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Abstract

Genetically modified (GM) food cropsareaimed towar dsimproving food quality, quantity and to help protect
and preserve the environment by reducing reliance upon chemical pesticides and herbicides. Despite such
potential benefits, GM foods obtained from transgenic crops require safety testing for evaluating their
tendency to provoke an allergenic reaction, stability in the environment and unintended effects. Transgenic
proteinsencoded by theforeign genes may act ascrossreactive allergensor may alter thelevel of an intrinsic
allergen(s). Therefore, safety assessmentsarerequired prior to therelease of the GM food in the market for
consumption. With theadvancingscientificknowledgeand better accesstotheavailableresour ces, resear chers
need to develop improved protocols for identifying potential allergens and more reliable animal models

mimickingfood allergy in humans.
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INTRODUCTION

Biotechnology aims at devel oping transgenic crops
with desired traits. These varieties are superior to
their natural counterparts. Transgenes incorporated
into GM crops provide resistance against insects, pests,
fungi, viruses and bacteria that cause plant diseases;
tolerance to environmental imbalances like drought,
cold, salinity and abiotic stress*>3. GM crops are
high yielding varieties having increased shelf life,
improved nutritional value and texture. Molecular
biology methods applied for GM crop development
are precise and introduce only the desired trait into
the plant. These methods have the capacity to alter the
nutritional profile of the plants. It may also interfere
with the already present natural allergens. Hence,
there exists an urgent need to assess the safety
(allergenicity studies) of the GM crops. Each GM
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food undergoes a thorough pre-market safety
assessment beforeit isreleased*. These rigorous saf ety
assessment tests make sure no allergenic variety is
made available for human consumption. GM foods
that are approved by international regulatory
authorities to date have been fully assessed for both
allergenicity and toxicity.

Safety evaluations are a pre requisite as 2-8 % of
the world population suffers from food allergy and it
has shown an increasing trend®®. Food allergy is
defined as an adverse health effect arising from a
specific immune response that occurs reproducibly on
exposure to a given food protein. It is distinct from
other adverse responses to food, such as food
intolerance’, pharmacologic reactions, and toxin-
mediated reactions. The individual food allergy is
affected by geographical location, culture and life
style®. In the United States of Americasome foods are
categorized as major food allergens and these include
milk, egg, peanut, tree nuts, soy, wheat, fish, and shell
fish®. Food allergens are the parts of food or ingredients
within food (usually proteins) that are recognized by
immune cells. Although the structural properties of



54

proteins that cause allergic reactions have not been
characterized completely, some features include
molecular size of 10 to 70 kD, stimulate immune
responses (induce the production of allergen-specific
IgE), and stable to heat, proteases, acids, processing
and digestion™®.

Food allergic reactions may be IgE-mediated, non
IgE-mediated (cell mediated), or both. Milk, egg and
peanut account for the vast majority of IgE —mediated
reactions in young children, whereas peanuts, tree
nuts and sea food (fish & shell fish) account for the
vast majority of IgE- mediated reactions in
adults'>1213 |gE-mediated (allergic) reaction refers
to a hypersensitive reaction in an atopic individual
which may not happen in an otherwise normal
individual. Type | allergy is one of the four forms of
hypersensitivity reaction, characterized by excessive
activation of mast cellsand basophilsby IgE, resulting
in an extreme inflammatory response. Common
allergic manifestationsinclude eczema, hives, allergic
rhinitis, asthma, gastrointestinal tract allergies, and
reactions to the venom of stinging insects such as
wasps and bees. In some people, severe allergies to
environmental or dietary allergens or to medication
may result in life-threatening anaphylactic reactions
and death. Non IgE-mediated food allergy is associated
with the following disorders —

e« Eosinophilic Gl disease (EGIDs) — is an
uncommon gastrointestinal disease affecting both
children and adults. It is characterized by
eosinophilic infiltration in one or more areas of
the Gl tract and abdominal pain. The symptoms of
the disease depend on which part of the Gl tract is
involved and whether the accumulation of
eosinophilsis localized or widespread.

