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Abstract       In natural ecosystems there is a complex and continuous 
interaction between plants and insects. Usualy all these organisms have 
evolved a balance co- existense or biological equilibrum at the natural 
habitats. Generally, living organisms that grown from all aboveground and 
belowground plant parts, either plants or animals permanently are exposed to 
physiologically interactions, both in the case of the normal conditions of live 
and particularly, in the case of biotic and abiotic stress factors impact. Here, 
there is reviewed recent literature as regard as plants hormonal signaling and 
transcriptional responses to insect herbivores attack. Also, the purpose of this 
overview is to provide recent findings regarding inducible resistance and 
transgenic resistance approaches from both agronomic and ecological 
perspective.   
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Insects are the most diverse group of organism to 

maintain biodiversity of earth. There are 900 000 

currently known insect species, forming about 80 % of 

the world s species. Moreover, it is estimates that there 

are 2 million to 30 million undescribed insect species 

(41). The interactions between plants and their 

arthropod herbivores dominate the terrestrial ecology 

of our planet (46) because the majority of insects are 

herbivorous and dependent on autotrophic plants (95, 

41). They employ sophisticated feeding strategies to 

obtain nutrients from all aboveground and 

belowground plant parts (46, 9), therefore factors that 

disturb plant physiology have effects on insect fauna 

relying on plants (41).  

 Some insects have beneficial activity such as 

defense and pollination.  As for instance Gabriel and 

Tscharntke (2007) noticed, the organic farming is 

predicted to enhance diversity in agro ecosystem and 

the experiments carried out emphasized that the 

disruption of plant- pollinator interactions due to 

agricultural intensification may cause important shifts 

in plant community structure. On the other hand, in 

relation to the spread and intensity of insect attack, 

they can be extremely harmful to plants, possibly 

leading to death. To survive, plants need to circumvent, 

tolerate or defend against various biological 

environmental factors, such as herbivores, insects, 

pathogens and competition to other plants. So, usually 

all these organisms have evolved a balance co- 

existence or biological equilibrum at the natural 

habitats (108), thus diversity and distribution of plants 

and insects constitute a results of their co-evolution 

(65).  Variation in the plant community likely 

contributes to spatial and temporal variation in both 

plant and insect traits, which could influence macro 

evolutionary patterns because plants exert selection on 

herbivore traits and, reciprocally, herbivores exert 

selection on plant-defense traits (2). 

 In natural ecosystems there is a complex and 

continuous interaction between plants and insects. To 

survive, plants have to perceive attack and respond 

adequately by activating appropriate defense responses 

(53). In addition, there is registered “a crosstalk" 

between plant responses to pathogens and herbivores, 

which in the conventional sense refers to interactions in 

cellular signaling pathways (97). Of these signals, plant 

hormones play a major role (104, 5). Crosstalk between 

these signaling pathways may be the mechanism that 

allows the plant to prioritize one response over the 

other (101), not only in the initiation of diverse 

downstream signaling events in plant defense, but also 

in the activation of effective defenses through 

involving the transduction signals between two or more 

distinct “linear signal transduction pathways 

simultaneously activated in the same cell „ (4).  

 Moreover, plant-insect interaction is discussed 

as a dynamic system, subjected to continual variation 

and change. Plants developed different mechanisms to 

reduce insect attack and insects developed several 

strategies to overcome plant defense barriers (70). A 

major focus in plant defense-signaling research is to 

uncover key mechanisms by which plants tailor their 

responses to different attackers and to investigate how 

plants cope with simultaneous interactions with 

multiple aggressors (53). Just recently, experiments on 

tomato plants damaged either by beet armyworm 

caterpillar (Spodoptera exigua), by adult potato aphids 

(Macrosiphum euphorbiae), simultaneous damaged by 
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both herbivores, or left undamaged (controls) carried 

out by  Rodriguez-Saona et al. (2010)  highlights areas 

of concordance and disjunction between molecular, 

biochemical, and organism measures of induced plant 

resistance when plants are attacked by multiple 

herbivores. Generally, author‟s data produced 

consistent results when considered each herbivore 

separately, but not when considered them together. 

 From an ecological perspective, this 

interaction results may refers to the plant physiological 

response to the attack of various organisms, either 

simultaneously or sequentially (84). Herbivore attack is 

not restricted to plant wounding by feeding, but instead 

different phases of attack that elicit a plant response 

need to be distinguished: touch, oviposition and 

feeding. So, an integrative analysis of plant responses 

to the different phases of herbivore attack will help 

elucidate the mechanisms of plant defense to 

herbivores in a more natural, ecological context (40). 

Utsumi et al. (2011) studied the effects of genotypic 

diversity of host plants of tall goldenrod Solidago 

altissima on the population dynamics of the aphid 

Uroleucon nigrotuberculatum and found genotypic 

variation in plant resistance to the aphid.  There were 

also compared aphid densities under plant genotypic 

diversity. The synergistic effects of genotypes on 

population size were demonstrated by the greater aphid 

population size in the mixed-genotype treatment, than 

expected from additive effects alone. Authors proposed 

two non-exclusive hypotheses to explain this pattern. 

First, there is a source–sink relationship among plant 

genotypes: aphids move from plant genotypes where 

their reproduction is high to genotypes where their 

reproduction is low. Second, natural enemy mortality is 

reduced in mixed plots in a matrix of diverse plant 

genotypes. 

 Cornelissen (2011) summarized data as regard 

as climate change direct and indirect impact on insect 

herbivores, through the changes experienced by their 

host plants, with consequences to population dynamics, 

community structure and ecosystem functioning. 

Although changes in patterns of volatile organic 

compounds (VOC) emission under changing 

environments have been investigated, none of the 

mentioned studies have addressed how insects - 

pollinators, herbivores and/or parasitoids - respond to 

these changes, impairing the complete understanding 

of herbivore response to changes in host plants 

triggered by climatic changes. On the other hand, 

Malcolm et al. (2009) noticed that five years of insect 

suppression had minimal impacts on the most basic 

measures used to describe the plant communities. 

When significant effects occurred, they were by above 

ground insects, found primarily during the drought and 

effect sizes did not increase over time, consistent with 

models holding that insects have little effect on 

ecosystem function or community structure.  

