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ABSTRACT
Rearrangements of chromosome 11 at band q23 have been
observed in haematopoietic malignancies.
These rearrangements
are mainly translocations and involve other chromosomes, the
m ost common being t(4 ;l I)(q21;q23), t(9; 11)(p22;q23) and
t(l 1; 19)(q23;pl3). The molecular basis of these translocations is
as yet unknown.
The aim of this thesis is to characterise the
llq 2 3 region at the molecular level and to study leukaemic
patients with llq 2 3 involvement.
Three main approaches have
been used, namely mapping, rearrangement studies and isolation
of novel probes.
Mapping of various genes localised to llq 2 3 in relation to
the leukaemic translocation breakpoints have been carried out
using somatic cell hybrids.
By studying different translocation
breakpoints, relative positions of the breakpoints and genes in
this region were determined. A novel method of gene mapping by
the enzymatic am plification of flow -sorted chrom osom es is
described. This was used to map the c-ets-\, Thy-1 and CD3
genes
d istal to the
b reak p o in t of the
c o n s titu tio n a l
t( 11 ;22)(q23 ;q 11) translocation.
Long range rearrangement studies of the llq 2 3 region by
pulsed field gel electrophoresis are also described. Emphasis was
on the c-ets-1, Thy-1 and CD3 genes. CD3G, a member of the CD3
gene complex, was found to be rearranged in the t(4; 11)
translocation and positioned within 200kb of the translocation
breakpoint.
In an attempt to clone the t(4; 11) translocation breakpoint,
yeast artificial chromosome clones positive for CD3 were isolated.
They did not encompass the breakpoint and were localised
approximately lOOkb proximal to it. End-cloning of one of the
clones was performed in order to isolate an overlapping telomeric
yeast artificial chromosome clone. The pulsed field gel and yeast
artificial chromosome studies lead to a more precise localisation of
the t(4; 11) translocation breakpoint.
A novel technique of Alu-PCR was investigated and used on
flow-sorted chromosomes for the generation of probes specific for
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the Ilq23-q24 region.
Eight novel probes to
this region were
generated and mapped in relation to the t(4; 11)
and the Ewing’s
sarcoma t( 11 ;22) translocation breakpoints.
The studies described have contributed to the knowledge of
the molecular organisation of the llq 2 3 region. This is important
for the understanding of the m olecular basis
of llq 2 3
abn o rm alities, and th eir asso ciatio n w ith h aem ato p o ietic
m alignancy.
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1.

INTRODUCTION

The co n sisten t asso ciatio n of certain chrom osom al
abnormalities with some types of human neoplasia has been
established since the 1970’s (Sandberg, 1980).
Haematopoietic
malignancies in particular have been associated with specific
chromosome rearrangem ents (Van den Berghe et al., 1979;
Rowley, 1983).
The study of chromosome pattern in cancer,
especially in human leukaemias can broadly be divided into two
periods, the first lasting from 1960-1970 and the second from
1970-1980.
Prior to 1970 chromosomal abnormalities seen in
leukaemic cells were identified without banding, therefore only
changes that affected chrom osom e num ber or chrom osom e
morphology significantly were detected.
During this period the
m ost sign ifican t observation made was the P h ilad elp h ia
chrom osom e in leukaem ic cells of patients with chronic
myelogenous leukaemia (Nowell and Hungerford, 1960). With the
advent of chromosomal banding techniques in 1970 (Caspersson
et al., 1970) other specific abnorm alities were found to be
associated with neoplasia (Sandberg 1980) and in particular to
certain leukaemias and lymphomas (Rowley, 1983).
Since then
improvements in the quality of chromosome preparations and the
subsequent application for routine study of leukaemia, lymphoma
and carcinoma cells at a fairly detailed level (Yunis., 1983) has
made it possible to visualise previously undetectable chromosome
defects, and thus to determ ine specific sites that may be
important in carcinogenesis.
An important finding and one which explains to a certain
extent the association of chromosomal rearrangement and cancer
is the discovery of proto-oncogenes. Proto-oncogenes are cellular
genes normally present in the genome, usually coding for proteins
important in the signal pathways of cellular proliferation and
which when altered can result in tumorigenesis. The study of the
life cycle of retroviruses provided the first clues for identifying
proto-oncogenes (Varmus, 1982a; Bishop, 1983).
Retroviruses
have the ability to transcribe their single-stranded RNA into DNA
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with reverse transcriptase and the DNA may become integrated
into the chromosomal DNA of host cells. The host cell uses its own
machinery to express the viral genes. This process can result in
the production of cancer genes. This may occur by ‘insertional
m utagenesis’ where the act of integration of viral DNA can
potentially be mutagenic, either by damaging cellular genes
directly (Varmus, 1982a), or by influencing the expression of
cellular genes, by bringing them under the control of powerful
viral elements (Varmus, 1982b).
Another possibility is the
recombination between viral and cellular genomes resulting in the
implantation of cellular genes into the viral genome, where they
may become oncogenic (Bishop, 1983).
This process has been
termed transduction and in this way initially harmless protooncogenes are taken up into the viral genome where they come
under the control of potent viral signals and become pathogenic.
Transduced genes may acquire mutations during the process of
transduction such as point mutations, deletions and substitutions,
which can lead to the ‘activation’ of proto-oncogenes (Bishop,
1983). A number of proto-oncogenes have become recognised as
a result of transduction by retroviruses.
Another method by which proto-oncogenes can be affected
is by chromosome rearrangem ent which has been observed
microscopically in cancer cells.
This usually takes the form of
translocations
between chrom osom es, am plification of large
domains within chromosomes and deletions affecting discrete
portions of chromosomes.
Studies have shewn that such regions
of chromosomal breakage are often found to lie within or adjacent
to proto-oncogenes (Leder et al., 1983).Examples can be provided
by the consistent chrom osom al translocations observed in
B urkitt’s lymphoma and chronic myelogenous leukaemia which
involve the cellular homologues of known viral oncogenes (Leder
et al., 1983; Bartram et al., 1983).
Fronc these examples and
others, it has been proposed that chromosomal rearrangem ents
observed in tumour cells serve as a mechanism to disrupt the
functions of normal genes and hence to convert proto-oncogenes
to oncogenes.
Thus, rare or less co rsisten t chrom osom al
aberrations are also speculated to play a rob in the aetiology of
tumours in which they are found.
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The classic Philadelphia (Ph) chromosome results from a
reciprocal translocation betw een chrom osom es 9 and 22,
t(9;22)(q34;ql 1), giving rise to a shortened chromosom e 22
(Nowell and H ungerford, 1960; Rowley, 1973a).
The Ph
chromosome is associated with chronic myelogenous leukaemia
(CML), occuring in 90-95% of patients with this disease; it does
how ever occur in a
proportion of patients with acute
lym phoblastic leukaem ia and acute m yelogenous leukaem ia
(Whang-Peng et al., 1970).
The Ph translocation results in the
transposition of the cellular abl (c-abl) proto-oncogene from its
usual position on chromosome 9 band q34
to chromosome 22
band q l l (Bartram et al., 1983).
The c-abl gene codes for a
protein product with tyrosine kinase activity and is thought to be
involved in the control of normal cell growth. The translocation
relocates a portion of the c-abl proto-oncogene and fuses it with
the breakpoint cluster region (bcr) gene on chromosom e 22
(Shtivelman et al., 1985). The genetic fusion creates a chimeric
protein that includes the functional domain of the c-abl gene
product, but whose enzymatic activity is greater than that of the
normal gene product (Konopka et al., 1985).
This translocation
thus produces a mutation that affects the biochemical activity of
the c-abl gene product, rather than the level of expression of the
c-abl gene, though the latter has been speculated to be abnormal
as well (Shtivelman et al., 1985).
B urkitt’s lymphoma (BL) is a malignant lymphoma which
belongs to the high-grade, sm all non-cleaved cell group
(Rosenberg, 1982) and consists of a clonal proliferation of
lymphocytes from the B-cell subset. It is a tumour that occurs
throughout the world though found most frequently in African
children (Burkitt, 1983). The Epstein-Barr virus is associated with
BL and is thought to play a role in the aetiology of the tumour.
The virus is detected in malignant cells in over 95% of BL cases
that occur in high-incidence areas (Geser et al., 1983). BL has
been associated with chromosomal translocations of which the
most common is the t(8;14)(q24;q32) (Zech et al., 1976).
This
translocation involves the im m unoglobulin heavy chain genes
located on 14q32 (Kirsch et al., 1982). Variant translocations have
also been reported in BL which include a t(2;8)(pl2;q24) (Miyoshi
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et al., 1979) and a t(8;22)(q24;qll) (Berger et al., 1979) where the
sites for the k and X light chains of immunoglobulin are located
respectively (Malcolm et al., 1982).
Chromosome 8 is always
involved in the translocation with a breakpoint in band 8q24
indicating that this region of the chromosome plays an important
role in the disease. The c-myc oncogene originally identified in Bcell avian myelocytoma has been assigned by in situ hybridisation
to the 8q24 region (Neel et al., 1982). The c-myc gene has been
shown to code for a nuclear protein with DNA binding properties
(Hann and Eisenman, 1984). The translocation of the c-myc gene
into the immunoglobulin region is thought to occur during the
normal somatic rearrangement of the immunoglobulin gene loci in
antibody-producing cells, and results in an overexpression of the
c -m yc gene (Leder et al., 1983). This could be due both to the
tra n sc rip tio n a l
en h an cem en t
by
its
p ro x im ity
to
the
immunoglobulin locus (Hayday et al., 1984) and to alterations in
the structure of the c-myc gene, though the exact mechanism by
which the chromosomal rearrangement triggers malignant growth
is not known.
A nother common translocation that involves the heavy
chain
im m u n o g lo b u lin
gene
locus
at
14q32
is
the
t(14;18)(q32;q21).
This is the m ost common karyotypic
abnorm ality found in haem atolym phoid neoplasm s and is
p a rtic u la rly
a s so c ia te d
w ith
n o n -H o d g k in ’s
lym phom a
characterised by a follicular morphology (Fukuhara et al., 1979;
Yunis et al., 1982).
Molecular studies have shown that the
t( 14; 18) chromosomal translocation results in the juxtaposition of
a candidate proto-oncogene on chromosome 18, termed b c l-2 (Bcell leukaem ia-lym phom a-2), with the immunoglobulin heavychain locus on chromosome 14 (Cleary and Sklar, 1985). The bcl- 2
gene is an example of a proto-oncogene initially discovered
because of its location at a chromosomal breakage site.
The
translocation appears to result in the deregulation of the
expression of the be 1-2 gene resulting in elevated levels of the
protein (Cleary et al., 1986). A recent study has shown that the
b c l -2 gene codes for a mitochondrial membrane protein which
interferes with programmed cell death (Hockenbery et al., 1990)
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A nother chrom osom e frequently found rearranged in
neoplasm s p articu larly in haem atopoietic m alignancies is
chromosome 11 at band q23. Rearrangement of this region and
its association with malignancy was first reported in 1973 in cases
of malignant lymphoma (Reeves, 1973). Chromosome 11 has been
estimated to constitute 4.61% of the human genome and contains
approximately 1.4 x 108 nucleotides (Ott, 1985). The q23 band of
chromosome 11 is negative on Giemsa banding and has been
estimated to contain at least 14 megabasepairs (Mb) (Figure 1). A
large number of different recurring rearrangem ents involving
llq 2 3 have been reported. Along with band 14q32, band llq 2 3
is one of the bands frequently involved in human tumour cells
(Mitelman et al., 1990). Rearrangements at llq 2 3 are mainly in
the form of translocations involving a variety of other
chromosomes but other alterations such as deletions, amplification
and inversions have also been reported. Rearrangement of llq 2 3
is predom inantly associated with acute leukaem ia of both
lymphoid and myeloid type; it has also been reported in cases of
lymphoma and myelodysplastic syndrome.
Distal to llq 2 3 at
position llq 2 4 , rearrangements have been associated with the
childhood tumour Ewing's Sarcoma, Askin tumour and peripheral
neuroepitheliom a.

1.1

MALIGNANCIES WITH l l a 2 3 INVOLVEMENT

1.1.1

ACUTE LYMPHOBLASTIC LEUKEMIA

Acute lymphoblastic leukaemia (ALL) is characterised by
the accumulation of malignant, immature lymphoid cells in the
bone marrow and in many cases also in peripheral blood. It is a
disease found more commonly in children than in the older age
groups, and has an incidence with a peak at about 3-5 years of
age. ALL is the most frequent childhood cancer and accounts for
approximately 20% of adult leukaemias (Heim and M itelman,
1987).
ALL is a highly malignant disease with a varying
prognosis depending of the age group associated.
In general
infants and adults with ALL have an extremely poor prognosis,
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F igure 1:

Diagram of chromosome 11, showing the G-banding
pattern and the estimated DNA content.
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whereas the cure rate in children with ALL tends to be better.
The clinical features which characterise this leukaemic subgroup,
in particu lar infants with ALL, include hyperleucocytosis,
organom egaly and frequent central nervous system (CNS)
involvement (Crist et al., 1986).
ALL is subdivided into groups on the basis of
cytom orphological features and the m ost w idely accepted
classification on this basis is the French-American-British (FAB)
classification (Bennett et al., 1976). This divides ALL into three
groups, L I, L2 and L3 where LI and L2 correspond to a less
differentiated form of disease. ALL can also be classified as either
B-cell or T-cell type, depending on which cell type becomes
malignant and continues proliferation.
During the differentiation
process of either the B-cell or T-cell pathway, malignancy can
occur at any stage and the resultant disease is named according to
the cell type affected.
The principal change that occurs during
maturation of B-lymphocytes is the rearrangement of germ-line
DNA at the immunoglobulin genes.
The heavy-chain genes
rearrange first followed by rearrangement of one of the lightchain genes. This results in the initial cytoplasmic expression of
the corresponding immunoglobulin before surface expression.
Much less is known about normal differentiation and maturation
of the T -lineage lym phocytes, though it appears marked
homologies exist between the B and T systems (Rabbitts, 1986).
Figure 2 illustrates the maturation pathway for cells of the Blineage indicating the disease at each stage.
A com bined classification system of ALL is the MIC
classification (1986) which is an open system organised so as to
accomodate new subgroups whenever necessary.
It combines
inform ation obtained from the M orphology, Immunology and
Cytogenetics of the predominant cell type in the disease. Four main
immunologic subclasses of B-lineage ALL are recognised under the
MIC system (Table 1).
Surface marker analysis has shown that the m ajority of
infant leukaemias fall into the early B precursor category, that is
they do not express the CD 10 or Common ALL antigen (CALLA),
but are positive for CD 19 and HLA DR antigens (Kaneko et al.,
1988; Katz et al., 1990). Dual expression of both lymphoid and
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myeloid m arkers has been observed in a number of infant
leukaem ias which suggests that the likely target cells are
precursor cells; multipotential stem cells or lymphoid (T or B)
stem cells have been implicated (Greaves, 1990).

Table 1: MIC and FAB classification of B-lineage ALL
M IC

C lassificatio n FAB
C o m m e n ts
m o r p h o lo g y

Early B-precursor
ALL

LI or L2

Beginnings of immunoglobulin
locus rearrangement strongly
indicate cells are committed to
B-lineage differentiation

Common ALL

LI or L2

Quantitatively the most
important childhood ALL
subtype. Cells are capable of
expressing CALLA

Pre-B ALL

LI or L2

Cells start expressing
immunoglobulin in the
cytoplasm

B-ALL

L3

Leukaemic cells express
immunoglobulins with single
light chains on the cell surface

Non-random chromosomal alterations have been observed in the
different subgroups of ALL, and the karyotype is thought to be an
im portant independent risk factor, playing a crucial role in
leukaemogenesis. Cytogenetic analysis plays an important role in
aiding the diagnostic process and helps identify high-risk and
low -risk ALL patients (Bloomfield et al., 1986).
D ifferent
chromosomal alterations have been associated with the different
subgroups and are discussed in sections 1.1.1.1 and 1.1.1.2.
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1.1.1.1

Chromosomal alterations in ALL involving llq 2 3

C hrom osom al alteratio n s in v o lv in g
llq 2 3
occur in
approximately 5.7% of childhood ALL cases (Raimondi et al.,
1989).
The majority of cases are reciprocal translocations
involving other chromosomes; some deletions and duplications of
llq 2 3 have also been reported (R aim ondi et al., 1989).
Immunophenotypic studies of such patients indicate that most of
them have B-cell ALL, involving cells at a primitive stage of B-cell
development (Kaneko et al., 1986; Raimondi et al., 1989). Further
studies have lead to the suggestion that leukaemia with the llq 2 3
translocation may involve the proliferation of a progenitor cell
which results in differentiation into both lymphoid and myeloid
cells (Kaneko et al., 1986). A few cases of T-cell ALL are also
present, though this is not a common occurence. Reports of llq 2 3
abnormality in ‘null-cell’ or early-B precursor ALL have also been
made (Katz et al., 1988). ALL with llq 2 3 involvement is usually
characterised by a poor prognosis (Crist et al., 1986). Reciprocal
translocations involving 11 q23 are found more commonly with
chromosome 4 and to a lesser extent with chromosomes 1, 6, 9,
10, 17 and 19 (Mitelman et al., 1990).
a)

The tf4 :l lVq21:q23) translocation

This translocation was first detected by Oshimura et al. in
1977 and subsequently described as a consistent ALL abnormality
by Van den Berge et al. in 1979 (Figure 3). It occurs mainly in
childhood ALL (Heim et al., 1987) and is predominantly detected
in children under 1 year of age. It has a very poor prognosis with
a clinical picture characterised by a heavy tumour load with often
very high white blood cell counts, a high percentage of blasts in
peripheral blood, hepatosplenom egaly and lym phadenopathy
(Arthur et al., 1982).
The presence of the translocation is
regarded as being an independent indicator of poor prognosis
(Bloomfield et al., 1986). The frequency of the t(4; 11) in ALL
patients varies quite widely in d ifferen t studies of this
translocation (Mirro et al., 1986; Raimondi et al., 1989) and data
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from these studies indicate an incidence of 5-10% of all ALL
patients (Heim and Mitelman, 1987).
The exact nature of the proliferating cells that carry the
t(4; 11) is not clear. Initial reports have classified t(4; 11) ALL as a
lymphoblastic leukaemia with malignant lymphoblasts with LI or
L2 morphology. Molecular studies utilising probes for the heavychain immunoglobulin gene have shown a rearrangement of this
gene (Crist et al., 1985).
This is an indication of B-cell
involvement as rearrangement of immunoglobulin gene segments
appears to be largely restricted to cells of the B-lineage.
Few
cases of light-chain immunoglobulin gene rearrangem ents have
been reported (Mirro et al., 1986). The uncertainty of the exact
nature of the proliferating cells came with later studies on careful
electron m icroscopic and immunologic exam ination of these
patients, which dem onstrated the sim ultaeneous expression of
lymphoid and myeloid associated antigens on individual blast cells
(Mirro et al., 1986; Kaneko et al., 1986). The expression of mixed
lineage characteristics in leukaemias with t(4; 11) suggests that the
cell of origin may be an early B cell progenitor that shares certain
surface antigens with myeloid cells or a stem cell with the
potential for both lymphoid and myelomonocytic differentiation
(Crist et al., 1985).
It could also be due to an aberrant gene
expression later in differen tiatio n (Sm ith et al., 1983).
Leukaemias with the t(4; 11) thus represent a unique subtype of
acute leukaem ias characterised by a poor prognosis and a
proliferatio n of a noncom m itted progenitor cell that can
d iffe re n tia te
in to
ly m p h o id
or
less
fre q u e n tly
into
myelomonocytoid lineages.
The leukaemogenic mechanism of
t(4;ll)(q21;q23) and its molecular basis are not yet understood.
b)

Other translocations involving 11 q23

The translocation t(l 1; 19 )(q23;pl3) has been reported in
patients with ALL (Gibbons et al., 1990).
It has been
demonstrated that this translocation accounts for 3.2% of cases
with childhood ALL, and is predominantly detected in infants
under 1 year of age. It is thought to be almost as common as the
t(4; 11), but due to the greater su b tlety of this rearrangement, it is
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more readily missed on karyotypic examination (Gibbons et al.,
1990). Infants with ALL and the t( 11; 19) are characterised by a
high white cell count, organomegaly, early CNS disease and a poor
prognosis (Crist et al., 1986). The blast cells are usually very
immature, of early B-precursor type i.e. CD 10 -ve, but HLA DR and
CD 19 +ve, and are often said to have a ‘null* phenotype. The
patients are classified as LI or L2 according to the FAB criteria
(Gibbons et al., 1990), though in some cases expression of myeloid
associated markers lhas been demonstrated (Kaneko et al., 1988;
Hayashi et al., 1988).
Analysis of immunoglobulin genes lhas
shown a rearrangement of the heavy chain genes in blast cells of
these patients both at presentation and at relapse (Hayashi et al.,
1988; Gibbons et al., 1990), confirming the early B-cell lineage.
The leukaemogenic mechanism of this translocation is not known.
The similarity of the characteristics of the leukaemia with this
translocation to those found with t(4; 11) has lead to the
suggestion that the t( 11; 19) be regarded as having the same
prognostic significance as the t(4; 11) (Gibbons et al., 1990).
The t(9;l I)(p22;q23) has been reported in cases of null cell
ALL and biphenotypic ALL (Katz et al., 1990). These patients are
also characterised by a poor prognosis, hyperleucocytosis,
hepatosplenomegaly and to a lesser extent, cutaneous infiltrates
and CNS involvement (Crist et al., 1986). The presence of this
translocation in some cases of ALL with definite B-cell disease has
been emphasised (Lorenzana et al., 1991) and supported by
rearrangem ents observed of im m unoglobulin heavy and light
chain genes.
The t(l 1; 19) is similar to the other translocations involving
llq 2 3 especially t(9; 11) and t(6; 11) (Figure 4) in that they also
ocur in infants with acute non-lymphocytic leukaemia (Bloomfield
and de la Chapelle, 1987). The t(4; 11) on the other hand has been
associated mainly with ALL, though a case of ANLL classified as
M l has been described with this translocation (Secker-Walker et
al., 1985).
The predisposing factor of the malignancy in these
leukaemias is not certain, though the breakpoint at llq 2 3 is
thought to be of fundamental importance. The c-ets-\ oncogene is
located at llq 2 3 and is translocated to chromosome 4 in t(4; 11)
(Sacchi et al., 1986), but so far no altered function of the c-ets- 1
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gene has been documented.
The interferon genes which have
been localised to chromosome 9 band p21-p22, the region
involved in the t(9; 11) translocation, have been found deleted in a
number of ALL patients (Diaz et al., 1990). The deletion of a
chromosomal segment in this region could have an effect on
leukaemogenesis, with either the interferon genes or some other
linked gene with tumour suppressor qualities being responsible.
Cases of t(l;lI)(p 3 2 ;q 2 3 ) and t(10; 11)(pl4;q23) in ALL
patients with LI morphology have been described (Kaneko et al.,
1986).
1.1.1.2

Other chromosomal abnormalities in ALL

Apart from chromosomal alterations involving llq 2 3 , other
non-random chromosomal rearrangem ents have been associated
w ith specific subgroups of ALL.
The t(l;1 9 )(q 2 3 ;p l3 )
rearrangement was described initially in 1984 and a later study
mapped the breakpoint on chromosome 19 specifically to 19pl3.3
(M ichael et al., 1985).
The t ( l ; 19) translocation has been
associated with the pre-B-ALL phenotype, and the cells usually
have LI morphology (Shikano et al., 1986). The incidence of this
translocation in pre-B-ALL is reported to be approximately 25%
(Raim ondi et al., 1990).
The mechanism of the t( 1; 19)
translocation is being investigated. The E2A gene that codes for
enhancer binding transcription factors has been mapped to the
19pl3 region and is found to be affected by the translocation.
Fusion cDNAs that cross the t ( l ; 19) translocation breakpoint have
been cloned and shown to code for a protein with features of a
chimeric transcription factor (Nourse et al., 1990).
Deletion of the long arm of chromosome 6 (6q-) is a
relatively common change in ALL.
The 6q- rearrangement is a
reliable marker for lymphoid malignacies though its breakpoint
assignment has varied considerably, being localised between 6ql5
and 6q21 in majority of cases (Heim and Mitelman, 1987). The
6q- abnormality has been reported mainly in children and the
associated leukaem ia is usually LI or L2 in m orphology
(Sandberg, 1990).
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A nother common finding in ALL is the presence of
t(9;22)(q34;ql 1) or the Ph chromosome (Rowley, 1980).
It
accounts for approximately 2-5% of children and 25-30% of adults
with ALL (Sandberg, 1990) and represents one of the most
common of all ALL-associated chromosomal abnorm alities in
adults.
This rearrangement differs from the others described in
that it occurs more frequently in adults than in children.
The
bone marrow morphology of Ph-positive ALL in most cases
corresponds to L2 and sometimes to L I. The vast majority have
im m u n o p h e n o ty p e s
c o m p a tib le
w ith
im m a tu re
B -c e ll
differentiation (Heim and Mitelman, 1987). The presence of the
Ph translocation in ALL confers a poor prognosis (Ribeiro et al.,
1987) and is thought to differ from CML by representing an
alternative mechanism of c-abl activation in leukaemia (Kurzrock
et al., 1987). The breakpoint of the Ph translocation in ALL is
molecularly distinct from that observed in CML (Hermans et al.,
1988)
The t(8; 14)(q24;q32) described in BL is also found in ALL
and this translocation seems very specific for B-cell neoplasia.
The leukaemia is mainly of L3 morphology and is found in
approximately 5% of ALL cases (TIWCL, 1983).
On the whole, ALL cases with structural chromosomal
alterations, like those described above, are characterised by a
poor prognosis and short survival (Bloomfield et al., 1986); a
recent study however seems to indicate a more favourable
outcome in cases of childhood pre-B-ALL (Raimondi et al., 1990).
The more common numerical aberrations which are seen in
addition to structural changes include trisomy 21, and to a lesser
extent, gains of chromosomes 6, 8 and 18 (Sandberg, 1990).
Another fairly common change in ALL is hyperdiploidy with more
than 50 chromosomes. This is associated mainly with LI or L2
morphology and immunophenotypic characteristics of commonALL (Heim and Mitelman, 1987).
Such cases usually have a
relatively favourable prognosis (Bloomfield et al., 1986). Table 2
lists the consistent primary structural chromosome abnormalities
in ALL.
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ACUTE NONLYMPHOCYTIC LEUKAEMIA

1 . 1.2

Acute nonlymphocytic leukaemia (ANLL) is characterised by
the accumulation of immature myeloid bone marrow cells in the
marrow, peripheral blood and other tissues. It is a disease found
more commonly in adults than in children,
with an incidence

TABLE

Structural chromosomal abnormalities in ALL

Typical
Typical
R earran g em en t_______ m orphology_____ im m u n o p h en o ty p e
t(4; 1 l)(q21 ;q23)

LI, L2

Early B-precursor ALL
mixed phenotype

t( 11; 19)(q 2 3 ;p l3 )

L I, L2

Early B-precursor ALL

t ( l ; 11)(p32;q23)

LI

Pre-B-ALL

t(9; 11)(p22;q23)

L2

Early B-precursor ALL

t( 11 ;1 7 )(q 2 3 ;p l3 )

L2

Early B-precursor ALL

t(10; 11 )(p l4 ;q 2 3 )

LI

Pre-B-ALL

t( 1; 19)(q23 ;p 13)

LI

Pre-B-ALL

del(6q)

L I, L2

Common ALL

t(8;14)(q24;q32)

L3

B-ALL

t(9 ;2 2 )(q 3 4 ;q l 1)

LI, L2

Early B-precursor,
common, or pre-B-ALL
T-ALL

Translocations and
deletions involving
14 q 11____________

rising steeply after 55-60 years of age.
The total incidence of
ANLL is approxim ately 2.5 cases/100,000/year (Heim and
Mitelman, 1987).
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The normal pathway of myeloid differentiation leads to the
developm en t of eith er m ature g ranulocytes (n eu tro p h ils,
eo sin o p h ils
or
b aso p h ils),
m o n o cy tes,
e ry th ro c y te s
or
m egakaryocytes starting from a pluripotent stem cell.
The
leukaemogenic event in ANLL is thought to take place very early
on in the differentiation process, but not in a totally uncommitted
bone marrow stem cell, as lymphocytes would be part of the
clonal leukaemic expansion in that case. ANLL has been classified
into groups according to the criteria set by the FAB study group in
1976. This is based mainly on morphology and other criteria such
as cytochemical reactivity of the cell that appears to predominate
in each subtype. Seven FAB subtypes (M1-M7) exist and depend
on both the main differentiation pathway and the degree of
maturation of the leukaemic cell involved. Subgroups M l, M2 and
M3 show mainly granulocyte differentiation and differ with
regard to maturation, with M2 showing mainly myeloblast and M3
prom yelocyte differentiation.
In M4, differentiation is partly
granulocytic and partly monocytic, whereas in M5, monocytic
d iffe re n tia tio n
p re d o m in a te s.
In
M 6,
e ry th ro b la s tic
differentiation predominates and in M7, the proliferating cells are
part of the megakaryocytic lineage.
The myeloid maturation
pathway is depicted in figure 5.
C h aracteristic chrom osom al ab n o rm alities have been
associated with ANLL and found in 70-80% of patients (Prigogina
et al., 1986). Investigators maintain that practically all ANLL
patients have identifiable chromosomal rearrangem ents, which
are more readily detected using chrom osom e preparations
adjusted to increase the m itotic index and achieve longer
chromosomes with increased number of bands (Yunis, 1984a).
The different chromosome changes observed demonstrate close
association with the different subtypes of ANLL as defined by the
FAB c la ssific a tio n
(F o u rth
In te rn a tio n a l
W ork sh o p
on
Chromosomes in Leukaemia (FIWCL), 1984). The karyotypic
pattern is associated with distinctive morphologic and clinical
features, response to treatment and survival (Bloomfield and de la
Chapelle, 1987). This observation has led to the suggestion of a
cytogenetic classification (Keating et al., 1987). On average, 55% of
ANLL patients with karyotypic abnorm alities have only one
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rearrangem ent, the remaining 45% have two or more changes
(Heim and Mitelman, 1987). The clinical significance of additional
chromosomal abnormalities is not yet known (Bloomfield and de
la C hapelle, 1987).
More than 25 d ifferen t karyotypic
abnormalities have been reported as recurrent solitary changes in
ANLL, the majority being structural changes (Mitelman et al.,
1990). Numerical aberrations are also quite common, in particular
the gain of chromosome 8 (+8) and the loss of chromosome 7 (-7).
On the whole, 15-20% of cytogenetically abnormal ANLL patients
have gain or loss of a single chromosome as their only change
(Heim and Mitelman, 1987).
Of the different FAB subgroups,
ANLL-M1 seems to be quite heterogenous with no particular
rearrangements associated with it.
Few cases are reported with
the t(9;22)(q34;ql 1) and deletion of the long arm of chromosome
7 (Yunis, 1984a).
1.1.2.1

Chromosome changes in ANLL with llq 2 3
in v o lv em en t

Structural alterations to the long arm of chromosome 11
have been reported in ANLL and account for approximately 4% of
all cases (Vermaelen et al., 1983). The alterations are in the form
of translocations or deletions and are found to be particularly
common in the M5 subgroup (Berger et al., 1982).
Such
alteratio n s are observed m ost frequently in the poorly
differentiated or m onoblastic leukaem ia (M5a), especially in
children, and to a lesser extent in the more mature monocytic
(M5b) leukaemia (FIWCL, 1984).
Studies have shown that
re a rra n g e m e n ts
in v o lv in g
I lq 2 3 - q 2 4
are
p re s e n t
in
approximately 28% of M5-ANLL cases (Berger et al., 1982). The
breakpoint in l l q usually involves band Ilq23-q24, but can also
occur in Ilq l3 - q l4 .
Abnormalities involving l l q are associated
with a poor prognosis (Keating et al., 1987).
The most common alteration of llq 2 3 is in the form of
translocations, although deletions have been reported.
The other
chromosome involved in the translocation is variable, and the
most common appears to be chromosome 9 at the p22 region. The
t(9;ll)(p22;q23) has been associated with ANLL-M5 (Hagemeijer
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et al., 1982) and a poor prognosis (Bloomfield and de la Chapelle,
1987). The nature of the cells carrying this translocation appears
restricted to monocytes and monoblasts only and do not occur in
granulocytes or erythroblasts (Berger et al., 1980). At the Fourth
International Workshop, approximately 22% of patients with l l q
abnorm ality were reported to have the t(9 ;l I)(p22;q23).
In
addition to t(9; 11 )(p22;q23), other reciprocal translocations
in v o lv in g
ch ro m o so m e
11
in c lu d e
t( 11; 19 )(q 2 3 ;p 13),
t(6; 11 )(q27 ;q23), t( l 1; 17)(q23;q25), which are also m ainly
associated with ANLL-M5, but also reported in ANLL-M2 or M4
with better prognosis (Yunis, 1984a). The different translocations
are depicted in figure 4.
The m o lecu lar co nsequences
of the v ario u s
llq
rearrangem ents in ANLL are unknown, though the cellular
oncogene c-ets-1, has been mapped to Ilq 2 3 -q 2 4 and has
generated great interest in this respect.
The translocation of cets-l from llq 2 3 to 9p has been demonstrated (Diaz et al., 1986),
but its effect on leukaemogenesis has yet to be proven.
1.1.2.2

Other chromosomal rearrangements in ANLL

A part from 11 q23
involvem ent, a num ber of other
chrom osom al alterations have been associated with specific
subgroups of ANLL.
The t(8;21)(q22;q22) translocation has been described in
ANLL and was first identified in 1973 (Rowley, 1973b). The vast
majority of t(8;21) cases occur in the FAB M2 group (Mitelman,
1985). The t(8;21)(q22;q22) is the single most common structural
rearrangement reported in ANLL and at the Fourth Workshop was
found in 15% of all M2 patients. Several variants of the standard
t(8;21) translocation have been reported, some involving only
8q22 and others only 21q22 (Heim and Mitelman, 1987). It is
thus not clear whether the change in 21q22 or in 8q22 is the
more important in regular
t(8;21)-associated leukaem ia. The
presence of the t(8;21) in ANLL has been associated with a better
prognosis with improved rem ission rate and longer survival
(Bloomfield and de la Chapelle, 1987). The molecular mechanisms
in this translocation are not known though the presence of cellular
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oncogenes in the affected region of 8q and 21q has been
documented.
The c-ets-2 oncogene which maps to 21q22, is
translocated to chromosome 8 (Sacchi et al., 1986), but it is not
known if it participates in the pathogenic process.
The t( 15; 17) translocation was characterised in 1977 by
Rowley and coworkers and has been associated with ANLL-M3 or
acute prom yelocytic leukaem ia (APL).
This disease is
characterised by promyelocytic infiltration of the bone marrow,
hypofibrinogenaemia and bleeding tendency.
It was reported at
the Fourth Workshop to be present in 70% of APL patients and
has not been found in patients with any other type of leukaemia
or any solid tum ours.
The precise breakpoints of this
translocation have been controversial though recently with the
use of elongated chromosomes, the rearrangem ent has been
defined as t(15;17)(q22;q21) (FIWCL, 1984). The presence of the
t( 15; 17) translocation has been associated with an intermediate
prognosis (Keating et al., 1987) and both the t(8;21) translocation
and t( 15; 17) translocation are more commonly associated with
younger patients (Bloomfield and de la Chapelle, 1987).
The
t(15; 17) translocation has been studied at the molecular level and
the breakpoint on chromosome 17 been shown to cluster in a
region that corresponds to the 5' end of the retinoic acid receptor
alpha gene (Borrow et al., 1990).
Another cytogenetic abnormality associated with ANLL was
first reported by Arthur and Bloomfield (1983) where patients
w ith m yelom onocytic (M 4) leukaem ia show ed stru ctu ral
alterations to chromosome 16 at position q22. These patients are
characterised by the presence of abnorm al and increased
eosinophils and often show lymphadenopathy, hepatomegaly and
CNS involvement (Holmes et al., 1985). The more common form of
structural rearrangment involving 16q22 is the inv(16)(pl3q22)
which accounts for approximately 20% of patients with M4
(Larson et al., 1986).
Clinically the patients with inv(16) have
been associated with a good response to induction chemotherapy
and some groups have concluded that the abnormality represents
a favourable prognosis (Larson et al., 1986).
The molecular
mechanism involved in rearrangements of 16q22 which lead to
leukaemogenesis is not certain.
The metallothionein multigene

38

family which was previously localised to this region and thought
to be involved in the rearrangement, has been mapped more
proximally to the 16ql3-q22 region using high resolution in situ
hybridisation (Sutherland et al., 1989).
The association of this
gene family with the disease remains uncertain.
The t(6;9)(p23;q34) has also been described in ANLL
(FIWCL, 1984).
This translocation has been associated with an
increased proportion of basophilic cells in the bone marrow of
patients (Pearson et al., 1985). It is a relatively rare abnormality
and is an indication of poor prognosis (Rowley, 1984).
t(6;9)
associated leukaem ia does not appear to be lim ited to any
particular ANLL subgroup though it has been primarily described
in cases of M2 and M4 ANLL (Sandberg, 1990). Although the
breakpoint on chromosome 9 is in the same band as the t(9;22)
translocation in CML, it has been demonstrated to be different at
the molecular level occuring approximately 360kb telomeric of
the c-abl gene (von-Lindern et al., 1990).
The various translocations described in ANLL are being
investigated at the molecular level in an attempt to understand
the process of leukaemogenesis.
Table 3 lists the different
chrom osom al rearrangem ents and th eir asso ciated ANLL
subtypes.
1.1.3

LYMPHOMAS

Lymphomas can be divided broadly into Hodgkin’s disease
(HD) and non-Hodgkin’s lymphoma (NHL).
The aetiology and
pathogenesis of these two groups and their relationship to each
other are still incompletely understood. HD is considered to be
distinct from the other lymphomas (broadly termed NHL) and its
cell of origin is not clear. Some believe it to be the B lymphocyte
(Taylor et al., 1979) and others have suggested a phagocytic origin
for the Reed-Sternberg cell (Kadin et al., 1978). NHLs, in contrast,
are almost always lymphocytic tumours, usually of B cell origin.
Both H odgkin’s and non-H odgkin’s disease can be further
subclassified according to histopathologic findings.
Chromosomal abnorm alities have been detected in this
group of disorders, with rearrangements at chromosome 14 band
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Table 3: Structural chromosomal abnormalities in ANLL
REARRANGEMENT

HAEMATOLOGIC SUBTYPE

t(9 ;l I)(p22 ;q 2 3 )

M5, mostly M5a

t(6 ;ll)(q 2 7 ;q 2 3 )

M5, mostly M5a

t( l 1; 1 9 )(q 2 3 ;p l3 )

M5, mostly M5a

t( l 1; 17)(q23;q25)

M5

t(8;21)(q22;q22)

M2

t(15; 1 7 )(q 2 2 ;q l 1-12)

M3

in v (1 6 )(p l3 q 2 2 )
t( 16; 16)(p 13 ;q22)
d el(1 6 q 2 2 )

M4 with eosinophilia

t(6;9)(p23;q34)

M2 and M4 with basophilia

q32 occuring most frequently and accounting for approximately
35% of cases (Cabanillas et al., 1988).
Rearrangements to
chromosome 11 band q23 have also been observed in HD and is
one of the more common chromosomal regions associated with
this disease.
It is often found involved in translocation with
chromosome 14 at band q32. The frequency of rearrangement of
chromosome 11 at q21-q23 varies widely in different studies, and
is reported to be 26% (Cabanillas et al., 1988) and 5% of HD with
cytogenetic abnormality (Bloomfield et al., 1983). Involvement of
the Ilq21-q23 region is usually found in HD of B-cell type
(Bloomfield et al., 1983). The frequent presence of structural
abnormalities involving band llq 2 3 is a feature that seems to set
HD apart from the other lymphomas.
The meaning of this
abnormality is not yet clear.
Consistent cytogenetic abnormalities have been reported in
NHL, some of which can be correlated with specific subgroups.
Most of the breakpoints occur at chromosomal regions to which
fragile sites and oncogenes have previously been mapped (Yunis
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et al., 1984b; Chaganti and Koduru, 1987).
The three most
common translocations in NHL are the t(14;18)(q21;q32) found in
approxim ately 80% of follicular lymphomas, t(8;14)(q24;q32)
found in immunoblastic and small non-cleaved (both non-Burkitt’s
and Burkitt type) lymphoma (Koduru et al., 1987), and the
t( 11; 14 )(q l 3;q32) found in sm all-cell lym phocytic lymphom a
(Yunis et al., 1984b). The q23 region of chromosome 11 does not
appear to be frequently involved in NHL, though a few cases have
been reported (Chaganti and Koduru, 1987).
1.1.4

