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ii.

ABSTRACT

A human HaeIII/Alul DNA library in lambda bacteriophage
Charon 4A, was screened for single-copy human DNA

seguences. Twenty-three out of 85 potential human DNA
sequences actually contained human DNA inserts, the
remainder contained only Charon 4A sequences. These clones
were used to screen seven random individuals for restriction
fragment length polymorphisms (RFLPS) using fourteen

different restriction enzymes.

Eight base pair substitution-type RFLPs and cne
rearrangement-type RFLP, involving 500 bp of DNA, were
detected. Four of these RFLPs were found with the
restriction enzyme TagI and three with Mspl, which both have
CpG dinucleotides in their recognition sequences. The other
RFLP was detected with AvalI. The dl:-allelic DNA
rearrangement-type RFLP can be detected by many restriction
enzymes. Each of two cloncs letected RFLPS with two
restriction enzymes and another ¢lone was found to a detect
three allele RFLP in the Caucascid population. The PIC
values obtained using these probes ranged hetween 0,20 and

0,43 in the different population groups studied.

These RFLP~detecting DNA sequences have been provisionally
assigned to chromosomes 1, 2, 4, 6, 7 and 8 using a panel of
somatic cell hybrid lines. Three of the RFLP-~detecting

sequences have been subcloned into plasmid vectors.

Ve
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iii.

The freguencies of the alleles at each of the KRFLP locl have
been deternined in the Caucasoid, Negroid and San population
groups of soutiiern Africa. One RFLP was found to be
monomorphic in the Neyroid and San populations. The
frequencies of the rarer allele of all the other RFLPs was
at least one percent in all the populations studied. A
genetic distance analysis using the allele frequencies of
the RFLPs in the different population groups studied showed
the Caucasoid populat.ion to be separate from the hegroid and

San populations which showed a closer relationship.

Six of the nine RFLP= have already been tested on some of
the families from the Ceitre for the study of Human
Polymorphism (C.E.P.H.) collaboration study. Two probes
isolated in this study have been found to poth wap to
chromosome one and te be linked (LOD score of 6,2, 6 = (,0)

and no recombinants have yet been observed.

The RFLPs detected in this study contribute to a much larger
effort to map the human genome and in addition, they will
contiibute to our understanding of the origins and

relationships of the ¢iverse populations of southern Africa.
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1 CHAPTER® ONE INTRODUCTION

The unravelling of the human genome represents a challenge
not only because it is so vast, but vecause [t azlso
organizes all the information ceding for life, along the

sequence of the DNA double helix.

Since it has become possible to study the human genome
directly, using recombinant DNA technclogy, knowledge about
the organization of the genome has rapidly increased. The
number of functional DNA sequences is as yet unknown but it
appears as though the entire genome is not required for
normal function. The construction of a genetic linkage map,
for each chromosome, with a specific set of evenly spaced
polymorphic markers, will allow for the eventual fine
mapping of the human genome. This study represents a
contribution to the effort of finding some of these

markers.

1.1 THE HUMAN GENOME

1.1.1 The Structure of the Human Genome

The human haploid genome has been estimated, on the basis of
recombination fractions in males and females, to be
contained within 33,3 Morgans of DNA (Renwick, 1971). The
number of functional genes in the genome, based on an

average gene length of 1 000 nucleotides and the amount of
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DNA prasent, has been estimated to be aboat 50 ngu (O'Brien,
1973: Bisnop, 1974). These genes code for the basic
amino-acid sequences of the polypeptide chains of proteins.
From estimate. of the number of genes in the genome, it has
t cen concluded that more than 90% of the genome may be
composed of non-functional, non-informational or "junk" DNA
(Ohta and Kimura, 1%71; O'Brien, 1973+ Orgel and Crick,

1980) .

Repeated DNA sequenzes have been found dispersed throughout
eukaryotic genomes (Britten and Kohne, 1968). About 30% of
the human genome consists of highly or mid-repetitive
sequences and the rest contains single-copy regions, in
which the sequences coding for functional genes are found
{Schmid and Deininger, 1975). Highly repetitive regions in
the human genome have been classified into long and

short interspersed sequences known as LINES and SINES
{(Jelinek gt al., 19%80; Singer, 1982; Schmid and Jelinek,
19582; Shafit-Zagardo et _al., 1982).

In the new recently~-proposed terminology, LINES are called
L1Hs, where L1 stands for the first long interspersed repeat
and Hs for Homo sapiens, the species in which it was first
isolated. L1Hs were first isolated from human DNA and were
known as the KpnI family of repeats. They were found to be
present in 15% of the plaques during screening of human
genomic libraries (Shafit-Zagardo et _al., 1982). These
repeat sequences varied in size between 1,2 and 1,9 kb and
the sequences were resistant to digestion with the enzyme
KpnI. The 3' end of the sequences are homologous to other

repeat sequences. One Kpnl member wag shown to hybridize to

e

Y




RNA extracted frow a human and a monkey cell line, thus

suggesting th t some of these sequences could be transcribed

1
i

(Lerman et al.. 1983). A new LINE seguence, L2Hs, which i

shows no cross-hybridization to the LlHs family, has been
found. It is of recent evolutionary development and is only

found in gorilla and humans (Musich and Dykes, 1986).

The repeat sequence known as Aiy is a member of the SINE
repeat family and is found to be highly repeated in humar
and non-human primate DNA. Based on renaturation studies,
it has been estimated that there are between 300 000 and
500 200 copiesz per human haploid genome, thus accounting fzi
3 to 5% of the genome. The average Alu sequence is about
300 bp long and consists of an internal imperfect
duplication of a shorter sequence (Schmid and Jelijnek,
1982). If these sequences were randomly distributed, thay i
would be present once in every 2 200 bp in the gencme, but
the distances between Alu segquences have been shown to be
variable. In the 50 kb of DNA containing tne g-globin-like
gene cluster, only eight Alu sequences have been found and
five have been found within a 26 kb region countajining the
human a-like globin gene cluster (Fritsch et al., 1980).

The human insulin gene locus is flanked ky two Alu
sequences, which are separated by 21 kb (Bell et ai.,

1980). Ninety~four percent of the clones of a human genomic
library were found to be positive for Alu sequences
(Crampton gt ai., 1981; Schmid and Jelinek, 1382).
Approximately 60% of these sequences can be cleaved at a
common site using the restriction enzyme Alul (Houck et_al.,

1979; Schmid and Jelinek, 1982).




Other repetitive DNA families have been isolated and
characterized from the human genome including alphoid
sequences (Willard. 1984 ), a Say3A family of repeats
{Kiyama et al., 1986) and four types of satellite DNA
(Gosden et al., 1975; Mitchell et al., 1979; Frommer et ai.,
1982).

Some of the mid-repetitive sequences found in the human
genome have been shown to have a coding function., Examples
include the genes coding for the 455 precursor of the 188
and 288 ribosomal RNA (rRNA), which have a structural
function in the assembly of the ribosome; they are repeated
to the extent of 150-300 coples per haploid genome (Jeanteur
and Attardi, 1969; Wellauer and Dawid, 1979}. The genes
coding for 58 rDNA and transfer RNA (tRNA) nave also been
found to be repeated in the human genome (Hatlen and
Attardi, 1971). The human histone genes coding for the H2A,
H2B, H3 and H4 proteins are each repeated 30 to 40 times
(Wilson and Melli, 1977).

Single~copy regions of the human genome contain che unique
coding sequences for the polypeptide chains of proteins and
there are also other sequences presently of unknown
function. These single-copy regione are inverspersed with
repetitive sequences (Schmid and Deininger, 197%; Strayer et

al., 1983).




Methylation of sequences in the human genome -

DNA sequences have been shown not to be equally mutable and
those that are highly mutable are termed "hotspots" (Benzer,
1961). Hotspots have been found in the lagZ gene of
Escherichia coli (E.c¢oli) and have been shown to be due to a
spontaneous base pair substitution, occurring frequently at
S-methylcytosine residues (Coulondre et _al., 1978). These
hotspots disappeared 1f the cytosine (C) residues were not
methylated. It was proposed that the spontaneous
deamination of the S-methylcytosine resulted in the
formation of thymine (T) which then would not be excised by
the repair enzyme (Coulondre et al., 1978; Duncan and
Miller, 1980). Methylation at CpG sequences has also been
reported in the human genome (Van der Ploeg and Flavell,
1980; Cooper, 1983). A relative deficiency of CpG seguences
has been found in mammals i.. additlion to a heavily
methylated genome thus supporting the suggestion that
S5-methylcytosine tends to mutate abnormally frequently to
thymine (Bird, 1980). In eukaryotic genomes repetitive
sequences also tend to be hypermethylated (Ehrlich gt al.,
1982).

1.1.2 Human Variation

Inherited variation in the human gencme has been studied fur

two main reasons. Firstly, because of its relevance to

inherited disorders, where changes in genes cause




alterations in the protein products and result in phenotypic
defects. Secondly, to increase the understanding of normal

variation ana the role that it plays in evolution.

Variation at the DNA levzl that results in a protein or
enzyme product which is structurally or functionally
impaired could lead to an inherited disorder. The
seriousness of the disorder will depend on the effects of
the mutant allele in the heteroczygous or homozygous form.
DNA changes which give rise to inherited diseases can
therefore be regarded as extreme examples of the allelic
variation which is ubiquitous throughout the human

population (Harris, 1980).

A genetic polymorphism was defined'by Ford, 1940 (cited in
Harris 1980) as '"the occurrence together in the same
locality of two or more discontinuous forms of a species in
such proportions that the rarest of them cannot be
maintained merely by recurrent mutation®. The term
polymorphism was further defined by Bodmer and
Cavalli-Sforza (1976) as "the occurrence of two or more
alleles at a particular locus where the rarer allele is
present at a frequency of at least one percent®,
Polymorphism is, therefore, a term reserved for those loci
which have alleles at significant frequencies in that
population Alleles present at a frequency of less than one

percent are termed variants (Meisler, 1983),
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How a mutation is maintained and reaches polymorphic
frequencies has been the subject of discussion by two main
opposing schools of thought representad by the selectionists

and the neutralists.

The " new mutation, random genetic drift " hypothesis of
Kimura (Kimura, 1968a, 1968b; Kimura and Nhta, 1971; Crow,
1973) proposes that variation is present in the population
due to random genetic drift or chance. Sampling processes
will determine which of the gametes, produced by an
individual of one generation, will give rise to new
individuals in the next. If this mutation is not
deleterious, it has a chance of being passed onto half of
the individuals in the next generation and its chances of
persisting decrease with each new generation. The chances
of a new mutation surviving were discussed by Fisher over 50

years ago i

* In a reasonably large population, where each pair of
parents is replaced on average by two children who
survive to have children, the probability that a new
mutant will still be present after, say, 15 generations
is only about 1 in 9." (Fisher, 1930 cited in Harris,

1980, p380).

The chances of a new mutation surviving are greater if a
population is expanding than if it is declining. At any one

time the number of neutral alleles in a population will

—




represent a balance betwean the generation of new alleles by -
mutation and the elimination of others by random genetic
drift.

The selectioniste argue that natural selection gives rise to
genetic diversity. Selection will act against those allelcs
which decrease the biological fitness and in favour of those

which increase fitness, where fitness is a measure of the

relative contribution which individuals of different
genotypes make to the next generztion. Selection could, of
course, have acted in the past but may no longer be
operating in the present environment and since the allele
frequency changes are slow, over many generations, the
polymorphism still persists (Fisher, 1930:; Haldane, 1962;
and Wright, 1966).

Linkage disequilibrium may also be responsible for the .
existence of genetic polymorphisms. When certain alleles at
two closely linked loeci occur together more often than would
be expected by chance, i.e. they are in linkage
disequilibrium, one of the alleles could be maintained as a
result of selection operating on the nearby gene. This
effect is known as "hitch-hiking" (Thompson, 1977: Bodmer
and Thompson,1877). The Hpal site ' to the human f-qglobin
gene is associated with the sickle cell mutation in some
populations and occurs at a higher freguency in that
population due to linkage diseguilibrium and selection for
the sickle cell gene in a hyperendemic malaria area (Kan ard

Dozy, 1978a). It appears as though most DNA sequence
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polymorphisms are neutral and are present in the populations
at freguencies which have been reached due to random genetic

drift (Cooper et al., 198%5).

