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CONCEPT: INTRODUCTION TO DNA-BASED TECHNOLOGY
●_______-based Technology: term used to describe the techniques used to manipulate DNA & study gene expression.
□ There are MANY reasons to study DNA (develop vaccines, genetically modify plants, & track inheritance).
EXAMPLE: The many reasons why researchers use DNA-based Technologies to study gene expression.

Map of DNA-Based Technology Lesson
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CONCEPT: INTRODUCTION TO DNA CLONING
●DNA ________________: the process of creating many identical copies of DNA (ex. a gene) inside a cell.
●There are a series of biochemical reactions researchers use to produce DNA containing a specific sequence of interest.
□ Cloned DNA is transferred into a host cell where it is ___________________ many times.

Cloning with Recombinant DNA
●Scientists tend to create & clone recombinant DNA for genetic experiments.
□ __________________ DNA: a molecule that contains the DNA from two ___________________ sources.
□ These sources are often different _______________.
●Bacterial _____________: small circular DNA molecules replicated independent from the organism’s genome.
□ Used as cloning __________________: plasmids that carry a gene of interest (ex. foreign DNA) into a host cell.
EXAMPLE: Creating recombinant DNA plasmids to be used as cloning vectors.

●In other words, cloning vectors are forms of recombinant DNA that carry the foreign DNA into a host cell to be replicated.
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CONCEPT: INTRODUCTION TO DNA CLONING
PRACTICE: Small accessory rings of DNA that replicate independently of an organism’s genome are called _____.
a) Recombinant DNA.
b) Plasmids.
c) Clones.
d) Transposons.

PRACTICE: In DNA technology, the term “vector” can refer to:
a) The enzyme that cuts DNA into restriction fragments.
b) The sticky end of a DNA fragment.
c) A SNP marker.
d) A vehicle used to transfer DNA into a living cell.

PRACTICE: What is recombinant DNA made of?
a) Restriction enzymes and target DNA.
b) Target DNA and DNA ligase.
c) DNA from two different sources.
d) A bacterial chromosome and a bacterial plasmid.
e) None are correct.
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CONCEPT: STEPS TO DNA CLONING
●Recall: There are _____ general steps in DNA Cloning:
1) ________________ the recombinant DNA

2) ____________________ the recombinant DNA

Step 1) Create Recombinant DNA
●Creating a recombinant DNA molecule is a 2-step process that requires:
1a) _______________ enzymes to cut DNA

&

1b) ________________ enzymes to paste DNA

PRACTICE: Human DNA cut with restriction enzyme A can be joined to:
a) A bacterial plasmid cut with restriction enzyme A.
b) Human DNA cut with restriction enzyme B.
c) Human DNA that is uncut.
d) A bacterial plasmid that is uncut.
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CONCEPT: STEPS TO DNA CLONING
1a) Use Restriction Enzymes
●_________________ Enzymes: cleave DNA at restriction sites producing “sticky ends”.
●Restriction ____________: specific sequence of DNA where restriction enzymes bind & cut the DNA.
□ Sticky ends: a ___________-stranded DNA “overhang” produced from a restriction digestion reaction.
EXAMPLE: Restriction enzymes cut DNA at the restriction site leaving a sticky end overhang.

PRACTICE: What is the enzymatic function of restriction enzymes?
a) To add new nucleotides to the growing strand of DNA.
b) To join nucleotides during replication.
c) To join sticky ends of DNA.
d) To cleave DNA at specific sequences.

PRACTICE: Each restriction enzyme has a specific sequence of nucleotides where it cuts the DNA. These sequences of
DNA are unique to each restriction enzyme and are known as:
a) Restriction Sites.
b) Restriction Signals.
c) Restriction Sequences.
d) Restriction Sticky Ends.
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CONCEPT: STEPS TO DNA CLONING
1b) Use Ligation Enzymes
●DNA ____________: enzyme that ligates (or joins) the two sticky ends together creating the recombinant DNA.
□ Note: only DNA fragments cut by the __________ restriction enzyme can be ligated back together.
EXAMPLE: A restriction enzyme and DNA ligase are used to clone a recombinant DNA plasmid.

