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Project Kit:
Reverse Transcription Reagents:
  4000 ng Stratagene hReference RNA Template
  125 pmole Random hexamers
  125 pmole Oligo dT
  125 pmole hGUS R primer for RT: 5’CGAGTGAAGATCCCCTT3’

   125 pmole hTBP R primer for RT:5’TGGACTGTTCTTCACTCTTGGC3’

PCR Reagents:
  1000 pmole hGUS F primer: 5’CTCATTTGGAATTTTGCC3’

    1000 pmole hGUS R primer: 5’CGAGTGAAGATCCCCTT3’
    200 pmole hGUS Probe: 5’FAM-TGAACAGTCACCGACGAGAGTGCTGG-

3’BHQ1
    1000 pmole hTBP F primer: 5’TTCGGAGAGTTCTGGGATTGTA3’
    1000 pmole hTBP R primer: 5’TGGACTGTTCTTCACTCTTGGC3’
    200 pmole hTBP Probe: 5’FAM- CCGTGGTTCGTGGCTCTCTTATCCTCAT-

3’BHQ1
 Clin. Chem. 2002 Aug;48(8):1329-37; J Thorac Cardiovasc Surg. 2002 
Mar;123(3):484-91; BBRC. 313 (2004) 856-862.

Participants were given directions on how  to perform the RT and they were
asked to run PCR reactions using the chemistry and machine(s) in their
laboratory.

Information concerning the chemistry, platform, assay conditions, etc., was
submitted using a web-based survey form; jpg files of amplification plots
were sent with the final exported numerical data via e-mail.

Primer/Probe Synthesis- The probes were synthesized in the DNA Chemistry Laboratory at the
Centers for Disease Control. The probe was synthesized on an Applied Biosystems (Foster City, CA)
3400 DNA synthesizer using standard phosphoramidite chemistry, starting with a BHQ-1 CPG. 0.2
mmole (Biosearch Technologies, Novato, CA.)  and labeled at the 5’ end with 6-carboxy-fluorescein
(FAM) (Glen Research, Sterling, Virginia). Primers were synthesized on an MerMade12 DNA
synthesizer (Bioautomation, Plano TX) using standard phosphoramidite chemistry and 0.05 umole
columns from Biosearch Tech( Novato CA). The probe was purified to greater than 90% purity by
reverse-phase HPLC.
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The Nucleic Acids Research Group (NARG) study for 2005-2006 invited
scientists to participate in a study designed to gain crucial information
about the variability of the reverse transcription (RT) step of the
quantitative (q)PCR assay and about the comparability of qPCR results
obtained using different cDNA priming strategies.  The study was
designed with two primary goals: 1) to provide members of the real-
time community with an opportunity to appraise their technique and 2)
to contrast different cDNA priming strategies utilizing the participants'
assay reagents and instruments. Two differently-expressed genes were
chosen, human b-glucuronidase (βGUS) and human TATA-Binding
Protein (TBP). A RNA template, primers and probes were provided by
the NARG and participants were asked to test five reverse transcription
priming strategies for preparing cDNA: no primer, random hexamers,
oligo-dT, assay-specific primer and random hexamers:oligo-dT (1:1).
The participants then performed real-time PCR using the cDNA
templates generated by the different priming strategies, using either
Taqman® or SYBR Green I reagents and real-time instrumentation
commonly used in their laboratory.  Results were submitted to the
NARG for analysis and will provide feedback as to individual's
technique as well as information to the general community on how
priming strategies affect the final PCR data.
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Each Laboratory-

Perform reverse transcription (RT) on the provided

reference RNA template using 5 priming strategies

Amplify cDNA prepared with each priming strategy using

the NARG experimental protocol and supplied assay

materials

Complete a web-based survey on assay reagents,

instruments and laboratory methodology

Send the raw data and jpg files of amplification plots to

the NARG committee

Abstract

Study Goals
To compare 5 different RNA priming strategies using two
genes expressed at differing levels

To provide evaluation/education for study participants

Human GUS (β-Glucuronidase) and TBP (TATAA Binding

Protein) were selected as genes with different transcript
levels

GUS: Medium-abundance transcript

TBP: Low-abundance transcript

Selected Genes

What was the effect of
different priming strategies

on quantification?

