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1. Executive Summary

This document presents a consolidation report on the bio-safety analysis of the Cry 1C protein
expressed in Bt-cotton plants carrying the event MLS9124, developed by Metahelix Life
Sciences, Private Limited. The scientific, two-tiered, weight-of-evidence strategy as
recommended by the International Food Biotechnology Committee of the International Life
Sciences Institute, Washington DC, USA has been adopted in this analysis. Accordingly, tier |
studies included those which identify potential hazardslike history of safe use of the protein,
bioinformatics analysis, mode of action, lab studies, and protein levels in predicted dietary
intake. All these analyses showed that the Cry 1C protein expressed in the Bt cotton plants does
not pose any real or potential danger to man, livestock or to the environment. Assuch, itis
argued that further tier |1 studies, which include acutetoxicological study using the purified Cry
1C protein, are not necessary in order to establish the safety of the Bt-cotton hybrids carrying the
event MLS9124.



2. Introduction

Recently the Department of Biotechnology, Government of India, has come out with new
guidelines for pure-protein based studies for determining the potential for toxicity and
allergenicity of foreign proteins expressed in transgenic crops plants. Such studies are to be
undertaken on a case-to-case basis in order to minimize any potentia risks while at the same
time, balancing it with practical considerations like feasibility and costs. Recently, the Food
Biotechnology Committee of the International Life Sciences Institute, Washington DC, USA has
recommended atwo-tier approach in order to evaluate protein safety in the context of

agricultural biotechnology®. Tier-1 analyses draw on the prior knowledge and testing methods
for evaluating the potential hazards of the expressed protein which include history of safe use,
bioinformatics analysis, mode of action, in vitro digestibility and stability and the expression
levels and dietary intake. If any potential hazard is identified by these analyses, then the hazard
is characterized by tier-11 studies which include acute toxicology study, repeated-dose toxicology
and other hypothesis-based evaluations.

Metahelix Life Sciences has devel oped Bt-cotton plants carrying the event 9124 expressing the
Cry1C protein which confers resistance to Lepidopteran pests in cotton. All the biosafety studies
using the plant tissues prepared for Bt cotton carrying event 9124 as prescribed earlier have been
completed and all those studies show that it is safe’. Further, the evaluation of the safety of the
expressed Cry1C protein by adopting the two-tiered, weight-of-evidence strategy approach is
reported here in this document. All the components of the tier-1 analyses tend to suggest that the
Cry1C protein expressed in Bt-cotton plants carrying the event 9124 is safe. It is further argued

that, for this reason acute toxicity studies with the purified Cry1C protein are not necessary.

3. History of safeuse of Cry1C

One of the most widely used Bacillus thuringiensis strains in the biological control of insect
pests of cropsisaizawai (Btastrain) which carriesthe crystal protein Cry1C. The very high
insecticidal activity of this Cry protein on the diamondback moth and the army worm (Plutella
xylostella, and Spodoptera spp. respectively) combined with the impeccable safety record of the
strains carrying this crystal protein has been primarily responsible for this widespread use.
Extensive studies on biosafety of this strain have been carried out, mostly in the US and details
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have been published under the joint sponsorship of the UNEP, ILO, WHO and the International
Program of Chemical Safety are available®. Relevant extract of this report is attached as
Annexurel. Insummary, in anumber of studies to assess the acute toxicity and pathogenicity
of commercia Bta formulations in birds (young mallards, Anas platyr hynchus, bobwhite quail,
Colinus virginianus) and aguatic vertebrates (frogs, Hylaregilla and Rana temporaria; gold fish,
Carassius auratus, mosquito fish, Gambusia affinis; newts, Tarichatorosa and Triturus
vulgaris; rainwater killifish, Lucania par va; toads, Bufo spp. and rainbow trout, Oncorhynchus
mykiss) there was no apparent toxicity or pathogenicity. In the study with birds, it was aso
observed that the feed consumption and consequent weight gain were similar in Bt-treated and
non-treated controls. The US Environmental Protection Agency (EPA) has approved the
registration of several formulations, either Bta strains or Pseudomonas fluorescens engineered to
express Cry1C protein (Annexurell) as safe pesticides to be used in all agricultural crops
including fruits, vegetables, corn, cotton and nuts; turf; forests; ornamentals; landscape trees,
nursery crops. The long history of safe use of these formulations even in crops which are eaten
raw like lettuce attest to the high degree of safety of the organism and the Cry1C protein that is
expressed in them. Many commercial products by some of the leading companies in the world
like Abbot (Xentari, Florbac) and Novartis (Certan) contain the expressed Cry1C protein and are

in wide-spread use in many countries’.

The gene coding for the Cry1C family of proteins has been extensively studied. A search of the
GENBANK database shows many sequences of this family of protein deposited. A non
exhaustive list is presented in Table 1. There are also anumber of studiesin which Cry1C
sequences have aso been expressed in bacterial systems (like Pseudomonas fluorescens) or in
higher plants (like cabbage, cauliflower, tobacco, rice, and severa other crops). Strizhov et. al.®
made transgenic lines of tobacco and alfalfa by introducing a truncated codortoptimized Cry1C
gene (630 amino acids from the amino terminal end). The expression of the Cry 1C protein in
the transgenic plants was found to afford protection against the Egyptian cotton leaf worm

(Spodopter a littoralis) and the beet army worm (Spodoptera exigua).



Table 1. Selection of Cryl1C gene sequences deposited in public databases.

