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INTRODUCTION

Two scientists from the ARC-Grain Crops Institute, Plant Pathology section,
Dr. Bradley Flett and Ms. Belinda Janse van Rensburg were financed by the
Maize Trust to attend the International European Fusarium Symposium
(EFS9) in Wageningen, Netherlands and the International Myco-globe
Conference in Monopoli, Bari, ltaly.

The EFS9 symposium attracted some 200 scientists from 33 countries,
primarily from Europe. This meeting provided the opportunity to discuss
various aspects of plant pathogenic Fusarium spp. The majority of the papers
(+/- 80 %) presented were on Fusarium graminearum and their mycotoxins
DON, NIV and zearalenone. Very little work on Fusarium verticillioides and
fumonisins was presented. This meeting did still, however, give an opportunity
to interact and pick up some important pointers for the ear rot/ mycotoxin work
being done at the ARC- Grain Crops Institute. The symposium was organised
by Dr. Cees Waalwijk and colleagues from Plant Research International,
Wageningen, Netherlands.

The International Myco-globe Conference on the “Advances on the genomics,
biodiversity and rapid systems of detection of toxigenic fungi and mycotoxins”
attracted 200 scientists from 30 different countries. This conference brought
together experts, from various parts of the world who are engaged in
developing knowledge in genomics, biodiversity and novel technologies that
will reduce and ultimately eliminate adverse effects of mycotoxins. This would



improve agricultural profitability as weil as safety of food and feed supplies
throughout the world. The conference was organised by Dr. Antonio Logrieco
and colleagues from ISPA-CNR, Bari, Iltaly.

See the attached PDF file for the poster presented at this conference:
Sources of variation in the detection of fumonisins in maize samples.

Janse van Rensburg. B., Flett, B.C., McLaren, NW. & Mc Donald, A.H.
Delegates at the Myco-globe meeting all joined the International Society for
Mycotoxicology as their membership fees and first year's subscription fees
were included in the registration fee. It wouid be advantageous to the ARC-
GCl researchers and the institute for these memberships to be maintained.

Delegates were also reminded about various other future meetings, which
include:

The Aflatoxin/Fumonisin elimination and fungal genomics workshops at Fort
Worth, Texas (USA) 16-18 October 2006.

World Mycotoxin Forum Cincinnati, Ohio (USA) 6-8 November 2006.

12" International IUPAC Symposium on mycotoxins and phycotoxins Istanbul
Turkey, 21-25 May 2007



EUROPEAN FUSARIUM SEMINAR, WAGENINGEN,
THE NETHERLANDS

CONGRESS CONTENTS OF THE EFS9 SYMPOSIUM

The growing concem regarding mycotoxins has been a central theme in
previous meetings and its continuing importance was reflected in the session
on Toxicology & Food and Feed Safety. Strategies to reduce fungal
infestation have been and still are of vital importance and were dealt with in
the session on Epidemiology and Control. In the session on Breeding and
Host Plant Resistance novel approaches to development of resistant
varieties that would result in the reduction of mycotoxins were presented. The
interaction between the pathogen and the plant was the primary subject of
discussion in the session on Pathogenesis, where new insights could help to

develop innovative ways to combat the fungus.

Efficient control strategies are only in place when we know our enemies, their
lifestyle and the compounds they produce. This was discussed in the session
on Taxonomy and Population Genetics. In the session on Molecular
Detection, new tools developed for early detection and quantification of
Fusarium spp. and their specific mycotoxins were presented, which can be
used to support preventative measures and their relative impact. Finally, the
session on Genetics & Genomics was devoted to the exploitation of genomic
and EST sequences from Fusarium graminearum, Fusarium veriicillioides and
other Fusarium species that will help us to identify the manner in which the
pathogens attack their host plants.

Seven sessions of presentations and posters discussed Fusaria and their
mycotoxins within various topics.




1) TOXICOLOGY AND FOOD AND FEED SAFETY

Dr. Fink-Gremmels (Utrecht University, Netherlands) opened the session with
a presentation on recent research on mycotoxins in the food and feed chain.
Research in the field of mycotoxins has developed from individual,
descriptive, clinical reports to mechanism-based experimental studies, aiming
at understanding the molecular mechanisms underlying clinical and sub-
clinical changes caused by mycotoxins. This research allows the prediction of
safe mycotoxin levels and their long-term effects in animals and humans.
Contamination of products for human consumption by mycotoxins occurs
worldwide and prevention under the present agricultural practices are almost
impossible. The consequences for human health following the exposure to
mycotoxins can be significant, as the number of identified genotoxic
compounds among the group of fungal metabolites is still increasing. it
remains a challenge to develop intervention strategies that protect the
consumer as well as livestock from the detrimental effects of mycotoxins. The
economic losses associated with mycotoxin contamination of plant
commodities are significant, as in animal feeds these are among the major
factors that impair weight gain and feed conversion, fertility and reproduction,
as well as the immune competences and disease resistance of farm animais.
Mycotoxin research on humans has concentrated on carcinogenicity.
Neglected research areas are non-carcinogenic mycotoxins and co-exposure
to mycotoxins. Mycotoxins are important predisposition factors and continued
exposure to low levels needs to be researched.

Other presentations in this session concentrated on developments regarding
the toxigenic potential of various mycotoxins, their occurrence under various
systems and conditions. Research on the development of various mycotoxins
at various stages of production and utilisation and their toxigenic potential
dominated this session. One poster reported on the occurrence of
mycotoxins in maize silage samples.



2) TAXONOMY AND POPULATION GENETICS

The session was opened by Dr. Kerry O’Donnell (USDA, Minois, United
States) with a paper that studied the phylogenetics and population structure of
the Fusarium head blight pathogens and their toxins. During the past 15 years
Fusarium Head Blight (FHB) (Figure 1) or scab of wheat and barley has re-
emerged as one of the most economically devastating plant diseases
worldwide, with reported outbreaks andfor epidemics in Europe, North
America, Asia and South America. In order for disease management,
regulatory policy, plant breeding strategies and quarantine programmes to be
effective in curtailing the growing threat of FHB and its toxins to the world’s
food supply, a detailed understanding of the pathogens genetic diversity and
toxin potential is essential. The authors provided an update on ongoing global
molecular surveillance of FHB species/trichothecene toxin chemotype
diversity, using a comparative, multilocus genealogical approach to FHB
species recognition. Within the past decade, genealogical concordance
phylogenetic species recognition (GCPSR) has become the gold standard for
inferring species boundaries within the fungi. The recent discovery of novel
and/or foreign FHB species/toxin chemotypes in Europe, Asia and North
America were discussed in the context of its importance to plant disease
control efforts and its implications for animal health and food safety.

Dr. Schmale (Virginia tech., United States) gave a presentation on the
aerobiology and population structures of Gibberelia zeae in the USA. He used
novel spore-trapping techniques to study the origin and movement of G. zeae
spore masses in the atmosphere. The importance of this work showed that
new strains of various pathogens can easily move in from other countries.

This session concentrated on the taxonomy and genetic relatedness of
various Fusarium species. The importance of this work lies not only in the
correct identification of Fusarium spp. but also in the identification of various
‘races” and biotypes of the fungus, which have important implications in
disease control.



Figure 1. Fusarium Head Blight

3) PATHOGENESIS

This session was opened by Dr. Di Pietro (Universidad de Cordoba, Spain)
with a paper on the infection process of Fusarium oxysporum. Similar
signalling components were common between plant infection and vegetative
hyphal fusion, suggested a relationship between certain cellular mechanisms
in certain fungi. Although very academic, these similarities can give
researchers new insights into resistance mechanisms. Understanding fungal
infection processes and interactions between pathogen and host will improve
the search for resistance whether it be through molecular or conventional
breeding.

