DNA Barcoding exam Key

1. What is the importance of DNA barcoding? (3)

Stock assessments 

Power of genetic resources

Preservation/conservation

Protection of endangered species

Water quality monitoring

2. Give an outline of the process necessary for DNA barcoding of rockfish. (4)

Collect samples(isolate DNA( replicate COX1 gene using PCR(sequence gene

3. What is the central Dogma of Molecular Biology? (2)

DNA( RNA( protein

4. What is the composition of a nucleotide? (3)

A nitrogenous base (A, T, G, C), a 5-carbon sugar, a phosphate group

5. Describe the bonds (2)

a. between consecutive nucleotides and :  Phosphodiester bonds (covalent)
b. the bonds between the bases: Hydrogen Bonds
6. What are two significant differences between DNA and RNA? (2)

The type of Sugar

DNA—contains a deoxyribose sugar

RNA—contains a ribose sugar, uracil

The permanence of DNA vs the temporary nature of RNA

Structure: double helix of DNA vs single side of RNA

Presence of Uracil in RNA

7. Give the complementary strand for the DNA listed below. (2)

5’ TTTGGTGCCTGCGCC 3’ DNA

3’ AAACCACGGACGCGG 5’ DNA template

8. Define transcription. (2)

The process in which RNA is produced under the direction of a DNA template.

9. Give the complementary strand of RNA for the template strand of DNA listed below. (2)

3’ AAACCACGGACGCGG 5’ DNA template


5’ UUUGGUGCCUGCGCC 3’ mRNA

10. Define translation. (2)

The process by which a protein is produced under the direction of an RNA template.

11. Translate the sequence of mRNA below. Chart is attached on last page. (2)


5’ UUUGGUGCCUGCGCC 3’ mRNA

Phe  Gly   Ala   Cys  Ala

12. Will a protein still function if a nucleotide is changed?  Explain your answer. (3)

Yes, if the 3rd base pair is changed it is not likely to alter the amino acid, so often times it is a good identification source of a species.  However, sometimes when a nucleotide changes it changes the amino acid and can alter the protein, but do not always impair function

13. a. What does the COX1 gene code for/produce? b. Why was this gene selected?(4)
a. Cytochrome c oxidase I produces a protein utilized in the last step of the electron transport chain in cellular respiration

b.  it is the gene of choice for distinguishing different species, because every species performs cellular respiration and it is evolutionarily preserved.

14. What is Proteinase K? What does Proteinase K do? (3)

It is a board spectrum enzyme

It cleaves peptide bonds at many locations within a protein, cleaves peptide bonds and generally breaks down the cells and extracellular proteins. 

15. What are the other macromolecules present within our original sample of rockfish muscle? (2)

RNA, lipids, proteins, carbohydrates

16. What technique is used to separate DNA from the other macromolecules from our sample of rockfish muscle? (2)

Spin Chromatography

17. Describe how the technique named above works – how it separates the desired DNA from all of the other materials.(4)
The Spin column is composed of a silca matrix which is negatively charged.

Salt solutions (Na+ ions) create a cation bridge

DNA is negatively charged, so DNA sticks to matrix, while the other cellular materials are washed away.

Finally, we wash away the cation bridge with water and the DNA is liberated

18. Define these terms (binding, elute, lysis, wash) and list them in the order they occur in the process to isolate the genomic DNA. (4 for dfn., 2 for order)

Lysis—disrupt cells and liberate DNA from cell nuclei and mitochondria

Binding—load lysis solution into a spin—column (DNA will selectively bind to silica membrane inside spin column)

Wash—wash unbound contaminants from column (DNA will remain bound during centrifugation step)

Elute—liberate bound DNA (mitochondrial and nuclear) by adding water

19. Describe the basic principal of gel electrophoresis. (3)

Load DNA in a well, 

Propel DNA thru the gel towards the positive charge by an electric current due to fact that  DNA is negatively charged.

