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ABSTRACT

The method uses a novel plasmid vector, p9lox5,
containing a site-specific recombination sequence lox
from the Iox/Cre recombinase system of bacteriophage
P1. There are two distinct stages. Firstly, vector and
fragment DNAs are ligated intermolecularly under
conditions of macromolecular crowding (15%
polyethylene glycol 6000) which accelerate blunt-end
joining a thousandfold. Secondly, circular recombinant
molecules are efficiently excised from the ligation
products by Cre recombinase acting on pairs of lox
sites within directly repeated vector molecules flanking
insert DNA. Recombinants are introduced into cells
conventionally by transformation or electroporation. In
both a model system and the cloning of PCR products,
yields approaching those obtainable in cohesive-end
cloning were achieved. Applications of the technique
to cDNA library generation and recovery of DNA from
archive material are discussed.

INTRODUCTION

The ligation of blunt-ended DNA fragments is much less efficient
than that of cohesive-ended fragments under normal reaction
conditions. The quantitative cloning of such fragments (produced
for example by cDNA synthesis or PCR amplification) requires
elaborate and time-consuming techniques. Long incubation times
and high concentrations of ligase and DNA are required to
promote the reaction by conventional means (1). Alternative
methods involve the addition of linkers to fragment ends rendering
them cohesive and thus easily clonable (2).

It has been known for about a decade that the efficiency of
ligation in general, and that of blunt ends in particular, can be
dramatically increased in conditions of macromolecular crowding
induced by the presence of high concentrations of various inert
polymers (3-5). All such joining, however, is intermolecular,
so these conditions cannot be used directly for the creation of
plasmid recombinants. A technique has been described (6) in
which the concatemers generated by ligation in 15 % polyethlyene
glycol (PEG) are cleaved by a vector-unique restriction enzyme
and then ligated under PEG-free conditions to produce the
required circular molecules. This paper documents a similar but
more straightforward two-stage technique in which the second
stage restriction/ligation steps of the published method (6) are

replaced by a single, rapid site-specific recombination mediated
by the lox/Cre system of bacteriophage P1 (7). [Cre is a
recombinase which acts specifically on the 34bp lox sequence
its natural function is to circularize P1 genomes which when
injected into cells are linear lOOkb molecules flanked by lox sites
in direct repeat (8). Unlike many recombinases, Cre is not
fastidious and works efficiently in vitro under conditions similar
to those used for restriction enzyme digestion (9).] The principle
of the second stage has been outlined previously (10) and
proposed as a means of cloning large fragments into plasmids.
However, the addition here of the highly efficient ligation step
allows this principle to be exploited in a more general technique
for plasmid cloning. The whole process, designated 'turbo
cloning', is quick (1-2 h), simple and efficient.
Another system which uses PEG to promote ligation has been

published (1 ). In the presence of 10% PEG, the rate of blunt
end ligation is considerably enhanced, but intramolecular ligation
is not abolished. (For simplicity, this procedure will be referred
to hereafter as the 10% PEG method.) Recombinant circles are
therefore generated directly as in PEG-free conditions, but the
time taken to perform the reaction is reduced from 16 h to 30
min. Model cloning experiments which compare the two methods
are described.

MATERIALS AND METHODS
Materials
DNAs were prepared by standard methods (1) and restriction
enzymes used according to the supplier's (Boehringer)
recommendations.

