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Abstract   

Peanut (Arachis hypogaea L.) or the common ‘peanut’ is a worldwide popu-

lar, affordable food containing high protein, calories, vitamins and minerals. 

Several biotic and abiotic stresses are responsible for reaching the expected 

production of peanuts worldwide. Especially, the fungi are the major con-

straints that not only hamper the production but also that is deadly health 

hazardous for both human consumption and poultry-livestock. Approaches 

from various dimensions like cultural management, diseases free cultivar 

development, hybridization, tissue culture and genetic transformations 

have been tried to overcome such challenges. This review epitomizes the 

total scenario from the plant physiological basis of fungal diseases to the 

peanut development approaches, which aimed to develop a concrete un-

derstanding of sustainable management of peanut production. Compari-

sons of Genetic Engineering methods such as Agrobacterium-mediated and 

direct gene gun (particle bombardment- mediated) with traditional hybridi-

zation have been compiled here, furthermore, candidate genes transformed 

to achieve fungus-resistance in peanuts have been listed up to provide an 

overview. Along with, the limitations of transformation attempts and the 

techniques for improvisation of transformation techniques have been dis-

cussed in sustainable peanut production. This study provides comprehen-

sive information on fungal-resistant peanut development so that, further 

research in this arena could be guided in an integrated way, which may 

serve for the thrust of sustainable improvisation in peanut cultivation.   

 

Keywords   

fungus; genetic engineering; transformation; aflatoxin; Arachis hypogaea.    

 

Introduction   

Peanut or Arachis hypogaea is a tropical leguminous plant having its origin 

in central Brazil of South America with archaeological records of domestica-

tion in Argentina, Bolivia, Peru and Mexico (1). It is presently grown from 

40⁰S to 40⁰N in warmer locations of tropical, subtropical and Mediterranean 

climates, where soils are light, neutral to alkaline and rainfall exceeds 400 

mm per year (2). The term Arachis had its genesis from the Greek word 

“arachos”, which means a ‘weed’, and hypogaea, meaning underground 

chamber, i.e. in botanical terms, a weed or plant which fruits below the soil 

surface. Groundnut and peanut are the two most common names of this 

plant (3). The plant is generally included amongst oilseeds due to its high oil 

content. Among the oilseeds, worldwide diversifying uses and popularity of 

peanuts have made it more significant and relevant to the livelihood of a 
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substantial proportion of the world population. Peanut is 

an important source of protein, fibres and is widely used 

for large-scale production of peanut butter, confections, 

various types of snacks, preparation of soups and desserts 

(4). Among the numerous varieties of peanuts, 4 market 

type varieties namely the Runner, Virginia, Spanish and 

Valencia have worldwide cultivation (5).  

 Peanut farming faces several contrivances among 

which the fungal infection forms the major biotic factor 

hindering the cultivation and overall yield (6). Fungal dis-

eases are known to affect all parts of peanuts namely stem 

(7), leaf (8) and root (9). These diseases have resulted in 

yield (10) and economic loss (11) throughout the globe. 

Several conventional practices such as crop rotation and 

crop management practices (12) were initially used to con-

trol the fungal pathogen. This was accompanied by the use 

of fungicides for the control of fungal pathogens which 

often negatively impact the ecosystem (13). In addition to 

it, indiscriminate and prolonged use of fungicides also re-

sulted in the development of fungicide resistance in the 

pathogens and ultimately loss of efficacy of the fungicides 

(14). Moreover, conventional crop rotation practices are 

also not effective for pathogens that have a wide host 

range with long-surviving structures such as oospores, 

chlamydospores and sclerotia (15). Such situations urged 

plant scientists to rely on biotechnological approaches for 

controlling fungal pathogens through transformation tech-

niques. These transformation techniques enable the plant 

to boost its defense system through an expression of a 

single or a set of foreign genes transferred from a resistant 

variety or altogether from a different plant. Besides, trans-

formation approaches largely boosts the plant defense 

system by fortifying various recognition machinery and up-

regulating pathways required for defense reaction (16). In 

this review, an attempt has been made to highlight the 

various transformation approaches studied towards the 

development of fungal disease resistant peanut. Several 

possibilities for disease resistance in peanuts have also 

been explored. Nonetheless, this review has also come 

across the limitations of present transformation approach-

es. Overall, this study presents a synopsis on the transfor-

mation of peanut for fungal resistance aimed at develop-

ing a fungus-resistant transgenic cultivar.    

 

Materials and Methods   

An extensive survey has been made using the internet as a 
platform and PubMed, Medline, Scopus, and Google schol-

ar as the search engines. Relevant research papers and 

review articles were short listed and important infor-

mation were pooled in framing the article.  

 

Results    

Description of Plant    

Arachis is a perennial legume, 30-50 cm tall, having tetra-
foliated, paripinnate, stipulated leaves borne spirally in a 

2/5 phyllotaxy. Each leaf is 2-8 cm in length and 1 to 4 cm 

in width. The inflorescence is of modified sessile papiliona-

ceous type, 2-4 cm in width borne on axils of leaves on pri-

mary or secondary branches, spike-like, simple, or com-

pound monopodia with up to five flowers in each node. 

The flowers are stalked due to the presence of a tubular 

hypanthium or calyx tube. The flower is subtended by a 

bract with a second bract on the inflorescence branch. The 

calyx is two-lobed while the corolla is a papilionaceous 

type consisting of five petals. Stamens, 10, monadelphous, 

are with a staminal corona surrounding the ovary (17). The 

important adaptive feature of groundnut is the formation 

of an elongated structure called ‘peg’. It develops after 

double fertilization as a result of the elongation of cells of 

intercalary meristems present at the base of the ovary. The 

peg is positively gravitropic and moves towards the soil, 

penetrates it, and forms subterranean pods (18). 

Challenges of peanut cultivation   

Peanut cultivation faces tremendous challenges by abiotic 
stresses like temperature, drought, cold, etc. Different fun-

gal and viral agents with insects like pod borer etc. exem-

plify biotic stresses. The fungal diseases cause substantial 

harm to the groundnut crop. Due to their detrimental 

symptoms, it affects the yield of the plants. Moreover, 

some of the fungal pathogens especially Aspergillus flavus 

produce aflatoxin which is highly harmful to humans. This 

makes the crops unsuitable for consumption which ulti-

mately leads to financial loss. Thus, the loss of fungal at-

tack can be expressed both in terms of yield and money, 

both being interrelated to one another.   

