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Abstract
Quantitative real-time PCR (QPCR) has emerged as an accurate and valuable tool in profiling gene expression levels. One of its many advantages
is a lower detection limit compared to other methods of gene expression profiling while using smaller amounts of input for each assay. Automated
qPCR setup has improved this field by allowing for greater reproducibility. Its convenient and rapid setup allows for high-throughput experiments,
enabling the profiling of many different genes simultaneously in each experiment. This method along with internal plate controls also reduces
experimental variables common to other techniques. We recently developed a qPCR assay for profiling of pre-microRNAs (pre-miRNAs) using a set
of 186 primer pairs. MicroRNAs have emerged as a novel class of small, non-coding RNAs with the ability to regulate many mRNA targets at the
post-transcriptional level. These small RNAs are first transcribed by RNA polymerase II as a primary miRNA (pri-miRNA) transcript, which is then
cleaved into the precursor miRNA (pre-miRNA). Pre-miRNAs are exported to the cytoplasm where Dicer cleaves the hairpin loop to yield mature
miRNAs. Increases in miRNA levels can be observed at both the precursor and mature miRNA levels and profiling of both of these forms can be
useful. There are several commercially available assays for mature miRNAs; however, their high cost may deter researchers from this profiling
technique. Here, we discuss a cost-effective, reliable, SYBR-based qPCR method of profiling pre-miRNAs. Changes in pre-miRNA levels often
reflect mature miRNA changes and can be a useful indicator of mature miRNA expression. However, simultaneous profiling of both pre-miRNAs
and mature miRNAs may be optimal as they can contribute nonredundant information and provide insight into microRNA processing. Furthermore,
the technique described here can be expanded to encompass the profiling of other library sets for specific pathways or pathogens.

Protocol
The qPCR pre-miRNA profiling arrays can be set up as fully automated with a Tecan Freedom Evo robot (A) or by hand with the Matrix electronic
multichannel pipette (B).

1)Prepare the master mix, primer plates and samples.

A. Setup of pre-miRNA assay using the Freedom Tecan Evo robot.
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1. Primer plates containing 186 primer pairs in 96-well format (total of 2 plates) at 0.5pM should be stored at -80°C. Thaw plates out at room
temperature, vortex and centrifuge briefly before use.

2. To prepare the master mix, thaw out SYBR Green 2x PCR Mix at room temperature. Each reaction uses 8ul master mix with 2ul primer. The
composition of the master mix per reaction is 4ul SYBR mix, 3ul PCR grade water and 10-20 ng sample DNA or cDNA.

3. For setup of each 96-well primer plate, four master mix tubes will be needed. Samples can be run 4 samples per plate (singlicate), 2 samples
per plate (duplicate) or a single sample in quadruplicate.

4. Prepare master mix by combining SYBR, water and sample in each of 4-2ml Eppendorf tubes. Each tube should contain enough master mix
for approximately 100 reactions, allowing excess for pipetting waste. Vortex to mix.

1. Following initialization of the robot and loading of the Evoware program, flush three times with 30mls each to clear system of air bubbles that
will interfere with pipetting accuracy.

2. Setup the robot platform to include the following:
• Labeled 384-well plate
• 96-well primer plate (1)
• Master mixes
• A trough containing 2% bleach
• A filled system fluid container
• Empty waste container

3. Begin automated robot run by selecting "Run" twice.
4. At end of program, remove 384-well plate and seal with LightCycler 480 sealing foil and centrifuge briefly. Place sealed 384-well plate in

position 1 of the hotel.
5. Go to step 2.2 and repeat for primer plate 2 with new master mixes and a new 384-well plate.

1. Place sealed plate in position 2 of the hotel.

6. Open new Evoware program for Loading the Lightcycler from the hotel and select "Run" twice.
1. Freedom Evo will automatically load each plate into the LightCycler and run the following SYBR-green I/HRM cycling program:

Pre (1 cycle):
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B.Setup of pre-miRNA assay using the Matrix electronic multichannel pipette:

Secrets to success:

An important characteristic when designing PCR arrays is that all 186 primer pairs have the same annealing temperature, so the plate can be run
at the same optimal PCR run program settings.

Each new array should be checked using three controls prior to running samples. These controls are:
1 run of all primers run with water or .1x TE to rule out primer contamination.
1 run of alternating water/TE and positive control, to ensure no carryover.
3 runs using the same positive control, to ensure reproducibility between runs.
Master mixes should be freshly prepared, and plates should be run within 24 hrs for optimal results
Primer plate foil should be removed slowly to reduce risk of contamination between wells.
When using a robot with fixed tips, 2% bleach wash is necessary to wash the tips between each pipetting step, followed by a water flush. This
prevents and eliminates carryover, which could otherwise contaminate data and lead to inconclusive results.
After a plate is run through the Lightcycler, it should not be opened again in the PCR setup room. This helps prevent PCR contamination.

