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Ground nut (Arachis hypogaea L.) is one of the most important crops universally cultivated in many countries and
India is the second largest producer of groundnut. Fusarium oxysporum is a soil borne and devastating fungal plant
pathogen that causes Fusarium wilt in 4. hypogaea. In fungi, the genes involved in secondary metabolite (SM)
biosynthesis are often localized in close proximity in the genome, usually adjacent to each other, and are regulated
in a co-ordinated manner. The biosynthetic gene cluster of SM encodes transcription factors, protein for transport
and enzymes. Fusaric acid (FA) is a highly toxic SM derived from polyketide and is produced by several species
belonging to the genus Fusarium which plays a significant role in disease development. A comparative genomic
and transcriptomic analysis of the FA biosynthetic gene (FUB) cluster in A. hypogaea L. indicates that the FUB
cluster is comprising 12 genes (FUB-1 to FUB-12). Among them, FUB-1 and FUB-11 are expressed significantly,
and quantification by real-time polymerase chain reaction shows a 1.1-fold and 1.3-fold increase, respectively.
RNA Transcriptome sequencing analysis of leaf samples infected with F. oxysporum and leaf samples treated with
combinations of biocontrol agents (7richoderma viride + Pseudomonas fluorescens) depicted 111 infected specific
genes, 1162 treated specific genes, 33 up and downregulatory genes, and also the toxic levels of FA were significantly
reduced (0.1-fold increase in FUB-1 and 0.3-fold increase in FUB-11 expression). Gene ontology and pathway
analysis results shed light onto the genetic and biochemical mechanism for the identification of FUB genes associated
with FA production in F. oxysporum infecting A. hypogaea L. and potential benefits of using combination treatments
to suppress Fusarium wilt disease.

1. INTRODUCTION

factors in genome of F. oxysporum. Secondary metabolites (SM) are
organic molecules of low-molecular-weight with diverse chemical

Arachis hypogaea L. (Groundnut) is the most important legume and
edible oil seed crop grown worldwide. Fusarium oxysporum that
causes vascular wilt, root, and crown rots diseases is causing damage
in economically imperative crops 4. hypogaea L. [1]. F. oxysporum
consisting of 70 forme speciales, it can cause diseases on a variety
of plant species and has recently been recognized as the fifth most
important pathogenic plant fungus [2]. Earlier scientists has applied
RNA-seq technology successfully onto species like humans, yeast,
and other important agricultural crops [3-5]. Advanced studies of
F. oxysporum f. sp. Ilycopersici (Fol) genome in tomato, reveals
that genes infecting strain F. oxysporum lycopersici (Fol) which to
understand the role genes of F. oxysporum. [6]. This study led to the
identification of specific pathogenicity chromosomes and virulence
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structures and biological activities and are produced to confer a
selective advantage to the organism. Even though Fusarium SM is
crucial for disease development, the major metabolites in the scientific
study of Fusarium not explained.

Fusaric acid (FA) (5-butylpicolinic acid) derived SM produced by
Fusarium species including F. oxysporum members of Fusarium

Sfujikuroi species complex (FFSC) [7]. FA was first discovered in

laboratory culture Fusarium heterosporum Nees [8] and a phytotoxin
implicated in the pathogenesis of Fusarium wilts [9]. It is still
renowned for its strong phytotoxicity [10] and to chelate metal ions
inside tomato [11]. While many investigations have been carried
out to determine the size of FA biological activity in pathogenesis,
the mechanism of genes and its toxic effects are still remained to be
elucidated.

There are no studies related to FA toxicity in 4. hypogaea L. Among
the toxic metabolites, secreted by F oxysporum FA was confirmed
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by HPLC-MS/MS method in 4. hypogaea L. [12]. FA biosynthetic
gene (FUB) cluster was first identified in two FFSC species, namely,
Fusarium verticillioides, the causal fungus of stalk rot of maize [13],
and F. fujikuroi, the causal fungus of bakanae disease in rice [14].