1.1.2.1 Protein Polymorphism

The first examples of polymorphism te be found in man
included the ABO blood group system discovered by
Landsteiner at the beginning of this century, and red-green
colourblindness found in certain male individuals who were
not able to distinguish between certain colours (Kalmus,
1965) . The phanylthiourea taste polymorphism was
discovered when certain individuals were found to be unable
to taste the extreme bitterness of the substance
phenylthiourea (Fox et al., 1932; Harris and Kalmus, A
1349). fThe glucose-é-phosphate~dehydrogenase polymorphism
in Negroids was recoghized because certain individuals
developed a haemolytic anaemia when primaguine was used as
an antj-malarial drug (Hockwald gt al., 1952). This was
later shown to be due to a deficlency of this X-linked

enzywa (Carson et al., 1986).

When techniques such as starch gel slectrophoresis were
developed, it becam? possible to identify polymorphisms in
proteins and a host of enzymes. A polymorphism in human
naptoglubin was ouwe of the first to be recognized by starch
gel electrophoresis, when serum from difterent individuals
was shown to have distinct characteristic patterns
{Smithies, 19%%). Further technical alterations, including

the addition of denaturing or reducing agents to the gel
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matrix allowed for greater efficiency in the separation of
polypeptide chains of proteins. In this way subtypes of
haptoglobkin, were demonstrated and three common alleles were

identified (rurnell gf al., 1962; Smithies ef al., 1962).

In the 1960s, these findirys led to the independent studies,
by Harvis and Hopkinson in humans and by Lewontin and Hubby
in Drosophila pseudoobscura, which demonstrated that
variation was a common normal phenomenon. They used
elactrophoretic technigues which were expected to detect
only that variation which led to a change in the charge of a
protein. Both groups showed that enzyme polymorphism was
ubiquitous in naturally occurring populations (Harris, 1966;
Harris and flopkinson, 1972; Lewontin and Hubby, 1966). By
1977, 104 different human enzyme loci had been screened for
electrophoretic variation and 33 of these loci showed
variation in at least one of the major population groups
{(Caucasoid, Negroids, Asiatic Indians and Orientals). GSome
of the electrophoretic polymorphisms were limited
specifically to one population group (Hopkinson et al.,

1976) .

Proteins of blood plasma were also screened for variation
using electrophoresis. Haptoglobin could be identified by
its property of binding to hemoglobir (Smithies, 195%) and
transferrin by its binding to iren (Smithies and Hiller,
195%). Further protein polymorphisms were identifisd with
the development of iscelectric focusing in which a protein
migrates to a position in a pH gradient gel corresponding to
its isoelectric point (Svensson, 1962). A two-dimensional

electrophoretic techique allows for the identification ot

@
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tissue protein polymorphisms. In the first dimension
denatured proteins are separuated using iscelectric focusing
and the second dimension separates proteins according to
their molecular weight by electrophoresis in SDS (O'Farrell,

1975 .

The ABO blood group polymorphism was the first to be
identified using immunological techniques and naturally
oceurring antibodies (Landsteiner, 1901). Today, an
extensive series of ancisera against other red cell surface
antigens has been described (Race and Sanger, 1975).
Variation has been found on the surface of almost all
nucleated cells due to the presence of cell surface antigens
which are encodnd by the Major Histocompatibility locus
(MLA). Four loci (A, B, € and DR) have been defined by the
use of carefully absorbed antisera in cytotoxicity tests on
peripheral blood lymphocytes (A, B and €) and B lymphocytes
(DR). These antigenic differences are due to variation at
four closely linked loci, on chromosome 6, each having a

large number of alleles (reviewed by Amos and Kostyu, 1980).

Results of protein polymsrpbisms were used to estimate that
any individual was likely to be heterozygous at about 6% of
his loci (Harris and Hopkinson, 1972). This was an
underestimate since only those changes in the coding
regions, which altered the electrophoretic mobility of the
enzyme, were detectad. Neel (1984) considered the impact of
a number of recent studies on protein var.ation on the index
of heterczygosity using techniques of ilsvelectric focusing,
thermostability studies, and 1D &nd 2D polyaccylamide

electrophoretic techniques. Studles on enzymes had allowed



for the subtyping of electromorphs and resulted in a nigher

estimation of heterozygosity. The hetarozygosity estinate

from enzymes studies was calculated to be 17-18% |, using
data ~n electrophoretic variants, thecmostability vari-nts,
and an estimate of non-charge change amino acid
substitutions, which were not detectad by electrophoresis or
thermostabili’y studies. The new estimate of hetecrnzygosity
from studies on soluble proteins using 1D electrophoresis
and 2D polyacrylsmide electrophoretic technigues was
calculated to be %%. Therefore, the overall estimate of
heterozygosity using the new data from soluble proteins and

enzymes was 12~13% (Neel, 1984).

1.1.2.2 DNA Polymorphism

Proteln polymorphisms reflect a change in the DNA sequence
coding for specific polypeptide ciains. The development of
recombinant DNA tachnology has allowed for the direct
analysis of variation at the DNA level. DNA sequence
polymorphisms were detected using restriction enzymes and a
cloned DNA sequence as a probe. This type ot variation has
been termed a restriction fragment length polymorphism

(RFLPY and will be addressed in section (1.%).

DNA sequence polymcrphiswms are mostly due to nuclectide
substitutions which cculd be now be detected arcund genes.
as well as within genes. These secquence chanjes would not
have previously been detectwed at the protein level unless an
altered product haa been produced due to a mutation which

had disrupted the normal splicing out of the .ntervening
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sequences or sequences 5' and 3' to the coding regions which
are important for normal transcrigtional and translational

processing of the mRNA.

Human heterozygosity has further been estimated by studying
DNA sequence variation. DNA Leterozygosity was initially
estimated from data on the f-globin gene cluster region,
where 1 variable site per 100 nucleotides was found to exist
(Jeffreys, 1979). This estimate was revised to 1 in 200
nucleotides using population genetics theory (Ewens et al.,
1981) and further data on the f~globin cluster region
changed the estimate to 1 in 500 bp (Kazazian et al.

1983). The incidence of RFLPs near the human albunmin gene

suggested that 1 in 9% bp varied (Murray ef al., 1983).

All the available data on DNA sequence variation, detected
using cloned coding and non-coding regions, were ised to
calculate humun heterozygosity based on the formula
developed by Neli (1975). The formuls was based on the total
number of base pairs screened and the polymorphic sites
identified (Cooper and Schmidtke, 1984). The heterozygosity
rate of the human genome was estimated to be 0,00376 for the
autosomes and 0,00115 for the human X chromosome. Schmidtke
and Cooper (1984) criticized estimates of heterozygosity
which were derived from the f-globin study of Jeffrays
(1979) because they were based on a single region containing
several coding sequences, and recalculated the results at
the albumin locus to he 06,0025, rather than ¢,011 as

caleculated by Murray et _al., (1983).
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Random single-copy probes provided the first unuiased v
estimates of DNA heterozygyosity since the coding potential -

of the DNA sequences within these clones was unknown. The
average heterozygosity was calculated to be 0,003. Therefore
estimates derived from the f-globin locus (Jeffreys, 1979)
appear to be representative of the rest of the genome
{Cooper et al., 1985). Data on the X-chromosome (Murray et

al., 1982; Bakker et al., 1983; Aldridge et al., 1984)

indicated that heterozygosity of this chromosome was not
significantly different from the rest of the genome (Cooper
et al., 1985). Ohno's law (1967) has predicted the
conservation of the X chromesome because the localization of
identical coding sequences on the X chromosome is conserved
between species. Heterozygosity of the X chromosomal
sequences were therefore expected to reflect the same
constraint in non-coding regions (reviewed by Cooper et al.,

1985) .

Highly polymorphic regions have been found near the human
insulin gene, the a-globin gene cluster and the heavy chain
of the immunoglobulin complex. Because not many such
regions have been found, it was suggested that a non-uniform
distribution of variation over the human genome existed
(Bell et al., 1981; Higgs et al., 1981: Mignone et al.,
1983). Results from base pair substitution type RFLPs have
also indicated this non-uniform distribution and clustering
in the non-coding intrens or intergenic regions. The RrLPs
observed within the human f-like globin gene loci were
withir introns and flanking regions of the genes (Jeffreys
1979; Poncz et al., 1983), and only 1 out of the 12 RFLPs

detected was found within an exon {Kazazian ef al., 1983).
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Forty-three polymorphisms were observed in 11 cloned alcohol
dehydrogenase genes, 2,7 kb in length, which were isclated
from five populations of Drosophila and only 1 amino acid

substitution was observed (Kreitman, 1983).

From the above studies it has been concluded that most
polymorphic variation occurred outside the coding regions of
the DNA, at a frequency of about 1 ia every 200 to 300 bp.
When the results of DNA saquence variation studies were
compared with previocus estimates from protein data, DNA
heterozygosity was found to be between 6 and 10 times
higher. The uneven distribution pattern of RFLPs throughout
the human genome reflects the sites of mutational processes
and the action of selection. If mutations are more or less
randomly distributed along the DNA, the distribution of
RFLPs outside of the coding regions, may reflect the action
of selection (Neel, 1984). These findings agreed with tine
predictions of the neutral theory of molecular evolution of
Kimura (1983,p238) where it was predicted that the human
genome should contain 1,4 X 107 heterozygous nuclectides due

to neutral mutation:, (cited in Cooper et _al., 1983).

Heterozygosity of the human genome is useful for the study
of genetic variability in mutation rates, natural selection
and genetic drift. It is important for genomic mapping and
iz presently being used in constructing a linkage map.
Variation is exploited in the preclini:al and prenatal
diagnosis of human genetic disorders, the detection of
carriers of genetic disease, and is also useful in

medico~legal work, particularly for disputed paternity
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investigations. The applications of DNA rariation between

normal individuals will be discussed in section 1.3,

1.1.3 The Isolation of Human DNA sequences

The isclation and analysis of coding and non~coding regions
of human DNA sequences was the result of major technical

advances followed by a number of important discoveries.

Restriction endonucleases which could cleave DNA at aspecific
recognition sites were discovered and became important tools
to divide up the human genome into unique fragments (Smith
and Wilcox, 1970). The first recombinant DLA hybrid
moiecules were constructed between eukaryotic (Drosopnila
melangaster) and bacteriophage NNA (Thomas, Cameron and
Davies, 1974). The construction of recombinant DNA
molecules requires a number of essential steps ror the
insertion of DNA fragments from any source into a viral or
plasmid replicon. These steps include the specific cleavage
of both donor and recipient DNA. the covalent rejoining «f
the two molecules, the transfor .ation or infection of the
nost bacterial strain and the recovery of the recombinant

DNA by selection systems {(Rodri~uez et al., 1977;.

By 1977 suitable plasmid and bacteriophage vectors had been
congtructed. Plasmids are small circular DNA molecules
which are found independently rcplicating in certain
bacterial strains. They often vontain gernes which confer
resistance to certain antibiotics and hence their host

bacteria have an advantage in certain enviconments
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(Rodriguez et al., 1977). The Charon series of ¥
bacteriophage Lambda were also suitable vectors because the

two internal EcoRI DNA fragments could be removed and

replaced with eukaryotic DNA, without the loss of the

ability to grow lytically. DNA fragments ranging in size

from 7 to 20 kb can be inserted inte these vectors

(Blattner et al., i977). In vitro packaging of recombinant

phage DNA into phage protein heads, which is an essential

step for their recovery, was developed by Hohn and Murray

(1977) .

In order to identify and isolate a gene or region of DNA of
interest, a number of strategies were needed. Firstly, two
screening methods were developed, one is used to screen
bacterial colonies : the presence of hybrid plasmids and
the other is used to screen bacteriophage plaques for
foreign DNA inserts (Grunstein and Hogness, 1¢75; Cami and

Kourilsky, 1978; Benton and Davies, 1977).

Secondly, the DNA sequence which is to be used av a probe
needs to be labelled. Nucleic acid hybridization is a very
powerful technique used to detect and guantitate specific
DNA and RNA sequences. One of the DNA strands in the
reaction can be labelled, usually with an isotope. The
ability of E.coll DNA polymerase I to catalyze a nick
translation reaction was recognized by Kelly et al., (1970}
and a prncedure to radiolakel DNA sequences vas refined by

Rigby et _al., (1977).
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These developments increased the speed of screening large
numbers of bacterial colonies or plaques. The potential of

this technigque in the isolation of unique human genes rathev

than the physical purification of thes gene from mRNA, was

realized (Benton and Davies, 1977).

