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Chapter

Fungal Biomass Load and
Aspergillus flavus in a Controlled
Environment

Alfred Mitema and Naser Aliye Feto

Abstract

Fungal biomass quantification is critical in understanding the interactions
between the pathogen and susceptibility or resistance of the host plant as well as
identifying competition between individual fungal spp. in disease progression. In
the present chapter, two maize lines grown in different climatic regions of Kenya
were infected with an aflatoxigenic A. flavus isolate (KSM014) and fungal coloniza-
tion of the maize plant tissues was monitored by measuring fungal biomass load
after 14 days in a controlled environment. The objective of the study was to deter-
mine whether the maize line colonized was a factor in increasing or limiting the
growth of an aflatoxigenic strain of Aspergillus flavus.

Keywords: fungi, Aspergillus flavus, aflatoxins, maize lines

1. Introduction

Fungal biomass quantification is critical in understanding the interactions between
the pathogen and susceptibility or resistance of the host plant in identification and
competition in individual species of fungi in diseases progression [1].

The quantification and detection of biomass of fungi in plant host tissues have
been conducted using polymerase chain reaction methods [2, 3]. Some authors,
Sanzani et al. [2] showed that, the sensitivity of quantitative polymerase chain
reaction (qQPCR) can be applied to measure infections at very low volumes, thus,
corresponding to the quantity of the pathogen that might be present during the
latent or time of and or at asymptomatic infections. qPCR also enables the evalua-
tion of stages of infection in plant tissues and the quantification of a fungal patho-
gen throughout the entire disease cycle [2].

Coninck et al. [1] developed a qPCR assay for detection and quantification of
Cercospora beticola fungi in leaves of sugar beet. Moreover, Waalwijk and co-workers
[4], using a gene involved in fumonisin biosynthesis developed a qPCR assay to
quantify and detect fumonisin producing Fusarium verticillioides strains from maize
obtained from South African subsistence farmers. These results were then compared
to the fungal DNA content and with the fumonisin levels of the respective F. verticil-
lioides strain. A qPCR assay was also developed by Nicolaisen et al. [5] using Efla for
quantification and detection of 11 Fusarium spp. isolated from field materials associ-
ated with wheat and maize. Similarly, Korsman and co-workers [6], demonstrated
the use of qPCR assay for detection and quantification of Gray leaf spot disease in
maize leaves using cytochrome P450 reductase gene. These studies demonstrated
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the potential use of qPCR for detection and quantification of fungal pathogens and
for probable selection of resistant plant cultivars in breeding lines. This also helps
in understanding the processes involved in infection in a host-pathogen system and
providing information on the bioecology [7, 8].

Mayer et al. [9] and Jurado et al. [10] used single copy mycotoxin biosynthetic
genes to develop PCR assays for detecting mycotoxigenic fungi. Assay sensitivity
increased when ITS1 and ITS2 spacer regions were included as, these regions have
sufficient variability to enable discrimination of closely related species in the genus
Aspergillus [11]. Subsequently, these regions have been successfully used for detec-
tion and identification of aflatoxigenic Aspergillus spp. [12, 13].

The objective of this study was to develop a sensitive, specific qPCR assay for
quantifying A. flavus biomass in infected maize tissues. The assay was used to mea-
sure, the sensitivity of two dry land African maize lines grown in Kenya KDV1 and
GAF4, when infected with an aflatoxigenic isolate (KSM014). Similar studies have
been done with other fungal species, but this study is the first where the biomass of
A. flavus from infected maize was detected and quantified with qPCR. This approach
also could be used to discriminate between inbred maize lines that are sensitive or
resistant to specific A. flavus strains and to help understand the mechanism of the
maize defense response to A. flavus.

2. Materials and methods
2.1 Cultures of fungi

The aflatoxigenic A. flavus KSM014 isolate was cultivated and maintained as
described previously [14] and thereafter stored as spore suspension in 15% glycerol
for short term storage at -20°C or for long term storage at -80°C prior to DNA/RNA
extraction.

2.2 Maize cultivars

GAF4 maize lines and KDV1 varieties were obtained from Kenya Agricultural and
Livestock Research Organization (KALRO), Kenya. The selection of the varieties are
focused mainly on their drought tolerance and the agro-ecological zones in which they
were grown. Striga tolerant variety (GAF4) is produced by KALRO Kibos, Kisumu
County. GAF4 is cultivated in Homa Bay, Kisumu and Busia counties [15]. The Kenya
Dryland Varieties 1 is an open pollinated hybrid recommended for medium to low
altitude areas. KDV1 is drought tolerant, matures early and produce flowers after ger-
mination between 45 and 52 days. It is mainly cultivated in Homa Bay and Makueni
regions (http://drylandseed.com).