A paper on mechanisms of resistance in wheat to FHB presented by Dr. van
der Lee (Plant Research International, Wageningen, Netherlands) explained
the various resistance components of the Fusarium spp. complex causing
FHB on wheat and barley. FHB not only causes yield loss but also causes
depreciation of the harvested product due to the accumulation of toxins
produced by Fusarium species such as DON. Using a fluorescence marking



technique the infection process of Fusarium on developing florets was shown
to be complex and the resistance mechanisms of the host are difficult to
characterise and to quantify. Currently, seven different resistance
Components to fFusarium in wheat are recognised, including resistance to
infection, resistance to colonisation, resistance to kernel infection, tolerance to
mycotoxins and resistance to mycotoxin accumulation. In order to exploit
these natural types of resistance in wheat breeding programmes it is
important to identify the type and level of resistance in wheat genotypes.
Therefore, the authors developed a new tool called FusariumScreen, to
quickly identify different levels and mechanisms of resistance in wheat.
FusariumScreen is based on the Fusarium-wheat interaction using a
Fusarium::GFP transformant. The authors found a strong increase of
Fusarium before visual symptoms on the host and a significant correlation
between DON accumulation and fungal biomass. This technique will enable
researchers at the ARC-GCI to study infection processes of various important
ear rot pathogens. We intend to use fluorescence marking to study Diplodia
ear rot infection and ramification process as well as the infection process and
factors affecting infection of Fusarium verticillioides and F. proliferatum the
fungi responsible for fumonisin production. Infection processes can be
monitored over space and time under different environmental conditions and
in different maize genotypes. A poster, using a similar technique where
isolates are marked with fluorescent protein was presented by a student of Dr.
Altus Vilioen of the University of Pretoria. Isolates can be marked with
different colour fluorescent proteins, which can then be used to study isolate
interactions in maize kemels. The difference between pathogenic and
endophytic isolates of Fusarium verticillioides and stalkborer/F. verticillioides
interactions can also be studied.

Dr. Maier (University of Hamburg, Germany) then presented a paper on the
role of the Fusarium graminearum trichothecenes, deoxynivalenol (DON) and
nivalenol (NIV) and their invoivement in virulence of the pathogen. Mutants
that produced specific mycotoxins were used to determine their role in
virulence. it appears that the role of mycotoxins on virulence of the pathogen
varied according to the mycotoxin and the crop. Maize studies indicated that



NIV may play a role in virulence but not DON. In wheat, both trichothecenes
may play a role, whereas in barley no effects were observed.

Anocther paper presented by Dr. Woloshuk (Purdue University, United States)
discussed the role of amylopectin in maize kernels which induce production of
fumonisins by Fusarium verticilloides during colonisation. The relationship
between kernel composition and accumulation of fumonisin B1 was
investigated.  The authors found that kernels lacking starch due to
physiological immaturity, did not accumulate FB1 and that kermnel development
affected the expression of fungal genes involved in FB1 biosynthesis, starch
metabolism and nitrogen regulation. High levels of fumonisins were produced
when F verticillioides was grown on media containing amylopectin and
dextrin, a product of amylopectin hydrolysis. They concluded that the gene
ZFR1 regulates the uptake of breakdown products of amylopectin which are
needed for the induction of fumonisin biosynthesis during maize kernel
colonization. The pathogen grows well on all developmental stages of the
kernels where fumonisins start being expressed from the dent stage onwards.
This work may play an important role in resistance to fumonisins and may be
a key in developing resistant maize genotypes.

The role of callose synthesis in wheat resistance was studied and presented
by Dr. Voigt (University of Hamburg, Germany) and coworkers. Callose is a
primary component of papillae, which delay spread and ramification of a
pathogen. During infection with F. graminearum there was a constant
decrease in callose synthase activity and total amount of caliose in spike
tissue. Where lipase deficient mutants of F. graminearum were inoculated
onto wheat the growth was arrested at the rachilla and rachis transition zone.
Addition of free fatty acids to spikelets three days post-inoculation restored
this arrested mycelium growth. This shows that inhibition of callose synthase
activity by free fatty acids released by the pathogen were shown, which, in
turn are necessary for full infection of the host plant.



4) BREEDING AND HOST PLANT RESISTANCE

This session was opened by Dr. Miedaner (University of Hohenheim,
Germany) who presented a paper on the advances in breeding for Fusarium
head blight (FHB) resistance in wheat, triticale and rye. He discussed various
selection strategies, which include selection to FHB resistance within routine
line development, recurrent selection within adapted populations and
introgression of specific quantitative trait loci (QTL's) from adapted or exotic
material, using marker assisted selection. Significant genotype variation was
obtained together with significant genotype x environment interactions.
Inheritance was primarily additive, with medium to high heritabilities. QTL's
introgression were shown to reduce the cycle length of back-cross
procedures. This paper indicated significant progress in resistance breeding
and hybrid improvement using combinations of selection strategies. Similar
combined approaches could prove successful in resistance of Fusarium and
Gibberella ear rots of maize.

This session was dominated by breeding for resistance to Fusarium Head
Blight on various small grained cereals. Presentations discussed conventional
breeding, use of biotechnology and disease resistance mechanisms. There
was unfortunately very littie that was applicable to maize ear rot/mycotoxins
research. There was a single poster presentation by Dr. Palaversic (Zagreb,
Croatia) on the study of maize for resistance to kemel inoculation with
Fusarium verticillioides. Maize lines and hybrid combinations were screened
under artificial F. verticifiioides-inoculated conditions. Most lines were
susceptible with four identified for further use as resistance sources.
Inheritance of resistance was generally poor indicating the complexity of the
nature of resistance and the difficuity in breeding for resistance.

5) EPIDEMIOLOGY AND CONTROL

Dr. Schaafsma (University of Guelph, Canada) presented a paper to open this
session on forecasting Fusarium epidemics using mycotoxins, which is a
useful tool to prevent entry of such mycotoxins into the food chain. Wheat and



maize fields subjected to different production practices were sampled for DON
over several years. Variation in environment and agronomic effects were
estimated using simple linear models. In wheat, environment effects
accounted for 48% of variation, variety 27% and previous crop 14-28%. In
maize, hybrid accounted for 25% of variation of DON or fumonisin and
environment 12%. The interaction of hybrid and environment accounted for
42% of the variation. A robust site-specific DON forecast model {DONcast)
was developed for wheat and used commercially for the last five years. He
explained that the forecasting of DON and fumonisins in maize is not as
straight forward, because of its greater exposure to infection, the role of
wounding in infection, the increased importance of hybrid susceptibility and
the vast array of uncharacterised hybrids available in the marketplace. Data
collected from experiments conducted in Argentina and the Phillipines were,
however, used to develop a  prediction model for fumonisins using insect
damage and weather variables, accounting for 82% of the variability of
fumonisins. Using mycotoxins as a measure of diseases outcome as
opposed to disease symptoms, offers a more robust prediction of mycotoxin
risk and it accounts for mycotoxin accumulation that occurs frequently in the
absence of any change in Fusarium symptoms. This research has
considerable significance to our situation in South Africa and the ideal
situation would be to fund a student (preferably a PhD) to carry out these
studies at the institute, using the facilities and field experience of staff and
include Prof Neal McLaren’s modelling expertise and Prof Altus Viljoen's
molecular expertise to develop a local model based on local population
dynamics and surveys, along the lines of this presentation. An added bonus
would be to involve Dr. Art Schaafsma himself, should he be willing.

Dr. Kehi (Plant Research International, Wageningen, Netheriands) presented
a paper on the population dynamics of Fusarium head blight (FHB) pathogens
and their residues in winter wheat crops. The information collected on the
populations of pathogens in stubble can be used to develop cropping systems
to prevent inoculum carry-over from one season to another. The importance
of stubble as an inoculum source for FHB pathogens was emphasised in this
presentation. Mycotoxin levels of straw were monitored and found to be high.
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Locally maize stubble and wheat straw are used as animal feed and it may be
worth monitoring Fusarium populations and mycotoxin fevels for animal
safety. Populations of FHB pathogens on various plant parts monitored

throughout the growing season peaked at harvest.

