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Purpose

Although fungal diseases affect millions of humans each
year, fungal pathogens of humans remain understudied
(1). The mold Aspergillus flavus is a causative agent of
both aspergillosis and fungal keratitis infections (2).
Although A. flavus is commonly isolated from patients
with these infections, species closely related to A. flavus
are rarely, if ever, isolated from patients and are not
considered clinically relevant. To gain insights into why
this is the case, we compared genomic and phenotypic
traits between A. flavus and three closely related non-
pathogenic species, namely A. arachidicola and A.
parasiticus, and A. nomius.

Methods

We sequenced genomic DNA from seven strains, two
each of A. arachidicola, A. parasiticus and A. flavus, and
one A. nomius. We assembled and annotated draft
genomes using SPAdes (3) and predicted biosynthetic
gene clusters for each strain using antiSMASH (4).
Orthologous proteins were identified and compared
using OrthoVenn2 (5). Additionally, we characterized the
secondary metabolite production of all seven strains in
two clinically relevant conditions: the temperature of the
human body and the salt concentration of human tears.
We also examined the relative virulence of each strain
using the invertebrate model of fungal disease Galleria
mellonella.

Results

Genomics

A. flavus strains shared seven biosynthetic gene clusters
that were absent in strains from the three non-
pathogenic species. Furthermore, we identified over
2,000 orthologous protein families unique to A. flavus,
which were enriched in the gene ontology categories of
transmembrane transport and oxidoreductase activity. A.
flavus had a similar number of predicted biosynthetic
gene clusters compared to A. parasiticus and A.
arachidicola and A. nomius had the fewest (Fig. 1).
Chemistry

Despite the unique biosynthetic gene clusters and
proteins in A. flavus, our chemical analyses showed few
unigue metabolites produced by any species.
Temperature changes impacted metabolite production in
all species (Fig. 2), but we found a surprising lack of
impact of salt on secondary metabolite production.
Hierarchical clustering indicated that A. flavus and A.
arachidicola strains are more similar at 37° C than at
room temperature.

Virulence

We also found that strains of the same species varied
widely in their virulence profiles, and that A. flavus
strains were not more virulent than strains of the non-
pathogenic species (Fig. 3).
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Figure 1. Orthologous protein families in seven strains of
Aspergillus. Bars indicate number of protein families in common
for all strains with black dots underneath the bar.
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Figure 2. Stacked bar plot of predicted biosynthetic gene clusters
for each Aspergillus strain.
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Figure 2.
Principal
component
analysis of
Aspergillus
strains at room
temperature
and at 37° C.
Each dot
represents the
total metabolite
production for
one strain.
Dots closer
together
iIndicate more
similar
metabolite
production.
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Virulence

Figure 4. Aspergillus flavus is not significantly more virulent than
related species in an invertebrate model of fungal disease.
Cumulative survival of Galleria mellonella larvae inoculated.
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Conclusion

Unexpectedly, strains of the same species varied in
chemistry and virulence, but not genetics, and A. flavus
strains were not the most virulent.

Full author list and affiliations

E. Anne Hatmaker'2, Manuel Rangel Grimaldo3, Rafael W.
Bastos*, Huzefa Raja3, Sonja Knowles3, Hadi Pourhadi?,
Gustavo Goldman4, Nicholas Oberlies?, and Antonis Rokas'2

' Department of Biological Sciences, Vanderbilt University,
Nashville, TN, USA

2 Evolutionary Studies Initiative, Vanderbilt University, Nashville,
TN, USA

3 Department of Chemistry and Biochemistry, University of North
Carolina at Greensboro, Greensboro, NC, USA

4 Faculdade de Ciéncias Farmacéuticas de Ribeirdo Preto,
Universidade de Sao Paulo, Ribeirao Preto, Brazil

References

Stop neglecting fungi. Nature microbiology. 2017.

2. Krishnan S, Manavathu EK, Chandrasekar PH. Aspergillus flavus: An emerging
non-fumigatus Aspergillus species of significance. Mycoses. 2009;52:206—22.

3. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, et al. SPAdes: A New
Genome Assembly Algorithm and Its Applications to Single-Cell Sequencing. J
Comput Biol. 2012;19(5):455-77

4. Blin K, Wolf T, Chevrette MG, Lu X, Schwalen CJ, Kautsar SA, et al. AntiSMASH
4.0 - improvements in chemistry prediction and gene cluster boundary identification.
Nucleic Acids Res. 2017;45(W1):W36—41.

5. Xul, Dong Z, Fang L, Luo Y, Wei Z, et al. OrthoVenn2: a web server for whole-

genome comparison and annotation of orthologous clusters across multiple species.

Nucleic Acids Res. 2019;47(W1):W52-8.

—