 In India, the loss of groundnut yields due to leaf 

spots have been in the range of 15-59% (19). The late leaf 

spot and the rust constitute important fungal-foliar dis-

ease and account for a reduction in a pod and haulm yield 

by 70% and in vitro digestibility of haulms by 22% (20).     A 

survey report from the Junagadh district of Gujrat, India, 

states a yield loss of 435 kg per hectare of groundnut due 

to dry root rot caused by the fungi Macrophomina 

phaseolina and this corresponded to plant mortality of 

29.3% (21). Besides, root rot disease resulted in an eco-

nomic loss of 20-30% in dry warm conditions (22). Mean-

while, Northern Ghana faces pod yield losses ranging from 

9.7 to 81.2% due to early and late leaf spot diseases (23). In 

the United States of America, the pod rot disease was re-

ported to cause a loss of 20% during the 1960s and 1970s 

(24). However, in the cases of pod rot, the yield loss is diffi-

cult to be determined accurately due to the absence of 

above-ground parts but losses of as high as 80% have been 

reported (25).  

 The loss of yield in groundnut due to defoliation can 

be correlated with early and late leaf spot diseases of the 

plants. It was observed that the yield loss was 2.2 to 2.8% 

per 10% increase in defoliation for levels up to approxi-

mately 95% after which the yield loss was found to be ex-

ponential (26). In addition, the rust disease of groundnut 

caused by Puccinia arachidis has been reported to cause a 

loss of 50% (27). Though, the losses can vary in a range of 

40% to 70% in favorable conditions and the presence of 

susceptible cultivars (28). The stem rot of groundnut 

caused by Sclerotium rolfsii may result in as much as 80% 
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of yield loss though in general losses less than 25% are 

more common (29). It is also reported that there is a yield 

loss of 10% in the case of groundnut suffering from Sclero-

tinia blight and in severe cases the loss might be as much as 

50% (30). S. rolfsii is also reported to cause indirect loss 

such as reduction in dry weight and oil content of ground-

nut kernels along with reduction of quality of fodder and 

pod and incurred a loss of 43 million US dollars annually 

(31). Several species of Pythium have been reported to be 

the causal organism of vascular wilt, damping-off and root 

rot of peanut (32).  

 Apart from the yield and financial loss, the aflatoxin 

contamination in groundnut is one of the serious matters of 

concern. Aflatoxin is a carcinogenic mycotoxin that is syn-

thesized by Aspergillus fungi and is reported to contami-

nate a substantial proportion of the world’s food (33). Sev-

eral reports stated the presence of aflatoxin in groundnut. A 

report states the presence of 158 ng g-1 of aflatoxin B1 in the 

groundnut cake while the concentration of aflatoxin in the 

seeds was as high as 3135 ng g-1 in samples from eastern 

Ethiopia (34). Another study reported the presence of 39 μg 

kg-1 of aflatoxin in the groundnut from Zambia (35). In 

South Africa aflatoxin of much higher concentration has 

been reported in groundnut butter served to the children 

(36). These contaminations have resulted in economic loss-

es as greater inputs are required for sorting and cleaning up 

processes. It is estimated that in Benin, the higher purchas-

ing price of clean-up peanuts results in an estimated loss of 

net returns of 62.30$ per kg (37). This massive amount of 

yield loss every year has been urged for measures to pre-

vent or control fungal attacks by conventional or scientific 

approaches.  

Cultural management practice to prevent diseases of peanut 

Conventional management practices have been adopted by 

the farmers to control several diseases of peanut. These 

methods create an atmosphere that is conducive for the 

better growth of plants and fortify them to fight against 

fungal pathogens. The most effective fungal pathogens 

management of peanuts is the cultural practice which is in 

concert with chemical control methods. Crop rotation with 

non-host crops, soil solarization, soil team sterilization (15), 

eradication of secondary collateral host, burning off old 

livestock and any remaining plants of previous cultivation 

in the fields (38) to reduce fungal inocula are the most com-

mon cultural management practices. In addition to it, utiliz-

ing those host resistance is a significant way in disease 

management. The inbuilt defense system of the plants al-

lows the farmers to concentrate on other aspects of crop 

management for maximum return through a sustainable 

agricultural system (39). Table 1 describes the selected re-

sistant varieties of peanut against fungal pathogens. 

 The dense canopy of the plant produces a favorable 

environment for disease incidence by maintaining a humid 

condition. In this regard, many soil-borne pathogens can be 

inhibited by maintaining optimum and controlled watering 

conditions. Since some of the pathogens produce motile 

zoospores overwatering requires should be avoided (32). 

The crop rotation is also an effective tool for the control of 

the fungal disease of peanuts. It is reported that rotating 

peanuts with corn, sorghum and other pasture grasses re-

duce infection from Rhizoctonia solani (43). Improving soil 

fertility may directly affect pathogens, improve crop pro-

duction by limiting its susceptibility, or increase microbial 

growth (47-49). For example, the application of nitrogen in 

the soil reduces the severity of S. rolfsii (50) whereas potas-

sium inhibits the growth of R. solani and Sclerotinia scleroti-

orum (51). Calcium is also reported to decrease the occur-

rence of Pythium and Rhizoctonia-induced pod diseases in 

the plant (52). 

 In the Indian subcontinent, agriculture depends on 

the use of a wide range of synthetic chemicals, including 

insecticides, fungicides, herbicides and other pesticides 

(53, 54). Among the synthetic chemicals, fungicides are an-

timycotic compounds and are generally used as sprays or 

dust to control pathogenic fungi. In peanuts, fungicides are 

frequently used for the control of various pathogens. In the 

United States, chlorothalonil is widely used to control early 

leaf spot (Cercospora arachidicola) late leaf spot 

(Cercosporidium personatum) and rust (Puccinia arachidis 

Speg) for the last 30 years (55). In addition, prothiocona-

zole, fluxapyroxad and pyraclostrobin have been tested 

effectively against Nothopassalora personata, the causal 

organism of late leaf sport of peanut (26). To control stem 

rot disease, caused by S. rolfsii, azoxystrobin in combina-

tion with tebuconazole is used (56). Another study reported 

the use of pyraclostrobin, penthiopyrad, and prothiocona-

zole to control the infection of Cercospora arachidicola in a 

systemic mode (57). However, continuous use of fungi re-

sults in several deleterious effects on the environment. 

