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Abstract
Plants have evolved according to their environmental conditions and continuously interact with different biological entities. 
These interactions induce many positive and negative effects on plant metabolism. Many viruses also associate with various 
plant species and alter their metabolism. Further, virus–plant interaction also alters the expression of many plant hormones. 
To overcome the biotic stress imposed by the virus’s infestation, plants produce different kinds of secondary metabolites that 
play a significant role in plant defense against the viral infection. In this review, we briefly highlight the mechanism of virus 
infection, their influence on the plant secondary metabolites and phytohormone biosynthesis in response to the virus–plant 
interactions.
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Introduction

Plants have tremendously evolved owing to their sporadic-
ity in continuum with the climatic conditions, where they 
are subjective to diverse and complex interactions involving 
multitudinous biotic and abiotic stress factors. Plant viruses 
are obligate and biotrophic pathogens, which are responsi-
ble for severe diseases in plants, resulting in major losses 
in many important crops. The development of symptoms is 
likely to be the result of a complex interplay between plant 
and virus in the context of cellular homeostasis. The viral 
infection affects the physiological and biochemical processes 
within the plant. These alterations often lead to the appear-
ance of symptoms such as stunting, mottling or wrinkling of 
leaves, wilting, chlorotic or necrotic lesions, abscission of 
leaves and fruits, and the development of abnormal growth 
forms such as galls (enations) and phyllody.

During evolution, plants have developed some special 
mechanisms allowing them to live in stressful conditions, 
including a plethora of parasite infestation. These stresses 
are intensely complex which induce changes at the cellu-
lar, physiological, and genome levels, but to overcome this 
situation, the accumulation of secondary metabolites plays 
a major role (Atkinson and Urwin 2012; Srivastava et al. 
2018). The secondary metabolites are small organic com-
pounds present in their natural forms in plants. They are 
associated to develop the essential biological roles during 
biotic and abiotic stress, facilitating the defense signal-
ling in plants. Besides secondary metabolites, viruses also 
impact significantly on the hormone biosynthesis pathways 
in plants. Plant hormones are small organic molecules and 
involved in growth, differentiation, defense, and cellular sig-
nalling. They are divided into nine major categories accord-
ing to their function such as auxin, abscisic acid (ABA), 
brassinosteroids (BR), cytokinins (CK), gibberellin (GA), 
ethylene (ET), jasmonic acid (JA), salicylic acid (SA), and 
strigolactones (SL). The defense mechanism in plants is pri-
marily regulated by hormones, i.e. ET, JA, and SA, which 
are also referred to as plant immunity hormones. Besides, 
the hormones ABA, GAs, auxins, CKs, BR, and Nitric oxide 
are also emerged as modulators of the plant immune signal-
ling pathways (Pieterse et al. 2012). Hormonal cross-talk 
during viral pathogenesis in plants improves the defense 
mechanism and provides resistance; however, many plant 
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viruses overcome this resistance and alter the hormone sig-
nalling (Jameson and Clarke 2002; Srivastava et al. 2014). 
This review will highlight the effects of virus–plant inter-
action on secondary metabolites production and phyto-
hormones regulation. Through recent findings, the impact 
of virus infection has been elaborated on plant hormones 
and secondary metabolites production, which could be an 
essential improvement and function as a strategy to develop 
plants possessing an enhanced physiological response and 
medicinal utility.

Mechanism of viral pathogenesis in plants

The virus constantly infects the plants by escaping the 
defense mechanism of the host to complete their replica-
tion. The mechanism of virus pathogenesis and interaction 
in plants are reviewed recently by many researchers (Culver 
and Padmanabhan 2007; Calil and Fontes 2017; Wu et al. 
2019; Islam et al. 2019; Hyodo and Okuno 2020). Previ-
ously, Culver and Padmanabhan 2007 suggest two models 
to enlighten virus-induced symptom and disease develop-
ment. First, in a competitive disease model, viruses compete 
with the host plants for the available genetic and metabolic 
resources. This model demonstrates the plant–virus replica-
tion within the host and restricted host metabolic resources, 
which affect plant growth and development. Further, the 
continuous replication of viral particles disrupts the host 
processes and develops the symptoms of the disease by 
the interaction of virus and host constituents. The viruses 
control host transcription and translation processes for their 
resource utilization. The synthesis of viruses required a sub-
stantial amount of host resources, which is possible by the 
action of the shutdown of host genes (Thivierge et al. 2005). 
The competitive disease model also suggests the appearance 
of disease symptoms upon viral infection is not the issue of 
competition for host resources. However, the replication of 
viruses in hosts increasing rapidly and then fall, often within 
an hour which reveals the transient nature of host resources 
competition in viruses (Culver and Padmanabhan 2007). The 
other interaction disease mode presents a substitute descrip-
tion of the specific virus and host components. Albeit, it is 
more complex than simple resource competition, specific 
virus–host interactions induce disease, which deciphers the 
variations in the severity of the disease observed when dif-
ferentiating the similar viruses on the same host or the same 
virus on different hosts. It is very well known that induction 
of disease relies on specific virus–host interaction (Culver 
and Padmanabhan 2007).

Plant viruses have expanded versatile approaches to 
destroy and exploit host defenses to confirm their effective 
infection. One emerging theme is that plant virus that not 
only avoids plant defense mechanisms but also integrates 

a host defense factor, which is typically involved in plant 
defense against pathogen infestation into a viral protein com-
plex and thereby become a part of viral pathogenesis. For 
example, mutation strategy as a master plan for escaping 
host antiviral mechanisms, host innate immunity inhibition, 
suppression, and utilization of host RNA silencing, destabi-
lize host autophagy-mediated and ubiquitination-mediated 
antiviral machinery (Machado et al. 2015; Vierstra 2009; 
Nicaise and Candresse 2017; Wu et al. 2010, 2019; Diaz-
Pendon et al. 2007; Islam et al. 2019).

Plant secondary metabolites: insights 
and their biosynthetic pathways

Plants produce a large and diverse array of organic com-
pounds known as secondary metabolites in response to path-
ogen attacks and environmental stress. Secondary metabo-
lites have no direct functions in the growth and reproduction 
of plants even though they play an imperative role in the 
development of defense mechanisms against biotic and 
abiotic stresses (Dixit et al. 2020; Srivastava et al. 2018; 
Pandey et al. 2016). Further, a higher concentration of sec-
ondary metabolites also increases the resistance in plants, 
but sometimes it may produce an adverse effect by reduc-
ing the growth and reproduction in plants (Siemens et al. 
2002). Plant secondary metabolites are majorly classified 
into three groups: terpenes/terpenoids, phenolic compounds 
(such as flavonoids and allied phenolic and polyphenolic 
compounds), and nitrogen-containing and sulfur-containing 
compounds (such as alkaloids and glucosinolates). Their 
classification is based on the chemical composition (con-
taining nitrogen or sulphur or not), chemical structure (e.g., 
having rings, containing a sugar), the biosynthetic pathway 
(e.g., phenylpropanoid, which produces tannins) or their 
solubility (Kabera et al. 2014).

