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Abstract Our ability to genetically manipulate the mouse has had a great impact on medical
research over the last few decades. Mouse genetics has developed into a powerful tool for
dissecting the genetic causes of human disease and identifying potential targets for pharma-
ceutical intervention. With the recent sequencing of the human and mouse genomes, a large
number of novel genes have been identified whose function in normal and disease physiol-
ogy remains largely unknown. Government-sponsored multinational efforts are underway
to analyze the function of all mouse genes through mutagenesis and phenotyping, making
the mouse the interpreter of the human genome. A number of technologies are available
for the generation of mutant mice, including gene targeting, gene trapping and transposon,
chemical or radiation-induced mutagenesis. In this chapter, we review the current status of
gene trapping technology, including its applicability to conditional mutagenesis.
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1
Introduction

The recent sequencing of the human and mouse genomes (Lander et al. 2001;
Venter et al. 2001; Waterston et al. 2002) underscores the need for the func-
tional annotation of thousands of novel genes. For the most part, humans and
mice share an almost identical set of genes and physiology. These similari-
ties, along with the development of robust and precise mouse mutagenesis
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techniques over the last 25 years, make the mouse the centerpiece model sys-
tem for the interpretation of human gene function. Recognizing the central
role of mouse genetics in the functional annotation of the human genome,
government-sponsored initiatives, such as the Knockout Mouse Project, are
being launched to knockout every gene in the mouse and analyze their func-
tion through the study of the resulting phenotype (Austin et al. 2004; Auwerx
et al. 2004). These efforts call initially for the generation of null alleles in all
genes through embryonic stem (ES) cell technologies, namely gene targeting
and gene trapping. Gene targeting is a widely used technique in which a DNA
construct, or targeting vector, is introduced into ES cells to generate the desired
mutation through homologous recombination between sequences in the vec-
tor and the target locus (Bradley et al. 1992; Joyner 2000; Mansour et al. 1988).
Gene targeting allows for the generation of virtually any desired mutation,
such as deletions, insertions, point mutations (Hasty et al. 1991), and large
chromosomal deletions and rearrangements (Ramirez-Solis et al. 1995), but
requires significant upfront effort to generate a different targeting vector for
each locus, as well as downstream efforts in the screening of multiple ES cell
clones (typically hundreds) in order to identify the relatively rare homologous
recombinants.

Gene trapping is a method of random mutagenesis in which the insertion of
aDNAelement intoendogenousgenes leads to their transcriptionaldisruption.
Gene trapping elements can be endogenous in nature, such as transposable
elements (Wilson et al. 1989), or exogenous recombinant DNA constructs
(Gossler et al. 1989). Unlike gene targeting, the insertional nature of gene
trapping does not allow for the generation of all types of mutations, such as
deletions or point mutations. Its main advantage, however, is that a single gene
trapping vector can be used to mutate and identify thousands of genes in ES
cells (Zambrowicz et al. 1998; Wiles 2000). This scalability makes gene trapping
very suitable for high-throughput, large-scale, and cost-effective mutagenesis
programs like the ones being proposed by governmental agencies around the
world. In fact, large-scale gene trapping efforts in mouse ES cells have already
taken place, demonstrating the ability to mutate at least 60% of all mouse
genes in ES cells, including potential pharmaceutical targets such as the Wnk1
protein kinase (Zambrowicz et al. 2003).

2
Generating Null Alleles Through Gene Trap Mutagenesis

2.1
Types of Gene Trapping Vectors

Gene trapping vectors are typically designed to lack an essential transcrip-
tional component, such as an enhancer (O’Kane and Gehring 1987), promoter
(Hicks et al. 1997), or polyadenylation signal (polyA) (Niwa et al. 1993), ren-
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Fig. 1 A–C Different types of gene trapping strategies. A An enhancer trap, showing
a gene trapping vector containing its own promoter, neomycin resistance (neo) gene and
polyadenylation signal (polyA). The promoter in the vector requires the action of an en-
hancer to drive transcription of the neo mRNA. B A promoter trap, showing a vector
containing a splice acceptor sequence (SA), followed by the neo gene and a polyA signal.
Insertion in a gene, downstream of the endogenous promoter, leads to expression of the
neo mRNA fused to the upstream exons (black boxes) of the trapped gene. C A polyA trap,
showing a vector containing its own promoter, the neo gene and a splice donor sequence
(SD). Insertion in a gene, upstream of the endogenous polyA, leads to expression of the neo
mRNA fused to the downstream exons of the trapped gene
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dering them transcriptionally active only when inserted into an endogenous
gene (Fig. 1). Vectors containing a splice acceptor and a selectable marker
but lacking a promoter element, also known as promoter traps, are the most
commonly used type of gene trapping vector. Promoter trap vectors can be
designed to contain a reporter gene for in vivo analysis of the expression of the
trapped genes (Friedrich and Soriano 1991; Gossler et al. 1989). Constructs are
introduced into the cells of interest, such as mouse ES cells, through retroviral
infection, or by electroporation. Random insertion of the vector into a tran-
scribed gene leads to expression of the selectable marker and resistance to
antibiotics. Insertion of the vector into the gene also leads to its transcrip-
tional disruption. Vectors lacking polyadenylation sequences, also known as
polyA traps, can be used to trap untranscribed genes, since they contain their
own promoter driving expression of the selectable marker.