 Ecological implications include the existence 

of pathogens that cause diseases in plants and animals, 

herbivores ability to manipulate the plant response, 

usurpation of microbial mechanisms and genes by 

herbivores and plants, development of defense systems 

in plants and animals shared medicinal plant use by 

humans (96). The author suggests that this is a 

"phylogenetic espionage" where convergent or 

ancestral "information" is exploited by one or both 

partners in their biological and ecological interactions. 

A challenge for the 21st century is to answer the 

question, “Why are there so many different kinds of 

secondary metabolites?” The answer to this question 

may be obtainable by using the genomic tools 

developed for understanding shared physiological 

attributes of model organisms as a springboard for 

understanding ecological idiosyncrasy (6). In such 

context, the paper highlights the many dimensions of 

plant – insect herbivores interactions from insects 

attack perception, signals transduction and plant 

defence transcriptional responses form an ecological 

perspective. 

 
Aspects regarding plant insect herbivores 

defence signalling under an ecological context 
 Of course, such as in the case of plant-

pathogen interaction, there is also a certain specificity 

on plant- insect‟s interaction. High specificity might 

imply that a diverse community of insects selects for 

multiple defenses and could account for divergence in 

defense profiles among plant species (Futuyma and 

Agrawal, 2009) and progresses registered from the 

view point of the herbivory-induced early signaling 

events and their biological functions (Wu and Baldwin, 

2010). Ohta et al. (2006) studied aphids Megoura 

crassicauda Mordvilko which selectively feeds on 

plants of the genus Vicia (Fabaceae) and never infest V. 

hirsuta (L.) Gray. Aphid appears to discriminate 

between host and non-host plants through tasting of 

specific chemicals in plant tissue during penetration 

stiletto. Substance isolated from the extract of V. 

hirsuta and monitored regarding its effect proved to be 

(E)-2-methyl-2-butene-1, 4-diol 4-O-β-D-

glucopyranoside. 

 As Schmelz et al. (2006) showed, specificity 

in plant non-self recognition occurs either directly by 

perception of pest-derived elicitors or indirectly 

through resistance protein recognition of host targets 

that are inappropriately proteolyzed. An indirect 

perception of herbivores in cowpea (Vigna 

unguiculata) plants attacked by fall armyworm 

(Spodoptera frugiperda) larvae have been emphasized, 

by isolation and identification a disulfide- bridged 

peptide (+ICDINGVCVDA-), termed inceptin 

(proteolytic fragments of chloroplast ATP synthase γ-

subunit regulatory regions that mediate plant 

perception of herbivore through the induction of 

volatile, phenylpropanoid, and protease inhibitor 

defences). The substance from S.frugiperda larval oral 

secretions promoted cowpea ethylene production at 1 

fmol leaf
-1

 and triggered increases in the defence 



 19 

related phytohormones salicylic acid and jasmonic 

acid. Only S. frugiperda larvae that previously ingested 

chloroplast ATP synthase γ -subunit proteins and 

produced inceptins significantly induced cowpea 

defences after herbivore. Inceptin functions as a potent 

indirect signal initiating specific plant responses to 

insect attack. 

 On the other hand, biotic elicitor produced by 

pathogens or insect herbivores can quickly activate 

chemicals defense responses in plant, after their 

translocation into plant tissue. Volicitin, (N-[17-

hydroxylinolenoyl]-L-glutamine, a fatty acid conjugate 

proved to be a basic model to study plants responses to 

insect herbivores (81). The emission of so-called 

herbivore-induced plant volatiles (HIPV) results in the 

attraction of carnivorous enemies of the herbivores that 

induced these changes. As Lucas-Barbosa et al. (2011) 

reviewed it is important whether and to what extent 

HIPVs affect the interaction of plants in the flowering 

stage with mutualistic and antagonistic insects, also. A 

multidisciplinary approach regarding the ways in 

which multiple attackers can enhance, attenuate, or 

otherwise alter HIPV responses,  will allow us to 

investigate the underlying mechanisms of HIPV 

emission in terms of phytohormones, transcriptional 

responses and biosynthesis of metabolites in an effort 

to understand these complex plant-arthropod 

interactions (18). Information borne by volatile organic 

compunds (VOCs) is ubiquitous and may attract 

carnivores, such as parasitoids, that differ in their 

effectiveness at releasing the plant from its herbivorous 

attackers. The species identity of a parasitoid had a 

more significant effect on defense responses of 

Brassica oleracea plants, than the species identity of 

the herbivorous hosts of the parasitoids. B. oleracea 

plants that were damaged by caterpillars (Pieris spp.) 

parasitized by different parasitoid species varied in the 

degree to which diamondback moths (Plutella 

xylostella) selected the plants for oviposition.  So, 

information-mediated indirect defense may lead to 

unpredictable consequences for plants when 

considering trait-mediated effects of parasitized 

caterpillars on the host plant and their consequences, 

because of community-wide responses to induced 

plants (86).  

 A highly coordinated and sophisticated 

network of both plant cellular signaling (via 

phytohormone-dependent/independent pathways) and 

extra-cellular signaling (via plant VOCs) is induced 

and modulated in plants in response to herbivory,  to 

respond effectively when damaged by a wide range of 

feeding attackers for acquiring certain kinds of 

immunity (3).  Signal-transduction pathways mediated 

by the plant hormones salicylic acid (SA), jasmonic 

acid (JA), and ethylene (ET) are involved in regulating 

appropriate defense responses (110).   

 When herbivores are feeding on a plant, either 

by leaf chewing, phloem ingestion or cell content 

feeding, they induce phytohormone signaling pathways 

and consequently elicit a plant response. The induce 

phytohormone signature are attacker specific: 

qualitatively, qunatitetively and temporally (13). 

 The inducible volatile substances synthesis 

was studied by Miller et al. (2005), comparing 

terpenoid responses induced by of insect Pissodes 

strobi  and methyl jasmonat on Picea sitchensis, based 

on the mixture of traumatic oleoresins,  emission of 

volatile terpenoids and terpenoid synthase gene 

expression (TPS). Huber et al. (2005) presented results 

on the mechanism of terpenes synthesis (found in large 

quantities in oleoresins products of coniferes, 

especially after exposure to harmful fungal or insect) 

for Pseudotsuga menziesii (Mirbel) Franco (Pinaceae). 

There were clarified some aspects on the 

monoterpenes: a (-)-α-pinene / (-)-camphen and 

terpinolen, as well as on sesquiterpenes ((E)-β-farnesan 

and (E)-γ-bisabolen). 

