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Abstract.
Cosmid clones from mouse/human hybrid cell lines enriched for the short arm of
human chromosome 11 are being assembled into cloned DNA arrays to produce a
physical map of this region. These were used in the development of two methods to
identify coding sequences.
A method was devised to screen cosmid clones for BssHII and Eagl sites. These sites
frequently occur at " CpG " islands which are associated with particular classes of
genes. Their location within the defined map should aid in the identification of these
genes.
A second xhethod was used to detect an abundant class of proteins, the zinc finger
proteins (ZFPs). This class includes transcription factors, genes involved in
developmental processes and genes thought to be involved in tumourigenesis. The
involvement of these genes in complex biological processes makes them an important
group. Members of this class were located using an oligonucleotide that detects the
conserved amino acid motif, HTGEKPY.
4.7% of the human DNA-containing cosmid clones from the human/mouse hybrid
cell line hybridised with the zinc finger oligonucleotide compared with 0.5-1% of
cosmid clones from a total human DNA library indicating clustering of ZFPs in the
human DNA of the cell line. We have isolated 101 cosmids containing potential
finger coding regions. Analysis of DNA sequence from strongly hybridising clones
has shown the classic CoH, finger protein motif. 69 of these cosmids have been in
situ mapped, in a collaboration, to 3p, 11p, 19p, 19qter, 20p and 21qgprox: some are
clustered. Several of these regions are associated with genetic diseases including
inherited suceptibility to cancers and growth abnormalities.
Cross hybridisation studies have detected two groups of closely related genes. cDNAs
have been detected for members of one group. Members from both groups are

clustered on chromosome 19,
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1.1 Mapping the Human Genome,

The goal of the human genome mapping project is the mapping and sequencing of all
the DNA in the human chromosomes. This will provide a background for the analysis
of the organisation of human DNA and for basic research into developmental biology
and evolution. The localisation of an estimated 100,000 genes will provide the
information required in understanding and eventually treating many of the more than
4,000 genetic diseases (McKusick 1988) that afflict mankind, as well as the

multifactorial diseases in which genetic predisposition plays an important role.

1.2 Mapping Complex Genomes.

Maps of the humanAgenome are being developed at many different levels. These can
be divided into those that order markers with respect to chromosomal position or
with respect to the position of a second marker and define distances involved in
terms of recombination percentages or percentages of chromosomal length, and those
that order markers at a molecular level where the distances are measured in units of

physical length, these being the number of nucleotide pairs.

1.2.1 Ordering of markers at low resolution:

There are three ways in which markers can be ordered at a low resolution:
1) Genetic linkage maps.

Genetic linkage maps are based on the co-inheritance of allele combinations across
multiple polymorphic loci. When two loci are linked closely on a segment of DNA
there is a very small chance of a recombination event taking place between them as
compared to loci further apart. Linkage maps are defined in terms of centimorgan
units (¢cM), a map unit of 1cM corresponds to an observed recombination rate of 1%.
This cannot be directly related to physical distance as specific regions of DNA vary
in their recombination frequency and frequencies also differ between male and
female meioses (Donis-Keller et al., 1987). On average, 1cM is usually thought to

correspond to 1 megabase pairs (Mb) of DNA in the human genome and 2Mb in the
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mouse genome (Barlow and Lehrach, 1987). The markers used are single copy DNA
fragments or restriction fragment length polymorphisms (RFLPs). RFLPs are
inherited variations in the nucleotide sequence of individuals that can be detected
with specific restriction enzymes (Botstein et al., 1980). Averaged over the human
genome about one base in 150 is polymorphic, and about one in six random base
changes creates or abolishes a restriction site. Thus most lkb stretches of DNA
contain a restriction site which is present in some people and absent in others.
Additionally, scattered throughout the human genome are tandemly repeated
sequences whose copy number varies between people as a result of unequal
recombination. A restriction fragment containing the whole tandemly repeated block,
known as a variable number of tandem repeat (VNTR) RFLP (Nakamura et al.,
1987), will be a different size in different individuals. Genetic maps based on these
polymorphisms are often termed RFLP maps. The genetic map of the human genome,
at a resolution of about 10-20cM, is near completion (Donis-Keller et al., 1987).
2) Radiation hybrid mapping.

Radiation hybrid mapping is based on the same theory as linkage mapping but does
not rely on family data. Somatic cell hybrids in which regions of human DNA have
been isolated in a rodent cell background are subjected to a high dose of x-rays
causing breakage into fragments. The fragments are then recovered by fusion to a
recipient rodent cell line which non-specifically retains some rodent and human
chromosomal pieces from the donor cell line. These are analysed for the presence of
certain markers (Goss and Harris, 1975, and Cox et al., 1990). The further apart two
markers are the more likely they are to be separated by this process. Distances are
estimated in centirays (cR), 1cR being equivalent to 50 kilobases (kb) of DNA. This
represents the most precise mapping process with respect the gross ordering of
markers as the probability of breakage is equal in all regions of a chromosome. This
method is useful in defining specific regions of DNA and has recently been applied

to a human chromosome 21q mapping project (Cox et al,, 1990 and Burmeister ef al\,

1991).
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3) Cytogenetic maps.

Cytogenetic maps rely on in situ hybridisation of DNA probes to prometaphase
spreads in relation to chromosomal banding and/or hybridised probes (Gerhard et al.,
1981 and Pinkel et al., 198. , Litcher et al., 1988). Patterns of banding are obtained
by staining with DNA-specific dyes after treatments that partially removes
chromosomal proteins. Two or more probes can be hybridised to a single sample and
distinguished by means of differently coloured fluorochromes. This method has been
refined to localise fragments to specific regions accurate to within 1% of the
chromosome length on metaphase chromosomes by using computer controlled
confocal laser microscopy as demonstrated by Lichter et al. (1990).

These types of mapping form the essential backbone needed to guide the more

precise but smaller scale mapping of specific chromosomal regions.

1.2.2 Molecularly based mapping:
1) Long range restriction enzyme maps.

Pulse-field gel electrophoresis (PFGE) designed by Schwartz and Cantor (1984) is
capable of separating fragments of DNA from 50 to 10,000kb. The resolution
depends on the time of switching between two fields (the pulse time): longer pulse
times will resolve DNA fragments in the higher molecular weight range. By' southern
blotting and hybridisation, markers can be assigned to the fragments generated by
different restriction enzymes to produce a map of markers positioned relative to
restriction enzyme sites. Modifications by Chu et al. (1986) have allowed the
resolution of fragments between 1 and 10Mb. PFGE bridges the gap between the in
situ hybridisation methods and conventional gel electrophoresis. This type of map
exploits restriction enzymes that cleave rarely in the human genome producing large
DNA fragments. One of the drawbacks in this type of mapping is that the majority
of restriction enzymes that cut rarely within mammaliarr:c?o so because they recognize
a sequence containing the dinucleotide, CpG, which occurs at 1/5th the expected

frequency except in regions commonly known as CpG islands (Bird, 1986). This
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means that sites for these restriction enzymes are often clustered and can be difficult
to map across. This can be overcome by analysing partial digests with these
restriction enzymes. Examples of the application of this technique are the 10Mb
restriction map around the Duchenne muscular dystrophy locus of Burmeister et al.
(1988) and the 12Mb map around the cystic fibrosis locus of Fulton et al. (1989).
In addition to the ordering of markers, the construction of a long-range physical map
of a region allows the direct comparison of physical and genetic distances which can
reveal areas of increased and decreased recombination. One example is a region on
the short arm of human chromosome 4 which is predicted by recombination data to
contain 3.4Mb of DNA but actually contains 300-400kb of DNA with a 10-fold
increased recombination frequency (Alitto et al., 1991). These maps are also of
importance when investigating chromosomal rearrangements and when comparing
maps of chromosomal regions based on different DNA sources.

2) Cloned Maps.
A cloned DNA map consists of DNA fragments from a specific genomic regions
cloned in phage and cosmid vectors (35-40,000bp insert size) and, more recently, into
yeast artificial chromosome (YAC) vectors which can contain very large fragments of
DNA, often greater than 1,000,000bp (Burke et al., 1987). These are ordered by
virtue of the number of restriction enzyme sites they contain in common or by
hybridisation to DNA probes. A collection of overlapping clones is commonly
referred to as a "contig". Technical methods for producing cloned DNA maps were
developed during the construction of maps for the Escherichia coli genome (Kohara
et al., 1987), the Saccharomyces cerevisiae genome (Olson et al., 1986) and the
Caenorhabditis elegans genome (Coulson et al., 1986). These methods are now being
applied to the much larger mouse and human genomes to produce comprehensive
maps of the individual chromosomes.

3) DNA sequence.
A DNA sequence is the order of nucleotides along a section of DNA. Sequencing the

entire mouse or human genomes will require a considerable effort. A short term goal
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is the sequencing of relatively small regions to be used as Sequence-Tagged Sites
(STS). These are 200-500bp of sequence that uniquely identify a mapped gene or
other marker. These sequences can be detected in the presence of all other genomic
sequences by amplification by the polymerase chain reaction (Olson et al., 1989). The
information for using these "probés" can be completely described as information on a
database. This creates a common language to facilitate comparisons between maps

generated by the different techniques and by the different laboratories.

1.3 Application of genome mapping methods.

These methods of analysis have been developed and refined during the process of
mapping a variety of genomes. The E.coli genome which is relatively small in size, 4
X 106bp, was first mapped by cloning fragments into phage vectors and mapping
these with eight restriction enzymes (Kohara et al., 1987). S. cerevisiae has a genome
size of 12 x 106bp and was initially mapped with two restriction enzymes (Olson et
al., 1986). A cloned DNA map of 90% of the C. elegans genome, 8 x 107bp in size,
has been mapped using cosmids as a vector by Coulson et al. (1986) and YACs are
being used to close the gaps between the cosmid contigs (Coulson et al., 1988).

The mouse and human genomes are significantly larger in size (3 x 109 base pairs,
NRC, 1988) and the bulk of work to date has concentrated on specific regions. Two
of the most intensively studied chromosomal regions in the mouse are those
represented by ¢ haplotypes and the major histocompatability complex (H-2) both on
chromosome 17. The t haplotypes contain loci that effect embryonic viability, male
fertility and meiotic transmission (Frischauf, 1985 and Silver, 1985). The H-2
complex effects a wide variety of properties, including immune response and
complement activity (Klein, 1975, 1986). Many of the mapping projects in the human
genome have been centred around regions shown by genetic linkage studies to be
associated with a genetic disease. Many of the genes affected in these genetic diseases
have been located by intense mapping of these chromosomal regions. The genes

affected in cystic fibrosis, Duchenne muscular dystrophy, retinoblastoma, von
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Recklinghausen neurofibromatosis, the gene involved in a proportion of chromosome
21-linked Alzheimer’s diseases, a gene (DCC) involved in colon cancer progression
and one of the genes responsible for Wilm’s tumour linked to 11pl3 have been
detected using these methods (Fearon et al., 1990, Goate et al., 1991, Viskochil et al.,
1990, Cawthon et al., 1990 and Wallace et al., 1990, Freind et al., 1986, Monaco et
al., 1986 and Koenig et al., 1987, Riordan et al., 1989, Call et al., 1990 and Gessler
et al., 1990). These are examples of successes with relatively simple disorders
involving a single genetic locus where, except in the case of cystic fibrosis, gross
chromosomal rearrangements (either germline or somatic) involving the gene greatly
aided the search process. Finding genes responsible for more complex disorders such
as schizophrenia, hypertension, epilepsy and susceptibility to cancer or coronary
artery disease is likely to be much more difficult. The mapping of the human
genome as a whole is likely to be the only approach for identifying the genes
involved in these types of disorder.

The cloned DNA map is the most attractive method for mapping the region of the
genome of interest as it not only supplies the information on the physical distances
between markers but also provides the cloned DNA with which to work. Thus genes
are simultaneously ordered and cloned. It then remains to detect the genes within the

cloned DNA fragments and analyse their function.

1.4 Isolation of Chromosomal Regions.

The size of the human genome (3 x 109bp, NRC, 1988) excludes a direct cloning and
mapping approach. In order to produce a cloned DNA map, the genome must be split
into more manageable portions, either individual chromosomes or parts of
chromosomes. Chromosomes can be sorted by cytofluorimetry to produce relatively
pure preparations of individual chromosomes separated on the basis of A-T/G-C
content (Gray et al., 1979). In dual systems, the chromosomes are stained with two
dyes which fluoresce at different wavelenths. The mitotic chromosomes are forced to

flow one by one across a water-filled measuring region and excited sequentially by
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two laser beams. The two fluorescence emissions are processed to give a two-
dimensional representation and the chromosomes can be separated depending on their
fluorescence pattern. A second way of isolating human chromosomal regions is using
interspecific hybrids. The somatic cell hybrids can be used as a cloning source to
obtain human DNA from a specific region. Two methods were used in the
development of the somatic cell hybrids used in the chromosome 11 mapping project:

1) Chromosome-mediated gene transfer (CMGT) is the transfer of
subchromosomal lengths of DNA into the appropriate immortalised cells. Whole
chromosomes are co-precipitated with CaPO,4 and applied to a monolayer of the
recipient cells which take up the fragments of the foreign DNA (McBride and
Peterson, 1980).

2) Whole cell fusion is the fusion of two different cells to produce one cell
with a siﬁgle nucleus with the chromosome complement of both parent cells. (Barski
et al., 1960) in the presence of a chemical fusogen, polyethylene glycol (Pontecorvo
1975). If rodent cells are fused to . human cells, the resultant interspecific hybrid
spontaneously loses chromosomes (Weiss and Green 1967).

Hybrids are selected on the basis of:

a) The biochemistry of endogenous genes, for example the hypoxanthine,
aminopterin, thymidine (HAT) selection method of Szybalski et al. (1962).

b) The biochemistry of exogenous genes, for example the E. coli gpt gene
(Mulligan and Berg, 1980).

c) The presence of cell surface antigens detectable with antibodies
(Tunnacliffe et al., 1983).

d) The presence of proto-oncogenes conferring growth advantage in

mammalian cells, for example the ras gene family (Porteous et al., 1986).

1.5 Chromosome 11.
In this study cosmids are being used to produce a cloned DNA map of the short arm

of human chromosome 11 using somatic cell hybrids enriched for this region.
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Chromosome 11 is one of the most intensively studied autosomes with over 500
physical markers mapped to it. (Junien and McBride, 1989). Approximately It%Mb in
size, a copy of chromosome 11 represents about 2.4% of the human genome (Harris et
al., 1986), the short arm being about 0.96%. The availability on hybrid cell lines
containing this region isolated in a mouse DNA background and the density of
markers in this region, useful in the gross ordering of the over-lapping cloned DNA
contigs makes 11p an ideal candidate for a mapping project. The association of 11p
with an inherited predisposition for the development of Wilms’® tumour (WT) has
focussed research in this region. The development of WT often occurs in conjunction
with other particular physical abnormalities. When one physical abnormality is found
in association with one or more other physical abnormalities it is known as a
contiguous gene syndrome. These syndromes can result from the disturbance of
several gene lying close together on a chromosome. Two contiguous gene syndromes
are linked to 11p: The Wilms’ tumour, aniridia, genitourinary tract malformations and
mental retardation syndrome (WAGR) and Beckwith-Wiedemann Syndrome (BWS).
These consist of a number of seemingly unrelated genetic defects found associated
together in a significant proportion of affected individuals. Once these associations
were noted, chromosomal abnormalities were observed on 11p indicating the
involvement of genes in this region of the genome. Chromosomal abnormalities are
only found occasionally in these syndromes but provide the necessary material for

defining the limits of the region involved.

1.5.1 The WAGR syndrome.

The WAGR syndrome was first noted in 1964 (Miller et al., 1964) and consists of the
association of Wilms’ tumour, aniridia, genitourinary tract malformations and mental
retardation. Deletions at 11p13 were later found associated to the disease (Riccardi et

al., 1978, 1990 and Francke et al., 1979).
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1.5.2 Beckwith-Wiedemann syndrome.

Beckwith-Wiedemann syndrome is recognized by macroglossia, giantism, earlobe pits
or creases, abdominal wall defects and an increased incidence of the development of
tumours, especially adrenal carcinoma, hepatoblastoma, rhabdomyosarcoma and
Wilms’ tumour (Wiedemann, 1964, Beckwith, 1969 and Sortelo-Avila and Gooch,
1976). Duplications of 11p were first linked to this syndrome in 1983 by Waziri et al.
(1983) and familial BWS has subsequently been localised to 11p15.5 Koufos et al.

(1989).

1.5.3 Wilms’ tumour.

Wilms’ tumour (WT) is an embryonal malignancy of the kidney affecting 1 in 10,000
individuals under five years and is the most frequently detected solid tumour of this
age group (Matsunaga, 1981). The development of Wilm’s tumour is associated with
events at the WAGR locus (Koufos et al., 1984, Orkin et al., 1984, Reeve et al., 1984
and Fearon et al., 1984) and the BWS locus (Reeve et al., 1989 and Koufos et al.,
1989) suggesting two predisposition loci on 11p. The existence of a third WT locus is
suggested by hereditary studies excluding linkage to 11p by Grundy et al. (1988) and

Huff et al. (1988).

