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Rapid-Screen is covered by pending U.S. patent applications.  This product is optimized for use in the Polymerase 
Chain Reaction (“PCR”) covered by patents owned by Hoffmann-La Roche Inc. and F. Hoffmann-La Roche Ltd.  No 
license under these patents to use the PCR Process is conveyed expressly or by implication to the purchaser by the 
purchase of this product.
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Package Contents and Storage Conditions 
 
Included components of Product: 

• 96-well Master Plate.  Store upright at –20°C. 
• Vector Primer 3.  Store at –20°C. 
• Vector Primer XL39.  Store at –20°C.  
• Positive control DNA.  Store at –20°C. 
• Positive control primer-pair.  Store at –20°C. 
• Four sheets of aluminum foil sealing tape.  Store at room temperature. 

 
Additional required components: 

• LB broth (10 g/L tryptone, 5 g/L yeast extract, 5 g/L NaCl.  Adjust pH to 7.0 with 1 N 
NaOH and autoclave.) 

• Ampicillin 
• LB agar + ampicillin plates 
• PCR reagents (gene-specific primers, Taq DNA polymerase, buffer, dNTPs) 
• Pipettors used exclusively for PCR, to avoid inadvertent contamination 
• Barrier pipette tips, to avoid aerosol contamination from the pipettors 
• PCR-grade water 
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Introduction 
Rapid-Screen™ panels were generated with a bias towards longer cDNAs, so they are ideal for identifying long 
cDNAs and the previously hard-to-clone 5’ ends of cDNAs.  Each panel is a series of arrayed cDNA library clones.  
Currently 20 panels from different tissues are available (see Table 1).  The Master Plate for each library panel 
contains DNA from 500,000 cDNA clones and is initially screened in one simple 96-well PCR.  This first set of PCRs 
identifies the Sub-Plate(s), which contains the clone of interest.  The Sub-Plates are escherichia coli glycerol stocks 
contained in standard 96-well microtiter dishes.  Each well contains 50 cDNA clones with approximately 5,000 clones 
per plate.  The Sub-Plates are screened with a single 96-well PCR to identify the positive well(s) in the Sub-Plate.  
Cells from a positive well(s) are then plated on LB/ampicillin agar and the resulting bacterial colonies are screened by 
PCR in order to obtain the desired clone.  It is that simple and that easy! 
 
Table 1.  List of available Rapid-Screen™ Arrayed cDNA Library Panels. 
 
Human       Cat. No. 
 
Brain (adult)      LAB-1001 
Brain (fetal)      LLFB-1001 
Colon       LCO-1001 
Heart       LHT-1001 
Kidney       LKD-1001 
Liver       LLI-1001 
Lung       LLU-1001 
Peripheral blood leukocyte    LPBL-1001 
Placenta      LLPC-1001 
Skeletal muscle     LMU-1001 
Small intestine      LSI-1001 
Spleen       LLSP-1001 
Testis       LTS-1001 
 
Mouse 
Brain (adult)       MAB-1001 
Embryo (12.5-day)     MEB-1001 
Embryo (19-day)     MEA-1001 
Liver       MLI-1001 
Testis       MTS-1001 
Thymus      MTM-1001 
 
Rat 
Brain (adult)      RAB-1001 

Page 4 of 32  Technical Support: 888-267-4436 



 

Library Construction and Design 
 
Rapid-Screen™ Arrayed cDNA Library Panels are cDNA libraries arrayed in a 96-well format.  This unique design 
allows for easy and quick screening of the cDNA library.  However, the power of using the Rapid-Screen™ Arrayed 
cDNA Library Panels lies in the design and construction of the cDNA libraries themselves. 
 
Library vector 
Rapid-Screen™ libraries are constructed in the vector pCMV6-XL4 (see Appendix A) and the cDNA is cloned 
unidirectionally between the EcoRI and SalI restriction sites (see Appendix B). 
NOTE:  The SalI site is destroyed in the cloning process. 
 
cDNA synthesis and fractionation 
 
The cDNA used in making the library panels is synthesized from double-purified mRNA using an oligo(dT) primer and 
MMLV reverse transcriptase.  The cDNA is size fractionated in an agarose gel.  The sample lanes of the gel are cut 
into multiple slices each containing a distinct set of sizes and then individually processed.  These fractionated cDNAs 
are then ligated separately into the library vector pCMV6-XL4.  The final plasmid library is then assembled from the 
resulting clones from each ligation and transformation.  The libraries are arrayed into the plates in such a way as to 
give larger-sized cDNA clones high representation.  The directionally-cloned cDNAs are positioned downstream of the 
CMV promoter which can later be used to transcribe the cloned cDNAs. 
 
Library arraying and preparation 
 
The arrayed cDNAs in the Master Plate are purified plasmid DNA isolated from each clone represented in the 
combined libraries.  Each well on the Master Plate contains DNA from approximately 5,000 clones, with about 
500,000 clones in each panel.  Each individual well on the Master Plate corresponds to a single Sub-Plate.  The Sub-
Plates are 96-well plates containing glycerol stocks of library plasmid-harboring E. coli.  The bacterial clones in each 
well are amplified from an original 50 clones.  Unlike standard cDNA libraries, in which 1–5 × 106 cDNA clones are 
normally screened in order to identify positive clones, Rapid-Screen Arrayed cDNA Library Panels require a screen of 
only 500,000 clones.  Because the cDNA used in Rapid-Screen™ is subject to size selection before its ligation there 
is no bias toward the cloning of small cDNAs, as is the case in traditional cloning.  Each of the cDNA ligations are 
performed and transformed independently of each other to assure maximum representation in the final library.  
Additionally, the larger cDNAs are purposefully over-represented in the arrayed library relative to their expression 
levels in the cell to favor the cloning of large cDNA inserts. 
 
