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Abstract

Mouse chromosome two harbours the interesting mutant genes ragged (Ra), wasted
(wsf), lethal spotting (Is) and ulnaless (UJ). These studies were intended to provide resources
for the initiation of positional cloning projects to isolate one or more of the genes involved in
these mutations. The first approach was the construction and characterization of two new
panels of mouse:Chinese hamster somatic cell hybrids. the mouse parental cell line in each case
being derived from spleen cells of mice carrying either the T(2;8)2Wa or the T(2;16)28H
reciprocal translocations. These translocation breakpoints flank the region on distal mouse
chromosome two in which ragged and wasted are thought to lie, and provide a means of
defining the physical limits of the region. Forty four separate cell lines were produced, but no
segregation of the translocation reciprocals in either panel was noted, despite subcloning.
Forced antibody selection strategies were also investigated. The second aim of the project was
to generate new molecular markers for mouse chromosome two by species specific Interspersed
Repetitive Sequence Polymerase Chain Reaction (IRS-PCR) and Interspersed Repetitive
Sequence to bubble (IRS-bubble) Polymerase Chain Reaction amplification of DNA from
hybrid cells containing only mouse chromosome two. The PCR products were screened for the
presence of putative CpG islands and microsatellite repeats. Fragments were then cloned and
sequenced. PCR primers were designed from the sequence obtained, and variation was
identified between Mus musculus and Mus spretus. Twelve new markers were produced. The
new markers were then placed on the map of mouse chromosome two by interspecific
backcross analysis. New markers showing linkage to ragged, wasted or ulnaless were then
mapped in relation to these mutants by the use of interspecific and intersubspecific backcrosses

in which the mutant was segregating.
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Chapter 1

General introduction

1.1) The aims of the project

This project had three objectives :-
a) The development of a new panel
of DNA markers for mouse chromosome two, particularly in the region of the interesting

developmental mutants ragged (Ra), wasted (ws?), lethal spotting (Is) and ulnaless (Ul).

b) The generation of two new panels
of somatic cell hybrids from mouse parental cell lines carrying the reciprocal tranlocations
T(2;8)2Wa and T(2;16)28H, to allow physical delineation of the region flanked by the

translocation breakpoints.

¢) The alignment of the genetic and
physical maps of mouse chromosome two by the analysis of hybrid cells carrying the
reciprocal translocations T(2;4)1Sn, T(2;4)13H, T(2;8)2Wa and T(2;16)28H.

Before we are able to consider these specific issues, we need to place this work in
some perspective. To do this, we need to examine the role of the mouse in genetics; the
methods used to generate genetic maps of the mouse genome; the general state of the map of
mouse chromosome two and the characteristics of these mutants. In addition, strategies for
cloning genes in mouse; the use of somatic cell hybrids and the characteristics of repetitive

elements in the mouse genome will be considered.

1.2) The mouse in the field of genetics

The laboratory mouse has been one of the primary organisms used in the study of
genetics for many decades. Fancier stocks were collected by people for their aesthetic value,
and these collections and the breeding stocks established from them have provided a valuable
resource for geneticists. The laboratory mouse has accumulated many mutations over the
years, many of which have an effect on coat colour, and thus have been maintained in the

fancier stocks. Constant inbreeding has helped to ensure that any new recessive mutation will
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eventually appear in homozygous form in the stock. Mouse coat colour mutations are possibly
the best understood examples, as these were among the first mutations to be actively selected
for, by the mouse fancier community, since the early 19th century. Coat colour mutations in
the mouse are usually correlated with other abnormalities, and thus can throw light on the
cellular pathways, and the origins of different cell types throughout the development of the
mouse (Jackson, 1991). Study of the dominant spotting (#) and steel (S7) loci has elucidated
the pathways leading to the migration and proliferation of pigment cells in the coat. Mice
carrying these dominant mutations also manifest varying degrees of anaemia, showing the
developmental connection between the pigment producing cells and the hematopoietic system.
Similarly, the study of the piebald lethal (s') and lethal spotting (Is) loci has shown the
connection between the cells responsible for pigmentation and those responsible for enervation

of the murine colon, as both cell types originate from the neural crest.

On a more basic level, the mouse is an ideal organism for genetic research, because of
its small size, its short generation times (a female mouse can produce 4 to 8 litters of 6 to 8
pups each in her lifespan, with a gestation period of only 19 to 20 days - Darling and Abbott,
1986), and the relatively small expense of maintaining mouse stocks. In the mouse, many
individuals can be generated from one original set of parents, and specialised crosses can be set

up to analyse more efficiently the inheritance and action of mutant genes.

Heterogeneity of the genetic background can cause problems in analysis in human
populations, whereas in the mouse, the use of genetically homogeneous inbred strains can help
to distinguish effects due to the genetic background from the genuine effects of the mutation.
The phenotypes of many mouse mutations are affected by the genetic background. For
example, in the case of the brachyury (7)) mutation, the tail to body length ratio is dependent on
the genetic background (Festing, 1979). Separate alleles of other mutations are in some cases

indistinguishable on the same genetic background.

Tests for allelism can be carried out in the mouse by selected breeding experiments.
Allelism between two mutations can be ruled out by the appearance of wild type progeny in a
test cross between two double heterozygotes.

Discoveries made in the field of mouse genetics can elucidate the basis of mutation
occurring in the human population. In addition, because of defined synteny relationships

between mouse and human, genes mapped in the mouse can identify putative map positions in



17

the human genome. In some cases, the similarity in the effects of mutations of genes at a
specific loci between mouse and man can identify possible mouse models of human disease.
These models are important tools in the understanding of human disorders, and in the
generation of new therapies. The use of the mouse provides easy access to any tissues which
may be needed for analysis, at all stages of development, which is a considerable advantage.
The increasing ease of homologous recombination (gene targeting) to generate new loss of
function mutant alleles at specific loci can help to clarify the phenotypic effects of genes,
allowing a greater understanding of the structure and function of the mammalian genome
(Frohman and Martin, 1989). It is only a matter of time before mutations can be generated at
any locus of interest, which will further increase our understanding of developmental processes

in both mouse and man.

1.2.1) The origins of the modern mouse

The genus Mus is very complex (Bonhomme and Guenet, 1989) with over 60 forms of

the basic Mus species Mus musculus.

The mouse is estimated to have diverged from other rodent populations, such as the rat
(Rattus genera) between 8 and 12 million years ago, and from more closely related species
such as the mouse-like Nannomys, Coelomys and Pyromys species approximately 5 to 6
million years ago. The modern mouse diverged from other mouse genera such as the Indian
pygmy mice Mus dunni and Mus booduga between 1.5 and 3.2 million years ago (determined
from taxonomy, morphology and more recently, DNA sequence analysis- Bonhomme and
Guenet, 1989). Classification of the various Mus species has been greatly facilitated by
biochemical analysis, such as isozyme typing, providing enough loci are typed.

The genus Mus can be broadly subdivided into five biochemical groups (Bonhomme
et al., 1984). These are :- Mus musculus domesticus, Mus musculus musculus, Mus musculus
molossinus , Mus musculus castaneus, Mus spretus, Mus spicilegus (Southern), Mus
spicilegus (Northern) and Mus musculus bactrianus. There are also the more diverged species
Mus caroli, Mus cervicolor and Mus dunni. (For geographical distribution of species see

figure 1).

Bonhomme et al. (1984) carried out extensive isozyme analysis to determine the

relationships between the various Mus species and subspecies. The data were presented as a



1= Mus musculus domesticus
2 = Mus musculus musculus

3 = Mus spretus

4 = Mus spicilegus (Northern)
5 = Mus spicilegus (Southern)

Figure 1: - The Geographical distribution of Mus species in Europe
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M Sa Sb Sp Ca Co

M = Mus musculus complex species
Sa = Mus spicilegus (Northern)

Sb = Mus spicilegus (Southern)

Sp = Mus spretus

Ca = Mus caroli

Co = Mus cookii

Ce = Mus cervicolor

D = Mus Dunni

10 —F

20 —+

The scale refers to divergence times calculated by Nei’s genetic index

(Bonhomme et al., 1984)

Figure 2: - Phylogenetic tree of mouse species
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phylogenetic tree, which is given in figure 2. These species are not isolated populations, gene
flow between them does occur to varying degrees. For instance, Mus musculus musculus and
Mus musculus domesticus interbreed along a narrow hybrid zone ranging from Denmark to
Bulgaria (Bonhomme and Guenet, 1989). Similarly, Mus musculus castaneus interbreeds with
Mus musculus musculus in Japan, and with Mus bactrianus in parts of China and Indonesia.
Mus musculus species do not interbreed with Mus spretus in the wild, but can be induced to do

so in the laboratory.

1.2.2) Inbred strains of mice

An inbred strain of mouse is one which has undergone over 20 generations of brother -
sister mating, to produce a genetically homogeneous line. These inbred lines are predominantly
descended from Mus musculus domesticus, but have traces of other Mus musculus species and
even sequences descended from Asian mice such as the Japanese waltzing mouse (Bonhomme
and Guenet, 1989). Ferris ef al. (1982) presented data that suggest that many common inbred
strains were derived from a single female, which may have lived as recently as 1920. This
conclusion was reached by study of the sequences of mitochondrial (mt) DNA in the different
inbred strains. Mitochondrial DNA is inherited in an predominantly maternal manner, and
provides a good means of studying maternal lineages. The mtDNA of the inbred strains was
found to be surprisingly similar, in the light of the many differences which are known to exist
between them in nuclear DNA, indicating the common origin of many of the present inbred

strains.

1.2.3) Mouse models of human disease

The similarities in phenotype between mouse mutations and certain human diseases
has allowed the development of mouse models of human disease. The existence of these models
is important for understanding of the mechanisms by which mutations cause their effects, and
also in the development of new therapies for the human population. For a mutant to be
classified as a mouse model for human disease, it must fulfil some preliminary requirements.
These include phenotypic properties such as gross appearance, and age of onset, and genotypic
properties such as mode of inheritance (Darling and Abbott, 1992). Certain mouse mutations
have been proposed as models for human disorders on the basis of phenotypic similarities
alone, such as the kidney disease locus (kd) on mouse chromosome 10. This has been proposed

as a model for medullary cystic kidney disease in man (Darling and Abbott, 1992). On the



21

basis of known conserved synteny, this gene could be predicted to be in band 10q in man. It is
not yet certain that the k¢ mutation in mouse maps within this group, although it does map
close to it. Models are usually made on the basis of phenotypic similarities, and also from
comparative mapping evidence, as was the case for small eye (Sey) which is a model for
aniridia. Both disorders have been shown to be caused by changes in the Pax6 gene (Glaser et
al., 1990, Hill et al., 1991). Small eye is now known to be an exact homologue of aniridia, on
the basis of mutations in the Pax6 gene leading to clinically identical effects in both man and
mouse. Models are not usually exact, there are usually differences in phenotype between mouse
and human homologues. In some cases, mutations within specific genes appear to have
different effects in mouse and man. For example, mutations in the hypoxanthine guanine
phosphoribosyltransferase (HPRT) gene on the human X chromosome cause Lesch-Nyhan
syndrome, characterised by compulsive self mutilation and spastic cerebral palsy, but mice
with defective Hprt genes are asymptomatic in this respect (Finger ef al., 1988). Lesch-Nyhan
patients also show defects in haematopoisis, and in testis development, these effects are again
absent in the mouse (Ansell ef al., 1991). The differences in phenotype clearly point to
differences in the purine and pyrimidine salvage pathways between man and mouse. Despite
the differences, mouse models for human disease have a definite place in the future of disease

prevention and treatment.

1.2.4) The use of mice carrying chromosomal rearrangements

In addition to the variety of mouse lines constructed by man, there exists another
valuable resource for geneticists, which is found in nature. These are the mouse lines carrying
chromosomal rearrangements. In recent times, the number of rearrangements has been added to
by the production of deletions, inversions, insertions and translocations from mutagenized

mice. The mutating agent is usually electromagnetic radiation (e.g. X-rays ).

Translocations have many uses in mouse genetics. Initially, translocations were used
to assign linkage groups to different chromosomes. For instance, the reciprocal translocation
referred to at the time as T138Ca, involved linkage groups II and IX, and was known to
involve chromosomes 9 and 17. A Robertsonian translocation Rb163H, involved linkage
groups II and XII, and chromosomes 9 and 19. The common linkage group, II, must therefore
be on chromosome 9. From this experiment, linkage groups IX and XII were assigned to
chromosomes 17 and 19 respectively (Green, 1981). By these means, all linkage groups were

assigned to chromosomes.
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Translocations have also been of use in gene mapping. Snell (1945) mapped genes to
chromosomes 2 and 4, by linking these genes to the T1Sn translocation breakpoints by virtue
of male semi-sterility measured as a 50% decrease in litter size (the presence of a reciprocal
translocation has no effect in balanced form in a carrier, but 50% of the gametes of such a
mouse will be unbalanced, and therefore zygotes conceived with these gametes will not survive,

hence the semi-sterility).

Translocations have uses in the study of imprinting. Cattanach (1986) examined the
effects of uniparental disomy for mouse chromosome 2 by the use of mating schemes with mice
carrying the T1Sn balanced translocation. These experiments have been repeated with the
T2Wa breakpoint to narrow the region of imprinting down further (Cattanach et al., 1992).

Translocations can be used to align the genetic and physical maps of chromosomes,
They can also be used to separate two halves of a chromosome in somatic cell hybrids.
Similarly, translocations involving chromosomes with selectable markers can allow the direct
selection for chromosomal fragments which could not otherwise be selected for in cell culture
(for instance, translocations involving the mouse chromosomes X or 11 can confer a selectable
marker, hypoxanthine guanine phosphoribosyltransferase (HPRT) or thymidine kinase (TK) to

the other translocated chromosome).
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1.3) The use of the interspecific backcross in mouse genetics

Interspecific backcrosses are one of the most important resources in the field of mouse
gene mapping. In other species, somatic and cytogenetic analysis provides a simple alternative,
but in the mouse, identification of the chromosomes is more difficult. For this reason, genetic
analysis in the mouse relies heavily on linkage experiments. In order for a gene to be mapped
using linkage analysis by interspecific backcross, four conditions must be met. (1) Markers
must be available that cross react between the two species to be used. (2) Linkage relationships
must be maintained over considerable physical distances (the order of genes must be conserved
between the species to a large degree). (3) Markers to be mapped must be variant between
species to allow the differentiation of alleles from each species. (4) Knowledge of the
evolutionary changes in chromosomal organisation which have occurred between the species
must be available (Avner et al., 1987). The requirement for these conditions to be met makes
the use of species which are very diverged difficult, since there must also be some degree of
fertility in the F1 offspring to allow the production of the N2. High resolution genetic mapping
is dependent on the availability of a large number of DNA samples, and a large number of
markers which are polymorphic between the parental species. Interspecific backcross analysis
allows the construction of detailed linkage maps because of the potential availability of large
numbers of backcross animals.

The basic form of the interspecific backcross is the mating of two individuals from
closely related species to produce fertile F1 animals. The F1 animals are then mated back to
one or other of the parental stocks (see figure 3). Recombination events are then analysed in
the N2, and the gene order is determined by minimizing the number of double recombinants (it
is generally taken that the presence of one chiasma reduces the probability of the occurrence of
another in the same region of DNA by recombination interference). Each marker tested in the
backcross has a specific segregation pattern. This, when compared to the segregation patterns
for other markers (pedigree analysis) provides a localisation for the test locus, providing
enough loci have previously been placed on the genetic map. In addition, linkage data from
different backcrosses can be amalgamated to produce consensus linkage maps, as long as some
loci are shared between them. This does have potential problems, as genetic distances between
genes often vary between backcrosses. The mapping of a series of reference loci in each cross

provides a partial solution to the alignment of the different maps.
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1.3.1) Choice of parental types for interspecific backcross.

The most important factors in the choice of parental species for interspecific backcross
analysis are the ability of the species to produce fertile F1 animals (fertility of hybrids between
mouse species and subspecies varies from complete fertility to complete sterility - Avner et al.,
1988) and the availability of variation between the species. The importance of each of these
factors must be balanced. The use of species that are vastly diverged may provide an ample
source of variation, but this is at the expense of the fertility of the F1 animals. There is
evidence that sterility results from meiotic abnormality in the F1 (Hale et al., 1993). Mus
spretus, estimated to have diverged from Mus musculus approximately 3 million years ago
(Bonhomme and Guenet, 1989), is the usual choice for the remaining parent in linkage studies
of the laboratory mouse Mus musculus (for relatedness of mouse species, and geographical
distribution see earlier section). Mus spretus has the advantage of having much sequence
divergence from Mus musculus, whilst still being able to produce fertile hybrid female animals.
Seldin et al. (1989) carried out comparisons of the genetic map of mouse chromosome 12
generated from intra and interspecific backcrosses, and concluded for chromosome 12 at least,
that gene orders were identical for the two species. Additionally, no rearrangements of gene
loci on mouse chromosome sixteen was noted between different species or strains in three
interspecific, and five intersubspecific backcrosses, although sex-specific diferences in genetic
distance were found to vary widely betwen the crosses (Reeves et al., 1991). To date, the
arrangement of all the Mus musculus and Mus spretus chromosomes has proved identical
except for a small inversion on proximal chromosome 17, in the region of the ¢ haplotype, in
Mus spretus. This has also been confirmed cytogenetically. Any rearrangement not detected so
far could only be on a scale below the level of cytogenetic resolution. The male F1 generation
are sterile, but the females are fertile. This has the disadvantage that genetic distance can only
be measured in the female map. This does not generally cause difficulties except in cases where
genes in the pseudoautosomal region are under study. It is also likely that the Mus spretus
genome might contain species specific recombinational hotspots, which would complicate
genetic distance measurements. These are already known to exist in the genome of Mus
musculus (Lyon, 1976). Another disadvantage lies in the difficulty in maintaining Mus spretus
stocks. It is usual in musculus / spretus backcrosses to mate the F1 back to the Mus musculus
parent since this is more efficient than the reciprocal cross. This does, however produce maps
that are of the Mus spretus chromosome. Maps of the Mus musculus chromosome can be

obtained by carrying out the reciprocal cross.
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The use of other species or subspecies in interspecific backcrosses has some
advantages over the use of Mus spretus. Mus musculus castaneus is being used increasingly in
Mus musculus backcrosses, as this subspecies produces fertile animals of both sexes, whilst
still retaining a reasonable amount of variation with inbred strains. Recently, backcrosses have

been set up using the subspecies Mus musculus molossinus (Moriwaki et al., 1993).

1.3.2) Gene - mutant correlation using interspecific backcrosses.

Mutations causing phenotypic effects in the mouse have been studied for many years.
The cloning of the genes and the identification of the mutations therein, together with the
comparison of the effects of the mutation with those produced from human disorders is an
important step in the cloning and understanding of the underlying defect in human disease. The
study of these disorders in the mouse allows a greater freedom to investigate possible therapies

for the human population, as well as being inherently interesting.

An initial step to the understanding of any new mutant is to associate it with a
particular chromosomal region. Once this has been acomplished, specific backcrosses can be
set up, which segregate the mutation of interest (Copeland and Jenkins, 1991). The mice are
then typed for the presence of the phenotypic effects of the mutation, and also for a selection of
markers that also map to the region. The map position of the mutant gene can sometimes be
refined by this method to such a point that possible candidate genes are identified, or that
linkage of the mutant to closely associated flanking markers is established. Sometimes, close
association between the mutant and a gene already mapped will allow identification of the
primary genetic defect (see section 1.2.4). For instance, the jimpy (jp) mutation on the mouse
X chromosome was shown to be tightly linked to the proteolipid binding protein (Plp)
(Dautigny et al., 1986). Subsequent studies showed that jp results from a mutation in the
structural gene for Plp (Dautigny et al., 1986).

If no candidate gene is evident, the use of interspecific backcrosses can identify closely
linked flanking markers to provide a starting point for positional cloning experiments such as
chromosome walking and jumping strategies. Possible problems with this approach often arise
because of the reduction in fertility of some mutant genotypes. Also, in the case of true

recessive mutants, heterozygotes cannot be identified without progeny testing. This can be
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circumvented by the use of another very closely linked visible mutant in the backcross, in

which case, heterozygotes will be marked, or by progeny testing.

1.3.3) Differences in recombination between the male and female genetic maps

There is considerable evidence that recombination rates differ between males and
females in a given area of the genome. This has implications for interspecific backcross
analysis, because the genetic distances will vary according to which parent the F1 were
backcrossed - because of the sterility of Mus musculus / Mus spretus F1 hybrid males, genetic

distance can only be measured in female meiosis.

It is generally taken that recombination is greatest in female meioses. Michie's studies
on the linkage between vestigial tail and rex on chromosome 11 showed sex specific differences
in recombination frequency that were statistically significant (Michie, 1954) with
recombination being greatest in females. Subsequent studies (Dunn and Bennett, 1967)
suggested that although overall recombination rates were greater in the female, chromosome
specific variation was observed. For instance, in the case of most mouse chromosomes, female
recombination rates are seen to be higher than male recombination rates, whereas in the case of
chromosome 15, recombination rates were seen to be higher in the male. It is interesting to note
that not all of the loci tested on the same chromosome showed this effect to the same degree.
Evidence for the excess of female recombination is given by the observation that the average
number of chiasmata is higher in females than in males - 2.8 chiasmata per bivalent in females,

as compared to 2.4 chiasmata per bivalent in males (Crew and Koller, 1932).

1.3.4) Transmission distortion in interspecific backcrosses.

Transmission distortion refers to non-Mendelian segregation in Mus musculus / Mus
spretus interspecific backcrosses due to preferential inheritance of either the musculus or
spretus chromosomes or chromosomal subregions. The predicted frequency of parental alleles
in backcross experiments by Mendelian segregation is 1:1. For certain chromosomes this is not
the case. Transmission distortion occurs to differing degrees on different chromosomes in
different backcrosses. Chromosomes 2, 4 and 10 and X have been associated with transmission

distortion in various backcrosses (Siracusa et al., 1989, 1992; Rowe et al., 1994).
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Siracusa ef al. (1989) examined the transmission distortion (TD) on mouse
chromosome two. The proportion of alleles transmitted from each parent was investigated at
each locus in a (C57BL/6J X M. spretus) F1 X CSTBL/6J cross. It was determined if the
transmission differed significantly from the expected 1:1 ratio by chi squared test. It was
concluded that significant differences from Mendelian ratios were found for each locus studied
on mouse chromosome two with the exception of Pckl, the most distal locus studied. It was
estimated that the distortion effect spans up to 20cM proximal to the f2 microglobulin (52M)
locus. The TD effect was examined further by Siracusa et al. (1991). The regions of mouse
chromosome two that exhibited TD were refined, and the possibility of sex specific differences
in TD was examined. In female N2 mice, loci from Vim to Ada were shown to exhibit TD,
with the maximum distortion in favour of the Mus spretus allele being present between Hox4. ]
and Fshb. In N2 males, there appear to be two regions that show maximum levels of TD - the
telomeric portion of the chromosome, in the region of Pck1, showed a preferential inheritance
of Mus spretus alleles, whilst the centromeric portion of the chromosome, in the region of Vim,
showed a preferential inheritance of the C57BL/6J allele. From this, it could be suggested that
specific genes could be influencing the inheritance of parental chromosomes. However, data
produced on larger numbers of animals using the European collaborative interspecific
backcross (EUCIB) do not support these findings (A. Pilz and C. Abbott, personal
communication). The EUCIB panels are of especial use not only in the high resolution
mapping of loci, but in the identification of transmission distortion effects, because of the large

sample size of the backcross (the European backcross collaborative group, 1994).

The biological causes of transmission distortion are yet to be determined. They will
differ for different regions. It may be due to a) the differential production or viability of
oocytes, b) differences in the abilities of sperm carrying different parental alleles to fertilise the
oocyte, c) differential survival of N2 animals in utero or d) differential survival of N2 animals
after birth. It is most likely that the genotype of an embryo could effect its survival due to

allelic interactions at specific loci or groups of loci.
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1.4) Overview of mouse chromosome two

Standard metaphase mouse chromosomes immobilised on slides and examined under a
microscope allow the chromosome content of the cell to be analysed. Mouse cells contain a
total of nineteen autosomes and the two sex chromosomes. All the mouse chromosomes are
acrocentric, with the exception of the Y, which has a small short arm. They can be
distinguished from each other on the basis of size and chromosome banding after modified
Giemsa staining, although this is more difficult than in human cells because the mouse
chromosomes are all fairly similar in size, and the banding patterns are more difficult to
analyse. Until the advent of this form of chromosome banding carried out by Schnedl (1971),

the individual mouse chromosomes could not be identified.

Mouse chromosome two is the second largest chromosome in the mouse karyotype,
with a genetic length of 110cM (Green et al., 1972). The chromosome has also been estimated
to be 6.88% of the total female haploid length (Evans, 1989) taken from an average of the
length of the chromosomes in ten mitotic cells from the liver of 12 day embryos. Mouse
chromosome two has a characteristic banding pattern (see figure 4) in which the proximal
region of the chromosome has two heavily staining bands at positions Cl1.1 and C1.3.
Specialised staining techniques designed to reveal early and late replicating DNA reveal a
different and more variable band pattern, since this method depends upon the timing of DNA

replication in the individual cell.

A consensus linkage map of the loci mapped to mouse chromosome two has been put
forward (Siracusa and Abbott 1993). This map is continually being added to as new loci are
mapped. The consensus map (taken from Siracusa and Abbott, 1993), is pictured in figure 5.
The map was created by integration of multipoint backcross analysis. The main body of the
map was taken from the results of twelve backcrosses involving over 170 loci, with the
remaining loci being mapped by other smaller backcrosses, two point crosses, cytogenetic
analysis or by analysis of recombinant inbred strains. Mouse chromosome two is involved in
several reciprocal translocations with other chromosomes, some of these are illustrated in

figure 4.
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1.4.1) Recombination hotspots on mouse chromosome two

There is considerable evidence to suggest that the pattern of recombination on certain
mouse chromosomes is not uniform (see figure 4). Lyon (1976) carried out analysis of the
distribution of genes on all the mouse chromosomes. If the frequency of recombination was
equal over the length of the chromosome, the distribution of genes mapped by linkage analysis
would be expected to be evenly spread. Lyon divided each mouse chromosome into sections
roughly corresponding to 5cM intervals, and counted the number of genes assigned to each
segment. Poisson analysis was then carried out to determine if any differences seen in the
distribution of genes was statistically significant. On some mouse chromosomes, recombination
events are more or less equally positioned along the chromosome, as reflected by the random
distribution of genes. This is true for mouse chromosomes 1 and 9. Other chromosomes show
altered recombination in some areas. These include mouse chromosomes 2, 4, 5, 6, 7,10, 11,
15, 17 and the X. Mouse chromosome two, for example, shows clustering effects located in the
central portion of the chromosome, with genes widely spaced at both the telomeric and
centromeric regions. Lyon (1976) stated that the small number of genes at the time of the
analysis may cause discrepancies in the results, but this clustering effect is still apparent on
mouse chromosome two with many loci now placed on the genetic map. This reflects possible
recombination hotspots in these areas, suggesting that although gene orders calculated from the
linkage data in these regions are correct, the physical distances are likely to be considerably
smaller than calculated. Lyon (1976) suggested that these hotspots might be in part due to the
preferential formation of chiasma in specific regions of the chromosome, such as preferred

initiation of chiasma formation at the telomeres and centromeres of mouse chromosome two.

These findings were confirmed by Searle et al. (1979). Analysis was carried out of ten
reciprocal translocation points on mouse chromosome two that were equally distributed along
the chromosome (T24H, T11H, T30H, T26H, T5Ca, T1Sn, T28H, T1Ca, T13H and T7Ca).
G-banding allowed more precise localisation of the translocation breakpoints. The study
showed that although the order of the translocation breakpoints was conserved along the
chromosome between linkage analysis and cytogenetic analysis, the genetic distances given by
the two methods varied considerably. For instance, T7Ca, T24H and T11H map close together
on the genetic map, but cytogenetic analysis shows that they are separated by a considerable
distance. T1Sn and T28H are both located in band H on the cytogenetic map, but are separated
by an estimated distance of 25 map units on the linkage map. Lawrie and Hulten (1992)
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produced chiasma density and interference maps of mouse chromosome two for both male and
female genomes. Chiasma positions were measured directly from spermatocytes and oocytes.
Data were presented as vertical lines (representing individual chiasma) on a horizontal axis
(representing mouse chromosome two). Chiasma clustering was taken to indicate
recombination hotspots. Sex specific differences were noted, with clustering of chiasma in
protelomeric regions in spermatocytes, and more proximal clustering in oocytes, with an
absence of chiasma on the short arm of chromosome two. Estimates of genetic interference

distances between chiasma were also given (Lawrie and Hulten, 1992).

These findings have important implications for cloning projects on mouse chromosome
two. The ultimate goal of my research project was to add to the number of markers for mouse
chromosome two, in the region of the ragged and wasted genes located in the region of the

putative distal recombination hotspot.

1.4.2) The imprinting region on mouse chromosome two

It has been widely reported that contributions from both parental genomes are required
for development of the embryos. In humans, hydatidiform moles result from the development
of an androgenic pregnancy. Pregnancies resulting from the fusion of two maternal genomes
and one paternal genome result in reasonable development of the embryo, but poor
development of the extra embryonic tissues, whereas in the converse situation, foetal tissue is
lacking, but the extra-embryonic tissues are well developed (Kajii and Ohama, 1977; Jacobs et
al., 1980).

Similar results have been seen in the mouse. Solter (1988) carried out experiments
involving the artificial construction of androgenones and gynogenones. Similar results were
seen to those observed in humans. Barton et al. (1984) carried out experiments using
pronuclear transplantation, and analysed the resulting 'progeny' for embryonic and extra-
embryonic development, confirming that both parental genomes were required for proper

development of both the foetus and its associated tissues.

Many reports have suggested that differential methylation is the underlying causes of
this effect. Reik er al. (1987) carried out a study which proved that a transgene inserted into
the murine immunoglobulin /gH gene was differentially methylated according to the sex of the

mouse through which it had been transmitted. Transmission from a female resulted in a heavily
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methylated transgene, revealed by restriction digests with Hpa I, and the methylation sensitive
restriction enzyme Mspl. Inheritance through the male line resulted in hypomethylated DNA.

In the case of certain chromosomes, in both mouse and man, there is a requirement for
the presence of genetic material originating from both parental genomes. This is known as
imprinting. Several mouse chromosomes appear to have no imprinted regions, as defined by
gross phenotypic effects, including mouse chromosomes 1, 4, 5, 9, 13, 14, and 15 (Lyon et al.,
1976; Cattanach and Kirk, 1985). This is based on uniparental disomy experiments which
illustrate the requirement of whole chromosomes or chromosomal regions for correct
development of the embryo. These experiments identify imprinting effects of genes or groups
of genes that have a profound effect on the phenotype. Maternal disomy for chromosome 6 is
lethal (Cattanach and Kirk, 1985). Mouse chromosome two is seen to have two regions of
imprinting, at either end of the chromosome - see figure 4 (Cattanach and Kirk, 1985).
Proximal mouse chromosome two (above the T13H breakpoint) shows imprinting for maternal
duplication only. Distal mouse chromosome two shows imprinting effects for both maternal
duplication/paternal deficiency and for paternal duplication/maternal deficiency (Cattanach
and Kirk, 1985).

Cattanach and Kirk (1985) carried out a study in which mice heterozygous for the
translocation T(2;11)30H were mated. Imprinting effects for chromosome 11 were noted, as
was the case for distal mouse chromosome two. Mice with maternal duplications of distal
mouse chromosome two have long, flat sided bodies, and are hypokinetic. These mice become
almost totally immobile within a couple of hours of birth. Few of these mice survive beyond
24h. Paternal duplications produce the opposite phenotype. The mice have short square bodies
with broad backs, and are hyperactive. The mice survive normally for several days, but fail to
thrive.

Analysis of imprinting based on other translocation breakpoints has localised the
region of imprinting to between the T1Sn and the T28H translocation breakpoints. Recent
work has narrowed the imprinting region to between the T2Wa and T28H breakpoints
(Cattanach et al., 1992). The classic experiments carried out by Cattanach (1986) which
determined that the proximal boundary of the imprinted region was the T1Sn breakpoint were
repeated with respect to the T2Wa breakpoint. Peters ef al. recently mapped several genes on
distal mouse chromosome two relative to the T1Go, T2Wa and T28H translocation
breakpoints, placing these translocations on the linkage map for the first time. This work
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suggests that Ada lies distal to the T(2;8)2Wa translocation breakpoint, and is the most
proximal gene in the distal imprinting region. The ragged, wasted and lethal spotting genes also
lie in the distal imprinting region, although none show any evidence of imprinting (Peters ef al.,

1994).

1.4.3) Comparative mapping of mouse chromosome two

Two or more genes which are located together in both mouse and man, regardless of
gene order, are said to make up a region of conserved synteny. Genes which are present on
equivalent chromosomes with the gene order also conserved are said to represent a conserved
linkage. There are conditions which must be met before a gene in one species is considered to
be homologous to a gene in another species. On the level of the gene product, these include
molecular structure, biological function, subcellular location, substrate specificity or response
to specific inhibitors (O'Brien, 1991a). There are many reasons for the study of comparative
mapping. A gene which maps in the centre of a conserved linkage in the mouse can be placed
with some confidence in the equivalent position in man, and vice versa. This has important
implications for the mapping of disease genes. The map positions of mouse mutants affecting
function or development can be used to predict the location of the gene in humans, for instance,
the splotch (Sp) mutation on mouse chromosome one was found to be the murine homologue of
Waardenburg syndrome type I (WS-1) (Chalepakis ef al., 1993). The co-segregation of Sp
with the Pax3 gene in the mouse (Skow er al., 1988; Walther et al., 1991) together with the
correlation between the expression pattern of Pax3 and the tissues affected by the Sp mutation
proved that Sp was due to a mutation in Pax3 (Epstein ef al., 1991a & b, 1993; Chalepakis et
al., 1994). Waardenburg syndrome type I was mapped to HSA 2q37, which shares
conservation of synteny with proximal mouse chromosome 1 (Foy ef al., 1990). The
similarities in clinical manifestations of WS-1 and Sp indicated that Sp was the murine
counterpart of WS-1. Subsequent studies (Tassabehji et al., 1992; Baldwin et al., 1992)
revealed mutations in the PAX 3 gene of WS-1 patients. The location of disease genes in man
can be used to predict the map position of genes which may be potential models for human
disorders. For instance, murine DNA markers corresponding to markers in the region of Down
syndrome in man proved to be located in a region of mouse chromosome 16 syntenic with
human chromosome 21q22. (Cheng et al., 1988, Macdonald et al. 1988). The saturation of the
genetic maps in both species with conserved markers would allow the prediction of the location

of any gene mapped in one species in the other. The study of comparative mapping can also
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cast light on the evolutionary relationships between the species, and the physical changes

which may have occurred at the divergence of the species.

Mouse chromosome two has conserved regions with human chromosomes 2, 7, 9, 10,
11, 15 and 20 ( O'Brien et al., 1991). Figure 4 gives the arrangement of these conserved
segments. The region of chromosome two from band A3 to B is homologous to HSA 9q33 to
9q34. Similarly, there is another conserved linkage corresponding to 2q14 to 2q33 located in
bands C1 to D in the mouse. There is also a large conserved syntenic group on distal mouse
chromosome two (bands F2 to H4) corresponding to 20p13 to 20q13.2. Pilz et al. (1992)
placed the homologues of the Pck and Acra4 genes on the human genetic map by somatic cell
hybrid analysis. As Acra4 is the most distal molecular marker placed on the map of mouse
chromosome two, this extended the known conserved linkage of distal mouse chromosome two
with HSA 20 to within 5cM of the telomere. It is highly likely that the whole of HSA 20 is
represented in distal mouse chromosome two. The gene order appears to be conserved. It can
therefore be postulated that the homologue of any gene mapping to HSA 20 will be located on

distal mouse chromosome two.
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1.5) Mouse mutant genes located on chromosome two

Mouse chromosome two harbours some interesting developmental mutants. (Green,
1989) Their chromosomal locations of these mutants are given in figure 6 (Siracusa and
Abbott, 1993).

1.5.1) The ragged mutation

There are two alleles at the ragged locus, ragged (Ra) and ragged opossum (Ra””).

1.5.1a) Ragged (Ra)

The first ragged mouse was described by Carter and Phillips (1952). This female
mouse was derived from a stock that had been X-irradiated. Her father had undergone either a
spontaneous mutation in one of his spermatogonia, or possessed a mosaic germ line on account
of the irradiation. This female was mated to a wild type mouse and bore 47 young, of which 24
were ragged in phenotype. Ragged was shown to be a semidominant mutation (in cases of true

dominance, heterozygotes are indistinguishable from homozygotes).

Ragged Heterozygotes (Ra/+)

Ragged heterozygotes are characteristic in appearance. The coat appears thinner than
normal. The heterozygotes can be distinguished from normal littermates at a few days after
birth because the vibrissae are noticeably shorter than normal. As development proceeds, the
colour of these mice is considerably darker than normal littermates. By nine days of age, the
coat of ragged heterozygotes is noticeably different from that of normal littermates. The altered
texture of the coat is due to the absence of certain hair types. Mann (1963) carried out detailed
analysis of the coat of ragged mice. Samples were taken at timed intervals both prenatally and
after birth, and sectioned for microscopic analysis. The characteristic 'ragged' appearance of
the coat was due to the presence of many guard hairs, at a higher density than in wild type mice
in some areas. These tended to stick out from the skin, but an absence of auchenes was also
noted, along with very few zigzags (undercoat), which tended to grow in clumps, mostly on the

shoulders.
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The distribution of the other hairs in the coat is also patchy. Microscopic analysis of
skin samples showed that the coat of ragged heterozygous individuals developed more slowly
than that of normal mice. Auchene and zigzag follicles were seen to be present at birth, the lack
of these in the adult coat was seen to be due to a failure of these follicles to differentiate (Mann,
1963). Tail rings are present, and the claws and eyelids are normal. Ragged mice are also
consistently smaller than their normal littermates, but only slightly. Oedema is also seen in a
proportion of heterozygous ragged mice. Crosses of +/+ X Ra/+ mice show that there is no
decrease in viability associated with ragged in heterozygous form, as there is no statisticaly
significant deviation from the expected ratio of ragged heterozygous mice to normal mice

(Mann, 1963).

Ragged homozygotes (Ra/Ra)

The ragged gene has more profound effects in homozygous form. These mice are
almost completely naked, with an absence of all types of hairs in the coat. Any hairs that are
present are invariably abnormal. The follicles were still present, but failed to develop (Mann,
1963). As is the case for heterozygotes, the few hairs that develop are retarded in development
compared to wild type mice. Ragged homozygotes also have reduced numbers of vibrissae
(whiskers) in certain regions. Some of these mice also show generalised oedema, this is more
pronounced than in the heterozygotes (Mann, 1963). It is possible that the oedema is due to
imperfect action of the lymphatic system, endocrine abnormality or poor circulation. These
mice do not survive to adulthood in most cases. It was shown by mating of Ra/+ X Ra/+ mice
that ragged homozygotes have a reduction of viability of around 40% compared to normal
mice, 20.4% of these prenatally. The ears and tails of ragged homozygotes are normally
pigmented, and the claws are normal. A percentage of ragged heterozygotes and homozygotes
show chylous ascites (the occurrence of a milky white fluid in the pleural and peritoneal
cavities) in neonatal mice. Wallace (1972) carried out analysis of the genetic control of this in
ragged mice. This condition is characterised by the occurrence of a milky white fluid in the
peritoneal and pleural cavities of neonatal mice. Investigation of this has shown it to be due to
inefficient drainage of the area by the lymphatic system. The initial study by Herbertson and
Wallace (1964) showed chylous ascites to be present in 18% of ragged mice. Repeated
backcrosses of these mice to wild type individuals resulted in a reduction in the incidence of
chylous ascites so that by the fifth generation it was not observed. This suggests that the
expression of chylous ascites is controlled by other modifying genes in the genome. Crosses

back to a stock selected for the high incidence of chylous ascites showed a recurrence. Stocks
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were also set up segregating five markers mapping to chromosome two (Ra, @', we, fi and Sd).
The occurrence of chylous ascites in these stocks was analysed. Ragged was consistently
associated with chylous ascites. Mice with the fidget (/) mutation showed a higher incidence of
chylous ascites. No effect on the occurrence of chylous ascites was seen from the agouti (@) or
Danforth's short tail (Sd) loci. Wellhaarig (we) was shown to have an inhibiting effect. It was
concluded that chylous ascites was a pleiotropic effect of the ragged mutation, which was
enhanced or inhibited by other modifier genes, two of which were located on chromosome two.
It was subsequently shown that another locus on chromosome one was also involved (Wallace,

1979).

1.5.1b) Ragged opossum (Ra”?)

Green and Mann (1961) described a mutation which appeared in a litter of mice
produced from a C57BL/6] X DBA/2]J cross, at the Jackson laboratory, in 1957. This mutant
was similar to the ragged mutation that had previously been described by Carter and Phillips
(1954). Subsequent breeding tests proved that this mutation was semi-dominant. No study of
this mutation in homozygous form has been done, since all these mice die in utero, thus all

phenotypic data refers to the heterozygote.

Ragged opossum heterozygotes (Ra”/+)

The initial observation of ragged opossum mice is that the coat is sparser than in wild
type mice, the numbers of vibrissae and body size are also reduced. The reduction in coat
thickness is due to an absence of many components of the coat, such as auchenes and zigzags.
Some awls are present, and the number of guard hairs does not appear to be affected. Many
ragged opossum mice are dead at birth. The female survivors are poor breeders but it is
thought that the males may be normally fertile, as there is no apparent decrease in the litter
size, or the frequency of litters of wild type females mated to heterozygous ragged opossum
males (Green and Mann, 1961). There is a high occurrence of oedema. The skin of the
oedematous mice has a stretched, glossy appearance. The onset of pigmentation is delayed in
these mice because of the delay in the growth of the hairs of the coat. Ragged opossum mice
also show occurrence of chylous ascites. Allelism was determined for ragged and ragged
opossum by complementation analysis, since the compound heterozygote was seen to be lethal.
and also by virtue of the very close linkage between the loci. Mann (1963) carried out studies
to examine the effect of the mutation on the coat and lethality of the mutant, and to confirm the



41

allelism of ragged and ragged opossum. Sections of skin taken from ragged opossum mice at
timed intervals during development show that although the pattern of hair development is the
same as in wild type mice, the development of the follicles is retarded or arrested. There is a
lack of vibrissae, and the only hair type that are fully represented are the guard hairs
(tylotrichs). Ragged opossum was shown to have a more profound effect on the phenotype than
ragged. Ra/+ X Ra/+ matings resulted in a reduction in viability of 20.4% (attributed to the
homozygous progeny). Ra/+ X Ra®/+ matings show a reduction of 32.5% and Ra”/+ X Ra”/+
matings a reduction of 49.6%, indicating that the heterozygotes also show a decrease in
viability. Practically all the Ra/Ra” mice, and all of the Ra”’/Ra” mice die. Mann (1963)
suggested that the similarity of the phenotypes of Ra and Ra”, together with the fact that the

compound heterozygote was inviable was further evidence of their likely allelism.

1.5.2) The wasted mutation (wst)

Wasted is a recessive mutation which arose spontaneously in a stock of HRS/J mice at
the Jackson laboratory in 1972. The homozygotes can be recognised at 20 days of age by
tremor and uncoordinated body movements. These mice develop progressive paralysis, and
almost invariably die before 30 days of age. The wst/wst homozygotes are short lived, so the
stock was crossed to a segregating stock of C3HeB/FeJ X C57BL/6J which improved the
viability, by hybrid vigour (Shultz et al., 1982). Subsequent studies showed the wasted
homozygotes do not increase in body weight after 20 days (Lutsup and Rodriguez, 1989).
Dissection of the animals reveals a marked lymphoid hypoplasia with significant reductions in
the size of the spleen, lymph nodes and thymus. Degeneration of cells in the brain and spinal
cord was also noted. Degeneration of Purkinje cells, with focal demyelination, in the cerebellar
cortex have been seen to be degenerated in some cases, although this is disputed. Lutsep and
Rodriguez (1989) discovered specific degeneration of cells in the anterior horn of the spinal
cord, and also some abnormal vacuolated nerve cells. Also, fibrillary neurones (these neurones
contain distinct 'thread-like bands' which interconnect to form networks within the cell)v were
more common in wasted mice than in wild type controls. Volume measurements of all types of
neurones, both normal and abnormal were greater in wasted mice. Immunological staining of
neurones from wst/wst mice with an antibody specific to proteins of the intermediate fibres in
the cells revealed that the neurofilaments were highly phosphorylated (as the staining was seen
to decrease following dephosphorylation). Shultz er al. (1982) put wasted forward as a model
of the human condition ataxia telangiectasia. The mutant does share some similarities with the

disease, such as the nerve degeneration and the ataxia. Experiments were carried out to
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determine if there was any significant radiation sensitivity. A marked increase in spontaneous
and y-ray induced chromosomal abnormalities was noted, but no increased sensitivity to
ultraviolet light. There was also no post-irradiation inhibition of DNA synthesis. These findings
were also confirmed by several subsequent studies (Beechy and Searle, 1984, Inoue et al.,
1985). This therefore rules out wasted as a precise model for ataxia telangiectasia. The wasted
mutation was also seen to lead to immunological abnormalities (Shultz et al., 1982). Sections
were taken from the gut of wasted homozygotes at various stages of the disease, and used for
immunofluorescence experiments. Treatment of the sections with a goat anti-mouse antibody
against IgA revealed that there were no plasma cells in the gut lining which were dedicated to
IgA. No differences in gut morphology between wasted homozygotes and normal mice were
seen. IgA plasma cells were totally absent from the entire small and large intestines. Further
experiments proved that the absence of IgA was due to a failure of the cells to differentiate
rather than a failure of the mature plasma cells to manufacture IgA. The number of IgA plasma
cells was seen to decrease progressively from day 23 to day 27, until by 30 days no dedicated
IgA cells were seen (Kaiserlian ef al., 1985). Interestingly, studies by the same group showed
no deficiency of IgA in the serum of wasted homozygous mice (Kaiserlian et al., 1985). Studies
on the relative number of lymphoid cells in wasted animals showed a marked decrease in the
numbers of all lymphoid cells, but the relative ratios of cells remained the same as in wild type
animals. These immunological abnormalities are again in contrast to those observed in ataxia
telangiectasia (Kaiserlian et al., 1986). The relative numbers of B and T cells were conserved
in wasted mice, in contrast to the situation in AT patients, where a specific depletion of T cells
is noted. Other symptoms associated with AT in humans, such as elevated alpha-fetoprotein
(AFP) levels and decrease in the circulating levels of the hormone thymulin were not seen in
wasted mice (Kaiserlian et al., 1986). Wasted mice have also been shown to be deficient in

interleukin 2 (Kaiserlian ef al., 1986).