Gene Accession No. Reference
designation
CrylCal X 07518 Honeeet d., 1988. NAR 16: 6240
CrylC a2 X 13620 Sanchiset. al., 1989. Mol. Micro., 3: 229-238
CrylCa3 M 73251 Payne and Sick, 1993. US Patent 5246852
CrylC a4 A 27642 Van Malleart et. al., 1990. European Patent 0400246
CrylC &b X 96682 Strizhov, et. al., 1996. MGG, 253:11-19.
Cryl1C bl M 97880 Kdwan et. dl., 1993. AEM, 59:1131-1137

In a collaborative study between Cornell University, USA and the Max-Planck Institute,
Germany, Elizabeth Earle and her co-workers expressed high levels of a synthetic Cry1C protein
in transgenic broccoli®. They found these transgenic plants resistant to the diamondback moth as
well as two other lepidopteran pests of crucifers, the cabbage looper and the imported cabbage
worm. Notably, in this study they found that the Cry 1 C protein was effective against
diamondback moth larvae which were resistant to the Cry 1A group of Bt toxins. In a more
recently reported study from China’, Qifa Zhang and his colleagues have developed Bt rice
expressing a synthetic, codorroptimized, truncated Cry1C gene and conducted field trials of the
hybrid rice, Hy-19-Zh, expressing this gene, in 2004 rice growing season a Wuhan, China

They found that these hybrids expressing the Cry1C protein were highly resistant to both leaf
folders and stem borers even under conditions of extreme pest infestations that completely

damaged the non-transgenic hybrid Shanyou 63, that was used as a control.

In avery significant recent study®, Cry1C expressing broccoli plants were exposed to the
laboratory bred resistant strains of diamondback moth, Plutella xylostella in order to understand
the effect of the Cry1C protein on the parasitoid, Diadegma insulare, which is a natural enemy of
Plutella. The results of this study provide the first clear evidence of the lack of hazard to a

parasitoid by a Bt plart, compared to traditional insecticides.

4. Mode of action of Cryl1C insecticidal protein
The general mode of action of the class of insecticidal crystal proteins from Bacillus

thuringiensis strains, at both physiological and molecular levels, has been well studied and

documented over last four decades. Crickmore and his colleagues® and more recently the group




led Soberon'® have written up very comprehensive reviews on the subject. The important role of
receptor interaction in determining the specificity of the Bt toxins to groups of insects in brought
out in arecent article by Gomez! et. a. It has been known for quite some time now that the

Cry1C toxin does not share a common binding site with the Cry1 A toxins'2.

The reason for different insect specificities of the Cry1C protein as compared to other Cry
proteins has been studies using binding assays with *2°| — or biotin labeled toxins and larval
brush border membrane vesicles (BBMV)®. In the same study the pore-forming activity of the
Cry proteins on BBMV were determined using voltage-sensitive fluorescent dye DiSCs*. In
competition experiments it was observed that while Cryl Aa, Cryl Ab and Cryl Ac proteins
share abinding site, CrylCaand Cryl Fabind to a different site. It was also observed thet all the
active toxins induced increased membrane permeability which was related to binding activity.
Based on their results the authors have recommended pyramiding of the Cry1C gene along with

that of amember of the Cryl A family for effective insect resistance management.

Sakai et. al.*® have tried to understand the role of the protein domain of Cry1C protein that
confersit specificity to Spodoptera sp. by domain swapping studies on the protein and then
analyzing the cytotoxicity to Sf9 insect cell lines. They concluded that the domain I11 of the
Cry1C protein is not crucial for cytocidal specificity of the Cry1C against Sf9 cells.

5. Bioinformatics Analysis of Cry1C protein

The protein sequence of CrylC available in Metahelix was subject to an in silico analysis of
pepsin and trypsin digestibility (Tables 2, 3 and 4 below)*®. The number of cleavage sites in
CrylC for both enzymes is amost identicad to the data obtained for CrylAc. There is
experimental data available for an in vitro gastric digestion study cited in a biosafety assessment
report where there is rapid degradation of the proteint’. The rate of degradation of the Cry1Ac
protein was evaluated in a ssimulated gastric fluid at pH 1.2 (constituted based on recommended
levels in US Pharmacopeia, 1995). The degradation was assessed by Western blot analysis and
insect bioactivity. The study showed that the CrylAc protein degrades in approximately 30
seconds upon exposure to gastric fluid. The acidic conditions of the stomach denature the native

conformation of the CrylAc protein, facilitating its rapid degradation. The inference from results



obtained for CrylAc was extended to CrylC based on the in silico analysis of pepsin

digestibility. It is similar to CrylAc, and thereby safe. In vivo, the protein would be exposed to

gastric conditions prior to entering the intestinal lumen. The low pH and pepsin in the stomach is

expected to either fully digest the protein or render it susceptible to intestinal digestion. Tables

2, 3 & 4 below give the dataof predicted cleavages of Metahelix’s Cry1C protein by pepsin (pH

1.3 and pH > 2.0) and trypsin.

Table2: Pepsin (pH 1.3) — There are 186 cleavages by pepsin at pH 1.3.

Position of

Resulting peptide

cleavagesite sequence

11
14
15
21
22
23
38
39
40
41
43
a4
45
48
54
55
56
58
59
61
62
63
64
71
72
74
75
76
81
82
89
90
08
99

101

102

105

106

108

MEENNQNQCIP
YNC

L
SNPEEV
L

L
DGERISTGNSSIDIS
L

s

L

VQ

E

L

VSN
FVPGGG
F

L
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L
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F

v

w
GIVGPSQ
w

DA

F

L

VQIEQ

L
INERIAE
F
ARNAAIAN
L

EG

L

GNN

E

NI

Position of
cleavagesite

133
135
138
139
140
147
151
152
155
157
159
160
165
166
167
168
170
171
176
177
181
183
191
192
195
201
202
209
210
213
217
222
224
225
227
228
231
236
237

Resulting peptide
sequence
WEEDPNNPETRTRVIDRF
RI

LDG

L

L
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RISG

F

EVP

LL

SV

Y

AQAAN

L

H

L

Al

L
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F
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GL
TTINVNEN
Y

NRL
IRHIDE

Y
ADHCANT
Y

NRG
LNNL
PKSTY

QD

W

IT

Y

NRL
RRDLT

L



109
112
113

115

249
261
262
267
278
284
287
300
303
304
306
307
309
310
312
313
314
319
321
322
330
331
342
353
355
356
361
363
369
371
382
383
390
391
397
398
399
400
408
409
425
434
441
443
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Y
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F
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L
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240
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449
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495
496
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503
504
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507
519
521
523
525
535
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564
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571
573
574
577
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593
595
604
605
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614
618
619
624
625
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F

s

w
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TNTIDPERINQIP
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Table 3: Pepsin (pH >2.0) — There are 145 cleavages for pepsin at pH >2.0.