 Nowadays, ssignificant progress has been 

made in identifying the key components and 

understanding the role of salicylic acid (SA) (8), 

jasmonates (JA) as members of the oxylipin family 

(68, 117) and ethylene (ET)  (115, 61) in plant 

responses to biotic stresses. Also, recent studies 

indicate that other hormones such as abscisic acid 

(ABA), auxin, gibberellic acid (GA), cytokinin (CK), 

brassinosteroids (BR) (54, 60)) and peptide hormones 

are implicated in plant defence signalling pathways 

(116, 5, 21).  As for example, the Nicotiana attenuata 

LECTIN RECEPTOR KINASE 1 (LecRK1) has been 

recently identified as a component of the mechanism 

used by plants to suppress the Manduca sexta-triggered 

accumulation of SA. The suppression of the SA burst 

by LecRK1 allows for the unfettered induction of JA-

mediated defense responses against M. sexta herbivory 

(8). Studied carried out by Van Wijk et al. (2011) of of 

Lima bean, the herbivorous mite Tetranychus urticae 

and the predatory mite Phytoseiulus persimilis 

emphasized that four herbivores-induced bean volatiles 

are not attractive in pure form, while a fifth, methyl 

salicylate (MeSA), is. Several reduced mixtures 

deficient in one component, compared to the full 

spider-mite induced blend were not attractive, despite 

the presence of MeSA indicating that the predators 

cannot detect this component in these odor mixtures. A 

mixture of all five HIPV is most attractive, when 

offered together with the non-induced odor of Lima 

bean. Odors that elicit no response in their pure form 

were essential components of the attractive mixture. 

 In the case of the maize plant, insect resistant 

genotype Mp708 Spodoptera frugiperda has been 

shown to accumulate a unique cysteine proteinase, 

Mir1-CP, in response to larval feeding. Research on the 

role of ET in insect defense against the susceptible line 

Mp708 and Tx601 had concluded that blocking the 

production of ET in both cases resulted in an increased 

susceptibility to Mp708 plants. Also, S. frugiperda 

larvae that were fed on Mp708 plants treated with 

inhibitor had significantly higher growth rates than 
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those on untreated plants. However, such responses 

were slightly altered in Tx601. ET synthesis and 

perception inhibitors also reduced accumulation Mir1-

CP and its transcription product mir1 as a response to 

herbivores. Followings these experiments, Harfouche 

(36) have shown that ET is a component signal 

transduction pathway that allows response resistant 

genotype Mp708 defense against insect herbivores. 

 Moreover, as Little et al. (2009) summarised, 

altered ET signaling is an example of a complex trait 

with many horticultural applications including 

modified growth and development, but also can induce 

increased severity to biotic and abiotic stresses. JA and 

its various metabolites alter gene expression positively 

or negatively in a regulatory network with synergistic 

and antagonistic effects in relation to other plant 

hormones such as SA,  auxin, ET and ABA. 

 For the first time, Pareja et al. (2012) 

demonstrated that phloem-feeding herbivory can also 

affect floral volatile emission. Their experiments were 

carried out on Brassica specialist aphid Lipaphis 

erysimi, which was stronger than the generalist aphid 

Myzus persicae and feeding by chewing larvae of the 

moth Plutella xylostella caused no reduction in floral 

volatile emission. Field observations showed no effect 

of L. erysimi-mediated floral volatile emission on the 

total number of flower visits by pollinators. The 

outcome of interaction between herbivory and floral 

chemistry may differ depending on the herbivore's 

feeding mode and degree of specialisation and the 

findings provide new insights into interactions between 

insect herbivores and plant chemistry.Dudareva and 

Pichersky (2008) reviewed that  advances in the 

identification of the genes and enzymes responsible for 

the biosynthesis of volatile compounds have made this 

metabolic engineering highly feasible: to enhance plant 

defences and improving scent and aroma quality of 

flowers and fruits. Furthermore, the use of plant-based 

volatile technology is one of the important tools in 

integrated pest management programs, which would 

offer a novel and ecologically sound tactic to control 

insect pests (89).  A recent synthesis on this topic 

prepared by Fineschi and Loreto (2012)  pointed out 

that as environmental and man-made changes largely 

affect the capacity to produce and emit biogenic 

volatile isoprenoids, they may also disturb the 

defensive and communication performances of plants. 

The opportunity of producing genetically transformed 

plants that do not emit volatile compounds (“mute” 

emitters) and that do not receive these volatile signals 

(“deaf” plants) represents a extraordinary tool for 

assessing the importance in nature of volatile 

isoprenoid signalling and whether they may enhance 

the plant fitness both in natural communities and in 

response to current and future climate change. 

  

 

 

 

Signals transduction and transcriptional plants 

responses  
 As plants are sedentary organisms, they 

possess elaborate mechanisms to defend themselves 

against attack by pathogens and pests (110). The co-

evolution of plants and insects is very intriguing. Plants 

have developed efficient mechanisms to protect them 

against herbivory while insects have found diverse 

ways of avoiding negative effects of their host plants 

defense mechanisms (70).  

 Physiological, bbiochemical and molecular 

bases for resistance and susceptibility of plants to pests 

have evolved as a result of studies by Parker et al. 

(2000), followed by numerous researches, besides them 

notable are those of Lou and Baldwin (2006). Next to 

the morphological feature for physical defence (like 

thorns, spines, and trichomes, epicuticular wax films 

and wax crystals, tissue toughness, as well as secretory 

structures and conduits for latices or resins) resistance 

factors also include compounds for chemical defence, 

like secondary metabolites, digestibility reducing 

proteins, and antinutritive enzymes (72, 122, 50, 42, 

67, 76, 69). All these traits may be expressed 

constitutively (preformed resistance factors) as for 

instance cyanogenic glucosides (121) or they may be 

inducible (inducible resistance factors), synthesized as 

a response only after attack by insect herbivores (49, 

70, 73, 93, 102, 39, 42).  

 Of course, plants responses to herbivores 

attack differ among plant families and induced 

defenses are controlled by several phytohormone-

mediated signaling pathways (113). High levels of non-

protein amino acids have been identified in certain 

plant families, including legumes and grasses, where 

they have been associated with resistance to insect 

herbivory (43). Plant innate immunity is a collective 

term to discribe this complex of interconected 

mechanisms that plants use to withstand potential 

pathogens and herbivors, and the volume edited by  

Van Loon (2009) provide an overview of  

understanding of the induction, signal transduction, and 

expression of resistance responses to oomycetes, fungi, 

bacteia, viruses, nematodes and insects.  

