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Polyploidy-More Is More 
or Less 

Philip Hieter and Tony Criff i ths 

B 
iologists tend to think of the normal 
ploidy (number of complete chromo- 
some sets) of cells as either diploid 

(2n) or haploid (n). Yet examples of poly- 
ploidy (more than two sets of chromo- 
somes) abound among plants and animals 
(1, 2). The bananas we eat are triploid 
(3n); wheat is hexaploid (6n). At least half 
of the natural species of flowering plants 
are polyploid and, although polyploid ani- 
mal species are less common, some 
groups, such as salmonid fish and certain 
amphibians, have clearly evolved by dou- 
bling or tripling their ploidy. 

Cells differing only by their ploidy are 
identical in terms of DNA sequence infor- 
mation and relative gene dosage, and yet 
are often quite different in terms of physi- 
ology, morphology, and behavior. How 
can this be so? A report by Galitski et al. 
on page 251 of this issue (3) provides a 
satisfying answer. In a convincing demon- 
stration of the power of DNA chip tech- 
nology, these authors found that yeast 
(Sacchammyces cerevisiae) with different 
ploidies had different patterns of gene ex- 
pression. Their findings provide definitive 
evidence for a ploidy-driven mechanism 
of gene regulation that may be important 
in a variety of biological states. 

Changes in ploidy during cell differen- 
tiation appear to be important in develop- 
ment. Almost all plants and animals gen- 
erate specific sub-populations of poly- 
ploid cells by endoreduplication cycles 
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Ploidy paradox.Yeast strains that differ only in 
their ploidy show different patterns of gene ex- 
pression. The mRNA levels (wavy lines) for 
three genes are shown in haploid ( In)  and 
tetraploid (4n) yeast strains. ACT?, like most 
genes, is not affected by an increase in ploidy. 
A small subset of genes is dramatically re- 
pressed (for example, CLN7) or induced (for 
example, CTS?) in response to increased ploidy. 
Changes in ploidy also affect the expression of 
many more genes, but not as dramatically. 

(DNA replication in the absence of cell 
division) during tissue-specific differenti- 
ation (4). For example, the ploidy of 
megakaryocytes (the cells that produce 
blood platelets) ranges from 16n to 64n; 
that of cardiomyocytes (heart muscle 
cells) from 4n to 8n; and that of hepato- 
cytes (liver cells) from 2n to 8n. A related 
phenomenon, polyteny (chromosomes 
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consisting of multiple strands), is also 
found during development, the best- 
known example being the giant salivary 
gland chromosomes of insects. Many can- 
cer cells are polyploid, raising the still un- 
resolved issue of whether an increase in 
ploidy contributes to, or is a consequence 
of, tumor development (5). 

Ploidy also varies by a factor of 2 dur- 
ing mitotic (GI versus G2 phase) and mei- 
otic (germ cell versus gamete) cycles of 
cell division. Mitotic cells double their 
ploidy during DNA synthesis, and ploidy 
is restored at cell division. Meiotic cells 
reduce their ploidy by half during gameto- 
genesis, and ploidy is restored upon fertil- 
ization. Thus, changes in ploidy common- 
ly occur both in normal states (during dif- 
ferentiation in multicellular organisms, in 
the evolution of species, and in the DNA 
replication and cell division of mitosis 
and meiosis) and under abnormal condi- 
tions such as disease. 

The elegance and rigor of the experi- 
mental design in the Galitski et al. study 
could only be achieved in yeast at this point 
in time. First, using genetic trickery and a 
clever series of manipulations, a perfectly 
isogenic (genetically identical) set of yeast 
strains differing only in ploidy (In, 2n, 3n, 
4n) were constructed and compared. Sec- 
on4 yeast is the only eukaryotic organism 
for which whole-genome expression analy- 
sis (that is, the identity of each expressed 
gene and its level of expression) can be de- 
termined completely in a single experiment. 

The investigators used DNA chip tech- 
nology to analyze mRNA levels for all 
genes in yeast strains that varied only in 
their ploidy. They then searched the data 
for genes whose expression, relative to to- 
tal gene expression, increased or de- 
creased as the ploidy changed from hap- 
loid to tetraploid. Most genes showed no 
change in mRNA levels relative to total 
RNA. However, when the investigators in- 
troduced a stringent cutoff requiring a 10- 
fold difference in gene expression be- 
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tween haploid and tetraploid yeast strains, 
they unearthed 10 genes that were ploidy 
induced and 7 genes that were ploidy re- 
pressed. For example, comparing gene ex- 
pression in tetraploids versus haploids (see 
the figure), mRNA levels for CLNl (a cell 
cycle protein, G I  cyclin) were about a fac- 
tor of 10 lower whereas those for CTSl (a 
protein involved in the separation of moth- 
er and daughter cells) were about a factor 
of 10 higher. These 17 genes are at the top 
of a large group of genes, most of which 
are less dramatically up- or down-regulat- 
ed in response to increased ploidy. 

