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BAC TransgeneOmics: a high-throughput method for
exploration of protein function in mammals
Ina Poser1,10, Mihail Sarov1,2,10, James R A Hutchins3, Jean-Karim Hériché4, Yusuke Toyoda1,
Andrei Pozniakovsky1, Daniela Weigl7, Anja Nitzsche1, Björn Hegemann3, Alexander W Bird1,
Laurence Pelletier1,5, Ralf Kittler1,6, Sujun Hua6, Ronald Naumann1, Martina Augsburg1, Martina M Sykora3,
Helmut Hofemeister2, Youming Zhang8, Kim Nasmyth9, Kevin P White6, Steffen Dietzel7, Karl Mechtler3,
Richard Durbin4, A Francis Stewart2, Jan-Michael Peters3, Frank Buchholz1 & Anthony A Hyman1

The interpretation of genome sequences requires reliable
and standardized methods to assess protein function at high
throughput. Here we describe a fast and reliable pipeline to
study protein function in mammalian cells based on protein
tagging in bacterial artificial chromosomes (BACs). The large size
of the BAC transgenes ensures the presence of most, if not all,
regulatory elements and results in expression that closely
matches that of the endogenous gene. We show that BAC
transgenes can be rapidly and reliably generated using 96-well-
format recombineering. After stable transfection of these
transgenes into human tissue culture cells or mouse embryonic
stem cells, the localization, protein-protein and/or protein-DNA
interactions of the tagged protein are studied using generic,
tag-based assays. The same high-throughput approach will
be generally applicable to other model systems.

At a time when the ‘thousand-dollar genome’ seems a realistic goal
for the near future, methods for dissecting the functions of the
encoded genetic information lag far behind the genome sequence,
both in throughput and in quality of the produced data. Genome
sequencing and subsequent bioinformatics analysis have made it
possible to study the function of genes inmammalian tissue culture
cells using systematic reverse-genetic approaches1–3 and have
radically improved researchers’ ability to identify human disease
genes. Such studies typically identify single genes, whose biological
function has often not yet been described. In order to place the
proteins these genes encode in pathways, these studies must be
followed by detailed molecular-level analysis, of which the most
powerful types are protein localization and protein-protein inter-
action. The power of protein localization and protein-protein
interaction studies can be seen from the genome-wide application
of GFP localization and tandem affinity tag-based complex

purification in the yeast Saccharomyces cerevisiae, which has
produced a comprehensive picture of the core proteome of a
simple, well-studied model system4–8. The key advantage of yeast
for these studies was their efficient intrinsic homologous recombi-
nation, which allowed the same tag-coding sequence to be intro-
duced at the endogenous locus of nearly every gene of the genome.
The tagged proteins were then systematically analyzed through
standardized, generic, tag-based assays.
To transfer this approach to mammalian cells, we require meth-

ods that produce data about localization and binding partners on a
genome-wide scale. Any such method should satisfy at least two
important criteria. First, it must provide reliable and reproducible
expression of the tagged protein at levels and patterns matching
those of the endogenous counterpart. Second, it must be an efficient
and scalable procedure, suitable for high-throughput use.
Protein tagging in mammalian tissue culture cells is typically

performed with cDNA-based transgenes that lack the normal
endogenous noncoding regulatory information such as introns or
3¢ untranslated regions (UTRs) and are usually driven by unrelated
ubiquitous or tissue-specific promoters. As a result they do not
reproduce the endogenous regulation at the transcriptional and
post-transcriptional levels. Furthermore, the generation of
sequence-verified, full-length cDNAs is expensive and laborious,
especially for large or rare transcripts. As a result, comprehensive
cDNA libraries are not available for most model organisms.
Transgenes based on large genomic clones such as bacterial

artificial chromosomes (BACs) are often large enough to contain
complete genes with all their endogenous regulatory sequences.
Mapped BAC libraries are typically generated as part of genome
sequencing projects and are readily available for most model
organisms. The development of homologous recombination–
based DNA engineering methods, commonly referred to as
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recombineering9,10, in Escherichia coli has enabled rapid and robust
modification of these large constructs. We and others have pre-
viously described the successful use of recombineering to generate
BAC transgenes and their use for expression and/or purification
studies in mammalian tissue culture cells11,12, worms13, flies14,
zebrafish15 and mice16,17. Recently, we have demonstrated that the
fidelity of recombineering in E. coli is high enough to permit
multiple DNA engineering steps to be carried out in liquid culture,
thereby opening up a way for high-throughput application of
this approach13.
Here we establish an efficient, generic and scalable approach for