PRACTICE: The single-stranded ends of DNA molecules can be joined together by:
a) Restriction Endonucleases.
b) DNA ligase.
c) DNA polymerase.
d) Helicase.
e) Primase.
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CONCEPT: STEPS TO DNA CLONING
2) Transform Recombinant DNA into Bacteria
●The second and final step of DNA cloning is to ___________________ the recombinant DNA.
□ Transformation: process allowing cells to directly uptake foreign DNA (ex. cloning vector).
●_______________________ Organism: organism that receives & expresses recombinant DNA.
●Phenotypic markers (ex. ____________________ resistance) are used to confirm a positive transformation.
EXAMPLE: Creating a transgenic organism with antibiotic resistance by transformation of recombinant plasmid DNA.

●Transformed bacterial cells replicate & express the gene of interest, which the researcher can then purify & study.
PRACTICE: The process of using DNA from one organism to alter the characteristics of another is called:
a) Translation.
b) Transduction.
c) Transcription.
d) Transformation.
PRACTICE: An organism which has foreign genes incorporated into its genomes is known as a:
a) Recombinant organism.
b) Transgenic organism.
c) Hybrid organism.
d) Polyploid organism.
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CONCEPT: STEPS TO DNA CLONING
Review & Application of DNA Cloning in Medicine
●Now that we have discussed the techniques used in DNA cloning, let’s see how they are used together.
●Diabetics do not produce enough _____________ protein to metabolize blood glucose & they require daily injections.
□ Researchers have found a way to use ___________________ organisms to mass produce insulin for patients.
EXAMPLE: Human Insulin Protein is expressed & purified in large amounts using transgenic E. coli.

PRACTICE: What is the most logical sequence of steps for splicing foreign DNA into a plasmid and inserting the plasmid
into a bacterium?
I. Transform bacteria with a recombinant DNA molecule.
II. Cut the plasmid DNA using restriction enzymes (endonucleases).
III. Extract plasmid DNA from bacterial cells.
IV. Hydrogen-bond the plasmid DNA to non-plasmid DNA fragments.
V. Use ligase to seal plasmid DNA to non-plasmid DNA.
a) II, III, V, IV, I
b) III, II, IV, V, I
c) III, IV, V, I, II
d) IV, V, I, II, III
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CONCEPT: INTRODUCTION TO POLYMERASE CHAIN REACTION
●When a researcher studies the DNA sequence of a specific gene in a genome, they need ______________ copies of it.
●Polymerase Chain Reaction (_______): technique used to rapidly isolate & amplify a specific sequence of DNA.
□ Amplify: to make ___________ copies.
□ Unlike DNA cloning (which uses living cells), PCR takes place in a _________ ___________.

Why do we use PCR?
●PCR is a quick & efficient process for generating many ___________________ copies of DNA in a test tube.
□ DNA cloning is more accurate, BUT ________ efficient (in the cell: less mutations but longer time to amplify).
EXAMPLE: PCR can be used to amplify the amount of DNA taken from a crime scene so a detective can investigate it.

PRACTICE: PCR is used to _____.
a) Amplify a single gene or small sequence of DNA.
b) Create DNA without introns.
c) Insert foreign DNA into a host cell where it can be replicated.
d) Cut segments of DNA creating complimentary sticky ends.
e) None of these.
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CONCEPT: INTRODUCTION TO POLYMERASE CHAIN REACTION
Components of a Polymerase Chain Reaction
●Recall: PCR differs from DNA cloning in the location that DNA is replicated (PCR in a test tube & cloning in a cell).
●The components of a PCR mixture include:
□ Template _________ containing the sequence of interest for the study.
□ 2 _____________ that are complementary to opposite strands of DNA & are oriented towards each other.
□ A thermo-stable DNA ______________________ to synthesize the sequence of interest.
□ All ____ deoxyribonucleotides used to synthesize DNA.

PRACTICE: PCR requires all of the following EXCEPT:
a) Primers.
b) DNA ligase.
c) DNA polymerase.
d) DNA of interest.
e) Deoxyrobinucleotides.
PRACTICE: The polymerase chain reaction:
a) Doubles the template sequence of DNA with each cycle.
b) Makes a single copy of the template sequence of DNA with each cycle.
c) Is used to determine the sequence of a region of DNA.
d) All are correct.
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CONCEPT: THE STEPS OF PCR
●PCR is a cyclical process where each cycle has ______ steps:
1) _____________________ (high temperature)
2) _____________________ (low temperature)
3) _____________________ (moderate temperature)
●The steps are repeated in each cycle generating an exponentially growing number of DNA molecules.