1.5.4 The Candidate 11p13 Wilms’ Tumour gene.

Recently a candidate gene for the Wilms’ tumour susceptibility gene mapping to the
11p13 region has been isolated which is predominantly expressed in kidney (Call et
al., 1990 and Gessler et al., 1990). The gene lies within a 350kb region of overlap
shared by various deletions in chromosome 11p13 (Rose et al., 1990). A deletion
resulting in uncontrolled cell growth would suggest the involvement of a tumour
suppressor gene. The model for tumour suppressor genes was originally put forward
by Knudson (1985) and is exemplified by the retinoblastoma gene (Rb-1) (Huang et
al., 1988) which encodes a protein with nuclear localisation and DNA binding

activity (Lee et al., 1987a and b). The introduction of one normal chromosome 11
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into a Wilms’ tumour cell line can suppress malignancy supporting a similar role for
the Wilms’ tumour (WT) gene of tumour suppression (Weissman et al., 1987). The WT
gene has four copies of the zinc finger motif, a DNA-binding structure originally
described in the Xenopus 5S gene transcription factor IITA (Miller et al., 1985,
Brown et al., 1985) indicating a possible DNA-binding activity for the WT gene
protein product. Evidence that support a role for the gene of Call et al. (1990) and
Gessler et al. (1990) in development of Wilm’s tumour comes from in situ messenger
RNA hybridisation studies by Pritchard-Jones et al. (1990). This gene is expressed in
the condensed mesenchyme, renal vesicle and glommerula epithelium of the
developing kidney, in the related mesonephric glomeruli and in cells approximating
these structures in tumours. The other main sites of expression are the genital ridge,
foetal gonad and mesothelium. Pritchard-Jones et al. (1990) suggest that this gene has
a role in kidney development and a wider role in mesenchymal-epithelial transitions.
A role in genital development is also implicated in a study by van Heyningen et al.
(1990) of an individual with aniridia, cryptorchidism and hypospadias sharing a
region of deletion of 350-400kb with an individual with similar genital abnormalities
and Wilms’ tumour but with no aniridia. This region contains the candidate WT gene
supporting a role in both kidney and genitourinary development. A second gene
(WIT-1) transcribed in a divergent direction from a single CpG island associated with
the candidate WT gene of Call et al. (1990) and Gessler et al. (1990) is also expressed
in foetal kidney (Huang et al., 1990). However, only 276bp of open reading frame
and the presence of a genomic poly(A) track suggest WIT-1 may represent a
processed pseudogene. The authors have suggested a role for this gene similar to that
of transcribed elements upstream of the proto-oncogenes, c-mos and c-H-ras and the
epsilon globin gene (Wood et al., 1984, Lowndes et al., 1989 and Wu et al., 1989). It
has been shown that differential expression of some of these elements are vital in
regulating the expression of their associated genes in specific cellular and

developmental contexts (Wood et al., 1984 and Lowndes et al., 1989). Thus any
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mutations in WIT-1 would influence the expression of the candidate g‘ene of Call et
al., 1990 and Gessler et al. (1990).

It is probable that the numerous abnormalities associated with the WAGR syndrome
involve other genes in addition to the candidate WT gene.

Considerable mapping activity is required to identify all the genes involved in both
WAGR and BWS. To this end a cloned DNA map is being constructed in cosmid

vectors using hybrid cell lines enriched for this region.

1.5.5 Hybrid cell lines.
E65-9.

E65-9 is a c-Harvey-ras-1 (H-ras) selected chromosome mediated gene transformant
containing 2-3Mb of chromosome 11 DNA from around the H-ras gene (Porteous et
al., 1986) This was used in a preliminary 11p mapping project (Harrison-Lavoie et
al., 1989). Porteous et al., 1986 transfected mouse Cl127 cells with mitotic
chromosomes derived from EJ-18-8D, a cloned cell line derivative of a human
bladder carcinoma (Hastings and Franks, 1983). The presence of an activated H-ras
oncogene in immortalised cells induces the formation of clumps or foci as a result of
the loss of contact inhibition. Transformants are isolated and analysed. E65-9 was of
great value for testing the application of the genome mapping techniques. The
transfected DNA was notably rearranged and amplified with respect to the parent
EJ-18-8D cell line (Harrison-Lavoie et al., 1989). The process of CMGT is often
associated with gross rearrangements of the transferred DNA (Porteous et al., 1986,

Pritchard and Goodfellow 1987) and this type of disturbance was not unexpected.

EJNACA4.1.

EIJNAC4.1 was produced by the whole cell fusion of human EJ-18-8D cells with
mouse C127 cells, the activated H-ras oncogene being selected for in
immunosupressed mice which develop tumours (Porteous et al., 1989). The parent

tumour, EJNAC, contained all the chromosome markers tested distal to 11p12 from
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MICI11 to HRASI, and none of the markers for the long arm of chromosome 11.
There is no evidence for genomic rearrangements or interstitial deletions in the
process of cell fusion (Bickmore et al., 1989a and b). Cosmid libraries made from this
cell line contained 1.7% human clones as judged by hybridisation with total human
DNA indicating that over 200Mb of human DNA is present. Regions of human DNA
from 3p, 11p, 19p, 19qter, 20p, 21gprox and several centromeres were detected when
mitotic spreads of peripheral lymphocytes were hybridised to 100 pooled random

cosmids from this library (Hoovers et al., Submdfed).

EJNAC4.1.5.

EJNACA4.1.5 is a hybrid cell line derived from EJNAC4.1 which has lost the 3p
human component. A cosmid library constructed with genomic DNA from this cell
line contains 1% human clones indicating the presence of more than 120Mb of human

DNA.

1.6 The mapping process.

The work in this project was based within a venture to produce an overlapping
cosmid-cloned DNA map of the short arm of chromosome 11. One copy of
chromosome 11 represents 2.4% of the human genome which contains 6,000Mb of
DNA (NRC, 1988), the short arm approximately being equivalent to 0.96% or
57.6Mb. If each cosmid contains on average 37.5kb then a genomes equivalent would
be about 1500 clones. Cosmid libraries were constructed from chromosomal material
isolated from the hybrid cell lines. Cosmid clones, isolated on the basis of
hybridisation to a total human DNA probe, are analysed by a process known as
fingerprinting (Coulson et al 1986). This involves restriction endonuclease digestion
of very small scale preparations of DNA with HindIII and simultaneous end-labelling
of the fragments generated. A second digest is then performed with Sau3A and the
resulting mixture of labelled and unlabelled fragments is resolved on polyacrylamide

gels to give a characteristic banding pattern for each cosmid. The subsequent data on
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autoradiographs is analysed by a computer program developed by Coulson et al., 1986
and Sulston et al., 1988. A pair-wise comparison of cosmids gives a figure for
probability of overlap. Random clones are ordered based on this figure which
represents the number of bands they have common. The overlapping clones are then
checked visually. These techniques allow the construction of large arrays of
overlapping cloned DNA sequences known as contigs. The final aim is to clone very
large regions of DNA covering the majority of 11p. Certain sequences may not be
cloned in a cosmid vector or in a bacterial system leaving gaps in the map. These can
be linked by hybridisation of single copy DNA fragments from the ends of contigs to
Notl fragments separated by pulse field gel electrophoresis (Schwartz and Cantor,
1984) or by hybridisation of these probes to gridded YAC genomic libraries as for
the C. elegans physical map (Coulson et al., 1988). A large number of clones are
studied in a mapping project and methods have been designed for the manipulation
of many samples simultaneously. These manipulations are based on a microtitre
system involving the use of 96-well system described in Gibson and Sulston (1987).
96 colonies which contain cloned human sequences are picked into 96-well culture
tubes. After growth, DNA is prepared by an automated process using Beckman
Biomek 1000 automated Laboratory. This DNA is then used in the fingerprinting
reaction. A second screening process is employed at this stage to detect any miss-
picked clones which contain mouse DNA using "colony arrays". These are filters with
DNA from the clones grown in four 96-well culture tubes. Part of the culture is also
stored at -70°C in 25% glycerol in 96-well. These stocks represent the resource from
which clones of importance can be obtained. The main advantage of this type of
mapping process is the availability of the clones which can be used in studies of
specific markers and the surrounding DNA. The acceleration of the cloning of genes,
the main goal of this mapping project, is made easier in addition by the existence of
the "colony arrays". These can be used in hybridisation studies looking for specific

DNA sequences or homologues of known genes. The filters orientate directly back to
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the stocks and the clone of interest plus those in the surrounding region are readily

available for further studies.

1.7 Locating coding sequences.

The fundamental aim of this project was development of methods to detect coding
sequences using the cosmid clones generated by the mapping of the short arm of
human chromosome 11. Many approaches have been used to address the problem of
locating genes within the bulk of the DNA. The current strategies for isolating genes
can be divided into two categories: those that rely on detecting elements possessed by
the majority of genes such as CpG islands and exons, and those that are based upon

sequence conservation in genes related by ancestry or function.

1.7.1 Techniques based on_ physical characteristics possessed by the majority of

mammalian genes.

1) CpG islands.

A characteristic shared by the many genes is the presence of CpG-islands over the 5’
end of the gene. These regions are readily identifiable using restriction endonucleases
that recognize DNA sequences containing oneor more copies of the CpG dinucleotide
(Brown and Bird 1986). These restriction enzymes are commonly referred to as rare-
cutting restriction enzymes and have been used successfully in a variety of ways to
clone genes. Three of the most useful diagnostic restriction enzymes are BssHII, Eagl
and Sacll (Lindsay and Bird 1987). Sargent et al. (1989) recently cloned 12 novel
genes from the major histocompatability complex on the short arm of chromosome 6
using probes from genomic sequences flanking potential CpG islands.
2) Exon Trapping.

This recently developed method of Duyk et al. (1990) has been designed to detect the
genes containing more than one exon. This method employs a retroviral shuttle vector
with a splice donor site cloned next to a gene encoding the a-complementing factor

of the E.coli B-galactosidase (a-f-GAL) gene which is followed by the cloning site.
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When DNA containing a splice acceptor site adjacent to an exon is cloned into the
vector and the recombinant retrovirus passes through its life cycle, the intervening
DNA including the a-8-GAL gene is spliced out. The RNA is then reverse
transcribed and amplified as a circular DNA episome which is used to transformation
bacteria. Constructs in which splicing has occurred and which contain the exon are
detectable as a-8-GAL™ colonies. This method has yet to be examined on a large

scale and involves complex technology.

1.7.2 Techniques based on sequence conservation:

1) Genomic DNA clones as Probes.

Groups have screened cDNA libraries and RNA blots with whole cosmids (Spies et
al., 1989) and recently with YACs (Elvin et al., 1990). Hybridisation to genomic
southern blots looking for sequences conserved between species has also been
successful when a reasonably small area of DNA is examined: this approach was
successful in the identification of the Duchenne muscular dystrophy gene (Monaco et
al., 1986). A disadvantage of both these methods is the presence of repeat sequences
within the genomic DNA which can make results hard to interpret. This can be
overcome to some extent by preannealing the radiolabelled probe to sonicated total
genomic DNA (Sealey et al., 1985). However, the lack of access to a variety of RNA
species from specific tissues and at specific time points can present a considerable
drawback in human genetics and many transcripts will be not be detected using these
methaods.

2) Cloned genes as probes.

Once a gene has been located it can be used as a probe to detect other similar
sequences. This may involve cloning the homologue of a gene in a second species
examples being the mouse En-1 and En-2 genes (Joyner et al ., 1985 and Joyner and
Martin 1987) and the human En-2 gene (Poole et al., 1989) which were cloned using
a probe from the Drosophila engrailed gene and the genes for the retenoic acid

receptors, mMRAR-a, mRAR-8, mRAR-v and hRAR-7y (Zelent et al., 1989 and
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Krust et al., 1989). It is also possible to use this method to detect related genes
(orthologues) within a species, examples being the orthologues of the ZFY gene,
originally thought to be the testis determining gene (Mardon et al., 1989, Nagamine
et al., 1989), two orthologues of the Drosophila knirps segmentation gene (Rothe et
al., 1989), and the autosomal dystrophin gene (Love et al., 1989).

3) Conserved domains.

Many coding sequences have been located by looking for conserved domains. When
sequence data on a number of proteins with a related function has been amassed
comparisons can be made and regions with homology detected. These regions can be
used directly as probes or oligonucleotides can be designed to detect them. These
methods have been successful in cloning a variety of genes most notable a large
number of homeobox proteins (Carrasco et al., 1984, Finney et al., 1988, Levine et
al., 1984, Muller et al., 1984, McGinnis et al., 1984, Colberg-Poley et al., 1985 are
some examples), the related paired domain genes, Pox meso and Pox neuro (Bopp et
al., 1989), the human retenoic acid receptor, AhRAR, which was cloned on the basis of
homology to a region shared by a number of steroid hormone receptors (Petkovich et
al., 1987) and members of the ras gene superfamily have been isolated using
oligonucleotide probes (Shirsat et al., 1990 and Drivas et al., 1990). New members of
a family of closely related genes can be cloned using degenerative primers
corresponding to consensus sequences to selectively amplify reverse transcribed
mRNA. Four new members of the G protein-coupled receptor family (Libert et al.,
1989) and four new genes related to the Wnt-1/int-1 gene of the mouse (Gavin et al.,
1990) were cloned in this way.

Recently a group of DNA binding proteins sharing regions of homology known as
zinc fingers have been detected in this manner by a number of groups. These are
discussed in section 1.9.

When deciding what routes to take in the search for coding sequences both the
resources available from the mapping project and the applicability to large numbers

of clones was considered. This thesis describes the search for coding sequences by:
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1) The detection of genes of unknown function by their association with CpG
islands.

2) The detection of genes sharing a region of homology, the zinc finger
protein (ZFP) genes.

These are now more fully described:

1.8 CpG Islands.

1.8.1 Introduction.

The association of many genes with non-methylated clusters of CpGs has been
described on many occasions and is reviewed in Bird (1986) and Bird (1987).
Vertebrate genomes are highly methylated and vertebrate genes are nearly always
methylated to some extent (Yisraeli and Szyf 1984). Methylation occurs at position 5
on the cytosine ring to produce 5-methylcytosine using S-adenosylmethionine as a
source of the methyl group. Most but not all cytosines followed at the 3’ side by a
guanosine are methylated. This contrasts with invertebrate genomes which are

methylated to a much lesser extent or not at all (Urieli-Shoval et al., 1982).

1.8.2 Deficiency of CpG in mammalian genomes.

When spontaneous deamination of methyl cytosine occurs the product is thymine.
When the strand in which the deamination has occurred is the template for the
DNA-repair mechanism an adenine will be inserted into the opposite strand
producing a point mutation. This sequence occurs at one fifth the expected frequency
in vertebrate genomes. The 20% frequency of the CpG dinucleotide represents an
equilibrium between the rate of creation of new CpGs and the accelerated rate of
CpG loss as a result of methylation, calculated to be 12 times the normal transition
rate (Sved and Bird, 1990). There are examples where one third of the point
mutations causing genetic diseases involve the mutation of a CpG dinucleotide

(Youssoufian et al., 1986 and Nigro et al., 1989). 60-90% of the CpGs dinucleotides

36



in a mammalian genome are methylated and evenly spread. It has been shown in
more than a hundred cases that where the dinucleotide is not methylated it is
clustered with other non-methylated CpGs and that these lie in 1-2kb regions over
the 5’ end of genes and in some cases cover the whole gene an example being the a-
globin gene (Bird et al., 1987). These regions are known commonly known as CpG
islands or HTF islands (Hpall Tiny Fragments). The presence of these regions
associated with genes implies that either these islands are involved in the
transcription process or that they occur as a result of transcription activity at an
expressed gene. Various studies have established an inverse correlation between
transcriptionally active genes and the presence of CpG methylation in examples of
housekeeping genes. Where a pseudogene is present, the CpGs have almost entirely
been replaced by TpG and CpA as a result of deamination and subsequent non-repair
and the remaining CpGs are methylated. An example is the a-globin pseudogene of

man (Bird et al., 1987).

1.8.3 CpG islands and gene expression.

There is no compelling evidence for the non-methylated sequences being a signal for
gene activity. Tissue-specific genes examined are non-methylated in both expressing
and non-expressing tissues (Oliva and Dixon 1989, Bird et al., 1987, Mckeon et al.,
1982, Lloyd et al., 1987 and Spanopoulou et al., 1988). Keshet et al. (1985) have
taken CpG islands that are normally unmethylated, artificially methlylated them and
shown the inhibition of expression of the adjacent gene. Genes become methylated
and inactivated as cultured cells are passaged and there is now evidence that the de
novo methylation of CpG islands may have a role in the inactivation of genes in
culture. 50% of the islands tested in the mouse cell lines NIH 3T3 and L cells, are
methylated and the islands involved are essentially identical (Antequera et al., 1990).
These islands are thought to be those present at genes whose expression is not
required in culture. The housekeeping genes were not found to become methylated. If

methylation prevented transcription the de novo methylation of these genes would
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render the cell non-viable (the methylation of genes in this category is not expected
and has not been observed in the genes examined).
There are two possible ways in which methylation might prevent transcription:

1) Transcription factors cannot bind methylated DNA.

2) A protein preferentially binds methylated DNA blocking access to the
transcriptional start site.
Specific protection of methylated CpGs in mammalian nuclei has been demonstrated
by comparing the digest pattern obtained with Mspl, which cuts CpG islands in
naked DNA regardless of methylation state, with the digest pattern obtained with
Hpall, which only cleaves non methylated sites, when intact mouse liver or brain
nuclei are used as a substrate (Antequerg‘;:ll'9'89). The pattern obtained with the two
restriction enzymes was identical implying that the methylated sites are blocked. A
nuclear protein that preferentially binds methylated DNA has been identified
(Meehan et al., 1989) using a 30bp molecule containing many copies of the CpG
dinucleotide which formed complexes with nuclei extracts only when methylated.
One possibility is that methylation acts as a signal for heterochromatin formation.
When the nucleus forms after cell division the methyl-binding proteins can bind
faster to the methylated DNA than the transcription factors, blocking the binding of
the transcription complex and allowing nucleosomes to form.

1.8.4 The role of CpG islands in genome mapping and gene location.

Whatever the function of the CpG islands, the non-abundance of the CpG
dinucleotide has provided a valuable tool in the work of those involved in genome
mapping. Also, as this sequence is clustered and associated with genes, any restriction
enzyme containing one or more CpGs in its recognition sequence can be used to
identify these regions within cloned genomic DNA. Many groups involved in
identifying genes have used this marker as part of their effort to clone the gene of
interest.

