Comprehension Question ANSWER KEY

Introduction to DNA Barcoding (Prezzie)
1. Describe the progress made using Linnaean taxonomy over the last 250 years?

Of the Earth’s estimated 10-50 million species, fewer than 2 million have been named in the last 250 years.

2. What is the importance of DNA barcoding? List 5 possibilities.

Stock assessments 

Power of genetic resources

Preservation/conservation

Protection of endangered species

Water quality monitoring

3. What is iBOL?
The International Barcode of Life Project developed to build a digital genetic registry of Earth’s eukaryotic life using a DNA barcode system.

4. Describe the DNA barcode metator.

A DNA barcode is a metaphor for UPC barcodes that are used to identify and track retail products.  Like UPC barcodes that are used to uniquely identify products, DNA sequences can be used to uniquely identify species.  Each position is encoded by a nucleotide, this results in 4 possible nucleotides at each position.

5. What is BOLD?

Barcode of Life Data Systems.  The place where iBOL scientist are storing information including the DNA reference barcodes you will create.

6. Give an outline of the process necessary for DNA barcoding of rockfish, and briefly explain the difference between nuclear and mitochondrial DNA.

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

7. What is eBOL?

Education Barcode of Life is a new campaign that seeks to engage students in DNA barcoding.

The eBOL website contains a suite of new resources for students to learn and apply the concepts and methods of DNA barcoding in the classroom.

8. Define Meristics, and explain both how it differs from DNA barcoding, and how it is essential to building a genetic library

Meristics is a traditional method of species identification that uses quantitative physical characteristics/anatomical features. 

DNA barcoding is different from Meristics in that species identification is based on the information provided by a gene segment. The techniques are also different in that genetic barcoding requires the isolation of DNA rather than the dissection of a whole organism.

Meristics is essential to building a genetic library in that expert taxonomists capable of using this method of species identification are needed to confirm the identification of a species before it can be added to the library as a specimen voucher.

Beyond the Barcode Metaphor 

1. Describe the DNA barcode metaphor.

A DNA barcode is a metaphor for UPC barcodes that are used to identify and track retail products.  Like UPC barcodes that are used to uniquely identify products, DNA sequences can be used to uniquely identify species.  Each position is encoded by a nucleotide, this results in 4 possible nucleotides at each position.

2. How do DNA barcodes differ from UPC barcodes?

Unlike UPC barcodes, genomic sequences contain information that is vital to the survival of an organism.  Much of this genomic information directs the production of proteins that carry-out important functions in the cell.

3. What are proteins composed of?

Amino Acids

4. How are amino acids categorized?

Amino acids fall into different categories based on their physical and chemical properties.  These consist of basic, non-polar(hydrophobic), polar/uncharged and acidic

5. Describe how proteins are formed?

Proteins are formed by linking amino acids via covalent bonds. As bonds are formed a water molecule is given off.

6. Where are the instructions for a cell to produce COI found?

Mitochondrial DNA (mtDNA)

7. What is the make up a nucleotide? Draw a model to show the basic structure on a nucleotide

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


8. 
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Explain the bonds between consecutive nucleotides and the bonds between the bases, and explain their relative strengths.

Phosphodiester/ covalent bonds are between nucleotides


Hydrogen Bonds between the bases

Phosphodiester bonds are much stronger than the relatively weak hydrogen bonds.

9. What is the central Dogma of Molecular Biology, and what process is undergone in each step?

DNA( RNA( protein

DNA (RNA: transcription

RNA ( protein: translation

10. Give the complementary strand for the DNA listed below.

5’ TTTGGTGCCTGCGCC 3’ DNA

3’ AAACCACGGACGCGG 5’ DNA template

11. Define transcription and briefly explain the role of RNA polymerase.

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

RNA polymerase binds to transcription factors (which bind to promoter sites) where it “reads” the DNA sequence builds complementary strands of RNA.