1) Denaturation
●The first step of a PCR cycle is to heat denature the double-stranded DNA to its single-stranded form.
●Temperature of the PCR mixture is _____________ to 95°C to break H-bonds between complementary base pairs.
●_______ polymerase: special thermo-stable DNA polymerase that doesn’t denature at high temperatures used in PCR.
□ Can withstand extremely ___________ temperatures & rapid temperature _______________.
□ However, it does not synthesize DNA unless it is at an ideal temperature.
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CONCEPT: THE STEPS OF PCR
2) Annealing
●The second step of PCR is annealing of the DNA ____________ to the heat-denatured single-stranded DNA.
●Temperature is lowered to ~55°C so _________________________ base-pairing between primers & DNA can form.
□ Taq polymerase remains inactive because the temperature is too _________ for it to synthesize DNA.

3) Extension
●The final step of a PCR is the extension of the new DNA strand by the thermo-stable ________ polymerase.
□ The temperature is changed to 72°C which is the ideal temperature for activity of the polymerase.
□ Deoxyribonucleotides used to extend primers on each strand of DNA making 2 ___________________ copies.
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CONCEPT: THE STEPS OF PCR
PRACTICE: Which of the following correctly lists the steps in order for one cycle of the polymerase chain reaction (PCR)?
a) Denature DNA; Add DNA polymerase; Anneal primers; Add dNTPs; Extend primers.
b) Anneal primers; Denature DNA; Extend primers.
c) Extend primers; Anneal primers; Denature DNA.
d) Denature DNA; Anneal primers; Extend primers utilizing a thermostable DNA polymerase.

PRACTICE: Why is a DNA polymerase from a thermophilic bacterium used in PCR?
a) The enzyme makes DNA that is extremely similar to human DNA.
b) It is cheaper to obtain from live microorganisms than producing the enzyme in a lab.
c) This thermophile's DNA polymerase does not require primers to begin DNA synthesis.
d) This thermophile's DNA polymerase can withstand high temperatures that denature most proteins.

PRACTICE: PCR is known for its power of amplifying a target DNA sequence at a high speed. Each cycle can double the
number of DNA molecules (target sequence). Which of the following is CORRECT regarding PCR?
a) In order to make 10 copies of the DNA, you need at least 5 cycles of PCR.
b) Helicase is required in order to separate the two strands in PCR.
c) Dideoxynucleotides are used in PCR.
d) DNA primers are needed in PCR.
e) All of the above.

PRACTICE: If you start with one double-stranded DNA molecule and you perform SIX cycles of PCR, how many doublestranded copies of the DNA will you have?
a) 6.
b) 8.
c) 16.
d) 32.
e) 64.
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CONCEPT: GEL ELECTROPHORESIS
●_________ Electrophoresis: technique used to _____________ & visualize fragments of DNA using a 3-D gel matrix.
●DNA is __________________ charged & separated by size using an __________________ current & ion buffer solution.
□ _____________ (top): negatively charged end of the gel where the DNA sample is loaded & migrates away from.
□ _____________ (bottom): positively charged end of the gel where the DNA sample migrates towards.
●Larger fragments of DNA are at the ________ of the gel & smaller fragments of DNA are at the _____________ of the gel.
□ _____________ fragments migrate faster through the gel apparatus.

EXAMPLE: Using the gel, determine which rabbit species are most closely related.
a) Rabbit species #1 and #2
b) Rabbit species #1 and #3
c) Rabbit species #2 and #3
d) Relatedness of the rabbit species cannot be determined from the gel.
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CONCEPT: GEL ELECTROPHORESIS
PRACTICE: At a crime scene a blood sample was found and investigated using gel electrophoresis. Based on the gel, the
blood at the crime scene belongs to which of the suspects?
a) Jenny
b) Bob
c) Mike
d) Lisa
e) The blood at the crime scene does not belong
to any of these suspects.

PRACTICE: The parents of a new baby believe that the hospital sent them home with someone else’s baby. The hospital
takes DNA samples from both parents and the baby. The DNA is investigated using gel electrophoresis. Do the parents
possess their biological child or did the hospital give them the wrong baby?
a) The parents have the correct baby, their DNA matches.
b) The parents have the wrong baby, their DNA does not match.
c) There is no way to tell using this gel.