Position of_ Resulting peptide Position of_ Resulting peptide sequence
cleavagesite sequence cleavagesite

14 MEENNQNQCIPYNC 152 F

15 L 155 EVP

21 SNPEEV 157 LL

22 L 165 SVYAQAAN

23 L 166 L

38 DGERISTGNSSIDIS 167 H

39 L 168 L

40 S 170 Al

41 L 171 L

43 VQ 176 RDSVI

44 F 177 F

45 L 183 GERWGL

48 VSN 195 TTINVNENYNRL

54 FVPGGG 213 IRHIDEYADHCANTYNRG

55 F 217 LNNL

56 L 231 PKSTYQDWITYNRL

58 VG 236 RRDLT

59 L 237 L

61 ID 239 TV

62 F 240 L

74 VWGIVGPSQWDA 244 DIAA

75 F 246 FF

76 L 261 PNYDNRRYPIQPVGQ

81 VQIEQ 262 L

82 L 270 TREVYTDP

89 INERIAE 273 LIN

90 F 278 FNPQL

98 ARNAAIAN 284 QSVAQL

99 L 287 PTF

101 EG 300 NVMESSRIRNPHL

102 L 303 FDI

105 GNN 304 L

106 F 306 NN

112 NIYVEA 307 L

113 F 309 TI

133 KEWEEDPNNPETRTRVIDRF 310 F

135 RI 313 TDW

138 LDG 314 F

139 L 319 SVGRN

140 L 330 FYWGGHRVISS

147 ERDIPSF 331 L

151 RISG 353 IGGGNITSPIYGREANQEPPRS
355 FT

356 F 574 F

361 NGPVF 577 SNP

363 RT 579 FS

369 LSNPTL 580 F

371 RL 593 RANPDIIGISEQP

382 LQQPWPAPPFN 595 LF

383 L 604 GAGSISSGE

10



390 RGVEGVE 605 L

301 F 613  YIDKIEI
397 STPTNS 614 L
398 F 618 ADAT
408 TYRGRGTVDS 619 F
409 L 624 EAESD
434 TELPPEDNSVPPREGYSHRLCHATF 625 L
441 VQRSGTP 630 ERAQK
443 FL

448 TTGW

449 F

457 SWTDRSAT

458 L

471 TNTIDPERINQIP

475 LVKG

490 FRVWGGTSVITGPGF

495 TGGDI

496 L

501 RRNTF

503 GD

504 F

506 VS

507 L

521 QVNINSPITQRYRL

523 RF

535 RYASSRDARVIV

536 L

553 TGAASTGVGGQVSVNMP

563 LQKTMEIGEN

564 L

568 TSRT

Table4: Trypsin —Thereare 55 cleavage siteswhen digested with trypsin.

Position of Resulti tid
cleavagesite esulting peptide sequence

27 MEENNQNQCIPYNCLSNPEEVLLDGER

86 ISTGNSSIDISLSLVQFLVSNFVPGGGFLVGLIDFVWGIVGPSQWDAFLVQIEQLINER

92 IAEFAR

114 NAAIANLEGLGNNFNIYVEAFK

126 EWEEDPNNPETR

128 R

132 VIDR

134 FR

142 ILDGLLER

148 DIPSFR

172 ISGFEVPLLSVYAQAANLHLAILR

180 DSVIFGER

194 WGLTTINVNENYNR

197 LIR

212 HIDEYADHCANTYNR

219 GLNNLPK
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230 STYQDWITYNR

232 LR
233 R

252 DLTLTVLDIAAFFPNYDNR

253 R

264 YPIQPVGQLTR

294 EVYTDPLINFNPQLQSVAQLPTFNVMESSR
296 IR

318 NPHLFDILNNLTIFTDWFSVGR

326 NFYWGGHR

344 VISSLIGGGNITSPIYGR

352 EANQEPPR

362 SFTFNGPVFR

370 TLSNPTLR

384 LLQQPWPAPPFNLR

401 GVEGVEFSTPTNSFTYR

403 GR

422 GTVDSLTELPPEDNSVPPR

428 EGYSHR

437 LCHATFVQR

454 SGTPFLTTGVVFSWTDR

466 SATLTNTIDPER

474 INQIPLVK

477 GFR

497 VWGGTSVITGPGFTGGDILR

498 R

518 NTFGDFVSLQVNINSPITQR

520 YR

522 LR

524 FR

529 YASSR

532 DAR

556 VIVLTGAASTGVGGQVSVNMPLQK
567 TMEIGENLTSR

570 TFR

581 YTDFSNPFSFR

609 ANPDIIGISEQPLFGAGSISSGELYIDK
627 IEIILADATFEAESDLER

630 AQK

6. Potential Toxicity of CrylC Protein vis-a-visknown Bacterial and Plant Toxins
Pairwise sequence alignment analysis was conducted for the Cry1C protein against each protein
of asubset of extremely lethal bacterial and plant toxins. The sequences of these toxins were
downloaded from the public databases. The results are compiled in Annexure I11. None of these
known toxins were homol ogous to the polypeptide sequence of Metahelix’s Cry1C toxin and is
therefore, considered to be safe for animals and humans.

