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Components of the kit
The solutions included in the One-Step RT-PCR Kit have been carefully prepared to 
yield the best possible results. Each reagent has been tested extensively and its con-
centration adjusted to meet Affymetrix® standards. It is strongly recommended that 
the reagents supplied in the kit be used as directed. 

The following solutions are included in the kit:

RT-PCR Enzyme Mix (50X): M-MLV Reverse Transcriptase and Taq DNA Polymerase 
in 50% glycerol storage buffer.

RT-PCR Reaction Buffer (5X): Buffer including 7.5 mM magnesium chloride 
(1.5 mM final concentration in reaction) and optimized for one-step RT-PCR.

PCR Nucleotide Mix, Ultrapure: 10 mM each of dATP, dCTP, dGTP, dTTP

Ribonuclease Inhibitor: Recombinant ribonuclease inhibitor (4 units/µl) in 50% 
glycerol storage buffer.

Magnesium Chloride (25 mM)

Water, RNase-Free (DEPC-treated)

This kit and all the enclosed reagents should be stored at -15°C to -30°C (NOT in a 
frost-free freezer). Keep all reagents on ice when removed from storage for use.

Quality control
All kit batches are functionally tested in RT-PCR using total RNA from human liver as 
described in this protocol. Release specifications are based on sensitivity and yield in 
generation of 0.5 kb and 1.5 kb products.

Safety warnings and precautions
Warning: For research use only. Not recommended or intended for diagnosis 
of disease in humans or animals. Do not use internally or externally in  
humans or animals.

Caution: All chemicals should be considered as potentially hazardous. We, there-
fore, recommend that this product is handled only by those persons who have been 
trained in laboratory techniques and that it is used in accordance with the principles 
of good laboratory practice. Wear suitable protective clothing, such as lab coat, 
safety glasses, and gloves. Care should be taken to avoid contact with skin and 
eyes. In the case of contact with skin or eyes, wash immediately with water.
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Introduction
The USB® One-Step RT-PCR Kit is designed for optimal convenience in carrying out 
highly sensitive and specific RT-PCR in a single tube(1,2,3). RT-PCR is an approach 
for converting and amplifying a single-stranded RNA template to yield abundant 
double-stranded DNA product. In the RT step, reverse transcriptase synthesizes 
single-stranded DNA molecules complementary to the RNA template (cDNA). This is 
termed first strand synthesis. In the PCR step, during the first round of the thermal 
cycle, a thermostable DNA polymerase synthesizes single-stranded DNA molecules 
complementary to the cDNA molecules, thus generating double-stranded DNA 
template. This is termed second strand synthesis. During subsequent rounds of the 
thermal cycle, the DNA polymerase exponentially amplifies the double-stranded 
DNA template. One-step RT-PCR is a variation on standard RT-PCR in which all com-
ponents of the RT and PCR are mixed in one tube prior to starting the reactions and 
in which RT and PCR are thus carried out sequentially in one tube(1,2). This approach 
offers tremendous convenience when applied to analysis of single targets from mul-
tiple samples of RNA. This approach also minimizes the possibility for introduction 
of contaminants into reactions between the RT and PCR steps, since the RT and PCR 
reactions are carried out sequentially, without opening of reaction tubes between 
steps. 

This kit is designed for sensitive and specific detection of diverse RNA targets of any 
length by generation of short PCR products ranging in size from 0.2 kb to 1.5 kb 
(Fig. 1). Targets can generally be detected from 1 ng to 1 µg total RNA or 100 pg 
to 100 ng polyadenylated (polyA) RNA. For highly expressed transcripts even lower 
amounts of RNA may be used (Fig. 2). Sensitivity and specificity are achieved by use 
of gene specific primers, designed to match RNA/cDNA targets, along with reagents 
and protocols designed to maximize amplification of these targets while minimizing 
amplification of other sequences (Fig. 3).

The kit is composed of high quality USB reagents. Moloney-Murine Leukemia Virus 
(M-MLV) Reverse Transcriptase is used for RT(4), and Taq DNA Polymerase is used for 
PCR(5). These two enzymes are conveniently provided premixed at concentrations 
optimized for sensitivity and specificity. A single reaction buffer, suitable for both the 
RT and PCR steps and crucial for successful one-step RT-PCR, is included, along with 
Ultrapure PCR nucleotide mix and RNase Inhibitor, as required reagents. Magnesium 
chloride is provided as an optional supplement. Use of this kit and the accompany-
ing protocol will ensure excellent results.

Figure 1. Amplification of diverse RNA targets by one-step RT-PCR. Target (source): 
β-actin (100 ng total RNA, human liver), Numb (100 ng total RNA, human liver), Ubiquitin 
(1 µg total RNA, Arabidopsis leaf), and Terminal deoxynucleotidyl transferase (TdT) (100 ng 
polyA RNA, calf thymus). Gene specific primers were designed to generate products of specific 
sizes.

