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Abstract

Insect pests are the primary scourge of agriculture down the ages. It is estimated that 14% of crop productivity is

misplaced to insect pests on a global scale. To decrease reliance on insecticide sprays, scientists have genetically

engineered plants to make insecticidal proteins encoded through genes from the common bacterium Bacillus

thuringiensis (Bt). Currently, due to their importance, more than 70 kinds of Cry genes are described (cry1 up to

cry70). These endotoxins have been categorized as Cry1–Cry69 and Cyt1–Cyt3 and specific subgroups relying

on their amino acid sequence. Of these, some Bt genes such as cry1Ab, cry1Ac, cry2Ab, and cry9C are already

being commercially used in GMP. The crystalline proteins get solubilized in midgut at high pH, releasing d-

endotoxin proteins. The exquisite capability of insects to adapt to Bt-toxin and different manage systems helps

the conclusion that evolution of resistance by means of pests is the important hazard to the persevered success of

transgenic Bt crop. This paper ambitions to overview the resistance improvement of insect pests towards Bt toxin.

Insect populations regularly have herbal genetic variant affecting response to a toxin, with some alleles

conferring susceptibility and others conferring resistance. Many laboratory and field researches showed,

resistance improvement of insects in opposition to Bt toxin. Field-evolved resistance happens when exposure of

a discipline populace to a toxin increases the frequency of alleles conferring resistance in subsequent generations.

The chance insect resistance poses to the future use of Bt plant-incorporated protectants haveled into emergence

of insect resistance management concept. IRM is of received with the aid of actions taken to prolong the

improvement of insect resistance to pest control measures in goal pest populations or by way of practices aimed

at decreasing the achievable for insect pests to grow to be resistant to a gene. The danger insect resistance poses

to the future use of Bt plant-incorporated protectants have led into emergence of insect resistance management

concept.
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1. Introduction

In future years the world will be going through a food shortage crisis, posing a venture for agriculture in growing

meals production. Crop injury due to insects, fungi, microorganism and viruses ought to account for up to 35%

of whole losses. Improvements to current pest control packages are consequently urgently sought. Some of the

chemical pesticides that are currently used to manipulate insect pests are extraordinarily poisonous to nontarget

organisms and in many cases are deleterious to the health of human beings and animals, inducing vital human

diseases, such as cancer and immune system disorders. In addition, chemical pesticides are recalcitrant, breaking

down solely slowly, leading to soil and water pollution. Finally, many pests have developed resistance to specific

chemical pesticides, resulting in inefficient insect manipulate applications [1].

The use of microbial pesticides as substitutes for chemical products is an alternative for insect manipulate in

main crops. Biological pesticides based totally on entomopathogenic bacteria are based totally in general on

Bacillus thuringiensis (Bt). Bt relies on insecticidal toxins, such as Cry and Cyt toxins, all through its pathogenic

process. Other organic insecticide merchandise that are commercially on hand are based totally on Serratia

entomophilia and Bacillus sphaericus, which produce Sep and Bin insecticidal toxins, respectively [2, 3]. In

addition, the microorganism Xenorhabdus and Photorhabdus spp. belonging to the family Enterobacteriaceae

related with entomopathogenic nematodes also produce robust insecticidal toxins that could characterize extra

alternatives for insect manage [4]. In this evaluation, my center of attention is, the description of the team of

three-domain Cry (3d-Cry) toxins produced by means of Bt.

These proteins are produced as crystal inclusions throughout the sporulation segment of increase of the

microorganism [5]. 3d-Cry toxins characterize a conceivable choice for the control of insect pests in agriculture

and of disease vectors of importance in public fitness [6]. They are relatively specific to their goal insects, killing

a confined quantity of species. 3d-Cry toxins are innocuous to humans, vertebrates and plants, and are absolutely

biodegradable. However, only a few Bt lines have been used so a long way to produce insecticidal spray

products, representing round 2% of the total insecticidal market. Nevertheless, some cry toxin genes have been

added into transgenic crops, presenting a nice way to manage insect pests in agriculture and reducing the
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international use of field-applied chemical pesticides [7].

In transgenic plants, the Cry protein is produced consistently inside the cells, the toxin is protected from UV

inactivation and is highly superb against chewing insects that consume vegetation but additionally in opposition

to boring pests that make holes inside the plant tissue, which are extra difficult to manage with classical chemical

pesticides than insects that continue to be on the plant surface. In 2010, transgenic corn and cotton producing Bt

toxins had been planted on extra than fifty-eight million hectares worldwide. The Cry1Ab and Cry1Ac proteins

that are expressed in corn and cotton Bt-plants are active towards the primary lepidopteran insect pests that have

an effect on these crops. The principal risk to the long-term efficacy of Bt toxins is the evolution of resistance

through pests. It has been proven that bugs can strengthen resistance to Bt toxins in the laboratory and to Bt

sprays in the field [8,9,10,11,12,13]. Here evaluate the distinct mechanisms of Cry toxin resistance that have

been described in pests. Recently, a novel mechanism of resistance used to be reported in three distinct insect

populations, Heliothisvirescens, Plutellaxylostella and Trichoplusiani, the place resistance used to be shown to

be genetically linked to mutant alleles of an ATP binding cassette transporter (ABC transporter) subfamily C,

member 2 (ABCC2; [14,15]. This protein has not been described either as a binding protein of Cry toxins or as

section of the mechanism of action of Cry toxins. In addition, it was once these days pronounced that mutant

toxins named Cry1AMod, which are able to oligomerize in the absence of toxin receptors, are additionally able

to overcome the high degrees of resistance induced via mutations in the ABC transporter [16].

2. Natural and Treated Habitatsof Bt

The Bt subspecies represents a group of organisms that take place naturally and can be brought to an ecosystem

to achieve insect manipulation [17, 18]. In this monograph, a herbal habitat is regarded to be one the place Bt can

be isolated when there has been no preceding history of utility the organism to that ecosystem, whereas a

handled habitat is one the place Bt can be remoted after a previous history of utility of the organism for insect

control.