Construction of p9lox5
A Sall cohesive ended duplex containing lox was made by
annealing the 40-mers B16 (5'-TCGACATAACTTCGTATA-
ATGTATGCTATACGAAGTTATG-3') and B 17 (5 '-TCGAC-
ATAACTTCGTATAGCATACATTATACGAAGTTATG-3')
synthesized using an Applied Biosystems DNA Synthesizer
Model 381 A. A single copy of the duplex was cloned into Sail-
cleaved pUC9 (12) to generate p9lox5 whose structure was
confirmed by sequencing: the orientation is such that B16 is
inserted into the lacZ' sense strand, with the consequential loss
of the blue/white test for recombinants. This 2705bp vector
retains the unique polylinker SmaI site of pUC9.
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Preparation of p9lox5 for cloning
It is convenient to prepare stocks of linearized. dephosphorylated
vector. Micrograim quantities of plasmid purified fotI ctlhidiuIlm
brotmide/CsCl gradients were cleaved wvith SniaI l and
dephosphorylated by calf intestinal phosphatase (Pronegga) using
standard techniques (1). To reduce the backlrouLnd calused bh
tr-aces of uncut plasmid, lineaar DNA was purified by excision
from an a-garose gel andi extracted uSing a f-eeze-squeeze mlethod
('13) followed bv desalting in G-50 (Sephadex, Pharmacia) spin
columns. Concentration of vector was determ-iiinel bhy estimiatin T

the bandi density of aliquots run on agaiose gels.

Turbo cloning
This is a two stage process. In stage one, the vector aLnd fr(aunment
DNAs [in water or TE: 1OmM Tris. HCI (pH 8.T0. 1mMI DTA1
arIe conmbined in a lioation buffer- similali to that dlesclibehd (4)
[final concentr-ations: 50mM Tris.HCl (pH 8.0). 0,5mNM ATP.
0.5mM dithioerythritol (DTE). 5miiM NMgCVI and ani appropriate
volume of PEG 6000 (BDH) added fiomai filter-ster-ilized 40%/(
(\v v) stock solution to uive a final coincentirationi of 15 %/. Lastlv.
0.3 to 0.5 units of T4 DNA ligase (Boehringer) is adde ci iVing
ai total r-eactioin volume of' 10-225[d. The Ireactionl is Mixed
carefully and thoroughly by pumping through a micropipettor
tip before incubation at rooImi tempeI-ature foI 10-30 mmi. The
reaction is term-linated by heat inactivaLtion of licase at 7-5 C for
10-15 immin.
The second staue is initiated by adding four volumes of Crc

buffer [lOmM Tris.HCl (pH 7.5). 10II1M MgClV. 50Im1M NaCl.
ImiM DTE] containing 0. 15ptg of Cre protein (NEN). The
r-eactioni is inicubated at 30'C for 20-30 mmi befo-rc hlcat
inactivation as before. (This is essential: unlike restIrictioin
enzymes and liuase Cre remiiains bound to DNA and if not heat-
dissociated interferes with cell uptake.) The process is now
complete and the DNA may be introduced into cells by chemical
triansformation or electroporation as usual. In this \vork.
electrocompetent E.coli strain DHIOB ( 14) was used. Destalting
was achieved by 15 min drop dialyses of sImlall aliquots of reaction
mix on nitrocellulose filters (Millipore type VM. 0.05,u pore size)
floating on water (15). 1-2nd of the dialysate was electi-oporated
into 30-35,ul of electrocompetent cells (Bio-Rad Gene PulserF:
2.5kV. 25ftF, 200Q). Subsequent steps were as described ( 14).
except that all media used were L br-oth batsed.
Some general points Imlust be noted. (i) Accur-ate pipettin, is

essential in staee one as even quite simall deviations froml] 15
PEG can significantly ieduce the imiacromiiolecular- crowding effect
(4): it helps to thaw the 40% stock solution to roomii temperature
at which it is less viscous. (ii) PEG mnav bc rem-noved fromii the
stage one products by chloroforml extraction or DNA precipitatioin
(4). but dilution is quicker and imiinimiizes DNA loss. (iii) Vector
dephosphorylation is advised for two reasons: firstl\ the
background of regenerated vector is reduced: secondly. the longJ
concatemers wA,ith multiple lox sites otherwise produced niitv bc
converted by Cre into complex knotted structur-es that could
sequester the desired recombinant ci-cles (although this h.as not
been investigated).