Figure 2. Highly sensitive detection of β-actin target from human liver total RNA and 
polyA RNA, by one-step RT-PCR. Primers were used at 0.8 µM, a relatively high concentra-
tion, in order to achieve high sensitivity.
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Thus, the kit offers:

• RT-PCR in a convenient one-step format

• Sensitive and specific detection of RNA templates

• Generation of PCR products of 0.2 kb to 1.5 kb

• Rapid protocol with minimal sample-handling

• Guidelines for amplifying difficult templates

Materials not supplied
Necessary reagents:
RNA template—Total RNA can be prepared with the PrepEase® RNA Spin Kit 
(PN 78766/67). Alternatively, total RNA and polyA RNA can be prepared by standard 
methods such as acid-guanidinium thiocyanate-phenol-chloroform extraction(6,7) or 
TRIzol® procedures or acquired from commercial suppliers. RNA should be highly 
purified and free of RNase, polysaccharide, and proteoglycan contamination. Target 
RNA transcripts can generally be detected from total RNA of 1 ng to 1 µg or from 
polyA RNA of 100 pg to 100 ng. The relative abundance of the target RNA within 
the RNA sample and the size of the designed PCR product determine the lower 
limit for detection. Increasing transcript abundance and decreasing size of desired 
PCR products enable the use of decreasing amounts of RNA. For amplification of 
relatively short fragments (~0.5 kb) of particularly abundant transcripts (for example, 
β-actin), targets may be detected from even lower amounts of total or polyA RNA 
than specified above.

Oligonucleotide primers—Oligonucleotide primers can be designed according to 
standard rules for PCR(8). Gene specific primers should be used. Primers should be 
designed to generate products from approximately 0.2 kb to 1.5 kb in size. Design 
of primers such that the resulting PCR product spans an intron in the target gene 
can be useful as a control to distinguish amplification of RNA versus contaminating 
DNA.

Optional reagents:
Reagents that enhance PCR amplification of targets with high G+C con-
tent—Reagents such as dimethyl sulfoxide (DMSO), glycerol, trehalose, and betaine, 
which can improve results for PCR on targets that are challenging due to a high 
degree of secondary structure, may also improve results for RT-PCR(9,10,11,12).

Figure 3. Enhancement of sensitivity, yield, and specificity in one-step RT-PCR.  
(A) For relatively short products, such as 0.5 kb β-actin, sensitivity and yield may be improved 
by increasing the primer concentration. Compare results for 0.1 µM to 1.2 µM for each primer. 
Target was detected from human liver total RNA (10 pg). (B) For longer products, such as  
1.5 kb β-actin, 1.5 kb Ubiquitin (Ubi), 1.5 kb Terminal deoxynucleotidyl transferase (TdT), 
and 2.0 kb Numb, sensitivity and yield may be improved by increasing the amount of RT-PCR 
Enzyme Mix in the reaction. Compare results for RT-PCR Enzyme Mix volumes of 1 µl, 2 µl and 
3 µl in reaction volume of 50 µl. Additional RT-PCR Enzyme Mix improves results for Ubi and 
Numb in particular. Targets were detected from the following: β-actin, human liver total RNA 
(10 ng); Ubi, Arabidopsis leaf total RNA (100 ng); TdT, calf thymus polyA RNA (50 ng); Numb, 
human liver total RNA (1 µg). (C) For longer products, such as 1.5 kb β-actin, specificity may 
be improved by decreasing the primer concentration. Compare results for 0.4 µM to 0.075 µM 
primer for each primer. Target was detected from human liver total RNA (100 ng).
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Necessary equipment:
Liquid handling supplies such as plastic tubes, barrier tip pipettes, pipettors, and 
a microcentrifuge are required. Note that RNA is highly susceptible to degradation 
by RNases. Standard approaches used for handling RNA, such as the use of plastic 
tubes and pipette tips certified to be free of RNases and use of pipettors dedicated 
for RNA work, should be applied in order to prevent RNase contamination.

Latex gloves (powder free) should be used for handling reagents and equip-
ment in order to decrease the probability of introducing RNase contamination into 
samples.

Thermal cycler for incubations between 42°C and 95°C is required. 

Equipment such as a standard horizontal gel apparatus and a UV transilluminator 
or fluorescence image scanner can be used for analysis of PCR products.

Protocol
This standard protocol applies to a single 50 µl reaction. Master mixes for multiple 
reactions can be made by increasing the volumes of reaction components propor-
tionally*.

1. RNA/primer mix—In first tube, combine RNA and oligonucleotide primers to a 
volume of 10 µl on ice.

 RNA X µl (total RNA: 1 ng to 1 µg;  
  polyA RNA: 100 pg to 100 ng)

 Forward primer (10 µM)  2 µl (0.4 µM in 50 µl reaction)
 Reverse primer (10 µM) 2 µl (0.4 µM in 50 µl reaction)
 Water, RNase-Free 6 – X µl (to adjust volume to 10 µl)

 Mix well and collect contents at bottom of tube**.

 Note: RNA and primer amounts may be varied. The minimal required amount 
of RNA is determined by the relative abundance of the specific RNA target 
within the RNA sample (increasing target abundance allows use of decreasing 
amounts of RNA sample) and by the size of the designed PCR product (shorter 
PCR products allow use of decreasing amounts of RNA sample). Sensitivity and/or 
specificity may be enhanced by adjusting the concentration of primers, typically 
between 0.1 µM to 1.0 µM final concentration (see Supplementary information).

