
Allergens 
 
Our analysis (Tables S13 and S14) confirmed that the core set of known and predicted 
allergens is conserved in all sequenced Aspergillus species. Yet despite the high level of 
overall sequence conservation, some allergens contain divergent regions in the center or 
at the C-terminal end of the predicted protein. These regions appear to be under positive 
selection, but the selective constraints were difficult to estimate due to poor alignment 
quality. The list includes putative cell wall (GPI or glucanase type) allergens, typified by 
Asp f 2 (AFUA_4G09580), Asp f 4 (AFUA_2G03830), Asp f 7 (AFUA_4G06670), Asp 
f 9 (AFUA_1G16190) and Asp f 17 (AFUA_4G03240). Some of these proteins are 
members of the adhesion family and therefore such differences in structure may reflect 
differences in adhesion substrate between the various aspergilli. Additionally the variable 
domains of these proteins may reduce the likelihood of cross-reactivity to IgE from non-
A. fumigatus species.  
 

Sexual Development Genes 
 
Sexual reproduction has never been observed in A. fumigatus, which reproduces clonally 
generating haploid conidia from aerial conidiospores [1,2]. In addition, A. fumigatus has 
other characteristics of a sexual species such as the presence of isolates of opposite 
mating type in similar proportions in nature [3,4]. The organization of the MAT loci of 
Af293 and A1163 is consistent with a heterothallic breeding system, with the two 
sequenced strains being of complementary mating types containing HMG- 
(AFUA_3G06170) and alpha- (AFUB_042900) domain encoding MAT genes 
respectively. The A. clavatus genome has only one MAT locus, containing an alpha MAT 
gene (ACLA_034110), suggesting that it can also be a heterothallic species. In contrast, 
the sequenced strain (NRRL181) of homothallic fungus N. fischeri has two unlinked MAT 
loci as was determined previously for another strain, NRRL4075 [5].  
 
Interestingly N. fischeri MAT2 (NFIA_024390) is found in a N. fischeri-specific island 
and has probably arisen by a TE-assisted translocation of a chromosomal region in a 
heterothallic ancestral species. Similarly in  another homothallic species, A. nidulans, two 
unlinked MAT loci were separated by an apparent chromosome translocation [6]. These 
observations suggest that transitions between hetero- and homothallism typically involve 
recombination at regions flanking the MAT loci sometimes followed by translocation.  
 
In addition to the HMG mating-type gene, both N. fischeri MAT2 and Af293 MAT loci 
were found to contain a small uncharacterized gene (NFIA_024400 and 
AFUA_3G06160, respectively). This putative gene occupies the same position, but shares 
no apparent sequence similarity with, the N. fischeri and A. clavatus alpha MAT genes 
(NFIA_071100 and ACLA_034110, respectively). This putative mating-type gene had 
only one identifiable homolog in the public databases, a hypothetical protein 
(CIMG_00407), which is found in the MAT locus of the heterothallic ascomycete fungus 
Coccidioides immitis [7]. 
 



Further comparison of the A. fumigatus, N. fischeri and A. clavatus genomes confirmed 
that, despite different reproductive modes, all possess a full complement of previously 
identified euascomycete sex genes. The divergence of these genes at the amino acid level 
is similar to the average for these genomes. To estimate selective constraints operating on 
these genes, we selected orthologous Af923, A1163, N. fischeri, A. clavatus and A. 
terreus genes with validated gene structures (see Materials and Methods). The analysis 
has shown that dN/dS ratios are very low, which is indicative of strong negative selection 
(Table S15). The only exception involves the rosA gene (AFUA_6G07010), which is 
located in a highly polymorphic locus and is probably under balancing selection (see 
Results and Discussion). 
 
Four genes in the N. fisheri lineage seem to be under positive selection including three 
proteins involved in maturation and export of a-pheromone and G protein complex beta 
subunit SfaD (AFUA_5G12210; see Table S15). This suggests that a few amino acid 
changes may enable sexuality in N. fischeri, and that the conservation of other regions in 
these genes in asexual species is due to pleiotropy. On the other hand, these genes may be 
involved in some other cellular function such as hyphal fusion during vegetative growth, 
ploidy reduction during interspecies mating, or asexual development. The presence of 
four genes exhibiting different selective constrains in N. fisheri might suggest the latter, 
i.e., that these are pleiotropic genes, and that a few selected amino acid changes might 
confer active sexuality. In any case, better understanding of sexual development and the 
evolution of sex in the aspergilli may facilitate experimental studies of A. fumigatus and 
related species by turning them into genetically tractable organisms with amenable sexual 
cycles.   
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