Examine the differences among the priming
strategies

Express the differences as the _Ct between
an individual strategy, i, and no primer (NP)

 _Ct(i)= Ct (NP) - Ct(i)

Use the  calculated _Ct values to rank each priming
reagent from each laboratory’s data set

Assign a value of 1 to the strategy with the lowest Ct.

Assign a value of 4 to the strategy with the highest
Ct

Calculate a call percentage of all rankings for each
priming strategy
Call percentage = 100  X # of 1st place (2nd, etc) rankings

                        total # of submissions
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The assay-specific primer is the most-efficient but oligo-dT and
RH+dT are not bad.
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The assay-specific primer is the most-efficient.

Examples of typical amplification plots for GUS and TBP  from two participants showing
data produced with the different priming strategies.
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The graphs below show the differences, for each
submission, between the Ct values for each priming
strategy and the Ct value obtained with no priming.

Random
Hexamers

OligodT Assay-Specific
primer No primer

3 RT Reactions  x 5 primer types

Results

RH+dT

And/Or

RNA

TaqMan® SYBR

Experimental Design

Methods

How were the data analyzed?

Summary

Abstract

Overall, priming with an assay-specific primer resulted
in the lowest Ct .

The assay-specific primer was overwhelmingly the
most effective priming strategy for TBP (88%) but it
was only slightly better than Oligo-dT for GUS(63%).

Oligo-dT was the second best primer for GUS and third
for TBP, RH + dT the second favored for TBP but
third for GUS.

Optimal priming strategy may be target-dependent.

In this study random hexamers appear to be a poor
choice for priming.

Conclusions

What specifications of random primers are required for
better priming?

   e.g.,  length of oligomers, experimental conditions.

What is the “pulse” of the real-time community in terms
of the technologies, chemistries, protocols etc. being
used?

I.e., survey laboratories  to see what they are doing.

Questions for Future Studies

Table 1: Data from Participating Laboratories
ID Gene ASSAY_TYPEINSTRUMENTCT SD CT SD CT STDEV CT SD CT SD SP dT RH+dT RH SP dT RH+dT RH

3080T GUS Taqman ABI 7700 23.38 0.15 19.94 0.22 20.42 0.2 19.54 0.41 27.52 0.11 7.10 7.58 7.98 4.14 3 2 1 4
3080S GUS SYBR Green IABI 7700 20.67 1.06 17.56 0.23 16.63 0.12 18.13 0.23 23.69 0.12 7.06 6.13 5.56 3.02 1 2 3 4

358 GUS Taqman Stratagene MX300024.86 0.25 22.09 0.64 22.11 0.32 22.38 0.28 23.09 1.24 0.98 1.00 0.71 -1.77 2 1 3 4
0358A GUS SYBR Green IStratagene MX300025.33 0.1 20.3 0.4 19.92 0.1 20.3 0.13 27.54 0.5 7.62 7.24 7.24 2.21 1 2 2 4
8174 GUS SYBR Green IABI 7500 23.35 0.39 17.71 0.1 18.21 0.025 17.65 0.036 27.98 0.53 9.77 10.27 10.33 4.63 3 2 1 4
8174 GUS Taqman ABI 7500 27.19 0.14 21.57 0.017 22.37 0.05 21.42 0.09 32.25 0.08 9.88 10.68 10.83 5.06 3 2 1 4
715 GUS SYBR Green IABI 7500 23.24 0.33 20.42 0.04 20.33 0.02 20.46 0.01 23 0.1 2.67 2.58 2.54 -0.24 1 2 3 4
715 GUS Taqman ABI 7500 25.07 0.34 22.9 0.16 22.56 0.11 22.35 0.08 25.13 0.2 2.57 2.23 2.78 0.06 2 3 1 4
1123 GUS Taqman ABI 7500 28.02 0.39 23.83 0.86 22.95 0.13 22.71 0.3 29.48 0.2 6.53 5.65 6.77 1.46 2 3 1 4

