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Quantifying DNA by Gel Electrophoresis 
Title of Lesson: Quantifying DNA by Gel Electrophoresis

Objective:  To determine the concentration of extracted DNA by comparison of the sample to known reference quantities on a gel 

Designed by: Cristie Kirlin and Dr. Simona Bartl (sbartl@mlml.calstate.edu) 
Background

This activity fulfills the following Science Standards:

· California State
· Chemistry 

· Grade 8: 6c

· Grades 9-12: 6, 7, 8

· Biology

· Grade 7: 2e, 3a

· Grades 9-12: 2, 7

· Investigation and Experimentation

· Grade 7: a

· Grade 8: a

· Grades 9-12: b

· National (grades 6-12)
· Content Standard A: Science as Inquiry

· Content Standard C: Life Science

· Content Standard E: Science and Technology
Safety

When working with chemicals, always wear a lab coat, disposable gloves, and protective goggles. For more information about chemicals, consult the appropriate material safety data sheets (MSDSs). 

Ethidium Bromide is a potential mutagen of human skin cells.  If swallowed or absorbed through skin or eyes, it causes irritation and discoloration. Always wear gloves and eye protection.   If exposed, wash skin with soap and water.  Flush eyes with water for at least 15 minutes.  Contact a physician immediately.
Materials/Resources 

In order to complete this lesson, the following materials are needed for 40 DNA samples.  

· DNA samples (extracted from gill tissue)

· Molecular weight marker (lambda-HindIII, 2 stocks – one diluted to 0.5 ug/lane including loading dye, and one diluted to 1 ug/lane including loading dye.) 

· Loading dye (6X)

· Parafilm or wax paper (cut into 2 inch squares, one per student)

· Pipette tips (1 box of 200 ul per group, and 1 box at each gel loading station)

· Tube racks (1 per group) 

· Solid waste containers (e.g. plastic 500 ml beakers, 1 per group and 1 at each gel loading station)
· Pipetters (1 set of 20 ul, 200 ul, and 1000 ul per group)

· 0.8% agarose gels with 1X Tris Acetate-EDTA (TAE) Buffer (2 gels with enough lanes for samples plus molecular weight markers, which must be loaded onto each row)

· Gel rigs (gel box with lid, casting tray and combs; 2 boxes with 24 wells each)

· Power source

· UV light box

· Camera with appropriate filters for photographing Ethidium bromide stained gels 

· Gel Electrophoresis Handout

Procedure                     
Time needed for lesson

· Pre-lab: 45 minutes to make gels, prepare molecular weight markers and distribute materials, 1 hour for gels to set, plus 30 min after lab to visualize gel and record results

· Lab: one 50 minute period (plus 45 minutes to 1 hour for the gel to run), 20 minutes the next period to interpret results 

Day 1 Pre-lab: 

1. Make up 0.8% gels and cover with buffer (2 gels with 24 lanes each. Make sure the red electrode is at the bottom of the gel box. REMEMBER: DNA RUNS TO RED!)

2. Prepare molecular weight marker dilutions.  Immediately before loading on gel, heat marker for 10 minutes at 65oC to separate DNA fragments with sticky ends. This is an important step to ensuring accurate DNA quantification.  

3. Distribute to each station DNA samples, loading dye and parafilm (or wax paper).

Day 1 Lab:

***When pipetting, remember to use clean, new pipette tips for each step!!!  (Students should practice these techniques prior to starting this activity.) 
1. Put on gloves and cover exposed skin.  Ethidium bromide is toxic and should not touch skin. It may be present on gel box and UV light.
2. Pipette 2 ul of loading dye (“dye dot”) for every 10 ul of sample onto parafilm, taking care that they do not run into each other. 

3. Carry your parafilm and DNA samples to the gel box.

4. Pipette 10 ul of your first DNA sample onto the first dye dot. Pipette up and down to mix.

5. Load all 12 ul of DNA plus dye into the gel. 

**Take care not to touch gel box with bare skin, as residual Ethidium Bromide may be present.

6. Mark the gel-loading sheet with the sample name.

7. Repeat steps 4 through 6 until all DNA samples are loaded into gel. Return your original DNA sample tubes to the instructor for cold storage.

8. Once all DNA is loaded, the instructor will load the molecular weight markers onto the gel (1 lane for each marker per row), put the top on the gel box (make sure that red top is with red bottom, and black is with black) and plug into power source.  Set the power source to 80 V, and run for 45 minutes to 1 hour.

**This is a natural stopping point. Once the gel has finished its run, take a picture to share with      students the following period. You may wrap the gel in plastic wrap and keep in the fridge for a day, but the bands will begin to fade. You may want to do steps 9 through 10 yourself, noting the marker band that corresponds to each DNA sample, and let the students use the handout to complete steps 11 through 14.

9. Once the gel run is complete, view the gel with a UV box. Once the marker bands are well separated the run is considered complete.

**Take care not to touch the UV box with bare skin, as residual Ethidium Bromide may be present.

Day 2 Lab:

10. Compare the intensity of the DNA bands with that of the molecular weight markers on the gel. Identify the molecular marker band on the gel that most closely matches the intensity of your sample DNA. 

11. Find that band on the figure below. The first column of numbers indicates the length of each DNA marker fragment in bases (bp). The second row of numbers indicates the amount of DNA in each band of the 0.5 ng marker. The third row of numbers indicates the amount of DNA in each band of the 1.0 ng marker. 

12. Determine the total amount of sample DNA loaded onto gel. The marker DNA concentration (on the figure below) that corresponds to your band indicates the total amount of DNA you loaded onto the gel. For example, if your DNA sample band looks like the top band on the figure below, you loaded 250 ng of DNA onto the gel. Remember this is just a crude estimate. 

13. Calculate the concentration of DNA (ug/ul). For example, if you loaded 10 ul of DNA onto the gel, and your total amount of DNA on the gel is 250 ng, your DNA concentration is 25 ng/ul   
14. Record your DNA concentration in your notebook. You will need this information when making your working DNA stock. 
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Figure 1.  Molecular weight marker with band intensity directly proportional to amount of DNA in gel (ng). Column A estimates the amount of DNA (ng) in sample when compared to 0.5 ug of molecular weight marker.  Column B estimates the amount of DNA (ng) in sample when compared to 1.0 ug of molecular weight marker.   
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