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ABSTRACT

Gene trap mutagenesis of mouse embryonic stem
cells generates random loss-of-function mutations,
which can be identified by a sequence tag and can
often report the endogenous expression of the
mutated gene. The Centre for Modeling Human
Disease is performing expression- and sequence-
based screens of gene trap insertions to generate
new mouse mutations as a resource for the
scientific community. The gene trap insertions are
screened using multiplexed in vitro differentiation
and induction assays, and sequence tags are
generated to complement expression profiles.
Researchers may search for insertions in genes
expressed in target cell lineages, under specific
in vitro conditions, or based upon sequence identity
via an online searchable database (http:/
www.cmhd.ca/sub/genetrap.asp). The clones are
available as a resource to researchers worldwide to
help to functionally annotate the mammalian
genome and will serve as a source to test candidate
loci identified by phenotype-driven mutagenesis
screens.

INTRODUCTION

The Centre for Modeling Human Disease (CMHD) represents
a team of investigators in the greater Toronto area whose
common goals are to generate mouse models of human disease
and to contribute to the functional annotation of the mamma-
lian genome. Our primary approaches are ethylnitrosourea
(ENU)-induced mutagenesis of the mouse germline and gene
trap vector-induced mutagenesis of embryonic stem (ES) cells
(http://www.cmhd.ca/). Results from these mutagenesis
approaches are organized within relational databases and are

available to the research community via a user-friendly web
interface.

Vectors used in the gene trapping approach contain a splice
acceptor site immediately upstream of a promoterless reporter
(1). Upon transcriptional activation of the endogenous
cis-acting promoter and enhancer elements of the trapped
gene, a fusion transcript is generated from the upstream coding
sequence and the reporter gene, simultaneously mutating the
trapped gene and reporting its expression pattern (explained in
more detail, http://www.cmhd.ca/sub/genetrap/paradigm.
htm). This fusion transcript also serves as a template for
PCR-based gene detection strategies.

First-generation gene trap vectors primarily employed a
promoterless B-geo reporter construct—a fusion of the
B-galactosidase and neomycin resistance (neo) genes.
Because selection requires gene expression, insertions can
only be selected if the locus is active in undifferentiated ES
cells, eliminating the selection of intergenic insertions but also
eliminating selection of insertions in genes not expressed in
undifferentiated ES cells. As with other types of stem cells, ES
cells transcribe a relatively high complement of genes;
however, to achieve genome-wide mutagenesis using this
approach, there is a need to generate gene trap insertions
independent of gene expression in undifferentiated ES cells.
Furthermore, empirical evidence has shown that each gene
trap vector demonstrates insertional biases. Therefore, we
have developed a number of novel vectors employing different
splice donors and acceptor sequences as well as different
antibiotic resistance genes (http://www.cmhd.ca/sub/genetrap/
vectors.htm). Recent gene trap vectors have also included
recombination sites to allow recombinase-mediated removal
of the antibiotic resistance cassette, as well as recombinase-
mediated genetic modification or reversion of the gene trap
locus. Empirical assessment of trapping efficiencies of various
vector designs is an ongoing active component of the CMHD
gene trap group, aiming not only to achieve better coverage of
the mouse genome, but also to enable downstream character-
ization of the trapped locus.
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EXPRESSION SCREENS

In addition to developing into all cell lineages and tissues
in vivo [except trophoblast and primitive endoderm (2)], ES
cells can also differentiate into a variety of cell types in vitro
and can respond to various physiological and molecular
signals (3-7). The developmental programs, gene expression
profiles and cell signaling pathways of in vitro differentiated
ES cells approximate many aspects of early embryonic
development, including early organogenesis (8-11).
Furthermore, ES cells differentiated in vitro provide a tool
to observe and manipulate transient populations of cells that
are intractable in utero. Expression- and induction-trapping
exploit this use of ES cells to identify and mutate genes
expressed in specific cell lineages or that respond to specific
cues.

The primary goal of the CMHD gene trap project is to create
a functional genomics resource in the mouse, in which
genome-wide insertional mutagenesis is combined with
expression screens to identify, characterize and mutate large
numbers of genes involved in specific developmental and
signaling pathways. Of particular interest are mesoderm-
derived lineages such as hematopoietic, endothelial, vascular
smooth muscle and cardiomyocyte, and genes responsive to
radiation, hypoxia, retinoic acid, transforming growth factor-f3
(TGF-B) or D-glucosamine.

We have modified numerous ES cell in vitro differentiation
assays into high-throughput screens. Thus, gene trap clones
are grown in various in vitro differentiation or induction
assays, then stained for lacZ (reporter) activity to determine
an expression profile for the ‘trapped’ gene (http://
www.cmhd.ca/sub/genetrap/expression.htm). The expression
intensity, percentage of cells within a given assay expressing
the reporter and images are available in the clone expression
report on our website. As of August 2003, our database driven
by the MySQL Relational Database Management System
(http://www.msyql.com) now holds more than 7000 gene trap
clones that have been screened for their in vitro expression. In
addition, all cell-based protocols are available on our website
(http://www.cmhd.ca/sub/genetrap/gtsop.htm).