Preparation of Alu-PCR products for ligation
Total genomic DNA froimi a hv brid cell line B2. 13 derived fr-om'1
J I (clone 4) (16) which essentially contains huLman chroiniosomlie
11 in a CHO background was a gift firomil Vivienne Watson. An
olitconucleotide, 614. (5 -GTGAGCCGAGATInCGCGCCACTG-

CACT- elsinLd fi -oa the .0wcLnenssAlu rl iccat slencLCi 1 7
W\aS used to pnimIC implitiaCtion 1 Intei-- \l\L eL.uions in this DNA
Pt omea cntiz mnc and bal]teCI \N C Lts d\d ith J stiatdIdard procLan
onl a Hy baid Omnigenc thermai \c 1ci. Si-mplecs wcie IruIn in a
8%c'LiLoSc Lcl (FIL) . Ircirvctltcll i-I It\ o)tbands in ttc si/c

Iane 0 ' .kb. An"-ftliquot .ntIatWttit) was diliuted
five-ttold in buLitl- mAlld treate('ttC ti 1 IApDX1lymIc-asc
(BoeihI'nileer With an cxeess ()I toN !Pl.vedclr Lll friannTieCnIts
unifotrmly hlunt-endced IS). Aftei heaticacti ation o'f the r'eation
(in thie presctice ()of )1111M ED iJ tier d NTPs salts and
milost short ( <50))bp) DN.A\ t'raiicnts \\crc removed h\
Geneclean)(Bio 1 1) ext act in aIl .a he )ANC\elatCd inito \\ Ite r

The blullt ended firCagnmcnts s\ etc then1l p)hOsphOrv lattc_ h\
polvinuclcotide kinase ( Boehtinee a(1s describe d 1 8). The enzym-ne
was heat inlactiated land a 15 a itt dip( d airas stcl (see abo\a)
\\ tS uSed to remIove saIlts aLd thl I)N \ ite)enttC1tiratln Cstintated
K\ nInilintL ainll nlIo)t a aIt;Cc

RESULTS
Principle of the imiethod
(Sec Fig. 2). As in the tiietlhodl descretn (itw teirlc Lale tw( stakTes:
(1) ieIatiol enhlanced hK macWti1tiute aci wdCiti (ii)
ci-cularizLation in non-crowvdiii conditions
The fir-st sta,ce is Cot11inionl to bothniethCods 1- 0 taLriO n11ie1.

a plasmid \ector contaiiiing aL lo. sitesittsthlih sed:LS inearitnzed.
blUit-enCideC vectori (p9liX5) and fraeLiiieit DNAs are hated itI
15./(% PEG at r-ootii temierpcatarte' I'llaider these cotiditionS. hlatit
enid liation is ailmiost as1 efficicilt ats cohesive ctnlid nation 4).
atiid essetitiallv all phOsph)horivlatcd tcieviiiL.iave joined itI atshort
itmi i < h) bh moderate anionlntits ofI' T1-4 DNA licase To
maxiniliSC reCoveyCO Of. distinct 1tec(m1)illailtbn. therelC iilLISt lidelIaaIrCe
moala- excess of \vectorI so that ilmst iniscrt DNA fragmients bc(cmle
flanked by vector^ molecles. ( Note thalt the inItCermIolICulI' nataure
ot the joining is a d'listinct avat1itaLg sitice it levelts the self-
circularization Which sequesters ilscr-t t'firLgments. The end
priodUcts ( tthis stageT. aelog. ()11(aC0te11ateicrs ()t \ meor anl fitaLnIcilt
DNA unless the \ ctoi is dpwliosphmo tlated. iIl hlichi aseI
ftrii,ment DNA it pesecita1s.s1nia0I'pop a -tiot ill almtiost
quaLtLtititaticl lie cotidtcrie to neat \tcctot trit,tamnt: :.t\ctOr
triimer-s. Half of these hybrid trliniers A ill have the vector-

