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ABSTRACT

A general approach for isolating large nested deletions

in P1 artificial chromosomes (PACs) and bacterial
artificial chromosomes (BACS) by retrofitting with a loxP
site-containing Tn10 mini-transposon is described.
Cre-mediated recombination between the  JfoxP site
existing in these clones and one introduced by
transposition leads to deletions and inversions of the
DNA between these sites. Large deletions are selec-
tively recovered by transducing the retrofitted PAC or
BAC clones with P1 phage. The requirement that both
loxP sites in the cointegrate be packaged into a P1
head ensures that only large deletions are rescued.
PCR analyses identified these deletions as products of
legitimate recombination between  loxP sites mediated
by Cre protein. BACs produce deletions much more
efficiently than PACs although the former cannot be
induced to greater than unit copy in cells. Mammalian
cell-responsive antibiotic resistance markers are
introduced as part of the transposon into genomic
clone deletions for subsequent functional analysis.
Most importantly, the JoxP site retrofitting and P1
transduction can be performed in the same bacterial
host containing these clones directly isolated from
PAC or BAC libraries. These procedures should
facilitate physical and functional mapping of genes
and regulatory elements in these large plasmids.

INTRODUCTION

propagation and easy manipulation of high molecular weight
DNA, the study of genes and other regulatory sequences in clones
from these systems has invariably been conducted using sub-
cloning strategieslé—16). Physical mapping of genes have also
relied upon PCR and hybridization analysis of insert DNA
subcloned into smaller vectors. Often the manipulations that go
along with the ordering of small pieces of DNA in a large
uncharacterized clone become cumbersome in approaches using
such reconstruction strategies.

Genomic cloning systems that produce good yields of
relatively pure DNA offer the advantage of having their plasmids
used directly in biological experiments after modification. A
general retrofitting procedure capable of introducing such
alterations was recently described in the P1 syst&nl this
approach sequences of up to 10 kb are readily inserted into the
genomic DNA as part of a Tn1l0 mini-transposon. The near
random distribution of Tnl1O insertions allows one to also
generate nested deletions from one end of the insert by Cre
catalyzed recombination between the P1 vdod? site and
another introduced by transpositidr, However, deletions are
only one half of the products of this recombination process.
Recombination betwedoxP sites that are in opposite orientation
leads to a less desirable inversion product in half the population
(18-21). For P1 clones, the recovery of both recombination
products by transduction with P1 phage is very efficient The
deletions in this approach can be distinguished from the
inversions only after analyzing the size of the DNA isolated from
a retrofitted clone.

PACs and BACs are also amenable to such a retrofitting
strategy for generating nested deletions since thelex® aite
within the vector sequences in both of these cloning systems

Libraries of DNA fragments from the genomes of numerougd,11,22). Because plasmids from these systems are generally
organisms have been constructed in cloning systems as diversenash larger than P1, the transduction procedure can be used here

yeast artificial chromosomes (YACS)(cosmids %), bacterio-

to select for deletions that are large enough that the DNA fits into

phage P13-8), F-factor derived bacterial artificial chromosomesa P1 head. By supplying Cre proteinransfrom P1 vifduring

(BACs) (0,10), P1 artificial chromosomes (PACs}1), P1
vector-based bacteriophage T4 packaging sysi@inafd the
human artificial episomal chromosomes (HAEQS$).(Despite

transduction 17), the need for transferring the PAC or BAC
plasmids to acret background is avoided. Thus clones from
existing PAC and BAC libraries can be used directly to generate

