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Abstract-The biotic and abiotic stresses are the main causes to the loss of agricultural crops 

productivity, their normal growth and development in the environment. It has been calculated 

that two-thirds of the major crops are frequently lost due to the adverse environmental 

conditions. The productivity of crops under unfavorable environmental stresses is apparently 

the main challenge to the breeders and farmers where polyamines (PAs) play a diverse roles 

to environmental stimuli. PAs (putrescine, spermidine and spermine) are low molecular 

weight positively charge compounds have active potential power to negative charge 

molecules (DNA, RNA and proteins) in widely distributed all living organisms. Evidences 

showed that PAs contribute a lot of different physiological and biological functions, such as 

cell growth and development, controlling the cell cycle, involve in gene expression, cell 

signaling, replication, transcription, translation and membrane stabilization. Naturally 

occurring polyamines activity acuminated to their involvement with different biotic and 

abiotic stresses and contribute the survival of plant in environment. Here, we have described 

the potential mechanisms, synthesis and various role of PAs during stresses tolerant and 

diseases resistance. 

Key words: Plants, polyamines, abiotic stresses, biotic stresses, transgenic plants, Plant-

pathogen interaction, Plants-fungal interaction. 
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1 INTRODUCTION: 
Polyamines (PA) are smaller molecular weight nitrogenous aliphatic compounds with 

effective bioactivity, actually contains 2 or more amino groups (1). These remain commonly 

spread in eukaryotic and prokaryotic cells (2). Polyamine (tetraamine Spermine) was first 

reported in human spermatozoa for around 300 years ago (3). In plants, diamine Putrescine 

(Put), triamine Spermidine (Spd), and tetraamine spermine (Spm) Clearly greater part 

widespread PAs. In regards, the structural isomer Spm thermo-spermine (T-Spm) was 

actually recognized mostly as a ubiquitous PA in plants (4). In generally higher trees and 

microorganisms, the first phase in PA biosynthesis is either ornithine or arginine, while 

ornithine decarboxylase and Arginine decarboxylase enzymes are stimulated in the process. 

On the opposite, just one path (ODC reaction) significantly contributed to the formation of 

Put in mammals and fungi (5).  

Times over the past ten years, however, In-plant molecular research with PA significant 

genes from a variety of plant species expressing PA bio-catalytic enzymes have been 

identified (6). They may also adhere unspecifiable to distinct proteins, stabilize their structure 

and proceed with alterations in their functions, including chromatin, adding to a modification 

of genomic sites' accessible supply of polymerases of Deoxyribonucleic acid (DNA) or 

Ribonucleic acid(RNA) resulting to change to DNA synthesis and RNA (7). The effects on 

the growth and development of plants; polyamines have had a tremendous impact (8). The 

same as hormones PAs participate in functions including replication, transcript, translations, 

and membrane stabilization, Controlled of enzyme activity (9).  Significant attention becomes 

paid to stress-induced PA accumulation and therefore its protective role towards biotic stress 

and abiotic stresses. Throughout this study, we attempted to organize the knowledge obtained 

science the last few decades on PA metabolism's function throughout plants under different 
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stress of environment respectively abiotic stress and biotic stress including address the impact 

on plant and the development of polyamines.  

It is well documented that PAs participation in the defense mechanism reaction in plants 

against biotic and abiotic stresses (9,10). PAs metabolism genes for enzymes have been 

cloned from several species and their expression level under biotic and abiotic stress 

conditions has been analyzed. Islam et al (2019) found that PAs biosynthesis-related genes 

ADC1, ODC, and Arginase were significantly down regulated and SAMDC was up regulated 

by salt treatment and accumulation of Put and Spd reduced salt tolerance in rice by 

facilitating ROS production. PAs biosynthesis genes in rice plants can enhance stress 

tolerance by preventing the accumulation of ROS (11). It has been reported that abiotic 

stresses influences endogenous PAs metabolism in plants, and exogenous PAs level alleviate 

the effects of abiotic stresses on various plants by reducing damage to cell membrane and 

lipid oxidation (12,13). 