In the biosynthesis of plant secondary metabolites, the 
sequence of reactions involves through which the primary 
metabolites convert into the final molecule by the cell. The 
glycolysis of the carbohydrate and citric acid cycles pro-
vides energy for biosynthetic reactions. A high energy mol-
ecule, such as ATP, is formed by the oxidation of the glu-
cose, fatty acid, and amino acids (catabolism of the primary 
compounds) (Lancini and Lorenzetti 1993). The secondary 
metabolite’s biosynthetic pathways initiate from different 
precursors of primary metabolism (Fig. 1a). These precur-
sors are resulting from various primary metabolism path-
ways comprising carbohydrates (sugars), proteins (amino 
acids), and lipids (fatty acid). These precursors are used as 
a substrate by the enzyme, which could be involved in a 
particular biosynthetic pathway and convert precursor into 
the product for the next step. This product may be an inter-
mediate molecule in that biosynthetic pathway and utilized 
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as a precursor for an enzyme’s next step. On the other hand, 
it could be the last product of the biosynthetic reaction path-
way (Fig. 1) (Gutzeit and Ludwig-M 2014).

Interestingly, similar precursors can be utilized in a par-
ticular group of compounds and an array of diverse com-
pounds for the metabolites’ biosynthesis. Accumulating 
evidences suggest that the primary metabolism products are 
synthesized from various processes, including the glycoly-
sis, the TCA (tricarboxylic acid) cycle, amino acids, pen-
tose phosphate or the shikimate signalling pathways. These 
commonly act as precursors for the secondary metabolites 
synthesis (Gutzeit and Ludwig-M 2014; Kabera et al. 2014; 
Ncube and Van Staden 2015; Pott et  al. 2019). Acetyl-
CoA plays a key role in the formation of several secondary 
metabolites biosynthesis formed from glycolysis and fatty 
acid oxidation. Additionally, the acetyl-CoA is used for the 
synthesis of organic acids (secondary metabolites precur-
sors) in the TCA cycle. the acetyl-CoA is also participated in 
different secondary metabolites such as terpenes and flavo-
noids synthesis (Gutzeit and Ludwig-M 2014; Kabera et al. 
2014). The chief source of aromatic secondary metabolites 
(phenols, flavonoids, and some alkaloids) is aromatic amino 
acids. Shikimic acid plays an intermediate role in the metab-
olism of amino acid and acts as a precursor for aromatic 

secondary metabolites synthesis (Gutzeit and Ludwig-M 
2014; Kabera et al. 2014).

Influence of virus infection on plant 
secondary metabolites production

Many plant viruses have a very broad host range. For 
instance, Tobacco mosaic virus (TMV) infects many plant 
species including tobacco, tomato, and other solanaceous 
crops; Cucumber mosaic virus (CMV) is capable of infecting 
over 1000 plant species, Citrus tristeza virus affects several 
citrus species, Tomato yellow leaf curl virus infects tomato 
and other crops in many countries, and Rice tungro virus 
causes a problem for rice production globally (Hamidun 
et al. 2014; Loebenstein et al. 1995; Scholthof 2004). Dif-
ferent biotic and abiotic elicitors regulate the production of 
the secondary metabolites in plants that have been reported. 
However, fewer studies are available on the influence of the 
viral infections on plant secondary metabolites. Interest-
ingly, these accumulating studies suggest that plant viruses 
control the accumulation of various secondary metabolites 
at the industry level (Table 1).
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Fig. 1  Biosynthetic pathways for secondary metabolites production. 
a An outline for the formation of secondary metabolite production 
from the conversion of precursor (substrate) into the product by bio-
synthetic enzymes. b Biosynthetic pathways and precursors form the 
major classes of secondary metabolites. Deriving pathways from pri-

mary metabolites amino acids, carbohydrates, and lipids (adapted and 
modified from Ferdes 2018). Shikimic acid is an intermediate for the 
amino acid metabolism. Additionally, acetyl-CoA is involved in the 
synthesis of terpenes, flavonoids, and organic acids which form a dis-
tinct class of metabolites
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The virus infection to Arabidopsis thaliana induces cama-
lexin formation, which plays a significant role in response to 
pathogen attack (Callaway et al. 1996; Dempsey et al. 1997). 
In Cauliflower mosaic virus (CaMV)-inoculated Arabidop-
sis ecotype Enkheim-2 seeding, level in camalexin accu-
mulation increases after fourteen days of infection, but it 
is even not detected in Arabidopsis ecotype Col-0 seedling 
(Callaway et al. 1996). Infection with Turnip crinkle virus 
to Arabidopsis thaliana leaves induce 20-folds camalexin 
accumulation on the second day of infection (Dempsey 
et al. 1997). The antioxidants present in the Hop (Humu-
lus lupulus L.) are significantly important for the brewing 
industry. Two calraviruses (Hop mosaic virus—HpMV and 
Hop latent virus—HpLV) and two serotypes of the ilavi-
rus (Prunus necrotic ringspot virus—apple PNRSV-A and 
intermediate, PNRSV-I) affect on the contents of brew-
ing essential Hop secondary metabolites α- and β-bitter 
acids, polyphenols, and essential oils production (Jelínek 
et al. 2012; Pethybridge et al. 2002). Another virus that is 
a threat to the wine industry is Grapevine red blotch-asso-
ciated virus (GRBaV), which is a single-stranded circular 
DNA virus. GRBaV infections suppress the biosynthesis of 
the phenylpropanoid pathway and their derivatives in Vitis 
vinifera. GRBaV infection reduced the flavonoid and antho-
cyanin (malvidin-3-O-glucoside, petunidin-3-O-glucoside, 
delphinidin-3-O-glucoside, pelargodin-3-O-glucoside, and 
cyanidin-3-O-glucoside) biosynthesis (Blanco-Ulate et al. 