* Food Protein —induced enter ocolitis syndrome
(FPIES) - generally affects infants and young
children. Symptoms include vomiting, diarrhea
(sometimes bloody), dehydration and low-blood
pressure. The child or infant can appear lethargic,
and have problems gaining weight. Symptoms
occur shortly after consuming the culprit food.
Vomiting starts within 2 hours after eating the
causativefood, and diarrheatypically startswithin
5 hours of eating.

e Systemic (whole body) contact dermatitis.
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e Allergic contact dermatitis (ACD) —isaform of
eczema, onset of the disease is characterized by
an allergic reaction to food molecules that occur
naturally in foods such as mango. The allergic
reaction involves immune cells but not IgE
antibodies. Symptoms include itching, swelling
and small raised areas on the skin that may or may
not contain fluid.

GENETICALLY MODIFIED (GM) FOODS

In the past, selective breeding techniqueswere used
by researchers to improve crop varieties. But these
conventional methods were time consuming and often
not very accurate. Therefore, genetic engineering
gained recognition and offered a wide range of
valuabl e genes and methods of inserting them into the
plant genomes. Genetic engineering involves the use
of r-DNA technology to alter the genetic makeup of
organisms such as animals, plants, or bacteria. When
food-crops are genetically modified, one or more genes
areincorporated into the crop’ s genome using avector
containing several other genes along with the
transgene, like viral promoters, transcription
terminators, antibiotic resistance marker genes and
reporter genes. These crop plants possess enhance
desired traits such as increased resistance to
herbicides, insecticides, improved shelf life,
nutritional content, better taste and texture etc.

GM FOOD SAFETY GUIDELINES

An integral part of the safety evaluation is the
assessment of the potential allergenicity of the novel
proteins being expressed in the GM food crop.
Previous studies employed for assessing the safety of
chemical additives used in food industry, involved
testing single chemical components. But this is not
feasiblefor testing GM foods. Therefore, an alternative
approach was required for the safety assessment of
GM foods. First food safety assessment report*
described comparative approach and haslaid the basis
for later safety evaluation strategies. This led to the
development of the concept of substantial equivalence.
Substantial equivalence (SE) emphasizes that safety
assessment is not a parameter which can be evaluated
on an absolute scale. Instead it measures whether the
GM food is safe as its traditional counterpart if such
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counterpart exists or to an earlier approved GM
variety®®. SE analysisincludesthreelevels - complete,
partial and not at all*®. Complete - substantially
equivalent i.e. the GM food is similar to the native
counterpart, partial - substantially equivalent except
for the inserted gene and ‘not at all’ means that the
GM food isnot at all equivalent to its counterpart and
a step by step evaluation of the transgenic food is
mandatory*>*¢. GM and non-GM counterpart used for
the comparative studies should be subjected to similar
environmental conditions to avoid genotypic and
phenotypic differences not related to the
transformation process. The non-GM counterpart
should be non-transgenic, isogenic line to the GM
line. Comparative studies should take into account
agronomic, morphological, genetic and compositional
aspects in order to make an objective assessment.
Further, attention should be paid to the choice of
comparator, the design of field trials, and statistical
analysis of the generated data in order to obtain
authentic results.

Safety assessment strategies involve an integrated,
case-by-case approach to be used in the allergenicity
assessment of GM foods. The safety evaluation
protocols mainly focus on, whether the original source
of the GM food protein is allergenic or the GM food
protein is similar to any known or reported allergens
and lastly whether the GM food protein can remain
intact after digestion. Additional testing includes the
use of specific immunological methods or animal
models, for further evaluation. GM foods are assessed
on the basis of several guidelines issued by
international scientific organizations such asthe World
Health Organisation (WHO), the Food and Agriculture
Organization (FAQO), and the Organization for
Economic Cooperation and Development (OECD).
With the advancements in the field of science and
technology new risk assessment techniques are
evolving. FAO/ WHO, 20017 introduced the decision
tree approach for the safety evaluation of GM foods*.
This approach involves assessment of the source of
the introduced protein, followed by in silico sequence
homol ogy studies using allergen databases, assessment
of immunoreactivity with sera from allergic patients,
physiochemical stability (in vitro digestibility and
thermal stability) and animal model studies. Codex
Alimentarius Commission (Codex), 25th session,

Rome, Italy, 30 June-5 July, 2003, proposed weight
of evidence approach to be followed to evaluate the
allergenic potential of novel proteins'®. Thisapproach
takes into account several parameters for safety
assessment like safety of the gene(s) source; amino
acid sequence homology to known allergens; stability
to pepsin digestion in vitro; and specific IgE binding
studies or skin-prick testing.

