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Molecular biologists often encounter certain genes,
chromosomal regions, or entire genomes that are especially
difficult to clone. The CloneSmart™ system was designed
to eliminate many of the difficulties inherent to cloning,
whether the target is an individual gene or a complete
genome.

The CloneSmart™ Blunt Cloning Kits incorporate the
pSMART™ vectors, which employ transcriptional termina-
tors to minimize unintended transcription out of DNA
inserts (Figure 1). The pSMART™ vectors do not use a
promoter or indicator gene, so transcription through the
insert is eliminated. This lack of transcription greatly
decreases the bias against cloning strong promoter regions,
sequences that encode toxic peptides, or other unstable
elements.

In contrast, conventional vectors employing direct selec-
tion schemes or the blue/white screen (such as pUC19 or
related vectors) have a high level of transcription and
translation of the insert. Transcription initiated within
cloned inserts can conflict with the indicator gene pro-
moter or may interfere with maintenance of the plasmid.

The following examples illustrate the power and simplicity
of using the CloneSmart™ system. DNA refractory to
cloning in other plasmids was readily cloned in the
pSMART™ vectors. High-throughput sequencing showed
that over 99.5% of randomly picked clones contained insert
DNA. The lack of empty vector background eliminated the
effort, expense, and uncertainty of using XGal/IPTG for
blue/white colony screening.
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Cloning AT rich genomic DNA is notoriously difficult.
While the reasons are not clear, one suggestion is that the
cloned sequences behave as transcriptional promoters in
E. coli. Transcription driven by the insert may then
proceed into the vector and interfere with it’s replication
or expression of drug resistance.

The genome of Lactobacillus helveticus, which is approxi-
mately 65% AT, provides a stringent test of cloning vectors.
Attempts to generate genomic libraries of 2-4 kb fragments in
pUC based vectors resulted in a small number of colonies
with a substantial number of deleted clones (Figure 2).
Assembly of 19,000 clones from the pUC libraries was
expected to provide nearly 4X coverage of the genome, but
instead only 70% of the genome was represented. Clone
stacking was up to 40 deep in some single-copy loci (1).
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In contrast, libraries of 2-3 kb genomic fragments created
in pSMART™-HC and -LC contained 25-30 fold as many
stable clones (Figure 2). Furthermore, 97% of the
pSMART™-LC clones were intact. Sequencing 7300
clones from the pSMART™-LC library increased the
genomic coverage to 97.5%. Minimal stacking was  de-
tected. These results demonstrated that the CloneSmart™
system produced broad and even coverage of this difficult-
to-clone genome.
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... the unique design of the
CloneSmart™ system ensures
virtually zero background ...

Target inserts that were problematic
to clone in pUC type vectors were

obtained readily in pSMART™.

The low-copy pSMART™-LC vector is also ideal for
cloning large DNA fragments. Libraries containing inserts of
8-14 kb can be obtained routinely in this vector (Figure 3).
Although the vector is maintained at a low copy number,
minipreps from 1.5 ml cultures provided ample amounts of
DNA for subsequent analyses.

Another significant problem in cloning can arise from vector-
driven transcription of insert DNA. Blue/white screening or
direct selection plasmids are based upon expression of an
actively transcribed indicator gene. Because the multiple
cloning site is imbedded within the indicator gene, any
fragment inserted into the site is potentially transcribed and
translated. The resulting expression can select against inserts
that contain toxic coding sequences.

Numerous attempts were made to clone a gene encoding
a specific saccharolytic enzyme into pUC based vectors.
However, the resulting plasmids invariably suffered
deletions within the insert, which precluded cloning the entire
gene in a single plasmid. In contrast, full-length genomic
clones of this gene were isolated from a pSMART™-LC
library enriched for this sequence (data not shown).

���������
�����!����"��
#�"���������
���
���

Because the CloneSmart™ vectors are provided pre-cut and
dephosphorylated, researchers are freed from having to
prepare their own vector. Further, the unique design of the
CloneSmart™ system ensures virtually zero background of

(Table 1). A university-associated genomics center generated
successful libraries of 400,000 clones each from 50–200 ng of
BAC DNA sheared to 1.5–4 kb (2). Sequence analysis of 100
clones from each of 24 of these libraries revealed inserts in
100% of the plasmids. Another academic researcher reported
100% inserts in over 1500 clones analyzed (3).
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forebmuN forebmuN forebmuN forebmuN forebmuN
seirarbil seirarbil seirarbil seirarbil seirarbil

/lufsseccus#( /lufsseccus#( /lufsseccus#( /lufsseccus#( /lufsseccus#(
)stpmetta# )stpmetta# )stpmetta# )stpmetta# )stpmetta#

fotnuomA fotnuomA fotnuomA fotnuomA fotnuomA
tresni tresni tresni tresni tresni

)noitagil/gn( )noitagil/gn( )noitagil/gn( )noitagil/gn( )noitagil/gn(

htiwsenolC htiwsenolC htiwsenolC htiwsenolC htiwsenolC
stresni stresni stresni stresni stresni yrarbiL/senolC yrarbiL/senolC yrarbiL/senolC yrarbiL/senolC yrarbiL/senolC daeR daeR daeR daeR daeR

htgnel htgnel htgnel htgnel htgnel .feR .feR .feR .feR .feR

33/33 gn002-5 0042/0042~ 01x4 5 pb005> 2

7/7 gn003-001 4851/4851 01x01-5 5 pb005> 3

empty vector, so there is no need to screen for recombinants.
Therefore, all viable colonies can be picked for analysis,
eliminating the error-prone manual or robotic discrimination
between white, light blue, and authentic blue colonies.

Several library construction projects have confirmed the ease
of use and lack of background with the CloneSmart™ Kit
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These results demonstrate the ease and efficiency of using
the CloneSmart™ system. Target DNA inserts that were
problematic to clone in pUC type vectors were obtained
readily in pSMART™. Genomic libraries of small and large
inserts were generated in pSMART™ with minimal effort.
Finally, the lack of empty vector background eliminated the
need for colony screening, as well as the time and expense
of sequencing non-recombinant clones.
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