2.3 Media preparation and reagents

Phytagel, Nicotinic acid, Glycine, Thiamine hydrochloride, Murashige and
Skoog medium (MS), Potassium hydroxide, Pyridoxine hydrochloride and Myo-
inositol were from Sigma-Aldrich (USA). MS vitamins; 5 g myo-inositol, 500 mg
Thiamine-HCI, 500 mg pyridoxine-HCI, 250 mg nicotinic acid and 100 mg glycine
were filter sterilized after preparation in distilled water and thereafter stored at
-20°C according to the instructions of the manufacturer’s (Sigma-Aldrich, USA).
The modified MS media was briefly prepared, 2.15 g MS salt was dissolved in sterile
H,0, thereafter, 10 ml MS vit. added and pH 5.7 adjusted using 1 M KOH and vol-
ume further adjusted to 11 using sterile H,0. 5 g of phytagel was added to MS media
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and heated in microwave to dissolve the salts. Fifty milliliters of the media was
dispensed into tissue culture bottles, autoclaved and thereafter, cooled in the level 2
biosafety cabinet for approx. 1 h prior to inoculations as previously described [14].

2.4 Seed sterilization and Aspergillus flavus infection

The seeds were sterilized in a biosafety cabinet, level 2 [Contained Air Solutions
(CAS) BioMAT?2, UK]. Twenty milliliters of 95-100% ethanol was used for steriliza-
tion of viable seeds for 1 min and briefly shaken for 15 s. The alcohol was replaced
with 20 ml of sodium hypochlorite (2.5%). After 15 min of reaction at room
temperature, the mixture was shaken for 30 s and thereafter, the liquid discarded.
30 ml of sterile H,O was used 5x to wash the seeds with intermittent shaking after
every wash. 50 ml of sterile H,O was added and left to stand for 1 hr at rmt. The H,0
was replaced with 20 ml of 2% Tween 20 and shaken for 30 s. Conidia suspensions
adjusted to 1 x 10° conidia ml™" using a hemocytometer was used to inoculate the
seeds. The seeds in the tubes were para filmed after sealing and kept for 30 minina
shaking incubator at 30°C. Controls were treated with sterile H,O instead of spores
of conidia and thereafter, incubated following the same conditions. The seeds were
left to dry in Petri dishes after inoculations overlaid with filter paper overnight
(Whatman No. 1). The seeds were germinated in a plant growth chamber, Conviron
(Winnipeg, Manitoba, Canada) set at 28°C after subsequent inoculations onto tissue
culture bottles. The germination and growth were observed for a 14-day period, tis-
sues of the plant (roots and shoots) were separately harvested, flash frozen in liquid
nitrogen prior to DNA/RNA extraction and stored at -80°C.

2.5 The extraction of gDNA from maize tissues and Aspergillus flavus

A 100 mg of each of the following samples: control healthy maize tissues,
infected and A. flavus KSM014 mycelia was used to extract DNA following the
method of Moller et al. [16] with some modification. Briefly, 100 mM Tris pH 8.0,
2% SDS, modified TES buffer, 2% (w/v) polyvinylpyrrolidone (PVP) and 10 mM
EDTA was prepared. 5 pl RNase (10 mg/ml) and 450 ul of TES buffer was added to
microtube (2 ml) containing the tissues and thereafter, homogenized by vortexing
for 15 min or with a microtube pestle. Twenty microlitres of Proteinase K (1 pg/pl)
was added and vortexed for 1 min, thereafter, incubated for 1 h at 60°C. Seventy
microliters of 10% CTAB (0.1 vol.) and 160 pl of 5 M NaCl (0.3 vol. was added and
incubated at 65°C for 10 min). Seven hundred and fifty microliters of chloroform/
isoamyl-alcohol (24:1) was added, vortexed for 5 min, incubated on ice for 30 min
and centrifuged at 14,000 rpm for 10 min. The aqueous phase was transferred cau-
tiously onto a new microtube (2 ml) and 300-350 pl isopropanol (0.55 vol.) added
and left to stand for 30 min at RT after mixing gently for 30 s. The mixture was
centrifuged for 10 min at 14,000 rpm. Supernatant was cast-off, the pellets rinsed
with chilled 700 pl of 70% ethanol twice and centrifuged again at 14,000 rpm for
2 min after mixing gently. The pellets were air dried and dissolved in 40 ul TE buf-
fer (10 mM Tris-Cl pH 8,1 mM EDTA pH 8) or nuclease free water after discarding
the ethanol. The integrity of DNA was assessed on a 1% agarose/EtBr gel and the
concentration quantified on a Nano-Drop ™ 1000 spectrophotometer (Nano Drop
Technologies, USA). DNA was diluted to 10 ng/pl for further analysis.

