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replication (13), has increased the flexibility of DNA cloning. Now it is pos-
sible to clone and screen libraries with the efficiency and ease of systems and
to analyze positive clones with the ease and versatility of a plasmid. The vec-
tors that are compatible with the cDNA synthesis protocol described in this
chapter are based on the Lambda ZAP® excision system (Stratagene Cloning
Systems, La Jolla, CA) (refs. 13 and 14; manuscript in preparation for
SeqZAP). These vectors use an excision mechanism that is based on filamen-
tous helper phage replication (e.g., M13). The choice of vector (Lambda ZAP,
ZAP Express, or SeqZAP) depends on whether one requires features such as
prokaryotic expression, eukaryotic expression, in vitro transcription, in vitro
translation, directional cloning, single-strand replication, automated sequencer
compatibility, and special antibiotic resistance selection.

Several cloning procedures for constructing cDNA libraries exist (15–19).
Here we describe a modification of a directional cDNA cloning protocol (16).
This procedure has been successfully used for generating hundreds of direc-
tional cDNA libraries representing a vast number of plant and animal species
containing poly(A)+ mRNA, and is ideal for the generation of cDNA libraries
to viral RNA from purified virus particles and RNA extracted from infected
plant tissue.

A hybrid oligo(dT) linker-primer containing an XhoI site is used to make
directional cDNA. This 48-base oligonucleotide was designed with a protec-
tive sequence, to prevent the XhoI restriction enzyme recognition site from
being damaged in subsequent steps, and an 18-base poly(dT) sequence, which
binds to the 3' poly(A) region of the mRNA template (see Fig. 1).

First-strand synthesis is primed with the linker-primer and is transcribed by
reverse transcriptase in the presence of nucleotides and buffer. An RNase H-
deficient reverse transcriptase may produce larger yields of longer cDNA tran-
scripts (20,21). The use of 5-methyl dCTP in the nucleotide mix during
first-strand synthesis “hemimethylates” the cDNA, protecting it from diges-
tion during a subsequent restriction endonuclease reaction used to cleave the
internal XhoI site in the linker-primer.

The cDNA/mRNA hybrid is treated with RNase H in the second-strand syn-
thesis reaction. The mRNA is nicked to produce fragments that serve as prim-
ers for DNA polymerase I, synthesizing second strand cDNA. The second
strand nucleotide mixture is supplemented with dCTP to dilute the 5-methyl

Fig. 1. 48-bp oligonucleotide hybrid oligo(dT) linker-primer.

5'  GAGAGAGAGAGAGAGAGAGAGAGACTCGAGTTTTTTTTTTTTTTTTTT  3'
Protective Sequence XhoI          Poly(dT)