2.2
Identification of Trapped Genes

Unlike other random mutagenesis methods, such as chemical (Brown and
Peters 1996) or radiation-induced mutagenesis (You et al. 1997), gene trapping
vectors canbeused to readily identify themutatedgene (Fig. 2). This is typically
accomplished through 5′ or 3′ RACE (rapid amplification of cDNA ends) of
fusion transcripts generatedby the splicingof endogenous exons intopromoter
traps and out of polyA traps, respectively (Fig. 2A, B). It is important to note
that 5′ or 3′ RACE allows for the identification of the mutated gene by virtue
of its cDNA sequence, but does not pinpoint the exact location of the insertion
within the genome. RACE was virtually the only tool available for identifying
a trapped gene prior to the availability of the mouse genome sequence. With the
sequencing of the mouse genome, however, a short sequence tag of the genomic
DNA immediately flanking the gene trapping vector is sufficient, in most cases,
to determine its precise chromosomal location. Flanking genomic sequence
can be obtained through a variety of methods, the most common of which is

�
Fig. 2 A–C Identification of the trapped gene. A 5′ rapid amplification of cDNA ends (5′
RACE). After RT-PCR, an adapter oligonucleotide is ligated to the 5′ end of the cDNA for the
transcript produced by a promoter trap construct. Primers complementary to the vector
and the adapter and then used to amplify the fusion transcript and identify the trapped gene
by sequencing. A nested PCR strategy is typically used. B 3′ RACE. A polyT primer with
a unique sequence tail is used for RT-PCR. Nested PCR with primers complementary to the
vector and the unique tail is then used to amplify the fusion transcript generated by a polyA
trap construct.C Inverse Genomic PCR (IPCR). Genomic DNA from individual gene trapped
clones is cleaved with one or more restriction enzymes (X) to produce a vector–genomic
junction fragment that can be ligated to produce a circular template. Two vector-specific
primers canbeused toamplify theflankinggenomicDNA.Sequenceof theflankinggenomic
DNA allows for the precise mapping of the insertion within the genome
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inverse genomic PCR (IPCR) (Silver and Keerikatte 1989). In this technique,
genomic DNA from gene-trapped ES cells is cleaved with a restriction enzyme
that cuts within the vector, producing a vector–genomic junction fragment
that is then circularized by ligation at low DNA concentrations that favor
intramolecular ligation. The mouse genomic DNA adjacent to the vector can
then be amplified by PCR using outward-facing primers complementary to the
vector. The use of multiple enzymes or combinations of enzymes increases the
probability of generating a circular template of appropriate size for efficient
PCR amplification (Fig. 2C). IPCR is ideally suited for large-scale retroviral
gene trap insertion site identification because it requires no prior knowledge
of the disrupted gene sequence and can be used repeatedly for the same gene
trapping vector. Furthermore, since retroviral insertion mutations are discrete
in that theyarenotassociatedwithdeletionsoralterationsof the insertedvector
or the genomic sequence at the site of insertion (Varmus 1988), IPCR can be
successfully applied to all gene trap mutations. There are several advantages to
this approach for gene identification. First, the technique is more robust since
it uses DNA rather than RNA as a template. Second, it provides more accurate
data with which to predict gene disruption. This is particularly important when
the gene of interest contains multiple promoters or transcriptional start sites,
in which case particular attention must be paid to the exact location of the gene
trapping vector with respect to each transcript. In these instances, RACE data
often fails to provide adequate confirmation of the transcript classes affected
by the gene trap. Third, the precise genomic insertion site of the vector is
essential for PCR-based genotyping of mice generated through gene trapping
(Fig. 3). For large-scale, publicly available gene trap libraries, it is imperative
that such data be available.