2.6 Designing of primers

Sets of 3 primers (Table 1); elongation factor 1 alpha (EfIa), f-tubulin, and
membrane protein (MEP) were used in the current research. MEP and Efla were



Primer name Forward primer (5'-3") Reverse primer (5'-3") Product size (bp) Ta Reference
Membrane Protein (MEP) TGTACTCGGCAATGCTCTTG TTTGATGCTCCAGGCTTACC 203 64°C Manoli et al. [17]
Elongation Factor 1 alpha (EF1a) CGTTTCTGCCCTCTCCCA TGCTTGACACGTGACGATGA 102 62°C Nicolaisen et al. [5]
p-TubM TCTTCATGGTTGGCTTCGCT CTTGGGTCGAACATCTGCT 118 62°C Mitema et al. [18]

Table 1.
Specific primers used in the current study.
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obtained from Dr. Shane Murray (pers. comm) whereas, f-tubulin was designed
in Primer3 ver. 4.0 programme [19]. Secondary structure formation was evalu-
ated in DNAMAN software ver. 6.0 (Lynnon LLC., USA) and further verified in
OligoAnalyzer Tool (Integrated DNA Technologies). The melt curve and PCR
analysis were used to identify both non-specific and specific amplification.

2.7 PCR amplification

Conventional polymerase chain reaction amplification was carried out in
volumes of 25 pl and consisted of 0.5 pl of 10 uM dNTPs (Bioline), 10x reaction
buffer with MgCl,, 1 pl of 10 uM forward and reverse primers, 0.2 ul Kapa Tagq,

1 ul of 10 ng DNA template, and sterile H,0. Protocol performed and followed for
cycling conditions were: 1 cycle for 5 min at 94°C followed by 35x (for 30 s at 94°C,
for 45 s at 60°C, for 90 s at 72°C). Elongation step was achieved at 72°C for 7 min
and finally at 4°C for 1 min. The products of PCR were assessed on 2% agarose/EtBr
gel in TAE1 X buffer (Tris—acetate 40 mM and EDTA 1.0 mM). Fermentas (100 bp
DNA ladder) was used as a molecular size marker.

2.8 Standard curves and fungal quantification

Ten-fold serial dilutions of pooled 10 ng gDNA extracts from A. flavus and
control plants were used to create standard curves. The threshold cycle (Ct) values
for each dilution were plotted against the logarithm of the starting quantity of the
template. The amplification efficiencies were created from the std. curve slopes
according to the methods [13, 20]. Additionally, linear regression curves were

drawn, and the qPCR efficiency was calculated as: E = 10(81_1 ] .
ope

The quantity of targeted DNA in an unknown sample was inferred from the
respective std. curves.

Ten nanograms of DNA isolated from infected and healthy maize roots and
shoots respectively were used to assess primer specificity. For the exclusion of false
negative results, template DNA samples from fungi were assessed for polymerase
chain reaction amplification with primer pairs EF1a and -Tub. DNA extracted
from pure fungal cultures (A. flavus) and control plant tissues were pooled, diluted
to 10 ng/pl and used to evaluate the quantity of fungal DNA template in the infected
plant tissue. The final fungal DNA template concentrations were 1, 5 x 107,
2.5x1071,1.25 x 107}, 6.25 x 1072, 3.125 x 1072 ng/ul. These dilutions were used to
estimate the detection limits of the EF1a and p-Tub primer pair in the infected plant
tissues. Serial dilutions of extracted DNA from healthy maize tissue were prepared
to gauge the detection limits of the MEP. For normalization and quantification of
gene between different samples, the amount of fungal DNA as calculated by the Ct
value for -Tub and/or EF1a was divided by the amount of maize DNA as calculated
by the Ct values for MEP. Rotor Gene 6000 2 plex HRM (Corbett Life Science
Research, Australia) was used to assess the profiles of gene expression. Kapa SYBR
Fast Kit, Master mix (Kapa BioSystems, South Africa) containing DNA polymerase,
reaction buffers, dNTPs and 3 mM MgCl, were used for each polymerase chain
reaction. Final concentrations of 10 uM gene specific primers (0.4 ul reverse and
0.2 pl forward), 1x Kapa SYBR green and 1 ul gDNA template were prepared to
20 pl total volume using nuclease free H,O. Primer sets of specific genes (Table 1)
were used in separate reactions which were performed in triplicate.