 Relative to the role of SA and JA, Bostock et 

al. (2001) noticed that although there seems to be a 

common signal transduction governing the resistance 

responses to both pathogens and pests, it seems clear 

that responses of different host plants is different for 

various attackers. The performed investigations have 

suggested the possible existence of a signaling 

dichotomy that governs the response. So, negative 

interactions can occur between SA and JA, with 

consequences for host resistance to the attackers. From 

the view point of the ecological perspective, exposure 

to a stressor can alter the probability that the plant be 

exposed to another stress factor. Hormonal and 

biochemical interactions of the response to each 

stressor can influence the severity or adaptive response 

to another factor of stress, later. Also, Thaler and 
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Bostock (2004) studying the relationship between 

water stress and salt, and attack of pathogens and 

herbivores have shown that SA responses are 

antagonistic JA and each other induction reduced the 

other inducible impact. Under salt stress, the negative 

effect of SA on JA was reduced. Based on the recent 

research results on the western flower thrips 

(Frankliniella occidentalis) (a polyphagous herbivore ) 

which in addition to causing feeding damage, it is also 

a vector insect that transmits tospoviruses such as 

Tomato spotted wilt virus (TSWV), Abbe et al. (2012)  

suggested the following mechanism: TSWV infection 

suppresses the anti-herbivore response in plants and 

attracts its vector, thrips, to virus-infected plants by 

exploiting the antagonistic SA–JA plant defense 

systems.  

 Regarding the transcriptional response of 

plants to attack by herbivores, it includes many 

commune features, than specific elements (112). 

Common responses include regulation of transcription 

pathways involved in JA alerts, SA, ET, carbohydrates, 

phenilpropanoid metabolism, digestibility reduction 

factors, enabling synthesis of volatile substances in 

green leaves, polyamines and nicotine, cell wall 

modification, etc. In the case of the aphid Myzus 

persicae attack on Arabidopsis thaliana, Moran and 

Thompson (2001) have revealed that the rosettes of 

leaves induce transcription of two genes associated 

with response to pathogens,  depending on  SA (PR -1 

and BGL2). For npr1 mutants, deficient in SA 

signaling, induction of PR-1 and BGL2 mRNA was 

reduced. Also, application of benzothiazol allowed 

lower aphid reproduction on leaves, both on wild 

plants and the mutant plants, suggesting that the wild 

type does not influence resistance to aphids. There was 

also a doubling of the amount of mRNA for PDF1.2, 

which encodes defensin (a peptide involved in (JA) -

/ET) path-dependent response. Encoding transcription 

lipoxygenase (LOX2) induced by JA and 

phenylalanine ammonia lyase increased 1.5-2 times. 

Arabidopsis phloem associated aphids allows the 

stimulation of pathways responses associated with 

infection caused by pathogens and the impact of 

injuries. 

 An important challenge for future studies will 

be to identify the JA receptor and its cognate ligands, 

and to determine how receptor occupation is coupled to 

the destruction of specific JAZ (JASMONATE ZIM-

DOMAIN)  genes proteins. Such studies promise to 

reveal the molecular mechanisms underlying the many 

physiological processes involved in plant resistance to 

arthropod herbivores (11). Inducible plant defenses 

against herbivores are controlled by a transient burst of 

JA and its conversion to the active hormone (3R,7S)-

jasmonoyl-L-isoleucine (JA-Ile), which shows high 

affinity for binding to the COI1 protein complex with 

JAZ repressor protein(s), a multi component JA-Ile 

receptor, promoting hormone-dependent ubiquitination 

and degradation of JAZ transcriptional repressors. 

Degradation of JAZ proteins in Arabidopsis leads to 

the release of a bHLH transcription factor, MYC2, 

which functions as a master regulator of JA-dependent 

defense responses. Because the activity of the MYC2 

coincides with the presence of active jasmonate in 

cells, it is unlikely that MYC2, alone, regulates 

prolonged transcriptional responses of genes encoding 

enzymes required for the accumulation of defense 

metabolites (114).  

 Folowings studied carried out in the North 

American Arabidopsis relative to Boechera 

divaricarpa in response to larval herbivory, by the 

crucifer specialist lepidopteran Plutella xylostella 

(diamondback moth) and by the generalist lepidopteran 

Trichoplusia ni (cabbage semilooper), and compare 

them to wounding and exogenous phytohormone 

application,  Vogel et al. (2007) showed that different 

lepidopteran herbivores elicit different transcriptional 

responses. Wünsche et al. (2011) examined the 

function of S-nitrosoglutathione reductase (GSNOR) in 

defence against the insect herbivore Manduca sexta 

using a virus-induced gene silencing (VIGS) system. 

The activity of GSNOR in a wild tobacco species, 

Nicotiana attenuata, was knocked down.   Given that 

diminishing the activity of NaGSNOR using gene 

silencing compromises plant resistance to M. sexta, the 

rapid reduction and subsequent regaining of 

NaGSNOR activity after herbivory implies that a 

transient decrease of NaGSNOR activity is required for 

the optimum induction of herbivory-specific defence 

reactions. These involves a reconfiguration of the 

protein nitrosylation status. Considering the positive 

association between GSNOR activity and plant defence 

levels, it was proposed that GSNOR could, potentially, 

be a target of genetic modification for improving insect 

resistance in crops. 

 Silencing of RNA-directed RNA polymerase 

1 (RdR1) makes Nicotiana attenuata highly susceptible 

to insect herbivores, suggesting that defense elicitation 

is under the direct control of small-RNAs (smRNAs).  