Quality control testing 
 
Rapid-Screen™ Arrayed cDNA Library Panels are subjected to a series of quality control 
measures prior to their distribution.  Both the insert size range and percentage of clones 
containing cDNA inserts for each size fraction in each library are determined.  In all of the library 
panels, greater than 90% of the clones contain cDNA inserts.  The “clonability” of each library 
panel is ensured, this is achieved by carrying out at least three library screens for known genes 
such as transferrin receptor, HPRT, neurofilament subunit NF-L, amyloid-beta protein (APP), 
phospholipase A2, integrin beta subunit, norvegicus protein tyrosine phosphatase gene and 
recombination activating protein. 
 
Screening Procedures 
 
A clone of interest can be easily identified using Rapid-Screen™ with a minimum of three rounds of PCR.  An 
overview of the screening procedure is shown in Fig. 1. 
 
Overview 
 
There are two basic ways to screen a Rapid-Screen™ library by PCR (Fig. 2).  The first method involves the use of a 
pair of gene specific primers directed to a gene of interest.  The second approach requires the use of a library vector 
specific primer and a single gene-specific primer.  This latter method can be used to identify the longest cDNA for a 
given gene present in the library.  The sequence of the vector primer corresponds to a site located upstream (5’) of 
the multiple cloning site in the library vector.  The choice of methods depends on the size of the mRNA of interest, 
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location of the known sequence in the gene and the quality of the known cDNA sequence information.  The following 
sections will describe both screening methods and some general considerations concerning PCR. 
 
Gene Specific-primer PCR 
 
This method is ideal for use with cDNA of lower abundance or when the location of the known sequence is not known 
within a large gene (>3 kbp).  Two gene-specific primers are required that should amplify a product between 300 and 
800 bp in size. 
 
Primer design 
 
Primer design is a crucial factor in achieving success in PCR.  A general set of guidelines for primer design is 
reported to aid in the amplification of specific product.  Primers should be between 21 and 26 nucleotides in length, 
contain approximately 50% G/C content and not form strong secondary structures.  Avoid sequences that are 
susceptible to primer-dimer formation.  There are several commercially available computer programs for designing 
PCR primers as freeware, shareware and on the Internet. 
 
Primer testing 
 
Perform PCR according to standard protocols, such as Appendix C and determine the optimal conditions for PCR 
amplification with the chosen primer pair.  The test PCR can be done using a known template, such as first strand 
cDNA or a cloned cDNA fragment. 
 
Screening of the Master Plate with gene specific primers 
 
Remove the Master Plate from –20°C storage. 
• Resuspend the dried DNA in each well of the Master Plate with 28 µL of sterile distilled 

water.  Leave the plate at room temperature for 30 min. before use. 
• Prepare a PCR pre-mix for 96 reactions of 25 µL each taking into account 5 µL of template 

DNA.  Aliquot 20 µL of the PCR pre-mix into each well of a 96-well PCR plate.  See 
Appendix D for a recommended protocol. 

• Transfer 5 µL of the resuspended DNA from each well of the Master Plate into the 
corresponding wells of the 96-well plate for PCR (Pipette resuspended DNA up-and-down 
several times to facilitate mixing, before transferring the DNA to the PCR plate). 

• Re-seal the Master Plate with a new sheet of sealing tape (provided) and store the plate at –
20°C. 

• Perform a 35-cycle PCR following standard protocols (see Appendix D).  The annealing 
temperature should be compatible with the Tm of the gene-specific primers. 

 
Identify the positive wells by agarose gel electrophoresis of the PCR products. 
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Screen Master Plate by 96-well PCR and 
identify positive wells by electrophoresis

 Order corresponding Sub-Plate

Screen Sub-Plate by 96-well PCR and 
identify positive wells by electrophoresis

Plate bacteria from positive wells of Sub-
Plate onto selective media plate

Screen colonies by 96-well PCR and 
prepare plasmid DNA from positives

1 day

1 day

1 day

1 day  
   
Fig. 1. Overview of RapidScreen™. 
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Vector Primer 3
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Gene Specific Primer PCR

   Vector Specific Primer PCR

 
 
 
Fig. 2. RapidScreen™ PCR approaches. 
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Vector specific primer PCR 
 
This method is best used when there are multiple gene specific positives.  By using a reverse gene specific primer 
with the provided Vector Primer 3, one is able to identify the clone with the longest 5’ end.  
 
Primer design 
 
For the vector PCR screening, primers should be designed with annealing temperatures of 68°C.  Please refer to 
section 4.i.a (Primer design) above for more details about designing primers. 
 
Primer testing 
 
Perform PCR according to standard protocols, such as Appendix D and determine the optimal conditions for PCR 
amplification with the chosen primer pair.  A suitable forward (5’) primer is required to test the reverse (3’) gene-
specific primer.  This partner primer can be complementary to either a cloned cDNA sequence or cloning vector 
sequence. 
 
