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Ploidy influences gene expression in yeast

Genomes are usually regarded as static, changing only on the leisurely time-scale of evolution. This assumption clearly 
overlooks the changes in ploidy that cells in an organism undergo during various stages of growth and development. A 
mitotic cell doubles its ploidy during DNA synthesis and 



restores it subsequently at cell division. Polyploid cell types such as megakaryocytes (16n to 64n) or hepatocytes (2n to 8n) 
are commonly found during normal differentiation. Tumour cells have aberrant cell-cycle controls leading to an altered 
ploidy status. Further, deviation from the common theme of a haploid/diploid genomic constitution is widespread in the 
plant kingdom. 

Do changes in the ploidy of a cell influence gene expression? Halving or doubling the total size of the genome would leave 
relative gene dosages unaffected; so can one expect patterns and relative levels of gene expression to remain identical? In 
the special case of reduced ploidy the answer is clearly no, because egg and sperm cells (both haploid) are highly 
specialised cell types. In this sense they are comparable to other differentiated cells that have their own characteristic 
patterns of gene expression. Because of the lack of isogenic cell types that vary only in their ploidy, a general answer to 
the question has hitherto eluded us.

In a recent report Gerald Fink’s group presents the first convincing experimental evidence in support of the existence of a 
ploidy-driven mechanism of gene regulation (Galitski et al 1999). Elucidation of the precise mechanism underlying this 
novel regulatory phenomenon requires further experimentation. However, the knowledge that it exists and can be exploited 
by living systems to fine-tune gene expression adds a new dimension to our understanding of gene regulation.

Galitski et al (1999) chose to work with the budding yeast Saccharomyces cerevisiae because of the ease with which it can 
be manipulated and our detailed knowledge of gene expression in S. cerevisiae (extending over more or less the entire 
genome). By artificially inducing mating-type switching followed by successive matings, they created a ploidy series (n, 
2n, 3n and 4n) beginning with each of the yeast cell types a, α (both haploids) and aα (diploid). In what must be the most 
definitive demonstration of the power and utility of microarray-based expression pattern analysis to date, Galitski et al 
identified 17 ploidy-regulated genes. These genes showed a monotonically increasing or decreasing level of expression 
(with increase in ploidy) between different members of an isogenic ploidy series. Interestingly, they were also able to 
demonstrate a link between the expression patterns of some of these genes and altered morphology and/or behaviour in 
polyploid cells. A good example of this is the ploidy-repressed CLN1 gene, a G1 cyclin. Cells with greater genome content 
have cell sizes that are significantly larger than normal. Also, it is well established that lowered expression of G1 cyclins 
causes cells to enter the cell cycle at a larger size. The demonstration that CLN1 gets repressed with increase in ploidy 
provides a direct link between polyploidy and cell size. There are several other examples supporting the existence of 
ploidy-dependent gene expression. The challenge now is to explain how the cell senses a doubling or tripling of its genome 
and relays this message to the transcription machinery so as to cause the repression of certain genes and the turning on of 
others.
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