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AMV Reverse Transcriptase 

First-strand cDNA Synthesis Kit 
 

CATALOG NUMBER: LSK 1200 
 
CONTENTS:  This kit contains sufficient reagents to perform

   25 first strand cDNA syntheses with up to 2 g of   

   purified poly A(+)mRNA or 10 g of total cell RNA per 
   reaction. 
 

STORAGE:  3 months at -20C 12 months at -70C 
 
 
DESCRIPTION: 
This First-strand cDNA Synthesis kit has been developed to maximize the synthesis of full
-length cDNA. This kit produces an optimal template for DNA amplification techniques. 
Tested against a 7.5 kb synthetic poly A(+)RNA and a 9.8 kb native viral mRNA, 32% and 
42% of the cDNAs synthesized were full-length, respectively. Also, cDNAs to a poly A(+)
RNA ladder consisted of approximately 70% full length product (Fig. 1). The use of full-
length cDNA templates for polymerase chain reaction (PCR) (1) affords equal availability 
of all sequences for priming and amplification regardless of location.  This kit includes 
RNase inhibitor, DTT solution, 5X reaction buffer containing nucleotides, and AMV re-
verse transcriptase enzyme. Pd(T)12-18 and random hexamer primers are also provided, 
together with RNase-free water and a polyadenylated RNA ladder as control template. 
 

cDNA SYNTHESIS   

 

 

 

 
 
 
Figure 1. [32 P]-labeled cDNA to three RNA templates: 
 Lanes 1 and 2: 7.5 kb synthetic poly A(+)RNA primed with  
                                                              pd(T)12-18 and random hexamers, respectively. 
 Lanes 3 and 4: 9.8 kb tobacco vein mottling virus (TVMV)  
   mRNA, primed with pd(T)12-18 and random  
   hexamers, respectively. 
 Lanes 5 and 6: poly A(+)RNA ladder* primed with pd(T)12-18  
   and random hexamers, 

respectively. 
 

*This polyA(+) RNA ladder is different from the one supplied in this kit. 
FOR LABORATORY USE ONLY 
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The utility of the kit for synthesizing full-length cDNA to various RNA templates up to 9.8 

kb in size is demonstrated in Figure 1. The kit has the capacity to copy up to 2g of puri-

fied polyA(+)mRNA per 25L reaction. If total cell RNA extract is used, 10g of RNA per 

25L reaction is recommended. 
 
Either oligo(dT)12-18 or random hexamer primer may be used to prime purified mRNA. 
The former requires a polyA(+) tail or a very A-rich region, and produces cDNA sequenc-
es starting near the 3’ end of the mRNA. With random hexamer priming, all parts of the 
RNA are equally copied, and the sizes of the cDNA are progressively smaller as the con-
centration of primer is increased. The use of random hexamer primers is not recommend-
ed when mRNA contaminated with rRNA or tRNA is being used, as these components 
may also be primed and copied, resulting in a lower efficiency of cDNA transcribed from 
mRNA. 
 
Reverse transcription of RNA to cDNA is performed using Life Sciences’ Avian Myelo-
blastosis Virus reverse transcriptase. Advantage may be taken of the relatively thermosta-
ble nature of this avian viral enzyme by incubating reactions at temperatures in the range 

of 41C to 55C. At temperatures >50°C, problematic RNA secondary structures may be 
destabilized to some degree, thus facilitating reverse transcription of these sequences. 

Using 25 units of AMV RT per g of RNA ladder and this first-strand kit, reactions incubated at 

41C, 46C ,  and 50C yielded 100%, 74% and 66% transcription of polyadenylated RNA respec-
tively, with a consistent yield of 72% full-length cDNA product. 
 
Using a modified incubation procedure where the completed reaction mixture was initially incub- 
ated for 4 minutes at 41°C, before  subsequent incubation at 50°c and 55°C, the percent transcrip-
tion was 100% at 50°C and 90% at 55°C with the same yield of full-length cDNA product as 
reactions run at 41°C. 
 
AMV RT has been used to synthesize cDNA from a total cell RNA extract for PCR(1) ampli-
fication (Lynas, et al.)(2). 
 

