
METHODS AND COMPOSITIONS FOR DEFINING GENE FUNCTION
[001] The present application claims priority to U.S.
Provisional Application No. 60/507,437, filed
September 30, 2003, which is incorporated herein by
reference for any purpose. 1.0. FIELD [002] Methods
for generating and characterizing insertional
mutations in cells are provided. Cells stably
incorporating insertional mutations are also provided.
2.0. BACKGROUND [003] Many human therapeutics (with
certain exceptions, including, e.g., antibiotics that
directly target the pathogen) directly or indirectly
interact with a product or element encoded by a finite
set of genomic sequence information. Consequently,
scientific scrutiny has turned to defining that
portion of the encoded sequence information that may
present a clear path for medical intervention. Many
therapeutic products act by - modulating physiology.
Of the thousands of biochemically and structurally
related products encoded within the human genome, the
scientific community has clearly defined the
physiological roles of only a fraction of these
products. For a variety of reasons, in certain
instances, the mouse has emerged as a model organism
for characterizing - bypr-oxy the physiological
significance of human biological sequences. A s a
mammal, the mouse shares many of the major organ
systems of humans and often modulates the functions of
these organ systemsusing orthologous products.
Furthermore, in certain instances, the mouse also
allows for the genetic engineering of its genome.
[004] In certain instances, mouse embryonic stem (ES)
cell technology provides an approach for chromosome
engineering and, consequently, the direct testing of
genomic hypotheses. 3.0. SUMMARY [005] In certain
embodiments, a process for 



producing a collection of individually characterized
insertionally mutated mammalian cell clones is
provided. In certain embodiments, the process
comprises infecting mammalian cells with a retroviral
gene trap construct. In certain embodiments, the
process further comprises selecting mammalian cell
clones stably incorporating an integrated proviral
form of said retroviral gene trap construct. In
certain embodiments, the process further comprises
identifying in vitro a region of genomic DNA adjacent
to the integrated proviral form of said retroviral
gene trap construct . [006] In certain embodiments,
the mammalian cells are infected with a retroviral
gene trap construct at a multiplicity of infection
(M.O.I.) of less than 5 . In certain embodiments, the
multiplicity of infection is less than 1 . In certain
embodiments, the multiplicity of infection is less
than 0.5. [007] In certain embodiments, the
identifying comprises an inverse polymerase chain
reaction (IPCR) . In certain embodiments, the inverse
polymerase chain reaction comprises at least one
polymerase selected from Pfu, Taq, Isis, Vent, Pwo,
Phusion, and Tth. In certainembodiments, the
identifying is by sequencing at least 50 bases of
genomic DNA adjacent to the integrated proviral form
of said retroviral gene trap construct. In certain
embodiments, the identifying does not involve a
reverse transcriptase reaction. [008] In certain
embodiments, a collection of at least 10,000 different
mammalian cell clones is selected. In certain
embodiments, the collection of at least 10,000
different mammalian cell clones comprises at least
10,000 different mammalian cell cones that each have
an integrated proviral form of said retroviral gene
trap construct in a different gene is selected. [009]
In certain embodiments, a collection of individually
characterized insertionally mutated mammalian cell
clones is provided. 4.0. BRIEF DESCRIPTION QF THE
FIGURES 



[010] Figure 1 shows a schematic representation of an
inverse polymerase chain reaction (IPCR) . [011]
Figure 2 shows a schematic representation of VICTR 48.
"LTR" is a retroviral long terminal repeat. "SA" is a
splice acceptor site. "NEO" is a neomycin resistance
gene. "pA" is a polyadenylation site. "SV40tpA" is the
SV40 triple polyadenylation sequence. "PGK" is a PGK
promoter. "BTK" and "SD" are the first exon and the
splice donor site of the mouse BTK gene. The splice
donor site is followed by a portion of the first
intron of the BTK gene. Restriction sites are
indicated. An asterisk (*) after the restriction site
name indicates that it is a unique site on the
construct.[012] Figure 3 shows exemplary products from
an IPCR analysis of several gene -trapped ES cell
clones, as discussed in Example 6.2. [013] Figure 4
shows the sequence of a Moloney murine leukemia virus
long terminal repeat (LTR), lacking at least a portion
of the enhancer region (SEQ ID NO:5). [014] Figure 5
shows a modified LTR, which lacks at least a portion
of the enhancer region, and also lacks a cryptic
splice donor within the LTR (SEQ ID NO:6). [015]
Figure A - C shows the sequence of VICTR 48 (SEQ ID
NO: 7). 5.0. DETAILED DESCRIPTION [016] The section
headings used herein are for organizational purposes
only and are not to be construed as limiting the
subject matter described. All references cited in this
application are expressly incorporated by reference
herein for any purpose. [017] In this application, the
use of the singular includes the plural unless
specifically stated otherwise. In this application,
the use of "or" means "and/or" unless stated
otherwise. Furthermore, the use of the term
"including", as well as other forms, such as
"includes" and "included", is not limiting. In various
embodiments, standard techniques may be used for
recombinant DNA, oligonucleotide synthesis, tissue 



culture, transformation and transf ection. In various
embodiments, enzymatic reactions and purification
techniques may be performed according to
manufacturer's specifications or as commonly
accomplished in the art or as described herein. In
various embodiments, techniques and procedures may be
generally performed according toconventional methods
known in the art and as described in various general
and more specific references that are cited and
discussed throughout the present specification and/or
that are known to one skilled in the art. See e.g.,
Sambrook et al. Molecular Cloning: A Laboratory Manual
(2d ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N . . (1989) . [018] In certain
embodiments, a process for defining the physiological
role of genetically encoded biological sequences
(including, but not limited to, proteins,
polypeptides, amino acid sequences, polynucleotide and
nucleotide sequences) within the context of mammalian
biology is provided. In certain embodiments, methods
are provided for culturing and processing of
eukaryotic cells such that genetically engineered
eukaryotic cell clones having defined genomic
insertions/mutations are generated. Eukaryotic cells
for use in the methods, in various embodiments,
include but are not limited to insect cells (including
but not limited to Drosophila melanogaster cells), C .
elegans cells, rodent cells (including but not limited
to mouse cells, rat cells, and hamster cells), chicken
cells, primate cells (including but not limited to
monkey cells and human cells. In certain embodiments,
the cells are genetically engineered by nonspecific
insertional mutation. In certain embodiments, methods
are provided for culturing and processing of mouse ES
cells such that genetically engineered ES cell clones
having defined genomic insertions/mutations are
generated. [019] In certain embodiments, the method
does not include certain expensive and/or time
-consuming processing steps. In certain embodiments,
the method may 



be suitable for the commercial scale production of
5mutated eukaryotic cells, including but not limited
to, mutated mouse ES cells. [020] Certain embodiments
relate to processes for culturing, generating, and
characterizing mutated eukaryotic cells, including but
not limited to mouse ES cells. In certain embodiments,
the mutated eukaryotic cells can be used to produce
organisms capable of germline transmission of the
insertionally mutated allele. In certain embodiments,
mutated mouse ES cells are used to produce mice
capable of germline transmission of the insertionally
mutated allele. [021] In certain embodiments, gene
trapping is a method of random insertional mutagenesis
that uses DNA as a mutagen. In certain embodiments,
the DNA is initially introduced as a retrovirus, which
is reverse transcribed in the cell to produce a DNA
provirus, which acts as the mutagen. In certain
embodiments, a portion of the DNA encodes a selectable
marker. In certain embodiments, a gene trap construct
integrates into an intron or an exon of a gene. In
certain embodiments, gene trap constructs are designed
to preferentially integrate into introns and/or exons
. In various embodiments, after integration into an
intron or exon, the cellular splicing machinery
splices construct -encoded sequences to one or more
endogenous sequences that are co-transcribed on the
same mRNA. In certain embodiments, a gene trap
construct contains a sequence encoding a selectable
marker. In certain embodiments, the sequence encoding
the selectable marker is preceded by a splice acceptor
sequence. In certain embodiments, the sequence
encoding the selectable marker is not preceded by a
promoter. In certain embodiments, the cellular
splicing machinery splices endogenous sequence from
the trapped gene onto the 5 ' endof the sequence
encoding the selectable marker. In certain
embodiments, the selectable marker is expressed only
if the gene -trap construct encoding the selectable
marker has integrated into an intron. In certain 



