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MAGNETIC CHROMOSOME KIT 
 
 
Contents 

• Magnetic dry erase board 
• Dry erase marker 
• Magnetic chromosomes (ideograms of G-banded human chromosomes) – The kit 

initially comes with one magnetic sheet containing 72 chromosomes (3 each of 
autosomes 1 to 22, 3 X’s and 3 Y’s). Individual chromosomes will need to be cut 
out of this sheet (easy to do with a pair of good scissors). Extra chromosomes are 
included in order to simulate trisomies and in case of the loss of a chromosome.  

• Human Chromosome Key  
• This guide 

 
Overview 
This kit is intended to help GENE-ius coaches teach their teams about chromosome 
morphology, homologous chromosomes, preparing karyograms and karyotype analysis. 
Students will learn to identify each chromosome and its homologous pair based upon 
size, centromere position, chromosome arm length and G-banding pattern.  They then 
arrange them on a magnetic white board and number them.  Students can then 
determine the sex of the individual and identify any numerical chromosomal 
abnormalities. A similar activity may be used during the WESO GENE-ius event. 
 
Background 
Chromosomes are packages of genetic information located within the nucleus of the 
cell. They are complex bundles of DNA and proteins. In human beings, normal somatic 
cells (all the cells of the body except egg and sperm cells) have a total of 46 
chromosomes: 22 pairs of autosomes and one pair of sex chromosomes (X and Y). In 
humans, normal females have two X chromosomes (XX) and normal males have one X 
and one Y (XY). 
 
Each pair of chromosomes contains one inherited from the mother and one inherited 
from the father. These pairs are referred to as homologous chromosomes. During 
meiosis, human gametes (egg and sperm) are produced which contain 23 chromosomes: 
22 autosomes and one sex chromosome (X or Y).  These 23 chromosomes comprise one 
member of each homologous pair.  
 
Students should understand that meiosis produces 4 cells containing 23 chromosomes 
each whereas mitosis produces 2 cells containing 46 chromosomes each (2 pairs of 23). 
They will not need to know the specific steps of each process. 
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Chromosome Morphology 
In order for researchers to visualize each chromosome, some cells are collected and cell 
division is arrested at a certain stage of mitosis. The chromosomes are “fixed” on a 
microscope slide and stained with chemicals to make them easier to distinguish.  The 
most common type of stain is Giemsa staining which creates a unique chromosome 
banding pattern called G-bands.  A picture of these chromosomes is taken through a 
microscope.  The individual chromosomes can then be identified based on their 
different size, centromere position, chromosome arm length and staining pattern. Every 
chromosome has a centromere (the point where the mitotic spindle attaches – 
visualized as a “pinching” in the chromosome) and the chromosome strand extending 
from the centromere is referred to as an arm. The short arm is labeled p (for petite) and 
the long arm is labeled q (because q follows p in the alphabet). There are 3 possible 
centromere positions. If the centromere is in the center of the chromosome, it is called 
metacentric. If the centromere is located near one end of the chromosome it is called 
acrocentric. The third centromere position may be between the center and the end of 
the chromosome and is called submetacentric. Even metacentric chromosomes have p 
and q arms with the upper arm labeled as p. 
 
 

 

 
 

 
 
 
 
Centromere Position Chromosome Number 
Metacentric 1, 3, 19, 20 
Submetacentric 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 16, 17, 18, X 
Acrocentric 13, 14, 15, 21, 22, Y 
 
 



GENE-ius 
WESO 2019 

	 3	

 
Karyograms and Karyotypes 
The study of chromosomes, chromosomal disorders and related diseases is called 
cytogenetics. Cytogeneticists study an individual’s genetic makeup by creating a visual, 
ordered display of the individual’s chromosomes from a single somatic cell.  This visual 
representation of an individual’s chromosomes is called a karyogram.  A karyotype is 
that actual genetic makeup of an individual represented in the karyogram.  For example, 
a normal female would have a karyotype of 46, XX, where 46 is the total number of 
chromosomes in the cell and XX indicates the composition of the sex chromosomes. 
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Chromosomal Abnormalities 
Chromosomal abnormalities are either numerical or structural.  The GENE-ius event will 
only consider numerical abnormalities. Numerical abnormalities result from an incorrect 
distribution of chromosomes into the gametes (egg and sperm) during meiosis.  The lack 
of separation of sister chromatids is called nondisjunction. Nondisjunction can occur for 
any autosome or sex chromosome.  
 

• Trisomy – When gametes with an extra chromosome are joined with a normal 
gamete, the resulting offspring will have three homologous copies of that 
chromosome. In humans, most autosomal trisomies produce nonviable 
offspring.  Trisomies of the sex chromosomes can produce viable offspring.  
These conditions include Klinefelter’s syndrome (47, XXY), males born with an 
extra Y (47, XYY) and females born with an extra X (47, XXX). Individuals 
possessing a Y chromosome will always appear to be male regardless of the 
number of X chromosomes they have.  

 
• Monosomy – When a gamete missing one of the 23 chromosomes is joined with 

a normal gamete, the resulting offspring will be missing one of the homologous 
chromosomes. In general, monosomies of all autosomes are lethal. Monosomy 
of the X chromosome is called Turner’s syndrome (45, X) and these females are 
viable although they have physical differences.  

 
  



GENE-ius 
WESO 2019 

	 5	

Instructions 
 

1. Take your magnetic chromosomes and spread them out face up.   
2. Choose a chromosome.  Compare it to the chromosome key and identify which 

chromosome it represents.  Look carefully at its size, centromere position, length 
of the arms and G-banding pattern. 

3. Once you have identified the chromosome, place it on the magnetic layout board 
and label it on the board with a dry erase marker. 

4. Search the rest of the chromosomes for its homologous partner and place them 
together on the board. 

5. Arrange all of the magnetic chromosomes in this manner until you have 
identified, placed and matched all of the chromosomes completing the 
karyogram.  

6. Identify the karyotype of this individual by recording the following: 
 
Genetic Makeup 

(ex. 46, XX) 
Gender Normal or Abnormal Type of Chromosomal 

Disorder (if any) 
    

 
 
Additional Suggested Activities  
 
Provide them with different sets of chromosomes so that the resulting karyotypes 
simulate some of the monosomies and trisomies referenced in this guide.  
 
Have students identify the centromere position (metacentric, submetacentric or 
acrocentric) of several chromosomes. Some are hard to distinguish. They should not 
memorize.  If asked in the competition, only obvious ones would be used. 
 
Look at actual Giemsa stained human chromosomes and try to identify them using the 
chromosome identification key. This can be difficult as the bands can be fuzzy and the 
chromosomes bent. 
 
 
	