the availability of several vector systems capable of faithfulested deletion sets for numerous mapping studies. Antibiotic
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resistance markers selectable in mammalian cells can be intpd-nPGKpuro/loxP or pTnBAC/loxP were first introduced
duced into genomic clone deletions as part dottietransposon.  separately into PAC or BAC plasmid-containing DH10B cells by
This should allow functional characterization of the deletedalcium chloride treatmen®). Cells harboring both a trans-
sequences in suitable mammalian cells. poson plasmid and a PAC or BAC plasmid were selected for
Here we demonstrate the use of this strategy to isolate langsistance to all three antibiotics, kanamycin or chloramphenicol
nested deletion sets in (i) the PAC system with newly designéiiom PAC or BAC respectively) and chloramphenicol or
transposons carryinglexP site, a chloramphenicol resistanceneomycin/kanamycin (from the PAC or BAC transposon plasmids
gene and the mammalian cell-selectable marker for puromyadiespectively) and ampicillin (from both transposon plasmids) on
resistance (FiglB); and (ii) the BAC system with a different L agar plates containing 2&/ml of each antibiotic. A single
transposon which carries a kanamycin resistance gendoxtl a transformed colony was grown to Aggp of 0.1 in 10 ml of L
site. The RSVneomycin gene present in this transposorilBjig. broth containing 2fg/ml each of kanamycin and chloramphenicol.
can confer resistance both to kanamycin in bacteria and neomy€ime transposase gene in the transposon plasmid was ifguced
in mammalian cells. adding 10Qul of a 0.1 M solution of isopropy3-p-thiogalacto-
pyranoside (IPTG). Cells were shaken vigorously for 4-5 h at
37°C, concentrated 10-fold by centrifugation in a Sorval table top

MATERIALS AND METHODS centrifuge at 3000 r.p.m. for 10 min atG and the pellet
. . ) resuspended by gentle vortexing in 1 ml of prewarmed L broth
Bacterial strains, vectors and media containing 5 mM calcium chloride. Cells were infected with a P1

virslysate at a multiplicity of infection (m.o.i.) of 2 and incubated
PAC clones #2, 5, 9 and 27 and BAC clones #10, 11, 18, 21, 2¢.37C for 10 min without shaking. Then 2 ml of prewarmed L

29 and CLC5BAC were gifts from Drs David Smoller and Kirkyoth containing 5 mM calcium chloride was added and
Findlay (Genome Systems Inc. MO, USA). These were isolatggepation continued at € for another 2 h with vigorous
from the respective libraries constructed with human genomig,aking. Lysis was enhanced by adding Gf chloroform to
DNA. The host DH10B conqtamlng the PAC and BAC plasmidgne cylture, vortexing and incubating an additional 1 minat 37
is recAand EXPresses theec| 9 repressor constitutively. _and vortexing again. Lysed cultures were centrifuged at 7000 r.p.m.

Isogeniccre™andcre™ strains, NS3516 and NS3529 respectivelygor 10 min at 4C in a SS 34 Sorval rotor. The P1 lysate was stored
were described earlies,¢3). The virulent form of P1 phage (P1 4t 4. This phage lysate contains the population of retrofitted,
virs) used to transduce P1, PAC and BAC deletions has also bggiyqful-sized PAC or BAC DNACre- NS3516 cells were
described §). The Pldpexclone in thecre™ host NS3516 Was  jnfected with this lysate to regenerate the PAC or BAC deletion
described earlierl(). o plasmid §,17). This transformation from phage to plasmid was

P1 viF stocks were made by a modification of the procedurgerformed as described earlier for infection with P esicept
outllneg in £4,25) and described in detail ifi)). Phage fiters of  {hat sufficient NS3516 cells were used to give an m.o.i. of 0.5.
8 x 10'° p.f.u./ml were obtained using this procedure. Infected cells were shaken at°87 for 1 h after dilution,

All Tn10 mini-transposon plasmids were propagatéddf  ,ncengrated 10-fold and aliquots spread on L agar plates containing
strains (e.g. NS3516) overexpressing lac repressor. The transl?&ﬁamycin, chloramphenicol or ampicillin alone or kanamycin

son donating plasmid pTnRSVneo/loxB7)( served as the ang chioramphenicol together to select for retrofitted PACs or
starting point for construction of all transposon plasmidgacg.

described here. pTn(Minimal)/loxP was constructed by replacing

the Not—Asd fragment containing the RSVneo gene with a

Noti—Asd synthetic oligonucleotide duplex containind3glll Isolating plasmid DNA from PAC and BAC deletions

site (Fig.1B). pTnPGKpuro/loxP was constructed similarly by

replacing the saméNot—Asd fragment with aNoi—-Sad  Plasmid DNA from PAC or BAC deletions were isolated by the
fragment containing the PGKpuro gene from plasmid pPGKpuwlkaline-SDS procedure after inducing cells with IPTG (for PACs
roBPA (obtained from Dr Alan Bradly, Baylor College of only) as described earlier for P1 DNAY).