embodiments, the selectable marker is expressed only
if the gene -trap construct encoding the selectable
marker has integrated into an exon. In certain
embodiments, e.g., when the selectable marker gene
encodes antibiotic resistance, cells that have the
gene trap construct integrated in their genomes in
such a way that the selectable marker is expressed can
be selected in culture . [022] Exemplary insertional
mutagenesis of eukaryotic cells is described, e.g., in
Friedrich and Soriano, 1991, Genes Dev. (9) :1513 -23;
Friedrich and Soriano, 1993, Methods Enzymol. 1993;225
:681 - 701; PCT Publication Nos. WO 98/14614; WO
99/07389; WO 99/50426; and WO 00/31236; and U.S.
Patents Nos. 5,364,783; 6,303,327; 6,080,567;
6,136,566; 6,207,371; 6,228,639; 6,436,707; 6,776,988;
WO 00/31236; and 6,139,833; each of which is
incorporated by reference herein in its entirety for
any purpose. Certain constructs described in the cited
publications and patents may be suitable for
practicing certain embodiments of the methods
described herein. In certain embodiments, one or more
constructs described in PCT Publication Nos. WO
98/14614; WO 99/07389; WO 99/50426; and WO 00/31236;
and U.S. Patents Nos. 5,364,783; 6,303,327; 6,080,567;
6,136,566; 6,207,371; 6,228,639; 6,436,707; 6,776,988;
WO 00/31236; and 6,139,833 are used in the methods
described herein. [023] In certain instances, a
construct may be modified before being used for
certain methods described herein. Thus, in certain
embodiments, one or more 7structural features of a
construct may b e omitted or modified before it is
used in certain embodiments of the methods described
herein. In certain embodiments, one skilled in the art
can modify a particular construct for use in certain
methods described herein. [024] Certain methods of
using genetically engineered mouse ES cells to produce
chimeric mice capable of germ line transmission of
genetically 



engineered alleles are known (see, e.g., inter alia,
U.S. Patents Nos. 6,204,061; 5,789,215; and 6,087,555;
each of which is incorporated by reference herein in
its entirety for any purpose) . In certain
embodiments, mouse ES cells are co-cultured with
feeder cells that have been engineered to express
leukocyte inhibitory factor (LIF) . In certain
embodiments, by co-culturing with such feeder cells,
one may avoid incurring the additional expense of
making and/or purchasing exogenous LIF to be added to
the culture. [025] In certain embodiments, the
presence of an internal ribosome entry site (IRES)
sequence operably positioned upstream from a
selectable marker of a gene - trap construct increases
the chance of selecting a mutated cell clone that has
not integrated the gene -trap construct into the
coding region of a gene. In certain embodiments,
integrating into the coding region of a gene (i.e.,
integrating into introns or exons located downstream
from the initiation codon and upstream from the stop
codon) is a feature of a gene trap event that alters
or disrupts the function of the gene. Thus, in certain
embodiments, the presence of an IRES element
functionally situated upstream from a gene trap
construct encoded selectable marker is not
desirable.[026] A s used herein, a selectable marker
is a marker that provides a way of identifying cells
that contain the gene encoding the marker. Selectable
markers include, but are not limited to, antibiotic
resistance markers, light producing markers, and
fluorescent markers. In certain embodiments, the
construct will lack an IRES operatively positioned
upstream from the selectable marker. [027] In certain
instances, the presence of a cryptic splice donor (SD)
site in reverse -orientation within a retroviral long
terminal repeat (LTR) can increase the likelihood of
selecting a mutated cell clone that has incorporated
the proviral gene -trap construct outside of the
protein -encoding region of the gene. In 



certain instances, certain vectors derived from
Moloney murine leukemia virus (MLV) can increase the
likelihood of selecting a mutated cell clone that has
incorporated the proviral gene -trap construct outside
of the protein - encoding region of the gene. In
certain instances, the reverse -oriented SD site can
be spliced by the cellular splicing machinery to a
splice acceptor (SA) site that is operatively
positioned upstream from a selectable marker in the
gene -trap construct. Accordingly, in certain
embodiments, gene trap constructs are engineered to
lack a SD site operatively positioned upstream from a
SA site that is operatively positioned upstream from a
selectable marker. [028] In certain instances, gene
trapped ES cell clones are identified and catalogued
using products from either - or '-rapid amplification
of cDNA ends (RACE). In certain instances,
polyadenylated mRNA is isolated from an ES cell sample
(in certain instances, the number of ES cells present
in a "confluent" well from a 96 well 9microtiter
plate) , reverse transcribed, and a nested set of
primers are employed in the polymerase chain reaction
to produce a template that is subsequently seguenced.
In certain instances, given the inherent difficulties
of working with small samples of RNA, such operations
may operate at or near practical levels of detection.
Thus, in certain instances, when RACE -type procedures
are adapted for robotic "high throughput" processing,
yet more sensitivity is exchanged for higher
throughput. [029] In certain embodiments, methods of
identifying a gene that has been insertionally mutated
by a gene trap construct are provided. In certain
embodiments, the gene has been insertionally mutated
using an engineered retrovirus. In certain
embodiments, the gene has been insertionally mutated
using a DNA gene trap construct. In certain
embodiments, by using genomic DNA as the template for
inverse PCR amplification, RNA "capture" (e.g.,
enrichment or isolation of RNA) and/or 



reverse transcription is not used. For example,
automation of ' RACE reactions may involve a solid
phase RNA capture method that utilizes 9 well
microtiter plates derivatized with an oligo dT moiety
(to "capture" polyA RNA) . Such "custom" microtiter
plates may be expensive and perishable. Additionally,
in certain instances, reverse transcriptase may also
be expensive and perishable and therefore undesirable
for a high - throughput assay. Accordingly, in certain
embodiments, the methods described herein include a
process for the high -throughput analysis of a
collection or library, of gene trapped eukaryotic cell
clones, including but not limited to gene -trapped ES
cell clones. In certain embodiments, the method does
not include the selective enrichment or "capture" of
RNA from the eukaryotic cell 10clones (e.g., using RNA
"isolation," including RNA enrichment methods such as,
for example, the use of oligo - dT to bind
polyadenylated mRNA) . In certain embodiments, the
process does not include the use of reverse
transcriptase to prepare templates for sequencing
and/or for identifying endogenous exon sequences that
flank the integrated gene trap construct. [030] In
certain embodiments, inverse PCR (IPCR) is used for
high -throughput analysis of gene -trapped cells.
Exemplary IPCR is described, e.g., in Ochman et al.,
Genetics 120: 621-623 (1988); Hui et a ., Methods MoI.
Biol. 192: 249 -274 (2002); Hui et al., Cell MoI. Life
Sci. 54: 1403 -1411 (1998); Benkel et al. Genet. Anal.
13: 123 -127 (1996); Offringa et al. Methods MoI.
Biol. 49: 181-195 (1995); and Garces et a . Methods
MoI. Biol. 161: 3- 8 (2001); and references cited
therein; each of which is incorporated by reference
herein for any purpose. [031] A schematic
representation of an exemplary IPCR is shown in Figure
1 . Genomic DNA from a gene - trapped cell is isolated
and digested with a restriction enzyme, X . After
digestion, the genomic DNA is ligated to form
intramolecular circles. The ligated genomic DNA 