2017). Another RNA virus Grapevine Leaf roll-associated 
virus 3 (GLRaV-3) enhances the production of flavonols 
(myricetin, kaempferol, and quercetin derivatives) and 
hydroxycinnamic acids (include derivatives of caffeic acid) 
in Vitis vinifera white cultivar Malvasía de Banyalbufar 
(Montero et al. 2016). Scopoletin and its glucoside sco-
polin are important secondary metabolites synthesized in 
plants as a defense mechanism against various environmen-
tal stresses. The transgenic tobacco containing the tobacco 
togt (tobacco salicylic acid—and pathogen-inducible UDP-
Glc:glucosyltransferases) gene in antisense expression 
revealed that the reduction of scopoletin and the glucoside 
scopolin levels to infection with TMV, which has been asso-
ciated with a decrease of resistance to TMV infection show-
ing an indication of the antimicrobial function (Chong et al. 
2002). It is also reported that scopoletin levels increased in 
high amounts until day 5 due to TMV infection in tobacco 
leaves (Costet et al. 2002).

Opium poppy (Papaver somniferum) is an important 
medicinal plant as the source of several pharmacologi-
cally secondary metabolites. RNA virus Poppy mosaic 
virus (PMV-P) consistently infected the poppy plants and 
thereby regulated the secondary metabolites according to the 
genotype-dependent (Zaim et al. 2014a, b). Due to PMV-P 
infection, five alkaloids such as papaverine, thebaine, nar-
cotine, codeine, and morphine are accumulated in poppy 
genotype IM, except of thebaine levels which decreased in 

Table 1  Effects of the plant–virus interaction on the secondary metabolites

Virus Host Secondary metabolites/metabolism References

Cucumber mosaic virus Passiflora edulis Polyphenols and flavonoids Lan et al. (2020)
Grapevine Leaf roll associated virus 3 Vitis vinifera Flavonols (myricetin, kaempferol and 

quercetin derivatives) and hydroxy-
cinnamic acids (which include 
derivatives of caffeic acid)

Montero et al. (2016)

Grapevine red blotch-associated virus Vitis vinifera Flavonoid and anthocyanin biosynthe-
siss (malvidin-3-O-glucoside, petuni-
din-3-O-glucoside, delphinidin-3-O-
glucoside, pelargodin-3-O-glucoside, 
and cyanidin-3-O-glucoside)

Phenylpropanoid metabolism
Isoflavonoid metabolism

Blanco-Ulate et al. (2017)

Hop mosaic virus,
Hop latent virus

Humulus lupulus α- and β-bitter acids, polyphenols, 
essential oils

Pethybridge et al. (2002); Jelínek et al. 
(2012)

Poppy mosaic virus Papaver somniferum 
var. Sampada

Alkaloids-papaverine, narcotine, 
codeine, morphine, thebaine

Zaim et al. (2014a, b)

Prunus necrotic ringspot virus—
PNRSV-A and PNRSV-I

Humulus lupulus α- and β-bitter acids, polyphenols, 
essential oils

Pethybridge et al. (2002); Jelínek et al. 
(2012)

Saffron latent virus Saffron Crocetin, esters, picrocrocin, safranal, 
and kaempferols

Parizad et al. (2019)

Telosma mosaic virus Passiflora edulis Phenols Chen et al. (2018)
Tobacco mosaic virus Tobacco Scopoletin and its glucoside scopolin Chong et al. (2002); Costet et al. (2002)
Turnip crinkle virus, Cauliflower 

mosaic virus
Arabidopsis thaliana Camalexin Callaway et al. (1996); Dempsey et al. 

(1997)
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P. somniferum var Sampada (Opium poppy). However, the 
short duration of the PMV-P infection causes the improve-
ment in the production of five alkaloids including thebaine in 
P. somniferum var. Shweta (Zaim et al. 2014a, b). The recent 
reports suggest that some virus infection modulates the lev-
els of secondary metabolites in Passiflora edulis, which has 
high medicinal properties for various human health diseases 
(Lan et al. 2020; Chen et al. 2018). CMV-infected P. edulis 
fruits and leaves also show improvement of the total poly-
phenol (26–28%) and flavonoids (48–58%) content (Lan 
et al. 2020). A potyvirus Telosma mosaic virus infection 
cause a significantly increased in total phenol contents of 
P. edulis fruits, which gives resistance against viral infec-
tions (Chen et al. 2018). Another recent study on the saf-
fron (Crocus sativus) affects the accumulation of secondary 
metabolites due to virus infection (Parizad et al. 2019). Saf-
fron latent virus distinctly affects the spice quality of saffron 
by altering concentration and proportions of the crocetin, 
esters, picrocrocin, safranal, and kaempferols (Parizad et al. 
2019). Altogether, these studies suggest that it is significant 
to comprehend several viruses pathogenesis in the modifica-
tion of secondary metabolites in plants.

Virus–phytohormone interaction in plants

Plants have developed specified recognition and signalling 
systems for the rapid recognition of phytopathogen inva-
sion and initiation of defense responses. The contact of the 
plant with pathogens or elicitors leads to the activation of 
metabolic fluxes, proteins phosphorylation/dephosphoryla-
tion and the production of other signalling molecules. This 
activation promotes hormone signalling, regulation of the 
defense-responsive genes, strengthening of the cell wall, 
phytoalexins accumulation and several other physiological 
and molecular processes. Phytohormones display several 
different roles in plant development and growth, and are 
progressively being acknowledged for their application in 
plant–virus interactions. The viruses affect the phytohor-
mones level depending on the combination of virus–host 
interaction. Virus infection could be spread systemically 
in some hosts, including vegetable crops, medicinal plants, 
ornamentals, weeds, etc. while some virus movement is 
restricted to phloem in some plants such as Barley yellow 
dwarf virus in Barley. The large diversification in virus 
forms, replication and pathogenic consequences reveal 
diverse effects in the hormone metabolism of the different 
host plants. Furthermore, the virus interaction with plant 
changes the hormone concentration and it is difficult to 
measure the level of hormone concentration at this stage. 
Therefore, the immunlogical techniques [enzyme-linked 
immunosorbent assay (ELISA) and radioimmunoassay 
(RIA)] based on antigen–antibody (Ab–Ag) reactions 

merged with purification techniques such as high-profile 
liquid chromatography (HPLC) and mass spectrometry 
(MS) used to measure the level of hormones, which have 
enhanced the value of investigations to identify the role and 
function of plant hormones affected during the plant–virus 
interaction (Jameson and Clarke 2002; Sakamoto et  al. 
2018). Understanding the link between the phytohormones 
and the compounds involved in the induction of defense-
related pathways is very imperative for the description of 
hormone–virus interactions. However, the hormone signal-
ling in plants during viral pathogenesis gives more robust 
defense responses.