 

Polyamines in plants are also contributing for agro-economic importance, including 

phytonutrient content, fruit quality, and vine life (1,14) and have defense response against the 

pathogen attack and reduce diseases (15). It’s metabolism in plant cells create a suitable 

environment for the interacting the pathogens, such as fungal (16) viral pathogens (17) and 

mycorrhizae (1). Therefore, spermine (Spm) not only plays a role as a mediator in defense 

signaling against pathogen (4,13) but is also important for resistance to virus infection  (18). 

In this review, we summarize plant polyamines metabolism and their functions, with specific 

feature on biotic and abiotic responses. 

 

2 BIOSYNTHESIS OF POLYAMINE:  
Polyamines biosynthesis has three distinct routes in plants and these routes have already been 

extensively studied (Figure 1). In the first path, Arginine-decarboxylase (ADC) eliminates the 

number of eight carbon-atoms from arginine (Arg), and Agmatine (agm) and CO2 are 

formed. The number atom from Agm is dropped and N-carbamoyl Put (NCPA) and NH3 are 

formed. Then N-carbamoyl Putrescine amidohydrolase (NCPAH) causes hydrolyzing of 

NCPA and Put, CO2, and NH3 are formed by elimination of carbamoyl group. In plants, it is 
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the principal route of put synthesis (19). 

In the second path, Arginase induced Arg to form ornithine (Orn). Then the carboxyl group 

of the number one carbon atom of Orn is released by ornithine decarboxylase (ODC) and 

result Put and CO2 are formed (20). Arabidopsis thaliana and other members of 

Brassicaceae lost the ODC gene, which reveals that the regulation of ornithine pathway is not 

required (21). In the third path, Arg is transformed into Citrulline (cit) first and then 

decarboxylated with Citrulline decarboxylase (CDC) as a result put is formed (2).  

 

The cit pathway has been found only in sesame; therefore the initial two pathways in plants 

are most frequent. Difluoro methyl arginine (DFMA) and Difluoro methyl ornithine (DFMO) 

are persistent efficient inhibitors that can inhibit the function of Arginine-decarboxylase 

(ADC) and ornithine decarboxylase (ODC ) (22). Put and aminopropyl residues, significantly 

provided with methionine and they are the source of Spd and Spm (23,24).

 

Figure 1: Biosynthesis of polyamines (24) 
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3 CATABOLISM OF POLYAMINE:  
The polyamines concentration in the cells is also controlled by catabolic pathways (6,17). In 

the process of the PA catabolism of plants (Figure 2), two groups of enzymes are involved. 

These are copper-containing amine oxidases (AOs) and flavin-containing Polyamine oxidases 

(PAOs). AOs catalyze their respective amino aldehydes by oxidation of Put and Spd with the 

simultaneous manufacture of the Ammonia and H2O2 (25). Nevertheless, PA-Oxidation 

information still it appears that it is ambiguous as only four have been biochemically 

characterized because of the tent AO genes notice in the Arabidopsis (26). According to the 

reaction modes, there are two separate types of PAOs: terminal catabolism and back-

conversion. PAOs in their secondary amino groups oxidize substrates, Spermidine and 

Spermine, therefore, yields pyrrolineand 1, 5-diabicylcononane, respectively (27,28). Five 

PAO genes are retained in Arabidopsis. PAO1 and PAO4 were able to convert Spm to Spd 

and PAO2 and PAO3 were capable of catalyzing Spd from Spm and afterward produce Put 

(29). In the signal transmission cycle of plants, the H2O2, produced through PA oxidation, 

acts during biotic and abiotic stress responses (30,31).

 

Figure 2: Polyamines degradation in plants (31) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 October 2020                   doi:10.20944/preprints202010.0639.v1

https://doi.org/10.20944/preprints202010.0639.v1


4 PLANT DEVELOPMENT AND POLYAMINE:  
The significant effects of polyamines are being noted in plant growth and development (8). In 

terms of the total and individual quantities of polyamines, both plants or organs and the stage 

of growth are substantially different (32).   

