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« Method to amplify specific DNA fragments

Case study - PCR

PCR invented in1983 by Kary Mullis

Published 1985 in Science
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Commercilalisation - PCR

« 1985-7 - Taq Polymerase

« Simple
 Affordable

* Published in 1988
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Requirement for adoption

« PCRKit

* Thermo cyclers

* Tubes
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;7\ Direct

* No sales force

* No Thermo cyclers
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Licence

* Requirements « Party with access

 Strong IP position * Funds
 High value « Distribution Networks
» Knowhow

Synergies
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:7\ Where is the value ?

« PCRKit

* Thermo cyclers

* Tubes
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:"/\ Joint Venture

Patents Sales force
Taq Polymerase Thermo cyclers

One stop shop
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B< Competitors grow the
=/ market

« Manufacture of oligonucleotides

* Thermo cyclers

* Tubes

« PCR Kits and reagents
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:7\ Where is the value ?

* Pick and shovels business for research

- Diagnostic

» Patents sold for US$300 million to Roche

* 1993 Nobel Prize

10



N7
R\

"

Case Study - QiaGen

QIAquick and MinElute Procedure

« 1984 formed by team of scientists at the
University of Dusseldorf
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« DNA binding resins

« Cutting the preparation time for plasmids
from between two and three days down to |
two hours ?

re fragment
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Commercialisation options

» Licence to company with a distribution network — BioRad,
Amersham, Promega
* In house competing products
o JV
* Not enough value
o Start-up

 Prove it

« 1986 Qiagen launches its first product, a kit for
purification of plasmids

12
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Start-up

Access to funds
People

Strong IP position
Capacity to deliver
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« 2007 - Sales reach
US$649.8 million
and the number of
employees
surpasses 2,600

* Value: US $4.5
billion
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Limitations of PCR
* Pure DNA

* Risk of contamination

* Error rate

15



PCR directly from biological
samples ?

Perkin-
Innovonics Elmer

85° 40° 60°C
80° 40° 60°C
857 40° 70°C
80° 407 70°C
85° 40" 60°C
80° 40° 60°C
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-/ FOLT PCR vs QiaGen

| FolLTFCR

Steps One step - PCR 16 steps prior to PCR
Transfer 0 3

Risk of contamination Low High

Time - Incubations 0 30 mins

Cost No direct cost - PCR $5-$10/sample

17
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Pathway to impact

* Public domain -> Publish

« Commercialise

* Licence

* Method

* IP issues
o JV

e Tth Polymerase
« Start-up

18
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./ FOLT PCR vs QiaGen

| FolLTFCR

Kit x v
Manual x v
Availability x v
Promotion x v

19



Allele-specific PCR: a diagnostic or cloning technique based on single-nucleotide variations (SNVs not to be confused with SNPs) (single-base differences in a patient). It requires prior knowledge of a DNA sequence, including differences between alleles, and uses primers whose 3' ends
encompass the SNV (base pair buffer around SNV usually incorporated). PCR amplification under stringent conditions is much less efficient in the presence of a mismatch between template and primer, so successful amplification with an SNP-specific primer signals presence of the specific
NP in a sequence.?2 See SNP _genotyping for more information.

PCR or Polymerase Cycling Assembly (PCA): artificial synthesis of long DNA sequences by performing PCR on a pool of long oligonucleotides with short overlapping segments. The oligonucleotides alternate between sense and antisense directions, and the overlapping segments
termine the order of the PCR fragments, thereby selectively producing the final long DNA product.l23!

Asymmetric PCR: preferentially amplifies one DNA strand in a doubl DNA Itis used in sequencing and hybridization probing where amplification of only one of the two complementary strands is required. PCR is carried out as usual, but with a great excess of the primer
for the strand targeted for amplification. Because of the slow (arithmetic) amplification later in the reaction after the limiting primer has been used up, extra cycles of PCR are required.l*! A recent modification on this process, known as Linear-After-The-Exponential-PCR (LATE-PCR), uses a
limiting primer with a higher melting temperature (Tm) than the excess primer to maintain reaction efficiency as the limiting primer concentration decreases mid-reaction. 25!