The quality and integrity of the isolated DNA, samples from infected and
control tissues of the maize, and saprophytic fungi were subjected to polymerase
chain reaction analysis with the reference genes under the following amplification
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conditions: for 10 min at 95°C; 35 cycles for 3 s at 95°C, for 20 s at 64°C, for 1 s at
72°C for MEP and at annealing temperature 62°C for both Ef7a and p-tubulin.

2.9 Statistical analysis

The statistical analysis was performed as previously described [14].

3. Results and discussion
3.1 Gene specificity and qPCR assays

To our knowledge, a qPCR assay for the detection and quantification of A. flavus
biomass using extracted fungal DNA from control or infected maize tissues has
not been previously reported. Since this is the first report, our discussion will be
in comparison with reports for Fusarium spp. and related fungi where this assay is
more commonly used.

In this study, the qPCR assay was developed to specifically detect and quantify
A. flavus gDNA in maize tissues. Primers were designed, and their specificity was
confirmed by testing against control and infected tissues (Figure 1). The fungal
biomass in the co-infected shoots differed from the fungal biomass in the roots
according to 1-way ANOVA analysis and TMCT test (P < 0.05).

Amplification of the MEP gene (203 bp) was used to detect maize DNA,
while amplification of f-tubulin (118 bp) and EfIa (102 bp) were used to detect
A. flavus DNA (Table 1; Figure 1). The specificity of the primer pairs was
determined by conventional PCR (Figure 1) after A. flavus KSM014 infection of
GAF4 and KDV1 maize lines. A. flavus DNA extracted from infected maize plant
tissues, for both lines, gave an amplification product for both g-tubulin (118 bp)
and Efla (102 bp) (Figure 1). However, there was amplification product for Efla
than there was for to f-tubulin (Figure 1), especially in the roots. The MEP gene
(203 bp) was amplified in both control and infected maize plants for both lines
(Figure 1). MEP amplification was plant specific and f-Tub and Efla were fungal
specific. Based on these results, #-Tub is a better marker for detecting A. flavus in
infected maize tissues than was Efla (Figure 1) and was used for fungal biomass
determination.

B-Tub
100 bp —»

MEP .
400 bp —>
100 bp—»

Efla
100 bp—»

Figure 1.

Gel images of the quantitative polymerase chain reaction amplicon sizes for maize maker gene (MEP) and

A. flavus maker genes (Ef1a, p-tub) assessed on 2% agarose/EtBr gel run at 8o v for 45 min. M. 100 bp ladder;
1. NTGC; 2. Pooled samples (maize gDNA and pure fungal gDNA); 3. GAF4 (control roots); 4. GAF4 (infected

roots) 5. GAF4 (control shoots); 6. GAF4 (infected shoots); 7. KDV1 (control shoots); 8. KDVi (infected shoots);
9. KDV1 (control voots); 10. KDV (infected roots); 11. KSMo14 (positive control).
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3.2 Colonization of plant tissues by Aspergillus flavus

Aspergillus flavus KSM014 infection of both maize lines resulted in changes
in maize phenotype with the KDV1 showing more severe symptoms that GAF4
(Figure 2). After 3-14 days post infection, the infected kernels for both maize lines
showed stunted growth compared to control kernels (Figure 2). Additionally, the
shoots and roots exhibited minimal growth with the A. flavus fungi colonizing the
kernels and this could possibly explain the reason for stunted growth or germina-
tion. The phenotypic observations suggest that KDV1 maize line grown in Makeuni
is more susceptible to fungal infection (A. flavus), whereas GAF4, grown in Kisumu
and Homa bay appeared more resistant to the infection (Figure 2).

The observed phenotypic characteristics were further supported by the detec-
tion and quantification of fungal biomass load in gDNA extracted from infected
and control plant tissues as revealed by the qPCR assay (Figure 3).