Medicine, Houston) and a synthetic oligonucleotide adapter with

Sad-Asd ends. Transposon plasmid pTnpuro/loxP devoid of

Notl and Bglll sites was constructed by blunt end ligating the®CR analyses

Noti-Asd large fragment from pTnRSVneo/loxP to the 2 kb . ) )

fragment containing the puromycin gene from pPUR3 obtaindgCR reactions were set up with reagents from Perkin Elmer and
from Clontech. This puromycin gene lacks Bu site. used a 1 min annealing at’€followed by a 4 min polymerization

The transposon donating plasmid pTnBAC/loxP used in BACY 72C. Seque.nce of primers usfed analyzing deletions in P1
was constructed by destroying the chloramphenicol resistan@@d PACs are: CM-1, d(CAACGGTGGTATATCCAGTG) and

gene in pTnRSVneo/loxP. This was achieved by replacing ttel-10xP, dCTCTGTCAGAAACGGCCTTACG). Relative orienta-
smallestNot—EccRI fragment (size 1.6 kb) with a synthetic ions are indicated in FigurgA. Primers used for analyzing
oligonucleotide adapter. deletions in BACs are: Bac-1, d(GAGCTCGGACATGAGGTTG),

Neo-1, d(GAGCAAGGTGAGATGACAGGAG), Bac-2, d(CCG-

TATTCAGTGTCGCTG), Neo-2, d(CTGCCTCGTCCTGCAG-
Inserting loxP-Tn10 into PACs and BACs TTCATTC), Bac-3, d(CAATTATGACGCAGGTATCG) and

Neo-3, d(GAATGAACTGCAGGACGAGGCAG). Bac-2 and
Retrofitting PAC and BAC clones witloxP transposons was Neo-2 are in the same direction as Bac-1 and Neo-1 respectively,
performed in a manner similar to that described earlier for Rghile Bac-3 and Neo-3 are opposite in orientation to Bac-1 and
clones (7). Transposon plasmids pThnRSVneo/loxdhd Neo-1 respectively.
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Figure 1. Scheme for selective recovery of PAC and BAC deletiddnsertion of @gransposon containinglaxP site, a bacterial selectable marker (BSM) and a
mammalian cell selectable marker (MSM) into the genomic insert of a PAC or BAC clone is shown. Cre protein synthesized early during infectioretiafsvir
recombination ofoxP sites both to create a deletion in the insert and form the P1-PAC/BAC cointegrate. P1 packaging initigiessitetiigupplied by P1 Wr

and proceeds till the phage head is full. Packaging of the downsted@site andCre gene enables the DNA between ltheP sites to be recovered as a circular
molecule after infection. In the absence of packaging of the downstresite, the DNA is destroyed after infection as indicated in the lower panel. The location
and direction of PCR primers used to characterize PAC or BAC deletions are india&dcture of four transposon donating plasmids used in this study. Important
general features include a transposase gene located outside the 70 bp inverted repeat ends of the transposon (indicated here as open HoxEsifeHidand a
bacterial resistance marker within the transposon boundaries.

Gel electrophoresis of large plasmid DNA Not digested P1, PAC or BAC DNAs were analyzed by FIGE
in 0.7% agarose gels ik ITBE buffer 6). Samples were
Plasmid DNAs digested with restriction enzymes were electr@lectrophoresed for 1 h at 80 V without switching and then
phoresed in 0.9% agarose gels*¥TAE buffer 6) at 23 V for  continued for 20—-40 h with a switching regimen of 1 s forward,
18-20 h to analyse DNA fragmentsl5 kb. 0.3 s reverse (ramp factor 0.5). Gels were occasionally rerun after



2208 Nucleic Acids Research, 1997, \Vol. 25, No. 11

staining with ethidium bromide and photography to enhancible 1.Recovery of P1 and PAC clones after retrofitting
differences in mobility between linear PAC DNA fragments and

small supercoiled transposon plasmid molecules. Karl Karf + can

P1 (apex) (90 kb insert) ++++ 0
RESULTS P1 (apex) + pTn(Minimal)/loxP ++++ ++

P1 (apex) + pTnPGKpuro/loxP ++++ ++
Retrofitting clones with aloxP transposon PAC-2 (120 kb insert) 0 0