Screening of Master Plate with vector specific primer 
 
Remove the Master Plate from -20°C storage.  Care should be taken when removing the sealing tape from the Master 
Plate not to contaminate one well with another. 
Follow the protocol as in 4.i.c (Screening of the Master Plate with gene specific primers) using Vector Primer 3 and a 
reverse (3’) gene-specific primer but using the touchdown program suggested in Appendix D. 
 
Positive and negative controls 
 
Positive control 
 
If no positive signals are observed in the PCR screen, it is recommended that the PCR reagents be tested in a control 
reaction using the Positive Control DNA and Primer Mix contained in this kit. 
• Set up the following reaction: 
 
 10× PCR reaction buffer  2.5 µL 
 dNTPs (2 mM each)   2.5 µL 
 Positive Control DNA*   5.0 µL 
 Primer Mix*    1.0 µL 
 Taq DNA polymerase   0.5 U 
 sterile ddH2O    to 25 µL 
*The Positive Control DNA (6 ng/µL) is a sample Master Plate well.  The Primer Mix (10 pmol/µL) contains 
oligonucleotides to amplify a specific PCR product from the Positive Control DNA. 
 
• The following cycling parameters are recommended: 
 
 Pre-soak    94°C for 5 min 
 Denaturation    94°C for 30 sec 
 Annealing    60°C for 30 sec 
 Extension    72°C for 1.0 min 
 Cycles     35 
 Final Extension   72°C for 5 min 
 
Analyze the reaction by agarose gel electrophoresis.  A product of 483 bp in size should be observed.  Failure to 
detect this band indicates that the PCR reagents used are inadequate. 
 
Negative control 
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Each of the gene-specific primers should be tested separately in a PCR using a cloned cDNA as template to ensure 
the absence of false amplification products. 
 
Ordering of Sub-Plates 
 
The Sub-Plate number corresponds to the column number (1-12) and row letter (A-H) of the positive well on the 
Master Plate.  For example, if well 10F of the Master Plate gives a positive signal then the corresponding Sub-Plate is 
number 10F.  Once a positive well(s) is identified on the Master Plate, simply send a fax of the Rapid-Screen™ Sub-
Plate Order Form, found enclosed with this manual, to OriGene.  The requested Sub-Plate(s) will be shipped on the 
next business day. 
 
Screening of Sub-Plates 
 
The Sub-Plates contain 30 µL of glycerol stocks of E. coli culture.  The bacterial clones in each well are amplified from 
the original 50 clones.  The plates need to be stored at –80°C. 
Perform a 96-well PCR using 1 µL of glycerol stock from each well of the Sub-Plate as template.  Use the same 
number of cycles and annealing temperature, but increase the extension time to 3 minutes. (see Appendix D) 
Identify the positive well(s) by agarose gel electrophoresis of the PCR products.  Once the identity of the well(s) which 
contains the specific cDNA clones are known, proceed to colony screening. 
 
Colony screening 
 
Individual wells of the Sub-Plate are screened for the presence of the positive signal(s) that was previously identified 
by PCR.  Since each well contains bacterial cultures of about 50 different clones, the cDNA of interest can easily be 
pinpointed by either PCR screening or filter hybridization.  Two methods for PCR screening are presented.  The 
microscreen is the standard protocol, whereas the macroscreen is used when the cDNA of interest is thought to be 
either unstable or large and, in turn, under-represented in the amplified E. coli stocks. 
 
Colony screening by PCR — Method I — Microscreen 
 
• Remove the Sub-Plate from –80°C storage.  Care should be taken when removing the sealing 

tape from the plate, not to contaminate one well with another.  Thaw the Sub-Plate, mix the 
well of interest, remove 1 µL of suspension and dilute 1:1000 in LB broth. 

• Spread 0.5 µL, 1 µL and 4 µL of the dilution onto two separate LB agar + ampicillin plates.  It 
is easier to place these small volumes in a larger (approx. 100µL) volume of LB to make 
spreading less difficult. 

• Incubate the plates overnight at 37°C.  If the desired clone is large, incubate at 30°C 
overnight.   This will help avoid the selective growth of clones with short insert sizes. 

• The following day, prepare a PCR pre-mix for a 96-well plate using the appropriate primer pair 
for a 25 µL reaction (see Appendix D).  Aliquot 25 µL of the pre-mix into each of the 96 wells 
of the PCR plate. 

• Pick 95 individual colonies from the overnight selection plate and transfer onto a gridded LB 
agar + ampicillin plate and into a corresponding well of the PCR plate containing the aliquoted 
pre-mix. 

• Incubate the spotted LB agar + ampicillin plate at 37°C overnight. 
• Transfer 1 µL of glycerol stock from the Sub-Plate of the well that produced the positive signal 

from the screening into well 12H (#96).  This serves as a positive control PCR.  
• Perform PCR following the same parameters used in the screening of the Master Plate and 

the Sub-Plate, as in Appendix D. 
• Identify the positive clones by separating the reaction products using agarose gel 

electrophoresis. 
• Refer back to the gridded LB agar + ampicillin plate to identify positive bacterial clone(s) and 

inoculate a culture for plasmid preparation the following day. 
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Colony screening by PCR — Method II — Macroscreen 
 
• Remove the Sub-Plate from -80°C storage.  Care should be taken when removing the sealing 

tape from the plate, not to contaminate one well with another.  Thaw the Sub-Plate, mix the 
well of interest, remove 1 µL of suspension and dilute 1:1000 in LB broth. 