Dr. Forrer (Zurich, Switzerland) presented a paper on the prediction of FHB
and DON content in winter wheat. From a survey conducted in Switzerland a
high correlation between Fusarium graminearum and DON-content was
observed. Thirty percent of wheat grown after maize contained more than 1
ppm DON. The question that would be obvious to ask will be, what were the
mycotoxin levels in maize after wheat in South Africa? This is particularly so
where Fusarium graminearum infections of both wheat and maize crops have
been on the increase particularly in the irrigation areas where both 'may be
cropped within the same year. Correction factors were introduced to
accurately predict the DON contents of wheat. The prediction model
developed is still in the validation process and in the first validation trials the
model correctly predicted a DON content of 0.5 ppm or less in 78% of the
cases. The model is called Fusaprog and more information is available at
www.fusaprog.ch. This programme may give a local student studying the

population and modelling of such epidemics, further insights into factors that
may affect one’s model. The use of models require reliable inputs but once in
place can be an important tool in making control and marketing decisions.

Dr. Elen {(As, Norway) presented a paper on Fusarium and DON in Norwegian
wheat and correlations with climatic factors. Winter wheat had iower DON
levels than spring wheat, which was explained by the authors to be due to
hybrid selection and temperatures. Genotype x environment interactions wers
highly significant. Stepdown multiple regressions determined the effects of
cultivar, fungicides and relative humidity on DON and Fusarium spp. A critical
point in terms of environment effects appeared to be relative humidity at
flowering and prior to harvest. Once again the relevance of prediction models
was highlighted. The studies reported on in this session give us an idea on
where and how such research can be done locally and the advantages that
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such prediction systems can give to producers, buyers and manufacturers in
South Africa.

The final oral presentation in this session was a paper on the spatial
distribution of Fusarium spp. causing head blight in wheat fields by Dr. Oerke
(Bonn, Germany). FHB of wheat is a complex of various Fusarium species,
which form visible symptoms and produce mycotoxins. Spatial variation in a
field will influence representativeness of grain sampling for microbial
inspections and mycotoxin quantifications. Understanding of this spatial
distribution will improve sampling procedures as well as the origin of inoculum
sources and interactions of the different Fusarium spp. in the canopy. Spatial
heterogeneity was more pronounced in seasons where grain infections were
lower. In seasons where grain infections were higher spatial heterogeneity
were less pronounced. Although these results were of little practical value, as
the results indicate that when the disease is a problem the variation is at its
lowest, so the effect on sampling is not really significant. Similar research
needs to be done locally to determine the spatial heterogeneity of maize ear
rot pathogens and the population structures of the specific pathogens. This is
particularly important where the Fusarium verticiflioides populations, which
have many varying isolate characteristics within the species, occur. Maybe
epiphytic isolates prefer certain microclimates within a field or similarly,
fumonisin-producing isolates may prefer certain areas within the field. These
results may give one an indication of favourable areas, microclimates, stress
areas (shallow soils, waterlogging), presence of other predisposing factors
{diseases, nematodes etc) that may favour mycotoxin production or
mycotoxin-producing isolates.

6) GENETICS AND GENOMICS

in this session the opening presentation was on the recent advances in the
genetics and genomics of Fusarium, presented by Dr. Guldener (Neuherberg,
Germany). The release of the F. graminearum genome sequence by the
Broad Institute in 2003 facilitated the setup of the F. graminearum genome
database (FGDB), which can be located at
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www//mips.gsf.de/genre/projffusarium/. The FGDB integrates differing
automatic as well as manually validated gene calls and enable ongoing
manual processing of gene calls from community input. With the release of
further related genomes, the automatic as well as the manual comparative
gene calling procedures will be further improved. The genome seguences of
species sequenced and to be released in the near future, are Nectria
haematococca (F. solani), F. verticillicides and F. oxysporum. First automatic
gene calling procedures will result in draft sets of gene calls, which are used
for a first proteome analysis and will be further used to align the genomes for
comparative structural and functional annotation.

The FGDB was also used to design an Affymetrix GeneChip (Figure 2) for in
vitro and in planta expression analysis. Using the existing expression data,
clustering algorithms on these data as well as on potential regulatory
promoter sequences will enable mapping of the Fusarium graminearum
expression data on the related genomes to define sets of potential target
genes involved in the host-pathogen interaction.

|
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Image of Hybridized Probe Array

Figure 2 Affymetrix Gene Chip
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A presentation by Dr. van Wijk University of Amsterdam, Netheriands) on the
identification of F. oxysporum f.sp. lycopersici pathogenicity genes through
Agrobacterium-mediated insertional mutagenesis has direct application to the
ARC-GCI F. verticillicidesffumonisin projects. The techniques used are
directly applicable to future planned projects and include identification of
pathogenicity genes using insertional mutagenesis. Mutants that have lost
their pathogenicity must be developed and assessed in bioassays. This will
enable the identification of the pathogenicity genes using TAIL-PCR, where
genomic regions flanking the T-DNA can be isolated and sequenced. Prof
Altus Viljoen had a student doing similar work on the banana wilt pathogen F.
oxysporum f.sp. cubense. The plan is in time to get a student who would do
such a project on the pathogenicity of fumonisin-producing isolates. This will
help in understanding the infection process and thus play a role in resistance
to these isolates.

A number of posters were presented in this session on use of various mutants
and techniques to -identify mycotoxin related genes and the deduction of
various biosynthetic pathways of such mycotoxin production. The genes
involved in pathogenicity and resistance were also studied. This work that was
presented is basic research needed for the deduction of various genstic
mechanisms of the specific Fusarium species studied.

7) MOLECULAR DETECTION

in this session the recent advances in the molecular detection of Fusarium
spp. and their mycotoxin genes were addressed by Dr. Waalwijk (Plant
Research International, Wageningen, Netherlands). Fusarium species are
notorious for their capacity to produce secondary metabolites, many of them
which are toxic for plants and/or animals and humans. In the last one-and-a
half decades the identification of isolates has progressed form ITS-PCR and
RAPD-PCR based in undefined loci, via SCARSs derived from defined and/or
undefined regions in the genome, to multiplex PCRs that can identity any
isolate from the field within a day after culturing. Recent developments in
quantitative PCR allow the monitoring of fungal populations during the
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growing season, between geographic regions as well as from year to year. Dr.
Waalwijk discussed the pros and cons of the various techniques.

Moreover, large sequencing projects have provided a wealth of information
that can be explored for detection and characterisation on genus, species and
isolate level. Multiplex platforms allow for the concurrent detection of various
targets within the same organism, e.g. ITS to identify the genus, household
genes such as elongation factor 1 to identify at species level and specific
SCARs for identification of the isolate. Detection of targeted genes, e.g. those
involved in the expression of deoxynivalenol or fumonisin, assures that the
identified isolate is a potential threat for food and feed safety. Quantitative
analyses expand the versatility of these platforms as they are indicative for
the expression levels of these genes. Dr. Waalwijk's research team has
developed a new detection technique based on open-array technology called
Tagman technology. This technique and its application in epidemiological
studies was discussed. They have developed primers to distinguish fumonisin
producers and non-producers of the Fusarium verticillioides isolate complex.
This has, however, been developed on a limited number of isolates.
Discussions with Dr. Waalwijk have resulted in cooperative research where
we have sent him a number of isolates from various localities to work with. We
hope to develop on this cooperation in future.

Dr. Naresh Magan presented a paper on behalf of Dr. Schmidt-Heydt
(Karlsruhe, Germany) on the ftranscriptional analysis of trichothecene
production in Fusarium by microarray after growth in different abiotic
conditions in relation to phenotypic DON biosynthesis. Production of
secondary metabolites are strongly dependant on substrate composition,
temperature, pH and water activity. There is a lot of published information on
the effects of these factors on phenotypic expression but little on the role
these factors have in triggering gene expression involved in their production.
The effects of water activity and temperature on the activation of the
trichothecene biosynthetic genes were studied using microarray technology.
Generally, where parameters were in favour of gene expression high DON
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production was observed. Further work on a comprehensive data set could
generate a model to predict biosynthesis gene activation.