MYELODYSPLASTIC SYNDROMES

Abnormalities of chromosome 11 at q23 have been reported
in cases of myelodysplastic syndromes (MDS).
MDS include a
group of relatively ill-defined neoplastic disorders that affect
m ainly elderly people and are characterised by m arrow
dysfunction caused by defects of the haematopoietic cells. MDS
share many features with the ANLLs and approximately 20-40%
of the patients eventually develop a picture of full-blown acute
myeloid or myelomonocytic leukaemia.
The major haematologic
findings in MDS are cytopenia with an increase in immature
haematopoietic cells and dysplasia of the bone marrow and/or
blood cells. The patients are almost always anaemic (Heim and
Mitelman, 1987).
MDS has been divided into subgroups by the FAB
Cooperative group (Bennett et al., 1982) on the basis of
haematological findings.
The five groups include: Refractory
anaemia without excess of blasts (RAWEB), refractory anaemia
with ringed sideroblasts (RARS), chronic m yelom onocytic
leukaemia (CMML), refractory anaemia with excess of blasts
(RAEB) and refractory anaem ia with excess of blasts in
transformation (RAEBT).
Aberrations of the long arm of chromosome 11 have been
docum ented as non-random chrom osom al changes in MDS,
particularly in the RAEB (Musilova et al., 1989) and the RARS
subgroups (Heim and Mitelman, 1987).
Structural abnormalities
of l l q occur in approxim ately 13.8% of all chrom osom ally
abnormal MDS patients (Musilova et al., 1989) and approximately
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20% of all chromosomally abnormal RARS patients (Heim and
Mitelman, 1987).
Rearrangements in the form of both deletions
and translocations have been recorded and the breakpoints on
l l q have mainly been localised to band q23, q22 and q l4
(Ohyashiki et al., 1986; Musilova et al., 1989). Other chromosomal
aberrations associated with MDS include deletion of the long arm
of chromosome 5 (5q-), monosomy 7 (-7) and trisomy 8 (+8), all of
which are also frequent findings in ANLL. Of these abnormalities
the association between 5q- and MDS, in particular RAWEB, is by
far the most consistent (Heim and Mitelman, 1987). None of the
chromosomal abnormalities are completely specific for any of the
MDS subgroups and the frequency with which they are seen
varies considerably between the different categories.
The effects
of the chromosomal rearrangements on the pathogenecity of the
disease is not known. Studies have indicated that the presence of
cytogenetic abnormalities in the bone marrow of MDS patients are
usually associated with a poor prognosis and a greater risk of
developing leukaemia.
Patients with normal karyotypes usually
have a better prognosis (Yunis et al., 1986).
1.1.5

EWINGS SARCOMA

Ewing’s sarcoma (ES) is a small round cell tumour of bone
found in children and is the second most frequent bone tumour in
humans. The cell of origin involved in this tumour is not clear but
is speculated to be of the neuroectoderm lineage. ES is another
neoplasm associated with rearrangements of chromosome 11 and
the t(lI;2 2 )(q 2 4 ;q l2 ) is characteristic of this tumour (WhangPeng et al., 1986). This specific translocation is also observed in
neuroepithelioma (NE), which is a neuroectodermal tumour.
The
presence of surface antigens of neuroectodermal lineage on ES
cells has suggested that both ES and NE may have an
evolutionarily related origin (Lipinski et al., 1986). An identical
t( 11 ;22) translocation has also been reported in Askin tumour
(Whang-Peng et al., 1986), a malignancy of the thoracopulmonary
region and likely to be a neuroepithelioma of the chest wall.
The effect of the t( 11 ;22) on the pathogenesis of the disease
is not clear. Studies are being done to map and characterise the
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breakpoint region on both chromosomes 11 and 22.
The
breakpoint on chromosome 11 in ES is different to the breakpoint
found in the acute leukaemias already mentioned and has been
positioned more distally on chromosome 11 (Griffin et al., 1986).
This is based on the observation that the c-ets-l oncogene on
chromosome 11 at q23 is located between these two breakpoints
(Sacchi et al., 1986; Griffin et al., 1986). Rearrangement studies of
other genes located in this region of chromosome 11 including the
gene that codes for the neural cell adhesion molecule have been
perform ed, but none of the genes have so far been found
rearranged in cases of ES (Conesa et al., 1988). On chromosome
22, the genes for the c-sis oncogene and the human leukaemia
inhibitory factor (LIF) have been mapped to 22ql3 and 2 2 q ll12.2 respectively (van Kessel et al., 1985; Budarf et al., 1989a).
Both are distal to the ES breakpoint on chromosome 22 and are
thus translocated onto the derivative 11 chromosome, but analysis
suggests they are not directly affected by the breakpoint (Budarf
et al., 1989a).
In addition the ES-associated breakpoint on
chromosome 22 is distal to those observed in t(8;22) positive BL
and in Ph chromosome positive CML (van Kessel et al., 1985).
Apart from the ES t( ll;2 2 ), a recurrent, constitutional
translocation t( 11 ;22)(q23 ;q l 1), cytologically indistinguishable
from the ES translocation has been reported (Zackai and Emanuel,
1980).
This is the most common reciprocal constitutional
translocation in humans and balanced carriers are phenotypically
normal and at no apparent increased risk for neoplasia.
The
translocation is usually detected after the birth of phenotypically
abnormal progeny who carry the derivative chromosome 22 as a
supernumerary chromosome.
The position of the t(ll;2 2 )[C o ]
translocation breakpoints have been distinguished from that of
the ES translocation by mapping of the c-ets-l oncogene and
im m unoglobulin X light chain-constant region genes by in situ
hybridisation in both cases (G riffin et al., 1986).
Such
translocations have been useful in the mapping of genes in this
region in relation to the breakpoints and thus positioning of the
breakpoints relative to each other.
Cell lines of these different
translocations have been derived and used in this way.
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1. 1.6

MAMMARY CARCINOMAS

Cytogenetic abnormalities of the Ilq 2 3 -q 2 4 region have
also been observed in some cases of primary breast cancer (Ferti
et al., 1989). The ql3 region of chromosome 11 is also associated
with breast cancer. It is the site of the in t-2 gene which is the
hum an hom ologue of the m ouse mammary tum our virus
integration site and is implicated in the genesis of mammary
carcinomas (Casey et al., 1986).
1.1.7

FRAGILE SITE AT llq23

Fragile sites are defined as specific points or loci on
chromosomes which have a tendency to form chromosome and
chromatid gaps. There are two main groups of fragile sites, the
heritable and the common or constitutive fragile sites. Heritable
fragile sites are rare and their expression can be induced in
culture under specific conditions; they are inherited in a
Mendelian codominant fashion. The common fragile sites on the
other hand are frequent and may be caused by environmental
factors such as chemicals, radiation or viruses. Heritable fragile
sites can be divided into three main subgroups depending upon
the culture conditions necessary for their expression. The precise
mechanism of fragile site formation is not yet known, though a
number of hypotheses have been put forward (Chaudhuri, 1972;
Goulian et al., 1980) and it seems likely that the process takes
place during DNA synthesis.
Ilq23 is the position of a rare, folate-sensitive fragile site
localised near the distal end of band llq23.3. The site is referred
to as fra(ll)(q 2 3 ) (Sutherland et al., 1983).
A total of about
forty-five different fragile sites have been mapped in the human
genome and some, like the llq 2 3 fragile site, have been
positioned at sites involved in chromosomal rearrangements in
neoplasia. This observation has lead to the suggestion that fragile
sites act as a predisposing factor in the development of human
tumours (Hecht and Sutherland, 1984), though the exact nature of
the relationship at the DNA level remains obscure. There is as yet
no information on the identity and function of genes located at the
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fragile sites. There have been speculations about the relationship
of the fra(ll)(q23) to the ES breakpoint on chromosome 11. This
has been resolved to a certain extent by the demonstration that
the c-ets-l oncogene lies distal to fra(ll)(q 2 3 ) and since it is
known to lie proximal to the ES breakpoint, it separates the two
loci.
Thus it appears that the fragile site and the chromosomal
breakpoint in ES do not coincide (Simmers and Sutherland, 1988).
The presence of fra(ll)(q23) has yet to be demonstrated to play a
role in the llq 2 3 rearrangements observed in the variety of
neoplasia showing the rearrangements.
Figure 6 depicts the llq 2 3 region with its associated
chromosomal rearrangements and malignancies mentioned in the
preceeding sections.

1 .2

MAPPING INFORMATION ON CHROMOSOME Ila23

The cytogenetic involvement of chromosome 11 band q23 in
a variety of haematopoietic malignancies and other tumours has
made this region of the genome a target for study. In order to
understand the exact reason for m alignancy associated with
llq 2 3 alteration, it is necessary to define precisely the nature and
position of the abnormality in molecular terms and identify the
gene or genes involved in the rearrangements.
To achieve this
aim, the overall construction of a map of this region is of great
importance. This involves the localisation of genes or anonymous
DNA sequences to llq 2 3 and further sublocalisations within this
region. It also involves the positioning of such loci both in relation
to each other and in relation to observed markers such as
cytogenetic abnormalities of llq 2 3 and fragile sites.
A significant number of genes and anonym ous DNA
sequences have been localised to the long arm of chromosome 11.
134 such loci have been documented on llq , with 18 functional
genes and 24 anonymous DNA sequences mapped specifically to
Ilq22-q23 (Junien and McBride, 1989; Junien and van Heyningen,
1990). A number of maps of the llq 2 3 region, both physical and
genetic, have been published.
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1.2.1

GENES LOCALISED TO Ilq22-q23

Of the genes localised to Ilq22-q23 some are now well
characterised and others have been more recently mapped.
Two
oncogenes have been localised to this region and a number of
genes that belong to the immunoglobulin supergene family have
also been mapped to Ilq22-q23, giving rise to the speculation
that llq 2 3 may be a chromosomal segment where extensive
duplication of im m unoglobulin superfam ily genes occurred
(Williams, 1987). A region of chromosome 9 in the mouse genome
is homologous to the Ilq22-q23 region in humans (Kingsley et al.,
1989).
1.2.1.1

c-ets-l oncogene

The presence of the c-ets-l oncogene at llq 2 3 has lead to
the suggestion of its involvement in the leukaemic translocations
of this region. It is a homologue of the transforming gene of the
avian
ery th ro b la sto sis
virus E26, w hich
ind u ces
both
m yeloblastosis and erythroblastosis in vivo and transform s
erythroblasts and myeloblasts in vitro (Radke et al., 1982). E26 is
quite exceptional in that it contains elements of two oncogenes,
m yb and e t s , linked to the viral gag-gene. This is in contrast to
the avian myeloblastosis virus that contains only myb and induces
myeloblastosis only. The human ets oncogene is closely related to
its viral counterpart (Watson et al., 1985), and the strong
evolutionary conservation suggests that this gene performs an
important cellular function.
The ets oncogene in the human
genome has been localised to two different regions, c - e t s - l ,
localised by in situ hybridisation studies to chromosome llq 2 3
(de Taisne et al., 1984), and c-ets-2, which maps to chromosome
21q22.3 (Watson et al., 1985).
Both loci are transcriptionally
active and are discontiguous except for a small region of overlap.
Another gene related to the ets oncogene, the erg gene, has also
been localised to chromosome 21q22.3 with the c-ets-2 gene
(Watson et al., 1988). The c-ets-l oncogene which encodes a
single messenger RNA (mRNA) of 6.8kb, is highly expressed in
lymphoid cells and codes for a nuclear DNA binding protein
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(Ghysdael et al., 1986). This gene has been mapped distal to both
the leukaemic t(4; 11) and t(9; 11) due to its observed translocation
in both cases (Sacchi et al., 1986; Diaz et al., 1986).
No
rearrangement of this gene has yet been reported in leukaemic
translocations of llq 2 3 .
1.2.1.2

T hv-1

The Thy-1 gene codes for a cell surface differentiation
marker and was first demonstrated in mouse brain and thymus
(Reif and Allen, 1964). It has since been described in a variety of
other species, including man. The expression of the Thy-1 antigen
varies in different species, but it is always found expressed by
neuronal cells suggesting a crucial role in the functioning of the
brain (Williams and Gagnon, 1982). The function of the Thy-1
antigen is not clear, though it is speculated to play a role in
synapse formation. Thy-1 is a glycoprotein of molecular weight
25,000 with sequence homology with the im m unoglobulins
(Campbell et al., 1981). It has an intron-exon structure analogous
to the immunoglobulin supergene family (Seki et al., 1985), and is
thus considered part of this group. In man, unlike in the mouse,
Thy-1 is not expressed on T-cells and thus does not represent one
of the component chains of the CD3 complex (Seki et al., 1985).
The Thy-1 gene has been mapped to the long arm of chromosome
11 band q23 both by somatic cell hybridisation and in situ
hybridisation studies (Van Rijs et al., 1985).
1.2.1.3

CD3 complex

CD3D, CD3G and CD3E are surface polypeptides of the CD3
protein complex which makes up part of the T-cell antigen
receptor complex (Van den Elsen et al., 1984; Gold et al., 1986).
These polypeptides share significant sequence and structural
homology with each other and are considered to be part of the
immunoglobulin supergene family as their nucleotide sequences
have homology and their extracellular domains can adopt an
immunoglobulin fold. It is likely that the CD3 proteins and the
im m unoglobulins are both derived from a common ancestor
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(Williams and Barclay, 1988). The CD3D and G chains have greater
sequence and structural homology with other members of the
immunoglobulin superfamily.
The CD3E chain shows a less
striking sim ilarity to the
immunoglobulins and has a greater
homology with the neural cell adhesion molecule (Gold et al.,
1987a). The CD3D, G and E genes have been mapped to band q23
of human chromosome 11 and to a syngeneic position on mouse
chromosome 9 by somatic cell hybrid and chromosomal in situ
hybridisation studies (Gold et al., 1987b). Molecular studies have
shown that the three genes lie within a 50kb stretch of DNA.
CD3D and G are very close, within 1.6kb of each other and are
transcribed in opposite directions. CD3E lies approximately 22kb
away from CD3D and is transcribed in the same direction as CD3G
(Tunnacliffe et al., 1988). The genes are arranged such that CD3E
is centromeric and CD3G telomeric, with CD3D positioned in
between. This genomic arrangement may have some implications
for the expression of the CD3 genes as all three genes have a
similar pattern of expression, and are thought to be activated
simultaneously.
Several studies have shown that expression of
the CD3 genes is an early event in thymocyte differentiation,
occuring either before orsoon after the prothymocyte enters the
thymus (Krissansen et al., 1986). The close linkage of the CD3
genes probably reflects their evolutionary pattern and all three
genes are thought to have a common ancestor, with CD3E arising
by duplication and divergence at an earlier stage compared to
CD3D and G (Gold et al., 1987a). The CD3 genes have been mapped
proximal to the breakpoint of the leukaemic t(4; 11) translocation
(Gold et al., 1987b).
1.2.1.4

c-cbl oncogene

The c-cbl oncogene has been recognised and characterised
relatively recently (Langdon et al., 1989a). It was first isolated
from the Cas NS-1 acutely transforming murine retrovirus which
induces mainly early B-lineage lymphomas and loccasional
myeloid leukaemias in mice.
This retrovirus is generated from
the ectropic Cas-Br-M virus by sequential recombinations with
endogenous retroviral sequences and the cellular oncogene, c-cbl
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(Langdon et al., 1989a). The c-cbl oncogene has been mapped to
mouse chromosome 9 closely linked to Thy-1 and c - e t s - l y
(Regnier et al., 1989) and to the homologous region in humans on
chromosome 11 localised to the q23.3-qter region (Junien and
McBride, 1989). The c-cbl oncogene shows no sequence homology
with known oncogenes and has no detectable kinase activity
(Langdon et al., 1989a). The predominant transcriptional product
observed in a range of murine and human haemopoietic tumour
cell lines is an llk b c-cbl mRNA and a less abundant 3.5 kb
transcript found in some murine tumour lines. In mice, significant
c -cbl mRNA levels are found mainly in the testis and thymus
tissu e s
(L angdon
et
al.,
1989b).
The
tra n sla tio n a l
product of c-cbl appears to be a 135 kilodalton nuclear protein,
the function of which is yet to be elucidated. It is interesting to
note that v - c b l and v - a b l both induce tum ours that are
histologically and phenotypically sim ilar.
The tumours are
classified as lymphoblastic lymphomas and in the majority of
cases they exhibit the same pre-B cell phenotype.
1.2.1.5

Neural cell adhesion molecule

The neural cell adhesion molecule (NCAM) has been mapped
to band q23 of chromosome 11 in humans by in situ hybridisation
with metaphase chromosomes (Nguyen et al., 1986) and to the
homologous region of chromosome 9 in mice. NCAM is a cell
surface glycoprotein that appears on early embryonic cells and is
later expressed by neurones and several other cell types such as
skeletal muscle. It has been postulated to play a major role in
neural tissue morphogenesis and nerve fibre pattern formation
due to its specific cell-binding activity and its direct involvement
in a variety of adhesion processes essential for neuronal
development (McClain and Edelman, 1982). NCAM is conserved
through evolution and has been identified in a wide variety of
species. This molecule is expressed as at least three polypeptide
chains, specified by a single gene and derived by alternative
splicing and polyadenylation-site selection during RNA processing
(Owens et al., 1987).
The different protein isoform s are
selectively expressed by different cell types and at different
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stages of development.
This differential splicing mechanism has
been described in a variety of other species including chicken and
mouse (Barbas et al., 1988). NCAM shares many features with
im m unoglobulins and is a member of the im m unoglobulin
superfamily.
Its amino acid sequence reveals four contiguous
segments, all homologous to each other and to immunoglobulin
domains (Hemperly et al., 1986).
Several observations suggest
that the NCAM gene diverged from the p recu rso r of
im m unoglobulin genes before the divergence of variable and
constant regions from each other, as the NCAM homology regions
have characteristics of both variable and constant regions.
1.2.1.6

Porphobilinogen

deaminase

The gene for the porphobilinogen deaminase (PBGD) enzyme
has been cloned and m apped to the llq 2 3 -q te r region
(Giampietro et al., 1982). This gene has been mapped relative to
some of the leukaemic breakpoints and other genes located at this
region of chromosome 11 and found to lie distal to the breakpoint
of the t(4; 11) translocation (Wei et al., 1990). The PBGD gene is
split into 15 exons and spreads over 10 kilobases of DNA (Chretien
et al., 1988).
This enzyme catalyses the third step in the
biosynthetic pathway of haem and a deficiency causes acute
interm ittent porphyria, which is inherited as an autosom al
dominant trait (Kappas et al., 1983).
Affected individuals show
half the normal activity of the enzyme in different tissues and
most heterozygotes are clinically latent (Kappas et al., 1983).
Severe clinical symptoms can be induced in heterozygotes by a
num ber
of d iffe re n t
e n v iro n m e n tal
facto rs
and
th u s,
presymptomatic carrier detection is clinically important.
This is
achieved both by testing the PBGD activity in red blood cells and
by restriction fragment length polymorphism (RFLP) studies in
families (Lee et al., 1990). Two isoforms of the PBGD enzyme have
been recognised with differential expression and are thought to
arise by alternative transcription and splicing of the gene
(Chretien et al., 1988). The first mRNA is active in all tissues and
its promoter has some of the structural features of a housekeeping
promoter; the second is active only in erythroid cells and its
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promoter displays structural homologies with the P-globin gene
promoters (Chretien et al., 1988). An interesting observation by
Lahav et al. (1987) is an increase in PBGD activity in the
p e rip h e ra l
ly m p h o c y te s
of
p a tie n ts
w ith
m a lig n a n t
ly m p h o p ro liferativ e disease such as chronic lym phocytic
leukaemia and lymphoma as compared to normal controls and
patients with other forms of malignancies. Patients in remission
have normal enzyme activity and the authors have suggested that
lymphocyte PBGD determination may be of value in determining
termination and reinitiation of drug treatment.
1.2.1.7

Dopamine D2 receptor

The gene for
the dopamine D 2 receptor has
recently been
cloned (Bunzow et
al., 1988) and mapped near the Ilq22-q23
border both by somatic cell hybridisation and in situ hybridisation
studies (HGM 10, 1989).
The D 2 dopamine receptor has been
implicated in the pathophysiology and treatment of movement
disorders, schizophrenia and drug addiction, and is thus an
appealing candidate
for the study of neuropsychiatric disorders.
This gene has been closely linked to an anonymous DNA sequence
at llq 2 3 (HGM10, 1989) and could be of value for linkage studies
of neuropsychiatric disorders.
1.2.1.8

Progesterone

receptor

The human progesterone receptor (PGR) gene had initially
been mapped to chromosome 11 by direct molecular hybridisation
on flow sorted chromosomes; this localised the gene to a
chromosome peak containing chromosomes 9, 10, 11 and 12. A
further sorting of chromosomes from a cell line containing a
translocation derivative chromosome 11 allowed the eventual
mapping of the PGR gene to the l l q l l - l l q t e r region (RousseauMerck et al., 1987a). In situ hybridisation utilising cDNA probes
for the PGR gene localised it to Ilq22-q23 (Rousseau-Merck et al.,
1987b).
The PGR gene and genes for other steroid hormone
receptors are found to be homologous to the v - e r b A oncogene
(Loosfelt et al., 1986) and, being members of a large multigene
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family of nuclear receptors which act as cell differentiation
factors, may potentially act as oncogenes. A significant amount of
oestrogen receptors have been found in a large number of breast
tumours and the role of progesterone and oestrogen receptors in
the occurence and growth of breast cancer and other cancers is
being extensively studied.
1.2.1.9

Strom elvsin

The genes for the stromelysin (STMY) and collagenase (CLG)
enzymes have recently been mapped to chromosome 11 at bands
q22.3-q23 and Ilq21-q22.1 respectively using somatic cell
hybrids and in situ hybridisation techniques (Spurr et al., 1988).
A related gene to stromelysin, called stromelysin 2 has also been
localised to the Ilq22.3-q23 region by in situ h ybridisation
studies (Jung et al., 1990). These enzymes are metalloproteinases
made predominantly by connective tissue cells and which are
capable of degrading all the major components of the extracellular
matrix.
For this reason, control of STMY and CLG activity is
thought to be important for connective tissue integrity.
Amino
acid sequence analysis has shown that the two enzymes are
closely related (Whitham et al., 1986).
The presence of these
enzymes could be important in the invasive nature of tumours
and are present in a higher concentration in transformed cells
than in normal cells.
1.2.1.10

Apolipoprotein A -l

Other genes mapped to the q23 region of chromosome 11
are those that code for the apolipoproteins A -l, C-3 and A-4
which are members of the high density lipoproteins, with APOA1
being the major component. The APOA1 gene has been mapped
by in situ hybridisation studies to llq 2 3 -q te r (Breslow et al.,
1982).
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1.2.1.11

ocB-crvstallin

The gene that codes for the aB -crystallin lens protein has
recently been localised to the q23 region of chromosome 11. It is
a member of a group of water-soluble structural proteins found in
the lens, and thought to be involved in the establishment and
m aintenance of the transparency and the refractive index
gradient of the lens. The aB-crystallin gene has been mapped to
Ilq22-q23 by the utilisation of somatic cell hybrids containing
translocated and deleted forms of chromosome 11 (Brakenhoff et
al., 1990)
1.2.1.12

Diseases mapped to llq 2 3 by linkage analysis

In addition to the genes and the various leukaem ias
discussed, two other diseases have been associated with llq 2 3 ,
namely ataxia telangiectasia (ATA) and tuberous sclerosis (TS).
These diseases have been mapped to the llq 2 3 region by genetic
linkage studies.
ATA is an autosom al recessive disorder of childhood
characterised mainly by disorders of the nervous system, an
increased risk of cancer including lymphocytic leukaemia and
n o n -H o d g k in s
ly m p h o m a
(H e ch t
and
H ec h t,
1 9 9 0 ),
im m u n o d e f ic ie n c ie s
an d
n o n - ra n d o m
c h ro m o s o m a l
rearrangements in lymphocytes. A defect in a DNA processing or
repair protein is thought to be the cause of this disease (Hanawalt
and Painter, 1985). It has also been suggested that a defect in the
regulation of the immunoglobulin supergene family leads to the
clinical manifestations of ATA (Peterson and Funkhouser, 1989).
At least four different complementation groups of ATA have been
described which are clinically indistinguishable and are assumed
to represent distinct ATA genes.
A large genetic linkage study
performed on families with ATA-affected members first revealed
a linkage of this disease to the Thy-1 gene and an anonymous
probe D11S144 already mapped to the llq 2 3 region; this has lead
to the localisation of a gene for ATA to Ilq22-q23 (Gatti et al.,
1988). The Thy-1 gene itself is not thought to be responsible for
ATA (Peterson and Funkhouser, 1989) and a more recent detailed
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map of the llq 2 3 region has localised the ATA gene centromeric
to Thy-1 and D11S144 (Wei et al., 1990). An independent study
has positioned the gene for ATA to a 5cM region flanked by
NCAM/DRD2 on one side and STMY on the other (McConville et al.,
1990).
Tuberous sclerosis (TS) is a disease characterised by
hamartomas mainly in the skin, brain and kidneys (Gomez, 1988).
These represent developm ental abnorm alities characterised by
abnormal cell or tissue arrangement and abnormal function. TS is
an autosomal dominant disorder and a large percentage of cases
are thought to represent new m utations.
The population
frequency of this disorder is estimated at 1 in 10,000. There are
conflicting results as to the localisation of the TS gene, with one
group tentatively mapping the gene to chromosome 9 at q34
based on a linkage observed with the ABO blood group at this
position (Fryer et al., 1987). The TS gene has also been localised
to the Ilq l4 -q 2 3 region (Smith et al., 1990) by genetic linkage
studies on a number of TS families showing a linkage with the
tyrosinase gene mapped to llq 2 1 and to D11S144 at llq 2 3 .
A
recen t study com bining m u ltip o in t inkage analysis and
heterogeneity tests supports the hypothesis that two separate loci
independently cause the disease; one locus (TS1) maps to 9q34
and the second locus (TS2) maps to llq 2 3 (Janssen et al., 1990).
It is interesting that the TS gene has been localised near the
tyrosinase gene, in view of the abnormal pigmentation observed
in this disease and the involvement of the tyrosinase enzyme in
the melanin forming pathway.

1.2.2

METHODS OF MAPPING

There are basically two methods of mapping, giving rise to
the genetic map and the physical map. The genetic map is based
on linkage analysis, which involves finding a polym orphic
restriction enzyme digestion site within a specific genomic area
and the typing
of many large families with the polymorphic
probe/enzyme combination. By repeating this exercise with other
polymorphic markers, markers in a region are eventually linked
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to one another and the physical distance estimated from the
percentage of recombination between them.
Linkage maps use
the centimorgan unit (cM) as a measure and the unit correlates
with the frequency of recombination up to a limit. A map unit of
lcM corresponds to an observation of recombination in 1% of the
gametes in the sample studied, up to a lim it of about 5%
recombination.
lcM is approximately equal to lOOOkb of DNA.
Physical mapping involves the direct localisation of genes or
anonymous DNA sequences to a specific chromosome and subregions of the chromosome and maps are built by linking such
probes onto the same piece of DNA sequence.
This involves a
variety of different techniques which are described below and the
eventual mapping of any region is based on a correlation of the
genetic and physical maps of that region.
Physical maps are generated usually at the cytogenetic or
molecular levels. Cytogenetic maps order loci with respect to the
v isib le banding p attern or rela tiv e p o sitio n along the
chromosomes, whereas maps at the molecular level characterise
tracts of DNA. Molecular maps are finer and more detailed with a
scale in the order of kilobases of DNA; cytogenetic and linkage
maps on the other hand operate on a much larger scale in
thousands of kilobases lor^ megabases. In order to bridge the gap
and enable the correlation between molecular maps and large
scale maps, it is necessary to study large pieces of DNA and travel
over long distances in the genome at a time. This has been made
possible by the development of techniques such as pulsed field gel
analysis and cloning of large pieces of DNA in cosmid and yeast
artificial chromosome vectors.
The human genome project has been established with an
aim to sequence the entire human genome which consists of 3 x
1 0 9 base pairs.
This requires the generation of overlapping
clones/probes along the chromosome and will be facilitated by the
techniques developed to study large regions of DNA at a time. A
recent proposal to enhance mapping of the human genome is the
generation of sequence-tagged sites (STSs) (Olson et al., 1989).
This involves defining cloned DNA sequences by a certain length
of its sequence, termed the STS, which can be generated by
construction of appropriate oligonucleotide prim ers.
Thus

56

molecular landmarks obtained by a variety of means can all be
‘translated’ to the common language of STSs.
1.2.2.1

Chromosome flow-sorting

Flow-sorting of chromosomes has been used as a means of
mapping the genome as it enables the separation of individual
metaphase chromosomes with a high degree of purity.
Once a
pure batch of a particular chromosom e is obtained, DNA
preparation and Southern analysis is performed to map probes of
interest. This is an alternative to using somatic cell hybrids and
has the advantage of non-interference of rodent background. The
slig h t disadvantage is the relativ ely large num bers of
chromosomes required for mapping purposes, though this can be
overcome to a certain extent by PCR analysis or dot blotting of
flow sorted chromosomes (Collard et al., 1985). Genes such as the
human proto-oncogenes c-ets-l and c-mos have been localised
using flow sorted chromosomes (de Taisne et al., 1984; Caubet et
al., 1985). Sub-localisation of genes can also be achieved by the
sorting of translocation derivative chromosomes (Collard et al.,
1985).
The ability to sort chromosomes also enables the
construction of libraries derived from a single chromosome. This
provides an enriched source of DNA for the isolation of
chromosome specific genes or probes, and is of great significance
both to the human genome mapping project and for the study and
diagnosis of genetic disease (Van Dilla et al., 1986).
Chromosomes are sorted with a fluorescence activated cell
sorter (FACS) on the basis of their size, measured by the amount
of DNA-binding fluorescent dye used to stain the chromosomes
during preparation. The metaphase chromosomes are analysed as
they flow singly through the laser beam of a flow cytometer. The
results of analysing several hundred thousand chromosomes are
accumulated and depicted in the form of a histogram or flow
karyotype (Figure 10, page 98).
This shows the number of
chromosomes versus fluorescence and is represented by a number
of peaks, where each peak is produced by chromosomes that
contain the same amount of DNA specific stain.
As a result,
chromosomes of very similar size are more difficult to sort and
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some chromosomes of the C-group i.e. chromosomes 9-12 cannot
be resolved well and are represented as one peak. This can be
resolved to a certain extent by utilising chromosomes prepared
from somatic cell hybrids specific for the chromosome of interest
(Langlois et al., 1982) or by making use of structurally abnormal
chromosomes such as translocations. The latter often results in a
chromosome of different size, represented by a separate peak
which can be sorted (Wirschubsky et al., 1984).
A means of achieving purer sorted chromosomes has been
made possible by the introduction of dual beam flow cytometry
(van den Engh et al., 1990).
Chromosomes are double-stained
with Hoechst 33258 and chromomycin A 3 which have binding
preference for DNA of different base compositions. The dyes are
each excited independently, and the resultant fluorescence values
are presented as correlated two-parameter analysis (Figure 30,
page 144). The Hoechst 33258 fluorescence and the chromomycin
A3 fluorescence can each be measured alm ost independently
(Gray et al., 1979), resulting in better discrimination among many
chromosomal types and hence higher sorting purity.
1.2.2.2

Somatic cell hybridisation

Somatic cell hybrids (SCHs) have been utilised extensively
for mapping purposes, localising genes to specific chromosomes
and regions of chromosomes. They provide an enrichment for the
human chromosome of interest and thus act as a pure source of
DNA. SCHs are constructed by the fusion of human and rodent
cells, creating hybrid somatic cells which proliferate under
se le c ta b le co n d itio n s
w ith p re fe re n tia l loss
of hum an
chromosomes during the process. This results in somatic hybrid
cells with few human chromosomes which can be further purified
for a single human chromosome by subcloning. SCH can also be
specific for a defined region of a chromosome by utilising cells
with chrom osom al abnorm alities such as translocations and
deletions.
Mapping with SCHs can be made even more precise by the
construction of radiation hybrids (RH) (Goss and Harris, 1975).
This involves the utilisation of high doses of X-ray on SCHs to
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break up the human chromosome of interest, which is then
recovered by fusion with rodent cells.
The end result is
generation of hybrid cells containing fragments of the original
chromosome. Such hybrids provide a valuable resource for highresolution mapping over short distances by physical linking of
probes and for the isolation of disease and other loci mapped
genetically.
The main disadvantage of this procedure is the
possibility of rearrangements which is undesirable for mapping
purposes though it has been demonstrated that human fragments
of less than 107 bP show no evidence for rearrangment (Benham
et al., 1989). A high resolution map of the proximal part of the
long arm of chromosome 21 has been generated using RH mapping
in conjunction with pulsed field gel electrophoresis (Cox et al.,
1990).
1.2.2.3

Pulsed field gel electrophoresis

Pulsed field gel electrophoresis (PFGE) is a technique
whereby large pieces of DNA, up to 5-10 Mb, can be separated on
a gel matrix. It enables the study of long regions of contiguous
DNA and the construction of physical maps. It provides a direct
measure of chromosomal distance and is a very useful technique
for the linking of probes, measuring distances between them and
ordering information. The development of PFGE has also made a
significant impact on mapping of the human genome. Due to its
resolution power, it helps to link information obtained at the
molecular level with that of the cytogenetic level or information
derived from genetic maps. These are of two different scales, the
former with a resolution of several hundred kb and the latter
measuring in thousands of kb. By bridging the gap between these
techniques a more complete picture of regional maps is possible.
PFGE is also very useful for the study of abnormalities in the
genome, such as translocations, as one is able to analyse a large
region around the abnormality. This technique can also be used to
generate probes in a specific region of interest by the utilisation of
preparative PFGE (Anand et al., 1988).
The PFGE system was first described in 1984 by Schwartz
and Cantor and is based on subjecting DNA molecules to an
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alternating electric field. When DNA molecules travelling in one
direction are subjected to an electric field from a different
direction, they reorient themselves along the new field and move
forward in the new direction.
Smaller molecules have a higher
mobility because they are able to turn corners and reorient more
quickly than larger ones. This is the basis of DNA separation,
though the process is not yet fully understood (Carle and Olson,
1984).
Over the years different modifications of PFGE systems
have been developed, each with its advantages and disadvantages.
Orthogonal field alternating gel electrophoresis (OFAGE) was
the first PFGE system to be described (Schwartz and Cantor, 1984)
and modifications to this system have since been developed (Carle
and Olson, 1984). In this system, DNA is subjected to alternately
pulsed, perpendicularly oriented fields, which can either be
uniform or non-uniform (Schwartz and Cantor, 1984; Carle and
Olson, 1984).
This system allows the separation of large
fragments up to 10 Mb, but has the disadvantage of curvature,
especially of the outer DNA lanes.
In contrast to the OFAGE system, the field inversion gel
electrophoresis (FIGE) system is based on a uniform electric field
(Carle et al., 1986). In this system the electric field is periodically
inverted, achieving a net forward movement by using a greater
part of the switching cycle for forward than for reverse migration
of DNA. This system produces much straighter lanes of DNA but
has a lower resolving power compared to the OFAGE system.
The contour clamped homogenous electric fields (CHEF)
system has been developed more recently.
It is hexagonal and
uses homogenous or uniform electric fields and also yields straight
tracks (Chu et al., 1986).
The W altzer system developed by
Southern and coworkers (Southern et al., 1987) is unique in that
the gel rotates through an obtuse angle at intervals in the
presence of a uniform electric field.
This system also yields
straight lanes with sharp bands.
In all the systems mentioned
above, the factors that affect resolution of DNA are the length of
the run, length of electric pulses and switching times, ionic
concentration of buffer used, voltage and percentage of gel.
DNA is digested with rare-cutting restriction enzymes to
obtain fragments large enough for PFGE analysis. These enzymes
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usually contain one or two CpG dinucleotides in their recognition
sequence.
CpG dinucleotides are underrepresented in the
m am m alian genome and are often found m ethylated which
increases stability (Brown and Bird, 1986).
Many rare-cutting
enzymes are sensitive to methylation and do not cut at sites that
are methylated.
Such partial digestion caused by methylation
allows for more extensive regions of DNA to be studied and partial
digests are often created intentionally to localise enzyme sites and
are useful for linking probes.
This phenomenon can also be a
disadvantage in rearrangement studies, where the presence of a
new band could be due either to the effect of the translocation (or
other abnormality being studied) or could be an artifact
of
m ethylation.
PFGE long range mapping has allowed the identification of
HTF islands.
These are large clusters of undermethylated CpG
dinucleotides that have been associated with the 5' end of some
genes (Bird, 1986). As most rare cutter enzymes are sensitive to
methylation, HTF islands are observed in PFGE long range maps as
a cluster of several different rare-cutter sites (Brown and Bird,
1986).
This may be a useful sign for the identification and
localisation of genes.
A combination of PFGE and other techniques that analyse
large sections of DNA such as the yeast artificial cloning technique,
will be very powerful for genetic analysis in general and for
human genome mapping in particular.
1.2.2.4

Polymerase chain reaction

The polymerase chain reaction (PCR) was developed in 1985
by Saiki and coworkers (Saiki et al., 1985). It is a technique that
amplifies specific sequences with remarkable efficiency, permiting
their rapid analysis and characterisation, even when the starting
amounts of material are extremely small.
It is a simple and
sensitive technique which has found a wide application in all
areas of molecular biology and human genetics.
The PCR technique depends on the availability of sequences
that flank the region of interest. Two synthetic oligonucleotides
are prepared using these flanking sequences, one complementary
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to each of the strands.
The DNA is denatured at a high
tem perature (95°C) and allowed to reanneal in the presence of a
large molar excess of the oligonucleotides.
These hybridise to
opposite strands of the target sequence, oriented with their 3’
ends pointing towards each other.
In the presence of a
polym erase enzym e and at the ap p ro p riate tem p eratu re,
extension of the nucleic acid template occurs utilising the four
deoxyribonucleoside triphosphates.
The end product is then
denatured and the cycle repeated.
The result of this three-step
cycle is an exponential increase in the target DNA sequence at the
end of each cycle (Figure 7).
This leads to the selective
enrichm ent of specific DNA sequences which can readily be
detected and m anipulated.
With the cloning of the T a q
polym erase enzyme (Saiki et al., 1988) obtained from the
bacterial species Thermus aquaticus, and which is stable at the
high denaturing temperatures, automation of the PCR technique
has been made possible.
The specificity of the PCR can be controlled by varying
factors such as the reannealing and extension tim e and
temperatures, the magnesium concentration in the buffer and the
enzyme concentration (Saiki et al., 1988).
Over-amplification is
undesirable as it increases the possibility of mispriming and
nonspecific amplification, and can result in annealing of the two
primers giving rise to primer dimer formation. Apart from double
stranded DNA, RNA or cDNA can be used as a template for
amplification and has the advantage of fewer sequences being
available for nonspecific amplification (Todd et al., 1987). The
amplification process is efficient enough to allow the generation of
amplified material from a target molecule in a single cell and has
been used in this way effectively (Li et al., 1988). The ability to
amplify from such small amounts of starting material makes it a
very useful tool in forensic medicine by combining it with the
specific amplification of highly polymorphic sequences such as
hypervariable minisatellites (Jeffreys et al., 1988).
The basic PCR technique has been adapted in various ways
for different purposes.
‘Nested priming’ which uses external and
internal primers for amplification of the target sequence (Mullis
and Faloona, 1987) and ‘booster PCR’ which starts off with
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F igure 7: Diagrammatic representation of the Polymerase
Chain Reaction.
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minimal quantities of primer sequence (Ruano et al, 1989) are
both designed to increase the efficiency of the am plification
process. The process of ‘anchor PCR’ allows the amplification of
target sequence when only one sequence for the primer-binding
site is known, by the attachment of a poly-G tail to the target DNA
of interest (Loh et al., 1989). ‘Inverse PCR’ has been designed to
amplify regions outside rather than between primer-binding sites
and is used for applications in which sequence information in the
target DNA is lacking (Ochman et al., 1988).
The PCR technique has been used in a variety of different
ways in different aspects of human genetics and for clinical
diagnostics, only a few of such uses will be mentioned. One of its
earliest uses was in the rapid characterisation of human leucocyte
antigen (HLA) class II variations (Todd et al., 1987). The use of
PCR primers and allele-specific oligonucleotide probes for the
rapid detection of mutations associated with haemoglobinopathies,
muscular dystrophy and haemophilia has been described (Saiki et
al., 1985). It has also been applied for the detection of different
rtfs-mutations observed in human cancers (Verlaan-de Vries et al.,
1986).
The PCR technique has been useful in the detection of
minimal residual disease in haem atological m alignancies by
specific amplification of the associated transolcation (Crescenzi et
al., 1988).
It has also been used for the detection of
immunoglobulin heavy chain gene rearrangement which serves as
a marker of cell lineage and clonality in B lymphoproliferative
disorders (Deane and Norton, 1990).
Both cloning and sequencing of DNA regions have been
facilitated by the amplification produced by the PCR technique
and it has greatly aided in mapping of the human genome.
Cloning using both sticky and blunt ended ligations on a variety of
different starting material including microdissected chromosomes
has been described (Ludecke et al., 1989). This will be useful for
the generation of probes or analysis of individual loci. The PCR
technique has also been applied in the construction of jumping
and linking libraries (Kandpal et al., 1990) and this will have
important consequences for human genome mapping.
The direct
sequencing of PCR-amplified material has also been described, for
example in cases of tumour-associated translocations (Crescenzi et
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al.,
1988) and tum our suppressor genes such as the
retinoblastoma gene (Yandell and Dryja, 1989), revealing different
m utations.
Linkage mapping may also possibly be advanced by the
ability to amplify material from a single sperm (Li et al., 1988).
By achieving multiple amplifications from the same material, the
possibility of using each sperm as representing a single meiotic
event exists.
Linkage studies will then no longer require
extensive pedigrees but will use multiple sperm instead of large
families. The PCR technique will also be useful for the study of
human polym orphism s (Jeffreys et al., 1988) and repeat
sequences scattered throughout the genome (W eber and May,
1989) thus improving the current map of the human genome.
Finally, the PCR process provides the foundation for the STS
proposal (Olson et al., 1989) which is becoming a fundamental
component of the Human Genome Initiative.
1.2.2.5

