtclv $130M
'-'--"spcnt 'mmn!!y for chcmlml ‘control (Luurc!l etal., !993)

Bo!lgard -coutm;-' ihtr’(jc!u'ccd'Cor’nmei‘cial!y in' the United  States in' 1996, “produces the
"~ CrylAc protein and has been adopted broadly by growers because it provides effective
protection from the feeding of lepidopteran insect pests, such as tobacco budworms, pink
bollworms und cotton bollworms.- Growers typically apply significantly fess insecticide
to-control these pests, realize higher yields and achieve greater profitability using thesc
Bollgard cotton varictics, as compared to conventional products.  Gianessi and Carpenter
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(1999) estimated that the planting of Bollgard cotton varicties reduced insecticide
apphications by two mithion pounds in 1998 alone, compared to 1995, which was the year
prioe to the introduction of Boligard. For these and other reasons, more than 3.9 million
acres of Botlgard varicties were planted i 1999, or more than 31% of the totl cotton
acrcage (USDAL 1999),

Botgard I cotton provides increased controb of the major insect pests of catton, such s
the tobacco budworm, pink bolbworm, and cotton belbworm. as well as armyworm.
Combining the CryZAb protein with the CrylAc protein alrcady in the marketplace, or
using the Cry2Ab protein as a stand alene product, will provide an additional tood to
defay the development of lepidopteran resistance to Bt protein in cotton, as Cry2 is a
different Bt protein class, Bollgard 1l cotton, in combination with a refuge and the other
components of Monsanto’s resistance management plan, represents a substantial program
10 significantly delay the development of insect resistance to cotton containing the
Cryl Ac protein. -

B. Benefits of Insect-Protected Cotton R
~The primary benefits of Bollgard cotton, supported by data in the current lterature, are
reduced insecticide use, improved control of target pests, improved yield, reduced
production costs, improved profitability, reduced farming risk and improved opportunity
. to grow cotton where pest pressure is severe, resulting in improved economics for cotton
growers (Edge er «f., 2000). There also are 2 number of secondary benefits associated
with the reduction in insecticide use, which include improved beneficial insect and
wildlife populations, reduced runoff of insecticides, reduced air pollution, and improved
safety for farm workers and ncighbors.

I Description of the Method of Transformation and the Molecular Biology of

- the Plant S : :

- Bollgard . I - cotton event 15985 was . generated using- the particle acceleration

- transformation system.. The plasmid vector, PV-GHBKI11 (Figure 1), contains two

. adjacent plant gene expression cassetles: the gene of interest, crv2Ab, and the scorable
-marker gene uidA, which encodes for the GUS protein.  The vector inserted into the

colton genome was a linearized fragment of the plasmid, designated PV-GHBKI L.

A. The Vector PY-GHBKI11L

The plasmid vector, PV-GHBKI 1, is an 8.7Kb high copy number pUC based plasmid. It
contains well-characterized DNA elements for selection and replication of the plasmid in
bacteria. The host for DNA cloning and vector construction was £, coli XL1Blue, a
derivative of the commeon laboratory E. coli K-12 strain. The genetic elements in PV-
GHBK I are listed in Table 1; sizes listed here include non-functional DNA needed for
the cloning. The ori-pUC is from the plasmid pUCIHY (Vieira and Messing, 1987) and it
provides the origin for replication and maintenance in £, coli. The npill gene is for
selection on kanamycin of bacteria containing the plasmid.
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The chimeric gene cassette that produces the Cry2Ab protein consists of the enhanced
35S promoter (Odell e al., 1985), the fully synthetic crv2Ab codimg sequence, and the 3
nontransiuted region of the nopaline synthase gene from Agrobacterivn tuntfaciens
which provides the signal for mRNA polyadenylation. The cry2Ab gene cassette was
transfereed to an intermediate plasmid ax o Neod fragment. “Phix intermediate plasmid
contained the following clements: enhanced 355 promoter, the F. coli widA gene, the 3°
nontranstated polyadenylation signal from the nopuline synthase geone of Agrobacterinm
tumifaciens and & multi-cloning site contiining a Notf site. The plasmid, PV-GHBK 11 is
a result of the fusing of the Notl erv2Ab containing fragment into the Neorl site of the
intermediate ptasmid,

The HPLC-isolated linear resiriction fragment of the plasmid vector, designated PV-
GHBKIIL, utilized for transformation of Bollgard H cotton event 15985, contains only

. the crv2Ab and nidA plamt gene expression cassettes and does not contain the nprif

selectable marker gene or origin of replication (Figure 2).

B. Method of Transformation : . e
The phmmd containing the cry2Ab ‘md widA gene cassettes, PV-GHBKI1I, was

- propagated in £. coli, purified from bucterial suspensions using column purification. The

gene of interest and the marker gene were purified away from the vector backbone by

‘cutting with a restriction endonuclease Kpnl (Ausubel er al., 1987) and subsequently

separated and purified based on size differences by HPLC.  This lincar fragment is
designated PV-GHBKIUIL. The purified lincar DNA, PV-GHBKIIL, was then

~ precipitated onto gold particles using calcium chloride and spermidine, essentially as

described by John (1997).

The cotton tissue that is the recipient of the introduced DNA, variety DP50B, is the Delia
and Pine Land Company commercial variety containing the Bollgard cryidc gene: DNA
was infroduced into the cotton meristems by the particle acceleration method described by
John (1997).. Germline integration of DNA was detected by histochemical staining for
GUS in vascular tissue... Nontransformed tissue was removed over time, thus promoting

.. growth of meristems. containing the introduced DNA.  The resulting: sced from these
.-plants was then screened for. the production of the Cry2Ab prolc:n. The prcpﬂmnon of

Bollgard {1 cotton event 15985 is described in. Figure 3..
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Figure L. Plasmid Map ol PY-GHBKI L.
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MONSANTO Boltgard It event 15985 FDA Submission  00-CT-013F 13

Used in
transformation



Figure 2. Linear Map of DNA Segment PV-GHBKI11L.
The DNA segment, PV-GHBK L used o generte insect-protecied cotton event 15983
hy particle acceleration technology,
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Figure 3. Development of Bollgard I Cotton Event 159853,
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|
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1
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|
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|
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l

Conventional methods of cotton
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1

Field evaluation of plants for
agronomic performance

l

- Boligard II cotton event 15985
commercial varieties
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Table 1. Summary of DNA Components of the Plasmid PY-GHBKIL,

Genetic Element

P-p358
Intervening Sequence
idA

Intervening Scguence

NOS 37

Intervening Sequence

P-e358
l’el}IS!’?U;!eilder )
AEPSPS/ICTP2
tntervening Sequence
cry2Ab

lntervening Scquence

NOS ¥

Rangee (bp)

Ps3-797

TUR-828

R29.2637
2638-2692

2693-2948

29493013

30143627
3628.3727
I129-3959

3960-3965

3966-5873

3874-5896

5897-6152

6530277

[Y'unction (reference)

Fhye canlifliser sy sine LCAMY  progpoder (00 or of L T05STwith s
duplieated enbanver wegiea waad o dose gxpresaton of the il pene

Sutithete sequeney, pesbslinder,

The wicht peee fuan £ el phaanid pUCTY eneadiog a B 13 ghueseonidine
OIS provein (OTiescn e e, TURIR)L

Symbetic seyuence., polybinker

The 3' nontrinsbaed region of the mopaling synthaze (INOS)Y rene from
Agrofacterfion tafucfens which rehninates transeriprion and directs
polyadenylation (Frafey eral, 1983),

Synthetic sequence, polslinker.

The cautithower mosaie vires GCaMV) promuter (el ef el 1985} with
the duplicated enhancer region used fo drive expression of the ereab
gene,

Heat shock progein 70 gene 57 poiransiated leader sequenee From poiunia,

The Neterminal chtoreplasi transit peptide from Arihidopsis Hudivna
E#'SPS gene (Van den Brocck, of ) I9835).

Synthetic finker sequences,

The synthetic ey AD gene based on the sequence fron: Baviflus
truringrensis {Widner and Whteley, 1990,

Syuthetic linker sequence.
The 3 pontransisted region of the pepaline synthase (NOS) gene from

Agrobacterinn ponifuciens which letminates ranscription and diceas
pelyadenylation (Fraley eral. T9R3),

tntervening Sequence Synthenc hinker sequznce.
Backbone 6278158 {Vicira and Messing, 19870,
lac? C62TR-6516 A partial facl coding sequence, the promoter P-lag and o partial coding
sequence far 3-D-palactosidase o lac proetein.
eri-plIC 6o6-7315 A plasmid replication origin which permits propagation of DNA in
. . bacteriat hosts such as £, ool
gl (Aan} _. . ?396;3363_ Thc.;;:énc for the enzyme neomycin phosphotransferase type H from Tns. a
. S . S transposon isolated from Excherichiin colf (Beek et el L9822, The npl
pene alur comtains o Q.53 kb portion ol the 0.378 kb Me gene from Tns,
> Ean $52.8501t Promotar for splf gene obtained from Tns,
Intervenine Seqience. © - 159:1§2° . Syathetic Hinker soquunce.
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C. Inserted Genes and the Proteins Encoded

I. Nomenclature ; o

Cry2Ab is a protein derived from Bacilius thuringiensiy and has also been designated
Cry2Ab2, CrylIB, CeyB2 or CryllAb  (Liang and Dean, 1994 Widner and Whateley,
1940 Crickmore, ¢f ¢, 1998) or the Monsanto designation Insect Protection Protein 2
(IPP2).  In the corrent nomenclature scheme for Cey proteins, names are assigned
according o amino acid similarity 1o established  holotype proteins as defined by
Crickmore er ¢l (1998).  In this nomenclalure, Cry proteins with similar amino acid
sequences are grouped together. Cry proteins with the same Arabic numeral. e.g.. Cry2,
share at least a 45% amino acid sequence identity. Those with the Arabic numeral and
upper case letter, e.g.. Cry2A, share ot least a 75% sequence identity.  Finally, Cry
proteins with the same Arabic numeral, upper case letter and lower cuse lelter, e.g.,
Cry2 Ab, share a greater than 95 sequence identity.

2. Thecry2Ab (ene

Bacillus thuringiensis (B.1.) is a gram-positive bacterium commonly present in soil and that
has been used commercially in the U.S. since 1958 to produce microbial-derived products
with insecticidal activity (EPA, 1988). Bacillus thuringiensis subsp. kurstaki, present in
commercial microbial pest control products such as DIPEL® and Cr}'maxé), contains both
the eryZAa and cry2Ab genes. The ervZAa gene is expressed in these commercial produets;
however, the cry2Ab gene is a pseudogene, which even though present is not expressed due
to an incfficient ¢ry2Ab promoter (Dankocstk et al., 1990). Therefore, the Cry2Ab protein
is not naturally produced in soil bacteria or sprayable microbial formulations (Widner and
Whiteley, 1990; Crickmore, ¢t al., 1994). Both the cry2Aa and cry2Ab genes are located on
the same 100 MDa plasmid (Donovan, ef af., 1988, 1989) and the sequence of the cry24b
gene has been fully characterized (Widner and Whitcley, 1990).

3. The Cry2Ab Protein

Assessment of the safety of the Cry2Ab protein produced in cotton plants required
production of sufficient quantities of material to conduct safety tests. Due to the extremely
fow levels of Cry2Ab protein produced in event 15985 plants, it was necessary to produce
Cry2Ab protein by baclerial fermentation to geaerate sufficient protein to conduct the safety

studies.

Since the cry2Ab gene is not natsratly expressed in Bacillus thuringiensis subsp. kurstaki,
the cnv2Ab pseudogene with the necessary promoter region was cloned into Bacillus
thuringiensis strain EG7699. The cry2Ab gene expression product was then isolated and
purificd from the modified EG7699 bacterial strain.  The Cry2Ab protein product
(GenBank Accession No, X35410) 1s 633 amino acids in length, with an approximate mass
of 71 kDa (Widner and Whiteley, 1990; Dankocsik et al., 1990). The deduced amino acid
sequence of the Cry2Ab protein introduced into plants is shown in Figure 4. An additional
amino acid (position 2, Figure 4} was introduced to create @ restriction enzyme cleavage
site for cloning purposes. The coding region of the Cry2Ab protein ts highly similar to the
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Cry2Aa protein (Figure 4), sharing 88% amino acid scquence identity (Widner and
Whitcley, 1990; Dapkocsik er af.. 1990) asd 97% aminoe acid similarty {amino acid
wdentities and conservative amino acid substitutions). The Cry2Ah protein that is present as
a stable protein product in transgenic cotton plants s predicted to contain an additiona
three amine acids due 1o processing of the chioroplast traasit peptide (underdined positions
77-79. Figure 5).
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Figure 4. Deduced Aminn Acid Sequences of Cry2Ab and Cry2Aa Proteins.
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Legend: Alignment of the deduced amino acid sequences of Cey2Ab and Cry2Aa
proteins. .
| = identical AA; : = AA conservative substitutions (similarities)
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Figure 5. Deduced Cry2Ab Protein Sequence as Produced in Cotton. The sequence

deduced from the DNA used 1o transform colton.

The chloroplast transit peptide is

shown in Hahlies (restdoses 1-79). The Cry2Ab protein corresponds o residues §0-713
The underhined amino acids (residues 77-79) correspond to the predicted portion of the
chloroplast transit peptide remaining after processing. The amino acid at position 81 (D,
aspartic acid) corresponds to the residue mroduced for cloning purposes (position 2,
Figure 4),
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4. The B-Glucuronidase (nidA} Gene o

The devetopment of plunt varictues containing useful new traits inlroduced by plant
genctic engineering depends upon wn effective ineans 1o scieet for the rare transtormed
plant cells containing the inserted gene(s) of interest from those phints celis that Tail to
teke up or mamtam the added DNAC Regenerating cach cell Trom that ransformation
experiment to test for the presence of the gene of interest would be both impractical and
prohibitory, as the frequency of transformation is as low as 1in 10,000 to 100,600 of the
treated cells (Fraley er al. 1983). “Theretore. a scorable marker is used to identify the
cells to be carried forward through the regencration process. The B-glucuronidase gene,
widA, also known as guas or gusA gene, s derived from Lscherichia coli sirain K12
(Jefferson, et al., 1986). The sequence has been fully characterized and is available in
GenBank (Jefferson, er al.. 1986: Schlaman er al.. 1994). This gene encodes tor the
enzyme B-D-glucuronidase (GUS).

5. The B-Glucuronidase (GUS) Protein

3-D-glucuronidase is an exohydroluse that catalyzes the hydrolysis of a range of the J-
glucurenides into their corresponding acids and the aglycones (Oshima er al., 1987),
including the artificial substrate p-nitrophenyl-B-D-glucuronide.  Hydrolysis of this
chromogenic compound releases a blue dye that functions as a visible scorable marker in
plant transformation processes (Jeflerson et al., 1987). The biochemistry and catalytic
activity of this protein have been thoroughly studied (Wang and Touster, 1972). The
enzyme has a molecular weight of 68 kDa and does not require any cofactors for activity
(Levvy and Marsh, 1959). P-glucuronidase functions within a pH range of 5.0 to 7.5
(Jefferson, 1993) and its heat stability has been determined, as a half-life of 15 minutcs at
60°C (Jefferson and Wilson, [991). The deduced amino acid sequence of the GUS
protein as expressed in cotton event 139835 is presented in Figure 6.

GUS protein was originaily isolated from E. coli (Stahl and Fishman, 1974), E. coli is
ubiquilous in the digestive systems of vertebrates, including humans (Jefferson et al.,
1986), where primary glucuronidation activity occurs in the liver. Endogenous GUS

©activity is also“observed in other tissues, such as kidney, spleen, breast milk, adrenal
- glands and the alimentary tract (Gilissen ¢éf al,, 1998). Glucurenide conjugation increases

the water solubility and excretability of foreign substances from the body (Dutton, 1980).
GUS: activity- is- also ‘observed in a large number ‘of other bacteria, including other

“anaerobic digestive fract bacteria such as Clostridium and Bacteroides (Hawkesworth et

al., 1971), as well as'many bacteria (Levvy and Marsh; 1959; Ritz ef af.; 1994).- GUS is
also present in cattle and in a number of invertebrate species, including nematodes,

“molluses; snails; and insects (Gilissen et al., 1998).

GUS activity has also been detected in over 50 plant species in various tissues, including

embryo, - fiuit; seed: coat and:-endosperm* (Flw ¢t al., 1990). * These specics include a

- number of human food-saurces, inchiding potato, apple, almond; rye; rhubarb, and sugar
© - beet (Schulz and: Weissenbock: 1987: Hodal et al:;, 19927 Wozniak and Owens, 1994) and
“constifiite an éxtensive history of safe exposure. -
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Figure 6. Peduced Amino Acid Sequence of Plant-Produced GUS Protein.
The sequence deduced from the DNA used to transform cotton.

P MVYRIVETPIR  BEIKKLDGLWA FRLDRENCGI

51 ENDQFADRADI RNYAGNVWYQ REVFIPKGWA

101 NOEVMEHQGG YTPEEADVTP  YVIAGKSVRI

DORWWESALQ

CGUHRIVLREDA

TVOVNNELNW

ESRAIAVPGS
VIHYGRYWVN

QEIPPGMVIT

151 DENGKKKQSY FHDFFNYAGE HRSVMLYFIP NTWVDDITVY  THVAQDCNHA
201 SYDWQVVANG DVSVELRDAD QQVVATGQGT SGTLQVVNPH — LWQPGEGYLY
251 ELCVTAKSQT  ECDIYPLRVG IRSVAVKGEQ FLINHKPFYF  TGFGRHEDAD
301 LRGKGEDNVL  MVHDHALMDW IGANSYRTSH  YPYAEEMLDW  ADEHGIVVID
351 ETAAVGENLS  LGIGFEAGNK  PKELYSEEAV  NGETQQAHLQ  AIKELIARDK
401 NHPSVVMWSI  ANEPDTRPQA AREYFAPLAE ATRKLDPTRP  ITCYNVMFCD
451 AHTDTISDLF  DVLCLNRYYG WYVQSGDLET AEKVLEKELL — AWQEKLHQPI
501 ITEYGVDTL  AGLHSMYTDM WSEEYQCAWL DMYHRVFDRV  SAVVGEQVWN
‘551 FADFATSQGE  LRVGGNKKGl FTRDRKPKSA  AFLLQKRWTG  MNFGEKPQQG
60t GKQ ..

D. Molecular Characterization of Bollgard It Cotton Event 15985

Molecular analysis was performed to characterize the inserted DNA in Bollgard H cotton
event 15985. Southern blot analysis was used to determine the insert number (number of
integration loct within the colton genome), the copy number {the number of transgenes at
a single locus), the intactness of the cry2Ab and uidA coding regions, the intactness of the

.t y2Ab and widA cassettes, and to contirm the absence of plasmid. backbone sequence

. derived from plasmid PV-GHBKI11.

Plasmid PV-GHBK11, the plasmid backbone, the

cry2Ab and. uidA coding regions, the enhanced CaMV. 358 promoter,. and the NOS 3

po!yadcnylauon sequence were all used as probes..

o fo![ow:nv the NOS 3 poiyddtnv!dtmn sequence in the cassette is no longer present.

Additionally, the 57 and 3’ insert-to-
s plant _]UHCUO!\S were: vcnf‘ ed using the po[ymcr.usc chain reaction (PCR).

' .Th'c dat'a show lhat B'oflgard II'co:lOn-evcm 15985 con:ains one DNA inscrt'ion from PV-
GHBK1! (Table 2). The insert contains one copy of both the crv2Ab and nidA cassettes.

. The cry2Ab. coding region. and. cassette are complete, however. the. restriction site
The

._'_.-'._'mdA codmn n.gmn and its NOS.3" poiyﬂdcny ation chucnu. are also complete; however,
- 2260 bp of the 5! end of the enhanced (.d’\/IV 358 prothoter of the: widA cassetle is not
- présent in the inserted tidA gene cassette.. The e35S promoter is still functional despite

" this truncation, as demonstrated by produclmn of the GUS protein. This event does not
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contain any detectable backbone sequence derived from plasmid PV-GHBKI. It is
thercfore concluded thal full-fength Cry2Ab and GUS protems should be produced in
event 15985 us u result of integration of the DNA segment derived from plismid PV-
GHBKI1. Production of the full-length CryZ Ab and GUS proteins in cotlon cvent {5983
have been conltirmed by western blog anabysis. A detatled discussion of the melecubar
characterization of Botlgard H cotion event E5985 is contained in Appendix |,

Table 2. Summary of ¥olecular Characterization Data for Cotton Event 15985.