More research is needed to look at environmental effects on gene expression.
This will improve the understanding of mycotoxin development and give
potential tools that could be used to minimise mycotoxin production.

Dr. Yli-Mattila (Turku, Finland) presented a paper on realtime PCR
quantification of Fusarium fungi as compared to mycotoxin production in
cereal grains in Finland. This paper discussed the relationship between the
FHB complex and the mycotoxins they produce.

The remaining posters and presentations discussed the quantification of
Fusarium species and the mycotoxins. The majority are sophisticated
research techniques, which require specialised equipment, expertise and they
are expensive and time consuming. The need for a rapid, cheap quantification
technique is still required to quantify mycotoxins in samples on site. It appears
that this may still take time.

GENERAL DISCUSSION ON EFS9 MEETING

The EFS9 meeting was high-profile, with many well-known scientists in the
field of Fusarium research presenting the most recent findings and
techniques. The meeting was dominated by new molecular technologies,
which, although in some cases of limited practical vaiue, many could be used
and applied to local conditions and research programmes. Both delegates
from ARC-GCI, Ms Belinda Janse van Rensburg and Dr. Bradley Flett met a
number of international scientists and picked up novel ideas from this
meeting. Although much of the meeting concentrated on crops other than
maize, such as smali-grain crops and bananas, papers still enabled the
delegates to get fresh ideas and discuss a number research techniques and
ideas with a number of highly renowned, international scientists, which could
add to and improve the present ARC-GCI| mycotoxin research programme.
Lengthy discussions between Dr. Bradley Flett and Prof. Altus Viljoen resulted
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in a total research programme being developed, which is multidisciplinary and
with time will develop and include more local and international researchers.
This improves networking, reduces duplication of research, improves
available resources and expertise and generally improves productivity and
dissemination of results. The total “field-to-fork” approach to solving mycotoxin
problems at all farming system levels is necessary. Some of the presentations
were indirectly applicable to control of other maize ear rots such as Dipiodia
ear rot. Future exposure to such meetings are advised for any research
groups working on Fusarium spp. The work presented here was cutting-edge
and gives researchers from developing countries an insight into the
international research community.

The advances in molecular biology and microscopy techniques have enabled
scientists to make significant advances in understanding various factors such
as taxonomy, genetic relatedness of isolates and species, resistance,
recognition and infection processes and not least, in epidemiological studies.
These advances, although specific may add up and enable us to get an
overall picture of new advances in research. Fusarium verticillioides is
primarily a sub-tropical problem whereas F. graminearum has been a northern
hemisphere problem for many years but is recently becoming mere prevalent
in South Africa, where climatic conditions are favourable (high rainfall and
moderate to high temperatures). We as the agricultural community of South
Africa have to take responsibility for local problems and attempt to solve them
locally.

Another significant observation is that all papers were the result of
collaborative research between various scientific fields of expertise and
laboratories. On average each presentation was the result of three to four
different research groups/labs and four to five primary researchers and a
number of technicians. This attracts funding, as groups have more continuity
than individual researchers, ensures better chances of success, etc. Locally
researchers, Institutions and funders currently all act all act independently of

one another. This results in a culture of competition rather than cooperation.
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The isolated geographical nature of our country and our unique disease
problems require a more unified cooperative research input than what is
presently the case. We sit with a lot of expertise but all work within their own
limited comfort zone. This is counterproductive to solving our disease
probiems and we need to develop a culture of cooperation within South Africa
and beyond our borders right up to international cooperation. We can learn a
lot from other researchers as they can also learn a lot from local researchers.

MYCO-GLOBE INTERNATIONAL CONFERENCE ON
“ADVANCES IN GENOMICS, BIODIVERSITY AND RAPID
SYSTEMS FOR DETECTION OF TOXIGENIC FUNGI AND

MYCOTOXINS” BARI, ITALY

INFORMATION ABOUT MYCO-GLOBE PROJECTS BY DR. ANGELO
VISCONTI

The accumulation of mycotoxins in foods and feeds represents a major threat
to human and animal health, as they are responsible for many different
chronic health risks, including the induction of cancer and digestive, blood and
nerve defects. Mycotoxins negatively impact on agriculture and associated
industries in various ways, over all parts of the globe. The economic
consequences of mycotoxin contamination are profound and often crops with
high amounts of mycotoxins have to be destroyed.

Due to the scale of the mycotoxin problem, which affects crops worldwide and
is a major concern in the EC crops, previous EC Framework Programmes
included a number of research projects on toxigenic fungi and mycotoxins in
food crops. Of particular relevance was the Mycotoxin Prevention Cluster,
involving 10 projects with more than 60 research groups from all the EU
Member States and several candidate countries. This European network was
strengthened by the Cost Action 835 on “Agriculturally important toxigenic
fungi®. To tackle the mycotoxin probiem, a united effort is required worldwide,
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with better cooperation amongst researchers, particularly in the developed
world with the involvement of developing countries, so that ultimately
developing countries can benefit from this coordinated research effort to

minimize the mycotoxin problem.

The Myco-Globe Specific Support Action was set up to share the results of
EU research with other countries that have bilateral science and technology
agreements with the EU, within the wider framework of a global information
system on mycotoxins and toxigenic fungi. Myco-Globe focuses its activities
on the participation and cooperation between EU and other countries to
gather knowledge on mycotoxin crop contamination, mapping the mycotoxin
occurrence in the most widely cultivated and exported crops and networking
which includes; training, working and expert groups, conferences, seminars
and management seminars.

The Myco-Globe International Conference, Monopcli, ltaly from 26-29
September 2006 entitled “Advances on genomics, biodiversity and rapid
systems for detection of toxigenic fungi and mycotoxins® was the sixth in a
series of meetings organized under the Myco-Globe project.

Congress contents of the Myco-Globe International Conference

e SESSION 1

BIOSYNTEHSIS OF MYCOTOXINS AND GENOMICS OF TOXIGENIC
FUNGI

s SESSION 2

BIODIVERSITY OF TOXIGENIC FUNGI

o SESSION 3

EMERGING DETECTION METHODS
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SESSION 1: BIOSYNTEHSIS OF MYCOTOXINS AND GENOMICS OF
TOXIGENIC FUNGI

Papers in this session were primarily discussions on the biosynthesis and
genomics of Aspergillus flavus, with two presentations on Fusarium spp.
and one paper on the advances of Ochratoxin A biosynthesis.

Presentations on Aspergillus flavus

The first presentation by Dr. Jiujang Yu (USDA, Louisiana, United States)
titted “EST profiling for elucidation of molecular regulation of aflatoxin
biosynthesis in Aspergillus flavus”. Aflatoxins are toxic and carcinogenic
polyketide metabolites produced by fungal species, including Aspergiflus
flavus and A. parasiticus. Various factors affect aflatoxin development and
research at The Institute for Genomic Research has concentrated on
profiing gene expression and identification of regulatory networks
controlling aflatoxin contamination in food and feeds. Gene expression
profiles on aflatoxin supportive and non-aflatoxin-supportive medium were
evaluated for A. parasiticus. A total of 2120 genes in gene expression
profiles were identified using microarray analysis, which included most of
the aflatoxin biosynthesis genes. Microarray analysis revealed 77 genes
that were up or down regulated, including a number of aflatoxin
biosynthetic genes. Amino acids affect aflatoxin biosynthesis, depending
on availability and type. Amending the aflatoxin supportive medium with
tryptophan reduced the production of aflatoxin B1 and B2 in A. flavus
whereas B1 and G1 was increased in A. parasiticus. This indicates
different regulatory mechanisms. Further investigations may help identify
specific regulatory genes or factors of aflatoxin biosynthesis.