2.1 Natural Occurrence of Bt

Members of the Bacillus cereus group can be discovered in most ecological niches [19]. Hansen reviewed the

prevalence of Bt in the environment. Although the early Bt isolates were pathogenic for insects, it is now

obvious that quite a few Bt isolates have no acknowledged goal [20,21]. This lack of insecticidal endeavor may

be attributed to the loss of capacity to produce ICPs [22], which might also be due to a mutation in the ICP gene

that ought to stop expression [23], or to the loss of ICP encoding sequences. Finally, the lack of acknowledged

endeavor of a Bt crystalline toxin may absolutely be defined by a failure to check towards the genuine goal

organism. The list of Bt aims is nonetheless increasing. Although the- expertise of the endeavor of Bt

populations in the environment is limited, a certain degree of turn-over and vegetative boom should occur, as

annual and seasonal variations in numbers and subspecies range of Bt populations have been discovered [24].

2.1.1Bt in Insect Hosts

Numerous Bt subspecies have been remoted from dead insect larvae and in most cases the isolate has poisonous

exercise to the insect from which it was once remoted [25]. These organisms have a narrow host vary in the

orders Coleoptera, Diptera and Lepidoptera and can proliferate inside our bodies of their host insects. When the

contaminated insect larva dies, the useless insect carcass typically incorporates noticeably massive quantities of

spores and crystals that may additionally be released into the surroundings [26]. Growth of Bt in non-target

organisms has additionally been described. Eilenberg et al. (in press) discovered that Bt multiplication had

happened in non-target insects, which have been additionally infected by means of insect pathogenic fungi.

When competitive microorganisms were at a low density, recycling of naturally going on Bt in insect cadavers

[27].

2.1.2 Bt in Soil

The spores of Bt persist in soil, and vegetative boom happens when vitamins are handy [28,29,30]. DeLuccaand

his coworkers in 1981 discovered that Bt represented between 0.5% and 0.005% of all Bacillus species isolated

from soil samples in the USA. Martin &amp; Travers recovered Bt from soils globally in 1989. Meadows

remoted Bt from 785 of 1115 soil samples, and the proportion of samples that contained Bt ranged from 56% in

New Zealand to 94% in samples from Asia and central and southern Africa in 1993.

2.1.3Bt on Plant Surfaces

Bt has been found notably in the phylloplane. Numerous Bt subspecies have been recovered from coniferous

trees, deciduous trees and vegetables, as nicely as from different herbs [31]. The Bt isolates have demonstrated

an extensive variety each with specific activities to pests from the orders Coleoptera and Lepidoptera and with

unknown activities. The bacterium has additionally been remoted from saved grain products [32].

2.2 Treated Habitats

Treated habitats are the locations where Bt pesticides (usually a combination of spores and crystals) have been
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applied. In Canada, estimated that about 1015 doable Btk spores per ha have been released in a common spray

operation to control spruce budworm (Choristoneurafumiferana) [33].

2.3 Classification of BtSubspecies

The classification of Bt subspecies based on the serological analysis of the flagella (H) antigens used to be

delivered in the early 1960s [34]. This classification by using serotype has been supplemented via morphological

and biochemical criteria. Until 1977, solely thirteen Bt subspecies had been described, and at that time all

subspecies had been poisonous to Lepidopteran larvae only. The discovery of other subspecies poisonous to

Diptera, Coleoptera [35] and curiously Nematoda [36] enlarged the host range and markedly extended the

quantity of subspecies. Up to the end of 1998, over 67 subspecies primarily based on flagellar H-serovars had

been identified.

3.Nomenclature and Structure of BtToxin

3.1 Bt Toxin Nomenclature

Since the identification and cloning of the first Bt insecticidal crystal protein gene in 1981, the quantity of genes

coding for novel insecticidal proteins has always increased, generating the need for a prepared nomenclature

system. In the first such system, names for Cry toxins and their corresponding genes covered a Roman numeral

(primary rank distinction) relying on the insecticidal undertaking of the crystal protein, namely: CryI for proteins

poisonous for lepidopterans, CryII for proteins with toxicity towards both lepidopterans and dipterans, CryIII for

proteins poisonous for coleopterans and CryIV for proteins toxic exclusively for dipterans [37]. However, this

system exhibited necessary complications; for instance, the undertaking of new toxins had to be assayed against

a developing listing of insects earlier than the gene and the toxin could be named, some novel homologous

proteins were in truth non-toxic as expected, and others (e.g., Cry1I) exhibited twin toxicity against dipteran and

lepidopteran species. To avoid these problems, the Bacillus thuringiensis Toxin Nomenclature Committee used

to be created and a novel machine of classification proposed [38]. In this new system, a novel toxin is given a

four-rank name relying on its diploma of pairwise amino acid identification to previously named toxins;

additionally, grouping with the aid of this criterion does not mean a similar protein structure, host vary or even

mode of action. Arabic numbers are used for the first and fourth ranks, and uppercase and lowercase letters are

assigned for the second and third ranks, respectively.

Fig 1: Schematic overview of the modern nomenclature gadget used via the Bt Toxin nomenclature Committee

for δ-endotoxins (Cry and Cyt) and secretable (Vip and Sip) toxins. In this example, numbers point out one of a

kind Vip proteins changing rank 1 depending of proportion amino acid similarity (for Vip proteins this rank may

additionally change to date amongst Vip1, Vip2, Vip3 and Vip4). The equal rule applies for ranks 2, three and 4

assigning a specific identification digit/letter.

In this way, proteins sharing less than 45% pairwise identity are assigned a different main rank (an Arabic

number e.g., Vip1 and Vip2); two proteins sharing much less than 78% pairwise identity are assigned a one-of-a-

kind secondary rank (a capital letter e.g., Vip3A and Vip3C); proteins sharing less than 95% pairwise identity

are assigned a special tertiary rank (a lowercase letter, e.g., Vip3Aa and Vip3Ab); and in the end to differentiate

between proteins sharing greater than 95% pairwise identity, a quaternary rank is assigned (an Arabic number,

e.g., Vip3Aa1 and Vip3Aa2) [39]. However, such quaternary ranks are assigned to each independently

sequenced toxin-coding gene; therefore, although some proteins may additionally have specific quaternary ranks,

they should simply share equal amino acid sequences. This nomenclature gadget is usually applied to δ-

endotoxins (Cry and Cyt) and secretable (Vip and Sip) Bt toxins.

