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Go beyond with genetics…
Explore the origins and mechanics of
life. Discover causes of disease and their
cures. Solve the problems facing our agriculture and
natural heritage. Understand the past. Create a
better future. Master the world of genetics…
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Welcome…
…to this Genetics teaching resource, created by Genetics Otago
and the Genetics Teaching Programme at the University of
Otago.
Our aim is to engage young minds with Genetics and to do this
we have developed a range of online resources that include
information, worksheets and activities or experiments that will
help you to plan exciting Genetics classes for your students.
Where possible we have endeavoured to align and link the
content of the resources to the New Zealand Curriculum.
If you have any questions relating to the content of the
resources or would like to organise an onsite teaching session
on one of our topics please contact us at go@otago.ac.nz.
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Overview
This resource pack provides teachers with the background information, instructions
and discussion points required to introduce their class to the concept of DNA and its
extraction from fruit. Learning points include what DNA is, what it is for and how it
can be visualised. After being given an introduction to the module the students are
given the opportunity to form hypotheses about the simple hands-on experiment
they will conduct. Following the extraction students should discuss their findings
and think about the application of removing DNA from cells.

Objectives
• Understand what DNA is and which organisms contain DNA
• Understand that DNA is packaged inside cells and that it can be removed from
them
• Formulate hypotheses about the DNA extraction
• Understand the volume of DNA both in a single cell and in an entire organism
• Discuss the application of DNA extraction in a broader sense

Curriculum Links
This module fits broadly into level 3/4 of the NZ curriculum but could be modified to
higher or lower levels by altering the questions asked and the level of involvement
in the practical exercise.
• Nature of Science
• Understanding about science – appreciate that science is about asking
questions to provide evidence for a theory.
• Investigating in science – Make hypotheses, carry out investigations to
develop simple explanations, work together to share knowledge.
• Communicating in science – introducing new vocabulary specific to DNA
and its extraction.
• Living World
• Life Process – DNA is a fundamental building block of life and is common
to all living things but differences in it create individual and species
diversity.
• Evolution – DNA is the basis of evolution, it changes over time to
accommodate changes in the environment driving physical changes in
organisms
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Background
What is DNA?
Deoxyribonucleic acid (DNA) is the instructions for life. It is what genes are made of
and it is how traits are passed from one generation to the next. It contains all of the
information that is needed to tell our bodies how to develop, grow and work. Tiny
differences in DNA, called variants, are responsible for making us all look different.
The structure of DNA is known as a double helix, a structure that resembles a
twisted ladder. The sides of this ladder are called the backbone, the coding portion
of the DNA is in the ‘rungs’which are made up of paired nitrogenous bases adenine (A) with thymine (T) and cytosine (C) with guanine (G). This structure is
conserved across all species, it is the order of the nitrogenous bases that differs
between species and individuals providing the instructions for life.
DNA can be extracted from an organism using a simple scientific procedure. Once
the DNA is removed from the organism it can be used to complete further research
and so DNA extraction is a fundamental process in many science laboratories. DNA
can be used to learn more about how different functions in an organism are
completed, it can be used to diagnose and treat genetic diseases, to solve crimes
and to trace evolution among numerous other things.
To better understand how the process of DNA extraction works it is useful to have a
basic understanding of cell structure and where in the cell DNA is stored.

Where is DNA Found?
DNA is not unique to humans or even just animals, in fact all living things contain
DNA inside (almost) all of their cells. For most organisms (multicellular eukaryotes)
this means that there are many, many copies of the DNA. Other organisms, such as
bacteria, are single celled (prokaryotes) and as such only contain a single copy of
DNA.
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In prokaryotes, the DNA is loosely coiled and held within the cytoplasm of the cell.
In eukaryotes (such as the fruit used in this experiment) the DNA is highly packaged,
first by being folded in a very complex way into chromosomes. These chromosomes
then form into a ball which is held within the nucleus of the cell. Although the total
length of DNA within each cell in a human is approximately two metres, this
extensive packaging means that it only takes up 10% of the cells volume.
When a cell is undergoing division, the chromosomes move further apart (but
remain inside the nucleus) and take on their characteristic X shape. When they are
in this form, they can be viewed using a microscope but DNA cannot be seen by the
naked eye unless it is pooled from a great number of cells.
In eukaryotes, the nucleus is surrounded by a nuclear membrane and the entire cell
is encapsulated within a cell membrane. In addition to this, plant cells also have a
cell wall which is a more rigid structure not present in animal cells.