4.1 Polyamines and Flowering:  

Plant species enter a stage of reproductive phase during a vegan development period; so that 

the leaf buds tissue transfers its own physiological state to a flowering tissue and ultimately 

becomes a floral organ. The whole cycle termed the flower bud differentiation (33). The 

flower bud differentiation is a complicated morphological process. The interaction and 

synchronization of hormones and PAs trigger it from different influences, As for example, 

photoperiod, vernalization, nutrition, and water status (34). PAs are considered a plant growth 

regulator group. Several studies consistently show exogenous PAs and inhibitors of PAs 

synthesis can affect the differentiation of floral buds. The cycle of differentiation floral bud 

was enhanced by exogenous PAs, and in apical buds, the rising incidence of PAs was 

favorable to initiate and sustain differentiation of floral bud in chrysanthemum. In 

Arabidopsis, PAs was noticed to be higher in flora than in some other organ levels, and the 

inclusion of exogenous PAs to low-flowering plants considerably enhanced the irregular 

flowering response (13). PAs synthase inhibitors significantly lowered Spd rate in 

Arabidopsis to the growing medium and completely inhibited bolting and blooming. Only 

prior to moving plants to media, the bolting and flowering without inhibitors have been 

reestablished (35).  

4.2 Embryo development and polyamines:  

Mostly in the embryogenesis process, including such angiosperms and gymnosperms, PAs 

are usually considered regulators, and for embryogenesis, an enhanced PAs value is required 

(30). Findings have demonstrated that an excellently-maintained evolving PAs in vivo 

balance is needed to develop plant embryos normally. In various stages of embryonic 
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development PAs vary in nature and abundance (36). Several researchers have found that 

PAs perform a pivotal role in triggering the cell divide and promoting regeneration of plants 

cell culture (37,38). Usually, PAs are more prevalent in embryogenic, somatic, and zygotic 

immature embryos than in mature and growing embryos (39). Additional experiments using 

PAs synthesis inhibitors explored PAs function in plant embryogenesis. As inhibitors of PAs 

biosynthesis, DFMO and DFMA decreased the embryogenic response by 83%  (31).  

4.3 Plant Senescence and Polyamines:  

The meristem and developing cells exhibit the maximum endogenous syntheses activity of 

PAs and PAs in whole plants and the senescent tissues displayed the slightest activity. Just 

like senescence leaves, the chlorophyll level is dramatically reduced, like ADC and ODC 

activities are decreasing as PAO and hydrolases activities (like ribonuclease and protease) are 

growing exponentially. By using exogenous PAs, all those modifications will be removed 

(33). It is possible to increase the PAs strength of cut flowers and postpone their senescence 

by exogenous Spd and Spm applications, and also improve efficiency (40). Peony research 

showed a lifetime prolongation and a slowing of the senescence of cut flowers with PAs 

synthesis inhibitor, while PAs decreased the life span and increased floral senescence (2). 

Table 1 and 2 showed that PAs and PAs regulating enzymes or genes play an important role 

of plant growth and development. 

 

TABLE 1: Effects of polyamines on plant growth and development 

Plant species Polyamine 

treatment 

Effect Outcome Citation 

Arabidopsis 

thaliana 

Spd (0.3 or 3mM) 

CHA+DFMO 

(4mM) 

Inhibitors preventing 

bolting and flowering, 

exogenous PAs to poorly 

flowering plants can 

significantly add to their 

flowering response 

PAs promote 

flowering 

(35) 
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Dendranthea 

morifolium 

Spd (0.1 mM/L) Significantly affect 

endogenous polyamines 

(Spd, Spm) and 

endogenous hormones 

(IAA,ZR, IPA, GA) 

Accelerate the 

process of 

flower bud 

differentiation 

(41) 

Wheat Spd or Spm (1mM) In wheat grains, 

endogenous Spd, Spm, 

ABA, and IAA contents↑, 

ETH content↓ 

Increased the 

grain filling 

rate and the 

grain weight 

(12) 

Sugarcane Put (500μM) Somatic embryos in 

embryogenic callus↑ 

Induces 

somatic 

embryo 

development 

(42) 

Seedless 

grapevine 

PAs (0.3–3mM) Embryo germination rate Efficiency of 

embryo rescue 

in vitro↑ 

(41) 

Indica rice Put (30 mg/l) Spm and Spd contents↑, 

affect the expression 

levels ofADC1gene and 

SAMDC gene 

Improve the 

growing state 

and the callus 

embryogenic 

trait 

(43) 

 