In situ hybridisation

In situ hybridisation is a technique that allows the detection
of nucleic acid sequences in metaphase or interphase cells. It has
found a wide application in m olecular biology and clinical
research.
The ability to locate specific genes within metaphase
chromosomes makes it an important tool for mapping purposes
and is the most direct way of gene localisation.
Clinical
applications of in situ hybridisation such as the detection of
aneuploidy and other chrom osom al aberrations have been
reported and can be adapted for prenatal diagnosis (Burns et al.,
1985). The ability of in situ hybridisation to detect specific DNA
sequences in interphase nuclei is useful in certain malignant
conditions where it is difficult to produce analysable chromosome
spreads.
The technique involves hybridisation of single-stranded
probes directly onto chromosomes that have been denatured.
Traditionally probes are radiolabelled and signals detected by
autoradiography, but over the years, a number of non-radioactive
detection system s with high sensitivity levels have been
developed.
The main advantages of the newer systems are the

65

increase in resolving power, the much lower background noise,
and the rapidity with which results are obtained.
The newer
systems are based on the chemical modification of probes with
reporter molecules such as biotin or mercury and detection by
enzymatic activity or fluorescence (Bauman et al., 1980; Langer et
al., 1981).
The mapping of single copy probes using non
radioactive techniques is now possible (Bhatt et al., 1988; Cherif et
al., 1989), though the intensity of the signals depends on the size
of the probe and the detection system used (Habeebu et al., 1990).
A further development of fluorescent in situ hybridisation is a
procedure that allows the simultaneous visualisation of banded
chromosomes and hybridisation signals without overlaying two
separate photographic images (Fan et al., 1990). With this method
direct mapping of DNA probes on banded human chromosomes
can be performed.
A variety of different probes has been used for in situ
hybridisation ranging from cloned unique sequences, to entire
cosmid and yeast artificial chromosome clones and chromosome
specific libraries used in ‘chromosome painting’. A large number
of probes have been mapped in the human genome by in situ
hybridisation and it is presently the first method of choice for
mapping a clone following its isolation and amplification. More
recently, the ordering of probes and the production of highresolution maps of human chromosomes have been described
(Lichter et al., 1990). The development of chromosomal in situ
suppression hybridistion (Lichter et al., 1988) has greatly aided
the mapping of repetitive probes, cosmid and yeast artificial
chromosome clones, and enhanced the diagnosis of aneuploidy in
interphase nuclei, using whole chromosome specific libraries as
probe.
Chromosome-specific centrom eric and telom eric repeat
probes have also been developed and used to detect numerical
and structural chromosome aberrations (van Dekken and Bauman,
1988; Lucas et al., 1989). The ability to use total human genomic
DNA as probe also enables the screening of somatic cell hybrids
for the exact human DNA complement in the cell hybrid.
Thus, the developm ent of the in situ
h y b rid is a tio n
technique, its increase in resolution and the rapidity of obtaining
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results has made it an important tool for diagnostic purposes and
for human gene mapping.
1.2.2 . 6

Yeast artificial chromosomes

Yeast artificial chromosomes (YACs) are newly developed
vector system s, capable of accom odating very large DNA
fragments of megabase size dimensions (Burke et al., 1987). The
ability to clone DNA fragments of this size makes YAC clones
important in bridging the gap between the level of linkage or
cytogenetic mapping and the level of conventional recombinant
DNA technology. In this way, a more complete map of the human
genome can be generated. YAC clones are of a size that can be
fitted together to form long-range contiguous DNA segments and
can also be used as a convenient starting point for subcloning and
further analysis down to the level of the DNA sequence.
The YAC vector contains both pBR322-derived sequences
and sequences that code for yeast telomeres, centromeres and
other indispensable chromosomal elements, as well as markers
selectable in the yeast host. DNA fragments are cloned into the
vector and propagated as linear artificial chromosomes along with
other yeast chromosomes in a suitable yeast host. In addition to
the basic functions of the YAC vector, adaptations are being made
to create other vectors with features such as the ability to clone
fragm ents digested with rare-cutter enzymes (M archuk and
Collins, 1988) as well as blunt-ended fragments (Wada et al.,
1990).
Another development is that of the ‘half-YAC’ system
designed to clone human telomeres (Riethman et al., 1989) and is
a major step toward the development of mammalian artificial
chromosomes (MACs).
The importance of YAC clones in genome mapping is obvious
and they are currently being used for the assembly of contigs of
sub-regions of the genome. There are limitations though to the
efficiency of YAC-based mapping. In addition to the existence of
some regions unclonabe in YACs, about 2% of the clones are
unstable, giving rise to derivatives deleted for some segments of
DNA.
This can be overcome by using supplementary methods
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such as jumping libraries, pulsed field gel electrophoretic analysis
and radiation hybrid mapping.
The ability to clone large segments of DNA and genes into
YACs makes it a useful tool for gene expression
studies and
attempts are being made to introduce YAC clones into the germ
line of transgenic mice.
YACs will also be important for the
mapping of disease genes and in the future for gene therapy.

1 .3

ATMS OF THESIS

The aims of this thesis are to characterise at the molecular
level the q23 region of chromosome 11 and to study leukaemic
patients with chromosomal abnormalities involving this region, in
an attempt to further the understanding of the role of llq 2 3 in
haematopoietic malignancy.
Three main approaches have been
taken to achieve this aim, namely mapping, isolation of novel
probes and long range rearrangement studies. The specific steps
taken to this effect are listed below.
1)
The use
of cell lines containing llq 2 3
associated
translocations and derived somatic cell hybrids for the mapping of
probes and translocation breakpoints at llq 2 3 in relation to one
another.
2)
The development of a technique using PCR on flow-sorted
chromosomes and its use for gene mapping purposes.
3)
Testing of the general application of Alu-PCR and the fidelity
of this procedure.
4)
Isolation of genomic probes to the llq 2 3 region by a novel
technique, involving Alu-PCR of flow-sorted chromosomes.
5)
Long range analysis of the llq 2 3 region using PFG
electrophoresis for the estimation of physical distances and the
linking of probes.
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) Long range rearangement studies using PFG electrophoresis
on translocation material involving llq 2 3 , with emphasis on the
CD3, Thy-1 and c-ets-l genes.

6

7)
Construction of a long range restriction enzyme map around
the CD3 locus.
) The isolation of YAC clones to the llq 2 3 region
further study of llq 2 3 associated abnormalities.
8
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CHAPTER 2:
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2.

MATERIALS AND METHODS

2.1

MATERIALS

CELL LINES
GM1416B

-

GM6228

RS4;11
BS
K562
A3RS-12B

-

A3EW2-3B J1CL4
HORL9X
A23

A lymphoblastoid cell line containing a 48XXXX
k ary o ty p e.
A
lym phoblastoid cell line co n tain in g
an
unbalanced constitutional t( 1 1 ;2 2 ) translocation
with the derivative 2 2 q- chromosome only.
A
lym phoblastoid cell line con tain in g
the
leukaemic t(4; 11) translocation.
A
lym phoblastoid cell line con tain in g
the
leukaemic t( 11; 19) translocation.
A myeloid cell line derived from a patient with
CML and the Ph chromosome.
A somatic cell hybrid containing the derivative
chromosome 11 of the t(4; 11) translocation.
A somatic cell hybrid containing the derivative
chromosome 11 of the ES t(ll;2 2 ) translocation.
A somatic cell hybrid containing the normal
chromosome 1 1 as the only human complement.
A somatic cell hybrid containing the normal
chromosome X as the only human complement.
Chinese hamster parent cell line.

PATIENT MATERIAL
M aterial was in the form of bone marrow or peripheral blood
stored from patients with ALL and ANLL seen at the Medical
Oncology Unit, St. Bartholomews Hospital, London. The patients
can be categorised as follows :
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ALL with tf4:11

involvement

C
D
E
F
ANLL with t(9:11

involvement :

G
ANLL with t( 6 : l l ) involvement :
H

PROBES
The probes used and their details are listed in Table 4.
OLIGONUCLEOTIDE PRIMERS
O ligonucleotide primers were all synthesised on an Applied
Biosystems 380B synthesiser at the Clare Hall Laboratories, ICRF,
London. These are listed in Table 5.
BIOCHEMICAL REAGENTS
The chemicals and other reagents used, with the names of their
suppliers, are listed under Appendix 1 on page 189.
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2.2.

METHODS

2.2.1

PULSED FIELD GEL ANALYSIS

2.2.1.1

Construction of agar blocks for DNA extraction

The source of DNA was either fresh peripheral blood,
established cell lines or frozen bone marrow/peripheral blood
from leukaemic patients.
Fresh peripheral blood was initially
treated with ficoll to remove red blood cells. To lOmls of blood
was added 40mls of ficoll.
The mixture was spun and the
intermediate layer of white blood cells collected. This was washed
two times in sterile phosphate buffered saline (PBS).
Cell lines
were washed thoroughly in sterile PBS initially to remove traces
of medium which would affect digestion.
Frozen material was
thawed out quickly but gently at 37°C. and im m ediately
neutralised with foetal calf serum.
This neutralises the
dimethylsulphoxide (DMSO) used to freeze down the cells. The
cells were washed two times in sterile PBS. In all three cases the
cells were counted and resuspended in PBS such that the
concentration of cells was approximately 106/4 0 p l. An equal
amount of 1% low melting point (LMP) agarose made in PBS was
added to the cell mixture, mixed gently and 80pl was immediately
aliquoted into block formers, such that each block contained 106
cells.
These were left on ice to solidify and then added to a
mixture that contains 0.5M EDTA (pH 8), 1% Sarcosyl and 2 mg/ml
of Proteinase K (ESP mixture).
Approximately 20 blocks were
placed in lOmls of this mixture. This was left at 55°C for 48hrs.
Blocks were then washed in sterile TE (lOmM Tris base pH8, ImM
EDTA) th ree tim es follow ed
by TE plus
0.04m g/m l
phenylm ethylsulphonylfluoride (PM SF, freshly prepared by
dissolving at 40.0mg/m l in isopropanol), to inactivate the
Proteinase K. The preparation was incubated for 30 minutes at
5 5°C and repeated once (55°C is necessary to remove the
Sarkosyl). The blocks were stored in 0.5M EDTA at 4°C.
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2.2.1.2
a)

Construction of markers

Saccharomvces cerevisae veast markers

These were prepared according to the method of Carle and
Olson (1984) with few changes.
S. cerevisae is grown in YPD
medium (5% Glucose, 1% Yeast extract, 2% bactopeptone) at 30°C.
lOOmls of late log phase culture was spun at 3000rpm (IEC
Centra-8R centrifuge) for 20 minutes. The cells were washed in
PBS, counted and resuspended at a concentration of 1.5 x 109
cells/ml of Solution A (equal volumes of 50mM EDTA pH8 and
2.5mls SCE [0.1M Sodium Citrate, lOmM EDTA pH8], 200pl pm ercaptoethanolfPM E ], 3.0mg Lyticase). This was mixed with an
equal volume of 1% LMP agarose made in PBS and the mixture set
into blocks of 80pl each. On solidification blocks were incubated
at 37°C in 0.45M EDTA, lOmM Tris pH8 and 7.5% pME for 24hrs.
The blocks were rinsed in TE three times and placed in ESP
mixture for 48hrs at 55°C. Blocks were then washed in TE and
PMSF as described above and stored in 0.5M EDTA at 4°C.
b)

Lambda oligomers

These were prepared essentially according to the method of
van Ommen and Verkerk. A solution of lambda DNA was diluted
to 20pg/ml in SE (75mM NaCl, 25mM Na-EDTA, pH7.4) and mixed
gently with 1% LMP agarose in SE. 80pl of this solution was
dispensed into block formers and allowed to solidify. Blocks were
collected in ES solution (0.5M EDTA, 1% Sarcosyl), incubated for
4hrs at 37°C and overnight at room tem perature to allow
annealing of the lambda sticky ends. The blocks were washed and
stored in 0.5M TE.
2.2.1.3

Digestion of DNA blocks and electrophoresis

Blocks were washed thoroughly in TE and equilibrated in
appropriate restriction enzyme buffer before digestion.
A typical
digestion reaction contained 20pl restriction enzyme buffer, 20pl
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Bovine serum albumin (5mg/ml), 5|il Spermidine (lOOmM), 70pl
sterile distilled water and 20 units of restriction enzyme.
The
individual blocks were added and the mixture kept at 4°C
overnight.
The blocks were incubated at the appropriate
temperature the following day for 6 hours before loading on a 1%
agarose gel along with markers. The pulsed field gel system used
was the Contour clamped homogenous electric fields (CHEF)
system (2015 Pulsaphor electrophoresis unit, LKB) and was run at
10°C in 0.05M Tris borate buffer. For efficient separation of sizes
from 90kb to lOOOkb switching intervals of 100 seconds each for
north/south and east/west current were used over a period of 48
hours at 150V. For separation of larger fragments between 1000
and 3000kb longer pulse times of 30 minutes over a period of six
days and 100 second pulses for another 24 hours were used.
Voltage was reduced to 60V.
2.2.1.4

Transfer of DNA onto nvlon membrane

This was carried out as previously described (Southern,
1975). The gel was exposed to UV radiation and depurinated in
0.25M HC1 for 10 minutes. This was followed by denaturation
(0.5M NaOH, 1.5M NaCl) and a blot set up in the same solution.
Blotting onto Hybond N filter was gentle using a relatively light
weight for 48hrs. The filter was then neutralised (1M TrisHCl [pH
8.0], 1.5M NaCl) for 15 minutes, baked at 80°C and exposed to UV
radiation (Chromato-Vue transilluminator, UVP inc) for 2 minutes.

2.2.2

GROWTH OF CELL LINES

The cell lines used are listed in section 2.1. These were
grown in the appropriate medium as described below. 1%
Penicillin/Streptomycin and 1% Glutamine was added in each case.

GM1416B
GM6228
RS4;11

-

Iscoves medium +10% foetal calf serum
Iscoves medium + 10% FCS
Iscoves medium + 10% FCS
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(FCS)

BS
K562
A3RS-12B

-

A3EW2-3B

-

J1CL4
HORL 9X
A 23

Iscoves medium + 10% FCS
Iscoves medium + 10% FCS
F10 medium +10% FCS +1% hypoxanthine and
th y m id in e
F10 medium +10% FCS +1% hypoxanthine and
th y m id in e
RPMI medium +10% FCS
RPMI medium +10% FCS + 1% hypoxanthine,
aminopterin and thymidine
RPMI medium +10% FCS

In all cases cells were grown at 37°C with 5% C 0 2, and were fed
and split regularly. Cells in monolayer were trypsinised.
A
certain number of cells were regularly
frozen down in the
presence of 5% DMSO. For the extraction of DNA, three 750ml
flasks were grown to confluency.

2.2.3

DNA EXTRACTION

This
was performed from a variety of sources including
tissue culture cells, human placenta and human chromosomes.
Tissue culture cells were washed
thoroughly in PBS to
remove all traces of FCS. The cells were resuspended in 40ml of
ice-cold lysis buffer (0.32M Sucrose, lOmM Tris pH7.5, 5mM
MgC12, 1% Triton X100) and left on ice to ensure complete lysis of
the cells. Nuclei were pelleted at 2800rpm for 15 minutes at 4°C
and resuspended in 0.075M NaCl, 0.024M EDTA pH7.5.
l/20th
volume of 10% SDS and 20}il of Proteinase K for every ml of
resuspended nuclear pellet was added and left to incubate at 37°C
overnight.
After digestion with Proteinase K, 1/10th volume of
3M NaAcwas added. The solution was then extracted with an
equal volume of phenol/chloroform and this was repeated until
there was no precipitate at the interface, usually 2-3 extractions.
The solution was finally extracted with chloroform to remove
traces of phenol and the DNA precipitated with two volumes of
100% ice cold ethanol. The DNA was recovered, washed in 70%
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ethanol, air dried and dissolved in 1ml of TE buffer at 4°C for 48
hours.
Human placenta was macerated before treating with lysis
buffer and extraction proceeded as described above.
Human chromosomes, approximately 2-7 X 105,were sorted
into tubes containing yeast tRNA. These were treated overnight at
42°C with 1% sarcosine, 200pg/ml proteinase K and 25mM EDTA.
Phenol chloroform extractions were performed and the DNA
precipitated as described above.
Concentration of DNA was determined by reading the optical
density (Ultrospec II spectrophotometer, LKB) before digestions
were set up.

2.2.4

DNA DIGESTION. ELECTROPHORESIS AND SOUTHERN
BLOTTING

1 0 p g of DNA was regularly used per digestion.
5pl of
concentrated restriction enzyme was used per digestion and
in c u b a te d
at
the
a p p ro p ria te
te m p e ra tu re
o v e rn ig h t.
Electrophoresis was carried out on a 0.8% agarose gel and run in
Tris borate buffer overnight at 30V.
Southern blotting was
essentially as described for PFGE except that the gel was not
treated with 0.25M HC1 and blotting was done overnight in alkali.
The filter was neutralised and fixed as described in section 2.2.1.4.

2.2.5

PREPARATION OF PROBES

The different probes used and their sources are listed in
table 4, section 2.1.
2.2.5.1
a)

Plasmid

preparation

‘Mini prep*

B acteria transform ed w ith the relevant plasm id was
streaked out from stabs or frozen stocks onto LBroth/agar (1%
NaCl, 0.5% yeast extract, 1% Bactotryptone, 1.5% Bactoagar) plates
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with the appropriate antibiotic present.
The plates were kept at
37°C overnight to allow the growth of bacterial colonies. Colonies
were picked and each transfered to 25mls of LBroth with
antibiotic. This was grown up at 37°C overnight, with shaking
(Model G25 incubator shaker, New Brunswick Scientific Co. Inc.).
150pl of the transformed bacteria was added to 85% glycerol and
stored at -70°C.
The remaining was spun at 3000rpm for 15
minutes and the bacterial pellet resuspended in 200pl of Maxi
buffer ( 25mM Tris HC1 pH8.0, 50mM Glucose, lOmM EDTA). To
this was added 400pl of 1% SDS/0.2M NaOH and 200pl of 3/5M
KAc shaken gently and left for 1 hour on ice. This was spun for
10 minutes at 10,000rpm (Centrifuge 5414, Eppendorf), 0.6
volume of isopropanol added to the supernatant and left at room
temperature for a few hours.
On spinning for 5 minutes at
10,000rpm, the pellet obtained was washed in 85% ethanol, air
dried and dissolved in 200pl of TNE (TE + lOOmM NaCl). The
solution was treated with RNAse at a concentration of 20pg/ml for
30 minutes at 37°C.
This was then extracted with an equal
volume of phenol/chloroform to remove all precipitate at the
interphase, washed with chloroform to remove traces of phenol
and finally with ether to remove traces of chloroform. This was
precipitated with 100% ethanol and 1/10th volume NaAc either at
-20°C overnight or in dry ice for 20 minutes. The precipitate was
spun at l,500rpm for 15 minutes and the plasmid pellet washed
in 85% ethanol and resuspended in 70pl of TE buffer.
b)

4Maxi prep*

lOOpl of transformed bacteria was innoculated into 400ml of
LBroth + antibiotic, and grown overnight at 37°C with shaking.
The culture was treated essentially the same way as a ‘mini prep’
(section 2.2.5.1a) up to the isopropanol stage except that the
volumes are scaled up. 20ml of MAXI buffer, 40ml of SDS/NaOH
and 30ml of KAc were used.
The precipitate was spun at
5000rpm (RC5C Sorvall Instruments centrifuge, Du Pont) for 15
minutes and the supernatant recovered by passing it through a
fine mesh. It was treated next with 0.6 volume of isopropanol as
mentioned above and the DNA precipitated at 8000rpm for 15
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minutes at 20°C. The pellet was dried and redissolved in a total
volume of 6.5ml 10 x TE. To this was added 0.2ml of 5mg/ml
ethidium bromide and 7.4g of cesium chloride. The mixture was
transfered to the appropriate tubes, balanced to 0.0lg and spun at
45,000rpm (L8-70 centrifuge, Beckman) at 20°C overnight. The
band of plasmid DNA
produced was drawn off with asyringe,
avoiding the RNA and debris at the bottom.
The ethidium
bromide was removed by butanol extraction.
The volume was
made up to 4ml with TE, ethanol precipitated, washed in 85%
ethanol, dried and resuspended in TE.
The concentration was
determined by measuring the optical density.
2.2.5.2

Digestion of plasmid and purification of insert

U sually 10-20pg of plasmid was digested in a total volume
of 50pl, using 20pl of appropriate restriction enzyme. The mixture
was incubated at the appropriate temperature for 2 hours and
loaded on a 0.8% LMP gel with markers.
Electrophoresis was
carried out in Tris borate buffer overnight at 30V. On visualising
the ethidium bromide stained gel, the insert band was excised and
added to an equal volume of sterile distilled water.
This was
boiled for 8 minutes and cooled at 37°C for 15 minutes. It was
then labelled or stored at -20°C.
2.2.5.3

Labelling of probe

a)

Oligolabelling

This was performed according to the method of Feinberg
and Vogelstein (1983). The DNA for labelling was heated to 60°C
to melt the agarose before adding it to the reaction. The reaction
was set up as follows in the order stated:
Sterile distilled water
lOpl
Reaction mixture
lOpl
Bovine serum albumin
5 jll1
DNA
20|il
« 3 2 p dCTP
5pl
Klenow enzyme
2p 1

8 1

Reaction mixture, Bovine serum albumin (BSA) and Klenow
enzyme are present in the Amersham multiprime labelling kit.
The reaction was left at room temperature overnight, and then
run through a beaded agarose (Biogel) column to separate
incorporated from unincorporated 32P dCTP.
The incorporated
peak, which represents labelled DNA sequence, was pooled, boiled
for 8 minutes to make it single-stranded, plunged on ice to
minimise reannealing, and then used for hybridisation.
b)

E nd-labelling

This was performed where the probes were very small, such
as 20-30 base pair primers.
The reaction was carried out as follows :
Sterile distilled water 2.5pl
Kinase buffer
1.5pl
P rim e r
2.0pl (200-250ng)
y32P dATP
7.0pl
Polynucleotide kinase 2.0ul
15.0pl
This was incubated at 37°C for 1 hour and then made up to 50|il
with TE.
It was spun through a sephadex G-50 column for 3
minutes at 1200rpm to separate the incorporated from the
unincorporated dATP.
The labelled probe was then used for
hybridisation.

2.2.6

HYBRIDISATION OF PROBES

After radiolabelling,
probes were boiled for 8 minutes to
make single-stranded and
plunged on ice before being added to
the filter.
Filters were initially prehybridised in a buffer
containing 50% formamide, 5 x Denhardts,500p,g/ml salmon
sperm DNA, 50mM Sodium Phosphate (Na 2 P 0 4 ) buffer, 5 x SSC,
0.1% SDS at 43°C overnight.
The hybridisation buffer used
co n tain e d
e s s e n tia lly
th e
sam e
co m p o n en ts
as
the
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prehybridisation buffer with a few changes that included, 5%
dextran sulphate,lOOmg/ml salmon sperm DNA, 1 x denhardts
and 20mM Na 2 PC>4 buffer. Radiolabelled probes were adjusted to
an approximate concentration of 106 counts/ml in hybridisation
buffer, added to the filter and allowed to hybridise (mini
hybridisation oven, Hybaid) overnight at 43°C.
Repetitive probes were competed out with an extra lOmg of
salmon sperm DNA which was added to the prehybridisation
m ixture.
The salmon sperm DNA was sheared, sonicated
(Soniprep 150 sonicator, MSE) to an approximate size of 200300bp and boiled before use. The size of the sheared, sonicated
salmon sperm DNA was tested by running an aliquot on an
agarose gel.
In addition some repetitive probes were further
prehybridised with sheared total human DNA to block the
repetitive elem ents.
This was
done by the
addition of
approximately 250ug of sheared total human DNA to the purified
labelled probe (approximately 400ul volume),the mixture boiled,
plunged on ice for 1 minute and left at 65°C for 1 hour before
being added to the hybridisation buffer.

2.2.7 STRIPPING AND WASHING OF FILTERS
Filters were stripped between each use in 0.4M NaOH at
45°C, and were then treated in neutralising solution at the same
temperature for 30 minutes before being used for hybridisation.
Filters treated in this way could be used for at least ten different
hybridisation experiments.
After hybridisation, filters were washed in solutions of
decreasing salt concentration and thus increased stringency. This
started with 1 x SSC + 0.1% SDS at 43°C, followed by 0.5 x SSC +
0.1% SDS and 0.1 x SSC + 0.1% SDS at the same temperature, each
wash lasting 20 minutes.
If background on filters still seemed
high a further wash in 0.1 x SSC + 0.1% SDS at 65°C for 20 minutes
was performed.
Filters were put down with fast X-ray films
(Kodak XAR-5 or Fuji New Rx) and intensifying screens at -70°C
for the appropriate lengths of time before being developed.
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2.2.8

POLYMERASE CHAIN REACTION

Polymerase chain reaction (PCR) was carried out using the
Thermus aquaticus (T a q ) DNA polymerase (Saiki et al., 1988). The
starting material for amplification was either DNA (total human or
cell line), flow sorted chromosomes or whole cells, both bacterial
and yeast. The PCR mixture consisted of Taq buffer (lOmM TrisHC1, pH 8.3, 50mM KC1, 1.5mM MgCl2, 0.1% (w/v) gelatin),
appropriate oligonucleotide primers (lp M each), 200pM each of
the deoxyribonucleotide triphosphates (dATP, dCTP, dGTP and
dTTP). To this was added either lOOng of DNA or whole cells
picked with a sterile toothpick. The volume was usually made up
to lOOpl with sterile distilled water or 50pl in the case of colony
screening of libraries. In the case of flow sorted chromosomes,
200-400 chromosomes in sorter sheath fluid (0.1M NaCl, lOmM
Tris-HCl, ImM EDTA) were sorted directly into the reaction tube
c o n ta in in g
8 0 p 1 of Taq
b u ffer,
the
p rim ers
and
deoxyribonucleotide triphosphates were added later.
The reaction
tubes were overlaid with paraffin oil to prevent condensation
during the amplification cycles and amplification performed in an
autom ated Perkin-E lm er DNA therm al cycler.
An initial
denaturing step of 10 minutes at 94°C was performed. 1.5 units of
Taq DNA polymerase (diluted in Taq storage buffer - 50% glycerol,
20mM Tris HC1 pH 8.0, O.lmM EDTA, l.OmM DTT, 200 p g /m l
gelatin) was added and followed by 30-40 cycles of 30 seconds at
57°C (annealing), 2 minutes at 72°C (extension) and 45 seconds at
94°C (denaturing). The final 72°C extension period was lengthened
to 10 minutes. Aliquots (5|il) of the reaction mixture were tested
by electrophoresis (Horizon 58, mini gel tank, BRL) on a 2%
agarose gel along with the <j)X 11A/Haelll marker to test for size.
Electrophoresis was carried out in TBE buffer at 100V, and
visualised by ethidium bromide staining of the gel.

2.2.9

FLOW-SORTING OF CHROMOSOMES

Chromosomes were sorted from lymphoblastoid cell lines.
These were grown to confluency and cultures treated overnight
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with colcemid at a concentration of 0.05|ig/m l to block cells in
m etaphase.
Chromosomes were prepared by the digitoninpolyamine method (Young et al., 1981) for flow analysis. A final
centrifugation at lOOOrpm for 1 minute was used to remove
nuclei.
For univariate analysis the chromosome suspension was
diluted 5:1 and stained with ethidium bromide at 40pg/ml. The
stained chromosomes were analyzed on a FACS 440 with a Spectra
Physics 2025 laser tuned to 488nm.
Chromosomes were passed
through the sorter at approximately 2 0 0 /second and the resultant
fluorescent data, gated on the ratio of fluorescence and forward
light scatter to reduce background, were accum ulated as a
histogram .
For bivariate analysis, chromosome suspension was diluted
5:1 in chromosome buffer and stained with fluorescent dyes
H oechst 33258 (AT preference) and chromomycin A3 (CG
preference). The chromosomes were analysed on the FACS Star
plus with dual beam Spectra-Physics lasers tuned to 457nm and
366nm.
Chromosom es were passed through the sorter at
approximately 2 0 0 /s and the two resulting fluorescence signals
per chromosome measured almost independantly.
The separation
was depicted on a bivariate flow karyotype.

2.2.10

CONSTRUCTION AND SCREENING OF AMPLIFIED FLOWSORTED LIBRARY

2.2.10.1

Purification of starting material

M aterial used for cloning was in the form of sorted
chromosomes which were amplified by the PCR technique as
described in section 2.2.8. Prior to cloning, PCR products were
purified by passing through a Sephadex G-50 column and spun at
1200rpm for 3 minutes.
This was ethanol precipitated and
resuspended in 15pl of TE to give an approximate concentration of
lOOng/pl.
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2.2.10.2

Cloning

The vector used for cloning was pBluescript digested with
E c o RV restriction enzyme.
Digested vector was cleaned up by
p h e n o l/c h lo ro fo rm
e x tra c tio n s,
eth an o l
p re c ip ita te d
and
resuspended in TE to a concentration of 50pg/ml. Ligations were
set up at a molar ratio of 0.125:1 vector to insert in 20pl reactions
consisting of ligation buffer (6 6 mM Tris-HCl pH 7.6, 6 .6 mM M gCh,
lOmM DTT, O.lmM ATP), 5% PEG 8000, T4 DNA ligase (200 units)
and made up to volume with sterile distilled water.
Control
ligations were set up at this point and incubation was for 16 hours
at 14-16°C.
D H 5 a competent cells were used for transformation. These
were thawed out on wet ice and lOOpl used per transformation
reaction. Ligation reactions were diluted five fold in lOmM TrisHCl pH 7.5 and Im M EDTA and 5 p l of this used per
transformation. Control DNA was also used for transformation to
test efficiency. Cells were incbated on ice for 30 minutes, heatshocked for 45 seconds at 42°C and diluted in 0.9 mis of S.O.C. (2%
Bactotryptone, 0.5% Yeast extract, lOmM NaCl, 2.5mM KC1, 20mM
M gC l 2 ,MgSC>4 , 20mM Glucose). This was shaken at 225 rpm for 1
hour at 37°C and plated out onto LBroth/agar plates with
100pg/ml ampicillin and 50(ig/ml Bluo-Gal. Plates were incubated
at 37°C overnight.
2.2.10.3

Screening of library

The efficiency of the library was calculated. White clones
were picked and gridded onto LBroth/agar (with ampicillin and
Bluo-Gal) plates in duplicate. The clones were reamplified directly
with the original oligonucleotide primer by transfering cells with a
sterile toothpick to PCR tubes. Amplified products were tested by
electrophoresis on 2 % agarose gels for both the presence and size
of inserts. As a negative control, a blue colony was also subjected
to amplification.
Gels were blotted onto Hybond-N filters in
duplicate and screened with radio-labelled DNA.
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2.2.11

YEAST ARTIFICIAL CHROMOSOMES

2.2.11.1

Growth conditions

Yeast artificial chromosomes (YACs) were obtained as stabs
and initially streaked out onto agar plates made with Double
Selection Medium (0.7% yeast nitrogen base without amino acids,
2% glucose, 5.5mg/ml adenine and tyrosine, 1.4% casamino acids,
2% bacto agar) and grown at 30°C. Single colonies were picked
and grown in 20mls of Double selection medium at 30°C overnight
with shaking. These were transfered to 100ml of Double selection
medium and grown under the same conditions.
Glycerol stocks
were made in YPD medium (5% glucose, 1% yeast extract, 2%
bactopeptone) and stored at -70°C.
2.2.11.2

Preparation of DNA

a)

Agar blocks

These were made using essentially the same method
as
were S. cerevisae yeast markers, described in section 2.2.1.2a,
starting with 1 0 0 ml of late log phase yeast cells containing the
YAC clone.
b)

Liquid cultures

50mls of yeast cells containing the YAC clone grown in
Double Selection medium were spun at 3000rpm for 10 minutes
at 20°C and resuspended in 5ml of 0.9M sorbitol, 20mM EDTA,
14mM pME pH 7.5. To this was added 20pl of lOmg/ml lyticase
and incubated for 1 hour at 37°C with shaking. The cells were
spun and resuspended in 5ml of Guanidinium chloride solution
(4.5ml GuHCl, 0.1M EDTA, 0.15M NaCl, 0.05% sarkosyl pH 8.0),
heated to 65°C for 10 minutes, and an equal volume of ethanol
added and respun. The pellet obtained was resuspended in 2ml of
TE pH 7.4, treated with RNase at a concentration of 100qg/ml for
30 minutes at 37°C, followed by Proteinase K treatment at a
c o n c e n tra tio n
of
2 0 0 p g/ml for 60 m inutes at 65°C .
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Phenol/Chloroform extractions were performed followed by a
chloroform extraction.
The preparation was ethanol precipitated
and the pellet rinsed, dried and resuspended in 250|il of TE
pH 7.4.

2.2.12

SEQUENCING

Sequence analysis was carried out using the dideoxy chain
termination method (Sanger et al., 1977) and DNA for sequencing
was in the form of amplified material from PCR. The products of
the PCR were purified on a Sephadex G50 column, followed by
ethanol precipitation and resuspension in 2 0 |il of sterile distilled
water.
Approximately 250ng of appropriate sequencing primer
was labelled using y32p dATP and T4 Polynucleotide kinase for 1
hour at 37°C. The labelled primer was separated on a Sephadex
G50 column, dried in a vacuum desiccator and resuspended to a
concentration of lOng/pl. 3 pmoles of y3 2 P-labelled prim er and
0.3 pmoles of the PCR amplified DNA were used for the annealing
reaction. The mixture was boiled for 5 minutes and allowed to
cool on ice. The sequencing reactions were carried out using the
Sequenase version 2.0 sequencing kit (US B iochem icals).
P olyacrylam ide gel electro p h o resis (Sequi-G en sequencing
apparatus, Bio-Rad) was carried out on a 6 % acrylamide 7M Urea
gel, in 1 x TBE, at a voltage ranging from 1200-1500V.
On
completion of the run, the gel was washed and fixed in 1 0 % acetic
acid, 10% methanol, blotted onto 3MM paper and dried at 80°C in
a vacuum dryer (Dual temperature slab gel dryer, Model 1125B,
Bio-Rad).
Autoradiography was carried out using fast films
without intensifying screens.

2.2.13

IN SITU HYBRIDISATION

The source of chromosomes for in situ hybridisation studies
Iwas either from normal peripheral blood, established cell lines or
frozen bone marrow from leukaemic patients. In each case, after
a period of culture, the cells were arrested at metaphase with
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colcem id treatm ent for approximately 1 hour.
Chromosome
metaphase spreads were made according to standard procedures.
Labelling of probe:
25ng of DNA was labelled with Biotin-11-dUTP using the
random priming method of Feinberg and Vogelstein (1983). The
labelled probe was purified on a Sephadex G-50 column and
ethanol precipitated in the presence of 50pg of E.Coli tRNA and
5 0 pg of sonicated salmon sperm DNA. This was resuspended in
13p i of hybridisation buffer (10% dextran sulphate, 2xSSC, 50%
formamide, 1% triton X-100, pH 7.0) and 2pl (equivalent to 2pg) of
competitor DNA in the form of sonicated human placental DNA.
This was followed by denaturation by heating at 70-90°C ,
plunging on ice and allowed to reanneal at 37°C for 3 hours.
H ybridisation:
The chromosomes were denatured by immersing the slide in
70% formamide, 2xSSC, pH 7.0 at 75°C for 3-5 minutes. They were
then dehydrated by passing through a cold ethanol series of 70%,
95% and 100% for 3 minutes each and air dried. The reannealed
probe was added to the denatured slide immediately, covered
with a coverslip, sealed and hybridised at 37°C overnight. This
was followed by post-hybridisation washes for 5 minutes at 42°C
in 50% formamide, 2xSSC, pH 7.0 (repeated 3 times) and again for
5 minutes at 42°C in 2xSSC (repeated 3 times).
D etection:
The chromosome slides were blocked with 4xSSC, 0.05%
triton-X-100 and 3% BSA (preincubation buffer) for 10 minutes at
room temperature.
They were then treated for 20 minutes in
avidin-FITC (5pg/ml) in preincubation buffer, under a coverslip,
at 37°C in a humid chamber. This was followed by a second layer
treatment with biotinylated anti-avidin (5pg/ml) in preincubation
buffer at 37°C under humid conditions. A third layer for detection
purposes (the same as the first layer) comprising of avidin-FITC
(5pg/m l) in preincubation buffer at 37°C under humid conditions
was applied.
Between each layer, 3 minute washes in 4xSSC,
0.05% Triton-X-100 (ph 7.0) was carried out and repeated 3 times.
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The slides were finally dehydrated through an ethanol series as
previously described and air dried.
Slides were mounted in 90% glycerol, 10% PBS, 0.1% pphenylenediamine (antifade) and 0.5pg/ml propidium iodide and
analysed on a Bio-Rad lasersharp MRC-500 confocal imaging
system .
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CHAPTER 3:
MAPPING OF llq 2 3 ASSOCIATED TRANSLOCATION
BREAKPOINTS
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3.

3.1

MAPPING OF lla 2 3 ASSOCIATED TRANSLOCATION
BREAKPOINTS

INTRODUCTION

In an attem pt to study the leukaemic breakpoints that
involve the llq 2 3 region, it is necessary to investigate genes and
anonymous DNA sequences mapped to this region, to see if they
are affected by the abnorm ality. Probes that are localised
relatively close to a breakpoint, and thus more likely to be
affected by the abnormality, are recognised at the molecular level
by the production of a rearranged band on Southern analysis. It is
also important to study the organisation of genes and anonymous
DNA sequences, both in relation to each other and in relation to
specific landmarks such as translocation breakpoints.
This helps
in the build up of mapping information of the llq 2 3 region and
results in the construction of a more detailed molecular map.
As
discussed in Chapter 1, a numbeT of genes have been mapped to
llq 2 3 and a number of anonymous DNA sequences have also
been localised to this region (Maslen et al., 1988; Lichter et al.,
1990).
In order to study these genes and their functions in
normal cells and in cells with llq 2 3 abnormalities, detailed maps
of this region are necessary. This helps in the correlation of a
p a rtic u la r
ch ro m o so m e
a b n o rm a lity
w ith
the
c lin ic a l
pathophysiology of a particular disease.
D ifferent approaches to the mapping of probes and
translocation breakpoints have been described and one of the
most common is the use of hybrid cell lines. The availability of
hybrid cell lines that contain either one or other derivative
chromosome of a translocation allows the positioning of genes and
anonymous DNA sequences in relation to that translocation
breakpoint.
Studies have been performed on some of the genes
that map to llq 2 3 , in particular the c-ets-1 oncogene, and their
relationship to specific leukaemic breakpoints of this region (Diaz
et al., 1986; Sacchi et al., 1986; Morris et al., 1988; Savage et al.,
1988). The results described in this chapter are an extension of
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these studies and describes in itial m apping experim ents
performed on the llq 2 3 region.
These have been performed in
relation to the t(4; 11) leukaemic translocation and the t(ll;2 2 )
translocation in ES.
A new approach to gene mapping is also described in this
chapter which com bines enzym atic am plification with highresolution flow-sorting of human chromosomes.
This has been
applied to the mapping of selected genes in relation to the
t(ll;22)[C o] translocation and demonstrates its location in relation
to the c-ets-1, Thy-1 and CD3D genes. This approach was made
possible by the ability to sort the derivative chromosome 2 2 of
the t(ll;22)[C o] translocation.

