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Training Agenda 
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• GeneXpert Technology 
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Real Time PCR 
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Polymerase Chain Reaction (PCR) 

Presenter
Presentation Notes
PCR is a technique for amplifying DNA. DNA analysis requires amplification in order for there to be enough DNA to create a detectable signal. At the top of the slide, you see the ingredients necessary to perform PCR, otherwise known as the master mix.  These include liquid reagents such as buffers, MgCl2, and nucleotides.  A thermostable polymerase enzyme drives the reaction. For most assays, the reagents required to perform PCR are included in the Cepheid cartridge. These are combined with target DNA in a part of the cartridge called the reaction tube, which can be heated and cooled and monitored for fluorescence. 

You can choose which gene you wish the polymerase to amplify in a mixed DNA sample by adding small pieces of DNA complementary to your gene of interest. These small pieces of DNA are known as primers because they prime the DNA sample to be ready for the polymerase to bind and begin copying the sequence.

During PCR, changes in temperature are used to control the activity of the polymerase and the binding of the primers. 

PCR is a three-step process repeated for many cycles.

What you are seeing on this slide is a depiction of one “cycle” of PCR. 

The first step is called denaturation. In the denaturation process, the sample is heated to 95 degrees Celsius so that the DNA helix unfurls and separates into two single strands.

The second step is called annealing. During the annealing process, the sample is cooled so that the primers will bind with their matching sequence on the target organism if present. The primer also serves as a starting point for the enzyme.

The third step is extension. During extension, the enzyme will move along the template DNA strand placing free nucleotides as it synthesizes an entirely new strand of DNA. 

The temperatures used in this one cycle in this slide is an example involving 3 steps, but another common alternative for faster cycling is to perform the annealing and extension steps together, at the same temperature.
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Presenter
Presentation Notes
This slide shows how, by use of repeated cycles of PCR, one strand of target DNA can be copied exponentially. Only 3 cycles are shown, but because this is an exponential process, by the time 40 cycles have occurred, there will potentially be more than a billion copies. 






6 © Cepheid  

Real-Time PCR Principles 

• Continuous monitoring of fluorescent signal from 
polymerase chain reaction throughout the amplification 
cycles  
‒ Target is amplified in the presence of the reporter 
‒ Instrument excites and detects the reporter and collects fluorescent data 

• Fluorescent signal increases in proportion to the amplified 
product 

• Measurement begins when fluorescence rises to a 
detectable level over background 

• The number of cycles needed to reach a significant level 
over background (threshold level) is called the Ct, or 
cycles to reach threshold 

 

Presenter
Presentation Notes
With Real-Time PCR, we are able to monitor the amount of DNA copies, or amplicons produced, in continuously.

We are able to accomplish this without opening the tube by the presence of a fluorescent probe. 

Each probe is labeled with a fluorescent reporter and a fluorescence quencher. Each probe is composed of a DNA sequence corresponding to DNA sequence between the two PCR primers. In later slides, we will see how such probe designs generate fluorescent signal in the presence of target amplicon. 

In Real-Time PCR, we monitor the output of our PCR cycles via fluorescent readings continuously and plot them on a graph in the form of an amplification curve. Since number of gene copies increases during the amplification, so does the fluorescence. 
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Amplification Curve & Ct 
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Presenter
Presentation Notes
The increase in fluorescence is proportional to the amount of amplicon produced. The cycle at which the fluorescence becomes detectable after appreciable copies of the DNA are made is the Ct. In this example, the horizontal line corresponding to a fluorescence level of 30 is the threshold and the Ct value is 29.1.  Therefore it took 29.1 cycles to amplify the target of interest above background.  If the organism’s DNA is not detected by the real-time PCR reaction, the amplification curve will be flat.

When Real-Time PCR is used to quantify a target sequence, it is called quantitative PCR or qPCR. The higher the copy number of the target sequence, in the specimen, the lower the Ct value will be.

This is a logarithmic relationship; for every 10-fold reduction in target level it will take about 3.3 more cycles to reach the Ct. Since Ct’s can be from a few cycles to more than 40 cycles, this represents up to a nine-log dynamic range available for detecting a few or multiple copies of target sequence. 