1123B GUS Taqman Bio-Rad iCycler27.53 0.21 22.9 0.46 22.4 0.1 22.37 0.06 28.8 0.26 6.40 5.90 6.43 1.27 2 3 1 4
2557a GUS Taqman ABI 7900 25.217 0.13 23 0.13 22.88 0.06 23.04 0.07 30.36 0.14 7.48 7.36 7.32 5.14 1 2 3 4
2557b GUS SYBR Green IABI 7900 23.17 0.1 20.64 0.12 20.13 0.06 20.68 0.067 24.23 0.11 4.10 3.59 3.55 1.06 1 2 3 4
6204 GUS SYBR Green IBio-Rad iCycler21.27 0.72 18.1 0.1 17.7 0 18 0.1 40 0? 22.30 21.90 22.00 18.73 1 3 2 4
8096 GUS Taqman Bio-Rad iCycler26.4 1 23.2 0.3 22.8 0.1 22.9 0.2 28.5 0.2 5.70 5.30 5.60 2.10 1 3 2 4
171 GUS SYBR Green IMJ Research Opticon/MJ Research Chromo420.85 0.66 18.86 0.19 18.89 0.4 19.7 0.15 27.61 0.41 8.72 8.75 7.91 6.76 2 1 3 4
5032 GUS Taqman ABI 7700 23.91 0.6 21.58 0.29 21.56 0.09 20.92 0.16 30.31 0.08 8.75 8.73 9.39 6.40 2 3 1 4
7231 GUS Taqman ABI 7700 20.92 0.23 20.22 0.09 19.52 0.1 20.36 0.07 22.72 0.2 3.20 2.50 2.36 1.80 1 2 3 4
3611 GUS SYBR Green IABI 7500 23.9 0.09 20.75 0.14 20.55 0.13 20.65 0.03 25.39 0.08 4.84 4.64 4.74 1.49 1 3 2 4

9702B GUS Taqman ABI 7700 31.94 0.19 23.09 0.08 21.46 0.26 23.867 0.28 40 0? 18.54 16.91 16.133 8.06 #N/A #N/A #N/A #N/A
171 GUS Taqman MJ Research Opticon/MJ Research Chromo427.36 1.74 26.77 0.03 26.72 0.24 28.09 0.19 27.52 1.08 0.80 0.75 -0.57 0.16 1 2 4 3

9702D GUS SYBR Green IABI 7700 30.61 0.37 22.66 0.21 21.04 0.27 23 0.24 40 0? 18.96 17.34 17.00 9.39 1 2 3 4
877 GUS SYBR Green IMJ Research Opticon/MJ Research Chromo419.86 0.27 18.37 0.39 17.51 0.05 19.59 0.37 25.35 0.61 7.84 6.98 5.76 5.49 1 2 3 4
3456 GUS SYBR Green IABI 7900 26.02 1.21 22.55 0.45 22.52 0.75 22.33 0.22 29.26 0.07 6.74 6.71 6.93 3.24 2 3 1 4
3560 GUS Taqman ABI 7900 29.54 0.12 24.422 0.03 23.96 0.05 24.32 0.16 32.42 0.35 8.46 8.00 8.10 2.88 1 3 2 4
960 GUS Taqman ABI 7900 24.9 0.12 24.1 0.15 23.69 0.03 24.23 0.15 25.17 0.09 1.48 1.07 0.94 0.27 1 2 3 4
3063 GUS SYBR Green IABI 5700 24.44 0.19 20.42 0.49 21.12 0.09 20.35 0.29 33.01 6.05 11.89 12.59 12.66 8.57 3 2 1 4