Using 454-sequencing, Pandey et al. (2008) 

characterized N. attenuata's smRNA transcriptome 

before and after insect-specific elicitation in wild-type 

(WT) and RdR1-silenced (irRdR1) plants, by the 

elicited dynamics of phytohormone biosynthetic 

transcripts and phytohormone levels. RdR1 silencing 

severely altered the induced transcript accumulation of 

8 of the 10 genes, reduced JA, and enhanced ethylene 

levels after elicitation. Adding JA completely restored 

the insect resistance of irRdR1 plants. irRdR1 plants 

had photosynthetic rates, growth, and reproductive 

output indistinguishable from that of WT plants, 

suggesting unaltered primary metabolism. So, the 

conclusion was that the susceptibility of irRdR1 plants 

to herbivores is due to altered phytohormone signaling 

and that smRNAs play a central role in coordinating 

the large-scale transcriptional changes that occur after 

herbivore attack. Studies carried out by Broekgaarden 

et al. (2007) on global transcriptional responses in two 
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cultivars white cabbage (Brassica oleracea var. 

capitata) cultivars in response to Pieris rapae 

caterpillar feeding can differ dramatically. Several of 

these differences involve genes that are known to have 

an impact on Pieris rapae performance and probably 

underlie different mechanisms of direct defense present 

in the cultivars. Arabidopsis responds to feeding 

diamond back moth (DBM; Plutella xylostella) larvae 

with a drastic reprogramming of the transcriptome, 

which has considerable overlap with the response 

induced by other insect herbivores. Based on a meta-

analysis of microarray data, Jürgen et al. (2008)  

identified groups of transcription factors that are either 

affected by multiple forms of biotic or abiotic stress 

including DBM feeding or, alternatively, were 

responsive to DBM herbivory but not to most other 

forms of stress. 

 Onkokesung et al. (2010) showed  the 

dominant role of JA over ET in the regulation of plant 

defences against herbivores by examining performance 

of herbivores on plants lacking either jasmonate (JA, 

asLOX3) or ethylene (ET, mETR1) signalling or both 

(mETR1asLOX3). Plant defences against Manduca 

sexta caterpillars were strongly impaired in JA-

deficient as LOX3 plants; however, making as LOX3 

plants ET insensitive did not further increase the 

performance of the larvae on a  mETR1asLOX3 

genetic cross.. On the other hand, ET-insensitivity 

combined with otherwise normal levels of JA in 

mETR1 plants promoted faster caterpillar growth, 

which correlated with reduced accumulation of the 

alkaloid direct defence nicotine in mETR1 compared to 

WT plants. So, these results point out an important 

accessory function of ET in the activation of JA-

regulated plant defences against herbivores, at the level 

of alkaloid biosynthesis in the roots and/or 

accumulation in the leaves. As Koo et al. (2011) 

noticed, the phytohormone jasmonoyl-L-isoleucine 

(JA-Ile) signals through the COI1-JAZ co receptor 

complex  control key aspects of plant growth, 

development, and immune function. Despite the 

important biological properties and widespread 

occurrence of 12-hydroxy derivatives (12OH-Jas) in 

the plant kingdom, enzymes responsible for 12-

hydroxylation of JA and JA-Ile have not been reported. 

Koo et al. (2011) identified JA-Ile-12-hydroxylase as a 

member (CYP94B3) of the CYP94 family of 

cytochrome P450 monooxygenases (P450s). 

Functional studies using genetic, biochemical, and 

metabolic approaches demonstrate a role for CYP94B3 

in JA-Ile turnover and attenuation of jasmonate 

responses. These findings thus reveal a previously 

unexplored class of enzymes that perform a key role in 

jasmonate metabolism and signalling. 

 Another argument for highly coordinated 

transcriptional response to biotic stress is aslo a 

ccommon regulatory elements in the promoter region 

of photosynthetic genes and genes involved in sugar 

metabolism and reactive oxygen species (ROS) 

detoxification.  As a result of the long turnover time of 

many photosynthetic enzymes, the down regulation of 

transcription of photosynthetic genes may permit 

reallocation of nitrogen to the defence response while 

causing only moderate losses in the rate of carbon 

assimilation (7). Recently, a SUGARWIN::green 

fluorescent protein fusion protein have been identified 

by Medeiros et al., (2012) in the endoplasmic reticulum 

and in the extracellular space of sugarcane plants as a 

response to mechanical wounding by the caterpillar  

Diatraea saccharalis attacks on the sugarcane plant 

and methyl jasmonate treatment, as a late induced and 

restricted proces to the site of the wound. The protein 

itself did not show any effect on insect development; 

rather, it altered fungal morphology, leading to the 

apoptosis of the germlings. The authors suggestion was 

that in the course of evolution, sugarwin-encoding 

genes were recruited by sugarcane due to their 

antipathogenic activity, as a concerted plant response 

to the anticipated invasion by the fungi that typically 

penetrate the plant stalk after insect damage.  

 Phytohormonal ecology is attempting to link 

organisms and stress factors to develop a predictive 

framework for how and why plants coordinate with the 

environment (99). Cysteine proteinases have a major 

role in plant growth and development and next to their 

participation to anabolic and catabolic processes, they 

are also involved in signal pathways and responses to 

stress (103, 58, 31 37), answers raised by increasing 

the activity of proteinase inhibitors and polyphenol 

oxidase, as well as activation of signal octadecanoic 

pathway.   

  Lawrence et al. (2007) studied the effect of 

Colorado potato beetle (CPB) [Leptinotarsa 

decemlineata (Say)] regurgitant on Solanum 

lycopersicum defences.  When regurgitant from fourth-

instar CPB was applied to wounded S. lycopersicum 

leaves, the wound-induced transcripts for the 

proteinase inhibitors pin1 and pin2 were reduced. 

Boiling the regurgitant abolished its ability to reduce 

the pin transcripts. Ultra filtration of the regurgitant 

demonstrated that it contained a component between 

10 and 30 kDa molecular weight, which inhibited 

wound-induced pin1 and pin2 expression, suggesting 

that it may be a protein. This may represent a 

mechanism that the CPB has evolved to elude the 

plant‟s induced response to infestation. 

 Kant et al. (2004) analyzed events occurring 

during the first 5 days of infestation of tomato plants 

with Tetranychus urticae. Although the insect caused 

weak visible damage on leaves after a day, leaves have 

already induced direct defense responses. Proteinases 

inhibitory activity has doubled and the transcription of 

genes involved in the responses regulated by JA, ET 

and SA defense was activated. In the fourth day the 

proteinases inhibitor activity was maintained and 

particularly transcript levels of regulatory genes for 

SA. Also, there was activation of genes involved in 

phospholipids metabolism from day one and those 
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involved in secondary metabolism in the fourth day. 

Although there have been activated enzymes involved 

in phospholipidic metabolism even on the first day and 

those implicated in the secondary metabolism on the 

fourth day. Increased production of volatile substances 

coincided with increasing predator Phytoseiulus 

persimilis preference for infected plants, demonstrating 

the complementarity of indirect defense (production of 

volatile substances) with direct defense responses of 

tomato plants against pests. 