Agarose gel slab is submerged in conductive buffer solution 

The shortest fragments will travel the furthest distance

20. What is significant about the composition of agarose that makes it a valuable tool for electrophoresis? (3)

It is composed of a protein gel that has holes between the molecules. This allows DNA, propelled by the negative charge, to move between the proteins. All of those that are the same size will settle in a band together as they cannot be propelled any longer by the electric charge

21. What is the species that produces agarose? (1)

Gracilaria sp. (coral)

22. Describe the use of each of the tools below. (4)

Electrophoresis chamber—a buffer reservoir to submerge agarose gel

Gel casting tray—the molding tray where liquid agarose will be poured and allowed to cool to form a gel

Sample combs—used to create depressions or wells in the agarose gel where DNA will be loaded

Power supply—produces an electrical field within which negatively charged DNA fragments migrate

23. How is the DNA visualized? (2)

Ethidium bromide inserts (intercalates) between the base pairs of DNA and fluoresces intense orange when exposed to UV light

24. What is the purpose of running the gel with the isolated genomic DNA samples? (2)

To check the DNA sample before PCR to ensure genomic/nuclear DNA is present

25. What are the expected results you should visualize in the gel? (2)

You are looking for genomic/nuclear DNA, so it will be a large streak of DNA because the pieces are so large

26. What is the purpose of the gel with the purified pcr product? (2)

To check if the PCR process was successful, to ensure the 1200bp segment of the COX1 gene was replicated

27. Why is it necessary to run a 100bp DNA ladder? (2)

In this gel, we are looking to ensure the 1200bp segment of the COX1 gene is present, a ladder is necessary for size comparison

28. What are the expected results you should visualize in the gel? (2)

You should see a 650bp band of DNA

29. What cell process is PCR based on? (2)

DNA replication (cell cycle)

30. Which phase of the cell cycle is repeated numerous times during the Polymerase Chain Reaction?(2)
S phase

31. What reagents are necessary to selectively copy DNA in a test tube and what purpose do they serve?(3)
A source of DNA to copy (DNA template = original rockfish DNA)

A way to break the H-bonds that hold complementary strands of DNA together (DNA polymerase/ Taq polymerase)

Nucleotide subunits for DNA polymerase to synthesize new DNA 

Appropriate buffers

32. Why is Taq polymerase such a valuable tool for experiments such as ours? What is remarkable about Taq polymerase? (2)
It allows the PCR process to occur which requires repeated heating and cooling steps. This will allow mass quantities of DNA to be copies as needed. It doesn’t denature at high temps unlike other enzymes.

33. Where does Taq originate in nature? (2)

From the bacteria residing in geysers in Yellowstone National Park – bacteria that can replicate at high temperatures.

34. Describe the 3 steps of PCR and the approximate temperatures? (6)

95 (near boiling) Denature (separate)—hydrogen bonds are broken and complementary strands separate

55 Primers Anneal (bind)—primers anneal to the ends of each DNA strand according to base pairing rules

72 Elongation step—DNA polymerase synthesizes new complete strands of DNA

35. How do we separate the COX1 DNA from the PCR reagents? (3)

Spin column—silca matrix is negatively charged, but Na+ ions create a cation bridge, so DNA sticks to matrix, then we wash away the cation bridge with water and the DNA is liberated

36. What happens to the DNA template when put in the spin column? (2)

The DNA template also sticks to the silica matrix but because it is so large it does not wash away with the water

37. Outline the process of automated DNA sequencing. (4)

COX1 DNA is put in two test tubes (one with forward primers and one with reverse primers), PCR process is completed with addition of fluorescent nucleotides, sample is run on a gel to separate fragments by size, and then a laser reads the results to indicate the sequence

38. What is unique about the ddNTPS that make them useful in DNA sequencing? (3)

The oxygen molecule is not present, so a covalent bond with another nucleotide at that the phosphate can’t occur, which causes elongation to stop at various points during PCR

These nucleotides also fluoresce in different colors, so they can be read by certain lasers to include which specific nucleotide is present

39. Why is it important to include a lower concentration of ddNTPS than dNTPS? (3)

The reaction needs to reach the end of the strands and if there are more ddNTPS the elongation process is more likely to stop sooner

40. What does a chromatogram indicate? (1)

The results of the sequencing run and the confidence (quality) score to each base call

41. How can we determine the complete sequence of a PCR product? (1)

Manipulating the sequence of the bottom strand and splicing it to the sequence of the top strand

42. What is the first step of the editing process? (1)

Eliminate the base calls with low confidence scores from the ends 
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