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Whether you’re planning a simple 
TA cloning of a PCR fragment 
into a vector or the cloning of 

complex cDNA, shotgun, BAC or Fosmid li-
braries, you are sure to find a kit promising 
to alleviate the cloning procedure. Choosing 
an appropriate kit from the myriad availa-
ble seems to be harder than the cloning it-
self. In particular, the numerous features of 
vectors used in cloning kits for protein ex-
pression are especially mind-boggling – at 
least for someone like me who has been out 
of the lab for a number of years.  
 Up until the beginning of the new cen-
tury, cloning of DNA was based on assem-
bling recombinant DNA by restriction en-
zyme cutting and religation into a proper 
vector. This traditional method, developed 
by Stanley Cohen and Herbert Boyer in the 
late seventies, has since been honed and 
simplified. However, it still has one major 
drawback: the necessary restriction and 
ligation steps are rather time consuming. 
That’s usually no problem for researchers 
wanting to clone single genes. However, 
this species of molecular biologist seems to 
be in danger of extinction when it comes to 
sequencing entire genomes like there’s no 
tomorrow. Instead of cloning single genes, 
as in the “old days”, many of today’s molec-
ular biologists clone large sets of genes to 
determine their function. 

No restriction and ligation
 To facilitate simple and efficient high-
throughput cloning, several restriction en-
zyme and ligation-free cloning methods 
have been developed in the last ten years, 
all based on homologous recombination. 
The principle of recombinational cloning 
is rather straightforward. Short DNA frag-
ments, homologous to recombination sites 
of a vector, are introduced at both ends of 
a gene or an open reading frame by PCR. 
Subsequently, the PCR product and a vec-

tor are mixed together with an enzyme sys-
tem that catalyses the recombination of the 
homologous sequences to generate an entry 
vector. In a second step, the open reading 
frame (ORF) is transferred by homologous 
recombination from the entry vector to a 
panel of expression vectors. These are only 
the very basics of recombinational cloning; 
there are actually considerable differences 
between individual systems and kits.    

Gateway to expression
 The Gateway cloning system, for ex-
ample, utilises components of the site-spe-
cific recombination machinery of bacteri-
ophage l that normally integrates lambda 
DNA into, or excises it from, the host’s ge-
nome. In vitro recombination of an ORF into 
a Gateway vector requires only the l pro-
teins, integrase and excisionase, the E. coli 
protein, IHF, and specific att recombination 
sequences at both ends of the PCR-ampli-
fied ORF. 
 In the first step of Gateway cloning, the 
aforementioned enzyme mixture, Clonase, 
catalyses the integration of the ORF into 
a Gateway vector, harbouring compatible 
att-sequences. Once cloned into this Gate-
way entry clone vector, DNA segments can 
be rapidly transferred into diverse Gateway 
expression vectors via a similar Clonase-
based reaction. In recent years, a couple of 
labs have established extensive collections 
of ORF clones created by Gateway cloning 
containing, for example, human, Drosophi-
la, C. elegans or yeast genes.     
 Clontech’s Creator cloning system works 
in a similar fashion. However, instead of 
one, it uses two different enzyme systems 
to create master clones, and transfer genes 
from the master clones into the expression 
clones. An enzyme called “In-Fusion” catal-
yses the first step, while the Cre-loxP-based 
site-specific recombinantion system of bac-
teriophage P1 is responsible for the second 

cloning step. Cre recombinase is also an in-
tegral part of the non-commercial Univec-
tor cloning system, developed in 1998 by 
recombinational cloning pioneer Stephen 
Elledge, then at the Baylor College of Med-
icine. His simple one-step in vitro reaction 
system, which was indeed the first recom-
bination cloning system, requires only mas-
ter and expression clones, both harbouring 
two loxP sites for recombination, as well as 
the Cre recombinase. 
 Gateway, Creator and Univector systems 
have greatly accelerated high-throughput 
cloning but they still suffer one limitation: 
all three require specific recombination 
sites. But don’t despair! Alternative meth-
ods are available, independent of specific 
sites. Probably the best known is the Red/
ET recombination, or recombineering ap-
proach, put forward by the Francis Stewart 
group in 2000. Red/ET recombineering ex-
ploits the two functional identical enzyme 
systems RecE/RecT or Reda/Redb, taken 
either from the cryptic prophage Rac (Re-
cET) or from the bacteriophage l. A third 
protein called g, which inhibits nuclease 
activity, and the Reda/b (RecET) enzymes 
catalyse the integration of linear DNA frag-
ments into a target plasmid via homologous 
recombination.     

Ever faster and easier cloning
 Like many others, Stephen Elledge is 
tirelessly working on sequence-independ-
ent recombinational cloning methods. Last 
year he came up with a strategy he called 
sequence and ligation independent cloning 
(SLIC), which allows “the assembling of mul-
tiple DNA fragments in a single reaction us-
ing in-vitro homologous recombination and 
single strand annealing” (Nature Methods, 
4, 251-256). Let’s see how long it will take 
before the first SLIC cloning kits appear on 
the market.      

Harald Zähringer

Product survey: Cloning kits

Recombineering
is Gaining Ground
Is there anybody out there still preparing homebrewed buffers, enzyme solu-
tions and reagents for the cloning of DNA? My guess is no! There is certainly 
no other molecular biology technique, where commercial kits are so firmly 
established as in DNA cloning.

Gateway Arch in 
St. Louis, USA 
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  No screening necessary, > 99.9% of  

transformants contain 2 inserts 

  CloneSmart transcription-free vector  

technology minimizes cloning bias 

 2 independent inserts, 4 primer binding sites

 High cloning fidelity 

 Maximum insert stability

 Inducible copy number (oriV)

 More recombinants from less DNA

 High DNA yields

  Dramatically reduced false positives/ 

negatives due to lacZ/sacB stuffer region 

contained in pSMART FOS vector

  Maximum insert stability provided by linear 

pJAZZ vector (no supercoiling)

 High cloning efficiency 

 No insert size or cloning bias

  Highest possible yields of intact recom-

binants in plasmid, cosmid, or BAC cloning 

 Stability of large cloned inserts

 Compatible with any E. coli cloning vector

 Complete ligation after 5 minutes
 Reliable
 Good value for money
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