PRACITCE: Gel electrophoresis separates fragments of DNA based on which characteristic?
a) Sequence.

c) Size.

b) Level of methylation.

d) All of the above.

PRACTICE: Why do the fragments of DNA in gel electrophoresis move away from the negative cathode?
a) DNA is negatively charged and attracted to the positive anode.
b) DNA is positively charged and attracted to the positive anode.
c) DNA is negatively charged and attracted to the positively charged agarose gel.
d) DNA is positively charged and attracted to the negatively charged agarose gel.
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CONCEPT: SOUTHERN BLOTTING
Radioactive Probes
●After cloning a gene, the DNA can be used as a probe to detect the ___________ sequence in an unknown DNA sample.
□ ___________: radioactively labeled molecules that are visualized using radioactive detection.
□ DNA probes are ____________-stranded DNA molecules complementary to a specific sequence of interest.
EXAMPLE: Radioactive probes are used to identify DNA that is complementary to it in different samples.

PRACTICE: A southern blotting technique is used to detect a specific ______ sequence from a blood or tissue sample.
a) RNA

c) Protein

b) DNA

d) Lipid

PRACTICE: A _____ is a single-stranded DNA molecule used in hybridization reactions to detect the presence of a
particular gene in an assortment of DNA fragments.
(Hybridization Reactions: reactions that combine two complementary single-stranded DNA molecules)
a) Plasmid.
b) Vector.
c) Probe.
d) Blot.
e) Polymerase.
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CONCEPT: SOUTHERN BLOTTING
●________________ Blotting: technique used to rapidly detect a specific DNA sequence using DNA probes.
□ Northern Blotting detects _________ sequences & Western Blotting detects specific _________________.
Steps of Southern Blotting
1) Unknown DNA sample is fragmented & separated by ____________ using gel electrophoresis.
2) DNA on the gel is denatured to ______________-stranded DNA (ssDNA) by incubating it with denaturing buffer.
□ Filter paper used to “blot” the gel & absorb the denaturing buffer as it migrates through to a paper towel stack.
3) ssDNA is ______________________ to the nitrocellulose filter paper when denaturing buffer is absorbed/migrated.
4) Filter paper is removed & incubated with the radioactive probe ________________________to the sequence of interest.
5) Radioactive filter paper is analyzed & visible bands are ones that __________________ to the DNA probe in step 4. .
EXAMPLE: Analyze the Southern Blot below and decide which samples contain the DNA sequence of interest.

PRACTICE: A geneticist wants to see if her patient has Gene X. The geneticist takes a blood sample from her patient and
prepares a southern blot. How will the geneticist know if her patient possesses Gene X?
a) A radioactive probe, which is complementary to Gene X, will bind to the membrane.
b) A radioactive probe, which has the same sequence as Gene X, will bind to the membrane.
c) A radioactive probe will be absent from the membrane.
d) A southern blot cannot confirm if the patient possesses Gene X.
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CONCEPT: SOUTHERN BLOTTING
PRACTICE: Place the following steps of Southern Blotting in the correct order.
a) ______: Filter paper is incubated with the labeled DNA probe which anneals to the ssDNA fragments.
b) ______: Analyze gel to determine the presence of the DNA sequence of interest.
c) ______: Separate DNA fragments by size using gel electrophoresis.
d) ______: Denature DNA by soaking gel in a basic solution.
e) ______: Fragment unknown DNA sample(s) using restriction enzymes.

PRACTICE: By analyzing the Southern Blot results below, which of the samples contains the gene of interest?
a) A only.

b) A & C.

c) B & D.

d) A, C, & E.

e) E only.

f) None.
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CONCEPT: DNA FINGERPRINTING
●DNA _____________________: technique that uses genetic markers in a genome to identify an individual.
●Genetic __________________: sequences of DNA with a known location & are easily identifiable in a genome.
□ Markers are _______________________: completely different between the genomes of each individual.
□ Ex. Single nucleotide polymorphisms (SNPs): genetic markers in a genome that differ by _______ nucleotide.
EXAMPLE: Single-nucleotide polymorphisms between two alleles of the same organism.