As these sequences by their very nature are rare they can also be used in producing

long range restriction enzyme maps of a particular region of DNA. Many groups are
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using hybrid cell lines to produce cloned DNA maps. The extent of rearrangements
or mutations occurring during the construction of these cell lines is not known and it
is necessary to validate the integrity of these physical with respect to restriction maps
produced by other groups of the same regions. The identification of cosmids
containing rare cutting sites will also facilitate in the construction of these cloned
DNA maps where gaps can be crossed using these cosmids as start and end points on
PFGE analysis.

Lindsay and Bird (1987) tested several restriction enzymes with a recognition
sequences containing the CpG dinucleotide. Sites for three of these restriction
enzymes, BssHII (GCGCGC), Eagl (CGGCCG) and Sacll (CCGCGG) were calculated
to occur 1.2 times per CpG island in 74% of the total islands present. These three
restriction enzymes would be the most useful in the detection of genes. 89% of Notl
sites (GCGGCCGC) are predicted to occur in CpG islands as the sequence is more C

and G-rich but less than an 8th

of islands would be detected by Notl as it recognizes
an 8bp sequence. Notl is the more useful of these restriction enzymes in long range

restriction mapping.

1.9 Zinc_Finger Motif.

1.9.1 Introduction.

The zinc finger proteins are an important group which possess in common an amino
acid motif that is associated with a DNA-binding activity. They have been found in
many different species and represent a very large family. It is feasible to look for a
particular class of proteins using a shared motif as a probe. Newly isolated proteins
possessing this motif can be proposed to share the same or a similar function. This
family has been shown. to represent between 300-500 of the genes in the human

genome (Bellefroid et al., 1989).
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1.9.2 Protein Motifs.

Despite the apparently almost infinite variation possible in the three dimensional
structure of a protein molecule, proteins sharing a similar function often share a
similar arrangement of amino acids. This may be a result of divergence from a
common ancestors or it may reflect evolutionary convergence.

Geometrically regular motifs are found repeated in proteins examples being the S-
pleated sheet and the a-helix which are a consequence of defined hydrogen bonding
between different peptide groups. There appear to be a limited number of possible
conformations that a protein can take to fulfil its role. Certain basic designs are
available for the general folding of a protein molecule. Other designs are required
when the protein has a role in catalytic or ligand binding activity. By comparing
proteins with similar functions the amino acids playing a key role in the structure
and function of the molecule can be defined. Once an invariant arrangement of
amino acids or "motif" is found associated with a particular structure or function,
uncharacterised proteins can be examined for these motifs to give a possible clue to

their function.

1.9.3 DNA-binding Motifs.

A large number of proteins that bind DNA have now been analysed and have been
shown to contain particular structures. It is clear from data on the amino acid
sequence that the majority of these proteins contain one or more of three distinct
structures. These are commonly known as the helix-turn-helix motif, the leucine
zipper motif and the zinc finger motif.

1) The Helix-turn-helix motif.

This structure consists of two helices separated by a g-pleated sheet as elucidated by
X-ray crytallography and reviewed by Pabo and Sauer, 1984. It s pres ent —- in
a family of proteins known as the homeobox proteins which were isolated from
Drosophila on the basis of their involvement in early development (Levine and Hoey,

1988) and yeast MATa2 protein (Sauer et al., 1988).
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2) The Leucine Zipper motif
These proteins contain four or five leucine residues that are spaced seven residues
apart which form a dimerisation domain adjacent to a DNA-binding domain rich in
basic amino acids (Landschulz et al., 1988). Examples include the yeast GCN4
transcriptional activator (Vogt et al., 1987 and Struhl, 1987), the fos, jun and myc
oncoproteins (Vogt et al., 1987) and the C/EBP enhancer binding protein (Landschulz
et al., 1988). Leucine zippers have been identified in proteins that also contain the
helix-loop-helix domain such as the Myc proteins (Prendegast and Ziff 1989).

3) The Zinc Finger motif.
Many classes of protein have been identified complexed with metal ions (Berg, 1986).
A major group of DNA-binding proteins co-ordinate with zinc ions. These can be
divided into two main classes: those that employ four cysteine residues to co-ordinate
a zinc ion, the Cx zinc finger proteins, and those that employ two cysteine and two
histidine residues to co-ordinate a zinc ion, the CoHy zinc finger proteins. There are
also a smaller number of proteins that employ various combinations of cysteine and
histidine residues, examples being the Drosophila ter protein, the retroviral nucleic
acid binding proteins and one finger of the yeast SWIS protein which have CzHC
fingers (Baldarelli et al., 1988, Covey, 1986, Stillman ef al., 1988, Nagai et al., 1988)

and the E. coli gene 32 protein which has a CHC, motif (Giedroc et al., 1986).

The Cx Class of DNA-binding proteins.

This class essentially comprises of proteins containing a variable number of conserved
cysteines. This group is most familiarly represented by the CyCy steroid and thyroid
hormone receptor family which have two apparently unrelated fingers encoded by
separate exons (Huckaby et al., 1987). The zinc ion requirement for DNA-binding
has been demonstrated for the oestrogen receptor (Sabbah et al., 1987). The most
striking feature of these proteins is the conservation of cysteine residues which
apparently fold to co-ordinate a zinc ion in a region responsible for the DNA-
binding specificity (Green et al., 1988). This conserved region has been used to

identify other members of this family an example being the human retinoic acid
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receptor protein (Petkovich et al., 1987). There are also a number of proteins shown
to require zinc ions for DNA-binding that have 6 cysteine residues as exemplified by
the GAL4 protein, a yeast transcriptional activator (Laughon and Gesteland, 1984,
Johnson, 1987). The DNA-binding specificity of GAL4 has been shown to lie in
sequences adjacent to the zinc finger region (Corton and Johnson, 1989). More
recently, other cysteine-rich motifs defining families of Cy proteins have been
proposed (Freemont et al., 1991 and Opipari et al., 1990) indicating that, as more
sequence information is obtained, proteins employing only cysteine residues to co-
ordinate zinc will be shown to comprise several different families defined by
structurally distinct C, motifs.

M—Zﬂl Class of DNA-binding proteins.

An increasing number of proteins have been shown to contain repeating units of two
cysteines followed by two histidines. This motif has been observed in a variety of
organisms from yeast (the ADRI] gene, Blumberg et al., 1987) and trypanosomes (the
TRS-1 gene, Pays and Murphy 1987) to man (the SpI gene, Kadonaga et al., 1987)
and with a variety of functions from transcriptional activation to a purely structural
role. The number of fingers varies from two in ADRI1 (Blumberg et al., 1987) to 37
in the protein product of the Xenopus Xfin gene (Ruiz i Altaba et al., 1987). Again,

the four crucial amino acids co-ordinate a zinc ion.

1.9.4 The Czﬂz Zinc_Finger Motif.

The C,H, motif was first observed in the Xenopus protein, Transcription factor IITA
(TFIITA) by Miller et al., 1985. TFIIIA is part of the initiation complex of 58 RNA
genes and is found in large quantities stored as a 7S particle with the 5S RNA in the
ovaries of immature frogs. The amino acid sequence contains nine repeating units of
about 30 amino acids with invariant cysteine and histidine residues that have been
shown to co-ordinate around a zinc ion (Diakun et al., 1986) and an invariant
phenylalanine and leucine residue, the consensus amino acid sequence being Cys-X5_

4-Cys-X3—Phe—X5-Leu-X2-His—X3_4-His-X6, as shown in figure 1.1(b). The 3
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dimensional tertiary structure of the 315t finger of Xfin, was determined in the
nuclear magnetic resonance (NMR) studies by Lee ez al. (1989) using a synthetic 25-
residue peptide: Y-K-C-G-L-C-E-R-S-F-V-E-K-S-A-L-S-R-H-Q-R-V-H-K-N.
The overall fold of the zinc finger consisted of a hairpin structure resulting from an
antiparallel § interaction from residue 1 to 10 and a helix from residue 12 to 24
which is a helical at the beginning and 3o helical toward the end, in a globular
structure with the exposed face of the helix, where there are four basic amino acids,
proposed to contact the DNA in the major grove (Fairall et al., 1986). The amino
acids forming a link, between two finger regions were not included in this study.
Figure 1.1(a) is a representation of the three-dimensional structure of the C,H,

domain adapted from Crossley (1990).

1.9.5 The function of C,H, Zinc finger proteins.
The known functions of members of the ZFP gene family can be divided into four
categories:

1) Transcriptional activators: examples being TFIIIA (Engelke et al 1980),
Krox-20 and Krox-24 (Chavrier et al., 1990), ADR1 (Hartshorne et al., 1986).

2) Transcriptional repressors: examples being the Drosophila Kriippel protein
involved in zygotic segmentation (Tautz et al., 1987) and the yeast MIGI protein
involved in glucose repression (Nehlin and Ronne 1990).

3) RNA transport proteins: examples being TFIIIA which is stored with 58S
RNA in frog oocytes (Pelham and Brown, 1980 and Honda and Roeder, 1980) and
p43 which is part of the 42S ribonucleotide storage particle binding exclusively to 5S
RNA (Joho et al., 1990)

4) Structural support proteins: an example being Suvar(3)7 which has a dose
limiting effect on position-effect variegation which is the inactivation in some cells
of a gene translocated next to heterochromatin. This protein has a novel arrangement
of widely spaced fingers and is thought to help in the packaging of chromatin fibre

into heterochromatin (Reuter et al., 1990).
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Figure 1.1 Diagrammatic representation of three dimensional structure of the zinc
finger domain.

(a) The figure is modified from Crossley (1990). The diagram represents 24 amino
acid residues not including the residues, GEKP, which join consecutive domains. The
zinc ion (Zn) and co-ordinating cysteine (C) and histidine (H) residues are indicated.
(b) The consensus ZF motif is shown (single letter amino acid code) with the
positions of residues involved in DNA-binding specificity indicated by arrows and
the sequences comprising the 144-fold redundant ZF oligonucleotide probe shown

beneath the H/C link region. =~ . -
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(@)

(b)

* *
1234567 891011121314 1516171819 20 21 22 23 24 25 26 2728

CxxCxxxFxxxxxLxxHxxXxHTGEKPYX

CAC ACA GGA GAA AAA CCT TA
T T T G G g
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As regulators of gene expression ZF proteins have also been shown to be involved in
development and implicated in tumourogenicity. Genetic mutations have defined
several Drosophila zinc finger proteins essential for the establishment of body
pattern, the genes for which were isolated using classical genetical approaches.
Examples of these are Kriippel, snail, serendipity beta and delta, and glass
(Rosenberg et al., 1986, Boulay et al., 1987, Vincent et al., 1985, Moses et al., 1989).
Fasano et al., 1991 have isolated a further regulatory gene containing the zinc finger
motif, teashirt, on the basis of reporter gene expression. Examples of possible
tumourogenic genes are GLI, a gene amplified in a subset of human brain tumours
(Kinzler et al., 1987, 1988), MOK-2, a gene encoding a protein almost solely
consisting of fingers which is preferentially expressed in transformed mouse cells
but, unlike GLI, is also expressed in at least two adult tissues (Ernoult-Lange et al.,
1990), and EVI-1, a gene activated in several retrovirus-transformed myeloid
leukemia cell lines where integration of the virus at this site causes the activation of
transcription (Morishita et al., 1988). Also, the candidate gene for susceptibility to
Wilms’ tumour has four copies of the zinc finger motif (Call et al., 1990 and Gessler
et al., 1990). There are now many examples of zinc finger genes with specific
patterns of expression: the mouse Zfp-2 (mkr2) gene which is neuron specific
(Chowdhury and Gruss 1988), Egr-1 which is a mouse early growth response gene
induced by nerve growth factor (Sukhatme et al., 1988) (also called NGFI-A,
Milbrandt 1987, zif-268, Christy et al., 1988 and Krox-24, Lemaire et al., 1988) and
EGR2, the human homologue of Krox-20 (Joseph et al., 1988). The specificity of
their expression implies a role in the development or functioning of that tissue.
Recently putative homologues for the body pattern formation genes of Drosophila
have been screened for in other species: xsna was isolated from Xenopus using snail
as a probe (Sargent and Bennet, 1990). Both these genes are expressed at sites of
involution and of presumptive mesoderm formation in early embryos implying a

similar role in dorsoventral pattern determination.
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1.9.6 Zinc Finger Gene Families.

The ZF motif may represent a unique solution to a biological problem that has
evolved in many different instances. However, there is evidence for a closer
relationship between many of the ZF genes analysed. Knochel es al. (1989) have
identified a common conserved module, the FAX domain, at the N-terminal end of
specific Xenopus genes which is unrelated to the finger domain and is associated with
genes that are differentially expressed in the course of early Xenopus embryogenisis
and which is also evolutionary conserved. Bellefroid et al., (in press, Biochemistry)
have identified a similarly conserved domain, the KRAB domain, which is also
associated with developmentally regulated genes and which is different from the
FAX domain. It is possible that these indicate the existence of structurally, and
probably functionally related subfamilies in ZFP family. The recent duplication of
the Drosophila serendipity beta and delta genes (Vincent et al., 1985) and the
divergence of expression patterns of the hunchback gene in two Drosophila species
(Treier et al., 1989) point a possible evolutionary history in the ZF gene family of
duplication events and subsequent functional diversifications. The mouse ZFa is an
example of a zinc finger gene that has arisen by retroposition (Ashworth et al., 1990)
and represents an example of another mechanism by which a large number of related

genes could have evolved.

1.9.7 Binding sites.

Two models have been proposed for the TFIITA-DNA interaction:

1) The "wrapping around" model where successive fingers contact the major
groove without crossing the minor groove (Berg 1988). In this model one finger
would contact 5 bases.

2) The "alternating” model where alternate fingers bind on one face of the
DNA in an equivalent manner in the major grove so that successive minor grooves
must be crossed (Fairall et al., 1986). In this model one finger would interact with 3

bases.
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The large amount of data generated from protection experiments, NMR
structure determination and three dimensional structural modeling has yet to resolve
this problem. Genetic and biochemical studies have revealed the zinc finger region as
being responsible for sequence specific binding (Blumberg et al., 1987, Redemann et
al., 1988 and Nardelli et al., 1991) and binding sites for the products of ADRI,
SW15, MIG1, Kriippel, Hunchback, Suppressor of Hairy Wing, zif-268 (also known as
NGF1-A, EGR-1 and Krox-24), Krox-20, Spl genes and the candidate Wilms’
Tumour gene have been identified (Eisen et al., 1988, Nagai et al., 1988, Nehlin and
Ronne, Stanojevic et al., 1989, Treisman and Desplan, 1989, Spana et al., 1988,
Christy and Nathans, 1989, Chavrier et al., 1988a, Kadonaga et al., 1987, Rauscher et
al., 1990). It has been suggested that zinc fingers span either 5.5bp based on the
periodicity of the recognition sites (Rhodes and Klug, 1986) or 2-3bp based on
molecular modelling (Gibson et al., 1988 and Berg, 1990). Nardelli et al. (1991) have
used in vitro directed mutagenisis studies and NMR studies to show that each Krox-
20 finger spans 3bp, with amino acids at positions 13 and 16 (figure 1.1(b)) providing
base discrimination to either 2 or 3 bp.

Two zinc finger proteins have been shown to bind RNA: TFIIIA (Honda and Roeder,
1980) and p43 (Joho et al., 1990) both bind 5S RNA although, unlike TFIIIA, p43
does not bind the 5S RNA gene. The only sequence homology between these proteins
is at residues known to be involved in the putative zinc finger structure although p43
lacks the conserved aromatic amino acid that usually precedes the first cysteine of

each finger.

1.9.8 Detecting New ZFP Genes.

After the DNA-binding activity of the zinc-finger domain in the TFIIIA protein was
demonstrated (Petham and Brown, 1980 and Honda and Roeder, 1980), the Cys-X,5_
4-Cys-X3—Phe-X5-Leu-Xz—His—X3_4—His—X6 motif was recognized in other
proteins known to bind DNA, the first example being Kriippel (Rosenberg et al.,

1986, Ollo and Maniatis, 1987). The only example as yet of a protein with the C2H2
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motif that has been shown not to bind DNA is p43 which binds RNA (Joho et al.,
1990). It is probable that all the proteins containing this motif will be shown to have
a nucleic acid-binding activity, the majority of them binding DNA. The function of
these proteins as controllers of transcription has made them an important group to
study specifically with respect to developmental genes and genes with a role in
malignancy.

In order to isolate other genes, which by sharing homology might also share similar
developmental function, groups have used part or all of a Kriippel cDNA as a probe
under conditions of low stringency to isolate other genes. Schuh et al., 1986, isolated
related sequences from Drosophila and Chowdhury et al., 1987 isolated two related
genes from mouse. Both groups also looked at the distribution of these sequences
among other species detecting multiple Kr-homologous DNA fragments in all the
eukaryotes tested but not in bacteria. The sequences they isolated were not
homologues of the Kriippel gene but contained the zinc finger motif: Cys-X5_4-Cys-
X3-Phe-X5-Leu-X2-His-X3_4-His-X6. Comparisons of the predicted amino acid
sequence of fingers within these genes and to the Kriippel gene revealed an additional
shared region of homology between the last histidine of one finger and the first
cysteine of the second finger, the "H/C link". The H/C link is shown in figure 1.1
(b). This region of six amino acids is shared by all the fingers of the Kriippel gene,
the Kr h gene and the two mouse genes, mkrl and mkr2. The consensus sequences for
these genes are shown in table 1.1, taken from the papers by Chowdhury et al., 1987
and Schuh et at., 1986. The conservation of these residues is likely to result from
constraints imposed by the folding of these proteins.