Dr. Gary Payne (North Carolina State University, United States)

presented a paper regarding a project on genome squencing of aflatoxins.
Various institutions have coliaborated on sequencing the genome of this

20



project. He discussed the size of the genome relative to other Aspergillus
species etc. Initial scan for proteins involved in the production of
secondary metabolites revealed the presence of 35 putative polyketide
synthases, 24 putative, non-ribosomal peptide synthetases and more than
131 P450s. This data can be accessed on www.Aspergillusflavus.org. The

genome was also compared to the genome of A. oryzae which does not
produce aflatoxins and lost a large part of its pathogenicity properties.

Dr. Bill Nierman (The Insfitute for Genomic Research, Maryland, United
States) presented a paper on “Comparative genomics of Aspergillus
species’. This was a review on the genome sequence of Aspergilius
fumigatus and A. clavafus. These have been recently sequenced and
differences in gene content could not explain differences in pathogenicity
Various other characteristics were discussed.

Dr. Ed Cleveland (USDA/URS, Louisiana, United States) presented a
paper on “The use of crop proteomics and fungal genomics in elucidating
fungus-crop interactions”. Understanding the complex interrelationships of
plant and fungal gene products during the host plant-Aspergillus flavus
interaction is key in developing strategies to interrupt the aflatoxin
contamination process. Fungal processes necessary for invasion of the
plant and production of aflatoxin can be broken down into three categories:
1) cell wall degradation (cellulase, pectinases, amylases and proteinases)
2) fungal development (cell wall synthesis and conidiophore and conidial
formation)
3) aflatoxin biosynthesis and regulation.

Fungal Expressed Sequence Tag (EST), microarray and whole genome
sequencing projects have resulted in an increase in the number of
candidate genes governing the processes involved in invasion of the plant
and aflatoxin contamination. Plant factors have been discovered, using
proteomics and natural product chemistry, that may influence fungal
processes involved in invasion and aflatoxin contamination. These factors
can also be divided into three categories:
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1) seed proteins/inhibitors of fungai cell wall degrading enzymes
2) seed/kernel natural products which may influence fungal growth and/or
aflatoxin synthesis

3) plant stress responsive proteins.

If the understanding of the interactions between host plants and the fungus
can be improved through use of abovernentioned techniques, particularly the
influence of plant factors on fungal processes affecting chemistry and
aflatoxin contamination, this information could accelerate development of
breeding through marker selection and/or gene-insertion technologies for
enhancing host plant resistance.

The following presentation was by Dr. Bruce Campbell (USDA, California,
United States) on the “Elucidation of chemical and functional genomic factors
potentiating aflatoxigenisis®. Exposure of Aspergillus flavus to oxidative stress
induces aflatoxin biosynthesis, which doubles when the fungus is exposed to
tert-butyl peroxide. Certain phenolic compounds with antioxidative activity
inhibit aflatoxin biosynthesis with no effect on fungal growth. Using gene-
deletion mutants it was found that phenolics and reactive oxygen species
modulated the antioxidative stress-response system through changes in
expression of genes.

Although these papers concentrate on aflatoxins they are relevant to our
programme for two major reasons. Firstly the principles and technigues used
are relevant and applicable to mycotoxin research worldwide and secondly
the results of a student of Prof. Altus Viljoen and myseif, Mr. Edson Ncube
who is presently doing a survey of mycotoxins in subsistence farming
communities throughout rural areas of South Africa has identified areas with
significant aflatoxin levels in maize. This has previously not been regarded as
an issue in South Africa but we need to take cognisance of the problem and
the potential dangers it has for these communities.
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Presentations on Fusarium spp.

Dr. Robert Proctor (USDA, lllincis, United States) presented a talk titled
“Microarray evidence for gene clusters involved in polyketide biosynthesis in
the fumonisin-producing fungus Fusarium verficillioides”. He reported that the
genetics and biochemistry of fumonisin biosynthesis is ‘“relatively” well
understood but little is known about biosynthesis of other secondary
metabolites produced by the fungus. Previous work reported 15 polyketide
synthase genes in F. verticillicides. These were characterised to determine
which metabolites are synthesized by corresponding PKS enzymes, whether
they play a role in pathogenisis of maize and if they are located in gene
clusters. To determine the clustering of genes, microarray analysis was used
to examine changes in PKS gene expression and that of the genes next to
them. The fusarin PKS gene (PKS10) and eight contiguous genes increased
expression over time. In contrast other genes in the same chromosomal
region did not exhibit such changes. Thus the PKS70 and eight other genes
adjacent to it are members of a fusarin gene cluster.

Dr. Gerhard Adam (Vienna, Austria) presented a paper on the contribution of
European scientists to the genomics of Fusarium graminearum, which was
largely a repeat of work presented at the EFS9 meeting in Wageningen, The
Netherlands. This work included molecular work related to secondary
metabolites and pathogenisis of F. graminearum on wheat using various
techniques. The significance of this work relative to our project is the size of
the project and the inputs of various research groups with complementary
expertise. This is something that needs to be promoted as it is a major
constraint to scientific advancement locally.

The following presentation was titled “Comparative genomics of Fusarium
species’ and was presented by Dr. Li-Jun Ma (Broad Institute of MIT,
Massachusetts, United States) who reported on the comparative genomics of
3 different Fusarium species. The genus Fusarium collectively represents the
most important group of fungal plant pathogens causing various diseases on
nearly every economically important plant species. Of equal concern is the
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health hazard posed to humans and livestock by Fusarium mycotoxins. The
genomes of F. graminearum, F. oxysporum and F. verficillioides were
compared in this study. Although of academic significance only, this paper
once again highlighted what can be achieved through cooperation of various
research groups, each supplying their own specific inputs relevant to their
fields of expertise. This research project was carried out by five different
research laboratories from within the USA.

SESSION 2: BIODIVERSITY OF TOXIGENIC FUNGI

The session on biodiversity was opened by Dr. Claudio Scazzocchio (Orsay,
France) with a presentation on the “Chromatin structure and metabolism in
the Aspergili’. This presentation highlighted the point that fungi genes
involved in primarv metabolism may or may not be clustered, whereas genes
involved in secondary metabolism are always clustered. The question is does
this clustering have any functional significance? They studied the possibility
that clustering implies a certain organisation of chromatin in the cell division
process. Results were presented, which strongly suggest that there is a
process that silences the synthesis of secondary metabolites. The research is
still being carried out, however, the results may be of significance to the
resistance to mycotoxin production.

Dr. Anne Desjardins (USDA, lllinois, United States) presented a paper on
“The role of Fusarium biodiversity in plant pathogenicity and biological
control.” The Fusarium disease complexes of maize, wheat and other cereal
grains are biologically highly diverse. This biodiversity may have a major
impact on the types and levels of mycotoxins in food grains. The first
dimension of complexity is at the Fusarium species level. I|dentification and
guantification of these species can be accomplished using morphological
traits, molecular markers and other genetic approaches now available or
presently being developed. The next dimension of complexity is at the
species population level where molecular markers have identified various
populations, some of which have been designated as phylogenetic lineages or
cryptic species. The taxonomy of Fusarium species in cereal disease
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complexes is well advanced for North America and Europe, but remains
fargely unexplored for developing countries of Africa, Asia and South America.
Further information is needed worldwide on population genetics, plant
pathogenicity and mycotoxigenicity of the Fusarium disease complexes of
maize and wheat. Results of research on various species and mycotoxins
were discussed. Further studies are also needed to determine whether
production of mycotoxins in cereal grains are affected by interactions between
species of Fusarium disease complexes and whether Fusarium biodiversity
can be exploited to control mycotoxins in grains. This presentation highlights
the necessity of local research that is underway at the ARC-GCI to study
various isolates within ear rot species of Fusarium to determine population
structures and the mycotoxins produced. This work will explain the species
variation and potential mycotoxin problems that may occur in South Africa.
This work can be extended to populations in neighbouring SADC countries.

