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CHAPTER 3

REFINEMENT OF THE B1” CRITICAL REGION USING THE

EXISTING BACKCROSS

3.1 INTRODUCTION

This chapter describes the work carried out to characterise and refine the
candidate region for the bronx waltzer gene as defined by a pre-existing
intraspecific backcross of [(bv/bv x 101/H)F1 x bv/br]. 1t also includes the

determination for the first time of the physical size of the critical interval.
3.11 Genetic mapping

Recombination events which occur between sister chromatids during meiosis
are the phenomena that make genetic mapping possible. Genetic mapping
determines the linkage between two given markers based on the frequency
with which they recombine. The closer they are to each other, the lower the
probability that a crossover will occur between them. Hence a marker which
is seen to co-segregate closely with a phenotype can be an indication that the
allele responsible for the phenotype is located close to the marker. The
second requirement for genetic mapping is a means of distinguishing between
copies of a marker inherited from each parent. The markers used must be
polymorphic — be able to exist as multiple variations within a given
population. In human genetic mapping this is achieved by assessing the
haplotypes of different family members in order to establish which portions
of the genome have been inherited from each parent. In the mouse, it is made
simpler by the ability to control matings and so introduce polymorphisms into
a population by crossing the mutant mouse with a wild type mouse carrying
different alleles of the genetic markers to be used. The most common

strategy, and the one used here, is the backcross.
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3.11.1 Establishing a backcross

The first stage of the backcross is to mate the mutant strain with a different
strain, known as an outcross. In this case the outcross was between bronx
waltzer (bv/bv) and the inbred strain 101/H (+/+ at the bronx waltzer locus).
The resulting F, offspring will all be +/b, cartying one chromosome from
each parent. Since the bronx waltzer mutation is recessive, these are then mated
with homozygous bv/bv mice so as to give backcross progeny which may be
either +/bv or bv/bv and allow phenotyping according to their behaviout.
Each backcross mouse will carry one chromosome purely from the bronx
waltzer background and one from the outcross parent. This chromosome
from the F, parent may have undergone recombination between bv and
101/H DNA, allowing the position of polymorphic matkers to be mapped in
relation to the phenotype of the mouse. This backcross strategy is illustrated

in Figure 3.1.
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Figure 3.1: The backcross strategy employed in the genetic mapping of the bronx walfzer locus.
Chromosomes derived from bronx waltzer are shown in red while those from the inbred strain
101/H are in black. During gamete formation in the F1 generation, recombination may occur
between the two parental chromosomes at the prophase I phase of meiosis. These
recombinant chromosomes are inherited by the backcross offspring along with one set of
bronx waltzer chromosomes, giving a variety of possible progeny as shown in the bottom row.
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3.1.1.2 Haplotype analysis

Study of the recombined chromosomes inherited from the I, generation mice
by backcross offspring is known as haplotype analysis. The frequency of
recombination between two markers is used to calculate the relative genetic
distance between them and the bromx waltzer allele, as indicated by the
phenotype of the mouse, can be placed amongst them. Relative genetic
distances are expressed as centiMorgans (cM), where two loci are said to be
one centiMorgan apart if recombination is observed between them in 1% of

meioses.

3.1.1.3 Markers for genetic mapping

In order to be informative within the context of a genetic mapping approach,
markers must exhibit discernable differences between the genetic
backgrounds being utilised, a property known as polymorphism. Polymorphic
markers allow the parental origin of each portion of an individual’s genetic
make-up to be determined, thus enabling the linkage of different portions of

the genome to the phenotypic trait in question to be traced.

The simplest form of polymorphism to detect is one where a stretch of
sequence varies in length between strains. This is generally due to the
presence of a repeat sequence which is non-coding and can exist in varying
copy numbers (Hamada ez @/ 1982). Such sequences, often referred to as
microsatellites or simple sequence length polymorphisms (SSLPs), are di-, tri-,
or tetra-nucleotide repeats which exist at high frequency within the genome.
Their varying sizes between different individuals allow simple analysis by PCR
using primers designed to sequence flanking the repeat region, making them

very useful as genetic markers. An example of an SSLP is shown in Figure 3.2.
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Figure 3.2: Diagram showing a typical simple sequence length polymorphism (SSLP). The
example given is a di-nucleotide repeat. The number of CA units varies between individuals,
giving differently sized fragments when the region is amplified by PCR using the primers
shown in red.

A genetic linkage map placing 6580 such markers to a resolution of 0.2cM
within the mouse genome was constructed by Dietrich ¢ a/ (1996). This
framework map of markers greatly simplifies the process of identifying a
candidate region for a given gene, since backcross mice can be quickly
screened with a panel of markers chosen to cover the whole genome to
initially locate a region of linkage. Markers can then be chosen at higher

density from within that region in order to narrow the area of interest.

A second form of polymorphism which can be useful for genetic mapping is
the single nucleotide polymorphism (SNP). These single base substitutions are
present at varying densities throughout the mouse genome and may be found
in both coding and non-coding regions. The more distantly two strains of
mice are related, the more SNPs with differing alleles can be expected to be
found. In general SNP discovery is achieved by sequence analysis, and once
detected large numbers of samples can be screened for the different alleles in
a number of ways. If the base change occurs within the recognition site of a
restriction enzyme and disrupts its ability to bind, it is possible to rapidly assay
it by performing a restriction digest and analysing the pattern of fragment
sizes obtained. An alternate method of SNP screening is to perform an Oligo
Ligation Assay (OLA), which requires a perfect sequence match between a

pair of oligos and the target sequence in the amplified fragment to give a
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band. If the polymorphic base is present at the point where the two oligos
touch, the oligos can be ligated together and produce a band of the expected
size. Additionally, the assay can be designed to give various different sized
bands by using several sets of oligo probes, and different fluorescent tag

colours can also be incorporated.

3.11.4 Phenotypic analysis

Mice were typed phenotypically at the bronx waltzer allele by assessment of
their behaviour. Two behavioural parameters were analysed — the presence or
absence of the Preyer reflex as an indicator of basic auditory function and
manifestation of shaker-waltzer behaviour as a measure of vestibular
dysfunction. Prior to sacrificing the backcross offspring for DNA
preparation, these tests were performed to determine the phenotype of each
mouse and so to establish which copy of the 4» allele had been inherited from
the F, parent. Since all mice inherit one mutant copy of the bv gene from the
backcross parent, manifestation of the bronx waltzer phenotype can be
interpreted to mean that the mouse must have inherited a second mutant
copy from the F, parent. Conversely, mice with normal behaviour and
responses must have inherited a wild type copy of the gene, making them

heterozygous at the locus.