Although a number of groups have used finger-motif-encoding cDNA fragments in
low stringency screens of genomic and cDNA libraries to detect related sequences
(Schuh et al., 1986, Chowdhury et al., 1987, Nietfeld et al., 1989, Knochel et al.,
1989, and Thiesen, 1990 are examples) the existence of the conserved H/C sequence
makes the detection of genes of this class (commonly called Kriippel-related genes

although their relationship to Kriippel is purely incidental) a relatively simple process
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using oligonucleotides. A variety of oligonucleotides have been used to detect the
zinc finger motif in many species (Bellefroid et al., 1989, Cunliffe et al., 1990, and
Ernoult-Lange et al., 1990 and as reported by Bray and Thiesen, 1990). In table 1.2
the presence of the H/C link in 23 members of the zinc finger protein gene family is
shown. These genes were not isolated by homology screens with zinc finger gene
probes but were all isolated independently. If the§e are taken to be representative of
the nature of this family as a whole, then overall 52% of this family contain at least
one copy of the TGEKPY motif and could theoretically be detected with an
oligonucleotide to this sequence. A 144-fold redundant 20-base oligonucleotide was
used in the work presented in this report. The sequence is shown in figure 1.1 (b).
The requirement for the abundant zinc finger genes, and the processes by which
these numbers have originated will be clarified as more iriformation is obtained on

sequence and function.

1.10 Status of the 11p mapping Project.

E65-9 mapping project.

The mapping of the cosmid clones containing human DNA by the fingerprinting
reaction was performed on 112 clones isolated from a HindIIl partial E65-9 cosmid
library and 1 clone containing part of the H-ras gene isolated from a Sau3A partial
E65-9 library (Harrison-Lavoie et al., 1989). Two large contigs were constructed, A
and B, containing 48 and 16 clones respectively, and three small contigs containing

2-3 clones. The remaining 43 clones were unattached.
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Table 1.1 Consensus amino acid sequence of the first 7 "zinc finger" proteins.

(a) Comparison of the amino acid consensus sequences known in 1987 taken from the
papers by Chowdhury et al., 1987 and Schuh et at., 1986, and (b) the fingers of
TFIIIA and ADR1 with a conserved H/C link sequence similar to the consensus -

TGEKPY.
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(a)

Protein

Consensus_sequence

Kruppel
Kr h
mkrl
mkr2
sry
TFIIIA

ADR1

(b)

o o0 o o o0 o 0

XX

XX

XE

XE

XX

XXDG

XX

C

O o0 o o 0 0

XXX

XXX

GKX

GKA

GKX

DKR

XRX

F XXXXX
F XXXXX
XXXSX
XXXSS

F

F

F SXXXX
F TKKXX
F

XRXXX

(o B S - 5 B o B )

XX

XX

IX

omoom m om

XX

XX H

KXR H

XXR H

XXX
XXX

QRI

m - =m m

XRI

MOX H

XXXX H

XXXX H

TGEKPYX

TGEKPYX

TGEKPYX

TGEKPYX

XXXXXXXX

XXXXXXYV

XXXXXYX

Protein Amino acid sequence of individual fingers .

TFIIIA

ADR1

C SFAD C GAA Y NKNWK L QA H LCK H TGEKPFP

C KEEG C EKG F TSIHH L, TR H SLT H TGEKNFT

C

EV

C TRA F ARQEH L KR H YRS H TNEKPYP
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Table 1.2 Presence or absence of the H/C link in 23 independantly isolated H,C, zinc

finger proteins.
The number of copies represents the number of links with the amino acid sequence

HTGEKPY, or with six of the seven residues of this consensus link.
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Name of sequence

Motif

Reference .

ADR1
SWI5
MIG1
TRS-1
sSry B
Sry §
Kr

hb
snail
su (Hw)
glass
CF2
suvar(3)7
odd
teashirt
TFIIIa
p43
NGF1-A
Evi-1
ZFY
Gli
Spl

H-plk

13
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Harshorne et al., 198s.
Stilman et al., 19s88.
Nehlin and Ronne 1990.
Pays and Murphy 1987.
Vincent et al., 1985.
Vincent et al., 1985.
Rosenberg et al., 198s6.
Tautz et al., 1987.
Boulay et al., 1987.
Parkhurst et al., 1988.

Moses et al., 1989.

Shea et al., 1990.
Reuter et al., 1990.
Coulter et al., 1990.
Fasano et al., 1991.
Miller et al., 1985.
Joho et al., 1990.
Milbrandt 1987.
Morishita et al., 1988.
Page et al., 1987.
Kinzler et al., 1988.
Kadonaga et al., 1988.

Kato et al., 1990.



EJNAC4.1 and EJNAC4.1.5 mapping project.

Cosmid clones containing human DNA isolated from cosmid libraries of the
EJNAC4.1 and EJNACA4.1.5 cell lines are being assembled into contigs as part of the
on-going process of physically mapping the short arm of human chromosome 11. At
the stage of submission of this work 4428 cosmids have been entered into the data
base. 531 contigs have been assembled with a mean occupancy of 3.4 and there are

2445 unattached clones.

1.11 Aims and Objectives.

The fundamental aim of this project was the detection of coding sequences within
cloned DNA arrays generated in the physical mapping of the short arm of human
chromosome 11. The detection of coding sequences by their association with rare-
cutting restriction enzyme sites is described in chapters 3 and 4. The analysis of
H,C, zinc finger sequences possessing the TGEKPY motif is described in chapters 5,

6, 7 and 8.
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Chapter 2:

Materials and Methods.
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2.1 Bacterial Strains and Cloning Vectors.

Plasmids and lambda bacteriophage were propagated in the following E.coli strains:
IJMI101: supE, thi, 4(lac"proAB*), P’ [traD36, proAB*, lacl9, lacZ AM15] (rk*, mk™),
mcrA* (Yanisch-Perron et al. 1985).

XL1-Blue: supE44, hsdR17, recAl, endAl, gyrA96, thi, relAl, lambda~, lac~,
F'[proAB?*, lacl9, lacZ, AM15, Tnl10, tet"] (rk~, rk*) (Bullock et al. 1987).

MM294: supE44, hsdR17, endAl, lambda~, pro, thi, F~, (rk~, mk") mcrA*, mcrB*
(Hanahan, 1983).

NMS514: (rk™, mk*) derivative of POP101 (Lecocq and Gathoye, 1973).

Cosmid clones were propagated in E.coli strains ED8767 and 1046: supE44, supF58,
hsdS- (rB'mB'), recAS6, galK2, galT22metB1. (Murray et al., 1977).

Plasmid vectors used for general cloning were pUCI12 (Viera and Messing, 1982) and
Bluescript pks* (Short et al., 1988, and the product literature from Stratagene cloning
system). Cosmid vectors used were Lorist B (Little and Cross, 1985, Gibson et al.,
1987), Lorist X and Lawrist 4 (derived from Lorist B and Lorist 6 by P. de Jong).
MI13tg130 and M13tgl31 (Kieny et al., 1983) were used for the production of single

stranded DNA for sequencing.

2.2 Bacterial Media and Standard Solutions.

Liquid cultures of E.coli were grown in Luria broth (L-broth) as described in
Maniatis et al. (1982). L-plates were made by the addition of 15g per litre of Bacto-
agar (Difco) to L-broth and autoclaving. M13 and lambda bacteriophage were plated
in a 3ml overlay of top-agar (0.7%) or top-agarose (0.7%) respectively onto 80mm
Sterilin petri dishes unless otherwise stated. 10ul of 0.1M isopropylthio-g-D-
galactoside (IPTG) and 25pul of 0.2% 5-bromo-4-chloro-3-indolyl-g-D-galactoside
(Xgal) in dimethylformamide were added to the agar plate or to the overlay of top-
agar, where blue-white selection of recombinants with insertional inactivation of the
lacZ gene was required. In order to select E.coli transformed by antibiotic-resistant

extra-chromosomal DNA, 30ug/ml and 100ug/ml of kanamycin or ampicillin was
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added to media or plates as appropriate. cDNA libraries in phage vectors were plated
in an overlay of top-agarose and clones were stored in SM phage buffer: 10mM
TRIS-HCI pH7.5, 10mM MgS0O4, 50mM NaCl, 0.001% gelatin.

IM phosphate buffer was made by mixing IM Nay,HPO,4 and IM NaH,PO, in a
ratio of 23/17 to give a pH of 6.5. IM "NaPi" was made by adjusting the pH of
500ml of 1M Na,HPOy, to 7.2 with orthophosphoric acid (H3PO4, BDH) and making
up .the volume to 11 with dH,0. All other solutions and buffers were made as

described in Maniatis et al. (1982).

2.3 Preparation of DNA:

2.3.1 Small Scale Preparation of Cosmid and Plasmid DNA.

1.5ml of bacterial culture was used in the small scale plasmid and cosmid DNA
preparations which were performed as described by Little 1987. These preparations

are referred to as "minipreps".

2.3.2 Large Scale Preparation of Cosmid and Plasmid DNA.

Plasmid and cosmid DNA was isolated from 250ml overnight cultures as described by

Little 1987. These preparations are referred to as caesium-pure DNA preparations.

2.3.3 Small Scale Preparation of Phage DNA.

Bacteriophage DNA was prepared as described by the Amersham c¢DNA cloning

manual,

2.3.4 Preparation of Single stranded M13 phage DNA.

M13 plaques were picked into 2ml of L-broth media supplemented with 20ul of a
saturated culture of XL1 cells and incubated at 37°C for 6 hours. DNA was prepared
from this culture as described by the Sequenase (USB) Sequencing Manual. The
double-stranded replicating form of the phage was prepared simultaneously from the

bacterial cell pellet by the "miniprep” method.
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2.3.5 Preparation of Chromosomal DNA from Tissue Culture Cells.

Somatic cell hybrids were grown in Dulbecco’s modified eagles medium supplemented
with 2mM glutamine and 5% foetal calf serum in the presence of streptomycin
(200u/ml) and penicillin (50u/ml) at 37°C in 20% CO, until confluent, in 10 l75cm2
flasks. Cells were harvested by trypsinisation for 2-3 minutes followed by addition of
media and centrifugation to collect the cells. The pellet was resuspended in 5-10mls
of 1 x SSC followed by addition of an equal volume of lysis buffer (100mM
TRIS/100mM NaCl/10mM EDTA/1% w/v sarkosyl). After 5 minutes, proteinase K
was added to a final concentration of 0.1 mg/ml and the mixture incubated for 2
hours at 55°C. This was followed by one phenol, one phenol/chloroform and one
chloroform extraction and the DNA was dialysed for 24 hours in TE plus 100mM
NaCl and a further 24 hours in TE. A final concentration of 100-200ug/ml was

generally obtained and the DNA was stored at 4°C.

2.3.6 Preparation of Large Numbers of Cosmid DNAs using a multiwell system.

Preparation of cosmid DNA on a small scale was performed on 250ul of cultures
from large numbers of cosmid clones grown in 1ml tubes as described by Gibson and
Sulston (1987) by alkaline lysis using a microtitre system. The average yield for each
preparation was 0.5-1ug of DNA which was resuspended in 10ul of TE. These

preparations are referred to as "micropreps".

2.3.7 Preparation of DNA fragments from Agarose.

DNA fragments were isolated from agarose gels by excision of bands visualised under
UV and treatment as described in the GENECLEAN II Kit BIO 101 Inc. manual to

purify the DNA.
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2.3.8 Amplification of DNA by Polymera hain Reaction (PCR

PCR was carried out in a total volume of 100ul with 1ug of genomic DNA or 2-

10ng of purified cloned DNA, 10-100pmol of each primer, in 10mM Tris-HCI (pH
8.3), 50mM KClI, 1.5mM MgCl,, 0.001% (w/v) gelatin (Sigma), 0.2-1mM each dNTP,
with 2.5 units Taq polymerase (Perkin Elmer Cetus) for 35 cycles of 1 minute at
949C (denaturation reaction), 1 minute at 50-54°C (annealing temperature, dependant
on primer used) and 1 minute at 72°C (extension reaction) followed by 7 minutes at
72°C as a final extension reaction, in a Flowgen Coy tempcycler. Primers were
synthesized using a Pharmacea LKB Gene Assembler Plus and were used in reactions
after deprotection by incubating the support cassette in 35% ammonia (BDH) for 16
hours at 55°C in a screw cap eppendorf, followed by precipitation of the DNA by
addition of 2.5 volumes of 96% ammonia and 0.1 volumes of 3M Na Acetate (pH5.5),
recovery by centrifugation in the Heraeus Sepatech Biofuge A microfuge, washing

the pellet in 80% ethanol and resuspending it in T.E (pH7.5).

2.3.9 Preparation of Phage insert DNA by PCR.

Both purified phage clones and primary mixed picks of positive clones from the
lambda gt10 library were amplified directly by PCR in the following way: 1ul of the
phage stock was added to a 0.5ml eppendorf tube containing 1mM of each dNTP, 1 x
reaction buffer (10 x reaction buffer is 100mM TRIS-HCl pHS8.3, 500mM KCl,
15mM MgCl, and 0.01% (w/v) gelatin), 1.04M PL1 primer, 1.04M PL3 primer and
2.5 units Taq polymerase in a volume of 24ul and overlain with 25-35ul Sigma light
mineral oil. The reactions were run on 30 cycles of 1 minute at 94°C/1 minute at
50°C/2 minutes at 72°C followed by a final elongation step of 7 minutes at 72°C.
The mineral oil was removed by extraction with an equal volume of chloroform and
1/20th of the sample resolved on an agarose gel. Where mixed phage stock was the
template the resolved products of the amplification were transferred to biodyne A
filters and hybridised to the appropriate radioactive probe to determine the size of

the insert,
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PL1

5’ ATGAGTATTTCTTCCAGGGT 3
PL3

5’ CAAGTTCAGCCTGGTTAAGT 3

2.4 Phenol extraction of DNA

Contaminating proteins were removed from DNA solutions by the addition of an
equal volume of neutralised phenol, vortexing and separation by centrifugation in a
microfuge (Heraeus Sepatech Biofuge A). The aqueous layer was extracted with an

equal volume of 1:1 phenol:chloroform and with an equal volume of chloroform.

2.5 Precipitation of DNA.

DNAs were precipitated from solution either by the addition 1/ 10t" volume of 3M
NaCl or 3M Na-acetate (pH 5.0) and 2 volumes of 96% ethanol and freezing, and
recovered by centrifugation either in a microfuge or in a DuPont RC-5 Superspeed
Refrigerated Centrifuge using the Sorvall HB-4 rotor. Pellets were washed in 70%
ethanol and air dried before being resuspended in the appropriate volume of TE

(pH7.5) by heating in a 55°C water bath for 10 minutes.

2.6 Endonuclease Digestion of DNA,

Restriction enzyme digests were obtained from New England Biolabs Inc. or
Boehringer Mannheim and performed according to manufacturers instructions. Where
difficulties were experienced digesting specific DNA preparations spermadine was

added to a final concentration of 1mM.

2.7 Exonuclease Digestion of DNA.

Double-stranded DNA was progressively shortened from both ends using Bal3l
nuclease to create a series of approximately 250bp deletions to allow sequencing of
DNA not containing convenient restriction sites. The DNA was cloned into the
unique EcoR1 of Bluescript pks* and 50ug of the construct linearised with

restriction enzymes recognising sites either side of the insert site, these being BamH]1

61



and EcoRYV. The linearised DNA was digested in a volume of 200ul using 15 units
of Bal3l in a buffer containing 12mM CaCl,, 12mM MgCl,, 0.2M NaCl, 20mM
TRIS-HCl (pH8.0) and ImM EDTA (pHS8.0), 41.6ul aliquots being removed at
appropriate time points (0, 30, 60, 90, 180 and 300 seconds) into 5ul of 250mM
EGTA, a calcium ion-specific chelator. The DNA was digested with EcoR1 by the
addition of 114.8ul of dH,O and 10ul of the restriction enzyme at 10 units/ul to
release the shortened products and the insert was separated from the vector by
electroporation on a 0.5% LMP agarose gel. The deleted inserts were ligated into

M13tg130 digested with EcoRI and HindII and sequenced.

2.8 Ligation of DNA.

Ligations were carried out in 20-30ul volumes either at room temperature for 1 hour
(cohesive end ligations) or at 14°C for 14 hours (blunt end ligations). Ratios of
between approximately 1:1 to I:5 vector to insert were used. 1-2 units of T4 DNA
ligase from Boehringer Mannheim was used in the reaction with the buffer provided

by the manufacturer.

2.9 Transformation of E.coli and Selection for Recombinants.

2.9.1 Preparation of Competent E.coli.

E.coli cells were made competent by the method described in Maniatis et al (1982).
An overnight culture of the appropriate strain of E.coli was diluted 100-fold and
grown at 37°C until an OD600nm of 0.4-0.6 units was reached. The cells were
pelleted at 2500rpm for 10 minutes at 4°C in a Sorvall RT6000B refrigerated

centrifuge (DuPont), resuspended in 1/10th

volume of ice-cold 50mM CaCl, and
incubated on ice for 30 minutes. After recovering the cells by repeating the

centrifugation, they were resuspended in 1/ 100th volume of cold 50mM CaClz.
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2.9.2 Transformation of Competent E.coli.

1/ 10th and 9/ 1oth of a ligation reaction or the appropriate amount of supercoiled
DNA was added to 100ul of the competent cells and incubated on ice for 30 minutes
followed by heat shocking for 2 minutes at 42°C. In the case of plasmids, 1ml of
pre-warmed L-broth was added to the cells and these were incubated at 37°C for 1
hour to allow for the expression of antibiotic resistance before being centrifuged to
pellet the cells. Pellets were resuspended in 100ul of L-broth and spread onto pre-
dried agar plates containing the appropriate antibiotic. M13 transformations were
plated immediately in 3ml top-agar to which 100ul of an overnight culture of cells

had been added to provide a bacterial lawn.

