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5.1 Introduction

5.1.1 Screen strategy

BIm-deficient ES cells exhibit a high LOH rate that allows segregation of
homozygous mutants from single allelic autosomal mutations. Potential mismatch
repair mutants have been recovered by 6 TG selection from a pool of BIm-
deficient ES cells mutated with EMS (Chapter 3). However, the difficulty in
identifying the single nucleotide mutations induced by chemical mutagenesis
limits the application of chemical mutagenesis in genetic screens in vitro.
Revertible retroviral gene trap vector (RGTV-1) has been developed (Chapter4).
In this chapter, the results of screens for 6TG-resistant mutants induced by
RGTV-1 are described. The overall screen strategy is illustrated (Fig. 5-1). Blm-
deficient ES cells were infected with RGTV-1 to generate single allele gene trap
mutants, which were selected with G418 (180 ug/ml). Gene trap mutants were
cultured over 14 population doublings to allow the generation of homozygous
mutants via LOH events. These cells were then selected at high cell density
(0.5x10’ cells per 10 cm tissue culture plate) in 6TG (2 um) to select out potential
MMR mutants. 6 TG resistant ES cell colonies were expanded for further

molecular analysis.

5.1.2 Approaches to identify gene trap mutations

The insertion of gene trap vector provides a sequence tag, which allows rapid
identification of the molecular basis of the mutation. In a gene trap, a fused
MRNA composed of part of the normal endogenous transcript and the gene trap
reporter is expressed. The splice junction of the fused gene trap transcript can
be identified by a reverse transcription based PCR method, 5’RACE (rapid
amplification of cDNA end) (Materials and Methods, 2.4.4) (Fig. 5-2 b).
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The length of proviral/host junction is very useful for identifying the clonal
relationships between gene trap mutations. Because LOH events occur
randomly, a parental gene trap mutant in a pool could have produced many
homozygous mutated daughter cells. If an LOH event occurs early, one mutant
will dominate the screen. By inspecting the proviral/host junctions, gene trap
mutants originating from one clone can be grouped. The Southern-blot analysis
scheme used a unique proviral restriction enzyme site (EcoRI for RGTV-1). This
allows the proviral/host junctions at both the 5’LTR and 3’ LTR sides of the
provirus to be identified using two viral probes (Neo and LacZ probes) (Fig. 5-2

a).

The retroviral integration site can be identified by PCR-based methods.
Splinkerette PCR (SpPCR) was used in this study to identify the 5’LTR
proviral/host junctions (Fig. 5-2 c¢). To do SpPCR, genomic DNA was digested by
a restriction enzyme. An annealed oligo adaptor (Splinkerette) was then ligated
to the digested genomic DNA. The ligated Splinkerette oligo provides an anchor
sequence so that the flanking genomic fragment can be amplified using a pair of
primers for the viral LTR and the Splinkerette oligo. The Splinkerette oligo is
specially designed to contain a single strand hairpin structure at the 3’ end of the
annealed Splinkerette, which can reduce the non-specific amplification by
Spinkerette PCR primers (Fig. 5-2c¢) (Devon et al., 1995, Mikkers et al., 2002). In
this study, the SpPCR method has been used as the primary method to amplify
the proviral/host junction from RGTV-1 infected ES cells because this method
could be easily adapted to handle large numbers of samples (Mikkers et al.,
2002). Taken together, the gene trap mutations can be identified using both
Southern-blot analysis and PCR-based methods. The proviral/host junctions can
be inspected quickly with Southern-blot analysis. SpPCR allows precise mapping
of the retroviral insertion site in the host genome. Finally, the 5’RACE method
provides an opportunity to access the expression of the fused gene trap
transcript.
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In this chapter, | describe the generation and use of approximately 10,000 gene
trap mutations in BlIm-deficient cells (NGG5-3) using the RGTV-1 virus, which will
be referred to as GT library (gene trap mutation library). Screens for 6TG
resistant clones have been performed three times on the GT library (STA, STB
and STC screens). These screens use different conditions in either cell

population doubling or 6TG dosages used for selection.
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Figure 5-1. Screening strategy for 6TG resistant (6TGR) gene trap
mutants

Step 1: Gene trap mutagenesis to generate gene trap mutations

Step 2: The gene-trapped clones are pooled and expanded to allow the
segregation of homozygous mutants through LOH.

Step 3: 6TG selection for resistant clones

Step 4: 6TGR mutants are picked and the mutations are identified.
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5.2 Results

5.2.1 Gene trap mutant library (GT library) on Blm-deficient ES cells

RGTV-1 virus was produced by transient transfection of Phoenix viral packaging
cells and used to infect the NGG5-3 cells that were cultured on seventeen 90 mm
tissue culture plates. The gene trap mutants were selected with G418 (180
Mg/ml) for 8 days. ES cells clones growing on one plate were stained and the
number was determined. Gene trap clones from pairs of plates were combined to
create eight pools. Each pool contains a mixture of 1,200 primary gene trap
mutants. In total, about 10,000 primary gene trap mutants are represented in

eight pools of this GT library.

5.2.2 STA screen

5.2.2.1 Msh6, a most frequently identified STA clones

For the STA screen, 2.5 x10° gene trap cells that have been cultured about 14
population doublings were plated in 6TG (2 uM) for 8 days. Twenty five 6TG
resistant clones were recovered. Gene trap mutations in these clones were
identified using SpPCR and/or 5° RACE methods (Table 5-1). The most
frequently identified mutation was Msh6 (MutS homologue 6) (Palombo et al.,
1995). Fused transcripts between 3geo and exonl of Msh6 were identified in 10
STA clones by 5’RACE (Fig. 5-3 a). The proviral/host junctions from these Msh6
gene trap clones were cloned by SpPCR. Sequences of the proviral/host
junctions revealed that retrovirus inserted into six different positions in the first
intron of Msh6 (Fig. 5-3 b). Therefore, these are six independent mutated clones.
One gene trap clone STA4.1, was originally identified by 5’RACE as a novel
transcript located on mouse chromosome 1. SpPCR on Sau3Al digested STA4.1
genomic DNA amplified a fragment less than 100bp. However, Blast search

against Ensemb and NCBI database didn’t yield any significant hits. In order to



128

a ATG Msh6

e || HH
-\/ (AAA)N

CCGTGCCTCCCAGCTCGCGGTTGAGGACAA
S

Exon 1 f fBgeo

Splice junction

b V4 V6
V1 V2 V3 | V5 A\
IRER h l -
\y | I—\— Msh6
SA o
(et (], =
EcoRlI EcoRl EcoRlI
c V1 V2 V3 V4 V5 V6 V7 Wit
S -
T 8.2 kb
e 580
EcoRlI