TABLE 2: Genes related to polyamines on regulating plant growth 

Plant species Gene Effect Outcome Citation 

Citrus sinensis CsPAO3 Over expression of 

CsPAO3 in tobacco, Spd 

and Spm↓, Put↑ 

CsPAO3 plays a 

potential role in PAs 

back conversion 

(44) 

Gossypium hirsutum L GhPAO3 In transgenic 

Arabidopsis (GhPAO3), 

Spm↓, Put↑ 

GhPAO3 plays a 

potential role in the 

conversion of Spd and 

Spm 

(45) 

Transgenic rice OsSAMDC2 Transcript levels of 

OsSAMDC1, 

OsSAMDC2, and 

OsSAMDC4 were all 

reduced in transgenic 

rice, Spd, Spm, and PAs 

oxidase activity↓ 

Spd and Spm are 

essential for 

maintenance of normal 

plant growth, pollen 

viability, seed setting 

rate, grain yield and 

stress tolerance in rice 

(46) 

Transgenic tomato Mouse 

ODC 

Put, Spd and Spm↑, 

ethylene, respiration rate 

and physiological loss of 

water↓ 

Enhances fruit quality 

in tomato 

(47) 

Gentiana  triflora GtSPDS or 

GtSPMS 

The expression levels of 

GtSPDS and GtSPMS 

increased transiently 

Hasten flowering (48) 
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during vegetative to 

reproductive growth 

phase 

Pyrus betulaefolia PbrMYB21 Modulate the PAs 

synthesis by regulating 

the ADC expression 

Plays a positive role in 

drought tolerance 

(23) 

Medicago falcata MfERF-1 Up-regulates the genes 

associated with PAs 

synthesis and catabolism, 

promotes PAs turnover, 

antioxidant protection 

Confers cold tolerance (5) 

 

5 POLYAMINE AND ABIOTIC STRESS: 
Worldwide agriculture, as a result of climate change, faces major challenges with a more 

irregular climate and an increasing impact of abiotic stress factors (49). With a decrease of 

over 50 per cent, abiotic stress is the primary cause of crop loss in worldwide (50). Different 

nitrogen based composites typically accumulate in plants in response to environmental stress 

such as amino acids (arginine, proline), amino acid compounds, amides (glutamines, 

asparagine) (51–53). PAs often include a wide variety of environmental challenges (Figure 

3), including drought, oxidative stress , low temperature, salinity stress etc (Table 3) 

(20,33,48,54,55). Furthermore, polyamines will become ideal targets to boost abiotic stress 

tolerance in plants through genetic engineering in the future. 
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Figure 3: Possible model depicting the mechanism of polyamines involved in plant 

abiotic stress responses (55) 

5.1 Salinity stress: 

Salt concentration or salinity is a critical environmental restriction that has two principal 

ingredients: the osmotic component and the ionic component. The osmotic component related 

to the decline of the external osmotic potential of the soil solution and the ionic component 

related to the accumulation of increased salt ion (mainly Na & Cl) (56). The increased degree 
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of salt concentration interferes with the integrity of the cell membranes, the activity of 

various enzymes, and the work of the photosynthetic system (57). Plants adapt to changes in 

this unfavorable environment through the aggregation of low molecular weight osmolytes 

such as proline and PAs (58). However, there is not really a straight cut in the impact of 

salinity on the PAs metabolism and the process involved is usually not straight enough than 

osmotic stress. Diversities have been observed between and within species in PAs (Put, Spd, 

and Spm) reactions to salt stress. For example, in rice seedlings under NaCl-stress 

endogenous levels of PAs (Put, Spd, and Spm) decreased, while other studies show that 

salinity results in the accumulation of these compounds in the same substance (49). 

Nonetheless, The potential role of PAs to overcome the adverse effect of salinity was also 

observed by researchers (59).  