is then subjected to a PCR reaction in the presence of
two primers, A and B . Primers A and B anneal to gene
trap construct sequences such that the PCR reaction
amplifies genomic sequence that is located between the
annealing sites for primers A and B on the
intramolecular circle. The result of the PCR reaction
is a linear DNA containing a genomic sequence that was
adjacent to the gene -trap construct in the cell's
genomic DNA, flanked by construct sequences that
anneal to primers A and B . One or both of primers A
and B can then be used to sequence the genomic DNA.
Alternatively, one or more different 11primers can be
used, in addition to or in place of primers A and B,
to sequence the genomic sequence in the amplified DNA.
The sequence of the genomic DNA can then be used in a
BLAST search to identify the gene into which the gene
-trap target has integrated in the gene -trapped cell.
[032] In certain embodiments, an IPCR reaction
comprises at least one polymerase. In certain
embodiments, an IPCR reaction comprises at least two
polymerases. In certain embodiments, an IPCR reaction
comprises at least three polymerases. In certain
embodiments, at least one polymerase present in an
IPCR reaction is a thermostable polymerase. In various
embodiments, polymerases that can be used in IPCR
reactions include, but are not limited to, Pfu, Taq,
Isis, Vent, Pwo, Phusion, and Tth. In certain
embodiments, 0.005 to 1 units per m of a polymerase
are used in an IPCR reaction. In certain embodiments,
0.01 to . units per ml of a polymerase are used in an
IPCR reaction. In certain embodiments, 0.01 to 0.1
units per ml of a polymerase are used in an IPCR
reaction. In certain embodiments, units are defined
according to the polymerase manufacturer's definition.
[033] In certain embodiments, primers that anneal to
gene -trap construct sequences are selected for IPCR.
In certain embodiments, one primer is selected to
anneal 



to a gene -trap construct sequence adjacent to a
selected restriction enzyme cut site. In certain
embodiments, a second primer is selected to anneal to
an end of the gene -trap construct such that it is
predicted to anneal adjacent to the genomic DNA into
which the gene -trap construct has integrated. Primers
are selected, in certain embodiments, such that they
will both anneal to 12the same contiguous piece of DNA
following restriction enzyme digestion. Furthermore,
in certain embodiments, two primers are selected such
that, following ligation of the digested DNA into
intramolecular circles, the primers will be extended
in opposite directions around the circle . [034] In
certain embodiments, a primer is selected such that
when it anneals, the 3' end of the primer is within
100 bases of a selected restriction enzyme cut site.
In certain embodiments, a primer is selected such that
when it anneals, the 3 end of the primer is within 50
bases of a selected restriction enzyme cut site. In
certain embodiments, a primer is selected such that
when it anneals, the 3' end of the primer is within 20
bases of a selected restriction enzyme cut site. In
certain embodiments, a primer is selected such that
when it anneals, the 3' end of the primer is within 10
bases of a selected restriction enzyme cut site. In
certain embodiments, a primer is selected such that
when it anneals, the 3' end of the primer is more than
100 bases from a selected restriction enzyme cut site.
One skilled in the art can select an appropriate
primer length and sequence for PCR. [035] In certain
embodiments, a primer is selected such that when it
anneals, the end of the primer is within 100 bases of
the end of the gene -trap construct when integrated
into a cell genome. In certain embodiments, a primer
is selected such that when it anneals, the 3' end of
the primer is within 50 bases of the end of the gene
-trap construct when integrated into a 



cell genome. In certain embodiments, a primer is
selected such that when it anneals, the end of the
primer is within 20 bases of the end of the gene -trap
13construct when integrated into a cell genome. In
certain embodiments, a primer is selected such that
when it anneals, the 3' end of the primer is within 10
bases of the end of the gene -trap construct when
integrated into a cell genome. In certain embodiments,
a primer is selected such that when it anneals, the 3'
end of the primer is more than 100 bases from the end
of the gene - trap construct when integrated into a
cell genome. One skilled in the art can select an
appropriate primer length and sequence for PCR. [036]
In certain embodiments, using inverse PCR (IPCR) to
analyze the genomic sequence flanking the integration
site of the gene trap construct provides sufficient
sensitivity such that the procedure requires less
starting material than RACE based methods of
identifying one or more flanking exons . For example,
in certain embodiments, less than 2 percent of the
clonal cells present in a confluent well of 96 well
microtiter plate are used to generate a template for
identifying one or more flanking regions of genomic
DNA. In certain embodiments, less than 5 percent of
the clonal cells present in a confluent well of 96
well microtiter plate are used. In certain
embodiments, less than 10 percent of the clonal cells
present in a confluent well of 96 well microtiter
plate are used. In certain embodiments, less than 20
percent of the clonal cells present in a confluent
well of 96 well microtiter plate are used. In certain
embodiments, less than 30 percent of the clonal cells
present in a confluent well of 96 well microtiter
plate are used. In certain embodiments, less than 40
percent of the clonal cells present in a confluent
well of 96 well microtiter plate are used. In certain
embodiments, less than 50 percent of the clonal cells
14present in a confluent well of 96 well microtiter
plate 



are used. In certain embodiments, less than 0 percent
of the clonal cells present in a confluent well of 96
well microtiter plate are used. In certain
embodiments, less than 70 percent of the clonal cells
present in a confluent well of 96 well microtiter
plate are used. In certain embodiments, less than 80
percent of the clonal cells present in a confluent
well of 96 well microtiter plate are used. In certain
embodiments, less than 90 percent of the clonal cells
present in a confluent well of 96 well microtiter
plate are used. In certain embodiments, identification
of one or more flanking regions of genomic DNA
involves sequencing the template and comparing its
sequence with known genomic sequence data. [037] In
certain embodiments, to facilitate identification of
the integration site of the gene -trap construct, at
least about 35 bases of genomic DNA from a region
flanking the integration site is sequenced. In certain
embodiments, at least about 40 bases of genomic DNA
from a region flanking the integration site is
sequenced. In certain embodiments, at least about 45
bases of genomic DNA from a region flanking the
integration site is sequenced. In certain embodiments,
at least about 50 bases of genomic DNA from a region
flanking the integration site is sequenced. In certain
embodiments, at least about 70 bases of genomic DNA
from a region flanking the integration site is
sequenced. In certain embodiments, at least about 85
bases of genomic DNA from a region flanking the
integration site is sequenced. In certain embodiments,
at least about 100 bases of genomic DNA from a region
flanking the integration site is sequenced. In certain
embodiments, 15at least about 150 bases of genomic DNA
from a region flanking the integration site is
sequenced. In certain embodiments, at least about 200
bases of genomic DNA from a region flanking the
integration site is sequenced. In certain embodiments,
at least about 250 bases of genomic 