PAC-2 + pTn(Minimal)/loxP ++ ++

The PAC system was developed to clone greater than 100 kb D
using a modified version of the P1 vector and replacinig thigo _
P1 headful packaging and infection procedures with electroporatidifrC-5 (100 kb insert) + 0
(11). The BAC vector is F-factor derived with different regulatory PAC-5 + pTn(Minimal)/loxP ++ ++
elements that do not allow increasing plasmid copy number with, ~ = . ‘ThpGKouro/loxP

IPTG. BACs contain a chloramphenicol instead of a kanamycin + pInPEpurofox o o

N&\C-Z + pTnPGKpuro/loxP ++ ++

resistance gen®,02) and aoxP site, and thus plasmids from this PAC-9 (30 kb inser) e 0
system can be used for generating nested deletion sets as descripgtt9o + pTn(Minimal)/loxP et ++
earlier for P1 clonesl{). Retrofitting was initiated by introducing  pac.g + prnpGkpurofioxp -t -+

the transposon donating plasmid into the same cell containing the

PAC or BAC plasmid. The chloramphenicol resistance gene in . _ .
pTNRSVneo/loxP, pTn(Minimal)/loxP and pTnPGKpuro/loxP and >-10 colonies; ++, 20-50 colonies; +++, 100-200 colonies; ++++, 400-500
the neomycin-kanamycin resistance gene in pTNBAC/loxP af8°mes:

located within the 70 bp inverted repeat ends of the transposon an

is inserted along with tHexP sequence into the target DNA during g\nalysi; Ofl P1 DNAt indicates[t)r;\?;v_vhéllet.colopiﬁs glesifstant to
transposition while the ampicillin resistance gene and the ge gnamycin alon€ contain ipex Indistinguishable from
parent, those isolated from clones resistant to both drugs

ﬁgﬁggglsgot;a:;ploeﬁtazz;%yme which lie outside the boundaries o contain either deletions or inversions. Lane 2 in Figarghows
; %é’field inversion gel pattern ddotl digested DNA from the

Treatment of cells containing a PAC or BAC plasmid and Apexclone without transposon insertions. Lanes 3 and 4 show
ot digests of DNA from two clones containing inversions while
nes 5 and 6 show the DNA of two clones with deletions. Note
at transposon insertion introduces not only 3-5 kb of DNA
sequence but alsoNot restriction site. The inversions contain
two plasmid populations because the colonies selected on
kanamycin and chloramphenicol plates did not undergo further
;pgle colony purifications1(). Therefore the sum of the
lecular weights of DNA bands irfNeotl digest is expected to

transposon donating plasmid with IPTG induces expression of t
transposase gene and increases PAC plasmid nubis £ 7).
Transduction with P1 phage efficiently recovers the low percellg
tage of retrofitted PAC or BAC DNA as a packaged phage. TH
infecting P1 vi¥ provides the PAC or BAC plasmid witpacsite
when forming the cointegrate via Cre medidbe@ recombina-
tion (Fig. 1A, ref. 17). Packaging initiated at thgac site allows
recovery of that DNA which has undergone not only a transpos&
insertion but also a deletion large enough to enable the secxﬂeﬂ . X . ;
loxP site in the cointegrate to fit into the P1 head such that t slightly more than twice the starting clone size.

: ; ; ; ; Bglll digests of the same DNA samples are probably more
DNA is able to cyclize and survive after entering a suitable ho?t'formative as seen in lanes 8-12 of Figzite BecauseBgll

Cre” NS3516 cells were used for infection with the phage Iysasnes are more frequent, the DNA from deletion clones (lanes 11

because earlier studie$,X7) had indicated more efficient o i
plasmid DNA recovery from this host. Again, Cre proteinand 12) produce a pattern largely similar to the parent with

expressed early in infection from thec-loxPP1 viftransduced clusters of bands from the deleted region absent. In contrast, DNA

fragment (Fig.1A; ref. 17), circularizes the infecting DNA g%m the inv?:rlsions (Iaqes 9 a3d|lt(')) give a(ljpattﬁmhwith_ Ténorf
between the twipxP sites p1). ifferences. Clones containing deletions produce higher yields o

plasmid DNA than inversions.

PAC-9 with a 30 kb insert was expected to produce results
. o similar to a P1 clone upon retrofitting. Tallendicates that
Isolating nested deletions in P1 and PACs although the results are qualitatively similar toapéx the

overall efficiency of isolating retrofitted cloned#-fold lower.