In the course of this backcross the Preyer reflex test was administered by
striking a large pair of metal forceps on a metal surface out of sight and away
from the cage so as to minimize vibration. A positive result was recorded if
the mouse retracted their pinnae in response to this broad frequency band of
sound. In the absence of this response a negative result was recorded. Shaker-
waltzer behaviour was assessed by observing the mice and a positive result
was recorded if the mouse demonstrated rapid upward flicking motions of the
head and periodic circling within the cage. In cases where the phenotype was
questionable, a reaching response test was administered. Here, the mouse was

held by the tail above the cage and its behaviour observed. Mice exhibiting
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shaker-waltzer behaviour cutl their heads towards their belly and/or revolve
around their body axis while normal mice stretch their limbs and reach out

towards the ground.

Mice thought to be homozygous for v were removed from the cage first in
order to prevent their hyperactive behaviour from disturbing their
heterozygote littermates and causing them to behave atypically as a result of
nervousness. The backcross progeny were all culled by cervical dislocation

and their tissue taken and stored as described in Section 2.2.
3.1.2 The existing bv/101 genetic map

The backcross between bronx waltzer and 101/H was originally established by
Bussoli (1996). The inbred strain 101/H was chosen as the outcross
background following analysis of 33 SSLP markers mapping to mouse
chromosome 5, to which the mutation had previously been localised (R.
Bristet, pers. comm.). 101/H showed 52% polymorphism with bronx waltzer,
making it the most polymorphic of the inbred strains tested. In an initial
typing of 701 backcross mice, the mutation was mapped to a 1.28cM region
between the markers D5Mit25 and D5Mit188 (Bussoli ef al. 1997).

Following subsequent breeding and work by Cheong (2000), a final total of
1085 backcross mice arose from this cross. Twelve of these mice were
excluded from further analysis as a result of either discrepant or difficult
phenotyping, leaving 1073 for haplotype analysis. During the course of this
study, the single mouse (T672) which had positioned the v locus distal of the
marker D5Mit209 was retyped and its breakpoint found to lie instead between
D5Mit367 and D5Mit95. As a result, and with the inclusion of data arising
from the new backcross mice, the new candidate region for bronx waltzer was
described as a 1.86cM region flanked by the markers D5Mi25 and D5M:t209.
The haplotype diagram representing these results is shown in Figure 3.3, and

the genetic map arising from these data is shown in Figure 3.4.
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Figure 3.4: The mouse genetic map as elucidated using the 1073 backcross mice typed from
the &»/101 cross. [A] depicts the region on chromosome 5 surrounding the v locus, the
markers closest to bv are shown on an enlarged map in [B].Genetic loci are drawn to the right
of the diagrams, with the bronx waltzerlocus shown in red, flanking markers in green and other
genetic markers in blue. Genetic distances determined by the number of recombinations
observed between markers are given in black to the left of the diagrams.
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3.1.3 Identifying new markers

As shown by the haplotype diagram in Figure 3.3, there remain 19 backcross
mice exhibiting recombinations between D5Mit25 and D5Mit209. Therefore
this backcross still holds the potential to narrow the /v candidate region
further if novel polymorphic markers can be found which map between the
flanking markers. Previous attempts made at identifying such markers have
included the screening of the European Collaborative Interspecific Backcross
(EUCIB) mapping panel and the Jackson Laboratory mapping panels BSB
and BSS in order to identify ESTs or genes which may include
polymorphisms (Cheong 2000). This work also helped to identify a region of
conserved synteny on human chromosome 12, from which gene sequence
was obtained. One of the markers identified in this manner, D5Bwg1524e,
proved to be polymorphic for bv and 101, but on screening the backcross
panel it was found to map proximal to D5Mit25 and therefore lies outside the
critical region as shown in Figure 3.4.

The paucity of markers in the region and the potential remaining in the
backcross are addressed in this chapter with a continuation of the search for
new markers using resources and sequence that were only made available

more recently.
3.1.4 Previous physical mapping

Using the genetic map determined by the 42/101 backcross, the next stage of
positional cloning began with the construction of a physical map to cover the
critical interval (Cheong 2000). The genetic markers which mapped close to
the bronx waltzer locus were first used to screen a YAC library but the clones
identified in this way were suspected of harbouring deletions and chimerisms
and further work was abandoned. The second library screen was of the CITB
Mouse BAC library but this too was problematic and resulted in a large
number of false positives. A map was built using the data obtained and the

distances between markers estimated based on the sizes of the BACs for
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which they were positive. Using this methodology the physical distance
between the flanking markers D5Mit25 and D5Mit209 was determined to
span under 1Mb since both markers were found to be positive for, and
therefore present within a single 91Kb clone, BAC42I5. Given the 1.86cM
genetic distance separating these markers, this physical distance seemed
remarkably small and the results were called into question. In the mouse
genome 1cM is thought to equate to roughly 2Mb of sequence so the critical
interval might be expected on average to be 3.72Mb. This discrepancy could
potentially be explained by the presence of a recombination hotspot located
between the markers causing a higher than average recombination rate.
Further physical mapping as described within this chapter allows the
comparison of these data to those arising from the public mouse mapping

and sequencing project.
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3.2 METHODS

Some of the methods employed in this chapter are described in Chapter 2.

The following procedures are specific to this chapter.
3.21 Bacterial Artificial Chromosomes (BACs)

The BACs used form part of the Mouse C57BL/J6 Female RPCI-23 and
Mouse C57BL/J6 Male RPCI-24 BAC libraties originating from the Roswell
Park Cancer Institute, Buffalo, New York. The RPCI-23 library was
constructed in the pBACe3.6 vector shown in Figure 3.5 (Frengen ez al.
1999)from EcwRI-digested C57BL/6] genomic DNA (Osoegawa e al. 2000).
The RPCI-24 library is made up of size-selected Mbol fragments cloned into
the pTARBACI vector (Zeng ef al. 2001) between the BanHI sites (see Figure
3.6). Both vectors are hosted in the Escherichia coli substrain DH10B and
include chloramphenicol resistance genes allowing for selection by growth on
media containing the antibiotic. Clones originating from the RPCI-23 library
are generally identified by the prefix bM, and those from the RPCI-24 library
by the prefix bN.
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Figure 3.5: Diagrammatic representation of the cloning vector pBACe3.6 used in the
construction of the female mouse C57BL/6] BAC library RPCI-23 (Frengen e al. 1999).
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Figure 3.6: Diagrammatic representation of the cloning vector pTARBACI used in the
construction of the male mouse C57BL/6] BAC library RPCI-24 (Zeng ef al. 2001).
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Clones were obtained from the BACPAC Resources Center (BPRC) at
Children's Hospital Oakland Research Institute in Oakland, California and
arrived as bacterial stab cultures. On arrival these were streaked onto LB agar
(10 g/1 bacto-tryptone; 5 g/l yeast extract; 10 g/1 NaCl; 15 g/1 agar; pH7.4)
containing 20pg/ml chloramphenicol and incubated overnight at 37°C. A
single colony from each culture was then used to inoculate 11ml LB broth (10
g/l bacto-tryptone; 5 g/l yeast extract; 10 g/l NaCl; pH7.4) containing
20pg/ml chloramphenicol and incubated overnight at 37°C with vigorous
shaking (300rpm). These cultures were then used for the preparation of