7. Testing Thermal Stability and Pepsin Digestibility of the Cry1C Endotoxin

The thermal stability and pepsin digestibility of the Cry1C endotoxin was tested in an effort to
augment our understanding biosafety of the Bt cotton event 9124. A recombinant Cry1C
12



endotoxin was over-expressed in E. coli (Annexure V). This protein was subjected to different
temperatures as well as digestion with pepsin with the objectives of simulating conditions
wherein a particular food is (a) either cooked and thereby the biomolecules are degraded into
simpler structures, (b) or subjected to proteolytic degradation in the gut of animals that could
possibly graze on them.

a. Thermal Stability

A 1 mg/ml solution of the recombinant Cry1C was prepared in the bioassay buffer, i.e.,
carbonate buffer pH 9.5. BSA was also prepared in the same concentration in the same buffer.
Theprotein was incubated at the following temperatures, viz., 42C, 25?C, 377C, 557C, 752C and
1007C. A 2.5 pl aliquot corresponding to 2.5 g of protein was loaded on a 12% SDS-PAGE gd
and stained using Coomassie Brilliant Blue. The experiment was performed in 3 replicates and in
all instances, identical results were observed. Slight degradation was seen at 757C and complete
degradation was observed at 1007C, the boiling point of water and the probable temperature of

cooking for most food items. The results are shown in Figure 1 below:

Figurel (a) —thermal stability profile of Cry1C recombinant protein
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b. Pepsin Digestibility

Purified porcine pepsin has been used to evaluate the stability of a number of food alergens and
non-alergenic proteins in a multi-laboratory study that demonstrated the rigor and
reproducibility in nine laboratories®. Porcine pepsin is an aspartic endopeptidase with broad
substrate specificity. Pepsin is optimally active between pH 1.2 and 2.0, but inactive at pH 3.5
and irreversibly denatured at pH 7.0. The assay is performed under standard conditions of 10
units of pepsin activity per microgram of test protein. The original assay described by Astwood
et al. (1996)*° recommends performing the digestion at pH 1.2. However, the FAO/WHO
(2001)*° recommends using two pH conditions (pH 1.2 and pH 2.0). The assay is performed at
37°C and samples are removed at specific times and the activity of pepsin is quenched by
neutralization with carbonate buffer and sodium dodecy! sulfate (SDS-) polyacrylamide gel
electrophoresis (PAGE) loading buffer, then heating to more than 70°C for 3 to 5 minutes. The
timed digestion samples are separated by SDS-PAGE and stained with Coomassie Brilliant Blue
to evaluate the extent of digestion. Assessment of the digestibility assays by Bannon et al.
(2002)*! and by Thomaset al. (2004)*® indicate that most of the non-allergenic food proteins that
have been tested are digested by approximately 30 seconds, while major food allergens are
stable, or produce pepsin-stable fragments that are detectable for from eight to 60 minutes.

The test systemisan in vitro digestion model using porcine pepsin in simulated gastric fluid
(SGF) at pH 1.2. The pepsin activity assay is based on the method described by Sigma for
determining the activity of pepsin. At predetermined times (e.g.,0, 0.5, 1, 2, 5, 10, 20, 30, 60
minutes) a fixed volume of the digestion reaction mixture was withdrawn and added to sample
tubes containing neutralization and denaturing reagents, which stop the digestion. Samples were
then heated to ~ 95°C before analysis by SDS-PAGE, or storage at -20°C for later analysis. All
samples from a single digestion experiment were applied to wells of the same SDS-PAGE gd
along with molecular weight markers. Control samples included: test protein in SGF reaction
mixture without added pepsin, T=0 min; test protein in SGF reaction mixture without added
pepsin, T=60 min; SGF with added pepsin but without test protein, T=0; SGF with added pepsin
but without test protein, T=60; and a 10% test protein sample and quenched pepsin without SGF
reaction mixture (to verify detectability of at least 10% of the original protein concentration).
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Samples are separated by electrophoresis, fixed, stained with Coomassie Brilliant Blue. It was

observed that the Cry1C protein was completely digested by pepsin in less than 0.5 minutes
under both the experimental conditionsi.e.; at pH 1.2 and pH 2.0 SGF buffer.

The results are highlighted in Figure 2 below.

Figure 2 (a) — Pepsin digestibility of Cry1C recombinant protein at pH 2.0
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Figure 2 (b) — Pepsin digestibility of Cry1C recombinant protein at pH 1.2
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10Pepsin digested Crylc protein at 60 minutes (10 ug protein loaded)

12-

13-
14-

15-

without pepsin {5 ug of the protein loaded)

Cry1C protein in SGF buffer pH 1.2 at 60 minutes
without pepsin { 5 ug of the protein loaded)
-marker

Crylc protein digested with pepsin

in sodium carbonate buffer pH 10.5 at 60 minute
{5 uq of the protein loaded|{ Quenched Pepsin)
Crvlc protein digested with out pepsin

in sodium carbonate butter pH 10.5 at 60 minute
{5 ug of the protein loaded)



8. CrylC protein expression levels and animal dietary intake in goats and cattle

In order to assess the Cry1C protein expression levels in different parts of cotton plant, the
Cry1C protein levels were analysed in terminal leaf tissue, squares, and bolls in Bt cotton
hybrids expressing cry1C gene event MLS9124 at six locations across India in multilocation
trials during kharif 2006*>. The results are summarized across north, central and south zones,
with protein expression levels averaged over two locationsin each zone and three replications at

each location. Cry1C protein levels were expressed as ug/g of fresh tissue.