GENE-DRIVEN SCREENS

Complementing expression analysis, a gene-driven screen
identifies the trapped gene. We have obtained sequence
information for over 1000 different gene trap clones using 5’
and/or 3’ rapid amplification of cDNA ends (RACE). For both
protocols RNA is extracted from 96-well replica plates and is
then subject to reverse transcription and adaptor ligation. A
gene-trap-vector-specific primer together with an adaptor-
specific primer are used for PCR amplification of the gene trap
fusion transcript. 5’RACE is used to analyze genes trapped by
all types of vectors, although it is dependent upon the activity
of the endogenous promoter. As poly(A) trap vectors contain a
constitutive promoter driving expression of a selectable
marker that in turn captures an endogenous poly(A) signal
via a splice donor signal, these vectors are also amenable to
analysis by 3’RACE. 5" and 3'RACE products are sequenced
directly (Base Station sequencer, MJ Research) using vector-
specific primers.
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SEQUENCE PROCESSING AND IDENTIFICATION

Prudent processing of the RACE sequences is an important
step towards proper analysis of the sequences. A pipeline of
interactive sequence processing and analysis steps was created
to facilitate trapped gene identification. First, chromatogram
data from automated DNA sequencing is interpreted with the
base-calling program Phred (12,13). Low-quality bases are
removed using an empirically determined quality value cut-off
of 11.5, which is less stringent than Phred’s default value of
20.0. Then, the sequence is analyzed for the presence of the
gene trap vector using direct sequence alignment (the NCBI’s
BlastN tool) between the vector sequence and the RACE
sequence. A Perl script is then used to parse the location of the
vector fragments. In the data input user interface, the identified
vector regions are highlighted and sequences upstream of the
vector region plus the vector region itself are removed.
Sequence is also scanned for the presence of the vector splice
site and RACE primer sequence by direct sequence alignment.
In the event that the vector-encoding region is absent or a
splicing event could not be ascertained, the sequence is
disregarded. Poly(A/T) tails are removed and the resulting
sequence must be at least 40 bp long for further characteriza-
tion.

Prior to performing searches of the processed sequences on
the public databases, any repetitive sequences are identified
using RepeatMasker (http://repeatmasker.genome.washington.
edu/cgi-bin/RepeatMasker). Sequences are batch processed
and blasted against the NCBI's non-redundant and EST
databases, as well as Ensembl’s cDNA, GenScan and genomic
(both unmasked and masked) databases (http://www.ensembl.
org/Mus_musculus/) using the NCBI’s BlastN tool (14,15).
Blast outputs are parsed with Perl script and imported into our
database. If multiple samples corresponding to a single gene
trap clone are sequenced, redundant entries are created in the
database. These entries are manually curated to ensure that the
results are consistent and the one with the best blast score is
selected as the representative sequence tag for the clone.

If our sequence maps to an Ensembl gene, then the Ensembl
database is queried to collect supplementary data such as
chromosomal location, vector insertion site, specific protein
domains and accession numbers (MGI, LocusLink, RefSeq
and UniGene). The corresponding gene name, gene symbol,
synonyms and gene ontology (GO) data are obtained from the
MGI resource (http://www.informatics.jax.org/). With each
new Ensembl mouse database release, we re-Blast our
sequences to acquire the most up-to-date information. In
addition, sequence tags are regularly being submitted to the
NCBI GSS database (http://www.ncbi.nlm.nih.gov/dbGSS/)
including clone data.

CUSTOM SEARCH SERVICE

The CMHD Gene Trap Database (http://www.cmhd.ca/sub/
genetrap.asp) can be accessed directly or by logging in as an
anonymous guest; however, a combined registration process is
required to gain access to the CMHD ENU-induced mutant
mouse database and/or to utilize the CMHD Gene Trap
Database custom search service. Registration is freely avail-
able to all accredited scientific researchers. Researchers using
the free custom search service can submit their choice of



Unigene and/or MGI accession numbers, DNA sequences
(FASTA formatted), protein domain accession numbers
(Interpro ID), GO accession numbers and/or chromosomal
locations as search terms. These search terms form a user
database, which will be used to query the Gene Trap Database
as new clones are added. Users will receive email notification
of any new clones matching their search criteria.

WEB INTERFACE

A user-friendly web-based interface allows access to
the CMHD Gene Trap Database (http://www.cmhd.ca/sub/
genetrap.asp) and facilitates both sequence and expression-
based queries. Expression-based queries are made using a
series of drop-down lists connected by Boolean operators.
Thus, users can search for clones exhibiting any combina-
tion of reporter gene expression in undifferentiated ES cells
and a variety of differentiated cell types. A separate field
retrieves clones up- or down-regulated in a number of
different induction screens. Clones are screened for response
to radiation, hypoxia, TGF-f and more recently, for
D-glucosamine.

Search results are displayed as a list of gene trap clone IDs,
which are hyperlinked to individual clone expression reports.
These expression reports list the gene trap vector used, results
from in vitro differentiation and induction screens, often
including, when positive lacZ expression is observed, an
image file. The clone expression report page also contains a
hyperlink to the corresponding sequence report, containing the
processed RACE tag sequence and associated annotation.

A separate page is available for sequence-based queries.
Users can paste their DNA sequences of interest in FASTA
format in the designated query box to perform a BlastN search
of our sequence database. The Blast output page has links to
the clone sequence and expression reports. Users can also
query our database by gene name, gene symbol, chromosomal
location, protein domains, gene ontology annotation and
accession number via our web interface.

ES cell clones are available to the scientific community
unencumbered by intellectual property claims. Requests are
assessed a nominal charge, set by the International Gene Trap
Consortium (IGTC) (16) (http://www.igtc.ca/), to cover the
expenses of cryo-storage, thawing, restocking and shipping.
Links to the gene trap labs that are a part of the IGTC, which
use complementary vectors to our own, can be found on our
links page (http://www.cmhd.ca/sub/CMHDIinks.htm#GT).
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