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 Bases of Cloning
 • The invention of DNA cloning combines two separate lines of basic research:– Genetic studies of bacterial plasmids
 • circles of DNA (~5kb) that reproduce themselves in bacteria independently and separately from the chromosomes.
 – Biochemical studies of the enzymology of DNA
 • synthesis, replication, modification and degradation processes.
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 Plasmids and Enzymes
 • Plasmids are autonomously replicating units small circles of DNA (<5000 nt)– Easy to separate from chromosomal DNA– Identical (derived from a common ancestor)– Give 50-100-fold the amount of starting material– Selective pressures required to maintain them
 • Cellular enzymes– polymerases make copies of DNA or RNA– restriction endonucleases recognize short sequences and
 hydrolyze the covalent bonds in the neighborhood• Together these molecules allow DNA to be manipulated
 in very controlled ways.– A specific short DNA fragment can be inserted into a plasmid
 which amplifies it giving enough material to characterize it.
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 PlasmidsEven E. coli lacking a natural plasmid can be induced to take one up. Under certain circumstances these will replicate (the cells are thus transformed).
 Apply selection: include antibiotic resistance genes on plasmids – this allows the host to survive some challenge.
 The plasmids have an independent replication origin, so more are made that are identical to the first, so this allows biological amplification of DNA.
 Bacteria divide, so more bacteria also are made, those descended from the transformed cell are identical copies of one another, called clones.
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 Plasmid characteristics
 • Plasmids have been modified for biotechnology applications to contain at least the following four elements:– Origin of replication– Selective element: such as antibiotic
 resistance– Polylinkers (unique restriction sites, discussed
 next)– Inducible Promoter when you want mRNA
 made