5.2 Cold Stress 

In plants Cold stress is characterized by three terms: freezing, chilling and suboptimal 

temperature. Freezing is a term considered until the air temperature is below 0°C, although 

agro-meteorological observers would use the same concept for ranges from 2 to 3°C because 

plants cause damage at these temperatures. The word chilling is associated for temperatures 

between 0°C and the minimum growth temperature. In addition, the range between the 

minimum temperature of growth and the optimum temperature of growth is known as 

suboptimal (60,61). Injury despite the cold induces changes of the membrane structure as 

well as the chilling injury tends to involve a phase shift in the molecular inventory of the 

membrane lipids (62). Cold therapy has been demonstrated to affect Put rates, which is also 

in line via a rise in Arginine Decarboxylase (ADC) gene inductibility (ADC1, ADC2 and 

SAMDC2) (63). A results observed that Put and ABA are incorporated into a feedback loop, 

where ABA and Put mutually induce biosynthesis to respond to abiotic stress (32).  
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5.3 Drought Stress 

The two major abiotic stresses in agriculture are salt and drought stress and a reduced water 

states are a common effect of all of these. Increased PAs levels can play an important role in 

adapting to saline conditions in plants faced with drought stress (46,64). In the event of 

drought stress, the concentration of ß-alanine in the result of polyamine degradation has never 

been altered while the GABA levels have evidently enhanced (6,65). The pool size of 

arginine, the principal polyamine biosynthesis substrate, has risen under drought conditions, 

showing a lack of substrates (66). The expression of ADC2 was up regulated, apart from the 

two most vulnerable cultivars, in response to the drought stress. That was consistent with the 

Arabidopsis and Mustard findings (63).  

5.4 Osmosis stress: 

The study reported that osmotic with distinctly diverse assimilation paths, including sorbitol, 

mannitol, proline, beta and sucrose, each stimulate an increase in Put (67). The results of this 

study show a regulation of ADC biosynthesis over osmotic stress. Osmotic treatments with 

sorbitol triggered increased Put and ADC levels in detached oat leaves, while other Spd and 

Spm display a significant reduction (31,68). Tiburcio et al (1995) noticed that they begin 

losing chlorophyll and senescence while peeled oat leaves are incubated in the dark with 

sorbitol. Including Spm in the incubation medium could delay senescence. 

5.5 Oxidative Stresses  

During oxidative stress of plants, polyamines play a complicated role (69). First on, PAs may 

also enhance the potential of various anti-oxidant enzymes in plants, just so oxidant stress 

due to diverse environmental factors can actually be controlled. Pretreated maize leaves 

containing Spm and put display improved tolerance for paraquat-induced oxidative stress 

(70). In contrast, PAs constitute sources for reactive oxygen types and can lead to stimulation 

of antioxidant defense responses since their catabolism produce strong H2O2 (37). and H2O2 

oxidizers produced through the catabolism of PA (54). ROS regarded by aggregation of 
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noxious molecules O-
2, H2O2, and OH- in tissues is a normal plant association with abiotic 

stress that is capable of injuring plant cell membranes as well as macro molecules (71). PAO 

and ROS production is closely linked to PAO catabolic mechanisms (25) that are associated 

to plant defense as well as abiotic stress responses (72).  

5.6 Thermal stress: 

In case of heat stress, plants are able to synthesize different PAs long chains (caldine, 

thermine). Such rare long-chained PAs in bacteria are apparently important for the 

subsequent protein synthesis at high-temperature (44). A rise in ADC and PAO activities was 

recorded in heat tolerant rice crops (73). The study found that heat stress tolerance, ADC and 

PAO are correlated (72).  

TABLE 3: Polyamines genes that can be expressed in plants for Abiotic stress tolerance 

Plant  Gene over 

expressed  

Response  Reference  

Oryza sativa ADC Salt tolerance (73)  

Brassica  juncea ADC Chilling and salt  (74) 

Oryza sativa ADC1, ADC2  Drought tolerance  (75)  

Arabidopsis thaliana ADC1, ADC2  Freezing  (34)  

Malus domestica ADC Chilling, Salt and 

Dehydration  

(76)  

Oryza sativa ADC Chilling (48) 

  

Arabidopsis thaliana At ADC2 Salt tolerance  (63)  

Solanum melongena ADC Chilling, Salt and 

Dehydration 

(77)  

Zea maize ADC Salt (78) 

  

Malus sylvestris MdSAMDC2 Cold and salt  (76)  

Pyrus communis MdSAMDC3 salt  (7) 

Sweet potato  SPDS cDNA from 

Cucurbita ficifolia 

Increase in Spd  (79)  