 Analyses performed in tomato (Lycopersicon 

esculentum, Mill, cv. Dhanashree) in relation to 

Helicoverpa armigera have revealed that flowers 

accumulated about 300 to 1000 times higher levels of 

trypsin inhibitor, compared with leaves and fruits 

respectively. The fact that under field conditions larvae 

of H. armigera infesting leaves and fruit, but not 

flowers can be attributed at least partially to the 

protective role played by high levels of flower tissue, 

with higher level of proteinases inhibitor. Proteinase 

inhibitors in tomato inhibited about 50-80% activity of 

H. armigera larvae on HGP in different hosts, 

including tomato. It has been shown that proteinase 

inhibitors in tomato have strong stability to insect 

proteinases and bioassays using H. armigera larvae 

feeding on artificial substrate containing proteinase 

inhibitors have highlighted the negative effect on 

growth of larvae, pupae, adult development and 

fertility (17). 

 Consales et al. (2011) analysed the 

Arabidopsis thaliana transcriptome as a response to 

wounding and insect oral secretions (OS) treatment, 

which contain elicitors that trigger plant immunity. The 

expression of several wound-inducible genes was 

suppressed after the application of OS from two 

lepidopteran herbivores, Pieris brassicae and 

Spodoptera littoralis. This inhibition was correlated 

with enhanced S. littoralis larval growth, pointing to an 

effective role of insect OS in suppressing plant 

defences. Two genes, an ERF/AP2 transcription factor 

and a proteinase inhibitor, were then studied in more 

detail. OS from two lepidopteran species suppress the 

induction of wound-responsive genes, by potentially 

inhibiting plant water-stress responses, and that this is 

correlated to an enhanced performance of feeding 

larvae. Authors noticed that these results are consistent 

with the notion that expression of plant defence may 

result from the antagonistic actions of inductive and 

suppressive signals, illustrating the long-lasting 

evolutionary arms race between plants and insects. 

 Fatty acid-amino acid conjugates (FACs) in 

the OS of the Manduca sexta larvae are necessary and 

sufficient to elicit the herbivory-specific responses in 

Nicotiana attenuata, an annual wild tobacco species   

(30). The analysis of the early changes in the 

transcriptome of N. attenuata after FAC elicitation 

using SuperSAGE/454 has identified regulatory genes 

involved in insect-specific mediated responses in 

plants. Moreover, it has provided a foundation for the 

identification of additional novel regulators associated 

with this process.  

 

Inducible defence and transgenic induced 

resistance 
 Like other biotic agents, there are also pest 

resistant genotypes. Chew (1988), cited by Hare and 

Elle (2002) noted that in the case of cruciferous, the 

natural selection can favor glucosinolates production 

when poorly adapted species dominated the herbivore 

community. Production of such compounds is favored 

when the herbivore community is dominated by 

"experts" who exploit glucosinolated or their 

breakdown products, for host recognition. 

 Characteristics that confer resistance to some 

herbivore species but susceptibility to others are said to 

be carriers of an "ecological cost" (98). At the 

perennial plant  Datura wrightii  Regel (Solanaceae) 

(dimorphic glandular trichomes on the leaves, in 

Southern California) has identified a potential 

ecological cost of glandular trichomes producing. 

Plants are producing mostly (> 90%) glandular 

trichomes appear rigid to the touch or they produce a 

similar proportion of non-glandular trichomes and 

seem like a velvet touch. The main difference between 

rigid and soft plants is the secretion of acyl glucose 

esters from rigid plant glandular trichomes (35). 

Glandular trichomes provide varying levels of defense 

against various members of the local herbivores 

community, but also eliminate or significantly reduce 

damage caused by Empoasca sp., Epitrix spp. and 

Trichobaris compacta, but not reduce insect damage 

caused by Lema daturaphila. Plants with glandular 

trichomes were clearly more susceptible to T. notatus.  

In fact, because the last two herbivores cause the most 

damage, plants with glandular trichomes suffer more 

damage than plants with non-glandular trichomes. 

Moreover, the plants unable to produce constitutive 

defense barriers and glandular hairs, filled with 

irritating oils or certain morphological structures such 

as thorns and prickly pear, herbivores attack is 

devastating, leading to tissue destruction. 

 In the same context, Traw and Bergelson 

(2003) have demonstrated that artificial damage on 

Arabidospsis and JA caused an increase in trichomes 

formation on leaves. Presence of the normal trichomes 

on mutant jar1- after the JA treatment suggested that 

was not necessary the JA adenilation. SA had a 

negative effect on trichomes production and marcantly 

reduced the JA effects, suggesting a negative "cross-

talk" between JA and SA pathways. Also GA and JA 

had a synergistic effect on trichomes production. 

 Li et al. (2004) described the phenotypic and 

molecular characterization of a sterile mutant of tomato 

(jasmonic acid–insensitive1
 
[jai1])   that is deficient in 

JA signaling. Although the mutant expressed reduced 

pollen viability, sterility was caused by faulty control 

of seed maturation, which was associated with a loss of 

accumulation of protein inhibitors of proteinases 
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regulated by JA in reproductive tissues. Jai1 plants 

showed some phenotypes that was compromised as 

resistance to spiders and showed abnormal 

development of glandular trichomes. These defects 

were caused by loss of function of a homologue in 

tomato CORONATINE-INSENSITIVE1 (COI1), 

required for JA alerts to Arabidopsis. It indicates that 

the JA/COI1 signal way regulates distinct 

developmental processes in plants and suggests 

different role is JA in promoting defense responses 

based on glandular trichomes. 

 Inducible defenses, which provide enhanced 

resistance after initial attack, are nearly universal in 

plants. Recently, Rasmann et al. (2012),  on tomato and 

Arabidopsis plants were challenged with caterpillar 

feeding, MeJA exposure, or mechanical damage. Next, 

progeny from control and elicited plants were grown in 

a common environment to identify inherited increases 

in herbivore resistance. All three treatments decreased 

the growth of Helicoverpa zea (corn earworm) on 

progeny of treated tomato plants by about 40% relative 

to controls. Both Arabidopsis and tomato plants that 

were subjected to herbivory are more resistant to 

subsequent attack in the next generation. In the case of 

Arabidopsis, this transgenerational resistance against 

chewing herbivores includes the priming of JA-related 

defense responses and requires siRNA biogenesis. As 

Frost et al. (2008) summarised, defense priming 

mediated by either internal or external wound signals 

may be a common and ecologically important 

phenomenon in plant-herbivore interactions, and  the 

costs associated with priming should be less than the 

costs of induced defenses. Morever, as Rasmann et al. 