SOURCE OF THE GENE

The evaluation begins with studying the source of
the transgene. The sources may be classified as
allergenic, moderately allergic or of unknown
alergenic potential. Major food allergens include
peanuts, tree nuts, soy and wheat from plant kingdom
and milk, egg, fish and shell fish from animal kingdom.
These eight major food allergens are referred to as
‘Big Eight’ in the United States of America?. If the
geneisfrom an allergenic origin or from amoderately
allergic source, then acareful evaluation ismandatory
in order to conclude that the gene does not encode for
anallergen. An historical exampleisthe development
of a GM soybean that contained a gene from the
Brazil nut, a plant that is known to cause allergy in
some people?l. In most of the cases GM crops obtain
genes from organisms that have unknown allergenic
potential, like bacteria, viruses, weeds, and ornamental
plants.

SEQUENCE HOMOLOGY STUDIES

Amino acid sequence homology studies involve
comparison of the transgenic protein sequences with
the known allergensto identify probable homologues.
BLAST? and FASTA? are popular alignment tools
used for the comparison studiesthey predict functional
similarity and clinically important cross reactivity
among proteins. The basis of bioinformatic studiesis
that if proteins possess reasonable linear sequence
similarity, they tend to share three dimensional
structural motifs?»?® and are more likely to share
allergenic crossreactive epitopes. Sequence homology
studies recommended by FAO/WHO, 2001 and Codex,
2003 evaluate the allergenic potential of novel proteins
over an 80 amino acid sliding window, €” 35% identity
depicts that transgenic protein may elicit allergic
reactions in sensitized individuals. Aalberse, 2000
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suggests that proteins showing greater than 70%
identity over an 80 a.a. dliding window are more
likely to share IgE cross reactivity?®. According to
saf ety assessment protocolsif high degree of similarity
is observed among sequences IgE serum screening is
mandatory to further validate the safety of the crop.
Several allergen databases are available online for
homology studies including Food Allergy Research
and Resource Program (FARRP)?’, Structural
Database of Allergenic Protein (SDAP)?%,
Allermatch®, AlgPred®® and Allergen Database for
Food Safety (ADFS)3L.

Amino acid sequence homology approach has
certain limitations firstly the comparisons are
restricted to the known allergens reported in the
popular databases and scientific literature secondly
short segment amino acid exact matches give a high
rate of false negatives and lastly food allergens
reported in the database are few. Therefore more
stringent tests are to be performed to confirm the
alergenicity of the proteins. There is no single test
that can be relied upon to correctly predict the
allergenic response of a protein. An integrated
stepwise approach should be followed as it takes into
account data obtained from several tests.

HEAT STABILITY

Food allergens are mostly resistant to thermal
processing and degradation during the passage through
the digestive tract in order to sensitize individuals or
elicit allergic reactions. Till date no specific
characteristics have been defined which can
distinguish an allergen from a non allergen.
Fermentation, blanching, refrigeration, heating,
pasteurisation and texturizing are some of the
techniques employed for food processing®. These
procedures may alter the native structure of the
proteins and thereby affect the overall allergenicity of
the foods. Depending on the degree of distortion the
processing method has on the protein structure the
allergenic potential may increase, decrease or remain
unaffected.

Heat treatments disrupt the native 3-D structure of
the proteinsleading to loss of conformational epitopes,
activation of new epitopes or improving accessibility
of cryptic epitopes®. Proteins with enzymatic or

biological activity are better suited for heat stability
assays because the retention of the biological activity
after incubation under high temperature is a deciding
factor in determining the likelihood of the transgenic
protein being allergenic. Optimum temperature range
for thermal stability studiesisfrom 25°C to 95°C for
up to 30 minutes'®.