3.2 Structure of Bt Toxin

The three-dimensional structure of Cry toxins has been posted viz. Cry3Aa, Cry1Aa, Cry1Ac, Cry2Aa, Cry3Bb,
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Cry4Ba, Cry4Aa and Cry8Ea1. All Cry toxins contain three structural domains and share a high degree of

topological similarity [40]. Domain I composed of a bundle of seven α-helices related by loops. The α-helical

bundle has a central amphipathic α helix that is well conserved amongst all the toxins described. Various

mutations in Domain I appear to abolish toxicity however now not binding to cellular receptors. Whether these

mutations have an effect on overall conformation of the toxin molecule, compromising toxicity, is not known.

Domain II consists of three units of antiparallel β- sheets, every terminating with a loop. The beta sheets are

packed around a central hydrophobic core forming a so-called beta-prism structure.

Domain III is a sandwich of two antiparallel β-sheets that structure a “jelly-roll” topology. Results of site-

directed mutagenesis and truncation analysis provide strong evidence for the involvement of Domains II and III

in receptor binding and insecticidal exercise. Domain I purportedly function to shape ion channels in the cell

membrane and the hydrophobic motifs within this domain are what effect toxicity. Upon contact with the cell

membrane, the domain undergoes refolding to facilitate insertion of the toxin into the membrane as with

different bacterial toxins. Several articles have stated that hydrophobic α-4 and α-5 helices insert into the

membrane and that this orientation is responsible for toxicity. However, there is no in situ or in vivo evidence to

support these claims Domain II is the most divergent domain amongst the Cry toxins and its alternative or

switching with domains II and III of other toxins can have an effect on host specificity. What influence loop size

has on domain structure and function is not known. Certainly, the span of the loops contributes to the

configuration of Domain II and, most likely, influences the interactions of all three domains as well as the

binding of character toxins to their cognate receptors [41]. Whatever their structural or functional roles, the loops

show up to be key factors in receptor recognition, binding and specificity.

Domain III has been correlated with receptor binding and channel formation in the cell membrane. In vitro

Domain III swapping in sure Cry1 toxins, has resulted in differences in insect specificity. Domain III swapping

has been recommended as an evolutionary scheme and that such endeavor may also be responsible for the

emergence of toxins with varying specificities [42].

4.Transgenic Plants Expressing Bt Toxins

Bt toxins have been inserted into crop vegetation to furnish protection towards unique groups of insect pests. Many

vegetation such as veggies forage crops, root crops, cereals, and trees are now being modified to be covered towards

bugs by means of Bt toxins [43].

Crop Gene Target pest

Cotton cry1Ab/cry1Ac Bollworms

Corn cry1Ab European corn borer

Potato cry3a Colorado potato beetle

Rice cry1Ab/cry1Ac Stem borers and leaf folders

Tomato Cry1 Ac Fruit borer

Brinjal cry1Ab/cry1B Shoot and fruit borer

Canola cry1Ac Diamondback moth

Soybean cry1Ac Soybean looper

Corn cry1Ab/cry1A European corn borer

Potato cry1Ab Tuber moth

Table 1: Transgenic Plants Expressing Bt Toxins

4.1 Global Status of Transgenic Bt-Crops

Cry gene used to be first delivered into tobacco and tomato flowers in 1987. These transgenic hybrids expressing the

insecticidal toxin (Bt plants) are capable to withstand insect assault due to remarkable expression ranges of a Cry

toxin [44]. Introduced on the market in 1996, Bt flowers expressing Insect resistance occupied thirty-seven

percentage of international share in 1996 and this mirrored an enormous acreage of Bt cotton and a decrease acreage

of Bt corn in the USA. In 1996, herbicide tolerance used to be first adopted in soybean in the USA and Argentina,

and in canola in Canada. Herbicide tolerance, the third ranking trait in 1996, occupying 23 percentage of the area,

moved to the top-ranking role in 1997 with fifty four percent of the area. The 3.8-fold amplify in insect resistance

between 1996 and 1997 is largely due to a tenfold expand in Bt corn in the USA, and to a smaller make bigger in Bt

cotton in the USA. Virus resistance reduced sharply from 40 percent in 1996 to 14 percentage in 1997 reflecting the

highly slower increase charge of virus resistant crops, in particular in China, compared with herbicide tolerant and

insect resistant crops. The dominant global share of herbicide tolerance (54 percent) in 1997 is noteworthy,

accompanied by using insect resistance (31 percent) and the diminishing share of virus resistance; whereas high-

quality features occupied less than one percent in each 1996 and 1997, they increased threefold in 1997 and this trait

class can be anticipated to enlarge in the future as output qualities end up tremendously greater vital than input

characteristics [45]. In 2010, one toxin included about 50 million hectares (ha) worldwide and have been planted
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on200 million hectares (ha) for the reason that 1996. More precisely, Bt corn and Bt cotton blanketed forty-two

million ha in 2007 and their target insect are Lepidoptera and Coleoptera [46].

According to ISAA, 2017 report, the place of biotech crops with the insect resistance trait increased by a

minimal 1% from 23.1 million hectares in 2016 to 23.3 million hectares in 2017.

Table 2. global area of biotech crops,2016-2017: by trait (million hectares)

Traits 2016 % 2017 % +/- %

Herbicide Tolerance 86.6 47 88.7 47 2.1 2%

Stacked Traits 75.4 41 77.7 41 2.3 3%

Insect resistance 23.1 12 23.3 12 0.2 1%

Virus resistance /others <1 <1 <1 <1 <1 <1

Total 185.1 100 189.8 100 4.7 +3%

Source: ISAAA,2017

In 2017, 70.8% of the permitted events had been stacked or pyramided. This style of stacked events out

numbering the single occasions started out in 2008 and peaked in 2013 (figure 2). This is an indication that

technology builders reply to farmers’ preference for biotech events/varieties with more traits to offer for cost

reduction and better monetary profit. In which activities with both herbicide tolerance and insect resistance

comprised 40% of the events approved, while occasions with greater than one trait (HT + PC, IR + DR, and HT

+ PQ) make up at least 51% of the authorized events. This trend will in all likelihood continue into the future

when you consider that farmers demand more qualities in an event, especially in maize.