Firstly, there are reports that fungicides biomagnify in vari-

ous levels of the trophic system (58-61). In humans, tebu-

conazole is reported to disrupt the function of the human 

placental trophoblast cell (62). Reports state that man-

cozeb complicates nonalcoholic fatty liver disease in hu-

mans (63) and is also toxic to mammalian granulosa cells 

(64). The soil microbiota is also harmed by the application 

of fungicides which results in a change of soil microbe com-

position (65). All these harmful effects of fungicides accom-

panied by inconsistent results of traditional methods of 

disease prevention have resulted in scientists relying on 

biotechnological approaches through which ground plants 

can be fortified with diseases resistant genes. This will not 

only help the plants to counteract the disease but also ben-

efit mankind from a nutritional and economic point of view. 

Genetic Transformation: a smart alternative   

Plants have the natural antimicrobial capacity and such 

Table1. Selected fungal resistant varieties of peanut  

Fungal pathogen Peanut varieties References 

Sclerotium rolfsii UF-MDR-98 (40) 

  Georgia-03L and CC650 (41) 

  DP-1 (42) 

Pythium sp.  Toalson (25, 43)  

Sclerotinia sp. Tamspan 90 (44) 

  Virginia type (45) 

Verticillium sp. Flavor Runner 458 (46) 
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mechanism makes the base for understanding the major 

tools in combating certain pathogens like fungus. The im-

mune mechanism, both innate and adaptive plays im-

portant role in the natural defense system of plants. In 

most cases, it is the unique genetic structure of a particular 

plant that makes it resistant to a pathogen (66). The genetic 

structure of the resistant varieties of the plant can be ex-

ploited through biotechnological techniques. This lead to 

the development of transgenic plants which are developed 

through genetic engineering techniques in which DNA is 

artificially inserted to get it expressed in recipient species 

(67). This advancement results in increased shelf life (61), 

elevated yield (68), improved nutritional quality (69), or 

enhancing capability of a variety to grow and yield against 

biotic (70-72) and abiotic stresses like tolerance to heat (73, 

74), cold (76) and drought resistance (77, 78). Transfor-

mation of peanut for incorporating transgene has been 

started later than 1990. However, approaches targeting 

resistance to fungus have been initiated decades later. The 

next section and Table 2 have summarized the reports fo-

cused on research trends in transgenic fungus-resistant 

peanuts. 

Research trends in transgenic fungus resistant peanuts   

The application of biotechnology and genetic engineering 

is widely used for the development of agronomically valua-

ble qualitative and quantitative traits i.e., biotic and abiotic 

stress-resistant transgenic crops, which certainly helps to 

progress in the extension of limited gene pools in conven-

tional breeding (79). Transgenic research offers cultivar 

development through the improvement of genetic re-

sources, which could play a significant role in establishing 

new and useful genetic diversity and production in pea-

nuts. However, the shortage in basic genome infrastruc-

ture, tools and resources impeded the peanut research pro-

gress than other crops e.g. potato, maize, soybean, wheat 

and sorghum in molecular genetics technology (80). The 

integration of the disease-controlling genes into the plant 

genome offers a steady option instead of using pesticides 

or bio-control agents (81). Fungal diseases mostly ham-

pered peanuts cultivation in both the tropic and semi-arid 

tropic regions among all the biotic stresses (82). The first 

peanut transformation followed by embryogenic tissue 

culture was performed using the Biolistic (bombardment 

technique) method (83). Only 1% transformation frequency 

was achieved and showed stable transformed expression. 

They suggested the additional resting period in non-

selective conditions can increase the surviving rates of 

transformants (83). 

 Some genes were incorporated through transgenic 

approaches to develop fungal disease-resistant peanuts 

(Table 2). Peanut production and quality are mainly hin-

Table 2. Selected fungal resistant transgenic peanut varieties  

Peanut 
genotype 

Transformation 
method 

Agrobacte-
rium strain 

Explant Promoter 
Selectable 

marker 
Transgene and source 

Trans-
fomation 

efficiency 
(%) 

Traits 
Refer-
ence 

TMV2 
Agrobacterium 
mediated 

LBA 4404 
Embryo with 
one cotyledon 

CaMV35S npt II CHI, tobacco 40 
Fungal resistance against 
pathogen Cercospora arachi-

dicola. 
(99) 

Okrun Biolistic - 
Somatic em-
bryo 

CaMV35S hph 
Rice chitinase 

Alfalfa glucanase 
86 

Hydrolase activities of trans-
genic peanuts. 

(81) 

Okrun Biolistic - 
Somatic em-
bryo 

CaMV35S hph 
Rice chitinase 

Alfalfa glucanase 
- 

Greenhouse testing of Sclero-
tinia minor resistance trans-

genic lines. 
(96) 

NC-7, Wil-
son, and 

Perry 
Biolistic - 

Somatic em-
bryo 

CaMV35S hph Barley oxalate oxidase - 
Field evaluation of transgenic 
lines for Sclerotinia minor 

resistance. 

(105) 

  

Okrun Biolistic - 
Somatic em-
bryo 

CaMV35S hph 
Rice chitinase 

Alfalfa glucanase 
- 

Fungal resistance observed 
under field conditions. 

(79) 

JL24 
Agrobacterium-
mediated 

EHA 105 Embryo axes CaMV35S npt II 

BjD, mustard 

RsAFP1 

and RsAFP2 

41.1 

Transgenic plants showed 
enhanced resistance against 
leaf spot disease. 

(108) 

Georgia 
Green 

Biolistic - 
Somatic em-
bryo 

CaMV35S hph Chloroperoxidase 86 
In vitro and situ A. flavus 
inoculation. 