Cotton Event 15985

# ol new inseriions One

# of copies ol erv2ad and widA cassettes One of cach

Genetic Element

crhanced CaMV 358 prromoter (#idA) Missing 260 bp from 5° end {-40%)
1idA coding reeion Intact

NQS 3’ polvadeaylation sequence (widA) Intact

enhanced CaMV 358 promoter (crv2Ab) Intact

cry2Ab coding region Intirct

NOS 3" polyadenyiation sequence (cry2Ab) Intacy

Backboene DNA Not detected

E. Segregation Data and Stability of Gene Transfer of Boligard 1T Cotton Event
15985 _

1. Segregation and Stability o S

To determine the stability of Bollgard If cotton event 15985 across generations, a series of
progeny tests  were Concluclcd based on a qualitative Cry2Ab Enzyme-linked
immunosorbent assay (ELISA). The results of four generations are reported below (Table
3). Staustical significance for the segregation data was determined using Chi square

“analysis.

All generations segregated as expected for a single insertion site. The R1 progeny of
Bollgard If cotton event 15985 yiclded the expected segregation ratio of 3:1 with respect
to the detection of Cry2Ab protein. Progcmcs of event 15985 backcrossed to commercial
cotton cultivars y:cldcd the expcctcd 5cvrcganon ratio of apprm:matcly 1:1 with respect

T to'the Cry2Ab protcln “The Chi square ‘maly‘;:s of the segregation results are consistent

“with a singlé active site of insertion into the genomic cotton DNA, segregating according
to Mendelian genetics. These data confirm that the DNA insert in Bollgard Il cotton event
15985 contains a DNA insert of # single locus that segregates according. to Mendelian
genetics and therefore remains stably :n!c;:rfiled in the plant genome over sclfed
ncncmuom and ow.r succumve b'lckcross gcncratlom. _
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‘Fable 3. chregaliqn Data and Analysis of Progeny of Bollgard I Cotton Event 15985,

Expected Observed ' T
Generation © Positive  Negative Positive Negative ChiSq
R1 (3:) 202.5 67.5 210 () e
R2 (3:1).. 435 5 43 b7 0.356™
BCIFI (i:H) 199 199 213 185 £O70™
-BC2F2 (3:1) 568 189 . 549 . 208 24777

! Data expressed as number of positive and negative plants based on Cry2Ab quatitative ELISA.
* RI seed was from the initial RO transformant in a DPSOB background.

R2 seed was pooled from heterozygous R1 plants in a DP50B background.

BCIF! and BC2F2 plants were pooled from five different elite cultivar backgrounds.
* not significant at p=0.05 (chi square = 3.84, 1 df).

- 2. Cotton Event 15985 Generation Stability: Southern Blot Analysis
The purpose of this study was (o assess by Southern blot analysis the genetic stability of
the additional DNA inserted to produce the Bollgard II cotton event 15985 across five
plant breeding generations. Genomic DNA samples from the R, R2, R3, R4 gencrations
and two different second-generation lines of backcrossing (BC2F3) were digested,

" blotted; and probed with the entire cry2Ab coding region to assess the stability of the
inserted DNA over time and breeding generations.  The restriction enzyme Sphl was
selected because it gencrates  unigue Southern blot banding pattern fingerprint for event
15985 when probed with the crv2Ab coding region. The results are presented in
Appendix 2. The non-transgenic control DNA and the parental control DNA produced no
hybridization to crv2Ab, as expected. The data show that no differences in banding
pattern were obscrved among DNA extracted from any of the five plant breeding
generations. This demonstrates that the DNA insert is stable in the plant genome across
five plant breeding generations.

- A “Safety of the New Cotton Event ' '

 The flowcharts prescn(cd in the FDA Tood Pohcy (I‘DA 1992) were utilized to orgamzc
i "_':he following s.ummdry ‘of the studies conducted and other information which demonstrate
' the substantial equwa!cnce of Boligard 1f Lolton everit 15985 to the pnmm! control line

o "'zmd Olher cotton vancucs cfrown commcrcnliy

) Safety Assessment 0!‘ ‘\Iew V'met:es I‘he Host P!.mt Cotton '

" The first component: of the s‘lfuy assessmient’ under the FDA Food Policy regards the
safety of the host organism, cotton (Figure 7). ‘Cotton, Gossypium hirsutem L., is the
leading plant fiber crop produced in the world. Both cottonseed oil and to a fesser extent
cotton fiber, in the formy of processed cotton linters, are routinely used for human food
products and have a history of safe use that is well documented (NCPA, 1999a).

M ONSA NTO Boflgard H event 13985 FDA Submission  00-CT-013F 24




Additionally. cottonsced. mead, crude cottonseed oil, huils and gin trash are used in
apimai {eeds for cattle. sheep, goms, horses, poultry, swine, fish and shrimp (NCPA,
19949h). Food and feed uses of cotton are limited due 1o the nataral toxiciinis present in
the crop:  gossypol and cyclopropenoid faity acids (CPFAY These antinutritional
components have been thoroughly stadied and do not necessitate further analytical or
toxicotogical testing,

1. Cotton Production S

Cotton is grown worklwide, typically in arid regions of the tropical or sub-tropical areas
(Niles and Feaster, 1984), 1t is grown primarily for the value of the fiber. wilh cottonseed
being a by-product.  Cotton production in the United States was 13.9 million acres
planted in 1999 (USDA, 2000).

2. Cotton as a Food Source in the United States

Cottonseed is processed into four major products: oil, meal, hulls, and linters. Processing
of cottonseed typically yiclds (by weight): 16% oil, 45% mcal, 265 hulls, and 9% linters,
with 4% lost during processing (Cherry and Leffler, 1984).

Cottonseed is highly processed during the production of ol and meal. After hulling, the
cottonseed is flaked by a rolling process 1o facilitate oil removal. Prior 1o oil extraction,
the flakes are heated to:

(i) break down the cell walls

(ii) reduce the viscosity of the oil

(iii) coagulate the protein _

(iv) inactivate proteins and kill any microbial contamination

(v} detoxify gossypol by the combination of heat and moisture

(vi) fix certain phosphatides in the meal to minimize refining losses..

After heating, oil is typically removed from the meal by direct solvent extraction with
hexane. The material left after the extraction of the crude cottonseed oil is the cottonseed
meal. The gossypol levels in the meal after extraction are reduced by approximately half.
Crude cottonsced oil is further processed, depending on the end use of the product.
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Figure 7. Safcty Assessment of New Varieties:' The Host Phint (taken from FDA
Food Policy Figure 2). The pathway leading to “No concerax” for Bellgard 1T cotton
event 5985 is highlighted with bold arrows.
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1¥
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the range ordinarily

seen in the host
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. Further processing (refining) for all the uses of cottonseed oil includes deodorization and

“ " bleaching. Deodorization greatly reduces the cyclopropenoid fatty acid content of the oil

- due to extreme pH and temperature conditions (NCPA, 1990). A winterization step is
added to produce cooking oil, whereas for solid shortening an hydrogenation step is

- added to transform the liquid oil into a solid fat. The resulting oil contains no detectable

- protein (Fuchs ef al., 1993). Cottonseed oil is a premium quality oif that is used for a
- variety: of food uses, including frying oil, salad and cooking oil, mayonnaise, salad

- dressing, shortening; margarine; and packing oil. Cottonseed meal is not currently used
- for human’ consumption. in” the United States (Morgan: 1990; NCPA, 1999a), but is
. principally ‘sold as feed for lvestock (NCPA, 1999a). The presence of gossypol and
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cyclopropenoid fatty acids in cottonseed limits s use as @ protein supplement i animal
feed except for cattle, which are affected by these componenls at higher levels than other
apimals, According to the National Cottonseed Products Association, more than hall of
the cattonseed produocts, meal and hulls, go into animal feed. Tnactivation or removal of
these antinutritional compoencnts during processing enables the use of some cottonseed
meal for catfish, poultry and swine. accounting for most of the remaining cottonsced
meal.

The hull is the wugh protective covering of the cottonsecd removed prior to processing
the seed for oil and meal. Hulls are vsed as a bigh fiber compoenent of livestock feeds due |
to their high cellulose and lignin content (NCPA, 1990). Gin trash, the dried plant
mutterial cleaned trom the fiber during ginning, is also another source of roughage for

livestock feeds.

The short fibers on the cottonsced, or linters. consist primarily of cellulose (>95%)
{Wakelyn er al., 1998). After extensive processing at alkaline pH and high temperatures,
‘the linters can be used as a high fiber dietary product. Food uses include casings for
-bolognra, sausages, frankfurters, and to improve viscosity in products such as toothpaste,
“ice cream, and salad dressings (NCPA, 1990). Based on the composition of linters and
“the extensive processing undertaken prior to food use, cellulose used for food derived
“from cotton linters is not expected 1o contain any detectable protein (Sims er af., 1996).

3. Characteristics of the Parental Varicty

The cotton cultivar used as the parental varicty for transformation was Delta and Pine
Land Company variety 50B, (DP30B), derived from Bollgard cotton eveat 531. This
cotton event was commercilized in the United States in 1996 and expresses the CrylAc
“insecticidal protein and the NPTII selectable marker protein. Cotton varieties derived
-from this event were grown on maore than 3.9 million acres in the United States in 1999,

*“a. - Compositional Analysis of Bollgard H Cotton Event 15985

The final assessment in the decision tree presented in Figure 7 regards the bioavailability
and levels of nutrients in event 15985 Forty-cight different compenents of cottonseed
were evaluated by Covance Laboratories, Inc. (Madison, WI) as part of the safety and
nutritional assessment of this product. The level of components important for food and
feed uses were assessed for insect-protected cotton event 15985 and compared to that of
the pareatal control (DP530B), as weil as to other commercial cotton varieties analyzed in
- the' stirdy. - Field- trials’ were conducted at eight U.S. locations within six states in 1998
~(Texas, Arizona, Mississippi; South Carolina, Louisiana and Alabama). Compositional

~analyses ofseed ‘samiples collected in 1998 U.S. trials were conducted té measure

- -proximates (protein, fat. ash; carbohydrate, moisture, fiber, calories), amino acids, fatty
- acids; minerals (calcium; copper, iron, magnesium, manganese, phosphorus, potassium,

" sodium- and. zinc), gossypol; cyclopropenoid fatty acids and aflatoxin: content: of sced.
Sced collected from Botlgard II cotton event: 153985, the pareatal line DPSOB: and seed
from the non-transgenic control line DPSO were analyzed. Compositional analyses of
cottonseed oil {(blcached and deodorized) and meai (toasted) samples processed at Texas
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A&M were also conducted, For cottonseed oil, Tevels of fatty acids, vitamin k£, gossypol
and cyclopropenoid Fatty ucids were determined. For meal samples, gossypol levels were
assessed. The compaosition duta ugcross all eight ULS. field sites are stmmarized in Tables
4-12.

Statistical evaluation of the composition data showed that in 48 comparisons from the
etght U.S. trials, there were sixoinstances where the mean values for event 15985 were
statistically significantly different from the Boligard (DP30B) parental linc. Al of these
stgnificantly different means were within the 93% confidence interval and within the
range of analyses for commercial cotton. Furthermore, the statistically different means
werc not observed at all tocations, demonstrating the impact of environmental conditions
on variability.

Therefore, these statistically significant differences are not considered biologically
relevant since |) the means were within the 95% confidence interval and within the range
of analyses for commercial cotton, and 2) the statistically different means were not
observed at afl locations. Compositional analyses of refined cottonsced oil from event
15985 were comsistent with commercial cotton varicty ranges for fatty acid levels,
 vitamin E and gossypol levels. The gossypol levels of toasted cottonseed meal samples
.. derived from events 15985 were consistent with gossypol levels from commercial cotton
varieties. Therefore, it is concluded that event 15985 is not materially different from
other commercially available cotton varictics.

i} Materials and Methods . ' -
Seed samples were ginned, acid dclmlcd and shlpped undcr dmblcnt canditions to
Covance Laboratories, Inc. for compositional analyscs. Seed samples, including hulls,
were analyzed for proximates {(protein, fat, ash, carbohydrate, moisture, fiber, calories),
amino acids, fatty actds, cyclopropenoid fatty acids, minerals (calcium, copper, iron,
magnesium, manganese, phosphorus, potassium, sodivm and ziae), total gossypel and
afiatoxin content.. . Carbohydrate values 1n seed were determined. by calculation.
- Cottonseed oil and meal samples were processed at Texas A&M and shipped frozen on
- dry ice to Covance Laboratories, Inc.. for cyclopropenoid. falty acid,. vitamin E and

. .- gossypol analyses. Cottonseed meal samples were analyzed for gossypol levels. The

. methods used_ by Cov:mcc_ Laboratories, Inc. arc summarized in Appendix 3.

_-.__--__n) melm.ate Ana!y-;es B ; C

: The: Ievels of - the ma_]or componcnm of' LOl{OHSCCd (pm:un f'n ash. - moisture,
cdrbohydratc fbcr md calories). were. determined for s.ced from each field site-and are
.___"_rcported as - avcragca across: sites (Table 4).. There were no statistically significant
- differences.in sced proximate levels between Boilgqrd I event 15985 and. the parental

.- control, DPSOB A!E méan. values fell within. the reference ranges generated, as well as

lucmturc ranges av‘ulablc for protein (17 329), fat (16.1 - 26.7%), ash (4.1 - 4.9%) and
... moisture (S~ 10.1%) (Berberich et ali, 1996).. :
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jii) Amino Acid Composition

There were no amino acid puramcters that were statistically sigatficantly different from
the parentl controb varicty. DPSORB (Table ). Therefore, the amino acid composition of
the sced fram cotton event [3985 was equivatent to the composition of the seed from the
parental DP30OB control. Al mean values fell within the reference ranges generated.

v} Fatty Acid Composition e
Fatty acid profifes were evaluated in cottonsced for Lw,nt 985 and there were no

statistically significant differences for patmitic, p: mitoleic, oleic, linolenic and gamma
linolcic. arachidic, behenic or lignoceric acids compared to DP30B (Tuable 6), Small, but
statisticaiby significant differences were observed for myristic, stearic, and linoleic acids,
between event 13985 and control. All significantly different mean values for event 15985
were within the nontransgenic and commercial cotton reference ranges, as well as within
the 95% conlidence intervals (Table 7) and ranges published in the literature (Berberich
et al., 1996). Therefore these differences were not considered biologically relevant.

v) Mineral Analyses

Mineral levels of calcium, copper, iron, magnesium, manganese, phosphorus, potassium,
sodium and zine were measured i cottonseed (Table 8).  There were no statistically
significant differences in any mineral levels obtained for the event 15985 and the means
were all within the nontransgenic and commercial reference ranges.

vi) Toxicant Analyses

a). Gos.sypol Analyses : -
Gossypol is classified as a l{.rpf,nold d!dchyde, .md is onc of a mm:i)’ of !crpcnmd
compounds produced by genera in the plant tribe Gossypine. Gossypol is produced in
lysigenous glands of the seed, leaf, stem and root of the cotton plant, and provides insect
protection to the plant.

Gossypol content of cotionseed varies with variety and. environmental conditions that -
include root chilling, rematode and disease infections, toxic chemicals, temperature and
moisture stress (Bell, 1991). Gossypol tends to be lower in cottenseed from plants grown
at ocations with higher than average temperatures, and at higher levels when plants are

~ grown under increased rainfall conditions (Pons et al.,. 1958). However, analysis of

..~ gossypol: levels in. different cotton. genotypes. grown in d;t&,rcnt geographical locations
. shows’ a strong. genolype-environment interaction, . Gossypol levels that are reported in:
the literature for different cotton varieties grown under various environmental conditions

' range from 0.39% to 1.7% dry weight of the cottonseed (Abou-Donia, 1976) or a greater

range, 0.33 1o, 2.4% as determined in. Indian and Russian samples tested (Berardi and.

Goldbatt, 1980). .

'- -.':'thn Lmtonst,cd is ﬂdkcd dnd h(:'m.d durmt1r procc%:nﬂ to 01! gmd mcai lht, iquenmlq

glands “are” ruptured: and. gossypol is released. . Some of. the. gossypol. binds to seed
components, primarily to proteins through the free amino groups of iysine. The binding of
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gossypol during processing is important beeause the free form of gossypol is considered
taxic, whereas the bound form is unavailable and cxseatially inactive (Manin, 1990;
Berurdi and Goldblatt, 1980y,

Total gossypol lfevels were measured in cottonseed From abb est and control lines
collected across all cight fickd test focations (Table 9). There were no stutistically
significant differences in the gossypol level obtained for event 15985 and the mean value
transgenic and commercid reference ranges,

was within the ni

b) C}clnpropcnmd Fatty Acid Analyses - SR
The cyclopropenoid fauty acids. sterculic ‘and mialvalic acid, arc unique fatty acids
common in cotton. Cyclopropenoid fatty acids (CPFA) arc naturally present in cotton and
are considered 1o be undestrable, anti-nutritional compounds of concern for food and feed
safety. Refining of cottonseed oil includes deodorization and bleaching, which greatly
reduces the CPFA content of the oil due to extreme pH und temperature conditions
(NCPA, 1990). Sterculic and malvalic acids are 18 and 17 carbons fong, respectively, and
contain & double bond at the propene ring. The cyclopropenotd fatty acids inhibit the
desaturation of stearic to oleic acid, which alters membrane permeability. The levels of
cyclopropenoid fatty acids must be minimized due to this undesirable effect (Cherry and
Leffier, 1984; Phelps et al., 1965).-

Statistically significant differences were observed for the mean values of malvalic
(0.45%2), dihydrosterculic (0.18%)and sterculic (0.309) between event 15985 and coatrol
DP50B (Table 9). The absolute magnitude of cach difference as a percent of the control
- ranged from 15-22%. All significant mean differences for event 15985 were within the
- 95% confidence interval for each true mean difference and mean values were within the
nontransgenic and commercial reference ranges (Table 73 as well as literature ranges
(Berberich er al.. 1996).  Additionally, only one of the four replicated field locations
showed statistically significant differences between 15985 and the controf. Therefore the
differcnccs were not considcrcd biologically relevant.

c) Aﬂqtowcm Ana[yseq S T - : o :
- - Aflatoxins are a: group' of- mycotoxms produced by ASperngus ﬂavm 'md Aspergillus
© parasiticus that may contaminate food and: feed: products (Yorgensen- and Price,” 1981).
. Cottonseed is: one: of ‘the: commodities - most’ commonly contaminated: by aflatoxins
“(Bagley, 1979) ~The  aflatoxins: are: highly:substituted coumarins® containing a fused
= dihydrofirofuran.” There'are four major aflatoxins produced in cotton by Aspergillus: By
and By are’ designated because of their bhie flaorescence; and Gy and G; because of their
- green-yellow fluorescence (Wogan andBusby,: 1980).- The aflatoxins are potent animal
toxins and- carcinogens, and have been epidemiologically implicated as environmental
carcinogens in humans. The most toxic and highly regulated aflatoxin is By (Park and
- Stoloff. 19897 Stoloff er ali 1991):: Aflatoxin contamination of cottonseed is regulated

".'undu- Smtc and F'cdemi fc:.d adu]zcrant provmom (Pr:cr, etal., l993}
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Cottonseed that is damaged by inseet fecding on the cotton boll is susceptible 10 infection
by the Aspergiting fungi. Aspergillies infection of cottonseed that results in aflatoxin
production is generally imtiated through insect damage in the ficld rather thas during sced
storage (NCPA. 1990). While normad refining procedures remove the toxin from the oil
resubting from contaminated seed. the residual meal is stll contaminated.  Aflatoxin
content of foods and asimal feeds throughomt most of the world are strictly regulated
{Stoloff er af.. 1991}, Contamination results in losses for the producers, processors, and
animal feed industries that depend on cottonseed for feed (Park and Stololt, 1989). The
ULS. Food and Drug Administration has cstablished o regulatory threshold for aflatoxin
B, in cottonsecd {ed 1o dairy cows at 20 pg/kg or 20 ppb (Jorgensen and Price, [981).
Afatoxins in cottonseed wre transferred to milk in shightly modified form {(Park er al,

t988), and the U.S. regulations probibit aflatoxin levels over 0.5 mg/kg in milk.
Cottonsced containing less than 300 ppb aflatoxin B, may be fed to mature beef cattie.
but fevels above this limit may not be wsed as feed. Therefore, it is important to minimize
conditions that favor growth of A. flavus or A, parasiticus on cottonseed and to monitor
for its presence for health and economic reasons.