Fig.2. Distribution of transgenic crops with traits

Source: ISAAA,2017

HT - Herbicide Tolerance; IR - Insect Resistance; DR - Disease Resistance; PC - Pollination Control; PQ -

Modified Product Quality: Anti-allergy; Delayed Fruit Softening; Delayed Ripening; Enhance Vitamin A

Content; Modified Alpha-Amylase; Modified Amino acid; Modified oil/fatty acid; Modified starch/carbohydrate;

Nicotine Reduction; Non-Browning Phenotype; Phytase production; Reduced Acrylamide Potential; Reduced

Black Spot Bruising.

5.Ecological Aspects of BtCrops

5.1 Potential for the Evolution of Resistant Insect Populations

All insecticides create resolution pressure on goal populations, and the mode of action of Bt toxins (binding to a

specific receptor on midgut epithelial cells) provides a clear possibility for pests to evolve resistance. The first

evidence of this technique used to be determined in 1985, when resistant meal moths (Plodia interpunctella) were

determined in grain stores that had been sprayed with Bt spores. The determination pressure was recreated in the

laboratory, showing the evolution of resistant strains after 15 generations of sublethal selection [47], 1985).

Resistance was once additionally observed in wild populations of the diamondback moth (Plutellaxylostella)

feeding on watercress in Hawaii that had been sprayed with Bt up to four hundred instances [48]. Laboratory

experiments had been capable to produce Bt-resistant sorts of several additional species that had now not

advanced resistance in the wild, suggesting that the intensive use of single Cry proteins was in all likelihood to

end result in the evolution of resistant strains [49].

The Bt crop enterprise is conscious of the danger of resistant pests, and many seed carriers insist on
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customer agreements that mandate the use of preventative measures, especially the refugia strategy in which a

share of any field containing Bt crops should be planted with the non-transgenic range to encourage the breeding

of nonresistant pests. The considerable use of this method is possibly accountable for the outstanding lack of

resistant populations even in areas dedicated to high-intensity Bt agriculture for 15 years. Tabashnik and

coworkers have studied pest populations on Bt sites in the United States, Australia, China and Europe and have

located that amongst six principal insect pests, field resistance passed off in solely one species (H. zea) and

solely at a confined wide variety of websites in Arkansas and in Mississippi, no longer in, for example, North

Carolina, the place where refuge areas are typically larger [50].

The prolonged efficacy of the first technology of Bt vegetation for greater than a decade in opposition to

almost all centered pest populations has handed the expectations of many entomologists working on population

genetics [51]. Although built-in pest management techniques have been cautiously carried out by using growers,

the absence of resistant populations in the wild suggests that resistance may additionally appeal to a health

penalty in the absence of the toxin [52].

5.2 Environmental Impact

Although there is tons debate each politically and publicly regarding the environmental have an impact on of

genetically engineered crops, it is clear that Bt plants have provided sizeable environmental benefits. The

deployment of Bt vegetation has reduced the use of pesticides, additionally saving on fossil fuels required for

spraying, reducing CO2 emissions by using limiting the want for ploughing, and conserving soil and moisture by

means of encouraging no-tilling agriculture. The cumulative discount in pesticide use for the duration 1996–

2008 was once about 356 tones (8.4%), which is equivalent to a 16.1% reduction in the associated net

environmental affect as measured with the aid of the environmental influence quotient (EIQ). The corresponding

facts for 2008 alone published a reduction of 34 600 heaps of pesticides (9.6%) and a reduction of 18.2% in EIQ

[53].

In countries such as India, China, Argentina and Brazil, which are the most enthusiastic adopters of Bt

agriculture after the United States, the biggest influence of Bt has been the discount in the variety of pesticide

sprays (from sixteen down to 2–3 per growing season) and a concomitant reduction in the quantity of poisonings

prompted by means of chemical exposure. These factors, collectively with average yield increases of up to 10%,

have raised internet profits through as lots as 40% [54].

5.3 Beneficial Insects

The possible impact of Bt crops on really helpful insects was once introduced into focus by means of the now

discredited Monarch butterfly study, which suggested Monarch larvae feeding on leaves protected in pollen shed

from Bt maize vegetation (event Bt176) did no longer grow as hastily as these feeding on uncontaminated leaves.

This report used to be seized on by means of opponents of genetic engineering technological know-how and is

still routinely mentioned as an argument towards the deployment of Bt plants no matter follow-up research

discovering no proof for a statistically extensive effect. Field studies on the New Leaf potato (Cry3Aa)

confirmed that the toxin particularly affects the Colorado potato beetle and has no deleterious impact on other

insects in the potato field, along with the beetle’s natural predators. In contrast, chemical sprays killed each the

beetle and its predators, leading to an explosion in the populace of vectors carrying viral pathogens, accordingly

increasing the chance of potato virus diseases [55].

Any effect on herbal predators that typically maintain pest populations in check ought to have knock-on

results in the course of the food web, so cautious research of these consequences is required [56]. One such learn

about appeared at nontarget arthropod predators in Bt maize fields (specifically events MON 810 expressing

Cry1Ab, MON 88017 expressing Cry3Bb1 and a stacked range MON 89034 · MON 88017, expressing

Cry1A105, Cry2Ab2 and Cry3Bb1). The find out about showed that the predator and alternative prey

populations naturally adjusted to replicate the absence of the targeted pest [57].

Bt maize elevated the populace of corn aphid (Rhopalosiphummaidis) which resulted in greater honey dew

synthesis, which expanded the wide variety and sturdiness of the lepidopteran larval parasitoid

Cotesiamarginiventris. Bt cotton appears to have no impact on the cotton aphid (Aphis gossypii) population, and

the Bt toxin used to be no longer detected in the honey dew, which is an electricity source for many arthropod

species consisting of predators and parasitoids. Bt cotton consequently has no poor have an impact on really

helpful insects in the cotton ecosystem [58].

5.4 Secondary Pests

A secondary pest is a pest species whose numbers are usually kept in take a look at through the presence of a

most important pest, such that no control measures are necessary. However, removing of the major pest may

bring up the secondary pest to fundamental status, perhaps even affecting surrounding plants that are no longer

typically by means of both the primary or secondary pest species. Cotton bollworm is a principal pest of cotton,
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and it suppresses the populace of mirid bugs, i.e. homopteran bugs that feed on plant sap. Bt cotton represents

approximately 95% of all cotton in Northern China and is deadly to the cotton bollworm at the larval stage, so a

find out about used to be carried out to appear at any effect on mirid bug populations [59].