12. Name at least 2 differences between DNA and RNA?

DNA—contains a deoxyribose sugar; double-helix

RNA—contains a ribose sugar, uracil; single-stranded

13. Give the complementary strand of RNA for the template strand of DNA listed below.

3’ AAACCACGGACGCGG 5’ DNA template


5’ UUUGGUGCCUGCGCC 3’ mRNA

14. Define translation with reference to the roles of mRNA and tRNA.

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

In this process mRNA serves as the template for the synthesis of proteins, and tRNA transfers amino acids to the growing polypeptide chains.

15. Translate the sequence of mRNA below.


5’ UUUGGUGCCUGCGCC 3’ mRNA

Phe  Gly   Ala   Trp   Gly

16. What is the importance of the COI gene?
The COI gene encodes a protein that is part of the cytochrome c oxidase supercomplex that is critical in the electron transport chain. 

17. What accounts for the higher interspecies variability in the COI nucleotide sequence (vs. amino acid sequence)? 
The degeneracy of the genetic code.

18. Will a protein still function if a nucleotide is changed? A change to which nucleotide will have the greatest impact? The least? Explain.

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

A change in the first position will have the greatest impact, and one in the third will have the least.

19. What is the expected rate of nucleotide differences?  How many nucleotides difference can be expected in a 600bp segment of DNA?  What is the significance of this information?

Rate: 2% 

Number of changes: 12bp

The sequence we will analyze of 600bp will permit a reliable diagnosis of most species, because there will be little variation within a species.

The COI Barcoding Gene

1. What is the COI gene?  

Cythochrome c oxidase is the gene of choice for distinguishing different species. 
2. Why was the COI gene selected? 
It is a protein encoding gene.

The protein it encodes for is involved in cellular respiration, it is essential to life and so it is evolutionarily preserved.

The COI gene contains a region of variability flanked by regions of conservation

3. What is the difference between nuclear DNA and mitochondrial DNA

While nuclear DNA contains 46 chromosomes and is the result of the recombination of genes from two people, mitochondrial DNA consists of a single chromosome and is matrilineal.

4. What is one advantage of choosing a mitochondrial gene over a nuclear one?

One advantage of choosing a mitochondrial gene in that mitochondrial DNA is seen in greater quantities than nuclear DNA.

Absence of introns

Greater genetic differences across species

5. What does the mitochondrial genome encode?

Protein coding genes, tRNSs and rRNAs

6. Why is it important the COI gene contains a region of variability flanked by regions of conservation?

The region that is conserved allows for primer annealing, while the region that contains variability distinguishes different species.

Isolating Total DNA from Specimen Tissue

1. Where does DNA reside?

In two subcellular organelles (mitochondrion and nucleus)

2. What is genomic DNA (gDNA) or total DNA?

Mitochondrial DNA and nuclear DNA

3. Describe what is happening in a Proteinase K digestion performed in the presence of a salt?

Proteinase is a board spectrum enzyme that cleaves peptide bonds at many locations within a protein. Alkaline (salt) solutions break down the cell wall & protein network

4. What is the purpose of RNase A following the Proteinase K digestion?

RNase is added to the lysate to digest single-stranded RNA that is liberated from cells

5. How do we obtain the COI sequence for a given species?

Extract DNA from tissue(PCR COI gene(spin column to purify( submit sample to be sequenced

6. What are the other macromolecules present within our sample?

RNA, lipids, proteins, carbohydrates

7. How do we separate DNA from other macromolecules?

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

8. Define these terms (binding, elute, lysis, wash) and number in the order they occur to isolate the genomic DNA.

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

Examining gDNA using gel electrophoresis

1. Describe the basic principal of gel electrophoresis.

Load DNA is well, shortest fragments will travel the furthest distance towards the positive charge when an electric current is applied because DNA is negatively charged, agarose gel slab is submerged in conductive buffer solution

2. What is the species that produces agarose?

Gracilaria sp.

3. Where is agarose harvested?

Agarose is a complex carbohydrate that is harvested from the cell walls of certain species of red algae.