Earlier workers confirmed that Fusarium FUB cluster consisting of
12 genes (FUBI to FUBI12) [15,16]. The functions of the FUB genes
in Fusarium were predicted through the functions of their annotated
homologs, including a polyketide synthase (PKS, FUBI), a protein
(FUBI), eight different enzymes (FUB3-FUBS), two transcription
factors (TFs) (FUB10 and FUBI2), and a transporter (FUBI2). Prior
reports affirmed that the genes involved in the biosynthesis of similar
SM are co-coordinately managed and located adjacent to one other in
the genome [17,18]. These biosynthetic gene clusters usually include
a key gene encoding an enzyme PKS that catalyzes assembly of the
SM chemical scaffold and a majority of cluster genes, at least one TF
that regulates gene expression within the cluster and a protein that
transports the SM out of the cell. The studies of FUB gene cluster in
different species were identified but its role in 4. hypogaea L. and its
mechanism of genes in infection is still lacking.

Transcriptomic information is used in a wide range of biological
studies and provides fundamental insights into biological processes and
applications. Next-generation sequencing technologies have advanced
rapidly with ribonucleic acid sequencing (RNA-seq) and becoming an
instrumental assay for the analysis of fungal transcriptomes, particularly
in the levels of gene expression [19], the gene expression profiles
during development [5,20] or gene discovery; however, transcriptomic
information provides a little information for the peanut plant and no
scientific report is available regarding the FUB genes of F. oxysporum
infecting 4. hypogaea L. However, first report enlightening symbiosis-
related genes in a genome-wide manner in peanut [21].

As studies on Fusarium-Arachis pathos-system are only limited to
initial stages of infection and wilt control, molecular information about
Fusarium-Arachis interaction is not available. There are no studies
that deal with the expression analysis of pathogenicity-related genes
in Fusarium-Arachis pathos-system. The manuscript deals with the
transcriptomic profile of Fusarium infected Arachis plants which provide
insight into the genes that are responsible for virulence pathogenicity of
Fusarium and elucidating the role of these genes in infection progression,
provide insight into genetic pathways required for FA biosynthesis.
Workers demonstrated that Trichoderma spp. may inhibit FA production
inroots and leaves of peanut or maize infected with Fusarium spp. [22,23].
The efficient role of 6PAP in the inhibition of biosynthesis of FA and its
degradation has been described in Pseudomonas fluorescens [24]. Earlier
studies have proved that the combined application of Trichoderma with
Pseudomonas strains has improved activity than individual strains in
biological control of diseases [25,26].

The present study concentrates on identification of FUB genes
responsible for FA production secreted by the £ oxysporum causing
Fusarium wilt in 4. hypogaea and specific interactions of combination
of biocontrol agents (Trichoderma viride and P. fluorescens) with the
pathogen on the expression of FUB genes indicating the potential
benefits of combination of biocontrol agents can be used for the
inhibition of FA and reducing the toxicity of FA in A. hypogaea L.

2. MATERIALS AND METHODS

2.1. Plant Material

Plants of A. hypogaea L. raised from the seeds (JLR-variety) were
grown in each of nine earthen pots (25 cm diameter) up to 75 DAS and

categorized into three sets. Control plants — first set of three pots was
sprayed with distilled water (sample 1). Infected plants — second set
of three pots were sprayed with a conidial suspension of £ oxysporum
(MTCC 2087), that is, 1x10® spores / mL on 30 DAS and left without
any treatment (sample 2). Infected treated plants — third set of pots three
pots were sprayed with pathogen on 30 DAS. F oxysporum infected
plants were sprayed with OIC of culture filtrates of combinations of
biocontrol agents, 7. viride (MTCC 2047) + P. fluorescens (MTCC644)
(Tv 1% + Pf 2%) on 40 DAS as sample 3. The optimum inhibitory
concentration of different biocontrol agents was determined based on
the results of conidial germination and mycelial growth. On 50 DAS,
the leaves of control, infected, infected treated plants collected, and
used for RNA sequencing.

2.2. Transcriptome Profiling

Three samples of control, infected (inoculated with F. oxysporum),
and treated plants leaves from SODAS were collected. All samples
were flash frozen in liquid nitrogen and stored at -80°C until needed.
Nucleic acid isolation was carried out based on a protocol ready-to-
use TRIzol® Reagent (Invitrogen, USA) following the manufacturer’s
instructions. Each sample was maintained in three biological replicates
and RNA was extracted from each of three replicates. Polyadenylated
(Poly(A)) mRNA was isolated from the total RNA, and then cDNA
libraries were synthesized and sequenced at the 101bp paired-end read
mode with Illumina HiSeq®4000.