Figure 5-3. Identification of Msh6 gene trap mutations

a. Shematic representation of insertion of a provirus in the first intron of
Msh6 locus, generating a fusion transcript of Msh6 exon 1 with fgeo. Msh6
exon1contains the translation initiation codon (ATG). b. Schematic
demonstration of retroviral insertion sites in independent gene trap Msh6
mutants. c. Various proviral/host junctions were demonstrated by
Southern-blot analysis using a Msh6 exon 2 probe in independent Msh6
gene trap clones ( V1 to V7). Note the Msh6 gene trap mutants are
homozygous, lacking the wild type allele. For Southern-blot analysis, the
genomic DNA was digested with EcoRI.
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obtain a longer flanking genomic sequence, Splinkerette oligos were designed so
that SpPCR could be performed on genomic DNA digested with restriction
enzymes, EcoRI, BamHI, Hindlll and Xbal. Compared to Sau3Al(four base pair
cutter), these 6 base pair cutters generate longer restricted genomic fragments.
SpPCR on Xbal and Hindlll digested STA4.1 genomic DNA amplified a 1.3 kb
and 800 bp flanking genomic DNA respectively, both of which were mapped to
intron1 of Msheé.

Southern-blot analysis were carried out on Eco RI restricted genomic DNA from
seven independent gene trap Msh6 mutants, including STA4.1, using a Msh6
exon2 probe. This probe revealed a 8.2 kb EcoRI fragment from the wild type
Msh6 locus, whereas the insertion of the gene trap virus resulted in different
sized proviral/Msh6 junction fragments. This result confirmed the SpPCR
analysis. Importantly, all the seven independent Msh6 gene trap mutants contain
only the gene trap alleles. None of the clones retained the wild type Msh6 allele,
suggesting that all of the insertions were homozygous (Fig. 5-3 c).

5.2.2.2 Expression of Msh6 is reduced in gene trap mutants

A Msh6 cDNA probe spanning exon 2, exon 3 and exon 4 was PCR amplified
from AB2.2 cDNA and Northern-blot analysis was performed to study the
expression of Mshé in five gene trap Msh6 mutants (Fig. 5-4 a). Compared to
AB2.2 and the parental NGG5-3 cells, the gene trap Msh6 mutants expressed
only a trace level of Msh6, which suggests that the SARgeo gene trap cassette in
RGTV-1 can efficiently block the expression of host genes. Moreover, AB2.2 and
NGG5-3 cells exhibited a similar level of Msh6 expression, suggesting that Blm
mutation doesn't affect Msh6 expression in ES cells.
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Figure 5-4. Molecular analysis of Msh6 mutations

a.Morthern-blot analysis of Mshé expression. Compared to Mshé wild
type AB2.2 and NGG5-3 cells, MshE gene trap clones [(V1, V2, V4 VG,
W7 exhibited trace level of Msh& expression. The excision of the
provirus in Cre-revertant (V7-R1) restored the expression. MGGE-3 is the
parental Bim-deficientcell line used for gene trap mutagenesis. 285 and
185 ENAs are loading controls. b & €. Colany form ability of cells
with(+6T3) and without TG selection( Mo drug), demonstrating the 6TG
sensitivity in Cre revertants (V6-R1 and V7-R1), in contrast to the 6TG
resistance in Msh& gene trap mutants (VB and V7).
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5.2.2.3 Cre-mediated reversal of gene trap mutations

The reversibility of gene trap mutations recovered from the STA screen was
tested by Cre-mediated recombination. Cre-expressing plasmid was transfected
into all 25 STA clones by electroporation. Cells that have lost the inserted
provirus, the revertants, were identified by PCR using a pair of lacZ primers for
loss of both copies of the SARgeo gene trap cassettes. These revertants were
sib-selected in G418 and verified to be G418 sensitive. Two to three revertants
from each gene trap clones were plated at low density to test the colony forming
ability with and without 6 TG selection. Two non-revertants from each cell line
were plated as controls. 12 out of 25 tested STA clones exhibited recovery of
sensitivity to 6TG after Cre-mediated removal of the retrovirus. These clones
belong to the seven independent Msh6 gene trap mutants (Table 5-1) (Fig. 5-4 b
& ¢). The Msh6 expression in one of the revertants was examined by Northern-
blot and confirmed that it returned to the normal level despite the presence of a
LTR in the intron (Fig. 5-4 a). The recovery of homozygous gene trap mutants of
known components of the mismatch repair machinery validates the
establishment of the recessive genetic screen. It is notable that the Cre-reversal
assay was performed before SpPCR identified the gene trap mutations. The fact
that the Cre-reversal assay was able to recover all Msh6 mutants demonstrated
its efficiency. In addition to seven independent Msh6 gene trap mutants, nine
individual STA gene trap mutants were also identified (Table 5-1). The 6TG
resistance could not be reverted in these clones after removal of the integrated

Virus.
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Table 5-1. Gene trap mutations in STA clones

Gene Gene” Chromosome Reversal” Viral
trap insertion®
Clones?
STAL.1 Ctbp2 Chr7 N S
STA1.2 (3) Ctbp2 Chr7 N S
STA2.1 Clasp2 Chr9 N S (Q)
STA2.2 (4) Msh6 Chr17 Y D
STA2.4 ESTT00000014070 Chrl1 N S (Q)
STA4.1 Msh6 Chr17 Y D
STA5.1 (3) Clasp2 Chr9 N S (Q)
STA6.1 CUGbp1 Chr2 N S(Q)
STAG.2 ENSMUSG00000020794 Chr11 N S (Q)
STA6.3 (2) Msh6 Chr17 Y D
STAG.4 Msh6 Chr17 Y D
STA7.1 Enol Chr4 N S (Q)
STA7.2 (2) Msh6 Chr17 Y D
STA8.1 Msh6 Chr17 Y D
STA8.2 Ctbp2 Chr7 N S
STA8.3 Msh6 Chr17 Y D

Table 5-1. Gene trap mutations in STA clones.