Wasted has also been put forward as a model of severe combined immune deficiency
(SCID). This condition, in humans, is caused by an absence of adenosine deaminase (ADA)
activity. Abbott ef al. (1986) showed a decrease of ADA activity in wasted homozygotes with
intermediate levels in heterozygotes. This was contradicted by Geiger and Nagy (1986) who
found no deficiency of ADA in wasted homozygotes. Indeed, an increase in ADA activity was
noted in whole brain, cerebellum and spleen. These differences could be attributed to the
different methods of measurement of ADA activity, or the different genetic background of the
mice used in each study, or by the fact that +/wst animals were used as controls in the
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experiments of Geiger and Nagy (1986). These results were confirmed by Abbott ef al. (1991)
upon the finding that Ada mapped to band 2H3 on chromosome two by cytogenetic analysis.
Linkage analysis showed that Ada mapped 13.8 +/- 2.7 ¢M proximal to wasted. Breeding tests

were carried out, which ruled out allelism as 6 recombinants were found between Ada and wst.

Wasted does share similarities with other neurological disorders, such as motor
neurone disease, and may be shown to be an animal model for this in the future (Lutsep and

Rodriguez, 1989).

1.5.3) The lethal spotting mutation (Is)

Lethal spotting is a recessive mutation which arose in a subline of the inbred strain
C57BL-a". Mice homozygous for this mutation show considerable white spotting. The eyes are
usually black. The mutation resembles another spotting mutant, piebald lethal, with respect to
coat colour, except that the ears and tails of /s/Is mice are less pigmented (Lane, 1966). These
mice usually die before three wecks of age, with a grossly distended distal colon. Some
homozygotes do however survive long enough to breed. Lane (1966) carried out experiments to
determine the cause of the megacolon. Histological preparations were made from the colon of
12 day old /s/Is mice, and also from controls. The proximal section of the gut of /s//s mice was
found to be comparable to that of the normal controls, but the distal portion of the colon of Is/Is
mice was found to be completely aganglionic. This connection between abnormal pigmentation
and abnormal innervation of the colon is especially interesting because both cell types originate
from the same region of the neural crest during development. This implies that the primary
defect in lethal spotted mice arises from either a reduction of the neural crest cells, or a failure

of these cells to migrate to the terminal portion of the chromosome.

A later study by Rothman and Gershon (1984) examined further the histological
abnormalities in lethal spotted mice. The enteric nervous system (ENS) was examined from gut
sections in adult /s/Is mice for the activity of the neurotransmitters acetylcholine (ACH -
detected by acetylcholinesterase (AChE) activity), 5-hydroxytryptamine (5-HT) and serotonin.
No differences in the uptake or activity of any of these neurological markers was noted in any
region of the gastrointestinal tract except in the terminal portion of the distal colon. The distal
colon of /s/Is animals was found to contain large numbers of loose bundles of nerve fibres, but
no cell bodies were seen in the terminal 2mm of the colon (Rothman and Gershon, 1984). These

neurones showed AchE activity. These neurones are abnormal with respect to the other
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neurological markers tested in that no 5-HT was either taken up, or detected by immunological
methods. The temporal appearance of the nerves in the gut of /s/Is mice was analysed, and
found to be comparable with wild type mice (Rothman and Gershon, 1984). To determine
whether progenitor nerve cells were present in the terminal 2mm of the gut, explants of tissue
from this region were cultured. It is not possible to identify these precursor cells prior to their
differentiation, but any neuronal growth in the tissue cultures must be derived from the tissue
used to seed the plates. No evidence of the presence of neuronal precursor cells was found in
the terminal 2mm of the colon (Rothman and Gershon, 1984). This lack of ganglia could be
due to the inability of these precursor cells to migrate into this region of the colon. It is seen
that some ganglia are present in an abnormal position in the region of the gut that lies just
proximal to this - the cells are seen external to the longitudinal muscle, but nerve ganglia are
not seen in this position in wild type mice. These cells could result from the growth of the cells
that could not migrate to the terminal region of the gut. It is probable that the
microenvironment of this region of the colon is defective and prohibits migration of neuronal
precursors. Kapur er al. (1993) examined whether the primary defect in lethal spotting was
intrinsic to the migrating neuronal precusors, or to some extrinsic effect of the cellular
microenvironment in the terminal portion of the gut. Aggregation chimeric mice were generated
from Is/Is (also carrying DBH-nlacZ transgene in homozygous form) and +/+ mice, and
analysed for evidence of external pigment spotting, and the status of the terminal gut with
respect to neuronal colonisation. Enteric neurones derived from Is/Is mice were identified by
virtue of their blue colour following treatment with X-gal. This distinction was possible
because of the targeted expression of the lacZ gene by the DBH-n promoter, in the transgene
construct. The percentage of wild type neurones was determined by scintillation count analysis
of Southern blotted DNA from tissue taken from the chimeric mice, hybridised to a lacZ probe.
The study showed that in cases where there were greater than 20% wild type cells, neurones
could colonise all parts of the gut, including the terminal 2mm. This indicates that the defect in
Is/Is mice lies in the cellular microenvironment, and is not a function of the neurones

themselves.

Lethal spotting has been put forward as an animal model of Hirschsprung's disease in
humans. The aetiology of the syndrome is almost identical to the situation in /s/Is mice, in that
the terminal portion of the bowel is aganglionic. One form of Hirschsprung's disease in humans
has recently been shown to result from a mutation in the Ret proto-oncogene located on

chromosome 10q11.2. The colonisation of the bowel by cells deriving from the neural crest is
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extremely complex, and controlled by many genes. Thus, lethal spotting could still be a model
for Hirchsprung's disease by its possible identity as the mouse homologue of another form of
the disorder, or by having an indirect effect acting to modify one or more of the controlling

genes.

1.5.4) The Ulnaless mutation (U7)

Ulnaless (Ul) is a dominant or semi-dominant mutation that arose from irradiation
experiments at the MRC Radiobiology unit at Harwell, in the 1960s. The mutation was first
seen in the progeny of a female originating from a HT test stock, mated to 3H1 (C3H/HeH X
101/H)F1 male (Morris, 1967). The mutation causes abnormal development of the murine
skeleton. The long bones of the legs are drastically shortened. Although the mutation was
discovered in the late sixties, no thorough description had been made of the phenotypic effects
of the gene, and no mapping data were available until 1990. Davisson and Cattanach (1990)
carried out two point linkage experiments to assign a map position to the mutant. The
segregation of the Ul mutation was compared to that of non-agouti (@), brachypodism (bp) and
ragged (Ra). The mutation was shown to map to proximal mouse chromosome two, with loose
linkage to a and bp, but no linkage to Ra, the most distal marker in the cross. Three point
crosses were then carried out with the markers pallid (pa), a and the Robertsonian translocation
Rb(2;8)Lub. Results from these crosses confirmed the proximal location of Ul, and placed the
mutant a genetic distance of 18.4 +/- 3.9 map units proximal to pa. Davisson and Cattanach
(1990) also carried out a more detailed analysis of the phenotypic effects of the mutation. They
determined that there was a considerable reduction in length of the tibia and fibula, together
with structural abnormalities. The tibia was bowed, and both tibia and fibula were rotated
through 90 degrees. The flexibility of the metatarsals and metacarpels was also abnormal.
These effects were only seen in heterozygotes, as the male Ul/+ mice do not breed. The sperm
of these mice was found to be normally active, and of normal structure. The lack of vaginal
plugs in the female mice housed with these males suggests that the infertility was due to an
inability to mate rather that some dysfunction of the sperm. The percentage of Ul/+ mice was
lower than expected in some crosses. This could be due to a slight reduction in viability in fetal
and neonatal Ul/+ mice. Penetrance of the mutation appears to be total, making Ul/+ a useful
marker for proximal mouse chromosome two. Examination of the bone histology in ulnaless
mice reveals that although the bones are severely shortened, the bone morphology is normal
(Davisson and Cattanach, 1990). Ulnaless could prove to be an animal model for some human
mesomelic dwarfism syndromes, but this has yet to be established.
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1.6) Cloning strategies in man and mouse

In order for the effects of any gene of interest to be analysed in detail, the gene must
first be cloned. This enables the structure of the gene to be examined on a molecular level, and

in addition, allows the detection of mutations or rearrangements which have effects on the

phenotype.

Genes have been cloned in the past, on the basis of some knowledge of their function or
the previous isolation of the gene product. The cloning of some genes has been facilitated by
the occurrence of chromosomal rearrangements which have disrupted the function of the genes
concerned. The breakpoints of the rearrangement point to the location of the gene. In the last
two decades, techniques that allow the cloning of a gene with no prior knowledge of its function
have been developed. These are known as positional cloning techniques, as they are based on

knowledge of the map position of any gene of interest.

1.6.1) Cloning of genes on the basis of their function

Functional cloning of a gene relies upon the existence of knowledge of the gene
product, its function, or similarities in the phenotypes it produces when mutated between
species. These methods of gene cloning are the ones which have been historically used. The
albino (c) locus was cloned (Kwon et al., 1987) on the basis of some knowledge of its function,
and predictions of the likely structure of the protein. Human melanocyte libraries were screened
with hamster antibodies against the tyrosinase gene product. Of the clones that were sequenced,
one showed characteristics of a copper based oxidoreductase, such as characteristic
glycosylation sites, and copper binding motifs. Subsequent Southern blot analysis showed that
the clone was very tightly linked to the albmo locus. Another example of functional cloning is
the cloning of the steel (S7) gene. Upon the finding that the dominant spotting gene (W) was the
c-kit oncogene (Geissler et al., 1988), studies were initiated to discover the gene coding for its
ligand. One candidate was the stecl gene, mutations in which produced many phenotypic
similarities with /. The protein product of the steel gene, the so called mast cell growth factor
(MGF), which co-precipitates with the c-kit oncogene in response to a c-kit antibody, was
shown to be the site of three independent mutations in steel mice (Zsebo et al., 1990). Thus, the

steel gene was cloned on the basis of its phenotypic similarity to the W gene. These methods,
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however, require information on the structure or function of the gene to be cloned. This is not

available in many cases.

1.6.2) Gene cloning on the basis of disruption of function

The occurrence of a chromosomal rearrangement which disrupts one or more genes is a
great benefit for geneticists hoping to clone the gene. The physical boundaries of such a
rearrangement provide an effective indicator of the position of the gene. Many of these
rearrangements occur in nature, and many more result from human intervention in the form of
mutagenesis experiments (such as X-ray irradiation of male mice), which produces not only
point mutations, but also chromosomal rearrangements such as deletions, inversions, insertions
and translocations. Genes cloned because of a fortuitous chromosomal rearrangement, either
manmade or naturally occurring, include the limb deformity locus (/d), and the agouti locus (a)
on mouse chromosome two. The limb deformity mutant is a spontaneous mutation which arose
on two separate occasions (Cupp, 1962; Green, 1962). Woychik et al. (1985) generated the
mutant some years later by the fortuitous insertion of a transgene into a region of the gene
essential for its function. X-irradiation of male mice carried out by the same group (Woychik et
al., 1990) produced an insertion event which disrupted both the /d locus, and the a locus.
Karyotype analysis of mutant mice revealed that a section of chromosome 17 had undergone an
insertion into mouse chromosome two. A probe produced from sequences flanking the
transgene insertion point (Woychik ef al., 1985) was used to examine gene expression in
tissues from mutant mice. Transcripts of incorrect size were found in the brain and testes of
mutant animals. The limb deformity locus was later shown to code for a variety of nuclear
protein isoforms termed 'formins' (Woychik ef al., 1990; Vogt et al., 1993). The same insertion
allowed the cloning of a gene, mutations in which give rise to certain alleles at the agouti (a)
locus (Bultman et al., 1992). This gene has approximately 19 diferent alleles, arranged in a
strict dominance hierarchy (Green, 1989). The gene was shown to contain four exons, three of
which are coding. The gene product is an 131 amino acid protein, with characteristics
indicative of secretory signal proteins (Bultman et al., 1992; Michaud et al., 1993; Miller et
al., 1993). The gene was shown to be rearranged in several agouti alleles (4, a, d', 4%)
(Bultman et al., 1994). It was postulted that this single gene was the site of mutation for all the
agouti alleles, given the observation that the most dominant (lethal yellow 4”) and the most
recessive (extreme non-agouti a®) alleles in the series show alterations in the structure of this
gene (Bultman et al., 1992). Further evidence for the presence of a single gene, mutations in

which are responsible for all the alleles at this locus, stems from the observation that
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association of the Xmv-10 gene with certain agouti alleles was due to close linkage, rather than

true causality (Winkes et al., 1994).

The occurrence of these chromosomal rearrangements so as to disrupt function with
respect to specific genes is relatively rare, although animals with disruptions in genes can be
generated by gene targeting, or by transgene insertions. Gene cloning by disruption of function
has been useful for cloning some genes, but in the case of the majority of genes, no such

rearrangement is available, and other methods must be employed.

1.6.3) Positional cloning of genes

Positional cloning of genes is possible even in the absence of any information on the
gene to be cloned, except for its map position. Since for the majority of genes, the only
information available includes the clinical manifestations, rough map positions, and perhaps
some idea of the tissues which are affected, the ability to clone genes without detailed
knowledge of gene structure or function is invaluable. The first stage in any positional cloning
project is to construct a detailed genetic or physical map of the area in which the gene is
thought to lie. From this map, the region which contains the gene is defined by flanking
markers. This provides a measure of the absolute limits within which the gene must lie. In most
cases, these are distances too large to look directly for candidate genes. The boundaries must be
narrowed down further by techniques such as chromosome walking and jumping. Chromosome
walking is the process of using the ends of DNA fragments as probes to identify those
sequences which lie next to them. Chromosome walking can be carried out in two directions
from the starting point, but is not an effective means of covering large distances. This is better
done by chromosome jumping experiments (Collins and Weissman, 1984). This method has the
advantage that larger distances can be covered, and each point on the jump can be used as the
starting point for bidirectional chromosome walks. Another technology is the use of yeast
artificial chromosomes (YACs) to clone and propagate large stretches of DNA (Burke et al.,
1987). If probes are available for markers closely linked to the mutant of interest, pools of
YACS can be screened to identify clones that contain sequences originating from that region.
Such a clone may in fortuitous circumstances contain the gene of interest, if linkage to the
marker was very tight. Alternatively, an end probe from the positive YAC, can be used to
isolate YACs in the pool which contain sequences which are contiguous with it (Coulson et al.,
1988). End probes may be generated from YACs by a number of procedures, such as inverse
PCR (Silverman et al., 1989) or by amplification of the DNA between YAC vector sequences
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and repeat sequences in the insert (Nelson ef al., 1989). A useful technique is the use of
specially constructed ‘bubble’ vectorettes, which allow the specific amplification of end
sequences from YACs, by the use of an internal primer to the vectorette, and a primer specific
to the YAC vector (Riley et al., 1990). These technologies, together with ways of separating
and visualising large DNA molecules such as pulsed field gel electrophoresis (PFGE) are
powerful tools in the isolation of new genes (Schwartz and Cantor, 1984). PFGE allows the
separation of large DNA fragments, produced by digestion with rare cutter restriction enzymes.
By this method, it is possible to make long range restriction maps of the sequences surrounding
the mutant gene, and to isolate the mutant and surrounding markers onto one or two restriction
fragments. This is particularly useful, since linkage mapping can give inaccurate estimates of
the distances involved if there are hotspots, or depressions of recombination. The PFGE map
gives a definite measurement of physical distance. By the methods outlined, a contiguous range
of fragments are produced (a contig).

Once a contig has been assembled, it can be scanned for expressed sequences. This can
be done by many means, for instance, Southern blots of restriction digested DNA from several
species (zoo blots) will identify areas of conservation which may correspond to coding regions
(Monaco et al., 1986). The contig can be digested with rare cutter enzymes to identify CpG
islands (identified by clusters of rare cutter restriction sites) which are associated with the 5'
ends of housekeeping genes and most tissue specific genes (Bird, 1986; Bird, 1987).
Alternatively, cDNA libraries or Northern blots can be screened with whole phage or cosmid
clones. This identifies any transcripts originating from the clones (Spies et al., 1989). Over
short scales, direct sequencing of clones and the identification of promoter sequences (Allen et
al., 1988), or open reading frames (Gray er al, 1982), can prove useful in some cases.
However, this is a very laborious task if many large clones are involved. A useful technique is
exon amplification (exon trapping). This method relies upon in vivo selection for functional
splice sites in genomic DNA. The technique, originally described by Duyk et al. (1990)
requires specialised vectors, constructed with an intron of the HIV 1 tar gene, which is flanked
by splice sites, and exons. The intron contains a multiple cloning site (MCS), and the SV40
early promoter. Genomic DNA is shotgun cloned into the MCS, and the resulting construct is
transfected into COS cells, which direct transcription of the insert. The RNA message is then
spliced using the donor splice site of the vector, and the splice acceptor site of the insert, to
produce a heterogeneous fragment composed of the HIV-1 tat sequence joined to the captured
exon. Primers specific to HIV-1 fat sequence are then used to amplify across the insert, which

can then be cloned into a suitable plasmid vector and sequenced. Modem exon trapping vectors
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incorporate sequences to circumvent the common problems encountered with the original exon
trapping protocols, specifically, the background of non-recombinant molecules, which are
preferentially amplified by the PCR step (being very abundant and of small size) and the
problem of recombinant molecules containing no exogenous exons, due to splicing using a
cryptic splice site in the vector (Church ef al., 1994). Exons recovered from these experiments
can be used to identify cDNAs originating from expressed sequences in the contig. Once
sequence is available for the mutant, comparisons can be made between mutated forms
(affected individuals, mutant mice) and the wild type gene with an aim of identifying causative

mutations.

An example of a gene cloned by positional cloning approaches is the short ear (se)
gene on mouse chromosome 9 (Kingsley er al, 1992). This mutation causes skeletal
deformities, such as a reduction in the size of the ears, and deletion of pairs of ribs (Kingsley et
al., 1992). The gene was cloned by the production of a contig from an extended chromosome
walk, originated from a point estimated to lie 200 to 300 kb from the short ear locus, as defined
by deletion breakpoints (Kingsley, et al., 1990). At each step in the walk, probes were
produced, and used to analyse DNA from wild type and mutant mice, to discover if they were
localised to deletions associated with various alleles of short ear. PCR primers were designed
from sequences mapping within one such deletion. PCR screening of YAC libraries with these
primers identified two clones, originating from this region were identified, and aligned to the
chromosome walk, by cloning the ends of the YAC from A libraries. Exon trapping
experiments were carried out, which identified a fragment with homology to the Bmp-5 gene
(Kingsley ef al. 1992). The expression of this gene was found to be aberrant in several alleles
of short ear (such as s’ and se**”*"). In addition, the open reading frame of the Bmp-5 gene
was seen to be interrupted by a translocation which results in the short ear phenotype (Kingsley
et al., 1992). This data suggests that the Bmp-5 gene is located at the short ear locus (Kingsley
etal., 1992).

1.6.4) The candidate gene approach

Genes cloned in the mouse by candidate gene approaches include the pallid and
undulated mutations on mouse chromosome two. Recent work on the Epb4.2 gene on mouse
chromosome two has indicated that this gene may be a possible candidate for the pallid (pa)

mutation (White et al., 1992). This gene was mapped to mouse chromosome two, and was
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found to cosegregate with the pallid gene. Southern analysis with an Ebp4.2 cDNA probe
showed differences in restriction band patterns between pallid and wild type mice, and studies
on the expression of Epb4.2 in pallid mice revealed mRNAs of abnormal size (White et al.,
1992). Similarly, the undulated (x7) mutation on mouse chromosome two was shown by
candidate gene approaches to be due to a mutation in the Pax I gene. Pax 1 was shown to map
between the B2 microglobulin and the agouti loci on mouse chromosome two, with close
linkage to undulated (Balling et al., 1988). On the basis of the close linkage, Pax I was
suggested as a candidate gene for undulated. Direct sequencing of the Pax I gene in undulated
and wild type mice revealed a point mutation in a highly conserved region, which produced a
Gly to Ser amino acid change (Balling ef al., 1988). This alteration was later shown to cause a
reduction in the DNA binding specificity of Pax I (Chalepakis et al., 1991). Subsequent
studies have shown that undulated extensive (#»*) and undulated short tail (u»°) alleles are also
associated with mutations in Pax I (Balling et al., 1992).

1.6.5) Differences in strategy between man and mouse

Although the techniques used in the actual cloning can be applied equally to man and
mouse, there are certain differences in the initial steps. In man, studies to clone a mutated gene
are initiated by pedigree analysis of disease families. This has some disadvantages. These
families are usually small, and affected individuals sometimes do not breed. Linkage can be
difficult to ascertain with such small sample sizes. Once linkage is established to a
chromosome, markers originating from that chromosome are tested until a closest linkage is
obtained. The construction of the genetic map by this method can be a long and difficult task.
Problems are sometimes encountered where an individual vital to the analysis is dead or
uncooperative. In the mouse, detection of linkage is much easier, as specialised backcrosses can
be set up which segregate the mutant of interest. The large numbers of backcross progeny that
can be generated allows the construction of high resolution linkage maps. However, cytogenetic
analysis plays a much greater role in the cloning of human genes than in the cloning of mouse
genes. New markers can be mapped quickly and efficiently in man by cytogenetic methods.
This is more difficult in the mouse, because of the difficulty in identification of the mouse
chromosomes, which are all acrocentric, and of similar sizes. Once the linkage map has been
constructed, the positional cloning procedures outlined here can be equally applied to both man

and mouse.
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1.7) Somatic cell hybrids

A somatic cell hybrid is a cell line that originates from the fusion of two different cell
types. These may be either intraspecific - two cell types from within the same species
(Ephrussi ef al., 1964) or interspecific - two cell types originating from different species
(Weiss and Ephrussi, 1965, 1966a). Although spontaneous cell fusion in mixed populations
does occur, it is a relatively rare event. Somatic cell hybrids can be formed at greater
frequency, by the use of inactivated Sendai virus (Poste, 1972), or by the use of polyethylene
glycol (PEG) (Portecorvo, 1975). The fusion results from the prior formation of heterokaryon
cells (cells with two nuclei inside one cell membrane) which may fuse to form a stable hybrid
population. The frequency of heterokaryon formation is influenced by the choice of parental
cell types, for instance, cells originating from different inbred strain of mice have been shown
to produce fusion at different frequencies in somatic cell hybrid studies (Minna et al., 1975).
Comparisons of the ability to fuse of cells originating from different species have also been
made (Okada and Tadokoro, 1963). The ratio of parental cell types in the fusion - preferably
1:1 (Klebe et al., 1970: Davidson and Ephrussi, 1970), and the pH of the reaction - optimally
between 7.6 to 8.0 (Croce et al., 1972) and the Ca’ ion and oxygen concentration in the fusion
vessel (Okada, 1969) are also known to be important factors. It has been shown that the cells
most likely to form heterokaryons and subsequently fuse to form hybrids are those which are
undergoing synchronous DNA replication and cell division (Harris er al, 1966). The
mechanism is poorly understood. It has been suggested (Hosaka and Koshi, 1966) that agents
such as inactivated Sendai virus act in four steps by a) adsorbing to the cells, and causing
cellular agglutination, b) causing damage to the cell membrane at the site of adsorption, c)
repair of the damaged sites, leading to interconnecting bridges between the cells d) the
degeneration of the cell membrane between the interconnecting bridges, leading to the
heterokaryon formation (see figure 7). Chemicals such as PEG may act by altering the
properties of the cell membranes. The resulting fusion products are then cultured in selective
media to permit the identification of the hybrid cells (Littlefield, 1964; Davidson and Ephrussi,
1965). The selection is usually on the basis of one parent cell being deficient in a metabolic
enzyme of the salvage pathway. These cells can survive when the medium is supplemented
with all required factors for metabolism, but is unable to grow in media containing agents
which block the regular purine and pyrimidine biosynthesis pathways (Littlefield, 1964).
Selection systems will be discussed in detail in the relevant section. Thus, the only cell types
able to survive are hybrid cells, which have been 'rescued' by the presence of the enzyme from
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Figure 7: -Mechanism of cell fusion (adapted from Giles and Ruddle. 1973)
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the other parent, and the non-deficient parental cell type, which is eventually overgrown in
culture by the hybrid cells. The original cell fusion experiments all used cell types both derived
from long term cultured lines (Scarletta ef al., 1967, Weiss and Green, 1966), but the use of
primary cell lines as the non-deficient parent in the fusion has the advantage that these cell
lines do not thrive in culture, and are quickly lost. Thus, the only cell types that are positively
selected for are those formed from the fusion of the parental cell types (Nabholz ef al., 1969:
Minna et al., 1975). Also, these cell types are easily obtained, with no need for prior cell
culture, and are diploid, with a regular karyotype. The resulting hybrids contain contributions
from both parental genomes, which are both functionally active on the basis of colony
morphology and isozyme activity (Weiss and Ephrussi, 1966b: Scarletta et al., 1967). See

figure 8 for a schematic diagram of the formation of somatic cell hybrids.

It was noted from the earliest experiments that the number of chromosomes in cells
resulting from these fusions was significantly less than expected from the fusion of two cell
lines with known modal chromosome numbers. This was seen to be due to loss of
chromosomes from one species (Ephrussi et al., 1964, Weiss and Ephrussi, 1965, 1966a). The
mechanisms of chromosome loss are unknown, but non-disjunction, endoreplication and
multipolar mitosis have all been suggested (Weiss and Ephrussi, 1966a; Handmaker, 1971).
There are seen to be two patterns of chromosomal segregation a) extremely rapid segregation,
occurring in the first 20 generations, probably in the first few cell divisions (White and
Ephrussi, 1966a; Nabholz et al., 1969), which then ceases, leaving a karyotypically stable cell
population and b) a balanced chromosome complement from both species, with segregation
occurring in a gradual fashion over several hundred generations. It has been noted that in the
case of human : rodent hybrids, segregation occurs according to the first pattern, whereas in
rodent : rodent hybrids, the second pattern is also common (Minna et al., 1974, Minna, 1795).
This may be due to differences in the mechanisms of segregation between the species, as
although non-disjunction has been shown to play a role in segregation of rodent chromosomes,
the same has not been proved for human chromosomes (Handmaker, 1971). Although the
hybrids are karyotypically stable after approximately 20 generations, there is evidence that
somatic cell hybrids may lose some stability in long term culture. Weiss and Green (1966)
discovered that although their panel of human : rodent hybrids showed considerable karyotypic
stability from 20 to 60 generations, after 85 generations, the number of human chromosomes
declined by half, with 10 to 25% of hybrid lines losing all human chromosomes. In general, the
early instability of the karyotype leads to heterogeneity in the hybrid population.
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In the case of rodent : human somatic cell hybrids, the vast majority of lines segregate
human chromosomes (Weiss and Green, 1966; Nabholz et al., 1967), whereas mouse : Chinese
hamster somatic hybrids preferentially segregate mouse chromosomes (Scarletta ef al., 1966).
There are exceptions to this rule, as panels of mouse : human hybrids have been reported
which segregate mouse chromosomes (Weiss et al., 1968, Jami et al., 1971: Minna and Coon,
1974). Similarly, panels of mouse : Chinese hamster hybrids have been reported, which
segregate hamster chromosomes (Handmaker, 1971). The determination of which parent
undergoes segregation without outside intervention is not known. It has been suggested that the
growth rate of the cells may be involved, with an inverse correlation between growth rate and
segregation (Kao and Puck, 1970). This however does not hold for all panels (Handmaker,
1971). In cases where one parent is a primary cell line, the chromosomes of this are always
segregated (Minna et al., 1975). Where it is necessary to use two lines which have been
maintained in long term culture in the fusion, X-irradiation or bromodeoxyuridine (BUdR)
treatment of one parent results in the segregation of chromosomes of that parent. However,

these treatments also lead to chromosomal breakage and rearrangement (Portecorvo, 1971).

If the segregation resulted entirely from mitotic 'accidents', it would be expected that
the segregation of particular chromosomes would be random, with respect to each other. This
is not the case. Norum and Migeon (1974) showed statistically significant alterations in the
frequency of various unselected autosomes in their hybrid panels, and those of others
(Allerdice et al., 1973; Croce et al., 1973). In the panel of Norum and Migeon (1974), the
frequency of the Y chromosome was lowest, which is not unexpected as the human parent
derived from a male, only one Y chromosome was present per cell, although since only 5/51
cells analysed possessed the Y, the effect cannot be entirely attributed to this.. The X
chromosome was present at a higher than expected frequency, as was chromosome 12 (Norum
and Migeon, 1974). This presumably indicates that strong selective pressures are acting on
individual chromosomes in the system. This could be due, in part, to positive or negative
effects on particular gene products (Norum and Migeon, 1974). This effect has also been noted
for mouse chromosome 11, Y (negative selection) and 15 (positive selection) in mouse :

Chinese hamster somatic cell hybrids (Francke ef al., 1977, Kozak and Ruddle, 1977).

1.7.1) Selective systems for somatic cell hybrids

There are principally two methods of identifying hybrid cells from mixed populations
of parental cells and hybrid cells. These are a) methods based on growth characteristics and/or
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colony morphology of the hybrid clones and b) biochemical methods exploiting the sensitivity

of one parental cell to chemicals in the growth medium.

1.7.1a) Hybrid selection by biochemical methods

Selection of hybrid cells in somatic fusion experiments relies upon the availability of
mutations in one cell line which can be complemented by the introduction of a normal gene.
There are many well characterized mutants of this sort available in Chinese hamster cell lines
(reviewed in Puck and Kao, 1982). Some of these mutations are naturally occurring, many
more are created by chemical treatment to knock out specific genes (Kao and Puck, 1974).
Most of these mutants result from deficiencies in enzymes of the metabolic pathways. Mutant
cells can be directly isolated in some cases. One method for this is the growth of mixed
populations of deficient and non-deficient cells in media which will not sustain the growth of
the deficient population. The culture is then treated with chemicals (such as
bromodeoxyuridine (BUdR) which attack only fast growing cells. In this case, subsequent
treatment with visible light kills the fast growing (non-deficient) cells, leaving the deficient
auxotrophic mutant cells, which can be recovered by supplementing the growth media with the
required nutrients (Puck and Kao, 1967). Temperature senstitivity mutations have also been

used as mechanisms of selection (Thompson et al., 1970).

Mutant cells can thrive in culture provided that key products in the deficient enzyme
pathways are provided. For instance, in selective systems relying on aminopterin imposed
blocks on the purine biosynthesis pathways (see figure 9), the cell can synthesize all purines
from IMP (inosine 5' monophosphate) provided all the necessary enzymes and metabolites are
present. Cells in which blocks are imposed for the major IMP to AMP and GMP pathways can
still synthesize guanine and adenine from hypoxanthine, provided hypoxanthine
phosphoribosyltransferase (HPRT) is present, via the salvage pathway (Adams et al., 1986).
Specialized cell culture media have been designed, which allow only the growth of hybrid cells
after fusion experiments. The selective media were designed primarily to isolate hybrid cells
from the fusion products, but because they require the presence of specific enzymes, they also
select for specific chromosomes. Similarly, the systems used to isolate enzyme deficient mutant
cell lines can be used to provide negative selection against specific chromosomes. In the case of
hypoxanthine phosphoribosyltransferase (HPRT), treatment of cell populations with 6-
thioguanine or 8-azaguanine selects for loss of HPRT activity (Szybalski ef al, 1962,
Littlefield, 1964), either by selecting for mutants at the Hprt locus in parental cell lines, or by
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selecting for the loss of the X chromosome in hybrid cells. Similar chemicals exist to provide
negative selection, and isolation of mutant parental cell lines for fusion experiments, in other

systems (Kusano et al., 1971; Chan et al., 1975).

Similar selection systems have been designed to exploit blocks in the purine
biosynthesis pathways (see figure 10) (Chan ef al., 1975; Dechamps et al., 1975). The HPRT
selection system also allows selection of hybrid cells containing the TK gene, as aminopterin

also imposes blocks on the pyrimidine biosynthesis pathways (Littlefield,1964).

1.7.1b) Selective media

HAT selection

HAT medium is composed of Hypoxanthine (10°> M), Aminopterin (3.2 X 10 M) and
Thymidine (10° M) (Littlefield, 1964). The aminopterin in the medium imposes blocks on
purine and pyrimidine biosynthesis, which prevent the de novo synthesis of nucleotides. Wild
type cells can still produce the required nucleotides by the salvage pathways, because the
enzyme Hypoxanthine phosphoribosyltransferase (HPRT) catalyses the reaction from
hypoxanthine to IMP (see figure 11). HPRT cells are unable to catalyze this reaction, and
cannot survive in HAT medium. Similarly, because of the inhibition of dihydrofolate
reductase, cells are unable to form thymidine 5' monophosphate from deoxy uridine 5'
monophosphate, and thus cannot synthesize thymine. Wild type cells can however synthesize
thymine from thymidine in the presence of the enzyme thymidine kinase (TK). TK" cells are
unable to survive in HAT medium. In addition to the blocking agent aminopterin, the medium
supplies the substrates for HPRT (hypoxanthine) and TK (thymidine). Fusions between
TK'/HPRT and TK/HPRT" cells which are subsequently grown in HAT media allow only
the proliferation of cells which possess both of these enzymes. Thus, neither the HPRT cells
or the TK cells are able to survive, whereas the fused hybrid cells are 'rescued' by the
endogenous HPRT or TK gene of the other fusion partner. It is not always necessary to select
against both parental lines by biochemical means. A fusion between a primary cell line which
is HPRT", and a permenent cell line which is HPRT  is much more common. Here again, the
HPRT" cells cannot survive, but the fused cells are rescued, and frequently retain the fast
growing properties of the HPRT" parent. The primary cells grow slowly if at all, and do not
compete effectively with the hybrid cells. The use of HAT medium allows positive selection

for the X chromosome (location of the Hprt gene) and mouse chromosome 11 (location of the
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Tk gene). Methotrexate is occasionally used in place of aminopterin in HAT medium (it has

the same effect), but it is less toxic.

Selective systems exist for chromosomes other than mouse chromosome 11 and the X.

These are summarized in table 1 below.

mouse chromosome Locus positive selection negative selection
2 FPGS glycine, adenosine and -
thymidine deficient
media (Fournier and
Moran, 1982)
8 APRT alanosine and adenine | 2-fluroadenine (Kusano
(Kusano et al., 1971) etal., 1971)
11 TK HAT medium bromo deoxyuridine
(Littlefield, 1964) (Littlefield, 1964)
14 ADOK alanosine, adenosine MMPR (Thacker, 1980).
and uridine (Ruddle and
Creagan, 1975)
X HPRT HAT medium 6-thioguanine, 8-
(Littlefield, 1964) azaguanine (Littlefield,
1964)
unmapped serine hydroxymethylase| glycine deficient media | -
(Jones et al., 1972).
unmapped deoxycytidine HAM medium (Chan et | 5-bromodeoxy cytidine
deaminase al., 1975) (Chan et al., 1975)
unmapped deoxycytidine kinase HAT and deoxycytidine | cytosine arabinoside
(Dechamps et al., 1975)| (Dechamps et al., 1975)
unmapped uridine kinase adenosine and uridine | flurouridine (Medrano
(Medrano and Green, and Green, 1974)
1974)

Table 1:- Mouse chromosomes for which selection systems are available (adapted from Ruddle and
Creagan, 1975

1.7.2) Methods of selecting chromosomes of choice in hybrid cells

The selective media described above provide selection systems for specific

chromosomes. The ability to select for any particular chromosome depends upon the presence

of a selectable marker on that chromosome, or the presence of a translocation involving the
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chromosome of choice, and a chromosome harboring a selectable marker. This imposes
restrictions on the chromosomes which can be specifically isolated in somatic cell hybrids.
However, the presence on the cell surface of antigens can be used as a selective system,
provided a suitable antibody against that antigen can be found (Chu and Powell, 1976). Genes
coding for cell surface antigens are present on all mouse chromosomes, and this provides the
basis of a method to select for any chromosome. This method depends upon the targeting of
cell surface antigens with specific antisera, followed by complement mediated cell death (see
figure 11). The complement cascade forms pores in the cell membranes at the site of the cell
surface antigen (Watson ef al., 1987), leading to cell destruction because osmotic pressure
forces water to enter the cell. The observation that complement mediated cell killing could be
maintained in vitro (Oda and Puck, 1960) lead to the technique being used to map several
antigens to specific chromosomes (Bai ef al., 1982; Goodfellow et al., 1975; Puck et al.,
1971). Much use has been made of this method in the literature for mapping specific antigens,
but the technique has also been applied with equal success to cell selection (Puck et al., 1971).
One requirement for this method is that the antibody can be made species specific. This is
greatly aided by the use of polyclonal antibodies, which may contain recognition sites for
several epitopes of the antigen - in this case, even if reaction occurs in both the parental
strains, the reaction with one strain can be drastically reduced by incubation of the antibody
with a lawn of the cells prior to treatment of the hybrids. This selectively removes any
antibodies from the mix which cross react. In the absence of a suitable polyclonal antibody,
monoclonal antibodies may be used if they are raised in a species close to the target species (S.
Povey, personal communication). Oda and Puck (1960) established conditions to carry out
complement mediated cell death in vitro , which will be further explored in the results section.
It has been shown that the primary effect of the antibody treatment is to drastically reduce cell
growth (Oda and Puck, 1960), so even in the absence of absolute cell death, selection may be
carried out on the basis of the rate of cell growth of the hybrid population. After a single
exposure to antibody and complement, the effects are irreversible (Oda and Puck, 1960; Pious
et al., 1973), this removes the need for expensive continuous culture in the presence of

antibody.
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1.7.3) Characterization of somatic cell hybrids

The chromosome content of each hybrid clone must be assessed before it can be used
for genetic analysis, also, the instability of the hybrid clones leads to the requirement for
repeated characterization following each passage of cell growth Somatic cell hybrids may be
characterized by karyotype analysis, isozyme analysis, or by polymerase chain reaction (PCR)
techniques. Only characterization by DNA markers will be considered here in detail.

1.7.3a) Hybrid characterization by DNA markers

Somatic cell hybrids may also be characterized by correlating the presence of DNA
markers or gene probes which have already been mapped to specific chromosomes with the
chromosomes present in the hybrid clones (Creagan and Ruddle, 1975). This can be achieved
by the detection of genes by using restriction fragment length variation (RFLV) analysis
detected by Southern blotting or by species specific PCR analysis.

The use of the polymerase chain reaction (PCR) to characterize somatic cell hybrids
has certain advantages over Southern blot or isozyme analysis. The procedure requires only
small amounts of material, and is rapid and simple to perform. The technique involves the
species-specific amplification of markers from specific chromosomes. PCR primers can be
designed from untranslated regions of the gene, such as 5” and 3 untranslated regions, and
intron sequences, to minimize cross reaction with the other parental species. Several markers
can be typed per chromosome, which gives a rough estimation of the state of fragmentation of
the chromosomes, provided not all fragments are retained. Panels of human specific (Abbott
and Povey, 1991), and mouse specific (Abbott, 1992) PCR primers have been developed for
use in human : mouse and mouse : Chinese hamster hybrid panels respectively. There also
exists the possibility to test for more than one marker simultaneously in only one PCR reaction
(multiplex PCR). This technique does, however, require alteration of the relative
concentrations the reagents in the reaction (e.g. - primer concentration, MgCl, concentration,
polymerase concentration) to obtain reproducible results, and also has the requirement that all
primer pairs share similar annealing temperatures and ion concentration requirements. This
technique has the disadvantages that it does not identify incidences of fragmentation if all
fragments are retained in the hybrid cell, and also it cannot distinguish rearranged

chromosomes from wild type chromosomes. The requirement for only small amounts of DNA
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does however, mean that DNA supplies last longer, with the result that cells do not have to be
cultured for as long, which reduces the chance of hybrid heterogeneity, and instability.

Hybrid clones can also be characterized by interspersed repetitive sequence PCR (IRS-
PCR) - amplification of a particular chromosome, in a species-specific manner, produces a
characteristic ‘fingerprint’. Hybrid cells can be characterized by direct comparison of the
profile produced by the hybrid, with positive controls (Bicknell et al., 1991; Meese et al.,
1992; Benham et al., 1992), or by the use of the resulting PCR products as FISH probes
(Lichter et al., 1990).

For complete characterization of new panels of somatic cell hybrids, or the
recharacterization of clones following culture, a total estimate of the chromosomal content of
each line can only be gained by a combination of PCR or isozyme analysis, and karyotypic

analysis.

1.7.4) Types and uses of hybrid cells

Hybrid panels constructed as outlined above can be used to provide a rapid means of
mapping new genes and DNA markers to specific chromosomes (Creagan and Ruddle, 1975;
Kozak et al., 1975; Wilson et al., 1987). These means are particularly useful, as they rely
upon the availability of interspecies, rather than intraspecies,variation. New markers are tested
on panels of somatic cell hybrids with defined chromosomal content, each marker is defined as
being either “+” or ‘-’ in each hybrid. The concordance and discordance of the new marker to
each chromosome in the panel is calculated, the new marker will be seen to ‘segregate’ with a
specific chromosome. The number of hybrid lines needed for such analysis is small - in ideal
circumstances, given an optimal distribution of chromosomes in the clone panel, the number of
separate lines is as low as five, for man and mouse, as this would produce 2° (32) individual
combinations of chromosomes, enough to cover each of the chromosomes in man and mouse
(Creagan and Ruddle, 1975). In most cases, more clones are needed, as the distribution of
chromosomes in each clone is not ideal. Although many genes have been mapped in the mouse
by interspecific backcross analysis, somatic cell genetics has allowed the positioning of some
loci on the physical map. The alignment of the two maps will eventually give a complete

picture of the distribution and organization of the mouse genome.
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Somatic cell hybrids have also been widely used in the study of gene expression, by
virtue of the fact that some control mechanism exists in hybrid cells to cause the cessation of
differentiated function in hybrid cells formed by the fusion of a differentiated cell, and an
undifferentiated cell. This phenomenon is known as extinction. Study of extinction in somatic

cell hybrids can elucidate the processes which control gene expression in both man and mouse.

Parasexual methods of generating cell lines which originate from more than one source
are not limited to the fusion of intact cells, hybrid cells can be made by ‘fusing’ cells from one
species with naked DNA or isolated chromosomes from other species (Szybalska and
Szybalski, 1962). Specialized ‘microcell” hybrids can be constructed, which contain single
chromosomes from one species on a background of chromosomes of another species (Fournier
and Ruddle, 1977). One parental cell type can be treated with ionizing radiation prior to the
fusion, yielding hybrids with only fragments from one species on a background of the other
species (Goss and Harris, 1975). Finally, hybrid cells can be constructed from cell lines
carrying chromosomal rearrangements (Kline et al., 1992). Each of these hybrid types has
defined uses, which will be outlined later.

1.7.5) Somatic cell hybrids constructed with cell lines carrying translocations or deletions

Cell lines carrying chromosomal rearrangements in somatic fusion studies can be used
to generate panels of somatic cell hybrids which can be used to define specific regions of the
genome. For instance, a panel of somatic cell hybrids was constructed from individuals with
specific rearrangements of chromosome 18 (Kline er al., 1992). Cells from each individual
were removed and transformed, and fused to a Chinese hamster cell line carrying a temperature
sensitivity mutation (the cells were inviable at temperatures of 39 degrees or above, Cirullo et
al., 1983). The resulting hybrid clones were cytogenetically analyzed, and were shown to

contain a range of deletions (Kline ef al., 1992).