PCR amplification cannot proceed exponentially forever. At a high enough concentration of amplicon, several events occur that serve to block further DNA replication. These include high concentration of DNA amplicons, blocking primers from finding their target sequence, depletion of enough DNA polymerase, and depletion of DNA primers. This is seen in the amplification curve above as the “plateau” region. 
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Taqman® Probe Assay 

B. 5’ exonuclease degradation of probe separates reporter from quencher 
From Cycle to cycle, signal increase with the amount of amplicon 

A. Reporter is quenched when not bound to target sequence 
 

Presenter
Presentation Notes
A Taqman probe is an example of a fluorescent probe used in Real-Time PCR. Taqman activity refers to both the source of the DNA polymerase (“Taq” is short for the bacterium Thermus aquaticus) and to the fact that this DNA polymerase, besides having the ability to copy DNA “behind” it as it moves along the DNA template, can also “erase” DNA ahead of it using what’s called a 5’ exonuclease activity. “5’” refers to the direction in which this proceeds. In cells, these two activities, polymerase and exonuclease, are used to repair damaged DNA sequences. In Real-Time PCR, these activities can be exploited to generate a fluorescent signal.

In the slide, we see how this happens. As described before, the probe is a DNA sequence containing both a fluorescent reporter and a fluorescence quencher, that can recognize and bind it’s complementary sequence within an amplified DNA sequence (amplicon). If unbound, the fluorescent reporter and quencher are very close to one another and light from the reporter is “quenched”. If bound, as it will be if the correct target sequence is amplified, the 5’ exonuclease activity degrades the probe, separating the reporter and quencher in space and such that light from the reporter can be detected. 

Note that fluorescent reporters can be of different colors. On the GeneXpert we can use up to 6 different colors and distinguish among them. This allows us to amplify and quantify up to six different DNA sequence targets at once. This is called “multiplex” Real-Time PCR. 
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Molecular Beacon Probe 

A. Molecular Beacon forms stem loop      
structure 

C. Temperature increases which 
causes Molecular Beacon to 
dissociate 

B. Molecular Beacon hybridizes to a 
target, the fluorescent reporter and 
quencher are separated and the 
fluorescent dye is detectable 

Presenter
Presentation Notes
In our MTB assay, we use Molecular Beacons. Molecular Beacons have a stem loop structure based on self-complementary DNA sequences that bring the reporter and quencher into closer proximity than in Taqman probes.  The close proximity of the reporter and quencher results in very efficient quenching of the fluorescence of the reporter. 

When Molecular Beacons hybridize to their specific target sequence, the hairpin-loop structure opens and the reporter and quencher are separated. As with a Taqman probe, this separation allows an increase in fluorescence to be detected. 

Although the fluorescence detected is less than that of using a Taqman probe, Molecular Beacons have other useful properties, such as increased discrimination among target sequences differing by as little as a single base. 

Unlike Taqman probes, Molecular Beacons are designed to avoid being degraded by the 5’ exonuclease activity of Taq polymerase. 
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Scorpion 

http://www.premierbiosoft.com/tech_notes/Scorpion.html 
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Presenter
Presentation Notes
Scorpion primers are used in our FII/FV assay. The use of a scorpion primer combines the primer and probe into a single structure. The primer binds to the target DNA and upon amplification, the probe rearranges itself, bending over onto the target sequence (like a scorpion) to separate the fluorescent reporter from the quencher to allow detectable fluorescence. 






11 © Cepheid  

Reverse Transcription Real-Time PCR 

Presenter
Presentation Notes
Reverse Transcription is another form of PCR that is used when working with RNA targets. 

This technology is used in our Enterovirus and the Flu/RSV assays. 

During the reverse transcription portion of the process, RNA is converted to cDNA, or complementary DNA. 

Once the RNA has been converted to cDNA, we can perform the PCR process that was previously discussed and plot those points of the graph in the same way that we would for a DNA-based organism. 
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Nested Real-Time PCR 
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Presenter
Presentation Notes
Nested PCR is used to increase the sensitivity and specificity of DNA amplification.
When performing nested PCR, two sets of primers are used in two successive PCR reactions. 
In the first reaction, one pair of “outer” primers is used to generate DNA amplification products.  
The amplification products from the first reaction are then used as the template within the second PCR reaction and re-amplified using an “inner” set of “nested” primers, which bind to the amplicons generated in the first round of PCR. 
Nested polymerase chain reaction (PCR) is utilized in our Xpert MTB/RIF assay. 
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Cepheid Technology 
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GeneXpert Module 

