
USDA Forest Service RMRS-P-76. 2018.	 225

In: Schoettle, Anna W.; Sniezko, Richard A.; Kliejunas, John T., eds. 2018. Proceedings of the IUFRO joint conference: Genetics of 
five-needle pines, rusts of forest trees, and Strobusphere; 2014 June 15–20; Fort Collins, CO. Proc. RMRS-P-76. Fort Collins, CO: U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 245 p. 
 
	 Papers published in these proceedings were submitted by authors in electronic media. Editing was done for readability and to ensure 
consistent format and style. Authors are responsible for content and accuracy of their individual papers and the quality of illustrative materials. 
Opinions expressed may not necessarily reflect the position of the U.S. Department of Agriculture.

Cytological Analyses Reveal Variations in Nuclear Content Along 
the Urediniosporic Infection Cycle of Hemileia vastatrix 

and other Rust Fungi

S. Tavares1, 2, A.S. Pires1, 2, H.G. Azinheira1, A.P. Ramos3, C. Bispo4, C. Andrade4, 
A. Loureiro1, D. Schmidt5, T. Link5, R.T. Voegele5, R. Gardner4, R. Abranches2, 

M.C. Silva1, J. Loureiro6, and P. Talhinhas1, 2, *

1 Instituto de Investigação Científica Tropical, BioTrop, Centro de Investigação das Ferrugens do Cafeeiro, 
Quinta do Marquês, Oeiras, Portugal

2 Universidade Nova de Lisboa, Instituto de Tecnologia Química e Biológica, Plant Cell Biology Laboratory, Oeiras, Portugal
3 Universidade de Lisboa, Instituto Superior de Agronomia, CEER–Biosystems Engineering, Lisboa, Portugal

4 Instituto Gulbenkian de Ciência, Oeiras, Portugal
5 Universität Hohenheim, Institut für Phytomedizin, Stuttgart, Germany

6 University of Coimbra, CFE–Centre for Functional Ecology, Department of Life Sciences, Coimbra, Portugal
* ptalhinhas@iict.pt

The recent completion of genome sequencing for some 
rust fungi has contributed to suggest a link between 
biotrophic specialization and genome size expansion. 
The measurement of genome sizes for a selection of 
rust fungi has revealed some of the largest genomes 
among fungi, with nine rust species with haploid 
genomes between 300 and 780 Mbp. In particular, 
Uromyces appendiculatus, Phakopsora pachyrhizi, U. 
transversalis, and Hemileia vastatrix genomes were 
measured as 652, 716, 746, and 772 Mbp, respectively. 
Moreover, flow cytometric analysis of H. vastatrix-
infected coffee (Coffea spp.) leaf samples consistently 
yielded profiles compatible with the occurrence of 
three different nuclear contents (n, 2n, and 4n). The 
n and 2n populations contained relatively similar 
numbers of nuclei, whereas the 4n population clearly 
represented a minority. Pre-sporulating and sporulat-
ing (urediniosporic) coffee leaf infections presented 
these three nuclei populations. The n population was 
absent from both resting urediniospores and germinat-
ing urediniospores but reappeared in appressoria. 
These findings are compatible with the occurrence of 

karyogamy and meiosis prior to sporulation, although 
parasexuality phenomena cannot be ruled out. In fact, 
although several orthologs of meiosis-specific genes 
are present in the H. vastatrix genome, only one of 
these was identified in H. vastatrix expressed sequence 
tag (EST) libraries obtained from germinating ure-
diniospores, appressoria, and pre-sporulating infected 
leaves. Some karyogamy-related genes were identified 
both in the genome and in the EST libraries. Moreover, 
the occurrence of three different nuclear contents was 
also verified in infected host samples (at the uredin-
iosporic stage, just before sporulation) for at least 
Phakopsora pachyrhizi, Puccinia pelargonii-zonalis, 
U. appendiculatus, and U. fabae, in contrast with the 
absence of the n population in resting and germinating 
urediniospores. This finding suggests that this phe-
nomenon may be common across the Pucciniales.
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