plasmid DNA as well as for long-term storage of the clones.
3.2.1.1 Storage of BAC clones

From each LB culture grown from a single bacterial colony, two aliquots of
400pl were removed to two separate 1.5ml microcentrifuge tubes labelled
with the name of the clone from which they were derived. To each of these
was added 100pl sterile 50% glycerol, giving a final glycerol concentration of
10%. These were then stored separately at -80°C, with one set of tubes being
used to inoculate subsequent cultures and one set being reserved as archive

copies.
3.2.1.2 Preparation of plasmid DNA from BAC clones

Plasmid DNA was obtained by alkaline lysis of the bacterial culture prepared
as described in Section 3.2.1. The remaining 10ml culture was centrifuged at
12,000g and 4°C for 10 minutes and the supernatant removed and discarded.
The cell pellet was then resuspended in 200ul Solution I (50mM glucose;
25mM Tris-HCl, pHS; 1mM EDTA ), transferred to a 1.5ml microcentrifuge
tube and incubated on ice for 5 minutes. Cells were lysed by the addition of
400pl briefly cooled Solution II (0.2M NaOH; 1% SDS) and mixed by
inversion before being incubated on ice for a further 10 minutes. Precipitation

of cellular debris and genomic DNA was achieved by the addition of 300ul
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ice cold solution IIT (3M potassium acetate; 11.5% glacial acetic acid, pH4.8),
mixing by inversion and centrifugation at 12,000g and 4°C for 10 minutes.
The supernatant was then removed to a fresh tube to which was added 600ul
ice cold isopropanol in order to precipitate plasmid DNA. Samples were
incubated on ice for 10 minutes before being centrifuged at 12,000g and 4°C
for 15 minutes. The supernatant was then discarded and the pellet
resuspended in 200pl TO.1E (10mM Tris-HCL; 0.lmM EDTA). Plasmid
DNA was purified by the addition of 200ul 50:50 phenol:chloroform,
vigorous shaking and centrifugation at 12,000g and 4°C for 5 minutes. The
aqueous layer was removed to a fresh tube and DNA re-precipitated by the
addition of 20ul 3M sodium acetate and 200pl isopropanol. Samples were
then incubated on ice for 10 minutes before being centrifuged at 12,000g and
4°C for 15 minutes. The supernatant was removed and the pellet washed by
the addition of 200ul 70% ethanol followed by centrifugation at 12,000g and
4°C for 5 minutes. Following removal of the supernatant, pellets were allowed
to air dry completely before being resuspended in 50ul TO.1E (10mM Tris-
HCL; 0.1mM EDTA). RNA was removed by the addition of 1pl 10mg/ml
RNase and incubation at 37°C for 1 hour. DNA was then quantified using a
UV spectrophotometer (see Section 2.3) and dilutions made for use as

template DNA in subsequent PCR reactions. Remaining DNA was stored at -
20°C.

3.2.1.3 Building a BAC contig to span the region

The following work was carried out prior to the publication of the map of the
mouse genome (Gregory et al. 2002) but was enabled by access to the raw
mapping data during assembly by the authors. These data consisted of clones
from the BAC libraries RPCI23 and RPCI24 (see Section 3.2.1) positioned
primarily using HzndIll fingerprints of the clone inserts (Marra et al. 1997,
Soderlund ez a/. 2000) alongside comparison of BAC end sequences (Zhao e#
al. 2001) to the tile path of sequenced human clones. These together were

used to assemble the clones into contiguous series where neighbouring clones
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shared significant restriction fragment lengths on digestion with HixdIIl, and
where the order of BAC end sequences matched that found in the human
sequence. This process of contiguation was carried out using the software
package FPC (Soderlund ez 4/ 2000) which is currently available from the
Arizona Genomics Institute website (http://www.genome.arizona.edu/fpc/).

Markers were added to the map by electronic PCR (Schuler 1997) or by

hybridisation with overgo probes (Han ez a/. 2000).

The flanking markers D5M:i25 and D5Mit209 were localised to the pre-
publication map by sequence identity. Using the raw mapping data, a tile path
of 32 BACs was selected which, judging from their restriction fingerprints,
would represent the complete region between the flanking markers. This was
achieved by ensuring that adjacent tile path clones shared a number of

restriction fragments of the same length.
3.2.2 Investigating potential new polymorphisms

A number of different approaches were used in order to garner information
regarding new regions of polymorphism between the v stock genetic

background and that of the chosen backcross strain 101/H.
3.2.2.1 Mouse SNP Database

The first of these was the employment of the Mouse SNP Database

(http://mousesnp.roche.com/cgi-bin/msnp.pl) — a database holding records

of reported single nucleotide polymorphisms between inbred strains which
predated the more extensive SNP data now available through Mouse

Ensembl (http://www.ensembl.org/Mus musculus/). This database is

searchable using the genetic distances determined by the MIT F2 Intercross
(Dietrich e al. 1996) and available on the Whitehead Institute/MIT Center for

Genome Research website (http://www.broad.mit.edu/cgi-

bin/mouse/sts_info). The positions of the flanking markers D5Mir25 and

D5Mit209 are 49.5cM and 49.2cM respectively, and these values were used to
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obtain records from within the database which may lie within the critical
region. Because the bronx waltzer mutation is not maintained on in inbred
strain background the database could not be used to determine whether the
SNPs would be polymorphic within the backcross samples, but was instead
used as an indicator of potential polymorphism to be determined by PCR (see
Section 2.4) or by sequencing (see Section 2.8). The SNPs obtained from this
database and the sequences of primers used to screen for them are given in

Appendix A.1.
3.2.2.2 Sequence sampling

The second approach used was one of sequence sampling within the critical
region. This effort also predated the release of the mouse genome sequence
and so was limited to those areas where sequence was known and hence
primers could be designed. Sequences utilised included 20 from 3’
untranslated regions (UTRs) of genes mapping genetically within the region
and 43 BAC end sequences obtained using primers placed within vector
sequence to amplify part of the cloned insert (Kelley e /. 1999; Zhao et al.
2001) and available via the NCBI Clone Registry
(http:/ /www.ncbi.nlm.nih.gov/genome/clone/). Where a sequence was too
large to be amplified by a single set of primers, several pairs of primers were
designed to amplify overlapping regions of the sequence and so cover its full
length. These short sequences were screened first for size polymorphisms
between bv and 101/H by PCR and agarose gel electrophoresis and later for
smaller polymorphisms by sequencing. The primers used to amplify 3° UTRs
are in Appendix A.2, and those used to assay BAC ends are given in
Appendix A.3.