• Spread 0.5 µL, 1 µL and 4 µL of the dilution onto two separate LB agar + ampicillin plates.  It 
is easier to place these small volumes in a larger (approx. 100µL) volume of LB to make 
spreading less difficult. 

• Incubate the plates overnight at 37°C.  If the desired clone is large, incubate at 30°C 
overnight.   This will help avoid the selective growth of clones with short insert sizes. 

• The following day, prepare a PCR pre-mix for 24 reactions of 80 µL each using the 
appropriate primer pair.  Aliquot 80 µL of the pre-mix into 24 wells of a 96-well PCR plate.  
Individual tubes may also be used. 

• Depending on the number of colonies obtained (ideally between 250 and 500), group the 
colonies into 23 groups of 11–20 colonies each.  Label each group with a number that will 
correspond to the number on the PCR tube. 

• Using a fresh pipette tip for each colony, pick all the colonies from one group into one well or 
tube of the 80 µL PCR mix.  

• Include one reaction as a positive control.  Add 2 µL of the glycerol stock from the positive 
well of the Sub-Plate screen to tube 24. 

• Perform PCR following the same parameters used in the screening of the Sub-Plate, as in 
Appendix D. 

• Identify the positive groups by separating the reaction products (run only 20-30 µL of reaction) 
using agarose gel electrophoresis.  A longer than average run time and length of run on gel 
may be necessary, especially for small products to separate them from the large amount of 
RNA from the bacteria.   

• Perform PCR using the individual single colonies (11–20) in the positive group(s) as template 
using the same primer pair as above for the screening.  Use a final reaction volume of 20 µL 
aliquoted from a PCR pre-mix. 

• Identify the positive clones by separating the reaction products using agarose gel 
electrophoresis. 

• Refer back to the LB agar + ampicillin plate to identify positive bacterial clone(s) and inoculate 
a culture for plasmid preparation the following day. 
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Colony screening by hybridization 
 
If many positive Sub-Plate wells need to be screened, it may be preferable to screen by colony hybridization.  This 
procedure takes several days longer than the PCR approach, but many samples can be processed in parallel.  A 
detailed protocol for colony hybridization can be found in Molecular Cloning:  A Laboratory Manual, 2nd ed. (Sambrook 
et al., 1989, Cold Spring Harbor Laboratory Press). 
 
Positive cDNA library clone 
 
The positive cDNA library clone that is recovered with Rapid-Screen™ is obtained in the form of a library plasmid.  
The insert size of the positive clone(s) should be determined by restriction enzyme analysis.  Cloned cDNA in 
pCMV6-XL4 can be excised with NotI (see Appendix B).  Once the plasmid containing the longest desired cDNA 
clone has been identified amongst the positives, it can then be prepared on a larger scale starting from culture 
derived from the gridded LB agar + ampicillin plate.  Prepare glycerol stocks of the positive bacterial clones and store 
at -80°C. 
 
The sequence of the 3’ end of the cDNA insert in pCMV6-XL4 can be derived using the XL39 vector reverse primer.  
Sequencing of the 5’ end of the cDNA inserts can be performed using Vector Primer 3. 
 
Sample Library Screen 
 
Screening by gene-specific primer PCR 
 
A Rapid-Screen™ Arrayed cDNA Library Panel was used to isolate full-length cDNA using a pair of gene-specific 
primers for Gene X (Fig. 3).  After the first round of PCR, all 96 samples were separated in a 2% agarose gel to 
identify wells in the Master Plate that contain a clone with insert encoding Gene X, in this case, A4, B8, D3, F8 and 
G11 (panel A). 
A Sub-Plate corresponding to a well in the Master Plate that gave a positive signal (in this case, D3) was then 
screened by a second round of PCR using the same two gene-specific primers for Gene X.  All 96 reactions were 
then separated in an agarose gel to determine which wells in the Sub-Plate contain the positive clone (panel B). 
One of the positive wells for Gene X from the Sub-Plate was then used in the final screening process.  Bacteria from 
the well (in this case, B4) were spread onto LB/ampicillin agar selection plates and 95 of the resulting colonies were 
subsequently screened by PCR, again using the same two gene-specific primers, to detect the Gene X cDNA insert.  
Agarose gel electrophoresis of the PCR products then revealed the bacterial colonies, which contained the library 
plasmid encoding Gene X (panel C). 
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Fig. 3. Use of RapidScreenTM panels to screen for full-length cDNA. 
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Longest clone detection 
 
If multiple positive clones are detected in the Master Plate, it is important to first determine which are the longest 
rather than to isolate all of the clones at once.  This can be achieved by performing PCRs on DNA from only the 
positive Master Plate wells using either a 5’ or 3’ flanking vector primer plus a properly-oriented gene-specific primer.  
Panel A of Fig. 4 displays results in which three wells (5,000 clones/well) were found to be positive using gene-
specific primers (forward and reverse). 
To determine how far the known sequence lies from each end of the test gene, PCR with a 5’ vector-specific primer 
(Vector Primer 3) and a reverse (3’) gene-specific primer or PCR with a 3’ vector-specific primer and a forward (5’) 
gene-specific primer can be performed.  Panel B of Fig. 4 shows results of PCR on the same wells used in Panel A 
using a 5’ vector-specific and a reverse gene-specific primer.  Of the three pools identified as positive in Panel A, it is 
clear that wells 1, 3 and 6 each contain a 5 kbp product.  The positive clones in wells 1, 3 and 6 are probably “full-
length” since they are large and redundant.  Panel C shows the results of PCR on the same pools using a 3’ vector-
specific primer and a gene-specific primer.  All three positives have the same-sized product (1.4 kbp) and therefore 
the same 3’ end length.  It can be concluded from the analysis that wells 1, 3 and 6 each contain a probable “full-
length” clone of about 5.8 kbp. 
 