The leaf samples of control, infected, and treated were aligned to
A. hypogaea L. genome from NCBI. Read count for aligned reads was
fetched using tool feature count. High-quality reads (fast format) were
aligned to 4. hypogaea genome (from NCBI) using TopHat splice
aware aligner. TopHat is an advanced fast splice junction used for
mapper in RNA-Seq reads. It aligns RNA-Seq reads to genomes using
the ultra-high-throughput short read aligner Bowtie2 [27].

Differential expression analysis was performed as “Treated versus
Control” and “Infected versus Control” (Host-Specific Expression).
The transcripts with log2 fold Change >2 and P < 0.05 were considered
as significantly upregulated and the transcripts with log2 fold Change
<-2 were and P < 0.05 considered as significantly downregulated.
Sample specific transcripts were identified as well.

Unaligned reads of infected and treated samples were aligned to
F. oxysporum genome from NCBI using Bowtie2. Read count for
aligned reads that aligned to Fusarium was fetched software using
feature count.

2.3. Differential Expression Analysis w.r.t (Pathogen-Specific
Expression)

Reads of infected and treated sample that did not align to 4. hypogaea
L. were aligned with F oxysporum genome from NCBI using Bowtie2
aligner. Later the read counts of these aligned reads were taken using
tool feature count. These read counts were taken for differential
expression analysis (Pathogen-Specific Expression).

Differential expression analysis was performed using DESeq R
package. Differential expression analysis was done as “treated vs.
infected.” The transcripts with log2 fold Change values are taken as
upregulated/downregulated without any P-value significance. Hence,
these transcripts are not statistically significant. There are very few
transcripts expressed commonly in both the treated and infected
sample at same time, so it is showing very less differentials. However,
there are sample specific transcripts.
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2.4. Gene Ontology and Pathways

Gene ontology and pathways were found by blastx hitting infected and
treated sequences against Uniprot Fungus sequences, and top five GO
and pathways w.r.t pathogen for treated versus infected differential
genes is depicted.

2.5. ¢cDNA Synthesis and Gene Expression Analysis and
Amplification by Real-time Polymerase Chain Reaction
(RT-PCR)

The samples control, treated, and infected were analyzed for FUB1 and
FUBI1 genes expression. From the test samples, total RNA was extracted
using RNA isolation reagent (TRIzol method). From the extracted Total
RNA, 1000 ng was used for the conversion of cDNA synthesis and cDNA
was synthesized (reverse transcription). gPCR amplification was carried
out using gene specific primers. The RNA and Oligo dT/Random hexamer
primers were used for the first strand cDNA synthesis by reverse transcriptase.
The RT-PCR reaction volume of 20 ul containing 2 ul of cDNA and 10 pl
of SYBR Green Super mix (Bio Rad, USA) under the following conditions
denaturation at 95°C for 30 sec, annealing at 55°C (Gradient) for 30 sec,
extension of 35 cycles at 95°C for 30 sec in Bio-Rad CFX96 system. The
mRNA expression levels were normalized to that of housekeeping gene and
the results were analyzed. The genes under study were first standardized and
amplified with the control sample. The PCR conditions were standardized
and the amplified products were run on 2% agarose gel.

2.6. Validation and Gene Expression Study of Representative
Genes FUB-1 and FUB-11

The mRNA expression levels were normalized to the level of
housekeeping gene (18S rRNA) expression. The Ct values of the test
samples were calculated and the data were expressed in terms of fold
change over control sample.

2.7. Primer Efficiency and Calculations

The analysis for primer efficiency calculation is based on the following
parameters: Five different dilutions of the sample (control) were taken for
the analysis (1, 1:10, 1:100, 1:1000, and 1:10000). Mean CT value for the
different dilutions was plotted in Y-axis against the log10 (1/Sample dilution)
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value in X-axis. The slope value was noted and used in the following
equation for the efficiency % calculation: (10"(—1/The Slope Value).

3. RESULTS AND DISCUSSION

The present research work was concentrated on dual RNA-Seq analysis
to compare the global gene expression patterns of pathogen infecting
A. hypogaea. Alignment percentage of control, infected, and treated
samples to 4. hypogaea L. (93.35, 93.20, and 82.10%) was recorded,
respectively [Table 7].

Reads of infected and treated sample that did not align to A. hypogaea
were aligned with F. oxysporum genome and the number of reads
recorded was 2,089,663 and 1,050,956, respectively [Table §].