The levels of four primary aftatoxins (B, B2, GI. G2) were undetected in the cottonseed
for event 15985, control DPSOB and the nontransgenic and transgenic commercial
reference lines at a LOD of .1 mg/g (Fable 9). : :
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vit. Compositional Analyses of Refined Cottonsced Qil

Cottonseed oil samples were generated by pooling cottonseed by line across the eight
ficld sites for processing to a single oil sample per line.  As only one sample was
generitted for each Hine, the results were not statistically analyzed.  Compositional
anudyses were conducted on cottenseed oif swnples for the following components: fatty
acid composittion, vitwmin E content, gossypol content and cyclopropenoid fatty acid

content,

a) Fatty Acid Profiles. Fatty acid profiles were evaluated in refined cottonseed ail for event
15985 and are listed in Table 10, The values generated show that the fauy acid levels of oil
from event 13985 and controt DPS0OB were consistent with nontrsnsgenic and commercial
reference ranges and there were no statistically significant differences in fatty acid levels
between event E5985 and the parental control BPSOB. 5

b) Vitamin E (o-Tocopherel) Analyses. Vitamin E levels measured in'refined cottonseed
oil prepared from pooled cottonsced samples from all eight sites were similar to levels
reported from the commercial reference ranges (Table ). The vitamin E level for
cottonseed oil from cvent 13985 was 59.8mg/100g. Commercial cotionseed oil samples
ranged from 45.1-58.35mg/100g for vitamin E levels. The vitamin E level for cottonseed oil
from event 15985 and commercial oil samples fall within the range (10.2 - 66.0 mg/100g)
reported in the literature by Dicks (1965). Thercfore, these differences are not considered
biologically relevant. -

¢) Gossypol Analyses. Gossypol levels were measured in refined cottonseed oil in samples
pooled from eight ficld test locations (Table 11). Free and total gossypol levels measured in
all test, control and reference oil samples were all below the limit of detection of lhr;,
Jn'liylac*ll methed (<0.005 %FW).

d) C}ciopropeno:d Fatty Acid Analyses. - CPFA levels were measured in refined
cottonsced oil prepared from pooled cottonseed samples. The mean values observed for
sterculic (0.205%), dihydrosterculic (0.165%) and malvalic (0.378%) acids for event 15985
were similar to those of the control DP5OB and were within the ranges determined for 01!;
denvcd from commercial cotton \hll’lt.ll(:'-‘» {Table 12). :

viii. Composmuml Analyses of I‘oasted Cottonseed Meal _.
Toasted cottonsecd meal samples were: generated by pooling cottonswd across eight field q:tcf;-.}
for processing into a single sample per line.  As only one meal v.amp!c was generated for each
. ling, the results were not’ smusumlly analyzcd The free gossypol: level for toasted cottonseéd -
¢ meal from event 15985 was 0.037%. fwi; which was similar to cottonseed meal from parental !
. " control DP50B (- 0042%) Free gossypol levels in: cottonseed meal samples gencrated from

- commcrcxai cottonsud vanc{:c'-: r'mgcd fmm 0. 025 lo 0 068% : -

I‘hc totai g,ossypol !we! for (_oltonc;eu} mm! From went 1‘598‘3 was 0‘)6‘3 fwt. Cottonseed
meal from parental control DPSOB was 1.05%. Total gossypol levels in meal samples gencrated -
from. LOmmM‘CI’ﬂ cottonseed: varieties. ranged from 0.933 o 143%. Gossypol values. I‘Urfi
cot(o:lstul mml from cvunt 15985 are consistent with vatues from commercial varicties. o

" MONSANTO Boligard 11 event 15985 FDA Submission  00-CT-013F 4z




et AEI0LD00  MOSSRUQNG V(I C866T AR [] pandnog OINVSNOIY

"SMIBLITA UONOD DQRJITAR £||RIUMULIOD DAL (AL BIRp sapnduy aguny
RGO 1 YIS P ST g wesy pajood sadiies yasaida sanje A

€0I0-0010> | 001'0> €010 R (0:22) druatgaq
PECO8L170 8L1°0 FrC0 L0 (0:07) arpnpeae
BN C9)

_ drajour| vunued

Tere-021°0 SH10 510 1240 pu dusjou
O6'FS-18 6't< L'es PESS (Z:81) 210Uy
QLI-LPI L¥l L¢l 'Sl (1:87) 200
FEC8671 0 rEL 0T (0:g1) d1avals
(0:LT)

0010> 001°0> 001°0> (016> alourdapeyday
PEG'G-SEL0 3L°0 CeL'o E8'0 (1:91) Map03utped
£9T-L'TC 1Y (Y2 6'¢T (0:91) apurped
(0:5¥)

010> 0010> 001°0> 001°0> atouwdapryudd
St 1-€26°0 901 0860 (4! (0:47) onstaf
dued (joaiuoy (sp1ac
UM | Musdsuenuou) (udaed) Anwjei03 95)
BRI 0sdd H08dAd SROS1 PV Aney
S[BLE PR 'S

8661 a1 wo.y sapdwng |10 paasuee cg6ST IuaaT If PAEI[log JO 5asA[BUY PRV ANCY Jo Arewnung ([ aqu],




AE10-LD-00

HOISSIIGNS V(. SRES] 10282 I PIBSHOG OINVYSNOIY

“SANALITA UONOI A|GUITEAT S[JUIMUILOD DAT] WO IR Saphjr afuiy .
'8661 UL smis praty ' n g wou) pajoed sajdioes wasardar sanfep

(010> 001°0> 001°0> 001°0> (0:+7) d1a30uBy]

QAouel {lonu0d e (SPIAR

AudY | ausdsueiiuou) (aaed) Aney 18303°94)
el 0sdd HOSdA SROST

L poyAneg

I PRENG0) SR L P S

8661 211 oy Salduies 10 paasuionio) SGST 1UAAT T PATSIIOG J0 SaSA[RUY PIOY ANE, J0 AIBUIANS 01 91,




G SEHGLDI00  WEISSIS Vo SQEE | 11taA3 [ panSpog O INVSNOM

SPNAITA UOTIOD AQR{IEAE K|IEIDINUILOD AAL WOI) LIRp SapR[auL dBULY |
"BOGT UE SIS play SN § wiog pajoad sapdwes wasaidal sanjea,

T (Md%)
) _ | - jodAssod
€81 - €€6'0 01 g0 9860 oL
TV
(M%)
JodAssod
890'0-520°0 [+0°0 Tr0'0 LEOD R
IV
(B001/8W)
I unuen A
C8E-1'S¥ L) 1"t 865 IO
(Med%)
jodAsso8

0L
c00'0> S00°0> £00°0> £00°0> MO
(Me19)
[od£ssod

201
€00°0> S00°0> £00°0> $00'0> 110
([e1uad
Qduer duatagy | duadsurnuou) (uzaxed)

[BL2AHoT) tsdd H0sdd S8651

_SedLppsa o o
8661 A WOy SHHAWES [1() PUT [RIIY PAISUIIOY) SRGST IUdAT [T PIET(I0g JO SasATeUY Jo Ateuning CTrageL




Lo}

AE10-LD-00

HOISSITHQNS V(A SRES T 1UAAR JT pav&Nog O INVSNON

| TSPBLILA UCNO3 ARYITAL A|[RIDIGWIWION 241 WO IR SHPH{aUT SFHEY .
8661 91 SIS Py "gN) § wody pajood sajduis wwasaxda sonje

_ {61-D)

TOT0-9rI0 9F1°0 691°0 $91°0 AoINseIpAYIp
682°0-91T0 L1270 LZT0 S0T°0 (81-D) anmoa1s
SOF'0-P6T 0 LLED FE0 8LE°0 (L1-D) afpeayeu
~uu:a._ {[onuod (sproe Ay1e] 12303 %)
ALY | druddsurajuou) (1uaaed) o v_u«;:wm
SREIULH e} 0sda b (11% (1 SRGST | - plouadoxdopid

sadwieg {10 paAsuoIIN)) §RGST WUIAT |1 paedjjog Jo sasfjeuy pay An

‘SIELLL, PIRLI 'S 8661 343 woxy
2] prousdoxdorassy yo Areuruing

rraqer




ix. Conclusion

The FIXA's Food Policy recommends that key nutritional and biochemical components
of genetically modified plant varietics be assessed prior to commercial introduction.
Monsanto has performed extensive analytical studies to compare the composition of
Boligard 1} colton event 13985 to the parental control, commercially avinlable cotton
varietics and reported literature values where available.  The compositional data
demonstrate that cottonseed from event [5985 is substantially equivalent to the
pirental controb cotton and other cotton varieties grown commercially.  This point,
together with the sife history of use of the host organism. cotton, as a source of animal
feed and human food, feads to the overali conclusion of “no concern™ in response (o
the questions posed by the FDA in Figure 7, “'Safety Assessment of New Varieties: the

Host Plant™.

B. Safety Assessment of New Varieties: The Donor Organism(s)

The safety assessment of the new varicty includes an assessment of the donor organisms, per
the FDA Food Policy (Figure 8). The donor organisms for each genctic component of the
hnearized fragment of PV-GHBKI11 is listed in Table 13.  Each of the inserted genetic
clements in Bollgard II cotton event 15985 is derived from a well-characterized source
organism that is not commonly allergenic, nor warrants further analytical or toxicological
testing.  Further, only the specific sequenced genes were transferred to the host organism,

cotlon.
Table 13. Donor Organisms for Bolfgard H Cotton Event 15985.

Genetic Element -~ - - Source
cry2Ab L Bacillus thuringiensis subsp. kurfmkt
nidA L Escherichia coli
P-¢355. “.. .. Cauliflower mosaic virus
NOS3 - . Agrobacterium tumefaciens:
Pet HSP?O leader-© .. Petunia hybrida
AEPSPS/CTP2 Arabidopsis thal E(ma

.. Doner Qrganism: Bacillus ﬂmrmgtensxs subsp kursrakx |

' ;1..'! ONSANTO Beligard If event 15985 FDA Submission G0-CTof3f

Bacitlus thuringiensis (8.1.).is a gram-positive bacterium that is common!y found in soil
and has been used commercially in the U.S. since 1958 to produce microbial-derived.
products with insecticidal activity (EPA,. 1988)... Based on the available scientific data,

 EPA:and other regulatory agencies have determined that use of registered B..k. products

poses no sigaificant risks to- human heaith, non-target organisms or the cnvironment
(EPA, 1998). Bacillus thuringiensis has been previously reviewed as a part of the safety

-assessment of the donor organism during Monsanto consultations with the FDA regarding
cotton; (Gossypinem, hirsutun) (Monsanto,  1994) and corn (Zea mays) (Monsanto, 1996).

The characteristics of this erganism do not warrant additional analytical or toxicological
testing.
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2. Donor Organism: Escherichia coli K12

The B-glucuronidase eene. widA, also known as the gus or gusA gene, is derived from
Excherichia coli strain K12 {Jelferson ef af, 1986). £ coli s ubiquitous in the
cavironment and in the digestive systems of vertebrutes, including humans (Jefferson e
al, 1986). The same genclic element from the same doror organism is contained in
Roundup Ready sugar beet line 77, previously reviewed by FDA (Monsanto, 1998), The
characteristics of this organism do not warrant additional analytical or toxicological
testing.

Donor Organism: Cauliflower Mosaic Virus
The cauliflower mosaic virus, which is the donor organism for the P-e35s promoter, is a
plant virus commonly infecting many food crops; however, is not known to infect cotton.
There is no sequence relationship between the P-e35s promoter sequence and any known
mammalian virus. The cauliflower mosaic virus has been previously reviewed as a part of
the safety assessment of the donor organism during Monsanto consulitations with the FDA

- regarding soybean (Glveine max) (Monsanto, 1994), canola (Brassica napus) (Monsanto,
1995), cotton (Gossypitm hirsutum) (Monsanto, 1995), corn (Zea mays) (Monsanto,
1996) and sugar beet (Bera vulgaris) (Monsanto, 1998). This virus is not known to be a
human or animal pathogen, is not commonly allergenic, and does not warrant analytical or
toxicological tests, -

- .
+

4. Doneor Organism: Agrobacteritun tumefaciens

Agrobacterium is not known- for human or animal pathogenicity, is not commeonly
allergenic and does not warrant additional analytical or toxicological tests. Agrobacterium
tiumefaciens has been previousty reviewed as a part of the safety asscssment of the donor
organism during Monsanto consultations with the FDA regarding glyphosate 1colerant
soybean (Glycine max) (Monsanto, 1994}, ), cotton (Gessypiwn hirsutum) (Monsanto,
1994, canola {Brassica napus) (Monsanto, 1993}, corn {Zea mays} (Monsanto, 1996) and
sugar beet (Beta vulgaris) (Monsanto, 1998). The characteristics of this organism do not
warrant additional analytical or toxicological testing.

5. Donor Organism: Pefunia hybrida
Petunia is not known for human or animal pathogenicity, is not common!y allergenic and
: does not wamnt analyt:cai or tox:co!ooxml tests. :

Donor Orgamsm: Arabzdops:s f!za[:ana S
- Arabidopsis thaliand is not known for hnmdn or 'm:mal pdlhogemc:ty is not commonly
1I!crgcn1c .md docs not warrant Rﬂﬂl)’llC'll or toxncotoglcal tests.

T ’I‘hcq(. pomts le'ld to thc conchmon of ‘no concern” for the sources of the donor gene
.as listed: in F:gurc 8. due: to’ the lack of: 'zl!ergcmc potcnml or nccd for ‘1dd1l10ml
-~ toxicological testinig of the donor organisms. - -

 MONSANTO Bollgard If evérnr 15985 FDA Submission . - 00-CTOI3F . . . - 48




Figure 8.  Safety Assessment of New Varieties: The Donor(s) (taken from
FDA Food Policy Figure 3). The pathway leading to “No concerns™ for
Botlgard 1 cotton event 13985 is highlighted with bold arrows.
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C. Safety Assessment of New Varieties: Profeins Introduced from Donor(s)

FDA’s Statement of Policy “Foods Derived From New Plant Varicties™, published in
the Federal Register May 29, 1992 (FDA, 1992} and the proposed Plant Pesticide
Policy of the Environmental Protection Agency (EPA, 1992), agree that under FIFRA
the EPA has regulatory oversight for plant pesticides and selectable markers used in
the plant transformation process for the purpose of identifying the cells containing the

o pesticidal gene. - Monsanto has consuited with and submitted studies to-the EPA
- supporting the registration of the Cry2Ab insect control protein as a plant pesticide in
- cotton: and- rcqucsled an- ctcmptlon from the reqmrcmcn: of a tolerance for this

protein.

The- safety: assessment: of the new: variety includes: an: assessment of the introduced-

B proteins; Cry2Ab and GUS; per the FDA Food Policy (Figure 9).:

MONSANTO Bollgard Il évent 15985 FDA Submission . 00-CTOI3F . . . 49 ..




Figure 9. Safety Assessment of New Varieties: Proteins Introduced from Ponor(s)
{(taken from FDA Food Policy Figure 4). The pathways feading to “No concerns™ for
cach introduced protein in Bollzard H coltten event 159385 are highlighted with hokd

dITORWS,
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~No protein present in food
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N Yes
GUSs. . - ' 2 Cry2Ab
" | Is the protein derived from '
Yos o food source, or
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cdible protein?

WNQ

Is food from the
donor commonly | No

e? - .
nllcrgc'n:c. L" Is the introduced protein “;‘Yés
Yes —e{ reported to be toxic? -
Y i
Can it be No
demonstrated Yes v o :
ailllt:;::::}:c Will the intn_kc. ofthe . }.-: . { Doesthebiological.
“determinant has (_Ion?;- protein ip new, o .- F. .. functionofthe .
not been - . 1| variety be generally - §. . | introduced protoin-
transfersed to | & _comparabletothe: - | No-.pf : . raise any safety
the now variety intake of the same or - . |7 concern, oris the -
of host? similar protein in o I introduced protein -
donor or other food? ! reported to be toxic?
Yes R ‘No

Is the introduced

protein llkc]'y to be a | Yes
Ne concerns iw Mowd croconstituent in »
tho humnn or animal

rogliet? e

a9 TheCryZAmetem eI ER
. To address. the FDA: ﬂowchqrt “Sdfcty Absessmcm of New Vancm.s. Protcms Introduced
- from Donor(s) (qure 9); the protein expression. fevels from the introduced cry2Ab gene
are provided, as well as an evaluation of the safety of the protein produced.. A description
of the cry2Ab gene and the encoded protein is provided in Section HELC.

-2 a. Expression of the Cry2Ab Gene in Bollgard IL Cotton Event 15985 -
~ Studies were conducted: to characterize the protein: produced and determine the levels of
" the protein in the seleécted food and feed components of cotton: cottonseed and whole

" MONSANTO Bollgard H event 15985 FDA Submission 00-CTOI3F 50




"iThe protein- produced in- Bollgard I cotton event 15985, CryZAb is 88% amino acid
‘sequence’identical to- the’ Cry2A'1 protein produccd by the'B.t.k. bacterium. The B.i.k

plant.  Levels of the Cry2Ab protein were estimated 1n whole plant and cottonseed
samples collected from eight ficld locations in 1998, which were representative of the
magor ULS, cotton production regions. Locations in Texas and Arizony represented
‘plains” type cotton culture and Jocntions in Mississippi, South Caroling, Louisiuna and
Alabama were chosen for typical southern and souiheastern cotton environmentad
conditions.  Samples collected from event 15985 and the parental cantrol line, DP5S0B,
were analyzed using an enzyme-linked immunosorbent assay (ELISA) to estimate the
fevels of Cry2Ab protein present. The Himit of detection (LOD) for the Cry2Ab assay was
determined 1o be 2.65 ng/e fwtin leal tissue and 2.31 wg/g fvt in sced tissue.

Cry2Ab protein in cotton event 15985 was detected at low levels in various plant tissues
at a number of times throughout the growing season. The levels of Cry2Ab protein in
cottonseed tissue across all locations ranged from 31.8 to 50.7 g/ fresh weight, with a
mean of 43.2 % 5.7 ug/g. In whole cotton plant tissues, the mean level of Cry2Ab protein
ranged from 7.28 to 10.46 ug/e fresh weight, with a mean of 8.80 + 1.20 ug/e. No
Cry2Ab protein was detected in the control line DPS0B,

"b. Cry2Ab Human and Animal Health and Safety

Cry2Ab is a protein derived from Bacillus thuringiensis. which is riot a food source, nor
is the protein substantially similar to any known edible proteins. Further, therce is a history
of safe dictary exposure to B.t. residues in or on raw agricultural commoaodities.

The safety of the Cry2Ab protein is based on (1) the biological function of the protein: (2)
extensive animal toxicity testing of Cry proteins, including the highly homologous Cry2A

- class; (3) a history of safe consumption of Cry proteins by humans and; (4) results of in

vivo and in vitro safety studies conducted with the Cry2Ab protein.  These results,

- described below, establish the absence of adverse effects in animals fed Cry proteins at

exposures millions of times higher than estimated human dietary exposures.

As a consequence of ‘the low mammalian toxicity of B.t., all microbial 8.t products

~approved have becn exempted from the requirement of a tolerance (EPA; 1998). EPA

has since established separate tolerance exemptions by amendment for various B..
proteins produced in tmn cnlc p!anm such as CryIAb CrylAg, and Cry3Aa (EPA

1995'141 19961 b 1997)

| Bmlog:ca! Functmn oi' the CryzAb Protein:

strain’ controls insect pests by the produiction of crystalling insecticidal proteins known as

¢ delia-endotoxins. -~ These proteins-dre produced as the bacterium enters the sporulation

phase and can account for approximately one-third of the weight of the bacterial cell.
Cry: proteins are insecticidal proteins that exhibit a complex, multicomponent mode of
action (English and Slatin, 1992), Ultimately, the proteins bind- to specific sites in the

' ':_'%"mldgut épithelium- eells of suqccpnblc ftisects, opening: cation-selective channels in the
ereell miembrane. The cells swell due to an’ infiux of fons'and water. leéading to cell fysis
e "dn{i ultmntely the death of the insect (Hofte and Whitely, 1989).
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Mammalian species are not susceptible to Cry protens, including Cry2Ab. This may be
explained in part by the fact that conditions required for the complex steps in the mode of
~action described by English amd Slatin (1992) do not cxist in mammals or mosl
invertchrates. No receptors for Cry proteins bave been identified on intestinal cells of
mammals such as rats and rabbits (Sacchi ef al., 19806; Flofman ¢f al.. 1988). The resubts
of seme of these studies have been published in scientific reviews. (fgnoffo, 1973;
Shadduck ¢r al., 1983; Sicgel and Shuadduck, 1989, These scienlific considerations
support the history of safe use of B. thuringiensis preparations. Based on the available
scientific data, EPA and other regulittory scientists have determined that use of registered
microbial B. thuringiensiy products pose no significant risks to human health or non-
target organisms.

ii. Animal S.l!‘cty Tcstmg, of Cry Protcmq in B ‘. M:crobml {*urmu!atmns .