The Southern Transfer technique was developed to analy:ze
specific DNA fragments generated by restriction enzymes and
separated by electrophoresis in agarose gels. A technigue
to transfer the DNA directly from an agarose gel to a solid
support (nitrocellulose) was developed by Southern (1975).
These filters could then be hybridized to radiolabelled DNA
seguences. After autoradiography the sequence of interest
is revealed as a series of dark bands on an X-ray plate.
This method is still widely applied in the field of human

genetics,

Human genomic and ¢DNA libraries

The above technology led to the construction of human
complimentary DNA (cDNA) and genomic libraries which allowed
for the isoclation of many human genes and other single-copy

DNA sequences.

In the construction of eukaryotic cDNA libraries, messenger
RNA (mRNA) was 1solated from a cell, transcribed into
complimentary DNA (cDNA) using the enzyme reverse
transcriptase and cloned inuo suitable plasmid vectors
(Higuchi et al., 1976). A ¢DNA library was, therafore, a
representation of the DNA sequences which are expressed in

the cell type from which the RNA was first isoclated. The
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first human cDNA clone to be isolated was human chorienic
somatomammotropin from a cCoA library constructed fronm

placental RNA (Shine gt _al., 1977).

A human genomic DNA library was prepared from a foetal liver
(Lawn gt _al., 1978). The DNA was partially digested using
restriction endonucleases, such that any segquence would then
be completely represented in the library, and cloned int»
bacteriophage Charon 4A. Many other human DNA libraries
have since been constructed (Blattner et al., 1978;

Wwilliamson et al., 1981).

The isolation of cDNA and genomic clones for the mouse
B-globin genes led to the discovery that eukaryotic genes
were not ccntiguous but interrupted by stretches of DNA
called introns or intervening sequences (Tilghman et al.,
1978} . Intervening sequences were then shown to be present
in the mouse immunoglobulin and human 3-globia genes

(Tonegawa et al., 1978; Lawn et al., 1978).

1.2 RESTRICTION FRAGMENT LENGTH POLYMORPHISMS

1.2.1 Discovery

A restriction fragment length polymorphlsm (RFLP) represents
DNA sequence variation detected by using a restriction

enzyme, wnere loss or gain of a restriction site leads to an
alteration in the length of the DNA fragment generated, The
rarer variant must have attained a fregquency of at least one

percent.

OT——




-

There are three classes of restriction enzymes ith type 1I
being the most useful in molecular biology. Restriction
fragment length differences were first recognized arter the
digcovery and isolation of type II restriction endonucleases
(Smith and Wilcox, 197¢). The first type II, site-specific
endonuclease was purified from Haemophilus influenzae and
was shown to deqrade phage T7 DNA into 40 unique fragments.
The specific recognition site of the enzyme was found to be
56 bp long (Smith and Wilcox, 1976; Kelly and Smith,

1970) . More than 300 type Il enzymes are now known

(reviewed by Kessler, Neumaler and Wolfe, 1985).

RFLPs were first used as a tool for genetic analysis to map

the temperature sensitive mutatiza- of Adenoviruses.
specific restriction fragments carrying the mutation were
identified and the ph,sical and genetic maps of the
mutaticns were deduced (Grodzicker et al., 1974). Tha
maternal inheritance of mitochondrial DNA in mammals wags
demonstrated using RFLPs. A distinct patterr of
mitochondrial restriction fragments was observed in the
mitochendrial DNA of a mule. This pattern corresponded to
the restrictinon fragments of the maternal and not the
paternal mitochondria (Hutchison III et al., 1974). The
first human restrictica fragment langth differences betwesn
individuals were also discovered in mitochondrial DNA

(Potter gt _al., 1975),

Genomic RFLPs were det.cted after the cloning and isolation
of specific human genes. A Patl restriction difrerence
Letween the two d-fi-globin gene clones indicated that the

foetus, from whom the TNA library was constructed, wvas a
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heterozygote for this Patl site in the intervening sequence
of the §-globin gene. This pPstl difference was confirmed by
a Southern blot analysis of the foetal liver DNA (Lawn at
al.-. 1978) and was later shown to be present in one other
individual and his mother which indicated that it was stably
inherite? (Jeffreys, 1979). This variation has not been
found in a significant frequency and hence has been termed a

variant,

The first human genomic RFLP was found dus to variation in
some Negroid individuals, at a site 3' to the f-globin gene
and it was detected with the restriction enzyme Hpal (Kan
and Dozy, 1978a). In Caucasoids, the B-globin gene was
found on a 7,6 kb Hpal fragment but fragment length
variation was found to be 7,6, 7,0 or 13,0 kb, in American
Negrolds and Asians (f£an and Dozy, 1978a). The 13,0 kb \
fragment was shown to be associated with the sickle gene in
some Negrold populations. This polymorphism made possible
the first prenatal diagnosis of a foetus at risk for Sickle
Tell Anaenia, using recombinant DNA technology (Kan and

Dazy, 1978b).

1.2.2 Types of RFLPs found in the genome

Different types of DNA seguence changes can result in RFLPs.
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Base pair substitution

Mutations lead to base pair changes in the genome, which

alter the restriction enzyme-recognition sequences. These
mutations are either transitions or transversions where a
transition is the mutation of a purine to a purine or a
pyrimidine to a pyrimidine and a transversion is the change
from a purine to pyrimidine or a pyrimidine to a purine.

The restriction fragment length generated is then increased
or decreased, depending on whether a recognition site was
craated or lost by the mutation (Figure 1.la). Base pair
substitutions are usually only recognized by one restriction

enzyme.

DRA rearrangements

DNA rearrangements alter the sequence of the bases along a
region of DNA, thereby altering the positions of the
recognition sites of a number of restriction enzymes.
Rearrangements can occur duve to deletions or insertions or

even inversions of various DNA sequences.

Deletions / Duplications ,/ Insertions

The duplication or insertion of a DNA sequence will lead to
a constant increase in the DNA fragment lengths generated by
any enzymes which cut the DNA &' and 3' to the
rearrangement. Deletions will follow the same pattern
except that the differences in the fragment lengths
generated will be reduced. This fragment length variation

will be equal to the number of bases added or deleted as
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Figure 1.1. a) Schematic diagr »f base palr
substitution-type RFLP where - - indicates the region
aloned and the (*) indicates the polymorphic gite.  The
nhuman DNA fragments generated are shown below the diagram.
b thematic diagram of DNA rearrengement-type RFLP where

- indicates the region which is rearranged. The human
fraguents generated are i-uilcated below when two enzvmes (B
and E) are used. A {+) indica reglon is present
and {(-) indicates that the region i3 @ the
chromesome, generating DNA fragmonts show o conotant
decreass in fragment length,




illustrated in Flgure 1.1b. If an enzyme has a recognition
site within the inserted or deleted region, tho DNA
fraguents generated will behave us base pair
substitution-type RFLPs, where a site has been created

within a larger fragment generating two smaller fragments.

Hypervariable U ons

This type of DNA rearrangement is due to the presence of a
small sequence of ™ which is tandemly repeated along a
length of DNA., T » fragment length will vary accordirg
to the number of times this sequence is repeated. This type
of RFLP was found 5' to the human insulin gene. A 14 bp
consensus sequence was tandemly repeated and many alle.es,
of different sizes, can be defined at this locus (Bell gt
al., 1%81; Bell et al., 1982). These alleles have peen
classified into three classes (Figure 1.2) (Bell gt

1984). This type of polymorphic region h=us been found
elsewhere in the human geno 2 such as 3' tu the a-globin

gene and will be discussed tater (Higgs et al., 1981).

The majority of DNA szgquence palymorphisms that have been
reported were .ue to single nucleotide ch.nges, wnich
altered the recognition site of a restriction vnzyme
(Bkolnivk gt al., 1984). Those DNA rearrangements however,
which involved small regions of DNA would only have been
detected if a restriction site was present within the
rearranged region and these would have been grouped together

with th- base palr substitution-type RFLPs.
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The first arbitrary RFLP -pAW101 ¥

Most RFLPs were initially detectec using cloned sequences of
P B DNA which represented genes. The first arbitrary RFLP was
B detected using a 15 kb single-copy DNA sequence (paAWl0l) and

more than eight alleles were defined.

This region wac proposed to be highly polymorphic and a
number of enzymes could be used to reveal differences in
fragment sizes. The fragment length variation was
demonstrated to be inherited in a co-dominant Mendelian

fashion in a three generation family (Wyman and White,

R

1980 .

This region was localiced to chromosoms l4g2l-ter, by using
somatic cell hybrids and in situ hybridization technigues
(DeMartinville &% al., 1832; Donlon gt L., 1%83) and it was
renamed D1451 since it was the first single~copy NHA region
to be assigned to chromosome 14 (Human Gene Mapping
Workshop, 19833 . It ig interesting that D14Sl has been
localized proximally to the human immunoglobulin heavy chain

genes, which are another highly variable region in the hum

n

genome (Balazs et al., 1982; Mignone gt _al., 1983;.

The region causing the polymorphism was later found to be

outside of the sequence which was initially cloned. The

flanking sequences had resisted cloning and this led to the
¥ discovery that certain ssguences, containing inverted

repeats, are not stable in recA+ hosts. It

anLy

possible to isolate this sequence wher a

B or rectC hos

strain wa

and Stani, 1983; Wyman et al.,




1984). The D14S1 region was shown to consist of a €0 ner

repeat sequence, which also contained inverted repeats.
Differences in the copy number of this sequence are
responsible for the polymorphic variation reported at this
locus (Wyman et al., 1985). Furthermore, these results
indicated that the human genowmic libraries prepared using
recA+ hosts may not be complete since such unstable
sequences would have been lost during library

amplification.

1.2.3 Strategies to Isolate RFLPs

In any study to screen for RFLPs a number cof paramesters must
be evaluated. Firstly, the type of DNA sequence to be used
as a probe; secondly, the restriction enzymes to be used;

and thirdly the number of individuals to be screened.

Sources and isolation of DNA probes

A large number of potential sources exist for DNA probes.
Firstly, human genomic libraries which contain large or
small DNA ingerts ¢'.n be used. Thess libraries will contain
a high rfrequency of repetitive human DNA sequences and
therefore must be screened for single-copy regions by
hybridization to radiolabelled tot=l human genomic DMA
{Botstain et al , 1980; Kao gt al., 1982, The efficiency
in isolation of single-copy sequences was found to be
greater using libraries with smaller rather than larger

inserts (Pearson gt al., 1981).

A
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Secondly, complimentary DNA (cDNA) libraries have ales been
used as a source of rrobes to screen for RFLPs. Such clones
are relatively free of repetitive DNA and were initially
used to show polymorphisms around the human insulin, and the
a- and B-giobin genes. In a study to evaluate the
usefulness of cDNA clones compared with genomic clones in
the search for RFLP3s, the results demonstrated that
single~copy cDNA clones did nrt reveal more RFLPs

{Helentjaris and Gesteland, 1983).

Thirdly, the combination of somatic cell genetics and
recombinant DNA technology led to the construction of

A autosomal and X chromosome-specific DNA libraries.

v Chromosoms-specific single-copy clones could be isolated
from these libraries and used as DNA probes (Schmeckpeper ¢f

al., 1979; Guszella et al.. 1980}. When technigues of flow

cytometry were applied to the sorting cof human chromosones
(Young et 1l., 1981), purified individual chromosomes could
be used to construct autosomal and X chromosome-specific DNA
libraries (Davies et al., 1981:; Krumlauf et al., 1982:
Kunkel gt al., 1982). The latter DNA libraries were free
from any rodent DNA sequences. Chromosome-specific genomic
probes have been a very valuable source of probes to detect
DNA variation, especially when there has been interest in a

snecific region of a chromesome.

5 Fourthly, cloned genes have been a valuable source of probes
in the search for RFLPs as demonstrated by the large number
of RFLPs detected using the o~ and g-globin genes (reviewed

- by Antonarakis, 198%a) and thosge reported at Puman gene

mapping (HGM) 6, (1981), HGM 7 (1983) and HGM 8§ (198%)
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Such RFLPs exist within and around genes and are important
for linkage studies of these regions especially if the gene »

is krown to be involved in disorders of medical relevance.