Dr. Ranajit Bandyopadhyay (lITA, !badan, Nigeria) presented a paper on the
“Biodiversity of toxigenic fungi from cereals in Africa”. Mycotoxin
contamination of maize, the major cereal in Africanr diets, is a significant
health risk and affects the well-being of African people, primarily children.
Aflatoxins and fumonisins are the major mycotoxins commonly found on
maize grain in Africa. These two toxins are also known to occur in sorghum
and pearl millet, crops that are grown in the drier parts of Africa. Specific
Fusarium and Aspergillus species produce fumonisins and aflatoxins,
respectively. The extient of the occurrence of aftatoxins and fumonisins in
maize reported from various African countries varies and the diversity of these
fungi producing toxins have not been ascertained. A good understanding of
the diversity of toxigenic fungi and their occurrence in cereals is required to
target interventions for mitigating mycotoxin exposure to humans and animals.
The diversity of Fusarium and Aspergillus species on maize were under
investigation by the authors and the relative occurrence of aflatoxin and
fumonisin on maize, sorghum and pearl millet in West Africa were discussed.
They established that F. verticillioides constitute nearly 95% of all Fusarium
species on maize in Ghana across agro-ecozones. Level of genetic diversity
within F. verticillioides is high and the recovery of common clones in different
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locations suggests significant movement of the fungus. Due to the high
occurrence of F. verficillioides, the potential for high levels of fumonisin
contamination were of concern and the authors intend to identify and use
diverse isolates of F. verticillioides for developing maize cultivars with stable
resistance to ear rot and fumonisin contamination. This is a similar approach
to the work underway at the ARC-GCI and it is highly significant that this work
is similar to local work. Local biodiversity needs to be ascertained and
resistance and control for local conditions need to be determined. As
mentioned previously this work can be of significance to all countries in the
SADC region. Initial work presently being carried out at by the ARC-GCI and
co-workers is survey and isolate collection, further research on population
biodiversity and resistance is underway.

The “Biodiversity and mycogeography of Fusarium in Australia was presented
by the world renowned Fusarium taxonomist Dr. Lester Burgess (University of
Sydney, Australia). He discussed the geography of Australia and discussed
the significance of local climate and positioning on populations of Fusarium.
Similar pathogens as to those found worldwide are found in Australia and
include F. pseudograminearum, F. graminearum, F. culmorum, F. avenaceum
and F. crookweffense. Two distinct populations of F. graminearum have been
identified from two distinct areas. They differ significantly in phenotypic
reactions but are both within the species F. graminearum. Various
saprophytic Fusaria have also been isolated and identified. Rainfall and
temperature, vegetation and fire regimes are the primary factors affecting the
abundance and mycogeography of Fusarium spp. The common maize
pathogens, F. verticillioides, F. subglutinans and F. proliferatum were
conspicuous by their absence in this presentation.

Various presentations on the biodiversity and population structures of the
Aspergillus spp. In Australia, USA, and Europe on different crops were
discussed in a number of papers. Only in the USA presentation was any
significant comment made on the occurrence of aflatoxins on grain Crops. in
South Africa aflatoxins and Aspergilius infections have not been significant
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until recent work done at the ARC-GCI by Edson Ncube confirmed occurrence
in certain areas of South Africa in a survey of subsistence farmers.

Dr. David Miller (Ontario, Canada) presented a paper on the “Penicillium
toxins in silage”. This problem is on the increase in areas in Canada and the
USA. The primary organism is Penicillium roquefortii which produces the toxin
roguefortine which is common but recent evidence indicates that this is not
the cause of the observed mycotoxicoses. These studies identified new
potential problems such as the production of festuclavine from P. paneum
which is known to cause mycotoxicoses in cows and horses. P roqueforti
produces other metabolites that are toxic under certain conditions.
Roquefortine is produced under a number of different conditions. This
explains why roquefortine is so common but serious toxicoses are more
episodic. This presentation once again highlights the importance of screening
local silage operations for potential mycotoxins and causal fungi to identify
potential problems locally before they occur.

Dr. Hamed Abbas (USDA, Mississippi, United States) presehted a paper on
the “Development of non-toxigenic strains of Aspergiflus flavus for control of
aflatoxin in maize”. Aflatoxins are a major probiem in certain maize production
areas in the USA, such as the Mississippi delta in the South. Aflatoxin,
produced by Aspergilius flavus, primarily under hot dry conditions has been
extensively studied without much success in developing consistant reliable
control methods. Non-toxin producing isolates have been extensively used in
peanuts and cotton to reduce aflatoxins . The author initially surveyed and
collected a number of isolates and identified iow or non-toxin producing
isolates. Isolates that produced large sclerotia were less likely to be toxigenic
than others. Two non-toxigenic strains that suppressed aflatoxin production
when applied to maize as soil inoculants, were identified. After extensive
research it was found that these isolates reduced aflatoxin contamination in
maize by 60-894%. The one isolate (K49) was the better biocontrol agent as it
colonized maize faster and produced sclerotia readily. This work is now
developing delivery and application techniques. The use of biccontrol using
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non-toxigenic isolates has been highly successful in the USA on a number of
crops and is clearly an option to be developed locally.

SESSION 3: EMERGING DETECTION METHODS

Dr. Rudolf Krska (Vienna, Austria) presented a paper on “Emerging rapid
methods for the determination of mycotoxins”. In mycotoxin analysis, well
established methods based on chromatographic principles are holding their
ground but a transition to multitoxin and rapid methods can be observed.
Furthermore, a number of new techniques such as biosensors are rapidly
emerging. Mycotoxins are secondary metabolites produced by several
species of fungi both on the field and during storage. For a close surveillance
of these toxins in the food chain, analytical methods have been developed
and refined since the 1960's. Because mycotoxins are compounds of
different chemical structures and physiochemical properties, specific detection
methods have evolved using well established techniques on the basis of liquid
(LC) or gas chromatography (GC) with appropriate detectors such as
fluorescence detection (FLD), UV detection, flame ionisation detection (FID),
electron capture detection (ECD) and mass spectrometry (MS). Although the
methods are usuaily optimised for one target mycotoxin or at best a group of
closely related mycotoxins as for instance the B-trichothecenes,
multimycotoxin methods are highly desired. Liquid Chromotography with
tandem mass spectrometry (LC-MS/MS) has recently become more popular,
the simultaneous determination of up to 40 different mycotoxins is now
feasible. Sophisticated LC-MS/MS equipment does not require sample clean-
up especially when isotope labeiled internal standards are used.

A number of rapid methods based on immunochemical techniques, mostly do
not require any clean up or analyte enrichment. Enzyme linked
immunosorbent assays (ELISA) have become one of the most powerful tools
for the rapid monitoring of mycotoxins particularly for the screening of raw
materials. A list of the commercial immunological test kits for the analysis of
mycotoxins was compiled by the European Mycotoxin Awareness Network
(EMAN) and can be visitied at www.mvcotoxins.org. Both fluorescence
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polarization ummunoassay (FPI) and surface plasmon resonance (SPR) have
reached this point. One of the most interesting emerging techniques for the
detection of mycotoxins in grains are probably non-invasive methods such as
Fourier Transform mid-infrared spectroscopy with attenuated total reflecation
(ATR) or near infrared transmission spectroscopy, reducing sample
preparation to an absolute minimum. Major restrictions of spectroscopic
techniques are high matrix dependence and lack of appropriate calibration
material. Likewise, the technique of protein biochips for mycotoxin detection
has to be further developed and optimised in order to conclude on their real
potential.