A P1 clone with a 90 kb DNA insert containing the mouse ARletabolic differences between the host strains containing these
endonucleaseapey gene and four PAC clones with insertsplasmids might be responsible for this.
ranging in size from 30 to 170 kb were used in this study. Resultdn the absence of a transposon donating plasmid both PAC-2
summarized in Tablel show that the Papex plasmid is (120 kb insert) and PAC-27 (170 kb insert) fail to produce
efficiently transduced with P1 viin the absence of a transposonkanamycin resistant colonies upon transduction with PL vir
donating plasmid and produces a large number of coloni€ablel, data for PAC-27 not shown). The greater than headful
resistant to kanamycin. Colonies resistant to both antibiotics ariemgth of DNA between the twloxP sites in the P1 vir-PAC
only if a transposon plasmid such as pTn(Minimal)/loxP ocointegrate precludes the downstrdax® site from the P1 head
pTnPGKpuro/loxP was originally present in the same cell as tlhvehen packaging is initiated at tpac site (Fig.1A). Consequently
Plapexplasmid and appear 10% as frequently as those resistém PAC DNA in the P1 phage derived from this cointegrate is
to kanamycin alone. destroyed upon entering a cell.
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Figure 2. Analysis of plasmid DNA isolated from retrofitted 8i#x PAC-2, PAC-27 and PAC-5 cloneA.) (Lanes 2—6 displajotl digested DNA from Papex

clones analysed by FIGE while lanes 8-12 sh@glk digest of the same DNA in standard gel electrophoresis. Lanes 1 and 7 show molecular weight standards
Lanes 2 and 8 contain the DNA isolated from clones prior to retrofitBad:IGE ofNotl digested DNA isolated from the starting PAC-2 clone (lane 2) and two of

its deletion derivates, lanes 3 and 4. Lane 5 shows the DNA from the starting PAC-27 clone and lanes 6 and 7 show two of its deletion derivatives. DNA from P/
and two of its deletion derivatives are shown in lanes 9 and 10, 11 respectively. Lanes 1 and 8 contain high molecular weight DNA standards.

The downstreartoxP site in the cointegrate can be packaged e CrNOTNOrD DO
into the same P1 head with the upstream one in either of two R T T —
situations: (i) by creating a deletion large enough to reduce the
size of the intervening PAC DNA; and (ii) by forming the
cointegrate using the transposon-insddxH site rather than the 48 kb
PACloxPsite provided the insertémkPis in the same orientation
and placed sufficiently distant from it. The two pathways lead to
identical products. Because Cre-medi#be€ recombination is 8 kb
much more efficient when thexP sites are intramolecular rather
than intermolecular, the first pathway is expected to op&@te (

The analysis suggests that only clones undergoing large deletions

would be efficiently recovered. It is not surprising therefore that

all colonies arising from PAC-2 or PAC-27 retrofitted witbhyd®

site cqntam .d.eletlons as Shown in lanes 2-7 Of. F!QBEe Figure 3. FIGE analysis oNotl digested DNA isolated from BAC deletions.
Inversions arising from insertion of the transpdeR site in an | anes 2, 9 and 16 contain the DNA from the starting clones BAC-10, BAC-11
orientation opposite to that of the PRP site do not allow their  and BAC-18 respectively. Lanes 3-7, 10-14 and 17-21 show the DNA isolated
DNA to be recovered. from five deletion derivates of BAC-10, BAC-11 and BAC-18 respectively.

Clones such as PAC-5 which contain an insert of 100 kb DNAanes 1, 8 and 15 contain high molecular weight DNA standards.
produce a unigue pattern of colonies. This insert size appears to
be slightly over the upper limit of 95 kb that is believed to be théeletions than PACs using similar conditions. Six BAC clones
insert-DNA packaging capacity of P1 phag# (In the absence Wwith inserts between 120 and 180 kb isolated from a human
of a transposon plasmid, PAC-5 consistently produced only a fdirary were used in this analysis. As in PACs, P1 transduction
colonies upon transduction with P15\it0% as many produced alone failed to recover BAC plasmids of this size class. However,
by PAC-9) on kanamycin plates. This is in sharp contrast @ less-than P1 headful-sized BAC clone with a 80 kb insert
PAC-2 or PAC-27 which produced zero colonies. The result gontaining the human CLC5 gene was efficiently transduced
also distinctly different from PAC-9 or Ripexwhich produced under identical conditions (data not shown). BAC clones resistant
10 and 40 times as many colonies respectively. Retrofitting wite both chloramphenicol and kanamycin were recovered upon
a loxP transposon produced colonies with only deletions dgtrofitting. Analysis of plasmid DNA indicates the presence of
slightly higher frequencies than PAC-2 or PAC-27 as shown iarge deletions of 40-90 kb. FIGEN6t digested DNA from 15
lanes 9-11 in FigureB. such clones is shown in Figude