Table 5. Mean protein expression levels of CrylC (ug/g of fresh tissue) in the tissues of test
Bt hybridsin:

a. Central Zone, MLT, K06

Plart tissue Days after sowing

30 45 60 75 90 105 | 120 135
Terminal leaf 298 | 297 |[296| 267 | 263| 228 | 130 | 104
Square 110 |102| 105 | 101| 089 | 079 | 0.66
Boll 066 09 | 089 084 | 068 | 0.65

b. South zone, MLT Kharif 06

Plant tissue Days after sowing

30 45 60 IS 90 105 | 120 135
Terminal leaf 4.18 382 |301| 242 | 195| 182 | 151 141
Square 116 |[087| 082 | 0.71| 045 | 028 | 0.26
Boll 052 [ 046 036 | 018 | 0.13

c. North zone, MLT Kharif 06

Plant tissue Days after sowing

30 45 60 75 90 105 | 120 135
Terminal leaf 215 | 221 |281| 242 | 317| 228 | 125 | 1.04
Square 078 [093| 097 | 1.43| 091 | 093 | 0.62
Ball 014| 080 | 086| 082 | 071 | 0.64
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The protein expression varied considerably between the stage of development and the plant
tissue sampled. Leaf tissue expressed the maximum. The highest expression level recorded was
5.17 pg/g in young terminal leaf tissue. The average expression level across all plant parts at all

locations was 1.35 pg/g of leaf tissue.

In order to calculate the quantity of protein ingested in aday by two representative animal types,
goat and cattle, following calculations were made based on the body weight of the animal and at
two levels of dietary intake, average and maximum. Average body weight of goat were assumed
at 35 kgs for the Jamnapuri breed”, and in case of cattle, at 587 and 418 kgs for Holstein and
Jersey breeds?®. Based on the highest and average expression of Cry1C protein in Bt cotton
plants, following Cry1C ingestion levels were arrived at for the breed and daily dietary intake. It

is assumed that the animal’ s ration will consist only of cotton leaves.

Table6: Tissue CrylC level and daily intake calculationsfor goat and cattle.

Tissue Cryl1C content Daily intake (g/day of Cry1C protein)
Expresso Leve Goat, Jamnapuri Cattle, Holstein Cattle, Jersey breed,
n level recorded breed, 35 kg body breed, 587 kg body 418 kg body weight
weight weight
Ration intake/day? @ 1kg @ 2 kg @17kg | @24kg @ 13kg | @ 20kg

Maximum | 5.17pug/g | 05179 1034g | 87899 | 12408g 6.721g | 10.340g

Average | 1.35pg/lg | 01359 | 02709 | 22959 | 3240g 1.755g | 2.700g

Minimum | 0.13ug/g | 0.013g 0.026g | 0.221g | 0.312¢g 0.169¢g 0.260 g

It appears from the above, that the intake of Cry1C protein, even if the animal consumes only the
terminal cotton leaves of the Bt cotton plants carrying the event 9124, would be a very tiny
proportion of the total dietaryproteins and other components consumed to be of any significance
in terms of its effect on the health of the animal. Further, from the earlier section on the
digestibility studies, it is clear that any quantity of the Cry1C protein that may reach the
alimentary system of the animal is most likely to be digested completely, almost immediately.
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Annexure |l

PAI RW SE ALI GNMENTS OF DI FFERENT TOXINS TO CRY1C

Aerol ysin (Aerononas hydrophila) versus CrylC — identity 12.2%
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Al pha toxin (S. aureus) versus CylC — identity 5.9%
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Cytotoxin (Costridiumdifficile) versus CrylC identity — 6.4%
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CrylC 630aa

cytotoxin AAGL8011
Consensus

CrylC 630aa
cyt ot oxi n AAGL8011
Consensus

CrylC 630aa
cytotoxin AAGL8011
Consensus

CrylC 630aa
cytot oxi n AAGL8011
Consensus

CrylC 630aa
cytotoxin AAGL8011
Consensus
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cytot oxi n AAGL8011

Consensus

CrylC 630aa
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Consensus
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IS G
950

QEPPg CEFN@V“SNPTLRJTQJDWAPPFN RGVEGVEFSTPTN
FI NKI | FVETEKTI FSEYANH TEEI SKI KGT | FDTVNGKLVKKVN
KTI [ N

951

SFTYRCGRGI PPEDNSVP
L DTTHEVNT QSL | EYNS
10 O 1
W

1000
TPFLTTG
QFSTGL
FT
1050

GYSHRLCHATFVCR
SLSNLSVANKV
L A VQ A

WIDRSATLTNTI DPERI

DAAR\/VELVSTALDETI
S | P L

L RRNT P TORYRLRFRYASSRDA
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Delta lysin (26 aa long; S.
230

CrylC 630aa (230)

delta lysin ABQ9855 (1)

Consensus (230)

Enterotoxin A (Costridium

OylC 630aa (1)
enterotoxin A AAGL8010 (1)
Consensus (1)

CylC 630aa (51)
enterotoxin A AAGL8010 (35)
Consensus (51)

OylC 630aa (101)
enterotoxin A AAGL8010 (66)
Consensus (101)

OylC 630aa (151)
enterotoxin A AAGL8010 (85)
Consensus (151)

O ylC 630aa (201)
enterotoxin A AAGL8010 (99)
Consensus (201)

O ylC 630aa (251)
enterotoxin A AAGL8010 (111)
Consensus (251)

O ylC 630aa (300)
enterotoxin A AAGL8010 (156)
Consensus (301)

COrylC 630aa (350)
enterotoxin A AAGL8010 (192)
Consensus (351)

O ylC 630aa (400)
enterotoxin A AAGL8010 (222)
Consensus (401)

O ylC 630aa (450)
enterotoxin A AAGL8010 (261)
Consensus (451)

O ylC 630aa (500)
enterotoxi n A AAGL8010 (307)
Consensus (501)

CylC 630aa (550)
enterotoxin A AAGL8010 (355)
Consensus (551)