Dr. Chris Maragos (USDA, llinois, United States) presented a paper on
“Capillary electrophoresis and fluorescence polarization for mycotoxin
analysis. Development of detection techniques since toxins were first isolated
and associated with animal and human health, have continually emphasized
the need for accuracy, sensitivity, consistency, cost and the time taken to do
them. The author discussed present mainstay technologies and two recently
used techniques as mentioned above. The applications and usability of these
techniques was discussed. Fiuorescence polarization techniques are portable,
and relatively easy to perform.

Dr. Sarah de Saeger ‘s (Ghent, Belgium) paper was titled “Flow-through
device for rapid, simultaneous detection of multiple mycotoxins”. The
development of rapid detection tests are important to quantify and control use
of contaminated food and feedstuffs at various processing stages. She
discussed a flow-through device which is rapid and relatively easy to use with
multiple detection layers on a single column. The duration of the assay was
about 20 min for six samples. The assay was combined with a simple
extraction procedure and validated in accordance with EU maximum levels.

Dr. [btsam Tothill (Cranfield University, England) presented a paper on
“Microsensors for mycotoxin detection in foods”. She discussed the use of
microsystems technology solutions for mycotoxin detection. Affinity sensors
were developed for aflatoxin M* in milk and ochratoxin in wine. Commercially
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available antibodies were used as receptors while artificial receptors were
also developed. She discussed the accuracy of the developed techniques.
Electrochemical approaches were also looked at where sensing of mycotoxins
with direct electrochemistry of the target mycotoxin and electrical monitoring
of the interaction of the mycotoxin with a recognition system were discussed.

Dr. Michele Solfrizzo (Bari, ltaly) discussed “Determination of trichothecenes
in cereals and derived products by liquid chromatography tandem mass
spectrometry”. They developed a sensitive, accurate and reliable method for
simultaneous determination of NiV, DON, T-2 and HT-2 in cereals and cereal
based foods. The method uses liquid chromatography coupled with
atmospheric pressure chemical ionization triple quadrupole mass
spectrometry. A simple rapid sample clean up procedure allows high recovery
of the specific trichothecenes. Performance of the technique were evaluated
revealing its general applicability and robustness on a range of substrates.

Dr. Gordon Shephard from the Medical Research Council, Tygerberg, South
Africa presented a paper “Biomarkers of exposure to fumonisin mycotoxins”.
This presentation discussed the exposure to mycotoxins and the adverse
health effects associated with these toxins. Such data is most useful at a
community level, however biomarkers may provide estimates of toxin
exposure at an individual level and are an essential tool in epidemiological
investigations of mycotoxicoses. Useful biomarkers have been found in blood
and urine for aflatoxins and make studies on hepatocellular carcinoma
possible. The situation is more complex for fumonisins. Studies on animals
have shown that fumonisins are excreted in faeces as unchanged fumonisin.
Sphiginine levels are increased with increased intake of fumonisins. These
parameters in humans could provide a potential biomarker, however
investigations have shown poor correlations between sphinginine levels and
fumonisin ingestion. Extraction of fumonisins from various physiological
samples posed a problem and present research on this procedure are
underway.
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Dr. Steve Powers (Vicam, United States) presented a paper on the “The
development and application of multi-mycotoxin affinity columns’. These
columns enable multi-mycotoxin guantifications. Various technologies being

used in the development of these columns was discussed.

There are new techniques and technologies continuously being developed for
detecting and measuring mycotoxins. These techniques are géneraiiy in a
developmental or test phase. Once tested and made commercially available
they will enable easy, fast and cheap detection of various, specific or muitiple
mycotoxins. These new technologies need to treated with circumspection until
proven to be accurate. It is however a matter of time until technologies to
detect mycotoxins at certain predetermined limits are on the market and
enable producers, traders and manufacturers to test for mycotoxins in grains
feed and foodstuffs at various stages. This will have major implications in
grain production, trade and feed and food industries. This will put pressure on
researchers to find suitable control measures, farmers to practice good
farming principles, ensure correct storage procedures and regulation
throughout the manufacturing and export industries. It is advisable that all
persons involved in grain production and related industries take cognisance of
the implications and researchers start developing intervention technologies for
all stages of the industry. The urgency of this research cannot be
overemphasized.

Emerging detection methods for toxigenic fungi.

Various molecular tools for detection of mycotoxigenic fungi were discussed.
Dr. Rolf Geisen (Karlsruhe, Germany) and Dr. Giuseppina Mule (ISPA, Bari,
Italy) presented papers on use of real time PCR and microarrays to detect
ochratoxin producing Penicillia and Aspergifius spp., respectively. Dr. Naresh
Magan discussed use of electronic nose systems to differentiate between
mycotoxigenic and non-toxigenic strains of spoilage fungi. Electronic nose
systems are based on sensor arrays where contact between sensors and
volatile molecules results in a change in conductance or resistance enabling
qualitative profile to be obtained and analysed.
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A paper of particular interest to our current research was presented by Dr..
Cees Waalwilk (Plant Research International, Wageningen, Netherlands) on
“‘Real time PCR and multiplex detection of fumonisin producing Fusarium
species’. Among the fungal species occurring on maize Fusarium
verticilliodes is very commonly found and the vast majority of F. verticilliodes
isolates are fumonisin producers. The molecular basis for the production of
this mycotoxin resides on a genomic fragment that contains all the genes
involved in the biosynthesis of fumonisin. This gene cluster spans from fum?,
a polyketide synthesis gene involved in the biosynthesis of fumonisin, to
fum19 , an ABC transporter putatively involved in secretion of fumonisin. In F.
proliferatum the fumonisin gene cluster FGB was identified which showed
complete synteny. Different primer sets, designed on the sequence of fum?
and fum19 , showed specificity for F. verticillioides, F. proliferatum, and two
additional Fusarium species known to produce fumonisins: F. nygamai and F.
globosum.  Specific primers could discriminate between these species
whereas generic primers allowed the detection of all four species. Fumonisin
non-producing Fusarium species frequently occurring on maize showed no
amplification with these generic primers. In addition, no PCR products were
found in a subset of F. verticillioides isolates, that are unable to produce
fumanisin. Subsequently the authors developed a quantitative PCR (TagMan)
based on this region in FGB and analysed as set of field samples collected in
the Eastem Cape. Quantification of the fumonisin producers by TagMan
showed a good correlation with the amounts of fumonisin detected with
ELISA.

Dr. Paul Nicholson (John innes Centre, UK) presented the final paper of the
meeting fitled “Molecular detection of trichothecene producing Fusarium
species”. Although a number of pathogens have been associated with
Fusarium Head Blight only a few are of major significance. F. graminearum
and F. culmorum are the predominant species and produce the
trichothecenes deoxynivalenol (DON) and nivalenol (NIV). Fusarium
avenaceum a lesser pathogen produces enniatins. F. graminearum and F.
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culmorum are largely separated into chemotypes based on whether they
produce DON or NIV. Thus the nature and amount of mycotoxins will depend
on theparticular species or isolates involved in the infection. This research
reported on the use of PCR assays to detect the main mycotoxigenic
Fusarium species and to provide information on chemotype. These assays
have been used to study populations of the FHB pathogens in the UK. The
understanding of population dynamics and structures of mycotoxigenic and
non-toxin producing isolates is relevant to help dstermine risk areas, relating
risk to environmentai or genetic parameters and to keep all interested parties
well informed about potential risks

General Discussion on the Myco-Globe meeting

The myco-globe meeting was again a high profile meeting with more
participation from scientists from around the world and in particular the USA.
The meeting was dominated by three primary sessions which were of
relevance to the mycotoxin problem. As at the previous mycotoxin meeting in
Ghana 2005 a large percentage of the papers were on aflatoxin and their
causal fungi. This can be understood as the aflatoxin problem has been
researched for many years with litle success in terms of control. The
experiences with the Aspergillus spp. / aflatoxin problem gives anyone
working on mycotoxins valuable insights into mycotoxin research. Many basic
principles are common and one has to take these principles and adapt and
improvise to find new ways to tackle other mycotoxin problems.