The low mammalian toxicity of B... microbial insecticide mixtures con!ammo Cry
proteins has been demonstrated in numerous safety studies (EPA, 1998; Monsanto, 1997)
conducted over the kst 40 years, These include subchronic and chronic feeding studies
and acute oral, dermal and inhalation studies in rats. Additionally, primary eye irritation,
acute oral and acute dermal studies have been conducted in rabbits, and a subacute dictary
study was conducted in humans. A number of these. toxicology. studies. have been
published (DeBarjac, ef al., 1980; Fisher and Rosner, 1959; Meeusen and Atallah, 1990;
Shadduck, 1983; Siegel er al,, 1987). Exiensive review of these studies by EPA, initially
in 1982 and again in 1989, and the overall conclusion of lack of toxicity of Cry proteins,
~ led EPA to focus the testing requirements for microbial-derived products on acute oral,
~ pulmonary and intravenous toxicity studies (EPA, 1989; Sjoblad ef al., 1992). Again in
1998, following review of all applicable safety studies conducted with B.t. products
containing Cry proteins, EPA concluded that * “Toxicology studies submitted to. the U.S.
Environmental. Protection Agency. to suppor[ the registration. of B.. thuringiensis.
subspecies ‘have failed o show any <;1<*mf"canr adverse effects in body weight gain,
clinical observations, or upon necropsy.” EPA also concluded that “The large volume of
“submitted toxlcolovy data allows the conc!us:on that the thtcd subspec:es are ot toxic or
path{)ﬂemc to mammals 1ncludmﬂ Immans" (EPA 1998) -.

CryZAa protcm exh:blts a htgh denree of amino dud slmll.mty (97%) to {hc CryZZAb
protein produced in cotton (Figure 4). Thus, safety studies conducted with micfobial B.1.
. products containing Cry2A proteins: are, relevant. to- the safety. assessment. of Cry2Ab
- protein..: As shown in Table. 14, Cry2A prmcm. as a componcnt of various B.f. microbial

products,; has bet.n [LSlt.d in: acute; subchronic and_chronic toxicity. studies. with rats,

.- rabbits; shcep and humans. - The h:ghcst doscs '1dmum:crcd to animals in lhf,sc studies
L produccd no obscrvablc effects (NOEL), consistent with 1hc absence of toxicity of other
Cry protcmq whcn fcd at high doee‘; to tmmma!.‘,.

2 hlstory of sife: d:ctary cxposurc to! Br._ rcs:ducs m or on: mw aur:cultumi
: commodmc ' 'EPA has rcccmmzcd the potcmmi for d:emfy exposure to Cry protcmx from

-"usc of Imcrobnl ‘;pr"iy‘. on Food crops- “The use patterns, for Bacillus. rhurmgtemm may
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result in dietary, exposure with possible residues of the bacterial spores on raw
agriculturat commodities.  However, tn the absence of any toxicological concerns, risk
from the consumption of treated commoditics is not expected for both the general
population and infants and children™ (EPA, 1998) snd "B has aot been reported 1o
cause adverse bealth effects on buman health when present in drinking-water or food.”

(IPCS. 1999).

B.r. microbial formulations have been applied for decades 1o raw  agricuitural
commaoditics that are consumed in unprocessed form by humans. These include berry
crops, cabbage, grapes, tomatoes, celery, lettuce, and spinach (EPA, 1998). For certain
crops, a significant percentage of the total amount grown in the United States has been
treated with B.¢. microbial preparations, e.g., raspberries (309%), celery (46%), and
cabbage (39%) (EPA, 1998). Residual levels of 8.2 spores and microbes persist on
folinge for several days following foliar application of microbial formulations (Leong er
al.. 1980; Dynamac, 1986). Thus, if commodities such as celery are consmined within a
few days of application, there could be dietary exposure to 8.1, microbes and spores, as
well as to B.1. Cry proteins.

There has been only limited sampling of raw agricutural commoditics for B.1. residues;
broceoli and cabbage leaves were reported to have mean residues of 10 to 107 By
kurstaki (Dipel) Sporf:.s;,’cm2 leaf tissue (background Bacillus counts on unsprayed leaves
were < 107 sporcsfcmz) (Leong et al., 1980). In separate B.t. residue trials, residual B.r.
kurstaki levels expressed as spores/gram plant tissue from days 0-7 post treatment were:
10° for celery (background not reported), 10° for collard greens (background 10%), 10° for
kale (background 10%) and 10° for lettuce (background not reported) (Dynamac, 1986).
Exposure has also been shown to natural populations of Bacilfus thuringiensis strains that
contain crystal proteins active against lepidoptera in granaries in Korea (Kim et al,
1998); they arc also ubiquitous in soils (JIPCS. 1999). Thus, there is a history of safe
dietary and occupational exposure to Cry proteins, including those of the CryZA class,
which are highly similar to the Cry2Ab protein that is the subject of this request.
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.~ for B.t. ‘microbial technical grade materials, e.g., milligrams technical ingredient per
- kilogram body weight; or more commonly CFU or spores per animal or kilogram body

ER referenccd studms r'mgc from milligrams to grams per kilogram of body weight.

. MONSANTO Bollgard Il cvént 15985 FDA Submission. - 00-CTOI3F -

Table 14, No Observed Effect Levels for Micrebial B.¢. Preparations Containing
Cry2ZA Proteins

Test. Animal

Substance'  Model . NOEL?* . . . Reference -
Acute Oral Toxicity Studies
Crymax Rat >2.5-2.8 x 10° CFU/rat Carter & Liggett. 1994
Crymax: Rt > 5050 mg/ka EPA, 1996b -
Cuttiss OF  Rat . > 10 CFUmat - - David, 1989
Dipel Rat > 2670 mglkg EPA, 1996h
Dipel - Rat >34 x 10" sporcxfkﬂ EPA, 1986
Dipel Rat >4.7x 10" CFU/kg °  EPA, 1986
Dipel Rat © - > 5000 mg/kg EPA, 1986
Dipel- Rabbit - > 2x10” spores/animal: - EPA, 1986
Dipel Rabbit - > 6.9 x 107 spores/kg EPA, 1986
Subchronic Oral Toxicity Stua'les
~ - Dipel 0 Rat - >8400 ' mg/ke/day/90 days McClmlock et al., 1995
- Dipel Sheep = - 10 spores/day/153 days ~ - Hadley et al., 1987
Dipel -~ Rat--- - 13x 10° ‘;porcsfkc/day : McClintock er arl., 1995
Chronic Oral T ox:c:ty Srm{y
- Dipel - Rat~::. - 3400 rtablkg!daﬂz years | - McCImlocL el m’ 1995
Human Oral Toxicity Study - -
Dipel Human 1000 mg/day/3 days McClintock, ef al,, 1995; EPA, 1986

' Crymax contains Cry2A, CrylAc, CrylC
Cutlass OF contains Cry2A, CrylAa, CrylAb, CrylAc
DIPEL contains Cry2A, CrylAa, CrylAb, CrylAc

% These NOELs represent the highest doses tested. Doses are expressed in varous units

“weight. It is not possible to directly compare doses on a milligram technical material per
kilogram of body weight basis. This is due to the fact that colony-forming units (CFU) or
spore count can range from approximately 10° to 1ot per gram of technical grade B.r.
microbial matcrial (McClintock et al, 1993). Secondly, the Cry protein content in
different: B.r. - microbial. prcparalions_ may vary depending on the microorganism and
fermentation - conditions. ~ Cry2A - protein dosages. administered to animals in the




S.t!‘tlv h.stm;,uf Crv AI) l’l olcln : :

L\SHLSNII]LI!K of the safety of ihe (r}'2f\h prolun to hum NS .md animi t[\ mcludLs
information  characterizing the biological and  physicochemicil  propertics of  the
introduced  protein, and assessments of the digestibility, potential allergenicity  and
mammalian toxicity of the protein. Table 15 lists cach of the confirmatory protein safety
stidies for Cry2Ab and the equivalent studies previously conducted by Monsanto for the
Cry2Aa protein. The following sections summarize the resulis of numerous studics
conducted by Monsanto- demonstrating that Cry2Ab is not toxic to mammals and
thercfore presents an acceptable risk to human safety.  Furthermore, the conclusions of
safety studies for the Cry2 Ab protein are in agreement with data confirming the safety of
the Cry2Aa protein, which is highly similar to the Cry2ZAb pro{cm

['ab!c 15, Summdr} of Protein S'lfety SIU(}IC‘; !'or CryZAb and CTVZAJ Protems.

Assessment Fest
Stody . . . Substance . . Results . :
- Invitro Digestive Fate  Cry2Ab. . Half-Life <I5 sccin SGF digested to stable
' e tryptic corc in SIF '
Cry2Aa . . .. Half-Life <15 sec in SGF; digested to stable
ST T R tryptic core in SIF '
Allergen Scquence Cry2Ab Not homologous to known protein allergens
Similarity _
S Cry2Aa Not homotogous to known protein allergens
Toxin Sequence Cry2Ab Not homologous to known prolein toxins
Similarity o or other proteins of concern to human health
: CryZA't_ .. Not homologous to known protein toxins
S -+~ .. orother proteins of concern to human health
. Acute Mouse .--.CryZAb .. .No cffcctq at highest dose tmled 14530 mg/kg
Oral Toxmlty - S
Cry2A'1 o fNo cffecls at hlghest dosc {cs:ed 401} mg/kg.

SGF Slmuh:cd Gaﬂtnc Flmd SIF Stmulatcd Ime%tm'll F!u:d o

"'-"*:) Ch*tmctenz.ltmn of the Intraducet} CryZAb P‘rotem : S

- Due 1o the extremely low levels of Cry2Ab protein produced in cotton, it was necessary to
- produce - sufficient: quantities of Cry2Ab. protein by bacterial fermentation for the
“"devc!apmcnt of" 'maiync'll methods (e.g. ELISA) and to conduct safety studies. Cry2Ab
protein.was produced in’and: purified’ from: Bacillus. thiringiensis. strain* EG7699.
'Ch‘kr'xctcrizwtmn of this B.t: protein; preparation: was done using analyticat methods and
funct:onal ‘tests: pccn“ mlly selected to assess the: :denmy concentration, stréngth in
bmaqﬂy purit)' and compoqmm ‘In add:tion, sofubility and’ storage stability studies were
o 'pcrformed “The Cry2Ab protein produced by Bacillus thuringiensis strain EG7699 was
1-'shown to- hdvc Lquwalunt molecular weight and immuncreactivity to the protein

‘ '-"a-rd:v'smvm B'ongard' I event 15985 FDA Submission  00-CTOI3F . 55




expressed in cotton, to Tack detectable post-transkational modification (ghycosylation), to
have equivident electrophoretic mobitity and detection with specific antibodies, and to
have simtlar functionad activity. Thus, the Cry2Ab proteins derived from both bacterial
fermentation and plant sources were established to be physicochemically and fenctionally
equivalent.. S Cae -
_b)-_ Digcslion of Cry2Ab Protein in Simulated Gastric and Intestinal Fluids
.. The purposc of this study was to assess the i virro digestibility of Cry2Ab protein
(apparent molecular. weight of =63 kDa) using simulated. gastric fluid (SGF) and
stmulated intestinal fluid (SIF) mammalian digestion models. The Cry2Ab protein was
. incubated in SGF and SIF at 37 °C for up to 2 hours and 24 hours, respectively.. Protein
_ stability was assessed at specific time points using SDS-PAGE (limit of detection, 10 ng;
limit of resolution, 22 kDa) and/or immunoblotting (limit of detection, 5 ng; limit of
resolution, 22 kDa} for cach incubation. Moreover, & Helicoverpa gea insect bioassay

(ECso) was. used to assess Cry2Ab protein functional activity remaining after selected

tncubation times.

SDS-PAGE analysis of SGF incubations showed that by 15 seconds greater than 98% of
.. the Cry2Ab protein was digested and that no fragments 22 kDa of the parent protein were
resolved. Immunoblot analysis of SIF incubations showed that a rclatively stable Cry2Ab
protein fragment (=50 kDa) was produced within I minute and observed for at least 24
- hours.. Cryl, Cry2 and Cry3 class proteins yield stable, tryptic core fragments when
incubated in SIF (Monsanto, 1997). These observations were corroborated by insect
~ bioassays showing rapid loss of activity in SGF and stable activity in SIF.

This in vitro assessment of Cry2Ab protein digestibility md:c*slce that the Cry2Ab protun
E w:!l bc reddlly dmeqtcd in the mdmmaltan stomach. ' :

. c) Allergemc Potent!al of the CryZAb Protein

Although large quantities of a range of proteins are consumed in human dlctq Cdch day,

rarely do any. of these tens of thousands of proteins elicit an allergenic response {Taylor,
-1992): .- Although there-are. no- predictive bioassays available to assess the allergenic

'--':'-'pmcnml of: proteins: in: humans® (FDA, 1992); physicochemical and human- exposure

 profiles of tie protein provide a basis for assessing potential allergenicity relative to

- known pr’otein' allergens:.. Thus; ir"nportant considerations contributing to the altergenicity.

Tof proteins mgcs(cd omlly mcludc - ¢Xposure. and: an: assessment.. c)f the factors that-
. Contribute: to- exposure, . such. as” stability to drocstron prev*x!ence in the food, and
consumpt:on p'mern (amount) for lhc spccxfic food (Mctcalfe et al.,. 1996; Kimber ef al,,

i999) - e o

Adkey. panmeler (:ontnbunmr 1o lhb systcmic '1”LI""CI]ILI[Y of ccmm food protum
--.-._-_-_-_-ﬁppeqrs to be: ‘»ldbl!l[}' {o} g'lslromtes{:ml drgcmor: prLCId]])’ mbxl:ty to acid protcases
' -__llkc_ pcpqm fmmd in ihc_ v.tomflch (Asn\«ood et a.’ !996 Astwooc! and Euchs 1996 ‘Fuchs

“reach the intestinal mucosa wherc an nnmunc rcsporxsc c‘m hc :mtmtcd “As noted dbOVL
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the in vitro assessment of the Cry2Ab protein digestibility indicates that the protein will
be reuclily digested,

Another significant factor contributing to the aflergenicity of certain food protcias is their
high concentrations in foods (Taylor, 1992; Taylor et al, 1987 Fuchs and Astwood,
~1996). Most allergens are presenl as major protein components in the specific food
~representing from 2-3% up 1o 80% of 1otal protein (Fuchs and Astwood, 1996). This is
“true for the allergens in milk (Taylor et al., 1987: Baldo, 1984; Lebenthal, 1975; Taylor,
986), soybczms (Shibasaki et al., 1980; Burks er af., 1988: Pederson and Djurtoft, 1989),
and peanuts (Barnett ¢f al., 1983: Sachs et al., 1981: Barnctt and Howden, 1986; Kemp,
1985). in contrast to this generality for common allergenic proteins, Cry2Ab protein is
_present at low levels in these plants (<0.004% sced on a dry weight basis).

1t is also important to establish that the protein does not répresent a previously described
*allergen, and further, does not share potentially immunologically relevant epitopes (amino
acid séquences récognized by IgEs). Bacillus thuringiensis and its formulations used as
microbial pesticides have not been described as sensitizing allergens, including through
‘oral exposure (McClintock ef al., 1995). Thus there is no apparent history of allergy
" “associated with crystal proteins from B.t. In addition, the amino acid sequence of the
Cry2Ab protein was compared to protein sequences associated with allergenicity, as
described below.

“Adatabase of protein sequenices associated with allergy and coeliac discase was
‘assembled from publicly available genetic databases (GenBank, EMBL, PIR and
SwissProt) and from current literature. The keyword “allergen” was used to retrieve
allergen sequences from the public domain databases. Additional unique alfergens found
only in current literature were appended, creating an updated’ database’ containing 567
unique prozcm qequcnceq.' The deduced amino acid sequence of the Cry2Ab protein was
comparcd to these’ sequencc‘; using the sequence ‘alignment tool FASTA. Cry2Ab shares
" no structirally-significant sequénce similarity to sequences within the allergen database
~--and does not share potential immunologically-relevant amino acid sequénces greater than
seven contiguous identical amino acids. ~ Cry2Aa also shares no significant sequence
'slmlldmy w:th known dllcrgcn scqucnccq

-’I’he: data- and analyaes descnbed 1bovc and summanzed in. TabIc I6 support the
. conclusion that the Cry2Ab protein does not pose a significant allergenic risk. as it is not
+derived from: an’ allergenic- source, does: not possess immunologically relevant sequence
- similarity with known allergens and does not possess the characteristics of known protein
 allergens.”

- Table16. Ch'ﬁraéteristics of Known ‘Allergenic Proteins”

< Characteristic: . ... -+ Allergens.  Cry2Ab
wrAllergenic source of gene SR yese no .-
Stable.to dtgemon e Cyest o no
--'Srmllarsequcncc o dlicrgcn'; Coyest o iinod
- Prevalent protein in food: o yes v Yoiopo

2 Ab cILscnbcd in Taylor (I99") and Taylor ef al. (]987)
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) Toxic Potential of the Cry2Ab Protein

- Biginformatics _ :
The safety assessment of a protein expressed in genctically modified crops includes

- structural comparisons of the introduced protein with proteins associated with toxicity or
other adverse health effects. Specifically, a biologically-refevant sequence similarity o o
known toxin (Le., a sequence apparently derived from a common ancestor Uum) may
mdtc;!(c Ihd[ dd(hnondt toxicological aasc%mcnls bc donc T o

A database of 4677 protein sequences asSOt:iatéd"With toxicity has been assembled from
publicly available genetic databases (GenBank, EMBL, PIR and SwissProt). The deduced
amino acid sequence of the Cry2Ab protein was compared to sequences in this toxin.
database using the FASTA sequence alignment tool. In addition, the deduced amino acid
sequence of the Cry2Ab protein was comparcd to all protein sequences in publicly-

 available genetic databases to screen for structural similarity to pharmacologically-active

proteins. Apart from expected similarities to other known crystal (Cry) proteins found in
Bacillus thuringiensis .lnd rc!mcd species, no additional significant structural similaritics
werc obt;crved

The results of these bioinformatics analyses indicate that the Cry2Ab protein is not
similar to any toxin or other protein relevant to animal or human health. Likewise, the
. Cry2Aa prolem shares no blgmf'mnt sequence similarity with protein toxins relevant to

animal or human hca!th

" Acute Oral Tax:c;!v of' Cr}'2Ab Profem in Mice _ _ : :
The low mammalian toxicity of B.r.. microbial mquzuc:dc rmxmrcq com'umnt' Cry2;\

~ protein has bcen demonstrated i in numerous ‘;afcly studies (Sjoblad er ul., 1992). Acule
_admmmrancn is. considered’ qpproprm(b to confirm thc safety. of CryQAb because
protems that are toxic typlcqlty act vm acute muh.xmams (Sjoblad et al., 19)2, Pariza and

o Foster 1983 Ionc«; 'md Maryansk: 199!)

 Three groups- of ten male and ten female mice were e given acute, oral dosages of Cry2Ab -
- protein at 67.3,-359 or- 1450 mg/kg. body. weight, respectively..-A separate: group of ten
- male and ten: female protein control- animals received bovine serum albumin at a dose of
+: 1200 mg/kg. - The doses: administered were designed: to evaluate: the: potential hazards of -
e {hc CryZAb protem at the hi ghcst acute oral dose that could be delivered to mice:

S 'I'here were no qdverqe cffects attributed to the oral administration of CIyT'Ab pro:em in

- male and female mice:at- doses:of: 67.3,:359; 0r.1450: mg/kg- body weight. . The No-

 Observed-Effect-Level: (NOEL) for :oxlcny of Cry2Ab protein administered:as'in acute

© . dose by gavage to mice was considered to be at least 1450 mg/kg, the highest tested dose,

. The highest dosc administered represented the highest feasible dose based on test system

"' “capacity and protein solubility. This NOEL is comparable: to those: dczc..rmmcd for other
e Cryprotcmq in the, Cr)QA c}ass {Table 14) _ PO TR IS R
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e} Calculation of Exposure Margins for C{msumpti}m of Cry2Ab Protein in
Food and Feed Derived from Bollgard 1 Cotton

The final question in the safety assessment of the newly introduced protein is whether or
not it is lkely to be a significant component in the human or antmal dict (Figure 9),
There will be negligible human or animal dictary exposure 10 the Cry2Ab prolein present
in transgenic cotton. The human consumable fractions of cotton are cottonsced oil and
linters (NCPA 1990). Both are processed both chemicatly and thermally such that all
proteins, inchuding the 8.1 protein, would be removed or denatured (Sims ef al., 1996:

Sims and Berberich, 1996).