2. Heat treatment of RNA/primer—Heat RNA/primer mixture at 75°C, 5 minutes, 
then cool immediately on ice for at least 5 minutes and store on ice.

 Note: The heat treatment step is optional. Heat treatment of RNA/primer is par-
ticularly recommended for RNA targets that exhibit a high degree of secondary 
structure, for primers that are self- or cross-complementary, and for initial experi-
ments with new targets. However, for many combinations of RNA and primers, 
heat treatment may be omitted with no negative effect on results. For experi-
ments in which heat treatment is omitted, water, RNA, and primers should still be 
mixed together before the rest of the components of the reaction are added.

3. Reaction master mix—In second tube, combine RT-PCR reagents to 40 µl on 
ice.

 Water, RNase-Free 27 µl
 RT-PCR Buffer (5X) 10 µl
 PCR Nucleotide Mix (10 mM) 1 µl
 RNase Inhibitor (4 units/µl) 1 µl
 RT-PCR Enzyme Mix (50X) 1 µl

 Mix contents of tube by vortexing, collect contents at bottom of tube, and store 
on ice.

 Note: Challenging templates may require the addition of supplements, such as 
those that typically improve results for PCR (see Supplementary information). 
Note, however, that use of high amounts of magnesium chloride (>1 mM supple-
ment in addition to 1.5 mM magnesium chloride already present in the standard 
reaction) may cause reactions to fail and thus should be avoided.

4. Complete reaction mix—Combine RNA/primer and reaction master mixes in 
one tube on ice for complete 50 µl reaction. Mix contents of tube by vortexing, 
collect contents at bottom of tube, and store on ice.

5. Thermal cycle—Design a thermal cycler program appropriate for RT-PCR am-
plification of specific target. The following program, based on the MJ Research 
PTC-200 DNA Engine™ unit with use of a hot lid, is generally useful.

  Step 1: 42°C, 30 minutes (or up to 55°C)
  Step 2: 95°C, 3 minutes
  Step 3: 95°C, 30 seconds
  Step 4: 55°C, 30 seconds (or choose temperature based on primers)
  Step 5: 72°C, 1 minute (or 1 to 2 minutes/kb)
  Step 6: Go to step 3, 39 more times
  Step 7: 72°C, 3 minutes

 Note: This is a standard program for amplification of ~ 0.5 kb β-actin target from 
total RNA of human liver (see Fig. 1 and Positive Controls for RT-PCR). Various 
parameters may be varied to improve results for other targets (see Supplementary 
information). 
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6. Reaction—Start thermal cycler program. When thermal cycler block reaches 
42°C, transfer reaction tube from ice to block. Upon completion of thermal cycler 
program, transfer tubes to ice.

7. Analysis—Analyze sample (typically 1 to 10 µl aliquots) by agarose gel electro-
phoresis with staining by ethidium bromide. Visualize PCR product in gel with a 
UV transilluminator or fluorescence imager.

* When working with master mix for multiple reactions, incubate reaction master 
mix on ice for at least five minutes prior to dispensing aliquots to individual RNA/
primer samples. Vortex master mix well before transferring aliquots into individual 
tubes. Also, vortex individual reactions well before transferring reaction tubes 
from ice to a preheated thermal cycler block when initiating RT-PCR. Do not vor-
tex stocks of RT-PCR Enzyme Mix (50X) or RNase Inhibitor.

** Mix contents of tubes well by vortexing, at approximately half speed for several 
seconds, for example. Avoid introducing air bubbles into reactions. Collect con-
tents at bottom of tube by shaking down contents by hand or by spinning tubes 
in microcentrifuge at 4°C.

Supplementary information
Success in one-step RT-PCR depends on many factors. Careful planning and 
experimental design, based on an understanding of these factors, can be crucial 
in obtaining the desired product on the first pass and in optimizing challenging 
reactions. This section serves as a starting point for understanding factors that af-
fect one-step RT-PCR. Primers that may be used as positive controls are indicated 
in Tables 1 and 2. Additional information, such as new product listings, updated 
protocols, and Tech Tips, may be found at usb.affymetrix.com.

Preparation of RNA
RT-PCR can be applied to RNA, prepared as total RNA or polyA RNA, from diverse 
organisms (Fig. 1). Total RNA can be prepared with the PrepEase RNA Spin Kit (PN 
78766/67). Alternatively, RNA may be prepared by a number of methods, such as 
acid-guanidinium thiocyanate-phenol-chloroform extraction(6,7) or TRIzol procedures. 
RNA may also be obtained commercially. Methods that leave substantial amounts of 
polysaccharide or proteoglycan contamination with the RNA should be avoided, as 
these contaminants may inhibit RT-PCR(7). RNA should be free of DNA contamina-
tion. This is particularly important if experiments will be set up such that products of 
the same size would be generated from the RNA target and the corresponding gene 
(i.e. no intron present in the target sequence). RNA should also be free of RNase and 
DNase contamination in order to avoid degradation of the RNA templates and DNA 
products.