2.9.3 Preparation of E.coli for Electroporation,
XL1’s were prepared as described by the Bio-Rad Gene Pulser manual and were

stored at -70°C in 10% glycerol in water.

2.9.4 Transformation of E.coli by Electroporation.

1-1.5ul of the ligation was added to 40ul of the prepared cells in the cold 0.2cm
electroporation cuvette (Biorad). This was subjected to 2.5kV at a capacitance of
25uFD and a resistance of 200 Ohms in the Biorad Gene Pulser before immediate
transfer into prewarmed L-broth. The cells were incubated at 37°C for an hour

before being plated out.

2.9.5 Identification of Recombinants by Blue/White Selection.

Cloning of insert DNA into the polylinker site of the plasmids pUCI12 and Bluescript,
and the MI13 bacteriophage vectors M13tgl30 and MI3tgl31 disrupts the alpha
section of the E.coli lacZ gene and therefore recombinants are detected by absence of
staining with the chromogenic beta-galactosidase substrate 5-bromo-4-chloro-3-

indolyl-B-D-galactoside.
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2.9.6 Identification of Recombinants by Hybridisation.

Colony lifts and plaque lifts were performed using Biodyne A (1.2 micron) as
described in the Pall Biodyne procedures manual. Filters were baked for 1 hour and
fixed by exposure to 0.16kJ/m2 of short wave UV (Church and Gilbert 1984), before
being prehybridised and hybridised in the appropriate buffers and radiolabelled
probes. After hybridisation the filters were washed in the appropriate solutions and
exposed with a Cronex Quanta III intensifying screen to Kodak XARS5 film. The
resulting positive spots could be orientated with respect to the original plate by

means of location marks made using a needle.

2.10 Radioactive Labelling of DNA.

2.10.1 Labelling Double Stranded DNA using Random Primers and Klenow.

Oligo-labelling of DNA was performed as described by Feinberg and Vogelstein
(1983) using a Random Primed DNA Labelling Kit obtained from BCL.The labelled
DNA was separated from the unincorporated nucleotide by running it through a
column made from Sephadex G-50 which had previously been autoclaved in several
volumes of elution buffer (100mM TRIS-HCI pH7.5/ EDTA pHS8.0/150mM NaCl).
Activities of 1-3 x 109cpm/pg DNA were obtained and filters hybridised in 0.5-1 x

106 cpm radiolabelled probe per millilitre of hybridisation buffer.

2.10.2 Labelling Single Stranded DNA Using T4 Polynucleotide Kinase.

Oligonucleotides were end-labelled in 1 x PNK buffer (500mM TRIS-HCI
pH7.5/100mM MgCl,/50mM DTT/ImM Spermadine). 200ng of the Zinc finger 20
base oligonucleotide was labelled in a total volume of 50ul containing 20 units of T4
Polynucleotide Kinase (Pharmacea) and 200uCi of [732P]dATP for 1 hour at 37°C.
10ng of the 10 base PL BSSH and PL EAG oligonucleotides were labelled in a total
volume of 10zl containing 2.5 units of T4 Polynucleotide Kinase (Pharmacea) and
40uCi of [yP2PJATP for 1 hour at 37°C. The labelled oligonucleotides were

separated from the unincorporated nucleotide by passing through a Sephadex G-25
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column equilibriated in elution buffer. Specific activities of 2-3 x 109cpm/yg were

obtained.

2.11 Gel Electrophoresis of DNA.

2.11.1 Agarose Gel Electrophoresis.

Agarose gel electrophoresis of DNA was carried out in horizontal slab gels of 0.2-1%
(w/v) agarose (FMC Bioproducts) at 7V/cm for the required length of time in 1 x E
buffer supplemented with ethidium bromide (0.5ug/ml). To resolve fragments of less
than 500bp, DNA was run out on 2-3% FMC Bioproducts NuSieve GTG agarose gels.
DNA size markers used were BRL 1kb ladder (0.075, 0.142, 0.154, 0.2, 0.22, 0.298,
0.344, 0.394, 0.506, 0.516. 1.018, 1.635, 2.036, 3.054, 4.072, 5.09, 6.108, 7.126, 8.144,
9.162, 10.18, 11.198 and 12.216kb fragment sizes) and/or lambda digested with

HindIII (.564, 2.027, 2.322, 4.361, 6.682, 9.416 and 23.13kb fragment sizes).

2.11.2 Field Inversion Gel Electrophoresis (FIGE).

FIGE (Carle et al., 1986) was carried out in horizontal slab gels of 0.8-1% agarose in
0.5 x TBE for the required length of time at 7V/cm under an inverting electric
current directed by a Programmable Power Invertor-100, a microcomputer for
running field inversion gels, software version 100.3 (M. J. Devices). Carle et al.
(1986) achieved separation of fragments between 33 and 15 kb with pulse times of
0.5/0.25 seconds and separation of 48.5, 125 and 170kb with pulse times of 3/1
seconds. A timing was determined to give the best separation of DNA fragments
between 48.5kb (uncut lambda) and 28.5 and 20.0kb (lambda cut with Nael) of 1.25
second forward pulse and a 0.375 second reversed pulse. The buffer was circulated
through a LKB Multitemp II Thermostatic Circulator at 10°C. The gel was soaked in
2pg/ml ethidium bromide in 1 x TBE buffer for 30 minutes and the DNA visualised

under UY.
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2.11.3 Polyacrylamide Gel Electrophoresis.
Vertical denaturing gels were used to resolve the products of sequencing reactions
and fingerprinting reactions with 6% and 4% (w/v) polyacrylamide respectively and

8M urea. The gels (32 x 41cm) were run in 1 x TBE at 80W (40V/cm).

2.12 Transfer of DNA to Solid Support,

2.12.1 Transfer of Gel Electrophoresed DNA.

Southern transfer of DNA resolved on a horizontal agarose gel was performed by
modification of the standard procedures in Maniatis et al. (1982). After visualisation
of the DNA by exposure to short wave UV and photographing alongside a ruler, the
gel was soaked in 0.25M HCI for 15-20 minutes to partially depurinate the DNA, and
soaked in 0.5M NaOH/1.5M NaCl for 2 times 15 minutes to denature the DNA. DNA
was transferred Pall Biodyne A transfer membrane (1.2 micron) which had first been
wet in dH,O followed by denaturation buffer. After 15-20 hours of transfer the
filter was neutralised in 50mM "NaPi" (pH 6.5) for 2 minutes, air dried for 30
minutes, baked for 1 hour at 80°C and immediately fixed by exposure to 0.16kJ/m2

of short wave UV (Church and Gilbert 1984).

2.12.2 Transfer of Bacterial Colonies.

Bacterial colonies were transferred to either Biodyne A filters (1.2 micron, Pall
Biodyne) or nitrocellulose filters (Schleicher and Schuell) by placing the filter on the
surface of the agar plate for 1 minute, making orientation marks using a sterile
needle and transferring the filter reverse side up to a second agar plate which was
incubated for 3-6 hours to allow regrowth of the colonies. A second lift was taken
from the same plate and also reincubated to provide a duplicate filter. The filters
were laid colony side up onto two layers of Whatman 3MM presoaked in denaturation
buffer (1.5M NaCl/0.5M NaOH), for 5 minutes, transferred to two layers of
Whatman 3MM soaked in a neutralisation buffer (3M Na-acetate, pH 5.5) for 5

minutes, rinsed in 50mM "NaPi" (ph6.5) to remove cell debris and air dried for 30

66



minutes. The filters were baked at 80°C for 1 hour and in the case of the Biodyne A

filters, UV fixed as previously described.

2.12.3 Transfer of Phage Plaques.

Plaque lifts were performed in duplicate as for colony lifts with the additional
requirement of pre-cooling the agar plates to 4°C. Plaques were transferred to either
Biodyne A filters (1.2 micron, Pall Biodyne) or nitrocellulose filters (Schleicher and
Schuell) in duplicate. The filters were laid plaque side up onto two layers of
Whatman 3MM presoaked in denaturation buffer (1.5M NaCl/0.5M NaOH), for 1
minute. The filters were transferred to two layers of Whatman 3MM soaked in a
neutralisation buffer (3M Na-acetate, pH 5.5) for 5 minutes before being air dried
for 30 minutes. The filters were baked at 80°C for 1 hour and in the case of the

Biodyne A filters, UV fixed as previously described.

2.13 ‘Hybridisation of Filter Immobilised DNAs.

2.13.1 Hybridisation with Total Genomic DNA in formamide.

Filters were prehybridised for a minimum of 6 hours at 42°C in a solution of 5 x
SSC, 0.1% SDS, 2 x Denhardt’s solution (100 x Denhardt’s is 2% BSA, 2% Ficoll, 2%
polyvinyl pyrrolidone, all from Sigma), 100pg/ml single-stranded salmon sperm
DNA, 10uag/ml polyA and 10pg/ml polyC (Pharmacea). The radioactive DNA probe
of sonicated total genomic DNA was boiled for 10 minutes and added to the
hybridisation buffer to give 0.5-1.0 x 106cpm/ml and added to the filter. After 48-
72 hours of incubation at 42°C the filters were washed for 3 times 20 minutes at
room temperature in 1 x SSC/0.1% SDS followed by 2 times 30 minutes at 65°C
before being exposed to Kodak XARS5 film at -70°C with a Cronex Quanta III

intensifying screen.
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2.13.2 Hybridisation with Specific DNA Fragments in Church buffer.

Filters were prehybridised as described by Church and Gilbert (1984) in a buffer of

0.5M "NaPi" (pH7.2)/7% SDS/1mM EDTA for 5 minutes at 65°C. Hybridisation was
performed under the same conditions but with the addition of denatured probe to
0.5-2 x 106 cpm/ml for 17 hours. Filters were washed in a solution of 40mM "NaPi"
(pH7.2)/1% SDS prewarmed to 65°C for 2 times 5 minutes and for 30 minutes at
65°C. Low stringency washing was done in a similar fashion but at a lower, specified

temperature.

2.13.3 Hybridisation with the ZF Oligonucleotide.

Filters were prehybridised for a minimum of 3 hours at 37°C in a buffer containing
10% formamide, 5 x Denhardt’s solution, 5 x SSPE, 0.1% SDS and 100ug/ml
sonicated and denatured salmon sperm DNA. Hybridisation was performed at 37°C in
the same buffer with the addition of a radiolabelled 20 base oligonucleotide probe to
give 2 x 106cpm/ml for 17 hours. Filters were washed in 6 x SSC/0.1% SDS at 37°C

for 3 washes of 30 minute duration.

2.13.4 Hybridisation with the BssHII and Eagl oligonucleotides.

Filters were prehybridised in church buffer to which 1% BSA had been added,
overnight at 24°C. 10ng of the 10-base oligonucleotides kinase labelled to 1-3 x
109cpm/ug was hybridised to filters in 5mis of church buffer (plus 1% BSA) for 17
hours at 24°C. The filters were rinsed 3 times briefly in cold 6 x SSC followed by 2
half hour washes at 4°C. They were exposed overnight.

Two 10 base oligonucleotides were used:

PLBSSH 3NNNNGCGCGC?S

PLEAG 3INNNNCGGCCGY»

(N = dGTP or dATP or dTTP or dCTP).
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2.1 tripping Biodvyne Filters.

One of two methods was used to remove radiolabelled DNA probes from filters:

a) Filters were washed for 1 hour at 65°C in 50% formamide/10mM phosphate
buffer (pH6.5).

b) Filters were washed in 200mM NaOH at room temperature for 20 minutes and

neutralised in 50mM "NaPi" (pH 6.5).

2.14 DNA sequencing and Analysis,

DNA sequencing was performed by the dideoxy chain termination method using
modified bacteriophage T7 DNA polymerase (Sequenase Version 2.0 United States
Biochemical) according to the manufacturers instructions. Single-stranded DNA were
generated from recombinant bacteriophage M13tg130 or MI13tgl31l. Sequence from
double stranded, supercoiled template was generated by denaturing 1-2ug of DNA in
0.1M NaOH for 5 minutes at room temperature followed by the addition of pH 7.5
NHy-Acetate to 0.18M and immediate precipitation with four volumes of prechilled
95% ethanol. The DNA was recovered by centrifugation, washed in 70% ethanol,
resuspended in 7ul of dH20 and sequenced as normal.

Sequencing data from individual clones was assembled an analysed using the
programs of Queen and Korn (1984) contained in the Microgenie software package

(Beckman Instruments) on an IBM XT personal computer.

2.15 Cosmid Genomic Libraries.

2.15.1 Partial Digestion of Chromosomal DNA.

Chromosomal DNA was partially digested with either HindIII or Sau3A: A series of
test digestions were performed to find the optimum conditions required using a
constant time of digestion with a decreasing concentration of restriction enzyme

(figure 2.1 (a)).
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Figure 2.1 Construction of cosmid library,

(a) Nine samples of chromosomal DNA digested with (1) 0.2, (2) 0.1, (3) 0.05, (4)
0.025, (5) 0.0175, (6) 0.00875, (7) 0.0044, (8) 0.0022 and (9) 0.0011 units of HindIII
for 30 minutes. The conditions chosen for a scaled-up reaction were (7), (8) and (9),
these samples have a majority of fragments of sizes between 50-70kb.

(b) Three 10-fold scaled up samples of chromosomal DNA digested with (1) 0.044,
(2) 0.022 and (3) 0.011 units of HindIII.

(c) Fractions (1) #18, (2) #19, (3) #20, (4) #21 and (5) #22 of 30, from sucrose-
gradient centrifuged, partially digested chromosomal DNA. Fraction #22 was suitable

for cosmid library construction.
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The test DNA digests were resolved on 0.2% agarose gels. Three reactions were set
up containing 300-400ug DNA each in a volume of 2ml plus the three concentrations
of restriction enzyme judged to digest the DNA to give the majority of fragments
between 50-70kb (figure 2.1 (b)). These were incubated for 30 minutes at 37°C and

halted by addition of EDTA to 50mM.

2.15.2 Separation of DNA Fragments on a Sucrose Gradient.

Partially digested DNA (300-400ug) was extracted in an equal volume of chloroform
and precipitated in 2 volumes of 96% ethanol plus 0.1 volumes 3M Na-Acetate
(pH4.5) on ice for 5 minutes. The DNA was pelleted by centrifugation at 1.5K for 10
minutes and washed twice in 1ml of 70% ethanol. The DNA was gently resuspended
in Iml TE and left to fully resuspend at 49C for 17 hours. It was fractionated on a
sucrose gradient which was made as follows: 10% and 40% sucrose solutions
containing 20mM TRIS-Cl1 (pH 8.0), 20mM EDTA (pH 8.0), IM NacCl, 0.3% sarkosyl
with 50g and 200g of sucrose respectively were autoclaved. 19mls of the 40% and
10% sucrose solutions were placed in the appropriate chambers of a Interflon (G.
Springham and Co. Ltd.) gradient mixer with small magnetic stirrers to ensure even
mixing. The gradients were made in Beckman centrifuge tubes (25 x 89mm) and Iml
of DNA loaded onto the surface. The gradients were centrifuged at 26,000rpm for 16
hours at 10°C in a SW28 rotor. The gradients collected, using a peristaltic pump, as
900ul fractions in 30 eppendorf tubes. 15ul of each fraction was run on a 0.2%

agarose gel next to a marker containing 14ul of 40% sucrose, 2.8ul of SM NaCl, 1ug

uncut lambda and 1pg lambda digested with HindIII (figure 2.1 (c)). The appropriate
fractions containing DNA sizes between 50-70kb were precipitated in 12 x 75mm
Falcon 2005 tubes by the addition of 2 volumes of 96% ethanol plus 2 volumes of
70% ethanol (to prevent the precipitation of the sucrose) overnight at -20°C. The
DNA was pelleted by centrifugation for 10 minutes at 2.5K and washed twice in 70%

ethanol and each fraction resuspended in 50ul TE. 1-2ul of this was checked against

72



markers on a 0.2% agarose gel and fractions with the majority of DNA fragments

above 50kb used in the ligation.

2.15.3 Dephosphorylation of DNA Fragments.

Partially digested DNA was heated to 68°C to denature the protein and precipitated
as described above and resuspended in Iml TE. A 10ul aliquot was checked on a
0.2% agarose gel and a further 10ul aliquot was put aside. 110ul of the appropriate

restriction buffer was added to the remaining DNA plus Calf Intestinal Phosphatase
(BCL) to a final concentration of 1 unit to 1ug DNA and the reaction incubated for
30 minutes at 37°C. Nitriloacetic acid (Sigma) was added to a final concentration of
10mM to inactivate the phosphatase, and the reaction incubated for 15 minutes at
68°C and the DNA precipitated. The dephosphorylated DNA was resuspended in TE
to give a concentration of 1mg/ml and test ligations performed on 10ul of the DNA

before and after dephosphorylation to check the efficiency of the reaction.

2.15.4 Preparation of Vector Arms,

The cosmid vector used in the construction of both genomic libraries described in
this work was Lawrist 4, The vector arms were prepared as follows: 50ug of DNA
was digested with 300 units of Scal in 1ml of 1 x M buffer for 30 minutes and 5ul
checked for completion of digestion on an agarose gel. 165 units of calf intestinal
phosphatase was added and the DNA incubated at 37°C for a further 30 minutes.
The DNA was extracted once with phenol and once with chloroform before being
precipitated. The pellet was resuspended in 25ul and a test ligation performed on
0.25pl and directly compared with non-ligated DNA in the same buffers with the
addition of 1 unit of ligase to the control immediately prior to loading the samples on
the agarose gel.