Figtire 1. AILI -PCR products oI B2. 13 D)\ A. t)i A itamailnpitlcdi ats In N ialtc iat's
andI Nictil()ods. and(ilat0 ituiL,sII C ik.titithle .ti i )If ,cact WIIIins CIt ILL
in a. 1.8' atanscO ccl .latns ' 41 t,a iIi,iaiici-ea.kea Ivih ladd.c
BRI: sizcs s,tit i, inI kh
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components (and hence lox sites) in inverted repeat, and half in
direct repeat.

In stage 2, the reaction mix is diluted to abolish macromolecular
crowding and Cre protein added. The 50% of hybrids with lox
in direct repeat will be productively resolved to the desired
circular recombinants (plus vector monomers). The other hybrids
will undergo unproductive rounds of inversion between lox sites
and remain linear. Thus turbo cloning is subject to a theoretical
maximum efficiency of 50%. [The practical limit may be lower,
however, since it has been shown that in vitro Cre generates
circles from linears with no more than 70% efficiency (19). In
the same study it was shown that although Cre works in the
opposite direction of integrating circles into linears to generate
linear hybrids, this is much less efficient.] After heat inactivation
of Cre, stage 2 is complete and the DNA can be introduced into
cells.

In the absence of macromolecular crowding, where both inter-
and intramolecular ligation is permitted [as in conventional
cloning and the 10% PEG method (11)], the yield of circular
recombinants is heavily dependent both on the relative
concentrations of vector and fragment DNAs and the total DNA

(a)

(b)

(c)

7W

+Iigase -I

sl 50% 1- 50%
00/

+Cre

Figure 2. Overview of turbo cloning. (a) Stage 1: Linearized vector DNA
( *- ): arrow denotes lox site and its orientation) and insert DNA (.--) are

mixed in the presence of 15% PEG 6000 to produce conditions of macromolecular
crowding. (b) Ligase is added. This would normally result in the generation of
long linear concatemers of vector and insert DNA, but if (as depicted here) the
vector is dephosphorylated and in large excess, the majority of products will be
the vector:: insert::vector trimolecular hybrids shown. The vector components will
be in direct repeat (as shown LEFT) or in inverted repeated (as shown RIGHT)
with equal probability. (Dephosphorylation also prevents regeneration of non-

recombinant vector circles, which would result in this system from Cre
recombination of vector::vector head-to-tail products.) (c) Stage 2: After dilution
of reaction to abolish macromolecular crowding, Cre is added. When the lox
sites in hybrid DNA are directly repeated, Cre generates a circular recombinant
plasmid and a linear (vector) fragment. However, when the lox sites are inverted,
Cre instead causes lox-flanked DNA to undergo rounds of unproductive inversion.
DNA is then transformed or electroporated into E.coli in the usual way.

concentration (20). Deviation from optimum concentrations can
significantly reduce the yield. This makes the efficient cloning
of low, indeterminate amounts of blunt-ended DNA especially
difficult. The two-stage processes described here and in (6) are
less dependent on total DNA concentration: in 15% PEG, it
appears that the effective concentration of abutting ends is so high
(over a concentration range of at least 0.5 -50,tg/ml) that ligation
rate depends almost exclusively on enzyme concentration (4).
Furthermore, so long as vector DNA is in large molar excess
(10:1 or greater), cloning should be quantitative even if the
amount of fragment DNA is not known exactly.
The mathematical analysis of the effects of varying the

vector/fragment ratio on product formation in conditions of
macromolecular crowding is greatly simplified by the absence
of intramolecular events and will be presented elsewhere.