Although exposure to Cry2Ab protein is considered to be negligible, a dictary exposure
margin was calculated based on the worst-case assumption that Cry2Ab protein could
survive processing and be present at very low levels in cottonseed oil. A dietary exposure
margin for dairy cow consumption of whole cottonseed was also calculated (Table 17).

In a two-year chronic rat feeding study with Dipel®, a B, microbial formulation
containing Cry2A protein, the NOEL was considered to be 8400 mg/kg/day (Table 14).
Even if Cry2A protein represented only 1% of the product tested, the daily Cry2A dose
over most of the rats’ lifetimes would have been 84 mg/kg/day, which is also several
orders of magnitude higher than the worst-case human exposures to Cry2Ab protein from
consumption of cotton-derived food products (Table 17). Based on these extremely large
expostre margins and the absence of toxicity in animal safety studies, there would be no
unreasonable risks to, or adverse effects expected in humans or farm animals, from
consumption of food and feed products derived from Bollgard I cotton.

¢. Cry2Ab Human Health and Safety Conclusions

The Cry2Ab protein has been shown to be safe for consumption by both humans and

" animals by the:

1. general recognition of the safety of Bt proteins, including those ol the Cry2A class;
2. high degree of sequence similarity of the encoded proteins of the cry24b and the
. cry2Aa gchb prcscm in commcrc:al B 1. formulations, which have a history of safe
- use; o
3. rapid d:gesuon of CryZAb in SGF 'md conversion to the etpccted tryptic core protein
- in SIF, as expected for Bt proteins; . _
- Tack of homology of Cry2Ab with known ailcrgens, e
" lack of homology of Cry2Ab with any Known protein toxins or other proteins
_ - associated with adverse mammalian or human health effects;
6. lack of acute toxicity of Cry2Ab to mammals, as demonstrated by a mouse acute oral
... .. gavage study. and . _
7';_ low d:etary pro‘;urc zo lhe CryZAb protcm from conwmpnon of cotton food
3_'Pf0du t"" ISP - :

o

- I“hcst, f'lctq support lhc conclumon ot “No Concerns” as listed on Figure 9 for the introduced

- '_"protem CryzAb in Bollgard I cotton event 15985,
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Table 17. Calcukated Dietary Exposure Margins for Cry2Ab Protein

A.  HUMANS
. Cry2ZAb Level Daily Food/
Food/Feed in Food/Feed - Feed Consumed ™ Dose (img/kg)  Exposure Margin

Cottonsecd oil 2.6 x 10™ - 0.07 grams/kg 1.8x 10 gx 10
' pnglgram - S

s Assume cottonseed protein is present in refined cottonseed oil at the Hmit of detection _
of the assay (1.3 pg protein/ml) of oil since none was detected.
Assume [ mboil = g oil.
© Cry2Ab represents 0. 029 of the total protein in cottonseed.
- Therefore, 1.3 pg/ml x 0.02% = 2.6 x 10™ pg Cry2Ab/g oil _
+ Total disappearance of cottonseed oil in food is estimated to be 9 x 10° thfyr (personal
communication, NCPA).
The US population is 270 x 10% people.
Assume average humdn weight of 60kg.
Therefore, (9 x 10° Ib/yr) 7 (270 x 10° people) = 3. 3ib per capm per ycar
f(3.3 Ib/capita/yr )/ 365 days] x 453.6 g/tb = 4.1 g per capita per day
_ " (4.1 g/cqprtafday)l G0kg=0.07g cottonsced oil’kg !mdyv. elght o
"o Dose = (0.07 g oilfkg) x (2.6 x 10" ug Cry2Ab/g oil) = 1.8 x 10° mgks
. Exposurc Margin = (NOEL from Cry2Ab mousc gavage study)/(Human Dose) =
(1450 mglkg)/ (1.8 x 10 mg/kg) = 8 x 16"

B, DAIRY COW ..
Cry2Ab Level Daily Food/
Food/Feed in Food/Feed  Feed Consumed Dose (mg/kg) - Exposure Margin -

Cottonseed ~ 43.2 pg/gram 5.3 grams/kg 23x 107 63x10°

- » . Assume average dairy cow weighs 600 kg (Hoard’s Dairyman, 1984) _
~» . Assume a dairy cow eats 7 Ib of cottonseed per cow per day (Hoard's Dairyman, 1984)
- Therefore; (7 Ib/cow/day) x (453.6 g/ib) = 3171 g cottonsced per cow per day '
(3171 g cottonseed/cow/day) / (600 kg/cow) = 5. 3 g seed/kg/day

e Dose= (5.3 g seed/kg/day) x (43.2 ngryZAbfg qecd) 229 [ig CryzAbfkgfday

| - v ExposUrt, Margm = (NOEL from Cry2Ab’ mousc gavage study)(Cow Dose) =
SR (145{} mg/kg) /@23x m mg Cry%’\br’kc/day) =63x m’ )

The GU? Protem : =
To address the FDA flowchart “S"m)' Assessment of New Varicties: Proteins Iatroduced

_ from: Donor(9) ‘(Figure 9); the protein expression levels from: the introdaced uidA gene
- -are provided, as well as an evaluation of the safety of the expressed protéin; GUS.
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i -datab'lse o

a. Expression of the GUS Protein in Bollgard 11 Cotton Event 15985

A validated Enzyme-Linked Immunosorbemt Assay (ELISA) was performed o estimate
the GUS protein levels in the plant feaf and seed tissue samples. Samples were collecied
from eight fickd locations in the- United States during 1998 feld triaks as described
previousty for the compositional anilyses and Cry2Ab expression. The mean level of
GUS protein in Bollgard Il cotton event 15985 was 38.8 ug/g in cottonseed, with i range
of values from 37.2 - 82.3 pg/g fwt. The range of GUS expression in cotton leal tissue
was ‘S! ? - [?6 uu!ﬂ fvt, w:lh it mean mluc of IUG ;.w;’v {wl

b. History of Safe Consumption u!‘lhe GUS Protein

The history of safe use of the GUS protein is extensive. - Ltpmurc of humans to the GUS
protein is- commonplace through intestinal- epithelial cells and intestinal *microflora,
bacterial exposure and numercus’ foods containing the GUS protein with no known
harmful effects (Gilissen, et al., 1998). GUS activity has been detected in over 50 plant
species in various tissues including embryo. fruit, sced coat and endosperm (Fu er al.,

“1990). These species include a number of human food sources, including potato, apple,
“almond, rye, rhubarb, and sugar beet (Schulz and Weissenbock, 1987, Hodal er al., 1992

Wozniak and Owens, 1994), GUS is also present in beef and in 2 number of invertebrate
species; including nematodes; molluscs, snailscand insects (Gilissen et al., 1998). Even

‘when-ingested in raw foods such s shelifish or apples, GUS is not known to cause

harmful effects (Gilissen et al., 1998) mewnc lhc membolilt.s of E Cot’: GUS activity
are non-toxic (GII!SSCH et m’ 1998)

The E. ¢oli-derived GUS enzyme cxprew_d by Bo[]mrd Il éotton event 15985 is 99.8%
homologous and functionally equivalent to the GUS enzyme from E, coli naturally
present in the human gut. The 0.2% non-homology is due to the addition of a restriction
site at the beginning of the sequence for plant transformation purposes.” Therefore, the

'GUS protein” produced ' in’ Bollgard 11 cotton‘event 15985 is substantially” srm:lar to an
Lchblc protcm as notcd on thc FDA dccmon trcc in i igure 9

A!Iergemc I’otentnl of the GUS Protem

j 'I‘hc uidA gene was not obtained from a source known to be' 1I!ergemc. GUS was obtained
- from E: coli- (Jefferson, 1986);a bacteria premlent in the gastrointestinal tract of man and
“*"other animal species. A database of protein scquenccs associated with'allergy and coeliac
+disease was assembled’ from publicly avatlable genetic databises (GenBank, EMBL, PIR
*and- SwissProt) and: from-éurrent literature: ‘Additional “unique allergens found only in
- Ucurrent” literatiire - were “appended: ereating 4 database  containing” 567 unique’ protein
~ sequences. . The amino acid sequence of the” GUS: proteéin’ was compared ‘to these

seqliences using the sequence alignment tool FASTA. The GUS protein sequence did nol
share’ any struc.lurally klgerdII[ scquencc urmtamy to qequcncc&: w:thm lhc a!ierucn

: _--Anothcr--'=;1gn1f“c‘1nt.: f'lctor"'contnbuurw to ‘the' Qilcrﬂcmcny of protcm*‘. is- their high
“concentrations’ infoods that elicit an- allergenic ‘response’ (Taylor, 1992; Tavlor e al..
1987: Taylor er al:, 1992; Fuchs and Astwood, 1996). Most atlergens are present as
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major protein components in the specific food representing from 2-3% up 1o §0% of total
protein (Fuchs and Astwood, 1996). This is true for the allergens in itk (Taylor et af..
1987: Baldo, 1984; Lebenthal, 1975; Taylar, 1986), soybeans (Shibasuki ¢r al., 1980;
Burks er al.; 1988; Pederson and Djurtoft, 1989), and peanuts (Barnett ef «l.. 1983: Sachs
et al, 1981 Barnett and Howden: 1986 Kemp, 1985).. In contrast to this generality for
common atlergenic. proteins. GUS prmcin is present at low levels in these plants
{(<0.007% dry weight in the seed)..

d. Digestion of GUS I'rolein'in Simul:llcd Gastric and Intestinal Fluids

A key parameter contributing to the allergenicity of food allergens appears to be stability
to gastrointestinal digestion, especially stability to acid proteases like pepsin found in the
~stomach (Astwood and Fuchs, 1996; Fuchs. and. Astwood, 1996; FAQ, 1995). Protein
al[ug,(.ns must be stable to lhc peptic dlgcsuon and the acid conditions of the stomuach
- system if they are to reach and pass through the intestinal mucosa where an immune -

responsc can be initiated,

The GUS protein degraded rapidly when added to simulated gastric and intestinal fluids
(SGF and SIF), which simulate human digestion, as assessed by both western blot
 analysis and enzymatic activity assayq thhm 15 seconds of exposure to SGF, there was
" no detectabie GUS protein by western blot or cazymatic activity. After two hours in SIF,
a very faint band was observed in the western blot and the prolem had lost approximately
. 919% of its original enzymatic activity.:. B1scd on these results; it is concluded that the

GUS protein, if ingested by humans, will I‘C'ldlly degrade in the digestive tract (Fuchs and
Astwood, 1996). However, any additional human exposure 1o this protein from cotton-
~ derived food products would not be u:pccted since the processing removes or denatures

) “Toxic Petentnl of the GUS Pro(un L :
A dclldbd‘\t.. “of. protein: ‘sequences; dssocmtcd wnh tomc:ty W'tr; also dssembfed from
puhllcly available genetic. da[ab.xscs (GenB'mk EMBL PIR and. Sw:ssPrm) The

keyword “toxin™ was used to retrieve 4677 toxin scqucncce from the public domain

databases. . The amino acid sequence, of the. GUS:. protein. was. COI‘np'n‘Cd to. protein
... sequences in the toxin databasc using’ the, FASTA sequence. ahgnment tool. : In. addition,

5 - the amino acid sequence of the GUS. protcm was comp’tred to ali protein sequences in the
- pubhcly avmlab!c genenc dalabases 10, screen- for. slructur'ﬂ sxm:ldmy to- other. known

ncludmg pharmacoioglcaity acuvc protcms _The: test’ sequence, 'GUS,: shared:
:_sclq'u'encc wmlarmcq to homo]o;,ous Eschench:a coli and other olucummclabc proteins, as
‘_'éxpccted These protc:ns havc not been dcscnbed as toxms relcvdnt to human health. No
"othcr structural homo!ow wab obscrvcd . L

-~ proteins,.

Acute Iouse Gavage Study w:.th thL GU‘} | .'rotem

. Acute: '1dmrmstr‘mon was’ considered appmpm[e 10" assess Ihb mfclv of GU& since

'protems that are toxic typlcqlly aét via acute mechanisms (Sjoblad er al., 1992; Pariza and
+ Foster,: 1983; Jones and. Mdryanskl 1991).: The GUS protein: used in. this evaluation was

_ovcr~pr0duced and purified: from Lccher:dua COI: ch’xmcamzed md administered by
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gavage 1o mice in an acute toxicity test at target doses of 0, 1, [0, und 100 mg/kg bady
weight.

There were no treatment-related adverse effects in mice administered GUS protein by ora)
gavage # actual dosages up to 69 mg/kg, the highest dose tested. There were no
statistically significant differences in body weight. cumulative bedy weight or food
consumption between the vehicle or bovine serum atbumin protein controb groups and
GUS protein-treated groups. Results demonstrated that the GUS protein is non-toxic to
mice.

The highest dose tested represents a 4 x 107 safety margin relative to the average U.S.
human consumption of cottonseed ot (4 gfday) and protein levels in the oil at the limit of
detection of the assay (1.3 ug protein/ml of oil). Previous feeding studies with large
doses of Escherichia coli strain K12 containing GUS in humans and animals have also
demonstrated the safety of the GUS protein, since no adverse effects were observed
(Flamm, [993).

- g.. Calculation of Exposure Margins for Consumption of GUS Protein in
Food and Feed Derived from Bollgard H Cotton =

The final questions in the safety assessment of the GUS Protein (Figure 9) involve the
exposure of humans and snimals to the protein in the diet, specifically whether the
protein will be consumed at similar levels in other foods or as a macroconstituent of the
diet. There will be virtually no exposure to the GUS protein from genetically modified
cotton. As described above in Section 2a, the GUS protein is present in the cottonseed at
very low levels (<0.007% seed. dry weight). The only human consumable fractions of
cotion are cottonseed oil and linters used as food additives (NCPA, 1990). Each of these
. fractions is processed chemically and with heat such that transgenic protein should be
denatured (Sims er- al., 1996: Sims and Berberich, 1996). Additionally, the lack of
stability of the GUS protein suggests that cooking or high temperature processing of
foods would eliminate the protein activity (Jefferson and Wilson, 1991).  Further, rapid
gastric digestion of the protein would also limit the direct exposure to humans and
animals. Therefore, the amount of additional GUS enzyme exposure to humans from
Boligard I cotton event 15985 is insignificant and, therefore, of no health concern.

h.. Conclusions
The GUS protein has been shown to be safe for consumption by both humans and

© animals by the:

~ natural occurrence of the GUS protein in the human gut and other organisms,

p—
. .

- including foods, and a history of safe use in foods;
2. lack of allergenic potential of GUS;
3. rapid digestion of GUS in simulated gastric and intestinal fluids;
.. kack of homology of GUS wiih any known protein toxins;
- Tack of acute toxicity of GUS to mammals as determined by & mouse acute oral

W

* gavage study.
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These facts suppoit the conclusion of “No Concerns™ as listed in Figure 9 for the introduced
protein GUS in Boligard 1 cotton event 15985,

V. Conclusion for the Safety Assessment of Bollgard H Cotten Lvent 15985

- Monsanto Company has developed a new, genetically modified cotton event, Bollgard H,
using particle acceleration plant transformation procedurces to inserl the ¢rv2Ab insect
control gene and the nidA scorable marker gene into the Bollgard cotton genome.  This
new event provides effective control of insect pests such as the cotton bollworm, tobacco
budworm and pink bollworm, as well as armyworm.  This product has potential use as an
additional insect resistance management tool. '

- The host plant; cotton, has a long history of safe use. - The: results of extensive
- compositional analyses of the cottonseed, oil and meal demonstrate that the levels of the -
important nutritional and antinutritional components in event 15985 are comparable to
the parental varicty and are within established ranges for commercial cotton varicties.- - -
The two additional proteins in event 159835 are present at very low levels in cottonseed
and are unlikely to remain in highly processed cotton food and feed products. The safety
of the introduced proteins has been assessed through 1) history of safe food and feed use
of the proteins or highly similar proteins, 2) determination of no allergenic potential of -
- the introduced proteins, and 3) determination of no toxic potential of the introduced

protems.

The’sc dam-!ead'to a conclusion of “no concerns™ for every criterion in the flowcharts
outlined in the FDA’s Food Policy. - Bollgard II cotton event 15985 is not materially
different in composition, safety, or any relevant parameter from cotton- now grown,
marketed, and consumed.:- Sales and consumption of food and feed products derived from -
.. Bollgard II cotton event 15985 would be fully consistent with the Agency's Food Policy.
the Federal Food, Drug, and Cosmetic Act, and current pmcuccc for the dcvelopmem and
:nlroducllon of new cotton \"lI‘ILUEb. : T : : :
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f.\;;p'cﬁ(lix i. Molecular Characterization of Bollgard I Cotton Event 13985

1. PURPOSE

The purpose of this study was 1o characterize the additional DNA inserted into Bollgard®
cotton ling DPSOB to produce the Cry2Ab2 cotton event 15985, Genomie DNA was
analyzed by Southern blotting to determine the number of insertion events, the copy
number(s) of the inserted DNA, the integrity of the inserted promoters, coding regions,
ind polyadenylation sequences, and the presence or absence of plasmid backbone
sequence. Al analyses were performaed with both the initial Boligard@® cotton line
DP30B and with the newly produced 13985 event to characterize the newly inserted
DNA. In addition, the flanking scquence of the 57 and 37 insert-1o- plant junctions
(previously determined by Genome Waltking) were confirmed by PCR,

2. SUMMARY

Southern blot analysis was used to determine the insert number (number of integration
loci within the cotton genome), the copy number (the number of transgenes af a single
locus), the intactness of the cry2Ab2 and widA coding regions, the intactness of the
cry2Ab2 and nidA cassettes, and 1o confirm the absence of plasmid backbone sequence
derived from plasmid PV-GHBKI L, Plasmid PV-GHBKI L, the plasmid backbone, the
cry2Ab2 and uidA coding regions, the enhanced CaMV 35S promoter, and the NOS 3°
polyadenylation sequence were all used as probes. Additionally, the 5" and 37 insert

— plant junctions were verified using the polymerase chain reaction (PCR).

The data show that Cry2Ab2 cotton event 159835 contains one DNA insertion, in addition
to the insert present in the parental line DPSOB. The insert contains one copy of both the -
cry2Ab2 and the uidA cassettes; the crv2Ab2 coding region and cassette are intact and the -
uidA coding region and its NOS 3" polyadenylation sequence are intact, however 260 bp
of the 5* end of its enhanced CaMV 358 promoter are not present. This event does not
contain any detectable backbone sequence derived from plasmid PV-GHBKI L. It is

therefore concluded that only full-length Cry2Ab2 and GUS proteins should be produced o

in 15985 as a result of integration of the DNA segment derived from plasmid PV-
GHBKI L

B Summnry Tab!es of Molecular Chqmctenmlmn D':ta for (‘ot:on Lvem 15985
Cotton Event 15985 . . . )

1 # of new Insertions R Onc

[ #of copn_s of crv’AbB 'md mdA cassettes One of cach

(‘enclxc Elcment . S
enhanced CaMV 355 yrommc.r (md:!) Missing 260 bp from 5" end (~305)

- | uidA coding region - L Inlact
. ENOS 3! po[yfldnnyhunn sequence (.'udA) | Intact.

- [Lenhanced CaMV 358 pmmmf.r {cn.?AbZ) - f Entact .

SheryZab2 coding regiot - ] Intaet

“ENOS 3* po!)aduhuon 5.u;m.ncc (cn "Ab") .} Itaet

'Bar.kbonc DNA R Not (Iut.clul
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3. MATERIALS AND METHODS
3.1 Test substance. _ o
H:t_. test substance for this smd\ WiLs {hc_ insecl pmtu,lul cotton ¢v L[Il 1‘39%‘3

3.2 Control substances. :

The control substances For this study were cotton lines DPSG (non-transgenic) und DP50B
{cryvfaAc event 531, negative for erv2Ab2). Alhough the protocol specified the use of
greenhouse grown deat tissue for DP30, leaf tissue was obtained from other sources (fe..
Production Plans 98-01-36-03, 98-32-36-31. and 99-01-36-03).

