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Abstract

Aspergilus Ravus and A oryzae are closely related fungi that inhabit
very different ecological niches. A. favus is a plant and animal pathogen
that also produces the toxic and carcinogenic secondary meftabolite,
aflatoxin. In contrast, A. oryzee is the major fungus used in food
fermentation and is generally regarded as safe (GRAS). Whole genome
saquancas are now availabla for both of these fungi, which allows for a
caraful comparison of the two species. Overall, these two fungi are vary
similar in genome size, gene organization and nucleolide identity.
However analysis of genes involved in secondary metabolism revealed
that there are subtle differences betwean the two organisms. A favus
containg 35 PKS genes, 24, NRFS and 122 P450s in comparison to 31

PKS, 24 NRPS and 151 P450s in A, oryzee, The A. oryzae genome has

been assembled into chromosomes using optical mapping, the high
corraspondence between the two genomes allowed alignment of the A.
flavus genomic scaffolds to the A. oryzee chromosomes. The 16 largest
genomic scaffolds from A, favus essentially corespond fo the 16 aims
of the B predicted chromosomes for A. onyzee. However ocur initial
studies show small differences in genome organization due to small-
scale inserlion-deletion events and fransversions as well as evidence of
a translocation event in A. favus between chromosomes [ and VI, The
franslocation break sites and many of the indels are associated with
families of uncharacterized repeat elements. Analysis of these repeat
alemants is ongoing, but amongst those studied to date three putative
types of itransposable elemenis have been predicied. These
transpcsabla elaments seem to be presant in [arger copy numbers in A.
aryzae than in A. favus. Interestingly, each species has approximately
350 genes unique to that species. Most of the genes are of unknown
function, but within this group are genes for secondary metabolism,
including polyketide synthases and non-ribosomal peptide synthases,
Examination of several of these uniqgue PKS and NRPS genes shows
they are commontly associated with regions of the genome whene indels
have occurred. This may indicate that there is evolutionary pressure on
genes involved in secondary metabolism due to the different ecologies of
these fungi. Further analysis of the unique gene sets and comparison of
their expression profile will help to ideniify genes responsible for aflatoxin
production and pathogenicity,
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Figure 1. A. favus And A. oryzae Chromosome Structure

Optical mapping was used to assemble the A. onvzae genome into
chromosomes (Machida et al). The high degree of DMA similarity
between the two genomes allowed for putative A, favus chromosomes
io be predicted based on alignment of the A, favus genomic scaffolds
io the A onyzee chromosomes. Essentlally the 16 largest scaffolds
from A. flavus comespond to the 18 chiomosome arms. There is
evidence for one large translocation event in A favus between
chromosomes |l and VI, shown here in green and purple. There is also
small scale local reorganization of the two genomas, mainly through
insertion-deletion events and ransversions. Analysis of the locations of
genes involved in secondary metabolism shows that gene locations
are largely consenied, however there ane differences, for example thene
B a NRPS gene on Ch. Vil in A fevus (marked with a star) that is
absant at the same locus in A. oryzes.
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Figure 2. Translocation svant.

Aligning the A. favus scaffolds to the A, onyzee chromosomes
revealad the occurmence of a putative translocation avent invalving
~1MB of sequence from chromosomes Il and VI, This translocation
avent has been confirmed experdmentally using PCR and is not due
o an ermor in the assembly of the A. flaves genome. The region
where the translocation break point appears is shown here. This
figure is a view taken from the A, favus genome browser avallable at
htip:feww aspergiiusiiavus.org. |t shows the genomic scaffold from
A. flavus that maps to two different chromosomes in A oryzae. The
break pomt & highlighted with a red line. The data lrack in the
browser called “"Comespondence to A onyzeg” displays maiches
batwaen the A. fawvus genome and A. oryzae genomic scaffolds. To
the loft of the red line the best match bebween the A. favus scaffold
and the A. oryzee gencme is to scaffold SC038 but to the right of the
line ithie best match is to scaffold SC001. Optical mapping of the A,
ofyzee genome has assigned these two scaffolds to different
chromosomes indicating that this is a major rearrangement betwean
the two closaly related fungi. Interastingly there is evidence of a
region of repetitive DMNA associated with the translocation break point
(circled in red).

Figure 3. Small scale rearrangements - Indels,

Throughout both genome sequences we see evidence for local small
scale rearrangements. In most case these are small insertion or
deletion events where we See expansion in one genome when
compared to the same locus in the other genome. This example
| shows the NRPS gene identified in Figure 1 that is present in A. favus
but not A, onyzae. This NRPS gene is unigue to A, favus. The gap in
the comespondence track (red amow) indicates that there is no good
blast maich between this region of the A. favus genome and any part

of the A. oryzee genome. Again we see a group of repetitive
sequences associaled with the break in cormespondence babtween the
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Unigue Genes

Comparative genomic analysis between the two specles reveals thal
despite the high level of similarity between the two genomes, both
contain genas that are not shared by the other species. In this case
wa have classed a gene as being unigue 1o one species if we can
not construct a local alignment of that gene to any region in the ofher
genome. This approach identifies 319 genes that are unique io A,
flavus and 490 genes that are unique to A onyzae. The majority of
these ganes are of unknown function, but within this group are
polyketide synthases and non-ribosomal peptide synthases. These
unique genes are distibuied throughout the genome (Figure 4), bul
are often associated with regions where indels have occurmed. This
may indicate that there is evolutionary prassure on genes invohad in
secondary metabolism due to the different ecologies of these fungi.
Analysis of these unique gene sels and their expression profiles
should help to reveal the differences between the two fungi,
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Figure 4. Distribution of unigue ganeas

The locations of the genes unique to each spacies marked in red on
| the appropriate genome.
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Figure 5. Analysis of a genomic locus with a high concentration of
unigue genes

Visualisation of the locations of umique genes in the wo genomes
revealed a large area on chromasome Vill of A. oryzae that contained
genes not presemt in A Mevus. Examination of this reglon in the
genome browser for A. oryzae (a) revealed an expansion of =250 kb
relevant to A, favus (b). This expanded region contains a high density
of repetitive DNA families, shown in the track labeled repeats, Blast
analysis of these repeat sequences indicates that they belong to
puiative fransposable elemenis. As this expanded region contains
predicted genes we hypothesize that transposable elements may be
playing a significant role in the dversification of these two species
following domestication of A, ornyzae.