Key Terms
DNA – Deoxyribose Nucleic Acid, the fundamental building block of life,
encoding all instructions for life
Double Helix – the basic structure of DNA formed from two backbones
comprising sugars and phosphates with nitrogenous base pairs between
them twisted into a helical shape
Nitrogenous Base – the nitrogenous bases of DNA are A (Adenine), T
(Thyamine), C (Cystine) and G (Guanine). These are the element of the DNA
that encode genes
DNA Extraction – the process of removing DNA from inside the cell
Eukaryote – an organism made up of multiple cells, each of which contains a
discrete nucleus
Prokaryote – a single celled organism with no membrane bound nucleus
Chromosome – the form DNA takes when it is folded and packaged within
the nucleus. The number and copies of chromosome differs between
organisms.
Nucleus – a membrane bound compartment within a cell that holds all of
the DNA
Nuclear Membrane – the capsule surrounding the nucleus of the cell
Cell Membrane – the capsule surrounding the entire cell
Cell Wall – the strong, outermost encasement of all plant cells
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Materials
The below list are the materials required to complete one DNA extraction. In a small
class it may be practical for each student to conduct their own experiment, but in
larger classes it is possible to work in small groups with a single set of materials.
▸
▸
▸
▸
▸
▸
▸
▸
▸
▸
▸

Palm sized piece of fruit
½ cup hot tap water
1 tsp Salt
½ tsp dishwashing liquid
¼ cup Chilled rubbing alcohol (isopropyl alcohol) – put in freezer ahead of time
Zip lock bag – sandwich sized
Measuring cup or beaker
500 ml Drinking Glass
Square of fine Mesh
Rubber band
Wooden stirrer

Notes to Teacher
Soft fruits are best, because they can be mashed by hand. The fruit will need to
be peeled and have any hard bits removed prior to the first step of the
instructions given on the following page. Reasonable portions are, for example,
half of a banana, a kiwifruit (core removed), 2 large or 3-4 small strawberries. It
may be interesting to use several different kinds of fruit across a class group
and have the students compare the DNA at the end.
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Instructions
Before the Lesson
Place the isopropanol in the freezer to chill, the colder it is the better the extraction will
work. The alcohol will not freeze.
If using frozen fruit, allow it to defrost at room temperature, heating it will damage the
DNA.

Protocol
▸ Put the fruit in the zip lock bag and seal it trying to get as much air out as possible, this
will prevent the bag bursting in the next step.
▸ Mash the fruit in the bag using your hands until it has very few lumps and is about the
consistency of thick yoghurt.
▸ Measure the hot water and add the salt, stir until the salt has dissolved.
▸ Add the salt water to the bag and reseal. Gently mix the fruit and salt water for 30-45
seconds.
▸ Add the dishwashing liquid to the bag. Again seal the bag and mix the contents. Try not to
make too many bubbles.
▸ Place the square of mesh over the top of the glass and secure with a rubber band. Try to
ensure that the mesh isn’t pulled too tight, it is best if it sags into the glass a bit.
▸ Pour the contents of the bag onto the mesh slowly so that the liquid has time to drip
through into the glass.
▸ Remove the mesh and rubber band with all of the chunks and put it into your zip lock bag.
▸ Tilt the glass to a 45o angle and very slowly pour the cold alcohol down the side of the
cup. You want the alcohol to sit on top of the water and fruit mixture, if you pour too
quickly the two layers will mix together.
▸ Leave to sit for 3-5 mins, you will see the DNA start to clump together
▸ Use the wooden stirrer to gather up the cloudy stuff in the alcohol layer – This is the DNA.
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Explanation
In order to collect the DNA it needs to be released from the nucleus of the cell. To achieve
this several steps are necessary. First, the nucleus must be released from within the cell.
Mashing the fruit with your hands breaks the cell wall of the cells in a process called cell
lysis. Mashing achieves this simply by share force, similar to popping a balloon if you jump
on it.
Dishwashing liquid can break down molecules called lipids which are what makes up fats
and oils, this is the reason dishwashing liquid is good for cleaning dishes. The nuclear
membrane is also made of lipids so the dishwashing liquid breaks the nucleus open and
releases the DNA into the solution. Now that the cell wall and cell membrane have been
degraded the DNA flows out creating a solution with the degraded fragments of membrane
and cell wall, proteins and other cellular components. This solution is called lysate because
it is a product of cell lysis.
The addition of salt causes some of the debris in the lysate to precipitate out of the solution
meaning that it is strained out when passing the mixture through the mesh. The DNA, which
is water soluble, can flow through the mesh and into the glass.
While DNA is water soluble it is insoluble in alcohol. This means that adding the alcohol
causes the DNA to precipitate into a cloudy layer of fine, white fibres. The colder the alcohol
the quicker and more effective the precipitation of the DNA.