Representative Results:

qPCR results are typically represented by CT values as determined from the Lightcycler analysis software. A successful run usually consists of a
range of CTs for samples, typically between 20-35 for samples that are positive. The water samples in a good run are always at a CT of >40 and
any samples or specific wells with a CT over 37 are considered negative or not detected. As a general rule, samples yielding a CT of <10 are also
unreliable and are excluded from further analysis. There are several ways to analyze qPCR data and the inclusion of internal controls in our
assay helps control for variation of sample input. The pre-miR array includes a U6 control primer, which is often used as a reference gene to
normalize CT values from different samples. This normalized value is referred to as the delta CT value (dCT). Results are often graphed as the
raw CT, the dCT value or can be further analyzed to standardized values.

In Figure 1, analysis of the full pre-microRNA array of four different samples from a timecourse experiment is presented in heat map format. The
relative expression of each pre-microRNA is shown and three major, distinct clusters emerged. The majority of pre-miRs analyzed underwent
small, insignificant changes as expected (Figure 1A). However, a small portion of pre-microRNAs were significantly decreased (Figure 1B) or
increased dramatically (Figure 1C) throughout the timecourse experiment. Levels of expression of each pre-microRNA were normalized to the 0h
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50° for 5 minutes at ramp rate of 4.8°/sec
95° for 5 minutes at ramp rate of 4.8°/sec
Amp (45 cycles):
95° for 15 sec at ramp rate of 4.8°/sec
62° for 30 sec at ramp rate of 2.5°/sec
(Single data acquisition during this step)
Melting curve:
95° for 5 sec at ramp rate of 4.8°/sec
60° for 1 minute at ramp rate of 2.5°/sec
95° continuous at ramp rate of .11°/sec
with 5 acquisitions per °C
Cool :
50° for 30 sec at ramp rate of 25°/sec

1. Place contents of master mix tube 1 into a reservoir.
2. Set the electronic pipette to aspirate 16ul of master mix with 2-8ul dispense steps followed by a purge step.
3. For master mix 1, dispense 8ul into every other well of the 384-well plate (set on 384-well tip spacing), beginning with well A1. (i.e. wells A1,

C1, E1, etc.) For the second 8ul dispense, move to column 3 (i.e. wells A3, C3, E3, etc.) then purge over a waste container and dispose tips.
4. Follow this pattern for the remaining 5 cycles until you reach well A23.
5. Repeat for master mix 2, (beginning with well A2, C2, E2, etc.); master mix 3 (beginning at well B1, D1, F1, etc.); master mix 4 (beginning at

B2, D2, F2, etc.).
6. For aliquotting of primer plate, set electronic pipette to aspirate 2ul and dispense 2ul with a purge step following. Dispense 2ul of primers from

column 1 of 96-well primer plate (A-H) into the 384-well plate, wells A1, C1, E1, etc. Purge over a waste container and dispose tips. Repeat
for wells A2, C2, E2; B1, D1 ,F1; and B2, D2, F2, etc.

7. Repeat for rows 2-12 of 96-well primers, moving over every 2 columns for each primer column, until full 384-well plate has been aliquotted.
8. Seal plates with a LightCycler sealing foil and centrifuge briefly.
9. Place plates into a LightCycler 480 and cycle the plates according to the following settings using the SYBR Green I/HRM detection format:

Pre (1 cycle):
50° for 5 minutes at ramp rate of 4.8°/sec
95° for 5 minutes at ramp rate of 4.8°/sec
Amp (45 cycles):
95° for 15 sec at ramp rate of 4.8°/sec
62° for 30 sec at ramp rate of 2.5°/sec
(Single data acquisition during this step)
Melting curve:
95° for 5 sec at ramp rate of 4.8°/sec
60° for 1 minute at ramp rate of 2.5°/sec
95° continuous at ramp rate of .11°/sec
with 5 acquisitions per °C
Cool :
50° for 30 sec at ramp rate of 25°/sec

10. Repeat using primer plate 2, aliquotting into a fresh 384-well plate using freshly prepared master mixes.
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timepoint (sample 1) as a baseline level. In some instances, you may note that some of the clustered pre-microRNAs also cluster together in the
heatmap analysis (ex: let-7a, Figure 1B). Depending on the experiment, clusters may emerge that are dependent on viral infection, cell type
specific expression of pre-microRNAs or pre-miRs that are regulated by a common molecule or signaling pathway.

