
Making a Karyotype
Chromosomal analysis can be performed using cells from a number of sources, including lymphocytes, fibroblasts, amniocytes (amniotic fluid cells), and chorionic villus cells (placental cells).  One of the most common methods begins with collecting a blood sample from a vein in the arm.  A few drops of the collected blood are added to a flask containing a nutrient growth medium.  Since the lymphocytes in the blood sample do not normally divide, a mitosis-inducing chemical, such a phytohemagglutinin, is added to the flask, and the cells are grown for two or three days at body temperature (37o C) in an incubator.  At the end of this time, a drug called colcemid is added to stop dividing cells at metaphase.  Over a period of about two hours of colcemid treatment, cells entering mitosis are arrested in metaphase.  
Mitotically-arrested cells are then immersed in a hypotonic solution that causes the cells to take up water by osmosis, which lyses the erythrocytes (which are not dividing) and swells the lymphocytes.  This treatment makes the lymphocytes easier to break open and prevents the chromosomes from sticking together.  After fixation in a mixture of methanol and acetic acid, the cells are dropped onto a microscope slide.  The impact causes the fragile lymphocytes to break open, spreading the metaphase chromosomes.  After being stained to reveal banding patterns, the preparation is examined with a microscope, and the spread of metaphase chromosomes is photographed.  A print of this photograph is used to construct a karyotype.  The chromosomal images are cut from the photograph and arranged according to size, centromere location, and banding pattern.  The presence of chromosomal abnormalities can be detected by a trained cytogeneticist.
The process of cutting chromosomal images from photographs by hand and arranging them into karyotypes is tedious a time-consuming.  Computer-assisted karyotype preparation is now used in most cytogenetic laboratories.  In this system, a TV camera and a computer are linked to a microscope.  As metaphase chromosomes are located using the microscope, the image is recorded by the camera, digitized, and transmitted to the computer, where it is processed into a karyotype and printed.