Page 6
                        

UNCCFall 2007
 Plasmid Diagram

Page 7
                        

UNCCFall 2007
 Restriction Endonucleases
 • Certain enzymes ‘cut’DNA at specific patterns of bases– Cut means hydrolyze the
 phosphodiester backbone in a very specific place
 – You may get blunt ends or overhanging ends.
 – Overhanging ends give a single strand portion of DNA that can pair with complementary ssnucleotides on another strand (e.g. on a plasmid) to form a chimeric DNA duplex.
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 Source of Restriction Enzymes (RE)
 • Some bacteria can take up DNA– Advantage: gain antibiotic resistance plasmids– Disadvantage: take up genes that produce toxic compounds
 • to protect their genome they have mechanisms to recognize and degrade that DNA.
 – Degrading it from one end, nucleotide by nucleotide would give a smear of progressively shorter pieces
 – A set of very specific sized DNA fragments always resulted.• The enzymes responsible had recognition sites at very specific
 sequences, and cleaved the sugar-phosphate covalent backbone on both strands of dsDNA– These enzymes recognized sequences in DNA that are palindromes.
 • Palindromes: a set of characters that read the same backwards and forwards, for example: “A man a plan a canal, Panama”. “Madam I’m Adam”. “Able was I ere I saw Elba”. Or, ATTA, GCTTCG.
 – because of the polarity on DNA these read the same in the 5’ to 3’ direction on both strands.
 – Bacteria contain over 400 such enzymes that recognize and cut more than 100 different DNA sequences
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 Example RE• Eco R1 is a restriction endonuclease (RE)
 – GAATTC is the recognition sequence.CTTAAG
 • Informatics: check out the New England Biolabscatalog, and the associated REBase that gives information about known enzymes.
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 Electrophoresis of restricted DNA fragments
 snhs-plin.barry.edu/.../cell_biology_lab.htm
 HindIIIEcoRI EcoRI
 DNA (2000bp long)
 EcoRIHindIII
 --(50)------------------------(600)---------------(550)------------(200)-(200)----------------(600)—(200)
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 Sticky ends• When either the 5’ or 3’ ends
 protrude they are called "sticky ends" . They are able to form base pairs with another DNA fragment that has the complementary ends.
 • That is, mixed together, these molecules can join with each other by the base pairing between their sticky ends.
 • This is not very stable (usually a small number of H-bonds are involved). The union can be made permanent by another enzyme, DNA ligase, that forms covalent bonds along the backbone of each strand.
 users.rcn.com/.../R/RestrictionEnzymes.html
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 Sealing ends: DNA ligase
 • DNA ligase is an enzyme that repairs breaks in DNA. – Long characterized segments could be
 assembled by sequential construction of overlapping fragments (tortuous!).
 – What happens if you only have blunt ends: DNA ligase from the T4 virus can join together blunt DNA ends.
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 Action of DNA ligase
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 Blunt-end ligation
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 Using RNA Ligase to Label DNA
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 Fragment assembly
 http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/R/RecombinantDNA.html
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 Inserting DNA fragments into Plasmids
 • The polylinker contains a series of RE recognition sites at a particular position.
 • Plasmid nomenclature:• Name (usually starts with a lower
 case 'p') and the size in basepairs• Inner ring has ticks in 1 Kilobase
 (Kb) intervals• Arrows indicate features like
 genes, markers, ori of replication, promoters, polylinkers, transcription terminators,
 • Outer ring has location of unique restriction endonuclease sites.
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 Origin of Replication • In the E. coli plasmid called the ColE1 plasmid
 – The ColE1 origin of replication is uni-directional – Replication from the ColE1 ori region does not require
 the same associated proteins as the chromosomal oriC.
 – Depending on the exact region of the ColE1 origin which is used the plasmid will be maintained with either a "low" or "high" copy number
 • Low copy number is an average copy number of 10-30 plasmids/cell.
 • High copy number occurs if the rop gene is disrupted: the resulting plasmid is maintained with an average copy number of 100-200 plasmids/cell.
 • Two plasmids with the same origin of replication can not co-exist in E coli. But two with different Ori can.
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 Maintaining Plasmids: Selectable markers
 • Maintaining a plasmid takes energy (i.e. it has a cost to the cell). If not needed for survival the cell will lose the plasmid.
 • A selectable marker makes it a requirement for the cell to maintain the plasmid in order to survive. The most common selection pressure is to incorporate drug resistance genes. – Antibiotics are included in the growth medium. – Common modes of action include
 • Ampicillin binds to and inhibits a number of enzymes in the bacterial membrane that are involved in the synthesis of the gram negative cell wall.
 • Tetracycline binds to a protein of the 30S subunit of the ribosome and inhibits ribosomal translocation along the messenger RNA which codes for the protein (i.e. the drug interferes with normal translation or production of proteins).
 • Chloramphenicol binds to the ribosomal 50S subunit and inhibits protein synthesis.
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21www.mun.ca/.../Plasmid_cloning_summary.html
 CLONING restriction fragments into a plasmid
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 Types of cloning vectors• Bacterial plasmids are the most common• Engineered viruses are common:
 – you can insert much larger pieces of DNA into them– You get many thousands more copies.– There are insect, animal and plant as well as bacterial viruses.
 • Bacterial artificial chromosomes (BACs) use the bacterial chromosomal origin of replication– This allows much larger inserts (however, rearrangements and
 deletions seem to be common)• YACs are yeast artificial chromosomes
 – Even larger chunks of DNA can be manipulated– Yeast processes genes as a eukaryote, not as a bacterium.
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 Eukaryotic Cloning Vectors
 • Yeast cloning vectors: function in yeast and are of several types:– Integrative: Integrative vectors or shuttle vectors can
 replicate and be selected in E. coli as autonomously replicating elements, but only replicate in yeast when they integrate into a chromosome.