Insignificant difference was observed in biomass of fungi between infected plant
tissues for the GAF4 and the control maize line (Figure 3a). In contrast, significant
differences in biomass of fungi for the KDV1 maize line was exhibited upon infec-
tion (p < 0.05) for both the shoot and root tissue (Figure 3b). Fungal gDNA level
was observed to be lower in the infected GAF4 maize line tissues compared to KDV1
suggesting that GAF4 was more resistant to A. flavus KSM014 infection than KDV1
(Figure 3).

The fungal biomass of Alternaria dauci was observed to be equivalent in two
carrot cultivars between 1 and 15 days of post-inoculation, whereas it was found to
be four-fold higher in the more susceptible cultivar between 21 and 25 days post-
inoculation [21]. This suggests that fungal pathogens may colonize both susceptible
and resistant cultivars in a similar manner during the first stages of the interaction,
but fungal development is subsequently restricted in the partially resistant cultivar
due to putative plant defense mechanisms [21].

It must be noted that we measured fungal biomass 14 days after infection when
symptoms of the infection was phenotypically visible. However, other fungal
biomass studies have shown that specific fungi could be identified even before the
development of the symptoms. The presence of Colletotrichum acutatum by qPCR in

GAF 4 KDV1

Figure 2.

The GAF4 and KDV1 maizge lines after 14 days of growth with and without Aspergillus flavus KSMoz14
infection. The ved sticker shows infected maize plants while the white stickers are the control, uninfected maize
plants.
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Figure 3.

Quantitative polymerase chain reaction analysis indicating fungal load of A. flavus KSMo14 in the shoot and
root tissues of KDV1 and GAF4 maize lines respectively. Biomass of fungi was measured in infected and
non-infected (control) GAF4 (a) and KDV1 (b) maize lines after 14 days where the A. flavus p-tub gene was
used for quantification of fungi against the maize MEP gene. Tukey’s multiple comparison test and one-way
ANOVA (P < 0.05), was done where the asterisks indicate significance and the error bars shows standard mean
deviation.

strawberry leaves was detected by Debode et al. [22] 2 h post-inoculation whereas
the initial symptoms of the disease appeared only after 96 h. Similarly, Fusarium
langsethiae gDNA was accurately measured by Divon and Razzaghian [23] in oats
independently from symptoms of the disease. These findings show the specificity
and efficiency of the qPCR assay for the detection and quantification of fungal
pathogens upon infection at early stages, before symptomatic appearances.

GAF4 is a Striga spp. resistant maize line cultivated in Kisumu, Kibos, Homa Bay
and some parts of Nandi, while KDV1 is an open pollinated maize variety cultivated
in Makueni and the neighboring counties. The observation that KDV1 maize line as
more susceptible to aflatoxigenic A. flavus (KSM014) infection could be one of the
contributing factors to why Makueni and the neighboring regions are more prone
to frequent aflatoxicosis outbreak and high levels of aflatoxin contamination of the
maize used for consumption.

The current study relates to the previous findings on Makueni maize samples
[18] where they screened the strains of A. flavus isolated from maize kernels
obtained from Makueni region on CAM media and found that there was significant
variation in production of blue (toxigenic) and green (atoxigenic) fluorescence by
most isolates. Seventy eight percent of the isolates from Makueni were observed to
produce high amounts of aflatoxin AFB1, AFB2, the most potent carcinogen com-
pared to other regions under study [18]. Additionally, studies conducted by Probst
etal. [24] in eastern Kenya, revealed a similar result where they performed culture-
based methods to monitor and describe the population structures of aflatoxigenic
fungi and its closely associated strains on maize kernels. Moreover, a related study
by Lewis et al. [25] and Klich [26] observed that in sub-Saharan Africa, products
from subsistence farmers may reach the final consumer without the appropriated
monitoring, resulting in critical risks for human health.

Moreover, the current study developed a qPCR assay using A. flavus gDNA
and the g-tubulin gene for the quantification of A. flavus in maize tissue. Due
to its high sensitivity and specificity, gPCR has been incorporated in official
protocols of the European Plant Protection Organization (http://archives.eppo.
org/index.htm) for the production, certification and assessment of healthy plant
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materials [27, 28]. This could therefore, in future, provide a screening strategy
for finding African maize cultivars that are resistant to A. flavus infection or as
an assessment of healthy maize plants. Zhao et al. [29] developed a qPCR assay
for the detection of Magnaporthe poae resistant Poa pratensis (Kentucky bluegrass
turf), which typically needed 3 weeks to detect using conventional culture-based
methods. Further, Montes-Borrego et al. [30] demonstrated that fungal pres-
ence can be detected earlier, enabling the selection of resistant plants even when
samples are indistinguishable based on visual assessment. Lastly, the early detec-
tion of latent infections of rust on leaves of cereals was used to estimate infection
levels before the appearance of the disease [2].