Gen trap mutations identified by SpPCR and 5’RACE methods in the STA
screen.

a: The number in parenthesis represents the number of daughter cells.

b: Gene names were given as either Ensembl gene symbol or Ensemble ID if a
gene symbol is not available.

c: Cre revertible clones were designated as “Y” and Non-reversible clones
were designated as “N”

d: “S” represents single allelic retroviral insertion. “D” represents bi-allelic
retroviral insertion. QTSouthern was used to inspect the copy number of viral
insertions, which was designated as “Q” in parenthesis.
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5.2.2.3 The copy number of gene trap insertions

In order to examine if the gene trap mutations were homozygous, a quantitative
Southern-blot analysis (QTSouthern) was employed to investigate the copy
number of the integrated retrovirus. QTSouthern compares the Southern
hybridization intensity between the SAlRgeo gene trap cassette and a X-linked
single copy gene, Adrenoleukodystrophy Protein Homolog (Aldp). Because
homozygous mutations in this screen are derived predominantly through mitotic
recombination, the majority of homozygous gene trap clones are expected to
contain two copies of retrovirus (bi-allelic mutants). QTSouthern revealed that 5
out of the 7 Msh6 gene trap clones had two copies of gene trap insertions. The
other two clones appeared to have single gene trap insertions (Fig. 5-5 a). These
single allele Msh6 mutants may have a deletion mutation encompassing Msh6
exon 2 in the other Msh6 allele, which cannot be seen in Southern-blot analysis
with the Msh6 exon 2 probe (Fig. 5-3 ¢). Apart from the Msh6 gene trap clones,
all other STA clones appeared to contain single copy gene trap insertions (Fig. 5-
5 b). Genomic flanking probes for two clones, STA1.2 and STA8.2, were
generated from the cloned SpPCR product and Southern-blot analysis
demonstrated that STA1.2 and STA 8.2 contained both wild type and the gene
trap alleles, which confirms the result of QTSouthern analysis (Fig. 5-6). Although
it is formally possible that the wild type allele displayed in the Southern-blot may
contain mutations that cannot be identified by Southern-blot analysis, removal of
the single allele gene trap mutations from these clones will generate
heterozygous mutants, which should be 6 TG sensitive. The fact that all nine
single allelic gene trap STA clones were not revertible argues against this
possibility and suggests that they are false positive clones.
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Figure 5-6. Southern-blot analysis of gene trap clone STA1.2,

demosntrating a single allele mutation. Both the wild type (W) and the gene
trap allele (Gene trap) are present in this clone. The provirus inserted into the
first intron of C-terminal binding protein 2 (Ctbp2) in this clone.
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5.2.3 STB screen

Derivation of homozygous mutations by LOH is a stochastic process which is
related to the number of population doublings. To allow more gene trap
mutations to be converted to homozygous mutations, the gene trap mutants were
expanded for four more population doublings for the STB screen. The 6TG
screen was performed under the same conditions as the STA screen. In total
104, 6TG resistant clones were recovered in the STB screen. Based on the
analysis of STA screen, it was expected that a portion of the 6TG resistant
clones would be single allelic gene trap mutations. To identify the potential
homozygous mutations, QTSouthern analysis was performed. From this analysis
24 clones were identified as potential bi-allelic mutants and 58 clones were
identified as single allelic mutants (Fig. 5-7). The other clones cannot be
determined either because of bad Southern-blot signals or the cells were lost
during expansion or were slow growing. Retroviral integration sites were
identified in 24 potential bi-allelic gene trap mutants (Table 5-2 a). 12 of these are
Msh6 mutants, which is consistent with the result of STA screen. Three new
genes were also identified, including Dnmt1 (DNA (cytosine 5)
methyltransferase), Tqif (5'-TG-3' interacting factor) and a complex locus with a
genomic rearrangement involving Parp-2 (poly (ADP-ribose) polymerase-2) and
Rbpsuh (Recombining binding protein suppressor of hairless). Gene trap
mutations were identified in some of the single allelic gene trap mutants and
listed in table 5-2 b.

5.2.3.1 Dnmtl gene trap mutant

QTSouthern identified three bi-allelic mutants from GT library pool 8, and
Southern-blot analysis of the provirus/host junctions using lacZ probe suggested
that they were daughter cells. SpPCR analysis of two clones revealed that
RGTV-1 inserted in the first intron of the Dnmt1 locus. This gene trap mutation
was named Dnmt1-V1. A Cre-revertant clone, Dnmtl1-V1-R1, was obtained from

Dnmtl1-V1. Southern-blot analysis was performed on Nde | digested genomic



137

DNA using a Dnmtl probe, which was PCR amplified from AB2.2 genomic DNA.
The Southern-blot analysis revealed the predicted Dnmt1 wild type (1.7 kb),
Dnmt1-V1 (4.0 kb) and Dnmt1-V1-R1 (2.3 kb) allele (Fig. 5-8 a & b). Importantly,
This Southern analysis demonstrated that Dnmt-V1 and another Dnmtl gene
trap mutant, Dnmt1-V2 are homozygous mutants, containing only gene trap
alleles. Dnmt1-V2 was recovered from the STC screen (discussed later) (Fig. 5-8
b).

The expression of Dnmtl and the fused gene trap transcripts were examined by
RT-PCR in the Dnmtl gene trap mutant and the revertant. Because the retrovirus
inserted into the first intron of Dnmtl, a fused transcript composed of exon 1 of
Dnmtl and the 3geo reporter should be expressed in the Dnmtl gene trap
mutant. RT-PCR using Dnmtl Exonl and the LacZ primers revealed the
expression of the fused transcript in Dnmt1-V1 cells, but not in Dnmt1 wild type
NGG5-3 cells and the Cre-revertant, Dnmt1-V1-R1 cells. RT-PCR using Dnmtl
Exon 1 and Exon 6 primers didn’t detect Dnmt1 expression in Dnmt1-V1 cells
and Dnmtl expression was reverted to normal level in Dnmt1-V1-R cells,
compared to that in NGG5-3 cells (Fig. 5-9 a). The expression of Dnmtl was
further investigated by Northern-blot analysis using a Dnmtl cDNA probe
spanning Dnmtl exon 1 to exon 6. This experiment revealed that the expression
of Dnmtl was totally blocked in Dnmt1-V1 cells, suggesting that the gene trap
mutation produced a null allele. AB2.2, NGG5-3 and Dnmt1-V1-R1 cells
exhibited similar level of Dnmtl expression (Fig. 5-9 b). Dnmt1-V1-R1 and
Dnmt1-V1 cells were plated at low density in 6-well tissue culture plate to test the
colony forming ability with and without 6 TG selection, which showed that Dnmt1-
V1-R1 cells recovered 6 TG sensitivity (Fig. 5-9 c).
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Figure 5-7. QTSouthern analysis of gene trap mutants
obtained in the STB screen.