 – Replicative: Replicative vectors contain a yeast chromosomal origin of replication sequence to allow autonomous replication within the yeast without reliance on integration into a chromosome.
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 The DNA insert: Gene Manipulations
 • Select the piece you want and make a lot more of it
 • Characterize the piece of inserted DNA– Sequence it– Express it
 • modify, secrete, etc the resultant product in a variety of plasmids and cells.
 • For expressing a gene, the piece of DNA encoding the protein may not be sufficient
 – other elements that might need to be included include promoters and enhancers, changes in 5’ and 3’ UTRs, ribosome binding elements and other control features.
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 Insert Characterization
 • Strategy depends on desired outcome: – Is a direct screening method available?– If not, what indirect screen will be used?
 • The genetic material must be isolated, and usually amplified in order to get enough to manipulate and test– The most common sources are
 • restriction digestion of gDNA (to look at all elements present)• cDNA made from mRNA (to look only at genes that result in
 proteins).
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 Genomic DNA fragments
 • Fragments can be formed by– Shearing, in which case blunt-end ligation
 must be used in cloning– Restriction endonuclease digestion
 www.jgi.doe.gov/education/how/how_1.html
 The sample passes through a narrow tube where it is forced through a small aperture in a ruby, and fragments are randomly snapped (sheared) as the DNA is stretched
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 http://fig.cox.miami.edu/~cmallery/150/gene/sf13x9.jpghttp://www.bioclon.com/sitebuilder/images/mRNA-purification-274x201.jpg
 Getting cDNA for starting material
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 cDNA Synthesis (MolBiol)
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 Clone libraries• An investigator may aim very specifically for a particular
 sequence of interest– Put a lot of effort into purifying one fragment of DNA and
 amplifying that by cloning (model organisms lend themselves to this)
 • If there is insufficient information to select a single gene then a large number of fragments are processed together and then screened– Set up cloning conditions so that one fragment is inserted into
 one vector.– There will be many thousands of vectors containing inserts – this
 constitutes a clone library– A complete Drosophila genome library, for example, contains
 more than 40,000 different clones
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 Screening clone libraries• Screening means to sort useful from not-useful inserts.• Strategies include
 – a bulk process (something characteristic is measured about each clone)
 – Finding a particular clone (needle in a haystack)– Finding the best subset (e.g. the longest of a number of related
 cDNAs)– Finding a clone that is in register to make a protein– Finding a clone the produces a protein that reacts with a specific
 antibody– Finding a clone that produces a protein that has some particular
 activity
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 Screening for inserts
 • Step 1: Eliminate from the ‘library’ any bacteria (clones) that do not contain vectors (e.g. plasmids), especially any clones whose vectors do not contain inserts. – Set up: choose a vector with a gene giving resistance
 to an antibiotic• only clones that contain the vector will be able to grow.
 – Second part: have a positive selection methodassociated with the insert site, like the LacZ fusion protein that gives a dark blue product
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 Screening vs. Vector type• Some vectors just contain the sequence of interest
 inserted in a polylinker– Use for sequencing (M13), PCR, sequence-homology (i.e.
 hybridization-based) tests• Some vectors have more elaborate surrounding
 sequences that allow the inserted sequence to be transcribed into RNA which can then be expressed as a protein– Screen for correct function genetically by complementation – T7 RNA polymerase binding site - you can screen for the
 transcribed RNA– If the transcript is translated into protein the assay can be for the
 protein product– antibody reaction, protein purification methods, enzyme activity assays, etc.
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 Bulk Fragment characterization
 • From bacteria that survive the negative selection method– Plasmids are purified– The same RE that was used to make the
 sticky ends is used to digest the plasmid DNA– The products are electrophoresed on a gel,
 the resulting fragments are analyzed by size.• At least one fragment will result from the plasmid
 and at least one from the insert
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 Sequencing from Plasmids• Usually the plasmid is first
 purified, then the insert is sequenced– sequencing primer sites are part
 of the plasmid DNA (usually just outside of the polylinker)
 • The template must be ssapart from the primer for the DNA polymerase to act– Clone into a vector that can
 generate single- stranded DNA (M13 vectors)
 – Clone into a plasmid and then the DNA is made single stranded.
 PolylinkerForInserting DNA
 Unique sequences For primers to bindFor sequencing
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 +
 -
 ds
 ss
 3’ 5’
 Sequencing primer (20-mer)
 ss
 5’ 3’
 DNA polymerase
 Either collect the (+) strand, or melt the two strands. Add only one primer per sequencing reaction
 Note that you will sequence through part of the vector, so data cleansing will be required
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 Screening and selection
 • Sequencing an insert is an unambiguous way to identify it.– How do you make sure that a plasmid
 contains an insert?– How do you keep from resequencing the
 same insert over and over?– Or, conversely, how do you make sure that
 each thing that you sequence gives new information?
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 Hybridization screens
 • Assays for sequence homology:– If you are looking for a particular gene and
 have some sequence information (maybe by conservation across species) then hybridization of labeled sequences can be used to identify clones carrying homologous sequences.
 • Examples of methodologies include colony hybridization, plaque hybridization
 – Performed by first lysing bacterial colonies or viral plaques and then hybridizing a labeled probe.
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 Filter screening• A colony contains millions of clones descended from a
 single cell. The goal is to identify colonies whose cells contain DNA that hybridizes with a probe containing DNA sequences complementary to the gene.