7645A GUS Taqman Corbett RotorGene21.18 0.02 21.53 0.81 19.73 0.52 21.79 0.16 30.8 0.3 11.07 9.27 9.01 9.62 1 3 4 2
7645B GUS SYBR Green ICorbett RotorGene21.95 0.17 18.48 0.25 17.44 0.52 18.83 0.12 26.72 0.62 9.28 8.24 7.89 4.77 1 2 3 4
1188a GUS Taqman Bio-Rad iCycler23.93 0.23 22.7 0.36 21.83 0.42 22 1.22 26.3 0.44 4.47 3.60 4.30 2.37 1 3 2 4
1188b GUS SYBR Green IBio-Rad iCycler19.2 0.36 18.43 0.55 16.9 0.1 17.6 0.44 22.35 0.64 5.45 3.92 4.75 3.15 1 3 2 4
7952 GUS Taqman ABI 7300 25.39 0.3 21.49 0.21 21.77 0.36 22.29 0.56 24.22 1.85 2.45 2.73 1.93 -1.17 2 1 3 4
2551 GUS Taqman ABI 7900 26.68 0.24 23.00 0.29 22.53 0.22 23.40 0.07 30.13 0.77 7.60 7.14 6.73 3.46 1 2 3 4

3080T TBP Taqman ABI 7700 26.64 0.59 25.96 0.62 24.86 0.5 24.74 0.46 29.29 0.24 4.43 3.33 4.55 2.65 2 3 1 4
3080S TBP SYBR Green IABI 7700 19.49 0.24 20.31 0.09 18.26 0.66 20.26 0.04 22.86 0.20 4.6 2.55 2.6 3.37 1 4 3 2

358 TBP Taqman Stratagene MX300028.67 0.28 27.55 0.6 25.76 0.34 28.13 0.6 26.47 0.25 0.71 -1.08 -1.66 -2.2 1 2 3 4
0358A TBP SYBR Green IStratagene MX300025.87 0.11 24.16 0.15 21.86 0.42 23.85 0.19 28.03 0.28 6.17 3.87 4.18 2.16 1 3 2 4
8174 TBP SYBR Green IABI 7500 25.14 0.21 22.26 0.21 21.38 0.28 22.65 0.38 28.38 0.44 7 6.12 5.73 3.24 1 2 3 4
8174 TBP Taqman ABI 7500 31.44 0.52 28.06 0.1 26.95 0.28 27.6 0.41 35.56 0.81 8.61 7.5 7.96 4.12 1 3 2 4
715 TBP SYBR Green IABI 7500 21.94 0.94 19.79 0.03 19.11 0.09 21.77 1.08 22.47 0.19 3.36 2.68 0.7 0.53 1 2 3 4
715 TBP Taqman ABI 7500 29.74 0.7 28.09 0.17 27.11 0.12 27.42 0.09 30.73 0.51 3.62 2.64 3.31 0.99 1 3 2 4
1123 TBP Taqman ABI 7500 30.6 0.56 29.92 0.73 26.55 0.16 28.29 0.26 34.43 0.32 7.88 4.51 6.14 3.83 1 3 2 4