Genomic DNA was extracted from gene trap clones cultured in 96
well tissue culture plates, digested with EcoRV and Hindlll and
probed with AldpS, AldpL and LacZ probes. Arrows indicate some
picked bi-allelic gene trap insertions in Tgif, Msh6, Dnmt1 loci, which
were identified by SpPCR.
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Table 5-2 a. Genes mutated in bi-allelic gene trap STB clones

Clone Gene trap Chromosome Reversal Hom/Het
mutations
STB1 (8) Tgif Chr17 N Hom
STB20 (12) Mshé Chr17 Y Hom
STB77 (3) Dnmt1 Chr9 Y Hom
STB60 Parp-2/Rbpsuh Chr14/Chr5 N Het

Table 5-2 a. Genes mutated in bi-allelic gene trap STB clones

24 potential bi-allelic STB clones were identified by QTSouthern.

The number in parenthesis represents the number of gene trap clones with
insertions in the identified gene. STB1 represents one Tgif gene trap mutation
with 8 daughter cells. STB77 represents one Dnmt1 mutant with 3 daughter cells.
STB20 represents Msh6 mutants that are recovered with several independent
gene trap mutations. The exact number of independent gene trap Msh6
mutations was not determined in the STB screen.

Cre revertible clones were designated as “Y" and Non-reversible clones were
designated as “N”

“Hom" represents homozygous mutant; “Het" represents heterozygous mutant
Note that STB60 was revealed to be a heterozygous mutant at the Rbpsuh locus

by Southern-blot analysis using a Rbpsuh probe.
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Figure 5-8. Southern-blot analysis of Dnmt1 gene trap mutations

a. Schematic of the structure of the 5’ protion of the Dnmt1 genomic
locus, demonstrating the Southern-blot analysis strategy that
distiguishes the wild type, gene trap and the Cre-reverted Dnmt1
alleles. b. Southern- blot showing two gene trap Dnmt1 mutants (
Dnmt1-V1, Dnmt1-V2), Dnmt1-V1 derived Cre-revertant, Dnmt1-V1-R1
and wild type cells AB2.2, using Dnmt1 flanking probe (Probe) on Ndel
digested genomic DNA. Note that Dnmt1-V2 was recovered from the
STC screen.
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Figure 5-9. Molecular analysis of gene trap Dnmt1 mutants

a. RT-PCR analysis of Dnmt1 transcription, showing the expression of
the fused Dnmt1exon1/ igeo transcript in gene trap Dnmt1-V1 but not in
the Cre-revertant Dnmt1-V1-R1 cells (PCR amplification by Ex 1 and
pgeo primers). NGG5-3 cell line was included as a control. The
expression of Dnmt1 was blocked in the gene-trap clone and reverted in
the Dnmt1-V1-R1 (PCR amplification by Ex 1 and Ex 6 primers). b.
Northern-blot analysis showing the absence of Dnmt1 expression in
Dnmt1-V1 cells and the reversal of Dnmt1 expression in Dnmt1-V1-R1
cells . ¢ . Cre reversal assay, showing the conversion from 6TG
resistance of Dnmt-V1 to 6TG sensitivity of Dnmt1-V1-R1.
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5.2.3.2 Tgif gene trap mutant

QTSouthern and the proviral/host junction analysis identified a bi-allelic mutant
consisting of 8 daughter clones from GT library, pool 1. SpPCR analysis revealed
that retrovirus had inserted into 5’ UTR region of Tgif genomic locus. This gene
trap clone was named Tgif-V1. Southern-blot analysis on Xba | digested genomic
DNA using a Tgif flanking probe revealed the predicted 5.2 kb wild type allele in
NGG5-3 cells and the 3.8 kb gene trap band in three Tgif-V1 daughter clones,
confirming that Tgif-V1 was a bi-allelic gene trap mutant (Fig. 5-10 a & b). One
Cre-revertant clone, Tgif-V1-R1, was generated by Cre-mediated recombination.
PCR analysis using LacZ primers identified the deletion of the inserted provirus
(Fig. 5-11 a). However, when Tgif-V1-R1 cells were plated in 6 TG, they exhibited
the same level of resistance to 6TG as the parental Tgif-V1 cells (Fig. 5-11 b).
To exclude variation between individual clones, three more Cre-revertants were
derived from Tgif-V1, and the colony forming ability was tested. Consistent with

previous results, they all exhibited resistance to 6TG (data not shown).

By 5’RACE, the splice junction of the fused gene trap transcript was cloned.
Sequence analysis of the 5’RACE product revealed that Rgeo was spliced with
an exon located about 1 kb upstream of the retroviral insertion site. Database
searches against mouse Ensembl, NCBI as well as human Ensembl did not
identify any known transcripts or ESTs. This novel transcript was named Tgif-y.
Based on NCBI and ensemble databases, two other Tgif transcripts exist, which
share the common exon 2 and exon 3 and with the alternatively spliced first
exon. These two transcripts were referred to as Tgif-a (ENSMUST00000059775)
and Tgif-g (ENSMUST00000055383) respectively (Fig. 5-12 a).

RT-PCR was performed to inspect the expression of Tgif-a, Tgif-g and Tgif-y in
Tgif-V1, Tgif-V1-R1 and the parental NGG5-3 cells. RT-PCR using Tgif
alternative exonl primers and an exon3 primer detected the expression of Tgif-a
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and Tgif-yin NGG5-3 ES cells (Fig. 5-12 b & c), but no expression of Tgif- could
be detected. The fused gene trap transcript was amplified using Tgif exonl-y and
lacZ primers in the gene trap Tgif-V1 cells, but not in the NGG5-3 and Tgif-V1-R1
cells (Fig. 5-12 b). The expression of Tgif-y could not be detected in Tgif-V1 cells,
but this was reverted to normal in the Tgif-V1-R1, showing that the expression of
Tgif-y is fully blocked by the gene trap insertion and reverted to normal in the
Cre-revertant (Fig. 5-12 b). RT-PCR analysis using Tgif-a exonl and exon3
primers also revealed a reduced expression of Tgif-« in Tgif-V1 cells and the
expression returned to normal inTgif-V1-R1 cell (Fig. 5-12 c). These results
suggested that the 6 TG resistance phenotype exhibited Tgif-V1 cells was not
caused by the gene trap Tgif mutation since 6TG resistance didn’t reverted to
6TG sensitivity in Tgif-V1-R1 cells. The real mutation that causes the 6TG
resistance phenotype in Tgif-V1 cells is thus unknown. It is possible that the
retroviral insertion affects the function of a novel gene, which has not been
identified yet. Or mutations have occurred randomly in other mismatch proteins,
which cause 6TG resistance. No change in the expression of Msh6 was
detected in Tgif-V1 cells by RT-PCR analysis using Msh6 exonl and exon 3
primers (data not shown).
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Figure5-10. Southern-blot analysis of Tgif gene trap mutants.