Key Terms
Cell Lysis – the rupturing of cells to release their contents
Lipids – compounds that are water insoluble but can be broken down by a
detergent i.e. fats, wax etc.
Lysate – the product of a cell lysis event
Precipitate – solid material separating from a liquid
Soluble – able to dissolve in a liquid
Insoluble – unable to dissolve in a liquid
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Questions
The purpose of this experiment is to let the students see DNA as a tangible thing. There are
a number of avenues of questioning that may precede or follow the experiment. We provide
here, a few examples that you may use to begin conversations and get the students thinking
about some key ideas.
What is DNA and where do you find it?
Here you can discuss the importance of DNA in the functioning of an organism, how it is
passed between generations allowing traits to be passed on from parent to child. You can
then introduce the idea that DNA is stored inside cells and that in order to fit it needs to be
folded very carefully and tightly.
What are 5 things that have DNA?
The purpose of this question is to get the students to think about the fact that all living things
has DNA, not just humans and animals but also grass and mushrooms and bacteria etc.
What do you think DNA looks like?
Here is an opportunity for the students to make a prediction or hypothesis about the
experiment and you can use this as an opportunity to introduce or reinforce the meaning of
these terms. It is important that the students understand that there is not a single right
answer to this question and that all suggestions are valid.
If all of your DNA was lined up end to end how far do you think it would go?
This is a bit of a fun question to get the students thinking about just how much DNA we have,
perhaps set this as a research task before the next lesson. You could extend this to have the
students make an hypothesis about the volume they think the DNA of their fruit will be, or
ask them “Would all of your DNA fit in a cup? Or on a plate? Etc. And in case you were
wondering… If you stretched all of your DNA out it would be 74 billion km long – Pluto is only
5.9 billion km from the sun!
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What does the DNA look like?
An opportunity to revisit the hypotheses made earlier. Were their predictions close to what
they see or does the DNA look very different to what they imagined? You could introduce
some discussion of the double helix structure of DNA at a microscopic level and how powerful
microscopes are (there is a handout included with an infographic about this).

Do you think your DNA would look the same as the fruit DNA?
This will again encourage the students to make a hypothesis, this time extending on what
they have learnt. It is also an opportunity to discuss the similarities in DNA content between
humans and other species (there is a handout included with an infographic about this).

Is there more or less than you thought there would be?
Again this may link back to hypotheses formed prior to the experiment. You could discuss the
reduction in volume of material from the fruit to the DNA and the proportion of the fruit that
the DNA makes up.

Do you think you would get the same amount of DNA from the same amount of starting
material of different organisms?
This could even be something you test. There are differences in the amount of DNA that
organisms have, for three reasons: 1) chromosomes are different lengths in different species,
2) different species have different numbers of chromosomes and 3) different organisms have
different numbers of copies of those chromosomes. Humans have 2 copies (diploid) each of
23 chromosomes (46 chromosomes in total). The bananas that we buy, have 3 copies each of
11 chromosomes, but wild bananas (originally) had only 2 copies of each. Overtime bananas
have been selectively bred to be triploid (3 copies) so that they are sterile and as such now
have no seeds (try googling ‘diploid vs triploid banana image’). Strawberries are great for
DNA extractions as they have 8 copies (octoploid) of each of 7 chromosomes.
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DNA Extraction from Fruit
Materials
‣
‣
‣
‣
‣
‣
‣
‣
‣
‣

Palm-size piece of fruit (soft fruits are best)
Zip lock bag, Sandwich sized
1 tsp of salt
½ cup warm water,
½ tsp dishwashing liquid
Square of mesh
Drinking Glass
Rubber band.
Cold rubbing alcohol (Isopropyl Alcohol, also known as Isopropanol)
Wooden stirrer

Method
1. Put a palm-size piece of fruit into a zip lock bag, do it up and mash
up the fruit with your hands.
2. Dissolve a tsp of salt in ½ cup warm water, then add the salt water
to your bag and mix together.
3. Add ½ tsp dishwashing liquid and mix gently, try not to make too
many bubbles.
4. Place a square of mesh over a glass and secure with a rubber band.
Pour contents of bag onto mesh slowly and let the liquid drip into
the glass.
5. Take cold rubbing alcohol and slowly pour it down the side of the
glass to form a layer on top of the water and fruit.
6. Leave for 3 mins and then use a wooden stirrer to carefully spool
the DNA (white cloudy stuff) from the alcohol layer.
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DNA Conservation
Percentage of DNA different species share with humans

Macaque
94%

Chimpanzee
98%

Yeast
43%

Elephant
88%
Banana
44%
Cat
86%
Human
99.99%

Dog
86%

Mouse
84%

Fruit Fly
52%

Chicken
70%
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DNA Structure
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We hope you have enjoyed this lesson. Feedback is very welcome to:
go@otago.ac.nz
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