Impact of viral infection on phytohormone 
biosynthesis

Understanding the molecular mechanisms of phytohormone 
biosynthesis–virus associations can facilitate new insights 
into virus tolerance or resistance, and can result in the 
improvement of novel approaches for breeding of tolerant/
resistant varieties (Fig. 2). The viral infection has continu-
ously manipulated phytohormonal regulation that results 
in modifications of the plant growth and development. 
Therefore, to understand the regulation of phytohormones 
during viral infections, it is important to enlighten the role 
of virus–hormone interaction in plants. Viruses can even 
manipulate plant hormone biosynthesis to deactivate defense 
or development signalling and reprogram the cellular con-
ditions to improve their replication process and spread the 
infection.

Influence of virus–plant interaction 
on phytohormones

Abscisic acid

Abscisic acid (ABA) is a major plant hormone that has a 
remarkable impact on the plant’s ability to endure biotic 
and abiotic stresses (Table 2). The virus infection prompts 
the ABA synthesis, which impedes the defense mechanism 
by disturbing other defensive hormonal pathways including 
SA, JA, or ET synthesis (Alazem and Lin 2017). Earlier 
reports indicate an alteration in the level of ABA increased 
in tobacco and banana plants infected by TMV and Banana 
bunchy top virus, respectively (Rajagopal 1977; Zhang 
et al. 1997). In some studies, accumulation of ABA level in 
virus-infected plants represents the compatible interactions 
in a host such as CMV in N. benthamiana, Bamboo mosaic 
virus (BaMV) in A. thaliana and N. benthamiana and TMV 
in N. tabacum (Alazem and Lin 2017; Alazem et al. 2014, 
2017). Interestingly, few RNA viruses have been involved 
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in drought tolerance in plants i.e., CMV, TMV, Lily symp-
tomless virus and Tobacco rattle virus-infected host plants, 
including Nicotiana tabacum, Beta vulgaris, Lilium species 
and Oryza sativa. This induction of drought tolerance by 
viral infection also increases the concentration of osmopro-
tectants and antioxidants which increases the ABA content 
in plants (Chinestra et al. 2010; Xu et al. 2008). The expres-
sion of ABA biosynthetic and signalling genes (biosynthetic 
genes, OsNCED3 and OsABA8ox; ABA receptors, OsPYL1 
and OsPYL5; ABA pathway negative modulators, OsABIL1 
and OsABIL2) is reduced in Rice black‐streaked dwarf virus 
(RBSDV) infected rice plants, suggesting ABA pathway was 
significantly down‐regulated in response to viral infection 
and helped rice susceptibility to the virus infection (Xie 
et al. 2018). Furthermore, some reports enlightened the 
predominantly positive effects upon viral infection on ABA 
contents viz. Mal de Rio cuarto virus (MRCV) infection in 
wheat (Triticum aestivum) (de Haro et al. 2019), inoculation 
of Plum pox virus (PPV) on peach (Dehkordi et al. 2018), 
and BaMV infection in model plants N. benthamiana and 
Arabidopsis (Alazem et al. 2014, 2017). Several genes from 
ABA biosynthesis and signaling are stimulated promptly 
against Soybean mosaic virus (SMV) avirulent strain G5H 
in soybean cultivar L29 (Alazem et al. 2018). In the context 
of these studies, an additional report described the role of 
the ABA pathway in the development of resistance against 
BaMV via regulation of Argonaute (AGO), dicer like (DCL) 
proteins, and RNA-dependent RNA polymerase (RDR) 
genes in the antiviral RNA-silencing pathway (Alazem et al. 
2019).

Even though the several functions of ABA in response to 
bacterial or fungal pathogens infestation have been compre-
hensively studied, the interaction between ABA and plant 
viruses is less well understood and the only reported studies 

have shown that ABA enhances resistance. During virus 
infection, ABA increased callose deposition and thereby, 
limited virus movement (Rezzonico et al. 1998). Callose 
deposition at plasmodesmata and the RNA silencing path-
way are thought to be the main ABA-dependent antiviral 
mechanisms (Alazem and Lin 2017).

Cytokinins

The cytokinins (CKs) have significantly influenced agri-
culturally important processes including growth, nutrients 
responses, and response against biotic and abiotic stresses. 
Besides, CK has been involved in the cross-talk with other 
plant hormones to enhance the immunity of plants during 
viral pathogenesis. Thus, CKs play an essential and diverse 
role in the growth and development of plants by enhance-
ment of resistance against the plant pathogenic viruses. 
Several reports have enlightened the effect of CKs in the 
development of resistance in plants against viral pathogens 
(Table 1). However, it is also revealed that the virus infec-
tions cause changes in the endogenous level of CK in the 
plants (Kieber and Schaller 2018; Alazem and Lin 2015; 
Jameson and Clarke 2002).

Accumulating reports suggest that virus infections sig-
nificantly affect and modify the activity and quantity of 
the CK level, which could be either reduced or increased, 
subject to the virus infection. Tobacco ringspot virus 
declines the CK level (decline Zeatin and/or Zeatin Ribo-
side) in the cowpea root exudates and tissue and tobacco 
leaves (Kuriger and Agrios 1977; Tavantzis et al. 1979). 
Thompson et al. 1983 suggests that Tomato spotted wilt 
virus infection results in a decline in the cytokinin level 
(Zeatin and/or Zeatin Riboside), which affect the water 
content of aerial parts of plants (Thompson et al. 1983; 

Fig. 2  Influence on phytohormone due to the plant–virus interaction. Virus infections modulate the plant hormone levels result in various mech-
anism of the plant defense strategies
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Table 2  Effects of the plant–virus interaction on the phytohormone biosynthesis

Virus Host Phytohormone References

Bamboo mosaic virus Arabidopsis thaliana
Nicotiana benthamiana

Abscisic acid Alazem et al. (2014); Alazem and 
Lin (2017)

Banana bunchy top virus Banana Gibberellic acid
Abscisic acid
Isopentenyladenine group con-

tents

Zhang et al. (1997a )

Barley yellow dwarf virus Barley Gibberellin Russell and Kimmins (1971)
Bean golden mosaic virus Phaseolus vulgaris Cytokinin Fazio (1981)
Begomoviruses (cabbage leaf curl 

virus and Tomato golden mosaic 
virus), Curtoviruses (spinach 
curly top virus) and Potexviruses 
(white clover mosaic potexvirus)