3 Reference substances. : :
PI asmid PV-GHBK 11, the source plasmid, m.rvul a8 lhr, prmmry I‘t..le’C!]CC aubat'm(,c in
these analyses. The plasmid, mixed with DNA from the DP50 control substance, was
used as a size indicator and & positive hybridization controf in Southern blot analysis.
~Additionally, molecular size markers from Bochringer Mannheim [Molecutar Weight
_Vlarl\t,r*» (23,1 Kb-0.6 Kb) and IX (1.4 Kb- 0.072 Kb), catafog #236 250 and #1449 460,
respectively] and Gibco BRL [High Molecular We ight DNA Marker (48.5 Kb-8.3 Kb)
" }md 100 bp ladder (2.1 Kb-0.1Kb), catalog #15618-010 and #15628-019, respectively}
wcr:, ‘used for s.u:c cbuma{lons ._ - :

3.4 Southern blot qtr’n!eg}/.
Gcnomlc DNA from insect protected cotton event [5985 was d:ﬂcs[cd w:th a varzcly of
restriction enzymes and subjected to Southern blot hybrldlzduon analysis to characterize
the DNA encoding Cry2Ab2 and GUS integrated into the g genome of DP50B." A map
showing the Tinear DNA fragment, PV-GHBKI1 | L, that was used to generate the 15985
transgenic cotton ‘event, dlong with the locations of the restriction sites utilized for
Souttiern 'zmlym is shown in ‘Appendix 1, thurc 2. The Southern blot figures present in
thm report are rcpn.scntdm«t. of the data g ,gcncm!cd in the study.. The methods listed are
rcpresunatnc ofthos.c uscd lo generate the dafa'in this report.

5 DNA isu[.itiori'

DNA extracted from leaf tissue was used for all of the analyses in this report cxccpt for
the nontransgenic sample on the uidA gene cassette intactness blot probcd with the NOS
3 bolyadeny!at:on 5equencc probc WhICh was isolated '1cc0rdmg to the methed of Rogers

: “and Bendich (i985) ‘Leaf tissue was frozen in hqmd n:trogcn and ground into a f'nc
. powder using a morHr mzd pcst]e Appmum‘mly I g of the gmuncf leaf tissuc was
. transferred to' 13 ml centri t'uoe tube containing 6 ml of the extraction buffer [2.5 ml DNA
- extraction buffcr (350 mM Sorbitol, 100 mM Tris pH 7.5, 5 mM EDTA), 2.5 ml Nuclei
o Iqu bnﬂ'cr (”00 mM Tns pI*I 7.5, 50 mM ED’I A2 M NaCl, 2% CTAB), and { ml
N Sdrkowl (5‘” '. Immn}] Thc smnp[cs were. m(.ubaled at 65°C for .tpprovnum,[y 30

- minutes with mtcmnttcnt mmng Four and a halt nu[hl:{cm ofa mmmrc of.

"""-:1'f'0r 15 minutes

'amyl alwhol (24 !)at room tcmpcmturc wis dddcd to the samp[t,s The
3 mixcd for 2 to 3 minutes, and the two ph’lscs \cparatud by (,u:[rifugdnon
at ~1,000 x- g at 4 °C. The: .tc;ucouq (lop) liyer was removed using a

. chloroform 1
: squcnslon

o trdnaﬁcr plpct and pIaccd ito a 13 ml centrifuge tube. Five milliters of 100% 190pr0p;1:101

o ;-1-10;\*35\';\f'_rc'i'f?éng&fd I event 1595 FDA Submission  00-CTOISF 77 .




were added, and the tubes were mixed by inversion to precipitate the DNA; The
precipiated DNA was pelleted by centrifuging i ~ 1,000 x ¢ for 5 minutes at 4°C. The
pellet was washed with approximately 1 ml of 70% cthanot and centrifuged for an
additional 5 minutes at ~1000 x ¢ at 4°C . The DNA was allowed 1o dry at room
temperature and re-dissolved in Tris-EDTA buffer at 4°C overnight.

3.6 DNA guantitation. : : o ' o
The purified genomic DNA was (]ll;_lnllldll.([ using a Hoefer D)’Nr\ Qu mln'1 200
Fluorameter {(San Francisco, CA}SOP BR-EQ-00635-01) with BUC!‘II‘!I]“L? Mdnnhum
Molecular Wetght Marker IX wsed as a calibration standard. - Co

3.7 Restriction enzyme digestion. : _ _
Approximately 10 ug of genomic DNA from the test and control lines were tsed for the
restriction enzyme digests. Overnight digests were performed at 37°C according to SOP
GEN-PRO-010-01 in a total velume of 500 ui using 100 units of restriction enzyme.
Some of the coatrol digests were spiked with either 5 or 10 pg of PV-GHBKI, All
restriction enzymes were purchased from Bochringer Mannheim.' After digestion, the
‘samples were precipitated by adding 1/10 volume (<50 1if) of 3M NaOAc and 2 volumes
(~} ml relative to the original digest volume) of 100% ethanol, followed by incubation at
-20°C for at least one hour. The digested DNA was pelleted by centrifugation, washed
with 709 ethanol, vacuum dried for [0-20 minutes, 'md re- (hsaolvcd at room lemperature
m c:thcr W']lCl' or TE

i '3 8 Agfzrose geI ‘electrophoresis. -
Digested DNAs were separated on 0. 8% '1g¢u osc %Is in IX TBE buffer dLCOFdlnt’ to SOP

" GEN-PRO-003-01." A ‘long run’ and : a ‘stiort run’ were periormcd for éach Southern blot -

'ma!yt;ls The long run facilitated greater resolhution of the higher molecular weight DNAs
- whilé the $hort run enstred that all $maller molecular weight DNAs were retained on the-
el The long run/short rim involved 1'4-6 hour 'c[t:ttrophorcms at 80- 83 Vand an’
overnight (9-15 hour) run at 35-38 V. ‘After electrophoresis, the gcis were stained in

0.5 pg/mi cthzdlum brom:dt. for 20-30 minutes and photographed.

- U39'DNA probe preparatmn L :
' DNA from plasniid PV- GHBKI11 wis lsolated E‘rom overnwht E co!: culum,s Probe

:cmphles homologouq to the’ c:er’&bZ coding region; mdz’t codmg rcglon , the cnh'mr.:f..d

- CaMV- 358 promoter; ‘the NOS 3 'poiyadcnyhuon chu:,ncc ‘and’ the cnurc b'zckbone
f'rcgton wcrc" rcpfxred by PCR'usnw PV GHBKII ds thc u,mp!dlc PR :

\pprox:malcly 25 ng of C'lch probc lemphtc uc(.cpt the NOS ’5' boiyddulyiatwn _. .'

- séquence, were labc!cd with uP' dCTP using the random pritming method (Rad?r:mc
. DNA Labehng Systcm L;tc TLChnO!O“lC%)’ Thc NOS ¥ pOl)’d(fLIl}'!dllon Rt.(}UCRLL was
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seconds, and 72°C for | minute: 1 eyele at 727°C for 10 minutes, The radiotabeled probe
wits purified using o Sephadex G-30 column (Bocehringer Manaheim).

210 Southern blot analysis. ST o

Southern blot analyses (Southern, 1975) were performed accerding to SOP GEN-PRO-
023-02. Following electrophoresis, the gel was incubated in depurination solution (0,125
N HCI) for ~ 10 minutes followed by denaturing sotution (0.5 M NaOH, 1.5 M NaCl) for
~30 minutes, and then neutralizing solution (0.5 M Tris-FCEptE 7, 1.5 M NaCl) for ~30
minutes. The DNA from the agarose gels was transferred to i~!yhomi-N-m nyfon
membranes (Amersham} using o Turboblotter’™ (Schleicher & Schueli). The DNA was
allowed to transfer for 4 howrs to overnight (in 20X SSC) and covalently cross-linked to
the membrane with a UV Steatalinker' ™ 1800 (Stratagene) set 1o autocrosstink. The blots
were prehybridized an average of 2 hours in an aqueous solution of 0.5 M sodium
phosphate, 79 SDS (w/v), and 0.1 mg/ml £. coli IRNA. Hybridization with the
raciolabeled probe was performed n fresh prehybridization selution for 14-21 hours at
approximately 65°C. Membranes were washed at least four times in an aqueous solution
of 0.19 (wfv) SDS und 0.1X SSC for 15 minute intervals at 65°C. Multiple exposures of
the blots were generated using Kodak Biomax MS™ film in conjunction with one Kodak
Biomax MS™ intensifying screen. Blots were stripped according to SOP GEN-PRO-
(025-02 or by incubating the blot with boiling 0.1% (w/v) SDS and atlowing it to cool to
rOOmMm temperature,

3.11 Insert number. e L : - SRR :
The insert number (the numbcr 01 II'llch’d[IOﬂ sites ot ncwly mlroducul lr*msgcmc DNA
in the cotton genome) was evaluated.. The test and control DNAS were digested with the
- restriction enzyme Scel, which does not cleave within the DNA segment used for.
- transformation.- This enzyme released a segment containing the inserted DNA and.
.~ adjacent plant genomic DNA. The plasmid-spiked DPS0O ‘short rua’ samples were also

. digested with: Xbal to linearize the plasmid. The blot was probed with the reference

plasmid PVwGHBK! - : .

312 Copynumhcr._._. SR L G T : .
.. The number of copies of the transformat:on ca%sc[tc mserted into E’lCh Iocm; was -

" determined by d:gestmg the test genomic DNA with the restriction enzyme Sphl, an

enzyme that cuts only once in the linear DNA segment used to generate the event. The
blot was probcd w:lh ihc rcfcrcncu plasmid PV-GHBEK11.. : L

3 13 c::yZAbZ codmg regmn mt’:ctness - : :

oo The. :ntcmty of the ¢ry2Ab2 coding region was determined by dmcauon w:th a rasinctmn
© - enzyme;; Ncol ihat c!caw.s at {hc 5 .and 3" ends of the ¢rv2Ab2 coding region. The blot
owas pmbed wllh ihc tull [cnﬂth ory ZAbZ coduw regiomn. . .

;yZAbZ f_asqet e mtac(ncss._: . - R -
.. The mtwr:ty of lht, anAbz cassetie (thanucd C'\\rIV '%‘SS promolcr [+ v7fib2 codmc'
: ;_!’CEIOFI dnd NOS 3" po!yadenyl.tuon sequence) was assessed by digestion with the ..
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- restriction enzyme BamHI, which cleaves at the 57 and 37 ends of the erv2Ab2 cassetie,
The bBlot was sequentialty probed with each element of the casselte.

3.15 widA coding region intactness. : IR :
lht_ integrity of the uidA coding region was (IL[erde hy (Isﬂu.lmn wuh the restriction

enzymes FEcoRIand Bglil, which cleave at the 37 and 37 ends ol the nidA coding region,
: rcspcclivc[y. The blot was prohcd with the full length widA coding region.

316 mfm msse:lt intactaness. L ST :
: “’]L integrity of the widA cassette (cnhdmu! C..U\‘IV ’%‘39 promoter. mcm CO(]IH}: région,
- and NOS 37 polyadenylation sequience) was assessed by digestion with the restriction
- enzymes Bamtil and Sphl, which cleave ot the 57 and 3' ends of the widA cassetie. The
blot was st.qutmml!y probed with each element of the cassette.

3. 17 Ana!ys;ls I‘or chkbone l‘r:lgments R
The backbone region of the plasmid is dchncd as the K| ml rcstric(ion fragment of PV.
. GHBKI 1 that was not used to transform the plant.. It consists of a bacterial origin of
- replication, ori-pUC, and the aipt/I gene under the control of a bacterial promoter. To
. confirm the absence of backbone, genomic DNA was digested with the rummon
. enzyme Kpnl and probed with the full-length backbone region.. :

3.18 Verification of 5’ and 3’ genomic flanking sequences.

Thc scquence of the 5" and 37 insert —» plant genomic DNAJuncllons were determined

- previously using Clontech’s Universal Genome Walker™! Kit. Primers were designed 1o
verify these junctions by PCR. The 5" junction was verified using one primer designed to
the 5° genomic flanking sequence patred with o second primer in the enhanced CaMV 35S
promoter of the uidA gene.- The 3 junction was verified using a primer desigred to the 3°

. genomic flanking sequénce with a second primer located in the cry24b2 gene. The PCRs
were conducted using 100 ng of leaf genomic DNA (1-2 plyas a template, 10 pmol of cach
primer (1 pl each), and PCR Supermix (Gibco BRL cat no. 10572-014) in a 25 pl reaction
volume. The amplification of the reactions was performed under the following cycling
conditions: ' I eycle 94°C for 3 minutes; 30 cycfcs 94°C for 30 seconids, S5°C for'1 minute,
. 72°C for 2 minutes; T cycle 72°C for4 minutes. The PCR products were: scpamted onals =~
o aodroqe ﬂLI in lX TAE and vmmlm:d by st’unmo wnh eth:dmm brom:dc S '

RESUL’FS AND DISCUSSION S e e A

4, fnsertnumher B . . ; eI :
Testand control DNA: qarnp!ca were dmcﬂtcd wuh .Scal DPS{) control DNA' sp:l\cd with

U PVIGHBK 'L wagalso digested with Seal.” Sincé Scak docs ot cleave within the

L pid.‘;mld, 2 second’ enzyme; Xbal; was added 10 linearize the plasmid. The p[ asmid was.

. linearized to facilitate its migration through the gel to serve as an accurate size estimator. -

- ".__'_Thc blot was ‘probed thh radiolabeied PV.GHBK 1 | (App«.ndw 1. Figure 1), the source-

o p!asm:d tor {ht_, linedr DNA segment used in the transformation. The résults dre shown in
idix 1 Figure 3. The DP50 long run (lanc' 1) did not produce’ any detectable
h’lckgrmmd ba_nds.. ‘Plasniid PV- GHBKI I mixed with DP50 short run (fanes 4and 5)
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produced the expected size band at approximately 8.7 Kb, the size of the whoele plasmid.
with no wdditional bands. The DP30B long and short runs (lanes 2 and 6) produced two
bands at approximately 22 Kb and 15 Kb (very faint). Since these bands are present in
both event 15985 and the DP30B control they are considered background bands
assoctated with the erv/Ac eventt The 13985 tong and short runs (fenes 3 and 7) each
produced one band not present in cither the DP5S0 or the DPS0B lanes at approximately
9.3 Kb.- This result supports the conclusion that 15985 containg one segment of
inlcgrmcd DNA located on a 9.3 Kb Scal restriction fragment.

42‘:0[’”]““1[)8 P S e
- Genomic DNA ixohllcd from IS‘)‘%S DP:JUB DP50 (non transgenic Lomro[] and DP50
mixed with plasmid PV-GHBKI1 DNA was digested with Sphi.. The blot was probed
with PV-GHBK I (Appendix 1, Figure 1), the source plasmid for the linear DNA
segment used in transformation. The results are shown in Appendix 1, Figure 4. The
- DP30 long run (lane 1) did not produce any detectable background bands. Plasmid PV-

- GHBK 1} mixed with DP50 in the short run (lanes 4 and 5) produced the expected size
bands at 3.9 and 4.8 Kb; an additional faint band at 8.7 Kb in lane 5 is presumabiy due to
undigested plasmid DNA. The DP30B long and short runs (lanes 2 and 6) produced three
bands at approximately 6.4, 8.3, and 8.6 Kb. Since these bands are present in both event
13985 and the DP50B control, they are considered background bands associated with the
-eryiAc event: The 15985 long and short runs (lanes 3 and 7) each produced two bands
not present in the DP50 or the DP50B lanes at approximately 2.3 Kb and 3.5 Kb.
Because the enzyme Sphl cuts only once within the transformation cassette, this result
suggests that 15985 contains one copy of mtt.gr‘m.d DNA which produccs thesc two
restriction fr'lgmem% : T e -

--:-4 3 cry2Ab2 codmg, reg,mn mlactness PR '
- DNA from the test, controls, and control mlmd wnh p!d\.mld PV GIIBKI ! DNA was
- o digested with Neel toreleise the crv2AbL2 coding region and assess ifs intactness. The
. blot wa$ probed with the full-length ¢#v2452 coding region (Appendix I, Figure 5). As
. expected; the DP50 non-transgenic control long run (lane. 1) and the DP30B controf long
~and short runs (lanes 2 and 6) showed no detectable hybridization bands.: Plasmid PV-

- GHBKE | mixed with DPS0 in'the'short run (lanes 4 and 5) produced the expected ~1.9

- Kb band which corresponds to the'entire crv2Ab2 coding region (Appendix 1, Figure ).

- -'Both the- 15985 tong and short runs (fanes 3 and 7Y also produced a 1.9 Kb band which

i corresponds to the cxpecred' size of an intact cry2Ab2 coding region. - This result
- establishes that event 15985 contains the intact rerAb2 Lodmg rcwlon wuh ne additional
L dctec(able fmnmcnis SR LR Ee i e P

-"44 cryZAlrz L.t';settemmctness SHHT DL e EEERRTER I

“DNA: frow the test; controls; and: Lomroi m:xcd wsth piasmxd PV GHBK! l D\M was
f drgestcd with BamHI which releases thc entire cry2Ab2 cassette (i.e. cry2Ab2 coding
‘region; lhc cnhanccd CaMV 353 promo[er dnd the:NOS 3% po!yddcny!dhon st.qu{:nu.}
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4.4.1 cry2Ab2 coding region probe. | S :
The blot was probed with the full Iuwlh ¢ m2f1b? mdmﬂ region (Appcn(m i,
Figure 6). The DP50 non-transgenic control long run (Jane 1) and the DPSOB
- control long and short runs (Janes 2 and 6) showed no detectable hybridization
_ bands.. Plasmid PV-GHBK 11 mixed with DP50 in the short run (knes 4 and 3)
.- produced the expected 3.2 Kb band which corresponds 1o the entire ¢rv2A452
-cassette {(Appendix 1, Figure 1), Both the 15985 long and short runs (lanes 3 and 73
produced @ band ot approximately 4.0 Kb, This result indicates that the 3° end of
the transformation cassette lost the BamH! restriction site (Appendix |, Figures |
and 2) during intcgration into the cotton genome. The 37 sequence of the.
insert — plant junction, previously determined by genome walking, was verified by
.. PCR analysis {Appendix 1, Figure 14). Sixty-six base pairs of the 3" end of the
. transformation cassetie were shown to have been deleted, including the Bamtl site.
The deleted nucleotides do not include any of the NOS 3" polyadenylation sequence _
-+ assoctated with the cry24b2 cassette, but onty linker DNA. These results establish -
. that the cry2Ab2 cassette ts intact. No p:lrlial cry2Ab2 casselies were delected. .

. 4 4. 2 Lnlmncul CdMV 3:39 promotcr probc. R : o
- The blot used in section 4.4.1 was stripped and re- probcd wnh lhc full Icn0lh
~ ... enhanced CaMYV 35S promoter.. The results are shown in Appendix 1, Figure 7.
.. The DP50 long run (lane I} did not produce any detectable background bands.
- Plasmid PV-GHBK 11 mixed with DP50 in the short run (lanes 4 and 5) produced
. the expected size bands at 5.5 and 3.2 Kb with no additional bands detectable. The
DP50B long and short runs (fanes 2 and 6) produced five bands at approximately
4.4,5.3,7.5, 9.4, and 22 Kb. Since these bands are present in both event 15985 and
the DP30B control, they are considered background bands agsociated with the
crylAc event. The 15985 long and short runs (lanes-3:and:7) bothy produced one -
- ... band at approximately 4.0 Kb which is not present ineither the DP50 or the DPSOB - - -
- lanes.: This corrésponds to the fragment predicted for the cry24b2 cassette given the
- - result obtained with the erv2Ab2 coding region probe.: A second band in the 15985
. lancs resulting from hybridizition to the enhanced CaMV 35S promoter associated
+ .- with the #idA cassette is'predicted but not apparent in the test Janes: “The results of
- i+ the NOS: 37 polyadenylation sequence probe, discusscd below, demonstrate that the -
ST enh’mced CaMV. 358 promott.r sequence: associated: with the iidA cassette is: o
S present but the 4: 4 Kb band co- mrgratcs with a 4.4 Kb background band dnd isnot .
app'trent :No exmncou‘; promolus were d{,tcctcd i S '

R 43 NOS¥ polyadenylatmn sequence probc. ' ST R
- The blot used in ‘séction 4.4.2 was stripped and re-probed wuh lhc full !cnﬂlh NOS
. 3% polyadenylation'sequence:. The results are shown in Appendix 1, Figure 8. The'
L DP50 long run (lane 1) did not produce any detectable: background: bands:. Piaamui o
"" PV GHBKI Imixed with DPS0 shott ruri (lanes'4 and 5) produced the: ctpeue(i

.5 and. 3:2 Kb with no additionial bands ‘detectable’ The DPS0B long .

and short fun; __(hnet; 2and 6) produccd oné band at dpprcmmdt{,ly (.2 Kb, Since .

this b'md is prescnt in both event' 15985 and the DPSOB control, it is considered

b'ickoround dssocmcd w:ih the cry/Ac event. The 15985 long and shost runs (Idncs
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3 and 7} each produced two bands which are not present in the DP50 or the DPSOB
Lanes at approximately 4.0 and .4 Kb, The 4.0 Kb band corresponds to the
fragment predicted for the crv2Ab2 cassetie, given the resuit from 4l above. The
4.4 Kb bund was not apparent on the blot probed with the enhanced CaMV 358
promoter because i co-migrates with the < Kb background band seen on that bt
This segment is axsociated with the aidA cassette.