BAC-based transgenesis in mammalian tissue culture cells, which
we term ‘BAC TransgeneOmics’. We describe high-throughput
production of BAC transgenes using a robust procedure for
96-well-format recombineering and establish protocols for effi-
cient, stable transfection of these large constructs. We demonstrate
the versatility of this approach for the analysis of protein localiza-
tion and protein-protein interactions and the mapping of DNA-
binding sites of proteins.

RESULTS
BAC TransgeneOmics strategy
The general outline of our approach is shown in the flowchart of
Figure 1a. First, we selected a suitable BAC clone containing the
gene of interest and tagged it by recombineering in E. coli9,10,13,18.
We then stably transfected the purified BAC transgene into cultured
mammalian cells11,12 and performed protein localization, protein
complex purification or chromatin immunopurification experi-
ments either on transfected pools or after isolation of clones derived
from single cells. The success rate at each step of the generation of
transgenic cell lines was more than 80% (Fig. 1b), enabling the
high-throughput application of this approach.

Design of N- and C-terminal tagging cassettes
As a generic protein tag, we selected a modified version of the
‘localization and affinity purification’ (LAP) tag19. This tag consists
of (in the order used for purification) extended green fluorescent
protein (EGFP) for localization and immunopurification, the
PreScission protease cleavage site for native elution, S-peptide for
a second affinity-purification step and a tobacco etch virus (TEV)
protease cleavage site for a second native elution step. We con-
structed recombineering cassettes for tagging at either the N or
C terminus of the protein. The N-terminal cassette (Fig. 2a) has a
dual eukaryotic-prokaryotic promoter (PGK-gb2)20 driving a
neomycin-kanamycin resistance gene within an artificial intron
inside the tag coding sequence. The selection cassette is flanked by
two loxP sites and can be permanently removed by Cre recombi-
nase–mediated excision. The C-terminal cassette (Fig. 2b) contains
the sequence encoding the tag followed by an internal ribosome
entry site (IRES) in front of the neomycin resistance gene. In
addition, a short bacterial promoter (gb3) drives the expression of
the neomycin-kanamycin resistance gene in E. coli.

High-throughput BAC tagging
To facilitate high-throughput production of the transgenic con-
structs, we developed a program (BACFinder) that automatically
selects the most suitable BAC clone for any given mouse or human
gene and generates the sets of PCR primers required for tagging and
verification. An added advantage is that these cross-species BACs
facilitate functional validation of the tagged transgene by specific
RNAi knockdown of the endogenous gene product11,13.
We inserted the tagging cassettes, containing 50 nucleotides of

PCR-introduced homology arms, into the BAC by recombineering,
either behind the start codon (for the N-terminal tag) or in front of
the stop codon (for the C-terminal tag) of the gene. All steps of
transgene production were carried out in 96-well-plate format
(Fig. 2). The E. coli cells that had successfully recombined the
cassette were selected for kanamycin resistance in liquid culture. In
the test experiment (Fig. 3a), about 90% of the reactions (88 of 96)
survived the selection. In the control experiment (Fig. 3b), inwhich
the transformation order was shifted so that the cassette and the
BAC did not match, none of the clones grew under selection,
indicating that the resistant cells are derived only from the specific
recombineering reaction. By plating on selective agar, we deter-
mined that each saturated culture was derived from 10–200
independent recombination events (data not shown). We checked
two independent clones for each reaction by PCR through the tag
insertion point. Of the 88 BACs that grew in selective media, 85
(97%) yielded a PCR product of the expected size (see Supple-
mentary Fig. 1 online).
A PCR check of the original, unmodified BACs showed that in

most of the clones that failed to grow in selection, the targeted
genomic region was missing (see Supplementary Fig. 1). This
correlates well with the estimated 10% of chimeric, rearranged or
wrongly mapped clones in the BACs used.