Presenter
Presentation Notes
In order to understand how the instrument works, we must first understand the structure of the module and the functionality of it’s components. 
The front section of the GeneXpert module is responsible for sample processing.
The syringe motor on the top of the module operates the plunger rods. Plunger rods are metal rods that are lowered into the center of each cartridge to control the fluidics. The rod attaches to a rubber stopper inside the cartridge to create a mechanism to pull and push fluids throughout the cartridge.
The valve drive motor controls the valve, which is a small, circular, silver piece that can be seen in the floor of each cartridge bay. When the valve drive motor turns, it also turns the valve body within the cartridge. The function of this turning motion is to open and close chambers within the cartridge, and control where fluids are being aspirated and dispensed.  
The I-CORE (which stands for Intelligent Cooling/Heating REaction Module), is perhaps the most essential and complex portion of the module. It is where the PCR process takes place. The I-CORE is located within the slit in the back wall of each cartridge bay. 
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PROCESSING CHAMBERS 

REACTION TUBE 

VALVE BODY 

GeneXpert Cartridge 

Presenter
Presentation Notes
The disposable, single-use GeneXpert cartridge holds the samples and reagents that are
to be processed in the GeneXpert Dx system. Each cartridge consists of the following
components (see Figure 3-2):
• Processing Chambers – Hold the samples, reagents, processed sample, and waste
solutions. One chamber is designated as an air chamber to equilibrate pressures
within the cartridge.
• Valve Body – Rotates and allows fluid to move to different cartridge chambers and to
the reaction tube. Within the valve body, the specimen is isolated, PCR inhibitors are
removed, and specimens are ultrasonically lysed (if applicable). After the sample is
processed, it is mixed with PCR reagents and moved into the integrated reaction
tube.
• Reaction Tube – Enables rapid thermal cycling and optical excitation and detection of
the tube contents. The reaction tube is automatically inserted into the I-CORE
module when the cartridge is loaded into the instrument.
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Cepheid Reagent Technology 

• Enzyme Bead 
‒ Taq Polymerase 
‒ General PCR Components 

• TSR beads  
‒ Primers and probes for specific 

target sequences 

• Internal Control 
‒ Cepheid Internal Control (CIC) 
‒ Sample Adequacy Control 
‒ Sample Processing Control 
 

 

Presenter
Presentation Notes
Smart beads are incorporated in all Cepheid products.  
They utilize proprietary dried reagent technology for ambient temperature stability
The Enzyme Bead and the Target Specific Reagent beads contain primers and probes specific to the organism/target sequence we want to detect. 
Each cartridge has an internal control.
The internal controls monitor adequate extraction and processing of the target sequences, the presence of inhibitors, reagent rehydration, PCR tube filling in the cartridge, probe integrity, and dye stability.
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I-CORE Module 
Intelligent Cooling/Heating Optical Reaction Module 

Presenter
Presentation Notes
The I-CORE (Intelligent Cooling/Heating Optical Reaction) module is the hardware component within each instrument module that performs PCR amplification and fluorescence detection. As part of the cartridge load process, the reactor tube is inserted into the I-CORE module.
The sample and reagent mixture are pushed from the cartridge into the reaction tube. During the amplification process, the I-CORE heater heats up and the fan cools down the reaction tube contents.
 The optical blocks excite the dye molecules and detect the fluorescence emitted.
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GeneXpert 6 Channels 

Channel Excitation Range Emission Range Dyes  

1 375-405 nm 420-480 nm Dye 1 

2 450-495 nm 510-535 nm Dye 2 

3 500-550 nm 565-590 nm Dye 3 

4 555-590 nm 606-650 nm Dye 4 

5 630-650 nm  665-685 nm  Dye 5 

6 630-650 nm  >700 nm Dye 6 

Presenter
Presentation Notes
This slide depicts the fluorescent dyes contained within a 6 color module and the corresponding wavelengths associated with them. 
Some Xpert Test use two channels, some use all 6 channels. 
The number of channels used is based on the number of organisms or targets we wish to detect. 
For example: Xpert MRSA uses 2 channels to detect one target and the internal control. Whereas Xpert MTB uses all 6 channels as there are 5 targets and the internal control. 
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GeneXpert Cartridge Video 
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Waste Disposal 

 

 

• Biological specimens, specimen collection devices, and used cartridges 
should be considered capable of transmitting infectious agents and 
require use of standard precautions. 

 
• Follow your institution’s environmental waste procedures for proper 

disposal of used cartridges and unused reagents. These materials may 
exhibit characteristics of chemical hazardous waste requiring specific 
national or regional disposal procedures.  

 
• If national or regional regulations do not provide clear direction on 

proper disposal, biological specimens and used cartridges should be 
disposed per WHO [World Health Organization] medical waste handling 
and disposal guidelines. 
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Visit us at www.cepheid.com 

Thank You. 
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