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BIOL& 160
Clark College



Name ________________________

Biology 160 Lab Module 11
DNA Extraction and DNA Sequencing

Learning Outcomes:
Upon successful completion of this lab, you should be able to:

1. Describe the process of DNA extraction, including explanations of the purpose of the salt, detergent, protease enzymes and ethanol/isopropanol in the extraction process.

2. List uses/applications of extracted DNA.
3. Discuss the relationship between an electropherogram (sequence trace) and a FASTA nucleotide sequence.

4. Perform a nucleotide blast search using a FASTA nucleotide sequence and show understanding of the results.
Part A – DNA EXTRACTION FROM STRAWBERRY

Background: Strawberry DNA Extraction
DNA is located inside the cells of all species. However, different organisms are made up of different types of cells. Members of the Animal, Plant, Protist and Fungi kingdoms are comprised of eukaryotic cells. Their DNA is located within a membrane bound organelle named the nucleus. The entire cell is bound by a cell membrane made of two layers of phospholipids that protects and separates the cell from its surroundings. Therefore, in order to extract DNA from the strawberries cells, the phospholipid cell and nuclear membranes must first be broken (cell lysis). This can be accomplished by using a detergent-based extraction buffer and by mashing, crushing, etc. Just like dishwashing detergent dissolves fats (lipids) to clean plates, the nuclear membrane extraction buffer will dissolve the phospholipids holding the cell together. With the cell wall being disrupted the contents of the cell is allowed to flow into solution. This is called the lysate or cell extract. The detergent-based extraction buffer also contains salt (NaCl). The salt causes some of the cellular debris in the lysate to precipitate out of solution whilst the DNA remains in solution. The precipitate can then be removed via filtration. The DNA is soluble in the aqueous cellular environment, but is insoluble in alcohol (such as isopropanol and ethanol). Applying a layer of alcohol on top of the filtrate causes the DNA to precipitate out of solution at the point where the alcohol and the filtrate meet. Strawberries are an excellent source of DNA as they are multicellular and octoploid.  Strawberries also produce pectinase and cellulase enzymes that contribute to the breakdown of cell walls, making DNA extraction relatively easy to accomplish at home.  There are many other sources of cells from which DNA can be extracted—spinach, broccoli, tomatoes, chicken liver.
Pre-lab questions: 
What do you think the DNA will look like?

Where is DNA found?
What does it mean that strawberries are octoploid?
Materials: 
· Heavy duty ziploc bag 

· 1 strawberry (or tomato (1/2), broccoli floret, peas or another mashable source of cells).
· 100 mL (0.4 cup) water
· Table salt

· Liquid soap (or dishwashing detergent)
· Coffee filter or paper towel
· Drinking glass
· Chopstick/popsicle stick
· 20 mL (1.35 tablespoon)  of 95% – 100% ethanol or isopropanol (rubbing alcohol)
Optional:

· Meat tenderizer (a pinch), pineapple juice (a drop), or contact lens solution (one drop)

Procedure: 
1.
Chill the ethanol/isopropanol in the refrigerator or freezer at least 20 minutes.

2.
Make DNA extraction buffer: dissolve 1 pinch of salt + 2 drops of liquid soap in 100 ml water.

3.
Place one strawberry half in ziploc bag.  Remove as much air from bag as possible and seal the bag.

4. 
Smash/grind/crush up the strawberry in the bag for 2 minutes. Gentle squeezing is a good way to do this.  Careful not to break the bag!! 
5. 
Add 20 mL of DNA extraction buffer to the bag. Push air out of bag and re-seal the bag.
6. 
Kneed/mush the strawberry in the bag again for 1 minute. 

7. 
Place the coffee filter/paper towel (in the shape of a funnel) over the drinking glass.
8. 
Pour the strawberry slurry into the coffee filter/paper towel and let it drip directly into the drinking glass.  Gently squeeze the coffee filter/paper towel to allow all the liquid to drip into the glass (Careful not to rip the coffee filter/paper towel). 

9.
Optional:  Add a pinch of meat tenderizer or a drop of pineapple juice or contact lens solution to the glass.  (All of these materials contain proteases (protein-digesting enzymes) that will break down the histones and other scaffolding proteins that DNA is wrapped upon.)
10. 
Tilt the drinking glass and slowly drizzle the chilled ethanol/isopropanol down the inside of the glass.  A layer of ethanol/isopropanol should form on top of the strawberry extract.  Let sit for 5 minutes.  Do not mix!
11. Observe the boundary between the strawberry extract and ethanol/isopropanol.  You should see translucent strands of DNA begin to form.
12.
Using the chopstick/popsicle stick, poke the DNA strands and rotate the chopstick/popsicle stick.  Then pull the chopstick/popsicle stick out of the glass.  A wad of DNA should be stuck to the end of the stick.  Repeat the process to collect more DNA. 

DNA Extraction Questions:
1.
What is the purpose of adding salt to the DNA extraction buffer?