The genomic DNA extracted from the co-infected shoots of both maize lines
showed varied concentrations of fungal biomass load compared to the roots accord-
ing to analysis using 1-way ANOVA and TMCT test (p < 0.05). The quantification
of Verticillium dahliae gDNA in different tomato cultivars also revealed the concen-
tration of pathogen DNA in plant tissues increased and decreased in susceptible and
resistant cultivars, respectively [31]. Similarly, significant differences were found in
the amount of E oxysporum DNA in roots of different chickpea cultivars [32], while
the detection of Phomopsis sclerotioides in pumpkin, melon, cucumber and water-
melon showed that infection and rate of disease development of this polyphagous
pathogen may vary according to the host [33]. In general, Vandemark and Barker
[34], concluded that low levels of pathogen DNA in resistant plants is indicative of
a mechanism that inhibits pathogen growth, whereas, the presence of a relatively
high amount of pathogen DNA in asymptomatic plants indicates a resistance
mechanism based on tolerance rather than on true resistance.

4. Conclusion

The study demonstrated that KDV1 maize line was more susceptible to A. flavus
infection when compared to GAF4. This also implies that a possible reason for the
frequent cases of aflatoxicosis in Makeuni county is the fact that the KDV1 maize
line is grown in that region is more susceptible to A. flavus infection.

The p-tubulin gene is a potential marker for quantification of the A. flavus
biomass load in maize plants compared to Efla. The MEP gene for maize gDNA was
also found to be plant specific by the absence of cross-reaction with fungal gDNA.
The specificity of the qPCR assay for A. flavus biomass quantification makes it a
useful tool in other areas such as screening of A. flavus resistant maize lines for
breeding, determining possible asymptomatic infection and in plant-pathogen
interaction studies.

The next chapter will focus on in vitro biocontrol approach in aflatoxin mitiga-
tion and bio-analytical approaches to detect and quantify aflatoxins. The aim is
to determine whether biocontrol can minimize aflatoxin production and to find
important metabolites that are produced by specific A. flavus isolates.

Acknowledgements

The work was supported by the University Science, Humanities and Engineering
Partnerships in Africa (USHEPiA) Fund and South African Bio-Design Initiative
(SABDI) grant number 420/01 SABDI 16/1021. Also, the authors acknowledge the
University of Nairobi, Kenya and Vaal University of Technology, Vanderbijlpark,
South Africa for providing laboratory space and funding.



Biotechnological Applications of Biomass

Authors contribution

Data curation, Alfred Mitema; Formal analysis, Alfred Mitema and Naser
Aliye Feto; Funding acquisition, Nasesr Aliye Feto; Investigation, Alfred Mitema;
Methodology, Alfred Mitema and Naser Aliye Feto; Resources, Alfred Mitema
and Naser Aliye Feto; Validation, Alfred Mitema; Writing—original draft, Alfred
Mitema; Writing—review & editing, Alfred Mitema and Naser Aliye Feto.

Conflicts of interest

The authors declare no conflict of interest. The authors are responsible for the
content and writing of the paper.

Author details
Alfred Mitema®** and Naser Aliye Feto'

1 Department of Biotechnology, Vaal University of Technology, Vanderbijlpark,
South Africa

2 School of Biological Sciences, University of Nairobi, Nairobi, Kenya

*Address all correspondence to: alfmite@yahoo.com

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

10



Fungal Biomass Load and Aspergillus flavus in a Controlled Environment

DOI: http://dx.doi.org/10.5772/intechopen.93307
References

[1] Coninck BMA De, Amand O,
Delaure SL, Lucas S, Hias N, Weyens G,
et al. The use of digital image analysis
and real-time PCR fine-tunes bioassays
for quantification of Cercospora leaf
spot disease in sugar beet breeding.
Plant Pathology 2012;61:76-84

[2] Sanzani SM, Li Destri Nicosia MG,
Faedda R, Cacciola SO, Schena L. Use
of quantitative PCR detection methods
to study biocontrol agents and
phytopathogenic fungi and oomycetes
in environmental samples. Journal of
Phytopathology. 2014;162(1):1-13