PEPSIN RESISTANCE

Pepsin digestibility assays involve in vitro studies
with simulated digestive fluidsto assessthe allergenic
potential of novel proteins. Mostly food allergens are
stable to peptic and acidic conditions of the digestive
system and elicit an allergic response on reaching the
intestinal mucosa®3>%. Astwood and group, 1996%"
had first proposed simulated gastric fluid (SGF)
digestibility studiesfor safety evaluation of GM foods.
Although some researchers®3%4° doubt the efficacy
of this assay for allergenicity assessments, Codex,
2003 has proposed pepsin resistance as one of the
parameters for safety assessments. Reports have been
published stating that food allergens causing systemic
reactions are stable in the assay, while non-allergenic
food proteins are typically digested relatively
quickly“?.

SERUM SCREENING

Serum screening test are performed to evaluate the
IgE binding and the range of IgE binding / cross
reactivity of the novel proteins. FAO/WHO, 2001
recommends both specific and targeted serum
screening to be performed, specific serum screening
involves testing the transgenic protein with sera from
patientswith clinical food allergy to aspecific allergen
to confirm that the tested protein is not cross reactive
with the protein to which the patient produces IgE
antibodies. Targeted serum screening involves testing
the gene product of interest with sera from patients
sensitiveto food or aeroallergens from the same broad
group. Codex recommendationsinclude specific serum
screening as part of the weight of evidence approach
to identify potential allergens.

The availability of sera from well characterized
patients is important for reproducible, authentic,
sensitive and specific results*. Sera should be
obtained from donors with well documented clinical
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history of food allergy. Ideal serum donors develop
symptoms within 20 minutes of exposure to the
allergen. Common symptoms include acute urticaria,
angioedema, bronchial asthma, emesis and diarrhoea.
If serum from different donorsis pooled for the study,
it is important to characterize the individual sera to
understand the similarities or dissimilarities. Donors
should have significant levels of serum IgE,
individualswith unusually high total |gE can dominate
the result as the specificity of their IgE is often broad
and unrelated to allergic disease. Considerable efforts
go in arranging appropriate donors and well
characterised positive and negative controls, in order
to generate meaningful data accurate for prediction of
allergenicity.

ANIMAL MODEL STUDIES

Animal models are commonly used for scientific
experiments because they possess the potential to
mimic human diseases. These models provide
assistance in studying the various stages associated
with a disease and also help in designing therapy
treatments. Animal studies have been in use for many
decades, apart from allergenicity evaluation studies
for GM foods, they are also used for assessing safety
of different compounds like pesticides,
pharmaceuticals, industrial chemicals and food
additives. However, in most cases the test substance
isasingle compound with well characterized elements,
of known purity, negligible nutritional value and very
low human exposure®. It is therefore relatively easy
to feed such compoundsto animals at arange of doses
inorder toidentify any potential adverse health effects
of importance to humans. But this methodol ogy cannot
be followed for foods which are complex mixtures of
compounds varying in composition and nutritional
value. In addition, a key factor to consider in
conducting animal studies on foods is the nutritional
value and balance of the diets used, to avoid the
induction of adverse effects which are not related
directly to the test material itself.

FAO/WHO, 2001 proposed the use of animal
models for allergenicity prediction studies. The
guidelines recommend the use of two separate species
of animals and/or using two different routes of
sensitization in one species. None of the animal models
developed till date completely mimic thefood allergic

conditions occurring in an individual. Some models
are helpful in studying the mechanism of the allergic
reaction while others evaluate the immunotherapeutic
effect of reagents. It is unlikely that a single animal
model can effectively predict the potential
allergenicity of the novel food antigens because of the
complex genetic diversity that predisposes the subjects
to allergy and secondly cause food allergy in humans
isacomplex disorder that involves number of different
factors to promote sensitization. Several models have
been developed for allergenicity prediction studies
like rodents, dogs and swines. Murine models of food
allergy that have been studied are— BALB/c, DBA/2,
C3H/HeJ, BDF-1, A/J and C57/B16*,

Depending on the available literature and the
scientific reports it is concluded that further studies
are necessary to design better animal models capable
of predicting potential allergenicity and imitating
human food allergy conditions. Current safety
assessment guidelines proposed by Codex, does not
include animal modelsas part of theweight of evidence
approach. The main reason for not incorporating such
studies is that they lack scientific justification due to
non validated predictive values.