DNA from a region flanking the integration site is
sequenced. In certain embodiments, at least about 350
bases of genomic DNA from a region flanking the
integration site is sequenced. In certain embodiments,
at least about 450 bases of genomic DNA from a region
flanking the integration site is sequenced. In certain
embodiments, at least about 500 bases or more of
genomic DNA from a region flanking the integration
site is sequenced. [038] In certain instances, RACE
-based methods enrich for spliced exon sequence far
upstream (for 5 ' RACE), or downstream (for 3 ' RACE)
from the gene trap construct insertion site. In
certain embodiments, using the methods described
herein, far upstream or far downstream exon sequences
are less enriched as compared to certain RACE -based
methods. [039] In certain embodiments, IPCR -mediated
sequencing of genomic flanking DNA provides enhanced
sequencing sensitivity. Thus, in certain embodiments,
fewer cells can be used to produce sufficient genomic
DNA for IPCR, which leaves cells available for other
uses and/or for one or more additional IPCR reactions.
In certain embodiments, a single well of a 96 well
plate contains enough cells for both IPCR and at least
one other use, which may include one or more
additional IPCR reactions. In certain embodiments,
only 1/3 of the cells in a 9 well plate are used to
produce genomic DNA for IPCR, leaving 2/3 of the cells
for at least one other 16use. In certain embodiments,
only 1/4 of the cells in a 96 well plate are used to
produce genomic DNA for IPCR, leaving 3/4 of the cells
for at least one other use. In certain embodiments,
only 1/5 of the cells in a 9 well plate are used to
produce genomic DNA for IPCR, leaving 4/5 of the cells
for at least one other use. In certain embodiments,
only 1/10 of the cells in a 96 well plate are used to
produce genomic DNA for IPCR, leaving 9/10 of the
cells for at least one other use. 



[040] In certain embodiments, using IPCR to amplify
genomic flanking sequence provides a product that is
suitable for sequencing. In certain instances, a
template generated from a RACE reaction requires a
"clean -up" step that involves running the template
through a size exclusion chromatography column prior
to sequencing. In contrast, in certain embodiments, a
template generated by IPCR does not require
chromatography prior to initiating a sequencing
reaction. [041] In certain embodiments, IPCR methods
allow the use of higher density plate formats,
including, but not limited to, 384 well plates and
other high density plate formats. A s used herein,
"high density plate formats" include plates having
more wells per plate area than a 96-well plate. In
certain embodiments, by using high density plate
formats, lower reaction volumes are needed. In certain
embodiments, using high density plate formats enhances
automated performance, e.g., by increasing the rate of
throughput and/or by decreasing the amount of reagents
used per sample analyzed. In various embodiments,
transfer of a portion of the gene - trapped cells to,
for example, a 384 well format during splitting
provides efficiencies by lowering the volume of the
cultures, decreasing the amount of reagents required
17for each reaction, and/or decreasing the number of
plates that are handled and processed to define the
genomic insertion site of the gene trap construct
within the cell clones . [042] In certain embodiments,
genomic DNA is obtained from gene -trapped cell clones
grown in a 96 well format. In certain embodiments,
cells grown in a 96 well format can be used when
larger quantities of genomic DNA are desired. In
certain embodiments, one or more of certain subsequent
reactions, including, but not limited to, restriction
digestion, ligation, PCR amplification, and
sequencing, can be performed in a higher density plate
format (e.g., a 384 well plate or other high 



density format) . In certain ' embodiments, standard
plate formats will be employed so that certain
standard automated/robotic plate and fluid handling
devices can be used during processing (such devices
include, but not limited to, a Beckman Coulter Biomek
FX, a Packard mini track, etc., and updated or related
variants thereof). [043] In certain embodiments,
certain restriction enzymes, and/or certain
combinations of restriction enzymes provide enhanced
yields of IPCR -amplified template. In certain
embodiments, the same pair of construct -specif c
primers can be used for two or more different
constructs. Thus, in certain embodiments, the same
pair of construct -specif c primers can be used to
prime an IPCR reaction of circularized template from
first cells that have been gene -trapped with a first
construct and to prime an IPCR reaction of
circularized template from second cells that have been
gene -trapped with a second construct. In certain
embodiments, the same pair of construct -specific
primers can be used to prime an IPCR reaction of
circularized template created 18using a first
restriction enzyme or combination of restriction
enzymes and can also be used to prime an IPCR reaction
of circularized template created using a second
restriction enzyme or combination of restriction
enzymes. [044] In certain embodiments, the genomic DNA
from gene -trapped cells is digested with one
restriction enzyme. In certain embodiments, the
genomic DNA from gene -trapped cells is digested with
at least two different restriction enzymes in the same
reaction. In certain embodiments, the genomic DNA from
gene -trapped cells is digested with at least three
different restriction enzymes in the same reaction. In
certain embodiments, the genomic DNA from gene
-trapped cells is digested with at least four
different restriction enzymes in the same reaction. In
certain embodiments, the genomic DNA from gene
-trapped cells is digested with at least five
different restriction enzymes in the same 



reaction. In certain embodiments, the genomic DNA from
gene -trapped cells is digested with at least six
different restriction enzymes in the same reaction.
[045] In certain embodiments, the gene -trap construct
that is integrated into the genomic DNA is not cut in
the digestion reaction. In certain embodiments, the
gene trap construct that is integrated into the
genomic DNA is cut at one site in the digestion
reaction. In certain embodiments, the gene trap
construct that is integrated into the genomic DNA is
cut at two sites in the digestion reaction. In certain
embodiments, the gene trap construct that is
integrated into the genomic DNA is cut at three sites
in the digestion reaction. In certain embodiments, the
gene trap construct that is integrated into the
genomic DNA is cut at four or more sites in the
digestion reaction. 19[046] In certain embodiments,
genomic DNA from gene -trapped cells is subjected to
at least two separate reactions, wherein no two
reactions contain the same combination of restriction
enzymes. In certain embodiments, genomic DNA from gene
-trapped cells is subjected to at least three separate
reactions, wherein no two reactions contain the same
combination of restriction enzymes. In certain
embodiments, genomic DNA from gene -trapped cells is
subjected to at least four separate reactions, wherein
no two reactions contain the same combination of
restriction enzymes. [047] In certain embodiments, a
multiple cloning site (MCS) is incorporated into the
gene -trap construct. In certain embodiments, a
particular restriction enzyme will cut the construct
at one or more locations. In certain embodiments, a
particular restriction enzyme will cut the construct
in the MCS and in at least one location outside of the
MCS. In certain embodiments, sufficient gene -trap
construct sequence is maintained after digestion to
allow priming by oligos for IPCR. In certain
embodiments, two or more restriction enzymes may 



cut the gene -trap construct at locations close to one
another. In certain embodiments, the same pair of
construct -specif c primers can be used to prime IPCR
reactions of circularized templates from genomic DNA
that has been digested with different enzymes. [048]
In certain embodiments, the gene -trap construct
includes one or more sites for a first restriction
enzyme that leaves a "sticky" end that is compatible
with the sticky end left by a second restriction
enzyme that also cuts the gene -trap construct at one
or more sites. In certain embodiments, three or more
restriction enzymes leave the same compatible sticky
20ends. A s used herein, a sticky end refers to an
overhang of at least one nucleotide left after
cleavage of DNA with, a restriction enzyme. The
overhang may be either a 5' overhang or a 3' overhang.
In certain embodiments, a two nucleotide overhang is
left after cleavage. In certain embodiments, a three
nucleotide overhang is left after cleavage. In certain
embodiments, a four nucleotide overhang is left after
cleavage. In certain embodiments, an overhang having
more than four nucleotides is left after cleavage.
Examples of certain groups of restriction enzymes that
leave compatible sticky ends are known in the art
(see, e.g., the New England Biolabs 2003 catalog,
Beverly, MA) . Exemplary groups of restriction enzymes
that leave compatible sticky ends include, but are not
limited to, BgIII, BamHI, BcII, and BstYI; EcoRI, M
el, and Apol; PstI, Nsil, and Sbfl; ApaLI and S cl;
Ncol, BspHI, Real, and Pcil; Spel, Nhel, Xbal, and
Avrll; Acc b5I, BsiWI, and BsrGI; AcII, CIaI, BstBI,
HinPlI, Hpall, and Narl; Agel, Xmal, BsaWI, and BspEI;
MIuI, AscI, and BssHI; AscI, Ndel, Msel, and Bfal;
Pvul, Pad, and AsiSI; Eael, EagI, and Not ; Xhol,
PspXI, and Sail. One skilled in the art can identify
additional members of the exemplary groups and/or
additional groups of restriction enzymes that leave
compatible sticky ends. In certain embodiments, 