 • Pressing a filter against the master plate causes some cells from each colony to adhere to the filter.
 • The filter is then washed with a solution that denatures the DNA and contains the radioactively labeled probe.
 • Only those colonies that contain DNA that hybridizes with the probe, and thus contain the gene of interest, will expose film in autoradiography.
 • The film is then compared to the master plate to identify the gene-containing colony.
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 Filter screening
 www.txtwriter.com/.../Genetech/GEpage07.html
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 Tools for genetics: conditional mutations
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 DNA Sequencing• The process of determining the primary sequence of a
 DNA (or cDNA) molecule.– The polymerase requires a short ds segment– A method of labeling products must exist, and a way to
 discriminate what the last nucleotide in the chain is– Sequencing reaction products are fractionated by size on gels,
 • a combination of position and label are used to reconstruct the original
 • Strategies for sequencing include – primer walking (starting with known insert sequence for the
 primer and extending into unknown sequence)– shotgun sequencing (performing many short sequencing
 reactions starting from a primer inside a cloning vector with short inserts, and using computational methods to assemble them)
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 Sequencing - Conceptual• Polymers are long chains of repeating subunits.
 – The order of the subunits is one part of the information content – form and function are a result of this primary sequence.
 • There are two ways you can think of to obtain sequence– Fit together overlapping subsets formed by rules
 about where reagents break apart the chains (Maxamand Gilbert sequencing).
 – work along the chain step by step using length as the connecting rule (Sanger sequencing).
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 Maxam and Gilbert• Chemical-based method for causing specific bond cleavage.• Generate starting fragment that has an end- label unique fragment
 (fragment with REs, label with enzymes kinase or ligase).• Perform chemical cleavage at specific bases (4 types of reaction).
 – Chemical cleavage is not affected by ‘local sequence.”• The four reactions are
 – One general purine (G+A) or pyrimidine (C+T).– One for G and one for C – Interpretation is then (direct G, implied (not G so A), implied (not C so
 T), direct C).• These are organic chemistry reactions, they are time-consuming,
 time- and condition-sensitive and the reagents are significant health hazards.
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 Maxam and Gilbert www.cbs.dtu.dk/.../ roanoke/genetics980211.html
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 Sanger Sequencing
 • Use DNA polymerase and specific reagents to capture an iterative change in sequence length.
 • There are two major ways to use this method of incorporating di-deoxynucleotide ‘terminators’:– Put labeled ddNTPs in the reaction: dye
 terminator sequencing– Use a labeled primer and unlabelled ddNTPs
 in the reaction: dye primer sequencing
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 Dideoxy Terminators
 • The dideoxynucleotide is a man-made molecule that lacks the hydroxyl group at both the 2’ and 3’ sugar positions.
 • DNA polymerase requires the 3’ –OH in order to form the next 5’ to 3’ covalent phophodiester backbone covalent bond the DNA molecule cannot grow any more, i.e. it terminates when this ddNTP is incorporated.
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 Di-deoxy nucleotides
 3’ –OH is replaced with -H
 * A label is covalently attached* Dye molecule
 *(phosphate)
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 ddG – can’t be extended
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 Detection: Labels for sequencing
 OC base--P OO
 OH
 P OO
 OH
 P OO
 OH
 HO dye
 OH
 32P, 33P replace the α or β Phosphorus in the phosphate group or a dye is attached to the nucleoside base
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 Sanger sequencing – early method
 • Strategy for four parallel reactions– mix template and primer– add the four normal dNTPs– To each of the four reactions add one of the ddNTPs
 in limiting amount (often about 1:10 ratio to the dNTP)– Detection label on the primer or the ddNTPs– Polymerase– Incubate– Separate the products by length (one reaction per
 lane of a gel) on an acrylamide gel and apply detection method.
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 Conceptual: Sanger sequencing with radiolabel on the ddNTP
 *
 *
 *
 *
 ****
 ****
 primer
 A G C T
 ddAddAddA ddG
 ddGddG ddC
 ddCddC ddT
 ddTddT
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 Display cartoon of geltemplate + primers + polymerase +
 1dCTPdTTPdGTPdATP
 ddATP*
 2dCTPdTTPdGTPdATP
 ddGTP*
 3dCTPdTTPdGTPdATP
 ddTTP*
 4dCTPdTTPdGTPdATP
 ddCTP*
 extension
 electrophoresis
 A•TG•CA•TT•AC•GT•AG•CG•CA•TG•CT•AT•AC•GT•AG•CA•T
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 Apparatus – Radiolabeled products
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 About Radiolabel detection
 • Advantages: – The 32P label does not alter the behavior of
 the polymerase• Disadvantages:
 – Radioactivity must be used carefully and disposal requires careful accounting
 – The sensitivity for short molecules is not very good and because of contamination issues it is not easy to use automated equipment
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 Conceptual: Sanger sequencing with labeled Primers
 **
 *
 ******
 **
 A G C T
 ddAddAddA
 Primer*
 *
 ddGddGddG
 ddCddCddC
 ddTddTddT
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 Labeled Primer product cartoontemplate + polymerase +
 1dCTPdTTPdGTPdATPddATPprimer
 2dCTPdTTPdGTPdATPddGTPprimer
 3dCTPdTTPdGTPdATPddTTPprimer
 4dCTPdTTPdGTPdATPddCTPprimer
 extension
 electrophoresis
 A•TG•CA•TT•AC•GT•AG•CG•CA•TG•CT•AT•AC•GT•AG•CA•T
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 Labeled-primer characteristics
 • Advantages– Only one labeled product is needed– Multiple labels can be put on one primer (increase
 sensitivity)– Generally a label on the primer does not affect the
 polymerase– With a fluorescent label you do not have the risks
 associated with radioactivity• Disadvantages:
 – Four reactions for every template
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 4-color dye-terminator Sanger Sequencing
 • Driven by the development of fluorescent dyes having similar excitation energies and well-separated emission wavelengths.
 • Attach a different dye to each of the four ddNTPs, use the usual Sanger sequencing method to obtain and separate products.
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 Dye-terminator Sequencing
 primerddAddGddCddT
 , dNTPs, polymerase