Nextperformed Blastx for our data with uniport database and the resulting
top 5 abundant Gene ontology categories and Kyoto Encyclopaedia of
Genes and Genomes (KEGG) pathways for significantly differential
genes were shown in the form of Pie donut using High charts tool.

Pie-donut representation for Top 5 GO and Pathways w.r.t Pathogen
for Treated versus infected for differential genes is depicted [Figure 1].
Heat Maps were created for Top 30 significantly up regulated and Top
30 significantly down regulated genes for treated versus infected.
Tools used are Cluster 3.0 and Java TreeView (v 1.1.6). With Euclidean
similarity matrix and average linkage rule [Figure 2].

HeatMaps were created using Cluster 3.0 and Java TreeView (v 1.1.6)
for Top 30 significantly up regulated and Top 30 significantly
downregulated genes for treated versus control [Figure 3].

After mapping, differential expression analysis was performed as
“Treated vs. Infected,” after mapping, differentially expressed genes
(DEG) (Pathogen Specific Expression) were recorded as 111 infected
specific genes, 1162 treated, 33 up regulatory and 33 downregulatory
[Table 1]. In this study, the analysis of region flanking the FUB gene
cluster shows that the FUB cluster consisting of 12 genes of F. oxysporum
infecting 4. hypogaea L. Among them, FUB 1 and FUB 11 are expressed
and are upregulated in 4. hypogaea. Target gene/gene of interest was the
FUB I and FUB 11. The genes under the study were first standardized
and amplified with the control sample. The PCR conditions were
standardized and the amplified products were further run on 2% agarose
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Figure 1: Pie-donut representation for Top 5 GO and pathways w.r.t Pathogen for Treated versus infected for differential genes is depicted.
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Figure 2: HeatMaps were created using Cluster 3.0 and Java TreeView (v 1.1.6) for Top 30 significantly upregulated and Top 30 significantly downregulated
genes for treated versus infected.
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Figure 3: HeatMaps were created using Cluster 3.0 and Java TreeView (v 1.1.6) for Top 30 significantly upregulated and Top 30 significantly downregulated
genes for treated versus control.

Table 1: Differential expression analysis (pathogen-specific expression). gel [Figure 4]. Gene expression study by RT PCR (CFX96 — Bio-Rad)
Expression status Treated versus infected was performed. The mRNA expression levels were normalized to the
Upregulated 33 level of housekeeping gene (18S rRNA) expression. The Ct values of
the test samples were calculated and the data were expressed in terms
Downregulated 33 . .
. of fold change over control sample [Tables 2 and 3]. Primer efficiency
Treated specific 1162 . .
for FUB-1, FUB-11, and housekeeping gene is shown [Tables 4-6]. The
Infected specific 111

results show that the infected samples have higher expression of FUB-1
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Table 2: Normalized FUB/ gene expression analysis of the test samples over control samples.

Sample Name Mean CT value FUB-1 AACT value 27AACT (Fold Change) Mean CT of housekeeping gene
~ ACTvalue

Control 31.70 -12.615 0.000 1.000 19.082

Infected 29.055 —12.802 0.187 1.138 16.253

Treated 28.596 —-10.931 —1.684 0.311 17.665

Table 3: Normalized FUB1I gene expression analysis of the test samples over control samples.

Sample Name Mean CT value FUB-11 AACT value 27AACT (Fold Change) Mean CT of housekeeping
ACT value gene
Control 32.255 —13.173 0.000 1.000 19.082
Infected 29.46 -13.207 0.034 1.351 16.253
Treated 27.92 -10.255 -2.918 0.132 17.665
Table 4: Primer efficiency for geneFUB-1. Table 6: Primer efficiency for housekeeping gene (18SrRNA).
FUB 1 18SrRNA
Sample Name Ctl Ct2 Mean  Sample Log (sample Sample Ctl Ct2 MeanCt Sample Log (sample

Ct dilution dilution) Name dilution dilution)
Control 26.39 2551 25.95 1 0 Control 16.30 16.820 16.562 1 0
Control 29.986 29.786  29.886 0.1 -1 Control 19.52 19.787 19.652 0.1 -1
Control 32.582  31.596  32.089 0.01 -2 Control 21.65 24.254 22.951 0.01 -2
Control 3594 3482 35.38 0.001 -3 Control 25.614  26.176 25.895 0.001 -3
Control 38.821 38.811 38.816  0.0001 -4 Control 28.634  29.048 28.841 0.0001 -4
Primer Efficiency Dilution Factor=10 Primer Dilution
% = 109.04 Efficiency factor=10

%=111.1

Table 5: Primer efficiency for geneFUB-11.