Blunt-end cloning of the chloramphenicol acetyltransferase
(CAT) gene into p9lox5
A plasmid containing a selectable marker was chosen as the
source of insert fragment for convenient identification of
recombinants. The 4.3kb plasmid pACB 104 replicates via the
Xdv replicon and carries the CAT gene encoding resistance to
chloramphenicol (21): it was linearized at the unique EcoRV site
within the 0 gene generating a blunt-ended fragment. After
ligation to SnaI-linearized, dephosphorylated p9lox5 vector in
a turbo cloning reaction, aliquots of reaction mix were
electroporated into DH lOB cells which had an electrocompetence
level of 1-2 x 108 cfu/,tg pUC19. Cells were plated out on L
agar containing ampicillin (Ap) and chloramphenicol (Cm) to
select recombinants directly. Parallel experiments in which
identical amounts of DNA were ligated under conditions
described for the 10% PEG method (1 1) were also carried out
(Table 1).
These results show that turbo cloning of blunt-ended fragments

produces recombinants at least 40 times as efficiently as the 10%
PEG method (1 1) over this range of DNA concentrations. Yields
are satisfactory even when the concentration of fragment DNA
in the stage 1 ligation mix is as low as 0. lzg/ml. Other turbo
cloning experiments with these substrate DNAs, some using
chemically competent cells, gave yields comparable to the above.
Control experiments in which either PEG or Cre were omitted
from the procedure produced at least a hundredfold fewer
colonies.

Table 1. Comparison of turbo cloning and 10% PEG- methods

AprCmr colonies per jug fragment
V:F ratiob Turbo cloningc 10% PEGd

1.5:1 1.2 x 106 2.9 x 104
3:1 2.2 x 106 1.7 x 104
7:1 6.1x105 1.5x104

36:1 2.6 x 105 <5x 103

aRef. (1 1)

bMolar ratio of vector (SmaI-cut p9loxS) to fragment (EcoRV-cut pACB 104).
cThe V:F ratios were achieved by ligating constant amounts (30ng) of vector
(using 0.3 units T4 DNA ligase-Boehringer) to varying amounts of fragment
in a volume of 1241 for 20 min at room temperature (stage 1). Total DNA
concentration varied from 2 to 74g/ml. The second stage Cre reaction was carried
out in a volume of 60it for 30 min at 30°C.
dLigations were carried out with the same amounts of DNA and ligase as above,
but in 12,u1 of 10% PEG buffer (11) for 30 min at 16°C.
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Table 2. Relative et'fcienlecies ot' hbLIlut end aIlnd CohCsivIC Clnd tulrbclih liln

AprCmrii colonics pCe' fttl
Type of substrates t'ragment" 1i'ft-iciecnc\ index

Blunt ended 1.2x 10" 3.8
Cohesive ended 4.0x I0" 12.7t

10O0ng of' StiaI- or EcoRI-cut dephosphorylated vector (p9(lx5l) wcre liotated it

16ng EcoRV- or LEoRt-cut tfragmcnit (pACB 104) in two turbo cloning Ieactions
otherwise carried out as in footnotc c of Table 1. In a dummny thuild tcaction
(omitting enzymes only). 26ng uncut p9lox5Cm (containing the cquivalcnt of 16n
t'i-agment) were proccssed similarly and gale rise to 3.2 x 11 colonicS pet p'
f'ragment equivalent.
'Ratio of numbers of recombinant coloniies obtaincd to those yielded -\ unLCut
p9lox5Crn.
'Both possible orientations of the EcoRI-mediated recombinants wxcrc toUndl
although colonies bearing oIIC of the fontms grew fXorly oln subscqucnt put1-ilativano.

The structures of a number of plasmids isolated fromi AprCml
colonies were determined by restriction analysis: mlost were 7kb
recombinant plasmids with single insertions of the 4.3kb fragment
at the vector StinaI site. (Others were larger and obtainable onl\

in low yield and are assumed to be recombinants with multiple
inserts.) Interestingly, all 7kb plasmids had the insert in the same

orientation, i.e., with CAT gene tr-anscription opposing

transcription from the vector licZ' promoter. It must be assumed
that recombinants with inserts in the other orientation are inviable
in DH1OB. This model system therefore underestimates the yield
possible for turbo cloning a blunt-ended 4.3kb fragmnent bs about
50%. Plasmid DNA from one clone, designated p91ox5Cm. was

purified by banding in an ethidium bromide/CsCI aradient.