The study showed that mired bug populations have no longer expanded in nontrans-genic cotton due to the

fact that species is managed by means of broad-spectrum pesticides that are also used to kill bollworm larvae. In

Bt cotton, the mired malicious program populace has increased each year from 1997 to 2008 and has won the

repute of a fundamental pest, a phenomenon that is now impacting on unrelated plants such as dates, grapevine,

apple, peach and pear. Although this is an undesirable outcome, it is really balanced by way of the improved

insect biodiversity discovered in Bt cotton in China. Field research published 31 insect species in Bt plots (23

beneficial) in contrast to 14 species in non-Bt plots, and solely 5 of which were really helpful [60].

5.5 Environmental Diversity

In addition to insect populations, it is useful to learn about the impact of Bt on different components of the

ecosystem, in particular the soil as this is the place Bt spores give up when washed from the plant surface, and is

the destination of Bt toxins exuded from plant roots, released from pollen grains and launched from decaying or

residual plant biomass ploughed into the soil. Earthworms (oligochaetes) are correct indicators of time-honored

soil health and comparisons of earthworm numbers in plots containing nontrans-genic maize and Bt maize

expressing cry1Ab (events Bt11 and MON 810) and cry3Bb1 (event MON 863) over four years confirmed no

differences in improvement or biomass [61]. More earthworms have been located within the rows of maize flora

than between them in all plots, perhaps due to the fact that soil is lighter and has more organic recreation and

therefore represents a better supply of nutrients.

6. Mode of Action

There are numerous models reviewed in the literature that are seeking to explain how Cry toxins exert their

killing capacity, but solely two are properly accepted. The first one postulate that Cry toxin binds to midgut

receptors, oligomerizes and inserts into the membrane to form lytic pores. The concept that Cry toxins assemble

lytic pores in the plasma membrane by forming oligomers is based totally on detection of ion fluxing in brush

border membrane vesicles and synthetic lipid bilayers dealt with Cry toxins however no direct evidence has been

provided for such a mechanism in either dwelling cells or an insect [62]. In fact, it has been shown that toxin

oligomers integrated into the plasma membrane of living cells do no longer form lytic pores and are not toxic.

Furthermore, research of mutated Cry toxins demonstrates that neither toxin oligomers nor commensurate

modifications in membrane vesicle permeability correlate without delay with toxicity.

Fig 3: Showing mechanism of mode of action (Bravo A et al., 2007)

Advanced second model challenges the idea that Cry toxin kills cells completely by osmotic lysis [63].

Instead, toxin monomer binds to the cadherin receptor BT-R1 and prompts Mg2+ established signal-transduction

pathway leading to cell death. The model demonstrates that, in residing cells Cry1Ab oligomers, integrated into

the cell membrane do no longer correlate with cytotoxicity. Actually, toxin motion is a lot extra complex than

the proposed toxin-induced osmotic lysis. Cry toxin action is a complex, dynamic technique that entails

univalent binding of toxin to the pretty conserved structural motif in the cadherin receptor BT-R1. In turn, a

cascade of events is brought about that leads to a shape of programmed cell membrane death referred to as

oncosis. Binding of Cry1Ab toxin to the BT-R1 receptor induces a molecular sign that stimulates heterotrimeric
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G protein and adenylyl cyclase with an accompanying dramatic enlarge in production of cAMP. The cAMP

prompts protein kinase A, bringing about an array of cell alterations, which consists of cytoskeletal

rearrangement and ion fluxing. Acceleration of this 2nd messenger pathway alters the chemistry of the cell

membrane and brings about cell death. Furthermore, the killing mechanism involves advertising by the toxin of

exocytotic translocation of BT-R1 from intracellular membrane vesicles to the cell membrane. Movement of the

receptor is mediated by toxin-induced signal-transduction, and amplification of this signaling is correlated

immediately to the execution of cell dying [64].

7.Resistance of Insect Pests Against Bt-Toxin

Resistance is a heritable change in the sensitivity of a pest population that is mirrored in the repeated failure of a

product to acquire the expected stage of control. The most urgent problem touching on to the realistic

implementation of transgenic flora in agricultural systems is the attainable for fast improvement of insect

resistance due to the robust temporal and spatial choice strain of Bt toxins managed by a single gene [65].

Already, about 17 insect species have emerge as resistant to Bt in the laboratory, but solely one species has

shown enormous resistance in the field. It is broadly viewed to be solely a be counted of time before resistance

occurs in Bt-plants [66]. In addition to the prices associated with the loss of the product and the development of

choice manage strategies (either transgenic or conventional), the improvement of resistance will jeopardize the

use of related Bt bio-pesticides for all customers along with those now not the use of transgenic technologies.

Insect populations often have natural genetic variation affecting response to a toxin, with some alleles

conferring susceptibility and others conferring resistance. Alleles conferring resistance are typically rare in insect

populations before the populations are exposed to a Bttoxin, with empirical estimates often close to one in a

thousand [67, 68].

The first documented case of resistance to Bt-crops used to be H. zea to Bt-cotton expressing Cry1Ac in the

US [69]. However, resistance of H. zea to Bt-cotton is controversial as it was once cautioned that the definition

of resistance as an enlarge in the frequencies of resistance alleles based on bioassays carried out beneath

laboratory prerequisites barringapparent area screw ups used to be no longer precise. Nevertheless, other cases of

resistance to Bt-crops followed, such as S. frugiperda to Bt-corn expressing Cry1F in Puerto Rico [70],

Busseolafusca to Bt-corn expressing Cry1Ab in South Africa, P. gossypiella to Bt cotton expressing Cry1Ac in

India [71]) and in China [72], and H. armigera to Bt-cotton expressing Cry1Ac in China or Cry2A in Australia

[73]. In Puerto Rico and South Africa, extensive field failures have been also observed. These records advise that

resistance to Bt-crops is an emerging trouble that is possibly to endanger this science if counteractions to remedy

it are no longer undertaken.