1123B TBP Taqman Bio-Rad iCycler27.6 0.2 26.93 0.46 23.57 0.21 25.83 0.06 31.4 0.17 7.83 4.47 5.57 3.8 1 3 2 4
2557a TBP Taqman ABI 7900 28.44 0.83 28.71 1.88 26.65 0.4 27.73 0.5 33.5 0.05 6.85 4.79 5.77 5.06 1 4 2 3
2557b TBP SYBR Green IABI 7900 24.2 0.18 23.81 0.017 22.18 0.044 23.48 0.05 25.77 0.13 3.59 1.96 2.29 1.57 1 3 2 4
6204 TBP SYBR Green IBio-Rad iCycler 40 21.07 0.29 19.57 0.41 21.13 0.25 40 0? 20.43 18.93 18.87 0 1 2 3 4
8096 TBP Taqman Bio-Rad iCycler30.8 0.4 29.2 0.4 27.2 0.2 28.3 0.1 33.4 0.3 6.2 4.2 5.1 2.6 1 3 2 4
171 TBP SYBR Green IMJ Research Opticon/MJ Research Chromo421.63 0.48 21.17 0.26 19.69 0.28 21.31 0.11 26.19 0.14 6.5 5.02 4.88 4.56 1 2 3 4
5032 TBP Taqman ABI 7700 30.17 0.34 30.43 0.05 29.66 0.23 27.77 0.23 34.76 0.65 5.1 4.33 6.99 4.59 2 4 1 3
7231 TBP Taqman ABI 7700 25.42 0.16 25.7 0.3 29.39 4.07 24.92 0.43 26.73 0.25 -2.66 1.03 1.81 1.31 4 3 1 2
3611 TBP SYBR Green IABI 7500 22.48 0.03 21.69 0.18 20.84 0.14 21.5 0.08 25.53 0.03 4.69 3.84 4.03 3.05 1 3 2 4

9702B GUS Taqman ABI 7700 35.88 0.27 32.55 0.58 27.25 0.41 33.023 0.5 40 12.75 7.45 6.977 4.12 1 2 3 4
171 TBP Taqman MJ Research Opticon/MJ Research Chromo440 all ND. 40 40 40 40 0 0 0 0 1 1 1 1

9702D TBP SYBR Green IABI 7700 29.42 0.16 26.71 0.42 21.89 0.3 27.49 0.21 40 18.11 13.29 12.51 10.58 1 2 3 4
877 TBP SYBR Green IMJ Research Opticon/MJ Research Chromo422.09 0.11 22.06 0.26 19.22 0.2 21.77 0.21 25.4 0.55 6.18 3.34 3.63 3.31 1 3 2 4
3456 TBP SYBR Green IABI 7900 40 40 33.73 0.65 40 40 6.27 0 0 0 1 2 2 2
3560 TBP Taqman ABI 7900 32.15 0.44 29.44 0.14 27.26 1.65 29.1 1.16 35.09 0.65 7.83 5.65 5.99 2.94 1 3 2 4

Assay on Demand Taqman 30.8 0.17 28.82 0.018 27.28 0.14 28.64 0.047 33.32 0.07 6.04 4.5 4.68 2.52 1 3 2 4
960 TBP Taqman ABI 7900 28.97 0.66 28.28 0.14 27.83 0.02 29.07 0.46 28.7 0.15 0.87 0.42 -0.37 -0.27 1 2 4 3
3063 TBP SYBR Green IABI 5700 25.89 0.65 23.56 0.68 27.49 10.8 23.59 0.58 33 6.06 5.51 9.44 9.41 7.11 4 1 2 3

7645A TBP Taqman Corbett RotorGene28.04 0.08 29.4 2.96 25.48 1.42 26.95 0.46 35.24 0.49 9.76 5.84 8.29 7.2 1 4 2 3
7645B TBP SYBR Green ICorbett RotorGeneND ND ND ND ND ND ND ND ND ND ND ND ND ND #VALUE! #VALUE! #VALUE! #VALUE!
1188a TBP Taqman Bio-Rad iCycler29.47 0.15 29.6 0.75 25.77 0.8 28.47 0.72 32.27 0.45 6.5 2.67 3.8 2.8 1 4 2 3
1188b TBP SYBR Green IBio-Rad iCycler22.97 0.15 22.45 0.49 14.27 0.59 23.4 0.46 26.27 0.15 12 3.82 2.87 3.3 1 2 4 3
7952 TBP Taqman ABI 7300 29.12 0.1 26.62 0.47 25.12 0.17 27.49 1.06 31.45 1.2 6.33 4.83 3.96 2.33 1 2 3 4
2551 TBP Taqman ABI 7900 29.95 0.54 28.56 0.11 25.66 0.47 27.66 0.61 32.50 1.30 6.83518 3.93826 4.84102 2.5478 1 3 2 4
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