Determining amount of RNA to use in reactions
RT-PCR tolerates a broad range of RNA concentrations (Fig. 2). Total RNA may be 
used at 1 ng to 1 µg per reaction and polyA RNA may be used at 100 pg to 100 ng  
per reaction. Some general rules apply for determining the appropriate amount 
of RNA to use in experiments. Greater representation of the specific target within 
a population of RNA molecules and shorter length of the designed PCR product 
allow use of lower amounts of RNA (Table 3). Given that polyA RNA comprises ap-
proximately 1 to 5% of total RNA, a specific target will be relatively more abundant 
in polyA RNA than in total RNA. For best results, when working with dilute stocks of 
RNA (< 100 ng/µl), prepare the dilute stocks fresh from concentrated stocks rather 
than subjecting dilute stocks to multiple freeze/thaw cycles.

RNase contamination
Introduction of RNase contamination into RT-PCR reactions should be avoided. A 
wide range of techniques, some simple and others laborious, are recommended for 
avoiding RNase contamination(13). Some particularly simple, effective techniques are 
maintenance of a clean, dust-free work area, use of powder-free latex gloves when 
working with RNA, dedication of a set of pipettors and a microcentrifuge specifically 
for RNA work, use of certified RNase-Free barrier tips and plastic tubes, and storage 
of RNA in fairly concentrated forms (~1 µg/µl) at -80°C. Ideally researchers should 
also use solutions that are certified RNase-free or that have been treated with 
DEPC to inactivate any RNases present. By avoiding fairly obvious sources of RNase 
contamination (ungloved hands, contaminated pipettors, dust) and paying atten-
tion to signs of contamination, it is possible to work with RNA without difficulty or 
inconvenience.

Design of primers
General rules that apply for design of primers for PCR also apply for design of 
primers for one-step RT-PCR(8). Two gene specific primers, designated reverse and 
forward, are designed per RT-PCR product. The reverse and forward primers cor-
respond to sequences proximal to the 3' and 5' ends of the target RNA, respectively. 
The reverse primer is complementary to the target RNA. The forward primer is 
complementary to the corresponding first strand of cDNA. In reverse transcription, 
the reverse primer primes synthesis of the first strand of cDNA. In PCR, the forward 
primer primes synthesis of the second strand of cDNA during the first PCR cycle. 
Both primers then prime the exponential amplification of the two DNA strands dur-
ing subsequent PCR cycles.
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Primers should be designed to specifically match the desired target and not other 
sequences present in the RNA sample. In general primers should range in length 
from 18 to 25 nucleotides, exhibit G+C content similar to each other and the tem-
plate (and ideally in the range of 40% to 60% G+C), and exhibit Tm values ranging 
from 55°C to 65°C and that are closely matched to each other. Tm values may be 
estimated using the following equation: Tm(°C) = 2(A+T) + 4(G+C). More accurate 
methods for calculation of Tm values may also be applied(8). Primers that do not fit 
these criteria may also function well (see for example several primers in Table 2). Use 
of computer programs designed to select appropriate primers in a given sequence is 
highly recommended. 

It is good practice to use planning and controls to rule out the possibility that 
particular results are due to DNA contamination. Specifically, primers should be 
designed for amplification of a segment of RNA from which an intron is removed by 
splicing. The result will be that PCR products derived from RT-PCR of RNA will have 
a distinctive, shorter length in comparison to PCR products derived from PCR on 
contaminating genomic DNA.

Design of thermal cycler programs
One-step RT-PCR involves use of a single thermal cycler program for reverse 
transcription, inactivation of reverse transcriptase, and PCR. The thermal cycler 
program described in this protocol is a good starting point for program design. 
Several variations may improve results. For short targets (0.2 kb to 0.5 kb) with high 
G+C content, consider increasing the temperature of step 1 (reverse transcription) 
to as high as 55°C. For primers with relatively high Tm values, consider increasing 
the temperature of step 4 (PCR primer annealing) to as high as 65°C. For targets 
longer than 0.5 kb, consider increasing the time of step 5 (PCR extension) to 1 to 2 
minutes/kb. For amplifications in which the template is present well above the limit 
of detection, consider conducting as few as 30 cycles of PCR. To promote stability 
of RT-PCR products, add a final step to incubate samples at 4°C indefinitely until 
samples are removed from the thermal cycler.

Optimizing RT-PCR
The kit and accompanying protocol are optimized for highly sensitive and specific 
detection of RNA templates with G+C contents ranging from 40% to 60%, based 
on generation of PCR products that are 0.2 kb to 1.5 kb in length. Given these crite-
ria, the following approaches may prove useful for improving individual factors such 
as sensitivity, yield, or specificity. To improve sensitivity and yield, increase the con-

centration of primers in the RT-PCR reaction, for example from 0.4 µM to 0.8 µM  
(Fig. 3A). This is particularly useful for amplification of relatively short (~0.5 kb) PCR 
products. Alternately, increase the amount of RT-PCR enzyme mix in the RT-PCR 
reaction, for example from 1 µl to 2 µl per 50 µl reaction (Fig. 3B). This is particularly 
useful for amplification of relatively long (~1.5 kb) PCR products. Note that both of 
these approaches may also result in some decrease in specificity. To improve specific-
ity, increase the temperature of the primer annealing step (step 4 in the thermal 
cycler program above) in increments of approximately 2°C. Also, decrease the con-
centration of primers in the RT-PCR reaction, for example from 0.4 µM to 0.2 µM or 
0.1 µM (Fig. 3C). Note that this may cause a decrease in sensitivity and yield.