Isolating nested deletions in BACs Characterizing PAC and BAC deletions

BAC clones produced nested deletions efficiently upon insertirguccess in recovering PAC and BAC clones after retrofitting with
aloxPsite. The transposon TnBAC/loxP (Fi§) used to retrofit  aloxPtransposon using the P1 transduction procedure relies upon
BAC clones contains the RSVneo gene which confers resistartbe generation of large deletions. It is crucial therefore to
to kanamycin irEscherichia coliand neomycin in mammalian determine whether the deletions in these large plasmids are due
cells 8). Although BAC plasmids cannot be induced to multipldo genuine recombination betwelenP sites mediated by Cre
copies, they produced almost 10 times more colonies wighrotein. PCR was used to demonstrate this.
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Figure 4.PCR analyses of DNA isolated from PAC and BAC deletidy)sG€l electrophoresis of PCR product obtained with the primer set CM-1 and P1-loxP using
the following templates: deletion derivatives of PAC-2 obtained by retrofitting with TnRSVneo/loxP (lane 2), and Tn(Minimal)/loxP (lane 5), a deletion clone c
P1/Apexobtained by retrofitting with Tn(Minimal)/loxP (lane 8). Lanes 1 and 11 contain molecular weight standards. Lanes 3, 6 &Poh® gigests and lanes

4,7 and 10 showmot digests of the DNA obtained from the PCR samples shown in lanes 2, 5 and 8 resp&tildeintical PCR analyses of DNA from BAC
deletions. Lanes 2 and 5 contain the PCR product obtained by using the primer pairs Neo-1/Bac-1 and Neo-2/Bac-1 respectively, with DNA from the BAC-10 dele
shown in lane 7 of Figure 3 as template. Lanes 3, 4 and 6, 7 display the digestion pattern of the PCR products shown in lane$thdr(thBesith and 6) and

Asd (lanes 4 and 7).

The sequence and location of primers are shown in Materigii|asmids as templates failed to produce the specific bands
and Methods and Figuié.. Primer CM-1 was designed from the obtained with the PAC and P1 deletion clones (data not shown).
N-terminus of the chloramphenicol resistance gene going outwardAn identical analysis performed with several BAC deletions
toward theloxP site in the transposon and primer P1-loxP wasonfirm that they also arise from genuip&P recombinations
designed from sequences between the P1 plasmid replicon anediated by Cre protein. PCR primers from the transposon
the loxP site in the P1 vector (sequences 13034-13013 in thasmid pTnBAC/loxP were designed from sequences within the
pAd10SacB Il map) such that primer extensioifdaypolymerase neomycin gene as shown in Figutd and Materials and
would continue toward tHexP site in the P1 vector and into the Methods. These were paired in different combinations with
genomic insert. A deletion between litweP site existing in P1 or  primers designed from sequences within the BeloBAC vector in
PAC and the transpostakP site would generate a PCR productthe region 6913—7024 and used in PCR reactions with the original
of [B.2 kb when retrofitted with pTnRSVneo/loxP, a 1.5 kbBAC plasmids or deletions derived from them as templates. Four
product with pTn(Minimal)/loxP and a 3 kb product without of the nine combinations of primer pairs (one of each pair
pTnPGKpuro/loxP. DNA from a number of PAC deletion cloneghosen from the neomycin gene and the other from the BeloBAC
and a few deletion and inversion clones arising fromgekafter ~ vVector sequences) gave PCR products of the correct size with the
retrofitting with differentloxP site containing transposons wasBAC deletion clone templates as predicted (F&). Digestion
analysed by PCR. All PAC deletion clones arising from insertioRatterns of the 1.5 kb PCR product whtime (lanes 3 and 6) or
of TNRSVneo/loxP transposon produce the expected 3.2 kb DN (lanes 4 and 7) indicate that the products arise from the
band with digestion patterns predicted from the restriction map 6@rrect location on the template DNA. No products were observed
the transposon (Fi@B) as shown in lanes 2 and 3, 4 of Figife when _elther the original BAC clone or the transposon donating
PAC deletion clones and Rpexdeletion and inversion clones Plasmid pTnBAC/loxP were used as templates (data not shown).
isolated after insertion of Tn(Minimal)/loxP transposon produced
the predicted 1.5 kb DNA band with its characteristic digestio@opurification of transposon donating plasmid with PAC
pattern shown in lanes 5 and 6, 7 and 9, 10 respectively, &md BAC deletions
Figure4A. Note that the inversion product is a mixture of two
plasmids {7), one of which has the same relative configuratiomnalysis of plasmid DNA reveals thall0% of colonies with
of the two primers as the deletion product. P1 and PAC clongC or BAC deletion plasmids also contain the much smaller
with deletions or inversions (for P1 and smaller PACs) retrofitteﬁansposon donating plasmid. Examples of these are shown in
with the TnPGKpuro/loxP transposon failed to produce a PCRnes 2 and 3 of Figurg for PAC-27 retrofitted with either
product under identical conditions although the frequency dfn(Minimal)/loxP or TnPGKpuro/loxP transposons respectively
clones obtained were indistinguishable from that isolated with ttehd lane 17 of Figur@for a BAC clone. The lowest molecular
Tn(Minimal)/loxP transposon. The puromycin DNA sequenceveight band in lanes 2 and 3 arises from linearized transposon
revealed a high GC content and this property could account fplasmid since each contains a sifdpd site (Fig.1B). Although
the lack of a PCR product due to formation of stable secondatiye transposon plasmid bands copurifying in these samples are of
structures in the template. Nevertheless, PCR reactions withiginal size, small deletions are also observed occasionally (for
transposon donating plasmids or the starting P1 and PA&ample lane 17 in Fi@.and lane 13 in Fid).
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DISCUSSION