These l'csti[is establish that the &';;_\-'.?Ab'.? cassette is intuct and that there is o 66 bp deletion
between the BamHI site and the 37 end of the transformation cassette, which does not

_include any of the NOS 37 polyadenylation sequence at the 37 end of the ¢ry2Ab2 casselte,
Ne partial cry2Ab2 c:lSsclIcs were detected.

4 5 mdA wdmg rw:on mtac!mss. o

~ Genomic DNA isolated from 15985, DP50B, DPJ{} (non [ransgcmc c.omrot) and DP30
mixed with plasmid PV-GHBKi I DNA was digested with EcoREand Bgill to release the

. eatire uidA coding region. The blot was probed with the full-length uidA coding region
(Appendix 1, Figure 9). The DP30 non-transgenic control long run (lane 1) and the
DP50B control long and short runs (lanes 2 and 6) showed no detectable hybridization
bands. Plasmid PV-GHBK11 mixed with DP50 short run (lanes 4 and 5) produced the
expected ~1.9 Kb band, which corresponds to the catire nidA coding region (Appendix 1,
Figure 1). Both the long and short runs of event. 15985 DNA (lanes 3 and 7) also

.. produced a (.9 Kb band which corrcsponda to the expected size of an intact widA coding

N region. . This result csmbhshcs that event 15985 contains the intact tidA coding region,

with no '1ddmoml fr'lgmcnm detected. co

4. 6 mdA c tssem. mtdctmss.. e ST
DNA from the test dnd control \ubs{dnccs wds d:ocst:.d Wlth anIII and Sphl to rt.l(, ase
. the entire widA cassette (: ¢. nidA coding region, the enhanced CaMV 355 promoter, and

B lht, ‘\iOS 3 poly'ldc:wlcmon ‘\equuu,c) The plasmid PV-GHBK1 1 was digesied with
Pstl and \pfkcd into the DP30 short run samples after digestion (except for the NOS 37

o _: polyadcnyht:on sequence probc b!o[ in which the plasmid was digested with BamHI and

- Sphl). I‘hls was done (0 ahow the size of an intact full- !cnglh uidA cassette.

4.6.1 uidA codmg regmn prohc.
..+ . The blot was probed with the full length uidA codmg region (Appcnd:x 1, Figure
o 10). As cxpu::cd the. DPSO non- tranﬁgcmc control- long run (lare: 1) and the .
- DPS50B contro} !cmrf and short runs (lanes 2 and 6Y showed no detectable
hybridization bands.” Plasmid PV-GHBK 11 mixed with DP50 short run {laries 4
- and 3) produced the’ expected 2.8 Kb band, which corresponds to the entire uidA
<. casselle (Appendix. }; Figure: 1).: Both the: 15985 tong and short runs (tanes.3 and 7)
ca produccd an approx:muzeiy 2 3 Kb band.. This result indicates that a portion of the
.+ widAicassette was not present.- The 5 Insul -y pl.muunct:on previousiy: -
:._dctcrmmcd b_v genome. watklng. was verified by PCR analysis (Appendig 1 F:Um‘c
~14):: It had been: c!cmonstmlui prev:om!y that 284 bp'of the 5" portion of the .
| lr;msformd{lon cz!«.sutc were: dt.lcted These resulls es[dbllsh that the widA cassette
is mlssmg appm\:mmtdv 260 bp of the 5 promoter sequence and 24 bp of
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polylinker DNA derived from the multiple cloning site of the plasimid. Odell et al.
(1985) showcd that such @ defetion should not affect accurate transcription
initiation. No wkditional partial wiefA casscttes were detected \mh the widA coding
region ;)mh{_ : : : '

4.6.2 Enhanced CaMV 338 promoter.
The blot used in section 4.0.F was stripped and re-probed with the full length
- enhanced CaMV 35S promoter. The results are shown in’ Appendix |, Figore {1,

The DP30 fong run (lane 1Y did not produce any b;lckgrotflitf hinds. Plasmid PV- -
GHBKI 1 mixed with DPS0 short rui (lanes 4 and 5) produced the expected size
bands at 1.5 and 2.8 Kb with no additional bands detected.” The DP50B fong and
short runs {lanes 2 and 6) produced five bands at approximately 4.3, 4.6, 5.0, 6.6
and 8.5 Kb. Since these bands are present in both event 15985 and the DP50B
control they are considered background bands associated with the cry/A¢ cvent.
The 15985 long and short runs (lanes 3 and 7) each produced two bands at- o
approximately 2.5 and 1.0 Kb not present in the DP50 or the DPSOB tanés. The 2 5 '
Kb band corresponds to the fragment predicted for the widA cassette. The 1.0 Kb

~ band results from the enhanced CaMV 358 promoter associated with the th 2462

- cassette (Appendm I, Fwtm. I) No curancous promozcrx “.crc delcctcd

'4 6 3 N()S 3’ polyadenyh:lon sequence probe. . o B
" The blot was probed with the full length NOS 3” polyadcnyhuon scqm.nce The
-~ results are shown in Appendix I, Figire 12.° The DPSO long run (line 1) did not
produce any detectable background bands. Plasmid PV-GHBK 11 mixed with DP50
short run (lanes 4 and 5) produced the expected size bands at 3.8 and 2.2 Kb with
no additional bands detected. The DPSOB long and short run (Ian(:s, 2 and 6y
product,d one band at approximately 1.2'Kb. Since this basd is présent in both
* event 15985 and the DPSOB control it is considered background dssociated with the
~ erylAcevent. The 15985 long and shortriins (lanes 3 and 7) each produced two
. bands not présent in the DP50 or the DPSOB lanes at approximately 2.5 and 2.3 Kb.
- The 2.5 Kb band corresponds 10 the fragment predicted for the uidA cassette. The
2.3 Kb band results front NOS 3" polyadenylation sequence associated with the
cry2Ab2 cassette (Appt.nd!‘( 1, qurcl)

v ":-Thbbt., rcqufts conf‘rm that thc nidA Casselte is m:ssmg dpproxlmdteiy 260 bp of the 5" end
L of thc cnh'mced CAMV 359'-'promozcr but Is O(hCI’W!HL mlact '

4 7 '-Au.h!ys‘rs for backbone fi“lg,mezltq S e o
L Genoniie DNA isolated from évent: 15985, DP5OB, [)F'SO (non tranisgenic control) and
S DPSO mixed with pldqmtcf PV-GHBK! 15 DNA was’ ‘digested with' Kpnl. The blot was
S probed ‘witht the entire backbone scquencc (Appcndm o Figure [3). The Di’ﬁO long run
S '3'(I'mc 1) showec! no detccmble hybrld:mtmn bdncls Phlsmrd PV C;HBKI E mm,d with

-'emare deI\bUHC (Append: ' l Fls:urc Iy The DPSOB }onn 'md shurt run ([anc 2 ‘md 6).
N 'produuccl a ‘:mvk, band ar 'tpproum.zrc!y 22 Kb: Since this band is present in both event
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[5985 and the DPS0B control it 1s considered background associated with the crv/fAc
event. The 15985 long and short runs (fanes 3 and 7) contained the 22 Kb buckground
band with no additional hybridization. This resuit establishes that event 15983 does not
contain any detectable plasmid backbone sequence.

4.8 Geaomic ﬂ.ml\m" scquuue
PCR was performed on genomic DNA to Lonls:m the Il]\tl! —3 p[ nt |u:u.tmn sequences
atthe 57 and 37 ends of the 15983 insert. The results of these PCRs are shown in
Appendix. I, Figure 14, As expected, the non- -transgenic sampies did not yickd o PCR
product when cither the 37 or 37 primer set was used (fanes 3 and 7). The DP30B sample
(crvlAc control event) did not yield preducts with either primer pair {anes < and 8), as
expected. An alternate Cry2Ab2 event, 15813, also did not yicld products when either
primer set was used (lanes 2 and 6). The 15985 genomic DNA yiclded the correct size
products of 230 bp at the 5” end using primers A and B (lane 1) and 869 bp at the 3" end
using primers C and D (lane 3). This PCR analysis confirmed the 37 and 3° border
sequences of 15985, :

5. CONCLUSIONS
- The insect protected cotton event 15985 was produccd by particle acceleration technology
~using a Kpnl DNA segment containing the nidA and cry2Ab2 cassettes. The 15985 event

contatns one new DNA insert. This insert is Iocated on a 9.3 Kb Scal fragment. This

insert contans one compluc copy of the cry2Ab2 cassette linked to one copy of the uidA
cassette, which is missing approximately 260 bp at the 5'end of the enhanced CaMV 358
promoter. PCR was used to verify the 57 and 3’ junction sequences of the insert with the

. plant genome, as well as the intactness of the 5 and 3" ends of the insert. Event 15985
. _does not contain any dctcctdblc pld&-mtd backbone sequence resulting from the cryv2A4b2
. transformation. . ‘Based on the enzymes used in this study, the restriction pattern of the

crylAc insert is not chdngcd by the insertion of the crv2Ab2 and uidA DNA.
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Bgilh B3G4y
Pstl 8185
Sphl 7833
Ncaol 7798

PY-GHBK11
8718 bp

Kpnl 6258
EcoRl 6206 7}

Pstl 5204
Bamki 6188
Xbal 617G
EcoRLt 5892
Neaol 5886

Eco 5207 -

BamHl 2951
Psti 3013

Used in

Pslt 4574 transformmation

Appendix 1, Figure 1. Plasmid Map PV-GHBKI1
The Kpnl segment of PY-GHBEK1 1 plasmid was used to generate insect protected cotton
cvent 15985,
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Appendix 1, Figure 2. I\‘I‘lp of DNA 5Lgment PV-GHBKIIL _
 The DNA segment, PV-GHBKI1 1L, was used 10 gcnemlc mscct—protcuc,c! co!ton event
- 15985 by particle acceleration technology.
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{— tone Run _I— Short Run ‘—“
2 3 45 7

- 2L KL
B
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B Kkbh—*
T +— g4 Kh

COTKE—

e e 2AKED
) f_r,.‘l kh * R = PETEN
SR S ST +— 14Khb

= {1 Kb
8 Kb

+— 6&Kb

23Kb
2{ Kb

Appendix 1, Figure 3. .S‘ﬁlitllcrn'b.lo't'.lr.:"':lys'is' of event 15985: insert number -
analysis. Ten micrograms of DP50, DP50B and 15985 genomic DNA isolated from leaf

o tissue were d:g,szcd with Seal. I‘hc DP50 short run samples were also digested with

' Xba[ l"hf.. b!ol was probcd walh P fabeled PV GHBK11. Lane designations are as
follows: e
Lane I: DP50 (Lon'g' Run)
2: DP30OB (Long Run)
- 3: 15985 (Long Run)-.
42 DPSO spiked with 5.15 pg of PV GHBK I | (Short Run)
5:: DP50 spiked with 10.3 pg. of PV- GHBKI ! (Short Run)
G: DP50B (Short Run) S
7: 15985 (Short Run)

. — Symbol denotes size of DNA, in kilobase pairs, obtained with MW: markers.
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[; Leng Run '—!—' Short Run —I
P2 3 4 5 6 7

e UL Kb
. 4= I Kh
Bt GOKD

23K ~— .4 Kb

4 Kh—!

5.0 MW

6.6 Kh__,

e 23 Kb
- 2t Kb

e LAKD
« LT Eh

44 Kb “~— 09Kb

= {6 Kh

23Kbh__,

2.0 Kb—>

K Appendn 1 l‘:f.,ure 4, Southern blot ‘ll‘ldl)‘its of event 15985: copy number’ analysis
~* Ten 'micrograms of DP50,'DP50B and 15985 gcnom:c DNA isolated frorm leaf tissue
‘were digested with SphL. The blot was probed with **P-labeled PV- GIIBK! l Lanc

designations are as follows: - S
Lane I: DP50 (Long Run)_ o
- DP50B (Long Run)' '
15985 (Long Run) - : SRR
.~ DP50 spiked with 51451 pg of PV GHBKI I (Shm't Run) *
. DP50 spiked with'10.3 pg of PV-GHBK I 1 (Shon Run)
: DPS(}B {Short Run) :
: '15%‘3 (Short Run)

”ﬂﬁmﬁww

BN »-> Symbol dCHOIL\ wc ofD‘\fr\ i kllobasc p'nrs oblmnul with' MW rntukusﬁ
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I—‘ f.ong Kun ‘*[—— Short Run —'*l
| 7

203 405 4

PS5

¢ B Kh
} PR

231 Kb— frd K
= 1.} ki

94 Rh—

{8 Kb —

o Ko
3.9 Kb

06K

“Appendix 1, Figure 5. Southern blot analysis of cvent 15985: ¢cry2A52 coding region
- “intactness.” Ten micrograms of DP50. DP50B and 15985 'anomic DNA isolated from
“ leaf tissue were drgcq[ed with Ncol.” The blot was probed w;th P«hbcled u‘y’Ab?’
coding region. Lane designations dre as follows: : :
Lane 11 DP50 (Long Run)
2: DP50B (Long Run)
. 3: 15985 (Long Run) - o A
T4 DPSO spiked withe 5.15 pg of PV GHBKI 3 (Short Run)
" 50 DP50 spiked with10.3 pg of PV-GHBK 11 (Shorl Run)
- 6: DP50B (Short Run)
7: . 15985 (Short Run)

- —» Symbol denotes size of DNA; in Kilobase pairs, obtained with MW markers.
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|— Long Run j— Shon Rtlﬂ *—'”"]
|

U 4 5 6 7

" 2LIKR
- i Kb

* A Rh

- JJ Kb

= 33 Kh

L 2O0KD

t B4 Kb

U e LIKB

;= 02Kh

= (6Kh

— Appcndu l I‘:;,un. 6. Southem blot 'm.liysls ofevent 13983* cryZAbZ cassctte
infactness - cryzAbZ probe. Tcn micrograms of DPSO DPSOB dn(i [5985 genomic
“DNA lsoiatcd from leaf t:‘;sue were digested with BamHI Thie blot was probcd with #2p-
- labeled crv?AbZ coding rt,olon. Lzmc deswnanom are as follows. ._ '
* - Lane 1 DPS0 (Long Run) - T '
- DPS0B (Long Run)
15985 (Long Run) - o o
;- DP50 spiked with 5. !5 pg of PV GPIBKK ] (Short Run). |
DPSO sp:ked w:th !0 3 p‘g, of PV GHBKI I (Shoxt Run)
- DP50B (Short Run) : _ AN
| *:985 (Short Run)

P

-~ cé. DB W

- m> S}'mbol dcnom sut. of DN.»\ m l\llobdsc p*nrs,' ohmlncd with MW, markerq
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{— Long Run —I— Short Run ——[
Fo2oa 5 0 7

; . =T 2XIKh

. G4 Kb

BEARE e “— (4 Kh

GAKb—* o “— 4dKb

6. Kh——>*> "

L 4+— 23Kb

N e N—
T 20Kb

S a— L4Kb

e LiKh

— 09Kb

L 06Kb

Appendix 1, Figure 7. Southern blot analysis of event 15985: cry2Ab2 cassette
intactness -enhanced CaMYV 355 promoter probe

Ten micragrams of DP50, DPS{}B and 15985 genomic DNA :solalcd from Teaf tissue
were digested with BamHL The blot wiis probed w:ih P—Idbclul cnhancc.d C‘I\W 358
promoter probc Lane dcswnanona art, as fo!!ow o

Lane 17 DPS0 (Long Run) o

DPSOB (Long Run)

15985 (Long Run}).

DP50 spiked with 5.15 pg ot PV- GHBK! I (Short Run)

;- DP30 sptkcd wuh IO ? p of PV GHBKII (Short Run)

. DP50B (Short Run)

;. 15985 (Short Run})

A R s -

— Symbotz"df'n_m:cs size of DNA, iu'_ kilobase pairs, obtained with MW markers.

R MON.SAN’I() Bc.:h."a'.gam' i1 event 15935_ FDA Submission - 00-CTOI3F 83




l'— Long Run —-[-— Short Runy —-'1
i R g

3 6

= 230 Eh

R T

I3 K Y + hr K

9.8 Rh—> 3 - g Kh
6.0 Kb —>

— 1IKh
S Kh—™ 2.0 Kb

+— [1ER

- L EER
00 Kh
D 2aKRb— R

: +— 06Kb
20Kb—* :

Appem!n: 1, Figure 8. Southern blot 'mahw: ‘of 'event 15985: cryZAbZ cassette

- _'mmctness -NOS proht Tcn micrograms of DPSO 'DP50B and 15985 genomic DNA
isolited from leaf tissue were d:oas{ed wnh BmuHI Thc blot was probed wnh “P—
labeled NOS 3’ polyadenylation sequence. Lane dcmgnauonq nre as fo!lowq '
Lanc I: DP50 (Long Run) - - x :

-+ 72 DP50B (Long Run) -

D 3: 15985 (Long Run). ... "
4 5.1 _' ' .PV GHBKI [ (Short Run)
DP50 spiked with' 103 pe of PV-GHBK1T (Short Run)

* DP50B (Short Run} o o
!5985 (Sho:t le)

¥
e

'—Sl--"SS?ZE'hboE dcno:cs size of DNA-, in k:!ohascpurx, obtained with MW riarkers.
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I— f.ong Run **|'—‘— Short Run ]
| 3 -5 |

+— I3 Kk
e 0 Kh

- B RD

R —
+— 14 EKb
Q4 Kh—
6. Kby —
*+— 23Kb
*— 20Kb
48 Kb —*
— FIKD
= .1 Kb
*— DY Kh
2R +— D6Kb
2.0 Kb~

_Appendn 1 I*lg,ure 9. .Southt.rn blot ana!ybis of event 13)63. mdA (.otlmg_., regmn
. intactness.. Ten micrograms of DP50, DPSOB and 15985 genomic DNA :xoialcd from
_ leaf tissue werc d:gcstcd with Bgll[ and EcoRI “The blot was probcd wuh “P-labeled
uidA codmg region. Lane desmn'ttlons are as fol!ows R
Lane I: DP50 (Lonﬂ RLm)
DP50B (Long Run) .
: 15985 (Long Run) :
. DP50 spiked with 5. 15 pg of PV GHBKI | (Short Run)
. 5:] DPSO0 spiked with 10, 3pe. of PV GHBK!I (Short Run)
62 DPSOB (Short Runy '
7+ 15985 (Short Run)

I

= Symbol denotes size of DNA. in kilobase pairs, obtained with MW mackers..
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I— Long Run T Short Run—-]

b2 03 5 6 7

. RETS I 9

4.1 Kh

o +—= OO Kh

231 Khe—b « _ e KD
Gi RKh—» S ki G- “

* w— T IKh

6.6 Kb—> - L “— 20Kb

i : L +— 09Kh

= 0.0 Kb

23Kp—

Appendix 1, Figure 10 Southcm b{ot 'ma!ysis of event Ia‘)‘b uidA cassette .
- intactness - wid4 probc. Ten micrograms of DP50, DP50B and’ 15985 gulomw DNA
- isolated from leaf tissue were (itgc‘ited with Bamm and Sphl> Plasmid DNA was digested.
“with' Pt and spiked info the DPS0 genomic samples prior to pmmp:muon “The blot was
 probed with *P-labeled uidA coding region. Lané dcq:gmt:ons are as follows -
Lane 1: DP50 (Long Run) L
2: DP50B (Long Run)

-+ 3:. 15985 (Long Run) :
"t 41 " DP50 spiked with 5. !3 p_, ol" PV GHBKI ] (Short Run)
©5:° DP50 spiked with 10. 3 px ofPV GHBK 11 (Short Run)

" 6:: DPSOB (Short Run) _
T 1‘3985 (Short Run)

. -y Symbol denotca size of DNA m k:!obasc p.nrs obtained With MW markers..
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r“ Long Run —[‘“‘“ Short Run—‘]
l 3 7

f

o . T3 KD

e G4 KD

+— fn Kb

73,1 Ki 1.4 Kh
Ut Kl\_‘“"‘

. 4 23 Kh

s Kh - 20 Kb
1} Kb

4.5 Ky
“— LIKh

- {14 Kh

- {L6 kKh

23 Kh—>
20 K>

Appendix 1, Figure 11, Southern blot dnalysls of event 15985: mdA casqtttt
intactness - enhanced CaMV. 35S promoter probe - SR
Ten micrograms of DP5G, DP50B and 15985 genomic D‘\IA :so[aicd from Ecat tissue
were digested with BamHI and Sphl.: Plasmid DNA was digested with Pstl and spiked
into the genomic samples prior to precipitation.: The blot was probed with *pilabeled
enhanced CaMV 358 promoter probe. Lane dc&.:gmuons arc as folloxw -
Lane 1: DP50 (Long Run) RN :
- 2: DP50B (Long Run)
___.'.3':-.:lSQSS(Loanun) EEEREE e ST
. 4: DPSO spiked with 5. 13 pg of PV GHBKI ! (Short Run)
52 DPSO spiked with 10.3 pg of PV-GHBKI | (Short Run)
- 6r DP50B (Short Run)
7: 15985 (Short Run)

> Symbol dcno:w suc oi DNA in .Iu lobdac palrs ob:'unu} wnh \IW IT'IJI‘RCYH.
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[— bony Run *—r—-‘ fhc:l Run _j

[ 6 7

AR 8 Y

3 ' Wl Kb
S . 24t Kh
230 Kh- S = i s b Rb

‘}.-I. I.'(.h —»

. 2K

b Kby~ “Rb
S : 1.4 Kb

: F e LIKR

4.4 “‘W"' : 09 Kb

: 4— (6 Kb

Appendix. 1, Figure: 127 Scuthern blot analysis of évent 15985: widA cassette -
intactness - NOS probe. Ten micrograms of DP50; DPS0B and 15985 genomic DNA
isolated from leaf tissue (15985 and DP30B samples) and seed (DP50 sample) were
- digested with BumHI and Sphl:- The blot-was probed with uP— abeled NOS. 3’
- polyadenylation sequence. Lfme des:gnatlom are as Eoilows.- = T
Lanc l DP50 (Long Run) - =
DP50B (Long Run)-
;. 15985 (Long Run}): . Ll T
;- DP50 spiked with 5. IS pg of PV-GHBK 11 (Short R'un}'
- DP50 spiked: w;lh 103 pﬂr of PV GHBKI i (Sh{}rt Run)
- DP30B (Shorl Rtm) S -
15985 (Short Run).