One additional approach is recommended for optimizing RT-PCR when amplifying 
relatively long PCR products. Consider increasing the amount of RNA to be used in 
the reaction to 1 µg or more. This approach may improve both yield and specificity.

Suggestions for difficult templates
Amplification of templates with high G+C contents (> 60%) can be challenging 
due to the high degree of secondary structure in the RNA and corresponding 
cDNA templates. The addition of standard supplements for PCR, such as DMSO, 
glycerol, trehalose, and/or betaine (in place of the corresponding volume of water) 
may dramatically improve results(9,10,11,12). DMSO and glycerol may be added to final 
concentrations ranging from 1% to 10% (v/v)(10). Trehalose may be added to 0.6 M 
final concentration(9). Betaine (5 M stock) may be added at 0.5 M to 2.0 M final con-
centration(9,12). Interestingly, betaine has been reported to thermostabilize proteins in 
general(11), and trehalose has been reported to thermostabilize and activate M-MLV 
Reverse Transcriptase in particular, up to approximately 60°C(9). Thus, with these 
supplements the RT step may be conducted at temperatures that would be more 
effective for melting secondary structure in RNA. Betaine also tends to decrease Tm 
values for double-stranded DNA; its presence in reactions may result in a decrease in 
the optimal temperature of the PCR annealing step by several degrees.

Addition of supplemental magnesium chloride may also improve results. Benefits 
are only observed within a narrow range of concentrations, though (up to 1 mM in 
addition to 1.5 mM magnesium chloride present in standard RT-PCR reaction). At 
higher concentrations magnesium chloride causes one-step RT-PCR to fail.
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Two additional approaches can also be used for dealing with challenging RNA 
targets. The first approach involves design of several primer pairs for a given target. 
Testing various combinations of primer pairs may reveal whether RT-PCR problems 
are associated with a challenging RNA target or rather with one or a few ineffec-
tive primers. The second approach involves conducting PCR independent of RT, 
for example by use of the USB Two-Step RT-PCR Kit (PN 78355) or the First-Strand 
cDNA Synthesis Kit for RT-PCR (PN 75780). This approach depends on availability of 
the target in cDNA form, for example as present in a cDNA library. If target cDNA 
is available, then PCR may be optimized independent of the RT step. Optimal PCR 
conditions generally provide a good starting point for one step RT-PCR (with the 
exception that high concentrations of magnesium chloride should be avoided).

Approaches to avoid
Three particular approaches, (i) addition of excess reverse transcriptase, (ii) addition 
of magnesium chloride above 2.5 mM final concentration, and (iii) use of dilute 
stocks of RNA that have been frozen and thawed multiple times, tend to cause  
RT-PCR to fail and, thus, should be avoided.

Supplementation of reactions with excess reverse transcriptase might seem like a 
logical approach for increasing sensitivity when working with low amounts of RNA. 
However, excess reverse transcriptase inhibits Taq DNA Polymerase by a poorly 
understood mechanism(3,14), negating the potential benefit from production of ad-
ditional cDNA. This inhibition can be partially alleviated by introduction of excess 
RNA (from a heterologous source) into reactions or by heat treatment of reverse 
transcriptase prior to the PCR step(3,14), but in general, addition of excess reverse 
transcriptase is not a good approach for increasing sensitivity for RT-PCR.

Supplementation of reactions with excess magnesium chloride might seem like a 
logical approach for increasing yields for challenging RT-PCR reactions. For example, 
many standard buffers for RT include magnesium chloride at 3 mM final concentra-
tion. Also Taq DNA Polymerase can tolerate greater than 3 mM magnesium chloride 
in many PCR reactions. However, supplementation of one step RT-PCR reactions 
with magnesium chloride above approximately 2.5 mM final concentration tends to 
cause reactions to fail.

Repeated use of dilute stocks of RNA (< 100 ng/µl) might also seem reasonable as a 
matter of convenience but in practice after a relatively few number of freeze/thaw 
cycles the dilute stocks tend to yield variable results. Thus, repeated use of dilute 
stocks is not recommended.

Troubleshooting
Problem  Possible causes and solutions
No RT-PCR product (or  1. Test a range of RNA concentrations, ideally 
faint RT-PCR product)   spanning 1 ng to 1 µg total RNA or 100 pg to 

100 ng polyA RNA. If no signal is obtained within 
this range, test higher concentrations of RNA.

 2. Increase the concentration of primers, for 
example from 0.4 µM to 0.8 µM.

 3. Test a range of PCR annealing temperatures 
(between approximately 55°C to 65°C). PCR 
annealing temperatures that are either too high 
or too low can result in an absence of product.