4. Describe the list of tools below.
Electrophoresis chamber

Gel casting tray

Sample combs

Power supply

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

5. What is the purpose of adding gel loading buffer?

Loading buffer contains a sinking agent, which helps DNA sink into the well and a dye (bromophenol blue), which is used as a color marker to aid in loading an otherwise clear DNA sample into the well of a semi-transparent gel.  

6. Explain how Bromophenol blue serves as a marker?

In a 1% agarose gel, Bromophenol blue migrates at about the same rate as a 300bp fragment of DNA.  You can see the blue dye and use it as a marker to locate fragments as those in front of the dye front will be smaller than 300bp & those behind the dye front are larger than 300bp.

7. What is the significance of the electrical current?

The electrical current is applied to move the DNA through the gel

8. How is the DNA visualized?

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

9. What size fragments move more quickly through the gel?

Smaller fragments move more quickly.

10. At what wavelenth is Ethidium bromide excited? 

About 300nm

11. At what wavelength is does Ethidium bromide emit?

About 600nm

12. What is the purpose of running gel with gDNA?

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

Targeted Amplification of the COI Barcode Region

1. What process is PCR based on?

DNA replication (cell cycle)

2. Which phase of the cell cycle does DNA replication occur?

S phase

3. What do you need to copy DNA in a test tube?

A source of DNA to copy (DNA template)

A way to break the H-bonds that hold complementary strands of DNA together

A source of polymerase to synthesize (copy) new DNA from a template

Nucleotide subunits for DNA polymerase to synthesize new DNA strands

4. Describe the 3 steps of PCR and the approximate temperatures?

94 (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

5. What goes in your PCR reaction tube? What are their respective functions?

Template DNA (Provides a template for making new strands), DNA polymerase (copies DNA), magnesium (Helps Polymerase bind/function), primers (binds to DNA and directs polymerase where it should start), dNTPS (Nucleotides used by polymerase to make New DNA strand, water and buffer (help create the optimal environment necessary for the reaction to occur)

6. What is the purpose of the thermocycler?

The thermocycler is a piece of equipment that can be programmed to change temperatures in the necessary pattern required by the polymerase chain reaction. 

7. How does Taq polymerase’s origin relate to its ability to remain stable at high temperatures?

Taq polymerase comes from a specific bacteria that functions in thermal vents

Spin-Column Purification of COI Amplicons

1. What are the contents of your DNA reaction tube?
Template DNA, DNA polymerase, magnesium, primers, dNTPS, water & buffer, COI fragment

2. Before sending your sample to be sequenced, what must occur, and why is this important?
You must isolate the COI DNA from the other items in PCR. This is important because the other components could decrease the quality of the sequence.

3. How do we separate the COI DNA from the other reagents? How is charge utilized?

By using a spin column with a silica matrix. Charge comes into play because the 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.

4. What happens to the DNA template?

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

5. Define these terms (binding, elute, wash) and list them in the order they occur to isolate the COI amplicon.

1. Binding: load lysis solution into a spin—column (COI will selectively bind to silica membrane inside spin column)

2. Wash: wash unbound contaminants from column (COI will remain bound during centrifugation step)

3. Elute: liberate bound COI amplicon by adding water

Examining COI amplicons using gel electrophoresis


Please review questions from Examining gDNA using gel electrophoresis section.