3.2.2.3 Tandem repeats

With the publication of the first draft of the mouse genome (Gregory ez a.

2002), new methods became available in the search for novel polymorphisms.
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The third approach used an algorithm designed to find regions of tandem
repeats within a specified sequence (Benson, 1999), in the hope that some of
these would prove to be SSLPs. Software based on this algorithm was
obtained from the Boston University website

(http://tandem.bu.edu/trf/trfhtml) and sequence lying between the flanking

markers was processed using this program. Regions showing tandem repeats
of large size and high repeat conservation were selected as being most likely
to be polymorphic. Of these, 18 were chosen which were distributed
throughout the candidate region. Primers were designed around each tandem
repeat (see Appendix A.4) and used to amplify fragments from b» and 101/H
templates which could then be compared for size differences using agarose
gel electrophoresis. Later, they were also sequenced in an effort to detect

smaller size differences which may not be resolved by electrophoresis.
3.2.2.4 SNPs from published sequence

A growing number of SNPs from various strains in comparison to the
published C57BL/6] sequence have been reported by researchers and collated
by the NCBI in dbSNP (http://www.ncbi.nlm.nih.gov/SNP/index.html).
These have also been annotated onto the published sequence and can be

accessed using Mouse Ensembl (http://www.ensembl.org/Mus musculus/).

Once again, primers were designed in the flanking sequence of 70 such SNPs
which lay within the candidate region (see Appendix A.5 for primer
sequences) and used to amplify fragments from &» and 101 templates by PCR,
followed by sequencing of the products and comparative analysis to assess

their polymorphism.

Recently, a new resource of potential SNPs became available as a result of the
comparison of sequence from the strain 129S5/SvEv™ to the published
sequence for C57BL/6]. This sequence sampling of 129S5/SvEv™™ was a
result of the Mutagenic Insertion and Chromosome Engineering Resource

(MICER) (Adams e# al. 2004), a publicly available library of insertional
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targeting vectors. In order to determine the position of the clones, their ends
were sequenced and compared to the published C57BL/6] sequence with an
identity of over 100bp with >95% identity required to confirm a location. The
differences between them were then annotated as SNPs. Primers were
designed to flank 119 such SNPs which lay within the /v region of interest
(primer sequences are listed in Appendix A.6) and used to amplify fragments
from bv and 101 templates. The products were then sequenced in order to

determine whether they were also polymorphic between these strains.
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3.3 RESULTS

3.3.1 A physical map of the bronx waltzer candidate region

Through the selection of BAC clones based on their restriction digest
fingerprints, a preliminary tiling path across the region was established. Clones
which had end sequences available were prioritised in order to simplify the
subsequent verification of the tile path. Overlaps were tested by PCR
amplification using primers designed within the end sequences of a given
BAC. These were used to amplify fragments from template DNA prepared
from the inserts of the BACs thought to neighbour the one being tested.
DNA from the two clones on each side of each BAC was used in order to
check that no clones were redundant in the tie path. This strategy is
llustrated in Figure 3.7 and examples of the products obtained in these

amplification assays are shown in Figure 3.8.
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Figure 3.7: Diagram showing the strategy used to verify overlaps between clones believed to be
contiguous. In this example the overlaps of BAC X are being verified. Red bars represent the end
sequences of the BAC insert obtained by sequencing using primers designed to the flanking vector
sequences, cither SP6 or T7. The primers BACXSP6 and BACXT7 are designed within these
sequences and used to amplify fragments from template DNA prepared from the proposed
neighbouring clones. Successful amplification is taken as a positive result, meaning that the two clones
overlap and shown here by blue dashed lines. In this case, BAC X overlaps BAC L1 to the left and
BACs R1 and R2 to the right, making BAC R1 redundant.
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Figure 3.8: An example of the assay used to confirm BAC ovetlaps, showing the results for clone
bM3M10. Primers designed to the SP6 end sequence are positive for the L1 clone bM328P23, while
those designed to the T7 end sequence are positive for the R1 clone bM312K11. The 1.2 and R2
clones give negative results, showing that no clones in this portion of the tile path are redundant.
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3.3.1.1 Placement of genetic mapping markers

Once the overlaps had been verified and the clones confirmed to be contiguous but
non-redundant, the panel of DNA from each BAC insert was tested by PCR
amplification with each of the known markers from the genetic map in order to
define physical size of the critical region. Amplified products visualised by agarose
gel electrophoresis were taken as evidence that a given marker was contained within
the clone which gave a positive result. Some examples of this assay are shown in
Figure 3.9 and the completed physical map showing confirmed overlaps and marker

positions is presented in Figure 3.10.