 (90) 

TMV2 
Agrobacterium 
mediated 

LB4404 
Two-day old 
seedlings 

CaMV35S npt II uidA (β 1–3 glucanase) 40 

Resistance towards C. arachi-
dicola and A. flavus and re-

duced number of spots and 
delay onset of disease. 

(91) 

Wilson, 
Perry, NC-7 

Biolistic - 
Somatic em-
bryo 

CaMV35S hph Barley oxalate oxidase 69.2 
Field evaluation of transgenic 
lines for Sclerotinia minor 

resistance. 
(45) 

Golden 
Agrobacterium-
mediated 

LBA 4404 Coty CaMV35S bar Bchit from bacteria - 
Fungal resistance against C. 

Arachidicola. 
(100) 
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dered by aflatoxin contamination through fungal infection 

(84). Aspergillus flavus and A. parasiticus produce aflatoxin, 

which is identified as a human carcinogen in shelled pea-

nuts (85, 86). These highly toxic secondary metabolites are 

in 21% of peanuts in India, according to the Indian Council 

of Medical Research-Lucknow. A study performed by Inter-

national Crops Research Institute for the Semi-arid Tropics 

(ICRISAT) showed a 40 times higher level of aflatoxin in Indi-

an peanuts than the tolerable limits (87). A high level (423 

ng g-1) of aflatoxin was also found in Bangladeshi peanuts, 

which is much higher than the normal regulatory level in 

the US and European countries (88). Incorporation of BIy1AI 

gene from Bacillus thuringiensis was observed lessening the 

aflatoxin contaminations of peanut seed by A. flavus in 

transgenic peanuts. In addition, the transformation of pea-

nut with soybean loxl gene showed suppression of aflatoxin 

biosynthetic pathway in vitro, and the inclusion of carrot 

embryo-specific promoter (DC3) in transformation showed 

a reduced level of aflatoxin contamination (89). Though 

there is suitable germplasm with less preharvest aflatoxin 

contamination intended for breeding in peanuts, A. flavus 

resistant transgenic peanut was also developed through 

genetic engineering using non-heme chloroperoxidase 

gene (cpo-p) from Pseudomonas pyrrocinia. The embryo-

genic tissues extract expressed 50% antifungal activity, 

whereas the leaf extracts of mature plants showed a 20% 

reduction in fungal colonies’ growth. The difference could 

be the result of physiological or developmental changes in 

various plant parts. A. flavus (70-GFP) strain showed a 50–

80% reduction in hyphal growth in the cotyledons of trans-

genic seeds in an in situ inoculation experiment (90). Afla-

toxin resistivity, including a reduction in fungal hyphal 

spread against A. flavus, was also seen in a transgenic pea-

nut obtaining PR protein glucanase, hydrolyses gene from 

tobacco, which acts as a plant defense barrier too against 

leaf spot disease caused by Cercospora arachidicola to de-

lay in disease encounter with lesser leaf spots in three pea-

nut cultivars, JL 24, ICGV 89104 and ICGV 86031 (91). The 

chitinases and glucanases, both hydrolytic enzymes, can be 

used in developing transgenic peanuts with the capability 

of degradation of the fungal cell wall and spore formation. 

Two antifungal defensin genes (MsDef1 and MtDef4.2) were 

transformed in peanut from Medicago sativa and M. trun-

catula respectively to enhance the resistance of peanut 

against A. flavus infection, and two genes of aflatoxin bio-

synthetic pathway (aflM and aflP) were silenced using host-

induced gene silencing (HIGS) technique to reduce aflatoxin 

level (92). RNA interference (RNAi) mediated silencing of 

five aflatoxin synthesis genes, namely AFL2G_07223 (aflS or 

aflJ), AFL2G_07224 (aflR), AFL2G_07228 (aflC/pksA/pksL1), 

AFL2G_07731 (pes1) and AFL2G_05027 (aflatoxin efflux 

pump, aflep) controlled mycotoxin accumulation in plants, 

as it showed up to 100% decrease in aflatoxin contamina-

tion in peanut lines 288-72 and 288-74 (93). However, field 

adaptation of these transgenic plants needs more research 

(94).  

 Introduction of class II chitinase gene from rice 

(Oryza sativa) and or a glucanase from alfalfa (M. sativa) 

into peanut resulted in transgenic peanut lines production 

with 25% higher chitinase and glucanase activities. Many 

varieties, including peanuts, produce chitinase, observed in 

non-transformed plants; however, more analysis is re-

quired to confirm the glucanase activity as there is no en-

dogenous β-1-3-glucanase gene reported to be found in 

peanut (81). Many fungi are susceptible to the combination 

of chitinase and β-1,3-glucanase than chitinase alone (95). 

The cultivar Okrun, known for its desirable traits and better 

tissue culture performance, presented as the parent geno-

type to all transgenic lines. These peanut lines were investi-

gated for their stable transgene expression (81), also for 

their reaction to fungal contamination in the greenhouse 

(96) and field conditions (79). Chitinases show a different 

level of antifungal activity against a wide range of fungal 

strains under in vitro conditions; however, the protection 

level is influenced by several factors, i.e. enzyme activity 

BARI-2000, 

Golden 

Agrobacterium-
mediated 

  
Cotyledonary 
node 

CaMV35S 
(EN4) 

Hpt   RCG-3 
32 

41 

Fungal resistance 
against C. arachidicola. 

(101) 

JL24 
Agrobacterium 
mediated 

GV2260 Cotyledon CaMV35S hpt  SniOLP+rs-AFP2 65 

Enhanced late leaf spot 
disease Resistance and 
reduced number and 

size of lesions on 
leaves. 

 (110) 

Huaya 

20 

Huaya 

22 

Agrobacterium-
mediated 

EHA105 
Embryonic 
leaflets 

CaMV35 S hph 
β 1–3  

glucanase 
- 

Transgenic plants 
showed resistance 

against C. personata. 
 (104) 

JL-24 
Agrobacterium-
mediated 

EHA105 
Somatic 
embyro 

CaMV35 S npt II AdSGT1 83.3 

Peanut plant with 
enhanced resistance 

against the late leaf-
spot disease. 