FUB 11
Sample Ctl Ct2 Mean Sample Log (sample
Name Ct dilution dilution)
Control 26.749 26241  26.495 1 0
Control 29.106 30.21 29.658 0.1 -1
Control 33.542 32248  32.895 0.01 -2
Control 35.679 35839  35.759 0.001 -3
Control 39.021 38.943  38.982 0.0001 -4
Primer Dilution
Efficiency factor = 10
% =109.8

and FUB-11 than that of the treated samples when compared with the

control sample [Figure 5].

3.1. Lane Description

M: 100 bp ladder
1. FUB1-~107bp
2. FUB11-~133bp
3. 18S rRNA.

CT value is generated by the software automatically.
Mean CT value is determined by: (CT1+CT2)/2
ACT value= Mean CT value of Housekeeping gene — Mean CT value

of Target gene.

AACT value = ACT value of control — ACT value other samples.

Figure 4: Polymerase chain reaction amplicons loaded on 2% agarose gel.

This value is zero for the control sample and the difference for the
infected and treated samples is provided.

Fold Change: 2*AACT value of the samples. This gives a value of 1 for
the control samples whereas the samples show the fold changes value.
This value is plotted in bar graph with target gene on the X-axis and
fold change in Y-axis.

Bars represent standard errors from two independent biological
experiments with three technical replicates each.
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The present study concentrates on the RNA-Seq method for the
identification of FUB genes responsible for FA production secreted by
the F. oxysporum infecting A. hypogaea. The RNA-Seq method is an
advanced technology used for gene expression studies as well as for
the detection of pathogenicity and virulence factors. Gene ontology
and pathways were found by Blastx which was hitting the infected
and treated sequences against Uniprot_Fungus sequences, and top five
GO and pathways w.r.t pathogen for treated versus infected differential
genes that are depicted [Table 1].

According to the Blast (basic local alignment search tool) categories,
the GO terms of F. oxysporum unigenes could be categorized into the
following categories: Biological process, molecular function, and cellular
component. As shown in Figure 1, unigenes can be allotted to one or
more pathways. In the biological process category, unigenes were allotted
to metabolic process (5.3%), cellular process (7.8%), and regulation of
biological process (10%). In the cellular component category, unigenes
were assigned to cell part (11.5%) and membrane part (4.2%) and both
of them were highly represented. For the molecular function category,
unigenes related to catalytic activity (3.8%), binding DNA (3.7%), and
GTP binding (3.6%) were found to be the most abundant.

A high percentage of genes were assigned to the following categories:
Post-translational modification, protein category, protein turnover,
chaperones (3206, 13.17%), translation, ribosomal structure and
biogenesis (2604, 10.69%), energy production and conversion (2014,
8.27%), and signal transduction mechanisms (1924, 7.90%).

Meanwhile, the KEGG database was used to search for active
biochemical pathways in all unigenes of F. oxysporum. Carbohydrate
metabolism mainly in 1,2-alpha-mannosidase activity (10%), amino
acid metabolism (11.5%), energy metabolism (1651 unigenes), and lipid
metabolism mainly in Benzoate degradation through hydroxylation;
bile acid biosynthesis; fatty acid biosynthesis (path 2); and fatty acid
metabolism were found. The above functional annotations showed that
the clustered unigenes represented an extensive catalog encompassing
large clustered unigenes expressed in F. oxysporum.