(2012) sumarised, a combination of phytohormone 

signaling, small RNA-mediated gene silencing, and 

DNA methylation are involved in transgenerational 

induced resistance, so plants can pass signatures of 

attack to the next generation, thus rendering the 

progeny more resistant against insect and pathogen 

attack.  

 As reviewed by Moreira et al. (2012), 

exogenous application of methyl jasmonate (MJ) can 

induce chemical and anatomical changes that lead to a 

reduction in insect herbivore and disease incidence in 

herbaceous and woody plants, but attention to be done 

on its application mode, the used concentration, as far 

as possible, plant responses to MJ application should 

be MJ application can promote defensive responses 

quantitatively similar to those caused by insect 

herbivores.  Differential signal signatures, pathway 

cross-talk, attacker-mediated suppression of host 

defence signalling, and priming for enhanced defence 

are major molecular mechanisms by which the defence 

response of the plant is shaped. Unravelling the 

complexity of these mechanisms and their contribution 

to the plant‟s adaptive response to the often hostile 

environment is a major challenge for future research in 

the field of molecular plant microbe interactions (85). 

 Genetic engineering was a means to improve 

the characteristics of Populus, achieving significant 

results in terms of insect resistance, herbicide 

tolerance, accelerate flowering, phytoremediation of 

toxic compounds and modification of wood quality by 

manipulating lignin biosynthesis pathway (90). Pest as 

Hyphantria cunea, Clostera anastomosis şi Limantria 

dispar (lepidoptere) and Chrysomela scripta, 

Chrysomela tremulae (coleopteres) causes defoliation 

and low increases in Populus. Against these insects, 

some proteins and proteinases inhibitors, lectins and 

toxins from Bacillus crystalloids have insecticidal 

properties, with different modes of action. Therefore, 

transgenic plants containing genes that encode these 

macromolecules are protected against the target insect.

 Regarding the transgenic resistance to insects, 

the best well known and commercially used is the 

toxins expression from Bacillus thuringiensis (Bt) (27, 

38, 120), but there are other examples of proteins with 

insecticidal activity. 

 As ten yers ago Mello and Silva-Filho (2002) 

noticed, the better understanding of the plant-insect 

interaction process will allow us to achieve more 

effective methods for the biological control of insect 

pests, with natural products by the development of new 

plant varieties with enhanced chemical defenses. 

Transgenic plants expressing resistance to herbivorous 

insects may represent a safe and sustainable pest 

control alternative if they do not interfere with the 

natural enemies of target pests (10) as emphasised 

interactions between oryzacystatin I (OCI), a 

proteinase inhibitor from rice genetically engineered 

into potato (Solanum tuberosum cv. Kennebec, line 

K52) to increase resistance to insect herbivory, and the 

insect predator Perillus bioculatus.  

 Genetically modified crops are being 

developed to express multiple „stacked‟ traits for 

different types of transgenes, for example, herbicide 

resistance, insect resistance, crop quality and tolerance 

to environmental stresses. To examine the effects of 

combining transgenes, Londo et al. ( 2011) developed a 

stacked line of canola (Brassica napus L.) from a 

segregating F2 population that expresses both 

transgenic glyphosate resistance (CP4 EPSPS) and 

lepidopteran insect resistance (Cry1Ac). Fitness-

associated traits were evaluated between this stacked 

genotype and five other Brassica genotypes in 

constructed mesocosm plant communities exposed to 

insect herbivores (Plutella xylostella L.) or glyphosate-

drift. The obtained results demonstrate that the stacking 

of these transgenes in canola results in fitness costs and 

benefits that are dependent on the type and strength of 

selection pressure, and could also contribute to changes 

in plant communities through hitchhiking of unselected 

traits. 

 As Guo et al. (2012) recently noticed, aphids 

and other sap-sucking insects cause significant yield 

losses in agriculture globally by ingesting phloem sap 

and transmitting viruses, and damage may also be 
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caused by the plant‟s response to various elicitors 

injected by feeding aphids. Therefore, a better 

understanding of the physiological and genetic basis of 

plant–aphid interactions is of importance for effective 

control of aphids, as it was shown in the case of  

Medicago truncatula and Acyrthosiphon pisum (pea 

aphid, PA) as a study model.   Together with 

previously identified major resistant (R) genes, the 

QTLs identified in this study are powerful tools to 

understand fully the spectrum of plant defence against 

sap-sucking insects and provide opportunities for 

breeders to generate effective and sustainable strategies 

for aphid control. Also, Kuśnierczyk et al., (2011) 

emphasized that JA-regulated responses are important 

in defining susceptibility of a plant to infestation with 

aphids. As shown in this study, JA-derived compounds 

are powerful regulators of a range of defensive 

responses exhibited by plants attacked by aphids. 

 Yang si al. (2011) created F2 and F3 crop–

weed hybrid lineages of genetically engineered rice 

(Oryza sativa) using lines with two transgene 

constructs, cowpea trypsin inhibitor (CpTI) and a Bt 

transgene linked to CpTI (Bt/CpTI). Results from the 

F2 and F3 hybrid generations were generally consistent, 

demonstrating that the Bt/CpTI transgene can result in 

lower insect damage and greater seed production under 

natural field conditions, with no effects on survival. 

The CpTI transgene was also associated with reduced 

insect damage, but to a much smaller extent than 

Bt/CpTI, and it was not linked to increased fecundity or 

survival. In transgenic plants of maize, rice and potato, 

but not on cotton and tobacco, interestingly, the 

exudates in soil were larvicide protein encoded by cry 

genes from Bacillus thuringiensis. Substances released 

by maize and rice were toxic to tobacco worm 

(Manduca sexta) and exudates of potato for Colorado 

beetle larva (Leptinotarsa decemlineata). Toxins have 

been shown to persist in the soil, due to their binding to 

the surface of active particles, such as glues minerals, 

humic substances, which reduced their biodegradation. 

However, release of toxins into the soil could increase 

control of target insect pests, while that may constitute 

a hazard to non-target organisms and / or the selection 

of toxin-resistant target insects (94). 