Once potential single-copy clones have been isolated they
must be analyzed by restriction digests to ascertain whether
they contain humayn DNA. These human inserts can again be
checked for repetitive DNA by Scouthern blot analysis against

total human genomic DNA (Kao gt al., 1982).
Evaluation of Restriction enzymes used to screen for RFLPs

In order to detect DNA variation, Southern blots, prepared
from the DNA of random individuals digested with a selection
of restriction enzymes, must be screened using a
radiolabelled clone. A number of studies have eviluated the
usefulness of certain restriction enzymes to detect DNA
varjation (Bastie-Sigeac and Lucotte, 1983; Bishop et _al.

1983; wWiiswarn, 1984).

It has been reported that enzymes, Mspl and Tagl, which both
have a CpG dinucleotide in their recognition segquence, show
an increased detection rate of RFLPs (Schafer and White,
1982, Skolnick and white, 1982). The CpG detection rate for
RFLPs was reported to be 0,23 compared to 0,13 for other
enzymes (Barker et al., 1584). MzpI and Tagl cleave the
sequences CCGG and TCGA respectively. These CpG
dinucleotide vequences are frequentl’ methylated and the
spontanecus mutation of the methylatea C residue could alter

the recognition site of these two enzymes. The restriction
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enzyme BglIl also has been shown to be useful in the search ;
for RFLPs using smaller genomic probes (Pearson et a'.,

1981)
Number of subjects

In screening studies to detect RFLPS a4 small number of
individuals (6 vo 9) are usually tested because it has been
shown theoretically that only the low frequency, rare
variants would be missed and an increased efficiency in the
isolation of high frequency polymorphisms wculd be gained
{8kolnick and White, 1982). An approach for the isolation
and detection of high frequency RFLPs, using large genomic
probes combined with certain restriction enzymes, has been

proposed (Feder gt al., 1985).

When variation among individuals was detected it was
investiguted further by means of family studies to confirm
that the diffevcent alleles were inherited in a co-dominant
Mendelian fashion. Those variants in the population having
the rarer allele present at a frequency of greater than 1%
constitute a restriction *regment lengtn polymorphism as

defined above.
New Strategies used to isolaue R¥LPs

The numper of arpitrary RBFLPs reported &  the human gene
mapping conferences increased from 18 in 1981, to 95 in 1983
and to 24% in 1885% (Willard gt al., 198%). This number of
reported RFLPs was an underestimate since many researchers

had not contributed their data to this collectlion (Schumm gt
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al., 1983). Ninety percent of the reported RFLPs were due
to single base palr changes, 40% of the RFLPs had rare
allele frequencies less than 0,2 and the polymorphic
information content (PIC) values of 90% of the RFLPs were
less than 0,4 (Skolnick et al., 1984). The PIC value is the
probability that a given offspring of a parent carrying the
rare allele, at the index lucus, will allow for the
deduction of the parental genotype at the marker locus

(Botstein gt al., 1980).

The initial limiting factor in the search for RF'Ps was the
extent of repetitive sequences found in the human genors
Cosmid vectors developed by Hohn and Caolling {1n5m
contained up to 45 kb of genomlc DNA, were not used

probes unless the internal single-copy human fragments

isolated and subcloned.

A technigue to use cosmides as RFLP-datecting probes has been
developed by Litt and White, (1985). Th=2 repetitive DNA
sequences are blocked ocut prior to hybridization by
incubation of tne rediclabelled cosmid ¢lone with a vast
excess of sheared total human genomic DNA.

Pre-veassociation of repetitive sequences occurs but the
single~-copy regions remain gingle-stranded (Litt and White,
1945 realey @t al., 1985). When cosmid clones are used a
larger genomic region is screened for variation and herce
more polymorphic sites are defined. The alleles at the loci
often show linkage disequilibrium petwe.t each other and
therefore haplotype studies are needed. Two highly
polymorphic regions have been defined on chromosomes 2g »d

12g using this method (Litt and White, 1985; Buroker gt ai.,

o




1986) . This method has been compared to prev.ous strategies
and has been found to be as successful in the detection of

single-copy RFLPs (Barker et _al., 1985).

A number of highly polymerphic regions have been found in
the human genome and these have been termed "hypervariable
regions" (HVR), and they are al. due to short tandem
repeats. Examples are found 5' to the human insulin gene
(Bell @t al. 1982), am discussed above, and around the
human a-like globin gene loci. These regions nave been
found 3' to the a~globin gene (Higgs ef al., 1981), within
the lirger intron of the pseudczeta and zeta globin genes
{Proudfoot et al., 1982) and between the pseudozeta and zeta
globin genes (Goodbourn gt al., 1983). The HVR 3' to the
&-globin gene has been found to be <ue to differences in the
copy number of a 17 bp sequence (Jarman gt al., 1%87). The
repeat sequoence withi. the intron of the zeta globin gene is
14 bp long and is similar to the human insulin gene repeat
(Troudfoot gt _al., 1982). Other similar seguences have baen
raported for the c-HaRas-1l unceogene and 1@ homan mu Light
chain of the immunoglobulin complex (Goldfarb ¢b al., 1982;
Mignone gt al., 1983 The numan myogloblip yens contalns a
33 bp repeat sequence, similar vo the sequences described
above, shich was flankaed by an bn direct repsat

characteristic of a target site duplication generated by

transposable elements (Jetireys e% al..

Strategles have now been developed to ssarch for similar

Nogenoms ., The

hypervariahble regions elsewhere in the hi
core sequences of the HVR's have been shown to detect many

other autosomal lowi simultaneously. The discovery of




minisatellite sequences using the 32 bp myoglobin core
sequence as a probe, has revealed that a unique pattern of
fragments is generated for every individual resulting in a
"DNA fingerprint® (Jeffreys et al., 1985a). Synthetic
oligonucleotide sequences corresponding to the core
sequences of HVRs of the insulin, myoglobin, zsta and
a-globin and other genes have been prapared and these
oligomers are being used as probes to search for other
highly pelymorphic regions in the human genome. A number of
highly polymorphic loci, which are due to the variation in
the number of tandem repeats, have been found (personal
communication Dr. R. L. White, 1986; Nakanura et _al.,

1987) .

1.2.4 A Genetic Linkage Map using R¥LPs

Prior to 1980, the RFLPs which had been found waere all
assoclated with cloned genes. The frequency of RFLPs at
these loci was rather low due to conservation of such
regions. Botstein gt al., (1980) proposed that a search for
RFLPs, using cloned single-copy human DNA regions as probes,
combined with Southern blot analysis of the uNA of random
individuals, digested with different restriction
endonucleases, should be conducted. These RFLPs which are
tound in the single~copy reg.ons of the genome could, by
linkage asalysis, be ghown to be associated with genes.

Thig meant that the location of a gene cou’d be found
without its prior iseclation. The identification of a
sufficient number of RFLPs, at even intervals throughout the

human genome, cculd be used to construct a geneti: linkage




map of the human ygenoms. These single~copy regions could be
localized using the technigues of somatic cell hybridization
and jin @ity hybridization to human chromosomes. Such
regions could then be used in linkage analysis to other

known markers as well as between each cother.

It was proposed that only about 150 evenly-spaced highly
polynorphic DNA markers would be needed to span the human
genome (Botstein et al., 1980). This number was based on
estimates that the autosomal length of the human genome was
33 Morgans ({(Renwick, 1971). These RFLPs need to be found at
intervals of 20 oM and to have PIC values of at least 0,%.
Many more markers first need to be tested before this task
will be completed. The estimated number of RFLPs raquired
to map the human genome was revised to 1500, by Lange and
Loehnke (1982), as these markers would be random with
regpect to each other and would fall into clusters resulting
in sizeable gaps. PIC values for highly, reasonably .d
slightly informestive markers are greater than 0,5, between
0,25 and 0,% or less than 0,25 respectively. For two-allele
systams the maximum possible PIC value is 0,38, &As the
number of alleles at a locus increases, the PIC value
becomes closer to 1. Loci having high PIC values will be
more favourable for mapping of the human genome but may not
be very useful for population and evolution studies, The
mapping of the human genome will be discussed further in

gection 1.4,




.3 APPLICATIONS OF RFLPS

This section will review how RFLPs have already besn
successfully applied in human and population genetics and
other field of medicine. An important application uf RFLPs
has been in prenatal diagnosis and carrier detection of
individuals carrying the gene for a specific disorder. In
the past six years since thelr discovery, RFLFs have been
shown to be useful in many other aspects of sclience and

medicine and some of thare will be discussed.

1.3.1 Medical applications

Isolation of Genes

RFLPg have been the starting point for the isolation and
identification of several genes responsible for major
genetic disorders, for which the blochemical defect was

unkncwn, The following strategy was generally used.

A set of RFLPs, localized to chromosomes, are used as known
genetic markers to search for linkage to a genetic disorder
of unknown location., All individuals in a family are typed
using the RFLP and the segregation of the trait, for which
the locus is unknown, is cumpared nith the segregation of
the alleles of the RFLP. Linkage studies are then performed
an the data using tables compiled by Morton (19%%a) or the

conputer programmes LIPED or LINKAGE (Ott, 1974; Lalousel and

Lathrop, 1984a, 1984b). When positive LOD scores aras

found
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Linkage 1s suggested and steps to isolcte the actual gene
are taken., Finally, the cause of the genebic defect giving

rise to the disease is sought.

Chromosome walking technigues are then uwed systamatically
to isclate the DNA seguences flanking the initial linked
sequence, It invelves the restriction mapping of this
linked sequence and isolating the extreme 5' and 3' DHA
fragmente. The sequences are used to screen a human DNA
Library for segquences that correspond to these flanking
sequences. These new sequences are then restriction mapped
ind orientated with respect to the original seguence.
Bidirectional walking is needed because the orientation of
the original seguence with regard tc the disease locus ig
not known. Thig procedure was used to lsolate the genes
from the age, poe. ant the pithorax vomplex in Dresophals
(Bender et al., 1983;. Two closely spaced markers, flanking
the putative gene locus are needed for the eventual
isolation of the locus. The distance between the two
f.anking markers can be estimated by observing the
resombination betwern the RFLPs at a number of melotic

e.ents.

One new technigue, to facilitate walking, has been
developed. In it coswmids are used as vectors becsuse they
can coatain up te 40 kb of foreign DNA.  Because
conventional technigues of electrophoresis were limited to
the resolution of 20 kb fragments of DNA, a new
electrophoretic technigue, known as pulse-field gel
cilectroghoresis or orthogonal field alteration

electrophoresis, was deviged. This technigue car be used to

EETRT e
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separate large DHA wmolecules, :f up to two millicen bp in
size, which are generatec using restriction enzymes having
rare DNA recognition sites in the human genome (Swartz and

Cantor, 1984; Carle et al., 1986; Smith et L 1986 .

These electrephoretic techniques will facilitate the mapping
of the human genome and the isolation of man, genes

(reviewed by Little, 1986; Shaw, 1986).

Chromosome jumping techniques have been developed to reduce
the number of "walking steps" when large distances must ba
soves@id. It involves tae ligation of a marker fragment to
one end of the linear DNa fragment (up to 200 kb) under
investigation. The fragment is then circularized and
digested with an enzyme which does not have a recognitien
site within the marker fragment. This fragment woulld
represent a marker for two DNA sequences which were ndrmally
separated by 200 kb. The left-hand marker can then be uzed
to "jump” 200 kb downstream to the right-hand marker

(Collins and Welssman, 1984).

Localization of genetic disorders

A number of genetic disorders have been localized to
specific buman chromoscmes using the above described
stralegies. The gene causing Huntingteon's Disease was found
to be linked to a random DNA segment, which was localized to

chromosome 4pter (Gusella et al., 1983; Gusella gt al

1985} . Cystic fibrosis was linked to the serogenetic enzyme
marker, paraoxonase (PON) [Eiburg gt al., 1985) ard tight
linkage to DHA markers, which map to the long arm of

chromogsomnse 7, have besn found (Knowlton et al., 198%a;
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White et al., 1985). A candidate for the potential gene
causing cystic fibrosis has recently been isclated (Estivill
et al., 1987). The gene for Duchenne Muscular Dystrcphy vas
first shown to linked to two X~linked probes, RC8 and L1-23,
which were localized to the short arm of the X-chromosome
(Murray et al., 1982; Davies et al., 1983). A portion of
the DMD gene has also recently been isolated after extensive
research (Xunkel ef al., 1985; Kunkel and co-workers, 1986;
Monaco et _al., 1986).