[3] Mackay IM. Real-Time PCR in
Microbiology From Diagnosis to
Characterization. 2007

[4] Waalwijk C, Koch SH, NcubeE,
Allwood ], Flett B, de Vries I, et al.
Quantitative detection of Fusarium
spp. and its correlation with fumonisin
content in maize from south African

subsistence farmers. World Mycotoxin
Journal. 2008;1(February):39-47

[5] Nicolaisen M, Kaergaard L,
Lazzaro I, Henrik N, Fejer A. Real-
time PCR for quantification of eleven
individual Fusarium species in cereals.
Journal of Microbiological Methods.
2009;76:234-240

[6] Korsman ], Meisel B, Kloppers FJ,
Crampton BG, Berger DK. Quantitative
phenotyping of grey leaf spot disease
in maize using real-time PCR.
European Journal of Plant Pathology.
2012;133:461-471

[7] Demontis MA, Cacciola SO, Orru M,
Balmas V, Chessa V, Maserti BE, et al.
Development of real-time PCR systems
based on SYBR® Green I and TaqMan®
technologies for specific quantitative
detection of Phoma tracheiphila in
infected citrus. European Journal of
Plant Pathology. 2008;120:339-351

11

[8] Covarelli L, Beccari G, Steed A,
Nicholson P. Colonization of soft wheat
following infection of the stem base by
Fusarium culmorum and translocation
of deoxynivalenol to the head. Plant
Pathology. 2012;61:1121-1129

[9] Mayer Z, Bagnara A, Fdrber P,
Geisen R. Quantification of the copy
number of nor-1, a gene of the aflatoxin
biosynthetic pathway by real-time

PCR, and its correlation to the cfu of
Aspergillus flavus in foods. International
Journal of Food Microbiology.
2003;82:143-151

[10] Jurado M, Vazquez C,

Marin S, Sanchis 'V, Jaen MTG. PCR-
based strategy to detect contamination
with mycotoxigenic Fusarium species
in maize. Systematic and Applied
Microbiology. 2006;29:681-689

[11] Edwards SG, Callaghan JO,
Dobson ADW. PCR-based detection
and quantification of mycotoxigenic

fungi. Mycological Research.
2002;106(9):1005-1025

[12] Gonzdlez-Salgado A,

Patifieo B, Gil-Serna J, Vazquez C,
Gonzalez-Jaén MT. Specific detection of
Aspergillus carbonarius by SYBR® green
and TagMan® quantitative PCR assays
based on the multicopy ITS2 region of
the rRNA gene. FEMS Microbiology
Letters. 2009;295(1):57-66

[13] Sardifias N, Vazquez C, Gil-SernaJ,
Gonzalez-Jaén MT, Patifio B. Specific
detection and quantification of
Aspergillus flavus and Aspergillus
parasiticus in wheat flour by SYBR®
Green quantitative PCR. International
Journal of Food Microbiology.
2011;145:121-125. DOI: 10.1016/j.
ijfoodmicro.2010.11.041

[14] Mitema A, Okoth S, Rafudeen MS.
The development of a qPCR assay to
measure Aspergillus flavus biomass



Biotechnological Applications of Biomass

in maize and the use of a biocontrol
strategy to limit aflatoxin production.
Toxins (Basel). 2019;11(179):1-18

[15] Sunda W, Ochuodho J, Ngode L,
Okalebo JR, Othieno CO, Nekesa AO,
et al. Development of integrated Striga
management package to improve maize
production in Western Kenya. In: Third
RUFORUM Biennial Meeting; 2012.

pp. 375-381

[16] Moller EM, Bahnweg G,
Sandermann H, Geiger HH. A simple
and efficient protocol for isolation

of high molecular weight DNA from
filamentous fungi, fruit bodies, and

infected plant tissues. Nucleic Acids
Research. 1992;20(22):6115-6116

[17] Manoli A, Sturaro A, Trevisan S,
Quaggiotti S, Nonis A. Evaluation of
candidate reference genes for gPCR
in maize. Journal of Plant Physiology.
2012;169(8):807-815. DOI: 10.1016/j.
jplph.2012.01.019

[18] Mitema A, Okoth S, Rafudeen MS.
Vegetative compatibility and phenotypic
characterization as a means of
determining genetic diversity of
Aspergillus flavus isolates. Fungal
Biology. 2018;122(4):203-213. DOLI:
10.1016/j.funbio.2017.11.005