Retrofitting plasmids from a genomic library should allow one to
study the genes and regulatory sequences in a clone without
resorting to laborious subcloning experiments. A procedure for
retrofitting clones directly derived from a P1 library with a Tn10
mini-transposon containing a variety of sequence signals was
described recentlyi{). Such a scheme is easily adaptable to the
PAC system because identical regulatory elements operate in
these two systems. Owing to their larger size PAC clones, after
retrofitting, need to be recovered by electroporation into suitable
hosts. While that is true for retrofitting in general, the present
study focuses on one specific kind of retrofitting namely, the
insertion of doxP site and a mammalian cell-specific selectable
marker into a PAC clone with the goal of generating nested
deletion sets. This should prove highly useful not only in physical
mapping studies of genes and regulatory sequences but also in the
functional characterization of a clone by reintroducing it into
suitable mammalian cells or animals. Although different DNA
elements regulate BACs, the presence of the ulogiesite at

one end of the insert DNA enables us to extend this retrofitting
oot s Do ATt oo s Lochn0log also 10 that system. Cre-mediated recombination
isola)t/ed afterretr?)fitting with Tn(Minimal)/loxP trans’poson (lanes 2 and 4),andb_etWeen thdp_xp site in PACs or BACs E_md the one Intrqduced
TnPGKpuro/loxP transposon (lane 3). Lanes 5 and 11 show high moiecula¥i@ transposition can lead to two alternative events: deletion of the
weight DNA standards. Lanes 6-16 analyze loss of transposon plasmid blDNA between them if the twdoxP sites are in the same
repeated single-colony purification of two PAC-27 deletions. Lanes 7-10 showyrientation or inversion of the DNA if they are in the opposite

theBglll digests of plasmid DNA after regular electrophoresis. Lanes 7, 9 and 8 . ; ; :
10 contain DNA from clones before and after the curing process respectively[.)rlentaltlon 19—2 1)' In this StUdy P1 tranSdUCtldﬁ:U) was used

FIGE analysis of the same samples is shown in lanes 13-16. Lane 12 contaif@ Selectively recover PAC and BAC plasmids containing large

DNA from PAC-27 before retrofitting. The upper panel in lanes 11-16 showsdeletions after retrofitting with lxP transposon. Because the

the ethidium bromide stained gel after 16 h of FIGE. The lower panel shows theransduction with P1 Virprovides Cre proteiim trans such

same gel electrophoresed an additional 20 h after ethidium bromide stainingyaletions betweetoxP sites can occur in the same host
containing the PAC or BAC plasmid. This procedure therefore
circumvents the need to transfer large PACs or BACs from their
original hosts to acre* background, minimizing potential
disruptions in the DNA that might lead to rearrangements upon
subsequent electroporatidiil)