3.2

RESULTS

3.2.1 Mapping of genes in relation to the leukaemic t(4 :ll) and ES
t(l 1 : 2 2 1 translocations bv use of hybrid cell lines
The hybrid cell lines A3RS-12B and A3EW2-3B were utilised
for the mapping experim ents (both hybrid cell lines were
provided by Dr. A. Guerts van Kessel, Dept, of Cell Biology,
Im m unology and G enetics, Erasm us U niversity, R otterdam ,
Netherlands).
A3RS-12B is derived from the RS4;11 cell line
(which is derived from a patient with ALL and the associated
t(4; 11) translocation) and contains the derivative chromosome 11
portion of this translocation. A3EW2-3B is derived from a cell line
of a patient with ES known to have the t(lI;2 2 )(q 2 4 ;q l2 ), and
contains the d eriv ativ e chrom osom e 1 1 portion of this
translocation. Normal controls consisted of the GM1416B cell line
(which has a normal karyotype except for the presence of four X
chromosomes; obtained from the Human Genetic Mutant Cell
Repository, Camden, NJ) and the J1CL4 hybrid cell line (which
contains a normal chromosome 1 1 as its only human counterpart;
provided by Dr. C. Jones, Eleanor Roosevelt Institute for Cancer
Research, Denver, CO). The cell lines were all karyotyped and
their chromosome content confirmed prior to being used.
The
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A23 rodent cell line was used as a negative control (provided by
Dr. S. Povey, University College, London, UK).
The cell lines were digested with E c o RI restriction enzyme
and filters prepared for Southern analysis.
Hybridisation was
performed with the probes tabulated below, details of which are
listed in Table 4 in section 2.1. The PBGD probe was generated by
amplification of genomic DNA using appropriate PCR primers. In
all cases, the hybridisation signal was easily distinguishable from
the homologous restriction fragment of the rodent DNA (Figure 8 ).

Table

6

: Probes used for Southern analysis

PROBE

GENE/ANONYMOUS
DNA SEQUENCE

RD6 K
pBSHTl
pPGBC9
pHFM l
STROMELYSIN
HPR-54
A I2.2
PBGD
LI

C-ETS-1
THY-1
CD3D
NCAM
STMY
PGR
APOAI
PBGD
D11S29

No rearrangem ent pattern was observed for any of the
probes used in both the t(4; 11) and the t(ll;2 2 ) translocations.
Mapping information can be derived, as the presence of a signal in
both hybrid DNA lanes localises the probe above the t(4; 11)
breakpoint. Observing a signal in only A3EW2-3B points to a
probe localisation between the t(4; 11) and t( 11 ;22) breakpoints;
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F igure

8

:

Southern analysis of nine probes localised to llq 2 3 ,
giving their positional information in relation to the
leukaemic t(4; 11) and the ES t( 11 ;22) translocation
breakpoints.
The probes used and the sizes of the
human specific E c o RI fragm ents produced are
indicated. The lanes correspond to: a = GM1416B cell
line, b = A23 Chinese hamster cell line, c = J1CL4
hybrid cell line, d = A3RS-12B hybrid cell line, e =
A3EW2-3B hybrid cell line.
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NC A M

a

b

95

c

d

e

d

e
« 15 Okb

the absence of a signal in both hybrids localises the probe below
the t( 11 ;22) breakpoint.
All the probes were observed to lie
proxim al to the t( ll;2 2 ) breakpoint in ES.
The t(4; 11)
translocation breakpoint divides the probes into two groups
where PGR, NCAM, AI2.2, STMY, CD3D and D11S29 lie proximal to
the breakpoint while c-ets-1, Thy-1 and PBGD lie distal to this
break (Figure 9).

A
T

23

24
25

t(4;11)

M

t ( 1 1 ;22)

( PGR, NCAM, AI2.2,
D11S29, STMY, CD3D )

I ( C-ETS-1, THY-1,
▼
PBGD )_______________

11
Figure

9: Diagramatic

representation of probe localisation in
relation to the t(4; 11) and ES t( ll;2 2 ) translocation
breakpoints on distal llq .

3.2.2 Mapping of genes in relation to the t(Tl:22HCo1 translocation
bv enzymatic amplification from flow-sorted chromosomes
The lymphoblastoid cell line GM6228 (obtained from the
Human Genetic Mutant Cell Repository, Camden, NJ), derived from
an individual with the constitutional t( 1 1 ;2 2 ) translocation, was
used for the experiments.
Karyotype analysis confirm ed the
presence of the t(l l;22)(q23;ql 1) translocation with only the
derivative 22q- chromosom e being present.
C hrom osom es
prepared from this cell line were subjected to flow analysis and
the univariate flow karyotype obtained is depicted in figure 1 0 .
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The peak labelled ‘A’ in this figure corresponds to the derivative
22q- chromosome and contains about 73% of the DNA content of
chromosome 22. As the cell line was derived from a female, this
peak could not be due to an abnormally small Y chromosome but
must be due to the derivative 2 2 q-.
3.2.2.1

PCR analysis

Approximately 200 chromosomes were sorted into separate
tubes for PCR analysis from the fractions A-E indicated in figure
10.
Chromosomes from each fraction were subjected to
amplification with oligonucleotide primers for the genes c-ets-1,
Thy-1, CD3D, int-2, be 1-2 and IgH(Ca). The oligonucleotide primer
pairs and the expected amplified fragment size are listed in table
5 in section 2.1. B e l-2 which maps to chromosome 18 and IgH(Ca)
to chromosome 14 were included as controls as well as the in t - 2
oncogene which is known to map above llq 2 3 at the l l q l 3
position. The results of amplification following gel electrophoresis
are shown in figure 1 1 .
In each case the fragm ents am plified from sorted
chrom osom es were identical in size to the corresponding
fragments amplified from total genomic DNA (Figure 11, track G).
A m plification for c-ets-1, Thy-1 and CD3D from fraction A
containing derivative chromosom e 2 2 q- was positive, thus
demonstrating that these genes lie distal to the t(ll;2 2 )[C o ]
translocation breakpoint on chromosome 11.
The i n t -2 gene
mapped proximal to the breakpoint as expected and be 1-2 and
I g H ( C a ) produced am plification from chrom osom e fractions
corresponding to chromosomes 18 and 14, i.e. fractions C and D,
respectively.
3.2.2.2

Southern analysis

L ocalisation of the t( 11 ;22) [Co] breakpoint was also
confirmed by Southern analysis of larger fractions of 22q- using
probes for the c-ets-1, Thy-1 and CD3D genes (Figure 12).
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Univariate flow karyotype of the GM6228 cell
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11: Agarose gel electrophoresis of the products of enzymatic
amplification.
The oligonucleotide primer pairs used for
specific gene amplification are listed in Table 5. Lanes AE correspond to the different chromosome peaks sorted
(see figure 10). Lane G shows amplification from total
genomic DNA. The amplified fragment sizes are indicated
by arrowheads, and the size markers are indicated in
b asepairs .
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A probe for the bcr gene was used as a control probe and it
hybridised only to the fraction containing normal chromosome 2 2
and not 2 2 q-.

3.3

DISCUSSION

None of the llq 2 3 probes used showed any rearrangement
in either the A3RS-12B or A3EW2-3B hybrid cell lines when
digested with the E c o RI enzyme. This indicates that they lie at
some distance from the breakpoints, outside the range recognised
by this enzyme. The absence of a gene rearrangement however, is
not conclusive evidence that the gene being studied is unaffected
by the translocation, as a probe is not indicative of the entire
gene.
It is also possible that the chromosome rearrangement
might have a long range effect on the gene, or affect it indirectly
in some way. For example, a break might occur in the regulatory
portion of the gene which may be located some distance away and
not be detected at the level of conventional Southern analysis.
The ability to study long stretches
of contiguous
DNA isthus very
important.
This is made possible by PFGE analysis where rare
cutter enzymes are used for DNA digestion.
This approach is
discussed in the next chapter.
The use of hybrid cell lines allows the mapping of probes in
relation to translocation breakpoints. All the probes tested were
localised above the breakpoint for ES at llq 2 4 which is in
correlation with previous mapping information of these probes
(Budarf et al., 1989b). The localisation of the probes in relation to
the t(4; 11) breakpoint is also in agreement with earlier studies.
Sacchi and coworkers (Sacchi et al., 1986) have demonstrated the
transfer of the c-ets-\ oncogene onto chromosome 4 in the t(4; 11)
leukaemic translocation, indicating that this gene lies distal to the
breakpoint on chromosome 11.
The c-ets-\ oncogene is also
translocated on chromosome 9 in the t(9;lI)(p22;q23) of ANLL
(Diaz et al., 1986) and to chromosome 19 in the t(l 1; 19)(q23;pl3)
in a patient with Ph negative CML (Morris et al., 1988). These
observations however do not distinguish between the breakpoints
on chromosome 11 for the three leukaemic translocations.
The
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«0-5 kb
ETS1

F ig u r e

THY1

CD3D
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12: Southern analysis of flow-sorted 22q- derivative
chromosomes.
Probes were hybridised to Pstldigested DNA from 2 x 1 0 5 copies of chromosome
22q- (lane A) and from 7x10 5 copies of chromo
somes 21 and 22 (lane B). The same filter was
stripped of signal and rehybridised successively
with each probe. Size markers are indicated in
k ilo b a ses .
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CD3D gene has been mapped proximal to the t(4; 11) breakpoint
(Gold et
al., 1987b) and confirmed by Savage and coworkers
(Savage et al., 1988). The latter group has also localised NCAM
proxim al, and Thy-1 distal to the t(4; 11) breakpoint.
The
localisation of STMY, PGR, APOAI, D11S29 and D11S144 proximal
the
t(4; 11) breakpoint and PBGD distal to this translocation
breakpoint, has extended the mapping information of this region.
A new method of gene mapping is described in this chapter.
The ability to isolate specific chromosomes by flow-sorting and to
test for a gene of interest by its amplification using the PCR
technique, results in effective mapping of the gene. This provides
a rapid means of gene mapping but one that requires prior
knowledge of the sequence of the gene to be mapped so as to
enable the construction of amplification primers. It also requires
a clear separation of the chromosome peak on flow analysis, in
order to
enable the sorted m aterial to be pure enough for
mapping purposes.
The ability to sort the derivative chromosome 22 of the
t(ll;22)[C o] translocation, and its specific amplification, enabled
thelocalisation of the c-ets-1, Thy-1 and CD3D genes distal to the
translocation breakpoint on chromosome 11. The results confirm
and extend the previous mapping by in situ hybridisation of the
t(ll;22)[C o] breakpoint as proximal to c-ets-l (Griffin et al., 1986).
The int-2 gene, previously mapped to 11 q l 3 (Casey et al., 1986)
was absent on the derivative chromosome 22q- as expected. The
ability to
flow -sort chromosom es for mapping purposes is
especially
im portant when a som atic cell hybrid for
the
chromosome or chromosomal region
of interest is notavailable. It
also
provides an alternative means
of obtaining the chromosome.
It further has an advantage over somatic cell hybrids as the
problem of rodent background is not encountered. The results of
the flow-sorting and PCR studies demonstrate the translocation of
the
llq 2 3 region onto chromosome 22 in
the t(ll;2 2 )[C o ]
translocation; the derivative chromosome formed could provide
the basis of a library enriched for the q23 region of chromosome
1 1 (see chapter 6 ).
The mapping of CD3D, Thy-1 and c-ets-\ genes in relation to
the t(ll;2 2 )[C o ] and t(4; 11) breakpoints separates the two
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translocation breakpoints at the molecular level (Figure 13).
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C-ETS-1, THY-1, PBGD, CBL-2

CD3D

t( 11 ; 2 2 ) [ E S ]

24
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F ig u re

13: Positions of the t(ll;22)[C o], t(4 ;ll) and t(ll;22)[E S]
translocation breakpoints in relation to probes
mapped to llq 2 3 .
This map is derived from a
combination of results described in this chapter and
results of other investigators mentioned in the text.

maps proximal to t(4; 11) but distal to t(ll;22)[C o] breakpoints on
chromosome 11. This map can be extended by the addition of the
findings of other workers. NCAM and the D11S144 anonymous
DNA sequence have both been localised proxim al to the
t(ll;22)[C o] breakpoint (Julier et al., 1990), and thus to the CD3
locus. A recent study by Wei and coworkers (Wei et al., 1990) has
mapped the genes for PBGD and the c b l-2 oncogene distal to the
t(4; 11) breakpoint. They have also localised the APO complex to
the CD3 region and the STMY and DRD2 genes to a more proximal
position, by the use of a hybrid with the llq 2 3 translocation. The
STMY gene has been mapped more precisely by genetic linkage
studies (Charmely et al., 1990) and is localised proximal to the
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genes metioned above (Figure 13). A number of anonymous DNA
sequences have been mapped to more precise positions at llq 2 3 ,
these have been omitted as this study concentrates mainly on
genes localised to this region.
The results presented in this chapter confirm previously
known data, extend the mapping information of the llq 2 3 region
and are in agreement with more recent maps produced of this
region. The use of hybrids as described in this section allows the
positioning of probes in relation to translocation breakpoints. By
using more than one cell hybrid, information on the localisation of
probes in relation to each other can be obtained, and at the same
time, the translocation breakpoints are mapped relative to one
another. The construction of physical maps of the llq 2 3 region is
essential for the correlation of cytogenetic and linkage maps and
for the more precise localisation of further genes and disease loci
to this region.
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CHAPTER 4:
LONG RANGE ANALYSIS OF llq 2 3 ASSOCIATED
TRANSLOCATIONS
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4.

4.1

LONG RANGE ANALYSIS OF llo 2 3 ASSOCIATED
TRANSLOCATIONS

INTRODUCTION

The application of conventional Southern analysis to the
study of a variety of probes that map to llq 2 3 has failed to show
any rearrangement. (Chapter 3; Sacchi et al., 1986; Diaz et al.,
1986; Savage et al., 1988). Long range analysis of this region is
thus necessary for both the construction of a detailed map and the
study of leukaemic translocation breakpoints.
The use of PFGE
enables the study of longer stretches of contiguous DNA than does
Southern analysis, thus allowing the construction of physical maps
of the region and the ability to analyse longer segments of DNA
around a breakpoint.
The llq 2 3 region has generated a lot of interest due to its
involvement in malignancies, and as a result, detailed molecular
analysis of this region has begun.
A number of physical and
genetic maps have recently been constructed of this region in an
attempt to define the breakpoint regions more precisely and to
identify affected genes. Long range analysis around the CD3 locus
at llq 2 3 has been described (Evans et al., 1988) and the genes of
this family have been mapped within a 50kb stretch of DNA
(Tunnacliffe et al., 1988).
Early studies with PFGE failed to
physically link CD3 with other llq 2 3 loci such as Thy-1 and
NCAM (Evans et al., 1988); this reflects the distance between these
loci.
A more recent study has suggested a distance of
approximately 1000-1400kb between CD3 and Thy-1 (Tunnacliffe
and McGuire, 1990).
This chapter describes the long range analysis performed
around the c-ets-1, Thy-1 and CD3 genes using PFGE.
Studies
have been conducted with resp ect to llq 2 3 associated
translocations, in particular the leukaemic t(4; 11) translocation.
The results confirm earlier published results and localise the CD3
genes to within 200kb of the leukaemic t(4; 11) translocation
breakpoint.
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4.2
4.2.1

RESULTS
Long-range investigation of the llq 2 3 region

In the following experiments the GM1416B lymphoblastoid
cell line was used as a normal control.
Cell lines with llq 2 3
abnormalities such as the RS4;11 and GM6228 were analysed for
rearrangements.
The RS4;11 cell line is derived from an ALL
patient with the leukaemic t(4; 11) translocation (Stong et al.,
1985) and was provided by Dr. M. Greaves, Leukaemia Research
Fund, Institute of Cancer Research, London, UK. The GM6228 cell
line is derived from a carrier of an unbalanced constitutional
t(l 1;22)(q23;ql 1) translocation. The presence of the translocation
in the RS4;11 cell line and the derivative 22q- chromosome in the
GM6228 cell line were confirmed by giemsa-banded karyotype
analysis. GM1416B, RS4;11 and GM6228 are all lymphoblastoid
cell lines, this reduces differences obtained in hybridisation
pattern due to differential methylation.
The cell lines were digested with a variety of rare-cutting
restriction enzymes and in most cases, electrophoresis carried out
using 100 second pulse times for 46 hours. These conditions are
maximal for the separation of DNA fragments in the range 90lOOOkb (Figure 14). Probes used for long range analysis of the
cell lines included: RD 6 K specific for the c-ets-1 gene, pBSHTl for
Thy-1, pJ6T3-y-3 for CD3G, and L7 for the anonymous DNA
sequence D11S29.
The comparison of fragment sizes for the
different probes was based on the hybridisation signals obtained
from autoradiogram s of the same filter after stripping and
reprobing.
4.2.1.1

Resolution of c-ets-1 positive NotL P v u l and M lu l
frag m en ts

The probe for the c-ets-1 gene hybridised to very large
N o t I, P v u l and M l u l fragments which were unresolved under
standard electrophoretic conditions and were present in the
‘lim iting m obility’ region.
To obtain more precise fragment
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1OOOkb

90kb

Figure

14

:

Example of a typical pulsed field gel. Electrophoresis
conditions are as follows : 100 second pulses in N/S
and E/W direction for 46 hours at 150V. Electrophoresis
buffer used is tris borate at a running temperature of
9°C. X oligomer and S.cerevisae yeast marker at the
side indicates maximal separation between 90-1 OOOkb.
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sizes from these enzymes, their digests were subjected to altered
electrophoresis conditions. Electrophoresis was carried out over a
period of seven days, with pulse times of 30 minutes in each
direction for six days, and 100 second pulses for the last 24 hours.
Under these conditions, the c-ets-l probe hybridised to a 3000kb
N o t l fragment, 2000kb P v u l fragment and 2200kb M lu l fragment
(Figure 15A). The Thy-1 gene probe hybridised to a 2400kb M lu l
fragment and a 2000kb P v u l fragment (Figure 15B). It is thus
possible that c-ets-l and Thy-1 recognise the same P v u l fragment
which would place the two genes within 2 0 0 0 kb of each other.
4.2.1.2

Long-range analysis of c-ets-l. Thv-l. CD3G and
D11S29 on llq23-associated translocations

The fragment sizes obtained for the different probes with
the range of rare-cutter restriction enzymes used are presented in
Table 7.
Rearrangements were not observed for c-ets-l, Thy-1
and D11S29 on either the RS4;11 or GM6228 cell lines for any of
the enzymes used. DNA from the peripheral blood of a patient
(patient H) with ANLL and known to have the t( 6 ; 11)
translocation was also included in this study. No rearrangement
was observed in this patient for c-ets-l, Thy-1, CD3G and D11S29
when compared to the normal control.
CD3G showed a
rearrangem ent in the t(4; 11) translocation cell line with two
enzymes and is discussed in section 4.2.2.
Identical fragment
sizes to those of CD3G were obtained for all the enzymes used on
hybridisation with the pPGBC9 probe specific for the CD3D gene.
The pD Jl probe specific for CD3E also showed similar sizes for
most enzymes except with SfiI where fragment sizes of 360kb and
120kb were obtained. CD3D and CD3G are present on a 360kb Sfil
fragment (Table 7) demonstrating the presence of an Sfil site at
the region of the CD3E locus recognised by the pDJl probe (Figure
16).
In the normal control, CD3G and c-ets-l both hybridise to a
360kb S f i l fragment, with c - e t s - l also detecting a 450kb
fragment which indicates the position of the next Sfil site (Figure
17 lanes A and C and Table 7).
With the RS4;11 cell line,
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Hybridisation of c-ets-1 (Fig. A) and Thy-1 (Fig. B)
to Notl, Pvul and Mlul digested DNA. Separation of
Notl (lanes A and B), Pvul (lanes C and D) and Mlul
(lanes E and F) digested DNA are under conditions
necessary to separate a larger fragment range (see
text). For each digestion, the first lane corresponds
to the GM1416B cell line and the second to the GM6228 cell line. No change in fragment size was obt
ained, indicating the distance of c-ets-1 and Thy-1
to the constitutional t( 11 ;22) translocation break
point. C-ets-1 and Thy-1 are both present on a
2000kb Pvul fragment.
Fragment sizes are
indicated in kilobases.
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1 6: De mo ns tr at io n of an Sfil restriction site at the C D 3 E locus.
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fr a g m e n t whe n hy br id i se d with the p rob e for the C D 3 G ge ne
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17: Di st inct ion o f the 360kb Sfil f r ag men t for the C D 3 G and c-cts-1
probes.
C D 3G hybridises to a 3 60kb fr agment in both the G M 1 4 1 6 B
(lane A) and the RS4;11 (lane B) cell lines.
Th e s a me filter h y b r i 
dised with the c-ets-1 probe, p r o du c ed a 3 60 kb f r a g me n t in a dd i t
ion to a larger fr agment o f 4 50k b, in both the G M 1 4 1 6 B (lane C)
and the RS4;11 (lane D) cell lines.
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no change in fragment size was observed and no extra bands were
seen.
CD3G produced an identical fragment size to the normal
control and c - et s- l hybridised preferentially to the 450kb
fragment (Figure 17 lanes B and D).
The absence of any
rearrangement suggests that CD3G and c-ets-l do not lie on the
same Sfil fragment, as the breakpoint for the t(4; 1 1 ) translocation
is known to lie between the two genes (Savage et al., 1988).
4.2.1.3

Hvpermethvlation of the c-ets-l region in an ALL
patient with the t(4 :lH translocation

DNA prepared from the peripheral blood of an ALL patient
known to have the t(4; 11) translocation (identified as patient C)
was digested with a series of enzymes, and probed with the c-ets1 probe.
This resulted in very large fragments greater than
lOOOkb for the enzymes Sail, N a e I, N a r I, N r u l and Cl al (Figure
18).
This is in contrast to the fragment sizes obtained in the
normal control with the same enzymes, which are of resolvable
size. The same pattern was not observed for the Thy-1 and CD3G
probes and this suggests that
the c - e t s - l
region is
hypermethylated in this ALL patient.

4.2.2

Demonstration that CD3G is within 200kb of the t(4 :ll)
translocation breakpoint

The CD3G probe hybridised to identical fragment sizes in
both the GM1416B and RS4;11 cell lines for the majority of
enzymes tested. However, for S a c l I and Cl al enzymes, an extra
band was observed in the RS4;11 cell line in addition to the germ
line band. With the S a c II enzyme, apart from the 350kb germ
line fragment, an additional fragment of 510kb was obtained,
which was not present in the normal control (Figure 19). The use
of the A3RS-12B hybrid cell line which contains only the
derivative chromosome 11 portion of the t(4; 11) translocation
resulted in only the 510kb S a c II fragm ent (Figure 19).

113

a

b

c

d

e

f

g h

*

350kb*

i j

•

»
%

180 kb*
120 kb*

F ig ur e

18:

« L im iting
m obility

OOOkb

•
•

I

^80k b

Hypermethylation around the c-ets-1 locus in patient
C with ALL and the t(4 ; 11) translocation. Enzymes used
for digestion are Narl (lanes A and B), Nrul (lanes C and
D), Clal (lanes E and F), Sail (lanes G and H) and Nael
(lanes i and J). For each enzyme, the first lane corres
ponds to the normal control which is the K562 cell line
(provided by S. Dhut, ICRF, London, UK), derived from a
CML patient. The second lane for each enzyme digestion
corresponds to patient C. Fragment sizes for patient C
appear in the limiting mobility region for the enzymes
used. The fragment sizes obtained for the normal control
are indicated in kilobases.
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19: Demonstration of CD3G rearrangement on the SacII
digested RS4;11 cell line. All lanes correspond to SacII
digested DNA, and the hybridisation pattern observed
is for the CD3G probe. Lanes A-F are as follows: A =
GM1416B cell line, B = RS4;11 cell line, C = J1CL4 cell
line, D = HORL9X cell line (provided by Dr. P. Goodfellow,
ICRF, London, UK), E = Rodent cell line A23, F = A3RS12B
hybrid cell line. Fragment sizes are indicated in kilobases, deduced from S.cerevisae yeast chromosome
m a rk ers.
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This suggests that the extra S a c II fragment has been generated by
the t(4; 11) translocation.
This possibility was tested for by examining the DNA from
peripheral blood of four patients with ALL known to have the
t(4; 11) translocation and one ANLL patient with the t(9 ;ll).
In
two patients the extra 510kb S a c II fragm ent was observed
(Figure 20A, patients D and F). Peripheral blood from patient F in
remission was obtained, this acts as a true negative control for
this patient. The digestion of the DNA prepared from this material
with the S a c II enzyme and subsequent hybridisation with the
CD3G probe resulted in only the 350kb germ line fragment (Figure
21). The disappearance of the extra 510kb S a c l I fragment in the
remission material demonstrates the association of this fragment
with the presence of leukaemic cells and thus with the t(4; 11)
translocation. When the CD3G probe was used on Cl a l digested
DNA from the RS4;11 cell line, a germ line fragment of 200kb and
an extra fragment of 700kb were observed. Patient D also showed
an extra band of 580kb (Figure 20B).
Table 8 summarises the
fragment sizes obtained for the different patients with S a c l I and
Clal enzymes.

PATIENT WITH
PATIENTS WITH BCELL ALL CARRYING ANLL CARRYING
THE t(4; 11)
THE t(9; 11)
GM1416B

RS4;11

C

Sac II

350

350
510

350

350 350 350
510
510

350

Cla I

2 0 0

2 0 0

2 0 0

2 0 0

2 0 0

2 0 0

ENZYME

700
Table

8

:

D

E

F

2 0 0

G

580

Fragment sizes obtained for CD3G with Sac II and Cla I
enzymes, for the GM1416B and RS4;11 cell lines and
patients C, D, E, F and G.
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probed for the CD3G gene. Lane A - GM1416B
cell line, B - RS4;11 cell line, C-F - patients with
ALL and the t(4; 11) translocation, G - patient with
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20B: Digestion of DNA from leukaemic patients with the
Clal restriction enzyme. The order is the same as
that for 20A. The gel was blotted and probed for
CD3G. S.cerevisae yeast chromosomes were used
as markers in both cases.
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21: SacII digestion of DNA from patient F with ALL and
the t(4; 11) translocation, both in the remission and
disease state. A blot of this gel was probed for the
CD3G gene. The GM1416B cell line is run as a normal
control.
The 350kb germline and the 510kb rearran
ged fragments are indicated.
Fragment sizes were
deduced by using S.cerevisae yeast chromosomes as
m ark ers.
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4.2.2.1

Map of SacII and Clal around the t( 4 :lP translocation
breakpoint region

A double digestion of the normal control with S a c II and Clal
enzymes resulted in a 200kb CD3G fragment, thus demonstrating
that the Clal sites lie internal to the Sacll sites (Figure 22, lanes A,
B, C and Figure 23A). The RS4;11 cell line, on double digestion and
hybridisation with the CD3G probe, resulted in the 200kb Cl al
fragment and another fragment of approximately 510kb (Figure
22, lanes D, E, F).
This indicates that the breakpoint occurs
proximal to the Clal site telomeric to CD3G and that the SacII and
Cla I sites centromeric to CD3G lie very close to each other (Figure
23B). The double digestion in the case of patient D produced a
similar pattern to the RS4;11 cell line (Figure 22, lanes G, H, I and
Figure 23C). Patient F who did not show a rearrangement with
the Clal enzyme (Figure 20B), on double digestion, produced only
the 200kb Clal fragment (Figure 22, lanes J, K, L). This indicates
that the breakpoint in this patient lies distal to the Cl a I site
(Figure 23D).

4.3

DISCUSSION

Long range analysis of the llq 2 3 region has been described,
with emphasis on four different loci in the region, to investigate
both the physical linkage and the rearrangem ents of the
respective genes. Fragment sizes have been obtained for c-ets-1,
Thy-1, CD3G and the anonymous DNA sequence D11S29, for a
variety of rare-cutting restriction enzymes (Table 7).
From the
results no definitive physical linkage could be established for any
of the genes.
C - e t s - l and Thy-1 were both found to hybridise to a
2000kb P v u l fragment (Figures 15A and 15B). This suggests the
possibility that these two genes lie within 2 0 0 0 kb of each other.
This is however unlikely, as similar fragments were not obtained
for any of the other restriction enzymes used. C-ets-l and Thy-1
most probably lie on separate 2000kb P v u l fragments. A recent
linkage study has placed the c- et s -l gene about
19cM, i.e.

119

A

B

C

D

E

F

G

H

I

J

K

L

700 kb»>
5 8 0 kb^
5IOkb^

350 kb^
200kb»-

F ig u re

H

22: Double digest analysis with SacII and Clal enzymes
for the GM1416B cell line, RS4;11 cell line, and patients
D and F with ALL and the t(4; 11) translocation. A blot
of this gel was hybridised with the probe for the CD3G
gene. Lanes A, B and C = GM1416B cell line, lanes D, E
and F = RS4;11 cell line, lanes G, H and I = patient D,
lanes J, K and L = patient F. In each case the first lane
corresponds to a SacII digest, the second lane to a Clal
digest, and the
third lane to a double digest withSacII
and Clal. Fragment sizes are indicated at the side in
k ilo b a sep airs.
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as deduced from the double digest study described in
section 4.2.2.1. (Not drawn to scale). S = SacII, C = Clal,
CEN = Centromere, TEL = Telomere
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19,OOOkb telomeric of the Thy-1 gene (Concannon et al., 1990),
and this further rules out the possibility of close physical linkage.
CD3G and c-ets-l were both found to hybridise to a 360kb
S f i l fragment in the normal control and the RS4;11 cell line
(Figure 17). The c-ets-l gene hybridises to a 450kb fragment in
addition to the 360kb Sfi fragment in both cases. The absence of a
rearrangement in the RS4;11 cell line for either probe indicates
that CD3G and c-ets-l cannot be on the same Sfil fragment as they
are known to flank the t(4; 11) translocation breakpoint (Savage et
al., 1988). Thus they cannot be placed within 360kb of each other
as previously suggested (Yunis et al., 1989). Moreover CD3G and
c- e t s- l have been estimated to lie about 20cM apart as c-ets- 1
has been placed 19cM distal to the Thy-1 gene (Concannon et al.,
1990) which is approximately 2cM distal to the CD3 locus
(Charmley et al., 1990).
The anonymous DNA sequence D11S29 hybridised to
separate fragments from those of the other genes and could not
be physically linked to CD3G. D11S29 is known to lie proximal to
CD3G and has recently been mapped approximately 4cM, i.e.
4000kb away from CD3G (Charmley et al., 1990). D11S29 has also
been mapped distal to the t(ll;2 2 )[C o ] translocation breakpoint
and separated from the anonymous DNA sequence D11S144 by a
distance of 1.6cM. D11S144 maps proximal to this translocation
(Julier et al., 1990). D11S29 and D11S144 are the closest flanking
markers of the t(ll;22)[C o] translocation (Julier et al., 1990) and
therefore D11S29 is a good starting point for the study of this
breakpoint.
Long range rearrangement studies are not always easy to
analyse, as partial digestion caused by differential methylation
may result in fragments of different sizes, and these may be
m isinterpreted as rearrangem ents due to translocation.
This
problem may be overcome to a certain extent by the utilisation of
restriction enzymes not affected by methylation.
In addition the
consistent appearance of the rearranged band in different samples
and the demonstration of the rearrangement with more than one
restriction enzyme increases the chances of the rearrangement
being genuine.
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The results of the long range analysis performed on c-ets-1,
Thy-1 and the anonymous DNA sequence D11S29 indicate that
they are not rearranged in the t(4; 11), t(ll;2 2 )[C o ] and t( 6 ; 11)
translocations. Similar fragment sizes were obtained in all three
abnorm alities when compared to the normal control for the
different restriction enzymes used (Table 7).
This implies that
these genes lie at some distance from the breakpoints tested and
the t(ll;22)[C o ] lies at least 3000kb from c-ets-1 and 2400kb
from the Thy-1 genes (Figures 15A and B).
Although no rearrangem ents of the c-ets-1 gene was
observed in the t(4; 11) translocation, the restriction enzyme sites
around this locus appear to be hypermethylated as compared to
the normal control.
Fragment sizes greater than 1OOOkb were
obtained for five different enzymes in a patient with the t(4; 11)
translocation, in contrast to fragments of resolvable sizes obtained
in the normal control (Figure 18). This pattern was not observed
for the other genes tested.
It is thus possible that the t(4; 11)
translocation has resulted in hypermethylation around the c- et s - 1
locus in this patient. Hyperm ethylation is associated
with
decreased gene expression, and though the c-ets-1 gene does not
appear to be directly affected by the translocation, the possibility
remains that it may be affected indirectly.
The long range analysis of CD3G on the different
translocation material
seems to indicate the non-involvement of
this gene in the t(ll;22)[C o] and t( 6 ; 11) translocations. However,
CD3G appears rearranged in the RS4;11 cell line and additionally
in two ALL patients with the t(4; 11) translocation with the
enzymes SacII and Clal. These observations are highly unlikely to
be the result of partial digestion of DNA since the same filters
hybridised with other probes revealed only single germline bands.
Furthermore, polymorphism of the SacII and Clal sites accounting
for the extra bands is unlikely as no normal DNA samples have
been found to contain these bands.
In addition the cell hybrid
containing the 1 1 q derivative chromosome contains the larger
re a rra n g e d
510kb
S a c I I fragm ent, in d icatin g that
the
translocation is responsible for the rearrangement observed.
The
presence of a 51 Okb
S a c II fragment at less intensity than the
germline band was observed in some of the patient samples
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(Figure 20A).
This suggests that these samples contain a
proportion of contaminating normal cells and argues against these
results being due to polymorphism. Finally, the disappearance of
the extra rearranged 510kb S a c l l fragment in the remission
material of patient F (Figure 21) demonstrates definitively the
association of the rearrangement with the disease.
The difference in the size of the rearranged band observed
for Clal between the RS4;11 cell line and patient material could be
due to methylation (Figure 20B). The Clal enzyme is known to be
sensitive to methylation and the effects of a translocation upon
methylation are not known. The fact that patients C and E show
no rearrangement with either of the enzymes indicates that either
insufficient numbers of cells carrying the t(4; 11) translocation
were present, or heterogeneity exists at the molecular level for
the t(4; 11) translocation breakpoint. Heterogeneity of the t(4; 11)
translocation breakpoint does seem to occur and can be
demonstrated at the molecular level in patient F by double digest
analysis. The breakpoint of this translocation in patient F, who
differs from both patient D and the RS4;11 cell line in the absence
of a rearranged Clal fragment, seems to occur telomeric to the Clal
site distal of the CD3G gene.
The breakpoint of the t(4; 11)
translocation in patient D and the RS4;11 cell line occurs proximal
to the Cl al site and thus results in the rearrangement (Figures 22
and 23).
At the molecular level, the breakpoints of the t(4; 11), t(9; 11)
and t( l 1; 19) leukaemic translocations cannot be distinguished.
Patient G with t(9; 11) shows no rearrangement with either the
S a c II or C l a l enzymes, and this would tentatively place the
breakpoint distal to the t(4; 11) breakpoint. In addition, a cell line
called BS, prepared from an ALL patient with the t( l 1; 19)
translocation (Katz et al., 1991) was recently obtained. Digestion
of this cell line with S a c II and C l a l and hybridisation with the
CD3G probe revealed no rearrangements and only the appropriate
germ line fragments were present (results not shown).
The
observed absence of rearrangement is similar to the situation in
patient G with the t(9; 11), and tentatively also places the t(l 1; 19)
breakpoint distal to the t(4; 11) breakpoint.
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Tunnacliffe and McGuire (1990) have constructed a physical
map of the llq 2 3 region in which Thy-1 has been placed distal to
cbl-2 and PBGD, with a distance of 750kb between PBGD and the
CD3 locus. Mapping experiments with somatic cell hybrids have
shown that the t(4; 11) breakpoint splits genes in llq 2 3 into two
groups, one including the CD3 genes and the other Thy-1, PBGD
and cbl-2 (Savage et al., 1988; Yunis et al., 1989; Wei et al., 1990).
O th er
ch ro m o so m al
a b n o rm a litie s,
in c lu d in g
an
inv
ins(X ;lI)(q24;q23q21) from a patient with acute myelomonocytic
leukaem ia, and a t( l I;14)(q23;q32)
from a diffuse B -cell
lymphoma, also separate CD3 from Thy-1 and PBGD (Yunis et al.,
1989).
The evidence presented in this chapter provides direct
confirmation that the t(4; 11) translocation breakpoint lies within
200kb of CD3G and thus fits in with the physical map emerging of
this region.
The CD3 genes code for proteins which form part of the Tcell antigen receptor complex and have been mapped within a
50kb stretch of DNA (Tunnacliffe et al., 1988).
CD3 gene
expression is one of
the first events during maturation of the
thymocyte and the clustering of these genes is thought to be
significant in their
sim ultaneous activation during T -cell
development. The regulation of genes of the CD3 cluster is being
studied and it appears that regulatory regions pertaining to CD3
gene expression are situated close to the genes themselves, though
the presence of more distal elem ents cannot be excluded
(Tunnacliffe, 1990).
The proximity of CD3G to the t(4; 11)
breakpoint poses the question of its possible involvement at long
range with this translocation.
The earlier suggested involvement
of the c-ets-\ oncogene in the t(4; 11) translocation (Sacchi et al.,
1986) now seems unlikely as it has been placed 20cM away from
CD3G by RFLP studies (Concannon et al., 1990). It is interesting to
note that the Thy-1 gene, which codes for a cell surface
differentiation marker and similar to the CD3 complex in its
expression in thymocytes and lymphocytes, has been localised
within 2cM of the CD3 genes (Charmley et al., 1990).
A
breakpoint in this region could possibly disrupt the function of
one or more genes important in lymphocyte development and
differentiation. In addition, a CpG island identified by a cluster of
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rare-cutting restriction sites, approximately 1 2 0 kb telomeric of
CD3G (Tunnacliffe and McGuire, 1990) could be the location of a
novel gene that might be affected by the t(4; 11) breakpoint.
Thus CD3G, which lies at not more than 200kb from the
t(4; 11) breakpoint, provides a starting point for the analysis and
eventual cloning of this breakpoint.
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CHAPTER 5:
ENZYMATIC AMPLIFICATION OF INTER-ALU REGIONS:
DEMONSTRATION OF FEASIBILITY AND FIDELITY OF
PROCEDURE
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5.