1. What is the purpose of this particular gel?

To check if the PCR process was successful, to ensure the 650bp segment of the COI gene was replicated

2. What is a DNA ladder and why is it necessary to run a 1KB DNA ladder?

A DNA Ladder is a strand of DNA cut into known lengths 

In this gel, we are looking to ensure the 650bp segment of the COI gene is present, a ladder is necessary for size comparison

Dye Terminator Cycle Sequencing

1. Describe the 3 steps of PCR and the approximate temperatures?

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

2. What goes into your PCR reaction tubes when doing automated sequencing?

Template DNA: serves as a template for PCR to build on, DNA polymerase: elongates, magnesium, 1 primer: place holder for polymerase, dNTPS: DNA building blocks, ddNTPS: radioactive dNTPS that end a DNA sequence

3. Describe the process of automated DNA sequencing.

COI 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, then a laser reads the results to indicate the sequence

4. What is unique about the ddNTPS that make them useful in DNA sequencing? List at least two unique qualities. 

The oxygen molecule is not present, so a covalent bond with another nucleotide at that the phosphate can’t occur, 1) which causes elongation to stop at various points during PCR

These nucleotides also 2) fluoresce in different colors, so they can be read by certain lasers to include which specific nucleotide is present

5. Why is it important to include a lower concentration of ddNTPS than dNTPS?

The reaction needs to reach the end of the strands and if there are more ddNTPS the elongation process to halt prematurely

6. What do automated DNA sequencers generate?

A four color electropherogram or trace files showing the results of the sequencing run.

7. What is the first step of the editing process?

Trim the ambiguous base calls off the ends of each strand. 

8. What does a chromatogram indicate?

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

9. What does each peak on the chromatogram indicate?

Each peak on the trace file corresponds to a base call (a computer program’s best guess at interpreting each peak as a nucleotide).

10. How are confidence or quality scores assigned to each base call in the trace file?

A computer algorithum assigns a cofidence or quality score by examining several parameters related to the shape and resolution of each peak

11. What occurs at the ends of the sequence? And how is the problem resolved in the editing process?

They have low quality scores because the separation is not as easily for very small fragments and the larger fragments due to the limitations of the gel. This is resolved by trimming the ends in the editing process.

12. How can we determine the complete sequence of a PCR product?

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

Assembling COI Contigs in BOLD-SDP

1. Define Bioinformatics.

An interdisciplinary field that develops and improves upon methods for storing, retrieving, organizing, and analyzing biological data.  A major activity in bioinformatics is to develop software tools to generate useful biological knowledge.

2. What does the forward sequencing reaction generate?

The nucleotide sequence for the sense strand of your COI amplicon

3. What does the reverse sequencing reaction generate?

The nucleotide sequence for the antisense strand of your COI amplicon

4. What is the taking the reverse complement of the reverse sequence do for your data?

It duplicates your data and this duplication of information can help identify discrepancies between you forward and reverse sequence.

5. What does an N represent?

An ambiguous nucleotide

6. What is a contig?

A contig is a single nucleotide sequence of DNA that is assembled from two overlapping sequences. 

Identifying STOP Codons in COI Contigs

1. What does a stop codon indicate in a protein coding gene?

Protein coding genes terminate in a STOP codon, which signals the end of protein synthesis during translation.

2. What are the stop codons in vertebrate mitochondrial protein-coding genes?

UAA, UAG, AGA, AGG

3. Why are the stop codons in vertebrate mitochondrial protein-coding genes different than the stop codons found nuclear RNA?

This is because mitochondrial genes are translated using a different genetic code than the universal or standard genetic code.  These differences arise from the use of different tRNAs during translation of mitochondrial genes.

4. What is the significance of the primers selected?

The primers used to generate your COI amplicon bracket a gene region that is downstream of the start codon and upstream of the stop codon.  If your editing is correct, then your COI contig should be devoid of any stop codons.

5. Why is it necessary to translate all three reading frames of the COI amplicon?

You must translate all three reading frames because the primer binds downstream of the start codon you will not see the start codon and therefore will not know where to start reading your amplicon.

6. How does the system select the correct reading frame?

The correct reading from will not have a stop codon (the stop codon is downstream of the primer binding location).  

7. What does the <trim primers> step do?

The PCR primer sequencings will be trimmed from the ends of your sequence if present.

8. What does the <check for contaminant> step do?

The system checks your COI sequence to sequences of common lab contaminants to ensure your COI sequence is not contaminated.  

Environmental Barcoding

