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are molecular protective 
caps of repetitive DNA at 
the ends of chromosomes.

Telomeres

One of the two identical 
strands of DNA that 
make up a chromosome.

Chromatid

Joins the two chromatids 
together and is the region 
which fibers attache to 
during cell division.
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Nucleus

Chromosome

Centromeres and telomeres are essential components of chromosomes, playing distinct roles in their structure and function.7 In the context of 
Fluorescence In Situ Hybridization (FISH), a molecular biology technique used for visualizing specific DNA sequences within chromosomes, 
labeling centromeres and telomeres can provide valuable information about chromosome organization, integrity, and genetic abnormalities.4,6,7

During eukaryotic cell division, each new cell receives one copy of each replicated chromosome.2 This process occurs with incredible accuracy 
and stability thanks in part to the action of centromeres and telomeres.2 Centromeres are specific regions of a chromosome that play a crucial role 
in cell division, particularly during mitosis and meiosis.2 They serve as attachment points for spindle fibers, which are microtubules responsible 
for properly segregating during cell division.2 The centromere ensures that each daughter cell receives an equal and complete set of chromosomes 
during cell division.2 In terms of structure, centromeres are typically characterized by a specific DNA sequence and associated proteins.1,10  

Telomeres, on the other hand, are repetitive sequences of noncoding DNA located at the ends of chromosomes.1 Telomeres serve multiple 
important functions, the most notable of which is protecting the genetic material within the chromosome from degradation and fusion with 
neighboring chromosomes.4 With each round of cell division, telomeres lose a little bit of length.1 This gradual shortening over time is associated 
with aging and cellular senescence, as well as tumor development, making telomeres a sort of “biological clock.”1,4 

Somatic cells are programmed to undergo a finite amount of divisions, shortening their telomeres each time until they reach a state of cellular 
senescence and arrest their cell cycle.4,9 In other words, when telomeres become critically short, the cell’s ability to divide is limited, acting as 
a safeguard against uncontrolled cell proliferation, which is a hallmark of cancer.4,9 Cells with extremely short telomeres will normally undergo 
apoptosis or programmed cell death.4,9 However, in cases of cancer, this programmed cell death is bypassed, and it is believed that the enzyme 
telomerase is inappropriately activated, maintaining telomere length indefinitely and thus harmfully immortalizing the cells.4,9

In FISH, labeling centromeres and telomeres with fluorescent probes allows researchers to visualize and study chromosomes, aiding in the 
identification of chromosomal abnormalities, structural rearrangements, and the assessment of chromosomal integrity, which is particularly 
useful in genetic research and clinical diagnostics.3 

Centromeric FISH probes can help detect numerical chromosomal aberrations and identify individual chromosomes within the cell nucleus.5 
This is especially valuable when studying chromosomal rearrangements or aneuploidies (abnormal chromosome numbers).8 Telomere labeling 
can be used to assess the integrity of chromosomes.4 Telomeric FISH probes can highlight structural chromosomal abnormalities.6,9 Shortened or 

damaged telomeres can be indicative of aging or DNA damage.4,9
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