Cell lines carrying reciprocal translocations to 17 or the X are useful for the creation
of hybrid cells in which other chromosomes can be positively selected for, without the need for
further specialized selection systems (Solomon ef al., 1976). Any chromosome involved in a
translocation with a chromosome carrying a selectable marker can also be fixed in a hybrid
population. These cell lines are of use in aligning the genetic and physical maps of particular
chromosomes, as the genetic map is subject to interference from recombination hotspots and

transmission distortion (see earlier sections). Genes can be assigned map positions with respect
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to the chromosomal breakpoints involved in the translocation (as demonstrated by Searle et al.,
1979, in their studies of the colinearity of mouse chromosome two), this map can then be used
to construct fixed reference points on the genetic map. Somatic cell hybrid panels constructed

from translocation cell lines can be used as a means of defining small regions of the genome.
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1.8) Repetitive elements in the mouse genome

The genome of higher eukaryotes is not comprised solely of coding DNA. Early DNA
reassociation experiments have shown there to be three basic classes of DNA sequences, which
have different frequencies and distributions in the genome, as well as different functions. DNA
was disassociated, and the single strands were reassociated under appropriate conditions
(Britten and Kohne, 1968). There is a highly repeated fraction, which reanneals the most
rapidly, (Cot 1/2 = 0.03), comprised of the major and minor satellite units, a moderately
repeated fraction comprised of numerous families of diverse repetitive elements and a single

copy fraction which reanneals slowly (Cot 1/2 = 3000) comprised of the coding sequences.

1.8.1) The moderately repeated DNA fraction

The moderately repeated fraction consists of the dispersed repetitive elements. These
repeat units can vary from around 150 bp up to 7 kb. The shorter units are referred to as Short
Interspersed Repetitive Elements (SINES), and the larger examples as Long Interspersed
Repetitive Elements (LINES).

In the mouse, the major SINES are the Bl and B2 elements (present at 130,000 -
180,000 and 80,000 - 100,000 copies per genome respectively) and the major LINE is the L1
element (truncated forms are present at 100,000 copies per genome, full length copies at
10,000 copies per genome). It has been postulated (Jagadeeswaran et al., 1981; Sharp, 1983)
that these repeats arose by reverse transcription of RNA species followed by insertion into the
genome. The B1 repeat is homologous to parts of the 7SL RNA, whilst the B2 repeat is similar
to the lysine tRNA. Figure 12 illustrates the organization of the mouse B1, B2 and L1 repeats.

It is now also generally accepted that LINE elements derive from retroposons. It would
appear that not all of the LINE elements in the mouse genome have the ability to
retrotranspose, as reflected by the small number of sequence variants in the family. It has been
postulated that only a small fraction have this ability (Edgell, 1994).
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1.8.1a) The distribution of SINES and LINES in the genome

The composition of chromosomes is not uniform along their length. Differences exist
in base composition (De la Chapelle et al., 1973), replication timing (Goldman ef al., 1984;
Somssich et al., 1981), and the distribution of genes (Saccone et al., 1992) and CpG islands
(Burminster ef al., 1988). This heterogeneity of chromosome structure is manifested as
chromosome banding patterns as visualized by several techniques, such as G, C, R, Q and T
banding (Comings, 1978; Bickmore and Sumner, 1989, Craig and Bickmore, 1993).
Chromosome bands are a manifestation of underlying structure differences along the
chromosome. Banding techniques which rely on the same aspect of chromosome structure,
such as Giemsa and Quinacrine banding, produce almost identical banding patterns. In
addition, meiotic chromosomes also show transverse banding patterns (Ambros and Sumner,
1987). The number of bands produced is dependent on the degree of condensation of the
chromosomes. The number of bands varies from around 300 to 800 bands as visualized on
condensed metaphase chromosomes to around 2000 bands as seen on elongated prophase

chromosomes (Yunis, 1981).

The segregation of SINES and LINES to different chromosome bands has been noted
in the mouse genome (Soriano et al., 1983; Boyle et al., 1990). In situ hybridization of L1, B1
and B2 probes to mouse metaphase spreads reveals that the LINE sequences are present in the
A+T rich, late replicating, light isochore fraction, producing a banding pattern highly
suggestive of that produced by Giemsa (G) banding. There are exceptions, as reflected by the
X chromosome, which exhibits no clear cut banding, showing heavy hybridization along its
length (Boyle et al., 1990). In this case, the exclusion of LINE sequences is less obvious, and it
may prove that at least in the case of the X, SINE and LINE sequences are not always entirely
mutually exclusive (Boyle ef al., 1990). The existence of an L1 sequence 'island' has also been
reported on the mouse X chromosome (Nasir ef al., 1990; 1991). The intensities of the banding
pattern produced by the L1 probe are also increased on mouse chromosome 7, indicating a
high number of LINE sequences on this chromosome (Boyle et al., 1990). The pattern
produced by hybridization of the B2 probe to mouse metaphase spreads is very similar to that
produced by Reverse (R) banding, except that chromosome 11 shows extreme banding,
indicating that it is a rich source of B2 sequences (Boyle et al., 1990). The pattern produced
by the B1 probe is also reflective of R banding, although this is less clear-cut than the
hybridization pattern for the B2 repeat. This may indicate that the distribution of the B1 repeat
is closer to random than that of either the L1 or the B2 repeat (Boyle et al., 1990).
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1.8.2) Simple sequence repeats

There exists another distinct class of repeats in the mouse genome. These are
composed of tandemly repeated tracts of two, three or four nucleotides. These are termed
Simple Sequence Repeats (SSRs) or microsatellite repeats. This type of repeat was first
identified by Miesfeld er al. (1981), when a tract of altemating G and T nucleotides was
discovered in a region of mouse DNA that hybridised to the B Globin gene cluster. They
carried out studies to determine if this sequence was conserved in other species. DNA
hybridisation experiments revealed that similar repeats were present in the DNA of species as
widely diverse as human, mouse, pigeon, Xenopus and Drosophila. Dinucleotide repeats have
been shown to form the Z-DNA conformation in vitro under certain conditions (Hamada et al.,
1982). and to form four stranded complexes, even in the absence of any exogenous protein.
The formation of these structures manifests as a decrease in mobility during electrophoresis.
The structure of the complex was determined by electron microscopy (Gaillard and Strauss,
1994). Trinucleotide repeats have also been shown to be a preferential site for nucleosome
assembly in the myotonic dystrophy gene. It has been suggested that tracts of CAG repeats

may serve to repress transcription (Wang ef al., 1994).

1.8.2a) The evolution and distribution of Simple sequence repeats

Stallings ef al. (1991) reviewed the distribution and evolution of (GT)n repeats in
mammalian genomes. This confirmed the finding that simple sequence repeats were common in
the genome of all eukaryotic cells, although they are more common in the genomes of mouse
and human (100,000 copies and 50,000 copies per genome respectively) than they are in the
genome of lower eukaryotes such as the yeast Saccharomyces cerevisiae (of the order of 100
copies). This may reflect the greater complexity of the genomes of the higher organisms. The
group then carried out studies on the distribution of (CA)n repeats in approximately 3,700
human specific cosmids from a mouse : human somatic cell hybrid containing human
chromosome 16. A combination of grid and Southern blot analysis led them to conclude that
63% of the human clones contain a (CA)n repeat (from this they calculated the average
spacing of (CA)n repeats in the human genome as one (CA)n repeat approximately every 30 kb
). They were able to estimate the percentage for the mouse genome also from this library, as

they had access to a large number of mouse clones by virtue of the fact that the somatic cell
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hybrid was on a mouse background. The percentage was found to be significantly higher for
the mouse, 77.8% on grid hybridization alone. Human clones that were positive for
heterochromatin were found to contain fewer repeats. From the results of Stallings et
al.(1991), it was concluded that the average spacing of repeats in the human genome was one
repeat every 28 kb, a figure comparing favourably with the experimental data. The figure for
mice was estimated as one repeat every 18 kb, confirming the observation that (CA)n repeats
are more common in the murine genome than they are in the human genome. Examination of
the distribution and frequency of different types of trinucleotide repeat in the mouse genome
reveals that the distribution of these repeats is not entirely random. Analysis of the positions of
trinucleotide repeats in sequences submitted to the GenBank database show that in the mouse,
(CAG)n and (CCA)n repeats were the most common (Stallings, 1994). (TAC)n, (GGC)n and
(ATG)n repeats were found to be rare in the mouse genome (Stallings, 1994). Striking
differences in the distributions of these repeats were also revealed. Despite their high frequency
in the mouse genome, (CAG)n repeats were found to be entirely excluded from intron
sequences, in a strand specific manner, as no reduction in the numbers of (CTG)n repeats (the
opposite strand version of (CAG)n) was noted in introns. This implies that (CAG)n repeats are
underrepresented in the hnRNA population of the cells (Stallings, 1994). The lack of (CAG)n
repeats in intron sequences might be explained by the similarity of this repeat unit to the 3'
consensus splice site CAGG. Some exclusion of (GGC)n repeats from intron sequences was
also noted, although these repeats did prove to be biased towards 5' untranslated sequences
(Stallings, 1994). No exclusion of any other type of repeat from intron sequences was noted. It
appears that in the mouse, A rich simple sequence repeats occur commonly as tandem
variations in the poly-A tract of SINE repeats. An association between SINE repeats and a
proportion of (CA)n microsatellites has been noted in the pig (Wilke et al., 1994) and the rat
(Beckman and Weber, 1992). In man, no apparent bias of repeats to any particular region was
found (Stallings et al, 1991). The distribution and frequency of trinucleotide and
tetranucleotide repeats in humans has also been studied by Edwards et al. (1991). The group
studied the trinucleotide repeats (AAT)n and (CAG)n and the tetranucleotide repeats
(AAGG)n, (AATG)n, (ACTC)n, (ACAG)n and (AGAT)n in a sample of unrelated blood
donors representing four ethnic groups. It was concluded that of the classes tested, repeats are
found in all regions of the genome, although tetranucleotide repeats are not found in coding
regions. Analysis of the database suggests an overall frequency of 400,000 copies per genome,
or one repeat every 10 kb for all possible forms of trinucleotide and tetranucleotide repeat in
man. The study of human microsatellites reveals that in closely related species such as man

and chimp some conservation of the location of the repeats was seen (Stallings ez al, 1991). No



72

conservation of position has been seen between mouse and man, or mouse and rat.(Stallings et

al, 1991).

Tautz and Renz (1984) carried out similar surveys on other forms of simple sequence
repeats, (CA)n, (GA)n (A)n, and (G)n. DNA from diverse organisms was tested for
hybridisation to probes corresponding to these repeat sequences, and also to a probe for the
trinucleotide repeat (CAG)n. It was found that all these simple sequence repeats were
represented to varying degrees in the genomes of all organisms studied (human, Drosophila,

sea urchin, yeast, and the protozoan Stylonychia).

1.8.2b) Some Simple Sequence repeats have non random chromosomal distributions

Some simple sequence repeat units appear to be confined to specific regions of the
chromosome. Nanda et al. (1990) determined the distribution of the repeats (GACA)n,
(TCC)n, (CAC)n and (GATA)n. In situ hybridisation experiments were carried out with
biotinylated probes to determine the organisation of the repeats on the chromosome. Surprising
heterogeneities in the distribution of (GACA)n were found, in humans. This repeat appeared to
map to the D and G chromosomes, the position of the nucleolus organiser regions, as well as to
dispersed regions of the chromosomes. The hybridization sites corresponded with the rDNA
positions of the NOR sites in a variety of primate species. Similar experiments were also
carried out in the mouse. There are many (GACA)n repeats on the mouse Y chromosome (in
contrast to humans) and mouse chromosome 17. A regular male specific pattem of
hybridisation is observed with both the (GATA)n and(GACA)n probes for C3H mice, but this
is not a constant feature in all mouse strains. There appears , however to be no hybridisation to
the NOR bearing chromosomes. The hybridisation profile for the trimeric repeats appears to be

more or less random (Nanda et al., 1990).
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1.8.2¢) Simple sequence repeats are hi olymorphic

Shortly after it became known that simple sequence repeats were a ubiquitous feature
of eukaryotic genomes, it was suggested that they might exhibit hypervariability. Levinson and
Gutman (1987) suggested that slipped-strand mispairing might be a mechanism for generating
polymorphism. This involves the faulty alignment of homologous sequences containing
repetitive elements in the genome during DNA replication, to produce copies that have
additional repeat units, and copies that are deleted by a corresponding amount. Evidence for
this has been found by looking at the behaviour of synthetic oligomers, and also by observation
of tandemly repeated moieties in the bacterial genome. Levinson and Gutman (1987) carried
out experiments to examine frameshift mutations occurring in (CA)n repeat tract. These
experiments determined that each frameshift was an independent effect. In all cases, these
frameshifts originated from the loss or gain of an integral number of nucleotides (i.e. by two,
or a multiple of two nucleotides). The distribution of frameshifts was seen to be biased towards
the deletion or duplication of a single (CA)n repeat. The occurrence of frameshifts was seen to
be a function of the length of the repeat unit - longer repeats appear to be rearranged more

frequently (Levinson and Gutman, 1987).

Tautz (1989) examined whether simple sequence repeats were hypervariable. The
species studied were human, Drosophila melanogaster and whale. Specific primers were
designed which flanked the (CAG)n repeat in the Drosophila Notch gene, the (CA)n repeat in
the intergenic region of the human & and B globin genes, and a randomly isolated DNA clone
containing a (CT)n dinucleotide stretch from the long finned pilot whale Globicephala
malaena. Eleven independent Drosophila lines were analysed, and hypervarability of the
repeat unit was observed. In humans, individuals from a three generation family, as well as
unrelated individuals were tested. Hypervariability was observed, and observation of the allele
distribution patterns in the family proved that the alleles were inherited in Mendelian fashion.
The results from the long finned pilot whale proved that random cloned sections are also

hypervariable.

Litt and Luty (1989) examined a (CA)n repeat in the fourth intron of the human
cardiac actin gene. DNA was taken from 37 unrelated individuals, and also in three families

with a total of 24 children. Again, hypervariability was observed. A total of 12 different alleles
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was detected, and Mendelian co-dominant inheritance of five alleles was seen in the families.
All allelic fragments contained even numbers of added or deleted nucleotides. It was postulated
that the mechanism of polymorphism may be by unequal exchange during meiosis, or by
slippage during DNA replication. Investigations of the variability of (CA)n repeats in the
human genome were also carried out by Weber and May (1989). The frequency of(CA)n
repeat tracts in the genome was estimated from the Genbank database. (CA)n repeat containing
fragments were also specifically cloned from a chromosome 19 specific library, in order to
determine the degree of variation of these repeats in the population. The number and sizes of
alleles was determined by analysis of DNAs from many ethnic groups. Estimates of
Polymorphism information content (PIC) were calculated. This was shown to vary between
repeat elements, from values of 0.31 to 0.79, averaging around 0.55. Again, analysis of four
three generation families showed these alleles to be inherited in a stable co-dominant fashion,
concordant with Mendelian laws. To determine whether trinucleotide and tetranucleotide
repeats also exhibited hypervariability, Edwards, ef al. (1991) extracted DNA from blood
samples taken from individuals of four large ethnic groups. Genotypes for the four groups
were constructed from multiplex PCR with markers for a variety of tri and tetranucleotide
repeats. Eighteen simple sequence repeat loci were analysed. Over half of these loci were found
to be polymorphic, and for these, stable Mendelian inheritance was observed. There were
marked differences between the four ethnic groups (White, Black, Hispanic and Asian) in
heterozygosities and allele frequencies. Recently, it has been observed that the GC rich
trinucleotide repeats are more variable than other microsatellite repeats. The stability of the
repeat seems to be correlated with the repeat length, as small repeats are not as unstable. There
are four basic forms of these repeats (Kuhl and Caskey, 1993). The trinucleotides with the
smallest copy number are not variable. There is a second class of repeats of slightly longer
length which are polymorphic but are stable between generations. The third class is those still
larger repeats which are more variable. The fourth class includes repeats with vastly amplified
copy numbers. Some of these repeats change in length by passing through a single meiosis. In
certain human diseases this instability affects mitoses as well as meioses, resulting in
individuals with different allele lengths at these loci in different tissue types, and even in

different cells of the same tissue type. The cause of the unstability is not known.

Abbott and Chambers (1994) analysed (CAG)n trinucleotide repeats for evidence of
repeat expansion in the mouse. This has been shown to be a new form of disease causing
mutation in man. PCR primers were designed, which flanked sites known to contain (CAG)n

repeats. The primers were then used to amplify DNA from different strains of mice. No
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evidence for expansion of trinucleotide repeats, as indicated by 'smearing' of PCR products,

was noted.

The mechanism by which microsatellite length variation arises is unclear. Three
mechanisms have been suggested : unequal sister chromatid exchange, slippage during
replication, and gene conversion events (Smith, 1976, Schlotterer and Tautz, 1990; Tchida and
lizuka, 1992). It has been shown that unequal exchange does not provide a strong mechanism
for the generation of diversity in other forms of tandem repeats, such as minisatellites (Jeffreys
et al., 1994). Unequal exchange would be expected to produce equal numbers of deleted and
duplicated alleles in minisatellites. However, an excess of duplication events is noted (Jeffreys
et al., 1994). Further evidence which suggests the generation of polymorphism in minisatellite
repeats is not due to unequal exchange is demonstrated by the observation that polymorphic
loci flanking repeat units show no evidence of unequal exchange (Jeffreys et al., 1994). The
model of Stephan and Cho (1994), for the generation of length variation in microsatellites,
suggests that repeat length is influenced by the recombination rate. Recombination dependent
mechanisms, such as unequal exchange, would be expected to produce long, heterogeneous
repeats in areas of low recombination; however, there is some evidence to suggest that
microsatellites may occur with equal frequency in areas of both high and low recombination, as
reflected by their more or less random distribution (Stallings et al., 1991). However, since
there is so little information on areas of high and low recombination independent of
microsatellite distribution, this is difficult to prove. Repeat units are often interrupted by other
microsatellite sequences, or by random sequences (Stephan and Cho, 1994). This suggests that
long range forces, such as unequal exchange, leading to homogeneity of repeat unit, are not
acting on microsatellites. In addition, unequal crossing over is expected to occur with low
frequency in members of families which are interspersed with other sequences (Dover, 1982).
Slipped strand mispairing mechanisms are more likely to influence the structure of
microsatellites. Experiments show that microsatellites evolve and change in length by
replication slippage, when amplified in vitro, producing repeats of analogous structure and
characteristics to those seen in vivo (Schlotterer and Tautz, 1990). Variation in simple
sequence repeats may also be due to a similar mechanism to that which is occuring in the
evolution of minisatellite repeats. This is more likely to be due to gene conversion events

(Jeffreys et al., 1994; Richards and Sutherland, 1994).
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1.8.2d) The use of microsatellite based markers for gene cloning

The polymorphic nature of simple sequence repeats makes them excellent genetic
markers. Microsatellite markers have been of much use in the cloning of both polygenic and
single gene disorders. The use of PCR based microsatellite markers has provided a useful tool
to investigate diseases under the control of many genes. Before microsatellite markers were
widely available, the marker density of the genetic map was such that linkage of polygenic
conditions to specific chromosomal regions was fairly difficult. The large numbers of
microsatellite markers has allowed the analysis of polygenic conditions by exclusion mapping.
This technique was recently used to analyze the polygenic control of autoimmune diabetes in
the mouse (Ghosh et al., 1993). Genes involved in this condition in the mouse have been
associated with five chromosomes (1, 3, 9, 11 and17). A large of microsatellite based markers
were analyzed for linkage to this disorder by the use of backcrosses, and allowed the exclusion
of the entire mouse genome, except for small regions on chromosomes 1, 3, 9, 11 and 17. A
total of ten loci on these chromosomes have been associated with the inheritance of diabetes in

non-obese mice (Ghosh et al., 1993).
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1.9) The development of new molecular markers for mouse

chromosome two

In 1991, when the study was commenced, the genetic map of mouse chromosome two
consisted of a very limited number of molecular markers, clustered mostly in the central
portion of the chromosome. The distal end of the chromosome containing ragged and wasted
was especially underrepresented. The correlation of the physical map with the genetic map was
also poorly defined because of the sparsity of markers. Given the state of affairs, it would be
impractical to contemplate positional cloning of mutant genes. This was particularly true for
ragged and wasted as there was no closely linked distal flanking marker. Cloning by candidate
gene approaches was similarly hindered because of this lack of molecular markers. If the
marker density of the map were increased, it would raise increase the probability that mutant
genes could be cloned by positional cloning techniques. Similarly, an increase in the number of
molecular markers would increase the value of using irradiation fusion gene transfer (IFGT)
hybrid panels to define the physical map of the chromosome. Once characterized, these IFGT

panels could be used as a source of additional markers for specific regions of the chromosome.

Thus, in the first instance, the aim of the project was the generation of new molecular
markers for the whole of the chromosome, with a specific focus on the generation of markers

mapping to distal mouse chromosome two.

A number of methods have been devised for generating chromosome specific libraries.
These include: the use of somatic cell hybrids (described in detail below), flow sorted
chromosomes (an approach which has had only limited success because of the uniformity in of
mouse chromosome size), and microdissection of specific chromosomes or chromosome

regions.

1.9.1) Isolation of chromosome specific libraries using somatic cell hybrids

As interspecific somatic cell hybrids tend to lose chromosomes from one or other of
the two species used in the construction of the hybrids, it is possible to establish cell lines that
retail single chromosomes of one species, on a genetic background of the other species. A

number of techniques can be used to isolate either chromosomal specific clones or segments.
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1.9.1a) Hybridization based methods for isolating chromosome specific clones

New DNA markers for specific chromosomes or chromosome regions can be generated
by the construction of genomic libraries from sources such as monochromosomal somatic cell
hybrids, IFGT hybrids, or microcell hybrids. For the generation of new chromosome specific
mouse markers, libraries can be made from mouse:hamster monochromosomal hybrid lines.
Because the hybrid cells contain the entire complement of hamster chromosomes in addition to
the single mouse chromosome, the majority of clones produced will be derived from the
hamster genome. The mouse clones can be identified using abundant species specific repetitive
elements as probe (e.g. specifically designed oligonucleotides, or total mouse DNA with an
appropriate competitor). Once identified, these mouse specific genomic clones can be screened
with tissue specific cDNA libraries to ascertain whether they encode functional genes
(Hochgeshwender et al., 1989).

1.9.1b)Interspersed repetitive sequence polymerase chain reaction (IRS-PCR)

This technique allows the isolation of DNA fragments in a species specific manner,
from the amplification of sequences between interspersed repetitive elements. These repetitive
elements must be positioned in opposite orientations, within a suitable distance for PCR
amplification (Nelson ef al., 1989). No knowledge of the DNA sequences located between the
repeats is necessary for their isolation (see figure 13). PCR primers are designed from regions
of the repeat unit showing the least interspecies conservation. Under stringent conditions,
amplification of DNA from one species only is obtained. DNA from complex sources produces
a smear of bands, but if the simplicity of the template is increased, by the used of prior
restriction digestion of the template DNA (restricted A/u-PCR) (Guzetta et al, 1991), or by the
use of hybrid clones containing limited numbers of chromosomes from one species (Cotter et
al., 1990; Herman et al., 1991), the amplification yields a number of discrete bands, which can
be isolated and cloned. Preliminary chromosomal locations can be assigned to IRS-PCR
products by ‘fingerprinting’ experiments (i.e., the amplification of DNAs from a hybrid
containing an intact chromosome or a hybrid containing only fragments of that chromosome).
This will either confirm or exclude the location of the PCR product from that region dependent

on the presence or absence of a shared band (Nelson er al., 1989).

IRS-PCR primers have been developed to utilize the presence of Alu (Nelson et al.,
1989), and LINE repeats (Ledbetter et al., 1990) in man. Primers have also been developed for
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the 3° ends of the B1 and B2 repeats (Simmler et al., 1991), and the 3’ end of the L1md repeat
(Irving and Brown, 1990) in the mouse. The 3’ end is often the position of choice for the
design of primers, as it is constant within species, but shows considerable interspecies

variation, allowing species specific amplification (Irving and Brown, 1990).

1.9.1¢) Interspersed repetitive sequence bubble PCR

One of the drawbacks of IRS-PCR is the requirement of repeat sequences to conform
to certain conditions for amplification to occur - the repeat elements must be in the correct
orientation, and also within an amplifiable distance on the chromosome. However, there is
considerable evidence that the distribution of these repeats is not random on chromosomes -
most SINE and LINE repeats are confined to different chromosome bands (Korenberg and
Rykowski, 1988; Boyle ef al., 1990). In addition, evidence is also available which suggests
that the orientation of these repeat units is not random - the orientation is strongly biased in
favor of tandem arrays of repeat elements, particularly in cases where the repeat units are in
close proximity to each other (Moyzis et al., 1989). This leads to underrepresentation of
certain regions of the genome in panels of markers generated by IRS PCR. Also, this reduces
the total number of new markers that can be generated from a given chromosomal region by

conventional IRS-PCR.

A recent technique which can circumvent some of these problems is interspersed
repetitive element bubble PCR (IRE-bubble PCR). This technology is an adaptation of a
technique originally developed for the isolation of end probes from yeast artificial chromosome
clones (Riley et al., 1990). Genomic DNA is first digested with a restriction enzyme, to
generate fragments in the correct size range. Digested DNA is then ligated to a specialized
‘vectorette’ composed of two 50 bp oligonucleotides which have complementary 3* and 5’
ends, but an uncomplementary center section. This yields a ‘bubble’ structure. Amplification is
then carried out using one primer specific to a repeat element, and another specific to the
‘bubble’ section of the vectorette (see figure 14). Amplified fragments can be excised from the
vectorette by digestion at the inbuilt restriction site, and cloning into a suitable plasmid for
propagation and sequencing (Hunter ef al., 1993; Munroe et al., 1994). This technique allows
the cloning of sequences flanking all repeat elements, regardless of orientation or distribution.
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1.9.1d) Mapping of IRS-PCR and IRS-bubble PCR

New markers produced by these methods can in some cases be mapped directly by
Southern blot analysis of backcross animals in the mouse, in the absence of internal repetitive
segments. Polymorphism is generated by differences in the arrangement and distribution of
interspersed repetitive elements on the Mus musculus and Mus spretus chromosomes (Cox et
al., 1991; Rikke and Hardies, 1991). The hybridization must be carried out in the presence of
unlabelled mouse DNA, to reduce the signal due to the repetitive nature of the ends of

fragments.

Alternatively, IRS-PCR products can be cloned, and sequenced. This technique
removes problems caused by the repetitive nature of the clones, and allows screening for
microsatellite sequences, and putative CpG islands. PCR primers can be developed to identify
variation between species either from length differences of internal microsatellites (Cornall et
al., 1991), restriction fragment length variants (RFLVs) (Cole er al., 1991), or the
identification of single base pair changes by single stranded conformation polymorphisms
(SSCPs) (Spinardi et al., 1991). IRS-PCR products can also be mapped by direct visualization
of their location by fluorescent in situ hybridization (FISH) analysis (Lichter et al., 1990,
Monaco et al., 1991).

1.9.2) Differences in the organization of clones produced by IRS-PCR, IRS-bubble PCR
and hybridization based techniques

The methods outlined above generate fragments which have different characteristics.
Markers generated by the hybridization based method of Hochgeshwender (1989) (see section
1.9.2a) are identified by their repetitive content, and have a high content of interspersed
repeats, such as L1 and B2. Markers identified by hybridization based techniques are usually
of the order of 6 or 7 kilobases (although this is dependent on the choice of vector), and so
should also contain fairly large amounts of single copy DNA. Markers generated by IRS-PCR
or IRS-bubble PCR are smaller, usually ranging up to approximately 3 kilobases. The size of
the fragments produced is dependent on the separation of the repeat elements in the genome,
and on the limits imposed by the amplification. IRS-bubble PCR fragments are smaller than
those produced by IRS-PCR (Hunter et al., 1993; Munroe et al., 1994), because only one
repetitive element is needed. The size of markers produced by IRS-bubble PCR is also
dependent upon the fragment size produced by restriction digestion, and the position of the
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repeat unit in relation to the end of the fragment. Fragments produced by the three methods
also exhibit differences in the types and distributions of repetitive elements. Although the
fragments produced by hybridization based techniques also contain large amounts of repetitive
DNA, the fragments produced by IRS-PCR and IRS-bubble PCR contain, by nature, highly
repetitive ends, as well as any internal repeats. The markers produce by IRS-bubble PCR
might be expected to give fewer problems with repetitive sequences than IRS-PCR clones,

since only one end is repetitive.

The distribution of fragments produced on the chromosome may also be different
across the techniques, because of the differences in the distribution of the different repeat
clements. Due to the clustering of different types of interspersed repeats in different
chromosome bands (Korenberg and Rykowski, 1988; Boyle ef al., 1990), fragments derived
from L1 and B2 amplifications have a non-random distribution, whereas the fragments derived
from hybridization based experiments may be expected to show a more random distribution,
because they are derived from all types of interspersed repetitive element (when the distribution
of L1 and B2 repeats is viewed together, their distribution is more or less random). If markers
produced by IRS-PCR or IRS-bubble PCR can be mapped by their direct use as probes on
Southern blots of interspecific backcross DNAs, this may circumvent problems with areas of
the genome which are difficult to clone (which will be underrepresented in markers isolated

from genomic libraries).

IRS-PCR and IRS-bubble PCR produces pools of fragments, which need to be
subcloned, or isolated by other means in order for them to be sequenced. Markers produced by
hybridization based methods are large, and may require subcloning to reduce the size of the

insert, but they are composed of single fragments, except in cases of chimerism.

1.9.3) Experimental strategy

For the purposes of this study, new molecular markers were generated by two methods
- I) IRS-PCR to allow species specific amplification of mouse fragments from a series of
monochromosomal and microcell hybrids (Nelson er al., 1989) and II) IRS-bubble PCR
techniques to isolate fragments from regions of the genome in which IRS-PCR is not effective
(Hunter et al., 1993; Munroe et al., 1994).
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The choice of cell lines was based upon the fact that at the time of commencement of
the study, no clones were available which contained smaller fragments of mouse chromosome
two, such as irradiation-fusion gene transfer (IFGT) hybrid panels. The relative paucity of
molecular markers with which to characterize new clones developed by this process, ruled out
the construction of such a panel at this stage. The addition of large numbers of DNA markers
to the map by the MIT laboratories has now made the construction of IFGT panels a more

attractive proposition. The most appropriate cell lines were :-

a) the EBS18Az cell line (the kind gift of Dr. P. Lalley), which is essentially
monochromosomal for the whole of mouse chromosome two, with the exception of a small
fragment of proximal chromosome 15 (P. Lalley, personal communication) and a fragment of
the Y chromosome which is undetectable by cytogenetic methods (A. J. Pilz, personal

communication).

b) the microcell hybrid lines ABm 5, 7 and 11 (the kind gift of Dr. K. Fournier). These hybrids
contain only mouse chromosome two. ABm 7 contains the proximal region of mouse
chromosome two only, as determined by cytogenetic analysis (Fournier and Moran, 1980) and
PCR analysis (N. Ray, personal communication). ABm 5 and 11 contain the majority of
mouse chromosome two, although there may be some fragmentation and rearrangement

(Fournier and Moran, 1980; C. Abbott and A. Pilz, personal communication).

New molecular markers were produced from the above hybrid lines, by either IRS-
PCR or IRS-bubble PCR, and mapped by interspecific backcross, following the design of PCR
primers. The efficiency of cloning inter-repeat sequences directly from pooled IRS-PCR
products was compared with methods requiring their prior isolation and reamplification (see
figure 15). Different methods of detecting variation (microsatellite analysis, RFLV analysis
and SSCP analysis) between Mus musculus and Mus spretus were compared, and also any
differences in the distributions of markers deriving from L1, B2 or L1/B2 IRS-PCR, and IRS-
bubble PCR with a B2 primer were evaluated.

1.9.4) The generation of two new panels of somatic cell hybrids carrying different

translocations of mouse chromosome two.

Somatic cell hybrids constructed from cell lines carrying reciprocal translocations have

many uses in genetics. These hybrid cell lines allow the physical separation of two halves of a
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specific chromosome into different cells. This has uses in the‘alignment of genetic and physical
maps, as outlined below, and also in the physical isolation of chromosomal regions. For
example, the distal region of mouse chromosome two is the location of several developmental
genes of interest, including ragged (Ra), wasted (wst) and lethal spotting (/s). The construction
of these hybrid lines would allow the preliminary location of markers, without the need for
lengthy interspecific backcross analysis, which need therefore be carried out only on markers
which map to the required region, on the basis of analysis of the hybrid clones. These hybrid
panels would in addition provide a valuable resource for the isolation of new markers from this
region - for instance, markers generated from this region by IRS-PCR would give a shared
band from amplification of clones containing the short translocation product of T2Wa, and the
long translocation product of T28H (see figure 16). The construction of hybrid panels would
also make possible the alignment of the genetic and physical maps of mouse chromosome two
in this region, with the aim of defining more precisely the location of ragged and wasted with
respect to the translocation breakpoints. Finally, the construction of these hybrid panels would
provide a means of examining the distal imprinting region of mouse chromosome two, which

would facilitate the identification of the gene or genes involved.

Two panels of somatic cell hybrids were constructed, one from spleen cells of mice
carrying the T2Wa translocation, and one from spleen cells of mice carrying the T28H
translocation, on a common background of the Chinese hamster cell line V79TOR2 (the kind
gift of Dr. J. Thacker). Stability of hybrid clones has been seen to be a problem with somatic
cell hybrids, especially in long term culture (Weiss and Green, 1966). Mouse : Chinese
hamster somatic cell hybrids have been shown to be unstable and prone to fragmentation in our
laboratory (A. J. Pilz, personal communication), in hybrid lines constructed from translocation
carrier mouse parent cells fused to the Chinese hamster cell line A23. The cell line V79TOR2
(Thacker, 1980) has been shown to confer some stability to mouse : hamster hybrid lines
constructed from it (Y. Boyd, unpublished results). Therefore, this was the cell line of choice
for the Chinese hamster parent. Individual clones from the fusion were grown to large scale
culture, and characterized by PCR using the primer pairs of Abbott (1992) and Dietrich et al.
(1992).

As an additional strategy, in the event of inadequate segregation, subcloning
techniques were developed. Clones showing evidence of heterogeneity for mouse chromosome

two, as determined by variation in intensity of PCR intensity for markers on mouse
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chromosome two, were analyzed firstly for the presence of intact translocation products, and
then subcloned by serial dilutions until an average of one cell per well was present on a
microtitre plate. Individual colonies were grown up, and characterized for the presence of
mouse chromosome two, by species specific PCR. As an alternative method, forced
segregation was carried out by the use of an antibody specific to a cell surface antigen coded
for by a gene on the proximal portion of mouse chromosome two. Conditions were derived for

complement mediated cell killing of clones expressing this antigen.

1.9.5) The alignment of the genetic and physical maps of mouse chromosome two

Somatic cell hybrids carrying reciprocal translocations are of use in the alignment of
genetic and physical maps - the genetic map is constructed by linkage analysis, whereas the
physical map may be constructed from cytogenetic, somatic cell hybrid, or pulsed field gel
electrophoresis or YAC contiging analysis. The two maps share the gene order, but the
distance between genes can be distorted by the effects of recombination hotspots, transmission
distortion effects, or by sex differences in the map distances. The allocation of markers to one
side or other of a cytologically defined translocation breakpoint allows alignment of the genetic
and physical maps. In order to align the genetic and physical maps of mouse chromosome two,
the T(2;8)2Wa, T(2;16)28H, T(2;4)I13H and T(2;4)1Sn translocation breakpoints were
studied. Hybrid lines have already been set up which segregate T(2;4)1Sn and T(2;4)13H (A.
J. Pilz, personal communication). The hybrid lines produced from the fusions described above
were to be used to separate physically the two halves of mouse chromosome two, as defined by
the T(2;8)2Wa and T(2;16)28H breakpoints. Initial studies were carried out to determine
whether the translocation products were intact in the hybrid cell lines which were already
available, T(2;4)1Sn and T(2;4)13H, by PCR analysis with markers which map to
approximately evenly spaced regions of mouse chromosome two. Primer pairs were designed

for genes which appear to map closely to one or other of the translocation breakpoints.

These studies are intended both to produce a panel of new molecular markers, which
will help to increase the density of sequence tagged sites (STSs) for mouse chromosome two -
this will facilitate the cloning of any gene of interest on mouse chromosome two, and to
identify flanking markers for some developmental mutants on mouse chromosome two. New
markers identified which appear to be linked to any of these genes will be mapped on
specialized backcrosses, which segregate the mutant. Two backcrosses, produced in

collaboration with the MRC Radiobiology unit, are currently available which segregate ragged
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and wasted (Mus musculus X Mus spretus) and a third is currently being set up in Edinburgh,
which segregates ulnaless (Mus musculus X Mus musculus castaneus). The construction of the
hybrid panels will be of use in defining the genetic interval in which genes such as ragged (Ra)
and wasted (ws?) lie. The panels will allow the generation of new markers which are linked to
these genes in a region specific manner, as well as providing a generalized mapping resource.
Additionally, markers which are linked to these mutants may be produced in a region specific
manner, by the use of IRS-PCR or bubble IRS-PCR on any segregated clones produced. In
addition, these hybrid lines will provide a resource for the study of the imprinting region on
distal mouse chromosome two. The alignment of the genetic and physical maps is of interest, in
that it will allow a more accurate estimate of the physical distance which is indicated by the
genetic distance between markers which closely flank developmental mutants. Taken as a
whole, these studies are designed to provide a starting point for the positional cloning of ragged
(Ra), wasted (wst), lethal spotting (/s) and ulnaless (Ul), as well as helping to increase the

general marker density over the whole of mouse chromosome two.
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Chapter 2

Materials and Methods

2.1) Suppliers and reagents

2.1.1) Suppliers

2.1.1a) Cell culture reagents

10X Eagle’s MEM and 200mM glutamine were purchased from ICN Biomedicals
Inc., U.S.A. Non-essential amino acids were purchased from Gibco BRL Life Technologies,
Paisley, U.K. All antibiotics (penicillin, streptomycin and amphotericin B) were purchased
from Sigma cell culture, St. Louis, U.S.A. Fetal calf serum was purchased from Advanced
Protein Products Ltd., Brierley Hill, UK.

All cell culture flasks, 24 well microtitre plates and 96 well microtitre plates were
purchased from Gibco BRL Life Technologies (Nunc), Paisley, UK. Cryotubes were
purchased from Gibco BRL Life Technologies (Nunc), Paisley, U.K. Sterile universal tubes
were purchased from Bibby Sterilin Ltd., Stone, U.K.

Rat anti-mouse Cd44 monoclonal antibodies (0.5mg/ml) were purchased from AMS
Biotechnology (Europe) Ltd. Lyophilised guinea pig complement was purchased from ICN
Biomedicals Inc., U.S.A., and was supplied in 1g aliquots, together with 1ml dilutant.

2.1.1b) PCR reagents

10X PCR buffer and 7agq polymerase were obtained either from Advanced
Biotechnologies Ltd., UK., or from Promega, Madison, U.S.A. Oligonucleotides (including
IRs-PCR primers) purchased were obtained either from Pharmacia Biotech, U.S.A. or from
Oswel Oligonucleotides, Edinburgh, U.K. Ultrapure deoxynucleotides were obtained from
Pharmacia Biotech, U.S.A. Additional oligonucleotides were obtained from Dr. Gabrielle
Fisher at the HGMP Resource Center, Dr. C Abbott, and from Research Genetics Ltd.
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2.1.1¢) Gel reagents

Ultrapure agarose and low melting point agarose were obtained from Sigma Chemical

Company, St. Louis, U.S.A. NuSieve 3:1 agarose was obtained from FMC Bioproducts, UK.

2.1.1d) Restriction enzymes

All restriction enzymes were obtained from Gibco BRL Life Technologies, Paisley,
UK.

2.1.1e) Chemicals

All chemicals were obtained from BDH Analar Laboratory Supplies, Poole, UK., unless

otherwise stated.

2.1.1f) Radiochemicals

All radiochemicals (a*?P-CTP and y°°P-ATP, a’S-dATP) were obtained from Amersham
International PLC, UK.

2.1.1g) Radiolabelling and detection reagents

Random priming labelling kits (‘Prime-it” version 2.0) were obtained from Stratagene,
La Jolla, U.S.A. Polynucleotide kinase was obtained from Gibco BRL Life Technologies Ltd.,
Paisley, UK. Sephadex G50 and G25 beads for probe purification were obtained from
Sephadex Ltd., U.K. Microsatellite probes were obtained from British Biotechnologies, UK.,
and from Oswel Oligonucleotides, Edinburgh, U.K. Hyperfilm double sided autoradiography
film was obtained from Amersham Life Sciences, U K.

2.1.1h) Membranes

Hybond N+ Hybridization filters were purchased from Amersham International PLC, UK.
Genescreen Plus hybridization filters were purchased from NEN research Products, Boston,

US.A.
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21.11) Cloning Reagents

XL1-Blue F’ competent cells and pBluescript KS+ phagemids were obtained from
Stratagene Ltd, La Jolla, U.S.A. T4 DNA ligase and 5X buffer were obtained from Gibco
BRL Life Technologies, Paisley, U.K. The Bubble PCR vectorette top and bottom strands (see
table 6) were the kind gift of Dr. Cathy Abbott, as was the bubble vectorette PCR primer (see
table 6).

2.1.1j) Sequencing reagents

Sequenase version 2.0 sequencing kits were purchased from United States
Biochemicals, U.S.A. Sequagel 6.0 acrylamide mixture was obtained from National
Diagnostics Ltd., UK.

2.1.1k) Backcross DNAs
Panel 1 (BSB) and panel 2 (BSS) Jackson backcross DNAs (0.5ug/ul) were obtained

from Dr. Lucy Rowe at the Jackson Laboratory, Bar Harbor, Maine, U.S.A. Ulnaless, Ragged
and wasted backcross DNAs were the kind gift of Dr. Cathy Abbott.

2.1.2) Reagents

2.1.2a) Cell culture media

1X MEM - 1X Eagle’s MEM, 1X Non-essential amino acids, ImM sodium pyruvate, 10mM
glutamine, 100u penicillin, 100pg streptomycin, Sml HEPES buffer (IM HEPES, 0.25N
NaOH per liter, The pH was adjusted to 8.0 with 10N NaOH), 1 to 4ml 5.6% NaHCO; pH
7.0, 395ml deionised distilled water (ddH,O).

1X MEM-FCS - 1X MEM as above plus 10% (v:v) fetal calf serum.

1X MEM-FCS + HMT - 1X MEM-FCS as above, 1 X 10*M hypoxanthine, 1 X 10°M
methotrexate and 1.6 X 10°M thymidine.
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HANKS-B solution - stock : 1.1M NaCl, 0.04M KCl, 0.002M Na,HPO,.12H,0, 0.04M
glucose, 0.16g/L. phenol red. Working stock : 90ml HANKS-B stock, 1080ml ddH,O pH to
7.0 - 7.2 with 5.6% NaHCO;.

Versene / trypsin solution - 100ml versene (0.005M EDTA in 1L HANKS-B working
solution), 2.5ml 1% trypsin solution (0.02% EDTA, 2.5% trypsin) pH to 7.0 to 7.2 with 5.6%
NaHCO:s.

Glycerol freezing medium - 72ml ddH,O, 10ml glycerol, 8ml 10X Eagle’s MEM, 1ml
HEPES solution, 20ml fetal calf serum.

All solutions were sterilised by autoclaving at 121°C for 30 minutes. Heat labile reagents were

sterilised by filtration through 0.2pum filters.

2.1.2b) DNA extraction reagents

TNES buffer - 50mM Tris-HCI, 100mM EDTA, 0.5% SDS, 400mM NaCl
2.6M NaCl

20mg/ml proteinase K solution.

2.1.2¢) PCR reagents

Promega 10X PCR buffer - 500mM KCI, 100mM Tris-HCI pH 9.0 (at 25°C)

Advanced Biotechnologies 10X PCR buffer - 200mM (NH,)SO,, 200mM Tris-HCI pH 9.0
at 25°C, 0.1% (w:v) Tween.

Deoxynucleotide working stock - 2.0mM (composed of 2.0mM each of dATP, dGTP, dCTP
and dTTP).

25mM MgCl, solution.

50% glycerol.

2.1.2d) Gel electrophoresis buffers

10X TAE buffer - 0.4M Tris-HCI pH 7.6, 0.05M sodium acetate, 0.01M EDTA.
5X TBE buffer - 0.45M Tris-HCl, 0.45M Orthoboric acid, 0.01M EDTA.
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2.1.2¢) Blotting and hybridization solutions

Church buffer - 7% SDS, ImM EDTA, 0.5M NaHPO,.

20X SSC - 3M NaCl, 1.3M Sodium citrate dihydrate.

TE buffer - 10mM Tris-HCl pH 7.5, ImM EDTA.

20X SSPE - 3M NaCl, 0.2M Sodium phosphate, 0.02M EDTA.