Once again the high level of molecular technology used indicates the trend in
science. This does, however, help us get important insights into the primary
topics covered by this meeting, namely genomics and biosynthesis,
biodiversity and emerging detection methods. These lend themseives strongly
to molecular work. The question is where is research on controlling the
mycotoxins and their causal fungi? It appears that research reaches a certain
point and does not break through the basic science barrier into applied
science where the mycotoxin problem is controlied. This is the value of such
meetings in that expensive ground work is carried out by those that can afford
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it and local researchers must be abie to see the opportunities for taking work
further under local conditions. The art of learning from such meetings lies not
in the actual presentations themselves but rather in seeing the applied
opportunities that these present for control or future research opportunities
which will eventually result in intervention strategies that can be applied under
local situations. There is no doubt that the use of molecular tools improves our
understanding however this research needs to be taken to higher levels to
make it practically applicable.

The personal contacts made and entrenched at this meeting (Drs Antonio
Logrieco, Angelo Visconti, Gary Payne, Gary Munkvold, John Leslie,Li-Jun
Ma, Anne Desjardines, Ranajit Banyopadhyay , Naresh Magan and Cees
Waalwijk) all improve networking in this field and open up opportunities for
future cooperation. The dynamics cf this research field are such that
continued attendance for building networks and staying abreast of new
developments are within the interests of the South African maize industry as a
whole. One of the important factors regarding the potential threat of
mycotoxins, which may become real when legislation and detection methods
are available is awareness programs. Farmers (commercial and subsistencs),
grain users and manufacturers as well as the public in general need to be
objectively made aware of the potential dangers without becoming
uneccessarily alarmed and without excessive exaggerations of the probiem.
Unfortunately too many researchers tend to overemphasize such negativities
in order to obtain excessive research funding. Programmes needs controlied
objectives with certain defined goals. Dr. Altus Viljoen and myself have drawn
up a preliminary programme taking various intervention technologies and a
certain amount of required basic research projects which can be used to
coordinate a national mycotoxin research programme. This will be continually
updated as new information becomes available and the ARC-GCI| and
cooperating workers (Prof Altus Viljoen's group at Stelienbosch, Prof Neal
Mclaren’s group at Bloemfontein, Prof Johnnie van den Berg's group at
Potchefstroom, Dr. Carlos Bezuidenhout's group at Potchefstroom as well as
a number of international cooperators such as Dr. John Leslie and Dr. Cees

34



Waalwijk) will use this as a basic plan to tackle the mycotoxin problem in
South Africa.

Another aspect that needs researching is a national risk assessment.
Countries without a thorough knowledge of local mycotoxin conditions are
easily subjected to unrealistic regulations by various groups (EU, USA-FDA),
which amount to nothing more than trade barriers. A thorough understanding
of the problems gives the local industry objective information to tackie unfairly
introduced trade barriers. The maize trade is highly competitive and countries
with this information will not be subjected to such unrealistic trade barriers.

The final point that needs to be made in this final discussion is the lack of
work done internationally on Stenocarpella maydis and the associated
mycotoxicology. This problem is a South African preblem, nc one else
internationally looks at this problem due to funding priorities and the Diplodia
ear rot situation internationally. In South Africa mycotoxicoses have been
reported and observed and we need to determine the toxin causing the
problem and the extent of the problem. Nowhere is such information available.
This problem may amount to nothing or it may be a slumbering giant. { cannot
overemphasize the necessity that funding be made available to attempt to
isolate and identify the toxin and then assess the potential threat. The ARC-
GCl is presently cooperating with the ARC-OV!I in feeding studies as well as
attempts to isolate the toxin. This work is in urgent need of financial support.

Finally we would like to express our sincerest gratitude to the Maize Trust, not
only for financially supporting this study trip for the two of us but also the
confidence that they show in financially supporting our research programmes.
We believe that it was worth the investment and added a lot of value to the
local and international mycotoxin knowledge base. The opportunity to attend
the meetings enabled us to present a poster on work carried out at the
Institute (see attachment). The poster reported work that Ms Belinda Janse
van Rensburg had done as part of the M141/10 project and was the first
chapter of her M.Sc. dissertation. This poster was well accepted and we were
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approached to publish this data in the new mycotoxin journal. A final decision

on exactly where to publish this data must still be made.
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! techniques employed bgomdspendard loborateries The number of repiication siudies and sample size were

Sources of variotion in the quontification of
tunmonisin concenirations in maize samples
o & Janse van Rensburg, B., Fiett, B.C. & Mc Donaid, AH.

ARC - LNR i g

aize is o-majar companent in the diat of millions of people, butfunge) cantumination and concomitant 7.
B %m_yc'qioxin preduciion are a threct to their food security. Fusarivm spp. are the most imporiant

imycotoxin-producing fungi that infect moize worldwide. Fumanisins are toxins produced by £
verticillioidas -and F proliferatum and cause leucoencephalomalacia in horses [Kellerman &f al,, 1990; Ross
etal, 19903, pulmonary cedema in swine fHarrison ef af. 1990} and are hepaioxic and carcinogenic to-rats
|Gelderblam af al, 1991). F verficillioides ond concomitant fumenisin production have been siatistically
assuciatad with nesophogeal cancer in humans in South Africa (Marosas, 1982, 1988), China (Chu & L1, 1994;
Yong,1980), raly (Franceschs, ef al, 1990 and ran (Shepard etal, 2000). Accurate mecsurement of mycatoin

grain sempling technique used s critical in ensuring cccurele estimaies of mycofoxin contomination. Ninety
percent of varation in toxin levels result from sompling variability |Vincell:, 2002) To dafe a substaniial
amownt of mycotoxn research has been.conducted but variation due te inadequaote grain somple sizes andfor

ahdlysts of data.

Five maize sainples of 50 kg each were collected fiom varous silos in the tocal maize ;;oducﬁcm areas
Three sources of varwhon were studied, namely numbei of replicates, subsample size and differest detection

analysad by ARC-GC| For fumenisins using the ELISA fechnique. The number of repiicates were detevmined
with 25 ¢ sumples using S-replicote increments from 5 fo 25 Subsample srze was increased by increments
of 23 g, starting iom 25 g end ending at 1000 g. Five replicaies of the 5 samples were submitted 1o each
of three independent laborotories wiz ARC-GCI (ELISA). Medical Research Cauncil IMRC) and 8GS Labaraiory
Services [both HPLE) far quandification of foxin lavels This precedure was repested twice

B SrE R SRR R E SULTS SIS Al S LU SO0 06

Resulie of the number of replicates and sampie size ;

weie analysed using ANOVA fc obiain coefficients | Table 1. Comparisen between ARC, MRC and SGS

of vrience and sfandard deviafions Resulls from the | toxin levels

three laboratories ware compared with one anafher Jr--m— = s oser pa st st s s gen

using © colrelation analysis. Number of replicates | ELISA vs MRC | Conelation coefficient | D975 Ab b

had ne significant effect on reducing vanahon [Figure P value 0.005 The techrique used, sample size, as well as |storaiary whera

1o, Tb). Sample size however, significently teduced = . T analyses are cerried out appear 1o be moinr seurdes of
the coefficient of variation but varied an reducing [ ELISA vs SG§ | Correlution coefhicient | 0.548 . symration for suontificabon of%ﬁmemsin lovelsi shoadd cram i

slandard deviation (Figure 2a, 2b) Laboraiory analysis P value 034
RS RERERENGESEE ] |

indicated that ELISA reaction correlated significantly =
with HPLC resulte of the MRC, but nat with those of | MRC vs 5GS Correlation coefficient | 0.370 :
Chy, F5 & L. GY 1994 Simulioneous occurrence ot fumonisin B1
ond other mycofoxing in.meldy corn collected from the Peoplss

838, Nejther did the HPLC results of the MRC correlate - P walue 0539
1 . .
Repuhblic of China in regions with high-incidences of esophogaal

weith those of SG5 (Takile 1)
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