The remaining DNA was digested with 50-60 units of either HindIII or BamHI,

extracted once with phenol and once with chloroform and precipitated.
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Figure 2.2 Schematic outline of preparation of cosmid vector "arms" from Lawrist 4.

The vector DNA is represented by the black lines and genomic DNA is represented
by the striped lines. The approximate positions of the cos sites are shown as checked
boxes. Arrows indicate positions of SP6 and T7 promoters and direction of

transcription.
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The pellet was resuspended to give a final concentration of 1mg/ml and test ligation
performed on 0.25ug and compared, as before, to non-ligated DNA. The preparation

of vector DNA diagrammatically shown in figure 2.2.

2.15.5 Ligation of 40-50Kb Fragments into Cosmid Arms.

1-1.5pg of genomic DNA was ligated to 1-1.5ug of Lawrist4 arms prepared as
described in 20ul of 1 x ligation buffer with 1 unit of T4 DNA ligase (Boehringer
Mannheim) for 17 hours at 14°C. 1ul of the ligation was compared with the

equivalent non-ligated reaction on an agarose gel.

2.15.6 in vitro Packaging of Ligation Products.

The Amersham commercial lambda DNA in vitro packaging kit was used. 2ul of the
ligation (equivalent to 0.1ug of insert DNA) was added to the extracts. The reaction
proceeded at room temperature for 2-3 hours. The packaged DNA was stored in Iml

of SM buffer plus 10ul of chloroform at 4°C for 3-6 months.

2.15.7 Screening Cosmid Libraries.

The titre of in vitro packaged DNA was determined by mixing 2ul and 10ul of the
reaction with 200ul of plating cells. The cells were prepared by growing a 1/100
dilution of an overnight culture of ED8767 or 1046 to an OD¢nonm of 0.4-0.6 units,
pelleting by centrifugation at 2500rpm for 10 minutes and resuspension in 1/4
volume of 10mM MgSO, and shaking for 30 minutes at 37°C. The cells plus
packaging reaction were incubated for 15 minutes, Iml of L-broth added and
incubated for 1 hour before being pelleted. The pellet was resuspended in 100ul of
L-broth and spread on an agar plate containing 30ug/ml kanamycin.

For the isolation of human DNA-containing clones in the genomic mapping project,
cosmids were plated out to a density of 1000-2500 per 13cm plate. For the isolation
of specific cosmid clones enough packaging reaction plated out to give 0.5-1 million

colonies on a square 22cm agar plate. The plates were grown for 10-17 hours at 37°C
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and the colonies transferred to Biodyne membranes in duplicate as previously
described. In most cases the lifts required a further 3-6 hours incubation before

being prepared for hybridisation.

2.15.8 Storage of Plated Cosmid Librar

If storage of the plated out libraries was required, the first lift, having been regrown
for 3-6 hours, was placed against a second Biodyne filter with the colonies in the
middle, the 2 filters being sandwiched between several layers of Whatman 3MM
soaked in L-broth supplemented with 10% glycerol. These could be frozen at -70°C
and remain viable for over a year. To reuse a library stored in this way fhe filter
package was slowly thawed, orientation marks made with a sterile needle and the 2
filters peeled apart. A new Biodyne filter was used to replace the replica and the
library refrozen. The replica was placed on a L-agar plate supplemented with

antibiotic and grown for 3-6 hours.

2.15.9 Isolating Cosmid Clones from a Low Density Plating.
Well isolated positive clones were picked directly from the agar surface by lining up
the orientation marks on the autoradiograph with those on the plate over a light box

and used to inoculate L-broth supplemented with kanamycin.

2.15.10 Isolating Cosmid Clones from a High Density Screen.

Positives from a high density plating were picked into 1ml of L-broth and further
dilutions made in L-broth. 100u1 of 104, 107 and 1076 dilutions were replated on
90mm L-agar plates supplemented with 30ug/ml kanamycin. After overnight
incubation lifts were performed as described previously and these rescreened with the

probe. If necessary this was repeated to obtain an isolated positive colony.

2.15.11 Details of ific cosmid libraries

Two cosmid libraries were made during the course of this work:
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1) HindIII partial EJNAC4.1 cosmid library.
HindIII partial digests of genomic DNA from the EJNACA4.1 cell line were separated
on sucrose gradients and ligated into the unique HindIII cloning site of the cosmid
vector, Lawrist 4. The percentage of human positives in this library was determined
as 1.7%: 5 plates of approximately 1500 colonies each were screened with a total
human genomic DNA probe and 129 positives detected. Of the first 799 cosmid
clones isolated from this library on the basis of hybridisation of colonies to a total
human genomic DNA probe, 140 also hybridised to a total mouse genomic DNA
probe: 12 of these were human cosmid clones contaminated with cosmid clones
containing mouse DNA and 128 were judged to be co-ligation events. Packaging
efficiencies of 1-1.8 x 10° colonies per microgram of insert DNA were obtained
under optimal conditions.

2) Sau3A partial E65-9 cosmid library.
Sau3A partial digests of genomic DNA from the E65-9 hybrid cell line were
dephosphorylated and ligated into the unique BamHI cloning site of Lawrist4. The
percentage of human positives for the Sau3A E65-9 cosmid library was not
determined but 0.043% of the cosmid clones in a previous cosmid library made from
HindIII digested chromosomal DNA from this cell line were human positives
(Harrison-Lavoie et al., 1989). The number of co-ligation events was not assessed.
Packaging efficiencies of 2-3 x 10° colonies per microgram of insert DNA were
obtained under optimal conditions.
A third cosmid library made from Sau3A partially digested genomic DNA from
human peripheral blood Ilymphocytes obtained from a patient with acute
lymphoblastic leukemia (ALL) was also screened. This library was constructed by Al
Ivens from sucrose gradient purified DNA fragments in the cosmid vector LoristB.
The packaging efficiency of this library was 5 x 105. The library had previously
been plated out and the colonies stored as glycerols. When these stocks were titred,

1-5 x 109 colonies per millilitre of stock was obtained.
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2.16 Fingerprinting Cosmid Clones.

2.16.1 Arraying Human DNA Cosmid Clones.

Cosmid clone colonies found to hybridise with a total human DNA probe were
picked into 250ul of kanamycin supplemented L-broth in a Beckman 96 Deep-well
titre culture plate and grown overnight. A replicating device, which consists of an
arm with a 96-prong hand and two platforms is used to transfer small amounts of
culture to biodyne filters. Samples from four plates in 96-well arrays were be
impressed onto one filter and these filters were known as "colony arrays". The filters
were grown for 3-6 hours before being treated as described previously and
hybridised first with total mouse and then with total human genomic DNA probes.

In the initial stages of the project, cosmid clones were analysed by preparation of
DNA for each clone by the "microprep” method, HindIII digestion, resolution on 1%
agarose gels and transfer to Biodyne A filters. The southern blots were abandoned in
favour of the colony arrays as the production of southern blots involved a
significantly greater effort and input of resources as well as using a larger area of
Biodyne filter (48 clones on a 16 x 18 cm filter compared with 384 clones on an 8 x
12 cm filter). Although more information was obtained on patterns of hybridisation

with southern blots, this did not justify the effort required to produce them.

2.16.2 Fingerprinting Reaction.

The fingerprinting reactions were performed as described by Coulson et al. (1986).

2.16.3 Generation of Overlapping Contigs.

A genome mapping package has been developed (Sulston et al., 1988) for reading and
assembling data from clones analysed by restriction enzyme fragmentation and
polyacrylamide gel electrophoresis. The package comprises: data entry, assembly,
statistical analysis and modelling. The characteristic banding pattern for each
individual clone is digitized and incorporated into a database. Each incoming clone is

compared to each clone within the database. A probability of overlap is determined:
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the number of bands and the position of the bands on the gel being the important

parameters.

2.17 Rare-cutting Restriction Enzyme Fingerprinting (RREF).

DNA prepared by the microprep method was treated in the following way: For the
digestion of 96 samples a reaction mix was made containing 100 units of BssHII, Eagl
or Notl (Biolabs), 100 units of AMYV reverse transcriptase (Life Sciences), 50ug
RNase A, 0.3mM dCTP, 2 x M (BssHII) or H (Eagl, Notl), 54Ci [a32P] dGTP and

dH,O to a total volume of 200ul. 2ul of this was added to 2ul of DNA in a 96-well

corning cell well (round bottomed) plate resting on ice using a Hamilton repetitive
dispenser. The wells were capped with 8-cap bands (ICN Flow) briefly spun down
and incubated at 50°C (BssHII) or 37°C (Eagl, Notl) for 45 minutes. The reverse
transcriptase was denatured by incubation at 68°C for 30 minutes. A second reaction
mix was made containing for the BssHII digests containing 600 units of HindIII, 1 x
M Buffer and dH,O to 600pl. The reaction buffer for the Eagl and Notl digests
contained 600 wunits of HindIII in 10mM Tris-HCI, 10mM MgCly, ImM
dithioerythritol and 16.7mM NaCl (to adjust overall NaCl concentration to 50mM)
and dH,O to 600ul. 6ul of this was added to the digest samples which were

incubated for a further 45 minutes at 37°C. 2ul of loading dye was added and the
radioactively labelled DNA fragments resolved on 1% agarose gels. The gels were
dried down under vacuum at 80°C for 1-2 hours before being exposed to Kodak
XAR film for 6-10 hours at room temperature. The RREF is diagrammatically

shown in figure 2.3.

2.18 Restriction Mapping Cosmid Clones.

Cosmid clones were restriction mapped using the Amersham lambda Terminase
system. The strategy utilizes the 12 bp 5’ overhangs at the left and right ends of

cosmid molecules linearized with lambda terminase.
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Figure 2 chematic outlin f rare-cutting restriction enzyme fingerprintin

protocol.
The vector DNA is represented by the spotted lines and genomic DNA is represented

by the black lines. B = BssHII site and H = HindIII sites.
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Oligonucleotides complementary to each overhang (ON-L and ON-R) were 5’ end-
labelled using ['7-32P] ATP and were used to radiolabel either end of the molecule
by hybridisation. 2ug of caesium-purified cosmid DNA was linearised as directed by
the Amersham instruction manual in a volume of 20ul. 20ul of 10 x M (HindlIII) or
H (EcoRI) and 160ul dH,O was added and an aliquot of 10ul put aside. 1-2 units of
restriction enzyme was added to the linearized DNA prewarmed to 37°C and 38ul
aliquots removed at one minute intervals into 8yl 100mM EDTA.

The equivalent of 0.1ug of DNA in the partial digests are resolved on 1% agarose
gels and 2 time points chosen, one at which the DNA can just be seen to be digested
and the second with 1 minute . shorter incubation time. These samples were
hybridised to the end-labelled oligonucleotides along with the size marker supplied
by Amersham and resolved on a 0.8% agarose gel in 1 x E buffer at 4V/cm for 12-
17 hours. Where possible the ON-L and ON-R labelled DNAs were run on separate
gels as the ON-R oligonucleotide labelled DNA could be run further the larger
vector fragment (5027bp for HindIII and 4726bp for EcoRI) being the smallest band
size on the gel. The gel was dried down onto a sheet of Whatman DES81 cellulose
acetate paper to bind the oligonucleotides at 60°C under vacuum for 1-11/2 hours.
The gel was removed from the DE81 by rinsing in 1 x E buffer for 10 minutes and
the DE81 redried briefly under vacuum before being exposed to Xray film. The
removal of the gel was to reduce background. The order of fragments could be
determined.

Figure 2.4 shows the results of terminase mapping four cosmids with HindIIl: ZF25,

ZF29, ZF30 and ZF39.

2.19 ¢cDNA Libraries.

2.19.1 Plating Lambda Phage cDNA Libraries.

NMS514 or XL1 cells were grown to stationary phase, pelleted by centrifugation at
3K for 10 minutes and resuspended in half a volume of 10mM MgSO, and stored at

4°C until use.
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Figure 2.4 Example of a lambda terminase mapping experiment.

(a) ON-L and (b) ON-R mapping of HindIII sites in four cosmids. Lanes 1, 6 and 10
contain marker DNA, lanes 2 and 3 contain partially digested DNA from ZF25, lanes
4 and 5 contain partially digested DNA from ZF29, lane 7 contains partially digested
DNA from ZF30 and lanes 8 and 9 contain partially ‘digested DNA from ZF39. The

positions of vector-only labelled fragments are indicated with an arrow.
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The titre of the library was determined by plating dilutions of the stock. The
libraries were plated in one of two ways:

a) The equivalent of 0.5-5 x 106pfu was added to 7.5mls of plating cells and
incubated at 37°C for 15-20 minutes and divided equally between 10 132mm sterilin
plates containing 80-100mls L-agar with the addition of 8mls L-top agarose per
plating sample.

b) The equivalent of 0.5-5 x 106pfu was added to 3mls of plating cells and
incubated at 37°C for 15-20 minutes and plated with the addition of 35mls L-top

agarose onto one 22¢m?

sterilin plate containing 400ml l-agar, the plates having
previously been dried and warmed to 42°C to prevent premature setting of the
agarose.

The plates were grown for 8-14 hours before lifts were performed onto Biodyne A

filters.

2.19.2 Plating plasmid ¢cDNA Library.
A plasmid cDNA library was plated out in the same way as for a cosmid library
(2.15.7) onto 22¢m? plates and lifts performed onto Biodyne A membrane in

duplicate.

2.19.3 Screening cDNA Libraries.
The cDNA library filters were screened with the 20 base oligonucleotide and with

specific DNA fragments as described previously.

2.19.4 Isolating ¢cDNA Clones from Phage Libraries.

Where positive signals were obtained, the appropriate area on the library plate was
cored out using the wide end of a pasteur pipette and transferred to 1ml SM buffer
plus 20ul chloroform-and vortexed briefly. Single plaques were obtained by plating

out dilutions of the phage and rescreening to obtain isolated positive plaques.

86



2.19.5 Details of ¢cDNA libraries

Five cDNA libraries were screened:

1) A human foetal kidney lambda gt10 cDNA library, amplified once, was
kindly given by Afshan Malik and John Cowell.

2) A human lymphoblast lambda gtl0 library, amplified once, was kindly
given by Jenny Dunne.

3) A human fibroblast cDNA made from primary fibroblasts from a skin
biopsy of an adult with Gauchers disease (a lipid storage disease) which had been
amplified twice, was kindly given by Claire Isacke.

4) A human fiboblast cDNA library made from a primary fibroblast (F1084)
culture from an embryonic lung biopsy, amplified once, was kindly given by Claire
Isacke and Steve Neame.

5) A pcD2 human fibroblast library made from foreskin fibroblasts, amplified
once, was kindly given by Andrew Sinclair. The cloning of cDNA by the method of
Okayama and Berg (1982) permits high yield of full length cDNA clones regardless
of their size. Modification of the original vector to allow for expression of the
inserted clone produced the vector pcD2 which was used in the construction of this

library.

2.20 Somatic cell hybrids.

a) E65-9.

Porteous et al. (1986) have previously reported the isolation of somatic cell hybrids
that contain portions of the short arm of human chromosome 11, in a mouse cell
background by chromosome-mediated gene transfer (CMGT). The analysis of one of
these cell lines, E65-9, is reported in Harrison-Lavoie et al., 1989. This cell line was
made by CMGT of an activated human c-Harvey-ras-1 gene (H-ras) into non-
transformed mouse cell as described in the introduction. This cell line was judged to
contain 2-3 x lO6 bp of human DNA representing 0.043% of its DNA content.

CMGT is associated with a severe level of rearrangement of the transferred DNA.
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Four lines of evidence suggest that the humén DNA in E65-9 is diploid and consists
of the same region duplicated four to five times:

1) The human component cannot be detected by in situ hybridisation even
though Gosden and Porteous (1987) have been able to detect 5 x 106 bp of DNA as a
single block.

2) The dosage of H-ras is equivalent to that seen in other CMGT lines shown
to have duplications (Porteous et al., 1986 and Gosden and Porteous, 1987).

3) The L1 "fingerprint" suggests there is about 2 x 100 bp of human DNA in
E65-9 (Porteous et al., 1986).

4) Analysis of 112 cosmid clones by the fingerprinting method of Coulson et
al. (1986) generated two large contigs containing 48 and 16 clones of 140 and 125 kb
respectively, two small contigs containing 2-3 clones. 43 clones were left unattached,
most of these hybridised to some extent to total mouse DNA probes and were judged
to be artifactual (Harrison-Lavoie et al., 1989). The random number generated
prediction (Sulston et al., 1988), based upon a target genome of 2 x 109 bp would be
20 contigs with a mean occupancy of 3-4 clones. If the target size was 4 x 105, 2
contigs of 42 occupancy would be predicted which is more consistant with the results

obtained.

b) EJNAC4.1 and EJNACA4.1.5.

The founder EJNAC hybrid cell line was generated by the fusion of human EJ
bladder carcinoma cells to mouse C127 cells followed by direct selection for tumour
growth by injection into immunosuppressed mice (Porteous et al., 1989).
Hybridisation studies with 20 gene specific DNA probes identified the presence of
chromosomal DNA from human chromosome 11 from 11pl4-ter and 11p13 but not
11cen-ql3 or 1123 (Porteous et al., 1989).

No evidence for genomic rearrangements or interstitial deletions has been observed in
the process of cell fusion (Bickmore et al., 19892 and b). Two subclones derived from
the EJNAC hybrid cell line, EINAC4.1 and later, EJINAC4.1.5, have been used in the

cosmid mapping project and also in the analysis of zinc finger sequences. 1.7% of
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cosmid clones from a HindIIl partial EJNAC4.1 library and 1% of clones from a
HindIIl partial EJNACA4.1.5 library were judged to contain human DNA. This

indicated that these hybrids contained 200 and 120 megabases of human DNA,

respectively.
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Chapter 3.

A method to identify cosmids containing rare-cutting restriction

enzyme sites.
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3.1 Introduction.