Denaturing solution - 1.5M NaCl, 0.5M NaOH.

Neutralising solution - 1.5M NaCl, 0.5M Tris-HCI, pH 7.2, 0.001M EDTA.
Kinase buffer - 0.7M Tris-HCI pH 8.0, 0.1M MgCl,, 50mM DTT.

2.1.2f) Cloning reagents

5 X T4 DNA ligase buffer - 250mM Tris-HCI pH 7.6 at 25°C, SOmM MgCl,, SmM ATP,
SmM DTT, 25% (w:v) polyethylene glycol 8000.
Ampicillin stock solution - 50mg/ml in distilled water. Filtered before use.

2.1.2¢) SSCV analysis reagents

8% non-denaturing polyacrylamide gel : 8% acrylamide, 10% glycerol, 0.5X TBE
(polymerise with 1:1 25% ammonium persulphate and TEMED).

loading buffer - 980ul deionised formamide, 20ul 0.5M EDTA, bromophenol blue.

Silver staining solution 1 - 10% ethanol, 0.5% acetic acid.

Silver staining solution 2 - 0.014M AgNO;.

Silver staining solution 3 - 0.26M NaOH, 0.003M NABH,, 4ml/L 37% formaldehyde.

2.1.2h) Preparation of backcross DNAs

The Jackson backcross DNAs were supplied at a concentration of 0.5pg/pl. The DNA
was further diluted to 50ng/pl in TE buffer.
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2.2) The construction and characterization of two new panels of
somatic cell hybrids

Two new panels of mouse : Chinese hamster somatic cell hybrids were constructed and
characterized. The hamster parent in each case was the cell line V79TOR2, which is MMPR
resistant, and HAT sensitive (Thacker, 1980). This line was chosen for the hamster parent as it
had conferred stability in some mouse : hamster hybrid panels (Y. Boyd, unpublished results).
The mouse component derived from primary cells taken from mice carrying the reciprocal
translocations T(2:8)2Wa (Searle, 1989) in one panel, and T(2:16)28H (Searle, 1989) in the
other panel. The breakpoints on mouse chromosome two for these translocations are close
together, flanking a region of chromosome which possibly contains the interesting
developmental mutants ragged (Ra) and wasted (wst) (Siracusa and Abbott, 1993). The distal
imprinting region on mouse chromosome two is also defined by the T2Wa and T28H
translocation breakpoints (Cattanach, 1986; Cattanach et al., 1992). The use of mice carrying
these translocations in the hybrid panels provides a means of isolating the region of
chromosome flanked by the breakpoints. The use of a primary cell line from these mice
removed the need for an alternative selection system to prevent the survival of the murine
homokaryons (Nabholz et al., 1969, Minna et al., 1975). The fusions were mediated by
polyethylene glycol (PEG), and hybrid cells were selected for by the use of HMT medium.
Individual clones were isolated, and characterized by polymerase chain reaction (Abbott and
Povey, 1991; Abbott, 1992). Altemnative systems for the production of segregation were
examined : the use of subcloning techniques which exploit the inherent heterogeneity within the
hybrid population, and the use of mouse specific antibodies as agents producing negative

selection for particular chromosomes or chromosome regions.

2.2.1) The construction of the hybrid panels

2.2.1a) The preparation of the parental cell lines

The mouse parental cell lines for the somatic cell hybrid panels derived from mice
carrying the T(2:8)2Wa and T(2:16)28H reciprocal translocations (see table 2 ). These mice
were obtained from Mr. C. Beechey, at the MRC Radiobiology unit in Harwell. The spleens
were dissected from freshly killed mice, and teased apart under 1X MEM to liberate the cells.
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translocations sex age comments
homozygous T(2;8)2Wa male 32 days also c/c
homozygous T(2;16)28H female 53 days -

Table 2 : Details on translocation carrier mice

The Chinese hamster parental cell line V79TOR2 (the kind gift of Dr. J. Thacker) was
grown to a confluent monolayer in 1X MEM supplemented with 10% fetal calf serum (MEM-
FCS). Just prior to fusion, the cells were washed with HANKS-B solution, and removed from
the culture flasks with Versene / trypsin solution. This reaction was terminated with 1X MEM-
FCS. The cells were counted using a haecmocytometer. The volume of cell suspension yielding

approximately one million cells was calculated using the formula :-

Number of cells per ml solution =

Average number of cells in 4 counting chambers of haemocytometer X 10°
4

The remainder of the cells were replaced into fresh 1X MEM-FCS medium, and

cultured for storage.

2.2.1b) The fusion procedure

Approximately 1 X 10° Chinese hamster cells were mixed with cells deriving from one
mouse spleen in a sterile universal bottle. The volume was adjusted to 20ml, with 1X MEM.
The mixed cell suspension was pelleted by centrifugation at 1.5K for 5 minutes (all subsequent
spins were under these conditions), and washed once with 10ml 1X MEM. The cell pellet was
resuspended in 1ml of 50% polyethylene glycol (PEG) 6000, which had been previously heated
at 100°C and cooled to 37°C. The pH of the PEG solution was adjusted to 7.0 - 7.2 with 5.6%
NaHCO;. The PEG-cell suspension was mixed well for exactly one minute, and the volume
was then made up to 10ml with 1X MEM. The fused cells were then washed once more with
1X MEM, and resuspended in 20ml 1X MEM-FCS. This cell suspension was then transferred
in either 1ml or 0.5ml aliquots (to ensure optimal spacing of individual colonies) into sterile

25cm’ tissue culture flasks, and incubated at 37°C for 24 hours. After this time, the medium
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was replaced with 1X MEM-FCS supplemented with HMT, and the cells were incubated at
37°C.

2.2.1¢) The isolation and culture of individual clones

The cell lines were grown in 1 X MEM-FCS + HMT (occasionally supplemented with
2.5pg/ml amphotericin B to combat a latent fungal infection), at 37°C, until they reached a
suitable size (colonies of approximately 2mm in diameter) for the isolation of the clonal cell
lines. This was accomplished by the physical removal of each colony using a plugged Pasteur
pipette, which had been heat treated to bend the tip, and seal the end. Each cell line was
transferred to 25cm’ tissue culture flasks containing Sml 1X MEM-FCS + HMT. The cells
were grown to confluent monolayers, at which point they were released from the base of the
culture flask by Versene/trypsin solution (preceded by washing the cells in HANKS-B solution,
as fetal calf serum inhibits the action of trypsin) and gentle agitation. The cell suspension was
transferred to an 80cm’ tissue culture flask. Growth rate, as measured by the amount of time

taken to reach confluence from inoculation of an 80cm® tissue culture flask :-

very fast = 1-2 days to confluence.
fast = 2 - 4 days to confluence.
moderately fast - 4 - 6 days to confluence.
moderately slow = 7 - 9 days to confluence.
slow = 9 - 14 days to confluence.

very slow = more than 14 days to confluence.

Colony morphology and cell morphology were noted. Cells from at least two confluent
80cm’ flasks were frozen in 1ml glycerol freezing medium at -175°C (in liquid nitrogen tanks)
as a permanent resource. Individual hybrid cell lines were grown up to bulk culture (to fill an
average of six 180cm’ tissue culture flasks), and harvested by centrifugation, after three
successive washes in 0.9% saline solution. Dry cell pellets were stored at -70°C until DNA

preparation.
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2.2.2) The characterization of the hybrid panels

DNA preparation was carried out according to the high salt extraction method outlined
below. Characterization of the hybrid lines was achieved by polymerase chain reaction (PCR)
using previously existing primer panels specific to mouse, (Love ef al., 1990; Abbott, 1992;
Dietrich et al., 1992) according to the conditions laid out in the publications, and also some
newly designed primer pairs (designed for the alignment of the genetic and physical map). At
least two markers per chromosome were used, to provide a rough estimate of the extent of
chromosomal fragmentation. PCR products were analyzed on 1.2% agarose gels, stained with
ethidium bromide (15pg per 30ml gel).

2.2.2a) DNA extraction procedure

The cell pellet was resuspended in 500ul TNES buffer, together with 10ul proteinase
K (20mg/ml), and was incubated at 55°C overnight, or until all proteins had digested, as
determined by the clarity of the solution. The NaCl concentration was adjusted to 1.5M and the
solution was shaken, to precipitate all digested proteins. The DNA in solution was separated
from the proteins by centrifugation at 13K for 10 minutes. DNA was precipitated from the
supernatant by the addition of an equal volume of 100% ethanol. The DNA was removed by
spooling onto a glass rod, or by centrifugation at 13k for 10 minutes. If the DNA to be used for
amplification, it was immediately removed from the ethanol solution by spooling, as there is
some evidence that prolonged exposure to ethanol reduces the ability of the DNA to undergo
PCR amplification (Dr. C Abbott, personal communication). The DNA was redissolved in 100
to 500ul ddH,0, to an approximate concentration of 1pg/ul.

2.2.2b) PCR characterization procedure

The amplification reactions were carried out using mouse specific PCR primers,
designed from unconserved regions of genes, such as 3’ and 5° untranslated, and intron
sequences. This ensured that under stringent conditions, no signal originating from the hamster
parent was produced. Any positive result was therefore due to the presence of the mouse gene
in the hybrid cells. Mouse (DNA derived from T2Wa or T28H parent) and hamster (DNA
derived from V79TOR?2 cells) were co-amplified with the hybrids under test, as positive and
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negative controls respectively. Primers for specific genes were obtained from Dr. C Abbott
(Abbott, 1992), Dr. Gabrielle Fisher at the HGMP resource center (Love et al, 1990; Hearne et
al, 1991) and from Research Genetics Ltd. (D2Mit primers; Dietrich et al, 1992). Additional
primers (PIf, Dfhr, Polb s primer and Plat primers) were designed from sequences given in the
literature (see table 3). At least two markers were tested for each chromosome, to allow a crude
measure of the extent of chromosomal fragmentation within the clones. PCR reactions were
carried out in a total volume of 100ul, unless otherwise stated. Reaction mixes contained 1X
PCR buffer (Promega), 200uM dNTPs, MgCl, (the concentration of this was dependent on the
requirements of the particular PCR primers), 200ng of mouse chromosome specific primers
and lug hybrid DNA. See table 4 for additional primer details and conditions. The cycling
conditions for the other primer pairs are as given in the literature. The amplification was
mediated by 2u Tagq polymerase. In each case, mouse and hamster positive and negative
controls were included in the reaction. All PCR amplifications were carried out in Hybaid TR2

machines.

PCR products were visualised on 1.2% TAE agarose gels, stained with ethidium
bromide (15ug per 30ml gel), and viewed under ultra-violet light.

2.2.3) The subcloning of the hybrid panels

As an alternative strategy to isolate segregate hybrid clones, subcloning techniques
were devised. These techniques exploit the naturally occurring heterogeneity found in hybrid
populations. Viewed under high magnification, chromosome preparations made from hybrid
clones show high frequency of heterogeneity, in that not all cells in the clone contain all the
chromosomes associated with that clone. The extent of heterogeneity varies between clones.
This is to some extent a feature of the sensitivity of the characterization technique, as less
sensitive techniques may not reveal the presence of chromosomes occurring at low levels in the
hybrid clones. PCR characterization is sensitive enough to pick up a signal from picogram
amounts of DNA, and therefore will identify chromosomes present at only low numbers within
the clone. Heterogeneity of the hybrid clones is revealed as differences in the signal intensity
after PCR amplification, provided that the reaction is in the linear phase. The clones produced
in these experiments might be expected to show heterogeneity for some chromosomes in the
population, as shown by variations in the intensity of PCR products for certain chromosomes

compared with markers from other chromosomes in these clones, and also with the intensity of
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locus name chromosomal sequence {MgCl,] conditions product
location size
Acra4 2 5 ATG TCA GGC GTC CAG ATG AG 3’ 1.5mM a 220 bp
(Designed by
Dr.C 5" GAC GAG AAG AAC CAG ATG AT 3’
Abbott).
c-sre 2 5” AGA GGG GGA TGC TTC GCTGA 3 2.0mM c 281 bp
(Sequence
from Black, 5° GAC CTG GTC TGG TGT AACCC3”’
1991).
Psp 2 5" CAG TAC CCC ACC CTA GAT GG 3° 1.5mM b 274 bp
(Sequence
from Shaw 5’ CTG ACT GTG CTG AGG AGG GT 3’
and Scheiber,
1986).
Polb 8 5" TTC CCACAG TCAGTC ACTTA 3’ 3.0mM a 225 bp
(Sequence
from 5" GGG AAA TGA TGT AAT TAT AATCC 3’
Yamaguchi et a/s oligo as designed by Hearne et al., (1991)
al., 1987,
Hearne et al.,
1991).
Plat 8 5" GAA GAT GCG CCT AAA AGGCC 3’ 3.0Mm a 243 bp
(sequence
from Rickles 5" GGC AGACTT TGG TCT ACT CC 3°
etal., 1988)
PIf 13 5’ CTC ACA ATG TTC CTT GGG TG 3’ 1.5SmM a 240 bp
(Sequence
from Linzer 5" GCC ACA ACT ATG TCT TCC TC 3’
and Mordacq,
1987).
Dfhr 13 5’ TAG CGT GAA GGC TGG TAGGA 3’ 2.0mM a 248 bp
(Sequence
from Chen et 5" TAG CTT GGT CTC TGG CTG AG 3’
al., 1984).
Mx] 16 5" TCC TCC TGG AGAGAAGGGCA Y’ 1.5mM b 339 bp
(Sequence
from Hug et 5’ TGT AGG CTC AGC CCACCA AG 3’
al., 1988).

PCR conditions :- a= 94°C - 15s, 55°C - 30s, 72°C - 30s, 30 cycles, b = 94°C - 30s, 55°C - 30s,
72°C - 30s, 30 cycles, ¢ = 94°C - 30s, 57°C - 30s, 72°C - 30s, 30 cycles

Table 3:- PCR characterization primer sequences and conditions
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Locus Chromosomal Sequence [MegCl,] Conditions | Product size
location
Jun 4 5" AGC AAC TTT CCT GACCCAGAG G 3’ 1.0Mm 94° - 120s, 420 bp.
(The kind gift 5’ TTA AGA CTC CGC TAG CAC TCACG 60° - 60s,
of 3’ 72° - 180s,
Dr. J. 30 cycles.
Friedman)
Mos 4 5' TAC CAG GGT GTA AACCGTCTGC3’ 1.0Mm 94°-120s, 741 bp
(The kind gift 5’ TTC ATG TGA CAG CTG TGT CCC 3’ 60° - 60s,
of 72° - 180s,
Dr.J. 30 cycles.
Friedman)

Table 4:- Additional PCR primers for hybrid characterization
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positive controls done in the same set of reactions. The clones chosen for subcloning
experiments in these experiments were selected on the basis of faint positive PCR results for
markers on mouse chromosome two. No reduction in signal was noted for other chromosomes.
The integrity of the translocation products in these clones was first assessed by PCR
characterization of the clones for larger numbers of markers mapping to mouse chromosome
two. This mechanism cannot identify events of fragmentation in which all markers are retained,

or rearangements which occur between markers.

IRS-PCR (using the L1 primer of Irving and Brown, 1991, see table 5) was carried out
on one panel, to discover if any changes in chromosome content between the clones was
reflected in the band patterns produced. This panel was also partially characterized for markers
on chromosomes 1, 4, 6, 7 and 8, to provide evidence of the efficiency of the subcloning

techniues for the production of segregation in somatic cell hybrids.

2.2.3a) Examination of integrity of translocation products in the hybrid cells

The cell lines T2Wa 1 and T28H 3b were selected for subcloning experiments. PCR
reactions were carried out in 100ul reactions, as in the original characterization (see section
2.2.3b). PCR primer choice was arbitrary, but some attention was paid to the selection of
primer pairs which gave strong, reproducible results. The products were visualised on 1.2%

agarose gels, stained with ethidium bromide, and viewed under ultraviolet light.

2.2.3b) Subcloning techniques

Method 1:- Serial dilution. Cells were grown to confluence in 80cm’ tissue culture flasks.
Cells were removed from the flasks using versene / trypsin solution after washing the cells with
HANKS-B solution. The volume of the cell suspension was adjusted to 10ml wih 1X MEM-
FCS + HMT. A 96 well microtitre plate was prepared, with 250ul 1 X MEM-FCS +HMT in
each well. The first well on the top of the first row contained 250l of the original cell
suspension. 10pl serial dilutions were carried out from this well into the seven wells vertically
below it. Eleven 10pul serial dilutions were then carried out from these eight wells horizontally
across the plate (see figure 17). The inoculated plates were incubated at 37°C, with medium
changes every few days. Any wells containing more than one colony were discarded. Individual

colonies were removed from the microtitre plates when they reached an appropriate size, and
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were transferred to 25cm’ tissue culture flasks, and grown up as in section 2.2.2¢c. The
individual clones were then characterized for markers on mouse chromosome two, as in section

2.2.3b.

Method 2: - Statistical calculation of cell concentration, Cells were grown to confluence in
80cm’ tissue culture flasks, and released from the growth surface as above. The volume of the
cell suspension was adjusted to 10ml. A 96 well microtitre plate was prepared, with 250p1 1X
MEM-FCS +HMT in each well, as above. The number of cells per ml was calculated using a
haemocytometer, and the volumes required to yield 0.5, 1 and 2 cells were calculated. These
volumes of cell suspension were added to 30 wells each (see figure 18). The plates were
incubated at 37°C. Any wells containing more than one colony were discarded. When the
individual clones reached an appropriate size, they were transferred to 25cm’ tissue culture

flasks, and cultured and characterized for markers on mouse chromosome two, as above.

2.2.3¢) Evidence for segregation of other chromosomes

IRS-PCR was carried out with the mouse specific L1 primer of Irving and Brown
(1991). Reaction mixes contained 1X PCR buffer (Promega), 200uM dNTPs, 1.5mM MgCl,,
400ng of L1 primer and 0.5u Taq polymerase (Advanced Biotechnologies Ltd.) in a total
volume of 100pl, under the conditions given in table 5. PCR products were visualised on 1.2%
agarose gels, stained with ethidium bromide (35ug per 70ml gel), and viewed under ultraviolet
light. The subclones were also partially characterized for one marker for chromosomes 1, 4, 6,

7 and 8, under the conditions stated in section 2.2.3b.

2.2.4) Forced segregation of mouse chromosomes by antibedy selection

2.2 4a) Preparation of cell cultures, media and antisera

Prior to the experiment, mouse fibroblast 1R cells (the kind gift of Dr. M. Fox) and
V79TOR?2 cells were grown to confluence in 1X MEM-FCS, in 80cm’ tissue culture flasks.
All media to be used in the experiments were heat inactivated at 65°C for 15 minutes. This
serves to inactivate any endogenous complement and antisera in the fetal calf serum, which
would otherwise interfere with the experiment. Due to the presence of sodium azide (which is

highly cytotoxic) as a preservative in the antiserum, dialysis was carried out against 0.9%
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saline at 4°C, for a total of 20 hours, with three succesive buffer changes. All manipulations of
antisera were caried out under aseptic conditions. Toxicity tests were carried out with 5%
antibody alone, and 25% complement alone, to ensure that any cell killing seen was the result

of specific interactions, and not due to non-specific toxicity.

Mitotic cells were removed from the culture flasks, by gentle agitiation with 5ml
HANKS-B solution alone. The use of mitotic cells ensures that all cells exposed to the
antiserum have the ability to grow and divide. In order to produce a sufficiently low
concentration of cells, the volume of the cell suspension was made up to 10ml with 1X MEM-
FCS. One drop of this suspension (approximately 250ul) from a Pasteur pipette was found to

give appropriate numbers of cells.

2.2.4b) Determination of optimal conditions for cell killing

Experiments were carried out in 24 well microtitre plates. 1ml heat treated 1X MEM-
FCS was placed in each well. Two experiments were set up with mouse fibroblast cells. The
first experiment tested the effect of the antibody concentration. Five wells were inoculated with
IR cells alone, as controls. Seven wells were each treated with 10% complement, and 1%, 2%,
3%, 5%, 10%, 15% and 20% antibody solution respectively, together with 1R cells. Another
experiment was set up to examine the effect of the complement concentration. Five wells were
again treated with 1R cells alone. Seven wells were treated with 5% antibody, and 1%, 2%,
3%, 10%, 15%, 20% and 25% complement respectively. The plates were incubated at 37°C,
and examined afier 48 hours. The number of cells in three representitive colonies in each well

was averaged under a light microscope.

2.2 .4c¢) Cross-reactivity tests

In order for the antibody selection system to be successful, the antibody must exibit
species specificity. In order to determine the extent of species specificity for the particular
antibody used in this experiment, complement titrations were set up. Experiments were carried
out in 24 well microtitre plates. 1ml heat treated 1X MEM-FCS was placed in each well. Five
wells were inoculated with V79TOR2 cells in the absence of antibody or complement, as
growth controls. Five wells were treated with 0.001%, 0.01%, 10%, 20% and 50%

complement respectiviely, in the presence of 5% antibody. Each treated well was inoculated
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with 1 drop of 10ml V79TOR2 cell suspension (prepared in the same way as the 1R solution).
Treated plates were incubated at 37°C, and examined after 24 and 48 hours. The number of
cells in three representative colonies were counted under a light microscope, and an average

taken.

2.2.5) The use of somatic cell hybrids carrying reciprocal translocations for the alignment

of the genetic and physical maps of mouse chromosome two

For the purpose of the alignment of genetic and physical maps of mouse chromosome
two, new PCR primers were designed from published sequence of genes located near to the
T(2:4)1Sn, T(2:4)13H and T(2:16)28H translocation breakpoints, details of which are
reviewed in Searle, 1989. The experiment was carried out using the T1Sn and T13H hybrid
panels previously constructed by A. J. Pilz. The T28H hybrid panels were constructed for the
purposes of this experiment. The PCR primers designed are intended for use on any future
hybrid panels which segregate the T28H translocation products.

2.2.5a) Cell culture and DNA extraction

Prior to the experiment, T1Sn and T13H hybrids showing evidence of segregation
(T1Sn 3-1, T13H 3-1 and T13H 10-1) were grown to bulk culture (an average of eight 180cm’
tissue culture flasks), in 1X MEM-FCS + HMT. The cells were harvested by centrifugation,
following sucessive washes in 0.9% saline solution. DNA was extracted as described in section
2.2.3a. The hybrids were recharacterized for markers on mouse chromosome two, to ensure
that they had retained the chromosome two translocation products, as described in section
2.2.3b.

2.2.5b) Primer design

Sequence was obtained from publications for genes apparently mapping in the vicinity
of the T1Sn and T28H translocation breakpoints. PCR primer pairs were designed from
unconserved regions (3° or 5’ untranslated sequence, intron sequence) of genes, to allow
species specificity. PCR primers were synthesized for certain genes, and PCR conditions were

established. See table 3 for primer sequences and details.
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2.2.5¢) Assessment of integrity of translocation chromosomes in T13H 3-1, T13H 10-1, T1Sn
3-1and T1Sn 9-1

In order to test whether the translocation products were intact in the hybnd cells, as
determined by PCR, characterization was carried out with markers mapping to mouse
chromosome two (D2Mit primer pairs are described in Dietrich et al., 1992, D2Ucl primer
pairs were generated during the course of these studies, and are described in table 27. Ada, Abl
and 7/1b primers are described in Abbott, 1992, and Acra4 primers are detailed in table 3) and
chromosome four (Mos and Jun primers are described in table 4, details of Mup, Lck and Orm
primers can be found in Love et al., 1990). PCR was carried out in 100ul reaction volumes,
according to the conditions given for each primer pair in the literature. Reaction mixes
contained 1X PCR buffer (Advanced Biotechnologies Ltd.), 200uM dNTPs, MgCl, (the
concentration of this was dependent on the requirements of the particular PCR primers), 200ng
each of mouse chromosome specific primers and 1pg hybrid DNA. The amplification was
mediated by 2u Tag polymerase. In each case, mouse and hamster positive and negative
controls were included in the reaction. All amplifications were carried out using Hybaid TR2
thermal cycling machines. PCR products were visualized on 1.2% agarose gels, stained with

ethidium bromide (35pg per 70ml gel), and viewed under ultraviolet light.
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2.3) The generation of new DNA markers for mouse chromosome two
by IRS-PCR and IRS-bubble PCR

Interspersed repetitive sequence (IRS) PCR was carried out on a panel of microcell
and monochromosomal somatic cell hybrids, containing various portions of mouse
chromosome two. The fragments produced by IRS-PCR were examined for their suitability for
use as hybridization probes on Southern blots, and examined for the presence of putative CpG
islands. The fragment population was also screened for the presence of microsatellite repeats.
The effectiveness of cloning directly from the products of the initial amplification was
compared with that obtained by the cloning of individual fragments which had been isolated
from low melting point agarose gels, and re-amplified before the cloning process.
Hybridization techniques were employed to distinguish mouse clones from the background of
hamster clones prior to sequencing. In addition, IRS-bubble PCR was carried out on a somatic
cell hybrid which was essentially monochromosomal for mouse chromosome two. IRS-bubble
PCR products were cloned in the same manner as IRS-PCR products, and sequenced. PCR
primers were designed from the sequence obtained from IRS-PCR and IRS-bubble PCR

products, for use as STS probes for interspecific backcross analysis.
The hybrid lines used for IRS-PCR were:-

a) the EBS18Az cell line (the kind gift of Dr. P. Lalley), which is essentially
monochromosomal for the whole of mouse chromosome two, with the exception of a small
fragment of proximal chromosome 15 (P. Lalley, personal communication) and a fragment of
the Y chromosome which is undetectable by cytogenetic methods (A. J. Pilz, personal

communication).

b) the microcell hybrid lines ABm 5, 7 and 11 (the kind gift of Dr. K. Fournier). These hybrids
contain only mouse chromosome two. ABm 7 contains the proximal region of mouse
chromosome two only, as determined by cytogenetic analysis (Fournier and Moran, 1980) and
PCR analysis (N. Ray, personal communication). ABm 5 and 11 contain the majority of
mouse chromosome two, although there is some fragmentation and rearrangement (Fournier

and Moran, 1980; C. Abbott and A. Pilz, personal communication).
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2.3.1) IRS-PCR amplification of inter-repeat sequences from mouse chromosome two.

IRS-PCR was carried out with L1, B2 or a combination of L1 and B2 primers, on
DNA extracted from EBS18Az, ABm 5, ABm 7 and ABm 11. The reactions were carried out
in 100ul volumes, in 1X PCR buffer, 1.5SmM MgCl,, 200uM dNTPs, 400ng primer and 1pg
hybrid DNA. In the case of the L1/B2 amplifications, 200ng each primer were used. Mouse
and hamster positive and negative controls were also amplified, as a means of assessing
species specificity. The reactions were mediated by 2.5u Tag polymerase. The cycling
conditions are given in table 5. The amplification products were visualized on 1.2% agarose
gels, stained with ethidium bromide (35ug per 70ml gel), and viewed under ultraviolet light.
Pools of fragments generated from IRS-PCR amplification were subjected to electrophoresis
on 1.2% low melting point agarose midi gels (100ml capacity) for 18 hours at 15V/cm. Gels
were run in 1X TAE buffer. Individual PCR products were excised from the gels under
ultraviolet light, and redissolved in 500pl distilled water (ddH,0). Spl of this solution was then

reamplified using the original primer, under the same conditions (given in table 5).

The L1/B2 and B2(EcoR1) reactions were repeated, in order for a comparison to be
made between the efficiency of cloning directly from the initial PCR reactions, as compared to
the efficiency of cloning from reamplified fragments, which had been isolated from low melting

point agarose gels.

2.3.2) Use of IRS-PCR products directly as probes on Southern blots

2.3.2a) Southern blot procedure

DNAs from mouse, hamster, T1Sn 3-1 and T13H 3-1 were digested with EcoR! in 1X
ReAct 3 buffer under the conditions supplied by the manufacturer. The digested DNA was
electrophoresed for 18 hours on 1% agarose maxigels (capacity 300ml) at 15V/cm. Gels were
run in 1X TAE buffer. The gels were stained with ethidium bromide (150pg per 300ml gel),
and viewed under ultraviolet light. After electrophoresis, the gel was subjected to the following
washes :- 10 minutes in 0.25N HCI, 30 minutes in denaturing solution and 45 minutes in
neutralizing solution. The recipes for all solutions used in this experiment can be found in the
appendix to this section. The gel was briefly washed with distilled water after the acid and

alkali washes. The gel was blotted for 18 hours onto Genescreen Plus hybridization membrane,
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Repeat Sequence Conditions
L1(EcoR1) 5’ CCG AAT TCG GTA TGG GGG ACT TTT GGG AT 3 94° - 60s,
(Irving and Brown, 60° - 45s,
1991, amended by the Designed from 3’ end of L1 repeat, to ensure species 68° - 300s,
addition of EcoR1 specificity. 35 cycles.
restriction site) .

B2(Not1) 5 AAG TCG CGG CCG CTC TTC TGG AGT GTC TGA AGA 94° - 60s,
(Simmler et al., 1991) 3 55°- 48s,
68° -300s,

Designed from 3’ end of B2 repeat, to ensure species 40 cycles.

specificity.

B2(EcoR1) 5 CCGAAT TCT CTT CTG GAG TGT CTG AAGA 3 94° - 60s,
(Simmler et al., 1991) 565° - 48s,
Designed from 3’ end of B2 repeat, to ensure species 68° - 300s,

specificity. 40 cycles.

L1(EcoR1)/B2(EcoR1) 5 CCG AAT TCG GTA TGG GGG ACT TTT GGG AT 3 94° - 60s,
(Irving and Brown, 57° - 45s,
1991; Simmler et al., 5 CCGAAT TCT CTT TG GAG TGTCTG AAGA ¥ 68° - 300s,
1991) 40 cycles.

Table 5:- Details of IRS-PCR primers and conditions

according to the manufacturers instructions. The transfer buffer was 10X SSC. After the
transfer, the gel was washed in 0.4N NaOH for exactly one minute, and neutralized in 0.2M
Tris-HCl, 1X SSC solution for 5 minutes. The DNA was fixed to the filter by baking in an

80°C oven for 2 hours.

2.3.2b) Oligolabelling procedure

25ng of IRS-PCR product was labelled with a**P-dCTP by the random priming
method. The ‘Prime-it’ version 2.0 oligolabelling kit was used, according to the manufacturers
instructions. The probe was purified by centrifugation through Sephadex G50 beads at 3K for

5 minutes.

2.3.2¢) Hybridization procedure

The filter was pre-hybridized at 65°C, for one hour, in 20ml hybridization solution
(0.01M NaCl, 10% (w:v) dextran sulphate, 2% (w:v) SDS), in heat-sealed plastic bags. The
probe was incubated with 4mg unlabelled sonicated mouse DNA for 4 hours prior to
hybridization, as a means of competing out the repetitive sequences present in the probe. The
boiled probe was added to the hybridization bag, along with 250ul sonicated salmon sperm
DNA, to minimize background due to non-specific hybridization of the probe to the filter. The
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filter was then incubated at 65°C for 18 hours. Afier the hybridization, the filter was washed
twice in 2X SSC at room temperature, to remove the majority of the unbound probe, and once
for 30 minutes in 2X SSC/ 1% SDS, at 65°C, to remove non-specifically bound probe. The
filter was dried briefly, and exposed to Hyperfilm autoradiography film at -70°C for 24 hours,

in the presence of an intensifying screen.

2.3.3) Screening for the presence of putative CpG islands

It has been noted that the dinucleotide CpG, although underrepresented in the genome
as a whole, is often associated with the 5° ends of housekeeping and some tissue specific genes.
Clusters of hypomethylated CpG dinucleotides, known as CpG islands, are useful markers for
the presence of genes in cloned DNA (Bird, 1986; Bird, 1987). The presence of CpG islands is
revealed by clustering in DNA of rare cutter restriction sites (with high G+C content in the
recognition site), such as Notland Eagl The restriction enzyme Hpall has a GC rich
recognition site, and thus Hpall cuts frequently in CpG islands. In order to identify any
putative CpG islands present in the fragments produced by IRS-PCR, each fragment was
subjected to restriction digestion with Notl and Hpall under the manufacturer’s instructions.
The digested fragments were electrophoresed on 3% 3:1 NuSieve agarose gels, stained with
ethidium bromide (15pg per 30ml gel), and viewed under U.V. light.

2.3.4) Screening for the presence of microsatellites

In order to screen the isolated IRS-PCR products for the presence of microsatellite
repeats, the fragments were first affixed to hybridization membrane, as described in section
2.3.2a, with the exception that the fragments were electrophoresed on 1.2% agarose midigels
(capacity 100ml) rather than 1.2% agarose maxigels (capacity 300ml) prior to the transfer
process. These gels were run for 18 hours at 15V/cm. Oligonucleotide probes corresponding to
a number of dinucleotide and trinucleotide repeat units were radioactively labelled, by the end

labelling process.

2.3.4a) End-labelling procedure

Oligonucleotide probes were end-labelled with y*’P-dATP, mediated by polynucleotide

kinase. Labelling reactions contained 10 pmol oligonucleotide, 1X kinase buffer (see appendix
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to section 2.2), 1ul y"’P-dATP and 10u polynucleotide kinase in a total volume of 10ul. This
mixture was incubated at 37°C for 1 hour. The resulting probe was purified by centrifugation
through Sephadex G25 beads, with 3X SSC as an inert carrier solution.

2.3.4b) The hybridization procedure

The IRS-PCR fragments were screened with the following probes : -(CA);s, (GA)s,
(CAT)s, (GTT)s, (AGA)s, (CCA)s, (CGA)s, (AAT)s, (CCG)s and (TCC)s. Each dinucleotide
repeat oligonucleotide is capable of identifying four repeats (e.g. the (CA),s probe identifies
(CA)n, (AC)n, (TG)n and (GT)n). The trinucleotide repeat probes are each capable of
identifying six repeat units (e.g. the (CAG)s probe identifies (CAG)n, (AGC)n, (GCA)n,
(CTG)n, (TGC)n and (GCT)n repeats). Melting temperatures (Tm) were calculated for each

oligonucleotide, using the formula given below :-

Tm = 81.5 + 16.6 log[Na'] + 0.41 (%C+G) - 600
L

where Tm = melting temperature and L = the length of the oligonucleotide.

The Tm values for each oligonucleotide are given in table 6. The hybridization
procedure (adapted from Cornall ef al., 1991) was carried out in Church buffer (see appendix
to this section) for 3 hours, at 5°C below the calculated Tm value for each oligonucleotide (see
table 6). After the hybridization, the filters were washed four times. The first three washes
were for 15 minutes, in 6X SSC/ 0.1% SDS, at 5°C below Tm, The final wash was for 2
minutes exactly, in 6X SSC/ 0.1% SDS, at Tm. The filters were briefly air-dried, and exposed
to Hyperfilm autoradiography film at -70°C for 24 to 72 hours, depending on the signal from
the filters, as assessed by Geiger-Muller counter. The same set of filters were used for each
hybridization, the blots being stripped by treatment of the filters with boiling 0.1% SDS, and

monitored to ensure adequate removal of probe.
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2.3.5) The generation of new DNA markers by IRS-bubble PCR

2.3.5a) The production of the EBS18Az-bubble vector constructs

IRS-bubble PCR was carried out only on EBS18Az DNA, as this hybrid was the only
source of an intact chromosome two, with no apparent rearrangements. 10pug DNA from this
hybrid was first digested with 30u Haelll, in order to produce a range of fragments, some of
which contained internal repeat sequences. These fragments were ligated to bubble vectorettes,

annealed by boiling for 5 minutes, followed by slow cooling to 35°C (see table 7).

2.3.5b) The IRS-bubble PCR reaction

IRS-bubble PCR reactions were carried out in a total volume of 25ul. The reaction
mix contained 1X PCR buffer (Advanced Biotechnologies Ltd.), 1.5mM MgCl,, 200uM
dNTPs, 50ng Not! bubble primer (Hunter ef al. 1994), 50ng B2Not! primer (Simmler et al.,
1991) and 1pul EB18Az:bubble template. The reaction was mediated by 2u 7aq polymerase.
The conditions for this reaction are given in Hunter et al., 1994. PCR products from this

reaction were cloned into the Not! site of pBluescript KS+ as described below.

Microsatellite Tm
(CA),, 77.5°C
(GA),. 77.5°C
(CGA), 63.8°C
(CCA), 63.8°C
(GTT), 50.2°C.
(CAT), 50.2°C.
(AAT), 36.5°C.
(CCQG), 77.5°C.
(AGA), 50.2°C.
(TCC), 63.8°C

Table 6: -Tm values for microsatellite repeats
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Sequence
NotlI bubble 5 AAG GAG AGG ACG CTG TCT GTC GAA GGT AAG GAA CGG ACG AGA GAA GGG
vector AGAG?®
(top strand)
(Hunter et al.,
1994)

Not1 bubble 5 CTC TCC CTT CTG GCG GCC GCA GTT CGT CAA CAT AGC ATT TCT GTC CTC TCC
vector T3
(bottom strand)
(Hunter et al.,
1994)

Not1 bubble 5 GCG GCC GCA GTT CGT CAA CAT AGC ATT TCT &
primer
(Hunter et al.,
1994)

Table 7:- Bubble PCR vectorette and bubble primer sequences

2.3.6) The cloning of IRS-PCR and IRS-bubble PCR fragments

The cloning of IRS-PCR products was either carried out from individual fragments,
isolated from low melting point agarose gels, or directly from total IRS-PCR products. The
cloning of IRS-bubble PCR fragments was carried out directly from the original PCR

products.

2.3.6a) The host bacterial cell - XL1-BLUE MRF’

The host cells used in the cloning process were XL1-BLUE MRF’. These cells are a
restriction deficient strain of Escherichia coli, and are deficient for all known restriction
systems, although the modification systems are intact. In addition, XL1-BLUE MRF” cells are
endonuclease deficient and recombination deficient, ensuring stability of any inserts cloned
with this system. This bacterial strain contains the F° episome, which contains a tetracycline
resistance gene, and also fragments of the bacterial JacZ gene. This, in the presence of vector
plasmids containing no insert, on a medium containing the lactose analog X-gal, and the

lactase inducer IPTG, produces colonies which are blue.
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2.3.6b) The production of super-competent cells

The use of the procedure outlined below allows the production of cells which are
‘supercompetent’, and produce transformation frequencies far in excess of those produced by

conventional approaches.

An culture of XL1-BLUE MRF’ cells was grown to lag phase, in the presence of
tetracycline. This culture was used to inoculate 200ml sterile LB medium, supplemented with
12.5ug tetracycline, which was then incubated at 37°C until the optical density was 0.45 at a
wavelength of 550nm, as measured by spectrometer. All pipette tips, and reaction tubes used in
this experiment were sterile, and had been maintained at -20°C overnight, and transfered to a
4°C cold room imediately prior to the procedure. The bacterial culture was divided into eight
aliquots, each of these was treated in the same manner. The cells in each tube were pelleted by
centrifugation at 4°C for 15 minutes at 2.5K. The cell pellet was washed in 10ml TFB1
solution, the cells were left in contact with this for 15 minutes. The cells were again collected
by centrifugation, and resuspended in 1ml TFB2 solution. The resulting 8ml suspension of
competent cells were divided into 200ul aliquots, and stored at -70°C.

2.3.6c) The cloning vector - pBluescript SK+

pBluescript SK+ is a phagemid. This vector is essentially a plasmid with a phage
origin. This vector contain a multiple cloning site (containing 21 unique restriction sites),
flanked by the T3 and T7 RNA polymerase promoter sequences. These provide an ideal target
for sequencing primers. The plasmid also contains the terminal portion of the lacZ gene, within
which the multiple cloning site has been positioned. Therefore, when transformed into a
bacterial strain which contains all the other essential components of the /acZ gene, and grown
on a substrate containing the lactose analog X-gal, and the lactase inducer IPTG, the colonies
produced have a blue colour, except where the lacZ gene fragment in the plasmid has been
interrupted by the inclusion of an insert into the multiple cloning site. The phagemid contains
an ampicillin antibiotic resistance gene, for use as a selectable marker. DNA from pBluescript

SK+ can be recovered either as single or double stranded DNA.
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2.3.6d) The preparation of the plasmid vector

XL1-BLUE MRF’ cells containing pBluescript SK+ phagemids were streaked out
onto an agar plate, containing 50pg ampicillin per ml. Four separate colonies were picked from
this plate, with a sterile toothpick, and transferred to Sml LB broth, containing 50ug ampicillin
per ml. This solution was cultured for 18 hours. plasmid DNA was extracted from the
bacterial cells by the Promega ‘wizard’ miniprep kit, according to the manufacturers

instructions. The resulting plasmids were resuspended in 50pl TE buffer.

10pg plasmids (at 200ng per pl) were then treated with 50u EcoR1, in a total volume
of 100pl. This restriction enzyme has a unique restriction site within the multiple cloning site.
The digested plasmids were then treated with calf intestinal alkaline phosphatase (100u) at
room temperature for 30 minutes, to remove the 5’ phosphate molecules, and thus prevent self-
ligation of the vector. Both restriction digestion and alkaline phosphatase treatment were
carried out in One-Phor-All buffer, as supplied by Pharmacia Biotech, U.S.A.

The restricted, phosphatase treated plasmids were then purified by the Promega
‘Magic’ PCR preps kit, according to the manufacturers instructions. The plasmids were then
redissolved in 50ul TE buffer. This kit was designed for the purification of PCR products prior
to cloning, but was found to be adequate for the purification of small plasmids, such as

pBluescript SK+.

2.3 6¢) The preparation of the IRS-PCR or IRS-bubble PCR products for cloning

In the case of fragments that had been isolated from low melting point agarose gels in
the initial stages of the experiment, 1ug reamplified fragments were digested with 50u EcoR1,
in a volume of 50ul overnight, at a temperature of 37°C. The digested DNA was then purified
using the Promega ‘Magic’ PCR preps kit, according to the manufacturers instructions. In the
case of IRS-PCR fragments to be cloned directly from the initial PCR product mixture and
IRS-bubble PCR fragments, the entire PCR reaction was digested with 50u and 20u EcoR! in
volumes of 100ul and 20pl respectively, and then purified in the same manner. These

fragments were resuspended in 50l and 20pl of TE buffer respectively.
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2.3.61) The ligation reaction

The ligation reactions were carried out in a total volume of 30ul. Experiments were
carried out to determine the optimal ratio of insert to vector. For some fragments, ratios of 2:1
were adequate, but for the majority of fragments, 4:1 gave the best results. The reaction
mixtures contained 1X T4 DNA ligase buffer (as a source of necessary ions, and ATP), 200ng
purified digested and phosphatase treated pBluescript SK+ and 400ng - 800ng purified
restricted IRS-PCR or IRS-bubble PCR DNA, and 10u T4 DNA ligase. The reactions were
incubated at 15°C for 18 hours, after which they were maintained at -20°C until

transformation.

2.3.6g) The transformation procedure

100pl XL1-BLUE MRF’ competent cells per transformation reaction were thawed on
ice, and then added to the 30pul ligation reaction. The cell suspension was mixed well, and
maintained on ice for 45 minutes. After this time, the cells were heat-shocked by exposure to a
temperature of 43°C for 2 minutes. This served to increase the permeability of the bacterial cell
wall to the foreign insert DNA. The cell suspension was then returned to the ice for 5 minutes.
The uptake of the ligated DNA by the cells was then complete. 500ul LB broth, supplemented
with 5pl 1M MgSQ,, was then added. This mixture was then incubated with constant agitation
at 37°C for one hour, to allow expression of the ampicillin resistance proteins. The
transformants were plated onto LB agar megaplates containing ampicillin at a working
concentration of 50ug/ml, X-gal at a working concentration of 80pg/ml, and 20mM IPTG.
Where replica plates were to be taken, the transformants were plated onto nylon filters, but
where no further screening was to take place, the transformants were plated directly onto the

agar. The plates were incubated in an inverted position, at a temperature of 37°C for 18 hours.

2.3.7) Detection of microsatellite containing clones

2.3.7a) Replica plating technique

In cases where the insert fragment was judged to contain a microsatellite repeat on the
basis of the hybridization studies, positive clones were identified by replica screening with the

relevant oligonucleotide probe. The original transformation plates were used to prepare
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duplicate replica lifts, onto Hybond N+ hybridization membranes, which were placed on LB-
ampicillin plates (as used in the original transformations). The plates were then incubated at
37°C, in an inverted position, to allow growth of the transferred clones. The master plates were
also incubated for a period of one hour, to regenerate the original colonies. After this time,
colonies were clearly visible on the replica plates. The plasmid DNA was released by treatment
of the filters for 7 minutes with denaturing solution, and 6 minutes with neutralizing solution
soaked on 3MM filter paper pads (See section 2.1 for details of solutions). The filters were
then washed in 2X SSC to remove any traces of agar. The DNA was fixed to the filters by
U.V. crosslinking for 15 seconds followed by baking in an 80°C oven for 2 hours.

