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Abstract.  Quantifying the amount of a specific DNA sequence in a specimen is increasingly 
important in cytogenetics laboratories.  We have developed image analysis tools to measure the 
length of telomeric DNA repeat sequences using fluorescence microscopy.  These tools are useful 
for the clinical diagnosis of cancer, for finding small chromosome deletions, and for gene 
expression studies.  We will present data that show that specimens with different telomere lengths 
can be easily distinguished using quantitative FISH analysis, and furthermore that the length 
differences can be accurately quantified. 

1. Introduction 

Quantifying the amount of a specific DNA sequence in a specimen is increasingly important in cytogenetics 
laboratories as genetics research reveals more detailed information about the human genome and gene 
expression.  Cytogeneticists both in clinical practice and in cancer research are increasingly interested in 
quantitative information about the presence or absence of specific DNA sequences in their specimens.  One area 
of growing interest is in quantifying the amount of telomeric DNA in cancer specimens, since telomeres are 
important to the stability and replication of chromosomes [1, 2].  Telomere length is of particular importance to 
cancer researchers, since telomeres are thought to play an important role in senescence and apoptosis [3].  
Cancer cells that have long telomeres are postulated to be more likely to metastasise than cancer cells that do 
not [4-6].   With the introduction of image analysis tools to perform telomere length measurements 
inexpensively, quickly, and easily, clinical diagnosis of cancer could be significantly improved.  These tools 
will also be useful for finding small chromosome deletions that presently escape detection using FISH 
techniques, and performing gene expression studies, such as those involving the HER-2/neu gene for breast 
cancer. 

2. Background 

In humans, the telomeres consist of a large number (on average, 2000) of (T2AG3)n repeats which are found at 
the ends of the chromosomes.  Since the DNA polymerases that replicate DNA cannot copy chromosomes all 
the way to the very end, the number of telomeric repeats typically decreases with the number of cell divisions 
and with age [7].  When chromosomes no longer have any telomeric DNA left at their ends, they tend to “ stick 
together”  at the ends, resulting in complex multicentric or ring configurations [1, 8].  Such configurations 
undergo breakage-fusion-bridge cycles during subsequent cell divisions, usually resulting in cell death [9].  
Telomeres are lengthened by the enzyme telomerase, and high levels of telomerase are found in many, but not 
all, immortal cancer cell lines [10-14]. 

In cancer cytogenetics, studies of the lengths of telomeres have become increasingly important since cancer cell 
lines that are not able to maintain telomere length eventually die out.  Telomerase mediates this lengthening in 
many cases, but in some cell lines another mechanism known as ALT (for “ Alternative Lengthening of 
Telomeres” ) is postulated to be at work [11, 15-17].  In light of these findings, much cancer research will be 
directed at finding effective methods to block both telomerase and ALT from acting in cancer cells.  An 
accurate, efficient way to measure telomere length will therefore greatly aid cancer researchers. 

The brightness of a FISH spot in a microscope image is proportional to the number of fluor molecules present.  
There are a fixed number of fluor molecules per nucleotide in the DNA probe, and the nucleotides hybridise 
proportionally to the chromosomal DNA.  Thus, except for non-uniform hybridisation and photobleaching 
effects, the spot brightness is proportional to the amount of the target DNA sequence present.  We will present 
data that show that specimens with different telomere lengths can be easily distinguished using quantitative 
FISH analysis, and furthermore that the length differences can be accurately quantified. 



3. Methodology 

Our approach is to use digital image analysis methods to obtain accurate total fluorescence measurements for 
FISH-labeled structures. When the acquired images have significant background intensity, we use surface 
fitting and background subtraction for image flattening.  Colour compensation [18, 19] is also used to prepare 
the images for analysis when the fluorescent dyes used have significant emission spectrum overlap.  After the 
images are prepared, the integrated fluorescence brightness is computed for each labelled structure of interest. 

We have developed software tools to simplify the process of taking telomere length measurements from 
fluorescence microscopy images.  First, the counterstain image is thresholded, and the resulting objects are 
found automatically and outlined.  Any touching cells are separated manually, and cells that are not completely 
in the field of view are deselected.  The program automatically numbers the objects for analysis.  This is 
illustrated in Figure 1 below.  When the cells are segmented to the user’s satisfaction, measurements are taken 
automatically by the program and displayed in a results box, as shown in Figure 2 below. 

4. Results 

An example of telomere length measurement from fluorescence microscope image analysis is given in Figure 3 
below.  The specimen shown in Figure 3(b) and (d) is shown to have significantly more telomeric DNA than 
the specimen in Figure 3(a) and (c).  Measurements of 48 cells from the cell line shown on the left in Figure 3 
were taken, and measurements from 68 cells from the cell line shown on the right of Figure 3 were taken.  The 
resulting measurements were shown to have an acceptable goodness of fit according to the maximum likelihood 
criterion for the Laplace (double-exponential) distribution.  Other distributions did not satisfy the goodness of 
fit criterion as well as the Laplace distribution.  The means of the two distributions were 25 and 37, indicating 
that the second cell line has approximately 50% more telomeric DNA than the first cell line. 

Future work will confirm these results using Southern analysis to verify the average telomere length for cell 
lines, and will extend this analysis to metaphase chromosomes to show variations in telomere length among 
chromosomes within a cell.  Similar studies have been performed in the laboratories of P. Lansdorp [20-23] and 
A. Raap and H. Tanke [24]. 

5. Conclusions 

We have illustrated the use of digital fluorescence microscopy to measure fluorescence from probes labelled to 
repetitive DNA sequences to quantify the relative amount of telomeric DNA present between cell lines.  We 
plan to extend this work to allow the number of (T2AG3)n repeats to be estimated accurately using fluorescence 
microscopy. 
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Figure 1.  Segmentation of cells in fluorescence microscope image. 

       



 

Figure 2.  Window displaying results of measurements on objects in Figure 1. 

 
 

 
(a) DAPI (blue) channel 

 

 
(b) DAPI (blue) channel 

 

 
(c) Cy3 (red) channel 

 

 
(d) Cy3 (red) channel 

 

 
(e) θ = 25 

 
(f) θ = 37 

Figure 3.  (a— d) Images of interphase nuclei of two different types of prostate cancer cells in blood culture with 
telomeric DNA labeled with Cy3 (red): (a) and (b) DAPI counterstain (blue) channel images, and (c) and (d) 
Cy3 (red) channel images; (e) and (f) Histogram of the measurements from 48 cells as in (c) and 68 cells as in 
(d) and plots of the maximum-likelihood fitted Laplace (double-exponential) probability density functions. 