O ylC 630aa (600)
enterotoxin A AAGL8010 (397)
Consensus (601)

aureus) versus CrylCidentity — 14.8%
256
RERRDLTLTVLON AARFPNYDNRRYPI

- MAQDII STEGEEVKW | DTWWKIFTKK

L D TI D F NK
perfringens, Type A) versus CrylC identity — 12.8%
1 50
MEENNQNQC! PYNQLSNPEEVLLDGER! STGNSSI|DI SLSLVQFLVSNFY
------ NEYYPEI | MLNPN- - - - - - - - - - TFHKKVN NLDSSSFEYKWST
N P L NP T 1L F
51 100
PGGEGFLVGLI DFVWE VGPSQADAFLVQ EQLI NERI AEFARNAAI ANLE
EGS------------------- DFI LVRYLEESNKKI LQXI Rl KG LSNT
G D LV N Kl R A
101 150

GLGNNFN YVEAFKEWEEDPNNPETRTRVI DRFRI LDGLLERDI PSFRI S

KSFNKVBI DFKDl KKLSLG - - = - = - = - = < == < x = wmwm e mme e
N o K

151 200

GFEVPLLSVYAQAANLHLAI LRDSVI FGERWGL TTI NUNENYINRLI RHI D

------------------------------------ Y1 |VBNEKSFNSENE

I NF D
201 250
EYADHGANTYNRGLNNL PKSTYQDW TYNRLRRDLTLTVLDI AAFFPNYD
LDRDHLG - - - - = = == == mmmm e e e e e e e e FKI 1 D

DH A F D
251 300

NRRYP! QPVGQLTREVYTDPLI NFNPQL GBVAQE PFFNVIVESSR! RN- PH
NKT YYYDEASKLVKG - - - - LI NI NNSL FYFDPI| ESNL VTGAGTI NGKKY
NK Y L K LINN L 'S Vv | H
301 350
LFDI LNNLTI FTDWFSVGRNEYIRGEHRVII SSLIlGGEaN TSP YGREANGE
YFDI NTGAASTSYKI | NGKHFYENNNGVMLGYFKG - - = - = = = = - = - - -

FDI 5 KFF M | G
351 400
PPRSFTENGPVFRTLSNPTL RLLQQPWPAPPFNL RAVEGVEFSTPTNSFT
- PDGFEYFAPANTQNNNF - - < - < = = <o o e oo I EGQAI VYQBKFLT
P FFAP N I EG s T
401 450
YRGRGTVDSL TEL PPEDNSVPPREGYSHRL CHATEVERSGTPFL TTOWE
LNGK- - - - - - - - KYYFDNDSKAVTGADTI DGKKYYFNLNTAEAATG: - - W
& DN aw FN T F
451 500

SWIDRSATLTNTI DPERI NQI PEVKGFRWAGGT SVI TGPGFTGEDI LRRN
QT DGKKYYFNTNTSI ASTGYTIL I NCKHRYFNT DG MQI GVFKG - - - PN
D NT G wWT I G G N
501 550
TFGDFVSL OVNI NSPI TORYRL RFRYASSRDARVI VLT GAASTGVGEQVS
GFEYFAPANTDANN EGQAI RYQNRELYLHDN- - | YYF GNNSKAVTGWOI
F F N N Q R RF D | G SAVG S
551 600
VNVRLQKT VEl GENLTSRTFRYT DFSNPFSFRANPDI | GHSEQRLEGAGS
I NGNVYYF MPDTAMAAAGGELFEI DGVI YFFG - - - - VDGYKAPQ YG- - -
IN L M A D F I d I FG
601 631
| SSCELYI DKI El | LADATFEAESDL ERACK
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Kappa toxin (C perfringens Type A) versus CrylC identity 6.2%

1 50

CrylC 630aa (1) MEENNQNQC! PYNCLSNPEEVLLDGERI STGNSSI DI SLSLVQFLVSNFV

kappa toxin ABA63419 [ I e T
Consensus (1)

51 100

CrylC 630aa (51) PGGGFLVGLI DFWAGE VGPSQADAFLVQ EQLI NERI AEFARNAAI ANLE

kappa toxin ABA63419 (@ I e T
Consensus (51)

101 150

CrylC 630aa (101) GLGNNFNI YVEAFKEWEEDPNNPETRTRVI DRFRI LDGLLERDI PSFRI S

kappa toxin ABA63419 [ I e R
Consensus (101)

151 200

CrylC 630aa (151) GFEVPLLSVYAQAANLHLAI LRDSVI FGERWGLTTI NVNENYNRLI RHI D

kappa toxin ABA63419 [ I T
Consensus (151)

201 250

CrylC 630aa (201) EYADHCANTYNRGLNN_PKSTYQDW TYNRLRRD.TLTVLDI AAEFPNYD

kappa toxin ABA63419 (1) ---- KAQDGVWEALGR.| GNASADPEVI NNCI YM_SDFKDNI DKYGSNYS
Consensus (201) AL L D N LS I F NY

251 300

CrylC 630aa (251) NRRYPI QPVGQUTREVYTDPLIINENPQLQSVAGLPTENVIVESSRI RNPHL

kappa toxin ABA63419 (47) --- KGNAVFNLMKG DYYTNSVI ¥YNTKGYDAKNTERYNRI DPYMERLESL

Consensus (251) L Y I FN N FN I D R L

301 350

CrylC 630aa (301) FDI LNNLTI FTDAFSVGRNEYWSGHRVI SSLI GGGNI TSPI YGREANCEP

kappa toxi n ABA63419 (94) CTI GCDKLNNDNAAL VNNALYYTGRMKFREDP- - - - - - - - - - - - S| SCRA
Consensus (301) I L W FY G Q

351 400

COryl1C 630aa (351) PRSFTFNGPVFRTLSNPTLRLLQOPWPAPPFNLRGVEGVEFSTPTNSFTY
kappa toxin ABA63419 (132) LERAMKEY PYLSYQY! EAAND.DLNEGEKNSSGNDI DFNKI KADAREKYL