Materials provided  in the Kit: 
 
Description of Contents  Vol.    No. of Vials Comments 
 

First-strand Reaction Mix (5X)  35L 5 For 25 X 25L reac-        
(Use 5.0 uL per reaction)    tions plus controls 

Pd(T)12-18 (0.5g/L)*   35L 1 Use 1 µL/ g RNA 

Random Hexamers (50ng/L)*  35L 1 Use 1 µL/ reaction 

RNA Ladder (0.5 g/L)*  6 L 1 Use 1-2 µL/ reaction 
RNase-free H2O   1mL 1 

RNase inhibitor (12.5 u/L)  25L 1 Use 1 uL/reaction 

DTT, 0.25 M   30L 1 Use 1 uL/reaction 

AMV Reverse Transcriptase (25 unit/L) 25L 1 Use 1 uL/reaction 
 

Upon thawing, microfuge the vials containing reverse transcriptase and RNA Ladder to assure full 

recovery of the contents. To prolong shelf life, the enzyme may be aliquoted and stored at -70C, 

although storage at -20C is adequate for 3 months. Repeated freezing and thawing results in loss of 

enzyme activity. Do not store this enzyme in a frost-free freezer.  
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I. cDNA Synthesis Worksheet for Calculations 

 
EXPERIMENT DATE: _________________ RNA: 1. _________________ 
 
KIT LOT NO: _________________________  2. _________________ 
 

   3. _________________ 
      
      

      
      
      
      
   7 

 
CODE 

 
DESCRIPTION 

 
FORMULA/ 
AMOUNT 

CALCULA-
TION/ 

RESULT 
(REACTION 

#1) 

CALCULA-
TION/ 

RESULT 
(REACTION 

#2) 

CALCULA-
TION/ 

RESULT 
(REACTION 

#3) 

 
(a) 

Template RNA 
(ng in reaction) 

 
____ ng 

   

 
(b) 

 
Reaction volume 

 

25L 

 

25L 

 

25L 

 

25L 

 
(c) 

Total counts/min 

per ____ L 

 
____c/m 

   

 
(d) 

TCA precipitable 
counts/min/ 

____ L 

 
 

____c/m 

   

 

(e) 

 

% Incorporation 

(d) ÷  (c) X 100    

 
(f) 

Nanomoles each 

dNTP per L of 
reaction 

 
0.5 

 
0.5 

 
0.5 

 
0.5 

 
(g) 

 
Nanomoles dNTP 

incorporated 

0.5X 
4 X (b) X (e) ÷  

100 

   

 
(h) 

 
Nanograms cDNA 

synthesized 

(g) nmoles X 
330 ng/nmole 

   

 
(i) 

% mRNA converted 
to cDNA 

 
(h) ÷  (a) X 100 

   



5)  Add 2  L of a 20% Ficoll solution containing 2% bromocresol green, or 2 L of 

sterile 50% glycerol containing 0.4% bromophenol blue to the 10 L aliquot in step 4. 
 
6)  After pouring the running buffer into the reservoirs of the gel box to a level a few 
millimeters above the gel, load the alkalized cDNA samples into the wells. The 
cDNA to the RNA Ladder (control RNA template provided) can serve as molecular 
weight markers. 
 
7)  Electrophorese at 2 volts/cm for 6 – 8 hours or 4 volts/cm for 4 hours. 
 
8)  After removing the gel to a glass plate, trim and discard unused lanes. Soak gel 
for 1 hour in 50mM Tris HCl; pH 7.5 to neutralize. 
 

9)  Dry the gel between a layer of Whatman 3M paper and Saran  wrap for one 
hour using a vacuum gel dryer with heat. 
 
IV. Autoradiography: 
 
1)  Materials required are: 

 Film cassette, with Intensifying screen 
 Kodak X AR5 X-ray film 

 
2)  In a dark room, expose the dried gel to the X-ray film 

a) Place the film on top of the screen. 
b) Place the dried gel on the film, with gel side against the film. 

c) Close cassette, and place at -70C for one hour. 
d) Develop film. 

 
V. Determination of percent incorporation of label by TCA precipitation: 
 
1)  Chill in ice a glass beaker containing 10mL of 5% trichloroacetic acid per sample 
to be assayed. 
 