fewer than all members of a group are used in a
reaction. [049] In certain embodiments, a gene -trap
construct includes one or more sites for a restriction
enzyme that leaves blunt ends (i.e., a restriction
enzyme that does not leave overhangs) . In certain
embodiments, a gene - trap construct includes at least
one site for each of at least two different
restriction enzymes that leave blunt ends. In certain
embodiments, one or more different 21restriction
enzymes that leave blunt ends are used in a reaction.
Exemplary restriction enzymes that leave blunt ends
include, but are not limited to, Fspl, Hindi, EcoRV,
Hpal, MscI, Nael, Nrul, PvuII, Seal, S ol, Smal,
SnaBi, and StuI . [050] In certain embodiments, a
single copy of the gene trap construct is incorporated
into the genome of a cell. In this manner, in certain
embodiments where the mutation caused by insertion of
the gene -trap construct exerts a dominant negative
effect, the observed phenotype can be associated with
the gene trapped allele. Similarly, in certain
embodiments, the observed phenotype can be associated
with the gene-trapped allele when the mutation caused
by insertion of the gene -trap construct is present in
the homozygous state (e.g., a sex chromosome has been
mutated and/or the cell has been further manipulated
to produce a cell homozygous for the gene trapped
allele) . In certain embodiments, to enrich the number
of gene -trapped cell clones having just one gene
-trap construct incorporated into their genomes, the
multiplicity of infection (m.o.i.) is reduced. In
certain embodiments, a m.o.i. of 0.3 (virus:cell) is
predicted (with about 95% certainty) to yield about
95% cells that contain a single gene trap event, after
selection for cells that have at least one gene -trap
construct incorporated into their genomes. In certain
embodiments, packaged preparations of retroviral gene
trap constructs are tested for their ability to confer
expression of a construct-encoded selectable marker to
ES 



cells and a viral titer is determined. In certain
embodiments, the viral titer is used to estimate the
number of stably transduced ES cells that will be
produced by a given preparation of packaged virus. In
22certain embodiments, the feeder cell population in
the culture is also infected by the virus. [051] In
certain embodiments, the multiplicity of infection
(m.o.i.) is less than about 100. In certain
embodiments, the m.o.i. is less than about 50. In
certain embodiments, the m.o.i. is less than about 25.
In certain embodiments, the m.o.i. is less than about
10. In certain embodiments, the m.o.i. is less than
about 5 . In certain embodiments, the m.o.i. is less
than about 1 . In certain embodiments, the m.o.i. is
less than about 0.5. In certain embodiments, the
m.o.i. is less than about 0.3. In certain embodiments,
the m.o.i. is less than about 0.2. In certain
embodiments, the m.o.i. is less than about 0.1. In
certain embodiments, the m.o.i. is less than about
.05. [052] Certain methods of producing retrovirus
harboring genetic constructs using retroviral producer
cell lines are known in the art. See, e.g., Cone et a
. (1984) Proc. Natl. Acad. Sci. USA, 81: 6349 -6353;
and Miller et a . (1986) MoI. Cell. Biol., 6 : 2895
-2902. In certain embodiments, retroviral producer
cell lines that have been actively cultured for less
than about three months are used to produce retrovirus
harboring gene trap constructs. In certain
embodiments, when retroviral producer cell lines that
have been actively cultured for more than about three
months are used to produce retrovirus harboring gene
trap constructs, the yield of mutated cell clones
(made by infection with that retrovirus) from which
flanking genomic sequence is acquired decreases. In
certain instances, retroviral gene trap constructs
recombine with endogenous retroviral sequences present
within the mouse genome. Thus, in certain instances,
recombination events can accumulate 



23during extended culture and passage. In certain
embodiments, such recombination events occur when
using the murine packaging cell line GP+E. In certain
embodiments, such recombination events occur to an
extent that interferes with efficient generation of
gene -trapped cell clones mutated by the desired
retroviral vectors. [053] In certain embodiments,
engineered retroviral stocks are obtained from
retroviral producer cells that have been maintained in
active culture for less than about six months. In
certain embodiments, the retroviral producer cells
used have been maintained in active culture for less
than about four months. In certain embodiments, the
retroviral producer cells used have been maintained in
active culture for less than about three months. In
certain embodiments, the retroviral producer cells
used have been maintained in active culture for less
than about two months. In certain embodiments, the
retroviral producer cells used have been maintained in
active culture for less than about 1.5 months. In
certain embodiments, the retroviral producer cells
used have been maintained in active culture for less
than about one month. In certain embodiments, the
retroviral producer cells used have been maintained in
active culture for less than about 21 days. In certain
embodiments, the retroviral producer cells used have
been maintained in active culture for less than about
14 days. In certain embodiments, the retroviral
producer cells used have been maintained in active
culture for less than about 10 days. In certain
embodiments, the retroviral producer cells used have
been maintained in active culture for less than about
5 days. In certain embodiments, the retroviral
producer cells used have been maintained in active
culture for less than about 3 days. 24In certain
embodiments, the retroviral producer cells used have
been maintained in active culture for less than about
2 days. The length of time that a retroviral producer
cell has been maintained in active culture is 



measured from the time a retroviral producer cell is
isolated or from the time the retroviral producer cell
is thawed and cultured from a frozen stock. [054] In
certain embodiments, retroviral stocks for gene
trapping are harvested after the retroviral producer
cells are grown to confluence. In certain embodiments,
after growing the retroviral producer cells to
confluence, the medium is changed, and the retroviral
stock is harvested after about 4 to about 48 hours. In
certain embodiments, the retroviral stock is harvested
after about 8 to about 3 hours after the medium is
changed. In certain embodiments, the retroviral stock
is harvested after about 12 to about 24 hours after
the medium is changed. [055] In certain embodiments,
retroviral producer cells may be stably or transiently
transfected with a genetically engineered retroviral
genome. In certain embodiments, transiently
transfected retroviral producer cells contain a
genetically engineered viral genome that is at least
partially present episomally. [056] In certain
embodiments, the methods allow for the efficient
generation of a collection of gene -trapped cell
clones having mutations throughout the genome. In
certain embodiments, a collection of mutated cell
clones is provided from which mutations in at least
about 5,000 different genes have been characterized by
identifying one or more regions of genomic DNA
sequence flanking the integration site of the gene
trap construct. In certain embodiments, a collection
of mutated cell clones is 25provided from which
mutations in at least about 7,000 different genes have
been characterized. In certain embodiments, a
collection of mutated cell clones is provided from
which mutations in at least about 10,000 different
genes have been characterized. In certain embodiments,
a collection of mutated cell clones is provided from
which mutations in at least about 15,000 different
genes have been characterized. In certain 



