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USING KARYOTYPES TO DIAGNOSE GENETIC DISORDERS 

A regular human cell has 46 chromosomes: 44 autosomes, which come in pairs, and 2 sex 
chromosomes, which specify gender (XX for female and XY for male). 
The pairs of autosomes are called "homologous chromosomes." One of each pair came from mom and 
the other came from dad. Homologous chromosomes have all of the same genes arranged in the same 
order, but with slight differences in the DNA sequences of the genes. 
What happens when a person has something different, such as too many or too few chromosomes, 
missing pieces of chromosomes, or mixed up pieces of chromosomes? 
When egg and sperm form, they go through a special type of cell division called meiosis. One purpose 
of meiosis is to reduce the number of chromosomes by half. The other is to create genetic diversity. 
Meiosis begins like mitosis: the cell copies each chromosome. But unlike in mitosis, homologous 
chromosome pairs line up and exchange pieces—a process called recombination. Remember, 
homologous chromosomes have the same genes but with slight differences. Recombination increases 
genetic diversity by putting pieces of chromosomes that came from mom together with pieces of 
chromosomes that came from dad. 
Next, the newly recombined homologous chromosomes are divided into two daughter cells. Then the 
sister chromatids are pulled apart into a total of four cells. Each of these cells has one copy each of 23 
chromosomes, all with a unique combination of mom's and dad's genes. 
Sometimes chromosomes are incorrectly distributed into the egg or sperm cells during meiosis. When 
this happens, one cell may get two copies of a chromosome, while another cell gets none. If a sperm or 
egg cell with too many or too few chromosomes participates in fertilization, it will produce a zygote 
with too many or too few chromosomes.  
Incorrect distribution of chromosomes is called nondisjunction. A zygote with 3 copies of a 
chromosome is said to have trisomy (pronounced TRY-so-mi). A zygote that is missing a chromosome 
is said to have monosomy (MOH-no-so-mi). 
Most of the time, autosomal (non-sex chromosome) trisomy and monosomy are lethal because the 
zygote ends up with too much or too little genetic information. But sometimes, babies are born with 
extra or missing autosomes—most commonly one of the smaller chromosomes that have fewer genes. 
Usually these babies have a genetic disorder, which scientists can diagnose by looking for extra or 
missing chromosomes in a karyotype.  
When monosomy or trisomy involves sex chromosomes, individuals usually survive and many are 
quite healthy.  
 

What are centromeres for? 
Centromeres are required for chromosome separation during cell division. The centromeres are 
attachedment points for microtubules, which are protein fibers that pull duplicate chromosomes 
toward opposite ends of the cell before it divides. This separation ensures that each daughter cell will 
have a full set of chromosomes. 
Each chromosome has only one centromere. 

 

During cell division, microtubules attach to centromeres and pull the chromosomes to opposite ends 
of the cell. 
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How Do Scientists Read Chromosomes? 

To "read" a set of chromosomes, scientists use three key features to identify their similarities and 
differences: 
Size. This is the easiest way to tell chromosomes apart. 
Banding pattern. The size and location of Giemsa bands make each chromosome unique. 
Centromere position. Centromeres appear as a constriction. They have a role in the separation of 
chromosomes into daughter cells during cell division (mitosis and meiosis).  
Using these key features, scientists can identify all 46 chromosomes — one set of 23 from each parent 
 

     

 

and now.... 
 
arrange chromosomes in each sheet into a completed karyotype, and explain your findings just as if 
you were working in a genetic analysis program at a hospital or clinic. 
Specify sex and disorder 
Using the pattern provided, cut and paste every pair to order them according to their size. 

The position of the centromere relative to the ends helps 
scientists tell chromosomes apart. Centromere position can be 
described three ways: metacentric, submetacentric or 
acrocentric. 
In metacentric (met-uh-CEN-trick) chromosomes, the 
centromere lies near the center of the chromosome. 
Submetacentric (SUB-met-uh-CEN-trick) chromosomes have a 
centromere that is off- center, so that one chromosome arm is 
longer than the other. The short arm is designated "p" (for 
petite), and the long arm is designated "q" (because it follows 
the letter "p"). 
In acrocentric (ACK-ro-CEN-trick) chromosomes, the 
centromere is very near one end. 
 