SOME COMMERCIAL GM CROPS

GM tomatoes

First commercially grown GM crop plants having
license for human consumption were the Flavr Savr
tomatoes. These were slow ripening kanamycin
resistant varieties, with an antisense gene which
interfereswith polygal acturonase enzyme responsible
for the ripening process*. Flavr Savr tomatoes,
before their commercialization had undergone
rigorous safety testing regime. Calgene Inc.
(manufacturers) submitted areport to the FDA stating
the safety of the product the results showed no
significant alteration in total protein, vitamins and
mineral contents of the GM and parent tomatoes.
Male/female rats were tube-fed homogenized GM
tomatoes and no toxic effects were observed. In
addition, organ and body weights, weight gains, food
consumption and other blood parameters were
comparable for GM-fed and control group. It was
concluded that Flavr Savr tomatoes are “ substantially
equivalent” to their natural counterparts.
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GM soybean

Soybean (Glycine max) seeds are naturally deficient
in methionine to overcome this researchers devel oped
transgenic varieties with improved nutritional quality.
Methionine-rich 2S albumin gene from Brazil nut
(Bertholletia excelsa) was introduced into soybeans.
Since Brazil nut isaknown food allergen, Nordlee and
group?! had carried out studies to assess the allergenic
potential of these transgenic varieties. Studies had
shown that genetically engineered soybeans containing
Brazil nut 2S albumin gene could cause allergic
reactionsin Brazil nuts sensitive humans. Further, when
the saf ety assessment reportswere made public growers
discontinued the production process.

GM maize

SmartStax is a genetically modified variety of corn
with eight desired traits combined or ‘ stacked’ together
— six for insect resistance (Bt) crylA.105, cry2Ab,
cry3Bbl, crylFa2, cry35Abl and cry34Abl and two for
herbicide tolerance Pat and CP4 epsps. Monsanto and
Dow AgroSciences jointly developed this variety, so
that the two could sharetheir GE traits. It isbelieved that
this is the largest ever commercial launch of GM corn
becauseit hasmorethan three desired characteristics. At
present the transgenic varieties which are commercialy
grown have just three traits in them®. But safety
assessmentsarerequired in order to explorethe potential
threat SmartStax can cause to the consumers. In the
past, Canada has approved these eight traits separately
for commercialization without assessing the safety of all
thetraitsjointly. However, thisdoes not comply with the
Codex; the guidelines propose that foods with stacked
GE traits should go through a full safety assessment for
new unintended effects.

GM Brinjal

Bt Brinjal isatransgenic variety developed by Mahyco
(Maharashtrahybrid seed company Itd.) aleading Indian
seed company. It has crylAc genefrom asoil bacterium,
Bacillus thuringiensis inserted into the genome through
an Agrobacterium-mediated gene transfer. It is the first
genetically modified food crop in Indiathat has reached
the approval stage for commercialization. Three
transgene inserted are namely -

e crylAc genewhich encodes an insecticidal protein

is derived from common soil bacterium Bacillus
thuringiensis (Bt) subsp. kurstaki to produce the
insecticidal protein. The crylAc geneisdriven by
a viral promoter, the cauliflower mosaic virus
(CaMV) 35S promoter.

e nptll gene for an antibiotic resistance marker,
neomycin phosphotransferase-11.

e aad genefanother marker 3" (9) O-aminoglycoside
adenyl transferase.

These genes are put together in such a way that
they work in tandem to produce insecticidal protein
that is toxic to the targeted insects like the fruit and
shoot borer Leucinodes orbonalis and fruit Borer
Helicoverpa armigera. There is a severe paucity of
literature with respect to the effects of the Bt- Toxin
on humans. Long term effects of consuming this crop
in terms of health risks are still not known. Genetic
Engineering Approval Committee (GEAC), India has
cleared Bt Brinjal for commercial release, but the
safety assessment studies performed by US firm
Monsanto and Indian firm Mahyco lacks authenticity.