2.3.7b) The detection of positive clones by hybridization

The oligonucleotide probes were end-labelled with y*’P-dATP, as in the original
experiments. For dinucleotide repeats, the hybridization solution was 1.2X SSPE, 10% dextran
sulphate (w:v) and 2X SSC. Because of the lower hybridization temperatures required for the
trinucleotide repeats with lower (A+T) contents (see table 8), the SSPE concentration was

increased to 4X SSPE, for the detection of trinucleotide repeats. This allowed an increase in

Microsatellite (CA),; (GA), (GTT), (CAT),
TIm for 4X SSPE - - 58.21 58.21
[GOR)]
Tm for 1.2X SSPE 68.0 68.0 39.0 39.0
€C)

Table 8: - Tm values for (CA), (GA), (GTT) and (CAT) repeats in 1.2X SSPE and
4X SSPE

temperature to a level where the SDS remained in solution. This reduced the level of the
background considerably. The Tm values calculated for the repeats tested are given in table 8.
In order to reduce the number of hybridizations required for clones containing more than one
type of microsatellite repeat, probes with identical Tm values were pooled. Hybridizations was
carried out at 5°C below Tm, for a period of 3 hours. Filters were washed three times at 5°C
below Tm, as in the original experiments, and once at Tm, for 2 minutes exactly. The washes
were carried out in 2X SSPE/ 0.1% SDS for the dinucleotide repeats, and in 4X SSPE/0.1%
SDS for the trinucleotide repeats. The filters were dried briefly, and exposed to Hyperfilm
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autoradiography film for 24 to 72 hours, depending on the intensity of the signal, as determined
by Geiger Muller counter.

2.3.8) Isolation of individual clones, and extraction of plasmid DNA

Individual white colonies (as the blue colonies represented vector plasmids with no
insert) were picked from the growth surface with sterile toothpicks, and were transferred to
sterile culture tubes containing 5ml LB, and 250pg ampicillin. These cultures were incubated
at 37°C for 18 hours, with constant agitation.

When the growth was complete, a proportion of the culture was removed for the
preparation of a glycerol stock (cultured cells were mixed with 15% glycerol (v:v), and stored
at -70°C, as a permanent resource). The remainder of the cells were pelleted by centrifugation
for 15 minutes at 2.5K, at a temperature of 4°C. The plasmids were released from the bacterial
cells by alkaline mediated cell lysis (according to the procedures outlined in the Promega
‘Magic’ minipreps kit) followed by removal of the cell debris by centrifugation. The plasmids
were purified by means of the Promega ‘Magic’ minipreps kit, and resuspended in 80ul TE
buffer. Later minipreps were carried out to the same procedure, but using the Promega

‘Wizard’ minipreps kit.

2.3.9) The development of techniques to distinguish between mouse and hamster clones

Although the IRS-PCR primers were apparently species specific, low level
amplification of hamster sequences might be expected to occur. This suggests that a proportion
of the DNA fragments produced will be of hamster, rather than mouse, origin. Initially, total
mouse DNA labelled by the random primer method with a*?P-dCTP was used to probe
plasmids immobilized on nylon filters. This hybridization was carried out in 5X SSPE, 10%
dextran sulphate (w:v) and 2% SDS, at a temperature of 68°C, in the presence of 2mg
unlabelled hamster DNA, in a total volume of 15ml. This reduced any hybridization signal due

to the hamster repetitive sequences.
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2.3.9a) Dot blot techniques - preparation of filters

Dot blot techniques were also used to identify hamster clones. Samples of mouse and
hamster DNA were heated to 95°C, an equal volume of 20X SSC was then added. 1.0ug
aliquots of heated mouse and hamster DNA were then alternately spotted onto strips of
hybridization membrane, which had been prewetted with 10X SSC. The position of the
hamster dots was marked. The membrane was then placed on a pad of filter paper soaked in
neutralization solution (Hybond N+) for 5 minutes. After this time, the membrane was
transferred to a similar pad soaked in neutralizing solution (Hybond N+) for 1 minute. The
DNA was fixed to the filter strips by U.V. treatment for 15 seconds, followed by baking in an

80°C oven for 2 hours.

2.3.9b) Preparation of probes

Fragments cloned into the plasmid were released by restriction digestion (EcoR!
digestion in the case of L1, L1/B2 and B2(EcoR!) fragments, Not! in the case of B2(Not!)
and IRS-bubble PCR fragments). The digestion was carried out according to the instructions

given by the manufacturer.

Digested fragments were electrophoresed on 0.8% agarose gels, in 1 X TBE buffer.
The gels were run at 250V/cm, for about one hour. The gels were stained with ethidium
bromide, and viewed under U.V. light. Individual inserts were excised from the gels using
sterile scalpels, and were purified by centrifugation through glass wool, to remove traces of
agarose. The final concentration was approximately 10ng/ul. 25ng insert was labelled to high
specific activity with o**P-dCTP by the random priming method, with the ‘prime-it’ version

2.0 kit, according to the manufacturers directions.

2.3.9¢) Hybridization techniques

The probes were boiled for 5 minutes, in order to render them single stranded. They
were then added to heat-sealed plastic bagging, containing the membrane strips bearing mouse
and hamster DNA. The hybridization solution was 5X SSPE, 10% (w:v) dextran sulphate, 2%
SDS. The hybridization was carried out at 68°C for 18 hours. The filters were washed for 30
minutes, at 68°C in 2X SSPE/0.1% SDS, and then exposed to Hyperfilm autoradiography film
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at -70°C for 24 to 48 hours, depending on the intensity of signal, as determined by Geiger
Muller counter. The position of the hamster spots was marked on the film, with the point of a

scalpel.

2.3.10) Sequencing reactions

The sequence of the insert was determined by double-stranded dideoxy sequencing.
The Sequenase version 2.0 sequencing kit was used for all reactions. 5-8pug plasmid DNA was
first denatured by treatment with 0.1 volume of 2N NAOH/ 2mM EDTA for 30 minutes, in a
total volume of 90ul. The DNA was then precipitated by 2 to 4 volumes of 100% ethanol,
following adjustment of the ion concentration with 0.1 volume 3M sodium acetate. The DNA
was pelleted by centrifugation, and washed once with 70% ethanol. The pellet was dried at
95°C for 5 minutes, and then resuspended in 7l deionised distilled H,O.

The DNA was then sequenced using primers designed from the T3 or T7 RNA

promoter genes present in the vector, or from the vector specific KS primer (see table 9 below).

Sequencing primer Sequence
KS 5° AAT AACCCT CACTAAAG3
T7 5 GCCTAATACGACTCACTATAZ
T3 5" CGA GGT CGA CGG TAT CG 3’

Table 9:- Details of sequencing primers

These primers flank the site of insertion. The sequencing reactions contained 1X
Sequenase buffer (200mM Tris-HCI pH 7.5, 100mM MgCl, and 250mM NaCl), 0.5pmol/pl
T3 or KS primer and 7pl denatured DNA from the denaturation reaction, in a total volume of
10ul. To this, the labelling reaction mix of 0.01M DTT, 1:10 diluted labelling mix, and 0.5pl
a>S-dATP was added, together with 3.25u of Sequenase version 2.0 T7 DNA polymerase and
0.6u inorganic pyrophosphatase (to eliminate the sequence dependent reversal of the
polymerase reaction by pyrophosphorolysis - this can lead to weakening of the signal from
certain areas of the insert). The labelling reaction was carried out for 5 minutes, at room
temperature. The reaction was then terminated by the addition of 3.5pul of the reaction to each

of four tubes containing the termination mixture containing 80pM each deoxynucleotide, and
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8uM of one dideoxynucleotide in 50mM NaCl. The termination was carried out for 15
minutes, at 42°C. The reactions were then completed by the addition of 4ul 95% formamide,
20mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol. The sequencing reactions
were carried out according to the instructions supplied with the Sequenase kit. All reagents
were maintained on ice. For clones without microsatellite repeats, only the ends of the
fragments were sequenced. Where microsatellites were present, sequence was obtained from
either side of the repeat. Only partial sequence was obtained for clones. When it was necessary
to obtain sequence located further into the clone (for example when repeat sequences were not
reachable from one side of the clone, due to their position), a single primer was designed, from
which further sequencing reactions were carried out. Sequencing reactions were
electrophoresed at 50W for 3 hours. The gels were dried at 80°C, under vacuum, and then
exposed to Hyperfilm autoradiography film for 1 to 7 days, depending on the intensity of the

signal.
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2.4) Primer design and the detection of variation between Mus

musculus and Mus spretus

New markers were generated for mouse chromosome two, by IRS-PCR and IRS-
bubble PCR. Sequence information obtained from experiments described in section 2.3 was
used to design new PCR primers which could then be used to map the DNA fragments by
interspecific backcross analysis. Conditions were established for these primers, and variation

between Mus musculus and Mus spretus was detected by the following techniques:-

I) The manipulation of the PCR to produce Mus musculus specific amplification.

IT) The detection of length variation deriving from the presence of microsatellite repeats.

III) The detection of length variation deriving from polypurine or polypyrimidine repeats
originating from the degeneracy of the 3’ end of the SINE and LINE repeats by radioactive
PCR.

IV) The detection of RFLVs between Mus musculus and Mus spretus.

V) The detection of single stranded conformation variations (SSCVs) between Mus musculus

and Mus spretus.

2.4.1) The production of new STSs for loci on mouse chromosome two

2.4.1a) Primer design

Sequence information for the DNA fragments cloned in section 2.3 was used to design
new PCR primers. In the case of sequence containing microsatellite repeats, PCR primers were
designed which flanked the repeat unit, from sequence taken from one end of the insert. For all
other fragments, whether of IRS-PCR or IRS-bubble PCR origin, PCR primers were designed

from sequence from both ends of the insert.

Before the new PCR primers were purchased, they were first checked for repetitive
DNA content against the GenBank database, using the ‘Blast’ program offered by the
computing services at the HGMP (Altschul et al., 1990).
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2.4.1b) The establishment of amplification conditions for new PCR primers

Upon the arrival of new primer pairs, they were divided into 100ul aliquots, as a
precaution against contamination (since the primers were designed from plasmid sequence, the
presence of airborne plasmid posed a contamination problem, despite measures to contain this).
These included the preparation of reaction mixtures and the execution of the PCR in a separate
room to that used for plasmid manipulation, and the use of dedicated pipettes, tips and tubes.
Occasional cases of contamination were treated by restriction digestion of either primers or
master mixes, given the presence of an appropriate restriction site in the plasmid, or by U.V.
treatment of primers or master mixes). PCR was carried out in 50pl reaction volumes. The
reactions contained 1X PCR buffer (Advanced Biotechnologies Ltd.), 200uM dNTPs, 100ng
each primer, and 50ng mouse DNA, for a number of different magnesium concentrations,
commonly I.OmM, 1.5mM, 2.0mm, 2.5mM, 3.0mM, 3.5mM and 4.0mM. The reaction was
mediated by 0.5u Tag polymerase. The reactions were carried out under standard PCR
conditions of 55°C annealing and 72°C elongation. Magnesium titrations were also carried out

with 50ng hamster DNA, under the same conditions.

If these conditions did not yield results, the annealing temperature and the length of
time at each step was adjusted. 10% glycerol or 10% DMSO were added to the reaction
mixture to improve the quality of the PCR product if necessary. Under conditions where more
than one band was produced, the stringency of the reaction was increased until this was at a
minimal level. The addition of 10% glycerol was used as a means of reducing the number of
bands produced. Sequences of each primer pair, and the amplification conditions are given in
table 10. PCR products were visualized on 2% agarose gels stained with ethidium bromide
(35ug per 70ml gel), and viewed under U.V. light.

2.4.2 Methods of detecting interspecies variation

Once PCR conditions were established which reproducibly amplified DNA from Mus
musculus, experiments were commenced to identify variation between Mus musculus and Mus
spretus in the PCR product produced by each pair of primers. This was accomplished by the

methods outlined below.
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2.4.2a) The manipulation of the PCR to produce species specific amplification

Species specific amplification occurs when the sequences of the Mus musculus and
Mous spretus DNA fragments differ sufficiently to prevent annealing of a primer designed from
a Mus musculus clone to anneal to the Mus spretus sequence, or if there is a large insertion
between the priming sites in Mus spretus. The exact sequence differences between the species
cannot be determined without direct sequencing of the homologous fragment, but primer
sequences designed from Mus musculus sequence will fortuitously fail to amplify Mus spretus
DNA in approximately 20% of cases (this value is estimated from the primer pairs designed by
Love et al., 1990 and Hearne et al., 1991). Under conditions where the Mus musculus locus is
amplified to a much greater degree than the Mus spretus locus, the stringency of the PCR
reaction was increased (by increasing the annealing temperature, decreasing the elongation time
or decreasing the magnesium concentration in the reaction mixture) until no amplification was
obtained from Mus spretus DNA. This allowed the fragment to be mapped on an interspecific
DNA panel backcrossed to Mus spretus. The PCR reactions were carried out in a volume of
50ul. The reaction mixture contained 1X PCR buffer (Advanced Biotechnologies Ltd.), 200uM
dNTPs, 100ng each primer, 10ng DNA (from either Mus musculus or Mus spretus), and a
magnesium concentration appropriate to each primer pair. The reaction was mediated by 0.5u
Taq polymerase. PCR products were displayed on 2% agarose gels. Gels were electrophoresed
in 1X TBE buffer, at 200V/cm, stained with ethidium bromide (35pg per 70ml gel) and viewed
under U.V. light.

2.4.2b) Variation due to length differences originating from the presence of microsatellite
repeats

Where primer sequences were taken from sequences flanking a microsatellite repeat,
amplification across the repeat unit detected length variation between species in the majority of
cases. This was due to differences in the copy number of the basic repeat between Mus
musculus and Mus spretus. These differences in allele length can sometimes be seen even on
low percentage agarose gels, but in the majority of cases, higher percentage gels can identify
variants separated by upwards of six base pairs. PCR reactions were carried out in 50ul or
25ul volumes, according to the requirements of the primers. Reaction mixtures contained 1X
PCR buffer (Advanced Biotechnologies Ltd.), 50ng (for 25ul reactions) or 100ng (for 50ul
reactions) each PCR primer, 200uM dNTPs, 10ng DNA and a magnesium concentration
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appropriate to the primers. PCR reactions were mediated by 0.25u (for 25ul reactions) or 0.5u
Taq polymerase (for 50ul reaction). Amplifications were carried out according to the
conditions stated for each pair of primers in table 10. PCR products were visualized on gels of
an appropriate agarose percentage to distinguish the variation - gel concentrations varied from
3% to 6%, according to the separation of the alleles. However, due to the difficulty of melting
and pouring higher percentage gels, markers producing very small variations in product size

were mapped by radioactive PCR, as described in section 3.4.3d.

3.4.3¢) Identification of restriction fragment length variants (RFLVs

Since the majority of fragments cloned did not contain microsatellites, attempts to
identify RFLVs were undertaken. PCR primers were designed from the ends of the insert,
ideally to amplify products of 1.0 to 1.5kb, which would be more likely to contain restriction
sites which might not be common to both Mus musculus and Mus spretus. RFLVs can be
generated by mechanisms such as insertion or deletion events in one species, leading to
differences in the size of fragments produced, or by point mutation events, which disrupt

restriction sites in one species.

PCR amplifications were carried out in 50pl reaction volumes, containing 1X PCR
buffer (Advanced Biotechnologies Ltd.), 100ng each PCR primer, 200uM dNTPS, 10ng Mus
musculus or Mus spretus DNA, and magnesium according to the requirements of each primer
pair. The reaction was mediated by 0.5u Taq polymerase. Following verification that the
samples had amplified, restriction digestions comparing Mus Musculus and Mus spretus PCR
products were set up in 20ul volumes, with 10u frequent cutter restriction enzyme, such as
Rsal, Ddel, Hinfl, Hincll, Haelll, Alul, Tru9AI, Xbal Mspl, Taql and Mbol. If no RFLV was
detected with these enzymes, others such as Pstl, EcoRV, BamH 1, HindlIl, Bglill, Sstl, Hpall
or Kpnl were tested. All restriction digestions were carried out at a temperature of 37°C, with
the exception of Taql, which was carried out at 65°C. All digestions were carried out for 18

hours.

Digested PCR products were visualized on 4% agarose gels, stained with ethidium
bromide (35ug per 70ml gel) and viewed under U.V. light.
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2.4.2d) The detection of small length differences by radioactively labelled PCR

PCR products which appear to show no length variation between Mus musculus and
Mus spretus DNAs on even high percentage agarose gels can often be shown to be variant on
polyacrylamide gels. The greater resolution allowed by these gels allows length differences of
only one base pair to be detected. In order to produce the maximum resolution, 6%
polyacrylamide sequencing gels were used to investigate whether there was any length variation
between the two species. The use of these gels requires the use of different means of visualizing
the products from those used so far, because of the differences in the set-up of the
electrophoresis equipment, and in the thickness of the gels - whereas the average agarose gel is
approximately 0.5 to lcm in depth, and therefore easy to handle without breakage,
polyacrylamide sequencing gels are only of the order of a millimeter thick, and very fragile.
Therefore, the PCR products were radioactively labelled with a’P-dCTP during the course of
the amplification. This was achieved by the inclusion of a**P-dCTP into the reaction mixture.
The concentration and composition of the nucleotide mix was adjusted to compensate for this.
Each reaction was carried out in a 10pl reaction volume. The reaction mixture contained 1X
PCR buffer (Advanced Biotechnologies Ltd.), 200uM each dATP, dTTP and dGTP, 10pM
dCTP, 0.36ul of a 1:75 dilution of stock a**P-dCTP, Sng Mus musculus or Mus spretus DNA,
an appropriate magnesium concentration for the primers used and 0.25u Tag polymerase. The
cycling conditions were identical to those used for non-radioactive PCR, and are given in table

10.

Once variation had been detected between Mus musculus and Mus spretus, new

molecular markers were mapped by interspecific backcross analysis.

2.4.2¢) Single stranded conformation variation (SSCV) analysis

Single stranded conformation variation (SSCV) arises by virtue of point mutations, or
small rearrangements, which alter the conformation (and thus the motility) of single stranded
DNA under non-denaturing gel electrophoresis. (Orita er al., 1898a; 1989b). Although the
technique was originally carried out on digested genomic DNA, the same methods can be
employed to detect single base differences in PCR products amplified from different species,

such as Mus musculus and Mus spretus.
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PCR reactions were carried out according to the conditions defined for each primer
pair. Standard amplifications were carried out in 50ul reactions. The reaction mixture
contained 1X PCR buffer (Advanced Biotechnologies Ltd.), 200uM dNTPS, 100ng each
primer, magnesium concentrations appropriate to each primer pair and 10ng DNA. The PCR
products were electrophoresed on 8% polyacrylamide slab gels, containing 10% glycerol, and
0.5X TBE. The electrophoresis was carried out at 200V for 12 - 16 hours, depending on the
size of the PCR product.

DNA was visualized by silver staining. The gel was first washed in 10% ethanol, 0.5%
acetic acid solution, for two 3 minute periods. The gel was then treated with 1g/L silver nitrate
solution for 10 minutes, with agitation. The gel was then briefly rinsed twice with distilled
water, to remove excess silver nitrate. A small amount of stain was then added, which was then
poured off, and the gel again rinsed with distilled water. Finally, the gel was exposed to the
stain for 15 to 20 minutes, which highlighted homoduplex and heteroduplex DNA.
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2.5) Determination of the map position of new molecular markers
from mouse chromosome two.

2.5.1) Mapping of new markers to mouse chromosome two

2.5.1a) The Jackson Laboratory interspecific backcrosses

Two panels of DNA from interspecific backcross animals were obtained from the
Jackson laboratory. Both panels involved the laboratory inbred strain C57BL/6J, and Mus
spretus. Panel one (BSB) consists of 94 N2 offspring from the C57BL/6J X Mus spretus F1,
backcrossed to C57BL/6]. Panel two (BSS) consists of 94 N2 animals from the C57BL/6J F1,
backcrossed to Mus spretus (Rowe et al., 1994). These panels have been characterized for a
number of loci on all mouse chromosomes, and thus are useful for the initial localization of
new markers. The resolution obtainable from these crosses has been estimated at between 1 and
5cM (Rowe et al., 1994). New molecular markers obtained from the IRS-PCR and IRS-bubble
PCR cloning experiments were first mapped on one or other of these backcrosses to establish
linkage to mouse chromosome two. The choice of which panel a new marker was mapped on
largely depended on which panel illustrated the variation between C57BL/6J and Mus spretus
alleles in the clearest manner. In the case of markers with which no amplification of Mus
spretus DNA was noted, there was no choice but to map on panel two (BSS). In this case, all
backcross animals possessed Mus spretus alleles, only the C57BL/6J allele was segregating.
The existing marker D2Mit52 was also mapped on panel two, as a reference locus for the

construction of the map.

2.5.1b) PCR amplification of backcross DNAs

PCR reactions were carried out in a total volume of 50ul. Reaction mixtures contained
1X PCR buffer (Advanced Biotechnologies Ltd.), 200uM dNTPS, 100ng each primer,
magnesium concentrations appropriate to the primer pair in question (see table 10 for primer
details), and 50ng backcross DNA from the required panel. In cases where variation was to be
detected by radioactive PCR followed by analysis on sequencing gels, the reaction mix was
altered to include a**P-dCTP, as outlined in section 2.1.4d. All reactions were carried out on
Hybaid Omnigene tl;ennal cyclers, with the exception fo the radioactive PCRs, which were
carried out in Hybaid TR2 thermal cyclers, for safety reasons. Variation was detected as
outlined in section 2.4 (see table 11 for details of techniques used), and backcross animals were
scored as either BB or BS in the BSB cross, or SS or BS in the BSS cross. The data was then
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submitted to the Jackson database for detailed analysis. The data was analysed by the Map
Manager program (Manly, 1993).The program was originally written for the analysis of data
from recombinant inbred lines, but has been adapted for the analysis of interspecific backcross
data. The program calculates first the probability that any two loci are linked, and then
calculates map order and map distance. The map order is determined by minimising the number
of double recombinants required to produce a particular haplotype, and the map distance is
calculated from the number of recombination events between any two adjacent loci. Sufficient
loci have now been placed on the maps that definate haplotypes have now emerged for each
animal, and double recombination events are easy to distinguish. New loci can usually be
allocated rough map positions by comparison of the segregation patterns produced from the
new marker under test, and existing markers already mapped to mouse chromosome two. Print
outs were received, giving exact positions for new markers, together with details on the

presence of transmision distortion, or other phenomenon.

2.5.2) Detailed mapping of new markers mapping in areas of interest

New molecular markers mapping to regions of interest on mouse chromosome two
(such as the areas where the genes for the ragged, wasted and ulnaless mutations are thought to
lie) were mapped on specialized backcrosses segregating the mutant of interest. Three such

backcross panels are available at present, segregating ragged, wasted and ulnaless respectively.

2.5.2a) The ragged backcross

The ragged backcross was set up from a Ra/+ heterozygote X Mus spretus
interspecific cross (Abbott et al., 1994). The Ra/Mus spretus female F1 animals were then
backcrossed to a mouse of the strain C3H/HeH. This backcross produced (at the time of
writing) 166 N2 animals, of genotype Ra/C3HHeH or Mus spretus/C3HHeH (see figure 19a).
These two types of progeny are easy to distinguish from each other - Ra/C3HHeH animals
have the distinctive ‘ragged’ coat of ragged heterozygotes whereas C3HHeH/Mus spretus
animals are completely wild type. This backcross has been typed for several loci on mouse

chromosome two, especially in the region of the ragged mutation.
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Ral+ Mus spretus
| I
F1  Ra/M. spretus +/ Mus spretus
C3H/HeH
Ra/M. spretus 9 ¢
N2 I I
Ra/C3H/HeH M. spretus/C3H/HeH

Figure 19a: - The ragged backcross

Ra+/+wst Mus spretus
[ |
F1 Ra+/M. spretus 9 +wst/M. spretus
N2 +wst/M. spretus Ra+/+wst

I I |
| | | |

+wst/Ra+ +wst/+wst M. spretus/Ra+ M. spretus/+wst
Not analysed These animals Not analysed Not analysed
analysed

Figure 19b: - The wasted backcross
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2.5.2b) The wasted backcross

The wasted backcross posed an additional problem, in that wasted heterozygous mice
are indistinguishable from the wild type. To circumvent this problem, this backcross was
maintained on a background also segregating ragged. The parental animals were Ra+ / +wst
and Mus spretus. This produces Ra+ / Mus spretus and +wst / Mus spretus F1 animals. The
+wst/Mus spretus F1 females (identified by their non-ragged coat) are then backcrossed to
Ra+ / +wst. This produces the following offspring:- a) +wst/+wst, b) +wst/Mus spretus, c)
Ra+/+wst and d) Ra+/Mus spretus N2 animals (Abbott et al., 1994)(see figure 19b). Only
animals which were visibly wst/wst homozygotes (on the basis of tremor, ataxia and weight
loss) were included in the analysis, as wst heterozygotes were indistinguishable from wild type.
This method of identifying wasted heterozygotes is made possible because of the close linkage
between ragged and wasted (Peters ef al., 1994). This backcross yielded 94 animals (at the
time of writing), and has also been typed for a variety of markers on distal mouse chromosome

two (Abbott et al., 1994).

2.5.2¢) The ulnaless backcross

The parental strains of the ulnaless backcross were Ul/+ and the Mus musculus
castaneus strain CAST/Ei, rather than Mus spretus. Phenotypically ulnaless F1 female
offspring UVCAST/Ei were then backcrossed to the inbred strain CBA. This backcross
produced UlI/CBA and CAST/Ei/CBA N2 offspring (see figure 19¢). The background of the
ulnaless stock was very heterogeneous, containing C3H, CBA, 101, and a mutation testing
stock (Dr. C. Abbott, personal communication). The interspecific backcross generated 93 N2
animals. These animals have been characterized for markers in the D2Mitll to D2Mit30

region, within which the ulnaless mutation is located.

2.5.2d) Mapping new molecular markers on the ragged, wasted and ulnaless backcrosses

Markers previously mapped on the Jackson backcross panels to the region in which
ragged, wasted and ulnaless are thought to lic were then used to ampify DNA from the relevant
backcross. It was judged unnecessary to type the entire backcross for markers already mapped
on the Jackson crosses - only animals showing evidence of recombination events in the region
of the chromosome in which the new marker was located were typed. Markers lying in the

D2Mit11 - D2Mit30 region of mouse chromosome two were typed on the ulnaless cross,
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ui/ +Q CAST/Ex

i |

F1 Ul/CAST/Ei +/CAST/Ei

v
Ull CAST/Ei 9 CBA

I |

N2 UI/CBA CAST/Ei/CBA

Figure 19¢: - The ulnaless backcross
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whereas critical recombinants from the Gnas - tel region were typed for the ragged and wasted

backcrosses.

PCR reactions were carried out for each new marker according to the conditions
established for mapping on the Jackson backcross. For markers to be mapped on the ulnaless
backeross, a source of variation between CBA and CAST/Ei was first determined, as in section

24

Reactions were carried out in 50ul total volume, with the exception of the ulnaless
cross, in which reactions were carried out in a total volume of 30pl. All reactions were carried

out in Hybaid Omnigene thermal cyclers.

Data were analysed by similar methods to those employed in the Map Manager
program (Manly, 1993). Several loci had already been placed on all the individual backcrosses,
and new markers were allocated map positions on the basis of the minimum number of
recombination events required to generate a particular haplotype. Genetic distance between loci
was calculated as a recombination percentage, and standard error was calculated as a function
of the square root of ‘p’ multiplied by ‘q’ over the square root of ‘N’, where P was the
recombination frequency (expressed as a decimal), P + q = 1, and N was the number of animals

analysed.
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Chapter 3

Results

3.1.1) The construction of two new panels of somatic cell hybrids

Two new panels of mouse:Chinese hamster somatic cell hybrids were constructed. The
Chinese hamster parent was the HPRT cell line V79TOR2, the mouse parent (spleen cells) in
the panels carried the T(2;8)2Wa translocation in one panel, and the T(2;16)28H translocation
in the other panel. 44 individual clones were isolated from the two panels :- 25 from the
T(2;8)2Wa panel, and 19 from the T(2;16)28H panel. The characteristics of each clone are
given in tables 10a and 10b.

3.1.1a) Cell morphology. colony morphology and growth rate of isolated hybrid cell lines

As can be seen from tables 10a and 10b, the colony morphology, cell morphology and
growth rates of the clones differed from line to line. Some of the hybrid lines (T28H-2, T28H-
5, T2Wa-11a) produced showed similarities in the cell morphology to the hamster parental cell
line V79TOR2, which also showed spindle-shaped cells. Other lines (T28H-20, T2Wa-15,
T2Wa-16) showed more similarities to the rounder cells derived from mouse spleen. Cells of
other lines appeared to have a morphology all of their own (T28H-9, T28H-18b, T2Wa-14).
These lines showed characteristics of both parental lines. Similarly, the colony structure and
growth rate seemed to resemble one or other parent, or a combination of the two. The hamster
cell line showed very fast growth, with little evidence of contact inhibition - indeed, these cells
continued to grow until all nutrients had been exhausted in the medium, at which point they
detached from the base of the flask, and died. This trait was also seen in several of the hybrid
lines, notably T28H-6 and T2Wa-5. No estimate of growth was available for the mouse
parental cell line, as it was derived from primary cells. however, the growth rates of primary
cells in culture are known to be slow. Some hybrid lines showed extremely slow growth
(T2Wa-1, T2Wa-15), in many cases not surviving the transfer to fresh culture flasks following
isolation. These cell lines may have showed many similarities with the mouse parental cell line,

perhaps because they retained the majority of the mouse chromosomes.
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Clone name colony structure cell morphology growth rate
T28H-1 Open, loose association large cells, rounded moderately fast
T28H-2 sparse colonies, dense small spindle-shaped slow

association of cells cells
T28H-3 / / Cells did not
survive transfer
from parent flask
T28H-3b Dense colonies, but small round cells fast
haphazard structure
T28H-4 loose association of cells small rounded cells fast
in colony, rounded shape
T28H-5 colonies are circular, elongated, spindle- fast
structure is loose. shaped cells
T28H-5b round colony structure rounded cells moderately fast
T28H-6 rounded colonies small, round cells very fast
T28H-7 rounded colonies cells less rounded moderately fast
T28H-8 rounded colonies, with rounded cells moderately fast
loose structure
T28H-8b loosely circular, loose cells less rounded moderately slow
association of cells
T28H-9 colonies roughly circular | elongated, tapered cells moderately fast
T28H-10 small, round colonies rounded cells slow
T28H-11 sprawling colonies, rounded cells moderately fast
rounded structure
T28H-12 / / Cells did not
survive transfer
from parent flask

Table 10a:- Characteristics of each hybrid clone isolated from the T(2:16)28H panel
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moderately slow

T28H-13 Discrete, rounded small, round cells
structure
T28H-14 small, rounded small cells, less rounded moderately fast
T28H-15 rounded colonies small, tapered cells moderately fast
T28H-16 rounded colonies small, tapered cells moderately slow
T28H-17 small, rounded large, rounded cells slow
T28H-18a / / cells did not survive
transfer from parent
flask
T28H-18b large, rounded colonies large, tapered fast
T28H-19 rounded colonies large cells slow
T28H-19b not enough cells to large, rounded very slow
determine
T28H-20 small round colonies, small, rounded cells fast
looses association
between cells
T28H-21 large, round colonies large, round cells very fast

Table 10a (cont.):- Characteristics of each hybrid clone isolated from the T(2;16)28H panel
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clone name colony structure cell morphology growth rate
T2Wa-1 small, round colonies, small, rounded cells very slow
loose association
between cells
T2Wa-1b small, rounded colonies small, rounded cells, very slow
dense structure
T2Wa-2 large, round colonies, large, spindle-shaped moderately fast
loose structure cells
T2Wa-3 large, round colonies large, tapered cells fast
T2Wa-4 very dense, rounded rounded cells moderately fast
colonies
T2Wa-5 discrete, round colonies small, rounded cells very fast
T2Wa-6 small, scattered small, rounded cells moderately fast
colonies, borders not
well defined
T2Wa-7 / / cells did not survive
transfer from parental
flask
T2Wa-8 small, round colonies small, rounded cells moderately slow
T2Wa-9 small, sparse colonies small cells moderately slow
T2Wa-10 ill-defined boundaries to small, rounded cells slow
colonies
T2Wa-11a small, round colonies small, spindle-shaped fast
cells
T2Wa-11b small, discrete colonies, small, round cells fast
dense structure
T2Wa-11¢ loose association of very small, round cells fast

cells, roughly circular

Table 10b:- Characteristics of each clone isolated from the T(2:8)2Wa hybrid panel
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T2Wa-12 / / cells did not survive
transfer from parental
flask
T2Wa-13 small colonies small, round cells slow
T2Wa-14 small, dense colonies large, round cells moderately fast
T2Wa-15 very small colonies small, round cells very slow
T2Wa-16 small, discrete colonies small, round cells very slow

Table 10b (cont.):- Characteristics of each clone isolated from the T(2:8)2Wa hybrid panel

3.1.2) The characterization of the hybrid panels

The new hybrid lines were grown to bulk culture, and DNA was extracted from them,
as outlined in the methods chapter. Only 11 clones from the T2Wa panel, and 15 clones from
the T28H panel were cultured in this manner, and characterized. The remaining clones were not
characterized either because they did not survive in culture, or because they harbored heavy
fungal infection, and it was judged to be an unnecessary risk to the other clones to maintain
them in culture. The new panels of somatic cell hybrids were characterized using the mouse
specific PCR primers outlined in the materials and methods. Each line was characterized for at
least two markers per chromosome, where available. The translocation chromosomes were
characterized in more detail. An illustration of the results from the PCR hybrid characterization
is shown in figure 20. Mouse positive controls and hamster negative controls were carried out
in each case. Presumed heterogeneity in the hybrid population (as assessed by reduction in the
amount of PCR product for a set of markers on a particular chromosome, relative to the other
chromosomes in the same hybrid) was noted in some cases. Heterogeneity for the translocation
chromosomes was also seen, notably in T28H-3b, and T2Wa-1. This reduction in PCR signal
intensity was not dramatic, but does indicate differences in the chromosome content of cells
within the clone. The chromosome content of each hybrid cell line is given in tables 11a and

11b.

3.1.2a) Analysis of segregation patterns of the two new panels

It can be seen that segregation has occurred to a large degree in some hybrid clones,

and not in others. For the purposes of the analysis of the overall segregation rate, chromosomes
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Chromosome 2 Chromosome 4 Chromosome 5
M Hy Ha M Hy Ha M Hy Ha

M Hy Ha M Hy Ha M Hy Ha
chromosome 11 Chromosome 13 Chromosome 17

M - Mouse, Hy - hybrid and Ha - hamster

Figure 20: - The characterization of hvbrid lines bv species specific PCR
The figure shows the results obtained from species and chromosome specific amplification of DNA
from mouse cells (positive control, marked ‘M), hybrid test line (T2Wa 1, marked ‘Hy’) and hamster
cells (negative control, marked ‘Ha’). It can be seen that no amplification was noted in the hybrid line
for any of the markers tested, therefore, the signals detected in the hybrid cell lines must derive from
the mouse chromosome. The markers tested were Ada (chromosome 2), Hist2 (chromosome 3), Mup
(chromosome 4), Tyr (chromosome |\), Dhjr (chromosome 13) and Ter (chromosome 17).
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cell Chromosome
line

1 22 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

8 2

1 + + o+ + - s L +# . + - + o+ o+ - +
2 + o+ o+ + 0+ o+ o+ o+ o+ o+ + + + + + o+ o+ o+ +
3 + o+ o+ + + o+ o+ o+ o+ o+ + + + + + o+ o+ o+ +
4 + + . - T S - - - + - + - - -
5 - + o+ + + o+ -+ 4+ o+ - + + - + o+ o+ o+ +
6 + - - + - + - - -+ + + - + - + - - -
8 + + o+ + + o+ o+ o+ .+ - + + + + o+ o+ 4+ +
10 + + + - + + + + + + + +* + + + + + + -
Ma + + + + + o+ o+ o+ o+ o+ + + o+ + + o+ o+ o+ +
b+ + o+ + + o+ o+ o+ o+ - + o+ . + o+ o+ 4+ +
14 - - + - + - . . .. + + . o+ . + - -

# = extensive heterogeneity in the hybrid clones, as reflected by a decrease in PCR intensity
relative to markers on other chromosomes in the same clone, and to other clones carrying that
chromosome.

* = fragmentation of the hybrid clone reflected by non-concordant segregation of markers
mapping to the same chromosome.

Table 11a:- Characterization results for the T2Wa panel
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1+ 4+ + + + o+ + o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+
3b + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ e g
4 + o+ o+ o+ o+ o+ o+ o+ -+ - + o+ 4+ # 4+ . + o+
5 + + o+ o+ o+ o+ o+ o+ o+ + 0+ o+ o+ o+ o+ o+ o+ o+
6 - - + - - 4+ - 4+ -+ o+ - - - - + - -
7 + + + o+ o+ o+ o+ o+ o+ o+ + o+ o+ o+ + o+ o+ .
8 + + 4+ + o+ o+ o+ o+ o+ 4 + 0+ o+ o+ o+ o+ o+ o+
9+ o+ 4+ 4+ o+ o+ o+ o+ o+ - + o+ o+ o+ o+ o+ o+ o+ 4
11+ + + + 4+ 4+ 4+ o+ o+ 4+ 4+ o+ o+ o+ o+ o+ o+ 4+ 4+
14 + + + + + + + + + o+ + o+ o+ o+ + + o+ o+ o+
15 + + + + 4+ 4+ + + + o+ 4+ o+ o+ o+ o+ o+ o+ o+ o+
6 + + + + + + + + + - + - + + - + + + -
17 + + + + + + + + + o+ + + + + + + + + +
19 + + + + + + + o+ + + LA T A + o+ o+ o+
21+ + o+ o+ o+ o+ o+ -+ + + o+ o+ 4 + o+ o+ -

# = extensive heterogeneity in the hybrid clones, as reflected by a decrease in PCR intensity
relative to markers on other chromosomes in the same clone, and to other clones carrying that
chromosome.

* = fragmentation of the hybrid clone reflected by non-concordant segregation of markers
mapping to the same chromosome.

Table 11b:- characterization results for the T28H panel
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showing evidence of at least one marker were classified as ‘+’. The occurrence of
fragmentation of particular chromosomes within the panels was not taken into account at this
stage. Table 12a gives the frequency (expressed as a percentage) of retention of each mouse
chromosome or chromosome fragment (with the exception of the translocation chromosomes
which were analysed separately) in each panel, and in the combined panels. The primary
observation is the drastic variation in the overall percentage of segregation that has occurred in
each panel. The mean of the percentage retention of chromosomes or chromosome fragments in
the T2Wa panel is 76%, whereas the mean of the percentage retention of chromosomes or
chromosome fragments in the T28H panel is 91%. This difference is highly significant, at P =
<0.001, tested by t test (t is taken as the difference between the two means divided by the
standard error of the difference between the means; Strickberger, 1985). The standard error
between the difference of the means was calculated as °x-y = 6.4). The reason for this
difference is unclear. Two alternative mechanisms of segregation have been put forward:-

a) extremely rapid segregation, occurring in the first 20 generations, probably in the first few
cell divisions, which then ceases, leaving a karyotypically stable cell population and b) a
balanced chromosome complement from both species, with segregation occurring in a gradual
fashion over several hundred generations (White and Ephrussi, 1966a; Nabholz et al., 1969). It
may be that the T2Wa panel is segregating according to the first pattern, whereas the T28H
panel is segregating according to the second pattern. However, the proportion of chromosomes
which have segregated in either panel (24% for T2Wa, 9% for T28H) is low, even though there
is some evidence that mouse:Chinese hamster hybrids do not segregate to the same degree as do
human:rodent hybrids (Dr. C. Abbott, personal communication). Despite the overall high
degree of retention, there is variation in the amount of segregation within each panel. Although
on the whole, both panels show low levels of segregation, several clones do show evidence of
reasonably high levels of segregation. For instance, T2ZWa-4 and T2Wa-6 have each lost
approximately half of their mouse chromosomes, whereas T2Wa-14 and T28H-6 have each

lost slightly more than half of their mouse chromosomes.

Specific chromosomes appear to be retained at differing frequencies in the hybrid
population. These differences can be examined for statistical significance by comparison of the
percentage of retention of each chromosome (or chromosome fragment) to the expected value
(i.e. - the mean percentage of chromosome retention) by x? analysis (3> was taken as the sum of
the % for the deviation from the expected value for the presence of the chromosome, and the

deviation from the expected value for the absence of the chromosome). Tables 12b and 12c
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Chromosome Percent of cell lines | Pecent of cell lines positive { Percent of cell lines positive
positive for for chromosome for chromosome
chromosome (T28H) (overall)
(T2Wa)
1 82% 87% 85%
3 82% 100% 90%
4 73% 93% 85%
5 73% 93% 85%
6 91% 100% 96%
7 64% 93% 81%
8 - 100% 100%
9 73% 80.% 77%
10 73% 86% 81%
11 73% 93% 85%
12 82% 93% 89%
13 73% 93% 85%
14 73% 93% 85%
15 82% 87% 85%
16 91% - 91%
17 82% 93% 89%
18 64% 93% 81%
19 64% 73% 69%
Table 12a (cont.):- The relative percentage of each chromosome or chromosome fragment retained in
the hybrid panels.

give the x* analysis for the T2Wa panel and the T28H panel respectively. Chromosomes
showing significant deviations from the expected values are marked in bold type. In the T2Wa
panel, chromosomes 6 and 16 were significantly overrepresented at P = <0.01 and P = <0.001
respectively. Chromosomes 7, 18 and 19 were significantly under-represented, at P = <0.01 in

all cases. In the case of the T28H panel, chromosomes 3, 6 and 8 were significantly over-
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Chromosome Deviation from ¥ P
mean (76%)

1 6 1.58 0.20
3 6 1.58 0.20
4 3 0.40 0.50
5 3 0.40 0.50
6 15 11.48 <0.001
7 12 7.63 <0.01
9 3 0.40 0.50
10 3 0.40 0.50
11 6 1.58 0.20
12 3 0.40 0.50
13 3 0.40 0.50
14 3 0.40 0.50
15 6 1.58 0.20
16 15 11.48 <0.001
17 6 1.58 0.20
18 12 7.63 <0.01
19 12 7.63 <0.001

Table 12b: -y? analysis to identify significant deviations from the mean segregation rate for the T2Wa

panel
Chromosome Deviation from x? P
mean (91%)

1 4 2.24 0.15
3 9 8.36 <0.01
4 2 0.25 0.60
5 2 0.25 0.60
6 9 8.36 <0.01
7 2 0.25 0.60
8 9 8.36 <0.01
9 11 15.10 <0.001
10 5 2.24 0.15
11 2 0.25 0.60
12 2 0.25 0.60
13 2 0.25 0.60
14 2 0.25 0.60
15 5 2.24 0.15
17 2 0.25 0.60
18 2 0.25 0.60
19 18 39.38 <0.001

Table 12¢:- 42 analysis to identify significant deviations from the mean segregation rate for the T28H

panel

represented at P = <0.01 in each case. The under-representation of chromosomes 9 and 19 were

both highly significant, at P = <0.001 each.
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Overall, taken as a whole, the two panels indicate chromosome 19 and 9 as the
chromosome least represented, being present in only 63% and 77% respectively of the clones
tested. The most frequently retained chromosomes were chromosome 6, present in 96% of

clones tested, and chromosome 16, present in all the hybrid lines tested.

3.1.2b) The segregation of the translocation chromosomes

The results from table 11a and 11b show that there is no hybrid with conclusive
evidence of the loss of one intact translocation chromosome from either panel (N.B. the
nomenclature used 2:8 implies that the proximal portion of the chromosome consists of
material from chromosome 2, whilst the distal portion of the chromosome originated from
chromosome 8). The translocation chromosomes were present in all clones isolated from the
T28H panel with the exception of T28H-6, and all the clones in the T2Wa panel, with the
exception of T2Wa-2, T2Wa-4, T2Wa-6 and T2Wa-14. Unfortunately, T2Wa-2 and T2Wa-4
also show evidence that the translocation chromosomes are fragmented. To discover the extent
of fragmentation, further characterization studies were carried out. The results are presented in
tables 13a and 13b. The results are disappointing, in that whilst for T2Wa-4 at least the point
of breakage appears to be in the chromosome 8 portion of 8:2, and could theoretically be a
candidate for mapping studies, the reciprocal translocation 2:8 also appears to be fragmented at
both ends. In the case of T2Wa-2, the point of breakage on 8:2 is not certain. It could be
present in either the chromosome 8 or the chromosome 2 derivative. The 2:8 chromosome is

also fragmented.