Page 60
                        

UNCCFall 2007
 Dye-terminator single-lane sequencing
 template + polymerase +
 dCTPdTTPdGTPdATPddATPddGTPddTTPddCTP
 extension
 electrophoresis
 A•TG•CA•TT•AC•GT•AG•CG•CA•TG•CT•AT•AC•GT•AG•CA•T
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 Example Electropherogram
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 Automated Sequencer: conceptual diagram
 DNA fragments end up in lower buffer reservoir
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 Sequence Data Characteristics• Data type
 – Sequence data resemble chromatograms, called traces or electropherograms.
 • A peak appears at a given time, which is a particular location on the output. – The peak has a more or less Gaussian shape and is more or less resolved from
 adjacent peaks.• Errors
 – The molecular biology of sequencing results in ~1 error per 1000-10,000 bases.
 – Errors accumulate at each end of the reaction – Replication is needed to assure reliability of the data
 • Standards vary for different ‘types’ and projects• Quality
 – There are tests, embodied in software tools, for how good each peak in a chromatogram is (peak size, shape and inter-peak distance criteria). These are used to assign a quality score to each base

Page 64
                        

UNCCFall 2007
 DNA Sequencing Projects: sequence quality characteristics
 • The model Genome projects have demanded a very high standard of significance for base identity (better than 1 in 10,000 must be correct)– Not all genome projects can or do achieve this
 • Generally full-length cDNA (mRNA) sequences have been thoroughly validated, often including variant alleles and splicejunctions.
 • Many microarray projects have been based on EST data, which is of much lower quality overall. ESTs are ‘expressed sequence tags’. – Usually low-quality sequence: only a single sequence analysis has been
 done, from one direction only, on a clone whose insert is not full-length. • There are likely to be mis-identified, deleted or inserted bases as well as
 incomplete representation of the transcript. – Generally you should try to align EST sequences with more complete
 data sets to identify major problems (missing exons, chimeric sequence, etc).
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 Methods: Amplification of DNA by PCR
 • Bacteria can be used to replicate copies of DNA on plasmids, phages or artificial chromosomes and convert them to protein under certain circumstances
 • There are in vitro ways to accomplish this in a simplified environment– PCR for DNA replication part
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 PCR
 • Challenge: out of 3 billion bases of genomic DNA, purify enough of one 2000 bp sequence to characterize it.– Cloning was the original method but selection
 was a huge barrier.– The polymerase chain reaction (Saiki et al.,
 Science 1988) has become the primary methodology for handling this problem