Field-evolved resistance takes place when exposure of an insect populace to a toxin will increase the

frequency of alleles conferring resistance in subsequent generations. Strong evidence of field-evolved resistance

to the Bt toxins in transgenic plants has been reported for some populations of three centered noctuid moths:

Busseolafusca, Helicoverpazea, and S. frugiperda.Field-evolved resistance of S. frugiperdatoBt corn producing

Cry1F came about in four year in the United States territory of Puerto Rico, making this the quickest

documented case of field-evolved resistance to a Bt crops.

7.1 History of Resistance to Bt Crops

The first case of insect-resistance to Bt crops was reportable in Mississippi and Arkansas between 2003 and 2006

in caterpillar HelicoverpaZea. The caterpillar resistance was discovered once AN entomologist’s team type

University of Arizona investigated revealed information from observation studies of six main caterpillar pests of

Bt crops in U.S, Australia, China and European country. This case was reportable once seven years after being

introduced by Bt cotton [74]. Then, different cases of resistance to Bt toxins has been declared in several Bt

crops, such as, bollworm Pectinophoragossypiella evolved resistance to Cry1Ac in Bt cotton [75,76,77], genus

Spodopterafrugiperda to Cry1F in Bt corn, Busseolafusca (Fuller) to Cry1Ab in Bt corn, Helicoverpapunctigera

and Helicoverpaarmigera to Cry2Ab in Bt cotton [78 79]. Diabroticavirgifera showed resistance to Cry3Bb1 in

Bt maize [80]. S. frugiperda evolved resistance to Cry1Fa poisonous substance in Bt corn [81,82, 83].

8. Mechanisms of Resistance Development of Insects to Bt-toxin

8.1Proteolytic Activation of Cry Toxins

In Plodia interpunctella and Heliothisvirescens, resistance to Cry1A used to be shown to be due to the fact of

defects in midgut protease things to do that affected the activation of Cry1A protoxins. Such a mechanism of

resistance would be well matched with both models for the mode of motion of Cry toxins (i.e. pore formation

and signal transduction, [84].

8.2 Receptor Binding

In the case of the cotton pests H. virescens, Pectinophoragossypiella and Helicoverpaarmigera, Cry1A resistance
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has been linked to mutations in the foremost receptor gene (i.e. in cadherin). This mechanism of resistance is

additionally well suited with each fashions of the mode of action of Cry toxins. However, the statement that

Cry1AMod toxins, which lack helix a-1 and consequently pass by interaction with cadherin, are nevertheless

poisonous to the resistant larvae that lack cadherin, absolutely favors the pore-forming model. Other receptor

molecules have additionally been implicated in resistance. In the H. virescens YHD2 resistant strain, a mutated

cadherin allele used to be responsible for 40–80% of Cry1Ac resistance levels. However, additional mutations

linked to resistance in this stress affected the manufacturing of a glycosylphosphatidylinositol inositol (GPI)-

anchored alkaline phosphatase. A Spodopteraexigua strain that is resistant to Cry1C was shown to lack the

mRNA transcript encoding a GPI-anchored aminopeptidase N1. Silencing of aminopeptidase N of

Spodopteralitura by means of RNAi resulted in tolerance of larvae to Cry1C. The lack of GPI-receptors as the

underlying reason for resistance is solely well matched with the pore forming model [85]. Finally, in the case of

the nematode Caenorhabditis elegans, resistance to Cry5B led to the identification of countless genes that

encoded glycosyl transferases that are concerned in the synthesis of invertebrate-specific glycolipids.

8.3 Esterase Sequestration and Elevated Immune Response

An H. armigera Cry1Ac-resistant stress confirmed extended production of gut esterase, which has been

implicated in chemical insecticide resistance owing to their capacity to hydrolyze insecticidal esters and to

sequester xenobiotics, bound and sequestered Cry1Ac toxin. Feeding a sub-lethal concentration of Cry1Ac toxin

to Ephestiakuehniella led to tolerance to Cry1Ac toxin that correlated with an accelerated immune response

related with the manufacturing of pro-coagulants that understand and form unique aggregates around pathogens

or toxins, such as hexamerin for H. armigera, or lipophorin for E. kuehniella. Both esterase sequestration and an

extended immune response are well matched with both feasible mechanisms of the mode of motion of Cry toxins

[86].

Table 3: Mechanism of resistance development to Bt by insect pests. Adopted from Tabashnik, et al.2013.

Scientific name Common name Main affected crops Resistance to cry

toxin

Mechanism of

resistance

Caenorhabditis

elegans

Nematode

worm

- Cry5B Defects in glycolipid

synthesis

culex

quinquefasciatus

Mosquito - Cry4A, cry4B,

cry11Aa

Unknown

Ditraea

saccharalis

Sugar can borer Corn, sorghum,

sugar

Cry1AB Unknown

Ephestia

kuehniella

Mediterranean

flour moth

Stord flours Cry1A, cry2A Tolerance owing to over

production of lipophorin

Helicoverpa

armigera

American

bollworm

Cotton, bean, corn,

sorghum

Cry1Ac Lack of cadherin

receptor, over

production of esterase

and hexamerin

Helicovera zea Corn earworm Corn, cotton.

Tobacco, tomato

Cry1Ac Unknown

Helioithis

viresenc

Tobacco

budworm

Cotton, corn tomato Cry 1Ac, cry 2Aa Lack of cadherin and

alkaline- phosphatase

receptors. Defects in

protases

Pectinophora

gossypiella

Pink bollworm Cotton Cry1Ac, cry 1Ab Lack of cadherin

receptors

Plodia

interpunctella

Indian meal

moth

Meals, flours, nuts Bt supspp.