 

A 

 

B 

 

C 

 
Fig. 4.  Detection of longest clones with RapidScreenTM panels. 
 
Long PCR 
 
When performing vector primer plus gene-specific primer PCR, it is frequently not known what size PCR product to 
expect.  The product could be several kilobase-pairs in size, requiring “long PCR” conditions to detect the product.  
The ability of two different Taq DNA polymerases to amplify four cDNAs, ranging in size from 1.0 to 6 kbp, from a 
Master Plate well (5,000 clones) was tested (Fig. 5).  Enzyme 1 was used on lanes 1, 2, 5, 6, 9 and 10, while Enzyme 
2 was used on lanes 3, 4, 7, 8, 11 and 12.  Enzyme 1 was able to amplify all of the fragments.  Enzyme 2 was able to 
amplify the 1.0- and 3.0-kbp fragments, but it could not successfully amplify the 6.0-kbp fragment.  These 
experiments demonstrate the importance of choosing an efficient Taq DNA polymerase.  If only small fragments are 
being amplified, then either of the two enzymes tested are suitable.  To amplify longer fragments, a more efficient Taq 

2

DNA polymerase is required. 
           1      2      3      4      5      6     7      8      9    10     11    1
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Fig. 5.  RapidScreen™ analysis using different Taq DNA polymerases. 
 
Pooling of wells (additional Protocols) 
 
If it is not possible or desirable to perform 96 simultaneous PCRs, then pools of DNA from the wells in the Master 
Plate can be made.  Using 5 µL of DNA from each well of the Master Plate, twelve pools (40,000 clones/pool) of DNA 
can be made from columns 1 through 12, and/or eight pools (60,000 clones/pool) of DNA can be made from rows A 
through H.  These 20 pools can be analyzed by PCR using two gene-specific primers.  As shown in Fig. 6, it is clear 
that column pool 9 and row pool E are positive, suggesting that there is a single clone in this library and that it is 
located in well E9 of the Master Plate.  The one caveat to this approach is that since there are 40,000–60,000 
independent clones per pool rather than only 5,000 from an individual well, both gene-specific primers must be highly 
specific.  If only one of two primers is highly specific then they may work fine in PCR on an individual well but may not 
work on a pool.  The pooling technique is most effective and informative when working with a low abundant versus a 
high abundant transcript. 
Should the pooling techniques lead to the identification of many positives, it may be difficult to pinpoint a specific 
positive well.  In that event, a second PCR may be needed to be carried out on individual wells of a positive row or 
column. 
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B
C
D
E
F
G
H

1   2   3    4    5   6   7    8   9  10  11  12
 

 
 
 
 
B  A    B   C    D    E    F    G   H  

   
   1    2    3    4     5     6     7     8     9   10  11  12  
 
 
Fig. 6.  Performing Rapid-Screen™ using pooled wells. 
 
In this example, the single clone is found within well E9.
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Alternatively-spliced transcripts 
 
Rapid-Screen™ panels can be used to clone alternatively-spliced transcripts as well, even if the desired spliced 
variant is many times less abundant than its parent transcript.  The detection of different-sized fragments by vector 
specific plus gene-specific primer PCR is sometimes attributable to alternative-splicing rather than to truncated 
transcripts (if the alternate splicing has already been characterized, then gene-specific primers can be designed that 
differentiate between the two spliced forms).  As shown in Fig. 7, a 5’ vector-specific primer plus a reverse gene-
specific primer was used to detect two alternatively-spliced transcripts of a particular gene.   
 
 

 
 
 
Fig. 7.  Detection of alternatively-spliced transcripts with Rapid-Screen™. 
 
Trouble-shooting Guide 
 

A. No positive signal on Master Plate screen 
 

1. Too few cycles.  Up to 40 cycles can be used without over cycling problems, such as 
multiple or smeary bands. 

2. Omitted PCR component.  Be sure to use a written checklist when assembling reactions.  
Include a positive control with each reaction set. 

3. Primer design.  There is no ideal method for designing primers.  To ensure that the 
primers will amplify the gene of interest, it is recommend that the primers be first tested 
on a known template. 

4. Annealing temperature is not optimal.  It is recommend that the annealing temperature 
be optimized using a known template before the library screen is performed.  If no 
positive signal is observed, it is possible that the annealing temperature is simply too 
high for the primers. 

5. Extension time is too short.  The extension time should be 1 min for every 1 kbp of 
sequence being amplified. 

6. Reagent concentrations are not optimal.  The Mg++ concentration can be varied from 1.0 
to 2.5 mM.  However, the standard 1.5 mM final Mg++ concentration works well for most 
primer pairs.  The concentration of buffers and dNTPs should also be carefully 
calculated. 

 
B. Every well is positive 

 
Contamination.  Be sure to include the negative control of ddH2O in place of a DNA 
sample in every PCR experiment to determine if the reagents, pipettors or other PCR-
related equipment are contaminated with exogenous DNA.  It is recommended that 
barrier tips be employed for all pipettors used in PCR to avoid aerosol contamination. 