D5Mit209 D5Mit406

e e [ (B0 | [ ey <

<+—— BAGs 1832 —— 3

-

Figure 3.9: Examples of the assay used to place genetic markers on the physical map. A panel of
DNA prepatred from BAC clones in the minimum tiling path was screened by PCR using primers
designed to the markers. A positive result for a clone suggests that it contains that marker. DSMi#209
was positive for clone bM751.23, while D5Mit406 hits overlapping clones bM79M23 and bM231H24.
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Figure 3.10: A contiguous BAC physical map of the bronx waltzer candidate region. BAC end sequences (shown in black) were used as markers to confirm ovetlaps,

positive results ate represented as dashed gtey lines. Genetic markers polymorphic for v and 101/H ate shown in red, those not polymorphic are shown in blue.
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3.3.1.2 Estimating the physical size of the region

With the flanking markers shown to be contained within clones bN377B11
(D5Mit25) and bM751.23 (D5Mit209) and the mapping between them proven to be
contiguous, it became possible to estimate the physical distance between them. This
was initially achieved using the software FPC (see Section 3.3.1.1) which is able to
estimate distances based on the cumulative size of fragments in the HindIIl
fingerprints of clones within a given region. The distance obtained by this method
between the flanking markers D5M:25 and D5Mit209 was 2.6Mb. Later, as the
mouse sequence became available, the physical distance was calculated as 2.8Mb,

showing the mapping estimate to be quite accurate.
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3.3.2 Identifying new polymorphic markers

In order to be informative within the context of the existing and still powerful panel
of 1073 mice from the b»/101 backcross, markers must be distinguishable from one
background to the other so that it can be determined from which parent a mouse
has inherited that marker. This section details the outcome of the approaches used
to identify such markers and reduce the size of the candidate region, thus also

reducing the number of genes to be considered as candidates for bronx waltzer.
3.3.2.1 Publicly available SNPs

The first source of polymorphisms to be investigated was the Mouse SNP Database.
Three markers were found to map close to the bv region and these were tested for
polymorphism between sv and 101/H by PCR assay. Of the three markers, two were
shown to be polymorphic between the two strains. M09391, a SNP represented by a
G in by and an A in 101/H, was detected using allele-specific PCR primers. Two
reverse primers were designed to the sequence where the SNP was located, one
including the G-allele and the other incorporating the A-allele. Using a common
forward primer, these gave amplification only when the included allele was present,
as shown in Figure 3.11. M26940, a short polymorphic repeat, was shown to be
slightly longer in 101 than in b», as shown in Figure 3.12. The third marker obtained
from the Mouse SNP database, M11668, was tested by PCR assay but was found not

to be polymorphic between the two strains used in this cross (data not shown).
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G-allele specific primers A-allele specific primers

bv- 101 bvw/ HO bv 101 bw HO
05 101

1114bp
900bp
692bp
501/489bp
404bp
320bp
242bp
190bp
147bp
124bp
110bp

M09391
AACACCAG[A/G]JACTGAAT

Figure 3.11: Publicly available SNP M09391, showing allele-specific amplification and demonstrating
polymorphism between b and 101/H. The matker lane contains Molecular Marker VIII (Roche).

bv 101 bw/ HO
101

1114bp
900bp

692bp

501/489bp
404bp

320bp
242bp

190bp

M26940
ATCTAT[CTAT/]TTATTI

Figure 3.12: Polymorphic repeat M26940 showing differing sizes on amplification from bv and
101/H templates. The marker lane contains Molecular Marker VIII (Roche).
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The markers obtained from the Mouse SNP database were mapped close to the b
locus according to genetic distances from the MIT F2 Intercross
(http://www.broad.mit.edu/mouse rh/) but their precise positions in relation to
the existing flanking markers were not known. Therefore, before screening the
backcross panel of recombinant mice with these newly identified markers, their
position within the region was determined by screening the panel of BAC inserts
which make up the physical map described in Section 3.3.1. The resulting position of
the markers is shown in Figure 3.13. This screen demonstrated that the two
polymorphic markers lie distal of D5M:i209, are outside the candidate region and
therefore cannot be used to narrow the region further. The marker M11668 does lie
within the critical region but cannot be used for genetic mapping purposes because
bv and 101 alleles do not demonstrate polymorphism and therefore cannot be

differentiated.
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3.3.2.2 Sequence sampling

As a means of searching out new regions of sequence which harbour differences
between the two strains used in the backcross, a number of sources of sequence
were employed, both before and after the publication of the mouse genome

sequence.
3.3.2.2.1 BAC end sequences

The first set of sequences to be investigated for potential polymorphisms were the
BAC end sequences used in the physical mapping of the region. Amplification of
these by PCR using /v and 101 DNA as templates gave products which could be
compared for size polymorphism by agarose gel electrophoresis. Of the 43 end
sequences tested, only one showed a size differential between the two strains which
could be detected using this method. Figure 3.14 illustrates the polymorphism
identified using primers designed to the SP6 end sequence of the BAC bM277F9
(bM277F9SP6).

As an existing anchor on the physical map, bM277F9ISP6 was known to lie within
the critical region, situated proximal to D5Mit209 (see Figure 3.16). Therefore the
new marker was screened against the panel of mice from the /»/101 backcross
which showed recombination between the known flanking markers. Examples of
the results of this screen are shown in Figure 3.15 and a revised haplotype diagram

showing its position is given in Figure 3.17.
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1114bp
900bp
692bp

501/489bp
404bp

320bp
242bp

190bp

147bp

124bp
110bp

Figure 3.14: Agarose gel showing size polymorphism between bv and 101 within the sequence
amplified by primers design to the SP6 end sequence of the clone bM277F9. The marker lane
contains Molecular Marker VIII (Roche).

heterozygote
homozygote
heterozygote
homozygote
homozygote
homozygote
heterozygote
heterozygote
heterozygote
101

bv/101

H.0

bv

1114bp
900bp
692bp
501/489bp
404bp
320bp

242bp
190bp

147bp
124bp
110bp

Figure 3.15: Examples of the results obtained by screening the recombinant animals from the £2/101
backcross with new polymorphic marker bM277F9SP6. Animals homozygous for the bronx waltzer
background at this locus give a single larger-sized band. Animals heterozygous for by and 101 give a
double band and can be scored as having inherited 101 DNA from the F1 parent at this locus. The
marker lane contains Molecular Marker VIII (Roche).
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The new marker bM277F9SP6 was found to be non-recombinant with the 4» locus,
having in every case the same genotype as the phenotype of the backcross mouse.
This result suggests that the marker lies in very close proximity to the gene
responsible for the bronx waltzer phenotype, since for two markers to co-segregate
consistently in over 1000 meioses there must have occurred no recombination
between them, implying either a very short distance or a region of extremely low
recombination. The recombination rate can be compared to the average rate for
mouse chromosome 5, which at 150Mb (Ensembl Build 33) and 92cM (Mouse
Genome Database) has an average of 1.6Mb/cM. The v candidate region, at 2.8Mb
and 1.86cM has an average of 1.5Mb/cM, making it very similar to the average
recombination rate. Thus it is likely that bM277F9SP6 represents a very near marker

for bv.

However, since there are no recombinations between bM277F9ISP6 and by, the new
marker is mapped to the same place as v on the genetic map (see Figure 3.18) and
thus does not represent a new flanking marker. Therefore the size of the candidate
region has not been reduced by the discovery of this marker, though it is possible to

say that the gene is more likely to be situated in close proximity to bM277F9SP6.