 Nambeesan et al. (2012) were developed  

transgenic tomato (Solanum lycopersicum) lines 

overexpressing yeast spermidine synthase (ySpdSyn), 

an enzyme involved in polyamine (PA) biosynthesis. 

As results, these transgenic lines accumulate higher 

levels of spermidine (Spd) than the wild-type plants 

and their responses to some larvae of the chewing 

insect tobacco hornworm (Manduca sexta) were 

examined. The Spd-accumulating transgenic tomato 

lines response to  M. sexta was similar to the wild-type 

plants. Exogenous application of ethylene precursors, 

S-adenosyl- Met and 1-aminocyclopropane-1-

carboxylic acid, or PA biosynthesis inhibitors reversed 

the response of the transgenic plants to B. cinerea. The 

increased susceptibility of the ySpdSyn transgenic 

tomato to B. cinerea was associated with down-

regulation of gene transcripts involved in ET 

biosynthesis and signalling. These data suggest that 

PA-mediated susceptibility to B. cinerea is linked to 

interference with the functions of ET in plant defense. 

 Cloning and molecular mapping have 

identified the Mi-1.2 and Vat arthropod resistance 

genes as CC-NBS-LRR (coiled coil–nucleotide binding 

site–leucine rich repeat) subfamily NBS-LRR 

resistance proteins, as well as several resistance gene 

analogs. Genetic linkage mapping has identified more 

than 100 plant resistance gene loci and linked 

molecular markers used in cultivar development. Rice 

and sorghum arthropod-resistant cultivars and, to a 

lesser extent, raspberry and wheat cultivars are 

components of integrated pest management (IPM) 

programs in Asia, Australia, Europe, and North 

America. Plant and arthropod genomics provide many 

opportunities to more efficiently develop arthropod-

resistant plants, but integration of resistant cultivars 

into IPM programs will succeed only through 

interdisciplinary collaboration (100). 

 Limonene represents up to 97% of the total 

volatiles in orange (Citrus sinensis) fruit peel. By 

down-regulation of the expression of a limonene 

synthase gene in orange plants by introducing an 

antisense construct of this gene, Rodrigues et al. (2011) 

demonstrated a marked resistance of transgenic fruits 

on the fungus Penicillium digitatum, on the bacterium 

Xanthomonas citri subsp. Citri. Moreover, males of the 

citrus pest medfly (Ceratitis capitata) were less 

attracted to low limonene-expressing fruits than to 

control fruits. So, limonene accumulation in the peel of 

citrus fruit appears to be involved in the successful 

trophic interaction between fruits, insects, and 

microorganisms. Terpene down-regulation might be a 

strategy to generate broad-spectrum resistance against 

pests and pathogens in fleshy fruits from economically 

important crops.  

 

Conclusions 

 
 In natural ecosystems there is a complex and 

continuous interaction between plants and insects. 

Usualy all these organisms have evolved a balance co- 

existense or biological equilibrum at the natural 

habitats (108).  Generally, living organisms that grown 

from all aboveground and belowground plant parts, 

either plants or animals permanently are exposed to 

physiologically interaction, both in the case of the 

normal live conditions and in the case of biotic and 

abiotic stress factor s impact. Methods of community 

phylogenetic analysis, complex networks, spatial and 

among-host diversity partitioning, and metacommunity 

models represent promising approaches for future work 

(57). 

 As it was pointed out about ten years ago, 

after a meeting on signalling in plants (45) that some 

positive cross-talk between breeders, molecular 
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biologists and ecologists should allow us to realise the 

potential for managing the resistance of plants to 

multiple anomies is also valuable nowadays. In the 

future, by combining laboratory and controlled field 

experiments, we may finally make sense of crosstalk 

during plant immune responses (101). Differential 

signal signatures, pathway cross-talk, attacker-

mediated suppression of host defence signalling, and 

priming for enhanced defence are major molecular 

mechanisms by which the defence response of the plant 

is shaped (85). 

 Ten years ago, Groot and Dicke (2002) 

concluded that in plant breeding programmes, natural 

enemies of herbivores have largely been ignored, 

although there were many examples that showed that 

plant breeding affects the effectiveness of biological 

control. Sustainable pest management will only be 

possible when negative effects on non-target, 

beneficial arthropods are minimized.  

 Because plant defence mechanisms evolved 

during the co evolutionary arms race between plants 

and their natural enemies and come with costs in 

addition to benefits, insights into their biological 

significance should ideally come from ecological 

studies. Therefore, to understand the functioning of the 

complex defence signalling network in nature, 

molecular biologists and ecologists should join forces 

to place molecular mechanisms of induced plant 

defences in an ecological perspective (53). 

 To ensure resistance durability there were 

developed potentially useful new strategies to ensure 

longevity of the second and third generation of insect 

resistant plants (22). Association mapping (that 

involves the screening of large numbers of plant lines, 

specific and accurate high-throughput phenotyping 

(HTP) methods is rapidly becoming an important 

method to explore the genetic architecture of complex 

traits in plants and offers unique opportunities for 

studying resistance to insect herbivores (51). Results 

regarding ddifferential protein expression in maize 

following infestation with both a chewing (Spodoptera 

littoralis) and a boring insect (Busseola fusca) attack 

are considered  with a long term view for developing 

directed strategies for breeding maize for resistance to 

these devastating insect pests (28). Next-generation 

sequencing technologies and the development of 

additional plant and insect model species will facilitate 

further research on the production of non-protein 

amino acids, a widespread but relatively uninvestigated 

plant defense mechanism (43).  

 Taking into consideration that several insect 

genomes are being sequenced, including herbivores 

and their natural enemies, we may soon see tools being 

developed to address functional ecological questions at 

the insect side of plant-insect interactions. A major 

challenge for current biology is to integrate research 

approaches that address different levels of biological 

organization, from sub cellular mechanisms to 

functions in ecological communities (123).  

 Biological control is an important component 

of durable crop protection strategies, and therefore 

negative effects of (transgenic) insect resistance on 

carnivorous arthropods should be avoided.  Enemies 

emigrate to sites with higher prey densities. To make a 

true contribution to durable crop protection through 

transgenic plants, it is essential to take food web 

consequences into account. Therefore, studies on the 

multi-trophic aspects of transgenic insect-resistant 

crops are badly needed (32). Also, in accord with 

Cipollini and Heil (2010), further progress in our 

understanding of induced resistance will benefit from 

an increased synthesis of the literature from both 

agronomic and ecological perspectives.  
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