Page 67
                        

UNCCFall 2007
 DNA polymerization• PCR depends on Taq polymerase, a DNA polymerase
 with specific properties.• All DNA polymerases unwind the DNA into two single-
 stranded complementary partners.• Reminder: for a polymerase to process (move along the
 strand) it requires– a small oligonucleotide ‘primer’ bound to the 3’ end of the
 template strand (so the oligonucleotide is the start of the 5’strand that is to be synthesized)
 – The template strand– dNTPs (raw building material)– Appropriate conditions for enzyme activity (enough monovalent
 cation, not too high a temperature, and whatever co-factor it requires)
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 Polymerase actionThe polymerase adds NTPscomplementary to the 3’ strand, forming covalent phosphodiesterbonds as it goes, making a new double-stranded piece of DNA.
 DNA polymerases progress in the 5’ to 3’ direction.
 Diphosphate is released as a byproduct.

Page 69
                        

UNCCFall 2007
 Strand Separation
 In a cell, the polymerase has helper proteins to unwind the two template strands. In vitro we use heat to do the same thing.
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 Thermocycling• The concept
 – Use repeated cycles of heat to melt the two strands of DNA– Add primer, cool the reaction quickly to a temperature where the
 primer makes a stable duplex with the template• The primer starts out at a relatively high concentration compared to
 the template• Cooling slows down diffusion, so complementary template strands
 are unlikely to find one another– Add polymerase and dNTPs, allowing extension to complete
 copies of the template strands– Repeat by heating and then adding more enzyme (proposed in
 the early ’80s). • Problems: contamination by opening the tubes, VERY TEDIOUS
 over many cycles; use a series of water baths and move the tube between them.
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 Thermocycling resources• Heat stable enzyme: the first was Taq polymerase
 – from the microorganism Thermus aquaticus (isolated from a hot spring mat in Yellowstone Park by Stackebrandt and co-workers). The enzyme is stable at close to 100ºC
 – The enzyme retains most of its activity after heating– repeated cycles in a closed tube are possible.
 • Replace the water-baths: A thermocycler is the instrument in which PCR is performed.– A carefully engineered rapidly responding heating/cooling block,
 with holes for sample tubes and an insulated lid. – The rate of heating or cooling as well as the final temperature
 are carefully regulated so that results are reproducible
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 PCR basics• What is needed to perform PCR?
 – A template of interest with flanking bits that are known• Primers that bind stably to the sequence of interest have to be
 added since this is still a DNA polymerase so end sequences mustbe known
 – Primers: primers of defined sequence that are complementary to specific regions of the template
 – A thermostable DNA polymerase, such as Taq– dNTPs– Buffer components so that the primers bind stably to the
 template and the enzyme has activity: for example 2-4 mMMg++, 50 mM Na+, a buffer that maintains a pH of ~8.0 across a wide temperature range.
 – A thermocycler– A detection method for the product
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 PCR Types• Type I goal: amplify a known region of nucleic
 acid– Use primers designed to be as specific as possible for
 one target gene– Use homology- inferred sequenced regions
 • Type II goal: randomly but reproducibly amplify unknown fragments– the sequence of the primer(s) is known– whether and where there is a complement(s) on the
 target is unknown. • Various diagnostic tests, such as STRs, RAPDs, AFLPs

Page 75
                        

UNCCFall 2007
 PCR schematic
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 PCR yield• As you make more
 product, you use up the primer and dNTPs and make more and more full-length complements.– The reaction saturates
 and no more product is made
 – The amount of product depends on the amount of input template and the number of amplification cycles – the goal is to do enough cycles to get to the top of the linear part of the curve
 http://dna-9.int-med.uiowa.edu/images/Amplotfig2.gif
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 PCR product detection• For a single product, you usually use an end-point
 scheme – take the product of the reaction and run a gel, with size standards that span the expected product size range, then stain the gel with SYBR Green I or a similar dsDNA-specific intercalating dye.
 http://www.roche-applied-science.com/announcements/pcr_faststart/figure10.gif
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 Fluorescent detection• It is also possible to have a dye-label on either the dNTPs or the
 primers so that the PCR products become labeled. Then a fluorescent scanner can detect the products.
 • A multiplex reaction uses more than one dye in a lane
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 Type I: Gene-specific PCR Assay