GM Pea

Transgenic peavarieties were devel oped after aten
year long project at CSIRO (Commonwealth Scientific
and Industrial Research Organization), Australia. The
gene coding for the protein, &amylase inhibitor-1
(8A1) from common bean (Phaseolus vulgaris), was
inserted into pea (Pisum sativum L.) to make the pea-
plants resistant to attack from weevils. Researchers
found that the transgenic protein provoked immune
reactions not exhibited by the native protein. These
varieties when fed to mice cause inflammation in the
lungs*’. The most probable reason behind the
transgenic protein causing inflammation is altered
processing of the protein in peas. Post-translational
modifications of proteins are generally species-
specific, and as genetic modification involves cross-
species transfer of proteins, as a result transgenic
proteins differ structurally from the native proteins.
These investigations reveal that diversity in
translational and post-translational modification
pathways between species could potentially lead to
discrete changesin the molecular conformation of the
expressed protein and subsequent cellular function
and antigenicity. Later use of GM peas was
discontinued.
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CONCLUSION

Due to changing climatic conditions, escalating
population size, enhanced dependency on
agrochemicals it has become difficult for the growers
to meet the consumer demands. Farmersand consumers
both are at the receiving end, former due to high input
costs and the latter because of the enormous damage
these chemicals cause to the environment and human
health.

Agricultural biotechnology has evolved to help
growers in every possible manner to overcome major
food related problemsworld over. r-DNA technology
lay main emphasis on the development of transgenic
varieties (GM) with desired traits. These methods
have improved both the quality and quantity of the
food grainsin a sustainable manner. Mol ecular biology
methods are precise that only a single gene can be
transferred from varied sources like bacteria, viruses
and other eukaryotic organismsinto plantsto develop
GM varieties. Therefore we can conclude that the
development of GM varieties has been beneficial for
the consumers and the environment, but safety of
transgenic materialsisstill not completely deciphered.

It is the responsibility of the regulatory authorities
to design safety assessment protocols free from
lacunae and which can evaluate the all ergenic potential
of GM food crops. Available literature and
experimental data should be extensively referred by
eminent researchers and scientist before drafting the
safety assessment tests. Transgenic varieties can be
easily commercialized and supplied to the consumers
if proper tests are available to evaluate the allergenic
potential, considering all the parameters responsible
for causing allergic reactions in individual s*.

REFERENCES

1. HuangJ, HuR, Rozelle S, Pray C. Insect-Resistant GM Rice
in Farmers' Fields: Assessing Productivity and Health Effects
in China. Science. 2005; 308: 688-690.

2. Eizaguirre M, Albajes R, Lo’pez C, Eras J, Lumbierres B,
Pons X. Six years after the commercial introduction of Bt
maizein Spain: field evaluation, impact and future prospects.
Transgenic Res. 2006; 15:1-12.

3. Romeis J, Meissle M, Bigler F. Transgenic crops
expressing Bacillus thuringiensis toxins and biological
control. Nat Biotechnol. 2006; 24: 63 — 71.

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

59

Singh AK, Singh BP, Prasad GBKS, Gaur SN, Arora N.
Safety assessment of bacterial choline oxidase protein
introduced in transgenic crops for tolerance against abiotic
stress. J Agric Food Chem. 2008; 56: 12099-12104.

Kolehmainen S. Precaution Before Profits: An Overview of
Issues on Genetically Engineered Food and Crops. Va Envtl
L J. 2001; 267- 289. www.National AgL awCenter.org

Sampson HA. Update on food allergy. J Allergy Clin
Immunol. 2004;113: 805-819.

Kagan RS. Food allergy: An overview. Environ. Health
Perspect. 2003; 111:223-225.

Shek LP, Lee BW. Food allergy in children-the Singapore
story. Asian Pac J Allergy Immunol.1999; 17: 203-6

Venter C, Pereira B, Grundy Jet al. Incidence of parentally
reported and clinically diagnosed food hypersensitivity in the
first year of life. J Allergy Clin Immunol. 2006; 117: 1118-24.