a. Schemaic of Tgif genomic locus, demonstrating the Southern-blot
analysis strategy that displays Tgif wild type and gene trap Tgif-V1
alleles. 1a, 1p and 1y are three alternative spliced forms of exon 1. b.
Souhern-blot shows three bi-allelic gene trap Tgif mutants.
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Figure 5-11. Cre reversal assay of Tgif gene trap mutation

a. Cre-mediated removal of inserted retrovirus from Tgif-V1 to
generate Tgif-V1-R1. Tgif-V1-R1 was screened by PCR for absence
of amplification of gene trap cassette SASgeo. Ctbp2 (C-terminal
binding protein 2) primers were included as a PCR control (Materials
and Methods 2.3.4). The arrow above the SAfgeo cassette indicates
the direction of its transcription. b. Colony forming ability assay,
showing the 6 TG resistance of both Tgif-V1 and the Cre-revertant
Tgif-V1-R1.
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Figure 5-12. RT-PCR analysis of Tgif expression

a. Schematic representation of three alternative Tgif transcripts, Tgif-a, Tgif-f
and Tgif-y. Tgif-y was identified by 5’RACE in the gene trap Tgif-V1 mutant. b.
RT-PCR analysis showing the expression of Tgif-y /pgeo fused transcript in
Tgif-V1 mutant, but not in the Cre-revertant, Tgif-V1-R1 cells. The expression
of Tgif-y was interrupted in Tgif-V1 cells, indicated by the lack of PCR
amplification of the Tgif-y transcript in the Tgif-V1 cells, but the transcript was
restored in the Tgif-V1-R1 cells. NGG5-3 cells are used as control. c.
Expression analysis of Tgif- « by RT-PCR, which is reduced in the Tgif-V'1
mutant and reverted in Tgif-V1-R1. Note that the expression of Tgif-$ can not
be detected by RT-PCR in ES cells (data not shown).
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5.2.3.3 ldentification of a complex locus, Parp-2/Rbpsuh

SpPCR identified the viral insertion site in one of the potential bi-allelic mutants
(STB60), which revealed that the retroviral inserted into the first intron of Rbpsuh,
a gene located on mouse chromosome 5. 5’RACE identified the fusion
transcript, which revealed that the 3geo reporter was spliced to Parp-2 exonl,
which is on mouse chromosome 14 according to Ensembl (Fig. 5-13 a). The
discrepancy between the 5’RACE result and the SpPCR result may come from
cross contamination between two gene trap cell lines that carry mutations in
Parp-2 and Rbpsuh. However, such cell-to-cell contamination was excluded
because this clone had been single cell cloned by seeding cells at low density
before 5’RACE and SpPCR were performed. Based on this evidence, a
reciprocal chromosomal translocation may have occurred that places the
retrovirus that inserted in the Rbpsuh locus under the transcription control of
Parp-2 (Fig. 5-13 b). This translocation event will place both Parp-2 and Rbpsuh
out of frames. Southern-blot analysis using a Rbpsuh probe revealed that STB60
contained the predicted gene trap allele as well as the wild type Rbpsuh allele.
Therefore, it is a heterozygous gene trap mutant (Fig. 5-13 c).

Two Cre-reverted clones were obtained from STB60 and both exhibited the 6TG
resistant phenotype as the parental STB60 cells (data not shown). Thus the
mutations in STB60 cannot be reverted by Cre-mediated removal of the inserted
retrovirus. Because of the complexity of this locus, the real molecular lesion that
causes 6TG resistance is not clear. Parp-2 may be a better candidate. Parp-2
encodes ADP ribose polymerase 2, one member of the poly (ADP ribose)
polymerase family, which includes three genes, Parp-1, Parp-2, and Parp-3
(Johansson, 1999, Ame et al., 1999). Parp-1 and Parp-2 proteins are activated
by DNA strand breaks and catalyze the post-translation modification of some
nuclear proteins by adding a ADP-ribose moiety, which has functional
implications in DNA repair, cell cycle regulation and cell death. MEFs from a
Parp-2 knockout mouse exhibited increased post-replicative genomic instability,
G2/M cell cycle arrest following exposure to alkalizing agents (Menissier de
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Murcia et al., 2003). Moreover, Adprtll (Parp-1) and its homolog were identified
in the screen in C.elegans for genes that protect C.elegans genome against
mutations. This screen also identified other mismatch repair genes (Pothof et al.,
2003). Rbpsuh is also referred to as recombination signal sequence-binding
protein J-kappa (Rbp-J). Rbpsuh (Rbp-J) encodes a transcription factor that is
involved in embryonic and adult development (Schroeder et al., 2003).
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Figure 5-13. Characterization of a translocated Parp-2/Rbpsuh locus

a. The schematic representation of a complex genomic locus involving both
Parp-2 and Rbpsuh genomic loci. SpPCR identified the viral insertion site in
the first intron of Rbpsuh. 5’RACE identified the splice junction of the gene

trap transcript including Parp-2 exon 1. b. A model showing the formation of
Parp-2/Rbpsuh locus by reciprocal translocation. Arrow indicates the viral

insertion site.
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c. Southern analysis of gene trap clone STB60 (Parp-2/Rbpsuh) using a Rbpsuh
probe. The gene trap mutation was identifed as the predicted 8.3 kb Ncol or 2.9 kb
BamHI fragments. Two Cre revertants showed the 4.8 kb Ncol fragment. STB60
is a heterozygous gene trap mutant containing the wild type Rbpsuh allele.
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5.2.4 STC screen