 (112) 

BARD-92, 
BARI-2000, 

BARD-479, 
and Golden 

Whisker mediated - Epicotyl CaMV35 S hpt EN4+RCG 3 6.88 
Chitinase gene enhanc-
ing against leaf spot 

disease. 
(113) 

JL24 
Agrobacterium 
mediated 

C58 Embryo CaMV35 S None 

MsDef1 and MtDef4.2 
(from Medicago sativa 
and M. truncatula 
respectively)  

- 

Silencing two genes 
(aflM and aflP) to raise 
immunity against afla-
toxin contamination. 

 (92) 
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and expression, protein concentration, pathogen charac-

teristics, host-pathogen interaction (97). The overexpres-

sion of Chitinase activity significantly decreased fungal in-

fection frequency in various plants by slowing down fungal 

growth and inducing plant defense mechanisms (98). The 

next generation of transgenic peanuts containing chitinase 

genes (CHI and Rchit and from tobacco and rice respective-

ly, and bacterial Bchit) was tested for their resistance to 

Fusarium wilt and leaf spot or tikka disease (C. arachidicola) 

(99-101). Transformation with bacterial chitinase (Bchit) 

and rice chitinase (RCG-3) genes showed higher enzyme 

activity but the resistance intensity varied against C. arachi-

dicola (100, 101). The variation in pathogen resistance 

could be due to the determination of chitinase enzymes at 

the tissue and cellular levels (102, 103). Two to fourteen-

fold higher chitinase expressions were observed in peanuts 

against A. flavus when transformed with rice chitinase gene 

(Rchit gene), and 25% less infection was also observed in 

seed colonization assay performed in vitro. A negative cor-

relation between disease frequency and chitinase activity 

was identified as fewer lesions were observed from leaf 

spot (LLS) and rust diseases (98). Peanut plants expressed 

the β-1,3-glucanase gene, confirming an improved disease 

resistance against Cercospora personata (104). 

 Expression of barley oxalate oxidase gene in a trans-
genic peanut developed an increased resistance against 

Sclerotinia blight caused by necrotrophic fungi Sclerotinia 

minor. The connection of pathogenic reaction between ox-

alic acid and Sclerotinia species was demonstrated in a 

study. cDNA sequence of barley oxalate oxidase was used 

for protein expression, which degrades the oxalic acid con-

tent to develop transgenic varieties resistant to Sclerotinia 

blight. The lesion size was reduced to 75% to 97% com-

pared to the non-transformed plants (105). These transgen-

ic plants were observed a significant reduction in disease 

with an increased yield ranging from 488–2755 kg/ha com-

pared with non-transgenic lines over 5 years (45). 

 Plant-based pathogenesis-related (PR) proteins are 

induced by plants as a defense response and express toxici-

ty towards the disease-causing fungal pathogens (106). The 

PR proteins are classified into 17 families according to their 

mode of action and some can enzymatically hydrolyze the 

fungal cell walls (107). Pathogenesis-related proteins and 

defensins are useful antifungal proteins and can potentially 

achieve biosafety approval for commercial use due to their 

endogenous production capability in plants. Identification 

of these proteins in plants unlocks a new possibility for es-

tablishing disease-resistant transgenic plants through over-

expression. Defensin gene (BjD) from mustard (RsAFP-1and 

RsAFP-2 of Raphanus sativus) was transferred in transgenic 

peanuts exhibiting better resistance to severe late leaf 

spots caused by both Pheaoisariopsis personata and C. ara-

chidicola (108). Leaf spot disease has one of the most dev-

astating effects on crop yield as 30-48% yield loss was ob-

served by the early and late leaf spot in peanuts in Bangla-

desh (109). Reduction in lesion size and the onset of late 

leaf spot disease (caused by P. personata) were observed in 

a transgenic peanut plant expressing a combination of PR 

genes SniOLP (Solanum nigrum osmotin-like protein) and Rs

-AFP2 (R. sativus antifungal protein-2) in an experiment per-

formed both at laboratory and greenhouse conditions 

(110).  

 Several genes from wild peanut A. diogoi have been 

characterized, which are involved in plants' defense, and 

showed resistance against the late leaf spot pathogen 

(111). Transgenic peanut plants obtained AdSgt1 through in 

planta transformation showed improved resistance to the 

late leaf spot pathogen and the expression induced the 

emergence of resistance-related genes, CC-NB-LRR, and 

some protein kinases (112). A transformation was done  

using silicon carbide whiskers to obtain resistance against 

leaf spots by transferring the chitinase gene. The highest 

transformation efficiency (6.88%) was obtained from 20 mg 

of two-day-old callus using 200 mg of whiskers with a five 

µg plasmid. This time-saving and cost-effective procedure 

can successfully introduce transgene directly into legumes 

and can avoid overexpression and inheritance problems 

(113).  

 Peanut kernel production of stilbene phytoalexins, 

which is induced by fungal infections, hinders fungal 

growth and spore formation. Resveratrol (an antioxidant) 

production was observed in tobacco transformed with stil-

bene synthase isolated from peanuts (114). Peanut is con-

sidered as a recalcitrant crop to perform in vitro regenera-

tion and transformation; however, a high-frequency trans-

formation rate was achieved using cotyledonary and em-

bryo axes explants. Several transgenic lines were success-

fully established, but none of them has been released till 

now. Besides, public resistance and expensive regulatory 

requirements negatively impact the process (84).  

Challenges in Peanut Transformation  

Introducing novel antifungal genes into peanuts is prefera-

ble over conventional plant breeding systems and it is ex-

pected to limit the use of commercial fungicidal agents for 

managing fungal attacks which is the foremost reason for 

production loss in peanuts worldwide. Transformation al-

lows introgression of a gene(s) that is not common in the 

Arachis genus or may bear a pleiotropic role for peanut pro-

duction i.e., peanut yield, flavor, quality etc. Though ap-

proaches for efficient transformation systems have been 

initiated 30 years ago, regrettably transformation and re-

generation are still facing several challenges for peanut and 

other valuable crops (115, 116).  