1. 

Annealing temperature not optimal.  The annealing temperature may be too low.  
Increase it by increments of 2°C and test positive and negative control samples for 
optimization. 

2. 

Primer design.  The G/C content of the primers may be too low (<45%) resulting in the 
non-specific annealing of the primers to various templates. 

3. 
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Mg++ concentration is too high.  Adjust the Mg++ concentration and repeat tests on 
positive and negative control DNA. 

4. 

 
C. Smears on the gel 

 
Too many cycles.  Depending on the primers and the abundance of the cDNA of 
interest, as few as 25 cycles or as many as 40 cycles may be required to obtain specific 
product.  Northern blot analysis can be used to determine the relative abundance of the 
transcript of interest in the corresponding tissue of the library panel. 

1. 

See B1 and B2 above 2. 

1. 

2. 

3. 

4. 

5. 
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Please check the OriGene website, www.origene.com, for the most current list of available 
references. 
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Appendices 
 
Appendix A. Map of pCMV6-XL4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GenBank Accession Number:  AF067196 
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MCS
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Amp 

4707 bp

M13

The vector pCMV6-XL4 is 4.7 kbp in size and contains a polylinker (Sac I to Sma I).  The cDNA library inserts are 
directionally cloned between the EcoRI and SalI sites.  Note:  The Sal I site is destroyed in the cloning process.  The 
CMV promoter, which can be used to express the cloned cDNAs, is followed by an hGH (human growth hormone) 
polyA region located downstream of the polylinker.  The ColE1 ori is the bacterial origin of replication, the SV40 ori 
allows for replication in mammalian tissue culture cells and the f1 origin is the filamentous phage origin of replication 
that allows for recovery of single-stranded plasmid.  Selection of the plasmid in E. coli is conferred by an ampicillin-
resistance gene, AmpR. 
Sequencing from the 5’ end of cDNA inserts can be performed using Vector Primer 3 (provided).  Its priming site is 
located approximately 60-bp upstream of the polylinker. 
Sequencing from the 3’ end* of cDNA inserts can be performed using the XL39 vector reverse primer (provided).  The 
priming site of XL39 is approximately 70bp downstream of the polylinker sequence.  
T7 RNA polymerase can be used for generating transcripts of the cDNA insert by in vitro transcription.  A T7 promoter 
sequence is located 5’ of the polylinker.  Note:  The cDNA insert fragment must be first isolated from the library vector 
before the reaction since a second T7 promoter is present in the vector.  This can be accomplished by digesting the 
plasmid with SacI and SmaI. 
*Please note: The M13 primer sequence is represented twice within the vector sequence with only a slight variation in 
bases between the two sites. Therefore, sequencing from the 3’ end of cDNA inserts may not be performed using an 
M13 Reverse primer.   
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Appendix B. Polylinker Sequence of pCMV6-XL4 
 

 
Vector Primer 3   5’ GCAGAGCTCGTTTAGTGAACC 3’ 
Primer XL39       5’ ATTAGGACAAGGCTGGTGGG 3’ 
T7 Priming Site   5’ AATACGACTCACTATAGGG 3’ 
Vector Primer 6   5’ TAGAAGGACACCTAGTCAGAC 3’ 
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Appendix C. Primer Testing 
 
PCR primers should be tested using a known template, such as a cDNA clone, before being used in a large-scale 
screen. 
 
Dilute the cloned cDNA fragment in water to a concentration of 0.1 ng/µL. 
 
Dilute each primer to a concentration of 10 pmol/µL. 
 
Set up three PCRs using 0.1, 0.25 and 1.0 ng/µL of cDNA, respectively.  Negative controls, 
including using each primer singly, should be performed. 
 
Perform PCR following standard protocols, as in Appendix D. 
 
Analyze the results by agarose gel electrophoresis.  If a “clean” PCR product is not observed under these conditions, 
try altering the annealing temperature or Mg++ concentration in the PCR.  Determine the optimal conditions for PCR 
amplification before proceeding to the library screen. 
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Appendix D. Standard PCR Conditions 
 
Prepare the PCR per sample as follows: 
 Stock Solution    Volume Final 
 10× PCR Buffer    2.5 µL  1× 
 dNTPs (2 mM each)    2.5 µL  0.2 mM 
 Forward (5’) Primer (10 pmol/µL)  0.5 µL  5 pmol 
 Reverse (3’) Primer (10 pmol/µL)   0.5 µL  5 pmol 
 Taq DNA Polymerase    —  0.5 U 
 sterile ddH2O     to 25 µL — 
 
The following cycling parameters are recommended: 

Gene Specific Primers 
 Pre-Soak  94°C for 5 min 
 
 Denaturation  94°C for 30 sec 
 Annealing   60°C for 30 sec  30-35 cycles 
 Extension  72°C for 1.0 min (master plate) 
    72°C for 3.0 min (sub-plate) 
 
 Final Extension 72°C for 5 min 
 Hold   4°C 
 
Vector 3 and Reverse Primers (Touchdown Program) 
 Pre-Soak  94°C for 5 min 
 
 Denaturation  94°C for 30 sec 
 Annealing/Extension  68°C for 7 min  10 cycles 
 
 Denaturation  94°C for 30 sec 
 Annealing   65°C for 30 sec  35 cycles 
 Extension  72°C for 7 min 
 