. Dial-out PCR: a highly parallel method for retrieving accurate DNA molecules for gene synthesis. A complex library of DNA molecules is modified with unique flanking tags before massively parallel sequencing. Tag-directed primers then enable the retrieval of molecules with desired
sequences by PCR. (26

. Helicase-dependent amplification: similar to traditional PCR, but uses a constant temperature rather than cycling through denaturation and annealing/extension cycles. DNA helicase, an enzyme that unwinds DNA, is used in place of thermal denaturation.”)
. Hot start PCR: a technique that reduces non-specific amplification during the initial set up stages of the PCR. It may be performed manually by heating the reaction components to the denaturation temperature (e.g., 95° C) before adding the polymerase.2% Specialized enzyme systems have

been developed that inhibit the polymerase's activity at ambient temperature, either by the binding of an antibody!*!I>! or by the presence of covalently bound inhibitors that dissociate only after a high-temperature activation step. Hot-start/cold-finish PCR is achieved with new hybrid
polymerases that are inactive at ambient temperature and are instantly activated at elongation temperature.

. Intersequence-specific PCR (ISSR): a PCR method for DNA fingerprinting that amplifies regions between simple sequence repeats to produce a unique fingerprint of amplified fragment lengths.2%

. Inverse PCR: is commonly used to identify the flanking sequences around genomic inserts. It involves a series of DNA digestions and self ligation, resulting in known sequences at either end of the unknown sequence. !

. Ligation-mediated PCR: uses small DNA linkers ligated to the DNA of interest and multiple primers annealing to the DNA linkers; it has been used for DNA sequencing, genome walking, and DNA footprinting.l3?!

. Methylation-specific PCR (MSP): developed by Stephen Baylin and Jim Herman at the Johns Hopkins School of Medicine,*3/ and is used to detect methylation of CpG islands in genomic DNA. DNA is first treated with sodium bisulfite, which converts unmethylated cytosine bases to uracil,

which is recognized by PCR primers as thymine. Two PCRs are then carried out on the modified DNA, using primer sets identical except at any CpG islands within the primer sequences. At these points, one primer set recognizes DNA with cytosines to amplify methylated DNA, and one set
recognizes DNA with uracil or thymine to amplify unmethylated DNA. MSP using gPCR can also be performed to obtain quantitative rather than qualitative information about methylation.

. Miniprimer PCR: uses a thermostable polymerase (S-Tbr) that can extend from short primers ("smalligos") as short as 9 or 10 nucleotides. This method permits PCR targeting to smaller primer binding regions, and is used to amplify conserved DNA sequences, such as the 16S (or eukaryotic
18S) rRNA gene.34

. Multiplex Ligation-dependent Probe Amplification (MLPA): permits multiple targets to be amplified with only a single primer pair, thus avoiding the resolution limitations of multiplex PCR (see below).
. Multiplex-PCR: consists of multiple primer sets within a single PCR mixture to produce amplicons of varying sizes that are specific to different DNA sequences. By targeting multiple genes at once, additional information may be gained from a single test-run that otherwise would require

several times the reagents and more time to perform. Annealing temperatures for each of the primer sets must be optimized to work correctly within a single reaction, and amplicon sizes. That is, their base pair length should be different enough to form distinct bands when visualized by gel
electrophoresis.

. Nested PCR: increases the specificity of DNA amplification, by reducing background due to non-specific amplification of DNA. Two sets of primers are used in two successive PCRs. In the first reaction, one pair of primers is used to generate DNA products, which besides the intended
target, may still consist of non-specifically amplified DNA fragments. The product(s) are then used in a second PCR with a set of primers whose binding sites are completely or partially different from and located 3' of each of the primers used in the first reaction. Nested PCR is often more
successful in specifically amplifying long DNA fragments than conventional PCR, but it requires more detailed knowledge of the target sequences.