Pyrus communis MdSPDS1 Salt, Heavy metal and 

osmotic stress 

(8)  
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6 POLYAMINE AND PLANT RESPONSES TO BIOTIC STRESSES 
The plant biotic stress resistance is also associated with PAs metabolism induction of genes 

as well as with the development of greater PAs concentrations. It was already proven by 

analyzing two Barley genotypes with varying tolerance to B. graminis f. sp. hordei (Bgh) 

(60). During this case, a significant enhancement in the independent, as well as the 

conjugated type of Put and Spd and the expression of PAs biosynthetic and catabolic genes 

was observed when the fungi were examined. In addition, Put accumulation in tomato plants 

have recently times been shown to enhance tolerance to bacterial inflammation due to high 

NH4   availability (80). The use of genetically modified plants provides further evidence that 

higher PA levels are linked to biotic stress tolerances. Throughout this phenomenon, plants 

that express the human gene SAMDC accumulate Spd and Spm and also have a higher 

tolerance to pathogens (78).  

6.1 Plant-pathogen interaction: 

Polyamines have a biotic stress defense mechanism (13), especially pathogens (Figure 4) . 

Initial attempts have found that PAs particularly Spm develops in infected leaves in 

cooperative interactions between barley and Puccinia hordei (brown roost fungus) (44). 

Hypersensitive response to the Nicotiana tobacum cells that contain the resistance gene and 

activates cell death is a powerful defense against the tobacco mosaic virus (78). It is difficult 

to establish the contribution of PAs in both plants and pathogens to the accumulation of PAs 

in infected organs. Nonetheless, it is possible to control fungal plant diseases by specific 

inhibitors of polyamines biosynthesis that is the most important and extensive development in 

this field (67,81). A further significant finding on PAs effects in the biotic stress response 

signal pathway has been suggested. H2O2 accumulation due to Spm/Spd induction as a result 

of the PAs catabolism and nitric oxides, an important signaling function in plant-pathogen 

interactions (82).  
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Figure 4: The hypothetical role of PAs in plant survival against pathogens (13). 

6.2 Plants-fungal interaction: 

While changes in the metabolism of polyamines in plant responses due to abiotic strain have 

been and continue to be of considerable interest, relatively least research has been done on 

polyamines and to microbial infections in plants (9,83). The most important documentation of 

polyamine levels is Greenland and Lewis that have been affected by pathogenic infection. 

The barley infected with Puccinia hordei bio trophic fungal pathogens showed that rust 

infection contributed to a six to seven-fold increase in the concentrations of spermidine in 

healthy leaf tissue (16). Research demonstrates that powdery mildew fungus B. graminis f. 

sp. hordei (Bgh) has increased the concentration of Putrescine, Spermidine, and Spermine in 
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barley leaves. Researchers also found that the activity of polyamines biosynthetic enzymes 

(ADC, ODC, and AdoMetDC) was increased by mildew infection (80). Through the addition 

of this analysis, Walters and Wylie (43) showed that in the region immediately surrounded by 

the fungal pustula the greatest increases in polyamine and activities of ADC and ODC often 

occur (Figure 5). Machatschke et al (1990) showed that there were no variations in the 

polyamine level for wheat resistant to the black stem rust fungus Puccinia graminis f.sp.tritici 

.Working on the relationship between sugarcane and smut fungus Ustilago scitamineae. 

Legaz et al (2007) showed that concentrations of free and conjugated forms of Putrescine and 

Spermidine decreased in infected leaves, and that sperm has increased freely and in 

conjugation (84). It was also important to note that the polyamine levels were decreased in 

Rhizopus stolonifer fungus-infected tomatoes and these improvements were correlated with 

decreases in ODC and ADC activities (85).  

 

Figure 5: The activities [nmol 14CO2 (mg protein) ÿ1 h ÿ1] of arginine decarboxylase (a) and 

ornithine decarboxylase (b) in healthy leaves and in discrete regions of mildewed barley 
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leaves. Zone A, pustule; Zone B, region up to 5 mm from pustule boundary; Zone C, region 

up to 5 mm from boundary of Zone B. Vertical bars represent SEM of four replicates (43). 