embodiments, a collection of mutated cell clones is
provided from which mutations in at least about 20,000
different genes have been characterized. In certain
embodiments, a collection of mutated cell clones is
provided from which mutations in at least about 25,000
different genes have been characterized. In certain
embodiments, a collection of mutated cell clones is
provided from which mutations in at least about 30,000
different genes have been characterized. In certain
embodiments, the collection of mutated cell clones are
mutated ES cell clones. [057] The following examples
are provided for illustrative purposes only and are
not to be construed as limiting the present invention
in any way. 6.0. EXAMPLES 6.1. Production of Certain
Gene Trapped ES Cells [058] Embryonic stem cells (Lex-
cells derived from murine strain A129 -Sv/Ev) were
mutated by infection with the retroviral gene trapping
construct VICTR48 at a m.o.i. of approximately 0.3
according to the method described in Zambrowicz et al.
(1998) Nature, 392: 608- 11. A schematic
representation of VICTR48 is shown in Figure 2 . The
sequence of VTCTR48 is shown in Figures 26A- C (SEQ ID
NO: 7). Approximately 95 percent of the ES clones that
stably integrate the proviral form of the construct
were predicted to contain a single integration event.
After selecting for ES clones that stably incorporated
the construct using G418 selection, the selected cells
were seeded onto irradiated feeder cells (SNL cells,
which stably express LIF) and cultured to confluence.
The confluent wells were subsequently split - to- 3
into three 96 well plates and again allowed to grow to
confluence. Two of the resulting plates are
cryogenically preserved and the third plate is
processed as follows. 6.2. Analysis of Gene Trapped ES
Cells [059] Remove media and rinse cells twice with
100 



m PBS. Add 50 m lysis solution (50 m Tris pH 7.5, 50
EDTA pH 8.0, 100 mM NaCl, 1% SDS, and 2 mg/ml
Proteinase K ) to each well, seal the plate, and
incubate the plate at 65 C overnight. Add 150 ml 95%
ethanol to each well and let stand at room temperature
for 2 hours . Aspirate supernatant and wash with 150
ml 70% ethanol. Aspirate 70% ethanol wash and allow
wells to dry for approximately 2 hours at room
temperature. Add 200 ml TE (10 mM Tris pH 8.0, 1 mM
EDTA) to each well and let stand at room temperature
overnight to gently rehydrate genomic DNA. Transfer 10
ml of each genomic DNA to each of six new 96-well
plates for endonuclease digestion. [060] Prepare six
digestion mixes, one each for the six different
restriction enzymes or restriction enzyme
combinations, which are BamHI, EcoRI, Hindlll, Ncol,
BamHI/Bglll, and EcoRI/Mfel. Each digestion mix
contains 0.125 units/ m of restriction enzyme in the X
reaction 27buffer recommended by the manufacturer,
with X BSA. For each digestion mix, add 30 m digestion
mix to each well of the digestion plate. Seal the
digestion plates and incubate them at 37 C for 4 hours
to overnight. Digestion reactions containing
restriction enzymes that cannot be heat inactivated
are incubated overnight. The digestion plates are then
incubated at 65 C for 20 minutes . [061] Add 110 ml
ligation mix (2.7 units/ m (final concentration in
each reaction) of T4 DNA ligase in manufacturer's
recommended X reaction buffer) to each well of each
digestion plate. Seal the plates and incubate them at
1 C overnight. Approximately 10 ml of each ligation
product is then added to wells of a new 96- well plate
for use as a PCR template. [062] Sequencing template
is generated by adding 40 ml round 1 PCR mix to each
well. The round 1 PCR mix contains . 5 units/ml (final
concentration in each reaction) Taq DNA polymerase in
manufacturer's recommended X PCR buffer, 1.5 M MgCl ,
200 nM each dNTP, 



1 M Betaine, and 0.1 pmol/ m each round 1 primer.
Round 1 primers are: forward: 5'
TGAGTCAAAACTAGAGCCTGGACC 3'(SEQ ID N : ), reverse: 5'
AGTTCGCTTCTCGCTTCTGTTCG 3'(SEQ ID NO:2). [063] Plates
are sealed and cycled on MJ thermocyclers. Round 1 PCR
is as follows. The DNA is denatured at 95C for 2 min
and pre -annealed at 80 C for 3 min. The plates are
then subjected to 15 cycles of 9 C for 30 seconds
followed by 3 minutes annealing. The annealing
temperature in the first cycle is at 70 C , and then
the annealing temperature is reduced by 0.5 C per
28subsequent cycle. The plates are then subjected to
20 cycles of 9 C for 30 seconds followed by annealing
at 2 C . The annealing time for the first cycle is 3
minutes, and then the annealing time is increased by 1
second per cycle. [064] Approximately 2 m of the
product from the round 1 PCR reaction is transferred
to a new plate and used as a round 2 PCR template. For
round 2, 23 ml of round 2 PCR mix is added to each
well. The round 2 PCR mix contains 0.05 units/ m
(final concentration in each reaction) Taq DNA
polymerase in manufacturer' recommended X PCR buffer,
1.5 MgCl 200 nM each dNTP, 1 M Betaine, and 0.1 pmol/
m each round 2 primer. Round 2 primers are: forward:
5' AAATTGGACTAATCGATACCGTCG 3' (SEQ ID N : ), reverse:
GAGTGATTGACTACCCGTCAGCG 3' (SEQ ID NO: ) [065] The
plates are sealed and then cycled on MJ thermocyclers
as described above for Round 1 . Figure 3 shows
exemplary IPCR products for five gene -trapped ES cell
clones using the six restriction enzymes discussed
above. In that experiment, the combination of BamH I
and BgI II resulted in PCR product for four of the
five clones . [066] Approximately 1 ml of the round 2
PCR product 



is transferred to a new 96-well plate and 9 ml
sequencing mix (1/8 of a standard Applied Biosystems
Big Dye Version 1.1 reaction) is added to each well.
The template is sequenced using 1 mM of the round 2
reverse primer (SEQ ID NO:4). For sequencing, the
plates are subject to 25 PCR cycles of 9 C for 45
seconds, 52C for 15 seconds, and 6O C for 2 minutes.
29[067] The completed sequencing reactions are cleaned
prior to electrophoresis using prepared 96- e sephadex
plates (Millipore Multiscreen 96-well plates
containing hydrated Sephadex G- 50 Fine from
AmershamBiosciences) , which are centrifuged at 2000
rpm for 5 minutes. The eluted reactions are dried and
then resuspended in 8 m water. The resuspension is
then loaded on an ABI Prism(r) 3700 DNA Analyzer
(Applied Biosystems) with RunModule 'MGCore . [068]
The resulting sequences are deposited in FASTA format
into a local database available for BLAST searching.
In addition, sequence data for the clones are aligned
by BLAST to obtain a single consensus sequence that
can be used to map each mutation to the mouse genome .
6.3. Results of Analysis using Bglll/BamHI and IPCR
[069] Exemplary results show that employing a single
enzyme pair (Bglll/BamHI) yields sequence (average
length greater than about 250 base pairs) in about 60
percent of the ES cell clones that are screened using
this method. In the exemplary results, other enzymes
produce sequence as follows: Ncol produces sequence in
20 percent of the ES cell clones screened; HindIII
produces sequence in 23 percent of the ES cell clones
screened; and EcoRI produces sequence in 14 percent of
the ES cell clones screened. The net yield of ES cell
clones for which sequence is obtained in the exemplary
results is approximately 85 percent (some ES cell
clones produce sequence for more than one enzyme
and/or enzyme combination) . 