HeatMaps were created using Cluster 3.0 and Java Treeview (v
1.1.6) for top 30 significantly upregulated and top 30 significantly
downregulated genes for treated versus infected [Figure 2] and also
for treated versus control [Figure 3]. After mapping, DEG (pathogen
specific expression) were recorded as 111 infected specific genes,
1162 treated, 33 up regulatory, and 33 down genes [Table 1]. In the
present study, the analysis of region flanking the FUB gene cluster
shows that the FUB cluster consisting of 12 genes of F oxysporum
infecting A. hypogaea L. The same was reported by [16] the person
who reported that a FUB gene cluster consisting of 12 genes (FUBI—
FUBI2) was identified in different Fusarium species. The FUB
cluster was identified with 12 genes and FUB-1 and FUB-I1 are
expressed and are upregulated in A. hypogaea L. FUB-I is mainly
involved in oxidoreductase activity (GO:0016491), catalytic activity
(GO:0003824), and binding (GO:0005488), whereas FUB-1I is
involved in transporter activity (GO:0005215). These genes were
expressed and upregulated in relation to pathogenicity of F. oxysporum
toward 4. hypogaea L. Our results substantiated the earlier studies that
the expression of FUB-1 in F. oxysporum was markedly upregulated
during the early stages of plant infection and therefore tested the role
of FA production in virulence [28]. The study describes upregulation
of three gene from FUB gene cluster, namely, FUBI11 that is presumed
to encode an MFS transporter, FUBI1( and FUBI2 that are predicted
to encode Zn(II)2Cys6 TF. Along with a Zn(II)2Cys6 TF, FUBI2
is also predicted to contain a fungal TF regulatory domain. Thus, in

addition to biosynthetic enzymes, the larger FUB cluster is predicted to
encode proteins that could be involved in transport of FA across the cell
membrane (FUB-11) and regulation of FUB gene expression (FUB-10
and FUB-12).

To investigate the expression profiles of two genes responsible for
virulence in FA production during the infection process, RT-PCR
analysis was carried out. The samples’ controlled, treated, and infected
were analyzed for FUB1 and FUB11 genes expression. Total RNA was
extracted from the test samples and cDNA was synthesized (reverse
transcription). qPCR amplification was carried out using gene specific
primers. The results were analyzed with control sample. The genes
under the study were first standardized and amplified with the control
sample. The PCR conditions were standardized and the amplified
products were run on 2% agarose gel [Figure 4].

The above two FUB-1 and FUB-11 were confirmed by RT-PCR.
Results in the present study revealed that FUB-1 showed a 1.1 fold
and FUB-11 showed a 1.3 fold increase in expression during infection
[Tables 2 and 3]. FUB-I gene is primarily known to control FA
production [11]. These are substantiated by the earlier reports which
confirmed that FA was the first fungal phytotoxin and has key role
in virulence [9,29], and several studies have provided circumstantial
evidence linking FA production to plant pathogenicity [30].

The fold changes in the expression of the genes in infected and treated
samples were plotted in Bar graph and represented [Figure 5] The findings
demonstrated that the samples treated with 7. viride and P. fluorescens
reduced the toxicity of FA (0.1-fold increase in FUB-1 and 0.3-fold
increase in FUB-11 expression) [31] also reported that a virulent strain
of Pseudomonas solanacearum can detoxify FA in Fusarium wilt of
tomato plants. The same is reported by the earlier workers [32] that the
combined use of antagonistic mixtures have potential crop development
benefits and more effective in suppressing the fungi causing disease.
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Figure S: Relative expression analysis of target genes (FUBI and FUBI1) and
treated genes.

Table 7: Alignment to Arachis hypogaea L. genome.

Sample HQreads Aligned reads Unaligned reads Alignment%
Control 55,760,238 52,052,676 3,707,562 93.35
Infected 52,549,146 48,978,076 3,571,070 93.20
Treated 52,948,332 43,473,648 9,474,674 82.10

Table 8: Alignment to Fusarium oxysporum genome.

Sample Alignment to Reads that did not alignment
Fusarium oxysporum to Fusarium oxysporum

Infected 2,089 663 15,210

Treated 1,050,956 62,203
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4. CONCLUSION

The findings illustrate the recognition of FUB genes associated
with the production of FA in F. oxysporum infecting A. hypogaea L.
FUB-1 and FUB-11 are significantly expressed and are upregulated
which confirmed that FA is fungal toxin playing a functional role in
virulence in 4. hypogaea. These findings illustrated the importance
and shortcomings of plant genomic (transcriptomic) analyses in
understanding the FUB genes associated with FA production in
fungal pathogen. Trichoderma viride and P. fluorescens detoxify the
FA indicating the potential benefits of using combination treatments
to reduce FA formation during disease development and myotoxicity
level at storage conditions. These findings yielded new sights to the
molecular pathogenicity of F. oxysporum, and extending the groundnut
resistance in over-expression of genes related to FA synthesis
in A. hypogaea.
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