Venter C, PereiraB, Grundy J, Clayton CB, Arshad SH, Dean T.
Prevalence of sensitization reported and objectively assessed
food hypersensitivity amongst six-year-old children: apopul ation-
based study. Pediatr Allergy Immunol. 2006; 17: 356-63.

Lehrer SB, Horner WE, Reese G. Why are some proteins
allergenic? Implications for biotechnology. Crit Rev Food
Sci Nutr.1996; 36(6): 553-64.

Bock SA, Atkins FM. Patterns of food hypersensitivity during
sixteen years of double-blind, placebo-controlled food
challenges. J Pediatr. 1990; 117: 561-7.

Sicherer SH, Munoz-Furlong A, Sampson HA. Prevalence of
seafood allergy in the United States determined by arandom
telephone survey. J Allergy Clin Immunol. 2004; 114: 159-
65.

IFBC. Biotechnologies and food: Assuring the safety of
foods produced by genetic modification. Regul Toxicol
Pharmacol. 1990; 12: S1-S196.

OECD. Safety evaluation of foods derived by modern
biotechnology — concepts and principles. 1993. <http://
www.agbios.com/docroot/articles/oecd_fsafety 1993.pdf>
(accessed 05.05.09).

Kuiper HA, Kleter GA, Noteborn HP, Kok EJ. Substantial
equivalence*/an appropriate paradigm for the safety
assessment of genetically modified foods?. Toxicology. 2002;
427-431.

FAO/WHO. Evaluation of allergenicity of genetically modified
foods. Report of a Joint FAO/WHO Expert Consultation on
Foods Derived from Biotechnology, Rome, Italy, 22-25
January 2001. Food and Agriculture Organization of the United
Nations/World Health Organization, Rome, Italy.

Metcalfe DD, Astwood JD, Townsend R, Sampson HA,
Taylor SL, Fuchs RL. Assessment of the allergenic potential
of foods derived from genetically engineered crop plants.
Crit. Rev. Food Sci. Nutr. 1996; 36 (Suppl.), S165-S186.



60

19.

20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.

3L

32.

33.

INDIAN JALLERGY ASTHMA IMMUNOL 2011; 25(2)

Codex, 2003. Alinorm 03/34: Joint FAO/WHO Food Standard
Programme, Codex Alimentarius Commission, Appendix |11,
Guideline for the conduct of food safety assessment of foods
derived from recombinant-DNA plants (CAC/GL 45-2003),
25th Session, Rome, Italy, June 30-July 5, 2003, pp. 47-60.
<http://www.codexalimentarius.net/downl oad/standards/
10021/CX G_045e.pdf>

Guidelinesfor the diagnosis and management of Food Allergy in
theUnited States. U.S. Department of Health and Human Services,
NIH, Nationa Institute of Allergy and Infectious Diseases. NIH
Publication no. 11-7699, May 2011 www.niaid.nih.gov.

Nordlee JA, Taylor SL, Townsend JA, ThomasLA, Bush RK.
Identification of aBrazil-nut allergen in transgenic soybeans.
N Engl J Med. 1996; 334(11): 688-92.

Altschul SF, Madden TL, Schaffer AA et al., Gapped BLAST
and PSIBLAST: anew generation of protein database search
programs. Nucleic Acids Res. 1997; 25: 3389-3402.

Pearson WR, Lipman DJ. Improved tools for biological
sequence comparison. Proc Natl Acad Sci U SA. 1988 Apr;
85(8): 2444-8.

Hileman RE, Silvanovich A, Goodman RE et al.
Bioinformatic methods for allergenicity assessment using a
comprehensive allergen database. Int Arch Allergy Immunol.
2002; 128, 280-291.

Pearson WR: Flexible sequence similarity searching with the
FASTA3 program package. Methods Mol Biol 2000; 132: 185—
219.

Adberse RC. Assessment of sequence homology and cross-
reactivity. Toxicol Appl Pharmacol. 2005; 207 (2 Suppl):149-51.

http://www.Allergenonline.com/

lvanciuc O, Schein CH, Braun W. SDAP: database and
computational tools for alergenic proteins. Nucleic Acids
Res. 2003; 31(1): 359-62.