Although several independent Msh6 mutants have been identified in the STA and
STB screens, other known mismatch repair genes, Msh2, Mlh1, Pms2 were not
identified. It was also observed that the Msh6 gene trap mutants were more
resistant to 6 TG treatment than many other gene trap mutants. This raises the
concern that the 6TG concentration used in the STA and STB screens might be
too high for mutants that only have weak 6 TG tolerance. Compared to genes
involved in 6TG metabolism, it is likely that most mutants that modify the
mismatch repair process or genome surveillance have a modest tolerance to
6TG. In an effort to recover these genes, the 6TG concentration was titrated
using the gene trap Parp-2/Rbpsuh clone as a control for 6TG resistance
because this clone exhibited a weak 6 TG resistance phenotype in a colony
forming ability assay. Based on this pilot experiment, a new 6TG screen (STC
screen) was performed with 6TG selection at 0.5 uM for10 days. A total of 5x10°
gene-trapped cells that have been passaged about 18 population times were
plated for this screen. Roughly, 800 6 TG tolerant clones were picked into 96 well
tissue culture plate. These clones (STC clones) were composed of a variable
number of daughter cells from independent mutations represented in the primary
pools. To establish relationships between clones, Southern-blot analysis was
performed to inspect the proviral/host junction fragments at both 5’LTR and
3'LTR sides using LacZ and Neo probes on Eco RI digested genomic DNA (Fig.
5-3 a). With this method, daughter cells, exhibiting the same hybridization
pattern could be grouped (data not shown). Many gene trap Msh6 mutants were
identified by Southern-blot analysis using Msh6 probe and were excluded from
further analysis (data not shown). QTSouthern identified 119 potential bi-allelic
mutants. Sequence information was obtained from 82 clones by SpPCR and/or
5'RACE (Table 5-3). Genes that have been recovered as homozygous mutants
in the STB screen were also identified in this screen. Sequence analysis
revealed that Msh6, Tgif and Dnmt1, account for 18 out of 82 identified gene trap
mutations in STC clones. Two Msh6 clone (STC3-D4 and STC3-G9) were
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identified from GT library pool 3, in which Msh6 mutants were not recovered in
the STA and STB screens. This mutation was therefore counted as a new Msh6
gene trap allele. A new Dnmt1 allele was also recovered (which is presented as
Dnmtl allele B in table 5-3. This new allele was named Dnmt1-V2. Southern-blot
analysis using a Dnmtl probe revealed that the Dnmt1-V2 was a homozygous
mutant (Fig. 5-8 a).

The Cre reversal assay were performed on 44 STC clones. Three revertants of
each clone were plated at low density in 24 well tissue culture plates to test the
colony forming ability in 6TG at various 6TG concentrations, 0.15 uM, 0.3 uM or
0.5 uM. This assay demonstrated that 6 TG tolerance could be reverted in two
clones, Dnmtl1-V2 mutant and a clone STC4-F11 (Fig. 5-14 a). In STC4-F11, the
retrovirus inserted in a novel gene (ENSMUSG00000032361, Ensembl) on
mouse chromosome 9, which is a member of a family of genes related to MORF4
(mortality factor on chromosome 4) (Bertram et al., 1999). The human homolog
(MRG15) is functionally implicated in cell cycle progression (Pardo et al., 2002).
This gene is named as mMMRG9 for mouse MORF related gene on chromosome
9. Southern-blot analysis using a mMMRG9 probe revealed that STC4-F11l is a
heterozygous mutant, containing both the gene trap and the wild type alleles
(Fig. 5-14 b). The 6TG tolerance phenotype may be a result of haploinsufficiency.
However, it cannot be excluded that the “wild type” allele detected by Southern-

blot analysis may carry point mutations or small deletion /insertion mutation.



154

STC4-F11 Revertant 6TG (uM)

0.15

0.3

0.5

Figure 5-14. Characterization of the gene trap mutation in STC4-F11

a. Cre-reversal assay. Three STC4-F11single cell clones (left three
columns) and three revertants (right three columns) were plated at low
density in 24 well tissue culture plates and cultured at various 6TG
dosages.
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Figure 5-14. Characterization of the gene trap mutation in STC4-F11

b. Southern analysis of STC4-F11 showing the insertion of the
provirus in the first intron of MMRG9, a member of a family of genes
related to MORF4. A mMRG9 probe revealed the 4.8 kb EcoRI
fragment from the wild type locus and the 7.3 kb fragment from the

gene trap insertion. Two Cre-revertants showed a 5.3 kb EcoRI
fragment.
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5.2.5 Single allelic or non-revertible gene trap mutants

Many gene trap mutations were identified, which contain only a single gene trap
allele and/or the phenotype was not revertible. Loss of the wild type allele can
occur through many mechanisms. Apart from mitotic recombination, loss of the
wild type allele can occur by single nucleotide changes and insertion/deletion
mutations. At least two Msh6 clones were identified as “homozygous” mutations,
but contained single gene trap allele, implying that loss of the wild type allele may
have occurred by chromosomal deletion. Single nucleotide changes or small
insertion and deletion mutations would not be identified by the Southern analysis
strategies used in this study, therefore these mutants will appear as a single

allele gene trap mutations.

The reversibility of the gene trap virus was enabled by the Cre-loxP mediated
removal of inserted retrovirus. After Cre-loxP mediated recombination, the geo
gene trap cassette is deleted, but a single LTR remains in the genome.
Although, it is common that retrovirus gene trap vectors insert into introns, in a
few cases the virus inserts into an exon or an UTR region. In such cases, the
remaining LTR may disrupt the gene’s expression; for example, clone STC2-E3
(Table 5-3), in which the provirus has inserted into the 5’UTR region of the
transacting transcription factor 1 (Spl). It has been reported that Msh6 contains
seven functional Sp1 binding sites and binding of Spl and the transacting
transcription factor 3 (Sp3) to these sites contribute to Msh6 promoter activity
(Gazzoli and Kolodner, 2003).

Other than the complexity caused by the various mechanisms of loss of the other
allele, the virus insertion sites or some times the complicated (rearranged) host
gene structure, it is expected that most of gene trap clones should be
homozygously mutated and be revertible. The abundance of non-revertible and
heterozygous mutants in the 6TG screens implies that many of these clones are

false positive clones, in which the 6TG resistant phenotype is not caused by the
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gene trap mutation. Compared to the STA and STB screens, the portion of false
positive clones is extremely high in the STC screen. The low efficiency of the
STC screen is caused predominantly by the low stringency 6 TG selection used in
the screen, which causes high selection background. Many STC clones
recovered were not “real” 6TG resistant. 50% of the STA clones and nearly 70%
of the STB clones are either non-revertible and/or heterozygously mutated, but
are resistant to high 6TG concentrations. A possible explanation for these is that
mutations may have accumulated in mismatch repair genes. To investigate this
further, Southern-blot strategies were designed to detect genomic
rearrangements in Msh2, Msh6, MIh1 and Dnmt1 using cDNA probes on 28 non-
revertible gene trap clones. A Msh6 cDNA probe spanning exon 1 to exon 4
revealed a homozygous change in exon 3 in two clones, STA 5.1 and STA7.1
(Fig. 5-15). Southern-blot analysis with Msh6 exon2 probe revealed that STA1.2
might contain a deletion in Msh6 exon2 (data not shown). No obvious genomic
rearrangements were observed in non-revertible gene trap clones in Msh2, Mih1,
and Dnmt1 loci (Fig. 5-16, Fig. 5-17, Fig. 5-18). It must be pointed out that single
nucleotides changes, small insertions and deletions are unlikely to be detected
by this method.