5.1

ENZYMATIC AMPLIFICATION OF INTER-ALU
REGIONS: DEMONSTRATION OF FEASIBILITY
AND FIDELITY OF PROCEDURE

INTRODUCTION

For the detailed molecular analysis of the llq 2 3 region,
isolation of novel probes to this region is of great importance.
Increasing the number of probes results in the construction of a
more complete map of the llq 2 3 region.
For the isolation of
probes to a particular chromosome region, the construction of a
library from a specific source such as flow -sorted or
microdissected chromosomes is necessary.
However, the current
levels of cloning efficiency
place a restriction on theamount of
DNA from whicha library can be
constructed. When the starting
m aterial co n sists of sm all num bers of flo w -so rted or
microdissected chromosomes, it is necessary to amplify the DNA
prior to cloning.
This has previously been achieved by linking
either vector DNA sequences (Ludecke et al., 1989) or
oligonucleotides (Kinzler and Vogelstein, 1989) to the target DNA
molecules, followed by PCR with appropriate primers.
This
approach facilitates amplification of DNA representative of the
starting sequences, but requires the m anipulation of small
amounts of DNA. Provided that total amplification of the starting
sequence was not required, an alternative technique could be to
use naturally occuring repeat family members e.g. Alu repeat
family, for amplification of the intervening sequences.
Random
am plification of
DNA in this
way facilitates its m olecular
manipulation especially where the starting m aterial is limited.
This has the advantage that no m odification of the starting
material, such as ligation, is required prior to the PCR reaction.
This system thus has great potential for the construction of
libraries and the generation of DNA probes from small amounts of
selected material.
Alu sequences constitute the most abundant fam ily of
middle repetitive DNA sequences in the human genome (Deininger
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et al., 1981). It has been estimated that there are about 5 x l0 5
copies|comprising 3-6% of the genome. The human Alu sequences
are approximately 300 bases long and have a dimeric internal
structure which suggests a duplication of a single ancestral DNA
sequence of approximately 150 base pairs.
The two monomer
units are separated by a central A-rich region, an A-rich stretch is
also present at the extreme right of the Alu sequence (Jelinek and
Schmid, 1982). Most Alu sequences are flanked by direct repeats
that are believed to have been generated from the target
sequence used in the process of integration (Van Arsdell et al.,
1981).
Figure 24 depicts these features of the Alu sequence
which are strongly conserved between members of this repeat
family. The flanking direct repeat sequences of Alu are found to
be slightly A+T rich and Alu sequences are suggested to have a
preference for integration at A T-rich regions (D aniels and
Deininger, 1985).

Boundaries of Alu sequence
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(A )n
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— * ____________ ■=■ I

3-

3 ' ---------------------------------------------------------------------5 ’
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24: Schematic representation of the strongly conserved
regions of the Alu sequence. FDR = flanking direct
repeat, IDR = internal direct repeat.

Alu sequences are thought to be inserted at random sites
along the human genome by reintegration of reverse-transcribed
copies of Alu RNAs and are thought to represent defective 7SL
RNA molecules (Chen et al., 1985). More precise localisation by in
situ hybridisation demonstrates the distribution of Alu sequences
along human chromosomes mainly to giemsa negative or reverse
bands.
Similar studies of the major LINES (long interspersed
repeated sequences) sequence fam ily, L I, lo calises them
predom inantly to giem sa p o sitiv e bands (K orenberg and
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Rykowski, 1988).
These observations suggest inverse roles for
Alu and LI in chromosome functions including replication and
condensation. |Alu sequences are rarely found in exons and directly
repeated tandem copies of Alu DNA have not been reported.
The experiments described in this chapter examine the
possibility of inter-Alu amplification of a range of DNA substrates,
including sorted chromosomes.
The ability to amplify inter-Alu
regions efficiently and accurately will make this procedure very
useful for the generation of chromosome region specific probes.
The results described in this chapter demonstrate that a
single
pair of oligonucleotides to the Alu consensus sequence was
sufficient to prime the amplification of a heterogenous size range
of products, which by several criteria represented inter-A lu
fragments.
In addition to the generation of DNA probes from
small amounts of selected DNA material, this approach also offers
a novel means to study the junctions between the 5' ends of the
Alu repeats and the adjacent single copy DNA.

5.2
5.2.1

RESULTS
Choice of Alu primers

The strategy described relies on the use of primers which
are positioned on opposite strands but oriented out towards the
adjacent single copy DNA. A pair of oligonucleotide primers, 5'GAATTCACGCCACTGCACTCCAGCCTG-3' (Prim er I) and 5'GGATCCTGCCTCAGCCTCCCGAGTAGC-3' (Primer II) w as chosen
(Figure 25) from the revised consensus Alu repeat sequence
(Bains, 1986; Kariya et al., 1987). Thus if an adjacent Alu member
is sufficiently close, the inter-Alu region will be amplified during
PCR with both primers irrespective of their relative orientations.
It was noticed that restriction enzyme sites (E coR I and B a m H I)
could be introduced into the primers with minimal deviation from
the Alu consensus and these were incorporated into the 5' ends of
the above sequences. A further consideration in choosing primer
II to lie well within the Alu consensus allowed the possibility of
using a sequencing primer, 5'-TCTTGATCTCTTGACCTCGTG-3'
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(Prim er III)
(F ig u re 25).
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F ig u re

5.2.2

25: The position, orientation and sequence of primers for
PCR (I,II) and for direct sequencing (III) with respect
to the 280bp Alu consensus sequence.
The
nucleotide positions of the primers are as follows, bp
232-258 (primer I), 169-195 (primer II) and 63-84
(primer III).

Amplification from total genomic DNA

250ng of total human genomic DNA was amplified using a
combination of primers I and II.
The size ranges of the DNA
fragments amplified are shown in figure 26. It shows that using a
single primer (Figure 26, lane C) yields a marginally larger
distribution than using both primers (Figure 26, lane B).
No
products were observed from control reactions to which no
primers were added (Figure 26, lane A). Control reactions were
also performed where no DNA was added (data not shown) and no
amplification product was observed.
In order to demonstrate that am plification was correctly
primed from Alu family members, the sequencing primer III was
used for direct sequence analysis of the heterogeneous mixture of
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Figure

26: Gel el ect rophores is o f Alu p ri med PCR p r od uc ts from gen omi c
DNA. Lane A - no pri mer control, lane B - pri mer I and II
t ogether, lane C - pr imer I only.

a c GT

Figure

27: Direct s equ ence analysis of the 5' Al u- si ng le c opy D N A j u n ct i o n s
o f the amplified DNA shown in Fig. 26 (lane B). Th e arrow
indi cat es the j u n ct i on b et we e n the 5'end o f Alu s e q ue n ce s
and its flanking DNA.
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DNA fragments in figure 26 (lane B). The sequence obtained
(Figure 27), as expected, included the 5' end of the Alu repeats
and their adjacent flanking sequences. This is in agreement
(Table 9) with the Alu consensus sequence previously derived by
computer analysis of cloned sequences (Bains, 1986; Kariya et al.,
1987). Direct sequencing of the PCR product has the advantage
that it displays the summation of many Alu members. Therefore
the relative intensities of each base at each position should
indicate its frequency of usage. Thus it is clear that some bases
are highly conserved whereas at other positions some variation
may be present.

5’ end of Alu consensus sequence
1

10

20

30

40

CIXjGGCXJIXj GTGGCTCACA<XTGTAATC(XAGCACTTTGGGA....
GGC03GGOG(X3GTGGCrCAOGCCTGTAAT(XCAGCACITTGGGA...
GGCIX3GGCGTGGTGGCrcAOGCCIXjTAATCCCAGCACTTTGGGA.....
GGCXX3GG(XTGGTIXjOGCA(XXXTGTAATC(XAGCACrTTGGGA_
A

G C

R eference
Deininger et al., 1981
Bains, 1986
Kariya et al., 1987
Figure 27

TT

T able 9: Com parison of the 5' end of the Alu consensus
sequences with the sequence derived from Fig. 27.
Alternative base usage is indicated in the lower line.

5.2.3

Amplification from cosmid DNA

A series of anonymous cosmids, each containing approximately
40kb of human DNA, was subjected to Alu PCR. Each cosmid
yielded a distinctive and reproducible set of amplified fragments
and the results for 3 different cosmids are shown (Figure 28A).
In order to confirm that these fragments were derived from the
original cosmids, a particular fragment was excised (Figure 28A)
and used to probe both cosmid and genomic DNA digested with
E c o RI. This probe hybridised to a single 5kb fragment in only the
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13 5 3 603-

Figure

2 8 A: Gel el ec troph ores is of Alu P CR p ro du c ts from three a n o n y m o u s
cosmid DNA samples.
Products were run on a 2% agarose gel
with a PhiX 174/ Hae III m ar k e r .
The l ar ge r m o l e c u l a r we ight
band of cosmi d 3 (indicated with an arrow) was e xc is ed and
used to hybridise g enomi c and c os mi d D N A filters (see Fig. 28B).

a

50 kb^

Figure

b

c

F

2 8B: Hybri di sat ion of excised band o f P CR p ro du ct to a) g eno mi c
DNA, b) cosmid DNA 3, c) cosmid DNA 2, all digested with EcoRI.
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original cosmid and not to the other cosmids (Figure 28B).
Significantly, the same probe hybridised to a fragment of the
same size in genomic DNA. The background smear (Figure 28B) is
due to cross reaction between genomic Alu members and the
region of Alu repeat present in the probe (Figure 25).
It is
concluded that the fragments amplified by Alu PCR from cosmids
are representative of the original sequence.
5.2.4

Amplification from flow-sorted chromosomes

The feasibility of obtaining amplification from extremely
small amounts of DNA was tested by performing the Alu PCR
reaction on flow-sorted chromosomes. Aliquots of 200, 500 and
1 0 0 0 copies of human chromosome 2 1
were sorted directly into
collection tubes containing Taq reaction buffer and the PCR was
performed as for genomic DNA except that 40 instead of 20 cycles
were perform ed.
The gel electrophoresis of the products
demonstrated a similar size range to that obtained from genomic
DNA (Figure 29). It can be estimated that the total amount of DNA
in the 2 0 0 chromosome aliquot was no more than 2 0 pg.
5.3

DISCUSSION

The amplification strategy described in this chapter relies on
the occurence of adjacent Alu repeats sufficiently close to each
other to permit successful amplification of intervening sequence
during the chosen elongation conditions.
The procedure, when
applied to genomic DNA resulted in a product size distribution of
fragments up to several kilobases long.
A recent computer
analysis (Moyzis et al., 1989) of large stretches of cloned
sequences in the Genbank database indicated that the average
spacing between Alu repeats was approxim ately 4kb.
This
distribution was best explained by the existence of two classes of
genomic DNA, “Alu-rich” and “Alu-poor” domains. Within each
domain the placement of Alu members was considered to be
random. This model predicted that within an “Alu-rich” domain
the average spacing would be approximately lkb and about lOkb
in an “Alu-poor” domain, yielding an overall average of 4kb. I n
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A B C

bp

1353-

310-

Figure 29

Gel electrophoresis of Alu primed products from
flow-sorted chromosomes. Lane A - 200, lane B
- 500 and lane C - 1000 chromosomes. Products
were run on a 2% agarose gel with a Phi X174/
Haelll marker.
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situ hybridisation evidence was also presented (Moyzis et al.,
1989) to suggest a differential density of Alu repeats along
metaphase chromosomes.
In particular, underrepresentation of
Alu m em bers in centric hetero ch ro m atin was observed.
Enzymatic amplification would be expected to favour the “Alurich” domains and the size range shown in figure 26 is consistent
with this interpretation.
Successful amplification from sequences
as long as lOkb have been reported (Jeffreys et al., 1988) and it
should be possible to extend the size range of fragments amplified
to include the “Alu-poor” domains. Thus by utilising this approach
it may be possible to study experimentally the two domain model
for Alu placement.
It is difficult to estimate what proportion of the genome has
been amplified in these experiments.
There may exist Alu
members which are sufficiently different from the consensus
sequence, and th erefo re from the p rim ers, to prev en t
amplification. It has been estimated that individual Alu members
are 8 6 % homologous to each other and to the consensus (Bains,
1986). Primers were used to only the most conserved part of the
consensus in an attempt to increase the proportion of inter-Alu
sequence which is amplified. The efficiency of amplification of
different inter-Alu sequences may also vary and this would be
reflected in their representation in the final mixture. It might be
possible to increase the overall representation of DNA by
including primers to other repeat sequences such as the LI and
GT:AC families (Hwu et al., 1986; Rinehart et al., 1981). Although
they occur less frequently with an average spacing of 30-60 kb it
should be possible to amplify between adjacent members of
different families.
The demonstration that a particular Alu amplified fragment
hybridises back to the original cosmid and to genomic DNA (Figure
28) indicates that the intervening sequence is being faithfully
replicated.
Each cosmid gives a characteristic pattern of
fragments and no cosmid has been found so far which yields no
fragments.
It has been demonstrated (data not shown) that an
identical pattern of fragments can be amplified directly from
bacterial cells. This is a rapid method by which cosmids can be
“fingerprinted” and thus overlapping cosmids determined, without
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the necessity of preparing the DNA. It is also suggested that this
approach could be used for the rapid preparation of human DNA
probes from genomic sequence in a non-human background, for
example, from yeast artificial chromosomes or from somatic cell
hybrids. The identification of overlapping cosmid clones (Stallings
et al., 1990) and YAC clones (Wada et al., 1990) by a combination
of restriction enzyme digests and hybridisation with selected
classes of repetitive sequences such as Alu, LI and (GT)n has
recently been described. Such methods of “repeat fingerprinting”
will be very useful in physical mapping of human chromosomes.
Current experiments have used prim ers positioned well
within the Alu consensus and therefore the amplified fragments
are expected to contain a substantial proportion of the Alu repeat.
If primers were positioned at the extreme ends of the consensus
the amplified fragments would contain very little Alu sequence.
This approach could be used as a means of enriching genomic DNA
for non-Alu sequence and simplify the mapping of cosmid DNA
inserts and other large DNA fragments. It is also essential for the
generation of probes with a less repetitive nature.
The construction of representative libraries from flowsorted chromosomes (Krumlauf et al., 1982) is restricted by the
quantities required (typically several m illion copies).
The
application of Alu primers to flow sorted chromosomes yields a
heterogeneous size range of fragments (Figure 29) similar to that
obtained from genomic DNA. Thus this approach could form the
basis for the construction of libraries from small numbers of
chromosomes. This would be applicable where it was desired to
generate a large number of probes from lim ited amounts of
starting DNA. The utilisation of Alu primers for the amplification
of human specific DNA from somatic cell hybrids and production
of probes to specific chromosomal regions has recently been
described (Nelson et al., 1989). The application of this technique
to flow-sorted chromosomes, for the generation of llq 2 3 specific
probes is presented in chapter 6 .
Direct sequence analysis of the 5' ends of Alu members
(Figure 27) confirmed that amplification had taken place from Alu
repeats into the adjacent DNA. Previous sequence analysis of Alu
repeats could only be performed singly on cloned DNA fragments.
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The advantage of the present approach is that multiple Alu
members are being compared sim ultaneously and thus the
sequencing gel gives a direct measure of the usage of each base at
each position. The sequence obtained is compared in Table 9 with
previously determined Alu consensus sequence.
It is clear from
figure 27 that there is a region (bases 23-47) which appears to be
more highly conserved.
This region corresponds to that
previously identified by Kariya and coworkers (Kariya et al.,
1987) to be conserved amongst 50 cloned Alu members.
The
region proximal to this shows less homology (bases 1 -2 0 ) but the
5f end is clearly indicated and agrees with that previously
determined.
Alu members are often flanked by short direct
repeats which are not part of the Alu sequence and which appear
to be different for different members of the family. These repeats
are thought to have been generated during the process of
integration (Van Arsdell et al., 1981). An examination of the 5'
flanking sequences of 50 Alu members by Bains (1986) lead to
the conclusion that this region is A-rich, containing a poly-A
“nose”. Examination of this region in figure 29 confirms that there
are no particular features in common between the 5' flanking
direct repeats except a slight A-rich bias in a stretch of about 17
nucleotides.
This supports experimentally the presence of the
poly-A “nose” proposed by Bains (1986) and suggests that
integration of Alu members takes place preferentially into such
A-rich regions.
The findings
in addition indicate that the
orientation of Alu repeats is non-random with respect to the Arich regions.
It is interesting that Alu repeats closer than 500
bases are demonstrated to be preferentially oriented in the same
direction (Moyzis et al., 1989). A possible explanation of this may
be that an A-rich bias extending for a short range on a single
strand may for some unknown reason, influence the orientation of
Alu insertion.
In ter-A lu
enzym atic
am p lifica tio n
has
far-rea ch in g
applications in the field of cloning, mapping and sequencing of
DNA, particularly from areas where only small quantities of
unknown sequence are available.
Further insight into the Alu
junctional regions may also be gained.
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CHAPTER

6

:

GENERATION OF Ilq23-q24 SPECIFIC PROBES BY
ALU-PCR OF FLOW-SORTED CHROMOSOMES
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6.

6.1

GENERATION OF Ila23-a24 SPECIFIC PROBES
BY ALU-PCR OF FLOW-SORTED CHROMOSOMES

INTRODUCTION

The flow sorting of chromosomes provides an enriched
source of particular chromosomes for the eventual generation of
chromosome specific probes. The introduction of bivariate or dual
laser sorting, in which chromosomes are stained with two dyes
having different binding preferences for DNA of different base
co m p o sitio n ,
gives
b etter
d isc rim in a tio n
o f in d iv id u al
chromosomes and better sorting purity (Trask et al., 1989; Van
den Engh et al., 1990). A problem still arises in the sorting of
normal chromosomes 9 to 12 as they are of similar size and base
composition (Van den Engh et al., 1990). This can be resolved to a
certain extent by the analysis of abnormal chromosomes that
result in a change of size. For example, chromosome deletions of
as little as a few megabases can be distinguished by bivariate flow
analysis (Trask et al., 1989).
In addition, careful selection of
derivative chromosomes which contain part of a chromosome of
interest with characteristic flow cytom etric properties, may
provide a source of DNA containing specific regions from only two
chromosomes.
Chromosome preparations of somatic cell hybrids
can also be analysed by flow cytometry and used for the isolation
of a pure group of chromosomes. The drawback of using somatic
cell hybrids is the relative instability of their human chromosome
content (Benham et al., 1989).
In addition to flow -sorted chrom osom es, somatic cell
hybrids and m icrodissected chromosomes provide an enriched
source of chromosomal DNA for the construction of genomic
libraries and the eventual isolation of chromosome specific probes.
By using somatic cell hybrids containing a single derivative
chromosome of a translocation, or irradiated hybrids that contain
only specific regions of chromosomes, further refinement of the
process is possible and probes specific to certain chromosomal
regions may be isolated. Chromosomal region specific probes can
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also be isolated by flow analysis, by selecting for derivative
chrom osom es of appropriate tran slo catio n s containing the
chromosomal region of interest. The disadvantage of flow-sorting
is the large number of chromosomes required for effective DNA
preparation and cloning. With somatic cell hybrids, there is the
presence of a rodent DNA background that has to be identified
and separated from the human DNA of interest.
Enzymatic
amplification of microdissected chromosomes has been described
(Ludecke et al., 1989; Kinzler and Vogelstein, 1989) as a source for
regional specific probes, but it entails manipulation of small
amounts of DNA.
PCR primers specific to human repetitive sequences, such as
the Alu sequence, can be used for amplifying human DNA falling
between such repeats, both in the human genome and in purified
DNA sources (Chapter 5). This approach overcomes some of the
problems outlined above.
The utilisation of Alu-specific PCR
primers for the amplification of human sequences in somatic cell
hybrids has been described and effectively used for the
generation of chromosome specific DNA probes (Nelson et al.,
1989; Brooks-Wilson et al., 1990).
The ability to am plify small numbers of flow -sorted
chromosomes by the PCRtechnique (demonstrated in chapter 3)
makes it a valuable source for the isolation of chromosome
specific probes. This chapter describes the isolation of single copy
probes specific for the llq23-qter region. This was achieved by
Alu amplification of sorted derivative 22q- chromosomes from a
cell line containing the constitutional t ( l l ; 2 2 ) translocation, and
the subsequent cloning of the amplified products. This is a rapid
method for the isolation of probes specific to a certain
chromosomal region and these can readily be used in mapping
studies.
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6.2
6.2.1

RESULTS
Inter-Alu amplification of sorted der 22q- chromosomes

The cell line GM6228, which has been shown to carry the
derivative 2 2 q- chromosome of the unbalanced constitutional
t(ll;2 2 )(q 2 3 ;q ll) translocation, was used for flow analysis. The
chromosome suspension prepared from this cell line was stained
with two fluorescent dyes, Hoechst 33258 (AT preference) and
Chromomycin A3 (CG preference) and subjected to dual laser flow
cytometry as described in section 2.2.9.
The bivariate flow
karyotype for GM6228 is shown in figure 30. The derivative 22qchromosome from this cell line resulted in a peak (labelled 2 2 qin figure 30) containing about 73% of the DNA content of a normal
chromosome 22 and about 15cM of chromosome 11. This is in
accord with the size of the 2 2 q- chromosome as visualised by
giemsa banding. The clear separation of derivative 22q- from the
other chromosomes allowed sorting of this chromosome to a high
degree of purity for amplification and cloning purposes.
A pproxim ately 500 chrom osom es w ere sorted into
individual tubes and subjected to PCR analysis. The chromosomes
were am plified with Alu oligonucleotide prim er IV (5'CAGAATTCGCGACAGAGCGAGACTCCGTCTT-3’) which is based on
the 3' end of the consensus Alu sequence. Normal chromosome 22
and total genomic DNA were used as positive controls for the
am plification.
Analysis of the amplification products by gel
electrophoresis showed a banding pattern with background
smearing predominantly in the size range of 400 to 1000 base
pairs (Figure 31). The relative DNA content of the 22q- derivative
chomosome as estimated by flow analysis suggests that about 70%
is derived from chromosome 2 2 and thus predicts that only about
30% of the amplified products could be from chromosome 11.
6.2.2

Construction of der 22q- inter-Alu library and isolation
of llq23-qter specific probes

The inter-A lu am plified products of sorted
chrom osom e were subject to blunt-end ligation
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der 22qinto the
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o»
der 2 2 q -

Chromomycin A3 Fluorescence

Figure 30 : Bivariate flow karyotype of the GM6228 cell line.
The derivative 22q- chromosome is indicated. The
position of each normal chromosome is also indicated.
Both homologous of certain chromosomes (16, 21 and
22) are present as separate peaks.
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Figure

31:

Gel electrophoresis of A lu -p rim ed products of flow -sorted chrom osom es.
Lanes 22 = flow -sorted norm al chrom osom e 22, lanes 22q = flo w -so rte d
derivative chrom osom e 22q-, lane G = human genom ic DNA, lane N = no
DNA (negative control), lane T = PCR product from total genom ic DNA
am plified with prim ers spe cific for the Thy-1 gene, used as a positive
control. The size of the m olecular m arkers are indicated in basepairs.

CLONES

1-32

CLONES

33-64

Figure

32:

Gel electrophoresis of PCR products from 64 white colonies am plified
with the Alu prim er. The average am plified fragm ent size is 600bp
(m arker not indicated). This w as blotted and used for Southern analysis.
The num bers of the clones are indicated above and below the electrophoresis
gels, num bering the lanes consequtively from left to right. The clone
num ber co rrespond s to the lane num ber. C lones 11, 14, 15, 16, 38,
42, 43, 44, 54 and 61 lacked inserts.
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pBluescript vector as described in section 2.2.10.
By avoiding
restriction enzyme digestion, the size of the amplified products
was maintained.
Examination of the library gave an estimated
total of 2 1 0 0 positive clones as determined by colour selecion (i.e
white colonies).
A total of 64 positive clones were picked at
random and gridded onto ampicillin/Bluo-gal plates for further
analysis. Direct amplification of the insert was performed on each
of the single bacterial colonies using the same Alu primer and the
amplified products analysed on agarose gels (Figure 32).
This
revealed the absence of Alu amplified insert in 10 lanes (Clones
11, 14, 15, 16, 38, 42, 43, 44, 54 and 61 in Figure 32). The
average insert size was approximately 600bp which is comparable
to that found in the original am plification.
The amplified
electrophoresed products were transferred to nylon membranes
for Southern analysis and screening for single-copy clones specific
to chromosome 1 1 .
To distinguish between repetitive and single-copy probes,
clones were hybridised with labelled total human genomic DNA.
This revealed that 31% (17 clones) of the clones with insert were
highly repetitive (Figure 33A) and the remaining 69% showed no
signal, suggesting that they contained single-copy
human
sequences from the derivative 22q- chromosome.
To determine
the proportion of single-copy probes specific for the chromosome
1 1 portion of the derivative 2 2 q- chromosome, hybridisation with
labelled Alu amplified products of the J1CL4 somatic cell hybrid
was performed.
J1CL4 is a somatic cell hybrid with a normal
chromosome 11 as its only human complement. 6 8 % (37 clones)
showed strong signals (Figure 33B).
Of these, 17 clones had
previously shown a repetitive element, thus leaving a total of 37%
(20 clones) with single copy chromosome 11 Alu amplified inserts
from the q23-qter region. This is in keeping with the estimated
DNA content of chrom osom e 11 in the derivative 22qchrom osom e.

146

A
C LO N ES

3

8

17

• t
•

*

▼

3

6

I

23

▼

8

iO

1

▼

17 18

T

19 2 0

▼

21

I
4

F ig u r e

36
4

4

37

40

29

41
4

45

▼

23

25

27

T

T

28 29 3 0

32

* Ijf

I I

33 34

27

- f t

f

13

*

C LO N ES

25

•? I -fit

*

CLONES

19

46

47

*

48
4

49
4

5 0 51 5 2
4

- t f
56
A.

57

59

60

6 3 64
4 4

33: A) Southern hybridisation analysis of clones 1-64 with
radioactively-labelled total human DNA.
The hybridising
clone numbers are indicated above and below the lanes
and represent clones with highly repetitive DNA content.
B) Southern hybridisation analysis of clones 1-64 with
radioactively-labelled A lu-am plified product from the
somatic cell hybrid J1CL4. Hybridising clone numbers
are indicated above and below the lanes. Following
subtractive exclusion of the highly repetitive clones
indicated in (A), clones with potential single-copy DNA
from the human chrom osom e I lq 2 3 -q 2 5 region are
indicated by arrowheads.
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6.2.3

Mapping of single-copv probes in relation to llq 2 3
associated breakpoints

For more precise localisation, the 20 single-copy clones
positive for the chromosome 1 1 screen were used as probes on
human genomic and somatic cell hybrid DNA panels. These panels
contained the A3RS-12B hybrid cell line which contains the
derivative 11 chromosome of the leukaemic t(4; 11) with the
breakpoint at llq 2 3 , and the A3EW2-3B hybrid cell line which
contains the derivative 11 portion of the t(ll;2 2 ) of ES, with the
breakpoint on chromosome 11 at position q24. The J1CL4 hybrid
cell line and GM1416B cell lines were used as positive controls
and the rodent cell line A23 as negative control.
13 of the 20 clones mapped back to region Ilq23-q24 on
the panels. Clones 32 and 36 were the same and clones 6 , 18, 28,
30 and 56 were identical as determined by insert size and
hybridisation against each other, leaving a total of 8 different
clones from the region of interest.
7 of these clones mapped
between
the t(4; 11) and t(ll;22)[E S ] breakpoints and one below
the t( 11 ;22) breakpoint (Figure 34).
The summary for the 64
clones analysed is shown in Table 10.
The 8 different clones that mapped to Ilq 2 3 -q 4 were
subjected to long range analysis by PFGE. The clones presented
with different hybridisation patterns on normal genomic DNA
digested with the Not I restriction enzyme. Thus with this enzyme,
physical
linkage of the clones could not be determined. N o t I
digestion of cell lines containing the t(4; 11) translocation and the
hybrid cell line containing the derivative 11 chromosome of the ES
translocation gave a similar pattern to that of total genomic DNA.
The absence of any rearrangement indicates the relative distance
of these clones to both the t(4; 11) and t(ll;22)[E S] translocation
breakpoints (result not shown).
6.3

DISCUSSION

A
novel means for the rapid generation of single-copy
chromosome region specific probes has been described.
The
strategy depends on the use of an oligonucleotide primer based on
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34: Southern hybridisation analysis of four clones to EcoRIdigested aliquots of DNA. Lane A = GM1416B cell line,
lane B = A23 Chinese hamster cell line, lane C = J1CL4
hybrid cell line, lane D = A3RS12B hybrid cell line, lane
E = A3EW2-3B hybrid cell line. All four clones map as
single-copy human DNA probes to chromosome 11 (band
in lanes A and C), with no cross-reactivity with Chinese
hamster DNA (no bands in lane B). Clone 21 maps below
the Ewing's sarcoma-associated translocation breakpoint
on chromosome 11 (no bands in lanes D and E). Clones 6,
36 and 41 map between the t(l 1 ;22)[Ewing's] and the
leukaem a-associated t(4; 11) translocation breakpoint
on chromosome 11 (band in lane E, but not in lane D).
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the 3* end of the consensus Alu sequence and enzym atic
amplification from flow-sorted chromosomes, followed by cloning
of the amplified product into a plasmid vector. The use of sorted
2 2 qderivative chrom osom e as a tem plate for enzym atic
amplification provides an enriched source of DNA in the llq 2 3 qter region, though this has to be distinguished from the
chromosome 2 2 component of this derivative chromosome.
The Alu oligonucleotide primer chosen for amplification was
based on the sequence of the extreme 3'-end of the consensus
sequence, thus minimising the amount of Alu sequence present in
the probe. 64 clones were picked at random and examined. 30%
of the clones had a repetitive element and could not be used as
single-copy probes; this is comparable to previous studies on
randomly picked small insert clones (Ludecke et al., 1989; Kinzler
and Vogelstein, 1989). The library constructed was calculated to
have a redundancy value of approximately 15% as a number of
independant clones picked were observed to be identical. Of the
64 clones analysed, 24% (13 clones) were single-copy and mapped
back to the region of interest; this is in proportion with the
relative DNA content of chromosome 11 in the flow-sorted
derivative 2 2 q- chromosome.
Eight independent clones were isolated that mapped to the
Ilq23-q24 region. No clone was found to map above the t(4; 1 1 )
leukaemic translocation breakpoint although this region is known
to be present in the derivative 22q- chromosome.
This would
suggest that the t(ll;22)[C o] and t(4; 11) translocation breakpoints
lie relatively close to each other.
It has previously been
established that the CD3 gene cluster lies distal to the t(ll;22)[C o]
translocation breakpoint and proximal to the t(4; 11) breakpoint,
implying that the translocation breakpoints lie relatively close on
either side of the CD3 gene. Seven clones were found to map
between the t(4; 11) and t(ll;2 2 )[E S ] translocation breakpoints,
whereas only one mapped below the ES translocation breakpoint
at llq 2 4 . This would suggest that the latter breakpoint lies near
the terminus of the long arm of chromosome 11. Alternatively, it
could be the result of the distribution or orientation of Alu
sequences, thus suggesting a poorer representation of Alu
sequences in the llq 2 4 region. Genetic mapping of the long arm
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of chromosome 1 1 has shown a lack of polymorphisms in the
llq 2 4 -q ter region with the possible explanation that this is an
Alu poor region (Julier et al., 1990). A different orientation or
lack of Alu repeats may be overcome by the use of either 5’ Alu
primers or primers to an alternative repeat family (Moyzis et al.,
1989), alone or in com bination.
This would increase the
representation of genomic DNA being amplified and result in
increased numbers of probes from different regions.
Long range analysis of the eight independent clones isolated
that map to the Ilq 2 3 -q 2 4 region did not dem onstrate any
rearrangement in the cell lines containing either the t(4; 11) or
the t(ll;22)[E S] translocation. This indicates that the probes lie at
some distance from both breakpoints, although digestion with
alternative rare cutting restriction enzymes and partial digestion
have not been attempted.
Physical linkage of the probes also
could not be demonstrated.
Considering that the 7 clones that
map proximal to the t(ll;22)[E S ] translocation breakpoint could
span a distance of 10 to 12Mb, this result was not unexpected. A
greater representation of probes in this region is necessary before
physical mapping becomes possible.
Alternatively, the probes
isolated could be used to generate YAC clones which would be
very useful. Potentially 15 YAC clones could allow a contig map of
the llq23-qter region to be derived. Of particular interest is the
clone that maps distal to the ES translocation breakpoint.
The
isolation of a YAC clone from this region would be very important
for the study of this translocation. More precise mapping of the
clones by in situ hybridisation was attem pted but proved
unsuccesful due to the short length (approximately 600bp) of the
probes.
Alu PCR is now becoming a commonly used technique for
the generation of region-specific probes, regardless of the
mapping methodology used to study a genomic region. The use of
Alu PCR to generate a large number of probes from the Fragile X
region, following laser microdissection as a method for isolating
this region from the rem ainder of the human genome, has
recently been described. In addition, modifications to the Alu PCR
technique for the generation of region-specific clones are being
attempted.
de Jong has described a technique referred to as
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‘coincidence cloning’ which optimises the cloning of human PCR
products in common between two cell lines.
Specific band
patterns can be obtained from am plification of somatic cell
hybrids with Alu primers or other repeat primers used alone or in
combination, providing a ‘PCR karyotype’ for that hybrid cell line.
By com paring such PCR profiles for normal and deleted
chromosomes of somatic cell hybrids, the rapid isolation of
individual PCR products missing from the deleted chromosome is
possible. This approach has recently been used for the isolation of
probes deleted from a region of the X chromosome. From these
examples it is obvious that the application of Alu PCR to the
isolation of chromosome region specific probes is becoming
increasingly important.
The isolation of single-copy probes specific to the llq 2 3 qter region by the combination of flow cytometry, Alu PCR,
cloning and subtractive hybridisation has demonstrated a rapid
and effective means of isolating chromosome region specific
probes. This method has considerable potential in DNA mapping
studies in combination with existing methods.
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CHAPTER 7:
ANALYSIS OF CD3-CONTAINING YAC CLONES
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7.

7.1

ANALYSIS OF CD3-CONTAINING YAC CLONES

INTRODUCTION

The CD3 gene cluster has been found to lie within 200kb of
the leukaem ic t(4; 11) breakpoint (Chapter 4) and has been
positioned proximal to this breakpoint (Savage et al., 1988). The
relatively short distance makes this gene cluster a very useful
starting point for isolating the t(4; 11) translocation breakpoint
and for the molecular study of this region. In an attempt to clone
this leukaemic breakpoint, YAC clones positive for the CD3 gene
cluster were isolated.
The YAC library used in this study was constructed from the
GM1416B (48 XXXX) lymphoblastoid cell line at ICI Diagnostics in
Cheshire (Anand et al., 1990).
The yeast artificial chromosome
cloning vector pYAC4 was used for the library construction and
partially digested EcoKl fragments of the GM1416B cell line were
cloned into the single Ec o R l cloning site of pYAC4 . This library
was used for the isolation of YAC clones positive for the CD3D
gene. The library was screened (by Dr. R. Anand) using the PCR
technique and the amplification primers specific for the CD3D
gene.
Two positive clones were obtained.
The mapping and
characterisation of the YAC clones demonstrated that they did not
extend far enough in the telomeric direction to include the t(4; 11)
translocation breakpoint.
This chapter describes the studies
performed on the YAC clones and the subcloning of an end
fragment for further screening of the YAC library.

7.2
7.2.1

RESULTS
Content of YAC clones and positional information

The PCR screening of the total genomic YAC library using
amplification primers specific for the CD3D gene (Table 5, section
2.1) resulted in the isolation of two positive clones. Clones 24GE1
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and 10BD5 were grown in culture and DNA prepared both in agar
block form for PFGE analysis and in liquid culture form for PCR
studies.
7.2.1.1

Presence of the CD3 gene cluster and absence of the
PBGD gene

DNA prepared in liquid culture of the clones 24GE1 and
10BD5 were subjected to PCR analysis and amplified for both CD3D
and PBGD genes using the specific amplification primers (Table 5,
section 2.1). 24GE1 and 10BD5 both contained the 382bp CD3D
fragment as expected, but were negative on am plification for
PBGD, thus indicating that this gene was not present in either of
the YAC clones (Figure 35). A similar result was obtained from
direct PCR of the yeast cells.
PFG electrophoresis of 24GE1 and 10BD5 was performed to
determine the size of the YAC clones. 24GE1 contains a YAC clone
with insert size of approximately 340kb whereas 10BD5 contains
two YAC clones, one of 400kb (YAC clone 10BD5a) and the other of
250kb (YAC clone 10BD5b) (Figure 36).
The blotting of the
electrophoresed clones and subsequent hybridisation with CD3G
and CD3E demonstrated the presence of both genes on the 340kb
fragment of 24GE1 and the 400kb fragment of 10BD5 (Figure 37).
The 250kb fragment also present in 10BD5 did not contain the
CD3 gene cluster.
These experiments demonstrate the presence of all three
genes of the CD3 locus in YAC clones 24GE1 and 10BD5a, including
CD3E which is located approximately 22kb proximal to CD3D, and
which is the furthest away from the t(4; 11) translocation
breakpoint.
7.2.1.2

In-situ hybridisation analysis of 24GE1 and 10BD5a

YAC clones 24GE1 and 10BD5a were excised from low
melting point agarose and used for in-situ hybridisation studies as
described in section 2.2.13.
The hybridisation of 24GE1 and 10BD5a to normal
metaphase spreads localised both YAC clones to chromosome 11
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690bp —
382bp —

Figure 35 : Gel electrophoresis of

clones
24GE1 and 10BD5 am plified for CD3D and PBGD.
Lanes A, B and C = CD3D am plification, Lanes D,E and F = P B G D am plification.
Lanes A and D = c lo n e 2 4 G E 1 , Lanes B and E =clone 10 B D 5, Lanes C and F = total
genom ic DNA. An am plified band indicates the presence of C D3D , w hereas the
absence of am plification indicates the absence of P B G D .

340kb

40 0 kb
2 50 kb

24GE1

Figure 36 :

10BD5

PFG electrophoresis of
clones
24GE1 and 10BD5. The size of
each YAC clone is indicated in kilobases. 10BD5 contains two YAC
clones of 400 and 250kb.