One of the mice which were excluded from the original haplotype analysis, T901,
appeared to show recombination between b and bM277F9SP6 if the tentative
phenotype is to be believed. The phenotyping notes for this mouse state that it
exhibited slight head bobbing, a small Preyer reflex, reached out on landing and did
not circle. At the time it was thought to most likely to be a heterozygote, meaning
that it carried a 101/H copy of the v allele from the F1 parent. If this were the case
then the new marker bM277F9SP6 would represent a new distal marker on the
genetic map, mapping just 0.09cM of the bv locus and reducing the size of the
candidate region by 0.28cM to 1.67cM. However, should the mouse in fact carried a
mutant b copy of the allele then bM277F9ISP6 would be mapped proximal of the bv
locus and since the phenotype could not definitively be recorded, the mouse must be

discounted from the results.
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0.19cM

1.49cM

0.37cM

0.09cM

D5Bwg1524e

D5Mit25

bv
bM277F9SP6

D5Mit209

D5Mit405
D5Mit406

Figure

3.12: Genetic map of the bv/101 backcross showing the position of the newly mapped marker
bM277F9SP6 which co-segregates with bromx waltzer. Genetic loci are drawn to the right of the
diagram, with the bronx waltzer locus shown in red, flanking markers in green and other genetic
markers in blue. Genetic distances determined by the number of recombinations obsetved between
markers are given in black to the left of the diagram.
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3.3.2.2.2 3’ untranslated regions

The second source of sequences sampled prior to the release of the sequence of the
mouse genome were untranslated regions of genes annotated within the critical
interval. Once again, these were amplified by PCR using b» and 101 templates and
the sizes of the products compared by agarose gel electrophoresis. Twenty such
sequences originating from 14 different genes were compared in this way, of which
one proved to be polymorphic. The visible size differential between fragments
amplified using primers designed to part of the untranslated region of the gene

Uraci-DNA Glycosylase (UNG) is illustrated in Figure 3.19.

bv 101 bvi H;O H14bp
101 900bp

692bp

501/489bp

404bp

320bp
242bp

190bp

Figure 3.19: Agarose gel showing different sized bands resulting from amplification of the marker
UNG-utrl using bronx waltzer and 101/H template DNA. The marker lane contains Molecular Marker
VIII (Roche).

This new polymorphic marker was used to screen the panel of recombinant mice
from the bv/101 backcross in order to determine its position relative to the existing
genetic markers (Figure 3.20). A single mouse was found to have a recombination
breakpoint between the existing proximal marker D5M:225 and UNG-utrl, as shown
in the haplotype diagram in Figure 3.21. Using this data the marker was plotted on

the genetic map (Figure 3.22), as well as being tested against the panel of BAC insert
90



DNA so that its physical position within the region could be established. (Figures
3.23 and 3.24).

Q Q
S 9
22
N N
o] e}
b b
L Q
2 2
(5] Q
< <

homozygote
homozygote
homozygote
homozygote
heterozygote
heterozygote
homozygote
homozygote
heterozygote
heterozygote

900bp

692bp

501/489bp

404bp

320bp

242bp

Figure 3.20: Agarose gels showing examples of bands amplified from backcross panel DNA using
the marker UNG-utrl to distinguish between mice homozygous or heterozygous at the locus. The
marker lane contains Molecular Marker VIII (Roche).
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0.19cM

0.09cM

1.40cM

0.37cM

0.09cM

D5Bwg1524e

D5Mit25

UNG-utr1

bv
bM277F9SP6

D5Mit209

D5Mit405
D5Mit406

Figure 3.22: Genetic map of the by/101 backcross showing the position of the newly mapped marker
UNG-utrl. Genetic loci are drawn to the right of the diagram, with the bronx waltzer locus shown in
red, flanking markers in green and other genetic markers in blue. Genetic distances determined by
the number of recombinations observed between markers are given in black to the left of the diagram.
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Figure 3.23: Agarose gels showing BAC inserts screened for the marker UNG-utrl. The positive
clone is bM142G19, which is situated distal of the flanking marker D5Mit25 (see Figure 3.24).The
marker lanes contain Molecular Marker VIII (Roche).
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UNG-utrl was found to map between D5Mi#25 and the bv locus, thus establishing it
as a new flanking marker for the bronx waltzer candidate region. Its discovery resulted
in a reduction of the size of the genetic interval by 0.09cM to 1.77cM. When placed
on the Mouse Ensembl physical map as shown in Figure 3.25a, it was found to
reduce the physical interval by 257Kb to 2.5Mb. The establishment of this new
proximal flanking marker resulted in the exclusion of seven genes from the
candidate region as illustrated in Figure 3.25b. Since UNG is located on the forward
strand and this marker is situated in its 3’ untranslated region, the coding region and
any upstream transcriptional control elements lie outside of the region defined by

the new marker, and thus it too is unlikely to be a candidate gene for bronx waltzer.

D5Mit25
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111.50 He 112,00 He 112.50 He 113,00 He 113.50 HE
1 | | L A e | (L 1 L1 e Il | | |
DSHit2s AIEE1527  RH1Z24440 AI414037  RH12E061 Aliziedl ATI9EN07  RH12G024 PHEC133559F 1 DSHit 157
RMES1225  CE7249 AISOFIG4  AT440331 RH126182 HE7HEE ¥07H97 DSMit313 AH105511 RH127243
AIAETARS  Co72ds  CHTOGZ AIES1774 DSHit156 AISS0S30  D18352 AW1Z3252
AT415691 AUS36343 EE} 14 DEASE: L4 0256
A 16377 BESTANA4 Al46156 PHE140695F 1 RH135502
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m
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Figure 3.25: Screenshots from Mouse Ensembl showing the location of the newly characterised
proximal flanking marker UNG-utrl. [A] depicts the original candidate region, spanning 2.8Mb from
D5Mit25 to D5Mit209. [B] shows the proximal end of the region in greater detail, including the
placement of UNG-utrl which reduces the size of the region by 257Kb and excludes seven genes
from candidacy.
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3.3.2.3 Tandem repeat sequences

With the publication of the draft sequence of the mouse genome (Gregory ez
al. 2002), new sources of potential polymorphisms became available. The first
of these to be exploited was the ability to locate new tandem repeats within
the region, since these often vary in length between different mouse strains
(Hamada ez al. 1982). The Tandem Repeat Finder software (Benson 1999) was
used to detect such sequences in the region between the flanking markers
UNG-utrl and D5M:209. The data produced consisted of a repeat table
containing information about each repeat, including its location, size, number
of copies and nucleotide content. An example of the output is given in Figure
3.26. Using this information, repeat regions with a low period size, high copy
number and high fidelity between adjacent copies were identified as being
most likely to prove polymorphic since they are most likely to undergo errors
in replication. A selection of 18 such repeats were chosen from areas
distributed throughout the region and primers were designed to amplify these
repeats. Amplification by PCR with /v and 101 DNA templates allowed
comparison of the product sizes obtained. Examples of the results obtained

in this screen are shown in Figure 3.27.