Generation of BAC transgenic cell lines
In a test of high-throughput transfection, 86% (67 of 78) of the
transfected BACs gave antibiotic-resistant clones. For 90% (60 of
67) of the analyzed cell lines, we detected a distinct band on a
western blot, indicating that almost all of the transgenic cells were
expressing the transgene (Fig. 3c and Supplementary Table 1
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Transgenic cell pool

Recombineering

Stable 
transfection

Clonal cell line

Tandem affinity 
purification

Protein-protein interactions

Clone selection
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86% (67/78)Transfection

Western blot

1 12 24 36 48 60 72 84 96

85% (57/67)

0% 100%50%25% 75%

Figure 1 | BAC TransgeneOmics pipeline. (a) Flow chart of the pipeline.
(b) Efficiency of the BAC TransgeneOmics pipeline, with a summary of the
efficiency of each experimental step. Green bars represent successful steps,
yellow partially verified steps, red failure.

410 | VOL.5 NO.5 | MAY 2008 | NATURE METHODS

ARTICLES



©
20

08
 N

at
ur

e 
Pu

bl
is

hi
ng

 G
ro

up
  h

ttp
://

w
w

w
.n

at
ur

e.
co

m
/n

at
ur

em
et
ho
ds

online). In some cases, we observed additional specific bands that
might have been caused by protein degradation or by endogenous
variations resulting from alternative splicing, specific proteolytic
processing in vivo or post-translational modifications.
The presence of endogenous transcriptional control elements in

the transgene should translate into physiological expression levels.
However, the integration site and potentially the number of

integrated copies will be different in each independent cell line.
To assess the copy number of the BAC transgenes in stably
transfected cell lines, we used fluorescence in situ hybridization to
locate the BAC clone in the nuclei of two transgenic cell lines
(Supplementary Fig. 2 online). In both cases we detected the
transgene at a single nuclear locus. A fluorescence in situ hybridiza-
tion probe specific for the endogenous gene locus produced signal
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Figure 3 | Pipeline fidelity and efficiency.
(a,b) Fidelity of 96-well recombineering. Typical
results of a 96-well-format recombineering
experiment are shown (a). In the control
experiment (b), the plate was inverted so that
the BAC and the targeting cassettes did not match,
resulting in virtually no background growth and
thereby indicating that growth in selective
medium is only a result of the intended
recombination event and does not occur from
random cassette integration. (c) Western blot
analysis of 67 transgenic cell pools using an
antibody to GFP. Lane 1 represents a wild-type
HeLa cell control. For 57 cell pools (marked in
green), a band of the expected size was detected
(marked with *). For three genes, the band pattern
did not represent the expected size (marked in
yellow: lanes 3, 11, 57). For seven of the pools, no
western blot band was observed (marked in red).
In lane 9 (mUBE1), three bands matching the size
of the human splice forms were detected. Numbers
at left indicate molecular masses in kDa. More
information on the tagged genes can be found in
Supplementary Table 1 online.

Figure 2 | Tagging cassettes and 96-well
recombineering pipeline. (a,b) Tagging cassettes
for C- and N-terminal end tagging. Schematic
representation of a genomic region that contains
the gene of interest (orange) and the cassettes for
tagging at the N or C end. (a) In the N-terminal
cassette, the neomycin-kanamycin resistance gene
(neo) is placed inside an artificial intron flanked
by loxP sites. (b) The C-terminal tag is inserted as
a cassette with a neomycin resistance gene
downstream of an internal ribosome entry site
(IRES:neo). EGFP, enhanced green fluorescent
protein; gb2, gb3, bacterial promoters; P,
PreScission cleavage site; pgk, phosphoglycerate
kinase (PGK) promoter; S, S-peptide; sa, splice
acceptor; sd, splice donor; T, TEV cleavage site.
(c) 96-well-format BAC recombineering, with
actual time required for each experimental step
shown. The cartoons at right represent the events
that occur at the level of the individual bacterial
cell along with the actual experimental
manipulations. Bacterial cultures each containing
a specific BAC clone and the pSC101gbaA plasmid
are grown to early log phase at 30 1C (1). The
temperature is shifted to 37 1C and expression of the proteins required for recombination is induced with L-arabinose (2). Cells are washed to remove the
medium and the desalted tagging cassettes are electroporated (3,4). After recovery for 1 h (5), cells containing successfully recombined BACs are selected
by overnight growth in the presence of kanamycin (6). Incubation at 37 1C also removes the recombination plasmid, which has the temperature-sensitive
pSC101 origin of replication. Cm, chloramphenicol; SOC, rich medium for recovery after transformation; Tet, tetracyline; YENB, non-salt medium
for electroporation.
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of similar size and intensity, indicating that the transgene has
integrated in low or single copy number. The resolution of the
method does not, however, allow us to precisely quantify the copy
number of the transgene.
BAC transfection typically results in a pool of several independent