Entomocidus

Defects in midgut

protases

Plutella xylostella Dimond back

moth

Brassicae

crusifereae

Cry1Ac, cry1Ab Unknown, recessive

Spodopetra exigua Beet

armyworm

Rice, sugar,

beet,cotton, tomato

Cry1C Lack of aminopeptidase

Trichoplusia ni Cabbage looper Brassicae CryAc Unknown, recessive

9. Resistance Monitoring Methods

Accurate resistance monitoring requires contrast of insect discipline populations on Bt plants as properly as from

different sources including non-Bt host plants. Sampling and testing of target pest insects surviving on or close

to Bt vegetation is imperative for early detection of field-evolved resistance [87]. Failure to pattern such bugs
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favors underestimation of the frequency of resistance, which can put off detection of resistance and is opposite to

the major purpose of resistance monitoring. Although most lookup on Bt toxins focuses on physiologically based

totally resistance, behavioral modifications can additionally purpose resistance via lowering exposure to a toxin

[88]. To measure susceptibility, bugs are uncovered to toxins in bioassays. Susceptibility of a subject populace is

generally measured with the aid of sampling insects from the field, rearing their progeny in the laboratory, and

finding out how the progeny reply to weight loss program handled with toxin or to components of Bt plants such

as leaves. With rigorous manage of environmental conditions, this method allows one to infer that any

differences in susceptibility are heritable.

In some cases, field-collected bugs are pooled in giant corporations for mating in the laboratory to generate

field-derived lines for bioassays [89]. Alternatively, families derived from single wild gravid ladies or from

single-pair crosses carried out in the laboratory can be reared and examined one by one using F 1 or F2 screening

procedures [90]. Whereas bioassays with plants allow greater direct inferences about survival on Bt crops in the

field, eating regimen exams allow willpower of responses to precise toxin concentrations. Both strategies are

valuable; they are most effective when used in concert [91]. Results of weight loss plan or plant bioassays report

field advanced resistance if they exhibit that publicity to a toxin in the subject has brought about a genetically

based decrease in the susceptibility of one or extra populations. Field advanced resistance can be proven

immediately by using displaying decreases in susceptibility over time for one or more field populations exposed

to toxin. More commonly, field-evolved resistance is documented circuitously with the aid of displaying that one

or greater discipline populations with a history of exposure to toxin are much less prone than conspecific

discipline populations or laboratory strains that have had little or no such exposure [92]. Thus, susceptible strains

used for assessment should be consultant of susceptible field populations; they ought to now not be contaminated

with resistance alleles from resistant laboratory lines or infused with resistance alleles from subject populations

exposed to toxin.

The most frequent and definitive measure of susceptibility is primarily based on mortality of bugs

uncovered to toxin. Many resistance monitoring studies have used food regimen bioassays to examine the

concentration of toxin inflicting 50% mortality (LC50) in lines derived from subject populations uncovered to Bt

plants to susceptible laboratory or field-derived traces [93]. A statistically considerable distinction between

strains is typically confirmed by no overlap of the 95% fiducial limits of their LC50 values, which is a

conservative criterion [94]. LC50 information also allow calculation of the resistance ratio, which is the LC50

cost of a field-derived strain divided by way of the LC50 value of a conspecific inclined strain, with each traces

tested under the equal conditions. Higher resistance ratios grant better proof of resistance. Resistance ratios 10

are more probably to replicate genetically primarily based decreases in susceptibility [95].

10. Insects Resistance Management

10.1 Theory for Managing Pest Resistance to BtVegetation

The refuge strategy has been the major approach used global to lengthen pest resistance to Bt plants and has been

mandated in the United States, Australia and someplace else [96,97,98]. Despite implementation of some

resistance management practices for traditional insecticides, the mandates for the refuge method are phase of an

extraordinary proactive effort to sluggish resistance to Bt plants that acknowledges each their value and the

strong danger of resistance. The thought underlying the refuge method is that most of the rare resistant pests

surviving on Bt vegetation will mate with the exceedingly abundant inclined pests from close by refuges of host

plants besides Bt toxins [99,100,101,102]. If inheritance of resistance is recessive, the progeny from such mating

will die on Bt crops, extensively delaying the evolution of resistance. This method is sometimes referred to as

the ‘high dose refuge strategy’ because it works first-class if the dose of toxin for insects eating Bt vegetation is

excessive sufficient to kill all (or nearly all) of the offspring from mating between resistant and susceptible.

Therefore, in theory, three key elements prefer success of the refuge strategy: first, recessive inheritance of

resistance; second, low resistance allele frequency; and third, considerable refuges of non-Bt host vegetation

near Bt crops [103].

Transgenic vegetation that express Bt proteins for the manipulate of insect pests (Bt crops) have been

commercialized all through the world. The danger insect resistance poses to the future use of Bt plant-

incorporated protectants have led into emergence of insect resistance administration concept. IRM is of won

importance as it is stated to be the key to sustainable use of the genetically modified Bt crops. It might also be

described as a program consisting of movements taken to delay the development of insect resistance to pest

manipulate measures in goal pest populations or via practices aimed at lowering the possible for insect pests to

come to be resistant to a gene [104].

10.2 Refuges

Refuges are host flowers that do no longer include the particular insect protection trait, permitting a component

of the goal pest populace to break out exposure so that susceptibility to the trait can be maintained in the
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population. The refuge method has been the chief strategy used worldwide to prolong pest resistance to Bt plants

[105]. This strategy, which has been mandated in the United States and elsewhere, is based totally on the notion

that most of the rare resistant pests surviving on Bt crops will mate with plentiful prone pests from close by

refuges of host vegetation except Bt toxins [106,107]. If inheritance of resistance is recessive, the hybrid progeny

from such mating will die on Bt crops, substantially slowing the evolution of resistance. This strategy is every

now and then called the “high-dose refuge strategy” because it works exceptional if the dose of toxin ingested by

means of bugs on Bt flowers is excessive adequate to kill all or nearly all of the aforementioned hybrid progeny

[108,109].

10.3Multigene Strategy (Pyramided Plants)

Viable complementary approach that will emerge in the near future and that is nice adopted concurrently with

Strategy A and B is the deployment of multiple resistances, or pyramiding of resistance genes. This approach

requires more than one resistance gene with exceptional modes of motion (or binding websites in the case of Bt)

to be handy for a given insect species. It may want to be carried out both with extra cry genes or with novel

techniques of insect resistance, but requires the use of refuges. One purpose why this strategy should be adopted

in conjunction with refugia and high dose expression of the toxin is that some insect resistances, as validated in

the laboratory, may also evolve for two genes at the identical time (called cross-resistance).Pyramiding: A

unique case of gene stacking where at least two modes of motion towards the equal target pests are supplied via

two or greater genes blended in a single genotype. To engineer vegetation that express at least two poisonous

compounds that acts independently, so that resistance to one does now not confer resistance to the other. This

approach, known as gene pyramiding, grew to be a commercial fact in 2003 with the introduction of Bollgard II

[110].