Polyploid cells and tissues are usually 
larger and more metabolically active than 
their diploid counterparts. These differences 
increase with increasing ploidy, yet there is 
no theory to explain the functional signifi- 
cance of polyploidy (6). It is known from 
yeast genetics that yeast cells expressing low 
levels of G I  cyclins delay "START" (the en- 
try point into the cell cycle) and therefore, 
achieve a greater cell size during G I  phase. 
The ploidy-dependent repression of G I  cy- 
clins observed by Galitski and colleagues 

may explain the greater cell size associated 
with higher ploidy. As most polyploid cells 
are bigger than their diploid brethren, the in- 
sights provided by yeast may be applicable to 
other organisms. The authors made similar 
satisfying correlations for phenotypes associ- 
ated with ploidy-dependent induction of  
CTSl (cell adhesion), and repression of GIC2 
(cell shape) and F L O l l  (invasiveness). In 
comparison to haploids, which invade an agar 
substrate efficiently, tetraploids are poorly in- 
vasive. By introducing F L O l l  on a multi- 
copy plasmid into tetraploid yeast and restor- 
ing their invasiveness, Galitski and co-work- 
ers elegantly established a direct connection 
between loss of the invasive phenotype in 
tetraploids and the repressive effect of in- 
creased ploidy on FLOl l  expression. 

The ability of the yeast gene expression 
data to explain these biological phenome- 
na is gratifying and lends suppbrt to the 
biological importance of ploidy-dependent 
gene regulation. How gene transcription 
responds to ploidy is unclear, but a variety 
of mechanisms can be envisioned. An in- 
crease in total cellular DNA results in a 

corresponding increase in nuclear size and 
a reduction in the ratio of nuclear surface 
area to nuclear volume. Galitski et ul. sug- 
gest that these physical changes may affect 
the import and final concentration of tran- 
scription factors and regulatory proteins 
within the nucleus, thus accounting for 
global changes in gene transcription pro- 
files. Whatever the molecular explanation 
might be, the existence of a ploidy-depen- 
dent mode of  gene regulation has been 
firmly established, and one can predict 
with certainty that biological systems will 
take advantage of this novel mode of gene 
regulation wherever possible. 
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Reflections on Polymers shown that organic LEDs can be produced 
by ink-jet printing (6) and spin cast onto 
flexible substrates ( 7 ) .  emphasizing the 

William L. Barnes and lfor D. W. Samuel potential their easy processing confers. 
Many of the organic LEDs studied to date 

A decade ago, it was discovered that organic materials is twofold. First, at the are composite optical microcavity struc- 
semiconducting organic polymeric molecular level their composition may be tures (8).The light-emitting polymer is 
materials could be made into light- readily controlled to adjust their charge- confined to a thin (-100-nm) layer sand- 

emitting diodes (LEDs) ( I ) .  When elec- transport properties (4)  and the color of wiched between two inorganic mirrors that 
trons and holes injected into a suitable their emission (9, both of which are vital often also serve as the charge-injecting 
polymer capture each other, they form an for commercially viable display devices. contacts (see the figure). Microcavities en- 
exciton, which can then decay to produce Second, these tunable polymers can be able control over the optical properties of 
a photon-light. Despite continuing con- processed in solution. It has recently been the emitted light. Recently, a layered inor- 
troversy over some of the details of exci- ganic dielectric mirror 

feedback needed t o  
ton generat ion and recombination, so  
much progress has been made that Philips 
Components now has a pilot-scale produc- 

was used to provide the 

Light emission 

tion plant aiming for polymers to take part 
of the estimated $40 billion per year dis- 
plays market. The properties of the emitted 
light can be controlled by placing the 
polymer layer between two mirrors to 
form a tiny cavity, known as a microcavity. 
To date, inorganic materials have been 
used to make these mirrors (2). Now, Ho 
and colleagues (3) show on page 233 of 
this issue that control of the emitted light 
can be achieved using layered structures of 
semiconducting organic polymers . 

The attraction of these semiconducting 
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of 5-nm silica beads, a charge-transporting microcavity mirror is formed; DBR, distributed Bragg re- 
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