 4. If PCR product is designed to be greater than 
~1 kb, try using 2X RT-PCR Enzyme Mix (2 µl 
enzyme per 50 µl reaction) and/or relatively 
high amounts of RNA. Also, follow guidelines 
for Design of thermal cycler programs, above, 
regarding extension time for the PCR thermal 
cycle. Typically use of 2X RT-PCR Enzyme Mix will 
increase yield of products greater than 1 kb and 
may improve sensitivity.

 5. If template and/or primers exhibit G+C contents 
greater than ~60%, consider supplementing 
reactions with reagents that improve 
amplification of G+C rich templates. In general 
the optimal amount of supplements for a 
given primer/template combination need to be 
determined empirically. Also, consider increasing 
the temperature of the RT step as high as 55°C.

 6. Supplement reactions with magnesium chloride 
(~0.1 mM to 1.0 mM in addition to 1.5 mM 
magnesium chloride already present in reaction).

 7. Vortex master mixes and individual reactions 
well (approximately half speed for several 
seconds) before dispensing aliquots or starting 
thermal cycles. Note that less vigorous mixing, 
for example, flicking of tubes or pipetting of 
samples, may result in variable or negative 
results. Avoid introducing air bubbles.
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Problem  Possible causes and solutions
 8. Set up reactions such that water, RNA, and 

primers are mixed together before additional 
components are added.

 9. Design new primers. Focus on amplification 
of short products (~0.5 kb) to increase the 
probability of success.

Nonspecific bands  1. Test a range of RNA concentrations. 
and/or smearing in   Nonspecific bands and/or smearing may occur 
addition to RT-PCR   with use of either too little or too much RNA.
product 2. Test a range of PCR annealing temperatures 

above and below the first one(s) tested.
 3. Decrease the concentration of primers in the  

RT-PCR reaction, for example from 0.4 µM to  
0.2 µM or 0.1 µM.

 4. Supplement reactions with reagents that improve 
amplification of G+C rich templates or with 
magnesium chloride.

Decreasing and/or  1. Vortex master mixes and individual reactions 
variable sensitivity   well.
across a series of  2. Set up reactions such that water, RNA, and 
reactions   primers are mixed together before additional 

components are added.
 3. Make and test a fresh series of dilutions of RNA. 

Repeated cycles of freezing and thawing of dilute 
RNA samples may result in a loss of sensitivity 
and variability in results.

 4. Check integrity of RNA stocks, for example by 
analysis of RNA by gel electrophoresis.

If problems persist please contact Technical Support for assistance at (888) 362-2447 
or USBtechsupport@affymetrix.com. For technical support outside the U.S., please 
visit our website for up-to-date contact information within your area.

Positive controls for RT-PCR
RNA targets and corresponding primer pairs that may serve as positive controls for 
one-step RT-PCR are listed in Tables 1 and 2. Controls correspond to human β-actin 
(Accession: NM_001101) and human Numb (Accession: NM_003744) mRNA, as de-
tected in total RNA of human liver. RNA from other human tissues may also be used.

Tables
Table 1. Positive controls for one-step RT-PCR. Targets correspond to human 
β-actin (Accession: NM_001101) and human Numb (Accession: NM_003744). 
RT-PCR is carried out according to the standard protocol with 100 ng total RNA of 
human liver, except where indicated.

Gene Primers Product size G+C content Notes on reactions

β-actin BACT-833F + BACT-1292R 0.5 kb 54.4% Standard protocol

β-actin BACT-686F + BACT-1688R 1.0 kb 49.7% 0.1 µM primers

β-actin BACT-204F + BACT-1688R 1.5 kb 53.3% 0.1 µM primers, PCR annealing, 

    60ºC; PCR extension, 2 minutes

Numb NUMB-1994F + NUMB-2448R 0.5 kb 46.8% Standard protocol

Numb NUMB-24F + NUMB-1027R 1.0 kb 46.9% Standard protocol

Numb NUMB-24F + NUMB-1514R 1.4 kb 48.9% 1 µg total RNA; PCR extension,  

    2 minutes

Table 2. Primers used for RT-PCR positive controls. Targets correspond to human 
β-actin (Accession: NM_001101) and human Numb (Accession: NM_003744). Posi-
tion and orientation are indicated relative to given accession.

Primer Sequence Position (Orientation)

BACT-204F TGGTGGGCATGGGTCAGAAGGATT 204 (forward)

BACT-686F GAGCGGGAAATCGTGCGTGACA 686 (forward)

BACT-833F CGGTTCCGCTGCCCTGAG 833 (forward)

BACT-1292R AAACAAATAAAGCCATGCCAATCT 1292 (reverse)

BACT-1688R TGGGGGACAAAAAGGGGGAAGG 1688 (reverse)

NUMB-24F CGGGGGCAGCGGCAGATTTGAG 24 (forward)

NUMB-1994F CTGCAGCTTTCAATGGTGTAGATGA 1994 (forward)

NUMB-1027R GGCGTGGGATGGCATGAGGATTGT 1027 (reverse)

NUMB-1514R GGAGAGGCAGCACCAGAAGATTGACC 1514 (reverse)

NUMB-2448R GGGAAGAGGGAGTACAGAAAGCAAC 2448 (reverse)

Table 3. Relationship between size of PCR product and amount of total RNA 
sufficient for reaction. Data refer to human β-actin and human Numb targets, as 
detected in total RNA from human liver. Note that human β-actin is expressed at 
higher levels than human Numb, which accounts for the difference in amounts of 
total RNA required in reactions. Reactions were carried out as described in Table 1.