Consensus (351) P L F A ID
401 450
CrylC 630aa (401) RGRGIVDSLTEUPPEDNSVPPREGYSHRLCHATRVORSGTPFLTTGVWIFS
kappa toxi n ABA63419 (182) PKTYTFDDCKFWKAGDKVTEEK----------- I KRLYWASKEVKAQFM
Consensus (401) TD L \% I R F
451 500

CrylC 630aa (451) WDRSATLTNTI DPER NQ RLVKGFRVMWGGTSM TGPGFTGEDI LRRNT
kappa toxin ABA63419 (221) RVVQNDKALEEGNPDD L TMM|YNSPEEYKLNRII NGFSTDNGS Yl ENI
Consensus (451) PDI | | w I G Gl N
501 550
CrylC 630aa (501) FCDFVSLQVNI NSPI TQORYRLRFRYASSRDARVIVLTGAASTGVGGEQVSY
kappa toxi n ABA63419 (271) GTFFTYERTPEES| YTLEELFRHERTHYLQBRYM/PCGM -----------
Consensus (501) F S T R F AR |V
551 600
CrylC 630aa (551) NWVPLQKTMElI GENLTSRTFRYTDFSNPFSFRANPDI | G SEQPLFGAGSI
kappa toxin ABAB3419 (309) --------mmmmm oo
Consensus (551)
601 630
CrylC 630aa (601) SSCELYI DKI El | LADATFEAESDLERACQK
kappa toxin ABA63419 (309) -----------------oomaaoaa o
Consensus (601)
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| et hal

factor (B. anthracis) versus CrylC identity 10. 4%

CrylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

O ylC 630aa
factor AAY15237
Consensus

O ylC 630aa
factor AAY15237
Consensus

CylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

CylC 630aa
factor AAY15237
Consensus

CylC 630aa
factor AAY15237
Consensus

CylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

CrylC 630aa
factor AAY15237
Consensus

MNI KKEFI KVI SMSCLVTAI TLSGPVFI PLVQGAGGHGDVGVHVKEKEKN

51 100
-------- MEENNQNQC!H PYNCL SNPEEVLLEDGERI STGNSSI DI SLSLV
KDENKRKDEERNKTIGEEHLKEI IVKH VK|l EVKGEEAVKKEAAEKLL EKVP
EN N L I L G AA L
101 150
QAL VSNEVPGGECEFLVAL DFVWG VGPSQADAFLVQ EQHI NERI AEFAR
SDVLEMYKAI GCKIL Y1 MDGDI TKH SLEAL SEDKKKI KDIYGKDAL LHEH
LL F &I L 1 | [

151 200

NAAI AN - - - - - e o - LEGLGNNF NI YVEAFKEVEEDPNNPE- - TR

YVYAKEGYEPVLVI QSSEDYMENTEKAL NVYYEI GKI LSRDI LSKI NQPY
LE NY E K D

201 250

TRVIIDRFRI[EDGLLERDI PSFRI & - - - G - - - FEVPL LSVYAQAANLH
QKFLDVLNT]|KNASBSDGQDL L FTNQLKEHPTDFSVEF L EQNSNEVQEVF
KID | D D S FV L AN N
251 300
Al LRDSVI FGERWEITTIINVNENYNRE! RH BEYADHCANTYNRG - - - -
AKAFAYY! EPQHRIVLQL YAPEARNYIVDKFNEQE! NL SLEEL KDQRMLAR
A [ LI EFNLK D
301 350
- - LNNLPKSTYCDW TYNRLRRDLTLTVLDI AAFFPNYDNRRYPI CPVGQ
YEKVEKI KGHYQHWBDSLSEEGRGLLKKLQ PI EPKKDDI | HSLSQEEKE
K YOW L LI D Q
351 400
LTREVYTDPLI NFNPQLQSVAQLPTFNUNESS- - - R- - [|R\PHLFDI LN
LLKR Q DSSDFLSTEEKEFLKKLQ DI |RBSLSEEEKELLNRI QVDSSN\P
LKI D | DS I'N D N
401 450
LTI FTDWF SVGRNFYWSGER SSLI G- GGNE TSPl YGREANQEPPRSFT
LISEKEKEF LKKLKLDI QPYDIINQR_QDT GGLI DSPSI NUDVRKQYKRD Q
LS F HI L &1 SP D R
451 500
FNGAYFRTLSNPT L RLLQGPWPAPPFN- LREBVEGVEFSTPTN- - - - - - - -
NI DALLHQS! GSTLYNKI YLYENVNI NNLTATL GADLVDSTDNTKI NRG
L TL w NLA GD T
501 550
----- S - - [FYRGRGTVDSETEL PPEDNSVPPREGYSHRL CHATRVIGRS
FNEFKKNFKYS! SSNYM. VDI /NERPAL DNERLKWRI QLSPDTRAGYLE- N
FS I | EP DN A FL
551 600
GTPFLTTGWFSWIDRSATLTNTIBPERI NQI PEVKG - - - - <= -« - - - -
GKLI LGRNI|GLEI KDVQ! | KQSEKEY! RI DAKVIVPKSKI DTKI GEAQLNI
G L | D D R L K
601 650
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701 750
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751 800
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Li

steriolysin (Listeria nonocytogenes) versus CrylC identity 10%

O ylC 630aa
steriol ysin CAA42639
Consensus

CrylC 630aa
steriolysin CAA42639
Consensus

O ylC 630aa
steriol ysin CAA42639
Consensus

CylC 630aa
steriolysin CAA42639
Consensus

CylC 630aa
steriolysin CAA42639
Consensus

CrylC 630aa
steriolysin CAA42639
Consensus

CrylC 630aa
steriolysin CAA42639
Consensus

O ylC 630aa
steriolysin CAA42639
Consensus

O yl1C 630aa
steriolysin CAA42639
Consensus

CylC 630aa
steriolysin CAA42639
Consensus

CylC 630aa
steriolysin CAA42639
Consensus

CylC 630aa
steriolysin CAA42639
Consensus

CrylC 630aa
steriolysin CAA42639
Consensus
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L LIL IA ADS LIS
51 100
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P A | N N | |
101 150
CGLGNNFNI YVEAF KEWEEDPNNPETRTRVI DRFRI LDGLLERDI PSFRI S
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G VvV K NN D GL K
151 200
GFEVPLLSVYAQAANLHL Al LRDSVI FGERWEL TTI NVNENYNRLERH D
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Dv. L A I L L T NN NLI
201 250
EYADHCANTYNRGLNNLPKSTYQDW | TYNRLRROLTLTVLDI AAFFPNYD