Recovery of gene trap clones with homozygous genomic rearrangement in
mismatch repair genes reflect the instability of the Blm-deficient genetic
background, which allows random mutations occurring at a low frequency to
segregate homozygous mutation. The ratio of the positive clones
(homozygous/revertible clones versus total clones) decreases from 50% in the
STA screen to 30% in STB screen with an extended cell doubling time, implying
that more homozygous random mutations were generated during the prolonged
cell culture in the STB screen. This process might have been exaggerated by the
6TG selection. 6TG forms mismatched 6-mG/T nucleotides that will affect the
coding information if occurring in a gene. Also, the 6-mG/T mismatch can be
processed into DNA strand breaks by MMR machinery, which leads to

deletion/insertion and chromosome translocations.
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Figure 5-15. Southern analysis of Mshé6 locus in gene trap clones.

a. Schematic representation of 5’ portion of Mshé6 locus, showing the
Southern analysis scheme. cDNA probe spanning Msh6 exon1 to exon4
recognizes 1.8 kb, 3.2 kb Ncol fragments and a 4.3 kb Ncol/BamHI
fragments. b. Southern blot showing the Msh6 locus in 28 gene trap
clones. NGG5-3 and AB2.2 were included as controls. Note that the 3.2
kb fragment including Msh6 exon 3 was not detected in two gene trap
clones from the STA screen, STA7.1 and STA 5.1.

The order of clones (from 1 to 28): STA1.1, STA1.4, STA8.2, STA6.1, STAT7.1,
STC2-F2, STC4-B4, STC4-F11, STC7-A11, STB78, STC7-B10, STB60, Tgif, STB9,
STA5.1, STB12, STC6-C10, STB50, STB58, STC1-C5, STC2-F1, STC3-D3, STC6-D4,
STC2-E3, STC8-H6, STC2-A11, STCB-C11, STC4-A1
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Figure 5-16 Southern analysis of MIh1 locus in gene trap clones.

a. Restriction map of Mih1, showing BamHI and Ncol restriction digestion
sites and the positions of MIh1 exons. b. Southern-blot showing the Mih1
locus in 28 gene-trap clones. Genomic DNA was digested with
BamHI/Ncol and hybridized with a full length MIh7 cDNA probe. NGG5-3
and AB2.2 were included as controls. Note the variation between AB2.2
and NGG5-3 derived cells lines.

The order of clones(from 1 to 28): STA1.1, STA1.4, STA8.2, STAB.1, STA7.1,
STC2-F2, STC4-B4, STC4-F11, STC7-A11, STB78, STC7-B10, STB60,Tgif, STBY,
STAS.1, STB12, STC6-C10, STB50, STB58, STC1-C5, STC2-F1, STC3-D3, STC6-D4,
STC2-E3, STC8-H6, STC2-A11, STCB-C11, STC4-A1
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Figure 5-17 Southern analysis of MSh2 locus in genetrap clones.

a. Restriction map of Msh2, showing EcoRl restriction digestion sites and
the postions of Msh2 exons. b. Southern-blot showing Msh2 locus in 28

gene trap clones. Genomic DNA was digested with EcoRI and hybridized
with a full length Msh2 cDNA probe. NGG5-3 and AB2.2 were included as

controls.

The order of clones(from 1 to 28): STA1.1, STA1.4, STA8.2, STAG.1, STA7.1,
STC2-F2, STC4-B4, STC4-F11, STC7-A11, STB78, STC7-B10, STB60,Tgif, STB9,
STAS5.1, STB12, STC6-C10, STB50, STBS8, STC1-C5, STC2-F1, STC3-D3, STC6-D4,
STC2-E3, STC8-H6, STC2-A11, STC6-C11, STC4-A1
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Figure 5-18 Southern analysis of Dnmt1 locus in gene-trap clones

a. Restriction map of Dnmt1, showing EcoRI restriction digestion sites and
the positions of Dnmt1 exons. b. Southern-blot showing Dnmt1 locus in 28
gene trap clones. Genomic DNA was digested with EcoRI and hybridized
with a Dnmt1 cDNA probe spanning from exon1 to exon6. NGG5-3 and
AB2.2 were included as controls. Note the variation between NGG5-3
based cells and the AB2.2 cells (indicated by arrow).

The order of clones(from 1 to 28): STA1.1, STA1.4, STA8.2, STAB.1, STA7.1,
STC2-F2, STC4-B4, STC4-F11, STC7-A11, STB78, STC7-B10, STB60, Tgif, STB9,
STAS5.1, STB12, STC6-C10, STB50, STB58, STC1-C5, STC2-F1, STC3-D3, STCB-D4,
STC2-E3, STC8-H6, STC2-A11, STCB-C11, STC4-A1
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5.3 Discussion

5.3.1 Summary

In this chapter, genetic screens were performed to identify gene trap mutants that
are resistant to 6TG. These mutants contain potential mutations in MMR
mediated DNA damage surveillance. A gene trap mutation library was
constructed using the RGTV-1 gene trap retrovirus on NGG5-3 cells,
containing10, 000 individual gene trap clones. Three screens have been carried
out with various 6 TG concentrations and cell doubling times. In total, about a
billion cells have been screened and about 900 ES cells exhibiting 6 TG tolerance
phenotype were picked into a 96-well tissue culture plate and analysed.
Southern-blot strategies were designed to inspect the proviral/host junction
fragments and the copy number of the inserted virus, so that daughter cells with
the same gene trap insertions could be grouped and the potential bi-allelic
mutants identified. Gene trap mutations were identified in 121 clones
(representing STA, STB and STC screens) by 5’RACE or SpPCR methods. Bi-
allelic mutations were identified in three genes, Msh6, Dnmtl and Tgif, which
represent 11 independent gene trap mutations including 8 different Msh6
insertions and 2 different Dnmtl insertions. The 6 TG resistant phenotype is
revertible in Msh6 and Dnmtl mutants, but not in Tgif mutants. A revertible gene
trap mutation (MMRG9) was identified in a novel gene encoding the mouse
homologue of human MRG15 gene. A complex gene trap mutation (Parp-
2/Rbpsuh) involved a chromosome translocation, causing mutations in two genes
Parp-2 and Rbpsuh was also identified. Parp-2 is the homolog of the Parp genes
that were identified in a genetic screen in C.elegans for MMR genes (Pothof et
al., 2003).

