In vitro transcription is a simple procedure that allows for template-directed synthesis of RNA molecules of any sequence from short oligonucleotides to those of several kilobases in μg to mg quantities. It is based on the engineering of a template that includes a bacteriophage promoter sequence (e.g. from the T7 coliphage) upstream of the sequence of interest followed by transcription using the corresponding RNA polymerase. In vitro transcripts are used in analytical techniques (e.g. hybridization analysis), structural studies (for NMR and X-ray crystallography), in biochemical and genetic studies (e.g. as antisense reagents), and as functional molecules (ribozymes and aptamers). 

RNA is conveniently synthesized by in vitro transcription using the components of bacteriophage systems. The RNA polymerase (RNAP) is a single subunit of about 100 kDa that is highly specific for its 23-bp promoter sequence. With these two simple compo- nents, it is possible to make transcripts ranging in size from less than 30 nt to well over 104 nt in scales from μg to mg amounts. The most frequently used systems are the T3, T7, and SP6 systems. Here, in vitro transcription is exemplified by the T7 system derived from the T7 phage of E. coli established many years ago.

The basic strategy is to place the sequence of interest down- 
stream from the T7 promoter. The promoter covers the sequence 
ranging from –17 to +6 with +1 being the first nucleotide of 
the transcribed region (see Fig. 3.1). Thus, there is not complete ′ 
freedom in the choice of the sequence at the very 5 -end of the 
in vitro transcript. Most T7 promoters, like class III promoters 
(3), have G’s at +1, +2, and +3, and the first two G’s are critical 
for transcriptional yield. The alternative class II promoters initi- 
ate with an A and have a similar preference for G’s at +2 (4). 
The template for transcription can be (1) a plasmid that typically 
has the promoter for in vitro transcription immediately upstream 
from a polylinker for cloning the sequence to be transcribed.

Most plasmid cloning vectors have one or more promoters for in vitro 
transcription upstream of multiple cloning sites (MCS) (e.g. the 
pBluescript (Stratagene) and pGEM (Promega) series). An alter- 
native strategy consists in cloning a DNA fragment including a 
T7 promoter immediately 5 of the sequence to be transcribed in order to avoid the presence of nucleotides derived from the MCS in the transcript. In this case plasmids like pUC18 and pUC19 are preferred due to the absence of a built-in T7 promoter. Cloned templates are used for long transcripts (> 100 nt) and annealed oligo’s for very short transcripts. When large amounts of RNA are needed, it is better to use a cloned template in order to generate enough template using simple and economical techniques based on bacterial culture and plasmid extraction. 

Transcription termination in the natural setting occurs at specific terminator sites called Rho-independent terminators (5). In this mechanism, the 3 end of the mRNA forms a hairpin structure about 7–20 base pairs in length directly followed by a U- rich stretch (6). The hairpin formation promotes pausing of the RNA polymerase and leads to the disruption of the transcription complex. However, for in vitro transcripts, termination usually intervenes by “run off,” that is when the polymerase falls off at the very end of the template. With the PCR and oligo templates this is defined by the ends of the template products. With cloned templates this is achieved by linearizing the plasmid by restriction enzyme digestion downstream from the sequence of interest. 

[bookmark: 1]Requirements for transcription
In vitro transcription requires a purified linear DNA template containing a promoter, ribonucleotide triphosphates, a buffer system that includes DTT and magnesium ions, and an appropriate phage RNA polymerase. The exact conditions used in the transcription reaction depend on the amount of RNA needed for a specific application. 

The DNA template must contain a double-stranded promoter region where the phage polymerase binds and initiates RNA synthesis. Transcription templates include plasmid constructs engineered by cloning, cDNA templates generated by first- and second-strand synthesis from an RNA precursor (e.g., aRNA amplification), and linear templates generated by PCR or by annealing chemically synthesized oligonucleotides.

Plasmids
Many common plasmid cloning vectors include phage polymerase promoters. They often contain two distinct promoters, one on each side of the multiple cloning site, allowing transcription of either strand of an inserted sequence. Such dual opposable promoter vectors include Invitrogen's pDP, Promega's pGEM, Stratagene's pBluescript and Invitrogen's pCRII vectors.

Invitrogen™ pTRIPLEscript™ family of vectors contain all three phage polymerase promoters in tandem (on the same side of the multiple cloning site), allowing any of the three polymerases, SP6, T7 or T3 to be used.

Plasmid vectors used as transcription templates should be linearized by restriction enzyme digestion. Because transcription proceeds to the end of the DNA template, linearization ensures that RNA transcripts of a defined length and sequence are generated. The restriction site need not be unique, and providing the promoter remains adjacent to the transcription template, the vector itself may be digested multiple times. It is also unnecessary to purify the promoter-insert sequence away from other fragments prior to transcription because only the fragment containing promoter sequence will serve as template. Restriction enzyme digestion should be followed by purification since contaminants in the digestion reaction may inhibit transcription.