2.
What is the purpose of adding detergent (liquid soap) to the DNA extraction buffer?

3.
What is the purpose of adding meat tenderizer, pineapple juice, or contact lens solution to the DNA extract?

4.
Why did the ethanol/isopropanol have to be chilled?  Why did the DNA clump together?

5.
Is the white stringy material purely DNA or are there other cellular chemicals mixed in with the DNA?

6.
Do a quick internet search and find three different ways that scientists use extracted DNA?

Part B – ANALYSIS OF A DNA SEQUENCE
Background: One way that scientists use extracted DNA is to figure out the nucleotide sequence of the organism.  The sequence analysis can be used to gain a detailed understanding of a gene and its protein product.  Scientists can also use sequence data to identify organisms and to discover evolutionary relationships.  In order to perform these analyses, many scientists have contributed DNA sequence data to large data banks that are now available for anyone to search through.  This collection, maintenance, analysis and usage of the large genetic data sets is called Bioinformatics. In this activity, we will explore the uses of one of the more widely used of these datasets—GenBank.
How are DNA sequences produced?  Work through the following tutorial on DNA Cycle Sequencing:  https://www.dnalc.org/view/15923-Cycle-sequencing.html 

The result of DNA cycle sequencing is color printout called an electropherogram, which is a visual representation of the DNA sequencing results for a given piece of DNA.  Another name for an electropherogram is a sequence trace. The DNA sequence you will be using is that of the 16S or the 18S ribosomal RNA (rRNA) gene from a microbe.
The following video provides a good, brief explanation of how an electropherogram is produced:  https://www.youtube.com/watch?v=ezAefHhvecM&feature=youtu.be 

Activity 1. Identify Your Unknown Organism Using a Nucleotide Blast Search
Suppose you perform a DNA cycle sequencing run on the DNA from an unknown organism and you obtain the following sequence trace:
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This sequence trace is then edited and compiled into a format called a FASTA nucleotide sequence.  Here is the FASTA nucleotide sequence for your unknown organism:
>Sequence

ACGATGCACACTTGGTGTTAACTAAAAGTTAGTACCGAAGCTAACGTGTTAAGTGTGCCGCCTGGGGAGTATGCTCGCAAGAGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCAGGGCTTGACATATATAGGATATAGTTAGAGATAATTATTCCCCGTTTGGGGTCTATATACAGGTGCTGCATGGTTGTCGTCAGCTCGTGCTGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTATCTGTTACCAGCATGTAATGGTGGGGACTCAGATAAGACTGCCGGTGATAAGTCGGA
1. Copy your edited 16S/18S rRNA nucleotide sequence to your computer’s clipboard.  Remember to include the FASTA header (>Sequence) when you perform this copy function.
2. Go to http://blast.ncbi.nlm.nih.gov/Blast.cgi  This is the GenBank website, which is the federal government repository for molecular genetic data.
3. In the Basic Blast section, select:  nucleotide blast.

4. In the Nucleotide Blast page, paste your nucleotide sequence into the box that says: Enter accession number(s), gi(s), or FASTA sequence(s).

5. Scroll to the bottom of the window and click the blue BLAST button.

a. GenBank will perform a blast search that tries to match your input nucleotide sequence with the nucleotide sequences that are in its database. This will probably take a couple of minutes.

6. GenBank will provide results that include a list of organisms from the GenBank database that have genes that are similar to your input nucleotide sequence. There are three sections to the results:

I. The “Graphic Summary”: a box with colored horizontal lines – each line represents an organism with some similarity to your sequence. The colors indicate the strength of the match (i.e. the similarity) - the higher the number, the more statistically significant the match. Clicking on a line takes you to the entry for that organism in the third (“Alignments”) section.

II. The “Descriptions”: summarizes the best matches to your input sequence, and other important information. The best match to your input sequence is listed at the top; the next best match is listed 2nd, etc. The list is rank-ordered according to Max Score (the highest similarity, based on the criteria that GenBank is set up to use). The higher the “Max score”, the better the match to your input sequence.

III. The “Alignments”: this third section displays your sequence on the top line and the matched sequence on the bottom line. 

7. There are multiple links you can follow – try exploring and see where it takes you!
Complete the Bioinformatics Worksheet on the following page. 

Bioinformatics Worksheet
Identification
1. List the best BLAST match to your sequence (choose the top of the list if there are several matches with the same score)

2. What is the Accession number for the best match?

3. What is the “Identities” result for the best match?

4. List the 10th best BLAST match to your sequence.

5. What is the Accession number for the 10th best match?

6. What is the “Identities” result for the 10th best match?

7.
A species name consists of two parts.  The first word is the name of the genus (a group of closely related species).  The second word is called the specific epithet.  For example, the gray wolf has the species name, Canis lupus, while the red fox has the species name, Canis vulpes.  How many different species are in the top 20 of the best matches in your nucleotide blast search?
Conclusions/Research Questions

8.
My 16S/18S rRNA gene sequence is from the microbe:

For the following questions, perform a brief internet search:
9.
Is the unknown organism a member of the Bacteria, Archaea or Eukarya?

10.
From what type of environment (e.g. sediments, marine, plant, human, animal, etc) would you expect this microbe to have originated?

� Modified from � HYPERLINK "http://mylespower.co.uk/2012/02/20/strawberry-dna-extraction/" \t "_blank" �"Strawberry DNA Extraction-DIY Experiments"� by Myles Power is licensed under � HYPERLINK "http://creativecommons.org/licenses/by/4.0" \t "_blank" �CC BY 3.0� (http://mylespower.co.uk/2012/02/20/strawberry-dna-extraction/)





� � HYPERLINK "https://www.dnalc.org/view/15923-Cycle-sequencing.html" \t "_blank" �"Cycle Sequencing"� by DNA Learning Center--Cold Spring Harbor Laboratory. is licensed under � HYPERLINK "http://creativecommons.org/licenses/by-nc-nd/4.0" \t "_blank" �CC BY-NC-ND 3.0�


� � HYPERLINK "https://www.youtube.com/watch?v=ezAefHhvecM&feature=youtu.be" \t "_blank" �"DNA Sequencing"� by ppornelubio is licensed under � HYPERLINK "http://creativecommons.org/licenses/by-nc-sa/4.0" \t "_blank" �CC BY-NC-SA 3.0�





PAGE  
1