lines. Even at the single-copy level, two independently generated
lines might have different expression levels due to position effects
and transgene fragmentation before integration. Although single
cell–derived clones can be isolated if necessary, this step is very time
consuming. As long as transgene expression does not differ substan-
tially between the individual lines, it is preferable to perform the
initial analyses directly on the clone pool. To evaluate the expression
variation within the clone pools, we determined the percentage of

cells expressing GFP in a pool of cells that
was obtained after selection for G418 resis-
tance selection. For 14 of 15 pools, more
than 60% of the cells were GFP positive
(Supplementary Table 2 online). To look
into cell-to-cell variations in expression, we
used fluorescence-activated cell sorting to
analyze the GFP fluorescence intensity dis-
tribution within a pool of HeLa cells stably
transfected with a mouse transgene consist-
ing of the chromosome protein HP1b tag-
ged with LAP. We found that the majority of
the cells in the pool (59% or 88% for mouse
HP1b tagged with LAP at the N or C
terminus, respectively) expressed GFP at
the same level (Supplementary Fig. 3
online). We also compared the relative
expression level of mouse AURKB-LAP in
the pool with five clonal cell lines by western
blotting, which showed similar expression
levels for the tagged and endogenous pro-
tein in the pool and clonal cell lines (Sup-
plementary Fig. 3).

Our findings indicate that transgene expression levels do not
vary significantly between independent BAC transgenic lines and
clone pools and therefore can be used directly for downstream
analyses. However, we note that this observation may not be for
every transgene and will be gene dependent. In this case, single cell–
derived lines can be generated and screened to identify an appro-
priate clone for further studies.

Tag-based protein localization
We selected 15 well-characterized genes for tagging and
detection and reproduced the known localization patterns for 11
of them (Fig. 4a; Supplementary Fig. 3 and Supplementary
Table 2). As expected, proteins that are subunits of a complex,
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Figure 4 | Localization and purification of tagged
proteins. The evaluation of tag performance for
protein localization and complex purification
analyses is illustrated. The same 15 well-
characterized genes were used for both assays
(1, CDC2; 2, DYNC1H1; 3, DYNC1I1; 4, DYNLL1;
5, CDC23; 6, MIS12; 7, human MIS12; 8, TOR1AIP1;
9, INCENP; 10, AURKB; 11, Rab5C; 12, STAG2;
13, SGOL1; 14, TUBG1; 15, PCNA; all from mouse
except as indicated). All genes were tagged at
the C terminus; only Rab5C (11) was tagged
at the N terminus. For further details, refer to
Supplementary Table 2. (a) Localization.
Localization of the tagged transgene with antibody
to GFP is shown in red, that of antibody to
a-tubulin in green and that of DNA in blue,
localized with Hoechst 33342. Scale bars are
15 mm. Grayscale images show the GFP signal
alone. (b) Purification. Silver-stained gel of the
same 15 tagged proteins and their associated
protein complexes is shown. Baits are marked with
asterisks. Although some baits are barely visible,
all of them were successfully identified by mass
spectrometry (see Supplementary Table 2).
Numbers at left indicate molecular masses in kDa.
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such as AURKB and INCENP, localized to the same
cell compartments.
To check whether the tag position influences the endogenous

protein localization, we analyzed transgene expression for three
proteins (HP1b, AURKB and Rab5C) tagged at both the N and C
termini (Supplementary Fig. 3). LAP-tagged HP1b was readily
detectable at its proper location in the nucleus and showed the
expected dynamics through the cell cycle21,22 when tagged with
either an N- or a C-terminal tag. In contrast, AURKB showed
physiological localization dynamics through the cell cycle23 only
when tagged at its C terminus, and Rab5C was found at its proper
localization at endosomes only when tagged at its N terminus
(Fig. 4a)24. These examples confirm that tagging of both termini is
advisable, especially when the localization of the endogenous
protein is unknown25.