2.3
Mutagenicity of Gene Trapping Vectors

Although the number of publications describing mutant mice generated
through gene trapping lags significantly behind the number of gene-targeting
publications, an increasing volume of evidence shows that gene trap insertions
in genes are mutagenic and tend to result in null alleles (Skarnes et al. 1992;
Voss et al. 1998) (also, see Table 1). A number of groups around the world
(Hicks et al. 1997; Zambrowicz et al. 1998; Wiles et al. 2000; Hansen et al. 2003)
have carried out efforts to mutate large numbers of genes in mouse ES cells
through gene trapping, and initiatives like the Knockout Mouse Project (Austin
et al. 2004) will only increase the number of gene-trapped mouse lines charac-
terized in the future. Thus, a detailed assessment of the mutagenicity of gene
trap mutations is an important step at this juncture. We have used gene trap-
ping to generate OmniBank, a library of more than 270,000 frozen mouse ES
cell clones uniquely identified by their corresponding OmniBank Sequence Tag
(OST). The insertion mutations contained in this gene trap library represent
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Fig. 3 Genotyping strategy for gene trap mutations. Primers A and B flank the genomic
insertion site and amplify a genomic DNA product for the wild-type allele. Primer C,
complementary to the gene trapping vector, and primer B amplify the mutated allele. Black
boxes represent exons of the trapped gene. bp base pairs

mutations in approximately 60% of all mouse genes (Zambrowicz et al. 2003).
OSTs were generated by 3′ RACE (Fig. 2B). As mentioned above, the cDNA
sequence data provided by the OST is useful for predicting the relative location
of the gene trap event within a gene of interest; however, it does not pin-
point the exact insertion site in the genome nor facilitate the design of specific
PCR genotyping assays. Therefore, OmniBank gene trap mutations are further
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Table 1 OmniBank gene trapped mouse lines: efficient generation of null alleles

OmniBank trapped gene Published confirmation of null allele Reference

Thioredoxin 2 (Trx-2) - No protein detected by Western blot Nonn et al. 2003

Mdm4 (Mdmx) - No protein detected by Western blot Migliorini et al. 2002

Insulin-degrading - No protein detected by Western blot Farris et al. 2003
enzyme (IDE)

Insulin-degrading - No message detected by RT-PCR Miller et al. 2003
enzyme (IDE) - No protein detected by Western blot

- No IDE enzymatic activity detected

tRNA synthetase - No message detected by Northern blot Kim et al. 2002
p38 subunit - No protein detected by Western blot

Wave1 - No protein detected by Western blot Dahl et al. 2003

Testis–brain RNA- - No protein detected by Western blot Chennathukuzhi
binding protein (TB-RBP) et al. 2003

Insulin-like growth - No message detected by RT-PCR Hansen et al. 2004

factor II mRNA-binding - No message detected after extended
protein 1 (IMP1) exposures of whole-mount in situ

hybridizations

Calpain 3 (p94) - No message detected by RT-PCR Kramerova et al. 2004
- No protein detected by Western blot

GYS1 glycogen - No protein detected by Western blot Pederson et al. 2004
synthase - No GYS1 enzymatic activity detected

- No glycogen detected

Tektin-t - No message detected by Northern blot Tanaka et al. 2004
- No protein detected by Western blot

Phosphatidylinositol - No message detected by RT-PCR Lamia et al. 2004
5-phosphate 4-kinase - No protein detected by Western blot

characterized prior to mouse knockout production using IPCR (Fig. 2C). By
identifying the precise genomic insertion site of the vector, it is possible to
eliminate ES clones in which the gene trapping vector inserts within the pro-
moter region or upstream of the gene, but for which an OST was still generated
through splicing into the second exon of the gene. These gene trap insertions
are unlikely to be mutagenic.