The high proportion of co-segregation was noted in both subcloning experiments also
(see later section). The deviation from the mean retention rates for the translocation
chromosomes taken individually is not statistically significant in either panel, but the absolute
co-segregation is highly significant at P = <0.001 for both panels. In the absence of selective
pressures acting for the retention of both translocation chromosomes, or against segregation, it
could be expected that the frequency of co-retention (+/+) would be (0.76)(0.76) = 0.58 (or
58%), for the T2Wa panel. The frequencies for co-loss (-/-) of the translocation chromosomes
and the frequency for segregation (~/+ and +/-) of each product were calculated in the same

manner. The fragmented T2Wa translocation chromosomes have been left out of the analysis.
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Translocation
chromosome 8:2

D2Mit6 +
D2Mit8 +
D2Mitl 1 +
D2Mit14 +
1l-1b +

Psp +

Ada +
D2Mit24/D2Mit25 +

*
Aprt -

Table 13a:- Translocation chromosome characterization results for T2Wa 2

Polb +

Plat +
Acrad* -

Translocation
chromosome 8:2

Polb +
Plat -
Acrad* -

Translocation
chromosome 2:8
D2Mit6 -
D2Mit8 -
D2Mitl1 -
D2Mit14 +
1l-1b +
Psp +
Ada +
D2Mit24/D2Mit25 -
*

Aprt -

Table 13b:~ Translocation chromosome characterization results for T2Wa 4

N.B. - Markers marked with “*’ were allocated to one or other reciprocal, on the basis of apparent

map position. The true location is uncertain at the present time.




147

Tables 14a and 14b give the y* analysis for significance of the co-segregation of the
translocation reciprocals. The lack of intact segregated translocation chromosomes in either

panel is very highly significant, at P = <0.001. Presumably, there must be a selective advantage

+H+ +/- -/+ -/
Observed value 78% 0% 0% 22%
Expected value 58% 18% 18% 6%
% 6.6 17.2 17.2 44.9

Total %*= 85.91, P = <0.001

Table 14a: -Deviation from expected segregation patterns for T2Wa panel

+/+ +/- -+ -/-

Observed value 93% 0% 0% 7%
Expected value 83% 7% 7% 1%
x? 1.2 6.3 6.3 27.0

Total x> = 40.87, P = <0.001

Table 14b: - Deviation from expected segregation patterns for T28H panel

for the retention of both reciprocals, or a pressure against segregation for T(2;8)2Wa and
T(2;16)28H. Evidence for partial segregation for markers on the translocation products was
only noted in two cases; T2Wa-2 and T2Wa-4. The presence of a selective disadvantage to the
segregation is substantiated by the observation that the response of the cells to segregation of
these chromosomes is fragmentation, presumably to remove from the cell the chromosome
regions on which are the focus of the sclection. Fragmentation has been shown to have occurred
in both T2Wa-2 and T2Wa-4. The pressure could be a positive pressure for the retention of
both reciprocal chromosomes, but is more likely to be a negative pressure against the presence
of only one reciprocal, in view of the fragmentation. The fact that partial segregation has been
noted in the T2Wa panel but not the T28H panel is probably a reflection of the differing

segregation rates for the panels.

3.1.2¢) The extent of chromosomal fragmentation in the non-translocation chromosomes in the

new hybrid panels

It can be seen from tables 11a and 11b that there is some chromosomal fragmentation
in both of these hybrid pancls. It is difficult to obtain an accurate picture of the extent of

chromosomal fragmentation from PCR characterization results alone, as chromosome
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rearrangements or fragmentation events will not be identified by this method, unless one or
more of the markers tested was deleted or lost. For a more complete estimate of chromosome
fragmentation, karyotypic analysis is required. However, a proportion of the chromosomal
fragmentation events are represented by the reproducible non-concordant segregation of
molecular markers mapping to the same chromosome by PCR characterization. Anomalous
results of this type were recharacterized to rule out the possibility of false positives (originating
from PCR contamination) or false negatives (originating from failure of PCR amplification).
From these results alone, it can be seen that several chromosomes are more frequently
fragmented. In the T2Wa panel, chromosome 12 appears to be extensively fragmented, with
36% of the clones containing chromosome 12 in fragmented form. Both of the translocation
chromosomes (2:8 and 8:2) show evidence of fragmentation in 18% of cases each.
Chromosome 6 also shows fragmentation in 18% of cases. The only chromosomes appearing to
be intact (on the basis of PCR characterization results) in all clones containing them are
chromosomes 1, 3, 10, 17, 18 and 19. There appears to be less fragmentation in the T28H
panel, as estimated from PCR characterization results. Several chromosomes show evidence of
chromosomal fragmentation. Chromosome 18 shows non-concordant segregation patterns in
20% of the hybrid clones. Chromosome 4 shows fragmentation, as do chromosomes 1, 3, 7, 11,
12, 14 and 15. The remaining chromosomes, including the translocation chromosomes, appear
to be intact, on the basis of this method. Chromosome 11 is thought to be relatively more
unstable in some .hybrid lines (Dr. C. Abbott, personal communication). Although chromosome

11 does show evidence of fragmentation in both panels, the extent is not remarkable.

The levels of chromosome fragmentation are likely to be much higher than anticipated.
It was originally expected that the clones would be useful as a generalized mapping panel, but
efforts to map markers blind gave no correlation between the predicted result from the hybrids,
and the known chromosome location. This suggests that there is a high degree of chromosome

fragmentation or rearrangement, which was not highlighted by the characterization results.

3.1.3) Subcloning experiments on T2Wa-1 and T28H-3b

Due to the failure of the initial experiment to produce adequate segregation of the
translocation chromosomes in either hybrid panel, subcloning studies were undertaken, in an
attempt to produce segregation of one or both panels. Two hybrid lines were selected, on the

basis of their apparent heterogeneity for markers on one or other translocation chromosome,
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and the intact nature of the translocation chromosomes was determined as far as possible by

further PCR characterization.

3.1.3a) The determination of the extent of fragmentation of T2Wa-1 and T28H-3b

At least two hybrids (T2Wa-1 and T28H-3b) appear to have intact (as determined by
PCR), if unsegregated, translocation chromosomes. The clones do show considerable
heterogeneity for these chromosomes in the hybrid populations, as shown by variations in the
intensity of PCR products for these chromosomes, compared with markers from other
chromosomes in these clones, and also with the intensity of positive controls done in the same
set of reactions. This makes these clones a good substrate for subcloning studies. Two new
panels of subclones were generated from T2Wa-1 and T28H-3b, after verification of the intact
nature of the translocation chromosomes. These panels were first characterized for markers
originating from the translocation chromosomes. The T28H-3b panel was also typed partially

for markers from selected other chromosomes, to illustrate the use of the subcloning technique.

The characterization results for T2ZWa-1 and T28H-3b are given in table 15a and 15b.
As far as can be determined by these methods, the translocation chromosomes appear to be

intact in both cell lines.

3.1.3b) The subcloning of T2Wa-1 and T28H-3b

Both hybrid cell lines were subcloned by both method 1 and method 2 outlined in
section 2.2.3b of chapter 2. For each panel, the subclones generated by each technique were
combined to form one panel. Method 2 proved to be more effective at generating clones
originating from single cells than method 1. The serial dilution tended to result in either many
cells per well, or no cells per well. Only wells containing colonies originating from single cells
were analyzed. In contrast to the original panels, no major differences in cell or colony
morphology, or growth rate were noted within the subclone population for either panel. This
could be taken to indicate the higher level of similarity between separate subclones within the

panel.

In total, 9 subclones were isolated from T28H-3b, and 12 subclones were isolated from
T2Wa-1. DNA was extracted from each of these lines as described in 2.2.2a, and the subclones

were characterized in the same manner as the parental hybrid lines. The T2Wa-1 panel was
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characterized only for markers mapping to the translocation chromosomes. The T28H-3b panel
was partially characterized for several other chromosomes in addition to the translocation
chromosomes. The characterization results for the translocation chromosomes are given in

table 16a and 16b.

No evidence of complete segregation of the translocation chromosomes was noted in
either panel. Extensive fragmentation of the 8:2 chromosome had occurred - 50% of the
recovered subclones contained a fragmented derivative of the 8:2 chromosome. Karyotypic
analysis may also highlight even higher levels of chromosomal rearrangement. This may reflect
some inherent advantage in cells harboring genes located on either proximal mouse
chromosome 8 or distal mouse chromosome two (some response against some unplanned
positive selection pressure for this chromosome). These hybrids presumably contain the full

complement of Chinese hamster chromosomes, the mouse content should not in theory have

Translocation Translocation
Chromosome 2:8 chromosome 8:2

D2Mit6 + Polb +

D2Mit8 + Plat +

D2Mitl1 + Acra4* +
D2Mit14 +
1-1b +
Psp +
Ada +
D2Mit24/D2Mit25 +

*

Aprt +

Table 15a:- Translocation chromosomes of T2Wa 1
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chromosome 2:16
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Translocation
chromosome 16:2

D2Mit6 + Igll +
D2Mit8 +
D2Mit11 +
D2Mit14 +
II-1b +
Psp +
Ada +
D2Mit24*/D2Mit25 +
Table 15b:- Translocation chromosomes of T28H 3b
subclone 2:8 8:2
1(1) + +
1(2) + +
1(3) + +
1(4) + +
1(5) + +
1(6) + +
1D + +
1(8) + +
1(10) + +
11D + +
1(12) + +
1(13) + ;

Table 16a:- Subclone translocation chromosome characterization results (T2Wa 1 panel)
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Subclone 2:16 16:2
3b(1) + +
3b(2) + "
3b(3) + +
3b(4) + ¥
3b(5) + +
3b(6) + ¥
3b(8) + +
3b(9) + +
3b(10) + +

Table 16b:- Subclone translocation chromosome characterization results (T28H 3b) panel

much effect on the phenotype of the subclones produced. However, some mouse chromosomes
obviously confer an advantage or disadvantage to the recipient cell, as reflected in the non-
random pattern of segregation. Also, the effect of specific mouse chromosomes can be seen by
observation of the differing growth rates, cell and colony morphology of the initial cell lines
produced from the fusion, as seen in tables 10a and 10b. Altemnatively, the high levels of
fragmentation associated with the 8:2 chromosome both in the subclone panel, and also
reflected to a lesser degree in the initial clones may be due to the presence of a fragile site or
sites (however, there was no consistent site of fragmentation, as determined by PCR

characterization).

In order to determine whether segregation of other chromosomes has occurred, two
methods were employed. Firstly, IRS-PCR was carried out on selected subclones from the
T28H-3b panel. Secondly, partial characterization for other chromosomes was carried out.
Figure 21 shows the L1 band patterns produced from IRS-PCR on T28H-3b2, 3b4, 3b8 and
3b9. As can be seen, there are differences in the band patterns produced. T28H-3b9 appears to
be lacking several bands present in the other subclones. Similarly, the very strong band present
at approximately 240bp in T28H-3b2 is seen in the other subclones at a much lower level. This
may reflect segregation in process in the other subclones. Closer examination of the figure

reveals bands present in 3b4 and 3b8 which are not present in either 3b2 or 3b9. These
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differences in L1 band patterns presumably reflect differences in the chromosome content of
the subclones. These differences can also be illustrated by partial PCR characterization. With

this in mind, the T28H-3b subclones were characterized for chromosomes 1, 4, 6, 7 and 8. The
characterization results are given in table 17. Differences in mouse chromosome content were

reflected, even with a very partial typing. Chromosome 8 appeared to have been very
heterogeneous in the hybrid population - 3/7 subclones tested showed no sign of this
chromosome. Chromosome 7 also proved to be fairly heterogeneous. It is interesting to note
that the subclone that showed the most differences in L1 band pattern (T28H-3b9) also showed
the most evidence of chromosomal loss on the basis of the partial characterization, having lost
chromosomes 4, 7 and 8. It can be assumed that further characterization would reveal more
evidence of chromosome loss. These results indicate that whilst the translocation chromosomes
did not segregate, the subcloning method is valid as a technique, since it produced segregation

of other chromosomes.

Chromosome | Chromosome | Chromosome | Chromosome | Chromosome

1 4 6 1 8
T28H 3b(1) + + + " -
T28H 3b(2) + + + - +
T28H 3b(3) + + + + +
T28H 3b(4) + + + + -
T28H 3b(8) + + + + +
T28H 3b(9) + - + - -
T28H 3b(10) + + + + +

Table 17:- Partial characterization of T28H 3b subclones




154

8 XL

Q8 XSBE
RO XSS L
SR8 <SBE

T28H subclones amplified with LI primer

Figure 21:- The LI band pattern produced from selected T28H-3b subclones

This figure illustrates the results acheived from amplification of DNA from four separate T28H-3b
subclones with an LI primer. This primer is species specific, and thus detects only mouse
sequences. Note the differences in band pattern produced by different hybrid subclones. These band
patterns were found to be reproducible, indicating genuine differences in mouse chromosome content
between the cell lines. The loss of specific bands represent the loss of specific chromosomes in the
hybrid cells. A smear was noted when mouse DNA was amplified, whilst the hamster control showed
no product (not shown).
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3.1.4) Studies on antibody selection

The methods used above for the production and subcloning of somatic cell hybrid
panels rely upon the chance segregation of chromosomes of interest. In the light of the lack of
segregation of either hybrid panel, by the initial fusion and subsequent segregation, or by the
subcloning of hybrid clones, experiments were undertaken to produce the forced selection of the
translocation chromosomes. This was to be accomplished by means of the complement
mediated cell killing effect of cell surface antigen targeting antibodies. A monoclonal antibody
against the Cd44 cell surface antigen was used to target cells expressing this protein on their
surface. This antibody is one of very few cell surface antibodies available for mouse
chromosome two, which would be appropriate for the selection of translocation chromosomes
in both hybrid panels, selecting for 2:8 in the case of the T2Wa panel, and 2:16 in the case of
the T28H hybrid panel. .

In order for this selection system to be effective, the target must not only be expressed
on the cell surface, but it must also be expressed in the appropriate cell type. For these reasons,
the Cd44 antigen was judged to be an appropriate choice for a selection target. The experiment
also requires that the antibody is species specific. In this set of experiments, the conditions
required for complement mediated cell killing of mouse fibroblasts was investigated, and since
no species specificity details were available from the manufacturers, reactivity of the antibody

against V79TOR?2 cells was determined.

3.1.4a) Determination of optimal conditions for complement mediated cell killing

The optimal conditions for complement mediated cell killing of mouse fibroblast (1R)
cells in vitro were examined. Complement and antibody titrations were set up, to investigate the
relative requirement for each component. The effect of the treatment was measured by the
" average number of cells present in three representative colonies in each well. Cell counts were
taken under light microscope 48 hours after treatment. These figures were compared with
those obtained from untreated wells. The results from this experiment are given in table 18

below.
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I) Antibody titration (10% complement)

[antibody] 0% 1% 2% 3% 5% 10% 15% 20%
% 100% 5.4% 4.8% 5.4% 4.1% 5.4% 4.8% 4.1%
survival

1) Complement titration (5% antibody)

[complement] 0% 1% 2% 3% 10% 15% 20% 25%
% 100% 63% 36% 19.8% 9.9% 6.3% 5.4% 4.5%
survival

Table 18:- Antibody and complement titrations for cell killing of mouse fibroblast (1R) cells

The conclusions that can be drawn from these experiments are that whilst the antibody
concentration is not critical within the 1 to 20% range, the complement concentration is of
immense importance. This is not wholly unexpected, since for the complement mediated cell
lysis, only one antibody molecule is required, whereas for the cell killing to be effective, all
components of the complement cascade must be present at sufficient concentrations. These
results are also illustrated in graphical form in figures 22 and 23. The small numbers of cells
remaining after selection could be explained by a small population which did not express the
Cd44 antigen. The complement titrations were also maintained at 37°C without antibody or
complement, to assess whether or not these remaining cells could recommence cell growth, or if
they were dead. No signs of cellular reproduction were noted, even after 10 days. Indeed, any
cells present tended to die, even with daily replacement of new medium. Experiments were also
carried out to determine the effect of 50% complement, together with 5% antibody. Under these
conditions, no settlement of inoculated cells at all was noted. These results suggest that high
concentrations (25 - 50%) of complement are adequate to bring about the non-reversible

cessation of cell growth, even in the presence of relatively small amounts of antisera.

3.1.4b) Cross reactivity of Cd44 monoclonal antibody with V79TOR2 cells

Once the optimal conditions for complement mediated cell killing of mouse cells had
been established, it was necessary to determine the effects of these conditions on V79TOR2

cells. The resistance of the Chinese hamster cells to these conditions is of course an important
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Figure 23: - Complement titrations on
80% hamster VIO9TOR2 cells. Cell counts taken
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prerequisite to the use of this system for the selection of hybrid cells. No antibody titration was
carried out, as the former experiment established the complement concentration as the limiting
factor. Complement titrations were carried out in the presence of 5% antibody, as described in
section 2.2.4c of the materials and methods. Cell counts were taken as above after 24 and 48

hours. The results are presented in table 19 below.

24 hours
[complement] 0% 0.1% 10% 12.5% 25% 50%
% survival 100% 1% 1.2% 0.4% 0.2% 0%

48 hours

[complement] 0% 0.1% 10% 12.5% 15% 50%
N° of cells 100% 20% 10% 2% 0% 0%

Table 19:- Cross reactivity studies of Cd44 monoclonal antibody

These results are also presented graphically in figure 23. The hamster cells are seen to
be equally sensitive (if not more so) than the mouse cells, and so are not suitable for their use
as selective agents for the T2Wa and T28H somatic cell hybrid panels. The choice of antisera
was limited by the paucity of available antibodies against cell surface antigens on mouse
chromosome two. The antibody used in these experiments was a monoclonal antibody, which
also imposed limitations. The use of a polyclonal antibody (i.e.- a mixture of antibodies, each
recognizing a separate epitope on the same target) would have allowed the adsorption of
hamster cross-reactive elements, which may have removed the hamster cross reactivity. This
could be accomplished by the pre-exposure of the antisera to lawns of hamster cells, prior to
their use as selective agents. By these means, antibodies with fairly substantial cross reactivity
can be used as selective agents. However, this approach is not appropriate to a monoclonal
antibody. The equally strong response of the hamster cells to the treatment precluded the use of
the antibody/complement mixture at some threshold level, above which the mouse cells were

sensitive, but the hamster cells were not.
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3.1.5) The use of hybrid cells carrying translocations for the alisnment of the genetic and

physical map of mouse chromosome two

In the absence of any appropriate cell lines from the T2Wa and T28H panels for the
alignment of the genetic and physical maps of mouse chromosome two, the T1Sn and T13H
hybrid panels constructed by A. J. Pilz were examined for their suitability for the experiment
(these hybrids were formed from the fusion of cells from mice carrying either the T1(2;4)Sn or
T(2;4)13H translocation with the hamster cell line A23). In order for the hybrid lines to be
appropriate for the alignment of the maps, they must fulfill two criteria. Firstly, the hybrid
panel must contain lines which have segregated one half of the translocation away from the
other half. Secondly, the translocation chromosomes must be intact. The first requirement was
fulfilled by the existence of the T1Sn 3-1, T13H 3-1 and T13H 10-1 lines. T1Sn 3-1 contains a
2:4 derivative chromosome of the T1(2:4) reciprocal translocation. T13H 3-1 contains the 4:2
derivative of the T(2:4)13H translocation. TI3H 10-1 contains the 2:4 derivative of the
T(2:4)13H translocation.

The suitability of these hybrid lines was next assessed by investigating whether or not
the translocation chromosomes were intact, by detailed characterization of these lines for
markers on mouse chromosome two and mouse chromosome 4. The hybrid T1Sn 9-1 was also
characterized. The characterization results are given in tables 20a - 20d (N.B.- the
characterizations of the 4:2 translocation chromosome of T1Sn 3-1, the 2:4 translocation
chromosome of T13H 3-1 and the 4:2 translocation chromosome of T13H 10-1 had been
previously carried out by A. J. Pilz).

Examination of the tables 20a to 20d reveal that in all cases, the translocation
chromosomes of T1Sn 3-1. T13H 3-1 and T13H 10-1 were extensively fragmented, as were
both translocation products of T1Sn 9-1. This result, although disappointing, is not wholly
unexpected. These hybrids have been shown to contain the remaining mouse chromosomes in
highly fragmented form (A. J. Pilz, personal communication). In the light of the fragmented
state of the T2Wa and T28H somatic cell hybrids constructed for the purposes of this thesis, it
could be interpreted that hybrids containing mouse chromosomes in reciprocally translocated

form might be more susceptible to chromosomal rearrangement.

The fragmented state of the translocation chromosomes of the T1Sn and T13H
hybrids, and the unsegregated (and fragmented) state of the T2Wa and T28h hybrid panels
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renders them inappropriate for the alignment of the genetic and physical maps of mouse

chromosome two.
Translocation Translocation
chromosome 2:4 chromosome 4:2
D2Mit] + Mos -
D2Mit3/D2Mit4 nt Mup +
D2Uclll - | Orm +
D2Ucli2 - Jun nt
Abl - Lck nt
D2Mit7 + Ada -
D2Mitl ] - D2Mit52 -
D2Mit]2 -
Il-1b -
D2Mit22 -
D2Mit27 +
D2Ucll4 +
nt = not tested
Table 20a:- Characterization results for T1Sn 9-1
Translocation Translocation chromosome
chromosome 2:4 4:2
D2Mitl - Mos -
D2Mit3/D2Mit4 nt Mup -
D2Uclll] + Orm -
D2Ucll2 + Jun -
Abl + Lck -
D2Mit7 + Ada -
D2Mitl] nt D2Mit52 -
D2Mitl 2 +
Il-1b +
D2Mit22 -
D2Mit27 +
D2Ucll4 -
nt = not tested

Table 20b:- Characterization results for T1Sn3-1
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Translocation
chromosome 2:4

Translocation

chromosome 4:2

D2Mitl

Mos

D2Mit3/D2Mit4

Mup

Abl

Orm

Lck

D2Mit7

D2Mitl 1

D2Mit] 2

1I-1b6

D2Mit22

nt

D2Mit27

nt

D2Ucli4

nt

Ada

D2Mit52

nt

Table 20c:- Characterization results for T13H 3-1

Translocation

chromosome 2:4

Translocation
chromosome 4:2

D2Mitl

+

Mos

D2Mit3/D2Mit4

Mup

Abl

Orm

Lck

D2Mit7

D2Mitll]

D2Mitl 2

I-1b

D2Mit22

D2Mit27

D2Ucll4

Ada

D2Mit52

Table 20d:- Characterization results for TI3H 10-1



163

Chapter 4

The generation of new molecular markers from mouse

chromosome two

4.1) The production of new markers by IRS-PCR or IRS-bubble PCR

Three different methods were employed to generate new molecular markers for mouse
chromosome two. These were a) IRS-PCR followed by the isolation of individual amplified
fragments, b) IRS-PCR followed by the cloning of the entire PCR product, and c) IRS-bubble
PCR. IRS-PCR was carried out on DNA from the ABm hybrids and EBS18Az, using either
L1 or B2 primers, specific to mouse repeats, or a combination of L1 and B2 primers. IRS-
bubble PCR was carried out only on EBS18Az, as this was the only hybrid considered to have
a truly intact chromosome 2. The IRS-bubble PCR reactions were carried out using the using
the B2 primer alone. Isolated fragments were screened for microsatellite repeats, and for

putative CpG islands.

Cloned fragments were sequenced, and PCR primers designed from each insert. PCR
products from Mus musculus and Mus spretus were screened, in order to identify inter-species
variation. Markers showing evidence of differences between the two species were mapped by

interspecific backcross analysis.

4.1.1) IRS-PCR amplification of DNA from a series of microcell and monochromosomal

hybrids

The L1, B2 or L1/B2 amplification yielded a series of bands in each case. Figure 24
shows a typical range of IRS-PCR products, amplified with a B2 primer. The figure shows the
characteristic smear produced from the amplification of total mouse DNA, and the smaller
number of bands produced from a hybrid clone with limited mouse DNA content. No
amplification was noted in the hamster negative control (not shown). The PCR products range
from approximately 700bp to approximately 2kb. This is in the usual range of IRS-PCR
amplification, although fragments of up to 3kb are not uncommon. Amplification with the L1
primer yields a similar spread of fragments. Amplification with L1 and B2 primers together
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Figure 24 - Band patterns produced bv IRS-PCR amplification of hybrid DNA with B2
oligonucleotide

This figure shows the band patterns produced from IRS-PCR amplification of genomic DNA from
several sources with a B2 oligonucleotide. This primer is species specific under stringent conditions,
no ampification was noted in the hamster controls (not shown). Note the complex band pattern
produced from amplification of genomic mouse DNA, compared with the defined bands obtained from
the amplification of hybrid DNAs, with reduced mouse chromosome content. The size range of the
fragments was determined to lie between approximately S00bp and 3kb.
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yields PCR products that are smaller, ranging from approximately 200bp up to about 1.5kb.
Some indication of the chromosomal location of the IRS-PCR fragments can be obtained by
comparison of the patterns produced from ABm 5 and 7, and ABm 11 and EBS18Az, as the
first two lines contain only the proximal portion of mouse chromosome two. However, this is
not an effective means of determining the chromosomal location of the fragments, due to the
rearranged state of the ABm hybrids, and the inclusion of fragments originating on
chromosomes other than chromosome two in EBS18Az. The amplification dynamics of each
fragment must also be considered.

4.1.2) The isolation of individual IRS-PCR products from agarose gels.

Individual IRS-PCR products were excised from low melting point agarose gels, as
described in section 2.3.2. Despite careful excision of the individual bands, subsequent
amplification yielded a pool of fragments. No reduction in complexity was seen by varying the
amount of template, or adjustment of the PCR conditions. The pattern of bands was much
simplified from the initial reaction, and in the majority of cases consisted of the intended target,
and a few subsidiary bands. Many of these bands were shared between pools of fragments
derived from the same PCR reaction. Tables 21a to 21d give the hybrid of origin of each pool

of isolated bands.

4.1.2a) Determination of the suitability of the IRS-PCR products for use as probes on Southern

blots

L1-5, L1-6 and L1-7 were selected for use as probes on Southern blots, as these
samples consisted of one very strong primary band, and only one or two much weaker
secondary bands. These fragments were radioactively labelled by random priming, and used to
probe blots of Mus musculus and Mus spretus DNA, amplified with an L1 primer, and also
blots of mouse and hamster genomic DNA (Brooks-Wilson et al., 1990; Meese et al., 1992). In
neither case was an unequivocal single copy signal obtained. The levels of background were so
high that no single copy signal was ever seen, even in the presence of very high (up to 4mg)
levels of competition with sonicated mouse DNA. This is illustrated by figure 25. Efforts to
isolate regions of single copy DNA (by restriction digestion of fragments, followed by Southern
blot with total mouse DNA) from within the PCR products yielded similarly poor results: these
probes were also very repetitive. It is uncertain whether the background signal results simply
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Example of Mus musculus
and Mus spretus genomic IRS-PCR
products (M - Mus musculus, S -

Mus spretus)

Autoradiographs from Mus musculus and Mus spretus
IRS-PCR products, probed with isolated L1 IRS-PCR
products as marked.

Figure 25 - Southern blotting experiments using isolated Li IRS-PCR products
IRS-PCR amplification of Mus musculus and Mus spretus DNAs produces a characteristic band
pattern. M = Mus musculus, and S = Mus spretus. Examples of the use of isolated IRS-PCR products
as probes on Southern blots of the band patterns shown is illustrated above, rather than producing a
single copy signal, hybridization occured in a non-specific fashion, even in the presence of heavy
competition. The three LI probes used. L1-5. L1-6 and L1-7,did not show any appreciable differences
in the specificity of hybridization.
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L1 isolated bands

Hybrid of origin

L1-1 EBS18Az
L1-2 EBS18Az
L1-3 EBS18Az
L1-4 EBS18Az
L1-5 EBS18Az
L1-6 ABm 5
L1-7 ABm 5
L1-8 ABm 5
L1-9 ABm 7
L1-10 ABm 7
L1-11 EBS18Az

Table 21a:- Origin of L1 IRS-PCR products

B2EcoR1 isolated bands

Hybrid of origin

B2E-1 EBS18Az
B2E-2 ABm 11
B2E-3 ABm 5
B2E-4 ABm 5
B2E-5 ABm 5
B2E-6 ABm-7
B2E-7 ABm 7

Table 21b:- Origin of B2EcorRI IRS-PCR products
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B2Not1 isolated bands Hybrid of origin
B2N-1 EBS18Az
B2N-2 EBS18Az
B2N-3 EBS18Az
B2N-4 EBS18Az
B2N-5 ABm 11
B2N-6 ABm 11
B2N-7 ABm 5
B2N-8 ABm §
B2N-9 ABm 7

Table 21c:- Origin of B2Not] IRS-PCR products

L1/B2 isolated bands Hybrid of origin
L1/B21 ABm 11
L1/B22 ABm S
L1/B23 ABm 7
L1/B24 ABm 7
L1/B25 ABm 7

Table 21d:- Origin of L1/B2 IRS-PCR products
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from the repetitive ends of the fragments, or from internal repetitive sequences, but since efforts
to isolate internal single copy fragments were not successful, it is likely the overall nature of the
fragments is repetitive, and therefore the fragments were judged unsuitable for use on Southern
blots.

4.1.2b) Screening for putative CpG islands

Clustering of Not! and Hpall sites in the genome is often indicative of CpG islands.
Therefore, since CpG islands are often associated with the 5° end of genes, all IRS-PCR
products were digested with Hpall and Notl, in order to determine whether they contained
fragments of genes. Although some isolated Hpall sites were discovered, there was no evidence
of clustering, and no Not! sites were present (data not shown). From these results, it was

concluded that no fragment contained the 5’ end of a gene that as associated with a CpG island.

4.1.2¢) Screening for the presence of microsatellites

IRS-PCR products immobilized on filters were screened for the presence of
microsatellites. Figure 26 shows the results of one such experiment. Table 22 shows the
presence and distribution of microsatellite repeats within the IRS-PCR product population. 13 /
32 (41%) fragments (or pools of fragments) showed evidence of containing microsatellite
repeats. This figure is high at first glance, but the repeats appear to be distributed such that
several fragments appear to contain more than one type of microsatellite - L1-7 contains a
(CA)n repeat, a (GA)n repeat and a (GTT)n repeat. L1-1 contains both a (CA)n repeat, and a
(CAG)n repeat. Only 7 out of 32 (22%) different fragments contain microsatellites. The
number of fragments proving positive for each microsatellite is low, as expected, considering
the relatively small size of the fragments. Given that the distribution of (CA)n repeats in mouse
is approximately 1 repeat every 18kb (Stallings et al., 1991), it would be unexpected to find
more than three or four (CA)n repeats in the population of IRS-PCR fragments. The presence
of microsatellite repeats is useful for the development of new molecular markers, as there is a
high chance of any PCR product produced from primers flanking such a repeat showing length

variation between mouse species.
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Figure 26 - Screening for the presence o f microsatellites in isolated IRS-PCR products.

The top figure shows a gel photograph of selected L1/B2 and B2E IRS-PCR products electrophoresed
on 1.2% low melting point agarose, together with positive hybridization controls. The bottom figure
shows an autoradiograph obtained by Southern blot of the above bands, hybridized to a (GA)is repeat
probe, the autoradiograph and the photograph shown here are not to the same scale. For the purposes
of identification of positive fragments, the photograph and the autoradiograph were to the same scale.
Superposition of the photograph and the autoradiograph allowed the identification of positive
fragments.
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Repeat unit Positive fragments

(CA)n ‘ 3

(One band each L1-1, L1-7, B2N-2/B2N4)
(GA)n 2
(One band L1/B2-2, one band L1-7)
(CAT)n 3
(2 bands common to L1-2/L.1-2/L.1-4, One band
inL1-1)
(GTD)n 3
(One band L.1-2/1.1-3, one band L1-7, one band
B2E-1)

(CGA)n no positive bands
(CCA)n no positive bands

(AAT)n 1
(L1-9 - very faint)
(CCG)n no positive bands

(AGA)n 1

(L1/B2-3)
(TCCO)n

no positive bands

Table 22:- Distribution of microsatellites within IRS-PCR product population
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4.1.3) IRS-bubble PCR amplification of fragments

The IRS-bubble PCR reaction was carried out on DNA isolated from the hybrid
EBS18Az. This hybrid was the only one selected for IRS-bubble PCR because it was judged to
be the only cell line showing no evidence of deletions or rearrangements. The amplification was
carried out with the Not! bubble vectorette of Hunter et al. (1994), and the B2Not! primer of
Simmler et al. (1991).

The amplification yielded smears rather than defined bands, indicating a larger number
of different PCR products. The amount of ligated vectorette required for optimal amplification
was investigated. Amplifications were set up using 0.5pl, 1pl, 2pl and Spl aliquots of ligated
EBS18Az-Notl vectorette bubble construct. No variation in amplification efficiency as
reflected by the amount or spread of PCR products was noted for any amount of the construct.
Both the conditions set out in Hunter ef al. (1994) and a set of modified conditions were
employed. The second set of conditions (in which the annealing temperature and elongation
temperatures were adjusted to correspond to the original conditions required for the B2 primer,
see table 5) although slightly more stringent, were found to produce no relative reduction in the
intensity or spread of the PCR product produced. These conditions were thereafter used, to

reduce any co-amplification of hamster sequences.

4.1.4) The cloning of IRS-PCR products from isolated bands

Individual IRS-PCR products were cloned from the simplified pools of fragments
isolated from low melting point agarose gels. These pools were cloned into the EcoR! site of
pBluescript SK+, and selected by blue-white screening. Colonies picked from the plates were
miniprepped using the commercially available Promega ‘magic’ minipreps kit, or in later days,
the Promega ‘wizard’ minipreps kit. Clones produced from fragments found on the primary
screening to contain microsatellite repeats underwent secondary screening for the presence of

these repeats prior to the miniprep procedure.

“The cloning experiments were first carried out on the PCR products isolated from the
L1 and B2 amplifications, as these sets of PCR products contained the most microsatellites. A
total of eighteen fragments were cloned from the L1 amplification, and fifteen from the B2
amplifications. A large number of clones (20/34 - 59%) produced were derived from hamster,
rather than mouse, sequences. This was determined at first only after subsequent sequencing
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and amplification with new PCR primers, obviously a time consuming and expensive
enterprise. This unexpected finding could be explained by a reduction in species-specificity due
to the reamplification step in the cloning procedure. The hamster background probably arose at
this point, since the original PCR reactions showed no sign of amplification of hamster DNA.
In order to identify putative mouse clones prior to the sequencing reactions, dot-blotting

techniques were employed.

4.1.4a) Secondary screening of microsatellite containing clones

DNA fragments judged to contain microsatellites were cloned first. Priority was given
to pools of fragments judged to contain more than one type of repeat. The presence of other
bands in every pool of fragments necessitated replica plating techniques to identify the
particular clone containing the microsatellite. Colony lifts and hybridizations were carried out
as described in section 2.3.7a-. The use of hybridization solutions containing higher
concentrations of SSPE (4% rather than 1.2%) produced lower levels of background, due to the
higher hybridization temperatures allowed (see table 8). Figure 27 shows the results of a

typical replica plating experiment.

Alignment of the orientation spots on the autoradiograph allowed the isolation of
individual colonies containing microsatellites. These colonies were isolated and cultured as
described in section 2.3.8. HindIlI digested plasmids isolated from these colonies were fixed to
filters and rehybridized to the probe. An example of this is shown in figure 28. The gel
photograph given in this figure is shown larger than scale.

Clones proving positive on both the replica plating and plasmid hybridization were

selected for sequencing.

4.1.4b) Methods to distinguish mouse clones from hamster clones

One problem that was frequently encountered during the course of the cloning
experiments, was the high background of hamster clones, even following amplification with a
‘mouse specific’ primer. The use of these primers showed no apparent amplification of hamster
sequences from the initial PCR reactions, as observed by the lack of any appreciable PCR
product on the gels. However, the reduction in complexity of the PCR templates during the re-

amplification reactions. The scale of this problem was not anticipated, although some
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Duplicate colony filters probed with (CA)n

Figure 27: - Replica plating screen for (CAln positive colonies
This figure shows the results of an experiment in which replica lifts were taken of colonies produced
from a transformation were hybridized to a (GT)i5 repeat probe. The filters were aligned by use of the
marks placed on the film prior to exposure (marked as small crosses). Colones producing
hybridization signals on both autoradiographs were taken as representing true positives.
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LI-1 plasmids 1 -10

LI BbMnkh (H/ndWdigest)

Autoradiograph showing (CA)n
positives

Figure 28: - Identification of plasmids containing microsatellites

Colonies giving rise to positive hybridization signals on the replica lift experiments occasionally did
not contain repeats. Before cloning, the (CA)n positive status of each plasmid (extracted from such
colonies) was verified by Southern blotting of plasmid DNAs, and rehybridization to the (GT)is repeat
probe. Genuine positives were confirmed by this method. The autoradiograph and photograph here are
not shown to scale, but for the identification of positives on the filters, the pictures were to scale.
Superposition of the photograph and the autoradiograph identified plasmids containing microsatellite
sequences.
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breakthrough of hamster sequences was expected. However, five of the first seven pairs of

primers produced were derived from hamster rather than mouse sequences. .

In order to minimize the wastage of time and resources, two techniques were employed
to identify fragments of mouse origin. Firstly, Southern blots of plasmid DNA extracted from
white colonies picked from the plates were probed with total mouse DNA, in the presence of
unlabelled hamster DNA, to reduce the signal from the repetitive ends of the fragments. This
technique did not prove useful, as the background hybridization was above an acceptable level.

The second technique was the use of dot blots of mouse and hamster DNA, probed
with the DNA inserts of individual plasmids. This technique proved highly effective, able to
distinguish between mouse and hamster clones. No clone identified as being of mouse origin
proved to derive from hamster sequences upon subsequent analysis. Figure 29 illustrates one
such experiment. The figure shows the results from two identical strips, dot-bloted with
alternate spots of mouse and hamster DNA, probed with different inserts, one originating from
a hamster clone, and one originating from a mouse clone. It can be seen that clones derived
from hamster sequences detected all six dots, whilst mouse clones detect only three dots.

Clones derived from vector alone do not detect any dots.

Tables 23a and 23b illustrate the species of origin of each clone from the L1 and B2
amplifications. Most of the microsatellite sequences discovered were unfortunately present in
hamster clones. The L1 amplification was the most effective, with 44% of clones deriving from
the mouse. The B2 amplifications produced only 33% mouse fragments. For this reason, PCR
products were not cloned from the isolated fragments for the remainder of the B2 fragments, or
for the L1/B2 amplifications.

4.1.5) The cloning of IRS-PCR products directly from the initial PCR reactions

The L1 and B2 primers used in these experiments have been found to be species
specific in other labs (Irving and Brown, 1991; Simmler ef al., 1991). One possible cause of
the failure of species specificity could be the inclusion of an amplification step after the
isolation of individual bands. In order to test this as a possibility, experiments were undertaken
to clone the remaining B2 and L1/B2 products directly from the initial IRS-PCR reactions. If
the background of hamster clones derives from this second amplification step, the use of entire

PCR products, with no requirement for reamplification should eliminate the problem.
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Figure 29: - Identification of mouse plasmids bv dot blot analysis
The figure shows the results of probing two identical strips of alternate mouse and hamster DNA spots
with two different probes originating from plasmid inserts, one derived from the hamster, and one
derived from the mouse. It can be seen that the hamster clone hybridizes to both mouse and hamster
spots, whilst the mouse clone hybridizes to the mouse spots alone. This method proved to be a reliable
means of identifying plasmids containing mouse sequences.
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L1 fragment pool

Total number of

Number of clones of

Number of clones of

fragments cloned mouse origin hamster origin
Li-1 4 2 2
L1-2 - - -
L1-3 - - -
Li-4 - - -
L1-5 3 2 1
L1-6 1 0 1
L1-7 2 0 2
L1-8 1 1 0
L19 2 1 1
L1-10 1 0 1
L1-11 4 2 2
Total Total Total
18 8 10

(L1-1, L1-2, L1-3 and L1-4 share all fragments in common, therefore only L1-1 was cloned.)

Table 23a:- Species of origin of each L1 clone
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B2 fragment pool Total number of Total number of Total number of
fragments cloned fragments of mouse fragments of hamster
origin origin
B2E-1 3 2 1
B2E-2 1 0 1
B2E-3 5 1 4
B2E-5 1 0 1
B2E-6 4 1 3
B2N-4 1 1 0
Total Total Total
15 5 10

Note- The remainder of the B2 fragments were not cloned because of the high degree of hamster

clones

Table 23b:- The species of origin of each B2 clone

B2 and L1/B2 amplifications were carried out with the B2EcoR! primer of Simmler et
al. (1991) and the L1 primer of Irving and Brown (1991), adapted by the addition of an EcoR!

site at the 5° end. Mouse positive controls and hamster negative controls were also included in

the reactions, to assess the degree of hamster amplification. Having established that no

amplification was detected in the hamster samples, and any PCR products produced were likely

to derive from the mouse, PCR products were cloned directly into pBluescript SK+, as

described in section 2.3.6, and recombinant clones were detected by blue:white selection with

IPTG and X-gal. Recombinant clones were grown and plasmids were isolated from them, as

described in the materials and methods chapter. There was a very high level of clones

consisting of vector alone, appearing as definite white colonies on the plates. The L1/B2

amplification was more successful, three separate mouse clones were obtained, from a total of

14 plasmids isolated. No hamster clones at all were seen.
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4.1.6) The cloning of IRS-bubble PCR products

IRS-bubble PCR products were cloned directly from the PCR reactions as described in
the materials and methods chapter. From these reactions, a total of 24 fragments were cloned.
Table 24 gives the relative number of mouse clones produced. The remaining 12 plasmids

consisted of vector alone.

Total number of Total number of mouse Number of different
hamster clones clones mouse clones
IRS bubble PCR 0 12 5
products

Table 24:- Nature of each IRS-bubble PCR clone produced

Twelve of the clones produced did derive from mouse. Again, there was no incidence
of any hamster background. There appeared to be either some predominance of certain
fragments in the IRS-bubble PCR reaction mixture, or some fragments were considerably

easier to amplify, as of these fifteen clones, only five separate sequences were obtained.

4.1.7) Generation of sequence information for each mouse clone

Each clone proved to be of mouse origin was sequenced as described in section 2.3.9 of
the materials and methods. Figure 30 shows sequence information obtained for a clone

containing a (CA)n repeat.

The sequence for each clone was not determined for the entire insert. For clones which
showed evidence of microsatellites, sequence was determined from either side of the repeat unit.
The majority of the remaining clones were only sequenced for approximately 150bp after the
repetitive section of the insert. This region could be easily recognized from the gels, by the
presence of a long tract of (A)n or (T)n. The ends of these repeats are degenerate, and therefore
all sequences obtained were checked against the GenBank database for homology with mouse
repetitive elements. Where chimerism was suspected (i.e.- EcoR/ restriction digestion indicated
that the plasmid contained two ligated mouse inserts), or where subsequent amplification with

the primers designed proved difficult, one primer was used to sequence further into the insert.
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Figure 30: - Sequence derived from a clone

containing a 1CAin repeat
This figure shows sequence information obtained
from an insert within wich a (CA)n repeat is
present. The (CA)n repeat is seen to be
distinctive, and easily recognised. In this case,
sequence 5’ to the repeat would be used to
desugn a 5’ primer. 3’ sequence was obtained by
longer gel runs, or by the use of the 5’ primer as
a new sequencing primer.
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In some cases, no sequence was obtained for a clone, either because it was unstable,

and lost during cloning (as in the case of B2E 1-8), or because it was not possible to sequence

it, since it was rearranged, and had deleted the priming sites. One of the IRS-bubble PCR

products (bubble 17) fell into this category. Table 25 gives the fate of each mouse clone

produced.
Clone Fate Designated name

L1-1(2) cloned, sequenced and mapped D2Ucll3
L1-1(11) cloned, sequenced and mapped D2Ucll2
L1-5(1) cloned, sequenced and mapped D2Ucll6

L1-5(6) cloned and sequenced -

L1-8(2) Fragment identical to L1 5(1) -
L1-9(5) cloned, sequenced and mapped D2Ucl19
L1-11(2) cloned, sequenced and mapped D2Ucl14
L1-11(5) cloned, sequenced and mapped D2Ucll5

B2E 1(8) lost during cloning -
B2E-1(2) cloned, sequenced and mapped D2Uclll

B2E-3(8) Fragment identical to L1 5(1) -

B2E-6(4) Fragment identical to L1-5(1) -

B2N-4(9) cloned and sequenced -
Bubble 1 cloned, sequenced and mapped D2Ucli7

Bubble 2 cloned and sequenced -
Bubble 5 cloned, sequenced and mapped D2Ucl18
Bubble 14 cloned and sequenced - no variation bubble 14

between Mus musculus and Mus
spretus

Bubble 17 unstable and rearranged -

L1/B2-7 cloned and sequenced -
L1/B2-11 cloned, sequenced and mapped - D2Ucl20
L1/B2 12 cloned, sequenced and mapped D2Ucl31

Table 25:- The fate of each mouse clone
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Chapter 5

5.1) The determination of map position for newly generated molecular
markers from mouse chromosome two

PCR primers designed from sequence obtained in the previous section were screened
for variation between Mus musculus and Mus spretus. Once suitable variation had been
discovered, the new markers were mapped on the Jackson laboratory interspecific backcrosses.
Markers mapping in region of ragged, wasted or ulnaless were further mapped on specialized

backcrosses, in which the specific mutant was segregating.