[19] Untergasser A, Cutcutache I,
Koressaar T, Ye J, Faircloth BC,

Remm M, et al. Primer3-new capabilities
and interfaces. Nucleic Acids Research.
2012;40(15):1-12

[20] Kubista M, José Manuel A,
Bengtsson M, Forootan A, Jonak ], et
al. The real-time polymerase chain

reaction. Molecular Aspects of
Medicine. 2006;27:95-125

[21] Boedo C, Le ClercV, Briard M,
Simoneau P, Chevalier M, Georgeault S,
et al. Impact of carrot resistance on
development of the Alternaria leaf
blight pathogen (Alternaria dauci).
European Journal of Plant Pathology.
2008;121:55-66

12

[22] Debode J, Van Hemelrijck W,
Baeyen S, Creemers P, Heungens K,
Maes M. Quantitative detection and
monitoring of Colletotrichum acutatum

in strawberry leaves using real-time
PCR. Plant Pathology. 2009;58:504-514

(23] Divon HH, Razzaghian ]. Fusarium
langsethiae (Torp and Nirenberg),
investigation of alternative infection
routes in oats. European Journal of Plant
Pathology. 2012;132:147-161

[24] Probst C, Schulthess F, Cotty P]J.
Impact of Aspergillus section Flavi
community structure on the
development of lethal levels of aflatoxins
in Kenyan maize (Zea mays). Journal of
Applied Microbiology. 2010;108(2):600-
610. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/19674186

[25] Lewis LMO, Njapau H,
Schurz-Rogers H, George Luber SK,
Nyamongo J, Backer L, et al. Aflatoxin
contamination of commercial maize
products during an outbreak of

acute aflatoxicosis in Eastern and
Central Kenya. Environmental Health
Perspectives. 2005;113(12):1763-1767
Available from: http://www.ehponline.
org/ambra-doi-resolver/10.1289/
ehp.7998

[26] Klich MA. Aspergillus flavus: The
major producer of aflatoxin. Molecular
Plant Pathology. 2007;8(6):713-722.
DOI: 10.1111/}.1364-3703.2007.00436.x

[27] Blanco-Meneses M,

Ristaino JB, Pathology P, Carolina N,
Rica C, Carolina N. Detection and
quantification of Peronospora

tabacina using a real-time polymerase

chain reaction assay. Plant Disease.
2011;95(6):673-682

[28] Boutigny AL, Beukes I, Small I,
Ziihlke S, Spiteller M, Van Rensburg B]J,
et al. Quantitative detection of Fusarium
pathogens and their mycotoxins in
South African maize. Plant Pathology.
2012;61(3):522-531



Fungal Biomass Load and Aspergillus flavus in a Controlled Environment
DOI: http://dx.doi.org/10.5772/intechopen.93307

[29] Zhao C, Waalwijk C, De Wit PJGM,
Tang D, Van Der Lee T. RNA-Seq
analysis reveals new gene models

and alternative splicing in the fungal

pathogen Fusarium graminearum. BMC
Genomics. 2013;14(21):1-16

[30] Montes-borrego M,

Protection C, Agriculture S, Viso CC,
Sevilla C, Jiménez-diaz RM, et al. Real-
time PCR quantification of Peronospora
arborescens, the opium poppy downy
mildew pathogen, seed stocks and
symptomless infected plants. Plant
Disease. 2011;February:143-152

[31] Gayoso C, Ilarduya OM, Federico P,
Merino F. Assessment of real-time PCR
as a method for determining the
presence of Verticillium dahliae

in different Solanaceae cultivars.
European Journal of Plant Pathology.
2007:199-209

[32] Jiménez-Fernandez D,
Montes-Borrego M, Navas-Cortés JA,
Jiménez-Diaz RM, Landa BB.
Identification and quantification of
Fusarium oxysporum in planta and soil
by means of an improved specific and
quantitative PCR assay. Applied Soil
Ecology. 2010;46(3):372-382

[33] Shishido M, Kubota I. Comparison
of PCR assays for detection and
quantification of Phomopsis sclevotioides
in plant and soil. Journal of General
Plant Pathology. 2013;79:18-27

[34] Vandemark GJ, Barker BM.
Quantifying Phytophthora medicaginis in
susceptible and resistant alfalfa with a

real-time fluorescent PCR assay. Journal
of Phytopathology. 2003;151:577-583

13