1 57
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400kb —
340kb —
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37: Hybridisation of clones 24GE1 and 10BD5 with probes
for the CD3G and CD3E genes. This shows the presence
of both genes in both clones. Only the 400kb fragment
of clone 10BD5 appears positive with no signal on the
250kb fragment.
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band q23. The use of the RS4;11 lymphoblastoid cell line for in
situ hybridisation demonstrated the presence of both YAC clones
in normal chromosome 11 at q23 as expected and also on the
derivative 11 chromosome at band llq 2 3 . No signal was present
on the derivative 4 chromosome.
This shows quite conclusively
that neither of the YAC clones extend far enough to cover the
t(4; 11) translocation breakpoint. The result of hybridisation with
YAC 10BD5a is demonstrated in figure 38A and B.
Similar studies were performed on metaphase spreads of
patients with the t(9; 11) and the t( 6 ; l l ) translocations.
In both
cases, signals were present on the normal chromosome 1 1 and the
derivative 11 chromosome only (Figure 38C and D). This result
places both YAC clones proximal to the breakpoints of the three
translocations t(4; 11), t(9; 11) and t( 6 ; 11).
7.2.2

Construction of restriction enzyme maps and
orientation of YAC clones 24GE1 and 10BD5a

The DNA made in agar blocks of the clones 24GE1 and 10BD5
was digested with a variety of rare-cutting restriction enzymes
and electrophoresed under standard conditions.
These were
transferred onto nylon membranes and hybridised sequentially
with the probe for CD3G and probes that recognise specifically one
end or the other of the YAC clone. The pBR322 plasmid when
digested with P v u l l and B a m HI results in a 2.67kb fragment
w hich hybridises specifically to the left (centrom ere and
telomere) end of pYAC4, and a 1.69kb fragment which hybridises
specifically to the right (Ura and telomere) end of the pYAC4
vector. The fragments obtained from the digested pBR322 vector
were used for the recognition of the right and left ends of the YAC
clones.
From the hybridisation patterns obtained for the restriction
enzymes Notl, S a c II, Sfil, S ai l , Nrul, B s s H II and C l a l , restriction
maps for both YAC clones were constructed and are demonstrated
in Figure 39.
Similar hybridisation patterns were obtained for
CD3G and the probe for the left-hand end of YAC 24GE1, locating
the CD3 gene cluster closer to this end of the YAC clone. The
orientation of the insert within the YAC vector was determined by
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38:

V
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*

In situ hybridisation analysis of YAC 10BD5a.
A = normal met aphase
spread, B = mctaphase spread from the RS4;11 cell line, C = metaphase
spread from an AML patient with t(9; 11), D = metaphase spread from
an AML patient with t(6; 11).
The normal chr o mo s om e 11 is indicated
with an ar rowhead and the derivat ive 11 c hr o m o s o m e with an arrow
in each case.
The presence of a signal on only the derivative portion
o f each translocation positions the YA C clone proximal to the b r e a k 
point on c h r omo s om e 11 for the t(4; 11), t(9; 11) and t(6; 11) t rans lo ca
tions.
Similar results were obtained with YAC 24GE1.
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S f i I digestion and hybridisation with CD3G and CD3E.
The
presence of an Sfil restriction site at the CD3E locus (demonstrated
in Figure 16, Chapter 4) places CD3G closer to the left-hand end of
both YAC clones, and CD3E on the adjacent Sfil fragment (Figure
39).
As clone 10BD5 contains two separate fragments (YACs
10BD5a and 10BD5b) with only the former containing the CD3
gene cluster (Figure 36), the hybridisation pattern obtained for
YAC 10BD5a with the right and left-hand end probes of the YAC
vector represents that of both YAC clones. The right-hand end of
10BD5a could be distinguished from that of 10BD5b by the use of
an end probe specific for the right-hand end of the former. This
probe was obtained by specific vector-Alu PCR of clone 10BD5
(described in the next section) which resulted in a single amplified
fragment specific for 10BD5a. The use of this end fragment as a
probe on the digests of clone 10BD5 (results not shown),
demonstrated that 10BD5a contains approximately 20kb of DNA
proximal to the CD3 cluster not present in 24GE1. This leads to
the conclusion that 10BD5a contains approximately 40kb of DNA
distal to the CD3 gene cluster not present in 24GE1. Thus YAC
10BD5a contains a stretch of flanking DNA on both sides not
present in YAC 24GE1 (Figure 39)
Hybridisation studies of the left-hand end of 10BD5a detects
N o t ! and N r u I fragments of approximately 2 0 kb, not present in
24GE1 and which can be positioned approximately llOkb distal to
the CD3G gene. The presence of a CpG island containing both Notl
and N r u I sites among other rare cutter restriction sites in this
region has previously been reported (Tunnacliffe and McGuire,
1990), and this appears to be present in YAC 10BD5a.
These experiments thus show the orientation of the DNA
fragments within YAC clones 24GE1 and 10BD5a and also establish
the end closer to the t(4; 11) translocation breakpoint
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7.2.3
7.2.3.1

End-cloning of YAC 24GE1
Amplification of clones 24GE1 and 10BD5 by
vector-Alu PCR

The inter-Alu amplification of clones 24GE1 and 10BD5 with
Alu primer V (S’-CGGGATCCCAAAGTGCTGGGATTACAGGCGTG^’)
which is specific to the 5’ end of the Alu sequence, produced a
series of amplified fragments with a different banding pattern for
each clone (Figure 40 lanes A and D).
For the specific
amplification of either end of the YAC clones, a combination of Alu
primer V and specific vector primers were used. Specific primers
to the pYAC4 vector were designed for this purpose, pointing
towards and on either side of the E c o K l cloning site (Figure 41).
Figure 40 shows the products obtained on amplification with the
Alu primer V and primers pYAC I and II respectively for both
clones. The introduction of a vector primer produces a different
banding pattern when compared to inter-Alu am plification, but
with some bands in common. The hybridisation of the amplified
products with the relevant internal vector primers (i.e either
pYAC III or IV) revealed the fragments corresponding to the ends
of the clones andthese are indicated in figure 40.
The amplified product of clone 10BD5 with Alu primer V
and pYAC II was in the form of a single band (Figure 40, lane F)
which corresponds to the right-hand end of YAC 10BD5a (results
not shown). This proved to be a genuine amplification product as
subsequent digestion with Eco Kl resulted in the appropriate size
reduction of 55 base pairs (see figure 41). This provided a probe
for the right-hand end of YAC 10BD5a free from vector sequence.
From the YAC orientation studies described in section 7.2.2, it is
known that this end corresponds to the region centromeric to the
CD3 cluster and
thus further away from the
t(4; 11)translocation
breakpoint.
This
probe was useful for the positioning of YAC
10BD5a in relation to YAC 24GE1. Due to the production of a
series of fragments on the amplification of the left-hand end of
clones 24GE1 and 10BD5, digestion with EcoRl failed to produce a
vector-free probe to this end.
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24GE1

F ig u re

1 0 BD 5

40: Gel electrophoresis of clones 24GE1 and 10BD5 amplified
with a combination of Alu primer V and YAC vector
specific primers. Lanes A and D = amplification with
Alu primer V only, lanes B and E = amplification with
Alu V and pYAC I, lanes C and F = amplification with
Alu V and pYAC II. A blot of this gel was made and
probed with internal pYAC primers III and IV respec
tively. The fragments indicated (by an arrowhead) in
lanes B and E appear positive when hybridised with
pYAC III, and those in lanes C and F are positive on
hybridisation with pYAC IV.
These fragments repre
sent extra amplification when compared to the interAlu amplification alone (lanes B and C c o m p a r e d to
lane A; lanes E and F c o m p a r e d to lane D). These
bands represent specific end fragments of each YAC
clone.
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1.23.2

pYAC

pYAC
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^ ----

EcoRI
cloning site

41: D iag ram atic re p re se n ta tio n
of o lig o n u c le o tid e
primers constructed for the pYAC4 vector flanking
the EcoRI cloning site (not drawn to scale).
The
distances of the primers to the EcoRI cloning site are
as follows:
pYAC I - 28bp
pYAC II - 55bp
pYAC III - 6 bp
pYAC IV - 6 bp
LHS and RHS stand for left-hand side and right-hand
side of the YAC vector respectively.

Sequencing of the left-hand end of YAC 24GE1

In order to generate a probe for the left-hand end of YAC
clones 24GE1 and 10BD5a which corresponds to the region distal
to the CD3 cluster, and thus closer to the t(4; 11) translocation
breakpoint, sequencing of this end was attempted.
The YAC
clones were amplified with oligonucleotide primers Alu V and
pYAC I and sequenced using the internal vector primer pYAC III
(see figure 41). A sequence for YAC 10BD5a could not be obtained
which suggests either the absence of an amplified fragment from
this region or the presence of some structure which prevents the
sequencing reaction.
A sequence of 446 base pairs for the left-hand end of YAC
24GE1 was obtained as the result of three consecutive sequencing
reactions and represents progressive walking along the clone
starting from the cloning site.
Figure 42 depicts the entire
sequence obtained for this end of clone 24GE1. The positions of
the prim ers designed from the sequence obtained for its
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TCCTAGTAGC TGGGATTACA GGTGTGTGTC ACCAAGCCCA GCTAATTTTT
1 oo

GTATTTTTAG TAGAGACAGG GTTTCACCAT GTTGGCCAGG CTGGTCTTGA
______________ 2 4 G E 1 L 1____________________ ^

150

ACTCCTGACC TCAAGTGATC CATCCATCCA GCTCCAAAAT GCTGGGATTA
200

CAGGNNAGCC ACTGCACCCA GCCTTAATTT TTGTACTTTT AGTAGAGATA
250

AGGTTTCGCC ACCTTGACCA GGCTGGTCTC GAACTCCGAC CTTAAGTGCG
_____________ 2 4 G E 1 L 2 __________________ ^

300

GTAGGAGTTC GGCTTCGGCT TCCAAAGTGC TGGGATTATA GCATAAGCCA
350

CCGTGCCCAG CCTAAAAGGA CTTTAAATAC AACCCTAGCA TAGGCATCTG
400

GCTTTCTGTA AAGAGGTCAG GAGTTCGAGA CCAGCCTGGC CAACATGACA
446

AACCTGTCTC TACTAATATA CAAATAGCAG GCATGGTGGC GAATCT

Figure 42:

Sequence of the left-hand end of YAC 24GE1. The entire
sequence was obtained in three steps and the position of
primers 24GE1L 1 and 24GE1L 2, designed for the second
and third rounds of sequencing are depicted. The first part
of the sequence was obtained using pYACIII as sequencing
primer. Overlapping of the three sections of the sequence
was possible, except around nucleotide base position 155,
resulting in almost complete sequence information.
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progressive extension are also indicated.
A comparison of the
sequence with that of the consensus Alu sequence indicated a
homology especially in certain regions.
Figure 43 depicts
the
comparison of the Alu consensus sequence with the sequence
obtained for 24GE1 and shows the regions of homology.
An
analysis of the sequence shows that the cloning site is within an
Alu sequence, followed almost immediately by two stretches of
Alu repeats, after which a stretch of sequence with less homology
to Alu follows and ends in another Alu member in the opposite
orientation (Figure 44).
Oligonucleotide prim ers to the less
homologous regions of the sequence were constructed to lie in
both orientations (Figure 44).
These were used in combination on

Vector

157+

I

-►

240 +

“►

I
349-

.........
362-

ESS3 = Alu sequence
= Non-Alu like sequence

F ig u re

44: Structure of YAC 24GE1 left-hand end divided into
Alu and non-Alu like regions (drawn approximately
to scale).
Amplification primers 157+, 240+, 349and 362-, have been designed to the non-Alu like
regions and the numbers correspond to the base
positions in the sequence.

both YAC clones 24GE1 and 10BD5a and resulted in the
am plification of the appropriate fragm ent sizes (Figure 45).
Similar experiments on total genomic DNA resulted in a series of
amplified fragments for three of the four combinations of primers
used, thus indicating the non-specificity of the am plification
primers.
However, for one set of primers (240+ and 349-) an
amplified fragment of the appropriate size (llO bp) similar to that
observed in the YAC clones was obtained for total genomic DNA
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Figure

a

b

1A 2A 3 A 4 A

1B 2 B 3 B 4 B

45: a) Amplification of YAC 24GE1 with primers designed
to the end sequence of this clone. Lane 1A = primers
240+ and 362-, lane 2A = primers 157+ and 362-, lane
3 A = primers 240+ and 349-, lane 4A = primers 157+
and 349-. The fragment sizes are in accordance with
the distance between each set of amplification primers.
Similar results were obtained for YAC 10BD5a.
b) Amplification o f total genom ic D N A with the primers
used in (a) and arranged in the same order.
Amplification
with primers 240+ and 349- (lane 3B) gives an appro
priate size fragment (indicated with an arrow), similar
to that observed in lane 3A. All other combination of
primers result in non-specific am plification (lanes IB,
2B and 4B).
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(Figure 45, lane 3B). Therefore, a unique set of primers to the
left-hand end of YAC 24GE1 has been obtained, and could be used
to isolate an overlapping YAC clone.
7.3

DISCUSSION

YAC vectors are capable of harbouring several hundred
kilobases of DNA and as a result are very useful for the analysis of
large stretches of contiguous DNA sequence. It is especially useful
for the isolation of a region of interest by the use of available
flanking probes which may be several hundred kilobases away.
YAC clones can thus be used effectively for chromosome walking
in steps of hundreds of kilobases starting from a defined position.
The evidence that the CD3 gene cluster lies within
approxim ately 200kb of the t(4; 11) translocation breakpoint,
prompted the screening of a YAC library for the isolation of clones
positive for CD3D, a member of the CD3 gene cluster. This resulted
in the isolation of two positive clones, which when analysed were
found not to contain the translocation breakpoint, but were
located approxim ately 70-100kb proxim al to the t(4; 11)
translocation breakpoint.
The YAC clones were positive for the CD3 gene cluster and
contained DNA mainly upstream of CD3E, extending in the
centromeric direction (Figure 39). The absence of the PBGD gene
within the YAC clones was not unexpected as a recent long range
study positions it approximately 700kb distal to CD3G (Tunnacliffe
and McGuire, 1990).
In situ hybridisation studies of both YAC clones has
demonstrated their presence on the normal chromosome 1 1 and
the derivative 1 1 chromosome only of the three leukaemic
translocations t(4; 11), t(9; 11) and t( 6 ; 11) (Figure 38). No signal
was present on the reciprocal derivative chromosome in any of
the translocations mentioned.
This positions the YAC clones
proximal to the breakpoint on chromosome 1 1 in all three cases
and suggests that the translocation breakpoints for t(4; 11), t(9; 11)
and t( 6 ; 11) lie distal to the CD3 gene cluster. In this respect the
th ree
le u k aem ic
tra n slo c a tio n
b re a k p o in ts
ca n n o t
be
distinguished.
Some confusion exists how ever about the
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localisation of the leukaemic t( 6 ; 1 1 ) translocation breakpoint in
relation to the CD3 locus. Parallel experiments carried out in the
laboratory on mapping by microdissection, has positioned the
t( 6 ; 11) translocation breakpoint proximal to the CD3 locus (Cotter
et al., 1991).
The mapping data obtained for the leukaemic
translocations on analysis of the YAC clones, is in accord with that
of Rowley and colleagues (Rowley et al., 1990) who have recently
isolated a YAC clone positive for CD3G and CD3D. This clone of
320kb, appears to contain the region of chromosome 11 involved
in the t(4; 11), t(9; 11), t( 6 ; 11) and t(ll;1 9 ) translocations.
They
have thus localised the four translocation breakpoints to within
320kb of the CD3G gene. The results described in this chapter, of
the isolation of a YAC clone containing approximately 130kb of
DNA distal to CD3G, further narrows down the positions of the
t(4; 11), t(9; 11), t( 6 ; 11) and t(l 1; 19) translocation breakpoints.
They do not lie within the 130kb of DNA distal to CD3G and may
be localised beyond this stretch of DNA. The localisation of CD3G
approxim ately 200kb away from the t(4; 11) translocation
breakpoint by PFG analysis (Chapter 4) maps this breakpoint
more precisely to a 70-100kb region adjacent to the 130kb
stretch of DNA flanking CD3G distally.
Figure 46 depicts
diagramatically the mapping data, including results from the other
studies mentioned.
A restriction enzyme map of rare cutting enzymes has been
constructed for both YAC clones (Figure 39). A comparison of the
restriction enzyme sites localised around the CD3 gene locus from
YAC studies with those of total genomic DNA (Table 7, Chapter 4)
shows a difference, with a larger number of restriction enzyme
sites detected in the YAC clones. This is a phenomenon that has
widely been observed and appears to be a feature of cloned DNA
fragm ents, w here it appears that rare cu tter sites are
undermethylated when compared to total genomic DNA.
The
masking of many of the sites by methylation in total genomic DNA
has advantages in that it allows longer stretches of DNA to be
analysed and is a useful feature in physical linkage studies of the
human genome.
Restriction enzyme mapping of the YAC clones shows that
the larger clone (10BD5a) contains an extra 40kb of DNA in the
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downstream direction of CD3G i.e. towards the llq 2 3 associated
translocation breakpoints. This stretch of DNA contains a N otl and
N r u l site positioned very close to each other. It is possible that
these sites mark the position of a CpG island previously reported
in this region (Tunnacliffe and McGuire, 1990). CpG islands or
regions of hypomethylation are indicative of the 5' region of genes
and are candidate locations for novel genes that may be affected
by the breakpoint on llq23. This region is calculated to be within
20-120kb of the t(4; 11) translocation breakpoint (figure 46).
As the YAC clones have been dem onstrated to lie
approxim ately 70-100kb away from the t(4; 11) translocation
breakpoint, an overlapping clone in the telomeric direction is
necessary to isolate this translocation breakpoint.
This can be
achieved by end-cloning which provides a probe for subsequent
screening. The method used to end-clone the YAC was by vectorAlu PCR using vector primers specific for the relevant end. In
addition to the end fragment, a number of other fragments that
represent inter-Alu amplification were also generated.
This was
observed for both YAC clones 10BD5a and 24GE1 (Figure 40). As
the specific end fragment contained some vector sequence and
could not be separated cleanly from the remaining amplified
fragm ents, sequence inform ation of the end fragm ent was
required. Obtaining a sequence for the end fragment is important
as this allows the construction of specific amplification primers.
These are then used to generate a sequence representing the end
of the clone for subsequent screening purposes and at the same
time generate STSs which are a landmark for the region.
A sequence could not be obtained for YAC 10BD5a. This
could be due either to the absence of an Alu-vector amplified
fragment or to the presence of some secondary structure that
inhibits the sequencing reaction. The former seems unlikely as a
positive result was obtained on Alu-vector am plified products
with an internal vector primer. A total of 446bps of sequence was
obtained for the left end of YAC 24GE1. A comparison of this
sequence with sequences in the Database showed a homology with
the Alu consensus sequence (Figure 43). Portions of the sequence
appear non-homologous to Alu and oligonucleotide primers were
designed to these regions pointing in both directions (Figure 44).
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A combination of primers |was used for the amplification of
both YAC clones 24GE1 and 10BD5a resulting in the production of
DNA fragm ents of the expected size (Figure 45).
This
dem onstrates the accuracy and the genuine nature of the
sequence obtained.
The appearance of several am plified
fragments on total genomic DNA indicates the non-specific nature
of some of the primers constructed despite choosing regions of the
sequence that appeared non-homologous to the Alu consensus
sequence. Two of the amplification primers however appeared to
be unique and produced a single amplified fragm ent of the
appropriate size on total genomic DNA. Although the primers are
unique, they flank a stretch of Alu sequence and thus the
fragment amplified was repetitive in nature.
As a result, the
amplified product could not be used as a probe either for PFG
analysis or for standard library screening.
The primers can be
used however for
the screening of a YAC
library by the PCR
method and used to isolate an overlapping YAC clone telomeric to
the CD3 positive YAC clone.
As the t(4; 11) translocation
breakpoint is known to lie approximately 70-100kb away from
the YAC clones isolated, the isolation of an overlapping YAC clone
in this direction should encompass this region. The YAC library
from which the CD3 positive clones were
isolated is currently
being screened by the PCR technique to identify an overlapping
clone.
In addition to the method of vector-Alu PCR, a number of
other approaches could have been used for end-cloning.
These
include the traditional approach of subcloning where the YAC
clone is digested
and the fragments cloned.
The end fragment
could be screened for by the detection of specific YAC vector
sequence. YAC 10BD5a is currently being subcloned into a cosmid
vector for this purpose.
A second method is the inverse PCR
technique described by Silverman and collegues (Silverman et al.,
1989).
This involves the digestion of the YAC clone with a
particular restriction enzyme, ligation under dilute conditions and
amplification using specific vector primers designed to point away
from each other. This results in the amplification of the specific
end fragment of interest. A more recently established method is
the use of vectorette primers (Riley et al., 1990). This entails the

174

ligation of a specific vectorette unit onto the digested YAC clone,
and subsequent amplification using vector specific and vectorette
specific primers for amplification of the end fragment.
The successful isolation of the telomeric end of YAC 24GE1
and the construction of a unique set of primers to this end will
prove instrumental in the isolation of a YAC clone that contains
the breakpoint region of the leukaemic t(4; 11) translocation. Such
a clone will be very important for the analysis of this region of
chromosome 11 and will lead to an understanding of the t(4; 11)
translocation and its association with haematopoietic malignancies.
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GENERAL DISCUSSION
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8.

GENERAL DISCUSSION

The aim of this project has been to characterise chromosome
1 1 band q23 at the molecular level.
Chromosomal changes to this
region of the human genome have been associated with a number
of h aem ato p o ietic
m alig n an cies.
D iffe re n t
form s
of
rearrangem ents involving llq 2 3 have been observed, the most
com m on of these being tran slo catio n s in v o lv in g
other
chromosomes.
These observations have been at the cytogenetic
level and at this level it is very difficult to distinguish between
the different translocations with respect to the llq 2 3 region. The
molecular basis of the translocations is not yet known and in
order to understand their relationship with malignancy, a detailed
molecular analysis of this region is necessary. Three approaches
have been taken to this effect namely mapping, rearrangement
studies and the isolation of novel probes to llq 2 3 .
The construction of a detailed map of the llq 2 3 region is of
great importance as apart from the malignant disorders associated
with it, a number of genes responsible for other diseases have also
been localised to this region. Examples of such diseases include
ataxia telangiectasia (Gatti et al., 1988), tuberous sclerosis (Smith
et
al.,
1990)
and
fam ilial
com bined
h y p erlip id aem ia
(W ojciechowski et al., 1991). In addition, m ultiple endocrine
neoplasia type I (Larsson et al., 1988), some types of asthma and
rhinitis (Cookson et al., 1989) and some types of mammary
carcinomas (Casey et al., 1986) have been localised slightly
proximal to llq 2 3 . The mapping of genes and anonymous DNA
sequences to specific positions and the ordering of such probes in
the llq 2 3 region is very useful for the study of disease genes in
this area, allowing their more precise localisation. In addition, the
more detailed the mapping data for this region, the more precise
the assignment of the llq 2 3 associated translocation breakpoints
found in haem atopoietic m alignancies.
The disease genes
m entioned above have been localised to this region of
chromosome 11 by genetic linkage analysis. The disease loci are
observed to segregate with particular genes or anonymous DNA
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sequences already mapped to llq 2 3 , and by perform ing
recombination studies, an estimate of the distance between the
two loci is obtained.A combination of genetic and physical maps
gives an overall andmore complete picture of the mapping data of
llq 2 3 as physical maps tend to be more detailed when compared
to genetic maps. The mapping studies described in this project
have contributed to the physical map evolving for this region of
chromosome 1 1 .
In itia l studies
were perform ed to obtain p o sitio n al
information on probes localised to this region of chromosome 1 1
with respect to the t(4; 11) translocation at llq 2 3 and the ES
t( 11 ;22) translocation at llq 2 4 (Chapter 3). This resulted in the
division of the probes mapped to this region into two groups
(Chapter 3).
Those that map above the t(4; 11) translocation
breakpoint and those that map below it.
This data has been
confirmed by a number of other investigators (Savage et al., 1988;
Yunis et al., 1989; Wei et al., 1990). Of the genes that map to band
q23 of chromosome 11, Thy-1, c-ets-\, PBGD and cbl-2 have been
mapped distal to the t(4; 11) translocation breakpoint, while the
CD3 cluster, APO complex, STMY, CLG, NCAM, PGR and DRD2 have
been localised proximal to the breakpoint.
All the genes map
proximal to the t(ll;2 2 ) translocation breakpoint of ES at llq 2 4 .
This study did not give positional information for the probes in
relation to each other and for this purpose, the study of other
breakpoints in this region is important that might distinguish
between some of the probes.
The breakpoint on chromosome 11 for the constitutional
t( 11 ; 2 2 ) ( q 2 3 ; q l 1)
tr a n s lo c a tio n
is
c y t o g e n e t ic a lly
indistinguishable from those of the leukaemic translocations. The
use of a cell line containing this translocation for mapping
purposes has demonstrated its difference at the molecular level
from the t(4; 11) leukaemic translocation. The localisation of the
CD3 cluster distal to the former breakpoint has positioned the
breakpoint to a more proximal position to that of the t(4; 11)
translocation (Chapter 3). Studies performed on a hybrid cell line
derived from the constitutional t( 1 1 ; 2 2 ) translocation have
localised the NCAM gene proximal to the breakpoint (Julier et al.,
1990). In a separate study the use of a hybrid cell line derived
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from a patient with acute m yelom onocytic leukaem ia and
t(X ;ll)(q26;q23) further distinguished between the CD3 and APO
complex which are localised distal to, and STMY, CLG, NCAM and
DRD2 which are proximal to the breakpoint of this translocation
(Wei et al., 1990).
This dem onstrates the im portance of
translocation m aterial in the more specific localisation and
ordering of probes that map to llq 2 3 .
A novel means of gene mapping has been described and
applied to the constitutional t( 1 1 ;2 2 ) translocation cell line
(Chapter 3). The ability to flow-sort a pure sample of a particular
chromosome and succesfully amplify by the PCR technique a
particular gene or DNA sequence, provides an alternative method
of gene mapping. This is particularly useful when a hybrid for a
certain chromosome or chromosomal region is not available.
In
addition this method bypasses the problem of rodent background.
By
so rtin g
chrom osom es w ith
tra n slo c a tio n s
or other
rearrangements such as deletions, the assignment of probes can
be narrowed down to a particular chromosomal region. It has also
proved useful for the mapping of translocation breakpoints. This
method necessarily relies on the ability to distinguish the
chromosome of interest from the rest of the genome and is only
applicable to the mapping of genes or anonymous DNA sequences
with at least part of their sequence known.
A further use of the PCR technique for the purpose of
mapping probes to specific chromosomal regions has recently
been described where the template for amplification consists of
microdissected chromosome segments (Cotter et al., 1991; Han et
al., 1991). This is a specific and rapid method of gene mapping
where probes are localised directly to a chromosome segment.
This technique can also be used for the mapping of probes around
translocation breakpoints, for the detection of gene deletions, and
potentially for ordering of genes present on chromosomes, by
serially dissecting the chromosome. The use of the PCR technique
on flow-sorted and microdissected chromosomes provides a novel
and powerful method of gene mapping, useful not only for
mapping of the llq 2 3 region, but of other parts of the genome as
well.
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Other forms of mapping that do not involve the PCR
technique have recently been developed.
One such technique is
the use of fluorescence in situ hybridisation to localise DNA
sequences in interphase nuclei.
The use of this technique has
been shown to be of greatest value for distances between 25 and
250kb, where the slope of the relationship between interphase
distance and genomic distance is high (Trask et al., 1989). In situ
hybridisation studies on elongated prometaphase chromosom es
analysed by digital imaging microscopy for the mapping and
ordering of a series of probes has also been described (Lichter et
al., 1990).
In such studies, the map position of the probe is
expressed as the fractional length of the total chromosom e,
relative to a fixed reference point.
The resolution of a map
produced in this way is not as detailed as interphase nuclei study
and is in the order of 1Mb. The development of radiation hybrids
from somatic cell hybrids where only a portion of a chromosome
is retained per hybrid cell also provides a valuable resource for
mapping over distances of l-5M b (Cox et al., 1990).
Thus
techniques such as PFGE, YAC cloning and in situ hybridisation to
interphase nuclei, which provide more detailed m apping
information can be used to complement radiation hybrid mapping,
conventional in situ hybridisation and genetic linkage analysis to
provide a more complete map.
Rearrangement studies also give mapping inform ation as
they localise the gene being studied within a certain distance of
the abnormality in question. This type of study is also very useful
as detection of a rearrangement provides a starting point for the
analysis of the abnormality in question. This approach has been
used to study the llq 2 3 associated translocations in an attempt to
identify genes or anonymous DNA sequences situated close to, or
affected by the translocations.
Initial studies were performed to test for rearrangements of
llq 2 3 DNA sequences with respect to the leukaemic t(4; 11) and
ES t( 11 ;22) translocation breakpoints (Chapter 3).
Southern
analysis in conjunction with frequent cutter restriction enzyme
digestion did not reveal rearrangements for any of the sequences
studied.
This indicates that the genes studied at llq 2 3 are not
disrupted by, and do not lie in the proximity ( 1 0 -2 0 kb) of either
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translocation breakpoint. A more sensitive approach such as the
analysis of longer stretches of contiguous DNA is thus necessary to
ascertain the relationship and distance of llq 2 3 probes to the
translocation breakpoints.
R earrangem ent studies using PFG electro p h o resis in
conjunction with rare cutter restriction enzymes were performed.
This resulted in the separation of DNA fragments upto megabase
pair level, allowing the analysis of substantial amounts of DNA
flanking the llq 2 3 translocation breakpoint region.
The main
disadvantage of PFG analysis and usage of rare cutter restriction
enzymes for rearrangement studies, is the complication that may
be caused by methylation.
This
may be overcome to a certain
extent by choosing enzymes less sensitive to methylation and by
using many different control DNA samples.
For the long range study, emphasis was placed on c- e ts- 1,
Thy-1 and the CD3 complex (Chapter 4). C-ets-l was chosen for
this study as it
is an oncogene mapped to this region and
previously suggested to be involved in a number of llq 2 3
associated leukaemic translocations.
The mapping of Thy-1 and
the CD3 complex to llq 2 3 is well established and both belong to
the immunoglobulin super gene family.
The extensive study
p erform ed
on the leukaem ic
t(4; 11) and
t( ll;2 2 ) [ C o ]
translocations with various rare cutting enzymes revealed no
rearrangem ents for either c -ets-l or Thy-1.
The CD3G gene
however was found to lie approximately 2 0 0 kb away from the
t(4; 11) leukaem ic translocation (C hapter 4) and produced
rearrangem ents with two restriction enzymes, C l a I and S a c II.
This gene has already been placed proximal to the t(4; 11)
translocation (Savage et al., 1988) and the long range study
performed has localised it within a specific distance from the
translocation breakpoint.
This observation makes CD3 very
important for the
study and comparison of t(4; 11) translocation
and
other
llq 2 3
asso ciated
tra n slo c a tio n s
w hich
are
cytogenetically indistinguishable.
The absence
of a rearrangement with CD3G in a case of
t(9; 11), suggests that its translocation breakpoint may lie distal to
that of t(4; 11). A similar result was obtained for the t( 6 ; 11) and
t( 11; 19) translocations.
These observations suggest heterogeneity
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at the molecular level of the llq 2 3 associated translocations.
Heterogeneity also seems to occur at the molecular level of the
t(4; 11) translocation as dem onstrated by the double digest
analysis and the comparison of three such cases (Chapter 4).
The four patients analysed with t(4; 11) and discussed in
chapter 4 were all adults with ALL. Phenotypic studies of the
patients’ blast cells demonstrated the expression of CD 19, HLA DR
and tdt positivity indicating the early B cell nature of the disease.
The RS4;11 cell line on the other hand is derived from an infant
with null (B-precursor) ALL shown to be capable of both
lymphoid and myeloid differentiation (Stong et al., 1985). Due to
the small number of t(4; 11) cases available, an effective study of
CD3 rearrangement in relation to the nature of disease was not
possible. The initial results do not seem to indicate a consistent
pattern between CD3 rearrangement and the type of disease.
The proximity of the CD3 locus to the leukaemic t(4; 11)
translocation breakpoint raises the question of its possible
involvement in the translocation process. Although CD3 does not
appear to be directly affected and is not disrupted by the
translocation, a long range effect cannot be excluded. The Thy-1
gene which is similar to the CD3 complex in its expression on
thymocytes and lymphocytes and is also a member of the
immunoglobulin supergene family, has been localised 2cM distal
to the CD3 locus (Charmley et al., 1990). It may thus be suggested
that a breakpoint in this region results in the disruption of a gene
or
genes
im p o rta n t
in
ly m p h o cy te
d e v e lo p m e n t
and
differentiation.
The presence of a CpG island identified
approximately 120kb telomeric to CD3 (Tunnacliffe and McGuire,
1990) ^provides a candidate locus for a novel gene that may be
affected by the translocation.
The c - e t s - l oncogene has
previously been suggested to play a role in the t(4; 11) leukaemic
translocation; this now seems unlikely as the gene has been
localised approximately 20cM distal to the Thy-1 gene by RFLP
studies (Concannon et al., 1990).
In addition, a high-resolution
mapping study using the in situ hybridisation technique on
prom etaphase chromosomes, and analysis by digital imaging
microscopy, has localised the c-ets-l oncogene further down the
chromosome to band Ilq24-q25 (Lichter et al., 1990). This places
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c - e t s - l at an even greater distance from the translocation
breakpoint and thus makes the gene less likely to be affected.
The localisation of the CD3 gene cluster within 200kb of the
leukaem ic t(4; 11) translocation breakpoint makes it a very
im portant tool for the isolation and study of this breakpoint
region on chromosome 11. YAC clones positive for the CD3 locus
were isolated for this purpose as they are capable of harbouring
DNA fragments hundreds of kilobases long. The isolation of YAC
clones is an effective means of chromosome walking and jumping,
making it very useful for mapping studies and for attaining
regions of interest. Unfortunately the YAC clones isolated did not
extend far enough in the telomeric direction to encompass the
translocation breakpoint (Chapter 7).
Long range restriction
enzyme mapping positioned the YAC clones approximately lOOkb
proximal to the t(4; 11) translocation breakpoint.
The information obtained from the YAC clones resulted in a
more precise localisation of the t(4; 11) translocation breakpoint in
relation to the CD3 genes. It lies outside the immediate 130kb
stretch of DNA distal to CD3 which is present in the YAC clone, and
may be positioned within the next 70-lOOkb region as deduced
from PFG analysis. In situ hybridisation further localised the YAC
clones proximal to the t(9; 11) and t( 6 ; l l ) leukaemic translocations
(Chapter 7). The CD3 gene cluster thus lies proximal to these
llq 2 3 associated leukaemic translocation breakpoints and cannot
be used to distinguish between them. The recent isolation of a YAC
clone containing the t(4; 11) translocation breakpoint by Rowley
and cow orkers (Rowley et al., 1990), provided mapping
information in agreement with the results outlined above.
Work is continuing on the YAC clones isolated, for the
eventual cloning and analysis of the region of chromosome 1 1
involved in the leukaemic translocations mentioned. This is being
attempted in two main ways. Firstly, the primers obtained to the
end of one of the YAC clones which appear unique to that region
of the genome, are being used for further screening of the YAC
library from which the initial clone was isolated.
This should
result in the isolation of an overlapping YAC clone that extends
further in the telomeric direction.
As the t(4; 11) translocation
breakpoint lies approximately lOOkb distal to the initial YAC clone
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isolated, and the YAC library contains an average insert size of
300kb, the likelihood of pulling out a clone that contains the
breakpoint is very high. The second approach is to use another
YAC library recently obtained (from Dr. A. Monaco at the ICRF),
and which contains very large inserts with an average size of
600kb. This library has been screened for the CD3G gene, but the
screening proved unsuccessful.
Attempts will now be made to
screen the library with the CD3 positive YAC clone itself. This will
be done by using inter-Alu amplified YAC DNA as probe.
As
inter-Alu amplification results in a reduction of the Alu element, a
decrease in the repetitive nature of the probe will be achieved. If
this approach is successful, the ability to use an inter-A lu
amplified YAC as a probe to pull out an overlapping clone reduces
the necessity for endcloning before screening.
As the average
insert size of the library is 600kb, the chances of isolating the
t(4; 11) translocation breakpoint region of chromosome 11 by this
method is high.
The ultimate aim of cloning the region of chromosome 11
involved in the leukaemic t(4; 11) translocation is to enable its
study in an attempt to understand the molecular basis of its
association with m alignant disease.
To this effect, the
determination of a gene or genes involved in the translocation or
affected by it is important. This may primarily be achieved by
the construction of an appropriate cDNA library and its screening
using either subclones or the entire relevant YAC clone if possible.
As cDNA libraries are representative of expressed DNA sequence,
positive clones isolated correspond to genes localised to this region
of chromosome 1 1 and are strong candidates for the affected gene.
A candidate to use for the screening of a cDNA library is the CpG
region previously described (Tunnacliffe and McGuire, 1990) and
detected approximately 120kb distal to CD3G. This region appears
to be present on the larger YAC clone isolated which is presently
being subcloned into a cosmid vector. A cDNA library is being
constructed for this purpose using stored material from an ALL
patient with the t(4; 11) translocation.
On obtaining a candidate
gene, its function has to be determined which will aid in the
understanding the leukaemogenic process. A study of this nature
of the t(4; 11) leukaemic translocation may also lead to a greater
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u n derstandin g of the other llq 2 3
asso ciated leukaem ic
translocations.
On isolating a clone that spans the t(4; 11) translocation
breakpoint, a study can be performed on different patients with
this translocation using either the entire clone or sections of it as a
probe in rearrangem ent studies.
It would be interesting to
perform such a study and compare adults with ALL and t( 4 ;ll)
with infants with ALL and t( 4 ;ll), the latter being the usual
scenario for this particular translocation. Such a study would lead
to the distinction of the t(4; 11) translocation breakpoint in adults
and infants, if indeed there is a difference, and lead to further
understanding of the m olecular basis of this translocation.
Another interesting study would be to examine therapy-related
ANLL with llq 2 3 rearrangements once a YAC clone to this region
is obtained.
Therapy-related ANLL refers to patients being
treated for other malignant disorders, who in the course of
treatm ent develop ANLL.
A new subtype of therapy-related
ANLL
with llq 2 3 rearrangem ents, esp ecially the t(9 ; 11)
translocation, has been described and is associated with prior
therapy including topoisomerase Il-reactive agents (Albain et al.,
1990).
A further dimension to the characterisation of the llq 2 3
region, which involves the isolation of novel probes, has also been
described in this study.
Increasing the number of probes that
map to llq 2 3 results in a finer and more detailed map of the
region and allows a more precise localisation of landmarks and
abnorm alities such as translocation breakpoints.
This also
facilitates the study of a particular locus or abnormality, as the
greater the number of probes to a region, the greater are the
chances of a probe mapping close to the locus of interest.
By
increasing the number of probes to a region, the more feasible it
becomes to physically link them together and thus construct a
physical linkage map.
A novel method for the isolation of probes has been
described. By using flow sorted material for cloning, an enriched
library for the Ilq23-q24 region was obtained.
The ability to
amplify small numbers of chromosomes using primers to the Alu
consensus sequence and the fidelity of such amplification (Chapter
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5) facilitates the manipulation of small amounts of DNA. The one
disadvantage of this method is that total amplification of the
template is not achieved and only regions of DNA between Alu
sequences of certain distance are amplified and eventually cloned.
This however is not of great significance as Alu sequences are
abundant in the human genome and are found especially in
giemsa negative bands which are associated mainly with genes in
contrast to giemsa positive bands.
Initial screening of the inter-Alu library, by the analysis of
64 white clones picked at random, resulted in the isolation of
eight novel probes to the Ilq23-q24 region. The potential exists
to isolate a greater number of probes to this region from the
library, as only a proportion of white clones iwas analysed. This
work is being continued and the analysis of the remaining clones
is being pursued. Of the eight clones isolated, seven mapped to
band llq 2 3 (between the t(4; 11) and the ES t(ll;2 2 ) translocation
breakpoints) and one (called clone 21) mapped to band llq 2 4
(below the ES t(ll;2 2 ) translocation breakpoint). That only one
clone mapped below the ES breakpoint suggests that not much
DNA lies below this point. The localisation of the ES translocation
breakpoint to the vicinity of the 1 1 q telom ere is further
substantiated by a recent study in which this translocation
breakpoint has been mapped between two cosm id markers
localised to the telomeric region of chromosome 11 (Selleri et al.,
1991). This observation and the fact that only a few DNA markers
have been generated that map between the interval of the ES
breakpoint and the 1 1 q telom ere, makes clone 2 1 a very
important tool for the study of this translocation breakpoint. This
clone has been used to screen the YAC library constructed by Dr.
A. Monaco and two YAC clones have been isolated. These clones
are yet to be mapped by in situ hybridisation to determine their
position and distance from the ES translocation breakpoint. There
is a possibility that the clones extend across the translocation
breakpoint region, but if this proves otherwise, a chromosome
walking study will be performed. As the YAC clones contain an
average insert size of 600kb, walking from this point towards the
ES breakpoint region and eventually cloning it should be quite
feasible.
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A similar study involving the remaining seven probes that
map betw een the t(4; 11) and ES t( 11 ;22) tran slo catio n
breakpoints will also be useful. By isolating YAC clones for each
probe, it may be possible to identify overlapping YAC clones and
thereby construct a physical linkage map of this region. This will
lead to a more detailed picture of this region of chromosome 1 1
by including information obtained from already existing maps.
The role of Alu-PCR in the production of novel probes for
the Ilq23-q24 region has proved very useful and effective. The
use of this technique is becoming more w idespread and its
usefulness especially in gene mapping is becoming more widely
recognised. The use of Alu-PCR for the fingerprinting of cosmids
has been demonstrated (Chapter 5) and this can be extended to
YAC clones (Wada et al., 1990).
The production of a unique
fingerprint pattern for individual cosmid or YAC clones provides a
rapid means for their identification, and by comparing band
patterns, the identification of overlapping clones should be
possible.
The combination of Alu primers and vector specific
primers for amplification of specific clones is useful for the
identification of end fragments (Chapter 7). This approach is also
useful for the generation of new STSs for the chromosomal region
analysed. The use of Alu-PCR for the isolation of chromosome
region specific probes using somatic cell hybrids has also been
described (Nelson et al., 1989). The use of Alu primers has been
described for the construction of a chromosome region specific
cDNA library and the isolation of transcriptionally active loci
(Corbo et al., 1990). The use of inter-Alu amplified products of
flow -sorted chromosomes in in situ hybridisation studies as a
probe for chromosome painting is currently being tested.
This
would prove very useful as a means of identification of
chromosomes, especially marker chromosomes of unknown origin.
The versatile nature of the PCR technique and its
widespread use in different areas has made it a powerful tool in
the field of molecular biology. The combination of this technique
with others such as flow-sorting and YAC screening and analysis
makes a valuable contribution to gene mapping studies as
demonstrated in this study. The work described in this thesis has
contributed to the mapping information of chromosome llq 2 3
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and increased the number of probes to this region. A combination
of the results obtained with that of other studies results in a fairly
detailed map of the llq 2 3 region and one that is expanding
rapidly.
The aim of such precise mapping is to aid in the
understanding of the chromosomal abnormalities of this region
and their association with malignant disorders. It also contributes
to the overall mapping efforts directed at the entire human
genome. The demonstration of the proximity of the CD3 locus to
the leukaemic t(4; 11) translocation breakpoint and the work done
in this area contributes significantly towards the isolation of this
region of chromosome 11 for its subsequent analysis.
In the
process, information about the other llq 2 3 associated leukaemic
translocations, which are present in the same region, may also be
obtained. With the state of knowledge as at present and with the
powerful and novel techniques being developed, it is hoped that
the m olecular basis of the llq 2 3 associated leukaem ic
translocations and their role in leukaem ogenesis w ill be
understood in the not too distant future.
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APPENDIX 1
Bethesda Research Laboratories (BRIA
Agarose (Ultra pure electrophoresis grade)
A m inopterin
Bio-Gel A1.5M
Bluo-Gal
Cesium chloride
Colcemid
Competent cells (Library efficient DH5a)
Foetal calf serum
G lutam ine
H ypoxanthine
Low melting point agarose
M arkers:
V H ind III
PhiX 174/HaeIII
P enicillin/S treptom ycin
Phenol (Redistilled nucleic acid grade)
T hym idine
Tissue culture medium:
HAMS F-10
Iscoves
RPMI
Tris borate buffer (Gel-Mix running mate)
Sigma
A denine
Ammonium persulphate
Bactoagar
Biotin-11-dU TP
Deoxyribonucleic acid sodium salt type III from salmon testes
D im ethylform am ide
D ithiothreitol
Ethidium bromide
Guanidinium chloride
Lyticase
N-Lauroylsarcosine sodium salt (Sarcosyl)
189

P heny len ed iam in e
Phenylm ethylsulphonylfluoride
P olyvinylpyrrolidone
Potassium Acetate
Propidium iodide
Sigm acote
Sorbitol
S perm idine
Tris base
T yrosine

(PMSF)

BDH limited
D im ethylsulphoxide
Disodium hydrogen phosphate
Gelatin
Glucose
H ydroxyquinoline
Lithium dodecyl sulphate
Magnesium sulphate
P -m ercaptoethanol
Potassium chloride
Proteinase K
Sodium chloride
Sodium hydrogen phosphate
Sodium dodecyl sulphate
Sodium hydroxide
Triton X 100
Fisons Scientific Apparatus
Butanol
Chloroform
Diaminoethanetetra acetic acid, disodium salt (EDTA)
Ethanol 100%
Glycerol
Hydrochloric acid (concentrated)
Isopropan o l
Magnesium chloride
Sodium acetate
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Sodium citrate
Sucrose
Boehringer Mannheim
Bovine serum albumin
Calf intestinal alkaline phosphatase
dATP disodium salt
dCTP disodium salt
dGTP disodium salt
d x x p tetrasodium salt
Klenow enzyme
Polynucleotide kinase
Restriction enzymes (frequent cutter)
RNase
Difco
B actopeptone
B actotryptone
Casamino acids
Yeast extract
Yeast nitrogen base without amino acids
A m ersham
a 32P dATP
a 32P dCTP
Hybond N membrane
Multiprime DNA labelling kit
P harm acia
Dextran sulphate sodium salt
Sephadex G-50
New England Biolabs
Restriction enzymes (rare cutter)
T4 DNA ligase
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Promega
Taq DNA buffer
Taq DNA polymerase
Vector Laboratories
Avidin-FITC
Biotinylated anti-avidin
US Biochemicals
Sequenase version 2.0 sequencing kit
Northumbria Biologicals limited
Plasmid Bluescript
ICRF Media Department
LBroth
Phosphate buffered saline
20 x SSC
Sterile distilled water
T rypsin
M iscellaneous
Polyethylene glycol m.w. 8000 - Aldrich
Formamide - Fluka
Paraffin oil - Fluka
Kodak XAR5 film - Kodak
TEMED-LKB
Sequagel buffer - National Diagnostics
Sequagel concentrate - National Diagnostics
Sequagel diluent - National Diagnostics
Ficoll - Nycomed
Polaroid film - Polaroid
Ampicillin - St. Bartholomews’ Hospital pharmacy
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APPENDIX 2:

PUBLICATIONS

Cotter, F.E., Nasipuri. S.. Lam, G., and Young, B.D. (1989). Gene
m apping
by
en zy m atic
a m p lific a tio n
from
flo w -so rte d
chromosomes. Genomics 5: 470-474.
Cotter, F.E., Hampton, G.M., Nasipuri. S.. Bodmer, W.F., and Young,
B.D. (1990). Rapid isolation of human chromosome-specific DNA
probes from a somatic cell hybrid. Genomics 7: 257-263
Cotter, F.E., Das. S.. Douek, E., Carter, N.P., and Young, B.D. (1990).
The generation of DNA probes to chromosome llq 2 3 by Alu PCR
on small numbers of flow-sorted 2 2 q- derivative chromosomes.
Genomics 9: 473-480
Das. S.. Cotter, F.E., Gibbons, B., Dhut, S., and Young, B.D. (1991).
CD3G is within 200kb of the leukemic t(4; 11) translocation
breakpoint. Genes, Chromosomes and Cancer 3:44-47
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A new approach to gene mapping which combines
enzymatic amplification with high-resolution flow
sorting of human chromosomes has been devised. Re
liable amplification from as few as 2 0 0 chromosomes
has been demonstrated. This method, w ith particular
application to mapping the position of chromoso
mal translocations, has been used to show that
the breakpoint for the constitutional translocation
t (ll; 2 2 ) (q 2 3 ; q ll) lies proximal to the genes c-ets-l,
Thy-1, and T3S and distal to the int-2 gene. The map
ping was confirmed by Southern analysis to much
larger numbers of chromosomes sorted from the same
cell line. Control reactions for the bcl—
^i gene on cliro—
mosome 18 and the Ca gene of the IGH locus on chro
mosome 14 demonstrated the discrimination which can
be achieved, e 1989 Academic PreM, Inc.