Arabidopsis thaliana Cytokinin-responsive genes Baliji et al. (2010)

Cauliflower mosaic virus Arabidopsis thaliana Ethylene Geri et al. (2004)
Crucifer-infecting tobacco mosaic 

virus
Arabidopsis thaliana Salicylic acid Islam et al. (2019)

Cucumber mosaic virus Nicotiana benthamiana Abscisic acid Alazem et al. (2014); Alazem and 
Lin (2017)

Cucumber mosaic virus Cucumber Gibberellin Clarke et al. (1999, 2002)
Cucumber mosaic virus Nicotiana tabacum Ethylene Chaudhry et al. (1998)
Curly top virus Tomato Auxin transportation Clarke et al. (2002)
Mal de Rio Cuarto virus Maize Auxin Abdala et al. (1999)
Mal de Rio Cuarto virus Oryza sativa Auxin de Haro et al. (2019)
Plum pox virus Peach Gibberellin

Abscisic acid
Salicylic acid
Jasmonic acid

Dehkordi et al. (2018)

Potato leaf-roll virus Solanum tuberosum Auxin Clarke et al. (1999, 2002)
Potato virus M Solanum tuberosum Jasmonates Clarke et al. (2002); Ravnikar et al. 

(1990)
Potato virus Y Solanum tuberosum Cytokinin-9–glucosylation Dermastia et al. (1995)
Potato virus Y Solanum tuberosum Jasmonates Petrovič et al. (1997)
Potato virus Y Solanum tuberosum Salicylic acid Baebler et al. (2014)
Potyvirus Solanum tuberosum Auxin synthesis Muletarova et al. (1995)
Rice black streaked dwarf virus Oryza sativa Auxin signalling pathway

Aux/IAA
Zhang et al. (2019)

Rice black streaked dwarf virus Oryza sativa Brassinosteroid He et al. (2017)
Rice dwarf virus Oryza sativa Auxin signalling Jin et al. (2016)
Rice dwarf virus Oryza sativa Ethylene

Gibberellin
Zhao et al. (2017); Zhu et al. (2005)

Rice tungro virus Oryza sativa Gibberellin
Cytokinin

Sridhar et al. (1978)

Tobacco Mosaic virus Nicotiana tabacum var. Mammoth Indole-3-acetic
Phenylacetic
Abscisic acid

Rajagopal (1977)

Tobacco mosaic virus Nicotiana tabacum
Xanthi tobacco

Abscisic acid
Cytokinin

Alazem et al. (2014); Alazem and 
Lin (2017); Balázs et al. (1977)

Tobacco mosaic virus Tomato Aux/IAA Padmanabhan et al. (2008)
Tobacco mosaic virus Nicotiana tabacum Ethylene Siefert et al. (1995)
Tobacco mosaic virus Nicotiana tabacum

Nicotiana benthamiana
Salicylic acid War et al. (2011); Diao et al. (2019)

Tobacco mosaic virus Nicotiana tabacum Brassinolide Nakashita et al. (2003)
Tobacco necrosis virus Chenopodium amaranticolor Cytokinin Faccioli et al. (1984)
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Jameson and Clarke 2002). Arabidopsis thaliana seedlings 
infected with CMV show change in root growth patterns, 
which are accompanied by a decrease in the cytokinin lev-
els (trans-zeatin riboside and dihydrozeatin riboside), as 
a likely result of the regulation of genes involved in cyto-
kinin biosynthesis (AtIPT, isopentenyl transferases gene) 
and cytokinin degradation (AtCKX, cytokinin oxidase 
gene) (Vitti et al. 2013). Potato leafroll virus (PLRV) and 
Potato virus Y (PVY) infections lead in the reduction to 
endogenous content of  CK level (ZR) in potato. Further-
more, viruses like Tungro virus infecting susceptible rice 
and Bean golden mosaic virus-infected beans increase the 
cytokinin-like activity (Fazio 1981; Sridhar et al. 1978). 
But in Chenopodium amaranticolor, both systemically 
resistant leaves and Tobacco necrosis virus-infected leaves 
showed an escalation in the cytokinin-like activity (Zeatin 
and/or Zeatin Riboside, and isopentenyladenine/isopen-
tenyladenosine) (Faccioli et al. 1984). The pathogenicity 
proteins (AL2/C2) of begomoviruses and curtoviruses 
have inhibited the action of adenosine kinase (ADK) that 
affects the expression of primary cytokinin-responsive 
genes in Arabidopsis during pathogen attack (Baliji et al. 
2010). It is also suggested that up-regulation in the expres-
sion of endogenous cytokinin-responsive genes, which is 
accompanied by the increase in CK levels and an increase 
in the pool of bioactive CKs (by preventing their phospho-
rylation) in plants infected with geminivirus (Cabbage leaf 
curl virus and Tomato golden mosaic virus, and Spinach 
curly top virus). This strategy of viral infection provides a 
favorable condition for their replication and maintenance 
of the viral genome (Baliji et al. 2010). Additionally, it 
is reported that it affects the active forms of cytokinins 
upon viral infection leading to alterations in its metabo-
lism (zeatin-O-glucoside and zeatin-O-glucoside ribo-
side) in tobacco (Whenham 1989). Dermastia et al. (1995) 
reported the changes in cytokinin metabolism after the 
infection of Potato Virus Y (PVY) in potato plants (Der-
mastia et al. 1995). White clover mosaic virus-infected 
bean plants showed the alteration in cytokinin metabolism, 
showing the effect of the virus on the cytokinin biosyn-
thesis, catabolism, and/or conjugation. These investiga-
tions help to understand that enhanced virus titer (due 
to virus replication) is associated with reduced activity 

of  CK, which further confirms the involvement of CK in 
the host–virus interaction (Clarke et al. 1999).

Although, the alteration in the level of CK contents also 
helps to induce resistance to other viruses e.g. systemic 
infection on tobacco plant by CMV helps to induce resist-
ance against TMV  (Sziráki et al. 1980). The increase in 
endogenous level CK concentration in the noninfected leaves 
of Xanthi tobacco causes systematically control the TMV 
infection in the upper leaves, suggesting systemic acquired 
resistance (SAR) plays important role in controlling the 
challenged infection (Balázs et al. 1977). In another aspect, 
the virus infection also reduced the active CK and in reac-
tive oxygen species (ROS) scavenging enzymes which reveal 
that the low level of ROS species helps to viral replication 
(Clarke et al. 2002). In addition, antisense RNA inhibition 
of S-adenosylhomocysteine hydrolase exhibits cytokinins 
accumulation in tobacco, which may be responsible for 
enhanced resistance to a broad spectrum of plant virus e.g. 
TMV, CMV,  Potato virus X, and PVY (Masuta et al. 1995). 
The higher level of CKs in plants increased the expression 
of SA-responsive defense genes during viral pathogenesis. 
Interestingly, CKs are actively involved in the development 
of resistance against phytopathogens via increasing expres-
sion of pathogenessis-related proteins in Arabidopsis (Choi 
et al. 2010).