 For developing fungus-resistant peanut and other 

legumes, researchers are working for a reliable protocol 

that is efficient, reproducible, genotype and location inde-

pendent, also takes a shorter time for a variety. Besides, 

transformation strategies focus on components like, 

• A potential source of candidate genes. 

• Prospective assortment of totipotent explants like cot-

yledon, leaves, gametes etc.  

• The appropriate DNA delivery method into the target cell. 

• Selection of transformed cells in various phases of 

plant development. 

 Moreover, transgenic plants should not possess as-

pects like insertional mutagenesis, pleiotropy, and 
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somaclonal variation which impedes the necessary agro-

nomic characteristics (117). In this context, several issues 

are required to point a light over them for addressing pea-

nut transformation.  

 Tissue culture vs. Non-tissue culture-based transfor-

mation: While designing a transformation strategy, the first 

query comes on whether the method will be tissue culture-

dependent or not? Different tissues of peanut namely, leaf-

let, somatic embryo, embryo axis, cotyledon and hypocotyl 

have been successfully used as explants in generating 

transgenic lines (118). Most of the peanut transformation 

reported on tissue culture-dependent method but there are 

reports on other legumes of following non-tissue culture-

dependent method of transformation. For example, the 

meristem multiplication method described (119) for soy-

bean, Agrobacterium tumefaciens based method for a pea-

nut (99) were successful to bypass the tissue culture phase 

(120). The tissue culture-based method often confronts the 

difficulty of recalcitrancy of peanut tissues. After transfor-

mation, peanut regeneration often shows a poor response 

and low frequency of transformed plants. It also requires 

professional skill to maintain the varieties amenable to re-

generation (120). Besides, tissue necrosis (browning of pu-

tatively transformed tissue) is another constraint faced on 

the tissue culture-dependent method. During co-cultivation 

of Agrobacterium and plant cells, browning of tissues has 

been observed to have resulted from elevated peroxidase 

activity of plant-bacterium interaction (121). Crops like 

grape (122), sugarcane (123), rice (124) etc. have been re-

ported to overcome tissue necrosis when culture media 

was supplemented with antioxidants, but there is no report 

of peanut or other legumes to achieve such (121).  

 Chimera: A failure to transform gene stability: Recent 

advances in molecular biology techniques have made a list 

of genetic tools available for the isolation of potential can-

didate gene(s) from competent species and transform them 

into a peanut. But there is a gap in gene stability in subse-

quent generations of putatively transformed peanut (84). 

This lacuna is the reason for the generation of chimeric 

plants in legumes, which has been reported for chickpea, 

lentils (116, 125, 126). After transformation, when a plant 

tissue escapes transmission of genes in next-generation or 

develops as a combination of transformed and non-

transformed portions, these plant lines are denoted as chi-

meric lines. The occurrence of chimera diminishes the effi-

ciency of the transformation system and thus limits the 

scope of generating a stable transgenic line (116). Chimeric 

expression of the “GUS” reporter gene has been reported 

for peanuts, but a chimeric expression of the candidate 

gene has not been observed yet (92). Constant observation 

is still needed for achieving a stable fungal-resistant trans-

genic line in peanuts.  

 Controlling transgene expression: Improvement of 

transformation frequency, accompanied by identification 

of novel promoter and enhancer elements, isolation of 

functional genes denoted as crucial factors in transgenic 

plant development. In addition, control of temporal and 

spatial expression of an exogenous anti-fungal gene(s) is 

critical for achieving efficacious transformation (127). 

Hence, promoters provide foundational monitoring of gene 

expression in forms like constitutive, inducible, tissue-

specific, developmental etc. Though successful promoter-

less transformation has been reported and still most re-

searchers rely on regulatory control mediated by promot-

ers (128). 

 Earlier approaches of peanut transformation report-
ed the use of constitutive promoters namely CaMV35S or 

potato ubiquitin 3 promoters, which were observed to be 

active in the whole plant and failed to protect the edible 

portions of the respective plant from the generation of po-

tentially harmful byproducts (127, 129, 130). Besides, these 

promoters have been noticed to increase energy demand 

on host plants which leads to reduced plant growth and 

yield. Also, continuous exposure of the toxic gene to the 

fungal agents may enhance the probability of peanut devel-

oping resistance (127). In addition, plants transformed with 

plasmids featuring constitutive promoters have been re-

ported to experience homology-dependent transcriptional 

silencing (131). Such adverse ectopic expression can be 

avoided by the inducible or tissue-specific promoter, which 

delivers regulated control of transgene expression (127). 

Seed specific promoters i.e., cottonseed α-globulin B gene 

promoter (132), barley lemma gene promoter (Iem1) (133) 

etc. have been reported for seed-specific expression of the 

anti-fungal gene in crop seeds, which have shown a new 

way for peanut transformation. Seed-specific promoters 

have been isolated and characterized in peanuts (134). Al-

so, seed-specific expression of the AtLEC1 gene has been 

reported to increase oil content and lipid reservoir in pea-

nuts (135). However, seed-specific expression of an anti-

fungal gene in peanuts through transformation is about to 

be explored.  

 Subsequently, pathogen/wound inducible promot-

ers such as maize proteinase inhibitor gene promoter (mp/) 

(136), poplar win3.12T (137) gene promoter can be other 

choices for controlling fungal invasion at the place of infec-

tion which may reduce the probability of any lethal effects 

on plant growth and development (127). However, the 

transformation of transgene downstream to a promoter 

may interfere with the host plant’s normal gene function by 

modifying transcriptional control of upstream or down-

stream plant promoter which may lead to disruption of oth-

er gene functions (138). In such a situation, a transfor-

mation of promoter-less construct can be carried out in 

peanuts, where the anti-fungal gene may be regulated by 

the upstream plant regulatory sequence that has been 

hooked with it (108). Besides, the synthetic promoter can 

be investigated for expressing functionally important genes 

in transgenic plant research (139).  

 Perspectives on environmental issues: Development 
of a fungus-resistant peanut or some other genetically 

modified legume cultivar will be required to address sever-

al issues during field trials concerning public acceptance. 

These issues include:  

• The effect of spreading the transgene to related spe-

cies and its impact on ecology. 