. Overlap-extension PCR or Splicing by overlap extension (SOEing) : a genetic engineering technique that is used to splice together two or more DNA fragments that contain complementary sequences. It is used to join DNA pieces containing genes, regulatory sequences, or mutations; the
technique enables creation of specific and long DNA constructs. It can also introduce deletions, insertions or point mutations into a DNA sequence. 25! (6]

. Quantitative PCR (qPCR): used to measure the quantity of a target sequence (commonly in real-time). It quantitatively measures starting amounts of DNA, cDNA, or RNA. gPCR is commonly used to determine whether a DNA sequence is present in a sample and the number of its copies in
the sample. Quantitative real-time PCR has a very high degree of precision. QRT-PCR (or QF-PCR) methods use fluorescent dyes, such as Sybr Green, EvaGreen or fluorophore-containing DNA probes, such as TagMan, to measure the amount of amplified product in real time. It is also
sometimes abbreviated to RT-PCR (Real Time PCR) or RQ-PCR. QRT-PCR or RTQ-PCR are more appropriate contractions, since RT-PCR commonly refers to reverse transcription PCR (see below), often used in conjunction with gPCR.

. Digital PCR (dPCR): used to measure the quantity of a target DNA sequence in a DNA sample. The DNA sample is highly diluted so that after running many PCR reactions in parallel, some of them will not receive a single molecule of the target DNA. The target DNA concentration is
calculated using the proportion of negative outcomes. Hence the name 'digital PCR'.

. Reverse Transcription PCR (RT-PCR): for amplifying DNA from RNA. Reverse transcriptase reverse transcribes RNA into cDNA, which is then amplified by PCR. RT-PCR is widely used in expression profiling, to determine the expression of a gene or to identify the sequence of an RNA
transcript, including transcription start and termination sites. If the genomic DNA sequence of a gene is known, RT-PCR can be used to map the location of exons and introns in the gene. The 5' end of a gene (corresponding to the transcription start site) is typically identified by RACE-PCR
(Rapid Amplification of cDNA Ends).

. Solid Phase PCR: encompasses multiple meanings, including Polony Amplification (where PCR colonies are derived in a gel matrix, for example), Bridge PCRE7! (primers are covalently linked to a solid-support surface), conventional Solid Phase PCR (where Asymmetric PCR is applied in
the presence of solid support bearing primer with sequence matching one of the aqueous primers) and Enhanced Solid Phase PCRE2#! (where conventional Solid Phase PCR can be improved by employing high Tm and nested solid support primer with optional application of a thermal 'step'
to favour solid support priming).

. Thermal asymmetric interlaced PCR (TAIL-PCR): for isolation of an unknown sequence flanking a known sequence. Within the known sequence, TAIL-PCR uses a nested pair of primers with differing annealing temperatures; a degenerate primer is used to amplify in the other direction from
the unknown sequence.*%!

. Touchdown PCR (Step-down PCRY): a variant of PCR that aims to reduce nonspecific background by gradually lowering the annealing temperature as PCR cycling progresses. The annealing temperature at the initial cycles is usually a few degrees (3-5° C) above the T, of the primers used,
while at the later cycles, itis a few degrees (3-5° C) below the primer T,,. The higher temperatures give greater specificity for primer binding, and the lower temperatures permit more efficient amplification from the specific products formed during the initial cycles.0!

. PAN-AC: uses isothermal conditions for amplification, and may be used in living cells.[#11142]
. Universal Fast Walking: for genome walking and genetic fingerprinting using a more specific 'two-sided' PCR than conventional 'one-sided' approaches (using only one gene-specific primer and one general primer — which can lead to artefactual 'noise')*?! by virtue of a mechanism involving

lariat structure formation. Streamlined derivatives of UFW are LaNe RAGE (lariat-dependent nested PCR for rapid amplification of genomic DNA ends),/“*! 5’RACE LaNe“* and 3'RACE LaNe.[“?]

. In silico PCR (digital PCR, virtual PCR, electronic PCR, e-PCR) refers to computational tools used to calculate theoretical polymerase chain reaction results using a given set of primers (probes) to amplify DNA sequences from a sequenced genome or transcriptome. 2 O
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Summary

* No Commercialisation

* No Impact
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