Highly polymorphic RFLPs have been very important in linkage
studies where, because of their high PIC values, they are
usually informative in all families (Donis-Keller et al.,
1986; Higgs et al., 1$86). The hypervariahle region 3' to
the human a-globin gene on chromosome 16 has been shown <o
be linked to Adult Polycystic Kidney Disease and also to
phosphoglycolate phosphatase (Reeders et al., 1985; Reeders
et al., 1986). A dominant gene wh.zh confers a strong
predisposition to manic depressive disease in the Amish
population, has been linked to the higaly variable region at
the HaRas gene locus, on chromosome llp, (Egeland et al.,
1987). No linkage was demonstrated in three Icelandic
{Hodgkinson et _al., 1987) and three North American kindreds
(Detera-Wadleigh et al., 1987) thus indicating that this

psychosis is heterogeneous.

The number of genes isolated through linkage to
RFLP~detecting DNA markers is increasing and the gcal of a

complete genetic linkage map of the human genome is in
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sight. Much work will however still be needed to find the
loci responsible for many genetic disorders, even when a
linkage map of the human genome is completed. (This will be

discussed further in section 1.4). An extensive review of

all genetic diseases which can be diagnosed using
racombinant DNA technology has been published (Antonarakis
et al., 1985a; Cooper and Schmidtke, 1986). The detection
of markers for genetic diseases raises important medical,
gsocial, legal, and ethical issues and there are widespread

implications for the future of genetic diagnosis.
Other Medical Applications

RFLPs have been applied to other m.lical fields. The clcnal
origin of *umours has been aetermined using X-linked RFLPs
and this could have important clinical implications
{Vogelstein et al., 1985). Highly informative RFLPs have
been useful to evaluate graft rejection, graft-verses-host
reactions and the recurrence of leukemia after bone marrow
trangplants (Knowlton et al., 1986). RFLPs, detected using
the genes coding for class II HUA antigens, have been used
to sub-divide the serologically detected class II antigens
and an increased association of some of the DNA fragments
with insulin-dependent diabetes-wellitus and Rheumatoid

Arthritis has been shown (Festenstein gt _al., 19386).

KFLPs also are useful for medico-legal investigations
including disputed paternity and forensic medical issues.
Classical genetic markers including red cell enzymes, blood
group antigens an& HLA antigens have successfully been

applied to paternity testing. These markers could be
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replaced by DNA markers such as highly polymorphic RFLP loci
(Kazazian et al., 1986; Smouse and Chakraborty, 1986). The
minisatellite regions, detected using the myoglobin repeat
sequence, have been used to decermine the origin of a
Ghanaian boy in an immigraticn test-case (Jeffreys et al.,
1985b} . These minisatellite fragments are stably inherited
in a Mendelian fashion and the mutation rate is low
(Jeffreys et al., 1985a). Minisatellite probes could have
major implications in forensic medicine as it has been shown
that results could be obtained from old kleood stains (Gill

et al., 1985).

1.3.2 Anthropoloc .cal

As early as 1918, genetic markers were used for A
anthropological studies, when it was demonstrated that the
ABO blood groups varied according to the ethnic origin of
the population (Hirszfeld and Hirszfeld, 1919, cited in
Cavalli-Sforza et al. 1986). 1In 1950 individuals were
assigned to their ethnic group of origin by using ABO, MN
and Rh blood group data (Boyd, 1950). However, it has been
found that individual loci, are rarely sufficiently
informative to draw conclusions about the ethnic origins of
individuals. The accumulation of information from many
genes should allow for the reconstruction of the

evolutionary history of population groups.

In 1964, 5 loci were used to construct a tree of descent, of
human ethnic groups, consisting of 15 populations

{Cavalli~Sforza and Edwards, 1964). Such results gave
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respect to their origin., Initially the accumulation of data
for such studies has been slow, because the number of
classical polvaorphic markers were low. Some polymorphisms
have been gpecifically found present in only one population
group. For example, the Eyf and Fy® alleles at the Duffy
bloocd group locus are not found in individuals of African
origin, but in Caucasoids both Fy® and Fy° are found at
significant frequencies. The presence of the Fy® or Fy°
alleles or both in individuals of African origin have
probably some degree of Caucasoid admixture. Gene flow
between population groups can give rise to changes in the
gene frequencies of the original parent population (reviewed

in Bodmer and Cavalli-Sforza, 1976).

The discovery of RFLF = which directly detect DNA sequence
variation has allowed for these studies, on human
populations, to proceed more rapidly. By analyzing the
frequencies of the alleles in different populations it is
possible to construct genetic distance maps between the
populations (Cavalli-Sforza et al., 1986)., Human racial
groups have been studied at the nuclear level by analyzing
differences in restriction sites at certain gene loci. The
data from the human f~globin like gene loci show that there
was an early split between the African and Caucasoid /
Mongoloid populations and that a relatively small founder
population immigrated out of Africa (Wainscoat et al.. 198&;
Jones and Rouhani, 1986). This interpretation has not been
accepted by everyone (Giles and Ambrosia, 1986; Greenwood,

19867 .
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The same approach has been possible using mitochondrial

DNA. The human mitochondrial genocme is a circular molacule
consisting 16,5 kb of DNA. It has been completely sequenced
(Ande 'son gt _al., 1981) and shown to evolve 5-10 times more
rapidly than human nuclear DNA., Mitochondria are maternally
inherited and every individual therefore has only ane tvpe
of mitochondria and no differences due to rev-owbination are
generated. Differences between mitochondrial DNA types in
individuals can pe determined by restriction mapping and
high resolution mapping, using agarose and poelyacrylamide
gel electrophoresis. The analysis of 467 independent sites
in the mitochondrial genome, using 12 different restriction
enzymes, in 147 individuals, from 5 different populaticns
revealed 133 different m;tochondrial types (Cann gt al.,
1$87). It has been estinated that a single ancestral
mitochondrium has evolved to give rise to the variation
present in man today. There are two primary lines of
descent, the first being specific for Africans and the
second for a few African and all other racial groups. This
data was therefore consistent with nuclear data, from the

A-globin gene seguances (Wainscoat et al., 1986).

The development of Y chromosomal probes, which detect {FLPs,
will ba useful o study the zvolution of the paternal

srncent 1. A faw polyoorphic regions have besn found on the
Y chromosome ana che variation appears Lo be present in all

population groups studied (Page gt 1982 Bishop et_al.,

1984, Casanova gt al., 198%). Both mitochondrial and ¥

~hromosome-specific RFLPs will be useful to study gene flow
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between racial groups. The results will give information
aboat the direction of gene flow and the common ancestors of

the racial groups.

The origin of specific gene clusters and mutations can bhe
analyzed using ?FLPs. The 13 kb Hpal fragment associated
with the HESS glcbin gene in some Negroid populations was
also found to be associated with the Hbﬂc gene mutation.
These results indicated that the mutation, which gave rise
to the Hpal site, predated the origin of the sickling and
the HbE® mutation (Kan and Dozy, 1980). Further haplotype
studies, using extensive restriction mapping, and 11
Alfferent polymorphic rustriction sites around the asuqlobin
gene, led to the conclusion that the mutation causing the
sickle cell gene has arisen independently in three areas in

Africa (Pagnier et al., 1984).

Type I Gaucher Disease, which is prevalent in the Ashkenazi
Jewish pcpulation, was proposed to have originated in a
single extended kindred. However, restriction mapping of
tha: defective gene has demonstrated heterogeneity, thus
indicating that the mutation causing Gaucher Disease has
arisen more than once, even in this small population group
{Sorge et al., 1985). Haplotype studies arocund the giz gene
causing al~antitrypsin deficiency has indicated that the
mutant allele was always associated with an identical
naplotype, in all populations groups, thus suggesting there
is probably a single origin of this mutation, which has
predated the divergence of the populations in which it

occurs (Cox et al., 1985).
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Gene clusters, svch as the o~ and w~like globir gane
clusters and the human growth hormone somatomammotrophin
gene clusters, are said to have originated by gene
duplication and translocation events to the same or
different chromosumes. These events can be analyzed by
using RFLPs at and around these loci (reviewed by Jeffreys,

1981; Chakravarti gt al., 1984).

1.4 MAPPING THE HUMAN GENCME

The time-span during which the human genome has been napped
can be divided into a number of periods. Classical Genetics
was first used to map genes by analysis of the segregation
patterns of traits in families. Somatic Cell Genetics was
used initially to map huran genes to specific chromosomes
using cell culture techniques. Finally molecular genetic
techniques hav: resulted in the jsolation of huwman genes
from human DNA libraries and, by exploiting somatic cell
hybrids or by means of in sity hybridization to an ever
increasing number of genes keing mapped to specific
chromcsomes every year. (Extensive reviews are available by
Renwick, 1971; Ruddle and Creagan, 1975; McKusick and
Ruddle, 1977; McKusick, 1979; Shows et al., 1982; wmuddle,
1984) .

The construction of a complete human genetic linkage map is
now possible due to the wealth of techniques and material

which have become available over the past few years. This




45,

section will discuss the developments and technical
breakthroughs which have played an important role in nmapping

of the human genome.

Historical background

In the early 1990's, Sutton and Boveri theorized, that the
"factors” proposed by Mendel, which ware later called genes
by Johannsen (1909), were carried on chromosomes . Hunt,
Mergan and Sturtevant (1911), demonstrated that in
Drosophila genes were linearly arranged on chromosomes and
that the distance between two gene loci on a chromosome
could be inferred, according to the frequency of
recombination between these traits among offspring of
particular parental pairs. The gene causing colour
blindness wa~ the first to be localized and it was assigned
to the X chromosome by Wilson (1911), (reviewed by Ruddle
and McKusick, 1977)

Human linkage was tirst demonstrated between the genes for
haemophilia and colour blindness (Bell and Haldane, 1937)
and further X-linkage was shown between the loci for
glucose~6-phosphate dehydrogenase and colour blindness in

American Negroes (Porter et al., 1962).

The rirst autosomal linkage was found hetween the Lutheran
blood group and the Secretor trait (Mohr, 1951) but the
actual autosome involved was only identified as chreomosome

19 by Eiberg et al., in 1983. 1In 1968, the first




chromosomal assignment of an autosomal linage group, the

ABO blood group/ Nail-Patella syndrome/ adenylate kinase,
was shown to be on chromosome 9 (Rapley gt _al., 1968).

No genes were initially assigned to the human Y chromosome
even though Painter had shown the presence of a Y chromosome
in all males in 1920 and had proposed (1950) that the Y
chromosome carried a testis-determining factor (raviewed by
Ruddle and McKusick, 1977). Ia 1956 the correct number of
human chromosomes was shown to be 46, with each person
having 22 pairs of autosomes and one pair of sex

¥ chromosomes. Females were shown to have two X chromosomes

w and males to have an X and a Y chromosome (Tjio ard Levan,

1956, Ford and Hamerton, 1956}.

L 1.4.) <Classical Genetics

Morgan (1911) suggested, from studies on X~linked mutants in
Drosophila, that genes are linked as result of being carried
on the same chromosome, and that genes which were closer
together would therefore be found t 2 coupled more
frequently than distant genes, ti rant (1913)
demonstyrated that, in Rrosophila pelangaster, it was
possible to map the genes on the X chromosome linearly,
using the freguency of recombinaticon as an index of the

N relative distances between the loci on the chromosome
(reviewed by Conneally and Rivas, 1980). Loci which are or
the same chromosome were termed syntenic by Renwick (1959%).
Linkage has been defined 23, " the occurrence of two loci

which are sufficlently close together on a chromosons such
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that their assortment is recognized as being
non~independent". Linked lowi are syntenic hut the converse
i3 not necesgsarily true (Renwick, 1968). The classical
method of locallization of auman genes proceeded slowly by
means of linkage analysis in family studies, which was made
by careful observation of Lhe segregation of traits within

tamilies.

There were two approaches to the localization of genes.
Firstly, linkage analysis was used %o construct a genetic
map of the loci, depending on the rate of occurrence of
crossovers betwzen the loci, Secondly, the approach was the
actual physical assignment of a gene to a chromosomal locus
by somatic cell genetics and molecular hybridization studies

(sea helow).