Comparison of turbo cloning of blunt-ended and cohesive-
ended fragments
By linearizing both p9lox5 and pACB 104 with EicoRl [which cuts
the latter plasmid within the lacZ' gene (21)], the cohesive end

analogue of the above cloning experiment could be carried out.
Parallel turbo cloning experiments using either blunt-ended or

cohesive-ended substrates with vector:fragment riatios Of 10:1
were therefore performed and recombinants selected as befor-e
(Table 2).

It is clear that the turbo cloning efficiencies of blunt-ended and

cohesive-ended fragments obtained (i) are comparable to each
other (bearing in mind the underrepresentation of Stna 'EcoRV-
mediated hybrids discussed above) and (ii) represent a

satisfactorily high proportion of the yield that would result if ever\

fragment molecule was converted to a recombinant 7kb circle
(i.e. as mimicked by the dummy reaction containing uncut

p9lox5Cm).

Turbo cloning of Alu-PCR products
Approximately lOng of blunt-ended, kinased Alu-PCR product
DNA (see Materials and Methods) was ligated to 200ng of SinaI-
linearized, dephosphorylated p9lox5 vector- by turbo cloning.
LThis represents an approximate 10:1 'sector Imolar excess, since
the mean size of Alu-PCR product is 1.3- 1.5kb (Fig. I] I DH1OB
cells of the same electrocompetence as before were clecti-opor-ated
with aliquots of the ligated DNA and plated out on 1 agar

containing ampicillin. About 107 Apr colonies per ,Ag Alu-PCR
DNA were obtained. Plasmids fromii 36 clones were examined
both by Alu-PCR and restriction analysis: six had AlI-PCR
fragments (ranging in size froiim 0.2 to 2kb) inserted (Fig. 3).
the rest, reconstituted vectors, are presumed to have arisen frIom

l'igure 3. A vi-PCR ntplitviAtion ol I sits oI bin IInll ts dLtics d bhN LiI-ro
vloninl1 ot .Alo PCR prodtLtts ol B) IDN D1amitIN As t-roln si\
vtc tblthinl otis \5 Cr aLtttplitliC(t L1istlla1 AlitLI inltvC (1 4 ( NI ttlI t1d sand NIetholsl and1(I
dtquLots t-Lil ()In 1 I s Oagaosc clApt.Aiptntolatct st/vs atc (hip) I I(X). 29(1
640, _00(1. 90( mtdi 86(1 acts 6 1kTh s mCtlvI r(IccLilaI\0xsviht bl lnds a1re
PC(R irttl'i Is i-) C I 1liI-iis IL its ouIlt Sins si/v nliLtk1v 1

incomilpletc Smt'/l diocystiol ot- dr ph(osphoh N ition ot p9lox5 [hc
yicld of t-ccombinants is thcret'()coc aboulIt , (Y6 per jac frafemet
DNA. Gi' \en that the .Am-PCR t tomLILenits had to he blunt endtiedi
and phosphorylated prim- to clonmin. this yiecl ot recombinantits
is gratifyingly hiJh, Restlrition ttliappne otfthe teeomihinianits (data
not shown) proved themil to hK vsnI elatCd. Thus, turbo cloninI
pel-mits the efficicnt rcevcret \ t P(R p)(LuctS with minimial
preprocessing aind lo\\ sclectt\it