Tag-based protein complex purification
To assess the utility of the LAP tag for affinity purification at
endogenous expression levels, we purified the same 15 genes as
described above. Because most of these proteins are known to form
complexes during mitosis, we arrested cells in prometaphase using
nocodazole. We copurified LAP-tagged bait proteins and endogen-
ous prey proteins from cell extracts by two-step affinity purifica-
tion. First the bait protein was pulled down with antibody to GFP
(see Supplementary Methods online). Next, the recovered protein
was specifically eluted by PreScission protease cleavage. The S-
peptide part of the tag was then used for a second affinity-
purification step. The isolated complexes were further analyzed
by SDS-PAGE and silver staining to assess their purity and yield,
followed by direct liquid chromatography–linked LTQ Fourier
transform mass spectrometry (LC-MS/MS). We then identified
protein interaction partners by databasemining. Using 6! 107 cells
cultured as monolayers, we were able to recover the baits for 15 of
the 15 tested proteins (Supplementary Table 1). In a more

wide-ranging selection of samples, we typi-
cally recover the bait in about 90% of cases
(data not shown). Most of the immunopre-
cipitates showed a distinctive pattern
of bands on a silver-stained SDS-PAGE
gel (Fig. 4b), and copurifying proteins

previously known to interact with the bait proteins were identified
(Supplementary Table 1). For example the dynein, anaphase
promoting complex/cyclosome (APC/C), cohesin and g-tubulin
complexes were purified in their entirety with this technique. For
the APC/C complex, this is the first report of the isolation of the
entire complex inmammalian cells by tag-based affinity purification.

Protein-DNA interaction analysis by tag-based ChIP
The determination of interaction sites for DNA binding proteins is
another application that can greatly benefit from the BAC Trans-
geneOmics approach. Methods for genome-wide mapping of DNA
binding sites based on chromatin immunopurification (ChIP)
coupled with microarray analysis (ChIP-chip)26,27 or sequencing
(ChIP-Seq)28–31 are available, but they usually rely on antibodies.
We evaluated the performance of the LAP cassette for ChIP using

LAP-tagged transgenic cell lines for the human transcription factors
forkhead box A1 (FOXA1), spliced X-box binding protein 1 (XBP1-
S) and vitamin D receptor (VDR) in the human breast cancer cell
line MCF7. All three lines showed expression patterns consistent
with the physiological localization of the endogenous transcription
factors (Supplementary Fig. 4 online). Furthermore, the inter-
action of VDR-LAP with a known VDR target site in MCF732 was
dependent on the presence of its endogenous ligand vitamin D3
(Supplementary Fig. 5 online). Genome-scale ChIP-chip analysis
(Supplementary Table 3 online) of VDR-LAP identified binding
sites for putative target genes (Fig. 5a) that were highly enriched
within 1 kb of transcription start sites (Fig. 5b) and may therefore
indicate promoter regions.
Recently, binding sites of FOXA1 andXBP1-S have been analyzed