Linkage Analysis

The recombination fraction (8) was defined as the proportion
of strands that experience an odd number of crossover evants
betwoen two locl. It is the unit of measurement of map
distance expressed as a centimorgan (cM) or a map unit. The
relationship between recombination frequency and physical
length of DNA, between the loci, 1s that cne centimorgan
(M) is roughly equal to 1 000 kb, The maximum
recombination frequency between two loci is 20% , which
indicates that they are not linked. For short intervals
between loci the freguency of recombination will be directly

proporvional to the size of the map interval, but as the

P
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distance lncreases the relationship becomes more non-linear “
due to multiple cirossovers and interference (Renwick, -

1871y

The LOD score method is a quantitative expression of the
likelihood of linkage. The result gives the likelihcod that
such a combination would have oncurred if the two loci
esam..ed were linked at a given wecombination fraction (8).

The odds in the lud is a lik~lihocd ratio:

LoD="0g,, Likelihood of observed peaidre: assuming ©=0

Likelihood of observed pedigree assuming o=0,%

LoD srores of dffferent families can be added together. The
recombination fraction giving the highest LOD score is taken

as the maximum likelihood estimate. A LOD score of +3,0

o

irdicate that the likelihood of linkage is 1000 ¢ 1 and have N
been taken on recommendation of Morton to mean that “there

is very strong evidence of linkage" . A LOD score of ~ 2,0

ar less at 6=(,2 is taken as “"strory evidence against

linkage" (Morton, 1955a). Linkage analysis between two

Jogt, using the classical method of LOD scores, was

i itially restricted to simple Mendelian traits in nuclear

families, nowever a number of linkage groups ~ore

successful'y determined,

tenes on the Sex Chromosomes

The observation of twe X chromosomes in females and one X

chroposome in males allows the genes to be assigned to the X

chromosome with relative sase. The first gene assignments
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distance increases the relationship becomes more non-linear
due to multiple crossovers and interference (Renwick,

1971) .

The LOD score me:chod is a quantitative expr.ssion of the
likelihcod of linkage. The result gives the likelihood that
such a comkination would have occurred if the two loci
examined were linked at a given recombination fraction (8).

The odds in the lod is 3 likelihcod ratio:

LOD=10g,, Likelihood of observed pedigree assuming 6=0

Likelihood of observed pedigree assuming 6=0,5

LOD scores of different families can be added together. The
recombination fraction giving the highest LOD .core is taken
as the maximum likelihood estimate. A LOD score of +,,0
indicate that the likelihood of linkage is 1000 : 1 and have
been taken on recommendation of Morton to mean that "there
is very strong evidence of linkage" . A LOD score of - 2,0
or less at ©=0,2 is taken as "strong evidence against
linkage" (Morton, 19%5a). Linkage analvsis bhetween two
loci, using the classical method of LOD scoves, was
initially restricted to simple Mendelian traits in nuclear
families, however a number of linkage groups were

successfully determined.
Genes on the Se« Chromosomes
The observation of two X chromosomes in females and one X

chromosome in males allows the genes to be assigned to the X

chromosome with relative ease. The first gene assignaents
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namely colour blindness and haemophilia were both to the X

chromosome. The segregation of traits from mother to son
and from father to daughter indicated X-linkage. The
phenotypes of the male offspring give definitive information
on the phase of the chromosome. The genes for maleness were
proposed to be on the Y chromosome, when it was observed
that the Y chromosome was essential to the development of
testis rega lless of the number of X chromosomes present as
was shown in males having Klinefelters Syndrome (Jaccbs and
Strong, 1959). The initial identificat -a of the HY antigen
in the presence of the Y chromosome, duc to skin graft
rejection between male and female mice, led to the proposal
in 1955 that this gene was on the Y chromcsome (Eichwald and
Silmser, 1955). This controversy has not yet been

resolved.

Genes on Autos~mes

The first autosomal assignment of the gene for the Duffy
blood group, (Fy), to chromosome 1, was based on the
co~segregation of the Fy gene with inherited structural
variants of the heterochromatic region on the long arm of
chromosome 1 (Donahue et al., 1968). The location of
autosomal genes was more difficult by family studies,
however some linkage groups were found, as has been
previously wentioned and others incluie the Rh blood group
and the elliptocytosis locus (Lawler and Sandler, 1954) and
the ABO blood group and Nail-patella syndrome (Renwick and
Lawler, 1955). These linkage groups were assigned to

chromosome 1 and 9 respectively when chromosome mapping




techniques became defined (Ruddle et _al., 1972 and Rapley gt

al., 1968).

1.4.2 BSomatic Cell Genetics

A numker of technical discoveries were responsible for the
development of somatic cell genetics. Somatic cell hybrids
are the result of parasexual events, that is usion of two
cells that are not gametes, in culture. The nuclei of two
different cells were fused forming an interspecific hyorid
cell which had double the number of chromoscmes ({Barski et
al., 1961). The potential use of somatic cell hybrids to
study cell physioclogy and function was recognized. Hybriad
cells were shown to express the HIA antigens of both
parental cell lines (Gershon and Sachs, 1963). In 1965, the
first min-mouse hybrids between Hela cells and mouse tumonr
cells were formed (Harris and Watkins, 1965; Ephrussi and
Weiss, 1945). The observatian that there was a selective
loss of the human chromosomes in the mouse~human hybrid
lines was the landmark in the development of a very powerful

tool for chromosome-gene mapping (Weiss and Green, 1967).

The human phenotypes of the hybrid cells could be related to
those human chromosomes that were retained within the cell
line (reviewed by Renwick, 1971, Ruddle and Creagan 1973,
McKusick, 197¢). The identification of a specific human
gene product, correlated with the presence or absence of a
specific human chromosome in the hybrid cell, was initially
used to map the gene for thymidine kinase to chromosonme

number 17 (Miller ef al., 1971).
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Human protein products and cell surface antigens, that were
constitutively expressed in the nybrid cell lines, could be
initially mapped because they could be identif’ed (Ruddle

and Creagan, 1975). Selection systems were developed to

recovar hybrid lines containing specific chromosones
efficiently, such as the [IAT growth medium (Littlefield, ;
1964). In man/rodent hybrid lines, tne rodent cell lines
were selected for mutaticns of either the hypoxanthine
guanine phosphoribosyl transferase (HGPRT) or the thymidine
kinase (TK) gene by resistance to certain drugs. After
fusion the lines were grown in the HAT medium, containing
hypoxanthine, aminopterin and thymine. The aminopterin
blocks the de novo pathway of purine biosynthesis and the
hybrid cell is dependent on che activity of hum=n HGPRT and
TK genes to suirvive. The surviQinq hybrid lines will
contain at least the human X chromosome and chromosome

number 17.

Evoluticnary Jivergence between man and rodents has resulted
in amincacid changes in homologous enzymes. These enzymes
are functionally identical buat structurally altered. [t is
possible to identify the presence of a human gene in a
hybrid clone by distinguishing between the human and roadent
gene product due to a differences in the electrophore’.ic

mobility of the product (Ruddle, 1873}.

The ability to identify specific human chromosomes has also
had a major impact on human gene mapping. Quinicrine and

giemsa were shown to bind differentialily to specific regions
of the human chromosomes such that each chromesome displayed

a unigue patterr of bands and these technigues became known



us Q-banding and G-banding respectively (Cassperson et _al.,
1870; Cassperson et al., 1971: Sumnev et _al., 1971).
Further techniques to distinguish betwzen rodent and human
chromosomas in culture have also been developed (Bobrow and

Cross, 1974).

1.4.3 Molecular Genetics

Mulaecular genetics has had a major influence on the field of
human gene mapping and has been combined with cytogenetic
tecaniques, such as somatlc cell genetics and in situ
hybridization. This has resulted in the localization af
many human DNA seqjuences to speciflic human chromosomes,

This technology is presentlv being used to construct a human

linkage map to cover the human genome.

Molecular hybridization studies using somacic cell hybrids

Initially, hybridization studies were performed in solution
using the human e~ and f-globin cDNA clones and somatic cell
hybrid clones containing different human ch.omosomes using
Cot analysis. The a- and f-globin genes complexes were
localized to chromosomes 16 and 11, respect_vely (Deisseroth

et al., 1977, Deisseroth et al., 1978).

These studies were not entirely satisfactorv therefore DNA
filter hybridization studies were done usingy a panel of
somatic cell hybrid lines and Southern blot analysis.
Southern blots were prepared from a number of somatic hybrid

lines each containing a different complement of human
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chromosomes and these were used to localize cloned DNA
sequences. The DNA secuence was radiolabelled and
hybridized to the somatic cell DNA immobilized on the
filter. On the basis of elimination, due to presence and
absence of individual chromosomes, a sequence could be
tentatively assigned to a specific human chromosome (Kamarck

et al., 1984).

The mapping of chromosomes has been facilitated by the use
of structural chromosomal aberrations such as
translocations, deletions and inversions (Ferguson-Smith and
Aitken, 1982). Somatic cell hybrid lines were constructed
using these stiuctural aberrations and helped in the
regional assignment of genes. The Human Genetic Mutant Cell
Repository was established in 1972 in Camder, dew Jersey.

It is an important zource of cell cultures for genetic
research especially the regional mapping of genes (Greene,
1978). The American Tissue Culture Centre also aims at the
collection and distribution of important material for

genetic research (Benarde and Nierman, 1985).

Chromosome specific DNA libraries

Human mitotic metaphase chromosomes can be sorted into size
groups using a fluorescence particle sorter (Carrano gt al..
1979). This has been applied to chromosome sorting of cell
lines containing translocations, deletions and
rearrangements of genetic material. These chromosomes can
then be sorted individually due to an alteration in size and
such chromosomes can be used to prepare somatic cell hybrids

lines (Krumlauf gt al., 1982; Kunkel et al., 1982). The

]
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human G-gamma A-gamma-§-3 glob.n genes were mapped to the
short arm of chromoscme 11 using somatic cell hybrids,
constructed from flow sorted chromosomes which had a
translocation between the human chromosome 11 and the X

chromosome (Lebo et al., 1979).

Chromosome-specific DNA libraries were constructed using the
process of chromosome sorting combined with recombinant DNA
technology (Schmeckpeper et al., 1979; Gusella et al., 1980
or using somatic cell hybrid lines containing a single human
chromosome. Recombinants containing human sequences were
isolated by hybridization to radiolabelled total human
genomic DNA and then single-copy human seguences present
within the clones were isolated. These libraries have been
an important source of chromosome-specific CUWA probes. Many
chromosome-specific DNA libraries have been constructed and
are available from various laboratories (Willard et al.,

1985) .

In situ Hybridization to Metaphase Chromosomes

In situ hybridization has been described as the marriage
between molecular bioclogy and cytology (Hsu, 1979). The
hybridization of radiolabelled rRNA in solution to denatured
DNA of intact cytnlogical preparations, and the subsequent
in_sity hybridization of radioclabelled LNA to DNA of
cytological preparations, was demonstrated by Pardue and
Gall (1%96%a, 1969b). Radiolabelled mouse satellite DNA was
localized to the centromeric heterochromatic regions of
mouse chromosomes {(Pardue and Gall, 1970). This technique

was applied to the localization of human DNA sequences and



initially, only repetitive genes were localized to human
metaphiase chromosomes. Human repetitive and satellite DNA
was mapped to the pericentric regions of chromosomes
{Saunders gt _al., 1972; Jones and Prosser, 1973; Gosden gf
al., 1977). Those human genes found as mid-repetitive
sequences in the genome, such as the genes for 5S ribosomal
RNA and the genaes for 185 and 2885 rRNA were localized to
chromosome 1 region g42~-43 and to the secondary
constriction, not the satelllite reglion, of the short arm of
the human acrocentric chromosomes respectively (Steffensen
et al., 1974; Evans gt al, 1974; Chandler and Yunis 1978).
The first human structural genes to be localized using this
method were the human histone genes, which are tandemly
repeated forty fold in the human genome, and were locallized

to chromosome 7qg (Wilson and Milli, 1977).

Harper and sSaunders (198la) demonstrated that it wis slso
possible to localize single-copy regions of DNA to metaphase
chromosomes. This was due to the discovery that Dextran
Sulphate accelerates the rate of hybridization, one-hundrad
fold, of randomly cleaved single-stranded DNA probes to
immobilized DNA on filters (Wahl et al., 1979). A randon
single~copy DNA seguence was the first to b2 localized using
thig technigque. This technique was extended to the
localization of other single-copy genes such as human
B-globin, insulin, « Jlohin and placental lactogen

{Gerhard et al., 1981; Harper e% al., 1981; Barton st al.
1982: Harper et _al., 1982). The first random RFLP-detecting
DA probe to be localized was DI4S1 (pAWIGI) to 14gl21-322
(Donlon et al., 1983). This jin sity localization confirmed

previous somatic cell hybrid studies
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(DeMartinville et al., 1532, Balazs et _al., R Many
single-copy random RFLP-detecting sequences ve now beeun
localized by this method (Human Ger:-Mappiny workihops 7 and

B, 1983 and 1985).