• The possible non-targeted side-effects on other or-
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ganisms like beneficial microorganisms, insects, ro-

dents etc. 

• Health effects of over-expression of the transgene on 

edible plant parts. 

• Possibility of achieving resistance of the existing 
pathogens or evolving to new pathogen strains.  

• Presence or absence of allergic elements in the 

transformed line etc.  

 Though any adverse effects have not been reported 

for legume transformation, these issues are required to 

monitor regularly (140). 

 Issues regarding peanut transformation and devel-

oping cultivar resistance to fungal agents should look for 

scopes to improve transformation technology while proper 

monitoring is also required. The advancement of plant bio-

technology techniques can act as a ray of hope in this re-

gard.  

Prospects regarding peanut transformation  

Introducing a novel trait to a plant and releasing it as a new 
variety relies on continuous improvement to reach the goal. 

There are still hurdles that need to solve by using molecular 

biology tools and other plants' biotechnological 

knowledge.  

 Improvisation of transformation techniques: Many 

reports have been mentioned about inefficient DNA deliv-

ery by Agrobacterium, which is being tried to overcome by 

recent developments of super-binary vectors and highly 

virulent strains (141, 142). Also, analysis of host-pathogen 

interaction should be followed for characterization of pea-

nut genotypes and Agrobacterium strains which may be 

compatible partners for transformation and are expected 

to improve transformation efficacy (143). Chemical com-

pounds like acetosyringone (AS) and thiols are supplement-

ed individually in a co-cultivation medium, have been re-

ported to significantly increase the number of transformed 

plantlets in rice (144) and peanuts (145). Acetosyringone 

stimulates vir gene in the Ti plasmid of Agrobacterium 

which enhances the scope of infection to explant (142). Thi-

ol compounds have been reported to inhibit peroxidase 

and polyphenol oxidase in explants during cocultivation 

which facilitates T-DNA delivery to explants (146). There is 

scope to improve more peanut cultivars and other legumes 

transformation by using these compounds. Measures like 

explant wounding /micro-injury have been widely followed 

in transformation studies where some of them have report-

ed a low frequency of transient transformation (116, 147). 

As an alternative to mechanical wounding, sonication-

induced tissue wounding or whisker-mediated transfor-

mation can be tried to increase the transformation frequen-

cy (113, 146). SAAT implies alternating exposure of explants 

to sonication waves in presence of Agrobacterium which 

can overcome the cell-wall barrier of explants for efficient 

transformation (148). Also, transformation using whiskers 

has advantages like micro-puncturing of cells for DNA deliv-

ery through penetration of cell wall which reaches to the 

nucleus directly and technical expertise is not required like 

gene-gun method (113). Besides nuclear transformation, 

new insight toward plastid transformation can be explored 

as this technique offers distinctive features like the prohibi-

tion of the outcrossing of transgene and recombinant prod-

ucts, stable production of recombinant protein, excludes 

gene silencing and position effects and cellular compart-

mentalization of compounds unfavorable to the plant (149, 

150).  

 Characterization of novel anti-fungal gene: Besides 

improving the transformation strategies, finding the appro-

priate anti-fungal gene is the critical step needed to achieve 

fungal disease resistance in peanuts. The access to cDNA 

sequences has been made intense understanding of gene 

characteristics, development of markers, constructing mi-

croarray and genome annotation (151-153). It has been a 

decade that, microarray has been proposed to study the 

expression pattern of defense reaction in peanut plants 

(154). Since then, Expressed Sequenced Tags (ESTs) have 

been used to detect key genes involved in defense response 

in peanut against fungal infections and aspired to uncover 

gene expression and regulation (155-157). The interaction 

of peanut ESTs and the fungus Cercosporidium personatum 

(causing late leaf spot) has been reported using suppressive 

subtractive hybridization (SSH) technique to build up cDNA 

library has made way for further research in peanut trans-

formation (158). Table 3 illustrates some selected reports 

which have been published using ESTs for understanding 

molecular features behind fungal resistance in peanuts. 

 Utilizing Marker-assisted selection, previously re-

ported stress-resistant genes can be tried to enhance re-

sistance against fungal infection in peanuts by introducing 

them through transformation (164, 165). Furthermore, 

quantitative trait loci mapping (QTLs) has revealed regions 

in the peanut chromosome for resistance against early and 

late leaf spots and stem rot infection through marker-

assisted selection. These observations have validated the 

potency of the gene pyramiding approach to achieve re-

sistance against fungal attack and the development of a 

superior cultivar to limit the disease spread and minimize 

yield loss (10, 166). In addition, antifungal proteins like 

Aleuria aurantia lectin (against Mucor racemosus), Coprin-

opsis cinerea lectin 2 (from Ashbya gossypii) (167), lipid 

transfer protein (against A. flavus) (75); lectin from Spar-

Table 3. ESTs for characterization of anti-fungal genes from different fungal 
species in peanut  

Fungus strain Diseases Technique References 

Cercospora arachidicola 
Early leaf spot 
fungi 

RNA-Seq analysis 

EST-SSR markers 
(159) 

Sclerotium rolfsii Stem rot RNA-Seq analysis  (160, 161) 

Aspergillus flavus 

Aspergillus parasiticus 
Postharvest rot  

quantitative trait 
loci mapping (QTLs) 

 (162)  

Metarhizium anisopliae Beneficial fungi 
transcriptome se-
quencing 

 (163) 
Fusarium oxysporum 

Root rot patho-
gen 

Phaeoisariopsis personata  Late Leaf Spot 

cDNA-AFLP 

2D proteomics 

ESTs 

 (111) 

https://plantsciencetoday.online


9 

Plant Science Today, ISSN 2348-1900 (online) 

assis latifolia against Candida and Fusarium sp. (168) etc. 

have been examined by the gene-pyramiding approach to 

achieve strong bioactivity against fungal agents. Genetic 

transformation of such genes is expected to enhance fungal 

resistance in peanuts.  

 RNAi gene silencing: RNA interference (RNAi) gene 

silencing is a unique mechanism of gene regulation mediat-

ed by small RNAs (sRNA) acting on a key gene(s) to silent its 

expression at the transcriptional or post-transcriptional 

level thereby limiting fungal growth (127). It was reported 

that RNAi silencing for resistance-associated proteins 

(RAPs) to achieve aflatoxin resistance in maize (127, 169). 