5.3.2 High throughput analysis of gene trap mutations
The molecular tag provided by the inserted retrovirus in the gene trap mutations

allows high throughput molecular analysis of the mutations. Southern-blot
analysis using viral specific probes can establish the unique proviral/host junction
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fragments for each clone, so that related clones can be identified. This analysis
can be applied to cells cultured on 96 well tissue culture plates and hundreds of
gene trap clones can be studied at one time. This analysis is important in a
screen based on BIm-deficient cells. Because homozygous mutants cells are
segregated at random during cell expansion, early segregation will lead to some
mutants (for example Msh6) dominating the pool. The unique proviral/host
junction will identify these clones. Sub-dividing the screen into several pools also
reduces the impact of early segregation from a single clone and provides
additional evidence of independent mutations.

Gene trap mutations can be identified by PCR based methods. 5’RACE (Fig. 5-
19) and SpPCR (Fig. 5-20) methods were modified in this study to suit the
analysis of ES cells cultured on 96 well tissue culture plates (Materials and
Methods 2.3.3 and 2.4.4). Although gene trap mutations can be identified by
either 5’RACE or SpPCR method, they complement each other, providing
information about gene trap expression and the viral integration site. The gene
trap expression information can be used to identify transcripts, for example, Tgif-
y. Moreover, a complex locus with genomic rearrangement could also be
identified, for example, the Parp-2/Rbpsuh locus was identified because SpPCR
revealed that virus inserted into a genomic locus that was different from the locus
predicted by 5’RACE.

The establishment of a revertible retroviral gene trap vector offers a high
throughput means to validate the mutations. Cre-mediated reversal assay
doesn’t require prior knowledge of the mutated gene. Unlike the traditional cDNA
rescue or more recently developed BAC rescue method, it doesn’t require the
construction of individual expression vectors. Cre-mediated recombination can
be applied by electroporation of Cre-expression plasmid into ES cells cultured on
6-well plates. The revertants can be identified by PCR-based methods. All these

aspects allow many gene trap mutants to be analyzed simultaneously at once.
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Figure 5-19. 5’RACE amplification of the splicing junction

High throughput 5’RACE reaction performed in 96 well
format. Each panel represents 24 samples from rows
A,B,C,D,E,F according to the layout of a 96 well plate.
The size of PCR product ranges from 700 base pairs to

100 base pairs.

10 ul 5’RACE-PCR product was seperated on 1% agarose gel and

stained with ethidium bromide.
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Figure 5-20. Proviral/host junctions identified by SpPCR

SpPCR products amplified from Sau3Al digested
genomic DNA. Black arrows indicate the non-specific
amplification from endogenous retrovirus. The amplified
DNA fragments range from 1.6kb to less than 100 bp.
Panel a and Panel b represents 60 samples from a 96
well plate.

30 ul nested SpPCR product was separated on 1% agarose gel
and stained with ethidium bromide.
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The fact that eight Msh6 mutants and two Dnmt1 mutants could be reverted from
6TG resistance to the 6 TG sensitivity suggests the reversal is efficient.

Because homozygous mutants are derived preferentially via mitotic
recombination in BIm-deficiency cells, they are expected to contain two gene trap
alleles. This aspect allows the potential bi-allelic mutants be identified from a pool
of gene trap mutants with a quick and high throughput Southern-blot based
analysis (QTSouthern). The STB screen demonstrates its usage, in which the
QTSouthern identified 24 bi-allelic mutants from a total of 104 gene trap clones.
23 clones were later confirmed to be homozygous mutants. 12 single allelic STB
mutants identified using QTSouthern method were confirmed to be heterozygous
mutants by Southern-blot analysis using flanking genomic probes. These results
suggest that the QTSouthern provides a reliable and fast pre-screening method
for bi-allelic mutants (data not shown).

5.3.3 LOH efficiency on different genomic locus

Recovery of recessive mutations in BIm-deficient cells depends on LOH events,
which occurs randomly. In general, the longer the cells were cultured, the more
LOH events will occur. Therefore, the STB screens were able to identify more
homozygous gene trap mutations compared with the STA screen. In addition to
the stochastic nature with which homozygous mutant are generated, there is also
likely to be a gradient of mitotic recombination from the centromere to the
telomere. A gene located close to the telomere will have a higher rate of LOH
than a gene located near the centromere, and is therefore more likely to be over
represented in the screen. In fact, Msh6 gene is located at the tip of
chromosome 17, 88 Mb distant from the centromere. Consistently, multiple
homozygous gene trap Msh6 mutations were identified in the STA screen.
Dnmtl is located about 21 Mb from the centromere on chromosome 9. The
Dnmtl mutations were only identified in the STB and STC screens with four to
five more population doublings.
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5.3.4 Genomic coverage of gene trap mutagenesis

Three mouse mismatch repair genes Msh2, Mlhl and Pms2 were not recovered
in these screens despite the fact that deficiency in these genes causes 6TG-
resistance. Thus the gene trap library (GT library) with 10,000 gene trap clones is
incomplete in its genome coverage. Gene trap approaches have limited genome
coverage, and some genomic loci appear to be preferred by a gene trap mutagen
(so called gene trap “hot spot”). The recovery of gene trap mutations relies
heavily on the stable expression of the gene trap reporter, which is affected by
the host gene structure and gene trap vector design. To achieve better genome
coverage, use of various gene trap vector is important (reviewed in Skarnes
2000; Hansen et al., 2003).

However, the frequent recovery of Msh6 in this study cannot be explained as a
simple preferred gene trap insertion site. Although Msh6 is recovered at a
frequency of 1 in 1400 gene-trap clone in this study, searches of available gene
trap data from Lexicon and German Gene Trap Consortium (GGTC) reveals that
the frequency of insertions in Msh6 locus is less than the average gene trap hit in
general, suggesting that Msh6 does not appear to be a general insertion “hot”
spot. It is not clear that whether the abundance of Msh6 insertion derives from
the use of the specific RGTV-1 retroviral vector. However, the RGTV-1 retroviral
vector was derived from the commonly used MoMulV based retroviral backbone,
which has also been used by both Lexicon and GGTC. Therefore, prominent
insertion “hot spots” should be common in all data sets. It cannot be excluded
that Msh6 has a dominant role in MMR-mediated 6 TG resistance in ES cells,

which hasn’t be identified yet.