1.4.4 Collaboration to Map the Human Genome

Collaboration between laboratories has also been set up in
order to map the human genome more efficiently. A major
collaborative project was initizted by Professor J. Dausett
in order to pool all available RFLP data at the Centre
d'Btude du Polymorphisme, Humain (C.E.P.H.) 'n Paris in
1984. Cell cultures from forty large families were
established and DNA from them has been made avajlable to a
number of interested researchers. These families have been
typed for a wide range of serogenetic markers and the
commitment of sach collaborator is to type all informative
families with their RFLP~-detecting probes. A database
combining all this information has been set up and made
available to collaborating labovatories. Linkage analysis
will be performed between each RFLP detecting DNA sequence
and other markers. This project is in principle an
extension of the pruposal of Botstein abt al., (1980) to
construct a genetic linkage map -f the human genome using
all known human polymorphic markers. Furtheraore, the use
of large multigenerational families for linkage analysis
increases the probability of funding linkage between genetic

markers (Skolvick et al., 1984)




Eight Human Gene Mapping Workshops have alrezady been held
where all interested researchers meet and update all
available data on the human gene map. Human gene mapping
workshop numbers are given co all arbitrary DNA sequences,
of unknown function, once they have heen assigned. A human
gene mapping database has been set up at Yale University and
all information regarding mapping of the human gen me is

placed into it (Miller et al., 1984, Miller et al., 1985).

1.4.5 Conclusions

The mapping of the human genome is an enormous task. After
a slow start, gene mapping is proceeding rapidly as new
developments have occurred. The discovery of RFLPs started
a new era in the mapping of the human genome, because thase
DNA sequences could potentially be found throughout the
genome., In these cases, the importance of the DNA sequence
was its function as a genetic marker on a chromosome. An
important achievement in this field is the collaboration
between researchers, which eliminates the duplication of
work and promotes the sharing of material. This is
exemplified best by the Centre for the Study of Human
iolymorphism. A complete human linkage map within a few

years is now a realistic goal.
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1.$ AIMS OF THIS STUDY

The construction of a human genetic linkage map using highly

informative DNA markers which are equally ced across the

human genome was proposed by Botstein gt ¢ (1980). This

linkage map would need approximately 150 to 1500 DNA markers
wi reasonable PIC values. However, before this could be
realized, a much larger number of RFLP-detecting sequences
needed to be isolated and localized to the human
chromosomes. The markers which will ultimately make up the
map will be drawn from those that are found to be the most
useful in this pool. The main aim ¢f my study was to
contribute to the mapping of the human genome by searching
for and characterizing a number of RFLPS in the human

genome .
The more specific aims of this study were:

1. To isclate single-copy human DNA sequences from a human

yenomic library.

2. To use these single-copy sequences as DNA probes to
search for polymorphic variation among Caucasocid

individuals.

3. ‘To show by means of fanily studies that the RFLPs were

inherited in a co-dominant Mandelian fashion.

4. To determine the population frequencies of these RFLPs
in Southern African Populations, namely the

Bantu-speaking Negroids and the San.



To assign these RFLP-detectiny

chrom somes us.ing somatic cell
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DNA sequences to human

hykr'd lines.
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2 CHAPTER TWO —- MATERIALS AND METHODS

This Chapter discu.ses the materials and methods which were
used i this study. All of the recombinant DNA experiments
were carried out in a laboratory classified as P2, according
to the guidelines of SAGEME (The South African Committee for
Genetic Experimercation). The composition of many of che

solutions mantioned in this Chapter are given in appendix B.

2.1 COLLECTION CF MATERIALS

Screening studies

Blood samples were taken from consenting random Caucasoid
individuals at the S.A.I.M.R. so that a repeat sample could
be obtained if any interesting polymorphisms were found.
Fifty mi of blood was collected into ACD or EDTA sample

tubes.

Five Caucasoid families having at least four children were
obtained. After informed consent, 50 ml of blood was drawn
into 1 clotted sample tube and 10 ACD tubes. Serogenetic
markers were studied on these samples in order to exclude

any families where there was non-paternity.

P
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Population studies

Three population groups were used in this study, namely the
Caucasoids, who are recent immigrants to this country, and
twe indigenous groups namely the Negroids and the San

(reviewed by Nurse et al., 1985}

i. The Caucasoid population

English and Afrikaans-speaking white individuals, who lived
in Johannesburg, were used for screening studies. The
Afrikaaner-speaking population is a more biological distinct
group of people compared with the Eaglish, and accounts for
60% of the white population in South Africa. A number of
the English speaking people had Afrikaaaner and British
ancestors. These individuals are grouped together as the

Caucasoid population.

In addition, a large number of DNA samples were received
from members of large three-generational Caucascoid fawilies
as part of the C.E.P.H. programme. All the data from the
non-related parents of these families was also used for
population studies. These individuals were from Utah, in
North America and from France. The Venezuelan and Algerian

families were both excluded.
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ii. The Southern African Negroids

Many different tribal groups of Bantu-speaking Negroids are
found in Southern Africa, but due to urbanization

inter-tribal relationships have increased and they are now

no longer isolated groups of people. In this study
individuals from different tribal groups were obtained,
including the Nguni-speaking people, nacelv 2Zulu, Xhesa and
Swazi people, the Sotho-speaking pe»ple, namely the Northern
Sotho or Pedi, Socuthern Sotho and Swazi and some individuals

from the Venda tribe.

The Zulu belong to the Natal division of the Nguni

Population. They are descendants of a number of independent

Nguni Chiefdoms and live in an area which is encompassed by

Nata) and Kwazulu. The Xhosa people are found in the {
western Cape and Swazi people in the independent country of

Swaziland. Both groups of people are similar to the Zulu

tribe in terms of language and custom.

The Sotho group of Bantu-speaking people consists of three
groups namely the Pedi or Northern Sotho, the Southern Sotho
and the Tswana. The Pedi live in the Norrhern Transvaal
regions, the Tsw.na are from a wide area extending beyond
the northern Cape province and Transvaal inte the Republic
of Juiswana and the Southern Sotho inhabit gions in the

Southern and Eastern Transvaal.
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The Venda are still a distinct group of people found in the
¥orthern Transvaal. They are distinguished by their
language and have remained an isolated group mainly due to

their geographical location.

Morphology of the Negroids

The African Negroes are of medium height, and are
characterized by a brown to dark brown skin colour. They
have dark brown to black woolly hair. They are generally of

muscular build and nave rounded limbs.

Sources of Samples

A number of samples of blood were obtained by infc.med
consent from a group of Zulu school children who lived in
Ubombo, Kwazulu in 1983. All other samples were obtained
from individuals who lived and worked in the urban areas

surrounding Johannesburg.

iii. The San or Bushman Population

These individusls are the best known examples of the
Hunter-gatherer peoples of Southern Africa. They are
indigenous to the whole of soutn and south-eastern Africa
and have probably occupled the regyion for many centuries, if
not millennia. Today these people have been confined to the
Kalahari desert, an area which lavgely precludes
agriculture. During the past decade many of the San
individuals have been resident in settlement at Tsumkwe in

Namibia. The San have been divided into three linguistic




groups, a Northern, a Central and a Southern group, but the
cultural differences among these teople are wminimal., The
majority of San individuals are found in Northern Namibia
and consist of !Kung individuals, who belong to the Northern
Bushman language group. The San were, until recently, a
relatively isoclated group of people and therefore it is
possible that mutant genes and polymorphic loci could have
assumed high frequencies in this population due to random

genetic drift.

Morphological features of the San

The San people can be characterized by a small stature with
a light yellowish brown skin colour. Their hair consists of
spirally tufts (peppercorns). They are usually of slender

build, with thin not heavily muscled limbs. They often have
slanting eyes with epicanthic folds, lobeless ears and other

features of the head and skull.

Collection of samples

Blood samples from random San individuals were obtained
during departmental fleld studies on the population of
Toumkwe in 1981 and 1982. Due to their geographical
location, it was not always possible to follow up
individuals to obtain repeat samples when interesting

vegults were found.

——
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2.2 180L.TION OF SINGLE-COPY HUMAN PROBES
2.2.1 Screening a Human Genomic Library

A human genomic DNA library was a gift of Dr. T. Maniatis
1978. The library was constructed by digesting human DNA
with HaeIII and Alul, adding synthetic linkers and then
clening these fragments into the ECORI sites, at positions
19890 and 34990, of the Charon 4A bacteriophage (Lawn gt
al., 1978; Maniatis gt al., 1978). The DNA region bwr-ween
these two EcoRI sites, of Charon 4A, codes for genes which
are not essential for ¢he replication and bacterial
chromesomal integration of the phege. This region could be

removed and replaced with human DNA seguences.

The host cells, EK2 bacterial strain LE392, were prepared by
growing an aliquot to ar overnight density of 0,2 at
OD({600). (EK2 is a biological safety rating for containment,
Blattner et _al., 1977). The cells were pelleted at 3 700
rpm for 20 minutes and the pellet was resuspended in 0,1 M
magnesium sulphate to an OD(600) of 0,15. A 10 ul aliquot
of the library, was diluted using SM buffer to 1,0 X 107,
1,0 X 1Q8 and 1,0 X 109, mixed with the host cells (at a
ratio of 1 phage in 100 000 host cells). The phage and
LE392 dilutions were mixed with 5 ml of top layer NZCYM
(0,6% Bacto-agar), at 55°C and plited onto agar plates
prepared with NZCYM containing 1,2% Bacto-agar. When the
top layer had set the plates were incubated overnight at

37°C. These results determined which of the phage dilutions
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gave non-overlapping plagues. All of the previous days
dilutions were then adjusted to this dilution factor,

replated out with LE392 and incubated overnight at 37°C.

A large number of plates were seeded using LE392, (10U ul
host cells and 5 ml of top layer per plate) and allowed to

dry for 15 minutes. Isolated piayues were picked with

sterile toothpicks and placed according to a grid structure

and allowed to grow overnight at 37°C.

Transfer of plaques to a membrane (Benton and Davies, 1977)

Thi~ method allows for the transfer of plagues in situ to a
solid support, nitrocellulose discs (Schleicher and
Schuell). Enough phage remains viable on the plates tu be
reisolated, after the phage wshich contained single-copy
human DNA seguences had been detected. Nitrocellulose discs
were placed onto a plate for a minute. While the transfer
was proceeding the disc was numbered and corresponding
jdentification marks were made on the filter and the plate.
The filter was then placed, with the DNA side upwards, onto
filter paper scaked in denaturing solution for a further
minute. Then the filter was placed into the beaker of
neutralizing solution. Any agar that was attached to the
filter was gently rubbed off. This process was repeated
until all the plates had been transferred to membranes. The
filters were rinsed twice in 2 X 88¢C, allowed to dry and

then baked under vacuum at 87°C, for 2 hours.
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Hybridization of filters to radinlabelled genomic DNA

“n order to isolate plaques contalning single-copy human DNA
requences the filters were hybricized to radiolabelled total
human genomic DNA. The filters were incubated in
prehybridization solution containing 50% formamide at 42°C
for 6~16 hours. The human DNA, labelled by nick translation
(section 2.7.1) was denatured by boiling, mixed with
hybridization solution which contains prehybridization
solution plus 5% Dextran Sulphate and added to the filters.
Hybridization was allowed to continue for 16-20 hours. The
labelled DNA was removed and the filters were rinsed twice
in 2X £8C, then with gentle shaking in 2X 8S8C for 30
minutes, finally at 55°C for 1 hour in post-hybridization
wash (0,1¥ 8S8C, 0,1% SDS) with a change of solution after 30

minutes.

The filters were rinsed in 2X SSC, sealed in plastic and
exposed to X-ray film (Trimax 3M XD) in cassettes with
intensifying screens, at -70°C overnight. The X-ra/ film
was developed in Kodak Developer and rapid fixer . The
X-ray film was compared to the bacteriophage agar plates.
Those phage which did not hybridize to total human genomic
DNA potentially contained single-copy human DNA sequences

(Figure 2.1}.
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Figure 2.1. An autoradicgraph of a nitroceliluls filter
containing bacteriophage DNA and hybridized to radiclebelled
total human DNA.