306.4. Removal of LTR Cryptic Splice Donor [070] The
Moloney murine leukemia virus long terminal repeat
(LTR) may be modified by deleting at least a portion
of the enhancer region (Figure 4, SEQ ID NO: ). The
Moloney murine leukemia virus LTR may be further
modified by deleting a cryptic splice donor within the
LTR, in addition to at least a portion of the enhancer
region (Figure 5, SEQ ID NO:6). In certain instances,
the enhancer and/or cryptic splice donor may function
in the reverse orientation of normal retroviral
transcription. In certain embodiments, by deleting the
cryptic reverse -orientation splice donor, the
fidelity of obtaining gene trap events within genes is
enhanced. [071] The present invention is not to be
limited in scope by the specific embodiments described
herein, which are intended only as illustrations of
certain aspects of certain embodiments of the
invention, and functionally equivalent methods and
components are within the scope of the invention.
Indeed, various modifications, in addition to those
shown and described herein will be apparent to those
skilled in the art from the foregoing description.
Such modifications are intended to fall within the
scope of the appended claims. All cited publications,
patents, and patent applications are herein
incorporated by reference in their entirety for any
purpose. 31WHAT IS CLAIMED IS: 1 . A process for
producing a collection of individually characterized
insertionally mutated mammalian cell clones
comprising: a) infecting mammalian cells with a
retroviral gene trap construct at a multiplicity of
infection of less than ; b ) selecting mammalian cell
clones stably incorporating an integrated proviral
form of said retroviral gene trap construct; and c)
identifying in vitro a region of genomic DNA 



adjacent to the integrated proviral form of said
retroviral gene trap construct, wherein the
identifying does not involve a reverse transcriptase
reaction. 2 . The process according to Claim 1 wherein
said multiplicity of infection is less than 1 . 3. The
process according to Claim 2 wherein said multiplicity
of infection is less than 0.5. 4. The process
according to Claim 3 wherein said identifying is by
sequencing at least 50 bases of genomic DNA adjacent
to the integrated proviral form of said retroviral
gene trap construct. 5. The process according to Claim
3 wherein a collection of at least 10,000 different
mammalian cell clones is selected. b. The process
according to Claim 5, wherein the collection of at
least 10,000 different mammalian cell 32clones
comprises at least 10,000 different mammalian cell
cones that each have an integrated proviral form of
said retroviral gene trap construct in a different
gene. 7 . The process according to claim 1, wherein
the identifying comprises an inverse polymerase chain
reaction (IPCR) 8 . The process according to claim 7,
wherein the inverse polymerase chain reaction
comprises at least one polymerase selected from Pfu,
Taq, Isis, Vent, Pwo, Phusion, and Tth. 9 . A
collection of individually characterized insertionally
mutated mammalian cell clones produced by the process
of Claim 1 . 10. The process according to claim 7,
wherein the inverse polymerase chain reaction does not
comprise Phusion polymerase. 33<110> Hansen, Gwenn Al
ejandro, Abui n zambrowi cz, Brian Fri ddle, Carl .
Dempsey, Will iam 



<120> Methods and Compositions for Defining Gene
Function <130> 07705 .0021-00304 <150> 60/507,437
<151> 2003-09-30 <160> 7 <170> Patentln version 3.3
<210> 1 <211> 24 <212> DNA <213> Artificial <220>
<223> Synthetic sequence or genetically engineered
sequence that does not naturally occur <400> 1
tgagtcaaaa ctagagcctg gacc 24 <210> 2 <211> 23 <212>
DNA <213> Artificial <220> <223> Synthetic sequence or
genetically engineered sequence that does not
naturally occur <400> 2 agttcgcttc tcgcttctgt teg 23
<210> 3 <211> 24 <212> DNA <213> Artificial <220>
<223> Synthetic sequence or genetically engineered
sequence that does not naturally occur <400> 3
aaattggact aatcgatacc gtcg 24 <210> 4 <211> 23 <212>
DNA <213> Artificial 



<220> <223> synthetic sequence or genetically
engineered sequence that does not naturally occur
<400> 4 gagtgattga ctacccgtca gcg 23 1/5<210> 5 <211>
590 <212> DNA <213> Artificial <220> <223> Synthetic
sequence or genetically engineered sequence that does
not naturally occur <400> 5 tgaaagaccc cacctgtagg
tttggcaagc tagcttaagt aacgccattt tgcaaggcat 60
ggaaaaatac ataactgaga atagagaagt tcagatcaag gtcaggaaca
gatggaacag 120 ctgaatatgg gccaaacagg atatctgtgg
taagcagttc ctgccccggc tcagggccaa 180 gaacagatgg
aacagctgaa tatgggccaa acaggatatc tgtggtaagc agttcctgcc
240 ccggctcagg gccaagaaca gatggtcccc agatgcggtc
cagccctcag cagtttctag 300 agaaccatca gatgtttcca
gggtgcccca aggacctgaa atgaccctgt gccttatttg 360
aactaaccaa tcagttcgct tctcgcttct gttcgcgcgc ttctgctccc
cgagctcaat 420 aaaagagccc acaacccctc actcggcgcg
ccagtcctcc gattgactga gtcgcccggg 480 tacccgtgta
tccaataaac cctcttgcag ttgcatccga cttgtggtct cgctgttcct
540 tgggagggtc tcctctgagt gattgactac ccgtcagcgg
gggtctttca 590 <210> 6 <211> 194 <212> DNA <213>
Artificial <22O> <223> Synthetic sequence or
genetically engineered sequence that does not
naturally occur <400> 6 tgaaagaccc cacctgtagg
tttggcaagc tagcacaacc cctcactcgg cgcgccagtc 60
ctccgattga ctgagtcgcc cgggtacccg tgtatccaat aaaccctctt
gcagttgcat 120 ccgacttgtg gtctcgctgt tccttgggag
ggtctcctct gagtgattga ctacccgtca 180 gcgggggtct ttca
194 <210> 7 <211> 5174 



<212> DNA <213> Artificial <220> <223> Synthetic
sequence or genetically engineered sequence that does
not naturally occur <400> 7 tgaaagaccc ccgctgacgg
gtagtcaatc actcagagga gaccctccca aggaacagcg 60
agaccacaag tcggatgcaa ctgcaagagg gtttattgga tacacgggta
cccgggcgac 120 tcagtcaatc ggaggactgg cgcgccgagt
gaggggttgt gggctctttt attgagctcg 180 gggagcagaa
gcgcgcgaac agaagcgaga agcgaactga ttggttagtt caaataaggc
240 2/5acagggtcat ttcaggtcct tggggcaccc tggaaacatc
tgatggttct ctagaaactg 300 ctgagggctg gaccgcatct
ggggaccatc tgttcttggc cctgagccgg ggcaggaact 360
gcttaccaca gatatcctgt ttggcccata ttcagctgtt ccatctgttc
ttggccctga 420 gccggggcag gaactgctta ccacagatat
cctgtttggc ccatattcag ctgttccatc 480 tgttcctgac
cttgatctga acttctctat tctcagttat gtatttttcc atgccttgca
540 aaatggcgtt acttaagcta gcttgccaaa cctacaggtg
gggtctttca ttcccccctt 600 tttctggaga ctaaataaaa
tcttttattt tatctatggc tcgtactcta taggcttcag 660
ctggtgatat tgttgagtca aaactagagc ctggaccact gatatcctgt
ctttaacaaa 720 ttggactaat cgataccgtc gatcgacctc
gacagatctt aagccagttt tcgtaccctt 780 gactgcgttt
catcgattcg ctactaacat tgccttttcc tccttccctc ccacaggtgg
840 aagagcaagc tttgatgagc cgccaccatg ggatcggcca
ttgaacaaga tggattgcac 900 gcaggttctc cggccgcttg
ggtggagagg ctattcggct atgactgggc acaacagaca 960
atcggctgct ctgatgccgc cgtgttccgg ctgtcagcgc aggggcgccc
ggttcttttt 1020 gtcaagaccg acctgtccgg tgccctgaat
gaactgcagg acgaggcagc gcggctatcg 1080 tggctggcca
cgacgggcgt tccttgcgca gctgtgctcg acgttgtcac tgaagcggga
1140 agggactggc tgctattggg cgaagtgccg gggcaggatc
tcctgtcatc tcaccttgct 1200 cctgccgaga aagtatccat
catggctgat gcaatgcggc ggctgcatac gcttgatccg 1260
gctacctgcc cattcgacca ccaagcgaaa catcgcatcg agcgagcacg
tactcggatg 1320 gaagccggtc ttgtcgatca ggatgatctg
gacgaagagc atcaggggct cgcgccagcc 1380 gaactgttcg
ccaggctcaa ggcgcgcatg cccgacggcg aggatctcgt cgtgacccat
1440 ggcgatgcct gcttgccgaa tatcatggtg gaaaatggcc
gcttttctgg attcatcgac 1500 tgtggccggc tgggtgtggc
ggatcgctat caggacatag cgttggctac ccgtgatatt 1560
gctgaagagc ttggcggcga atgggctgac cgcttcctcg tgctttacgg
tatcgccgct 1620 cccgattcgc agcgcatcgc cttctatcgc
cttcttgacg agttcttctg aggggatcaa 1680 ttctctagag
ctcgggaggt acttggagcg gccgcaataa aatatcttta ttttcattac
1740 atctgtgtgt tggttttttg tgtgaatcga tagtactaac
atacgctctc catcaaaaca 1800 aaacgaaaca aaacaaacta
gcaaaatagg ctgtccccag tgcaagtgca ggtgccagaa 1860 