W

o

=Gl

e

- — Symbol-denotes size of DNA. in kilobase pairs, obtaitied with MW markers ,

.'w ONSANTO é()kfgﬂﬁf i {’!."'t’..'l; ..’5985'..1’719.‘1 .S'uf)rn'fsm'.{m: S O00-CT 0? FF e a8 e




|"— Long Run ——I— Short Run —‘I
12 3 4 5

L - 23 FKD
v e KRB

{ +— G6GKDb

» 4 g Kp

23 Kb

T 4— 2.0Kb

* 44— [4KP
. - .1 Kb

- 4— (J9Kb

Ak

o 20Kb—». N

» Ll

Appcndn 1, Flgure 13. Sou!heru hlot ‘l!‘l‘lly‘;l‘; of ewent 13983: a'mlySis for
backbone sequences - .
Ten micrograms of DP50, DPSOB and I5985 gcno:mc DNA :soldtcd from leaf tissue
were digested with Kpnl.. The blot was probed with **P-labeled full Ienﬂth backbone
sequence. Lane dcqtgmtlons are as'follows: . - . . ... 3
Lane I: DP50 (Long Run)
. .27 DPSOB (Long: Run):. .-
115985 (Long Run)
© DP50 spiked with 5.15 pg of PV-GHBK 11 (Short Run)
- DP50 spiked with 10.3 pg of PV-GHBKI11 (Short Run)
‘DP50B (Short Run)-.
! ’5985 (‘31}0:& Run)

_:99'955-95

- Symbo! dLﬂGEE’.“; s: 43 of DNA in k;!obase pmrs obrained w:th MW markers.
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Appendix 1, Figure 14. PCR confirmation of the 5’ and 3" border sequences of the
15985 insert. PCR was performed using primers specific to the 5” and 3° border
sequences for 15985 on genomic DNA isolated from leaf tissue from DP50 (non-
transgenic control), DP50B (Cryl Ac control), an alternate Cry2Ab2 transgenic cvent,
15813, and 15985. DNAs were amplified with primers A and B from the 5 end of 15985
and primers C and D from the 3° end of 15985 (see below). Lane designations are as
foltows:
Lane t: 10 ubof 5° 15985 reaction product

2: 10 pl of 5° alternate Cry2Ab2 reaction product

3: 10l of 5° DP50 (non-transgenic) negative control reaction product

4: 10 ul of 5" DPSOB (Cryl Ac) negative control reaction product

5: 10 ¢l of 3° 15985 reaction product

G: 10 plof 37 alternate Cry2Ab2 reaction product .. R

7: 10 pl of 3° DPS0 (non-transgenic) negative comrol reaction. product
-~ 8 10 plof 3" DP5SUB (Cryl Ac) negative control reaction product
9 .
0

;- 10 pbof 57 no- template negative control reaction produict
: IO pi of3’ no’ tcmplatc ncg’iiwe control reactlon prnduct

. Spht" \'col

C Baib 'eﬁc'or-' EcoRt- 'Ecsqm Sphl BamH
- e358 c;y2Ab2 NO&:

Bambl o Sph

Primmer C Primer D

U Primer B
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Appendix 2. Molecular Analysis of the Stabitity of Cotton Event 13985

PURPOSI

The purpose of this study was 1o assess by Southern blol analysis he genctic stability of
“the additional DNA inserted into Bollgard cotton line DP30B to produce the Cry2Ab
Boilgard H cotton event §3985 across five plant breeding generations.  The restriction

enzyme Sphl generates o unique Seuthern blot banding patiern fingerprint for event

5985 when probed with the ¢ry2a4b coding region.. Genomic DNA from the RE, R2, R3,

R4, und 2 BC2F3 generations (Appendix 2, Figure ]) was digested. blotted, and probed

with the entire ¢ ry2Ab Lodmu region 1o asscsx lht, slab:lny 01 the inserted D\'A over time

and breeding generulions.

'\eIA r LRIALS A‘\II) \IE l"ll()l)‘a -
The test substance for this x{udy was the Bollg,ard I colton event 15985, The fo!]owmﬂ

five plant breeding gencrations were analyzed: R1, R2, R3. R4, and 2 BC3F2
commercial track varieties (Appendix 2, Figure 1). The control substances for this study
were cotton lnes DP30 (non-teansgenic) and Bollgard event DPS0B (cryfAc event 531,
negative for cry2Ab). Plasmid PV-GHBKI 1, the source plasmid, served as the primary
‘reference substance in these .m’.i]}’r'(c& The plasmid, mixed with DNA from the DP50
coritrol substance, was used as a size indicator and a poa:twc hybrtd:Z'lnon control in
Southern blot dndiym Addmoually, moleculdr size markers from Bochringer Mannheim
[\zloiccuhr Weight Markers 11 (23.1 Kb-0.6 Kb) and IX (1.4 Kb-0.072 Kb) Ldlalog #2306
' ”50 and #‘1449 460 rcaptclndyj \'-'LI'B uch for slzc csllm'ttlom

Genomic DNA from multiple 'gen‘c"r:f;icms'_o_r'iﬁse;ﬁt.‘protc'cmd cotton event 15985 was
digested with the restriction enzyme Spht and subjected to Southern blot hybridization
analysis to assess the genetic stability of the DNA containing the cry24b transgene. DNA
extracted fromm leaf tissue was used for alf of the analyses in this report except for the
nontmnatrcmc DP50 mmpic whlch wiis isolated from xu..d according to the micthod of
‘Rogers and Bcndlch (198‘5) Leaf tissue was frozen i in llqmd nitrogen and ground into a
. fine powdcr usmn a mortar and pcf;tle Approumdtcly lg of the ground leaf tissue was
.. transferred to.13 ml centrifuge tube contammg 6 ml of the extraction ‘buffer [2.5 ml DNA
: 'thracuon buffer (350 mM Sorbltol 100 mM Tris pH 75,5 mM EDTA), 2.5 ml Nuclc;
!ysns buffer (20{] mM ‘T‘ns pII 7. 5,50 mM ED’I’A 2'M NaCl, 2% CTAB) 'md 1 mi
' S'zrkosyl (5% t;ohmon)} ‘The samplcs were mcubatcd at 65°C for 30-60 minutes wnh

s _mlermtttcm muxmg Four 'md @ half mllhllters of a rmxture of ch!oroform :qmmyl

.- mixed for 2 to 3 mmulc

room temperamre, were addcd to the mmpl s. The suspension’ was -

and thc two phm.cc; sepamtcd by ccnlnl‘ugai:on for I5 mmutcs

o ar~2,300 rpim at 4°C. The agueous (top) layer wiis removed using a transfer pipet and
plac&.d'mto a E3 'mi ccmrifu‘s:,c tubc Five milliters OF IOO% ISOpI’OpanI were added; and
- the'tubes were mixed by inversion to precipitate the DNA. The precipitated DNA was

alcohol (24:1)

: pt,lleled by Ccn{rlfumng at ~2.300 rpm for 5 minutes at 4°C. The peliet was washed with

.' dpproxlmdtely ' mi of 70% ¢thanot and centrifuged for-an additional 53 minutes at,
- 300_:p vatd’cC -"‘\_[_tcz‘nalwm.ly the DNA was spoo!cd from the :sopmpanol -
g _-__-.:_'prec:p:tatlon u nfI a prpct ttp: 'md phccd dlrecl!y tnto i ml 0{'70% cthdnof The mmplc
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wis then pelleted in o microcentrifuge at 14,000 ipm for 2-5 minutes. The DNA was
dried for 4 minutes in o vacufuge and re-dissobved in TE overnight in o 4°C relrigerator.

. The purified genomic DNA was quantitaled vsing a Hoeter DyNA (;h)u:u'u""\l 200- -

- Fluorometer (San Francisco, CAXSOP BR-EQ-00635-01) with Bochringer Mannheim
- Moleeolar Weight Marker IX used as acalibration standard. - Approximately H ug of
genomic DNA from the test and control liies were used for the restriction enzyme -

- digests. Overnight digests were performed at 37°C wccording to SOP GEN-PRO-010-01 -
in'a total volume of 500 ul usivg 100 tnits of restriction enzyme. One of the

‘nontransgenic controt digests was spiked with 10 pg of PV-GHBK 1 1. After digestion,
the samples were precipitated by adding 110 volume (50 g1y of 3M NaOAc and 2
volumes (I ml relative to the original digest volume) of 100% ethanol, followed by
~incubation in a -20°C freezer for at least onc hour" "I'!i'é"dig(}s'tc'd DNA was pelleted by .
" ‘centrifugation, washed with 70% t..!!mno] v.tcuum drled lor 4 mmutcs and re- d!ssoivcd at =
room lcmpcr‘:lun. in watcr : L

"chqtcd DNAs were separ.ttcci on’ ‘1 0 8% d(_'.dI‘OSL gelin X TBE buffer ¢1ccordm(' 1o

" SOP GEN-PRO-003-01.° The ocl was f,lf.(.{rOphorcsed overnight at 48 V and the voltage
increased to 80 V in the mormng “After c!cclrophorcms, the gel was ‘stained in 0. 5 pg/ml
~ ethidium bromlde for approximately 20 minutes and phO[OUrdphLd Plasmid PV-

" 'GHBKI1't DNA wis isolated from overnight E. coli cultures. Probé template homologous

1o 'the ery2Ab2 coding | region was prcpart.d by PCR using PV- GHBKI | as the tcmphllc

- B '_?.'prehybndmed f(_)r 30 m_mu
SR SDS (w/v), and 0

Appronma(cly 25 g of cry2Ab2 probe template were labeled with ¥P-dCTP using the
random priming method (RadPrime DNA Labeling System, Life Technologies). The
: 'rfldloidbclcd probc W’l‘» purlhtd using a Scph'ldu C‘ 5{) Lolumn (Bochr: nger \«LGnhum)

o :Soulht.rn b!ot 'm'llyw; (Southcrn !9?’5) wiis pcrformed dccordmg to SOP GFN PRO-
._'075 02. Followmg LIectrophorcm the m,! was incubated in depunmuon solution:

:'(0 125 N HCH for ~ 10 minutes fo!to\\cd hy dcndlurmg solullon (0.5 M NaOH, 13'M

o dCl) for ~30° mmu{cs. and then neutralizing solution (0. S M Tris- HCH pH 7.1.5M.

' :.f_'NaCl) for <30 minutes. The DNA Frorn the a agarose gl was transferred to Ilybond Nm

$allowed t 5 transfer for 4%, tours (m ZOX SSC) and cova]ently Cross- Imkt..d to the.

_nylon membranes (Amcrsham) using dTllrbOblO[IC!J " (Schieicher & Schuell). The DNA

' membrane with'a UV Stmtahnkc T }80{) (S{rat'wenc) sct to ‘mmcrmqlmk The blor wag.

iT (__q 1ecus solution of 0.5 M- sodium phosphaie; 7%
ng/ml E coli IRNA Hybnd:zanon w:th the radiolabeled probc was -
' for_l G hours '1{ dppronmm!y 65°C Ihc _

139?5 comro]s .m'd"control nmcd with p]'l‘ﬂmd PV: CHBKI I D‘\JA was (Iwc&tcd w:th
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Sphi. The blot was probed with the full-length ry2A52 coding region (Appendix 2,
Figure 2). As expected, the DP30 non-teansgenic control (lane 8) and the DPS0B control
{Jane 7) showed no detectable hybridization bands. Plasmid PV-GHBK 1 mixed with
DP50 (lane 9} produced the expected ~3.8 Kb band. Each event] 3985 gencration (lanes
£-6) produced the predicted ~2.3 Kb border segment (produced from the Sphi resiriction
site al position 3959 in plasmid PV-GHBK U and un Sp/it restriction site in the plant
DNA). No differences in banding pattern were observed between DNA extracted from
the R1, R2, R3. R4, or 2 BC2F3 generations. This demonstrates the genetic stability of
the inserted DNA in s.:mp[cs spanning five phmt breeding generations.

CONCLUSIONS :

The genetic stability of the mserted DNA was dcmons{ralt.d by Southern blot fingerprint
analysis or 15985 genomic DNA spanning five plant breeding generations. No
differences in banding pattern were observed among DNA extracted from the R, R2, R3,
R4, or 2 BC2F3 generations, This demonstrates that the cry2Ab DNA insert in Bollgard
I cotton event 15985 is stable in the plant genome across five plant breeding generations.

REFE RI‘NCLS

Rogers, S.0. dnd Bcndu.h AL 1985. ﬁxmcuon of DNA from milligram amounts of
fresh, herbariunt and mummified plant tissues. Plant Mol. Biol. 5, 69-76.

Appendix 2, l*:gure l 15983 Breedm;__, H:s(ory B
The R1, R2, R3, R4 and 2 BC2F3 generations were included in Southern biot analyses to
assess the molecular genetic'stability of the 15985 insert.
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RIS F1 - BCTR S BCIFI -—» BC2F2 — BC2F3
,l, C '_ i 2 Pre- Commcrcml
: Varicties Tested
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- Appendix 2, Figure 2. Southern blot stability 'm.llys:s of event 15985: R1, R2, R3,
~Rd,and 2 BC2F3 ;.,ezwr.llmm e

230 Kh —>
94 Kh —»

6.0 Kh —

44 Kh—»

23Kb >

20Kbh —>

4 Kb ~>»
- BIKb —»

0.9 Kb —>

Ten micrograms of genomic DNA isolated from leaf tissue from DPSOB, 15985 Ri, R2, -
R3, R4, 2 BC2F3 generations and DP50 secd were digested with Sphl. The blot was '
probcd with 3‘P—Idbelcd cry2Ab coding regzon Ldne dcsr gnat:ons arc as to]lows
Ldne I:_' " RileafDNAT : :

: - R2leaf DNA-
- R3Ieaf DNA

. R4 'leaf DNA

BC2F3 #1 leaf D‘\?A

"BC2F3#2leaf DNA =
- DPS0B feaf DNA.
~ DPS50 seed DNA
; DPSO SLCd DNA +10.3 pﬁ of phmmci PV-GHBK]1 !

i@@ﬁ@%é@ﬁ

~—-> Symbcl c!cnoth sm, ofDNA m k1[ob<}sc pmrs ob:amul with MW markcrs '
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Appendix 3. Materials and Methods Used in Compuositional Analyses

_ L()mpmlllc}n.ﬁ a\lh!hllt“l[ \Ic!hmls : : :
~ Ginned and acid delinted cottonseed from "i(,h !Uc. mon wits thp[)t,d um!t,r ambicnt
Cconditions to Covance Laboratories, Inc. for compositional analyses. Seed samples were

. unalyzed for proximates (protein, [, ash, carbohydrate, moisture, fiber, calories), amino

acids, fatty acids. minerals (calcium, copper. iron, magnesium, mangancse, phosphorus,
polas:-‘.ium sodiunmy and zinc), total gossypel. cyclopropencid fatty acids and aflatoxing
conlent. Cuarbohydrate values in sced were determined by calculation. Cottonseed oil
and meal samples that were processed at Texas A&M from cottonseed samples pooled
across all locations were shipped frozen on dry ice to Covance Laboratories, Inc. Fatty
acid, cyclopropenoid fatty acids, vitamin E and gossypol analyses were performed on the
oil samples and cottonseed meal samples were analyzed for gossypol levels.  The
methods used by Covance Laboratories, Inc. are swmmarized in Table |,

Processing Summary

Cottonseed samples were ginned and acid delinted at Monsanto, St. Louis prior to
shipment to Covance for compositional analyses of the seed.  Ginned cottonsced was
shipped to Texas A&M for processing into oil and meal samples. The ginned seed was
saw delinted at the processing facility rather than at Monsanto, and mechanically cracked
to separate the hull matertal from the kernel. The kernel material was then flaked and
heated and fed into an expander/extruder. The material was then hexane extracted, and
miscelia refined.  After refining, the oif and soapstock were separated by centrifugation.
'The refined oif was then bieached and deodorized.  The soapstock was added back to the
solvent-extracted meal and toasted.

Statistical Analysis of the Data

Statistical analyses of the composition data were conducted by Certus International, Inc.,
Chesterfield, MO. Analytes with fifty percent or more of the observations at or below the
LLOD of the assay were excluded from statistical analysis. A range of values was
determined for the non-transgenic and reference lines but these were not included in the
statistical analysis. Cottonseed samples from all plots were analyzed for all components.
Fatty acid, cyclopropenotd fatty acid, vitamin E and gossypol content in cottonseed oil
were measured for a single sample per line that was composited from all eight ficld
locations. The g E,ossypo! content of cottonseed meal was also measured for one composite
: samp!t, pcr hnc._ NS - :

Qtat:st:cai and!yscs Of thc seed compomuon ddhl were conductcd using a rmxcd mode,i
a :m‘llym of \ulmnce- Combmcd site analyses used the model:

_'Y.,L _U |~'r # L # B+ Lt + i,

: whcrc U = ovcr‘:ii mcan, 'I‘-'- = ll'nc efﬁ;’:ct.-' Lj = random location effect, B(L)y = random
- block effect with Tocation effect, 'L't',J"'- random location by line interaction effect and e
L I‘CbIdll‘lI crror‘ __ for C’lCh composmonai anualysis component, the test event 15985 was

o 4*!0N$rhW0 B{?Ugard H v enr 1598? F DA Submusmn L 00-CTOI3F, .. . ... . }05.




compared 1o the parentat - control line’ DPSOB. * Dt for seed compositional analysis
components from additional commercial reference lines were not included in the
statistical analysis. However, @ range of values was determined for the transgenic, non-
- transgenic and combined- reference lines.  SAS® software was used to generate all
Ssummary statistics and perform all dnalyses: Report tubles present p-values from SAS as -
cither <0001 or as the actual p-value truncated to three decimal places. A p-value less-
- than (.03 means that the difference is significantat  level of 5%. S :

MONSANTO Boligard Il vent 15985 FDA Submission™ - 00-CTOI3F e g
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