For peanuts, a reduced colonization of A. flavus and aflatox-

in contamination in the kernels has been reported by re-

ducing organ-specific expression of stilbene synthase 

through RNAi silencing (170). This silencing technique tar-

geted to a variety of fungal agents (in peanut and other 

plants) has been listed up in Table 4. Different varieties of 

peanut can be tested to adopt this technology for improv-

ing peanut transformation in near future.  

 Coevolution of Host-Pathogen Interaction: Plant-

Agrobacterium relation delineates the possibilities of suc-

cessful genetic transformation. Systematic observation of 

defense response gene transcripts has revealed the intri-

cate relationship between pathogen invasion and host 

plant response (113, 143). Fungal pathogens may obtain 

resistance to the engineered traits through natural selec-

tion, adaptivity, environmental factors etc. These genetic 

changes in the attacking pathogens take place parallel to 

the engineered plant, which is denoted as co-evolution 

(140). The fungal attack has been noted for adaptive func-

tional modifications of the enzyme chitinase active site in 

tobacco and rice (95). Likewise, pathogen sensitivity to the 

anti-fungal protein over-expressed in a transgenic plant can 

be modified by adaptivity. The possibility of co-evolution is 

a matter of concern from the perspective of developing the 

transgenic plant as well as environmental issues (94). Re-

grettably, this issue is often unnoticed by researchers. Fu-

ture research in peanut transformation should handle it 

methodologically. With the advancement of molecular biol-

ogy and plant biotechnology, new approaches should be 

tested for better results and the improvisation of present 

transformation techniques. But it should be kept in mind 

that, along with new approaches, there will be new prob-

lems to solve. Therefore, a constant intensification of re-

search is necessary to be carried out in the future.  

Future prospects and conclusion   

The fungal diseases of peanuts have been a matter of great 

concern in plant science and agriculture, considering a 

massive amount of annual yield losses incurred due to in-

festation by fungi. A variety of traditional and commercially 

available measures are popular among farmers, which are 

being protested by green activists for diversified reasons. 

Hence, disregarding the conventional approaches, there is 

a thrust in biotechnological approaches, which are more 

environment friendly for combating peanut disease re-

sistance and are presumed to have the non-existence of 

deleterious effect on the ecosystem. In this regard, peanut 

has been considered as a reliable candidate for the trans-

formation of candidate genes, to achieve economic bene-

fits during its farming. Numerous attempts have been tried 

to confer fungal resistance in peanuts using different ex-

plants, techniques, conditions, though commercially avail-

able genetically modified fungus-resistant peanut is yet to 

be available. Still, most of the research outcomes are based 

on laboratory environment, which makes a growing de-

mand on long-term field testing of the candidate fungal-

resistant peanut varieties. Some other factors needed to be 

checked before the field trial. Firstly, achieving fungal-

disease resistance is highly complex because it engages 

multigenic features. It is worth noting that, incorporation of 

a single gene may provide insufficient resistance while the 

incorporation of multiple genes may pose a burden on the 

plant. Proper coordination is highly recommended to 

achieve an acceptable level of resistance while keeping the 

physiological features and yield uninterrupted. Next, Epige-

netic modifications are necessary to be addressed to con-

trol transgene stability in transgenic peanuts. As it is hypo-

thetical to monitor the integration of a gene (or the number 

of its copies) into the recipient organism; this makes 

transgene regulation more difficult. It may lead to epigenet-

ic silencing of the candidate transgene and foresee its effect 

on transgenic peanuts. Besides, testing in a local environ-

ment is required to check the ecological relevance and ag-

ronomic performance. The concerning issues for biosafety 

regulation need to be addressed during the trials to attract 

public acceptance and farmers' interest.   

 The exploration of genes from wild relatives of       

Arachis has also been undertaken with a motive to fortify 

peanuts from fungal disease. Variance regarding transfor-

mation efficiency has not been observed in various tech-

niques studied so far; however, there are specific challeng-

es in implementing the biotechnological method for the 

development of disease resistance peanut plants, i.e., the 

tissue culture is often associated with low recalcitrance. 

The low transformation frequency and the browning pro-

cess resulting from peroxidase activity have also been re-

ported, whereas hindrances like tissue browning and 

transgene instability are yet to address. Therefore, intense 

Table 4. Examples of using RNAi silencing to inhibit fungal species in peanut  

Plant Fungal strain Disease References 

Peanut Aspergillus flavus Post-harvest loss  (171) 

Peanut Aspergillus flavus 
Control of Aflatoxin 
production. 

(93) 

Peanut Aspergillus flavus 
Control of Aflatoxin 
production 

(170) 

Barley Fusarium graminearum Fusarium head blight  (172) 

Soybean Macrophomina phaseolina Charcoal rot disease  (173) 

Grapevine Botrytis cinerea Grape bunch rot  (174) 

Mustard 
Sclclerotium sclerotiorum 

Botrytis cinerea 
Foliar application  (175) 

Wheat Fusarium asiaticum Wound  (176) 

Bean Uromyces appendiculatus Rust  (177) 

Potato Phytophthora infestans late blight  (178) 
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investigations and improvised techniques are a need of 

time to make the process of genetic methods of transfor-

mation more effective and successful. It will not only help in 

building genetically stabilized peanut lines to combat fun-

gal infection effectively but also can consequently minimize 

the yield loss and optimize productivity.  

 On a separate front, aflatoxin contamination in pea-
nuts also raises apprehension as it is likely to impart its tox-

icity to the population. Devising more efficient means to 

control Aspergillus infection and develop the resistant traits 

can be consequently added to the nutrition of hunger-

stricken populations throughout the globe. Thus, biotech-

nological approaches centered on genetic transformation 

are the preferably effective strategy in combating the fun-

gal disease of peanut and are of extreme relevance, espe-

cially in the countries of the Indian subcontinent, for in-

creased productivity and better nutritional benefits. Possi-

bly peanut transformation will serve as a new platform to 

discover the unrecovered aspects of epigenetics. . 
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