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Summary. The fact that eukaryotic chromosomes are 
linear poses a special problem for their maintenance: the 
natural ends of chromosomes must be distinguished 
from ends generated by chromosomal breakage and 
somehow, the chromosome ends must also be fully 
replicated to maintain their integrity. Telomeres, the 
complex structures at the ends of chromosomes are 
thought to be instrumental for both of these functions. 
However, recent insights in telomere biology suggest 
that these terminal structures do much more than just 
fulfil1 these two basic functions. Cytological data 
demonstrate that telomeres may play leading roles in 
chromatin organization and nuclear architecture during 
mitosis and meiosis. Moreover, non-functional telomeres 
may lead to genetic instability, a common prelude to 
cancer. Here, we review the basic functions of telomeres 
during chromosome replication and discuss  the 
cytological aspects of telomere function during mitosis 
and meiosis. 
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Introduction 

The concept of telomeres was defined by the 
geneticist Hermann J. Muller, working on Drosoplzila 
melanogaster. The word telomere derives from Greek 
roots: telos meaning, "end", and meros meaning, "part". 
After irradiation with X-rays, Muller noted that terminal 
deletions and terminal inversions were unusually hard to 
find as compared to other rearrangements on the 
chromosomes. Thus, Muller inferred that chromosome 
stability requires a specialized terminal structure, the 
telomere (Muller, 1938). His observations on Drosophila 
chromosomes were complemented by the studies of 
Barbara McClintock, working on Zea mays. In her 
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studies, McClintock noticed that broken chromosomes 
were reactive and often fused with each other whereas 
natural chromosome ends were stable (McClintock, 
1939). 

1i is now known that te lomeres a re  essential 
nucleoprotein structures at the ends of eukaryotic 
chromosomes. They serve several functions, two of 
which are essential for genome integrity, namely: 
protecting the ends from degradation, recombination and 
random fusion events; and enabling complete DNA 
replication (for recent reviews, see Blackburn and 
Greider, 1995; Zakian, 1995; Greider, 1996). Cyto- 
logically, telomeres in some organisms are located in a 
non-random manner near the nuclear periphery and in 
others, there is evidence that they associate with the 
nuclear matrix (Cockell et al., 1995; Luderus et al., 
1996). Thus, it has been postulated that telomeres may 
be involved in organizing the nuclear architecture 
(Gilson et al., 1993). They may interact with the nuclear 
envelope and other telomeres, either directly or mediated 
by various telomere-binding proteins. Moreover 
telomeric regions are thought to be organized into a 
heterochromatin-like structure that influences trans- 
cription, replication or both of genes located near the 
telomeres (Blackburn and Greider, 1995). Here, we will 
briefly review the main functions of telomeres and then 
focus on the cytological aspects of telomere biology. 

Telomeric DNA 

In the vast majority of eukaryotes, telomeric DNA 
consists of tandem repeats of short (6-26 bp) simple 
sequences (Wellinger and Sen, 1997; Table 1). For all 
organisms analyzed so far, the strand running 5' - 3' 
towards the end contains clusters of 3 to 4 guanines and 
is commonly referred to as the G-rich strand. The actual 
number of repeats, and hence, the length of the telomeric 
repeat tracts is highly variable between organisms, 
between the telomeres within the same species and even 
within the same cell. Thus, the regulatory mechanisms 
determining repeat length in general do not lead to a 
fixed number of repeats, but rather a distribution of 
lengths around a certain species-specific median length. 
