5.1.1) Establishment of primer conditions

New pairs of primers were first amplified under varying magnesium concentrations of
1.0,1.5,2.0,25, 3.0, 3.5 and 4.0mM magnesium per reaction, in the presence of either mouse
or hamster DNA. Occasionally, plasmid samples were also amplified in order to determine the
exact size of the product, or to check that the primers could amplify DNA under optimal
conditions if amplification did not occur on genomic DNA. All precautions were taken to avoid
contamination of reagents or equipment with plasmid. If suitable conditions were difficult to
establish, glycerol (10 or 20%) or dimethy! sulphoxide (10%) were included in the reactions.
The use of glycerol served to reduce the complexity of the PCR product, so that a single band
was produced in cases where the absence of glycerol led to the production of multiple products.
The inclusion of DMSO appears to increase the amplification of target sequences. The
mechanisms by which glycerol or DMSO act are unclear. Several pairs of primers were
problematic, in that multiple products were produced under all conditions tried. In these cases,
further primers were designed in an attempt to produce a single copy product. Fragments L1-
5(6), B2N 4(9), L1-9(5), L1/B2-7 and bubble 2 were especially troublesome in this respect.
One explanation for the difficulty in obtaining single PCR products could be the inherent
repetitive nature of the cloned fragments. Although all primers were screened for homology to
repetitive sequences prior to synthesis, the degenerate nature of the extreme 3’ end of both the

L1 and B2 repeat units could lead to slight homology not being identified in the database.

Table 26 gives the sequences and amplification conditions for all new markers which
produced reliable and reproducible amplification. In the majority of cases, amplification
produced a single band in Mus spretus. Other cases (such as D2Ucl17 and D2Ucl18) produced



184

Marker | Origin Sequence [MgCl,] Conditions Other Allele sizes
requirements
D2Uclll B2 5 GGG CACCAG ACT TCATTATG 3’ 2.0mM 94°C - 30s, 10% glycerol Mus
55°C - 30s, musculus
5’ TGC AAG TGC CCT ATT TCCCA 3’ 72° - 30s, allele =
35 cycles. 170bp
Mus spretus
=lor2
bases larger.
D2Ucli2 L1 5" ACT CAT TGAGAC CACAGTCA Y 1.5mM 94°C - 30s, 10% glycerol Mus
55°C - 45s, musculus
5’ TAT TGA CCA CCT CTG TAT CC 3’ 72°C - 60s, allele =
35 cycles. 231bp
Mus spretus
allele <
231bp.
D2Ucli3 L1 5" GAAGCT CACTTAAACTGTGC 3’ 2.0mM 94°C - 30s, none Mus
58°C - 30s, musculus
5’ CGATGG TAT TAG ACTCTGTC 3’ 72°C - 30s, allele =
35 cycles 396bp
Mus spretus
fails to
amplify.
D2Ucli4 L1 5" AGT GAC CTC CTC ATC AATGC 3’ 2.0mM 94°C - 30s, none Mus
55°C - 30s, musculus
5’ CTACCC AGT AGG TACCAT AG 3’ 72°C - 30s, allele =
30 cycles. 100bp
Mus spretus
fails to
amplify.
D2Ucll5 L1 5’ AAC AGT GTGCTT TTC CAT AC3’ 1.5mM 94°C - 30s, none Mus
55°C - 30s, musculus
5 ACT TTT GGG ATAGCATTGGA ¥’ 72° - 30s, and Mus
35 cycles. spretus give
210bp band
(other faint
bands also
present).
D2Ucli6 L1 5" AAT CTG CTC TGACAG TTG TG 3’ 1.5mM 94°C - 30s, none Mus
57°C - 30s, musculus
5’ TGG CAA ACAGTC AGT TTC AG 3’ 72°C - 30s, allele =
30 cycles. 144bp,
Mus spretus
allele is
about 5
bases larger.
D2Ucl17 IRS- 5’ TTG GGACCATAG TCACCC AG 3’ 1.5\mM 94°C - 15s, none Mus musculus
bubble 61°C - 30s, DNA yields
5’ CAGCAG TCAGGG TTGGATGA 3’ 72°C - 30s, three bands of
30 cycles. 298bp, 250bp
and 220bp.
Mus spretus
DNA does not
yield the
220bp band.

Table 26 :- New molecular markers generated for mouse chromosome two by IRS-PCR and

IRS-bubble PCR
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D2Ucll8 IRS- 5’ CGATCA GTC TCACAG TAGCT 3’ 3.0mM 94°C - 15s, 10% Mus musculus
bubble 58°C - 30s, glycerol DNA yields
5’ CAC AAC TGT CAG AGC AGG AT 3’ 72°C - 30s, three bands of
30 cycles. 1.3kb, 500bp
and 450bp.
Mus spretus
DNA yields
three bands of
1.0kb, 500bp
and 390bp.
D2Ucll9 L1 5° AGT AGG AGCGGACACCATCAY 1.0mM 94°C - 15s, none Mus musculus
59°C - 30s, and Mus
5" ACC TTA AGG GCAGTG GGG AA Y’ 72°C - 30s, spretus DNA
30 cycles. both yield
1.1kb product.
D2UcI20 | L1/B2 | 5° AAG TACTTC TTG AGA GCC AG 3’ 1.5mM 94°C - 15s, none Mus musculus
55°C - 30s, and Mus
5’ CCC AAACAGCTTCCT AGAAA Y’ 72°C - 30s, spretus both
30 cycles. yield 240bp
product.
D2Ucl31 | L1/B2 5’ CAC AGATCT TTA CCA GGC AT 3’ 1.25mM 94°C - 155, none 165bp product
56°C - 30s, amplified from
5’ GGA GAG TCT AAG ACAGCT AC 3’ 72°C - 30s, Mus musculus
30 cycles. DNA, no
amplification
in Mus spretus
Bubble IRS- 5’ CCT GCT CTG ACAGTT GTG TG 3’ 1.0mM 94°C - 30s, 10% Primers ampify
14 bubble 50°C - 30s, glycerol a 95bp product
5’ AGC TAC TGT GAG GCT GAT GC 3° 72°C - 30s, in both Mus
30 cycles. musculus and
Mus spretus.
No RFLV or
SSCP.

Table 26 (cont.) :- New molecular markers generated for mouse chromosome two by IRS-PCR
and IRS-bubble PCR

small numbers of subsidiary bands. Amplification with D2Ucll7 produced three closely spaced
bands in Mus musculus. Amplification with D2Ucll8 primers produced three widely spaced
bands also. In these cases, amplification of plasmid DNA indicated the correct PCR product.
The number of PCR products produced and their sizes are also indicated in table 26.

Once suitable conditions had been established, PCR was carried out on DNA from
C57BL/6) and Mus spretus parental types from the Jackson laboratory interspecific backcross

panels.

5.1.2) The detection of variation between mouse species

Five methods of detecting variation between Mus species were employed, as outlined in
the materials and methods. Figure 31 gives examples of each technique. The choice of method
was largely governed by the ease of detection, and the rapidity with which data could be
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BS BS BB BS BS BB

A) Length variation due to the presence of
microsatellite.

BS S3 35 33 B3 B3

B) RFLV analysis
HinFI digestion

B3 33 33 33 B3 B3

C) Non-amplification of Mus spretus DNA

BS BB BB B3 BB BB B3

D) Allele length differences identified
by radioactive PCR

BS BS BS BS BB

E) SSCP analysis

Figure 31:- Five methods bv which variation was detected

Variation between Mus musculus and Mus spretus (or Mus musculus and Mus musculus castaneus)
was detected by five different methods in these experiments. The figure above shows an example of
each method. Homozygotes in the BSB panel are denoted BB, heterozygotes as BS (A and D). In the
BSS panel, homozygotes are denoted SS, and heterozygotes as BS (B, C and E). In all cases except C,
heterozygotes are identified by the presence of two bands. Because the homozygous SS alleles are not
amplified by method C on the BSS cross, heterozygous animals are easily characterized by one band
only. In the case of method E, heterozygotes are typed by the presence of the prominent heteroduplex
band, running at approximately 496bp. In the case of E, BB and SS refer to the parental types.
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generated. In cases where no amplification of Mus spretus DNA was obtained, these markers
could be mapped directly on the BSS (panel two) Jackson laboratory interspecific backcross
panel. In these cases, no DNA controls were always included into the set of reactions, to ensure
that positive signals were not due to contamination. D2Ucll3 and D2Ucl 14 were mapped in
this way.

In cases where the marker produced PCR products from both Mus musculus and Mus
spretus, other means of detecting variation, and thus mapping the marker had to be used. In
some cases, the presence of microsatellites, either intentionally cloned or not, caused the PCR
products from each species to differ in size. If this difference in size was sufficiently great, the
bands could be resolved on high percentage agarose gels (3 - 6%). D2Ucll2 was mapped in
this way. The correlation between microsatellite length and variability was also examined. The

results are given in table 27. 55% of the markers contained microsatellites, these were mainly

Locus " microsatellite Length variation
D2Uclll (M5 . PCR product from Mus
interrupted musculus and Mus spretus
varies by 1-2bp.
D2Ucli2 (CA)n size variants noted between
several species, and inbred
strains
D2Ucl14 (CAT)s Mus spretus allele does not
interrupted amplify
D2Ucll6 (Ths PCR product varies by
interrupted approximately 3-4bp between
Mus musculus and Mus spretus
D2Ucll7 (AAAC)s Mus spretus allele does not
amplify
D2Ucl19 Two closely placed repeats: no variation
(T)14 and (G),

Table 27: - Correlation of microsatellite repeat length and variability

mononucleotide tracts. From the comparison of repeat length and variability, the most variable
repeat unit was also the unit with the longest tract of uninterrupted repeats (D2Ucl12 - (CA)x).

Other markers were mapped by virtue of small length differences arising from small insertions
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and deletions, or from the presence of mononucleotide repeats, as are common in the vicinity of
the 3° ends of SINES and LINES. Three fragments contained such variable repeats: (D2Ucll1
- (T)s, D2Ucl16 - (T)1sand D2Ucl19- (T)14 and (G);). All three of these fragments contained
tracts of T nucleotides, which were distinct from the A+T rich tail of the 3’ end of the L1
repeat. The first two repeats contained a one nucleotide interruption, but both were variable.
The size difference between the alleles was much smaller than seen for dinucleotide or
trinucleotide repeats, presumably due to the smaller size of the repeat unit. Both these sources
of variation were only detectable after radioactive labelling, and electrophoresis on
polyacrylamide sequencing gels. This technique proved time consuming, and was only used as
a last resort. The third repeat, D2Ucll9- (T)14 and (G);, was not variable. Neither of the
separate repeat units were interrupted. There appears to be some correlation between the
‘purity’ of the repeat, and the variability, and also between the length of uninterrupted repeats.
It was difficult to draw many conclusions as to the proportion of microsatellites that were
variable, since the remaining two markers (D2Ucll4 and D2Ucll7) did not produce
ampification in Mus spretus. However, of the four microsatellites which did amplify DNA of

both species, 75% were variable.

In some cases, length differences were visible in PCR products in the absence of
microsatellites. This could have arisen from deletions or insertions into the DNA from one or
other species. This was noted in the case of D2Ucli8. In cases such as D2Ucl18, where the
primers produced multiple products, the extra bands were not polymorphic in the majority of
cases, although two of the three bands produced by D2Ucl/8 did show variation between Mus
musculus and Mus spretus - the second band showing variation did not appear to map to
chromosome two. The amplification of well defined extra bands could indicate the presence of
another locus with high homology to the cloned locus in the genome. In no case did the

presence of these bands interfere with the typing of the backcross progeny.

Where no length difference visible on either agarose or polyacrylamide was present,
PCR products from Mus musculus and Mus spretus were screened with a panel of restriction
enzymes. The probability of finding polymorphic restriction sites is related to the size of the
PCR product. For this reason, primers were designed to amplify as large a fragment as
possible. Nevertheless, restriction sites are found at a lower frequency in smaller PCR products
so these were also screened for the presence of RFLVs if necessary. Several enzymes proved
useful for the detection of RFLVs, namely Hinfl, Ddel, Rsal, Haelll and Taq!. For instance
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D2Ucll5 was mapped by virtue of an Rsal variation, and D2Ucl19 was mapped by virtue of a

Hinfl variation.

In cases where no other source of variation could be exploited, or in the case of very
small PCR products, variation was detected by single stranded conformation variation analysis.
The optimal size range for SSCV analysis is between 150 and 300bp (Hayashi, 1992; Sheffield
et al., 1993). PCR products in this size range were mapped directly from the SSCV gels.
Larger products may be restriction digested prior to the gel electrophoresis, to liberate a
smaller fragment. A range of gel conditions was used to identify variation. D2Ucl20 was
mapped by virtue of a single stranded conformation variant detected on a 10% glycerol, 0.5X
TBE, 8% acrylamide gel. The development of a prominent heteroduplex band was of great

assistance in typing this marker.

The order of choice of the methods was a) direct typing by virtue of non-amplification
of Mus spretus DNA. This method is more error prone than the other methods. No DNA
controls were used as a means of identifying contamination, but occasional failure to amplify in
one tube led to some false negative results. To circumvent this, negative samples were re-

amplified. b) the detection of length differences on agarose gels, ¢) SSCV analysis, d) RFLV

Molecular marker Mapped on panel.... Method of mapping
D2Uclll BSB radioactive PCR
D2Ucll2 BSB length differences visible on 4% agarose
D2Ucl13 BSS non-amplification of Mus spretus allele
D2Ucll4 BSS non-amplification of Mus spretus allele
D2Ucli5 BSB mapped by Rsal variation
D2Ucl16 BSB radioactive PCR
D2Ucl17 BSS non-amplification of Mus spretus allele
D2Ucl18 BSB length differences visible on 2% agarose
D2Ucl19 BSS mapped by HinFI variation
D2Ucl20 BSS SSCV analysis
D2Ucl31 BSS non-amplification of Mus spretus allele

Table 28:- Methods by which new molecular markers were mapped.
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analysis and €) the detection of small length differences by radioactive PCR followed by
electrophoresis on 4% polyacrylamide sequencing gels. Table 28 gives details of the method by

which each new marker was mapped.

The use of these five methods proved very effective in detecting variation between Mus
spretus and Mus musculus. In only one case (bubble 14) out of 12 was no source of variation
identified. This marker was placed onto mouse chromosome two by virtue of its amplification
of DNA from the ABm hybrids, which only contain this chromosome. The lack of any variation
might indicate the presence of a conserved segment of the mouse genome. Marker bubble 14

also amplified hamster DNA, but produced multiple bands.

5.1.3) Mapping new molecular markers by interspecific backcross analysis

Two interspecific backcross panels were available for the interspecific backcross
analysis of new markers for mouse chromosome two. These were the BSB panel (panel 1) -
(C57BL/6J X Mus spretus) F1 X C57BL/6] and the BSS panel (panel 2) - (C57BL/6J X Mus
spretus) F1 X Mus spretus.

The choice of which panel was used to map the new markers was largely governed by
the ease of typing the different sources of variation - in the case of markers typed by non-
amplification of the Mus spretus allele, there was no choice but to map on the BSS panel. In
some cases, the variation was only visible on one panel, such as in the case of D2Ucl19, where
the restriction enzyme digested only the PCR product from Mus musculus DNA. This marker
similarly had to be typed on the BSS panel, where the segregation of the Mus musculus allele

could be followed. Table 28 gives the panel on which each new marker was mapped.

The segregation of one or other of the alleles was followed after amplification of the
chosen panel. Anomalous typings were repeated. Common sources of error were found to be
failure of amplification of one or other allele, or failure of the restriction digestion. The
segregation patterns of all the new markers are given in table Al in the appendix. The data
generated from the typing experiments were then sent to the Jackson Laboratory at Bar Harbor,
U.S.A. for analysis. The map positions were generated by the Map Manager program (Manly,
1993). The Jackson laboratory also carried out analysis for transmission distortion, map
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distance with standard error and LOD scores for linkage to the nearest markers on the map. It
was usually possible to detect linkage to chromosome two by comparison of the segregation
pattern of a new marker, compared to that of other markers on the chromosome, from printouts

sent from the Jackson.

Figures 32 and 33 give the proposed maps of mouse chromosome two generated from
panel 1 and panel 2 respectively. Figure 34 gives the composite map of mouse chromosome
two generated by the combination of the data from both mapping panels. This map was
generated by comparison of the map positions of the new markers relative to each other.
Figures 35 and 36 give the pedigree analysis for panel 1 and panel 2 respectively. Seven
additional markers were included in the pedigree analysis of the BSB panel, to act as reference
loci. The additional loci were mapped by other investigators (A. Pilz, personal communication)
The map produced from analysis was : - D2Mitl - (16.2 +/- 3.8cM) - Dbh - (2.12 +/- 1.5cM) -
Spna2/D2Uclll -(2.25 +/- 1.6cM) - D2Ucl16 -(18.1 +/- 4.0cM) - D2Ucl12 - (6.45 +/- 2.1cM)
- Acra - (4.32 +/- 2.1cM) - D2Ucll5 - (13.96 +/-3.6cM) - 1i1b - (30.95 +/- 3.6cM) - Gnas -
(2.13 +/- 1.4cM) - D2Mit74/D2Ucl8. In the case of the BSS panel, three additional markers
were included in the pedigree analysis to act as reference loci. With the exception of D2Mit52,
the other reference loci were mapped by others (A. Pilz, personal communication). The map
produced from the analysis was : - Acra - (11.7 +/- 3.3cM) - D2Ucl19 - (12.8 +/- 3.4cM) -
b - (3.18 +/- 1.8¢cM) - D2Ucll3 - (8.5 +/-2.9cM) -D2Ucll7 - (4.3 +/-2.1cM) -
D2Ucl14/D2Ucl20 - (1.06 +/- 1.1cM) - D2Ucl31 - (6.38 +/- 2.5¢cM) - D2Mit52.

All new markers produced were found to map to mouse chromosome two. This is fairly
unexpected, since a proportion of mouse chromosome 15 was also present in EBS18Az, and a

proportion of the IRS-PCR products will have derived from this.

5.1.3a) Analysis of the distribution of the new D2Ucl markers on mouse chromosome two

Whilst the number of new markers generated in this study remains fairly small, some
interesting features of the distribution of these new markers on mouse chromosome two have
emerged. Analysis of the composite map reveals that the overall spread appears fairly
homogeneous and no clustering of markers in the central portion of the chromosome is noted.
This clustering has been seen in most backcrosses, and is due to the higher recombination rates
at the ends of the chromosomes. The Jackson backcross maps overall do show this typical

clustering of markers in the middle of the chromosome, but there is no evidence of the D2Ucl
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Figure 32: - Proposed map of mouse chromosome two including new
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Figure 34: - Proposed composite map of mouse chromosome two
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markers generated in this study fitting this pattern. Instead, there is evidence of clustering of
these markers in the distal portion of the chromosome, particularly in bands G and H. Indeed,
three of four markers mapping in this region map very close together in the region surrounding
Xmvl0. The remaining marker maps approximately 4.3cM proximal to this. This finding is
unexpected, especially in view of the known recombination hotspot in this region (Lyon, 1976,
Searle et al., 1979). Those markers which co-segregate have all been analysed to ensure that
they do not represent the same fragment, by direct comparison of sequence, and by
amplification of the plasmid containing the insert from which one pair of primers were
generated with the primers derived from the others. All primers were found to derive from

different IRS-PCR products.

There are several explanations for this finding. Firstly, it could be a reflection of the
distribution of L1 and B2 repeats in this area of the genome - it may be that distal mouse
chromosome two is rich in SINES and LINES. Two of these markers are derived from L1
amplification, one from L1/B2 amplification and one from B2-bubble amplification.
Alternatively, and probably more likely, is that the amplification reactions favoured the IRS-
PCR products produced from this region. Preferential amplification of a subset of IRS PCR
products has been noted in the IRS-bubble PCR reactions carried out in this study, in which
only 5/15 fragments were different. The exact reasons why these distally located fragments has
been favoured is not easy to determine. It may be that the spacing of repeat units in this region
is such that the PCR products produced were of smaller size, and thus were more easily
amplified. It could be that the amplification dynamics of the reaction were such that the these
fragments rapidly overtook the reaction in the first few cycles to the exclusion of many others.
It is also possible that the original hybrid population had some degree of heterogeneity for the
proximal portion of mouse chromosome two. If the proximal region was only present in a
proportion of cells, whereas the distal portion was present to a larger degree, it would be

expected that a larger proportion of markers originating from this hybrid would map distally.
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5.1.3b) Analysis of transmission distortion

Transmission distortion for distal mouse chromosome two has been noted on the BSB
panel in the Jackson laboratory backcrosses (Rowe et al., 1994). Tables 29a and 29b shows
the x* and P values for each new D2Uc! locus on mouse chromosome two, calculated from the
raw data provided by the Jackson laboratory. As described by Rowe et al. (1994), no
transmission distortion is noted for loci on panel 2 (BSS). Significant distortion is noted in
favour of the Mus spretus allele for loci on mouse chromosome two, in the BSB panel. Two
loci, D2Ucl12 and D2Ucll5 show evidence of transmission distortion, in favour of the Mus
spretus allele :- P= 0.03 for D2Ucli12, and P=0.01 for D2Ucll5. P values under 0.05 are
generally taken as being significant. Loci showing significant transmission distortion are
highlighted in bold type on table 29a. At this stage, it is not determined which gene or genes are

causing the transmission distortion effects.

5.2) The determination of map pesition for D2Ucl12, D2Ucl19 and D2Ucl18
relative to ragged, wasted and ulnaless.

Four of the new D2Ucl markers produced were found to map in the region of ragged
(Ra), wasted (ws?) or ulnaless (Ul), and were chosen for further analysis on the specialized

backcrosses.

5.2.1) The ragged backcross

One marker, D2Ucll8, mapped in the same region of mouse chromosome two as
ragged, according to the Jackson Laboratory interspecific backcross panel BSS. Figure 37
gives the map position of this marker on the ragged backcross. The map produced was : - I/1b -
(37 +/- 3.6cM) - Gnas - (1.21 +/- 0.85cM) - D2Mit73 - (1.21 +/- 0.85cM) - D2Ucli8 -
(1.21+/- 0.85cM) - D2Mit74/Acra4/Ra. Figure 38 gives the pedigree analysis for the ragged
backcross. The segregation pattern for this backcross is given in table A2 in the appendix.

D2Ucli8 maps an estimated 1.21cM from ragged. This rules out D2Ucl!8 as a closely
linked flanking marker, although it could be useful as an STS for YAC analysis of this region.
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Locus Observed | Observed S | Expected | Deviation | Deviation | %> P
B alleles alleles number of from from degree of
each for expected expected freedom)
1:1 ratio forB for S
alleles alleles
D2Uclll 45 49 47 =2 +2 0.096 0.80
D2Ucll6 44 50 47 -3 +3 0.266 0.75
D2UclI2 36 58 47 -11 +11 4.691 0.03
D2Ucl15 34 60 47 -13 +13 6.649 0.01
D2Ucll8 40 54 47 -7 +7 1.798 0.15
Table 29a: - x2 analysis for BSB panel
Locus Observed | Observed S | Expected | Deviation | Deviation | %° Pd
B alleles alleles number of from from degree of
each for expected expected freedom)
1:1 ratio for B for S
alleles alleles
D2Ucl19 50 44 47 +3 -3 0.266 0.65
D2Ucll3 46 43 47 -1 +1 0.011 0.90
D2Ucll7 46 48 47 -1 +1 0.011 0.90
D2Ucll4 48 46 47 +1 -1 0.011 0.90
D2Ucl20 48 46 47 +1 -1 0.011 0.90
D2UI21 47 47 47 0 0 - -

2 = Sum [(obs - exp)]

€xp

(Strickberger, 1985)

Table 29b:- 2 analysis for BSS panel
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Transmission distortion has also been analysed in this backcross. Table 30 shows the
x* and P values for loci on the ragged backcross. No significant transmission distortion was
noted for any of the loci tested, although /15 was only just not significant at P = 0.06, with a

slight excess of alleles originating from Mus musculus.

5.2.2) The wasted backcross

D2Ucl18 was also placed on the map of distal mouse chromosome two by analysis of
the wasted backcross. Figure 40 gives the map position of this marker from the wasted
backcross. The map produced was: - [//6 - (22.3 +/- 4.3cM) - Gnas - ( 1.1 +/- 1.1cM) -
D2Mit73/D2Ucl18 - (1.1 +/- 1.1cM) - D2Mit74 - (1.1 +/- 1.1cM) - Acra4 - (3.2 +/- 1.8cM) -
wst. The pedigree analysis of the wasted backcross is given in figure 39. The segregation

pattern for this backcross are given in table A3 in the appendix.

This finding places D2Ucl18 approximately 5.5cM proximal to wst. The results of this
backcross are interesting, because of the apparent distance of wasted and Acra4. Ra and wst
are very closely linked (Peters er al., 1994). It is highly unexpected to find Acra4 and wst
separated by an estimated 3.2 +/- 1.8cM on the wasted backcross, since ragged cosegregates

with Acra4 on the ragged backcross.

Transmission distortion could not be analysed for this cross, because only the wst/wst

homozygotes were included in the backcross.



201

CENTROMERE

-1l11B

32.7 +/- 3.6cM

oo T

-G fias

121  +/-0.85cM

21 +/- 0.85cM

121 +/-0.85cM

~Acrad; Iki; D2Mit74

Figure 37: - D2U cll8 mapped relative to ragged
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Locus Observed | Observed | Expected | Deviation | Deviation xf P
Mus S alleles | number of of Mus of S alleles
musculus each for musculus from
alleles 1:1 ratio alleles expected
from
expected

Il1b 95 70 82.5 +12.5 -12.5 3.490 0.06
Gnas 85 80 82.5 +2.5 2.5 0.097 0.93
D2Mit73 85 80 82.5 +2.5 -2.5 0.097 0.93
D2Ucll8 87 78 82.5 +4.5 -4.5 0.388 0.55
D2Mit74 88 77 82.5 +5.5 55 0.606 0.40
Acra4 89 76 82.5 +6.5 -6.5 0.873 0.45
Ra 89 76 82.5 +6.5 6.5 0.873 0.45

2 = Sum [(obs - exp)]?

€Xp

(Strickberger, 1985)

Table 30: - ¥° analysis for the ragged backcross
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5.2.3) The ulnaless backcross

In the case of the ulnaless cross, markers judged to lie in the D2M;it30 to D2Mitll
region of mouse chromosome two (by comparison of maps produced by the Jackson
Laboratory interspecific backcross, and the consensus map of mouse chromosome two) were
analysed. By comparison of the consensus linkage map, and the maps produced from the
Jackson Laboratory, three markers were judged to lie in this region: -D2Ucl12, D2Ucll5 and
D2Uci19. Of these, D2Ucl12 and D2Ucll19 showed suitable variation between Mus musculus
and CAST/Ei - a size difference in the case of D2Ucll2, and a HinFl RFLYV in the case of
D2Ucl19. No variation was found between Mus musculus and CAST/Ei for D2Ucll5.

Figure 41 shows the map produced of mouse chromosome two, by analysis of the
ulnaless backcross. Complete pedigree analysis for the ulnaless cross is given in figure 42. The
map orders and distances produced were: telomere - D2Mit30 -(8.6 +/- 2.9cM)- D2Ucll9 -
(3.2 +/- 1.8cM) - Cf2/D2Mitl4 - (2.2 +/- 1.5cM) - Ul/+ - (2.2 +/- 1.5cM) - D2Ucli2 - (1.1 +/-
1.0cM) - D2Mitl1 - centromere. Only the two D2Ucl loci were typed during the course of
these experiments. The other loci were typed elsewhere (Dr. C. Abbott, personal
communication). The raw data for the ulnaless backcross are given in table A4 in the
backcross. This map places D2Ucll2 2.2 +/- 1.5cM distal to the ulnaless gene. This distance
represents approximately 4 megabases, and is therefore too large a distance to make D2UclI2
a suitable flanking marker for positional cloning experiments. However, this marker could be
useful as an STS for any YAC clones produced in the future. The other marker, D2Ucl19,
maps considerably more proximal to ulnaless. Ulnaless maps close to Acra on the consensus
map. D2Ucll5 maps closer to Acra than either D2Ucll2 or D2Ucli9. If a source of
polymorphism could be determined for this marker, it is likely that it would map in fairly close
proximity to ulnaless, and could possibly serve as a flanking marker for positional cloning

experiments.

The presence of transmission distortion effects in this backcross were studied by x>
analysis. Table 31 gives the x> and P values for this backcross. No transmission distortion

effects were noted.
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Locus Observed | Observed | Expected | Deviation | Deviation A P
number of | number of { number of from from
Mus C alleles each for expected expected
musculus 1:1 ratio for Mus for S
alleles musculus alleles
alleles
b 46 35 40.5 +5.5 -5.5 1.235 0.28
D2Mit30 12 18 15 -3 +3 0.833 0.45
D2Ucl19 10 11 10.5 -0.5 +0.5 - -
cr2 9 15 12 -3 +3 1.042 0.30
D2Mitl4 13 21 17 -4 +4 1.441 0.22
Ul 45 47 46 -1 +1 0.011 0.90
DUcll2 12 10 11 +1 -1 0.045 0.80
D2Mitl 1 49 44 46.5 +2.5 -2.5 0.172 0.70

»? = Sum [(obs - exp) - 0.5]>
exp

(Strickberger, 1985)

Table 31: - x> and P values for the ulnaless backcross

5.2.4) Estimated positions of new D2Ucl markers on the cytogenetic map

Since SINES and LINES have been found to map to different chromosome bands (see
introduction), it would be expected that markers derived from IRS-PCR products would show a
similar segregation to G positive or G negative chromosome bands. The estimated positions of
the new loci on the cytogenetic map were generated as follows. Markers already placed on the
cytogenetic map were used as reference points. The map position of these markers and the new
markers on the consensus genetic map was compared. The cytogenetic map positions of new
markers were only predicted for markers which were closely linked to points on the cytogenetic
map. It was assumed that in the case of very closely linked markers such as A5/ and D2Ucll1,
the position of D2Ucll1 on the map could be predicted by Abl. Markers which did not co-
segregate with existing markers were allocated map positions according to the cytogenetic map
positions of flanking loci. The predicted positions of the new D2Ucl loci on the cytogenetic
map is given in figure 43. D2Ucl11 and D2Ucl16 are closely linked to 45! (2.1 +/- 1.5cM and
1.1 +/- 1.1cM on the Jackson backcross panel 1, respectively) , which has been placed in band
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B on the cytogenetic map. From this, it was estimated that D2Ucll1 and D2Ucll16 would also
lie in band B. Similarly, D2Ucl14, D2Ucl20 and D2Ucl31 all lie in close proximity to EmviS5,
placed in band H1 on the cytogenetic map. D2Ucll4 and D2Ucl20 co-segregate with Emvl5
according to the consensus map, D2Ucl31 is separated from it by approximately 1.1 +/- 1.1cM
on the Jackson backcross panel 2. It could therefore be postulated that D2Ucli4, D2Ucl20 and
D2Ucl31 all map to band H1. Figure 43 illustrates the band allocations of the D2Uc! markers.
D2Ucll6, D2Ucll2, D2Ucll5, D2Ucl19, D2Ucll3, D2Ucll4 were derived from L1 repeats,
and be expected to map in the Giemsa dark bands. D2Ucl11, D2Ucll7, D2Ucl18 were derived
from B2 repeats and would be expected to map in the Giemsa light bands. D2Ucl20 and
D2Ucl31 derive from both L1 and B2 repeats, and would be expected to map to junction
regions. Overall, the results do fit the pattern, with some discrepancies, notably D2Ucll6 and
D2Ucli4. The other L1 based repeats appear to map to Giemsa dark bands. All the B2 based
repeats except D2Ucll8 map to Giemsa light regions. The L1/B2 derived markers, D2Ucl20
and D2Ucl31 appear to map in the Giemsa light regions, but they could lie on either the
proximal or distal boundaries, in a region where both SINE and LINE repeats are present at
fairly high frequency.

The existence of the anomalous cytogenetic typings could be explained by the fact that
although the different Giemsa bands are depleted in either SINE or LINE repeats, there are
nevertheless some repeats of each type present in all bands. It could be that again, certain
fragments, derived from the uncommon L1 repeats in the Giemsa light bands are preferentially

amplified for some reason in the PCR reaction.

It must also be noted that these cytogenetic locations are very rough estimates, and
there are bound to be errors. The only way to be certain of the cytogenetic location would be to
place the new markers on the cytogenetic map by FISH analysis. In situ hybridization is
complicated in the mouse due to the difficulty in identifying specific mouse chromosomes. In
addition, the IRS-PCR and IRS-bubble PCR products produced were in all likelihood too small
for use as cytogenetic probes. For these reasons, and for reasons of time constraints, this

experiment was not attempted.
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Chapter 6

Discussion

6.1) The construction and characterization of two new panels of

somatic cell hybrids

6.1.1) The characteristics of the hybrid panels

Two new panels of mouse Chinese hamster somatic cell hybrids were constructed and
characterized. The mouse parent in each case was homozygous for either the T(2;8)2Wa or the

T(2,16)28H reciprocal translocations.

The first observation to be considered is the fact that colony morphology, cell
morphology and growth rates are widely varied within a single panel. This observation could be
expressed as some hybrids being more ‘mouse type’ and some hybrids being more ‘hamster
type’. This variation in gross features of the cell, such as growth rate and colony and cell
morphology of the cell population is presumably due to the presence or absence of specific
mouse chromosomes, since the hamster chromosome content could be expected to be
approximately equal in each case. There may be some correlation between the cell morphology
and the growth rate: - cells which are similar in structure to the mouse parent (i.e. small,
rounded cells) seem to be slow growing in the majority of cases, although there are exceptions.
This is not surprising, since the mouse cell line used in the fusion was a primary cell line, and
not well maintained in culture. Cells which are reminiscent of the hamster parent (spindle
shaped) may share the properties of the hamster parent which allow it to grow well in culture.
This suspicion is given weight by the observation that in most cases, cell lines showing similar
structure to the hamster parent grow well in culture, although again, there are exceptions.
There appears to be no correlation between the colony morphology and the cell morphology.
Cell lines in some cases show characteristics of both parents. Characteristics such as contact
inhibition are also widely variant in the hybrid population. The hamster parent showed little
evidence of contact inhibition, growing until all nutrients were exhausted from the medium, and
then detaching from the base of the culture flask. There appeared to be no sign of a cessation of
growth before this point. Some hybrid clones also showed this characteristic, specifically
T28H-6 and T2Wa-5.
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Wih regard to the segregation rates of the panels, the overall rate of retention is high.
There are considerable differences in the mean segregation rates between panels. The reasons
for this are unclear. It may be that the mouse cell population in one panel was at a different
stage in the cell cycle from the other panel. It has been observed that the fusion of a cell in M to
one in G1 can force the second cell into premature mitosis, before the chromatids have been
replicated, resulting in an overall loss of chromosomes (Ruddle, 1972). There are differences in
the percentage retention for specific chromosomes, for the panels as a whole, indicating that
non-random segregation has occurred. The lack of intact segregated translocation chromosomes
in either panel is significant. Presumably, there must be a selective advantage for the retention
of both reciprocals, or a pressure against segregation for T(2;8)2Wa and T(2;16)28H, although
the lack of segregation must be at least partially attributed to the overall low segregation in the

panels.

There appears to be little correlation between the loss of a large number of mouse
chromosomes and the growth rate. It has been suggested that the loss of large numbers of
mouse chromosomes might act to remove some of the constraining elements, which mitigate
against the rapid growth and loss of contact inhibition of the transformed parental cell (Ruddle,
1972). Some hybrid cell lines (T28H-6, T2Wa-4) show very rapid growth, and loss of a large
number of mouse chromosomes. Other hybrids however, show similar loss of the majority of
the mouse chromosomes, but no corresponding increase in growth rate (T2Wa-14). Other
hybrids show very fast rates of growth, but very little loss of mouse genetic material (T2Wa-5).
It is more likely that the increase in cell growth rate is correlated with the presence or loss of
specific mouse genes, and therefore specific mouse chromosomes. The loss of large numbers of
mouse chromosomes would of course increase the probability that these chromosomes would
not be retained in the hybrid clone. For instance, T2Wa-1, T2Wa-6 and T2Wa-14 all show
considerable loss of chromosomes, but a slow growth rate. Presumably, these hybrids have
retained the mouse chromosome or chromosomes required to quench the rapid growth ability
shown by the hamster parental cell. The only chromosome held in common between these
hybrids is chromosome 11. Therefore, it could be proposed that a gene or genes on
chromosome 11 might be having growth suppressant effects on the cell. Other hybrids showing
evidence of the presence of chromosome 11 are T2Wa-4, T2Wa-5, T2Wa-8 and T2Wa-11b.
Of these, T2Wa-4, T2Wa-11b and T2Wa-5 show fast growth, and T2Wa-8 shows moderately
fast growth. This could be due to the loss of the chromosome segment containing the growth
suppressant genes from these hybrid lines, considering the extent of fragmentation apparent in

the panels, or moderation of the effects of one gene by others. In the T28H panel, T28H-6
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shows very fast growth, yet retains chromosome 11. The factors controlling the growth rate in
hybrid cells are likely to be very complex, and under multiple genetic controls. It is therefore
not unexpected to find such a complicated picture amongst these hybrid clones. The presence of
certain chromosomes alone may not be sufficient to repress the growth promoting effects of the
hamster genes, it is almost certain that other moderating genes play their part. The presence of
a high degree of fragmentation makes the correlation of growth rate to specific chromosomes
very difficult, since the presence of chromosomal fragments other than those detected in each

hybrid clone cannot be ruled out.

Both hybrid panels show evidence of fragmentation, as indicated by non-concordant
segregation of markers mapping to the same chromosome in the panels. This is not a complete
measure, as chromosomes which have undergone fragmentation without loss of the products
would appear as intact. The slightly lower apparent degree of fragmentation in the T28H panel
may reflect the lower segregation rate, in that fragmentation products were less likely to be lost,
and so attached to Chinese hamster chromosomes. This would give positive characterization
signals, which would be taken as the chromosomes being intact. Alternatively, the lower
segregation rate could be due to a very high degree of fragmentation, with subsequent
attachment of the fragments to the hamster chromosomes, which are not segregating. Evidence
for this theory is provided by the observation that the degree of fragmentation is much greater
than expected from the PCR results, as reflected by the failure of the panel to predict correct
chromosome locations for blind-mapped markers. In actual fact, the T2Wa panel could have a
lower degree of fragmentation than the T28H panel, if the fragments were truly lost from the
cells, rather than attached to the host chromosomes. There is no doubt that the panels are much
more fragmented than indicated by PCR analysis. This fragmentation of chromosomes in
panels of somatic cell hybrids derived from translocation mouse stocks has been noted before.
The T13H and T1Sn panels constructed by A. J. Pilz also show a high degree of chromosome
fragmentation both in the other chromosomes (A. Pilz, personal communication) and also the

translocation chromosomes (this study).

The Chinese hamster parental cell line was chosen for its apparent ability to increase
the stability of hybrid lines constructed from it. The use of this cell line seemed to have no
effect on the stability of the chromosomes, which are extensively fragmented. The use of more
plastic embryonic cells rather than spleen cells might have acted to increase segregation and
stability in the panels. However, once the segregation (and fragmentation) were complete, the

hybrids were stable, as reflected by the lack of alteration in mouse chromosome content over
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many cell generations, and passages in culture. The stabilizing effects of V79TOR2 could also
partially explain the low overall segregation rates in the panels, but not the apparent difference

in segregation rates.

6.1.2) Subcloning experiments on the T2Wa and T28H hybrid panels

The subcloning experiments were carried out in order to generate segregated subclones
from clones from both panels which showed evidence of heterogeneity. Both methods employed
generated colonies originating from single cells, but the serial dilution was found to result in
many wells with more than one cell, or no cells at all. For these reasons, most of the subclones
produced originated from the statistical calculation of the cell volume required to give one cell,

half a cell or two cells per well.

The results demonstrate the effectiveness of the subcloning technique. Both the L1
PCR experiments and the partial characterization reveal differences in mouse chromosome
content between individual subclones originating from the same parental hybrid line. The
technique relies upon the presence of chromosomal heterogeneity within the hybrid population
in a clone. The subcloning technique is fairly sensitive to even low levels of heterogeneity in the
hybrid population, as in the T28H-3b subclone panel, chromosomes 4, 7 and 8 were found to
have segregated. Heterogeneity for these chromosomes was not noted in the original PCR
characterization. Their segregation in the subclone panels might be due to further segregation
of the chromosomes during the longer periods in culture. However, such large scale loss is
unlikely to be due entirely to this, since the overall stability of hybrid cells is such that
significant alterations in the segregation of larger numbers of chromosomes take place only

after considerable time in culture (Weiss and Green, 1966).

No segregation of the translocation products was noted for either the T2Wa panel, or
the T28H panel from the subcloning experiment. This lack of segregation is unexpected, the
degree of heterogeneity estimated to exist within cells in both the T2Wa-1 clone and the T28H-
3b clone is well within the limits for the subcloning experiment, as demonstrated by the
segregation of chromosomes 7 and 8 in the hybrid panel. This is further evidence for the action
of a selective pressure against the segregation of the translocation products. There is a very
high degree of fragmentation of the 8:2 reciprocal (50%) in the T2Wa 1 subclone panel (this
chromosome was judged to be intact in T2Wa-1), which could reflect the response of the cell to

pressure to segregate. The 2:8 chromosome was not found to be fragmented in any case, nor
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were the 2:16 and 16:2 derivatives in the T28H panel. This selective pressure is thus probably
strongest in the case of the 8:2 chromosome. The pressures must also be present at a lesser
degree for the other translocation products, because they do not segregate. The basis of this
selective pressure is uncertain, but may demonstrate a requirement for mouse chromosome 2,
mouse chromosome 16 and mouse chromosome 8 in the hybrid cells for some reason. This has
not been noted on other panels. It is interesting to note that in the T28H panel, chromosome 8 is
also significantly over-represented, and in the case of the T2Wa panel, chromosome 16 is seen
to be significantly over-represented. The high level of heterogeneity for the translocation
products (both 2:16 and 16:2 in T28H-3b, 8:2 in T2Wa-1) would at first appear to be at odds
with the presence of a selective pressure for retention of both the translocation chromosomes.
However, this could be explained if the translocation chromosomes which were undergoing
segregation in a proportion of the cells in the clone were fragmented, and thus stabilized that

way, as in T2Wa-2 and T2Wa-4.

These results also indicate a degree of low level heterogeneity for many chromosomes
within the clones. This is reflected by the segregation of chromosomes which were not judged
to be heterogeneous in the T28H-3b subclone panel. Only a few chromosomes were seen to be
very heterogeneous as seen from the characterization tables (tables 11a and 11b). However, the
occurrence of segregation for other chromosomes in the T28H-3b subclone population

indicates that these chromosomes must have been at least low level heterogeneous in T28H-3b.

6.1.3) Antibodies as selective agents

These experiments determined that the addition of antibodies and complement could
reliably and reproducibly direct cell killing by the complement cascade. The critical factor was
found to be the complement concentration. This was presumably because of the complexity of
the reaction. The role of the antibody has only one stage, the binding to the Cd44 antigen on the
mouse cell membranes. The role of the complement is much more complicated, requiring the
recognition of the antibody : antigen complex, and then the sequential addition of all the
necessary complement subunits (which must all be present at adequate concentration) to form a
pore in the cell membrane. It was therefore not surprising that the complement is the critical
component. The relationship between the complement concentration and the cell killing is fairly
simple. The addition of more complement at first caused a rapid reduction in cell numbers,
which then reached a plateau giving only small reductions in the cell killing per extra percent

complement. This suggests that the system becomes saturated with all the complement that is
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needed, with any further additions were being in excess. This can be seen from the shape of the

curve produced from the graph given in figure 22.

The same experiments carried out on the V79TOR2 Chinese hamster cells indicate that
this cell line was equally susceptible to the action of complement. This is because the antibody
must have recognized the epitope on the Chinese hamster Cd44 antigen. This is the reason that
a polyclonal antibody would have been preferable. The use of such a mixture of antibodies
would have allowed the adsorption of the hamster cross reactivity by prior growth on a lawn of
hamster cells. Such an antibody was not available. The dynamics of the reaction appear to be

similar to that seen in the original experiments with mouse 1R cells.

The presence of significant cross reactivity with hamster cells precluded the use of this
system as a selective method for the T2ZWa and T28H hybrid panels. However, in the light of
the apparent selective pressures for the retention of both reciprocal translocation products, it is
likely that this experiment would also have produced fragmentation in the cell lines. The
technique in itself is potentially very useful. Given the existence of an appropriate antibody,
and the existence of appropriate genes expressed on the cell surface, it is theoretically possible
to select for any chromosome of interest. Since the means now exist to tailor make any
antibody required, and there is no shortage of cell surface antigens, this is a real possibility.
Not only does the technique have the potential to provide negative selection against particular
chromosomes, it also has the possibility of providing a means of isolating physically the two
forms of cell in a heterogeneous population such as clone T28H-3b. This could be
accomplished by conjugating the antibody to a magnetic bead. Instead of using the complement
mediated cell killing pathway, it would then be possible to use a magnetic cell sorter to separate

the cells containing the antigen from those which did not.