Auxins

Auxin is a potent plant growth and development hormone 
that directly sabotaged by viral components and it can stimu-
late the differential growth responses against gravity or light 
stimuli. But, virus–host interaction affects the activity and 
concentration of auxin in plants (Alazem and Lin 2015; 
Jameson and Clarke 2002) (Table 2).

The several studies suggest that the virus infection 
increased the auxin levels, for example, Abdala et  al. 
(1999) reported that the Mal de Rio Cuarto virus (MRCV) 
infection of maize increases the higher levels of auxin, 
such as Indole 3-acetic acid (IAA), in comparison to 
healthy tissue (Abdala et al. 1999). In wheat (Triticum aes-
tivum), the infection of MRCV has increased the expres-
sion of auxin level in leaves (de Haro et al. 2019). Some 
reports described that the replication protein of TMV is 

Table 2  (continued)

Virus Host Phytohormone References

Tobacco ringspot virus Vigna unguiculata Cytokinin Kuriger and Agrios (1977); 
Tavantzis et al. (1979)

Tobacco ringspot virus Tobacco Cytokinin Kuriger and Agrios (1977); 
Tavantzis et al. (1979)

White clover mosaic virus Phaseolus vulgaris Jasmonic acid dihydrojasmonic Clarke et al. (2000a)
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disrupted auxin signaling by interaction with Aux/IAA 
proteins and develop the disease symptoms in a plant (Col-
lum and Culver 2016). Some studies reported that virus 
infections PLRV and Potato virus A (PVA) reduced both 
auxin activity and concentration (Muletarova et al. 1995; 
Pennazio and Roggero 1996; Li et al. 2013). Interestingly, 
peroxidase isoenzymes play a role as inhibitors and sup-
pressors of auxin synthesis during PVA infection on potato 
(Muletarova et al. 1995). But, it is reported that the white 
clover mosaic potexvirus infection rapidly increases the 
peroxidase activity in Phaseolus vulgaris plants (Clarke 
et al. 2002).

The TMV replication protein disturbs auxin signaling 
through an interaction with specific members of Aux/IAA 
family TMV, which acts as a negative regulator for auxin 
signaling and thereby enhances the infection process in 
older mature tissues (Padmanabhan et al. 2008). In rice, 
the P2 protein (capsid protein) of Rice dwarf virus (RDV) 
disrupted the auxin signaling by their interaction with 
Aux/IAA proteins (Jin et al. 2016). These results signify 
that viral proteins association with Aux/IAA protein leads 
to cellular reprogramming to make a compatible condition 
for the virus pathogenesis. Recent reports also revealed 
that auxin signaling pathways in rice are affected by the 
infection of different viruses, such as RBSDV, Southern 
rice black-streaked dwarf virus (SRBSDV) and Rice stripe 
virus (RSV), in a distinct mode of action (Zhang et al. 
2019, 2020). It reveals that higher expression of auxin 
signalling in rice helps to develop the resistance against 
RBSDV (Zhang et al. 2019). The P2 of RSV and the SP8 
of SRBSDV associate with rice Auxin RF family member 
ARF17 to expedite virus infection. SRBSDV P8 disrupts 
the auxin pathway by repressing the transcriptional acti-
vation activity of OsARF17 and interfering with OsARF-
OsARF dimerization. RSV P2 associate with OsARF17 
through the DNA binding domain and inhibited the 
OsARF17 DNA binding ability to the promoter of auxin 
response genes (Zhang et al. 2020).

There is a gap in the metabolic processes that leads 
to the escalation of auxin in virus-infected plants. But, 
reports suggest that the development of resistance by the 
interference of viral proteins with auxin signaling. Arabi-
dopsis mutant vid1 (virus-inducible dwarf) resemble the 
healthy without any infection. However, The Turnip vein 
clearing virus (TVCV) infection in Arabidopsis vid1 
mutant causes a dwarfed phenotype, loss of apical domi-
nance, and interfere with the intracellular transport sys-
tem. Interestingly, Sheng et al (1998) show the reversal 
of TVCV-infected vid1 plant deformities by exogenous 
application of auxin (Sheng et al. 1998). Additionally, the 
early report also indicates that the Curly top virus infection 
in tomato reduces the transportation of auxin (Jameson 
and Clarke 2002).

Gibberellins

The gibberellins (GA) are plant growth regulators that con-
trol plant development by their effects on stem growth via 
cell division and elongation. Several previous studies sug-
gest that the virus infection on plants changed the GA level 
and decreased their activity (Table 2) e.g. Barley yellow 
dwarf virus reduces the GA3-like activity in barley (Russell 
and Kimmins 1971), Rice tungro virus decreases the free 
and bound GA like substances in plants (Sridhar et al. 1978). 
RNA virus CMV infect cucumber seedlings, which also 
reduced the GA-like substances such as GA1- and GA3-
like. In this context, the less GA-like activity was reported in 
infected leaves of Citrus sinensis by Mosaic virus that causes 
leaf yellowing and abscission in plants (Rao et al. 1977). 
However, it is also reported that increased levels of GA3 in 
single PVY-infected, and PLRV and PVY co-infected shoots 
in potato (Li et al. 2013).

However, the infection of viruses in plants also disrupts 
the biosynthesis of GA. The ent-kaurene oxidase is involved 
in the synthesis of GA and participated in the dwarfing of 
rice. The Rice dwarf virus (RDV) outer capsid protein P2 is 
interacted with ent-kaurene oxidase in rice (Oryza sativa) 
and disrupts its activity, which results in the level of endog-
enous GA1 has been shown to decrease (Zhu et al. 2005). 
Application of GA3 exogenously to rice plants infected with 
RDV has restored the normal growth phenotypes. The inocu-
lation of Plum pox virus (PPV) in peach (Prunus persica) 
plants significantly elevated the level of GA3 and reduced 
GA4. Further, grafting of “Garrigues” almond onto the PPV-
inoculated peach showed a reverse effect and reduced the 
level of GA3 (Dehkordi et al. 2018). In this context, GA 
has played a central role in the development of resistance 
in plants affected by the virus. The virus interaction in host 
plants also imbalance the GA regulation, which develop 
symptoms of the disease. More significantly, the qualitative 
difference in the metabolism of 3H-GA3 between healthy 
and infected cucumber plants by CMV has been shown (Ben-
Tal and Marco 1980).