 

6.3 Plant-mycorrhizal interaction: 

Mostly in the environment, root construction and formation of root and root structures, 

interactions between root tissue and the surrounding biotic environment, in particular, 

microorganisms are highly dependent. Therefore the interactions between plants and 

mycorrhizas are not very known and the function of APs is less investigated in symbiotic 

relationships (86). The symbiosis of mycorrhizae has shown Kytoviita and Sarjala to increase 

putrescin in the root of Scot Pine. Exogenous Put in arbuscular mycorrhizae, which increases 

colony of pea roots, has been confirmed to be present (77). PAs have been demonstrated to 

have a Arbuscular mycorrhizal infection of pea roots, and Glomus intraradices have been 

proposed to play a significant role in the first phases of infection (63). Studies show that 

connections between symbiotic and non-symbiotic roots have varying amounts of polyamines 

and that PAs can develop an appropriate carbon sink environment for the symbiotics as a 

result of photoassimilates fixation (87). But the roles of PAs remain unusual in the plant/ 

mycorrhizal associations and wait for further investigations. 

6.4 Plant-virus interaction: 

It is understood for some time that viral host tissue infection contributes to significant build-

ups of polyamines, for example, Turnip yellow mosaic virus (TYMV) infection (88,89). A 

few other investigator have proposed regulatory roles in viral replication for this polyamines 

(90) and strangely, Balintand Cohen (2003) has showed that the formation of new virus 

particles contains primarily newly synthesized Spm and Spd in Turpin protoplasts infected 

with TYMV (15). Tobacco cv Research Samsun NN showed that polyamine levels in tobacco 

plants have accumulates of high levels of Put and Spd in the necrotic region of leaves and 
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lesion formation by the infection with tobacco mosaic virus and has been revealed (88). 

These were proposed that the production of necrotic lesions of leaves requires large amounts 

of polyamines. Lower lesion formation by inoculating TMV 90 percent in tobacco leaf disks. 

HCAAs are shown to be actively involved in TMV resistance. Thereby, PAs and HCAAs are 

responsible for the survival of viral replication, as they are hypersensitive to TMV (83).  

6.5 Defense of plant: 

The synchronization and environmental equilibrium of internal processes in plants are related 

to the stimulation of plant cells. In addition, the endogenous induction of the expression 

pathway and pathogen-related (PR) proteins, as well as resistance to TMV in the tobacco 

plants, was documented in the case of Spm accumulated in the apoplast cells after lesion 

formation (54). Nicotiana tabacum leaves were reported to use Spm that led to the 

malfunctioning of mitochondria, increased marker gene (HR, hypersensitive reaction), 

mitogenic activated protein kinases (MAPKs), and programmed cell death (PCD) (91). 

Induced by the development of a lesion in tobacco leaves, the pathogen-related protein 

(PRPs) accumulation of a large quantity of Spm in cells and resistance against the tobacco 

mosaic virus. Ultimately, Spm triggers two protein kinases, namely salicylic acid protein 

kinases and wound protein kinases as well as genes involved in the defense of plant 

protection (92). Nonetheless, more work is needed in order for PAs to establish a plant 

defense response mechanism. 

7 Conclusion 
Different food/vegetable crops in the worlds that are differently affected by biotic and abiotic 

stresses and their productivity is decreasing every year by global environmental changes 

(GEC). GEC causes salinity, drought, flooding, soil acidification, soil salinization, extremely 

low and high temperatures, pathogens, fungal, mycorrhiza, virus and other adverse 

environmental conditions. These GEC factors directly or indirectly affect plants production. 

Thus, it is very necessary to improvement stress tolerant and diseases resistant plant variety. 
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Polyamines have a lot of physiological and cellular functions such as seed germination, cell 

division, somatic embryogenesis and differentiation, development of flowers and fruits, 

dormancy breakdown of tubers, protect phosynthetic apparatus. To perceive the function of 

polyamines in growth and differentiation, the version of plant ‘PAs modulation’ has been 

elucidated. To find out the exogenous and endogenous PAs level, and their defense 

mechanisms or ion channels on plants. Therefore, a lot of recent biological techniques 

required specially molecular biology and genetic engineering techniques (microarray, 

transcriptomics, metabolomics, proteomics, reverse genetics approaches) for the 

improvement of PAs transgenic plant to stress tolerant and diseases resistant and their 

functions will be implicate in plant sciences. 
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