INTRODUCTION

Consistent rearrangements to chromosome 11 at
bands q23-q24 have been reported in a variety of ma
lignancies. The translocation t(4;ll)(q21;q23), first
reported by Van den Berghe et al. (1979), is associated
with infantile acute lymphoblastic leukemia, while the
translocations t(9;ll)(p22;q23) and t(ll;19)(q23;pl3)
have been observed in cases of acute monocytic leu
kemia (Diaz et al., 1986). The translocation
t(ll;22)(q24;ql2) is exhibited in 85% of Ewing sarcoma
(Turc-Carel et al., 1988) and this translocation is also
associated with neuroepithelioma and Askin tumors
(Whang-Peng et al., 1986). Although there is currently'
little information on the molecular basis of these al
terations, it has been established that the c-ets-l on
cogene on chromosome 11 lies distal to the position of
the t(4;ll) breakpoint (Sacchi et al, 1986) and the
t(9;ll) breakpoint (Diaz et al, 1986), and proximal to
the t (ll;22) breakpoint in Ewing sarcoma (Griffin et
al, 1986). The rare constitutional translocation t(ll;22)
; can be distinguished from the Ewing sarcoma t(ll;22)
0888-7543/89 $3.00
Copyright © 1989 by Academic Press, Inc.
All rights of reproduction in any form reserved.

by the demonstration of c-ets-l translocation in the
former (Griffin et al, 1986). A number of genes (in
cluding Thy-1, T3b, and c-ets-l) have been mapped to
llq23 (Human Gene Mapping 9, 1987) with little in
formation on their relative positions and no conclusive
evidence of their activation or alteration in such trans
locations. It is therefore important to ascertain the po
sitions of these genes in relation to the described
translocations.
Current methods of gene mapping are relatively time
consuming, often involving DNA probe hybridization
to chromosomes in situ or to DNA from either somatic
cell hybrids or flow-sorted chromosomes. An approach
which uses enzymatic amplification from aliquots of
small numbers of flow-sorted chromosomes has been
developed. The presence or absence of a gene or DNA
fragment in a fraction can be rapidly determined. The
feasibility of this method has been proven by mapping
the breakpoint for the constitutional translocation
t(ll;22) as proximal to the Thy-1, c-ets-l, and T38 genes
and distal to the int-2 gene.
MATERIALS AND METHODS

Chromosome Preparation and Flow Analysis
Three lymphoblastoid cell lines, GM6228, GM6229,
and GM6275, derived from individuals with the con
stitutional t ( ll; 22) translocation were obtained from
the Human Genetic Mutant Cell Repository (Camden,
NJ). Cultures were treated overnight with colcemid
(0.05 /ug/ml) and chromosomes were prepared by the
digitonin-polyamine method described by Young et al.
(1981) for flow analysis. A final centrifugation (1000
rpm, 1 min) was used to remove nuclei. The chromo
some suspension was diluted 5:1 and stained with
ethidium bromide at 40 pg/m\. The stained chromo
somes were analyzed on a FACS 440 with a Spectra
Physics 2025 laser tuned to 488 nm. Chromosomes were
passed through the sorter at approximately 200/s and
the resultant fluorescent data, gated on the ratio of
470

fluorescence and forward light scatter to reduce back
ground, were accumulated as a histogram (Fig. 1).
Enzymatic Amplification from Sorted Chromosomes
Aliquots of chromosomes from GM6228 were sorted
from the following sorter windows: fraction A [channels
(Ch) 208-253] for the 22q— derivative chromosome;
fraction B (Ch. 271-351) for chromosome 22; fraction
C (Ch. 469-552) for chromosome 18; fraction D (Ch.
596-690) for chromosome 14; fraction E (ch. 759-836)
for chromosome 11. For each amplification, 200 chro
mosomes in sorter sheath fluid (0.1 M NaCl, 10 mAf
Tris-HCl, 1 mAf EDTA) were sorted directly into the
reaction tube containing 80 nl of Taq buffer (50 mAf
KC1, 10 mAf Tris-Cl, pH 8.3, 2 mM MgCl2) and 0.01%
(w/v) gelatin and placed at 4°C. Enzymatic amplifi
cation was performed by the polymerase chain reaction
(PCR) procedure of Saiki et a l (1988) using the Thermus aquaticus (Taq) DNA polymerase. Pairs of syn
thetic oligonucleotide primers (1 mAf each) were added
together with 200 mAf each of the deoxyribonucleotide
triphosphates (dATP, dCTP, dTTP, dGTP) and made
up to a final volume of 100 /d. Amplifications were
carried out with the automated Cetus DNA thermal
cycler. An initial denaturing step, 10 min at 94°C, was
followed by 60 cycles of 2 min at 55°C (annealing), 3
min at 70°C (extension), and 1 min at 94°C (denatur
ing). The final extension period was lengthened to 10
min. 2.5 units of Taq polymerase (Cetus) were added
to the reaction after the initial denaturing step and a
further 1 unit after 20 cycles. Aliquots (10 /d) from the
reaction mixture were analyzed by electrophoresis in
a 2% agarose gel in TAE buffer and stained with ethidium bromide. The <£X174 RF DNA/Haelll (BRL)
marker was run on each gel for size determination. For
each pair of primers, positive and negative control re
actions, substituting 1/ig of genomic DNA for the chro
mosomes and containing no chromosomes, respec
tively, were performed. The pairs of primers are de
scribed in Table 1.
Southern Analysis of Flow-Sorted Chromosomes
Aliquots of fraction A (Fig. 1; 2 X 105 chromosomes)
and fraction B (Fig. 1; 7 X 105 chromosomes) were
sorted from GM6228 into tubes containing 25 /ig of
yeast tRNA. These were treated overnight at 42°C with
1% sarcosine, 200 /ug/ml proteinase K, and 25 mAf
EDTA. DNA was prepared as previously described
(Cotter et al, 1988), digested with PstI restriction en
zyme (Boehringer Mannheim) for Southern analysis
(Southern, 1975) on Hybond-N filters (Amersham In
ternational pic). The following DNA probes were ra
diolabeled with [32P]dCTP by the random primer ex
tension method (Feinberg and Vogelstein, 1983):
pBSHTl for the Thy-1 gene (Van Rijs et al., 1985),

RD-6K for the c-ets-1 gene (kindly provided by N. Sacchi, NCI), pPGBC-9 for the T35 gene (Van den Elsen
et al, 1984), and bcr-G for the bcr gene (Ganesan et
al, 1987). Autoradiography at various times with Ko
dak X-Omat-RP film was carried out.
RESULTS AND DISCUSSION

The presence of the constitutional t(ll;22)(q23;qll)
translocation in the cell lines GM6228 (unbalanced),
GM6229, and GM6275 (balanced) was confirmed by
Giemsa-banded karyotype analysis. It was clear that
whereas GM6228 contained only the derivative 22q—,
GM6229 and GM6275 contained both the derivative
22q— and llq + chromosomes. For this study it was
important to establish whether the derivative 22q—
chromosome could be distinguished by flow analysis
from the other chromosomes of these cell lines. The
univariate flow karyotype for GM6228 is shown in Fig.
1 p revious studies (Harris etal., 1986) have established
relative DNA contents and the range of normal vari
ations for human chromosomes analyzed in flow sys
tems and these have been used to identify the peaks
as labeled in Fig. 1. It is apparent that in GM6228
there exists a peak (labeled “A” in Fig. 1) which has
about 73% of the DNA content of chromosome 22. This
estimate is in accord with the size of the 22q— chro
mosome as visualized by Giemsa banding. Flow analysis
of the other cell lines (GM6229, GM6275) also showed
the presence of an abnormal peak in the same position
(data not shown). All of these cell lines were female
and therefore these small peaks could not be due to an
abnormally small Y chromosome but must be due to
the derivative 22q—. As expected, the flow karyotype
of GM6228 showed no evidence for the llq + chro
mosome. Although the cell lines GM6229 and GM6275
contain the llq + product of the t ( ll; 22) translocation,
its position in the corresponding flow karyotypes could
not be unequivocally assigned. The clearest separation
of the 22q—chromosome was obtained with GM6228
and therefore this cell line was used for further studies.
DNA from flow-sorted chromosomes has been used
for the construction of phage and cosmid libraries and
it was reasoned that such DNA should also function
as substrate for enzymatic amplification. Initial ex
periments (data not shown) demonstrated amplifica
tion of a region of the bcl-2 gene from 50,000 copies of
chromosome 18. However, since sorting rates for an
individual chromosome on a conventional sorter have
an upper practical limit of about 20/s, it was desirable
to reduce the starting number of chromosomes. Sorting
directly into tubes containing Taq polymerase buffer
and performing the reaction in the same tubes allowed
reliable amplification from as few as 200 chromosomes.
In order to exploit this method for gene mapping,
pairs of oligonucleotide primers were chosen from pub
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FIG. 1. Flow karyotype of GM6228. Ethidium bromide fluorescence is measured on the horizontal axis and the number of chromosomes
is measured on the vertical axis. The chromosomes known to be present in each peak are indicated. The sorting windows (A—E) are also
shown (see Materials and Methods).

lished sequences of genes on chromosom e 11 (int-2,
c-ets-1, T3b, Thy-1), on chrom osom e 14 (Ca) and on
chromosome 18 (bcl-2). T h e synthetic prim er sequences
an d the expected size of th e amplified fragm ents are
indicated m T able 1. P relim inary experim ents with ge
nomic DNA established conditions for amplification
which yielded single amplified fragm ents of the ex 
pected size on agarose gel electrophoresis. Aliquots of
200 chromosom es from th e five sorting windows in 
dicated in Fig. 1 were collected an d subjected to a m 
plification with each p a ir of oligonucleotide primers.
Agarose gel electrophoresis of the products was found
to be sufficient to visualize the presence or absence of
amplified products, as shown in Fig. 2. It is clear t h a t
all th e fragm ents amplified from chromosom es are
identical in size to th e corresponding fragm ent am pli
fied from genomic D N A (Fig. 2, trac k s G) conforming

to their expected sizes. It is also ap p a re n t t h a t am p li
fication is being obtained with bcl-2 and Ca prim ers
only from the chromosome fractions expected to c o n 
tain chromosomes 18 and 14, i.e., fractions C an d D,
respectively. T his indicates t h a t th ere is little d e te c t
able co ntam ination with chromosom es from outside
th e sorting windows an d is reinforced by th e lack of
amplification from the negative control fraction B with
any of the oligonucleotide pairs. All of th e genes on
chromosom e 11 have been amplified from fraction E,
b u t only c-ets-1, Thy-1, and T3b could be amplified from
fraction A which is expected to contain the 22q— d e
rivative chromosome. In conclusion, the results d e m 
on strate t h a t the t( ll;2 2 ) b reak point in GM 6228 lies
proxim al to these genes b ut distal to int-2. A ssignm ent
of this breakpoint was independently confirmed by
S outh ern analysis of Psfl-digested D N A from m uch

T A BLE 1
O ligo n u cleo tid e P rim er P a irs for A m plifications
Gene

+ strand

nt-2
Vhy-1
m
f-ets-1
fcl-2
gH(Ca)

5'-AGTTTGTGGAGCGGATCCACG-3'
5-AGAAGGTGACCAGCCTAACGG-3'
5'-GAGCTTAACTCAGCAAGACAG-3'
5'-GATGAGGTGGCCAGGAGATG-3'
5'-CCTTTAGAGAGTTGCTTTACGT-3'
5'-GCATTCTGTGTTCCAGCATCC-3'

— strand
5'-AAGATGTCGCCAGGAGCTCTG-3'
5'-TCTGAGCACTGTGACGTTCTG-3'
5'-GAGCAGAGTGGCAATGACATC-3'
5'-TCACTCGTCGGCATCTGGCTT-3'
5'-AGGTCTGATCATTCTGTTC-3'
5'-GGATTCGTGTAGTGCTTCACG-3'

Size (bp)

Ref.

414
324
382
222
206
293

(3)
(18)
(20)
(25)
(2)
(9)

larger sorted fractions of 22q— using cloned c-ets-1,
Thy-1, an d T3b probes (Fig. 3). T h e bcr gene was used
as a control probe a n d it can be seen t h a t it hybridizes
only to th e fraction c o n tain in g norm al chrom osom e 22
and n o t to 22q—.
T h e results confirm a n d extend the previous m a p 
ping, by in situ hybridization, of the t(ll;2 2 ) breakpoint
as proxim al to c-ets-1 (Griffin et al., 1986). It was fully
expected t h a t the int-2 gene previously m apped to
l l q l 3 (Casey et al., 1986) would lie proxim al to th e
breakpoint. Recently “spot-blot” hybridization to flowso rted chrom osom es has been used (D elattre et al.,
1988) to d e m o n s tra te t h a t th e corresponding b re a k 
p o in t on chrom osom e 22 lies proxim al to both CX an d
a cloned V \ probe (A nderson et al., 1984). T his is s u p 
p o rte d by our observation in Fig. 3 t h a t th e bcr gene
is n o t reta in ed on th e derivative chrom osom e 22q—.
T h e relationship betw een b reakp oin ts in l l q 2 3 for th e
co n stitu tio n a l t ( l l ; 2 2 ) a n d th e leukem ia-associated
tran slo ca tio n s rem ain s unclear. T h e extension of this
ap pro ach to the pro du cts of these tran slocation s could
resolve this question.
T h e ability to d eterm in e th e presence or absence of
genes or D N A fragm ents in aliquots of small n um bers
of chrom osom es confers a n u m b er of advantages over
previous methods of gene mapping. First, the resolution
on a cell sorter is often im proved by decreasing the
flow rate of chromosom es, an d th u s analysis can be
perform ed on sm aller fractions of higher purity th a n
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F I G . 3 . Southern analysis of flow-sorted 22q—. Probes were hy
bridized to Pstl-digested DNA from 2 X 105 copies of chromosome
2 2 q - (fraction A) and from 7 X 105 copies o f chromosomes 21 and
22 (fraction B ). The same filter was stripped of signal and rehybrid
ized successively with each probe. Size markers are indicated in kilobases.

previously obtainable for spot-blot hybridization to
flow-sorted chromosom es (Lebo et al., 1984). Second,
the reduced chromosome requirem ent may open up the
possibility of direct studies on chromosom es from tissue
previously unsuitable for large-scale sorting due to lack
of m etaphase cells. Studies of t u m o r tissue bearing
translocations involving a com m o n region such as
chromosome l l q 2 3 may allow fu rth e r m apping of th e
region by d eterm ining th e presence or absence of se
quences on th e translocated chrom osom es. It would be
of particular interest to examine directly chromosomes
from tu m o r or leukemic cells w ith o u t having to use
established cell lines. In this way it m ay be possible to
detect translocation s in cells w ith o u t prior knowledge
of karyotype status. As an extension of successful a m 
plification from single cells an d single sperm cells (Li
et al., 1988), this approach p otentially could be applied
to amplification from a single flow-sorted chromosome.
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F IG . 2 . Agarose gel electrophoresis of the products of enzymatic
amplifications. The pairs of oligonucleotides (Table 1) and the sorted
fractions of 200 chromosomes are indicated. Track G indicates control
amplification from genomic DNA. Size markers are indicated in base
pairs (bp) and the amplified bands are indicated by arrowheads.
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clones, which may represent only a small proportion
of a total library, are usually selected by the presence
of human-specific repeated sequences. Subsequent use
of such probes for mapping would normally require the
subcloning of their single-copy regions.

A strategy for the rapid isolation from rodent hy
brids of human chromosome-specific probes by enzy
matic amplification is described. Synthetic oligonu
cleotide primers based on the consensus Alu sequence
were used to amplify inter-A/u sequence from total
human genomic DNA and from a somatic cell hybrid,
PN TS-1, containing one homolog of chromosome 5 as
its only human complement. Direct sequence analysis
of the products from human genomic DNA confirmed
their inter-Alu structure and provided a novel means
for the examination of the 5' end of the Alu consensus.
The amplified sequences from the somatic cell hybrid
DNA were cloned into a plasmid vector by blunt-end
ligation, yielding clones with inserts in the range 300
to 1000 bp. More than 80% of these clones carried
inserts that behaved essentially as single-copy human
sequences. Hybridization of a selection of these clones
to human DNA, hamster DNA, and the original hybrid
DNA confirmed that they were derived from chro
mosome 5. Direct sequence analysis of the vector/in
sert boundaries in two clones confirmed that inter-Alu
sequences had been cloned. This approach has signif
icant advantages over other methods of isolating
chromosome-specific probes from hybrid cells, en
abling direct separation and cloning of human DNA
probes that can be readily used for mapping studies.

The enzymatic amplification of heterogeneous mix
tures of genomic DNA has relied on the ligation of
vector DNA (Kinzler and Vogelstein, 1989; Ludecke et
al., 1989) or the presence of endogenous repeated DNA
(Nelson et al, 1989). In the latter method, the wide
spread occurrence of Alu repeats (Deininger et al, 1981)
was used to prime amplification of human sequences
from heterologous backgrounds. We have developed
this approach for the direct selection and cloning of a
library of human inter-A/u sequences from a hamster
background, obviating some of the lengthy procedures
described above. Hybridization and sequence analysis
of such clones have demonstrated that these probes
are human in origin and can readily be used in mapping
studies.
MATERIALS AND METHODS

Amplification from Genomic DNA
Enzymatic amplification was carried out by the
polymerase chain reaction (PCR) utilizing the Thermus
aquaticus (Taq) DNA polymerase (Saiki et al, 1988)
and an automated Perkin-Elmer DNA thermal cycler.
Prior to addition of the DNA for amplification, the
reaction mixture was prepared for a final volume of
100 pi containing oligonucleotide primers (total of 2
mM), 200 mM each of the deoxyribonucleotide tri
phosphates (dATP, dCTP, dTTP, and dGTP), 1.0 unit
of Taq DNA polymerase (Amplitaq-Cetus), gelatin
(0.01%, w/v), and Taq buffer (50 mM KC1, 10 mM
Tris-Cl, pH 8.3, 1.5 mM MgC^). One hundred nano
grams of human genomic or hybrid cell DNA was used
per reaction. An initial denaturing step of 10 min at
94°C was performed. Taq DNA polymerase (1.0 unit)

© 1990 Academic Press, Inc.

INTRODUCTION

Progress in the mapping of complex genomes will
depend on the subdivision of large amounts of infor
mation, initially at the level of the chromosome. It is
therefore an important priority to obtain large numbers
of DNA probes from defined chromosomal sources
quickly and efficiently. The cloning of human chro
mosome-specific DNA sequences from somatic cell hy
brids presents certain difficulties because of the large
amount of heterologous rodent background. Human
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was added and followed by 30-40 cycles for 30 s at
57°C (annealing), 2 min at 72°C (extension), and 45 s
at 94°C (denaturing). The final 72°C extension period
was lengthened to 10 min. Aliquots (4 g 1) from the
reaction mixture were analyzed by 2% agarose gel (TBE
buffer) electrophoresis and stained with ethidium bro
mide.
Cloning of Alu-PCR Products from
Hybrid Cell Line PNTS-1
Alu-PCR products were purified on Sephadex G-50
columns, ethanol precipitated, and resuspended in 15
g\ TE, pH 8.0. Aliquots (1 g\, approximately 100 ng)
were ligated to EcoRV-cut pBluescript SK (Stratagene)
at a molar ratio of 0.125:1 vector to insert. Ligations
for 16 h at 14-16°C were in a final volume of 20 /d with
PEG 8000 (Sigma) at 5% final concentration and 200
units of T4 ligase (New England BioLabs). Ligations
were diluted fivefold with TE and 5 gl was used to
transform 100 g\ of maximum efficiency DH5a com
petent cells (BRL) according to the manufacturer’s
recommendations on ampicillin plates at 100 gg/m\.
Clones with inserts (white colonies) were gridded onto
ampicillin plates for single-colony PCR amplification.
Colony Hybridizations
Total human DNA (40 ng) for colony screening was
labeled by the random priming method (Feinberg and
Vogelstein, 1983). Colonies gridded onto ampicillin
plates were transferred to Hybond N membranes
(Amersham). DNA was denatured and fixed according
to the method of Buluwela et al. (1989) using microwave
baking for 3 min at 650 W. Hybridizations and wash
ings were as described below.
Amplification of Plasmid Inserts
Directly from Colonies
Cells from each colony of interest were transferred
to the PCR reaction mixture using a sterile toothpick
as described above. Inserts were amplified using either
the M13 forward and reverse primers or the original
Alu primer IV used for the primary amplification. The
sizes of the products were assessed by electrophoresis
on a 2% agarose gel. Inserts prepared in this manner
were both sequenced and used as probes for mapping.
Hybridization of Probes to DNA of
Somatic Cell Hybrids
Samples of human DNA and DNA from the somatic
cell hybrid PNTS-1 were digested with EcoRI or
HindHl (New England BioLabs) at 5 units/^g. Five
micrograms of each DNA was electrophoresed at 3 V/
cm for 24 h through an 0.8% agarose gel with appro
priate size markers and DNA was transferred to a Hy

bond N + membrane (Amersham pic) by alkaline trans
fer and neutralized extensively after transfer in 2X
SSC. To prepare probes, PCR products from single
colonies were purified and concentrated as described
above. About 1 gg of product was electrophoresed in
1% low-melting-point agarose gels and excised. The
DNA was diluted to 1 ng/gl with TE, pH 8.0, and about
30 ng was labeled by the random priming method
(Feinberg and Vogelstein, 1983). Labeled probe was
competed with cold sonicated human placental DNA
at 68°C to an equivalent C0t value of 25-50 (Sealey et
al., 1985). Filters were hybridized in sodium phosphate/
SDS buffer according to the method of Church and
Gilbert (1984) with a final probe concentration of 10
ng/ml at 65°C for 16 h. Filters were washed routinely
to a stringency of 0.2X SSC/0.1% SDS at 65°C.
Direct Sequence Analysis
Sequence analysis by the dideoxy chain termination
method (Sanger et al., 1977) was performed on PCR
products. DNA from the reaction mixture was purified
using a Sephadex G-50 column followed by ethanol
precipitation, freeze-drying, and resuspension in dis
tilled water. Either Alu primer III or the primer 5'ATTGTAATACGACTCACTATAGGGC-3' (homol
ogous to pBluescript cloning site) was labeled with [7 32P]ATP by kinase and used for sequencing with the
modified T7 DNA polymerase (Sequenase). A 5-min
sequencing reaction at 15°C and a 5-min termination
reaction at 37°C were performed. Sequence analysis
was performed on a 6% acrylamide gel.
RESULTS

Amplification from Total Human Genomic DNA
A pair of oligonucleotide primers I and II (Fig. 1),
based on the recently revised consensus Alu sequence
(Bains, 1986; Kariya et al., 1987), was used in initial
experiments to amplify inter-Alu sequences from total
human genomic DNA. The size ranges of DNA frag
ments amplified from 100 ng of total human genomic
DNA are shown in Fig. 2a and it can be seen that using
a single primer (Fig. 2a, lane C) yields a slightly larger
distribution than using both primers (Fig. 2a, lane B).
No products were observed from control reactions in
which no primers were added (Fig. 2a, lane A).
To demonstrate that amplification was correctly
primed from Alu family members, the sequencing
primer (III) was used for direct sequence analysis of
the heterogeneous mixture of DNA fragments in lane
B of Fig. 2a. The sequence obtained is shown in Fig.
2b and represents the 5' boundaries between many Alu
family members and their adjacent single-copy se
quence. The sequence thus obtained was in accord with
the Alu consensus previously derived by computer
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5 -CAGAATTCGCGACAGAGCGAGACT CCGTCTC-3
5 -GAATTCACGCCACTGCACTCCA6CCTG-3

IV-

II

5 -TCTTGATCTCTTGACCTCGTG-3

5 -6GATCCTGCCTCAGCCTCCCGAGT AGC-3

2 8 0 Dp

F I G . 1.

Position, orientation, and sequence of primers for PCR (I, II, and IV) and for direct sequencing (III) with respect to the Alu

consensus.

analysis of cloned sequences (Table 1). These data
provide not only direct evidence for correct amplifi
cation of in te r-Alu sequences but also a novel m eans
for com parison of multiple Alu members.
Amplification and Cloning of Human Sequences
from a Somatic Cell Hybrid
Most hybrid cells carrying h u m an chromosom es are
derived from h am ster or mouse parent cells. It was
therefore im portant to establish w hether Alu prim ers
could discrim inate between genuine h um an Alu m em 
bers and the equivalent ham ster or mouse repeat fa m 
ilies (Jelinek and Schmid, 1982). T h e ham ster hybrid
cell line P N TS-1, which has been shown karyotypicallv
and by in situ hybridization with total h u m an DNA to
con tain only one homolog of chromosom e 5 (Varesco
et al., 1989), was chosen for these studies. T h e oligo
nucleotide prim ers shown in Fig. 1 were tested for their
ability to amplify specifically hum an DNA from such
a ro d e n t/h u m a n m ixture. P rim er IV, when used alone,
was found to yield amplification products only from
th e DNA of the hybrid cell and not from the DNA of
the p aren t ham ster cell (Fig. 3).
T h e P C R products were expected to have b lu n t ends
and thus to be suitable for ligation into a plasmid vector
cut at an appropriate “b lu n t-e n d ” site. T h e amplified
products from th e cell line P N T S -1 were cloned by
blunt-end ligation into the pBluescript vector cut with
EcoRV (see M aterials and M ethods). T h is approach
avoids restriction enzyme digestion of th e amplified
products, a step t h a t would reduce the size of some
clones. An estim ated total of 65,000 clones, in which
there was expected to be a considerable redundancy,
were obtained. To determ ine the repetitive co n ten t of
a subpopulation of the clones, 40 “positives” (i.e., white
colonies) were picked a t random and gridded onto a m 
picillin plates. T h e colonies were transferred to m e m 
branes an d probed with labeled total h um an DNA. Fif
teen percent (6 clones) appeared to be highly repetitive,

with the remaining 85% of clones showing no signal,
suggesting th a t they may contain either single-copy
hu m an sequences or ham ster-derived sequences. This
proportion of repetitive clones is comparable with that
found in other randomly picked small-insert clones
(Ludecke et al., 1989) and shows t h a t this system does
not enrich for areas of the genome with a high density

ABC
A

CGT

23-0-

FIG. 2. (a) Gel electrophoresis of A(u-primed PCR products
from human genomic DNA. Lane A, no primer control; lane B,
primers I and II; lane C, primer I only. The marker lane is H indllldigested X DNA. (b) Direct sequence analysis of the 5' Alu single
copy DNA junctions of the heterogeneous amplified DNA shown in
lane B of (a). Sequencing was performed using labeled primer III.
The 5' end of the Alu consensus sequence is indicated by an arrow.
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TABLE 1
C om parison o f the R e v e r se C om plem ent o f the S eq u en ce in F ig. 2b w ith
P r e v io u sly D eterm in ed 5' R egion s o f th e A lu C onsensus
Sequence

Ref.

1

10
20
30
40
GCTGGGCGTGGTGGCTCACACCTGTAATCCCAGCACTTTGGGA
GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGA
GGCTGGGCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGA
GGCCGGGCCTGGTTGCGCACGCCTGTAATCCCAGCACTTTGGGA
A
G C
TT

....
....
....
....

(6)

(1)
(11)
Fig. 2b

Note. The lowest line indicates alternative base usage found experimentally in Fig. 2b.

of repeated sequences. Tw enty-six of th e clones neg
ative in th e above hybridization were picked and their
inserts amplified from single bacterial colonies using
th e Alu prim er IV t h a t was used for the original a m 
plification. T h e amplified products were analyzed on
agarose gels (Fig. 4) an d it can be seen t h a t there is a
range of sizes (300-1000 bp) sp anning th e size range
seen in th e original A lu-P C R amplifications (see Fig.
3). Additionally, this analysis suggests t h a t most clones
(21 of 23) con tain sequence bounded by th e Alu prim er
IV in th e m a n n e r expected for in te r-Alu sequence.
Hybridization and Sequence Analysis of
Representative Clones
It was im p ortant to establish w hether th e bulk of
th is library was hu m an in origin, and six clones co n 
tain in g in serts of different sizes and judged to be nonrepetitive by th e criteria above were chosen for further
analysis. T h eir inserts, amplified using prim er IV, were
used as probes for S outhe rn analysis ag ain st h um an,
P N T S -1 , an d h am ster DNAs. Each of th e six probes
hybridized to hu m an D N A with one or two distinctive
band s a n d to P N T S -1 DNA with an identical p attern .
T h e hybridization p a tte r n s of three of these clones are
shown in Fig. 5. Although initial hybridizations were
perform ed after com petition of the probes with u n la 
beled sonicated h u m an DNA, this was subsequently
found to be unnecessary for m ost probes. Only one
clone hybridized to h a m ster DNA at high stringency
an d with a p a tte rn t h a t was distinct from its h y b rid 
ization to hu m an DNA (data not shown). T h ese data
indicate t h a t these clones are hu m an in origin and th a t
th e library therefore probably contains only hum an specific clones.
T h e origin of these inserts was fu rther exam ined by
sequence analysis. Vector primers, positioned 220 bp
ap art on either side of th e cloning site, were used to
amplify th e inserts along with p art of the adjacent vec
to r sequence. T h e P C R products from each clone were
found to be 220 bp larger (data not shown) t h a n the
corresponding products of the A/i/-PCR reactions (Fig.

4). T h is suggests t h a t each clone has a single in ter-Alu
sequence bounded a t each end by the Alu prim er IV.
T h is was confirmed by direct sequence analysis of th e
vector/insert, junctions, reading from a pBluescript
vector prim er positioned 50 bp distant from the EcoRV
cloning site. T h e jun ctio n s from two clones are shown
in Table 2, where it can be seen th a t bo th inserts begin
with the Alu prim er IV. Significantly, both inserts have
an A-rich region adjacent to th e end of the Alu se
quence. It is well established th a t m em bers of the Alu
family are usually followed at th eir 3' end by a stretch
of A-rich sequence (K ariya et al., 1987); therefore this
finding fu rther confirms the h u m an origin of these i n 
serts.
HA

C

H

M

1353 bp

FIG. 3 . Gel electrophoresis of A(u-primed PCR products f rom
genomic DNA of the hybrid cell PNTS-1 (lane H), of hamster parent
cell line (lane HA) and from PNTS-1 with the omission cf primer
(lane C). All amplifications were performed using only piimer IV.
The sizes of molecular weight markers (lane M) are indicated.
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COLONY

1

No .