 Final Extension 72°C for 7 min 
 Hold   4°C 
 
 
 
 
 
 
 
 

Page 22 of 32  Technical Support: 888-267-4436 



 

Appendix E. pCMV6-XL4 Sequence 
GenBank Accession Number:  AF067196 
 
1 aacaaaatat taacgcttac aatttccatt cgccattcag gctgcgcaac tgttgggaag 
61 ggcgatcggt gcgggcctct tcgctattac gccagctggc gaaaggggga tgtgctgcaa 
121 ggcgattaag ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca 
181 gtgccaagct gatctataca ttgaatcaat attggcaatt agccatatta gtcattggtt 
241 atatagcata aatcaatatt ggctattggc cattgcatac gttgtatcta tatcataata 
301 tgtacattta tattggctca tgtccaatat gaccgccatg ttgacattga ttattgacta 
361 gttattaata gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg 
421 ttacataact tacggtaaat ggcccgcctg gctgaccgcc caacgacccc cgcccattga 
481 cgtcaataat gacgtatgtt cccatagtaa cgccaatagg gactttccat tgacgtcaat 
541 gggtggagta tttacggtaa actgcccact tggcagtaca tcaagtgtat catatgccaa 
601 gtccgccccc tattgacgtc aatgacggta aatggcccgc ctggcattat gcccagtaca 
661 tgaccttacg ggactttcct acttggcagt acatctacgt attagtcatc gctattacca 
721 tggtgatgcg gttttggcag tacaccaatg ggcgtggata gcggtttgac tcacggggat 
781 ttccaagtct ccaccccatt gacgtcaatg ggagtttgtt ttggcaccaa aatcaacggg 
841 actttccaaa atgtcgtaat aaccccgccc cgttgacgca aatgggcggt aggcgtgtac 
901 ggtgggaggt ctatataagc agagctcgtt tagtgaaccg tcagaatttt gtaatacgac 
961 tcactatagg gcggccgcga attcagatct ggtaccgata tcaagcttgt cgactctaga 
1021 ttgcggccgc ggtcatagct gtttcctgaa catgtgatcc cgggtggcat ccctgtgacc 
1081 cctccccagt gcctctcctg gccctggaag ttgccactcc agtgcccacc agccttgtcc 
1141 taataaaatt aagttgcatc attttgtctg actaggtgtc cttctataat attatggggt 
1201 ggaggggggt ggtatggagc aaggggcaag ttgggaagac aacctgtagg gcctgcgggg 
1261 tctattggga accaagctgg agtgcagtgg cacaatcttg gctcactgca atctccgcct 
1321 cctgggttca agcgattctc ctgcctcagc ctcccgagtt gttgggattc caggcatgca 
1381 tgaccaggct cagctaattt ttgttttttt ggtagagacg gggtttcacc atattggcca 
1441 ggctggtctc caactcctaa tctcaggtga tctacccacc ttggcctccc aaattgctgg 
1501 gattacaggc gtgaaccact gctcccttcc ctgtccttct gattttaaaa taactatacc 
1561 agcaggagga cgtccagaca cagcataggc tacctggcca tgcccaaccg gtgggacatt 
1621 tgagttgctt gcttggcact gtcctctcat gcgttgggtc cactcagtag atgcctgttg 
1681 aattgggtac gcggccagct tggctgtgga atgtgtgtca gttagggtgt ggaaagtccc 
1741 caggctcccc agcaggcaga agtatgcaaa gcatgcatct caattagtca gcaaccaggt 
1801 gtggaaagtc cccaggctcc ccagcaggca gaagtatgca aagcatgcat ctcaattagt 
1861 cagcaaccat agtcccgccc ctaactccgc ccatcccgcc cctaactccg cccagttccg 
1921 cccattctcc gccccatggc tgactaattt tttttattta tgcagaggcc gaggccgcct 
1981 cggcctctga gctattccag aagtagtgag gaggcttttt tggaggccta ggcttttgca 
2041 aaaagctcct cgaggaactg aaaaaccaga aagttaattc cctatagtga gtcgtattaa 
2101 attcgtaatc atgtcatagc tgtttcctgt gtgaaattgt tatccgctca caattccaca 
2161 caacatacga gccggaagca taaagtgtaa agcctggggt gcctaatgag tgagctaact 
2221 cacattaatt gcgttgcgct cactgcccgc tttccagtcg ggaaacctgt cgtgccagct 
2281 gcattaatga atcggccaac gcgcggggag aggcggtttg cgtattgggc gctcttccgc 
2341 ttcctcgctc actgactcgc tgcgctcggt cgttcggctg cggcgagcgg tatcagctca 
2401 ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg 
2461 agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcc gcgttgctgg cgtttttcca 
2521 taggctccgc ccccctgacg agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa 
2581 cccgacagga ctataaagat accaggcgtt tccccctgga agctccctcg tgcgctctcc 
2641 tgttccgacc ctgccgctta ccggatacct gtccgccttt ctcccttcgg gaagcgtggc 
2701 gctttctcat agctcacgct gtaggtatct cagttcggtg taggtcgttc gctccaagct 
2761 gggctgtgtg cacgaacccc ccgttcagcc cgaccgctgc gccttatccg gtaactatcg 
2821 tcttgagtcc aacccggtaa gacacgactt atcgccactg gcagcagcca ctggtaacag 
2881 gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt ggcctaacta 
2941 cggctacact agaagaacag tatttggtat ctgcgctctg ctgaagccag ttaccttcgg 
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3001 aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtagcg gtggtttttt 
3061 tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt 
3121 ttctacgggg tctgacgctc agtggaacga aaactcacgt taagggattt tggtcatgag 
3181 attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat 
3241 ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc 
3301 tatctcagcg atctgtctat ttcgttcatc catagttgcc tgactccccg tcgtgtagat 
3361 aactacgata cgggagggct taccatctgg ccccagtgct gcaatgatac cgcgagaccc 
3421 acgctcaccg gctccagatt tatcagcaat aaaccagcca gccggaaggg ccgagcgcag 
3481 aagtggtcct gcaactttat ccgcctccat ccagtctatt aattgttgcc gggaagctag 
3541 agtaagtagt tcgccagtta atagtttgcg caacgttgtt gccattgcta caggcatcgt 
3601 ggtgtcacgc tcgtcgtttg gtatggcttc attcagctcc ggttcccaac gatcaaggcg 
3661 agttacatga tcccccatgt tgtgcaaaaa agcggttagc tccttcggtc ctccgatcgt 
3721 tgtcagaagt aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc 
3781 tcttactgtc atgccatccg taagatgctt ttctgtgact ggtgagtact caaccaagtc 
3841 attctgagaa tagtgtatgc ggcgaccgag ttgctcttgc ccggcgtcaa tacgggataa 
3901 taccgcgcca catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttcggggcg 
3961 aaaactctca aggatcttac cgctgttgag atccagttcg atgtaaccca ctcgtgcacc 
4021 caactgatct tcagcatctt ttactttcac cagcgtttct gggtgagcaa aaacaggaag 
4081 gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactctt 
4141 cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt 
4201 tgaatgtatt tagaaaaata aacaaatagg ggttccgcgc acatttcccc gaaaagtgcc 
4261 acctgacgcg ccctgtagcg gcgcattaag cgcggcgggt gtggtggtta cgcgcagcgt 
4321 gaccgctaca cttgccagcg ccctagcgcc cgctcctttc gctttcttcc cttcctttct 
4381 cgccacgttc gccggctttc cccgtcaagc tctaaatcgg gggctccctt tagggttccg 
4441 atttagtgct ttacggcacc tcgaccccaa aaaacttgat tagggtgatg gttcacgtag 
4501 tgggccatcg ccctgataga cggtttttcg ccctttgacg ttggagtcca cgttctttaa 
4561 tagtggactc ttgttccaaa ctggaacaac actcaaccct atctcggtct attcttttga 
4621 tttataaggg attttgccga tttcggccta ttggttaaaa aatgagctga tttaacaaaa 
4681 atttaacgcg aattttaaca aaatatt 
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Appendix F. pCMV6-XL4 Restriction Map 