Page 80
                        

UNCCFall 2007
 Type II PCR
 http://www.usask.ca/agriculture/plantsci/classes/plsc416/projects_2002/pawlin/resources/rapd1.jpg
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 PCR Efficiency• PCR efficiency is the fold amplification rate per
 cycle. – The schematics tend to show every ds template
 leading to two new templates at each cycle– The equation that describes PCR efficiency is
 X0=XN*(1+EX)N
 where X0 is the initial concentrationXN is the concentration at cycle NEx is the efficiency for a given
 targetN is the number of cycles
 – Ex is calculated by graphing various X0, and then taking a slope: Ex = 10(-1/slope) -1
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 Optically detected qPCR• Use a small piece of DNA that is internal to the amplicon
 as a “probe” . It has a fluor attached.– Taq polymerase will degrade the probe as it synthesizes the
 copy, releasing the fluor (pictures look like PacMan game)• Detection: use a thermocycler that is connected to a
 laser and a CCD optics system. – An optical fiber inserted through a lens is positioned over each
 well– laser light is directed through the fiber to excite the fluorochrome. – Emissions are sent through the fiber to the CCD camera and
 then the signal is sent to the computer. – The frequency of signal collection is instrument dependent.

Page 83
                        

UNCCFall 2007

Page 84
                        

UNCCFall 2007
 Real-time product detection• ABI7700: 96 optic fibers
 transmit an excitatory laser beam to 96 samples and collect the fluorescent emission from samples.
 • A spectrophotometer analyzes the emission spectrum, measured at a wave length of interest in the 96 samples.
 • Sample are 96 PCR reactions. In each sample the concentration of a fluorescent dye increases as a function of the amount of DNA.
 • The device measures the increase in fluorescence during PCR.
 http://www.icampus.ucl.ac.be/SBIM2520/document/genemol/index/Machines/realtimePCR/taqman/taqman7700.html



			
LOAD MORE        

            

    

    
    
        
        
        

                

        
                                                
                                    
                        
                            
                                                            
                                                        
                        

                        2010 UNCC ANTSHE Conference Program

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        cDNA Cloning, Heterogeneous Expression and Biochemical ... · cDNA sequence (1902 bp) was obtained by rapid ampliﬁ cation of cDNA ends (RACE). The cDNA contained an 1128-bp open

                    

                                    

                                                                
                                    
                        
                            
                                                            
                                                        
                        

                        By: Caitlin Weller

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        April 2008 cDNA Synthesis Kits Evaluationcancer.ucsf.edu/.../cdna_synthesis_kits_eval_0408.pdf · Supermix Quanta qScript cDNA Synthesis Kit Quanta qScript cDNA Supermix Qiagen Quantitect

                    

                                    

                                                                
                                    
                        
                            
                                                            
                                                        
                        

                        2008 UNCC Damage Report Final 082009

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        Uptown UNCC Response

                    

                                    

                                                                
                                    
                        
                            
                                                            
                                                        
                        

                        cDNA  Microarrays

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        Manual: cDNA Synthesis Kit, ZAP-cDNA Synthesis … Synthesis Kit, ZAP-cDNA Synthesis Kit, and ZAP-cDNA Gigapack III Gold Cloning Kit Instruction Manual Catalog #200400 (ZAP-cDNA Synthesis

                    

                                    

                                                                
                                    
                        
                            
                                                            
                                                        
                        

                        Chapter 16 HW-Solutions OPRS 3113 UNCC

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        Weller LT-series.pdf

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        Uncc Campus Map

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        Weller Catalog # 603

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        ThermoStable cDNA Synthesis SuperMix (+gDNA Remover)file.biotool.com/downloads/ThermoStable-cDNA-Synthesis-SuperMix-User-Manual.pdfThermoStable cDNA Synthesis SuperMix (+gDNA Remover)

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        Paul Weller

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        UNCC Police Commendation 06042015

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        Environmental Damage and Uncc

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        Introduction - Weller Truck

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        WELLER - stevenjohnson.comTitle: WELLER Author: C. E. WELLER, C. E. WELLER

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        cDNA Libraries

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        Prof. Tom Weller

                    

                                    

                                    

        

        
    


















    
        
            
                Languages

                	English
	Français
	Español
	Deutsch
	Portuguese
	Indonesian


            

            
                	Italian
	Romanian
	Malaysian
	Greek
	Dutch
	Polish


            

            
                Pages

                	Categories
	About us
	Contact us


            

            
                Legal

                	Term
	DMCA
	Cookie policy
	Privacy Policy


            

        


        


        
            Copyright © 2022 FDOCUMENTS

        

            











    

