Diversity and Systematics of Yeasts

Part I. Introduction

Research area: 1) culture collection of yeasts from various sources, focusing on the yeasts with economic and medical importance; 2) diversity and ecology of yeasts, currently focusing on the basidiomycetous yeasts in the phylosphere; and 3) molecular taxonomy and phylogeny of yeasts on the basis of molecular karyotyping and sequence analysis of various genes.
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Part II. Background and Significance 

Yeasts are fungi with vegetative states that predominantly reproduce by budding or fission, resulting in growth that is comprised mainly of single cells. At present, approximately 700 yeast species classified in more that 90 genera are recognized. Relatively few natural habitats have been thoroughly investigated for yeasts, and therefore we can assume that many more species await discovery.
"The importance of yeasts is underscored by our often daily consumption of bread as well as fermented beverages. Recent advances in biotechnology have increased reliance on yeasts for pharmaceuticals and for bulk biochemicals such as citric acid. Furthermore, clinically important yeasts are commonplace, especially with increasing numbers of immune-suppressed patients, and biologists are continuing to discover the importance of yeasts in the ecosystem. All of these areas of science and technology have a common need, the rapid and accurate identification of yeasts." (from The Yeasts, a Taxonomic Study, 4th edn., 1998). 

The research group for yeast taxonomy in the Institute of Microbiology, Chinese Academy of Sciences was established in the early 1970s. It is the only one group remained in China that focuses on taxonomic research of yeasts.

Part III. Major Achievements (2001-2005)

1) Culture collection of yeasts.  

More than 4,000 yeast strains were isolated from various natural substrata collected form different regions of China. Approximately 140 type or authentic reference yeast strains were obtained from international culture collection authorities including the Centraalbureau voor Schimmelcultures (CBS), The Netherlands, and the Japan Collection of Microorganisms (JCM), The Institute of Physical and Chemical Research, Japan.
2) Species diversity and molecular phylogeny of basidiomycetous yeasts.

From the ballistoconidium-forming and related basidiomycetous yeast strains isolated from plant material collected in representative regions of China, more than 90 species belonging to 14 genera have been identified based on phenotypic and molecular characterization. Approximately one third of them were new to science. The high frequency of new species discovery indicates that species diversity of the basidiomycetous yeasts in nature is very high and that a considerable number of new taxa remain to be found.

The phylogenetic relationships of the new basidiomycetous yeast species from China and the described ones were revealed from 18S rDNA, ITS region and 26S rDNA D1/D2 domain sequence analyses. Several new and distinct clades in different lineages of basidiomycetous yeasts have been recognized by adding new species to the existing phylogenetic trees, which are significant to reclassify the basidiomycetous yeast species into more homogeneous groups.

The intra-specific conservation and inter-specific variation of the ITS and 26S rDNA D1/D2 domain sequences in basidiomycetous yeasts were addressed based on sequencing of a large scale of strains from different sources. The data indicated that the sequences of both ITS and D1/D2 regions of the strains within the same species are quite conservative, with no more than 3 nucleotides divergences in each region. However, the inter-specific variations of them within different lineages are quite different. The strains with the same or similar ITS sequences may have quite different D1/D2 data, or vice versa.
3) rRNA gene sequence comparison of yeasts by SSCP. 

Single-Stranded Conformational Polymorphism (SSCP) technique was employed to compare ITS and D1/D2 sequence differences among yeast strains with similar morphological and physiological characters. The SSCP method established in our laboratory could distinguish yeast strains with as less as one base difference in the ITS or D1/D2 region, resulting in the examination of species and genetic diversity among a large number of yeast strains more rapidly and effectively. 

4) Intragenomic heterogeneity of rRNA gene sequences in yeasts. 

A considerable number of yeast strains with intragenomic rRNA gene sequence heterogeneities have been found in our laboratory; different types of ITS repeats within individual genomes may differ dramatically. Four different ITS types, which differed from each other by 3% nucleotides in ITS 1, were identified in the genome of a strain of Kazachstania solicola (CBS 6904). Four types of ITS sequences were found in the genome of a strain of Pichia membranifaciens (CBS 215), which differed from each other by more than 40 (~ 10%) nucleotides. The sequences of ITS Types I and II of CBS 215 are identical with those of the type strains of P. membranifaciens and P. derossii, respectively. ITS Types III and IV of CBS 215 appeared to be formed by recombination of types I and II.

Part IV. Future Research Plan

1) Diversity and molecular phylogeny of basidiomycetous yeasts. 

Previous study indicates that species diversity of the ballistoconidium- forming and related basidiomycetous yeasts is very high in nature and much more new taxa remain to be discovered. The genera of basidiomycetous yeasts are currently defined mainly based on phenotypic criteria. The majority of genera are heterogeneity as demonstrated by rRNA gene sequence analyses. Relationships among lineages and clades of these yeasts should become clearer as novel species are added to the phylogenetic trees, which is certainly helpful to make the demarcation of genera more homogenous and reliable.
2) Species and genetic diversity of human pathogenic yeasts in China. 

Many yeasts are highly successful opportunistic pathogens, especially the species in the genus Candida. Candidiasis has become one of the commonest causes of life-threatening systematic infections. The disease is most frequent in immunocompromised hosts. However, invasive candidiasis in critically ill, non- immunocompromised patients is of increasing importance. The list of pathogenic yeast species has been substantially increasing. Studies on species and genetic diversity of pathogenic yeasts are essential for epidemiology of these important pathogens.

3) Intragenomic heterogeneity of rRNA gene sequences in yeasts.

Intragenomic rRNA gene sequence polymorphisms have been reported in bacteria and some eukaryotic organisms including filamentous fungi, but have not been reported in yeasts. We will study the phenomena in yeasts further in the following aspects: the commonness and distribution of yeast strains with intra-genome rRNA gene sequence polymorphisms; the origin and evolutionary significance of the phenomena.
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