10.4 High Dose Strategy

Appropriate resistance management method is quintessential to mitigate the development of insect resistance to

Bt proteins expressed in transgenic crop plants. The 1998 Subpanel recognized that resistance administration

packages need to be based totally on the use of each a high dose of Bt and structured refuges designed to provide

sufficient numbers of susceptible grownup insects. The basic principle of the high-level expression approach,

which have to additionally be incorporated into the combination and refuge approach discussed above, is to set

up flora with excessive ranges of expression of the toxin over with the expectation that it would take a lengthy

time for insects to overcome the toxin. It assumes that most or all resistance is recessive or at worst additive, and

that most resistance carriers would be heterozygous. The method additionally anticipates that even resistant

homozygote would be killed by using the excessive degree of toxin as the toxin would minimize the insect’s

fitness. For that model to work, except the concurrent use of refuge areas, many assumptions need to be met

(Graham M 2010). The predictions emerge as complicated when a couple of bugs and a couple of plants are

deployed in a region.

10.5 Targeted Expression

Targeted expression is also complementary to strategies A and B and will become possible in the near future. A

toxin gene is expressed only specifically in a certain vulnerable part of the plant (e.g. stem in the case of

corn/maize borer), or is expressed both in a certain part of the plant as well as at a particularly critical time in the

development of the plant (e.g. flowering). This strategy would allow plenty of susceptible insects to breed

normally, thus increasing their predator and parasitic populations, while at the same time be prevented from

causing damage in the critical plant parts or life cycles. Much has been achieved in this direction over the past

years with progress in the understanding of gene regulation [111].

11.Recent Progress on the Interaction Between Insects and Bacillus Thuringiensis Crops

The first insect-resistant Bt-transgenic maize was once developed in the United States in 1986, but did not enter

commercial production until 1996. Subsequently, three Bt-transgenic maize traces had been commercialized in

the United States, and in 2017, 59.7 million hectares amongst 14 nations had been planted in transgenic maize

[112]. GM cotton, commercially grown for more than 20 years, made up 80% of the cotton grown with a

planting vicinity of 24.21 million hectares in 2017. Among the 14 countries that grew GM cotton in 2017, the

top 4 producers have been India (11.40 million hectares), United States (4.58 million), Pakistan (3.00 million

hectares) and China (2.78 million). Bt soya beans have been grown in seven international locations considering

the fact that they have been added in Brazil in 2013. The planting place of Btaubergine in Bangladesh has

reached 2400 ha. Bt sugarcane (expressing Cry1Ab protein) will also be first commercially grown in Brazil in

2018.

When Bt crops have been first planted, target pests had been efficaciously controlled, but with the long-

term cultivation of Bt crops, target pests’ step by step developed resistance. To prolong the evolution of Bt
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resistance, refuge strategies are recommended. The success of such techniques relies upon on three factors:

inheritance of the resistance allele must be recessive, resistance allele frequency ought to be low, and

considerable non Bt host flowers must be near the Bt crop (ISAAA. 2017). Second-generation Bt crops, that

produce two or greater distinct Bt toxins, have additionally been developed and used in target pest resistance

management. In some countries, Bt resistance has been delayed with this strategy, whilst others have failed.

Natural refuges can commonly serve as enough refuges. Owing to intercropping with multiple crops, cotton

bollworm has been well controlled and Bt resistance efficiently delayed [113]. The effectiveness of natural

refuges is influenced by many factors, along with the traits of goal pests, distribution and abundance of host

plants, and so on [114]. Although natural refuges are important in delaying Bt resistance in pests, they are no

longer as high quality as non-Bt cotton refuges. Field populace monitoring records confirmed that non-recessive

resistance increased quicker than recessive resistance. During resistance monitoring in 17 counties and in six

provinces in northern China from 2010 to 2013, located that the share of resistance amongst more than 70 0

larvae multiplied from 1% in 2010 to 5.5% in 2013 [115]. This large-scale discipline investigation and

simulation modelling of the evolution of Bt resistance of bollworm in northern China, generated extra attention

on the enlarge in non-recessive resistance populations via comparing the developmental tendencies in non-

recessive resistant and recessive resistant populations.In some countries and regions, owing to the good-sized

planting of Bt-transgenic corn, cotton and other crops, the natural refuge of goal pests has disappeared, and the

risk of Bt resistance evolution extended dramatically. Fall armyworm (Spodopterafrugiperda) is a major maize

pest in Brazil, and migrated to South America [116]. Because of large planting of Bt crops and no herbal refuge,

this pest had developed resistance to Bt vegetation [117].

12. Conclusion

Bacillus thuringiensis ((Bt) usually found in soil, water, plants, stored cereals and dead insects. Bt lines produce

a broad range of insecticidal toxin proteins active against larvae of very various insect. Currently, due to their

importance, greater than 70 classes of Cry genes are described (cry1 the cry70).The area of biotech crops with

the insect resistance trait improved by a minimal 1% from 23.1 million hectares in 2016 to 23.3 million hectares

in 2017.The most pressing trouble bearing on to the sensible implementation of transgenic plant life in

agricultural systems is the attainable for speedy development of insect resistance due to the strong temporal and

spatial choice stress of Bt toxins controlled via a single gene. Because of defects in midgut protease activities

that affected the activation of Cry1A pro-toxins. Cry1A resistance has been linked to mutations in the principal

receptor gene (i.e. in cadherin). And Cry1A toxins, which lack helix a-1 and as a result pass interplay with

cadherin, are despite the fact that toxic to the resistant larvae that lack cadherin, without a doubt favors the pore-

forming mode. Tolerance to Cry1Ac toxin that correlated with an improved immune response related with the

production of pro-coagulants that apprehend and form particular aggregates around pathogens or toxins. The

danger insect resistance poses to the future use of Bt plant-incorporated protectants have led into emergence of

insect resistance management concept. IRM is of received importance as it is said to be the key to sustainable

use of the genetically modified Bt crops. A program consisting of moves taken to extend the improvement of

insect resistance to pest manipulate measures in goal pest populations or with the aid of practices aimed at

reducing the potential for insect pests to turn out to be resistant to a gene be used.
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