To evaluate the mutagenicity of OmniBank gene trap mutations in vivo, all
nonembryonic lethal OmniBank mouse lines are subjected to a sensitive RT-
PCR quality control step. We check for the loss of the endogenous transcript
in homozygous mutant animals relative to wild-type controls. RNA is isolated
from selected tissues known to normally express the transcript and subjected
to RT-PCR using primers complementary to exons flanking the insertion site
of the vector (Fig. 4).
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Fig. 4 Assessing the mutagenicity of gene trap insertions by RT-PCR. Primers D and F are
complementary to exons flanking the insertion site in the PolH gene in mouse chromo-
some 17 (accession number NM_030715). RT-PCR using primers D and F shows absence of
endogenous message in the spleen and thymus of homozygous animals. Control primers to
the murine beta actin gene were used (accession number M12481)

To date, we have generated and analyzed 1,155 OmniBank mouse lines in
which the vector insertion was confirmed by IPCR to be within the gene of
interest. Of these, 370 (32%) were not analyzed by RT-PCR due to embryonic
lethality (315 lines) or perinatal lethality or reduced viability (55 lines). Of the
remaining 785 lines, 706 (90%) showed no detectable wild-type transcript by
RT-PCRand79 (10%)showeddrastically reduced levelsofwild-type transcript.
For selected lines showing reduced but detectable expression, quantitative PCR
(QPCR) analysis has generally shown message levels of less than 5% of wild-
type controls. Further evidence that gene trap mutations produce null alleles
is shown in Table 1. In this table, we have gathered independently published,
recent analyses of OmniBank mouse lines where the authors used methods
other than RT-PCR to confirm that the allele resulted in a null mutation. Taken
together, this data demonstrates that intragenic insertions efficiently disrupt
gene transcription in vivo.

Even for the severe hypomorphs in which RT-PCR is able to detect greatly
reduced levels of wild-type transcript, the mutation is likely to be useful for the
elucidation of gene function, as exemplified in the case of the Slit3 mutation. In
an independently published analysis of a Slit3 OmniBank gene trap mutation
(Liu et al. 2003), the authors were unable to detect any message by in situ
hybridization. When the more sensitive RT-PCR technique was used, greatly
reduced expression was detected. QPCR revealed 1.48% and 1.27% of wild-type
message levels in the homozygotes, depending on the QPCR primers used.
Importantly, the phenotype of this OmniBank line (congenital diaphragmatic
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hernia, kidney agenesis, and cardiac defects) is the same as the one described
for a published Slit3 knockout generated through gene targeting and predicted
to lead to a null mutation (Yuan et al. 2003). Taken together, sequential QC
processes such as IPCR of the ES cells in vitro and RT-PCR of the mice in vivo
provide a robust method for production of null alleles through gene trapping.

Despite the ability of gene trap events to disrupt the transcript in which
they are inserted, it is important to note that, just as with gene targeting, care-
ful attention must be paid to any potential alternative splicing of the gene of
interest. Depending on the location of the insertion, mRNAs transcribed from
alternate promoters or containing multiple polyadenylation signals may not
be affected by the gene trap (Li et al. 2003). The sequencing of the human and
mouse genomes, along with the mapping of mRNA and expressed sequence
tags (EST)data topublic genome-viewing software, cangreatly aid in the choice
of a gene trap that will disrupt all transcripts of the gene of interest. As the
number of publicly available gene trap events increases, the chance of finding
an insertion at the desired location will also increase. Alternatively, there may
be cases when it may be of interest to disrupt only a subset of transcripts. An
example that illustrates the potential benefit of transcript-specific gene traps
is that of the Nogo gene. Nogo codes for a putative inhibitor of axonal regen-
eration. Alternative splicing and an alternate promoter lead to the production
of three Nogo transcripts encoding three distinct proteins. A mutation gener-
ated through gene targeting that disrupts all transcripts resulted in embryonic
lethality (Zheng et al. 2003). Interestingly, mice carrying a gene trap mutation
that selectively disrupts two of the three transcripts were viable, allowing for
the study of axonal regeneration in adult mice (Kim et al. 2003).

3
Conditional Gene Trapping

The ability of gene trapping to mutate genes on a genome-wide scale has also
prompted investigations into the use of this approach to generate more custom
mutations such as conditional alleles. Recombinase sites, the essential elements
of conditional allele construction, can be incorporated in various configura-
tions within a gene trapping vector to allow for removal or inversion of its
functional components. This provides some level of control over the transcrip-
tional disruption of the target gene; however, it hinges upon the assumption
that intronic gene trap insertions can be transcriptionally silent when an in-
verted or partially excised gene trapping vector is present within an intron. At
present there is scant data available to properly address this issue; therefore it
remains to be seen whether the gene trap approach will be generally useful for
conditional allele creation. Regardless, the current demand for mutant alleles
and the ease of producing these alleles through gene trapping will continue to
push such efforts forward.