2)  Cut GF/C strips, 0.5 X 1.0 cm, and number them with a Uniball waterproof 
marker. 
 
3)  Add a volume of 40mM EDTA equal to the cDNA reaction mixture volume to 
stop the labeled cDNA reaction. Mix well. 
 

4)  Pipet two 3L aliquots of each stopped reaction onto two GF/C strips and im-
merse one into the TCA solution, swirling occasionally for 10 minutes. Dry the other 
under a heat lamp to obtain a total available count. 
 
5)  Repeat two more 10 minute washes of the TCA-precipitated material in cold 5% 
TCA solutions, swirling occasionally. 
 
6)  Rinse the strips in 95% ethanol twice and dry completely under a heat lamp. 
 

7)  Cut away with scissors the section of the GF/C strip where the identifying num-
ber is written (the ink intereferes with the scintillation counting efficiency). Count 
both the TCA-washed and the “total count” strips in scintillation fluid. 
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         Kilobases 

 

 

 

 

 

 

                

  

        Lane No.             1      2            3 

Figure 2.  32P-labeled cDNA to poly-A RNA Ladder 

      Lane 1:  cDNA to 0.75 g RNA using pd(T)12-18 primer 

      Lane 2:  cDNA to 1.0 g of RNA using pd(T)12-18 primer 

      Lane 3:  cDNA to 1.0 g of RNA using random hexamer primer 
 
An RNA ladder consisting of equal  amounts of RNA’s of sizes 9, 6, 4, 2, 1, and 0.5 kb 
(approximately 50% poly-adenylated) is supplied as control RNA in this kit. 
 

cDNA synthesis was performed at 41C in a 50 minute incubation, using 0.75 and 1.0 g of 

RNA primed with pd(T)12-18 (Lanes 1 & 2), and 1.0 g of RNA primed with 50ng of ran-
dom hexamer  (lane 3). Eighty-six percent of the poly-adenylated RNA was transcribed in 
reactions 1 and 2, with at least 70 % of the product being full-length cDNA.  In the random
-hexamer primed reaction, cDNA’s of length up to 4 kb and greater were synthesized. 
 
Other Materials and Equipment Required: 
 

Waterbaths  or heating blocks at selected incubation temperature (41C - 55C) and 70C. 
Adjustable micropipettors and autoclaved tips. 
Autoclaved microfuge tubes. 
Ice bucket. 
[32P]-dATP or [32P]-dCTP; if monitoring of a standard mRNA reaction is desired. 
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 9.0 – 

6.0 – 

4.0 – 

2.0 – 

1.0  – 

0.5 – 

 



Protocols for first-strand synthesis: 
 

1.  For a reaction volume of 25L, remove from the freezer a vial of 5X firststrand 
reaction buffer, the RT enzyme, the desired primer, the RNA ladder (optional), DTT 

solution, RNasin and the RNase-free  H2O. Replace kit in freezer. 
2. The 5X reaction mix and RNA ladder should be thawed on ice , mixed well, and 

microfuged briefly at 4C. 
3. Thaw on ice aliquots of the mRNAs to be reverse transcribed. Pipet an appropri-
ate amount of purified poly-A-RNA or total RNA cell extract into an RNase-free 
tube. (See Table 1.) The control RNA ladder may be run simultaneously in a reaction 
labeled with [32P]-dATP or [32P]-dCTP.* 
 

Table 1 

4. Add primer to RNA solution in a volume of water not exceeding 17 L. 

Use an annealing method of choice, or the method described in Table 1. 
5. Microfuge the RNA-primer vial briefly, and bring to a final volume of 17

L with chilled RNase-free water. Keep mixtures chilled on ice. 
6. To each RNA-primer mixture, add the following: 

(a) 1.0L 0.25 M DTT. 

(b) 1.0L RNase inhibitor. 

(c) 5.0L of 5X reaction buffer, mix well with  a pipet. 

(d) 1.0L AMV-RT. Mix gently. 

7. Incubate the reactions at 41C for 50 minutes. If the RNA is highly struc-

tured, incubate at 50 -55C  after a 4-minute pre-incubation of the reac-
tions at 41°C. Stop reaction by placing vials on ice. 