►

DNA and, since none of the resultant clones appear to
be h a m ster in origin, a high degree of specificity has
been attain ed. T his can be attrib u ted to the fact th a t
although h a m ster DNA contains an Alu equivalent re 
petitive family, it is not sufficiently homologous to the
sequence in prim er IV (Jelinek and Schmid, 1982).
C om parison with the analogous mouse B l family sug
gests th a t prim er IV could also be used for amplification
of in te r-Alu sequences from a m o u s e -h u m a n hybrid.
Anot her im portant feature of this approach is t h a t most
of the clones obtained hybridize as single-copy probes.
Each clone contains only a restricted am o unt of Alu
sequence (prim er IV) and this does not interfere with
the hybridization characteristics. The num ber of clones
with repetitive sequence (15%) is not unusual and these
m ust re presen t the cloning of Alu repeats interspersed
with o th er repeat families. It can be concluded th a t
other repeated sequences are not overrepresented in
th e cloned in t e r -Alu regions.
T h is approach will have a particular application to
th e cloning of h u m an sequence from hybrids produced
by X -ray irradiation and fusion (B enham et al., 1989).
Such hybrids contain small subchromosomal fragments
for which th ere is no selection and thu s a conventional
DNA library constructed from such a hybrid would
have a small proportion of hu m an clones. A further
application could be the construction of libraries from
small num bers of How-sorted chromosomes. Currently,
such libraries are limited by the am ount of starting
m aterial required and by the presence of rodent se
quences if chrom osom es have been sorted from a cell
hybrid (K ru m la u f et al, 1982). It has been shown th a t
gene-specific sequences can be amplified by P C R from
as few as 200 flow-sorted chromosomes (Cotter et al.,
1989), and therefore it is possible t h a t h u m an ch ro 
mosome-specific A lu -P C R libraries can be generated
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FIG. 4 . Gel electrophoresis of PCR products from 26 individual
bacterial colonies with A lu primer IV. Lanes 16, 17, and 18 are
amplified from three blue colonies (nonrecombinants used as con
trols). The molecular weight markers (lane M) are indicated.
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T h e procedure described here has been shown to se
lectively amplify an d clone human-specific in te r -Alu
sequences from a ham ster background. It can be esti
m ated t h a t the h u m an com plem ent of P N T S -1 (one
copy of chrom osom e 5) is abo ut 2-3% of the total cell
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TABLE 2
Direct Sequence Analysis of the Vector/Insert Boundaries of Two A/u-PCR Clones
vector | insert
TAAGCTTGATCAGAATTCGCGACAGAGCGAGACTCCGTCTCAAAAACAAAAACAAAAACAAAGTTAGCCAGG

vector ^insert
TAAGCTTGATCAGAATTCGCGACAGAGCGAGACTCCGTCTCATACGATCTTAAAAAAAAAAAAAACA

Note. The sequences corresponding to vector and insert are indicated and the A lu primer sequence is underlined.

from small aliquots of flow-sorted chromosomes. Al
though this approach has used the Alu repeat family,
it might be possible to increase the representation of
other sequences by including primers to other repeated
sequences such as the LI and GT:AC families (Hwu et
al., 1986; Rinehart et al, 1981). They occur less fre
quently, with an average spacing of 30-60 kb, but it
should be possible to amplify between adjacent mem
bers of different families.
The amplified products from the cell hybrid (Fig. 3)
exhibited a discrete and reproducible pattern of sizes,
suggesting that a restricted set of inter-Alu sequences
has been amplified using the single Alu primer IV.
Similar results have been reported by Nelson et a l
1989) using different Alu primers and different cell hy
brids. It is therefore appropriate to consider how the
complexity of such a library is influenced by the ho
mology, placement, and orientation of Alu members.
It has been estimated that there are about 5 X 105 Alu
copies, each approximately 300 bases long, and that
this totals 3-6% of the genome. The amplification
strategy developed here relies on the occurrence of ad
jacent Alu repeats sufficiently close to each other, with
sufficient homology to the primer, and with the appro
priate orientation to permit successful amplification
under the chosen elongation conditions. In addition,
the efficiency of amplification of different inter-Alu se
quences may vary and this would be reflected in the
final mixture. The ultimate complexity of the library
obtained will depend on the interplay of these factors.
There may exist Alu members that are sufficiently dif
ferent from the consensus sequence, and therefore from
the primers, to prevent amplification. It has been es
timated that individual Alu members are 86% homol
ogous to each other and to the consensus (Bains, 1986).
We have used primers from the consensus to increase
the proportion of inter-Alu sequence that is amplified.
A recent computer analysis (Moyzis et al, 1989) of large
stretches of cloned sequence in the GenBank database
indicated that the average spacing between Alu repeats

was approximately 4 kb. However, it was found that
the distribution could be best explained by the existence
of two classes of genomic DNA, uAlu-rich” domains
and uAlu-poor” domains. Within each domain the
placement of Alu members was considered to be ran
dom. This model predicted that within an Alu-rich do
main the average spacing would be approximately 1 kb
and in an Alu-poor domain it would be approximately
10 kb, yielding an overall average of 4 kb. In situ hy
bridization evidence was also presented (Moyzis et al,
1989) to suggest a differential density of Alu repeats
along metaphase chromosomes with a particular un
derrepresentation of Alu members in centric hetero
chromatin. Enzymatic amplification would be expected
to favor the Alu-rich domains, and the size ranges
shown in Figs. 2 and 3 are consistent with this inter
pretation. However, successful amplification from se
quences as long as 10 kb have been reported (Jeffreys
et al, 1988)) and it should be possible to extend the
range of amplification to include the Alu-poor domains.
Moyzis et al (1989) have noted that Alu repeats closer
than 500 bases are preferentially oriented in the same
direction. Thus, the use of a single Alu primer, rather
than opposing Alu primers, may tend to favor the am
plification of larger inter-A/u regions.
The direct sequence analysis presented in Fig. 2b
provides a novel means of experimentally examining
the 5' end of the Alu consensus and the adjacent single
copy sequence. Previous sequence analysis of Alu re
peats could only be performed singly on cloned DNA
fragments. The advantage of this approach is that
multiple Alu members are being compared simulta
neously and thus the sequencing gel gives a direct mea
sure of the usage of each base at each position. This
sequence is compared in Table 1 with a previously de
termined Alu consensus sequence. It is apparent from
Fig. 2b that there is a region near the 5' end that is
more highly conserved. This region (bases 23-47) cor
responds to that previously identified by Kariya et al
(1987) to be the most highly conserved among 50 cloned
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Alu members. The region before this (bases 1- 20) ap
pears to be slightly less well conserved, but the 5' end
is clearly indicated and agrees with that previously de
termined. In particular, bases 8-12 showed the greatest
variation, suggesting a higher degree of heterogeneity
at this point than indicated by computer analysis of
cloned Alu repeats. Alu members are often flanked by
short direct repeats that are not part of the Alu se
quence and that appear to be different for different
members of the family. These repeats are thought to
have been generated during the process of integration
(Van Arsdell et al., 1981). Kariya et al. (1987) examined
the 5' flanking sequences of 50 Alu members and con
cluded that this DNA was slightly A-T-rich (67%). In
a similar analysis, Bains (1986) concluded that this
region was A-rich containing a poly(A) “nose.” Ex
amination of this region in Fig. 2b confirms that there
are no particular features in common between 5' flank
ing direct repeats except for a slight A-rich bias for
about 17 nucleotides. This confirms experimentally the
presence of the poly (A) nose proposed by Bains (1986)
and suggests preferential integration of Alu members
into such slightly A-rich regions. Moreover, it dem
onstrates that orientation of the Alu repeats is nonrandom with respect to the A-rich regions. It is inter
esting that Alu repeats closer than 500 bases have been
shown to be preferentially oriented in the same direc
tion (Moyzis et al., 1989). A possible explanation of
this may be that an A-rich bias extending for a short
range on a single strand may, for some unknown rea
son, influence the orientation of Alu insertion.
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1982). Initially, univariate analysis (Gray et al, 1975;
Young et al, 1981) provided clear separation of many,
but not all, chromosomes, and subsequently bivariate
analysis with two fluorochromes (Langlois et a l,
1982) increased the resolution to provide separation
of all chromosomes except the group containing chro
mosomes 9, 10, 11, and 12. These chromosomes,
which have virtually identical DNA contents and
GC/AT ratios, can however be resolved using poly
morphisms (Young et al, 1981), translocations (Cot
ter et al, 1989), or cell hybrids selected to contain only
a single human chromosome. Since chromosomes are
sorted singly, the number of chromosomes required
for construction of libraries with total representation
(typically 2-5 X 106) remains a limiting factor, espe
cially if a commercial sorter is used. The advent of
PCR technology has enabled both library construc
tion from small numbers of microdissected chromo
some fragments (Ludecke et al, 1989) and specific
gene amplification from small numbers of flow-sorted
chromosomes (Cotter et al, 1989). The construction
of a library of DNA probes from much reduced num
bers of flow-sorted chromosomes has therefore be
come a possibility using a PCR-based approach.
Synthetic oligonucleotides based on the consensus
Alu sequence (Deininger et a l, 1981; Bains, 1986;
Kariya et al, 1987) have been used to amplify interAlu sequences (Nelson et al, 1989; Ledbetter et al,
1990; Cotter et al, 1990). Direct blunt-end ligation of
the inter-A/u-amplified products into plasmid DNA
has been used to create human-specific probe librar
ies from somatic cell hybrids. This approach gener
ates probes that are estimated to lie approximately
500 to 1000 kb apart, and because single-copy DNA
probes can be readily isolated, it has considerable ad
vantages over other methods for the isolation of chro
mosome-specific probes from hybrid cells.
We report here the extension of this Alu-PCR clon
ing strategy to flow-sorted chromosomes. The feasibil
ity of this technique has been demonstrated by the

A strategy for the isolation of DNA probes from small
numbers of flow-sorted human chromosomes has been de
veloped. A lymphoblastoid cell line carrying the 22q- de
rivative chromosome product of the constitutional t(l 1;22)
translocation was used as the source of chromosomes. Syn
thetic oligonucleotide primers, based on the consenus Alu
sequence, were used to amplify inter-A/u sequence from
500 flow-sorted 22q- derivative chromosomes. The ampli
fied sequences were cloned into a plasmid vector by bluntend ligation, yielding clones with inserts in the range of
400 to 1000 bp. Approximately 70% of these clones hybrid
ized to human DNA as single-copy probes. To identify
clones derived from chromosome 11, the library was
screened with a heterogeneous probe prepared by A/u-PCR
amplification from the DNA of a somatic cell hybrid con
taining one homolog of chromosome 11. All the positive
clones found were mapped to within the q23-q25 region of
chromosome 11 known to be translocated onto the 22qderivative chromosome. Further mapping studies showed
that most of these probes (7/8) lay between the breakpoints
for the t(4; 11) translocation of acute lymphocytic leukemia
and the t(ll;22) of Ewing sarcoma. Thus, the use of AluPCR on the small derivative chromosome 22q- has pro
vided a greatly enriched source of probes to region llq 2 3 ,
a part of the genome that is currently of great interest. This
approach will be particularly appropriate to small num
bers of chromosomes when high specificity rather than to
tal representation is required. ©1991 Academic Press, inc.

INTRODUCTION

Flow cytometry can be used to separate individual
human chromosomes with a high degree of resolution.
Since the DNA present in flow-sorted chromosomes
can be of high molecular weight, this approach has
been of particular value for the construction of chro
mosome-specific DNA libraries (Krumlauf et al.,

1 To whom correspondence should be addressed.
473

0888-7543/91 $3.00
Copyright © 1991 by Academic Press, Inc.
All rights of reproduction in any form reserved.

generation of a DNA probe library from 500 copies of
a 22q—derivative chromosome flow-sorted from a cell
line containing the constitutional translocation
t(ll;2 2 ). This library has been shown to be a rich
source of single-copy probes to the q23-q25 region of
chromosome 11.
MATERIAL AND METHODS

Chromosome Preparation, Flow Analysis, and Sorting
The lymphoblastoid cell line GM6228, derived from
an individual with an unbalanced constitutional
t(ll;22)(q 23;q ll) translocation, was obtained from
the Human Genetic Mutant Cell Repository (Cam
den, NJ). Cultures were treated overnight with colcemid (0.05 ^g/ml), and chromosomes were prepared by
the digitonin-polyamine method (Young et al, 1981)
for flow analysis. A final centrifugation (1000 rpm, 1
min) was used to remove nuclei. The chromosome sus
pension was stained with fluorescent dyes Hoechst
33258 at 2.8 fig/ml and chromomycin A3 at 75 jig/ml.
After equilibration at 4°C for 2 h the chromosomes
were analyzed on a dual-beam FACStar Plus cell
sorter (Becton Dickinson Immunocytometry Sys
tems). The primary laser was tuned to 351-364 nm to
excite Hoechst 33258 and the secondary laser to 458
nm to excite chromomycin A3. Chromosomes were
passed through the sorter at approximately 200/s and
the resulting bivariate distributions collected. Chro
mosomes were sorted in sheath fluid (0.1 M NaCl, 10
mM Tris-HCl, 1 mM EDTA) from appropriate win
dows directly into tubes containing PCR buffer. No
DNA extraction or purification procedures were per
formed.
Amplification from Sorted Chromosomes
Polymerase chain reactions with the Thermus
aquaticus (Taq) DNA polymerase (Saiki et al, 1988)
were performed in an automated Perkin-Elmer DNA
thermal cycler. Reactions were in a final volume of
100 jd, which contained the Alu primer (5' CAGAATTCGCGACAGAGCGAGACTCCGTCTT 3') (Cotter
et al, 1990) at 2 pM, deoxyribonucleotide triphos
phates (dATP, dCTP, dTTP, dGTP) at 200 nM, gela
tin (0.01% w/v), and Taq buffer (50 mM KC1,10 mM
Tris-HCl, pH 8.3,1.5 mM MgCl2). An initial denatur
ing step of 10 min at 94°C was performed. One unit of
Taq DNA polymerase (Amplitaq-Cetus) was added,
followed by 40 cycles of 30 s at 57°C (annealing), 2
min at 72°C (extension), and 45 s at 94°C (denatur
ing). Positive and negative controls containing 100 ng
of genomic DNA and no DNA, respectively, were also
performed. The final extension period was length
ened to 10 min. Aliquots (5 jd) from the reaction mix
ture were analyzed for amplification by 2% agarose

gel electrophoresis and stained with ethidium bro
mide.
Amplification from Somatic Cell Hybrid DNA
J1CL4 somatic cell hybrid DNA (100 ng) contain
ing one homolog of chromosome 11 was transferred
into the reaction mixture described above and ampli
fied under the same conditions for a total of 30 cycles.
The products from the reactions were analyzed by 2%
agarose gel electrophoresis. The amplification prod
uct (1 jd) was labeled by the random priming method
(Feinberg and Vogelstein, 1983) as a probe for South
ern analysis (Southern, 1975) of the plasmid inserts.
Cloning of Alu-PCR Products
Purified Alu-PCR products ligated to EcoPW-cut
pBluescript SK (Stratagene) were transformed into
DH5« competent cells (BRL) on ampicillin plates as
previously described (Cotter et a l, 1990). Colonies
with inserts (white colonies) were gridded onto ampi
cillin plates for single-colony PCR amplification.
Direct Amplification of Plasmid Inserts from Colonies
To confirm the presence of correctly amplified
plasmid insert in each colony of interest, a sterile
toothpick was used to transfer cells directly from the
colony to the PCR reaction mixture containing the
same Alu primer used in the initial reactions. After 30
cycles of amplification the size of the products was
analyzed as described above. The amplified products
were transferred to Hybond N membrane (Amersham
pic) for Southern analysis (Southern, 1975) to delin
eate the highly repetitive and the chromosome-spe
cific sequences. Hybridizations and washings were
performed as described below. For use as probes ap
proximately 1-jtg aliquots of the A/u-amplified inserts
were electrophoresed on 1% low-melting-point aga
rose gels and the bands excised. The DNA was diluted
to 1 ng/jil with water and 30 ng was labeled with
[32P]dCTP by the random priming method (Feinberg
and Vogelstein, 1983).
Hybridization of Probes to DNA of Somatic Cell
Hybrids
Aliquots of DNA from human neutrophils, from the
somatic cell hybrids J1CL4, A3RS-12B (containing
the derivative 11 chromosome down to the llq 2 3
breakpoint of the t(4 ;ll) translocation of infantile
ALL as the only element of chromosome 11) (Savage
et al, 1988), A3EW-3B (containing the derivative 11
chromosome down to the llq 2 4 breakpoint of the
t ( ll ; 22) translocation of Ewing sarcoma as the only
element of chromosome 11) (Savage et al, 1988), and
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FIG. 1. Dual-parameter flow karyotype of cell line GM6228,
which has an unbalanced translocation t(ll;2 2 ). The position of
each normal chromosome is indicated. Both homologs of certain
chromosomes (16, 21, and 22) are present as separate peaks. The
derivative 22q— chromosome is indicated.

from C h in e se h a m s t e r were d igested w ith EcoR I
(Boehringer M a n n h e im ) a t 5 units/Vg. Each D N A (10
pg) was electrophoresed at 3 V /cm for ‘24 h th ro u g h an
0.8% agarose gel with a p p ro p riate size m arkers, an d
th e D N A was tra n s fe rre d to a H y bo nd N m em b ra n e
(A m ersham ) by alkaline tra n s f e r an d neutralized e x 
tensively according to th e m a n u fa c tu re r’s re c o m m e n 
d a tio n s a fte r tr a n s f e r . T h e D N A was fixed to th e
m em b ra ne by b akin g a t 80°C for 20 min followed by
uv irradiation. T h e filters were hybridized with la 
beled probe at 45°C in a buffer con tain in g formamide,
D e n h a r t ’s, a n d d e x tra n sulfate (M a n ia tis et al., 1982)
with 1 mg of added sonicated salm on sperm to give a
final probe co n c e n tra tio n of 10 ng/m l. F ilters were
washed routinely to a stringency of 0.1X SSC /0.1%
S D S a t 60°C.

R ESU L TS

T h e p re s e n c e of a n u n b a la n c e d c o n s t i t u ti o n a l
t( 11 ;22)(q23;ql 1) tra n s lo c a tio n in th e lym phoblastoid cell line G M 6228 has been confirm ed previously
by c o n v e n tio n a l k a r y o ty p e an a ly sis. T h i s cell line
co ntained as its only a b n o rm a lity th e derivative 22q—
c hrom oso m e, w hich could be clearly d is tin g u is h e d

from o th er chrom osom es by univariate flow analysis
( C o tte r et al., 1989). T h e eq u iv a le n t b iv a ria te flow
karyotype from GM6228 is shown in Fig. 1. T h e deriv
ative 22q—chrom osom e results in a peak (labeled der
2 2 q - ) with a b o u t 73% of th e DNA co n te n t of a n o r 
m al chrom osom e 22. T h is is in accord with the size
of th e 2 2 q — c h r o m o s o m e as visualized by G iem sa
banding.
T h e derivative 22q— chrom osom e an d th e norm al
chrom osom e 22 were sorted directly into tubes (500
per tube) co n tain in g P C R buffer. An oligonucleotide
prim er based on the 3' end of th e Alu consensus se
quence was u sed for enzym atic am plification from the
sorted chrom osom es. Analysis of th e products by gel
electrophoresis revealed discrete b and s superim posed
on a co n tin u o u s background in the size range of 400 to
1000 bp (Fig. 2). T h e P C R products were “b lu n t-e n d ”
ligated into th e pBluescript vector, avoiding restric
tio n enzyme digestion t h a t would reduce th e size of
som e clones. A n e s tim a te d to ta l of 2100 positive
clones, as determ in e d by color selection (white colo
nies), were obtained. A total of 64 positive clones were
picked a t ra n d o m for f u r th e r a n a ly sis a n d gridded
onto am picillin plates. Direct am plification of th e in 
serts (see M aterial an d M ethods) was perform ed on
each colony using th e same Alu prim er, a n d the a m 
plified p ro d ucts were analyzed on agarose gels (Fig. 3)
followed by tra n s f e r to nylon m em branes for S o u th 
ern analysis. T h is revealed a size range of inserts com-

22 22 22q 22q T

G

N

M

- 1 3 5 3 bp
-6 0 3
-3 1 0

FIG. 2. Gel electrophoresis of A/u-primed PCR products; lane
22, flow-sorted normal chromosome 22; lane 22q, flow-sorted deriv
ative chromosome 22q—; lane G, human genomic DNA; lane N, no
DNA (negative control). Lane T is the PCR product from genomic
DNA amplified with the sequence-specific oligonucleotides for
T H Y l in chromosome 11 region q23 used as a positive control for
amplification. The sizes of molecular weight markers (lane M) are
indicated in basepairs (bp). The 22 and 22q lanes show differing
patterns of amplified product; however, the duplicate lanes for
each chromosome are identical.
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A

- 1 3 5 3 bp
- 603
-310

B

CLONES

1-32

CLONES 3 3 - 6 4
F I G . 3. Gel electrophoresis of PCR products from white colonies amplified with the A lu primer. The presence and size of DNA insert
cloned from the initial Alu amplification into the M13 vector are indicated by the presence of a band. ( A ) The //aellT digested </>Xl74 DNA
size markers are indicated in basepairs (bp). The range o f clone bands from 48 randomly picked colonies is in keeping with that obtained
from the initial amplification. ( B ) The individual clones (1-64) A/u-amplified and blotted for Southern analysis are indicated by the
numbers above and below the electrophoresis gels, numbering the lanes consecutively from left to right. The clone number corresponds to
the lane number.

p arab le to t h a t found in th e original am plification a n d
a lack o f A/u-amplified insert in 10 clones (lanes 11,
14, 15, 16, 38, 42, 43, 44, 54, 61 in Fig. 3).
H ybridization with labeled total h u m a n D N A r e 
vealed t h a t 31% (17 clones) of the clones c o n tain e d
in serts t h a t were highly repetitive (Fig. 4A); th e re 
m ain in g 69% showed no signal, suggesting t h a t they
could co n tain single-copy h u m a n sequences from th e
derivative 22q—chrom osom e. T o identify single-copy
clones from chrom osom e 11, th e inserts were h y b rid 
ized w ith labeled probe from A/u-amplified J 1 C L 4 so
m a tic cell h y b rid D N A c o n ta in in g one h o m o lo g of
ch ro m osom e 11. T h is heterogeneous probe hybridized
to 37 clones (68%) (Fig. 4B), 17 o f w h ic h h a d
p re v io u s ly been classed as re p etitiv e, leaving 20

clones (37%) w ith po ten tially single-copy sequence de
rived from chro m oso m e 11. T h e inserts from these
cand id a te clones were p re p a re d as probes for further
m ap p in g by S o u th e rn analysis to a h u m a n a n d so 
m atic cell hy brid D N A panel (see M aterial a n d M e t h 
ods). F rom th is analysis it was clear t h a t 13 of these
20 clones m ap p ed to chrom o som e 11. C lones 32 an d
36 were th e sam e an d clones 6, 18, 28, 30, a n d 56 were
identical, as d ete rm in e d by in se rt size a n d h y bridiza
tio n ag a in st each other, leaving a to tal o f 8 different
clones from th e region of interest. It was possible to
refine th e m ap p in g fu rth e r by d eterm in in g th e ir p o si
tio n in re la tio n to th e t (4; 11) t r a n s l o c a t io n b r e a k 
p o in t of in fantile A LL a n d th e t( 11 ;22) tra n s lo c a tio n
b re a k p o in t of E w ing’s sarcom a. Seven of th e s e clones
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FIG. 4. (A) Southern hybridization analysis of clones 1 to 64 with ,!2P-labeled total human DNA. The hybridizing clone numbers are
indicated above and below the lanes and represent clones with highly repetitive DNA content. The clone number corresponds to the lane
number. (B) Southern hybridization analysis of clones 1 to 64 with 32P-labeled A/u-amplified product from somatic cell hybrid J1CL4
(chromosome 11). Hybridizing clone numbers are indicated above and below the lanes. Following subtractive exclusion of the highly
repetitive clones indicated in A, clones with potential single-copy DNA from single human chromosome 11 region q23-25 are indicated by
the arrowheads.

m apped between the t ( 4 ; l l ) and t( 11 ;22) breakpo ints
and one below the t ( l l ; 2 2 ) b reakp oint (Fig. 5).
D ISC U SSIO N

Flow cytom etry of chrom osom e suspensions p ro 
vides good discrim ination of individual chromosom es,
enabling accurate estim atio n of relative chrom osom al
DNA contents, high-resolution chrom osom e sorting,
an d aberration detection (T rask et al, 1989a; van den
Engh et al., 1990; C arter et a l, 1990; H arris et al,
1986; Gray et al, 1988). After sorting, th e DNA is of
sufficiently high m olecu lar w eight to allow “ spotblottin g” (Lebo et al, 1984; D elattre et al, 1988), co n 
struction of individual chrom osom e libraries (Krum lauf et al, 1982), an d enzym atic am plification (Cotter

et al, 1989). It is possible to d em o nstrate c h ro m o 
somal deletions of as little as a few megabases (T rask
et al, 1989a,b) and to sort individual chrom osom es
derived from chromosom al translocations (C o tter et
al, 1989), providing th a t their flow cytom etric c h a r 
acteristics are not identical to those of the o th e r c h ro 
m osomes p re sen t in the suspension. Careful selection
of d e riv a tiv e ch ro m o so m es w ith p a r t of a c h r o m o 
some of interest and characteristic flow cytom etric
properties m ay provide a source of DNA co n tain in g
specific regions from only two chromosom es (C otter
et al., 1989). T h is may be particularly useful for iso
lating regions from chromosom es 9 to 12, as d e m o n 
strated w ith th e derivative 22q— chrom osom e from
th e con stitutio nal t( 11;22) translocation. A lthough so
matic cell hybrids may be used to isolate individual
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21

6

36

41

CLONES
FIG. 5. Southern hybridization of four clones to EcoRI-digested aliquots of DNA from normal human genomic DNA (A), Chinese
hamster DNA (B), J1CL4 DNA (C), A3RS-12B DNA (D), and A3EW -3B DNA (E). All four clones map as single-copy human DNA probes to
chromosome 11 (band in lanes A and C) with no cross-reaction with Chinese hamster DNA (no bands in lane B). Clone 21 maps below the
Ewing sarcoma-associated translocation breakpoint on chromosome 11 (no bands in lanes D and E). Clones 6, 36, and 41 map between the
Ewings- and the leukemia-associated t (4; 11) translocation breakpoint on chromosome 11 (band in lane E but no band in lane D).

chromosom es, th e re can be a problem of th e relative
instability of th e ir h u m an chromosom e co n te n t (Benham et al., 1989).
T h e bivariate flow analysis of GM6228 showed t h a t
th e deriv ative 2 2 q — c h ro m o so m e was clearly s e p a 
rated from the n orm al chromosomes. N o t all t r a n s l o 
cations could be expected to result in such clearly s e p 
arated products a n d it may be necessary to exam ine a
variety of cell lines with appropriate tran slo ca tio n s
for the region of interest. T h e proportion of repetitive
clones found in this study, in th e region of 30%, was
com parable with t h a t found in previous studies on
random ly picked sm all-insert clones (Ludecke et al.,
1989; K in zler a n d V ogelstein, 1989; C o tte r et al.,
1990). T h e size of th e derivative 22q— chrom osom e
can be estim ated a t approxim ately 40 Mb, of which
chromosom e 11 could con stitu te in the region of 15
Mb. About 24% of single-copy D N A probes m app ed
back to chrom osom e 11 an d th is would be in accord
with this estim ate.
Previous studies have d em o n strate d t h a t th e CD3
gene lies below th e co n stitutio nal t( 11 ;22) tra n s lo c a 
tion b reak po int on th e derivative 22q— chrom osom e.
Interestingly, no clones m apped to above th e t ( 4 ; l l )
b re a k p o in t, a lth o u g h th is region (c o n ta in in g CD3)
was p resent on th e derivative chrom osom e (C o tter et
al, 1989). Single Alu oligonucleotide enzym atic a m 
plification is e s t i m a t e d to provide a f r a g m e n t for
every 500 to 1000 kb of h u m a n DNA, d e p e n d en t on

o rie n ta tio n of the Alu sequences (Nelson et al., 1989).
T h is estim ate would ap p e ar to be consistent w ith the
n u m b er of different clones obtain ed in th e l l q 2 3 re
gion relative to its estim a te d size. Possibly, th ese re
sults indicate t h a t b o th th e t(4; 11) a n d th e Co t (11;22)
b re a k p o in ts lie relatively close on either side of the
CD3 gene. However, th e m ajority of probes obtained
lay betw een th e leukem ia- an d th e Ewing-associated
b re ak p o in t in th e l l q 2 3 region, with only one clone
m ap pin g below these b re ak p o in ts in the l l q 2 4 - 2 5 re 
gion. T h is could re present th e a m o u n ts of D N A in 
volved or alternativ e ly suggest t h a t th e d istrib utio n
or o rie n ta tio n of th e Alu sequence from p o rtio n s with
poor re p re se n ta tio n of i n t e r -Alu am plification p ro d 
ucts was re sp o n sib le. G e n e tic m a p p in g of t h e long
arm of chrom osom e 11 has shown a lack of po ly m o r
phism s in region l l q 2 4 - 2 5 , w ith th e possible e x p la n a 
tio n t h a t t h i s is an A lu -p o o r region ( J u lie r et a l,
1990), su pp o rtin g th e suggestion t h a t Alu d istrib utio n
a n d o rie n ta tio n have a role in d eterm in in g th e re p re 
s e n t a t i o n of i n t e r -Alu a m p lificatio n from v a rio u s
ch rom osom al regions. T h e problem of a different o ri
e n ta tio n or lack of Alu repeats may be overcome by
th e use of either 5' Alu p rim ers (Nelson et al., 1989;
L ed b e tte r et al., 1990; C o tte r et al., 1990) or a l t e r n a 
tive repeat family p rim e rs (Moyzis et al., 1989) alone
or in com bination.
A recent proposal has suggested th e use of sequence
tagged sites (S T S s) as lan d m a rk s to facilitate a s sim i
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lation of mapping data (Olsen et al, 1989). An STS
average spacing of 100 kb would require 30,000 STSs
to construct a physical map of the human genome.
The strategy described for inter-Alu amplification,
cloning, and screening for single-copy human DNA
probes from defined regions of the human genome can
rapidly provide STSs by direct sequencing of the
clones as previously described (Cotter et al, 1990).
Yeast artificial chromosome (YAC) vectors can clone
segments of DNA several hundreds of kilobases in
length (Burke et al, 1987; Brownstein et al, 1989).
Probes obtained by the technique we describe com
bined with an STS strategy may be most useful in
combination with YAC clones. The combination of
flow cytometry to provide a highly selected chromo
somal template for inter-Alu amplification and sub
tractive hybridization to provide single-copy human
and regional-specific DNA probes has been shown to
be rapid and effective.
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CD3G Is Within 200 kb of the Leukemic t(4; 11)
Translocation Breakpoint
Som a Das, Finbarr E. C otter, Barbara Gibbons, Susheela Dhut, and Bryan D. Young
ICRF Medical Oncology Unit, St. Bartholomew's Hospital, London ECIA7BE, U.K.
T h e t(4 ; 11 )(q 2 1 ;q 2 3 ) has b e e n a sso c ia te d w ith a c u te lym p h o cy tic le u k e m ia (ALL) especially in infants. T h e t(4 ; 11) b re a k p o in t
o n c h ro m o s o m e I I is c y to g e n e tic a lly in distinguishable fro m b re a k p o in ts f o r o t h e r le u k e m ia -asso c ia ted tra n s lo c a tio n s affectin g
11 q 2 3 . T h e m o le c u la r basis o f t h e t(4 ; 11) is u n k n o w n a lth o u g h a n u m b e r o f g e n e s have b e e n m ap p e d t o I I q 2 3 . T h e

G,

an d

E genes

have b e e n p o s itio n e d p ro x im a l t o t h e I Iq 2 3 b re a k p o in t o f th e 4; 11 tra n s lo c a tio n w hile t h e

g e n e s have b e e n m a p p e d distal t o th is b re a k p o in t. W e r e p o r t e v id e n c e t h a t
o b s e rv e d by p u lse d field g e l analysis. A r e a r r a n g e m e n t o f t h e

CD3G g e n e

CD3G

THY I

CD3D,
ETSI

an d

is w ith in 2 0 0 kb o f t h e 4; 11 b re a k p o in t as

has b e e n o b s e rv e d in a cell line d e riv e d fro m a p a tie n t

w ith t h e t(4 ; I I) tr a n s lo c a tio n an d in a h y b rid cell line c o n ta in in g th e d e riv a tiv e 11 q c h ro m o s o m e d e riv e d fro m th is cell line, using
t h e r e s tr ic tio n e n z y m e s Sacll and C/al. Sim ilar re a r ra n g e m e n ts using S a d i w e r e o b s e rv e d in 2 f u r th e r p a tie n ts w ith ALL an d
t h e t(4 ; 11) tra n s lo c a tio n . N o re a r r a n g e m e n ts in t h e sa m e D N A w e r e o b s e rv e d using
r a r e c u tt e r r e s tr ic tio n e n z y m e s .

CD3G

ETSI, THY I, an d D l IS29 and

a ran g e o f

th u s p ro v id e s a to o l f o r th e cloning and analysis o f t h e 4; I I tra s n slo c a tio n , an d p o se s

a q u e s tio n o f its p o ssib le in v o lv e m e n t a t long ra n g e w ith th is tra n s lo c a tio n .

The t(4;l I)(q21;q23) is a common translocation
in infantile acute lymphocytic leukemia (ALL)
(Van den Berghe et al., 1979; Heim et al., 1987)
that also occurs in adults with an overall frequency
of 5-10% (Heim and Mitelman, 1987). It has a very
poor prognosis and is characterised by the accumu
lation of lymphoid blast cells, usually of B cell lin
eage, in the bone marrow and often also in the
peripheral blood. T he exact nature of the cell in
which the t(4; 11) occurs is uncertain, although it
has been suggested to be a multipotential progen
itor cell (Mirro et al., 1986). T he band q23 of
chromosome 11 is also involved with a number of
other leukemic translocations, more commonly the
t(9;l I)(p22;q23) and t(l 1; 19)(q23;pl3) observed in
acute monocytic leukemia (AMoL) (Berger et al.,
1980) and also in some cases of ALL (Gibbons et
al., 1990). A constitutional translocation t( 11 ;22)
(q23;q 11), not associated with disease, has also
been localised to this region of chromosome 11
(Zackai and Emanuel, 1980).
A number o f genes and anonymous sequences
have been mapped to llq 2 3 , and the physical and
genetic maps that exist of this region can be corre
lated to a large extent. Some of these genes have
been mapped relative to the t(4; 11) and other
breakpoints using somatic cell hybrids (Savage et
al., 1988; Ju lieretal., 1990; W e ie ta l., 1990), flow
sorted chromosomes (Cotter et al., 1989), and mi
crodissected chromosomes (Cotter et al., 1990). It
is clear that CD3 and NCAM lie proximal to the
t(4; 11) breakpoint and ETSI and THYI lie distal
(Savage et al., 1988), with THYI and ETSI at ap
©1991 WILEY-LISS, INC.

proximately 2 and 20 cM, respectively, from CD3
(Charmley et al., 1990; Concannon et al., 1990).
T he breakpoint for the t(4; 11) cannot as yet be
distinguished from those of the leukemic t(9; 11)
and the t(l 1; 19), though the breakpoints for the
leukemic t(6; 11) and the constitutional transloca
tion t(ll;22) appear to be proximal to CD3 (Cotter
et al., 1989, 1990). T he CD3D, G, and E genes
that code for proteins which form part of the T-cell
antigen receptor complex have been mapped to
within a 50 kb stretch of DNA, with CD3D and
CD3G only 1.6 kb apart and CD3E approximately
22 kb from CD3D (Krissansen et al., 1987; Tunnacliffe et al., 1988).
Pulsed field gel (PFG) analysis was performed
on DNA from the GM1416B cell line (obtained
from the Human Genetic Mutant Cell Repository,
Camden, NJ) used as a control for normal chromo
some 11 and the RS4;11 cell line derived from a
patient with ALL and the associated t(4; 11) trans
location (Stong et al., 1985). DNA was prepared
and digested as previously described (Herman et
al., 1987) and electrophoresed on a Contour
Clamped Homogenous Electric Fields (CH EF)
system (LKB) using electrophoresis conditions
maximal for resolution between 100 and 1,000 kb.
Southern blotting was performed in alkali and stan
dard hybridisation conditions used (Maniatis et al.,
1982).
Received Septem ber 26, 1990; accepted O ctober 9, 1990.
Address reprint requests to Dr. B.D . Young, Medical Oncology
Unit, St. Bartholomew’s Hospital, London EC1A 7BE, U.K.
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CD3G W IT H I N 200 kb OF t ( 4 ; ll ) B R E A K P O I N T

TABLE I. Fragment Sizes Obtained (in kilobases) for CD3G, T H Y I, ETSI, and D l IS29 Using a Variety of Rare Cutting
Restriction Enzymes on the GMI 4I 6B Cell Line3
DNA
probe
CCD3G
TTHYI
ETSI
LD IIS 29

N od

Sa/I

Pvul

S/71

Sadi

C/a 1

Nrul

Nael

SssHII

Mlu\

Eag\

Nad

370
440
3000

440
380
790
680
420

350
2000
2000

360
180
360

350
1 10
550

200
460
380

220
650
>1050

350
280
ND

320
140
560

300
2200
2400

180
180
100

280
ND
180

720

180

400

ND

>1050

ND

500

ND

500

440

720

a Similar sizes w e re obtained for the RS4; I I cell line except for C D 3G with Sadi and C/a I as explained in tex t. Results w ere based on the hybridisation
o>f the different D N A probes on the same autoradiogram s and DNA from S. cerevisae yeast chrom osom es w ere used as molecular markers.

D N A from the GM1416B and RS4;11 cell lines
w e re d igested with a variety of rare cutting restric
tio n e n z y m e s ('Table 1) and analysed with probes
Tor the following genes: THYI (Van Rijs et al.,
1 985), E T S I (kindly provided by N. Sacchi, N C I),
C'D3G (Krissansen et al., 1986), and the anony
m o u s D N A s e q u e n c e D11S29 ( A T C C ) which
m aps proximal to CD3G (Charmlev et al., 1990).
fl'he fragm ent sizes obtained with the different
pirobes are shown in T ab le 1. TH YI, ETSI, and
L)1 IS29 did not show rearrangement in the R S4;11
cell line for any of the enzymes used. ETSI was
usually found to hybridise to fragm ents greater
th an 1000 kb especially in the t(4; 11) cell line,
iindicating a possible hypermethylation of sites in
this region. T h e CD3G probe hybridised to identi
cal fragm ent sizes in RS4; 11 and the normal DNA
control with the majority of enzym es tested. How 
ever, with S a d i and Cla\ an extra band was seen in
addition to the germ line band in the RS4;11 cell
lone. The S a d I digestion revealed that the R S4;11
U N A contained a germline fragment of 350 kb and
a larger frag m en t of 510 kb not present in the con
trol DNA. D N A from a cell hybrid, A3RS-12B
(kindly provided by A. G uerts van Kessel) bearing
the rearranged derivative chromosom e 11 of the
t<4; 11) translocation was found to contain only the
extra 510 k b 3 W I I fragment (Fig. 1). T h is suggests
that the extra S a d i fragment was formed by the
t(4; 11) tran slocation. This possibility was tested for
by exam in ing the D N A from the peripheral blood
of four p a tie n ts with A L L know n to have the
t(4; 11) tramslocation and one AM oL patient with
the t(9; 11). In two patients the same extra 510 kb
S a d i fragm ent was observed (Fig. 2A, D, and F).
W h e n CD3G was used as a probe against Clal di
gested RS4;11 DNA, a germline fragment of 200
kb and an extra fragment of 700 kb were observ ed.
Patient D also showed an extra band of 520 kb
(Fig. 2B).

From the results we can conclude that CD3G
appears rearranged in the RS4;11 cell line and in
two patients with the t(4; 11) with the enzym es
Vtfrll and Clal. These observations are highly un
likely to be a result of partial digestion o f D N A
with VtfHI and Clal since the sam e filters hy
bridised with other probes revealed only single
germline bands. Alternatively polymorphism of the
S a d i and Clal sites acounting for the extra bands is
unlikely as no normal D N A samples have been
found to contain these bands. In addition the cell

A

B

C

D

E

^ 5 1 0 kb

< 3 5 0 kb

Figure I. DNA digested w ith Sadi was fractionated on a CHEF
(LKB) system. A blot of this gel was hybridised with th e probe for the
CD 3G gene. Lanes A -F as follows: A— G M I4I6B cell line; B— RS4;I I
cell line; C— hybrid cell line JIC L 4 (contains chrom osom e I I as only
human co u n terp art (kindly provided by C. Jones); D— hybrid cell line
HORL 9X (contains X chrom osom e as only human co u n terp art (kindly
provided by P. Goodfellow); E— ro d en t cell line A23; F— hybrid cell line
A3RS-I2B (containing der I Iq from RS4; I I cell line; kindly provided by
A. G uerts van Kessel). S. cerevisiae yeast chrom osom es w ere used as
markers.
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D A S E T AL.

A

B

C

D

E

F

G

«510kb

< 350kb

A

B

C

D

E

F

G

B
•* 7 0 0 kb

•*520 kb

• I I **

*200kb

Figure 2. (A ) Digestion of DNA from leukemic patients with Sacll.
A blot of the gel was probed for the CD3G gene. Lane A— GM I4I6B
cell line; B— RS4; I I cell line; C-F — patients with ALL and t(4; I I) trans
location; G— patient with AMoL and t(9;l I). (B) Digestion of DNA
from leukemic patients with C/a I. The order is the same as that for A.
Gel was blotted and probed for CD3G. S. cerevisiae yeast chromosomes
w ere used as m arkers in both cases.

hybrid containing the 11 q derivative chromosome
contains the larger 510 kb S a d I fragment, indicat
ing that the translocation is responsible for the re
arrangement observed. Moreover, some of the pa
tient samples were found to contain a 510 kb S a d I
fragment at less intensity than the germline band
(Fig. 2A). T h is suggests that these samples contain
a proportion of contaminating normal cells and ar
gues against these results being due to polymor
phism. T h e difference in the si/e of the rearranged
band observed for Cla\ between the RS4;11 cell
line and patient material could be due to methvlation (Fig. 2B). T h e Clal enzyme is known to be
sensitive to methvlation and the effects of a trans
location upon methvlation are not known. T h e fact
that patients C and F show no rearrangement with
either of the enzymes indicates either insufficient

numbers of cells carrying the t(4;l 1) were present
or heterog eneity at the m olecular level of the
t(4; 11). Patient G with t(9; 11) shows no rearrange
m ent with cither of the enzymes, which would ten
tatively place this breakpoint distal to the t(4; 11)
breakpoint. Tunnacliffe and McGuire (1990) have
assigned a 400 kb region for the t(4;l 1) breakpoint
between CD3G and the phosphobilinogcn deam i
nase (PliGD) gene deduced from a physical linkage
map constructed of this region. T h e evidence pre
sented here provides direct confirmation that the
t(4;l 1) breakpoint lies within 200 kb of CD3G and
thus supports this physical map. It is of note that
both ETSI and CD3G hybridise to 360 kb Sfil frag
ments (Table 1). It has been suggested previously
that these genes hybridise to the same 360 kb Sfil
fragment and thus flank the t(4; 11) breakpoint (Yunis et al., 1989). However no rearrangement in
cells with the t(4; 11) is observed with either probe
using Sfil and thus they cannot lie on the same Sfil
fragment (data not shown). Moreover, CD3G and
ETSI have been placed 20 cM apart in R F L P stud
ies (Concannon et al., 1990) and it thus appears
that the ETSI oncogene is unlikely to be involved
in the t(4;l 1) translocation as previously suggested
(Sacchi et al., 1986). It is interesting that the THYI
gene, which codes for a cell surface differentiation
marker and similar to the (1)3 complex in its ex
pression in thymocytes and lymphocytes, has been
localised within 2 cM of the CD3 genes (Charmley
et al., 1990). A breakpoint in this region could pos
sibly disrupt the function of one or more genes
important in lymphocyte developm ent and differ
entiation.
F urther leukemic patients with the t(4; 11) and
other 11 q23 translocations can be studied at the
molecular level concentrating on the region of
CD3. CD3G, which lies at no more than 200 kb
from the t(4; 11) breakpoint, provides a starting
point from which to clone and investigate this
breakpoint and poses the question of its possible
involvement at long range with this leukemic as
soc ia ted t ra nsloca tio n .
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N O T E A D D E D IN P R O O F

Recent P F G analysis of remission blood from
patient F demonstrated disappearance of the 510 kb

CD3G W ITH IN 200 k b OF t(4 ;ll) BREAKPO INT

SacW aberrant CD3G homologous band, supporting
its association with the translocation.
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