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Fungal gene clusters
Ralph A Dean

The genome of the fungus that causes corn smut disease has been sequenced. 

What is the molecular basis of pathogenicity? In 
the case of prokaryotes, our understanding of 
virulence was dramatically altered by the discov-
ery of pathogenicity islands, groups of clustered 
genes that can undergo rapid, radical changes1–3.
A recent report on the genome landscape of 
the biotrophic fungal pathogen Ustilago maydis 
reveals that a similar phenomenon may exist in 
eukaryotes. Writing in Nature, Kamper et al.4 
show that U. maydis, the agent of a widespread 
agricultural blight known as corn smut disease, 
contains gene clusters that appear to share char-
acteristics with bacterial pathogenicity islands, 
in that they both express secreted gene products 
involved in pathogenicity (Fig. 1).

Although considered a lower eukaryote, 
U. maydis is far from primitive and is in many 
respects a very sophisticated organism5. It is 
dimorphic, having both a haploid yeast and a 
dikaryotic filamentous form, and attacks corn 
only in its filamentous form. As a biotrophic 
pathogen, this fungus must keep its host alive 
to survive and reproduce. Thus, it appears to 
operate in stealth mode, suppressing or evad-
ing host defenses until late in the infection cycle. 
Then, as infected corn ears begin to mature, they 
are transformed by the pathogen into grotesque 
tumors containing millions of black diploid 
spores that erupt, leading to a dramatic smutty 
appearance.

Kamper et al. decoded the U. maydis genome 
to gain new insight into this organism’s biotro-
phic lifestyle. The genome turns out to be smaller 
(20.5 Mb) than many other filamentous fungal 
genomes, containing ~6,902 predicted genes6,7. 
Consistent with its biotrophism, U. maydis 
lacks many signatures found in more aggressive 
pathogens, such as secreted hydrolytic enzymes 
for cell wall degradation8,9. Remarkably, nearly 
20% of its 426 secreted proteins are arranged 
in 12 gene clusters containing 3–26 genes. 
Moreover, genes in seven of these clusters appear 
to be expressed only in tumor tissue by a known 
central regulator of pathogenic development.

To directly assess the role of these putative 
gene clusters in disease, the authors constructed 
deletion mutants for all 12 clusters. Although all 

knockout mutants appeared normal, five had an 
altered disease phenotype—in four of them, dis-
ease symptoms were mitigated, and in one they 
were exacerbated. This discovery led the authors 
to suggest that identification of these so-called 
‘biotrophy clusters’ may increase understanding 
of fungal disease just as the discovery of patho-
genicity islands did for bacterial infection.

There are several similarities between the 
novel clusters and pathogenicity islands. In 
bacteria, pathogenicity islands are flanked by 
tRNA or tRNA-like genes and contain a number 
of mobility genes, such as integrases2 (Fig. 1a). 
An important feature of the islands is that they 
differ in base composition from the rest of the 
genome, suggesting that they were obtained via 
horizontal gene transfer10.

Although the authors established that 8 of the 
12 U. maydis clusters contain two to five related 
genes that may have arisen through duplication, 
their origin is unknown. Do the regions contain 
tRNA genes or mobile genetic elements? Like 
pathogenicity islands, the U. maydis clusters 
contain virulence genes. Deletion of the entire 
cluster affects virulence in five cases. However, 
is each gene in a cluster required for virulence? 
What about the other seven gene clusters that 
do not appear to be associated with virulence? 
The authors note that, for four of these clus-
ters, related and perhaps redundant genes were 
found elsewhere in the genome. Other examples 
of coexpressed clustered virulence genes are well 
documented in fungi and include a number of 
toxin biosynthetic clusters and pigmentation 
genes11,12. However, these gene products are not 

necessarily secreted, as they appear to be in the 
U. maydis clusters.

These findings suggest that it is probably not 
realistic to develop a single agent that counter-
acts all these virulence factors. However, as a 
number of common processes are involved in 
the secretion of virulence factors, it may be pos-
sible to target one of these processes to control 
fungal invasion. Gilbert et al.13 recently showed 
that deletion of a P-type ATPase, which is part of 
the exocytosis apparatus, is essential for protein 
secretion and pathogenicity in the rice blast fun-
gal pathogen Magnaporthe grisea. Thus, strate-
gies that focus on blocking P-type ATPases and 
other core elements required for secretion and 
delivery of proteins to the host may hold great 
promise.
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Figure 1  Schematic representation of gene clusters involved in bacterial and fungal pathogenicity.
(a) Bacterial pathogenicity island. V1-V4, virulence genes; IS, remains of mobile elements; int, 
integrase; DR, direct repeat; tRNA, tRNA genes flanking the island. (b) Ustilago maydis ‘biotrophy 
clusters’. White arrows, genes flanking the cluster; green and red arrows, tandem-repeated genes; gray 
arrows, unrelated genes.
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