Gene Product size Total RNA

β-actin 0.5 kb 100 pg

β-actin 1.0 kb 1 ng

β-actin 1.5 kb 10 ng

Numb 0.5 kb 1 ng

Numb 1.0 kb 100 ng

Numb 1.4 kb 1 µg
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Related products
RT-PCR and cDNA synthesis products
Product Application Pack size Product number
VeriQuest® SYBR® Green RT-qPCR analysis in a single  40 reactions 75705
One-Step qRT-PCR Master reaction format 200 reactions 
Mix (2X)
VeriQuest SYBR Green RT-qPCR analysis in a single  40 reactions 75715 
One-Step qRT-PCR Master reaction format 200 reactions  
Mix with Fluorescein (2X)
VeriQuest Probe One-Step RT-qPCR analysis in a single  40 reactions 75700 
qRT-PCR Master Mix (2X) reaction format 200 reactions
VeriQuest Probe One-Step RT-qPCR analysis in a single  40 reactions 75710 
qRT-PCR Master Mix, No reaction format 200 reactions  
Reference Dye (2X)  
HotStart-IT® SYBR Green RT-qPCR analysis in a single  100 reactions 75770
One-Step qRT-PCR Master  reaction format 500 reactions  
Mix Kit
HotStart-IT Probe One-Step  RT-qPCR analysis in a single  100 reactions 75772 
qRT-PCR Master Mix Kit reaction format 500 reactions
M-MLV Reverse cDNA synthesis, low RNase H  25,000 units 78306 
Transcriptase activity 100,000 units
AMV Reverse cDNA synthesis 200 units 70041Y 
Transcriptase  1,000 units 70041Z
Ribonuclease Inhibitor, Protect RNA 5,000 units 71571 
Recombinant (40 units/µl)   
Oligo dT(12-18) Primer Priming synthesis of cDNA  100 µl 77405
 from mRNA (2.5 nmol)
First-Strand cDNA Synthesis  Reverse transcription 50 reactions 75780 
Kit for Real-Time PCR
Two-Step RT-PCR Kit RT-PCR, analysis of multiple  50 RT/100 PCR 78355 
 genes reactions
rDNase I, RNase-Free Removal of DNA prior to 1,000 units 78411 
 RT-PCR 2,500 units

PCR enzymes and related products
Product Application Pack size Product number
VeriQuest Taq DNA  PCR 50 units 71170 
Polymerase  250 units 
  1,000 units 
  5,000 units
VeriQuest SYBR Green SYBR qPCR master mix,  40 reactions 75600 
qPCR Master Mix (2X) single-tube, ready-to-use 200 reactions  
  400 reactions   
  1,000 reactions  
  2,000 reactions
VeriQuest Probe qPCR Probe based qPCR master  40 reactions 75650 
Master Mix (2X) mix, single-tube, ready-to-use 200 reactions  
  400 reactions   
  1,000 reactions  
  2,000 reactions
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Product Application Pack size Product number
VeriQuest Probe qPCR Probe based qPCR master  40 reactions 75660 
Master Mix, No Reference mix, single-tube, ready-to-use 200 reactions  
Dye (2X)  400 reactions   
  1,000 reactions  
  2,000 reactions
VeriQuest SYBR Green SYBR qPCR master mix,  40 reactions 75665 
qPCR Master Mix with single-tube, ready-to-use 200 reactions 
Fluorescein (2X)  400 reactions   
  1,000 reactions  
  2,000 reactions
VeriQuest Fast SYBR Green Fast cycling SYBR qPCR  100 reactions 75675 
qPCR Master Mix with master mix, single-tube,  500 reactions 
Fluorescein (2X) ready-to-use 1,000 reactions   
  2,500 reactions  
  5,000 reactions
VeriQuest Fast Probe qPCR Fast cycling probe qPCR 100 reactions 75680 
Master Mix (2X) master mix, single-tube,  500 reactions 
 ready-to-use 1,000 reactions   
  2,500 reactions  
  5,000 reactions
VeriQuest Fast Probe qPCR Fast cycling probe qPCR 100 reactions 75685 
Master Mix, No Reference master mix, single-tube,  500 reactions 
Dye (2X) ready-to-use 1,000 reactions   
  2,500 reactions  
  5,000 reactions
VeriQuest Fast SYBR Green Fast cycling SYBR qPCR  100 reactions 75690 
qPCR Master Mix (2X) master mix, single-tube,  500 reactions 
 ready-to-use 1,000 reactions   
  2,500 reactions  
  5,000 reactions
Taq DNA Polymerase PCR 50 units 71160 
  250 units  
  1,000 units 
  5,000 units 
Taq PCR Kit PCR, including all 100 reactions 71161 
 necessary reagents
Taq PCR Master Mix (2X) PCR reaction mix (2X), 100 reactions 71162 
 ready-to-use (50 µl reaction  
  volume)
FideliTaq DNA Polymerase PCR 50 units 71180 
  250 units  
  1,000 units 
  5 × 250 units  
  5,000 units 
FideliTaq PCR Master Mix (2X) PCR reaction mix (2X), 100 reactions 71182 
 ready-to-use (50 µl reaction  
  volume)