The objective of this work was to design a method to detect rare-cutting restriction
enzyme sites within isolated DNA fragments which could be applied on a large scale
to a genome mapping project. Information on the position of rare-cutting restriction
enzyme sites within cloned DNA arrays can be used in three ways:

1) For the identification of genes. Detection of rare-cutting restriction
enzymes sites in the cosmids generated in the mapping project will identify CpG
islands and the predicted genes associated with these islands, which would not be
accessible by conventional methods.

2) In the construction of long range restriction maps. Restriction enzymes that
cut rarely in mammalian genomic DNA are commonly used to construct long range
restriction maps. Additionally, by locating the sites for these restriction enzymes
within a cloned DNA map, the restriction map of the cloned DNA can be compared
to a restriction map developed directly from genomic DNA to confirm the accuracy
of both mapping procedures and to detect any chromosomal rearrangements that
might be present in the hybrid cell line.

3) In the bridging of gaps between contigs. There are often gaps in cloned
DNA maps which may occur by chance or may represent regions of DNA that are
not readily cloned in E.coli. One way to produce a complete map is to link contigs on
pulse field gels by means of single, large fragments of DNA generated by rare-
cutting restriction enzymes.

A quick an easy method was required for screening the estimated 1500 cosmid clones
that would represent the minimal set of a cosmid map of the short arm of human
chromosome 11.

The cosmid cloning vector, Lawrist 4, used in the 1lp mapping project contains
restriction sites for BssHII and Eagl. The presence of these sites would represent an
internal control for the success of detection of sites with each method tested and
these two restriction enzymes were the obvious choice in the design of the methods

to detect possible CpG islands.
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Three methods were examined:

1) Digestion of cosmid DNA with BssHII and Eagl and analysis on field
inversion gels.

2) Hybridisation of southern blots of HindIIl digested cosmid DNA to
oligonucleotides designed to detect BssHII and Eagl sites.

3) End-labelling of the BssHII- or Eagl-generated fragments followed by
HindIII digestion and analysis on normal agarose gels.
The important criteria for success of a method were defined as:

a) Accuracy of detection of all the sites.

b) Use of materials already available from genome mapping project.

¢) Ease and speed of manipulations.

3.2 Method 1: Digestion of cosmids with BssHII and Eagl and analysis by FIGE.

3.2.1 Experimental Design.

A sample of DNA prepared by the method of Gibson and Sulston (1987) representing
one complete preparation (0.5-1ug DNA) was digested with either Eagl or BssHIIL.
Since the cosmid vector, Lawrist 4, contains a site for both of these restriction
enzymes a single band of 40-50kb would be generated if the cloned genomic DNA
contained no sites for the restriction enzyme, and more than one band if the insert
DNA did contain a site. To distinguish whether more than one band was generated
the fragments were resolved on a 1.0% TBE agarose gel which was subjected to field
inversion gel electrophoresis (FIGE). This procedure causes the separation of large

fragments of DNA within a relatively short distance (Carle et al., 1986).

3.2.2 Results.

Having determined the most suitable pulse times to separate of fragments between
15-50kb, cosmid clones digested with BssHII or Eagl were analysed. One example of
these experiments is shown in figure 3.1. DNA from four cosmid clones, C380, C381,

C382 and C383, was digested with BssHII and run alongside uncut control samples.
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Figure 3.1 Field Inversion Gel Electrophoresis of cosmid DNA.

FIGE of DNA from four cosmid clones, C380, C381, C382 and C383 run after
digestion with BssHII (1-4) undigested (5-8). C380 (1) and C382 (3) are digested to
give one band indicating the presence of one BssHII site, the site within the vector
DNA, and C381 (2) and C383 (4) give two bands indicating the presence of sites

within the cloned DNA.
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Digestion of C380 and C382 produced one fragment indicating the presence of one
restriction site for BssHII which is the site within the vector DNA. Digestion of C381
and C383 produced two bands indicating the presence of two BssHII sites in the

cosmid clone, one within the vector DNA and one within the cloned DNA.

3.2.3 Fulfilment of criteria.

When this method was applied on a large scale, there were difficulties encountered in
the three categories judged as important for application of this method to a genome
mapping project:

a) The results obtained were not always clear-cut. The method is sensitive to
partial digestion which makes the interpretation of some results less easy. Where a
site in the cloned DNA is close to the site in the vector DNA or where there are two
sites within the cloned DNA that are close together, the relatively small fragments
produced would probably not be visible on an agarose gel. Initial problems with
experienced with partial digestion and degradation of samples were in part due to
unfamiliarity with the DNA preparation protocol resolved with experience, and in
part due to partial evaporation of samples when digested with BssHII as a result of
the required incubation at 50°C. The evaporation would probably be reduced by
adding a layer of paraffin oil but this would increase the number of manipulations
required in the process.

b) The use of resources - To visualise DNA fragments on an agarose gel
required the use of an entire small scale preparation of DNA (0.5-1ug). To test with
more than one enzyme would require further preparations of DNA. Preparation of
DNA from larger cultures would be a possible solution but represents significantly
more work than the microprep method and is not using reagents from the mapping
project.

c) The number of clones analysed - This was limited by the available space
on the gel and the time taken for the run. 32 samples could be run on one gel and

fragments were resolved overnight.
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This method would not be applicable to a large scale mapping project as it is
expensive in both the use of time and of resources. It would be useful in the analysis
of smaller numbers of clones and where the amount of DNA was not limited by the

preparation protocol.

.3 Method 2: Hybridisation with oligonucleotides designed to detect BssHII and
EaglI sites.
3.3.1 Experimental design.
In the early stages of the mapping project, southern blots of the DNA of individual
cosmid clones digested with HindIIl were used to rescreen the picked clones with
total mouse and total human DNA probes to determine the mis-picked clones. These
represented a valuable resource for screening with other probes for additional
analysis of the clones. Oligonucleotides were designed to detect the recognition
sequence of Eagl and BssHII restriction enzymes. These were 10 base oligonucleotides
with the 6 base site for the restriction enzyme plus 4 degenerate positions:
BssHII oligonucleotide: PL BSSH 3' GCGCGCNNNN 5°,
Eagl oligonucleotide: PL EAG 3' CGGCCGNNNN 5°.
These oligonucleotides were used to screen the southern blots for the presence of
Eagl and BssHII sites. The sites for these restriction enzymes in the vector HindIII
fragment of 5.4kb would be detected by the oligonucleotides to act as an internal

control.

3.3.2 Results.

To investigate the feasibility of this method a contig from the E65-9 mapping
project (Harrison-Lavoie et al., 1989) was used in trial hybridisations. The contig
consisted of 6 overlapping cosmids: C464, C440, C460, A449, C457, and C397 which
comprise part of contig B (figure 4.1). A HindIII digest of these clones is shown in

figure 3.2 (a).
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Figure 3.2 Hybridisation experiments with rare-cutting restriction enzyme
oligonucleotides.

(a) HindIII digests of a six overlapping cosmid clones from E65-9 contig B: C464 (1),
C440 (2), C460 (3), A449 (4), C457 (5) and C397 (6).

(b) Hybridisation pattern of a southern transfer blot of this contig obtained with a
PL BSSH oligonucleotide probe.

(c) Hybridisation pattern of a southern transfer blot of this contig obtained with a PL

EAG oligonucleotide probe.

97



O H\l
ARING
y
()
S 4kb
(C)

12 3 4 5 6

’__ momone | SSRGS

-
-

-

_‘ AN ”w =) -.'i}A:

\6]
@



The southern blot prepared from this agarose gel was hybridised to the radiolabelled
oligonucleotides. Figures 3.2(b) and (c) show the results obtained with PL. BSSH and
PL EAG respectively.

Hybridisation to the vector band (5.4kb) on the southern blots was observed with
both probes showing that the known restriction sites in the vector detected by the
two oligonucieotides. In addition, a 2.3kb band was detected with the Eagl
oligonucleotide in five of the samples: C464, C440, C460, A449, and C457. The five
cosmids all have a 2.3kb HindIII band in common. On double digestion of these
clones with HindIII and Eagl, the 5.4kb vector band was cut to give two new bands
of 3.65 and 1.75kb as expected, and the 2.3kb HindIII fragment was cut to give
bands of 1.95 and 0.65kb which confirmed the existence of an Eagl site in this
fragment. Only one band was visible on hybridisation with the BssHII
oligonucleotide. Double digests with HindIII and BssHII performed on the samples
gave the expected 4.14 and 1.25kb bands from digestion of the vector. Two other
new bands were observed of 3.7 and 2.5kb which result from the digestion of a 6.4kb
HindIII fragment shared by all 6 cosmids. Hybridisation of the PL BSSHII
oligonucleotide to this fragment would be expected but it was probable that the
hybridisation of this band is obscured by the hybridisation signal to the vector
fragment. No false hybridisations or cross hybridisations were observed: The 2.3kb
fragment hybridised only to the Eagl oligonucleotide and not to the BssHII
oligonucleotide even though the sites for these two restriction enzymes are similar.
Only a small number of clones were analysed when testing this method and its

accuracy when applied to a large number of clones was not determined.

3.3.3 Fulfilment of criteria.

a) Accuracy of detection of sites - This method was sufficiently accurate in
the detection of Eagl and BssHII sites on southern blots. However, in cases where the
fragment of the insert DNA containing the rare site is of a similar size to the vector

band, only an increased intensity of hybridisation would be observed which would
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mean a certain number of sites would be missed. Estivill and Williamson (1987) have
used a similar method to detect Notl and Eagl sites in cosmid clones on DNA
southern blots. They used an 8 base Notl oligonucleotide to successfully detect Notl
sites and Eagl sites. However, they also detected a number of false positives. Melmer
et al. (1990) improved the sensitivity and specificity of the procedure by varying the
hybridisation and washing temperatures and specifically detected Notl sites with no
false positives. They also used 8 base oligonucleotides to specifically detect a
proportion of Apal, BssHII, SacIl and Eagl sites and were able to distinguish between
an 8 base match and a 7 base match.

b) Use of materials - the filters are a reusable resource that can be used with
several different oligonucleotides designed to detect other rare cutting restriction
enzyme sites. This method was designed and tested for use with southern blots of the
cosmid clone DNA. The application of this method with the colony arrays, which
replaced the southern blots as a means of determining hybridisation with total human
and total mouse genomic probes, was not explored.

¢) Ease of manipulation - little additional work would be required to screen
filters of immobilised cosmid clone DNA generated by the mapping project.

Under the conditions tested this method fulfilled 2 of the 3 criteria required for
screening large numbers of clones. As the southern blots generated by the mapping
project were superseded by colony arrays, the method of oligonucleotide
hybridisation required refining. To screen the colonies arrays with oligonucleotides to
Eagl and BssHII sites a distinction would have to be made between hybridisation of
the probe to the vector copy of rare-cutting restriction site and any additional sites
within the insert DNA. The vector site cannot be blocked during the prehybridisation
reaction with a second oligonucleotide designed to detect the vector sequence in and
around the vector Eagl and BssHII sites. Both vector strands would have to be
blocked as the oligonucleotides are detecting a palindrome sequence and
oligonucleotides designed to do this would preferentially hybridise together. Relying

on differing intensities of hybridisations was predicted to be difficult as there would
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be background from hybridisation to E.coli DNA rare-cutting restriction sites and the
possible differential growth abilities of individual clones would give ambiguous
results.

Oligonucleotides could be designed to detect rare-cutting restriction enzyme sites not
contained in the vector, Notl (GC/GGCCGC) and Sacll (C/CGCGG) being two
candidates. The analysis of Notl sites by hybridisation of oligonucleotides to colonies
of cosmids has recently been reported by Melmer and Buchwald (1990). Their
original screening with a 8 base oligonucleotide designed to detect the Notl site failed
to give signal above background. They then used a 12bp oligonucleotide with the
recognition sequence for the Notl restriction enzyme extended by two degenerative
nucleotides at each end. With a longer oligonucleotide they were able to raise the
temperature of hybridisation to give a greater specificity of signal with respect to the
background of bacterial DNA. 7 out of 13 colonies identified through screening with
the 12 base oligonucleotide contained Notl sites.

In this examples the number of false positives detected is significant. In addition, if
the 12 base Notl oligonucleotide was used with the colony arrays only 12% of the
total number of CpG islands would be detected (Lindsay and Bird 1987). This
method could be applied to the colony arrays with a 12 base oligonucleotide designed
to detect the Sacll recognition sequence which would detect 74% of the total number
of sites but with 6 of the bases in such a probe being degenerate and no second
probe and the level of false positives would probably be higher than that predicted
by the work of Melmer and Buchwald (1990) would be unacceptable in the

application of this method to the 11p project.

3.4 Method 3: Rare-cutting Restriction Enzyme Fingerprinting (RREF).

3.4.1 Experimental design.

The third method tested involved the adaptation of the fingerprinting method of
Coulson and Sulston (1986) to detect the presence of rare cutting sites within the

cloned DNA. Coulson and Sulston’s protocol was designed to efficiently analyse large
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numbers of clones and was being applied in the 11p mapping project. This meant
that the major components were readily available. This method could be applied to
large numbers of the clones using DNA prepared as part of the mapping project in a
96-well system.

The adaptations from the original method are as follows:

1) A rare cutting restriction enzyme (BssHII, Eagl or NotI) is used in the first
step in place of HindIII.

2) 54Ci [32P] dGTP (and cold dCTP) is used compared with 204Ci [a>2P]
dATP (and cold dGTP) as an excess of label obscured smaller fragments when the
digests were run on agarose gels.

3) The final incubation time was reduced from 2 hours to 45 minutes and the
volume of the digest increased to allow for the addition of more units of HindIIL
This reduces the possibility for degradation of the DNA is cases where the
preparation of DNA was less pure. This degradation was associated more with the
BssHII digests as they require an incubation temperature of 50°C which increases the
reaction rate of the hydrolysis of the DNA by any contaminating deoxyribonucleases.

4) The final reactions were resolved in 1% agarose gels. Two rows of 24
samples were run on each 22 x 22cm gel which were dried down under vacuum at

80°C before being exposed to Kodak film for 8-17 hours at room temperature.

3.4.2 Results.

Examples of applications of the rare-cutting restriction fingerprinting method are
shown in figure 3.3. Four cosmids, A421, C423, C436 and A449 from the E65-9
mapping project (Harrison-Lavoie et al., 1989) are shown digested with BssHII (a)
and Eagl (b) using the rare-cutting restriction fingerprinting protocol. With BssHII
two constant bands of 4.14 and 1.25kb are always observed which are the end-
labelled vector fragments. Only the two vector bands are observed with C421 and

C436 indicating the absence of a BssHII site in the insert DNA.
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Figure 3.3 Examples of detection of BssHII and Eagl sites by end-labelling.

(a) Four cosmid clones after rare-cutting restriction enzyme fingerprinting (RREF)
with BssHII, electrophoresis and autoradiography. Arrows to the left of the figure
indicate vector-generated fragments of 4.14 and 1.25kb.

(b) Four cosmid clones after RREF with Eagl, electrophoresis and autoradiography.
Arrows to the left of the figure indicate vector-generated fragments of 4.14 and
1.25kb.

(c) Four cosmid clones digested with BssHII (B) or Eagl (E) and resolved on a 1%
agarose gel.

1 = A421, 2 = C423, 3 = C436 and 4 = A449. Insert-generated end-labelled
fragments are marked with arrows to the right of the figures. As samples were run
on different agarose gels they have been resolved to slightly different extents and the

black lines mark the common vector bands.
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Bands additional to the vector bands are seen with C423 and C449 indicating the
presence of BssHII restriction sites in the cloned DNA. With Eagl two constant bands
of 3.65 and 1.74kb are observed which are the end-labelled vector fragments. A421
and C423 appear not to contain an Eagl site in the cloned DNA. Digestion of C436
and A449 produces bands additional to the vector bands indicating the presence of
Eagl sites within the cloned DNA. To confirm the reliability of this method, large
scale DNA preparations of these clones purified on caesium gradients were digested
with BssHII or Eagl and resolved on a 1% agarose gel (figure 3.3 (c)). This analysis
confirmed that the cloned genomic DNA of A421 contained no site for either Eagl or
BssHII, C423 contained three sites for BssHII and no sites for Eagl and that C436
contained no sites for BssHII and three sites for Eagl. In the case of A449, the
analysis by single digestion indicated the presence of one Eagl site within the cloned
DNA as predicted by the rare-cutting restriction enzyme fingerprinting (RREF) but
indicated that the predicted BssHII was absent. This clone had previously been shown
to contain a BssHII site when testing method 1: The BssHII site was present in a
6.3kb HindIII fragment as determined by comparison of a HindIII digest of DNA for
this clone with a HindIII/BssHII double digest. There were two explanations for this
site not being detected in the analysis by single digestion: either the BssHII site in the
insert DNA was long way from the BssHII site in the vector and the two bands of
about 20kb produced by digestion with BssHII were not resolved on the gel, or the
site was very close to the site within the vector producing a band too small to be
seen. Data from the BssHII/HindIII analysis indicated that the cloned BssHII site is a
minimum of this (that being the sum of the smaller BssHII-HindIII genomic DNA
fragment of 2.5kb and the smaller BssHII-HindIII vector DNA fragment of 1.25kb)
from the vector BssHII site and a 3.75kb fragment would be visible on the 1%
agarose gel. It was probable that digestion of this clone with BssHII site generated
two fragments similar in size which were not separated on the 1% agarose gel.
Analysis of the BssHII digest by FIGE (method 1) might have separated the two

fragments but this was not determined. This site was not detected in the
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oligonucleotide hybridisation experiment (section 3.3.2). The analysis of this one

clone emphasises the sensitivity and accuracy of the RREF method.