Since no obvious size differences were observed between the fragments
amplified from different DNA samples, sequencing of the products was

carried out in order to detect any small differences but none were identified.
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224104--224170 12 T3 12 30 0 62 29 |58 | 0 | 11 124
|227640--227723 4 21.0 4 95 ] 114 |67 | 0 |32 ] 0 091
230326--230371 8 6.0 8 85 10 3l 0 15134 ] 0 1.44
220341--230373 4 3.3 4 93 0 37 751 08 e I ) 148
|230668--230700 2 165 2 100 ] 66 51 |48 10 | 0 1.00
234119--234182| 19 34 19 85 8 94 T 32|32 26 1.85
235820--235981 21 7.8 19 79 16 153 15 (62| 0 | 22 132
[239107--240044 9 105.1 9 69 22 357 g (49 19| 21 176
239062--240064 4 2328 4 73 14 T07 9 (49 |19 ] 21 177
229065--240077 13 T6.6 13 w 13 327 9 (49|19 | 21 177
241636--24 1662 1 270 1 100 ] 54 |100) 0 |0 |0 000

Figure 3.26: Example of the output obtained when analysing the candidate region for
potential polymorphic repeat regions using Tandem Repeat Finder software. Repeats were
selected to have a period size of between 2 and 4, a copy number great than 20 and a high
petcentage match between adjacent repeats. Those meeting these critetia are marked by red

arrows.
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Figure 3.27: Examples of the sizes of products amplified from v and 101 DNA using
primers designed around tandem repeat sequences. Although Tandem 7 appears to give
slightly different sized bands, no difference was identified when the products were sequenced.

The marker lanes contain 1Kb ladder.
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3.3.2.4 SNPs from published sequence
3.3.2.4.1 Annotated SNPs

SNPs reported between the published sequence from C57BL/6] and other
strains were investigated as a potential source of SNPs between bv and
101/H. A total of 292 such SNPs were identified from Ensembl Build32
between the flanking markers of the bronx waltzer region and these were
amplified using 70 sets of primers designed to flank them. In most cases a
single set of primers could be used to amplify several annotated SNPs where
they were clustered together. Of these, 68 were successfully amplified from bv
and 101/H templates and 56 gave sequence of a suitable quality for analysis.

However, none of them showed polymorphism between the strains.
3.3.2.4.2 MICER SNPs

Another resource which became available subsequent to the publication of
the genome sequence was a set of SNPs identified between the mouse strain
C57BL/6] which was the subject of the public sequencing effort and the
strain 129S5/SvEv™™ which was used in the creation of the Mouse Insertion
and Chromosome Engineering Resource. A total of 187 of the SNPs
highlighted in this way were found to lie between the flanking markers of the
by critical region and 119 sets of primers were used to amplify them. Of the
amplicons sampled, 87 were successfully sequenced and of these one was
shown to contain a SNP between the two strains. Sequence traces illustrating

this SNP are shown in Figure 3.28.
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C/T SNP

101/H \/
reverse primer

cCCcCcCAaGCT CCTGT © AT CTC CTGT C(Q
a0 70 60

by
reverse primer

cCccaGCT CCCGT C AT CCCTGT C
&) 70

by
forward primer

TCCCaGCTCCCGTCAT CCOCTGET C
60 70

101/H

forward primer A WY
TCCCaAa G C

Figure 3.28: Sequence traces showing a single nucleotide polymorphism (SNP) between the
mouse strains bronx waltzer and 101/H. The fragment was amplified using primers designed to
a SNP identified by the MICER project, designated DASNP3.

The marker containing the SNP, DASNP3 was used to screen the backcross
recombinant panel by sequencing products amplified from each mouse

sample and was found to be positioned on the genetic map in the same place

as UNG-utrl (Figure 3.29).
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Although the placement of this marker does not alter the size of the candidate
region on the genetic map, physically it is situated distal of UNG-utr1 (Figure
3.30), making it a new proximal flanking marker and reducing the size of the
critical region by 78Kb. The marker lies within an intron of the gene Acach,
the most proximal gene in the region. As such, it does not fully exclude any
further genes from candidacy since the mutation could still lie in an exon

further downstream, but it does strengthen the case for the exclusion of

UNG.
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D5Mit209

<

YOFATS RH124440 AI414037 RH126 061 AI323641 AIL9E00T7 DSHit31s PHC133539P1 DEHit 157 LH12?243 LH413033
CETR4G  CETOEZ DSHitZ41  RH1261&2 HE 796G #0797 RH1ZEN24 AM 105311
AISA7064  AT#4aEs1 AIES1774 DSHit156  AISS0530 D1§382 AM 123252
AME36345 BEGEGE 02 PH 14 0695P2 AM049339 ALl 0256
BEGTH594 AUN4E136  PHC140G95F1 RH1355 02
AMESE3EE  PHC115916P1 ARGTS 014
AUN43531
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LHuks LPseudogene L ficads L NH_029645 LHH_195 165
L NH_i26:265 LHH_175352  LaaceHs LasR102
Lgacaes LNH_175403  L1SE1_HOUSE
LTeft

112,00 Hb 112.50 Hb 113.00 Hb 113.50 Hb 114.