The pre-microRNA assay that we have developed also includes a number of known viral pre-microRNAs and genes encoded by Kaposi's
Sarcoma Associated Herpesvirus (KSHV) and Epstein Barr Virus (EBV) in addition to the human pre-miRs. These can be used as positive or
negative controls, depending on the cell line and viral status of the samples used. In Figure 2, the average CTs from a KSHV-negative sample run
in quadruplicate are shown. Importantly, KSHV LANA was not detected in this sample by the highly sensitive qPCR array. However, U6--our
internal control and let-7a--a highly expressed human pre-microRNA, were expressed at detectable levels. Finally, as expected, the negative
control of PCR-grade water did not yield a qPCR product.

Another indicator of a successful qPCR run is a good melting curve analysis, which can give insight into potential contamination in samples. To
establish a melting temperature, the plate is heated slowly after the PCR is complete. As the DNA strands separate, SYBR green is released, and
fluorescence signal decreases. The temperature at which this drop occurs is graphed, and is known as the melting temperature of the sample.
Depending on the DNA sequence, samples melt at different temperatures from each other and from the water negative control, which should not
have a melting temperature since no DNA is present. The PCR products from each primer pair should melt at similar temperatures. For example,
Figure 3 shows a melting curve analysis for two different primers using the same sample in duplicate. It is clear that the melting temperature is
different for the two primer pairs but the sample is melting at the exact same temperature for each replicate. Signs of a bad or potentially
contaminated sample may include several melting peaks, suggesting the presence of two different sources of input.

Figure 1. Pre-microRNA signatures emerge through profiling using a novel qPCR-based array. The average deltaCTU6 was calculated and
standardized values were loaded into ArrayMinerTM software, yielding 3 distinct clusters displayed as heatmaps. (A) Pre-microRNAs with small
changes in expression are shown. Pre-microRNAs whose levels were significantly decreased (B) or increased (C) are also shown. Blue
corresponds to lower levels of expression while red represents increased expression levels.
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Figure 2. Inclusion of internal controls in the qPCR-based pre-microRNA array. The raw CT values for 3 different genes and a no template control
are shown. U6 is used as an internal positive control while PCR H2O serves as our negative control. Let-7a-1-1 is a microRNA normally
expressed in many different cell types while KSHV LANA can be used as either a positive or negative control, based on viral status of the cell line
or tissue used.

Figure 3. Melting peak analysis of pre-microRNA primers and lack of sample contamination. Melting curves were obtained using the Tm calling
analysis in the LightCycler software. Two different primers (Primer A and B) for the same sample run in duplicate are shown. The melting
temperature for each primer is distinct. However, the sample has only one peak, demonstrating the lack of sample contamination.
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Discussion
QPCR is a highly sensitive assay that can be used to compare gene expression levels between samples in a study, as well as to determine
positivity in the case of viruses. The benefit of using qPCR arrays is the ability to run many primers (in our case, 186 primer pairs) for each
sample in a short period of time. Using a pipetting robot such as the Tecan Freedom Evo, the amount of time required to set an experiment up
can be further reduced, and the accuracy and consistency of the robot can reduce and eliminate pipetting errors. Here we demonstrate how to
use a Tecan Freedom Evo to set up a microRNA array, as well as an alternative method using a Matrix Electronic Multichannel Pipette, which can
be implemented for labs who do not have access to a pipetting robot. qPCR arrays are also beneficial because all genes can be normalized to a
single set of reference genes run on the same plate, reducing the cost and number of reactions.

As mentioned, there are several key features that are necessary when designing such an array. Since all samples on the PCR plate will be run at
identical conditions, it is critical to design primers that function at the same temperatures and settings, or some primer pairs will fail. When
designing primers, the sequences should always be checked by BLAST search to ensure that there is homology to your gene of interest and no
other genes.
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When running the array, it is critical that the environment is sterile and free of PCR contaminants that may result in false positives. If possible,
PCR should be set up in a sterile work hood or a separate clean room, where PCR products are never used. Benches should be washed with
Eliminase, water, and ethanol, and subjected to UV light for at least an hour after the run is complete.

The benefit of this technique is that this same strategy is applicable for any set of genes to be profiled by simply replacing the miRNA array with
an array containing a different primer pair set. Our lab currently contains arrays for pre- miRNAs, KSHV, EBV, p53, and NFkB - all of which can be
run in an identical method to those shown. The flexibility of this assay allows our lab to perform high-throughput gene profiling rapidly and reliably
for any primer pairs that we wish to screen for.

Here, we described the array using cDNA from human cell lines to profile miRNA expression levels upon activation over a period of time. In
addition to characterizing cell lines, the array can also be used to analyze clinical samples. Following RNA isolation, cDNA synthesis can be
performed, and the cDNA can be run using this array to characterize gene expression. This can be useful in determining viral positivity, or gene
expression profiles to further characterize which genes are upregulated in samples from infected patients. In summary, automated qPCR-based
arrays are reproducible and reliable assays that allow for highly sensitive detection of a wide variety of genes from tissues and cell lines in a
timely fashion.
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