Product  Application Pack size Product number
ExoSAP-IT® PCR Product Cleanup of PCR products 20 reactions 78250
Cleanup  100 reactions 78200 
  500 reactions 78201 
  2,000 reactions 78202 
  5,000 reactions 78205
PrepEase RNA Spin Kit RNA isolation kit, up to  50 preps 78766 
 100 µg of total RNA 250 preps 78767

Ultrapure RNA and DNA reagents
Product  Application Pack size Product number
Diethyl Pyrocarbonate RNase inactivation 25 ml 14710 
(DEPC)  100 ml 
EDTA, 0.5 M Solution Chelating reagent 100 ml 15694 
  500 ml 
TE Buffer, 50X Solution Storage of DNA 100 ml 75834 
  500 ml 
TE Buffer, 1X Solution Storage of DNA 10 x 1 ml 75893 
  100 ml  
  500 ml
Water, Nuclease-Free Solutions free of RNase 10 x 1 ml 71786 
 and DNase 100 ml  
  500 ml  
  1 L  
  5 L
Water, RNase-Free, Solutions free of RNase 25 ml 70783 
DEPC treated and DNase 10 x 1 ml 
  100 ml  
  500 ml  
  1 L

Ultrapure nucleotides
Product  Application Pack size Product number
PCR Nucleotide Mix, RT and/or PCR, nucleotides 500 µl 77212 
10 mM each of dATP,  2 x 500 µl  
dCTP, dGTP, and dTTP  
PCR Nucleotide Mix, RT and/or PCR, nucleotides 500 µl 77119 
25 mM each of dATP,    
dCTP, dGTP, and dTTP  
2'-Deoxynucleoside-5'- RT and/or PCR, nucleotides 4 x 25 µmol 77100 
Triphosphates, (Set of Four),   (250 µl)  
dATP, dCTP, dGTP, dTTP  4 dNTPs per 
100 mM Solution  pk, 1 pk 
dATP, 2'-Deoxyadenosine- RT and/or PCR, nucleotides 25 µmol (250 µl) 77102 
5'-Triphosphate,  100 µmol (1 ml) 
100 mM Solution  500 µmol (5 ml)
dCTP, 2'-Deoxycytidine- RT and/or PCR, nucleotides 25 µmol (250 µl) 77104 
5'-Triphosphate,  100 µmol (1 ml) 
100 mM Solution  500 µmol (5 ml)
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Product  Application Pack size Product number
dGTP, 2'-Deoxyguanosine- RT and/or PCR, nucleotides 25 µmol (250 µl) 77106 
5'-Triphosphate,  100 µmol (1 ml) 
100 mM Solution  500 µmol (5 ml)
dTTP, 2'-Deoxythymidine- RT and/or PCR, nucleotides 25 µmol (250 µl) 77108 
5'-Triphosphate,  100 µmol (1 ml) 
100 mM Solution  500 µmol (5 ml)

Supplements for RT-PCR
Product  Application Pack size Product number
Glycerol, free of Supplement for RT 500 ml 16374 
contaminating nucleases and/or PCR 1 L 

Ultrapure electrophoresis reagents
Product  Application Pack size Product number
Agarose, Low Melting/ Gel electrophoresis 25 gm 32829 
Gelling Temperature,  100 gm 
Low Molecular Weight,   
Separation (≤1000 bp)  
Agarose, Low Melting/ Gel electrophoresis 25 gm 32830 
Gelling Temperature,  100 gm 
High Molecular Weight,   
Separation (≥1000 bp)  
Agarose - Hi-Res™,  Gel electrophoresis 25 gm 10132 
Separation (≤1000 bp)  100 gm 
  500 gm
Agarose, High Gel Strength, Gel electrophoresis 25 gm 75817 
Separation (≥500 bp)  100 gm  
  250 gm  
  500 gm 
Ethidium Bromide Staining RNA and DNA 1 gm 32813 
  5 gm  
  25 gm 
Ethidium Bromide Drops Staining RNA and DNA 5 ml 75816
TAE Buffer, 10X Solution Gel electrophoresis 1 L 75904 
  5 L 
TAE Buffer, 50X Solution Gel electrophoresis 100 ml 74015 
   
TBE Buffer, 10X Ready- Gel electrophoresis 6 x 200 ml 70454 
Mixed Powder   
TBE Buffer, 5X Solution Gel electrophoresis 1 L 75891 
  5 L 
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