Du et al. (2014) also revealed that the Fny-2b protein of 
CMV prohibits miR159 function, which interacts with the 
GA-mediated MYB33 and MYB65 transcript, and thereby 
causes Arabidopsis developmental deficiencies with 
Fny-CMV infection (Du et al. 2014). Kriznik et al. 2017 
described the role of microRNAs (miR167) and small 
interfering RNAs (siRNAs- phasiRNA931) in the silenc-
ing of endogenous RNA and play an important role in 
the development of plant immunity (Kriznik et al. 2017). 
These sRNAs-gibberellin regulatory circuit is identified 
before the viral multiplication (Potato virus Y tuber necro-
sis strain-PVYNTN) in Potato cv. Desiree. The two endog-
enous predicated siRNAs viz. miR167 and phasiRNA931 
regulate the GA biosynthesis genes (GA20-oxidase and 
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GA3-oxidase). However, elevated expression of pha-
siRNA931 decrease the level of GA3-oxidase transcripts. 
This regulation describes the link between sRNAs and gib-
berellin (GA) biosynthesis that represents the connection 
between the immune and signaling pathway of develop-
ment (Kriznik et al. 2017).

Ethylene

Ethylene (ET) is a multifunctional plant hormone that plays 
an important role to control the growth and senescence of 
plants associated with other hormones. The change in the 
level of ethylene is directly or indirectly associated with the 
regulation of the plant’s life. The virus infection in plants 
alters the regulation of ethylene and promotes the changes in 
growth and senescence of plants. Many studies suggest that 
ethylene modulate host defense in both positive and negative 
ways (Table 2).

Ethylene production appears to be enhanced by the virus 
infection, which is associated with the expansion of necrotic 
or chlorotic lesions and abnormal growth, hypersensitive 
response (HR) induction in plants (Jameson and Clarke 
2002). The ACC (1-aminocyclopropane-1-carboxylic acid) 
is the metabolic precursor of ethylene and in the rate-limit-
ing step of ET synthesis, ACC synthase converts S-AdoMet 
(S-adenosylmethionine) to ACC. Knoester et al. (1995) 
reveal that the TMV infection in tobacco plants enhances 
the transcription of genes which are coding for ACC oxidase 
and ACC synthase (Knoester et al. 1995). Another virus 
CMV infected tobacco leaves shows an increase in ethylene 
production, which is accompanied by a rise in ACC level and 
ACC synthase and ACC oxidase activities in systemically-
CMV-infected leaves (Chaudhry et al. 1998). Another study 
proposed that Turnip mosaic virus may modulate ethylene 
responses to increase susceptibility to viral infection in 
Arabidopsis (Casteel et al. 2015).

However, the stimulation of a key component as S-aden-
osyl-l-methionine synthetase (SAMS) in the ethylene syn-
thesis pathway by Rice dwarf virus (RDV) helps to trigger 
ethylene production in plants and developing a suscepti-
bility to RDV (Zhao et al. 2017). Some research findings 
elaborated that ethylene production can induce the patho-
gen-related (PR) proteins in virus-infected plants. In this 
context, Ohtsubo et al. (1999) suggest that due to enhanced 
ACC level facilitate the high expression of defense-induced 
pathogenesis genes (PR-1 and proteinase inhibitor II genes) 
(Ohtsubo et al. 1999). The P6 protein of CaMV is involved 
in the interaction with the ethylene pathway in Arabidopsis 
transgenic plants. The interference of P6 protein with ethyl-
ene signaling promotes the development of symptoms and 
is involved in the RNAi suppression during the pathogenesis 
(Geri et al. 2004).

Jasmonic acid

Jasmonates (JAs) including jasmonic acid (JA) is lipid-
derived stress hormones and synthesized from α-linolenic 
acid (α-LeA/18:3) via the octadecanoid pathway. They regu-
late the adaptation in plants to biotic, abiotic stresses and 
play an important function such as primary root growth, 
reproductive development, and leaf senescence. Albeit, they 
control the plant defenses against various pathogen infec-
tion. Furthermore, the interaction between plant and viruses 
affects the production of JA (Table 2), e.g. Potato virus M 
infected potato has an enhanced JA concentration in mer-
istematic tissue (Ravnikar et al. 1990), while the enhanced 
level of JA reported in roots and reduced in shoots of  PVY-
infected potato plantlets in comparison to healthy potato 
plantlets (Petrovič et al. 1997). The Phaseolus vulgaris 
infected by White clover mosaic virus (WClMV) increased 
the level of JA and dihydrojasmonic acid, which reveals that 
the wound site (damaged cellular membranes) produces the 
linolenic acid that synthesizes the JA after virus infection 
(Clarke et al. 2000b).

Endogenous JA is shown to accumulate in plant–virus 
incompatible interactions (Dhondt et al. 2000; Kovač et al. 
2009), for example, tobacco leaves respond hypersensitively 
to TMV due to increase of JA and 12-oxophytodienoic 
thereby phospholipase A2 (PLA2) activity increase and 
ultimately provide a hypersensitive response to viral patho-
gens. A distinct increase of JA level is noted in PVY virus-
inoculated leaves of the resistant cultivar in comparison of 
the susceptible cultivar of potato (Kovač et al. 2009). Other 
reports suggest invade the host defense mechanism by induc-
ing miR319 by Rice ragged stunt virus RRSV infection in 
rice suppresses JA-mediated defense to enable viral patho-
genesis (Zhang et al. 2016). A study demonstrated that the 
silencing of MAPKs, such as wound-induced protein kinase 
(WIPK) and SA-induced protein kinase (SIPK) results in the 
reduction of JA level and enhanced local resistance to TMV 
in tobacco (Kobayashi et al. 2010). The interaction of the 
C2 protein of geminivirus with the catalytic subunit of the 
COP9 signalosome compromised the activity of SCF ubiq-
uitin ligase and altered its activity to regulate JA. The tar-
geting of SCF ubiquitination by C2 providing a mechanism 
to a virus in the modulation of resistance in the host. The 
accumulation of a higher level of JA is not favorable all the 
time in viral pathogenesis. In this context, a study highlights 
that the JA mediated defense system in plant adversely affect 
it after the establishment of matured viral infection such as 
geminivirus (Lozano-Durán et al. 2011).