EKYAQAYPNVS- - - - - - AKI DYDDENAY SESQ- - LI AKFGTAFKAVNNSL
E K YDIY L N
251 300

NRRYPI QPVEQET REVYTDPLI NENPOEGEVAQL PTFNVVESSRI RNPHL
NVNEGAI SECKIMDEEVI SFKQ YYN\/NVI\EPTRPSRFFGKAVTKEQ_QAL
N F GL EVS | FNNN F SK
301 350
FDI LNALT1[ETDWHSVERNFYWEGHRVI SSLI GAENI TSPIlY GREANCEP
GVNAENPPAY SSVAYGRQVYLKL STNSHSTKVKAAFDAAVSCKSVSA@V
N F AGNY S A Al X D
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PRSFTFNGPVFRTL SNPTLRLL QQPWPAPPFNLRGVEGVEESTPTNSFTY

ELIN I KN- - - = e e e e e SSFKAVI ¥GGSAKDEVQ
S AV F
401 450
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I | DCNEGDLRDI LKKGATFN- - - - - - - - - - - - - - RETPGVPI AYTTNFLK
GL LD S GP T
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DA NS E | | S D
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DV S ARI LA TAA
551 600
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M KLI N F TF NP
601 630
SSGELYI DKI El | LADATFEAESDL ERAQK
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Neurotoxin A (C ostridium botulinum Type A) versus CrylC identity 13%

CrylC 630aa
neur ot oxi n A5HZZ9

Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
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CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9

Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9
Consensus

CrylC 630aa
neur ot oxi n A5HZZ9

Consensus
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N
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G L Il 1 GS V. NIN DA A N
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I G I KF D N TR | |
202 251
SCGFEVPLLSVYAQAANLHLAIN L RESVI FGERWGALTTI NVNENYNRLI RHI
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PLL A LI DI GR INN F
252 301
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EA AFDI N R DI AA
302 351
DNRRYPI QPVGQE TREVYTDPL HNFNPQL QSVAQLPTFNVMESSRI RNPH
KSI VGTTASLQYNMKNVFKEKY LUSEDT SGKFSVDKLKEDKLEYK- - - - - - M
L L LI F L
352 401
LFDI LNNLTI FTDWFSMGRNF YWEGHRME SSLI GGGN TSP YGREANQE
LTEl YTEDNFVKFEKVENRKT YLNFDKAVFKIE NI VPRVNY Tl YDGFNLRN
L DI F LR Y KT 1 I 1Y
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A FNG KL N FL vd S
452 501
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KA D L D P DFS L A | I

502 551

FSWI'DRSATLTNTI CPER------------ | NQ PL WKGFRWAGGTSVI T
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LT DE I Q LM F
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GPGETGED!I LRRNTFGDFVSLQVNI NSPI TORYRLRFRYASSRDARVI VE

L DKYTMFHYL RAQEFEHGKSRI ALTNSVNEALLNPSRVYTFFSSDYVKKVY
FT LR N F S NS Y vV L
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TGAASTGVGEQVSVNVPLCKT MEI GENLTSRTFRYTDFSNPESFRANPDI

NKATEAANFL GWEQLVYDF T DETSEVSTIIDKI ADI T1 | 1 BYI GPALNI G
A AM NL TE E TS PF A

652 695

|  SEQPLFGAGSI SSGELY] DKI El | LADATFEAESDL ERAGK
NMEYKDDFVGALI FSGAVILLEEFI PEI Al PVLGTFALVSYI ANK

| GA SAIIDI | ANK
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Neurotoxin B (C. botulinum Type B) versus CrylC identity 7%

CrylC 630aa
neur ot oxi n Bl NP5
Consensus

CrylC 630aa
neur ot oxi n B1l NP5
Consensus

CrylC 630aa
neur ot oxi n B1l NP5
Consensus

CrylC 630aa
neur ot oxi n B1ll NP5
Consensus

CrylC 630aa
neur ot oxi n B1ll NP5
Consensus

CrylC 630aa
neur ot oxin B1ll NP5
Consensus

CrylC 630aa
neur ot oxi n B1ll NP5
Consensus

CrylC 630aa
neur ot oxi n B1l NP5
Consensus

CrylC 630aa
neur ot oxi n B1ll NP5
Consensus

CrylC 630aa
neur ot oxi n B1ll NP5
Consensus

CrylC 630aa
neur ot oxi n B1l NP5
Consensus

Cryl1C 630aa
neur ot oxi n B1l NP5
Consensus

CrylC 630aa
neur ot oxi n B1ll NP5
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Perfringolysin O (C. perfringens Type A versus CrylC identity 12.2%
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Pneurol ysin (S. pneunoni ae)
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versus CrylC identity 12%
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Ricin (Ricinus commnis) versus CrylC identity 13%
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Shigella (S. dysenteriae) toxin versus CrylC identity 14.6% (89 aa)
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Tetanus toxin (Costridiumtetani) versus CrylCidentity 12. 6%
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toxin (C. perfringens Type A) versus CrylC identity 12.5%
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