9. The cDNA may now be used as a template for amplification by the poly-

merase chain reaction, by addition of 1 – 2 L of the cDNA reaction to a 

25L PCR(1) reaction. 
 
*  If the RNA ladder is used, use same ratio of mRNA to primer indicated in Table 1. This 

reaction mixture and a 5  L aliquot of the other reaction mixtures may be monitored by 

addition of 2  Ci of [32P]- labeled dATP or dCTP. Following the incubation, TCA precipi-
tation of an aliquot and/or alkaline agarose electrophoresis may be used to analyze the 
cDNA product. See Appendix for these protocols. 
**  If the cDNA is to be used for cloning, it should first be dephosphorylated as the primers 
have 5’-PO4 ends. 
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RNA g RNA/Reaction g primer per 

g RNA 

Annealing Method 

Purified 
PolyA(+) 
mRNA 

1 – 2g 

(Use 1.0g if 
incubation at 

44-55C is desired.) 

0.5g pd(T)12-18** 
or 

50 – 100ng 
Random hexamer** 

pd(N)6 

Heat RNA-primer 
mixture (in H2O) at 

70C for 10 min. 
Immerse in ice. for 15 

minutes 

Total cell 
RNA extract 

5 - 10g 0.5g 
pd(T)12-18 

Random hexamer is 
not recommended for 

this application. 

As above. 

APPENDIX 
 

I. General Precautions 
1)  Glassware and plasticware should be RNase free. General laboratory glassware 

should be baked at 200C for 2 hours before use. Reagent solutions should be made 
RNase-free by treatment with DEPC (Diethylpyrocarbonate), 0.1% final concentra-
tion (v/v), overnight, followed by autoclaving to eliminate the DEPC (which would 
otherwise carboxymethulate the RNA). (3) 
 
2)  Disposable gloves should be used during all the preparation and isolation stages 
of the procedures to eliminate RNase contamination. Likewise all pipette tips and 
disposables should be sterile  and RNase-free. 
 
3)  Many of the reagents used in RNA isolation procedures such as phenol/
chloroform, guanidinium, and DEPC are toxic/irritants. Special care should be taken 
with their use. Protective clothing and eyewear is strongly recommended. 
 
4)  If a radioactive isotope is used to monitor the cDNA reaction, similar precautions 
for self-protection should be taken and appropriate regulations prescribed by licens-
ing authorities should be followed. 
 
II. mRNA Isolation 
1)  For effective and optimal cDNA synthesis, it is essential to obtain an intact and 
relatively pure undegraded mRNA preparation. Numerous methods and kits are 
available for the isolation of mRNA which prevent nucleolytic degradation of the 
RNA during the purification procedures. Methods employ the use of: 

A) Exogenous Inhibitors of RNases such as: 
Vanadyl ribonucleoside complexes (4) 
Human placental ribonuclease inhibitors (5) 
Recombinant ribonuclease inhibitors 

B) Protein Denaturants: 
Guanidinium hydrochloride (6) 

Guanidinium thiocyanate (7,8,9) 
 
2)  Protein denaturants disrupt cells and inactivate RNases. Guanidinium thiocya-
nate is now used almost exclusively. Following extraction of total RNA, the polyA
(+)mRNA may be isolated via either oligo(dT) chromatography (various media) (9,10) 
or messenger affinity paper. (11) 
 
III. Alkaline agarose electrophoresis 
The general method of McDonnell and Studier (12) may be used. A horizontal subma-
rine midi-gel apparatus with 1.0mm comb is required. 
 
1)  For cDNAs of up to 10 kilobases, a 0.6% agarose gel is used. This is prepared by 

melting the agarose in water, cooling the gel to 45C and adjusting it to 30mM 
NaOH and 2mM EDTA. 
 
2)  Pour a 3-4mm thick gel with the comb in place. Allow to harden for at least  one 
hour. 
 
3)  Prepare sufficient running bufferto cover the gel. (approximately 550 mL). The 
running buffer is also 30mM NaOH, 2mM EDTA. 
 
4) After stopping the cDNA reaction with an equal volume of 40mM EDTA add 1 

 L of 1M NaOH to a 9 L aliquot of the labeled cDNA reaction and incubate

    at 25  C for 10 minutes. 
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