6.1.4) The alignment of the genetic and physical map of mouse chromosome two

The alignment of the genetic and physical maps of mouse chromosome two would be
an important step to aid the positional cloning efforts for genes on distal mouse chromosome
two. The presence of the distal recombination hotspot makes any real estimate of physical
distance from genetic distance difficult. An accurate physical distance is of course invaluable
for assessment of the usefulness of flanking markers as staring points for chromosome walks,
and other methods of positional cloning. The mapping of genes mapping close to physical

breaks in the chromosome (such as translocation breakpoints) relative to those breaks would be
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an important step in the alignment of the maps. Thus, studies were undertaken to characterize
the translocation chromosomes in hybrids known to have segregated them. The results
produced indicate that the translocation chromosomes are extensively fragmented in the T1Sn
and T13H hybrid panels, as they are in the T2Wa panel. This is not unexpected, given the
highly fragmented state of the other chromosomes in the clones used. This is perhaps a similar
phenomenon to that which is potentially occurring in the T2Wa and T28H hybrid panels, and

reflects some selective pressure for the retention of both reciprocals.
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6.2) The generation of new molecular markers for mouse chromosome
two by IRS-PCR and IRS-bubble PCR

New DNA markers for mouse chromosome two were generated by three different
methods. Firstly, IRS-PCR was carried out on DNA from sources containing only mouse
chromosome two, or mouse chromosome two plus small fragments of other chromosomes.
These fragments were then either cloned directly from the PCR reaction mixes, or were first
isolated on low melting point agarose gels, and then cloned. The final technique involved the
use of IRS-bubble PCR, to generate DNA fragments, which were then cloned directly from the

PCR reactions without prior isolation.

6.2.1) The advantages and disadvantages of the various cloning methods

All three methods had some advantages. The relative merits and shortcomings of each

technique are laid out below.

6.2.1a) IRS-PCR followed by isolation of individual bands

The first method of IRS-PCR amplification, followed by the isolation of individual
PCR products on low melting point agarose gels, had many advantages. Firstly, the method
allowed the examination of the fragments on an individual level, prior to cloning: it was
possible to screen for the presence of putative CpG islands, and microsatellite repeats. The
presence of CpG islands would suggest the presence of the 5° end of a gene. The presence of
microsatellites facilitates the identification of variation between the parental backcross animals.
Also, had the fragments been less repetitive, it would have been possible to use them directly as
probes on Southern blots, without the need for cloning. Many different fragments were
produced from a single amplification, there was only one fragment which was duplicated out of
10 different fragments, although various portions of this fragment was present in four of the
plasmids isolated, including one B2 inter-repeat product. The disadvantage of this technique
was the high level of hamster fragments which were co-amplified. In some cases, the hamster
fragments appeared to be in the majority in the reaction. This is highly unexpected in the light
of the apparent species specificity of all the primers used. This could be due to the
amplification of very small amounts of hamster DNA in the original reaction, which were then

amplified further during the next amplification step. This hypothesis is substantiated by the
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observation that no hamster fragments were noted amongst the clones isolated directly from the
initial PCR reactions, either from the IRS-PCR reactions, or from the bubble IRS-PCR
fragments. The numbers of clones produced by the L1/B2 amplification are too small to be
absolutely sure that no hamster clones would have been present. However, in the case of the
IRS-bubble PCR, using the B2 primer, no hamster clones were noted out of a total of twelve.
Methods were available to circumvent the hamster breakthrough, although these did add a
further two or three days to the amount of time needed for the analysis of the clone.

6.2.1b) IRS-PCR followed by cloning directly from the amplification reactions

The use of the initial PCR reactions rather than the isolated bands as the cloning
substrate had different advantages. The removal of the need for the isolation of the bands prior
to cloning substantially decreased the time and effort required to clone the fragments. However,
this was counteracted somewhat by the limited number of clones produced. The B2
amplification yielded no mouse fragments at all, and the L1/B2 amplification only yielded three
separate fragments, although these were all different. The small number of clones produced
required the need for more than one cloning experiment. However, no breakthrough of hamster
clones was noted. Although the number of clones produced was very small, given the
proportion of hamster fragments occurring in the prior experiments, it would have been
expected that one of the fragments at least would have been hamster, if this was as much of a
problem with this technique. The numbers are too small to be statistically significant, but are
somewhat substantiated by the results from the IRS-bubble PCR, which also produced no
hamster fragments, out of a larger number of clones. Another problem with this technique was

the high level of vector colonies produced.

6.2.1c) IRS-bubble PCR

There were also certain advantages to the use of the IRS-bubble PCR technique.
Firstly, the use of this technique produced larger numbers of clones, none of which were of
hamster origin. The B2 primer used gave only 33% mouse clones in the original experiments. It
would be expected that if there was any significant hamster co-amplification, hamster clones
would have been noted in this number (12) of fragments. From these results, it was concluded
that the high hamster background observed in the original experiments was due to the re-
amplification step. Another advantage lies in the expectation that this method would be likely to
allow the production of markers from areas under-represented in SINES and LINES, since only
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one repeat is needed. Many SINE and LINE repeats are present in tandem arrangement on the
chromosome (Moyzis et al., 1989), from which conventional IRS-PCR would not yield results.
IRS-bubble PCR should allow the generation of markers from these regions, which would not
be reached by IRS-PCR. There were two apparent disadvantages to this technique. Firstly,
there were significant numbers of plasmids containing no inserts (approximately half). This
occurred with two separate preparations of vector, and may be due to the lower proportion of
inserts in the ligation reactions in this method, and in the former method, compared to the use
of isolated and re-amplified PCR products. Secondly, there was a limited number of different
fragments produced. Out of a total of twelve clones isolated, only five were different. This was
due to the amplification of five DNA fragments, which for some reason were highly over-
represented in the fragment population. This over-representation of these fragments could have
occurred during several stages of the experiment. Possibly, the ligation of the vectorette unit
and the Haelll digested EBS18Az DNA produced only these limited number of fragments.
However, how this could have occurred is not easy to visualize, since all the targets were
presumably equally likely to have been incorporated into the construct. It is more likely that the
dynamics of the PCR reaction were such that only a limited number of fragments were
amplified. There could be many reasons for this. Perhaps the size or conformation of the

fragments was such that their amplification was favoured.

6.2.2) The determination of variation between mouse species

After the determination of suitable PCR conditions for the new markers, the PCR
products were analyzed for variation between Mus musculus and Mus spretus. Of the methods
employed, non-amplification of Mus spretus DNA was the most commonly used, in 4/11 cases.
SSCV analysis was used in 1/11 case, radioactive PCR in 2/11 cases, RFLV analysis in 2/11
cases and length variation in 2/11 cases. The proportion of primer pairs not amplifying Mus
spretus DNA was higher than expected: 36% rather than the expected 20%. The expected
figure was derived from the primers of Love ef al. (1991) and Hearne et al. (1992). The reason
that the figure produced in this study is higher is unclear. It may be that the method of
generating the markers (IRS-PCR or IRS-bubble PCR) produced fragments which were
intrinsically less conserved than the microsatellite markers of Love ef al. (1991) and Hearne ef
al. (1992) for some reason. It may be that the markers by chance happen to amplify regions of
the genome which have insertions between Mus musculus and Mus spretus, although the
probability of this happening in 36% of cases is fairly low. Alternatively, it could be a feature
of the primer design, although the primers did have G+C contents varying from 7/20 to 12/20.
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In the case of the observation of length differences, either detected by agarose gel
electrophoresis or by polyacrylamide gel electrophoresis, in only three of the fragments could
the difference be attributed to the presence of microsatellite repeats. However, since the entire
sequence of the inserts was not determined, it is possible that other microsatellites existed
internally to the regions sequenced. Of the microsatellites which amplified both Mus musculus
and Mus spretus DNA, all but one were polymorphic. It is also possible that small insertions or
deletions in the Mus spretus chromosome were present, which altered the size of the PCR
product. Some of these alterations in size maybe also derived from the differing lengths of
polypurine or polypyrimidine tracts near the extreme end of the poly A tail of the SINE or
LINE repeat. Although not actually part of the repeat, these short tracts of mononucleotide

repeats were fairly common, and were noted on many sequencing gels.

RFLVs were useful in two cases. The presence of the restriction sites is a function of
the length of the PCR products, RFLVs were more common in large fragments. In cases where
markers were derived from the extreme ends of the insert, and the products were large, RFLVs
were easy to find. For smaller fragments, many enzymes had to be tried, before one was
successful. Out of preference, restriction enzymes were chosen which cut the PCR products
from both species (such as was the case for D2Ucll5), to eliminate the problem of false
typings caused by lack of digestion. This was not always possible, where only one species was

cut, anomalous typings were double checked (as was the case for D2Ucl19).

Where smaller fragments generated identical sized products, variation was determined
by SSCV analysis. This proved a rapid and easy way to map the markers. The presence of
heteroduplex bands in the case of D2Ucl20 allowed a double check for the conformation

variant.

Overall, 92% of new markers were variant between Mus musculus and Mus spretus by
one of the methods outlined above. The remaining one marker was not variant under any
conditions tried. This marker may represent an area that is conserved between Mus musculus
and Mus spretus, perhaps a part of a gene. The results from these experiments indicate that
although the presence of microsatellites is an advantage in the identification of variation
between species, the need for screening programs to specifically clone them may not always be
necessary for the generation of markers for mapping purposes. Of course, should markers

prove interesting, problems may arise in cases where variation is present between Mus
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musculus and Mus spretus, but not between Mus musculus and Mus musculus castaneus, as
was the case for D2Ucl15, which could not be mapped on the ulnaless backcross, due to a lack
of variation. An added problem could arise should markers mapped on the basis of non-
amplification of Mus spretus DNA be needed to mapped on specialized backcrosses, in which
the backcross parent is Mus musculus (such as the ragged and wasted backcrosses). The
mapping of these markers under these conditions would necessitate the design of more primers,

and a new search for variation.

6.2.3) The problems encountered during the cloning and mapping experiments

During the course of these experiments, several problems were highlighted, which
hampered the progress. There were several stages at which problems were encountered. Firstly,
during the amplification and cloning of the fragments, the high hamster background posed a
considerable problem. This was counteracted by the use of dot-blotting techniques, to identify
mouse clones prior to sequencing. Also a problem at this stage (even with different techniques)
was the high level of plasmids consisting of vector alone which came through the blue:white
screening as recombinant colonies. Problems also arose at this stage with the large number of
identical clones produced from the IRS-bubble PCR, and to a much lesser extent, the L1 and
B2 PCR reactions. Further problems were encountered with some instability of clones - two

clones were impossible to maintain or sequence.

After the sequencing reactions, problems arose from the difficulty in defining suitable
PCR conditions for the new primers designed. On some occasions, no amplification at all was
achieved. This could be due to rearrangement of the plasmid DNA relative to the PCR target
sequence, or undetected chimerism (i.e. - the presence of more than one insert) in the plasmid.
In some cases, no amplification was seen for primer pairs when all these possibilities were
ruled out. There appeared to be a rough correlation between clones which were difficult to
sequence, and sequences which were difficult to amplify. In other cases, no specificity of PCR
reaction could be achieved, amplification yielding ladders of bands which were not eliminated
despite the use of all combinations of conditions, and several pairs of primers. This could be
due to the inherent repetitive nature of the fragments produced, although the clones were
screened for homology to repetitive clements prior to primer design. It could be that the
fragments were only low level repetitive, which was not highlighted in the database searches,
but that nevertheless caused problems in the PCR. This undetected repetitive nature could be
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partially due to the higher degeneracy of both L1 and B2 repeats at the 3° end. All primers

were designed from sequences after the AT rich tail.

Given the definition of adequate amplification conditions, problems arose with
difficulty in identifying variation between Mus musculus and Mus spretus. This was not a large
problem, only 1/12 fragments proved non variant. This marker, Bubble-14, was tested with 24
separate restriction enzymes, and different SSCV conditions. The marker was finally linked to

mouse chromosome two by amplification of DNAs from the ABm series of microcell hybrids.
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6.3) The mapping of new molecular markers for mouse chromosome
two on the Jackson Laboratory interspecific backcrosses

New molecular markers derived from IRS-PCR and IRS-bubble PCR amplification of
EBS18Az, ABm5, ABm 7 and ABm 11 hybrid DNAs were placed on the linkage map of

mouse chromosome two by analysis of interspecific backcrosses.

6.3.1) Map positions of new molecular markers.

The first observation to be made was that despite the fact that EBS18Az (from which
most of the new markers were derived) contained fragments of other chromosomes, all markers
produced originated from mouse chromosome two. This is an unexpected finding, as a
fragment of mouse chromosome 15 was also present in this hybrid. It would have been
expected that at least one of the new markers produced from this hybrid would derive from

mouse chromosome 15 (All 12 markers produced were in fact derived from this hybrid).

All new markers except one (for which no source of variation could be found) were
placed on the map of mouse chromosome two by analysis of the Jackson Laboratory
interspecific backcrosses panels 1 (BSB) and 2 (BSS). The distribution of the new loci on
mouse chromosome 2 would appear to differ from the distribution of other markers derived
from (CA)n microsatellites. No clustering of new markers was noted in the central portion of
the chromosome, but some clustering of new markers was noted more distally, in the region
around Xmvi0, on panel 2. Although the number of markers produced is too small to say
categorically that the distribution of the IRS-PCR and IRS-bubble PCR markers is different to
that of microsatellite based markers, other workers in the laboratory have noted significant
clustering of similar numbers of microsatellite based markers in the central portion of the
chromosome (S. Malas, personal communication). This perhaps suggests that the use of IRS-
PCR and IRS-bubble PCR to generate DNA fragments produces markers with a different
distribution from that produced by the sole use of microsatellite based systems.

The estimated positions of the new markers on the cytogenetic map shows a rough
compartmentalization of L1 based markers to Giemsa dark bands, and B2 based markers to
Giemsa light bands, although there are exceptions to both cases. This to be expected, given that
the distribution of SINES and LINES is different in the two types of chromosome bands. The

presence of some L1 based markers mapping in Giemsa light bands, and some B2 based
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markers mapping in Giemsa dark bands is also not totally unexpected, since the

compartmentalization is not absolute.

6.3.2) Refinement of map position for interesting markers

Markers mapping to the area of mouse chromosome two containing ragged, wasted and
ulnaless were judged as deserving of further interest. Markers mapping around lethal spotting
would have also been analyzed further, if a suitable backcross had been available. One marker,
D2Ucl18, mapped in the region of ragged and wasted. This marker was mapped relative to
both mutants by analysis of either the ragged or wasted backcrosses. D2Ucl/8 was found to
map 1.21 +/- 0.85cM proximal to ragged, and 5.4 +/- 2.3cM proximal to wasted, ruling it out
as a closely linked flanking marker for the initiation of positional cloning projects. No
transmission distortion was noted for the ragged or wasted backcrosses, but in the case of 711
on the ragged backcross, the x” test indicated that the excess of ragged alleles was only just not

significant.

Three markers mapped in the region of ulnaless, D2Ucll2, D2Ucl15 and D2Ucl19. No
source of variation between Mus musculus and Mus musculus castaneus could be determined
for D2Ucl15, but the remaining two markers were mapped relative to ulnaless on the ulnaless
backcross. D2Ucll2 was found to map 2.2 +/- 1.5¢cM proximal to ulnaless, whilst D2Ucll9
mapped 5.4 +/- 2.3 cM distal to ulnaless. neither of these markers appeared to lie in the
candidate region. D2Ucll5 could be a better candidate, mapping between D2Ucli2 and
D2Ucl19, and may be worth further study in the future. No transmission distortion was noted

for any loci on this cross.

D2Ucll8 could also be closely linked to lethal spotting. This mutant lies centrally
within the Gras - D2Mit73 region on the consensus linkage map of mouse chromosome two.
Analysis of the ragged and wasted backcross places D2Ucl18 1.21 +/- 0.85cM proximal to
D2Mit73, and 1.21 +/- 0.85¢cM distal to Gras (i.e.- roughly equidistant between these two
markers). D2Ucl18 could turn out to be a closely linked marker for lethal spotting, and thus
may be worthy of future study. This marker could not be mapped relative to the mutant,

because no suitable backcross was available.
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.4) Overall progress of the project and future prospects

The primary aim of the project was to develop resources with which to initiate
positional cloning projects to isolate the ragged, wasted and/or ulnaless mutations. This was to
be accomplished by two complementary strategies: the development of two new panels of
somatic cell hybrids, and the production of new molecular markers for mouse chromosome
two, in order to increase the marker density of the genetic map. The results generated in this
study by these strategies have not allowed a significant step forward in the progress towards
the cloning of ragged, wasted or ulnaless, although some progress has been made in the

increased marker density of mouse chromosome two.

The construction of the translocation hybrid panels would have provided a means of
isolating genetically and physically a small area of distal mouse chromosome two, in which
ragged and wasted were originally thought to lic. Ragged and wasted are very closely linked
(Peters et al., 1994). The development of these panels would have allowed the production of
markers in a region specific manner by IRS-PCR, and also provided a method of easily
identifying whether or not new markers deriving elsewhere were likely to be closely linked to
ragged and wasted. In the light of the lack of segregation of either reciprocal translocation
product, in either panel rendered this strategy unworkable.

The generation of new molecular markers yielded a total of twelve new markers for
mouse chromosome two. Eleven of these have been placed on the genetic map. The remaining
marker showed no variation, and so was not able to be mapped by interspecific backcross
analysis. Instead, this marker was mapped to mouse chromosome two by amplification of the
locus in the ABm hybrids, containing only mouse chromosome two. The new markers are
distributed along the length of mouse chromosome two, and provide a small but significant
increase in marker density on the genetic map. However, only one new marker, D2Ucl18, was
derived from the putative region containing ragged, if not wasted. This is not unexpected, given
that the starting material was an entire mouse chromosome two. Three markers were isolated

from the D2Mitl ] - D2Mit30 region, in which ulnaless lies.
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6.4.1) Further work on the hybrid panels

With regard to the hybrids, the blind-mapping experiments indicate that the extent of
fragmentation is much greater than detected by the PCR. The low segregation rate could be a
reflection of heightened fragmentation, together with the fragments generated joining to the
hamster chromosomes, which were not segregating. In order to define the extent of the
fragmentation, and the fate of the fragments, detailed karyotyping or in situ hybridization
should be carried out. In situ hybridization could be done using labelled IRS-PCR products to
hybridize to normal mouse spreads. This might allow the easier identification of individual
chromosome fragments, as the hybridization would be to an intact chromosome. This could be
identified by its G-banding pattern in the hands of an experienced mouse cytogeneticist.
Alternatively, spreads could be made of the hybrid cells, whih could then be probed with totla
mouse DNA. This would allow an estimation of the number of fragments present in each
hybrid line. The identification of the exact mouse chromosome content of each hybrid line
would allow their use as a generalized mapping panel, provided the chromosomal stability in
culture was adequate. In addition, detailed karyotypic and cytogenetic analysis of the
translocation products present in T2ZWa-2 and T2Wa-4 should shed light on their usefulness for

the original purposes.

The apparent selective pressures acting against segregation of the translocation products is also
worthy of further study. It is entirely possible that this finding is merely a characteristic of the
panels generated in this study, since other panels involving the T1Sn and T13H translocations
have segregated the translocation chromosomes, although some fragmentation was also
apparent (A. Pilz, personal communication; this study). The reluctance of the cells to segregate
the reciprocals could be investigated either by maintaining selected cell lines in long term
culture (there is some evidence that after sufficient times in culture, cells become progressively
more unstable (Weiss and Green, 1966), or by further forced segregation experiments, with a
different antibody. By these means, the use of T2Wa-1 and T28H-3b as substrates for further

subcloning or forced segregation could be more accurately evaluated.

Given more time and resources, an alternative strategy, in retrospect, would be to carry
out afresh the construction of the hybrid panels. In these circumstances, since the conditions for -
optimal cell killing in vitro by the complement cascade have been established, further
antibodies could be tested. Given the existence of an appropriate antibody, forced selection of

specific chromosomes after fusion becomes a real possibility.
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The antibody treatment could either be applied to the T(2;8)2Wa or T(2;16)28H
hybrid population after the selective action of HMT, or synchronous with it. In order to obtain
both reciprocals, an alternative strategy to complement mediated cell killing could be used.
Should the antibody be conjugated to a magnetic bead, the cell population could be sorted using
a magnetized cell sorter. Whether or not this experiment would produce segregation without
fragmentation is not determined, but studies to determine the presence and nature of the

selective pressures should elucidate this matter.

In order to produce more segregation in general, different hamster parents, or different
mouse tissues could be used. If the high degree of retention of mouse chromosomes was due to
the fragmentation, and subsequent fixation to the hamster cells, the use of a different mouse
tissue (fibroblasts, liver cells, embryo cells) may act to stabilize the system. The low
segregation rates for both panels could be due to the apparent stabilizing effect of V79TOR2.
High rates of segregation must lead to some instability in the cell, so the use of a plastic cell
line such as embryo cells, balanced by the stabilizing influence of V79TOR2 could feasibly act
to increase segregation without too much loss of cell stability. This might in itself increase the
suitability of the hybrids as generalized mapping panels, as well as increasing the probability
that the translocation chromosomes themselves would segregate. The fragmentation could be
due to some feature of the mouse parent. Little information is available to determine whether
the use of translocation cell lines has any effect on stability, and whether or not this is related to

the tissue origin of the cell line.

6.4.2) The generation of further molecular markers

During the course of these studies, some understanding of the problems and pitfalls
associated with the cloning methods has been achieved. Given the development of means to
identify the species of origin of clones, the high background of hamster clones generated by
some of the methods can be circumvented. The isolation of individual bands has many
advantages, not least that ability to detect the presence of putative CpG islands and
microsatellites. The isolation of individual bands also increases the number and type of
fragments generated from a single cloning experiment. However, the detection of variation
between Mus musculus and Mus spretus in random fragments has not posed a problem.
Whether the step of microsatellite detection is necessary is debatable. The use of PCR products

without isolation of individual bands would allow the generation of a higher proportion of
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mouse fragments, since the background is eliminated without the re-amplification step. The
apparent predominance of certain fragments in the initial PCR reactions would have to be
investigated further. Adjustment of the quantity of DNA in the amplifications, or the PCR
conditions could increase the efficiency of the reactions. Similarly, the ratio of vector to insert,
to allow higher concentrations of target DNA could be investigated. The dephosphorylation of
insert rather than vector could allow higher concentrations of insert DNA without an increase
in chimerism. Whether this would result in a higher proportion of vector colonies appearing as
white under the selective conditions used is uncertain. The high background of apparent
recombinant vector colonies was found to pose a considerable problem in the experiments in

this study.

In order to generate a higher proportion of markers from distal mouse chromosome
two, it would now be possible to construct of an irradiation fusion gene transfer hybrid panel,
to reduce the amount of mouse chromosome two as starting material. Such a panel could be
constructed from EBS18Az, or from ABml1, although the integrity of ABm 11 is debatable.
This was not a viable strategy at the time the project was started, because of the paucity of
markers with which to characterize such a panel. Now, the greatly increased marker density for
mouse chromosome two (due to the efforts of the Whitehead Laboratory) would allow the
accurate characterization of such a panel. Suitable markers for the characterization of such a
panel would be D2Mit74 and D2Mit266 for the ragged - wasted region. There are at least
thirty D2Mit markers in the ulnaless region which show variation between Mus musculus and
Mus musculus castaneus (C. Abbott, personal communication), and many more which would
be of use for hybrid studies. These include D2Mit66, D2Mit128, D2Mitl4 and D2Mit159 for
the ulnaless region. The use of D2Mitll, D2Mitl59, D2Mit66, D2Mit4l, D2Mit254,
D2Mit190, D2M;it305, D2Mit209, D2Mit283, D2Mitl 69, D2Mit71, D2Mit52, D2Mit147 and
D2Mit266 as characterization markers would allow the identification of useful hybrid lines.

Should any of the proposed experiments to produce segregation of the T(2;8)2Wa and
T(2;16)28H hybrid panels bear fruit, the generation of new molecular markers in a much more
region-specific manner becomes feasible. Hybrids which have segregated the reciprocal
translocations could be used as a preliminary method to identify fragments originating from the
region between the translocation breakpoints. Chromosome two specific fragments (produced
by the methods described earlier) could be used as probes for Southern blot analysis of DNA
from hybrids showing segregation of the translocation products. This would necessitate the

identification of single copy sequences within each fragment in some cases, as in these studies
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IRS-PCR products were found to be too repetitive for use as probes. This strategy would
indicate which clones were worthy of further analysis. This would reduce the workload to
produce large numbers of markers from the region between the breakpoints. Perhaps more
importantly, the use of IRS-PCR on these hybrids, and comparison of the band patterns
produced would allow the generation of fragments specifically from this region. This would
require a fairly low mouse chromosome content for success, but the complexity of the PCR
product could be reduced by restricted Alu PCR (Guzzetta et al., 1992) if necessary. This
involves the digestion of the genomic DNA with frequent cutter restriction enzymes before the
IRS-PCR amplification. The use of these methods would reduce the need to produce IFGT
hybrid lines. The distal chromosomal location of ragged and wasted precludes the use of a set
of recombinant interspecific backcross animals to position new markers with respect to the
mutants (to date, there are no distal flanking markers to either gene). Markers which fit with
the established pedigree analysis could be typed on the recombinant animals alone, but markers
which show anomalous typings must be tested on the entire backcross. Hybrids containing this
region alone, or segregated T2Wa and T28H hybrid panels would be pose a considerable
advantage. A combination of these methods would improve the probability of producing
markers close enough to ragged and wasted to allow the initiation of positional cloning
experiments to isolate the genes involved. Markers showing linkage to the mutants described
earlier would be localized precisely in relation to the mutant by use of the interspecific

backcrosses described earlier.

6.4.3) Positional cloning strategies

In the event that flanking markers are generated which are sufficiently close to the
mutants of interest to initiate positional cloning projects, strategies can be undertaken to isolate
the genes involved. Many proximal flanking markers to ragged and wasted are available, such
as D2Mit266, D2Mit74, and Acra4. Any of these markers could be used as a proximal starting
point for chromosome walks. The telomeric location of the mutants also opens up the
possibility of the use of a telomere specific primer together with either D2Mit266 or D2Mit74,
or a SINE or LINE based primer, to generate fragments from the band H4 - tel region. Such
clones might possibly contain ragged and wasted. The first step in the positional cloning of
ragged, wasted or ulnaless would be to isolate contiguous fragments of the region between the
two closest flanking markers. This could be accomplished by the use of YAC vectors, which in
fortuitous circumstances could include both marker loci and mutant genes. This would be a

relatively rare event. Should the YAC not be of sufficient size to contain the mutant, the ends
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of the YAC could then be isolated, in order to identify further YACs to extend the contig. This
would be a form of chromosome walk, each step would be oriented and aligned by restriction
mapping. Such a contig could also be constructed from phage or cosmid clones. The next step
would be to identify coding sequences in the contig. This could be a laborious prospect,
depending on the size of the contig. The load could be perhaps reduced by screening of cDNA
libraries from different tissues and times in development, to identify clones expressed in the
tissues affected by the mutation - hair follicles and skin in ragged; spleen, thymus and brain in
wasted, an embryonic cDNA library in the case of ulnaless. Coding sequences could also be
identified by the methods described in the introduction, such as exon trapping. Each piece of
coding sequence could then be used to identify cDNAs from the affected tissues, or the
appropriate time in development. The cDNAs could be compared with genomic sequence, to
identify inrton:exon baoundarues, and control elements. If many genes genes are present in the

region, this portion of the experiment can be very longwinded.

Once the entire sequence of each gene in the contig has been captured, sequence
information can be generated from each one. Once sequence is available, it can be examined for
homology with the known sequence of genes for which the function is known. This may identify
possible functions for the cloned gene. Alternatively, predicted amino acid sequences from all
reading frames could be generated, which might also shed light on function - for instance, the
gene mutated in ragged could have characteristics of an ion channel, in light of the chylous

ascites and oedema which occurs in homozygotes, and occasionally in heterozygotes.

Conclusive proof of the cloned gene as the site of mutation in ragged, wasted, lethal
spotting or ulnaless would be the discovery of altered sequence in mutant mice compared to
wild type, either in the coding sequence, or in the control elements. If such changes were
present in both alleles of ragged (Ra and Ra™), for instance, that would be a strong indication
that the cloned gene was the gene mutated in ragged. This gene would presumably have effects
on hair development, and also lymph drainage. Homologous genes from different species could
be sequenced, with a view to determining which regions of the gene are highly conserved, and
thus critical for function. Experiments could be undertaken to induce mutations into wild type
genes, by homologous recombination, or to attempt to restore function by the use of a
transgene. The mode of inheritance of the mutant could give clues as to the form of the
mutation. Recesive mutations are often associated with loss of function mutations, where the
levels of a particular gene product required for normal development fall below some threshold

level (such as the albino (¢) mutation - Kwon ez al., 1987) Dominant mutations often cause
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altered function, altered expression or gain of function of a partcular gene product (such as the
lethal yellow (4”) allele in the agouti allelic series - Bultman et al., 1994). Recessive mutations
are sometimes caused by changes in enzyme structure or function, whereas dominant mutations
can be associated with defects in structural components (Vogel, 1984), although there are many
exceptions. On a molecular level, recessive mutations sometimes derive from small
rearrangements, or point mutations, which either abolish transcription of the gene, or alter
critical regions of the gene product. Dominant mutations have been associated with gross
alterations such as deletions, splice site mutations or inversions, for example many alleles of
the dominant spotting (#) locus are associated with deletions (Geissler et al., 1988). Again,
there are many exceptions. The dominant ulnaless mutation was radiation induced, and so
probably constitutes a relatively large chromsomal rearrangement, such as a deletion, although
this was not apparent on cytogenetic analysis (Davisson and Cattanach, 1990). Ulnaless could
be a mutation in a pattern forming gene, such as the Hox or Pax family. Candidate genes in the
region of ulnaless (on the basis of the consensus map) include the Hoxd gene cluster, Exv2,
Dix2 and Mdk (from examination of the consensus map; Siracusa and Abbott, 1993). Lethal
spotting (/s) has been shown to be due to a defect in the microenvironment rather than a cell
intrinsic change (Kapur ef al., 1993). This raises the possibility that s is the ligand for some
undefined receptor, which influences the migration of enteric neurones. Wasted was a
spontaneous (probably point) mutation which may have arisen in a gene involved in
phosphorylation and development of neurofilaments, given the extensive crosslinking in the
proximal portion of the cell body and axon noted by Lutsep and Rodriguez (1989). The sharp
developmental profile of this mutant possibly implicates a gene which is inactive in early foetal
and neonatal life. The degeneration of cells in the nervous system may reflect a mutation
causing apoptosis (or programmed cell death). Cell adhesion molecules have recently been
implicated in apoptosis and wasted may fall into this category. The semi-dominant ragged
mutation was spontaneous. There are few clues to the nature of this alteration. The close
proximity of Acra4 to ragged makes this gene a possible candidate, although no gross
alteration in the amount or size of Acra4 mRNA could be detected by RT-PCR (data not
shown). The phenotype of the ragged mutation possibly implicates a defective ion channel, or
altered lipid metabolism, given the presence of lipids in the chylous fluid, and the reduced

amounts of subcutaneous fat in these animals (Herbertson and Wallace, 1964).

Once genes responsible for mouse mutants have been identified, studies can be initiated

to clone the human homologue. This may lead to the designation of new mouse models for
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human disorders, and give clues to the properties of the genes likely to be involved in the

disease.
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Appendix 1: - Segregation data for new D2Ucl loci on the Jackson backcrosses panels one

B(BSB) and two (BSS)
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Appendix 1 (cont.): - Segregation data for new D2Ucl loci on the Jackson backcrosses panels

one (BSB) and two (BSS



260

m nggfunfnguiangffngndifnnndifunnnnIdIifandn JgSnan
W ngERnngngngnngdingngdivandifvannniiigfnniniigsnnn
W ngggnnguingnnilinidniifenniidvnnnndIdifnnindIgduann
Q

§ ugsgrugranguugugngngigenngiivrnnniifdinnindigdennn

N TN O S TN TIROCERAS T NN LTNOE RASEHAMTNOLOASHNOTNOE ©R
FEEEEE A A A RNNNNNRANNNGOOOOOOnOT TSI TS ST

Animal
number

. - Segregation data for the ragged backcross

Table A2



261

gRdddgunuggdiuanngddidununddugduddugdidnngdaddiungudaddunann

gdiddiddunudiddunngidfundiondiudinddiunngiangddunagdudangidaonanan

"3R8 0n3E8nrniIgnnifnifnignidinnifnidivaniuindinnny

S.Dnm...SS._MSS....SS..DnM....WM.....SS.M.......S.S..SS..

FEEEEPEY-FEPUPEEE P LK P E P E K PR KR K- TN P P I PR

VGG angnngooeooveovovewoweoromnmrorom oo ooooRReRRNRAAARNAAAATAAN D =

: - Segregation data for the ragged backcross

Table A2 (cont.



262

ngdunungddfandududunagungdiunnfunandddnddunddddguagndgd

nggunnngdidfungangudunungunangddiunangunangdddugdongdddduagdagddd

ngunnangdgdfugdugungununguangddununfunngdduddunnddddfungeddd

SMSSSSDAMMDMDMSMSDMS [ I/ s 3] .SSDM LI/ B 72 0 7> A R R A .DnM ' .MS. _M. _DMSSDAMSWMMM

nunnunundifunfufuefununundfununfuonnlfufunIdSSifvnelngls

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
141

142
143
144

145

146

147

148

149

150

151

152

153

Table A2 (cont.): - Segregation data for the ragged backcross



263

ndunldluunfunfn

ngundlvwnuunuan

ngudfununufnln

.DAMS..SSS.S..

ndngdgfunnfungn

154
155
156
157
158
159
160
161
162
163
164
165

: - Segregation data for the ragged backcross

Table A2 (cont.

-
m nBwBZEZZZREBEZBBEEEEBBBEBEEEEEEEREEREEEREEER
N
M nELEBEEEEBEEBEEBZBERBERBBEEBEEBEEEEEEEREEEEEERE
Q
2
M nEwnEEZBERBEEEEBEEEEREEREEREEREEEEEEREEREBEREE
Q
R
M nMBVBEBEBEEBEEEEEEZREREEEREERREEEREREEEBEEEEEEER
Q
m npwuziEpzzEEEEEEEBEEEBEEEEEEEEEEEEEREEEEEER

SN TN OO NM T O 0N ™A O S ®
HAONOTUNOD 0D e e e e QANNNNNNNNRN®M®E®®® @O N A

Animal
number



264

ZRRERRERRBBRBBREBRBRERRRBRBRERBREBRBRERBRRBRBERREREREEBEBBEEREEREEEEEE

ZERERRERBREBBEBRBREBRBREBBRBBBRBERBRERBEEEBREEEEREBEwREEEEERBRERE

ZERBEBERBEBEBBEBBRBLBERRRRRERRBBBBRRERBRRBBERBEEBBEREBEwBEEEEEBwREER

BERRERRERRERERBRBBBRVWRBRERRRERRERRRERERBRRERRBERBEEEEBEREEEwEEEEEEwEEER

EEEE33BEBEBEBEEBERREERBEEBERBREEREREEERBwEEEEEEEEERwEEEEREEREEER

39
72
73
74
75
76
77
78
79
80
85
86
87
88
89
90
921
92
93
94

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
1
81
82
83
84

Table A3 (cont.): - Segregation data for the wasted backcross



Animal
number

RN EWN -

D2Mit30  D2Ucll9

S <

gn

gcggogcnann

Ul

Table A4: - Segregation data for the ulnaless backcross

a2

SConn

Ul

op=

Ul

D2Mit14

ejejojaNoNoNe!

ol

=g

ul

ci=i=i=leXekei=Kei=E=E=I=NoXoNo e i=i=Ke ke i=No o=l =Ne o ko R=R=t =Ko R=R=Re e R=R=R=R=R=R=E=KeKeKe

D2Ucl12

sgssanan

265

D2Mitl
1

ei=i=l=NekeXei=Kei=E=E=i=I=NeRekei=i=Ke ke i=Ro ke i=E=KeXo X e R=i=i=Ne R=R=No o R=0=R=R=l=1=1=Ke Ko K¢



266

S55000LVVUVESBuEBBVvvLVUEEE55vBbvuBuUEE5E5BBvBVvVUVLVLLU

) ) 5 B & 5 5o B

E585v0ouvvLVUBEEBuUEE5/vVUVLUEESESEBLO0VLOLUEEESEE 5050000000

&) &) 5 5 @] 5 O O 5o voovwoow
O O 5 5 5 ovou o
O 5 5 © O 5 vB ©
5 =) &) 5 &) 5 5050000000

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
n
72
73
74
75
76
77
78
79
80
81

82
83
84
85
86
87
88
89
90

91

92

93

: - Segregation data for the ulnaless backcross

Table A4 (cont.



267

Sequence information for mouse clones

All primer sequences are underlined. Sequences are as read, except where
marked with a row of asterixes, where primer sequences are complementary and
reversed.

D2Ucll1

KS sequence

TTCATATCCATAGAATAATTCTTTTTGTAAAAGGATTTATTTATATATTACATATATCAAT

GTTCTGCCTGCACGATACCTGCAGTCCAGAAAAGGGCACCAGACTTCATTATGGATGGTT
ATGAGCCACCATGTGGTTGCTGGGAATTGAACTAGGACCTCTGGAAGAATAGCAGTACTC
TTAACATCTGAACATCTCTCTCAGCCTGAATAATAA(T)11C(T)sAAGATACATIGGGAAATA

* % k k k k *k %

GGGCACTTGCAGGTGTTGATGGGTAAGAAGGCAATGGAGGAAATATACAATG

% %k k %k %k %k k k *k *k

D2Ucl12

T3 sequence

CCCATCTAAAATTCTTAAGTCCAGATGTTTTTAGCACAGAATTCACCATACTTTCAAAGAA
GACTAATAACAATACAGACAATTTCACAAAACAGAAACAAAGGAACATTTCCAAACTTAC
TCATTGAGACCACAGTCACCCAAATAACGTAAACCACAAATACGTAAACCACAAAGAATC
AATAAAG

KS sequence

AATCCTTTCCATATAGGATATTGGTGTGAAAATACTCAATAAAACATTCACAAACTGAAC
TCAAGAA(CA)sTGCACACAAATCATCCACCATGATCAGTAAGCTTCCACCCAGGATACAG
AGGTGGTCAATATATGAATCTCATCACTGATTCTA

D2Ucli3

T3 sequence

AAGAAGCTCACTTAAACTGTGCTTTTCTGCTGTGCGGCATATTTACTTGTCTGTACTTCAC
CATTAACGATTTCATAGCATACACATACAGGCTTTGGTGATACACGGTATGGAGTTTAAT
GAGTGACTACTTTACTTATTAGTTTCAATATACTTTGGACTACTTAAGG

KS sequence

TTGTGCATCTTTAGAGCCTCCCATCGATTCGTGTCGATGGTATTAGACTCTGTCCGTGTTG
TGATAGTGTGTGGCACTTACTTGTAGACACACCCTAGGACATCTGTCCCAAACTAAGCAC
TTGTCCCACACTGTGCTTGAACTTTCATGTCAAGCTTCTACCGGTAAAGCCAGTTTCGAGT
CCTTCTTCCTCCATCCAATTCACAAATACATAGCTGTTATTGTAGTCT
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D2Ucll4

T3 sequence

TTTTCCCATAGCATTTGTAAATGCAGAAAAATACTAATAAAAAAATATGATGTGTTCTCAT
CTTGGAGACAGAAATAAAGTGACCTCCTCATCAATGCCGTAT(CAT);CGTAGTCGTTCGTT
TAT(CAT)sTATTTCTACCCTAATTACTATGGTACCTACTGGGTAGT

kok ok ok o o ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k ok ok

D2Ucl15

T3 sequence

GGGACTTTTGGGATAGCATTGGAAATGTAATTGAGGGAAAATACGTAATAAAAAAGATAT
TTTAAAAAAGAGACAAAAAATGGGGGGAGAGCCTCGAACTCATTGGCAGAGGAGATGAC
TTCTGCATTGGACAAGAGCTCAAGTACTAAATTACAATTAATAGG

KS sequence

CCCAAATAACAGTGTGCTTTTCCATACATAGTCAAAACAGCTACATATATCCATTTATTAA
TTCTTAATTTTATACTTGAGCTCTGTCAATCATAAAGTCATCTCCTCTGCCAATATTCACTC
TCCCATTTCTCTTTTTCTCTTTTTTAAAATATCTTTITATTTCATTTCCTCAATT

D2Uclié

T3 sequence

GGGATAGCATTGGATATGTAATGTTGAAAAATACCTAATTAAAAAAATCAAAAATGAAA
AAAAAATAGAGTTATAAAGATATGGCAAACAGTCAGTTTCAGCAACTGTGAGACTGATTG
CCACACCAGCCAGAAGGAGAGGAGTCTGCAGAGAGCAAGCTCCAGCTCAAACTAAAGGA
AGGTAACATAGATA

KS sequence

AAAAATATTTACCCTGATGTTGTGTATTTGATAAATCTGCTCTGACAGTTGTGTGTCATCT
TATTTCTGTTGTTTCCTTTTAGTTTGAGCTGGGAGCTTGCACACAGCAGACTCTCTTCTCTG
CTCCTCTGGCATCAGCTCACAGTTGCTCAAACGATCTGTTTTTGCACATTATACTCTA(T),C
CT(T)s

D2Ucl17

T3 sequence

CCATATGACTGCAACATATTTATITGGGACCATAGTCACCCAGGGAAGACAACTCAATTA
AAACAACAA(CAAA) TCAAAAAATCTAGCCCAGGCTACTCCATTCGATCCCG

KS sequence

TACAAATCGGAGTTTATATTTTTCAGCAGTCAGGGTTGGATGACATACTGACCTCATCCAC
TTTGTCCATCTAGATTCAGTA
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D2Ucl18

T3 sequence

TTTAGTTTGAGCTCCCACTTGCTCTCTGCAGACTCCTCTTCTCTGGCATCAGTCTCACAGT
AGCTCAACTGACT

KS sequence

GTAACATAGATAGATGACACACACAACTGTCAGAGCAGGATTATCAATACACAACATCAG
GTAATATTTTTTCCTCTT

D2Ucl19

T3 sequence

AATTTTTTTTGGTTTTTTTTTGAATCATACTCCAGGCCAATTGGCCATAGACTTATCCAAAT
CTCCATTTCTGCCCCCCCACCTTGCAGTAGGAGCGGACACCATCACATCTGTC(T)4GGT(G)
7TGTGCACTGAA

KS sequence

GAAGTAGAGAAGCAGAGGCACACCAAGGAGGGCCTCTCTGTCTAAATAAAAGCCGACCT
TAAGGGCAGTGGGGAACCATACCCTTTACCAGGGAATGAACAC

D2Ucl20

T3 sequence

AAGTATAAATGAGGAAAAAAAACCTAATAAAAAATATTAAAAAAGAAAAAGAAAGAAAT
ATGAAGAGATGATCATCAAGAAGTACTTCTTGAGAGCCAGAAACTGAACTTGCTGTATTT
CTTAGTTGTATAATCTTATACAGCTGTTTGAAAAGAACCAGTGTCTGTAATGTTTTGCATT
AGTTATCTATCTCTGAACATACTTAA

KS sequence

CAAATCACTTAGTATTCCAGAAGACAAATTCTCCCCAATACCCCAAACAGCTTCCTAGAA
AACAGTAGTATTAATACTACAGAAATCAAATACTAAGAAAACTAAGAAAAGTAGTATTA
GAGTACCAGTGTTCTGGCTCT

D2Ucl31

T3 sequence

GGGGGACTTTTGGGATAGCATTGAAAATGTAAATGAGGAAAATACCTAATTAAAAAAAA
AAGACATTTAAAAAGAAAAGAAAAGAAAAAACACAGATCTTTACCAGGCATCAGAAGAC
TTACTCTTGTTTTCTTCTGAGTCTTAGTTCTTGTAAGCCTTTTTAAAAGGATACTGAGAGAT
ACGTGTTTGGAACCTATTAGTTTTTGCCTCTTACTTCCATTCATAACGTAGCTGTCTTAGA

e ke 3 2k o 2k o 2k 3k ok o o ok ok e ok ok ok ok

CTCTCCAGAAGAGAAT

3k ok 3 ok 3k ok ok ok
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Bubble 14

T3 sequence

AAAAAAGAGGGAAAAAATATTTACCCTGATGTTGTGTATTTGATAAATCCTGCTCTGACA
GTTGTGTGTCATCTTATTCTATTGTTTCCTTTCCTTTAGTGAGCTGGGACTTAGTGTGTGCT
GT

KS sequence

AAACAGTCAGTTTCAGCTACTGTGAGGCTGATGCCAGAGAAGCTGTTGTTGTGGAGTCTG
CAGAGAGCAAGCTCCCATAGCTCAAAATCAAAAGGAAAGGAAACAATAGAATAAGATGT
CTCTCTTCTGTACGTGACGGATTTATCAAATA