by ChIP33,34, and thus ChIP-grade antibodies against the endogen-
ous proteins were available for a comparative analysis with our
approach. We performed parallel ChIP-chip analyses with protein-
specific antibodies (using the wild-type cell line) or a goat poly-
clonal antibody to EGFP directed against the LAP tag (using the
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Figure 5 | Identification of DNA-binding sites by
chromatin immunopurification. (a) VDR-LAP
binding is enriched in the promoter regions of
putative VDR target genes. The binding profiles
around the genes TPX2, RG9MTD2 and CLCN3 are
shown as examples. (b) Distribution of VDR
binding sites proximal to transcription start sites
(TSSs). Frequencies of VDR binding sites residing
within the downstream 10-kb or upstream 10-kb
genomic regions were plotted to their relative
positions to annotated TSSs. (c,d) Direct
comparison of binding profiles for ChIP-chip assays
using specific antibodies against the endogenous
transcription factors (FOXA1 or XBP1) and the LAP
tag across 800-kb genomic regions in MCF7 cells.
The y axes in a, c and d denote minus log P values
for enrichment of ChIP relative to input. Negative
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binding regions located 5¢ or 3¢ of neighboring
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transgenic lines). This comparison revealed similar binding
profiles from the two approaches (Fig. 5c,d), with 87% (FOXA1)
and 76% (XBP1-S) overlap of the identified binding sites (Supple-
mentary Table 3).
These results showed that tag-based ChIP analysis produces

results comparable to those of the conventional antibody-
based approach.

BAC transgenesis in mouse ES cells
Although BAC tagging provides a convenient, quick way to assess
protein function in mammalian cell culture, it is often desirable to
study the role of a given protein during development and in adult
organisms. With minor modifications, our BAC transgenesis pro-
tocol is applicable to embryonic stem (ES) cells. The example in
Figure 6a,b show a BAC-transgenic ES cell line for GFP-tagged
PCNA. As in the BAC-transgenic HeLa cells (Fig. 4a), PCNA-LAP
showed dispersed nuclear localization in G1, consistent with the
role of PCNA during DNA synthesis. The pluripotent ES cells can
develop into any cell of the body, and they can be differentiated into
many different cell types in vitro35–37. We generated ES-derived
transgenic mice using laser-assisted eight-cell embryo injection
technology38. At 13.5 days post coitum (d.p.c.), three out of the
ten embryos showed fluorescence throughout the embryo, indicat-
ing that the transgenic ES cells had efficiently contributed to all cell
lineages (Fig. 6c). Mouse embryonic fibroblasts derived from one
of the transgenic embryos reproduced the expression pattern
observed in the transgenic HeLa and ES cells (Fig. 6d,e). These
findings indicate that the BAC transgenes can be used, through ES
cells, to study protein function in transgenic mice and to derive
transgenic primary cells.

DISCUSSION
The analysis of protein localization and interaction, when com-
plemented with phenotypic data from genome-scale loss-of-
function screens, is often sufficient to unravel the molecular role
of a protein of interest. Furthermore, the systematic analysis of

protein localization and interaction data on
a proteome scale would enable the assign-
ment of putative functions for many pro-
teins that do not produce detectable
phenotypes in loss-of-function studies.
Although these studies are feasible with
the established antibody-based approaches,
raising and testing specific antibodies for
large sets of proteins can be very expensive
and time consuming. In contrast, generic
tag-based approaches are much more sui-
table for genome-scale application, as high-
lighted by many recent yeast studies4,7,8.
The approach that we present here is the

first solution for protein tagging in mam-
malian tissue culture cells that is compar-
able with that in yeast, in terms of both
throughput and quality of the obtained
data. The use of BACs for transgenesis
enables the expression of the transgene
from its native genomic environment,
which includes most, if not all, regulatory
elements, a situation closely resembling that

of endogenous gene targeting. The method is applicable to very
large genes, which are difficult to obtain as cDNAs. Unlike cDNA-
derived transgenes, a single BAC transgene covers all alternative
splice variants, except in the case of an alternative first (for N-
terminal tagging) or last (for C-terminal tagging) exon. In most
cases the addition of an exogenous tag has no obvious effect on
protein function. There are cases, however, when the tag would not
be tolerated, for example because of the presence of an important
functional domain close to the tag insertion point. In such cases
tagging of the opposite protein terminus is recommended. The tag
combination that we use performs very well for protein localiza-
tion, tandem affinity purification and ChIP. However, for further
applications, tagging cassettes with different affinity epitopes and/
or fluorescent proteins can be easily generated.
Notably, the BAC tagging approach can be applied, through ES