●DNA ______________________: the combination of all unique genetic markers in an individual’s genome.
Short Tandem Repeats (STRs)
●Genetic markers used by researchers are generally made-up of short repeat sequences that vary in _________________.
●Short Tandem Repeats (________): short repeated sequences of DNA (2-5nts) in specific regions of a genome.
□ The number of STRs within a region of a genome is polymorphic (_________________ for each person).
EXAMPLE: Short tandem repeat genetic markers are used to identify an individual in a crime scene.
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CONCEPT: DNA FINGERPRINTING
PRACTICE: The goal of DNA fingerprinting is:
a) To collect DNA samples from random individuals in a population.
b) To diagnose diseases within closely related family members.
c) To determine whether DNA samples collected from two different locations are from the same person.
d) None of the above.

PRACTICE: Which of the following characteristics of short tandem repeats (STRs) makes it useful for DNA fingerprinting?
a) The number of repeats is highly variable from person to person or organism to organism.
b) The sequence of DNA that is repeated varies significantly from individual to individual.
c) The sequence variation is acted upon differently by natural selection in different environments.
d) Every racial and ethnic group has inherited a specific number of short tandem repeats.

PRACTICE: The gel below shows a region of STRs from a DNA sample taken from a crime scene. It also shows the same
region of STRs from 4 suspects involved in the case. Which suspect’ DNA was found at the crime scene?
a) Suspect 1.
b) Suspect 2.
c) Suspect 3.
d) Suspect 4.
e) They are all innocent.
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CONCEPT: INTRODUCTION TO DNA SEQUENCING
●DNA ___________________: the process of determining the complete sequence of nucleotides in a DNA molecule.
□ Can be used to sequence a fragment of DNA, or the _____________ genome of an organism.
EXAMPLE: DNA sequencing can sequence entire genomes of a bacterial species.

●Dideoxy Nucleotides are commonly used in DNA sequencing techniques due to their unique features.

Dideoxy Nucleotides
●Recall: phosphodiester bonds form between the 3’ OH & the phosphate group of 2 nucleotides during DNA synthesis.
●Dideoxy nucleotides (ddNTPs): nucleotides that contain a 3’ __ instead of 3’ ____ group.
□ Replacing the 3’ OH with H ____________ covalent formation of the phosphodiester bond.
●Elongation during DNA synthesis is terminated by the incorporated ddNTP at the _____’ end of the new DNA strand.
EXAMPLE: Dideoxyribonucleotides terminate elongation during DNA synthesis.
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CONCEPT: DIDEOXY SEQUENCING
Chain-Termination PCR
●Recall: DNA synthesis reaction is terminated when a ddNTP is added to the 3’ end of the growing DNA strand.
●The first 2 steps of Dideoxy sequencing require setting-up a ___________-Termination PCR:
1) ______ separate reactions are set-up each containing a small amount of a different ddNTP.
2) DNA synthesis produces fragments of DNA ________________________ to the unknown target.

Determining the DNA Sequence from a Gel
●In the final 2 steps of Dideoxy sequencing the DNA sequence is determined:
3) Fragments from all 4 reactions are combined & separated by ___________ using gel electrophoresis.
4) _______________________ determined manually (on a gel) OR autonomously (on a chromatogram).
EXAMPLE: Determine the mystery DNA sequence by analyzing the gel electrophoresis results from dideoxy sequencing.
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CONCEPT: DIDEOXY SEQUENCING
PRACTICE: According to the gel below, which of the following is the correct sequence on the unknown DNA molecule?
a) 5 ’- GCGATGCCAT - 3’
b) 5’ - ATGGCATCGC - 3’
c) 5’ - TACCGTAGCG - 3’
d) 5’ - CGCTACGGTA - 3’
e) None of the above are the correct sequence.

PRACTICE: Dideoxy sequencing is also known as chain termination sequencing because:
a) The dideoxy nucleotide prevents further synthesis of DNA due to the lack of a free 5’ carbon.
b) The dideoxy nucleotide prevents further synthesis of DNA due to the lack of a free 3’ OH.
c) The dideoxy nucleotide prevents further synthesis of DNA due to the lack of a nitrogen-containing base.
d) Chain termination is the same as sequencing by synthesis.
e) None of the above are correct.

PRACTICE: The final step in a Sanger DNA sequencing reaction is to run the DNA fragments on a gel. What purpose does
this serve?
a) It adds ddNTP to the end of each DNA fragment.
b) It changes the length of the DNA fragments.
c) It separates DNA fragments based on their sequence.
d) It separates DNA fragments generated during the sequencing reaction based on one nucleotide differences in their
size.
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