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FROM DNA TO KARYOTYPE

Introduction 

All living organisms are made of cells, small compartments surrounded by a membrane, containing 
structures and substances performing all the functions that are indispensable  for life. 

One of the most important features of cells is their ability to reproduce, giving birth to daughter 
cells sharing the same characteristics of the progenitor cell.  This is possible because during 
reproduction every cell receives an entire copy of the gene pool from the progenitor cell. The same 
is also true for multicellular organisms, which are made of a multitude of cells having the same 
gene pool.

 In humans, the gene pool is divided in 46 chromosomes
 The complete set of chromosomes, ordered according to their dimensions, is called 

karyotype
 Chromosomes are made of DNA and proteins (called histones)

This workshop will lead you to understand:
 how DNA and proteins associate to give birth to chromosomes 
 what a karyotype is and how it can be used to diagnose some genetic diseases.

The workshop is divided in four activities, which must be performed consecutively. Take photos of 
the various steps and take note of what you observe, because you will need all of this to prepare 
your final presentation!

Activity 1: Extract DNA from fruit or vegetables

1) Cut the fruit/vegetable in tiny pieces and put them into a mortar with 20 mL of extraction 
solution (water, salt and a liquid soap)
2) Using a pestle mash the pieces 
3) Put a gauze into a funnel and adjust it on a beaker
4) Filter through the gauze what you have obtained in step 2 
5) With a graduated cylinder measure the volume of the filtrate you have obtained and double it 
with water
6) With a graduated pipette take 3 mL of the diluted filtrate and put it into a test tube
7) With a clean graduated pipette introduce 6 mL of cold ethanol into the test tube, letting it flow 
slowly along the internal wall of the tube (be careful!).
8) DNA will now separate floating on the liquid, appearing like a jelly tangle of filaments.

REFLECT ON THE VARIOUS STEPS :
-Why did you use soap in the first step? (remember: DNA is enclosed into the nucleus, inside the 
cells)
- Can you imagine why it was necessary to add ethanol to separate DNA from the aqueous solution?
- Aren’t you surprised by the big amount of DNA you have obtained? Do you wonder how it can 
stay inside cells? We will come to this on activity 3!
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Activity 2: observe DNA structure

Look at the DNA models that are in the lab. 
If you feel already confident with DNA structure  just take some photos and go ahead, otherwise 
take your time to observe and understand. If some of you are more expert than the others, this is 
your opportunity to teach! 

Activity 3: build a model of DNA supercoiling

DNA in chromosomes is associated with proteins (histones) and it is supercoiled: this means that it 
is arranged in coils of coils of coils of coils…… This is how it can stay inside cells!

In this activity you should build a model of DNA supercoiling, using the “poor” material that we 
have prepared for you. You are not obliged to use everything: choose the materials that you find 
useful. 

To figure out what DNA supercoiling means, look at these pictures: 

 

 

The octamer is made up of 4 
different histones (called H2A, H2B,
H3 and H4) each repeated twice (it 
would be nice to put in evidence 
such detail in your model, for 
example by using different 
colours…) 
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Activity 4: karyotype preparation and analysis

Now that you have understood what chromosomes are made of, you ready to prepare a karyotype.

As you have read in the introduction, some genetic diseases arise from an incorrect number of 
chromosomes. You should now prepare the karyotype (that is: the ordered set of chromosomes) of a 
healthy and a diseased person.

Remember that:

 Humans have 22 couples of homologous chromosomes and 1 couple of sexual 
chromosomes (XX for women and XY for men). The two homologous chromosomes form 
a  couple and appear identical since they bear the same genes. 

 Chromosomes can be distinguished on the basis of three fundamental features: length, 
position of the centromere (the point in which the two chromatids touch one another), and 
banding.  

You have been provided with drawings of chromosomes closely resembling the pictures that 
geneticists use for their analysis, and two sheets where you can arrange the couples of chromosomes
to produce the two karyotypes. You can split up in two sub-groups to speed up this activity. 

Follow the instructions:

1) Cut the paper around each chromosome, so to separate all of them. Notice: sexual chromosomes 
are indicated with X and Y.

2) Pair each chromosome with its homologous

3) Stick the chromosome couples on the paper sheet in the numbered positions, following these 
rules: 

 Chromosomes should be ordered from the longest to the shortest

 Chromosomes should be aligned with respect to their centromere  and oriented so that the 
short arm points upwards. 

 The two sexual chromosomes  must be put in the last slot (no. 23)

4) Now compare the two karyotypes  you have obtained and notice which one has an extra-
chromosome. Among the following ones, identify the disease affecting your subject:

- Patau syndrome: one extra 13 chromosome 

- Edward syndrome: one extra 18 chromosome 

- Down syndrome: one extra 21chromosome 

- Turner syndrome: lacks a sexual chromosome (X0)

- Klinefelter syndrome: one extra X chromosome

(Karyotype sheets from https://www.biologycorner.com/worksheets/karyotype/chromosomestudy-teacher.html )

If you have time, find  information about the disease affecting your subject.   

https://www.biologycorner.com/worksheets/karyotype/chromosomestudy-teacher.html
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Stick the chromosome couples in the numbered positions

 

__________  __________  __________   __________  __________ 

1    2   3    4   5 

 

 

 

 

_________      ________  _________ _________ _________  _________  _________ 

6  7  8  9  10  11  12 

 

 

 

 

_________           ________  ________  ________  ________  ________ 

 13  14   15  16    17  18 

 

 

 

 

_________           ________  ________  ________   ______  ______ 

 19  20   21  22    X  X/Y 
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(Male)
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(Female)
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(Down syndrome)
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(Klinefelter syndrome)
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(Edward syndrome)
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(Patau syndrome)