DISCUSSION

Botlh in aL imiodel s\ stem] and a1 pt,lcalatppi cation0, tuirbho Cl( ninT
produces recombinants Irl-om1 blunlt-Ctided tframents at levels
comparable to those obtalinecd pt-e'iVtLsl\ 6). (As seen above.
the Imlethocl mayalllso he used lit the dwlin'In Of cohecsivc-elded
fraeiments, but thie increase t ltieuicin\ is niot s(o Lrcat.
Nevertheless, as in the l1)'( PE(. ImlethodI ( 11. the sav\ine} in timle
imay micakc it aCnil attrcactive miiethovl to LSC tor botht kindcs (o clonine0.)
The ease with which PCR products cIan he cloned is particulaIly
niotable. since Man's otheri mlaethio(ds tel'sIn Mcludin2 restrieltion
sites at the 5' end of primael-s to permit cohesivc-end cloning of
products With tuL-bo IloninLe there is -o need for such
consider tions in primeirc ddesign
The discadvantaces of (16)1are i the tMime-cons-t1-i1i1 restriction

andli gat'io stps ()f sta 2 aLd i the p tentltial problei ot
cloning inserts which conta1in sites for the scconid staoe restr-iction
enrzme. The use of a rLare cLuttel like NoI may subst(antially
reduce (ii): turbo cloning does nlot h(ave thlis problem because
lox sites. heing 34bp long, Lre Ilnlikel\ to occur at aill in mlost
e,nomes. However, the new mIthod. ll likc othcrs. requires
specialized plasmiid vectors carry ing l/ot. A minore versatile plasmllid
than p9lox5 derived fr)om BlueScr-ibe (22 and containing lo/
outwith the cr-complementing, 1ac7' gnene fragL,-ment (thuxs allowing
the blue white screenl for recolimbiinants haLs no\\ also heen
constructed for this pu1-poseC

In conventional plasicld cloning, ori, klinetic reasons, therie is
a hias towcards tIhe inser-tion otf s1inaler fra(illeents fr-omll a
heterogen1ous population of L)N\:\ t2: the elonine of larLer
fraeLments theretki-r uSu1ll I-equiL-es a.1 prio size fractionatio)n.
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Because of the intermolecular nature of joining in 15% PEG,
size selection here should not occur. [It must be remembered,
however, that all plasmid cloning methods are confronted by an
obligatory size selection at the cell uptake stage: the probability
that a plasmid will transform a competent cell is inversely
proportional to its size (23).]
As well as the cloning of PCR products, turbo cloning could

usefully be applied [as with (6)] to the generation of cDNA
plasmid libraries. Blunt-ended cDNAs could be cloned directly
and efficiently, with many fewer steps. However, this would
require the use of maximally electrocompetent cells to compete
with the efficiencies obtained with X expression vectors (1).
Another application of turbo cloning and similar methods may

be the recovery of DNA from scarce archive material such as
paraffin blocks, forensic samples and ancient biological
specimens. The fraction of DNA surviving in an intact state in
this material is usually tiny (24): because turbo cloning maximises
the recovery of small amounts of blunt-ended DNA, and requires
minimal preprocessing (making ends flush with T4 DNA
polymerase may be all that is required), it could be more effective
than existing approaches (25, 26). PCR methods for examining
such material, though extremely sensitive, suffer from size and
sequence selectivity and can give misleading results due to strand
switching and misincorporation of bases during amplification.
Although yields obtained to date with turbo cloning are

satisfactory, there seems little doubt that they could be improved
by optimizing reaction conditions and/or vector structure. For
example, the process might be speeded up by allowing the Cre
recombination of stage 2 to take place in Vivo, i.e., by introducing
the first stage products directly into a strain constitutively
expressing Cre protein. Preliminary experiments have shown that
this is feasible, but unfortunately the viability of such strains
carrying p9loxS and recombinant derivatives is poor, possibly
because of lox/Cre complexes interfering with plasmid replication
or segregation. Use of an inducible strain that produces Cre only
during DNA uptake would solve this problem, but no such strain
has yet been described.
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