Fiers MW, Kleter GA, Nijland H, Peijnenburg AA, Nap
JP, van Ham RC. Allermatch, awebtool for the prediction of
potential allergenicity according to current FAO/WHO Codex
alimentarius guidelines. BMC Bioinformatics. 2004; 5: 133.

Saha S, Raghava GP. AlgPred: prediction of allergenic
proteins and mapping of IgE epitopes. Nucleic Acids
Res. 2006; 34: W202-9.

NakamuraR, TeshimaR, Takagi K, Sawada J. Development of
Allergen Database for Food Safety (ADFS): an integrated
database to search allergensand predict allergenicity. Kokuritsu
lyakuhin Shokuhin Eisei Kenkyusho Hokoku. 2005;(123):32-6.

Besler M, Steinhart H, Paschke A. Allergens of Animal
Origin: Stability and Allergenicity of Processed Foods.
Internet Symposium on Food Allergens. 2000; 2(4):171-184.
http://www.food-allergens.de

Hefle SL. Impact of processing on food allergens. Adv Exp
Med Biol. 1999; 459:107-19.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

Singh AK, Mehta AK, Sridhara S et al. Allergenicity
assessment of transgenic mustard (Brassica juncea)
expressing bacterial codA gene. Allergy. 2006; 61: 491—
497.

Taylor SL, Lemanske RF Jr, Bush RK, Busse WW. Food
allergens: Structure and immunologic properties. Ann.
Allergy.1987; 59: 93-99.

Astwood JD, Leach JN, FuchsRL. Stability of food allergens
to digestion in vitro. Nat Biotechnol .1996; 14:1269-73.

Veiths S, Reindl J, Muller U, Hoffmann A, Haustein D.
Digestibility of peanut and hazelnut allergens investigated
by a simple in vitro procedure. Eur. Food Res. Technol.
1999; 209: 379-388.

Fu TJ, Abbott UR, Hatzos C. Digestibility of food allergens
and non allergenic proteins in simulated gastric fluid and
simulated intestinal fluid-a comparative study. J Agric Food
Chem. 2002; 50(24): 7154-60.

Fu TJ. Digestion stability asacriterion for protein allergenicity
assessment. Ann NY Acad Sci. 2002; 964: 99-110.

Bannon GA, Goodman RE, Leach JN, Rice E, Fuchs RL,
Astwood JD. Digestive stability in the context of assessing
the potential allergenicity of food proteins. Comments
Toxicol. 2002; 8: 271-85.

Sharma P, Singh AK, Singh BP, Gaur SN, Arora N.
Allergenicity assessment of osmotin, a pathogenesis-related
protein, used for transgenic crops. J Agric Food Chem. 2011
(In-press).

Goodman RE. Performing IgE serum testing due to
bioinformatics matches in the allergenicity assessment of
GM crops. Food Chem Toxicol. 2008; 46: S24-S34.

Penninks AH, Knippels LM. Determination of protein
allergenicity: studiesin rats. Toxicol Lett. 2001; 120 (1-3):171-
80.

McClain S, Bannon GA. Animal models of food allergy:
opportunities and barriers. Curr Allergy Asthma Rep. 2006;
6(2): 141-4.

Kramer MG, Redenbaugh K. Commercialization of atomato
with an antisense polygalacturonase gene: The FLAVR
SAVR™ tomato story. Euphytica. 1994; 79: 293-297.

Center for Environmental Risk Assessment. International
Life Sciences Institute: GM Crop Database. Available at
http://www.cera-gmc.org/. Accessed March 2011.

Prescott VE, Campbell PM, Moore A et al., Transgenic
Expression of bean &amylase inhibitor in peas results in
altered structure and immunogenicity. J Agric Food Chem.
2005; 53: 9023 — 9030.e

Mishra A, Sharma P, Goel C, Singh BP, Arora N.
Allergenicity assessment of genetically modified foods. Int J
Integr Biol. 2010; 10:1-8.