UNG-utrl DASNP3

[A]

CARAN1161645.1.1.25161 >

Faxnd
Enzarbl krown trans

Foxnd
Enserbl known trans

111.54 Hb 111.56 Hb 111.58 Hb 111,60 Hb 111.62 Hb 111.64 Hb 111.66 Hb
- 145,00 Kb =
M-mo | oo o 1 g e | )

Ung fcact

Enserbl knouwn trans Enserbl hnoun brans

[B]

Figure 3.30: Screenshots from the Mouse Ensembl database illustrating the positions of
markers flanking the b» candidate region. The entirety of the region is illustrated in [A], while
[B] shows an enlarged section of the region depicting more accurately the placement of
markers UNG-utr] and DASNP3
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3.4 DISCUSSION

Over the course of this project, much more information has become available
concerning the genomic composition of the mouse. As these data were
released they have been incorporated into the approaches used to further
characterise and refine the candidate region for the bronx waltzer gene. This
began with the use of physical mapping data to establish a contiguous series
of BAC clones spanning the region, allowing the first estimate of its physical
size. Later, newly available sequence data was employed in efforts to identify
new matkers polymorphic for bronx waltzer and 101/H. During the course of
this study, a total of 422 amplicons from within the /v candidate region were
analysed for polymorphisms between bronx waltzer and the backcross strain
101/H. These covetred 563 potential polymorphisms, including 482 reported
SNPs and 81 other sequences which carried the possibility of variation
between strains. Of these only three were found to exhibit polymorphisms, of
which two cosegregate and form a new proximal flanking marker reducing the
size of the region by 0.09cM to 1.77cM and by 334Kb to 2.45Mb with the
exclusion of seven candidate genes. The third marker is non-recombinant
with the /v locus and therefore cannot be used to reduce the size of the
region, but does carry the implication that the gene responsible for the bronx
waltzer phenotype is likely to be situated very close by. A final version of the
genetic map showing the placement of these novel markers is given in Figure

3.31, while the physical positions are illustrated in Figure 3.32.
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D5Bwg1524e
0.19cM

D5Mit25
0.09cM UNG-utr1 / DASNP3

1.40cM

bv / bM277F9SP6
0.37cM

0.09cM D5Mit209
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Figure 3.31: Genetic map of the b»/101 backcross showing the position of the newly mapped
polymorphic markers. Genetic loci ate drawn to the right of the diagram, with the bromx
walfzer locus shown in red, flanking markers in green and other genetic markers in blue.
Genetic distances determined by the number of recombinations observed between markers
are given in black to the left of the diagram.

104



SOT1

“Ayrupra syt ut oq 03 KT ST

I9Z)[eM XUOIQ SUIPOOUD dUIS 9 1Y) SunsaS3ns 1nq FoFeW SUR UL € Se 9sn JOJ S[EINSTN I SUMNBW ‘SNO0[ g P YA JULUIqUIOIII-UOU ST 9SG ILLZING “MOTFE
PoF 93 Aq UMOUS SB TOISOT O} WOIJ SOUIS UIAIS SIPNIXD PUL qNGE () A UOIST 93 JO 9ZIS 9} $99NPAT ¢INSVY (I FoxFewt [ewrxord Mou oy T, *MOIFe aNn|q ou3

Aq poyrew ST pue (OZINSA PUT GZIING STOYFEW U3 Aq PIILITIIP Sea TOL3IT 21ePIPUEd [eUisio oY ], "H/10] Pue ¢q 303 orydiowdjod s1oyiew poauruuiolop A[aou
pue SUNSIXd JO SUONEIO] 91 SUIMOYS PUE SNIO[ FOZI[eM XUOI(] Y} FOJ TOIS0T 2epIpued [euly ot Sunordop ¢¢ prng [qUuasuy 9SNOTA WOIJ J0YSUIIIG 7¢*¢ 9Ly

<€ >
qnesy'¢
. N
~ . 7
ang¢
Teaxod, ﬁﬁﬂmﬂ_.._lr_z._
um_.__n_r_lﬁumﬁ._ ﬁ_.._.vm__nﬁlr_z._ .v.m_m..n_..mm_._
N_“_.Hmmw._ m._._.rn_mm_._ Nmmmmﬁlrz._ ﬁ.m_N.m_N_.._lr_z._
CHTSRT MM, b4T5q  BEdiS, FpEaH ., SANTET MM, Hilk 4
FUTECpNTE], JTETETdq PLER4FI50,  LET4, FUTECPNTES 4 THTE, qes B4
BOOETOTHH TITUSD,  LIT06H DT4WN,  CEWSM,  TTSBO B5TO6E, 4410 qcegi BTOSLT HM, TRl
LEEE T B5LLLTHH 3104 TITUZD,  SPOETO WM G404 SEWSO, T4OLATTSET MM, il NTEGIMq PUod, 00450, SEETWA,
£ pGH T9EHd LY AL STRECT MM YTTSHy T2T240, T4980 1300N,  TTS80 TEEET0 WM T3N0M, CHTAPT MM, 9787Hq GLJ90f, 2To400,
1 =
] o | ] | 1 - = n -
- oaml — I | nl T TR | T B T EEEEE | N . (T T N [T ]
59907
TEgxo]
TE2ERONy TA9TESTTIHA
+I05.9HH L9558 THZFTHSO SL620N
ZOSS5ETHY TASE90+TaMd 9ET9+0NH FRLELEAT LLAESTONH
A5Z0+0Nd B2BERIHE Zd56490+TIHd Z029ea3g ChLatSHY Te95T+IH
FAAAY, ] 28T 0£S052IH 2STHTWSA +LLTS52IH 290 L80 9bZL20 S96L265TH
SRZLTTHY TTLENTHY STEYTHSO LBGADR 996 L5H ZET9ZTHY TE2EREIH FA0L65TH B+ZL20  SZZTSSHY
SENET +HH LETHTHS TAGESEET WA $E0IZTHY  LO09GTIH TH9SZCIH TA09ZTHY LE0RTPIH 0+bRITHY LZETS2IH SZFTHS0
| I I I Il It I I 152 | [ [ T Y I A | | [ 1

FIT 9 05°ETT 9 00" ETT 9 05°ITT W 00" ITT qH 05°TTT
o o oC O
o < >Z &)
< N 0no =
— ~ Z 1 —
N ~ o c N
o M W= o
© © RN

wn

0

(o))




The very low rate of polymorphisms in this region despite the high level of
sequence sampling suggests that the area is conserved between the two strains
being investigated, bronx waltzer and 101/H. Even though the inbred strain
was chosen from a panel as being the most polymorphic when typed against
33 SSLP markers from mouse chromosome 5 (Bussoli ¢z 2/ 1997), the region
close to the bvlocus will have been inherited by almost all mutant mice and so
been selected for during normal breeding for maintenance of the colony, and
therefore may not be representative of the rest of the chromosome. Since the
background on which the /v mutation arose and is maintained is unknown, it
is possible that this portion of its genome was inherited from a mouse strain
closely related to 101/H. The degree of polymorphism between bronx waltzer
and a number of inbred strains within this small region is investigated further
in Chapter 4 as a means of choosing a more polymorphic strain for a
subsequent cross, and of providing clues as to which mouse inbred strain

background the /» mutation may have arisen on.

106