Copurification of the transposon plasmid with PAC deletions The transposon plasmid pTnRSVneo/loxP has been used in an
was investigated with the goal of establishing conditions fdparlier study17). As noted in the previous study and described
eliminating the contaminating smaller plasmido#P transposon  here in an earlier section, transduction with P efficiently
plasmid similar to pTnPGKpuro/loxP but devoid\afi or Bgli  transfers both the PAC deletion plasmid and the transposon
sites (named as pTnpuro/loxP) was constructed (see MateriBlasmid by forming a packaging-competent cointegrate via the
and Methods) and used to retrofit PAC-27. Purified plasmid DNOXP site existing in either plasmid (FIB). The modest activity
from two PAC-27 deletions is analysed in lanes 7, 9, 13 and 95 the neomycin gene irE.coli, generating resistance to
(Fig. 5). Note that the transposon plasmid appears as supercdighamycin, leads to a high background of clones (almost 10 times
in these restriction enzyme digests. that of a retrofited P1) resistant to both kanamycin and

The transposon plasmid copurifying with PAC or BAC deletion§hloramphenicol arising not from a retrofitted P1 clone but
can be eliminated by removing the selection for antibioti@riginating instead from the starting transposon donating plas-
resistance expressed by the smaller plasmid (chloramphenicol foid. This problem became more severe in PACs where only one
PACs and kanamycin for BACs). PAC deletion clones containingut of 30 colonies resistant to kanamycin and chloramphenicol
transposon plasmid were single-colony purified twice in th@roved to be a PAC deletion (data not shown). As noted earlier
absence of selection for chloramphenicol. Plasmid DNA befoig 7), one could check for ampicillin sensitivity of clones resistant
and after single-colony purification is shown in lanes 7, 9, 13, 18 both kanamycin and chloramphenicol and discard the large
and 8, 10, 14, 16 respectively in Figlie The absence of majority that are ampicillin resistant (FigB). In an effort to
supercoiled DNA bands in lanes 8, 10, 14 and 16 indicates that #&minate this problem we describe several new transposons in
PAC deletion clones are cured of the transposon plasmid. Cungtlich the RSVneomycin gene is replaced by a duplex oligo-
PAC deletion clones continued to be resistant to chlorampheniguicleotide as in pTn(Minimal)/loxP or a PGKpuromycin gene as
in addition to kanamycin, as expected from the presence of partpTnPGKpuro/loxP (FiglB). Both transposon plasmids gave
of the transposon inserted in them. Identical results were obtainidentical results in retrofitting experiments, similar to those
with BACs where the selection for kanamycin was removedbtained with pTnRSVneo/loxP after the background of clones
during single-colony purification (data not shown). containing only the transposon plasmid was subtracted.
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The ability of the RSVneo gene in pTnRSVneo/loxP to confenternal deletions in these large plasmids for gene disruption or
resistance to kanamycin in bacteria was exploited in the design'tafrgeting’ experiments.
the transposon plasmid pTnBAC/loxP used for BACs. Since
BACs contain the chloramphenicol resistance gene, the retrofitti
plasmid was designed to be devoid of this resistance marker an

the ability of the RSVneo gene to confer resistance to kanamyajle would like to thank Dr Nancy Shepherd for valuable

was used as a positive selection for isolating clones wifuggestions and encouragement during the work, Drs David

TnBAC/loxP insertions. Smoller and Kirk Findlay of Genome Systems for gifts of PAC
The occasional copurification of transposon plasmid with and BAC clones used in this study and for numerous helpful

PAC or BAC deletion plasmid (Figsand3) is not surprising since discussions, Dr Bruce Birren for providing the sequence of the

multiple less-than-headful size DNA molecules vakP sites  BeloBAC vector, and Drs Allan Jaffe, Richard Hoopes, Jr and

have been known to be packaged in a P1 hagd After  Joseph Dinchuk, for helpful discussions.

circularizing the P1 VirDNA forms cointegrates with both the

loxP transposon plasmid and the PAC or BAC deletion plasmid.
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