catttctcta tcgaggccgg ccctgcgact ctagaggatc tgcgactcta
gaggatcata 1920 atcagccata ccacatttgt agaggtttta
cttgctttaa aaaacctccc acacctcccc 1980 ctgaacctga
aacataaaat gaatgcaatt gttgttgtta acttgtttgt tgcagcttat
2040 aatggttaca aataaagcaa tagcatcaca aatttcacaa
ataaagcatt tttttcactg 2100 cattctagtt gtggtttgtc
caaactcatc aatgtatctt atcatgtctg gatctgcgac 2160
tctagaggat cataatcagc cataccacat ttgtagaggt tttacttgct
ttaaaaaacc 2220 tcccacacct ccccctgaac ctgaaacata
aaatgaatgc aattgttgtt gttaacttgt 2280 3/5ttattgcagc
ttataatggt tacaaataaa gcaatagcat cacaaatttc acaaataaag
2340 catttttttc actgcattct agttgtggtt tgtccaaact
catcaatgta tcttatcatg 2400 tctggatctg cgactctaga
ggatcataat cagccatacc acatttgtag aggttttact 2460
tgctttaaaa aacctcccac acctccccct gaacctgaaa cataaaatga
atgcaattgt 2520 tgttgttaac ttgtttattg cagcttataa
tggttacaaa taaagcaata gcatcacaaa 2580 tttcacaaat
aaagcatttt tttcactgca ttctagttgt ggtttgtcca aactcatcaa
2640 tgtatcttat catgtctgga tccccgggta ccgagctcga
aggccggccg tttaaaccaa 2700 tcgaattccc gcggctagac
ccagctttcg gaagttccta ttcggaagtt cctattctct 2760
agaaagtata ggaacttctc gatatggtcg atcgacctgc aggaattcta
ccgggtaggg 2820 gaggcgcttt tcccaaggca gtctggagca
tgcgctttag cagccccgct gggcacttgg 2880 cgctacacaa
gtggcctctg gcctcgcaca cattccacat ccaccggtag gcgccaaccg
2940 gctccgttct ttggtggccc cttcgcgcca ccttctactc
ctcccctagt caggaagttc 3000 ccccccgccc cgcagctcgc
gtcgtgcagg acgtgacaaa tggaagtagc acgtctcact 3060
agtctcgtgc agatggacag caccgctgag caatggaagc gggtaggcct
ttggggcagc 3120 ggccaatagc agctttgctc cttcgctttc
tgggctcaga ggctgggaag gggtgggtcc 3180 gggggcgggc
tcaggggcgg gctcaggggc ggggcgggcg cccgaaggtc ctccggaggc
3240 ccggcattct gcacgcttca aaagcgcacg tctgccgcgc
tgttctcctc ttcctcatct 3300 ccgggccttt cgacctgcag
gcggccgcga attcactagt gattgcagcg tacggatccg 3360
ccgccgccat ggctccggta ggtccagagt cttcagagat caagtcccac
cttccaagtc 3420 ctggcatctc acgacgtctg gggagctacc
tgcattaagt cagaactgag gtgggtttgg 3480 gctgaggtag
agcctgggca gaggccataa ttacttcttg tggaactctc aaaggtcgga
3540 caggaagcat ggctggttcc atatatctac tgcctcgaat
cgatgaattc gagctcggta 3600 cccggggatc gaagttccta
ttcggaagtt cctattctct agaaagtata ggaacttctc 3660
gacctgcagg catgcaagct gggggggtcg acgtcgagaa ggagtgaggg
ctggataaag 3720 ggaggatcga ggcggggtcg aacgaggagg
ttcaaggggg agagacgggg cggatggagg 3780 aagaggaggc
ggaggcttag ggtgtacaaa gggcttgacc cagggagggg ggtcaaaagc
3840 caaggcttcc caggtcacga tgtaggggac ctggtctggg
tgtccatgcg ggccaggtga 3900 aaagaccttg atcttaacct
gggtgatgag gtctcggtta aaggtgccgt ctcgcggcca 3960
tccgacgtta aaggttggcc attctgcaga gcagaaggta acccaacgtc
tcttcttgac 4020 atctaccgac tggttgtgag cgatccgctc
gacatctttc cagtgaccta aggtcaaact 4080 



taagggagtg gtaacagtct ggcccatatt ttcagacaaa tacagaaaca
cagtcagaca 4140 gagacaacac agaacgatgc tgcagcagac
aagacgcgcg gcgcggcttc ggtcccaaac 4200 cgaaagcaaa
aattcagacg gaggcgggaa ctgttttagg ttctcgtctc ctaccagaac
4260 cacatatccc tcctctaagg ggggtgcacc aaagagtcca
aaacgatcgg gatttttgga 4320 ctcaggtcgg gccacaaaaa
cggcccccga agtccctggg acgtctccca gggttgcggc 4380
4/5cgggtgttcc gaactcgtca gttccaccac gggtccgcca
gatacagagc tagttagcta 4440 actagtaccg acgcaggcgc
ataaaatcag tcatagacac tagacaatcg gacagacaca 4500
gataagttgc tggccagctt acctcccggt ggtgggtcgg tggtccctgg
gcaggggtct 4560 cccgatcccg gacgagcccc caaatgaaag
acccccgctg acgggtagtc aatcactcag 4620 aggagaccct
cccaaggaac agcgagacca caagtcggat gcaactgcaa gagggtttat
4680 tggatacacg ggtacccggg cgactcagtc aatcggagga
ctggcgcgcc gagtgagggg 4740 ttgtgggctc ttttattgag
ctcggggagc agaagcgcgc gaacagaagc gagaagcgaa 4800
ctgattggtt agttcaaata aggcacaggg tcatttcagg tccttggggc
accctggaaa 4860 catctgatgg ttctctagaa actgctgagg
gctggaccgc atctggggac catctgttct 4920 tggccctgag
ccggggcagg aactgcttac cacagatatc ctgtttggcc catattcagc
4980 tgttccatct gttcttggcc ctgagccggg gcaggaactg
cttaccacag atatcctgtt 5040 tggcccatat tcagctgttc
catctgttcc tgaccttgat ctgaacttct ctattctcag 5100
ttatgtattt ttccatgcct tgcaaaatgg cgttacttaa gctagcttgc
caaacctaca 5160 ggtggggtct ttca 5174 5/5 


