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Science on Patrol

Topic:

DNA Extraction

Grades:
Middle School

Duration:
One 60-minute lesson, including background and discussion

Overview:

In this activity, students will learn how forensic scientists obtain DNA for profiling from samples they find at a crime scene, or from those tissue samples voluntarily donated by suspects.  This module is intended to be taught following any of those modules concerning collection of hair or blood samples from a crime scene, and prior to the lesson on DNA Comparison.

Goals:
1. To introduce to the students the importance of DNA to living organisms.

2. To demonstrate how forensic scientists obtain DNA from crime scene samples.

3. To introduce the concept of DNA profiling.

Objectives:
1. Students will be able to isolate DNA material for genetic analysis.

2. Students should be able to understand why fruit has so much DNA, and why blood has so little.

Caution:


In this activity, the students will be handling alcohol, a flammable solvent

Background – DNA Extraction


The DNA that will be primarily isolated by this technique is located within the nucleus of each cell.  Each cell generally contains two units of genetic material, so students should remember the more cells they collect at a crime scene, the more genetic material they can obtain to use for analysis.

Strawberries are a good example for DNA extraction as they are soft and easy to pulverize. Ripe strawberries produce pectinase and cellulase that aid in the breakdown of the cell wall. Also, strawberries are octoploid which means that they have eight full units of DNA per nucleus:

	DEFINITION
	Example:
	Units of DNA

	
	
	

	Diploid
	Skin, blood, hair 
	2

	Haploid
	Sperm, eggs
	1

	Octoploid
	Strawberry fruit
	8


We are diploid organisms, that is, we have two units of DNA per nucleus, one of which we got from each of our parents.  Strawberries, like many fruits, must grow a large amount in a short space of time, and store large quantities of sugar to attract insects to disperse seeds, and having extra copies of DNA helps with this process.
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DOUBLE HELIX:  This is the term given to the characteristic structure that DNA is organized into (see picture; right).

NUCLEUS:  The area within each plant and animal cell where the DNA is stored.  The DNA is kept separate from the rest of the cellular material by the nuclear membrane.

CHROMOSOME:  DNA is organized into long strands called chromosomes.  These are generally organized into pairs; we have 46 chromosomes, with two very similar copies of chromosome 1, and chromosome 2, and so on.  

PLOIDY:  This is the general term referring to how much DNA any particular cell has.  The cells of a strawberry fruit are octoploid; most of the cells in our body are diploid, as we have two copies of each chromosome, one from each of our parents.

RED BLOOD CELLS: Red blood cells are responsible for the transportation of oxygen in the body.  As part of their development, red blood cells lose their DNA component; this helps with their specialized transport function.  Red blood cells make up around 99% of cells in our blood, and so the amount of DNA that can be gotten from blood is generally very low.

Exercise:  Extracting DNA from a ripe strawberry

Aims:

To obtain a clump of precipitated DNA from a strawberry.

To visually understand how much DNA is present in a strawberry, and by analogy, in a small tissue sample recovered at a crime scene.

Provided:

1. 1 strawberry

2. Ziploc bag (sandwich size is fine)

3. 10 ml extraction buffer(
4. Filtering apparatus: cheesecloth, funnel and plastic tubes

5. Alcohol: isopropanol (if you can obtain it) works well at room temperature; absolute ethanol (which is more commonly obtained) works better if chilled to ice-cold.

6. Plastic Pasteur pipettes

7. Plastic inoculating loop/toothpicks

8. Tube containing a small volume of water, that students can seal their loop/toothpick inside

(DNA extraction buffer:

10 ml shampoo (or 5 ml liquid dish washing detergent)

1.5 g NaCl (table salt)

90 ml water (or 95 ml water if using dish washing detergent)

Activity:
1. Place strawberry in Ziploc bag, and seal it.

2. Smash strawberry with your fist for 1-2 minutes.

A good idea here is to place the bag flat on a surface, with the strawberry in the center, far away from any join in the Ziploc that could rupture when you smash it.

3. Add the extraction buffer to the bag, and seal again.

4. Mix again for 1 min – try and mix everything well, carefully squashing any lumps of strawberry that still remain.

5. Filter apparatus – place the funnel into an empty tube, fold the cheesecloth into a four-layered filter, and place it in the funnel mouth.

6. Pour the extract into the filtering apparatus and let it drip directly into the tube.  You don’t need to squeeze the filter excessively to try and get the last drops of liquid – there will be plenty of material.

7. Slowly add alcohol using a pasteur pipette.  You will need about 5-10 ml.  The idea is to layer the alcohol on top of the strawberry extract - it’s fairly easy to do as long as you don’t just pour in the alcohol.

8. Keep the tube at eye level so that you can see what is happening.  You may already be able to see the DNA, as a white material at the interphase of the alcohol and strawberry extract.  Dip the loop or rod into the tube to where the alcohol and strawberry extract are in contact with each other. Swirl DNA around loop/rod.  You should be able to do this multiple times, as there is a lot of DNA there.

9. Place the loop with DNA into a new tube containing water, seal it and mark it as evidence.

The detergent helps to dissolve the phospholipid bilayers of the cell membrane and organelles. The salt helps to keep the proteins in the extract layer so they are not precipitated with the DNA.  The DNA/detergent/salt mixture is not easily miscible with alcohol, so when alcohol is added slowly to the tube, it will form a top layer.  As DNA is insoluble in alcohol, at the interface of the two layers, students should be able to spin out small clumps of DNA using toothpicks or other suitable tools.

Topics for further discussion and exercise:

Keep one tube of strawberry extract to one side until the end of the activity.  Now to this extract add the alcohol, cap the tube and invert several times until the blob of DNA has congealed.  Decant the liquid into the sink, and tap the DNA out onto a paper-covered work surface.  This is a useful exercise to demonstrate to the students how much DNA is contained in cells.

1. Total DNA – octoploid material from a strawberry

2. Cut the DNA into four roughly equal-sized pieces, to demonstrate how much material would be contained in a strawberry-sized amount of human tissue

3. Now ask the students how much material they collected at the crime scene, compared to the size of a strawberry (1/100th? 1/1000th?), and cut off one tiny corner of the DNA sample to represent that amount.

The idea of this exercise is to get the students to think about the relative size of DNA.  They need a microscope to see a cell, and one cell’s worth of genetic material makes up less than 1% of that volume, yet for a forensic scientist these small amounts of material are sufficient to carry out many analyses.


Why do we not get much DNA from blood?


Why do strawberries and other fruits have extra copies of their normal DNA complement?
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