Several approaches for generation of conditional gene trap alleles have been
reported to date (Li et al. 2005; Schnutgen et al. 2005; Xin et al. 2005). The com-
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plexity and flexibility of each approach varies widely, from the most simplistic,
in which the splice acceptor element is flanked by lox P sites, to elaborate
approaches using nested recombinase sites to allow multi-step modifications.
The most versatile of these vectors was recently reported by Schnutgen et al.
(2005). Their vectors contain multiple nested site-specific recombinase sites
allowing gene trapping, allele repair, and allele reinduction through succes-
sive recombination steps. Their vectors contain a standard splice acceptor and
selection cassette flanked by four nested sets of heterotypic target sequences
for the Cre and Flp recombinases. This design allows conditional induction
of the mutant allele or conditional reversion of the wild-type allele. In this
report, the authors also show that, at least in vitro, their gene trap elements are
silent when inverted. Using RT-PCR, they evaluated the transcription of two
gene trap mutations in endogenous loci and found no detectable disruption
of the wild-type allele when the gene trap elements were inverted. This data
provides a first step toward the production of a useful conditional resource,
but more data is needed, particularly in vivo studies. As a general resource
for either null or conditional alleles, this library also lacks data for germline
transmission rates for these ES cell clones and does not currently include ge-
nomic insertion site sequence data to confirm the location of these mutations
and enable genotyping of the mouse lines.

A single report is currently available describing the function of conditional
gene trapping vectors within an endogenous gene in vivo. This report describes
an approach that allows conditional allele repair through the excision of the
splice acceptor element within an otherwise standard gene trapping vector
(Li et al. 2005). An insertion of a gene trapping vector containing lox P sites
flanking the splice acceptor element within the Myocardin-related transcrip-
tion factor b ( Mrtf-b) gene was used to study the requirements for this gene
within a specific cell lineage. Mtrf-b is essential for embryonic development.
Homozygous null Mtrf-b embryos die late in gestation or shortly after birth
due to defects in cardiac outflow tracts. It was hypothesized that these defects
were cell autonomous and therefore might be rescued by the presence of wild-
type transcript within this cell lineage. This was confirmed by crossing this
line with a mouse line that expresses the Cre recombinase protein specifically
in the neural crest lineage (Jiang et al. 2000). Homozygous mutants carrying
the Wnt-1 Cre transgene survived to birth and showed no obvious phenotypic
defects several weeks after birth. This suggests that Cre excision of the splice
acceptor element of the gene trap vector was successful in restoring wild-type
Mtrf-b splicing, and that the presence of the partially excised vector in this
instance did not significantly impede the production of wild-type transcript.
This is a promising first step in the application of this approach; however, addi-
tional studies and much more detailed analysis of the transcriptional effects of
these insertions need to be done in order to conclude that conditional gene trap
resources will provide all of the function desired from these types of alleles.
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4
Other Applications of Gene Trapping

Inaddition to its ability togeneratenull or conditionalmutations inmice for the
study of gene function, gene trapping has been successfully utilized for a num-
ber of other purposes. The high-throughput nature of gene trapping allows
for the rapid generation of large numbers of mutants. With the proper assay
in place, the effects of these mutations on the cellular process of interest can
be probed. In general, however, these screens are limited by the fact that most
gene trapping mutations will be heterozygous. This hurdle can be overcome
in certain hypodiploid cells containing large regions of functional haploidy,
such as certain Chinese hamster ovary (CHO) cells. Hubbard et al. used a pro-
moter trap screen and wheat germ agglutinin selection to identify CHO cells
deficient in glycosylation (Hubbard et al. 1994), including cells nullizygous for
GlcNAc transferase I (Chang et al. 1993). In another attempt to overcome the
heterozygosity of gene trap mutations, a gene trapping system was designed to
express antisense RNA to the trapped gene from a transactivated promoter. In
principle, successful knockdown of the remaining wild-type allele would re-
sult in functional homozygosity and the ability to directly screen for recessive
phenotypes in vitro. This system was used to screen for gene trap mutants with
a transformed phenotype and the identification of TSG101, a putative tumor
suppressor gene (Li and Cohen 1996). Finally, a promising development toward
theuseof gene trapping for invitro screenshasbeen thedevelopmentofEScells
deficient for the Bloom syndrome (Blm) gene. These cells display a greatly ele-
vated rate of mitotic recombination, which increases the chance that any given
gene trap insertion will become homozygous (Guo et al. 2004; Yusa et al. 2004).