Salicylic acid

Salicylic acid (SA) is a phytohormone synthesized from 
trans-cinnamic acid via benzoic acid and it plays an 
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important role in the induction of plant defense during 
biotic and abiotic stresses (Agarwal et al. 2020). SA is 
continuously involved in different processes of resistance 
during viral pathogenesis such as SAR, R gene-mediated 
resistance, and basal defense mechanisms. Although, 
activation of SA biosynthesis and signaling promotes the 
PR (pathogenesis-related) proteins, callose deposition, 
induction of hypersensitive response, and accumulation 
of ROS in plants (Collum and Culver 2016). The reduc-
tion of endogenous SA leads to the defective response of 
defense mechanisms and increasing the susceptibility in 
plants during viral infection.

The viral infection increased the concentration of sali-
cylic acid (glucose conjugate and methyl ester) in plants 
e.g. the benzoic acid 2-hydroxylase catalyzes the biosyn-
thesis of salicylic acid from benzoic acid and is expressed 
constitutively in tobacco plant but inoculation of TMV 
enhanced the production of SA which denotes de novo 
biosynthesis of SA during viral infection (León et al. 1995; 
Jameson and Clarke 2002).

However, ATAF2 is a NAC domain transcription fac-
tor and involved to regulate the basal defense in a host. 
The degradation of ATAF2 by TMV results in the sup-
pression of defense response mediated by SA (Wang et al. 
2009; Wang and Culver 2012). The infection of PVY in 
transgenic NahG (salicylate hydroxylase) potato (Solanum 
tuberosum L.) plants leads to lacking SA accumulation and 
develop the symptom of the disease (Baebler et al. 2014). 
The CaMV P6 protein is needed for the translation of 35S 
RNA as well as acts as an RNA silencing suppressor. This 
protein in the Arabidopsis plant indirectly disrupts the SA 
signaling. The crucifer strain of TMV (TMV-Cg) coat pro-
tein (CgCP) has suppressed the SA signaling in crucifer 
by stabilization of DELLA proteins. The DELLA proteins 
act as negative regulators of GA signaling but repressed 
the SA defense responses by modulation of the antago-
nistic cross-talk between SA and JA pathways (Rodriguez 
et al. 2014). The TMV infection in N. benthamiana has 
induced the expression of SA marker gene NbPR1a and 
significantly increases the level of SA (Diao et al. 2019).

However, the cumulative action of hormones such as 
cytokinin, JA, and SA show interfere with the replication 
of white clover mosaic virus (WClMV) at the sub-genomic 
dsRNA level in the inoculated tissue reported by Clarke 
et al. (2000a). Hormone treatment on Phaseolus vulgaris 
plants show partial inhibition of WClMV in infected pri-
mary leaves. This inhibition revealed that a decrease in 
viral mRNA and viral coat protein accumulation. The 
salicylic acid treatment causes increased phenylalanine 
ammonia-lyase, NPR1, PR1, and HSP70 gene expression, 
which contribute to pathogen resistance in plants (Gális 
et al. 2004).

Brassinosteroids

Brassinosteroids (BRs) are identified as the sixth class of 
steroidal hormones produced by plants in the regulation of 
development and growth as well as a response to challenge 
the environmental condition for proper maintenance of the 
plant homeostasis. The BRs genes are induced during the 
viral pathogenesis by TMV (Alazem and Lin 2015). The 
development of disease resistance in tobacco and rice plants 
is affected by BRs (Nakashita et al. 2003). Nakashita et al. 
(2003) revealed that brassinolide (BL)-induced the resist-
ance in tobacco against TMV, which could be due to N gene‐
mediated resistance (Nakashita et al. 2003). BL-pretreated 
Arabidopsis plants show an increase in the resistance against 
the CMV infection, confirming the role of BRs in plant 
innate immunity. BR-induced CMV tolerance is associated 
with and defense-induced genes expression and the antioxi-
dant system by enhancing antioxidative enzymes’ activities, 
such as superoxide dismutase (SOD), peroxidase (POD), 
catalase (CAT), and ascorbate peroxidase (APX) (Zhang 
et  al. 2015). Tobacco rattle virus-based VIGS method 
indicates that the BR signaling pathway, MAPK cascades, 
and NADPH oxidase play significant roles in BR-mediated 
TMV defense in tobacco (Deng et al. 2016a). Another study 
proposed that the local treatment of lower leaves to BRs 
efficiently prompted systemic virus resistance, with a reduc-
tion in TMV infection in the upper untreated leaves of N. 
benthamiana, which is complemented by accumulations of 
ROS such as  H2O2 and Nitric oxide (Deng et al. 2016b). 
BR-induced inhibition of TMV replication is due to the sift-
ing of  H2O2 or NO in upper leaves, which could activate 
the immunity system, and thus result in the enhancement of 
virus resistance (Deng et al. 2016b).

However, BR is responsible to increase the susceptibility 
in rice plants against RBSDV by JA-mediated suppression of 
BR (He et al. 2017). The interaction of Sweet potato leaf curl 
virus (SPLCV-JS) C4 protein with brassinosteroid-insensi-
tive 2 (AtBIN2) in the plasma membrane of N. bethamiana 
result re-localization of AtBIN2-interacting proteins viz. 
AtBES1/AtBZR1. The relocalization of AtBIN2-interact-
ing proteins altered the expression of BR responsive genes 
which activating the BR-signaling pathway (Bi et al. 2017).

Conclusion

Several plants including both medicinal, ornamental, weeds, 
and cultivated crops are simultaneously exposed to diverse 
pathogens including viruses. Viruses are an obligate parasite 
and require the living tissue of an organism for their replica-
tion. The host–virus interaction results in the development 
of various strategies to strengthen the plant defense mecha-
nism. However, the plant viruses encounter the plant defense 
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mechanism by modulating the functions of different host 
factors. Besides, the virus plays an important role to trigger 
the plant secondary compounds (i.e. alkaloids, phenol, flavo-
noids, and terpenes, etc.) and alter the biosynthesis of plant 
hormones (e.g., abscisic acid, cytokinin, auxin, gibberellin, 
jasmonic acid, ethylene, salicylic acid, and brassinosteroids). 
Additionally, this review emphasizes on the regulation of 
hormone biosynthesis by virus–phytohormone interaction 
that triggers the signaling pathways. Besides, in recent years, 
the technical advancement in mass spectrometry and high-
throughput metabolite profiling helps to discover the roles 
of secondary metabolites in pathogen defense mechanisms.
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