cells, to protein function exploration within the multicellular
context of the developing mouse embryo or adult mice. Further-
more, transgenic mice are a source of transgenic primary cells that
are typically difficult to generate ormaintain by other methods, and
thus this method provides a reliable approach for protein tagging in
many primary cell types.
The format of the BAC transgenic pipeline permits automation

of most experimental steps. Although we have used standard cell
culture techniques in the current study, automated cell culture
systems are available from several commercial suppliers. Auto-
mated imaging and image analysis is rapidly evolving and already
permits sophisticated localization based screens39,40. With the
increasing sensitivity of mass spectrometry, protein interaction
partners can be rapidly identified upon affinity purification from
relatively small number of cells and affinity purification and mass
spectrometry might soon be feasible in 96-well format. All these
approaches will greatly benefit from the method we describe here.
Perhaps the most important step forward with this approach is

that it can be easily transferred to any model system that permits
stable transgenesis. The scalable format and highly efficient 96-well
recombineering approach open up the possibility for rapid
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Figure 6 | Generation of BAC-transgenic mice using mouse ES cells stably expressing mouse PCNA-LAP.
(a) Immunolocalization of PCNA-LAP in fixed mouse ES cells (E14TG2a). (b) Overlay of the GFP staining
(red) with a-tubulin (green) and DNA (blue) staining. (c) GFP fluorescence in isolated embryo (13.5 d.p.c.)
derived from mouse PCNA transgenic ES cells. (d,e) Mouse embryonic fibroblasts (MEFs), isolated from
inner organs of GFP-positive embryos, showed strong punctuated nuclear staining in S phase (arrowheads).
Shown are differential interference contrast (DIC; d) and merged GFP signal (e) of living MEFs.
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generation of comprehensive tagged BAC transgene resources
with genome wide coverage, for which we propose the term
‘TransgeneOmes’. The method described has a success rate of 80–
90% at each step of the pipeline, which enables the generation of
hundreds of transgenic constructs and tens of transformed cell lines
per person per month.

METHODS
Supplementary protocols. Description of the antibodies, plas-
mids, strains and cell lines used, as well as detailed protocols for
96-well recombineering, BAC transfection, LAP-based localization,
purification and ChIP-chip mapping of DNA binding sites, can be
found in the Supplementary Methods.

URL. The BACFinder clone search and oligo design tool is
available online at http://www.mitocheck.org/cgi-bin/BACfinder.

Database accession codes. The ChIP/chip data has been sub-
mitted to the Gene Expression Omnibus database with accession
number GSE10845.

Note: Supplementary information is available on the Nature Methods website.
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CORRIGENDA

Corrigendum: Identification of cross-linked peptides from large 
sequence databases
Oliver Rinner, Jan Seebacher, Thomas Walzthoeni, Lukas Mueller, Martin Beck, Alexander Schmidt, Markus Mueller & Ruedi Aebersold
Nat. Methods 5, 315–318 (2008); published online 9 March 2008; corrected after print 27 June 2008.

In the version of this Brief Communication initially published, an author name (Lukas Mueller) was incorrect. The correct author name is 
Lukas N. Mueller. The error has been corrected in the HTML and PDF versions of the article.

Corrigendum: BAC TransgeneOmics: a high-throughput method for 
exploration of protein function in mammals
Ina Poser, Mihail Sarov, James R A Hutchins, Jean-Karim Hériché, Yusuke Toyoda, Andrei Pozniakovsky, Daniela Weigl, Anja Nitzsche, 
Björn Hegemann, Alexander W Bird, Laurence Pelletier, Ralf Kittler, Sujun Hua, Ronald Naumann, Martina Augsburg, Martina M Sykora, 
Helmut Hofemeister, Youming Zhang, Kim Nasmyth, Kevin P White, Steffen Dietzel, Karl Mechtler, Richard Durbin, A Francis Stewart, 
Jan-Michael Peters, Frank Buchholz & Anthony A Hyman
Nat. Methods 5, 409–415 (2008).

In the version of this supplementary file originally posted online, the supplementary figure legends were missing. The error has been cor-
rected online as of 30 July 2008. The authors also originally omitted an acknowledgment thanking Roberto Iacone for helpful discussions 
in setting up the 96-well format procedure.
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