Another use of gene trapping is the identification of genes that are differen-
tially regulated under certain conditions, such as differentiation of specific cell
types, or expressed in a specific tissue or organ of interest. Promoter traps with
selectable markers and/or reporter genes can be used to select for and follow
the expression pattern of the trapped gene in the desired context, without the
need for homozygosity. Positive or negative selection for a resistance marker
placed under the control of endogenous promoters by the gene trap events can
be used to identify genes that are up- or down-regulated in a process of interest.
This strategy has been used to screen for genes that are differentially regulated
during myoblast differentiation in vitro, such as lysosomal cysteine protease
cathepsin B (Gogos et al. 1996), and genes that are either up- or down-regulated
by germ-cell signaling in Sertoli cells (Vidal et al. 2001). Gene trapping screens
have also been designed to identify genes encoding membrane and secreted
proteins (Skarnes et al. 1995), genes displaying specific patterns of expression
during development (Gossler et al. 1989; Friedrich and Soriano 1991), genes
that control neuronal connections (Leighton et al. 2001), and genes expressed
in cardiovascular lineages (Kuhnert and Stuhlmann 2004) or specific tissues,
such as the hippocampus (Steel et al. 1998) and inner ear (Yang et al. 1997).
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Thus, although the current emphasis is in the use of gene trapping as a tool for
the large-scale generation and phenotypic analysis of mice carrying null muta-
tions, it is important to recognize the versatility of gene trapping as a powerful
in vitro and in vivo screening tool.

5
Targeted Trapping

A recent variation of the gene trapping approach has combined the directed
approach of gene targeting through homologous recombination with the effi-
ciency of mutating genes in ES cells through gene trapping (Friedel et al. 2005).
This technique, dubbed targeted trapping, uses gene trap constructs for ho-
mologous recombination by flanking these cassettes with genomic sequences,
thereby targeting them precisely to a chosen intron (Fig. 5). Standard homol-
ogous recombination approaches, as mentioned previously, are relatively inef-
ficient at producing correctly targeted ES cells. The advantage of this approach
is that the authors report surprisingly high frequencies of correctly targeted
events provided the gene of interest is expressed at sufficient levels in ES cells
(>50%). In addition, the authors define a threshold of expression in ES cells
that appears to be necessary for successful gene trapping as well as targeted
trapping. This suggests that although targeted trapping could dramatically
reduce at least one of the hurdles associated with homologous recombination
(targeting efficiency), it will likely only be useful within the subset of genes
that have already been disrupted through large-scale gene trap efforts. As such,
this approach will likely not be significant with respect to the Knockout Mouse
Project. A limitation to this approach relative to traditional gene targeting is
that the high targeting efficiency is apparently lost when a genomic deletion is
engineered along with the insertion of the gene trapping components. Further-
more, this approach requires that the arms of homology not include elements
of the promoter, which limits the ability for placement of the gene trap cassette
near the first exon of many genes. It could prove useful, however, in creating
additional allele variety for specific genes, particularly in cases where few or
no desirable gene trap alleles are available. It may also be of use in combin-
ation with, and extension of, the most recent advances in conditional gene trap
approaches allowing the development of a more tractable method for creating
conditional alleles.

6
Concluding Remarks

Functional annotation of the mammalian genome is the next essential step
in our effort to better understand human physiology and identify new treat-
ments for human disease. The most widely accepted experimental approach
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Fig. 5 Targeted gene trapping. A promoterless gene trapping construct containing a splice
acceptor sequence (SA) followed by the neo gene and a polyadenylation signal (pA) is
flanked by uninterrupted arms of homology to facilitate insertion into the first intron of
a hypothetical target gene through homologous recombination. Correctly targeted insertion
of the gene trapping cassette leads to expression of the neo mRNA fused to the upstream
exons (black boxes) of the trapped gene

for functional annotation is the gene knockout in a whole mammalian model,
the mouse. Gene trapping has gained prominence in recent years as the most
efficient high-throughput approach for generating gene knockouts in ES cells,
and sufficient data is now available to show that gene trapping vectors are
effective at generating null alleles. Phenotypic annotation of the entire com-
plement of mammalian genes will require a combination of multiple gene
knockout techniques, and the most efficient combination of these will speed
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ourprogress towarddiscoveryofnovel targets forpharmaceutical development
and ultimately, disease treatment.
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