GenBank Accession Number:  AF067196 
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Appendix G. Limited License Agreement 
 
 
This product is optimized for use in the Polymerase Chain Reaction ("PCR") covered by patents 
owned by Hoffmann-La Roche Inc. and F. Hoffmann-La Roche Ltd ("Roche"). No license under 
these patents to use the PCR Process is conveyed expressly or by implication to the purchaser 
by the purchase of this product. A license to use the PCR Process for certain research and 
development activities accompanies the purchase of certain reagents from licensed suppliers 
when used in conjunction with an authorized thermal cycler, or is available from the Perkin-
Elmer Corporation. Further information on purchasing licenses to practice the PCR Process 
may be obtained by contacting the Director of Licensing at the Perkin-Elmer Corporation, 850 
Lincoln Centre Drive, Foster City, California 94404 or at Roche Molecular systems, Inc., 1145 
Atlantic Avenue, Alameda, California 94501. 
 
This Product  shall only be used for non-commercial research purposes.  Purchaser shall only 
have a non-transferable right to use the Product in non-commercial research conducted by 
Purchaser.  This Limited License does not transfer ownership or title to the Product, or any part 
thereof, to Purchaser.  Intact, duplicated, partial and/or modified Product, shall not be 
transferred to any third party by Purchaser.  Purchaser shall not use the Product to manufacture 
commercial products, to sell services relating to or using Product, and/or to engage in 
commercial activities.  The resale, modification and/or duplication of the Product, or any part 
thereof, is strictly prohibited.  This Product may be protected by patent applications, patents 
and/or copyrights. 
 
OriGene makes no representation or warranty as to whether the Product, and/or its uses, 
infringes any patent or intellectual property rights of any third party. 
 
The Product shall not be used for drug, diagnostic, or human use.   
 
Warranties.  We will replace, at no cost, any product of ours that does not meet our standard 
product specifications.   THERE ARE NO OTHER WARRANTIES, EXPRESS OR IMPLIED, 
BEYOND THE TERMS OF THIS LIMITED WARRANTY.  IN NO EVENT SHALL ORIGENE BE 
LIABLE FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES.  Some jurisdictions do not allow 
the exclusion or limitation of incidental or consequential damages, so the above limitation or 
exclusion may not apply to you.  This warranty gives you specific legal rights, and you may have 
other rights that vary from jurisdiction to jurisdiction. 
 
If Purchaser is unwilling to accept the terms of this Limited License, return the Product to 
OriGene Technologies, Inc. for a full refund.  For information on purchasing a license to use the 
Product for purposes other than non-commercial research purposes, contact OriGene at 301-
340-3188. 
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