3.4.3 Fulfilment of criteria.
The method fulfilled the criteria set in the following ways:

a) Ambiguous results - results were obtained for 60% of the clones on the
first analysis of the DNA when testing this method. Low yield or impure DNA
preparations generally accounted for the rest. When applied to the clones used in the
11p mapping project the DNA would have previously been used in the fingerprinting
reaction and would be of known quality. This method is insensitive to partial
digestion: if this occurs in the first step the final result is not effected as only
digested ends are substrates for the reverse transcriptase and the partial digestion of
DNA in the final step is prevented by addition of HindIII greatly in excess to that
required.

b) Use of materials - as 0.05-0.1ug of DNA was required, equivalent to
1/10th of a small scale "microprep" preparation, several reactions using different
restriction enzymes could be performed from one preparation of DNA from the
genome mapping project. 2 units of the restriction enzyme were required per digest
reducing the cost of analysing a large number of clones with these relatively
expensive restriction endonucleases.

c¢) Ease of manipulation - the processing of the clones by RREF closely
follows the fingerprinting protocol used in the 1lp mapping project and all the
procedures were designed for ease of use with large numbers of clones. The main
rate-limiting step for analysis of clones by the fingerprinting method is the running
of samples on acrylamide gels which require significant time and effort to set up and
run. With the rare-cutting restriction enzyme fingerprinting analysis, 56 samples can
be resolved on one 22 x 22cm agarose gel. As several gels can be run in one day over

200 samples can be analysed in 24 hours with relative ease.
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3.5 Summary.
Of the three methods compared, the rare-cutting restriction end-labelling protocol
would be the most applicable in the final stages of the mapping project. It requires a
comparatively minimal effort for the amount of data that was generated. A
description of the application of this method to two sets of cosmid clones is related

in the next chapter.
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Chapter 4.

Identification of rare-cutting restriction enzyme sites.
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4.1 Introduction.

Having developed a method that should allow the identification of rare-cutting
restriction enzyme sites in screens of large numbers of cloned DNA fragments, two
sets of clones were analysed. The first set analysed consisted of 112 cosmid clones
which were being used in the construction of a cloned DNA map of the region of
human DNA contained within the hybrid cell line, E65-9 (Harrison-Lavoie ef al.,
1989). The second set analysed comprised 101 clones which were a subset of the
human DNA clones isolated from EJNAC4.1 and EJNAC4.1.5 cosmid libraries which
hybridise to an oligonucleotide designed to detect zinc finger protein genes via a

conserved motif.

4.2 Results of analysis clones from HindIII partial E65-9 cosmid library.

112 cosmid clones had been isolated from a HindIII partial E65-9 Lorist 2 library on
the basis of hybridisation with a total human DNA probe and were being analysed
and assembled into contigs using the fingerprinting method of Coulson et al. (1988).
This analysis resulted in the construction of two major contigs, A and B, of 48 and
16 overlapping clones respectively, plus three small contigs of three and two clones,
and 43 unattached clones. Contigs A and B are shown in figure 4.1. The degree of
overlap as shown in the figure is defined by the number of bands that each clone has
in common and is not taken to represent physical distance. Many of the cosmid
clones in these contigs are "buried". A buried clone is one which is entirely contained
within a second, usually larger, clone. These clones are not shown in the figure. The
set of clones overlapping to the smallest degree but containing all the DNA in a
contig is defined as the minimal set. It is this minimal set which would be used in
analysis by the rare-cutting restriction fingerprinting method at the end of a large

scale genome mapping project.
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Figure 4.1 Structure of two large E65-9 contigs, A and B, with approximate sites
for BssHII and Eagl sites.

The two major contigs assembled from the E65-9 mapping project, A and B, are
shown with the location of BssHII sites marked by filled squares and Eagl sites by
filled circles. The positions of sites is not precise and is determined by comparing

data on overlapping clones.
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The 112 E65-9 cosmids were analysed by the RREF method for BssHII and Eagl
sites, 11 (10%) were found to have one or more BssHII sites in the insert DNA and
27 (24%) clones had one or more Eagl sites. 16 (14%) were found to contain sites for
both restriction enzymes. When the data from the RREF analysis was compared with
the contig data a good correlation was found between clones that overlapped and
those that contained sites which enabled the approximate positioning of these sites

within the contigs as shown in figure 4.1.

4.3 Isolation of c-Harvey-ras-1 (H-ras) from_a human genomic, Sau3A partial,

cosmid library.

A cosmid clone containing the H-ras gene was not isolated from the library
constructed from HindIIl partial DNA from E65-9. As the hybrid cell line was
selected on the basis of the presence of an activated H-ras gene it was important to
show that this gene was present and to link it to the contig data. One possibility was
that the gene was contained on a HindIII fragment much larger than 45kb and could
not be cloned in a HindIII partial cosmid library. An ALL Sau3A partial (described
in section 2.15.11), LoristB library made from DNA prepared from the white blood
cells of a patient with acute lymphoblastic leukemia was screened. This had
previously been plated out and stored at -70°C. Replicas were grown and screened
with a 6.6kb BamHI DNA fragment containing the H-ras gene which was excised
from the pEJ6.6 plasmid (Shih and Weinberg, 1982). 29 positive colonies were
detected. 10 of these were purified and shown to contain the 6.6kb BamHI fragment
containing the H-ras gene. Restriction analysis of two cosmids with a minimal degree
of overlap, RASI5-10 and RAS5-3, was performed using the restriction
endonucleases HindIII, BamHI and EcoRYV. These cosmids have one common BamHI
fragment, that which contains the H-ras gene, and no common HindIII fragments.
The restriction map showed that the H-ras gene was contained on a HindIII fragment
of about 56kb and would not be cloned in a HindIII partial cosmid library. Figure

4.2 shows the approximate restriction map of the region.
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Figure 4.2 Partial restriction map of ¢-Harvey-ras-1 locus in the ALL genome.

(a) = partial restriction map of RAS5-3, (b) = partial restriction map of RAS15-10,
and (c¢) = deduced restriction map of the region around the c-Harvey-ras-1 locus in

the ALL genome. H = HindIII, B = BamHI and E = EcoRY.
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4.4 Tsolation of H-ras from a Sau3A partial E65-9 cosmid library.

A Sau3A library was constructed from DNA from the E65-9 cell line in the cosmid
vector Lawrist 4 as described in chapter 2. 2.2x105 clones were screened and one
clone containing the H-ras gene was isolated (HRAS). This clone was partially
restriction mapped using a combination of single and double digests with BamHI,
EcoRI, Xhol and HindIIT and analysis of these digests on southern blots.- It did
not contain a 6.6kb BamHI fragment and shared only one 2.2kb BamHI fragment in
common with RAS15-10 and no BamHI fragments in common with RAS5-3. The
restriction map is shown in figure 4.3 and compared to the published genomic
restriction map of the c-Harvey-ras-1 locus in EJ-18-8D, the parent cell line, taken
from Morten et al. (1987). Restriction mapping indicated that only the 5° end of the
gene had been cloned in HRAS. Additionally, a molecular rearrangement with respect
to the parent cell line was detected in the region adjacent to the 5° BamHI site of the
gene. This was demonstrated by the presence of a HindIII site 2.7 kb away from the
BamHI site, 5’ to the gene. This HindIIl site is not present in the published
restriction map of the DNA of the parent cell line or in the restriction map obtained
for this region from the RASI5-10 and RAS5-3 clones. HRAS contains several
HindIII sites none of which it shares with the two clones isolated from the ALL
library. Many hybrid cell lines made by CMGT have been observed with rearranged
and amplified regions of human DNA (Morten et al., 1987). E65-9 was a cell line
that exhibited both these changes (Harrison-Lavoie et al., 1989). It is apparent from
this analysis that the region adjacent to the H-ras gene was rearranged with respect
to the parent cell line, EJ-18-8D, and with respect to ALL genomic DNA.

The clone containing the H-ras gene isolated from E65-9, HRAS, was entered into

the fingerprint analysis and linked to the end of contig B (figure 4.1).
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Figure 4.3 Partial restriction map of ¢-Harvey-ras-1 locus in the E65-9 genome.

(b) = partial restriction map of c-Harvey-ras-1 locus in E65-9 determined from
analysis of a cosmid clone, HRAS, and (o) = restriction map of c-Harvey-ras-1 locus
in EJ-18-8D taken from Morten et al. (1987). H = HindIIl, B = BamHI and X =

Xhol.

116



(a)

(b)

=4 vector

Rearranged region

mmm Cloned DNA

# Hras gene

1kb

117



This linkage was confirmed by comparing HindIII digests of HRAS with B441 and
C437, two E65-9 clones that were shown by fingerprinting to overlap HRAS. HRAS
and B441 shared all HindIIl fragments in common except the fragment that

contains - the H-ras gene.

4.5 Rare-cutting restriction analysis of H-ras contig.

The results of rare-cutting restriction analysis on the minimal set of clones of contig
B including the separately isolated clones containing the H-ras gene from both the
Sau3A partial E65-9 library (HRAS) and the Sau3A partial ALL library (RAS15-10
and RASS5-3), are shown in figure 4.4. The approximate positions of the rare-cutting
restriction enzyme sites are shown on the assembled contig in figure 4.1. The H-ras
gene has previously been shown to be associated with a large number of these sites
(Capon et al., 1983) and several bands were expected in the RREF analysis. HRAS
gave 8 bands with BssHII, 9 bands with Eagl and 3 bands with Notl. The RAS15-10
cosmid from the ALL cell line gave 7 bands with BssHII, 10 bands with Eagl and 7
bands with Notl and RAS5-3 gave 13 bands with BssHII, 20 bands with Eagl and 7
bands with Notl. Caesium-purified DNA was digested with the three restriction
enzymes (figure 4.4 (c)) to confirm the presence of these sites. HRAS was shown to
contain 5 BssHII sites, 4-5 Eagl sites and 2 Notl sites. The cosmid clone RAS15-10
has 4 BssHII, 6 Eagl sites and 4 Notl sites. The cosmid clone RAS5-3 has 8 BssHII
sites, 10 Eagl sites and 4 Notl sites. The results obtained with the single DNA digests
agreed with the RREF analysis. In some cases the»number of bands obtained in the
rare end-labelling process was less than expected. This might result from: (a) Two
end-labelled fragments of a similar size that were not resolved on the agarose gel and
appeared as one band on the autoradiograph, (b) A small end-labelled fragment being
obscured by the signal from the unincorporated radiolabelled nucleotide, or (c) The
occurrence of two of the rare-cutting restriction sites on one HindIII fragment
producing three bands instead of the expected four bands that would result if the

two sites were on different HindIII fragments.
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Figure 4.4 RREF of the minimal set of clones forming the E65-9 c-Harvey-ras-1

contig.

Cosmid clones RREF with (a) BssHII, (b) Eagl and (c) Notl. The two vector-
generated fragments are indicated with an arrow (the clones containing DNA from
the c-Harvey-ras-1 gene in lanes 1, 2 and 3 were isolated from Sau3A partial
libraries and the second vector fragment is not of a fixed size is not marked). Figure
(d) is an agarose gel of DNAs from the cosmid clones containing regions around the
c-Harvey-ras-1 gene digested with BssHII (B), Eagl (E) and NotI (N).

Lane 1 = HRAS, a cosmid clone from the Sau3A partial E65-9 library containing
DNA from the c-Harvey-ras-1 locus, 2 and 3 = RASI5-10 and RAS5-3, cosmid
clones from the Sau3A partial ALL library containing DNA from the c-Harvey-ras-1
locus, 4 = C445, 5 = C444, 6 = C464, 7 = A449 and 8 = C397. HRAS, C445, C444,
C464, A449 and C397 form the minimal set of overlapping clones representing contig

B as shown in figure 4.1.
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4.6 A CpG island is present in the rearranged DNA adjacent to the H-ras gene.

The distribution of rare-cutting restriction enzyme sites within the ALL clones
differed significantly from those within the E65-9 clone indicating that the
rearrangement of DNA 5’ to the H-ras gene in E65-9 removed part of the H-ras
CpG island. There also appeared to be novel rare-cutting restriction enzyme sites in
the E65-9 clone indicating the presence of a second CpG island. Further work would
be required to assess the importance of the new sites with respect to a CpG island
and with respect to the H-ras gene. It is possible that the putative CpG island is
associated with a second gene or that it contains regulatory elements that might

influence the transcription of the H-ras gene.

4.7 Results of analysis of ZF clones from EJNAC4.1 and EJNAC4.1.5 cosmid

libraries.

As part of the screen for coding sequences, cosmid clones were isolated on the basis
of hybridisation to a specific probe designed to detect the zinc finger motif. This
work is described in chapters 5-8. These cosmid clones were analysed using the rare-
cutting restriction system for the presence of BssHII, Eagl and Notl sites. The
information obtained from this analysis would be useful in the construction of large
scale restriction maps around these putative genes. The mapping could be used
confirm the information obtained from in situ hybridisation to prometaphase spreads
that many of the cosmids containing these sequences were clustered together, and also
aid the assembly of contigs in these regions. This data would also be valuable in
examining the relationship of CpG islands, which are mainly associated with
housekeeping genes as described in chapter 1, and zinc finger genes which are
thought to be involved in specific cellular processes more likely to be spatially or
temporally specific in their expression.

101 clones were analysed by the RREF method, the DNA being prepared by the
microtitre method of Gibson and Sulston (1987). The analysis was performed with

BssHII, Eagl and Notl. The reactions with BssHII and Eagl were monitored by the
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internal control of endlabelling the vector sites. There was no control for the Notl
reaction as there are no internal sites for this restriction enzyme in the vector.
Results were obtained for 91% of the BssHII reactions and 90% of the Eagl reactions
and a success rate of 90.5% was assumed for the Notl analysis. Figure 4.5 shows the
typical results obtained with RREF applied to 11 clones with BssHII (a), Eagl (b) and
Notl (c): ZF93, ZF94, ZF95, ZF96, ZF97, ZF98, ZF99, ZF100, ZF101, ZF102 and
ZF103. With BssHII and Eagl one of the vector fragments gave a constant band of
1.25kb and 1.74kb respectively. The second vector fragment of a constant size was
not observed with these clones as they were isolated from a Sau3A partial
EJNACA4.1.5 library and the insert DNA adjacent to this vector fragment will not be
cleaved away by HindlIII resulting in a fragment of a variable size. Table 4.1 lists the
overall results of the analysis.

Lindsay and Bird (1987) predict that NotI sites will occur 10 times less frequently
than BssHII and Eagl sites and as expected, fewer ZF clones contained Notl sites
than BssHII or Eagl sites. Of the 101 clones analysed ZF13, ZF23, ZF31, ZF32,
ZF38, ZF57, ZF84, ZF93, ZF94, ZF95, ZF98, ZF99, and ZF103 gave bands when
rare-cutting restriction fingerprinted with Notl. Figure (c) shows the bands obtained
for 6 of these cosmids. To confirm the accuracy of these results, caesium-purified
DNA of all these clones was digested with Notl alone and resolved on 0.7% agarose
gels. Confirmation of the presence of a Notl site was obtained for 12 of the 13 clones
with digestion of ZF32 DNA producing 2 bands as predicted. The digestion of ZF93,
ZF94, ZF95, ZF98, ZF99 and ZF103 with Notl are shown in figure (d). ZF95 could
only be digested partially or not at all with Notl even when different DNA
preparations were used. Rare-cutting restriction fingerprinting analysis of this clone
with Eagl gave two strong bands resulting from end-labelling of the vector site plus
a third weaker band. The presence of sites for Eagl and Notl in this clone could not

be confirmed.
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Figure 4.5 RREF of 11 ZF cosmid clones.

RREF with (a) BssHII, (b) Eagl and (c¢) Notl of DNA from 11 putative ZF gene-
containing cosmid clones: ZF93 (1), ZF94 (2), ZF95 (3), ZF96 (4), ZF97 (5), ZF98
(6), ZF99 (7), ZF100 (8), ZF101 (9), ZF102 (10) and ZF103 (11). Figure (d) is an
agarose gel of Notl digested (C) and undigested DNA (U) of six of the clones
predicted to contain Notl sites: ZF93 (1), ZF94 (2), ZF95 (3), ZF98 (6), ZF99 (7) and

ZF103 (11).
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Table 4.1 Summary of rare-cutting restriction enzyme sites in ZF cosmids.

The information obtained from rare-cutting restriction enzyme fingerprinting analysis
of 101 ZF cosmids is summarised in the table. The minimum number of sites within

the cloned DNA is shown. ND indicates that no data was obtained for the clone.
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4.8 The ZF clones are enriched for BssHII, Eagl and NotlI sites.

67 cosmids were shown to contain at least one site for one of the restriction enzymes
tested. There was no apparent correlation between the intensity of hybridisation
(thought to be related to the number of ZF motifs present) and the presence or
absence of sites. In mammalian genomes sites for BssHII and Eagl occur on average
every 100kb and sites for NotI occur every 1,000kb (Sambrook et al., 1989). In the
cosmids isolated on the basis of hybridisation to the zinc finger oligonucleotide,
BssHII sites occurred on average every 77.6kb, Eagl sites every 37kb and Notl sites
every 260kb, assuming the average insert size for a cosmid is 37.5kb (table 4.2).
There was a greater than expected number of rare-cutting restriction enzyme sites in
this class of cosmid clone.

Molecular analysis of approximately 1500kb of mouse DNA showed that CpG islands
were located an average of about 100kb apart (Brown and Bird, 1986) and Lindsay
and Bird (1987) predicted that 74% of BssHII and Eagl sites, and 89% of Notl sites
occur within CpG islands and are therefore associated with genes. If 89% of the
clones containing a Notl site plus all the clones containing both BssHII and Eagl sites
plus 74% of the clones containing either a BssHII or an Eagl site are taken as
definitely containing a CpG island than this data suggests that a minim<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>