The dark spots indicate the presence of repetitive human DNA
contained in the bacteriophage and the arrow indlocates o
potential single-copy human DNA seguence contained in the
phage, since there ls no detectable hybridivation to total
human DNA.




Those phage were reisolated onto a freshly seeded plate and
the screening procedure was repeated. Finally all the
phage, which potentially contained single-copy human DHA,
were picked and resuspended in eppendorf tubes containing 1}
ml of SM buffer and a drop of chloroform. The tubes were

sealed with parafilm and stored at 4°C.

2.2.2 1Isolation of bacteriophage DNA

Large scale plate lysate isolation ot lharon 4A DNA
(modified method of Maniatis gt al., 1982)

Preparation of host bacteria

A fresh plate of the host bacteria (LE392) was prepared from
a glycerol stock of the strain, stored at -20°C. "The plate
was incubated at 37°C overnight. An isolated colony was
used to inoculate 50 ml of NZCYM in a 250 ml conical flask
and allowed to grow overnight, with vigorous shaking, at
37°C to an OD(600) of 0,2. The cells were harvested and
resuspended in 0,1 M magnesium sulphate tc a final OD(600)
of 0,15. These cells were stored at 4°C and could be used

for up to 2 weeks.

Infection of LE392

The resuspended plagus was gently mixed and 10 ul was
diluted 10X, 100X and 1000X with 8M buffer. Each dilutiun
was mixed with 100ul of the host cell preparation and

incubated at 37°'C for 10 minutes. The mixtures were added
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to melten top agar (55°C) and plated onto NZCYM agar
plates. Three control plates were prepaved in order to
check that the soft agar, plating cells and SM buffer were
not cont . Liated. All plates were allowsd to set for 15-30

minutes and then incubated overnight ac 37°C.

confluent lysis of host cells

rorty well isolated, evenly sized plagues were picked us.ng
a sterile Pasteunr~pipette into 3 ml NZCYM broth containing
560 4l of host cells (LE392) and incubated for 30 minutes.
Each sample was then mixed with 70 ml of molten top layer
and poured onto % plates, 150 mm in diameter. When the top
agar had set, the plates were incubated at 37°C until
cenfluent lysis occurred (4-6 hours), that is when the top
layer containing the bacteriophage clears in contrast to the
control LE392 lawn. The plates were placed at 4°C for 30
minutes and then 15 ml of cold SM buffer was added to each

plate.

Harvesting of the bacteriophage

The SM buffer was harvested using a 10 nl syringe, into
sterile 150 ml bottles containing 2 ml of chlorotform, which
completed lysis. A 1 ug/ml final concentration of RNase and
DNase was added and samples were left for an hour at room
temperature. The lysate wag then centrifuged at 9 000 rpm
for 10 minutes at 4°'C to remove the bacterial debrig. The

supernatant was centrifuged for 2% hours at 17 000 cpm at

v Ak B
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4°C to pellet the phage. The pellet contiining the phage
particles was dissolved in 2 ml of 8M buffer and placed at

4°C overnight,

Cesium Chloride Step gradient to purify Bacteriophage

particles

A (sCl step gradient was prepared t> densities of 1,3: 1,5:
1,7 containing 9 g ;15 g; 24 g /20 ml of SM buffer
regspectively. Two ml of each CsCl solution was placed into
14 ml polyallomer centrifuge tubes (Beckmann). The lowest
density (1,3) was added first then the 1,5 density was
layered below it and finally "l 1,7 was placed below both
layers. The interface between eith density was marked. The
phage in SM buffer was gently layered on top of the gradient
and the volume was made up using a low density mineral oil.
The tubes were centrifuged at 35 000 rpm for two hours using

Beckmann SW40Ti rotor, at 20°C.

After centrifugation a blue band was visihle in the 1,5
density layer. The band was removed with a 19 gauge needle
attached to a syringe and by pun.turing the side of the tube
below the band. The phage band was dialysed in treated
dialysis tubing against 1000 X its volume in 1X dialysis
buffer, for few hours at 4°C. (The dialysis tubing had been
boiled in 2% sodium bicarbonate and 1 mM EDTA solution for
10 minutes and then in distilled water for 10 minutes. It
was stored at 4°C in 50% ethanol and rinsed in distilled

water prior to use).
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Protein removal and bacteriophage DNA isolation

The phage were removed from the dialysis tubing and
extracted twice with an egual volume of phenol (saturated
thrice with 0,1 M Tris-HCl pH 8,0) and then three times with
an equal volume of chloroform : iscamyl alcohol (24:1). The
phage DNA was precipitated using 3 M sodium acetate; 0,% M
magnesium acetate pH 5,5 and 2 volumes of ive-cold ethanol.
The samples were well mixed and placed at -20°C overnight or
at -7¢°C for 15 minutes and then centrifuged for 30 minutes
at 2 700 rpm. The DNA pellets were washed twice in 70%
ethanol. The pellet was allowed to dry and resuspended in

an appropriate volume of 1X TE buffer pH 8.0.

2.2.3 Restriction Enzyme analysis of Bacteriophage DNA

Agarose gel electrophoresis

Five ul of the TE buffer containing the bacteriophaae DNA
was loaded onto a gel tr check that it was of a high
wolecular weight and not degraded. The con-a2ntration of DNA
was estimated by comparing it with a known guantity of DNA.
Two ig of the bacteriophage DNA and a sample of Charon 4A
ONA was digested with E¢gRI according to the instructions of
the manufacturers. The samples were separated on an agarose
gel by electrophoresis. Those phage DNA samples that
contained human inserts could be identifisd by their
restriction pattern., The agarose gel was transferrved to

nitrocellulese using the methoa of Southarn (Section 2.86).
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Hybridization to total genomic DNA

The nitrocellulose filters were hybridized to radiclabelled
total human genomic DNA to check that none of the human
fragments within the phage containad any repetitive DNA. If
the phage hybridized very strongly to human DNA it was
necessary tc isolate the non-hybridizing fragments and to
subclone them. These phage were not used in the initial

screening experiments.

2.3 ISOLATION OF HIGH MOLECULAR WEIGHT HUMAN GENOMIC DNA

2.3.1 DNA Extraction

A number of DNA extractions have been used and the most
successful, currently applied procedure is reported here

(a method described by Sykes, 1983).

The blood samples whicl had been collected (section 2.1)
were centrifuged at 2 700 rpm. The white blood cells (buffy
coats), red blocd cells and plasma ‘ere separated and frozen
at ~20°C. After thawing, the buffy coat was vigorously
mixed with an equal volume of Triton X-109 and 0,9% Nacl and
centrifuged at 2 700 rpm for 15 minutes to pellet the white
blood cells. A red-brown supernatant was poured off

leaving a red-brown pellot. The pellet was resuspended in
30 ml of the Triton X 10C, NaCl solution, mixed thoroughly
and centrifuged again. 'me supernatant was discarded and if
the pellet was not yet a white/pale pink colour the Triton

X=100 : NaCl step was repeated.
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In order to lyse the pellet it was resuspended, using a
glass~rod, in a lysing buffer (7 M Urea, 0,01 M EDTA, 0,3 M
NacCl 0,01 M Tris-HCL pH 7,5) added in a dropwise fashion
until the volume was 10 ml and the pellet ~ompletely
resuspended. Finally lysis was completed by adding 2 ml of

10% $DS and incubating at 37°C for 10 minutes.

The proteins were removed by first adding 10 ml of saturated
phenol and 5 ml of the chloroform: isocamyl alecchol mix to
the lysed cells. The samples were thoroughly mixed and
centrifuged for 15 minutes at 2 700 rpm. The agueous phase,
which was separated from the organic phase, was collected
and the pherol: chloroform: isocamyl alcohol step was
repeated. The aqueous phase was then extracted once with 5
ml of chloroform:isoamyl alcohol and after centrifugation it
was remcved into a clean glass flask. The DNA was
precipitated using 2% volumes of ethanal, then spooled up
using a sterile glass-rod, rinsed in 70% ethanol, dried and
dissolved in at least 1 ml of TE buffer pH 8,0. The DNA

solutions were stored at 4°C or frozZen away at ~70°C.

2.3.2 Analysis of Human DNA

Five pl of the DNA samples were mixed with one-tenth final
volume of Ficoll Dye and the volume made up to 10 ul using
1X TE. They were lcaded onto an agarose gel, containing
ethidiun bromide and electrophoresed in TEA buffer at 50
volts for 30-60 minutes. The sample was then placed on a
Uv-transilluminator (Chromato-Vue Transilluminator model

0-63) to check that it was high molecular weight DNA.
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A 10 ul aliquot of the sample was mixed with 9%0 ul of 1X TE
buffer and the absorbance was determined between 230 nm and
300 nm. DNA peaks at an absorbance of approximately 260 nm
{One OD(260) is approximately egual to %0 uy per ml of
double stranded DNA). The ratio of absorbance at 260 to 280
is an indication of any protein contamination and should be

greater than 1,8.

In order to test that the DNA sample was pure and would
digest with a restriction enzyme, approximately & ul of
sample was incubated with a restriction endonuclease
according to the instructions of the manufacturer and then
electrophoresed for 30-60 minutas. The agarose gel was
viewed using a UV light szource *o see that the DNA had been
digested to completion and appeared as an even smear on a

gel.

2.4 RESTRICTION ENZYME ANALYSIS

Restriction endonucleases are DNases that recognize specific
oligonucleotide sequences, make double-stranded cleavages
and generate unique, equal molar fragments of the DNA. They
are very useful tools to study DNA at the molecular level
because of their controllable, predictable and site-specific
cleavage of DNA (Fuchs and Blakesley, 1383). Today, many
restriction enzymes are commercially available and their
optimum assay conditions have been given by their
manufacturers. The restriction enzymes are kept in a

st rage buffer at ~20°C.




- %
. i T

76.

Ten ug of total human genomic DNA vas digested in the
prescribed buffer for the restriction endonuclease. These
buffers are now supplied with the restriction enzymes or can
be prepared rnd scvored at ~20°C (Table 2.1). Two to three
units o1 enzyme activity were used per ug of human genonic
DNA. (One unit of enzyme activity is defined as the amount
of enzyme required to digest to completion 1 ug of
bacteriocphage lambda DNA in 1 hour at the specified
temperature). These restriction reactions were incubated at
their specified temperatures (mostly 37°C) for S to 12
hours. One pl of 0,1 M spermidine trihydrochloride was
added to the reactions. Spermidine trihydrochloride is a
polyamine and causes a B to Z conformation change in the DNA
(Feuerstein et al., 1986). A final concentration of 0,01%

of BSA was also added to stabilize the erzyme.

After the required incubation a one-tenth volume of the

reaction was mixed with 5 ul of loading dye (Ficoll) and

loaded onto an agarose gel. The sample was electrophoresed
to check that the digestion was complete, then the activity
of the enzyme was inhibited by adding a one~tenth vulume of
0,5 M EDTA or by heating samples to 65°C for 10 minutes.

The reactions were stored on ice. This procedure to reduce
the reassociation of any sticky DNA ends and helps to remove
any bound proteins. A one-tenth firal volume of Ficoll dye
was added to the sawmples prior to electrophoresis. UDigasted
DNA samples need not be electrophoresed immediately and can

be stored at 4°C in Ficoll Dye.




TABLE 2.1, THE REGUIREMENTS OF THE RESTRICTION ENZYRES USED [N THIS SIUDY

CHZYME  BACTERIA FROM WHICH
NAME S ENZYNE ESOLATED

Alul Arthrobacter futeus
Avall  Anabasne variabilis

BamHl  Bacittus omylotumliquifaciencs CUGATCE &

#ptii Baciitus globigii
EcoRl  Escherichia cali

Hindll  Hasmophilug influenzae
Hindlt} aemophitug influenzae

Mbol  Moraxelis bovis
Mspl  Morexelln species
Pstt Providencis stusctii
Pyl Protews wulgeris

Rsal  Rhodospiritiun sphaeroides
sst) Streptomyces stanford
$tul Streptoayces tubercidicus
Yoql  Thermus aquatious Y11

Xbal Xanthowonss badr i

7.6
8,0
7.5
7,4
7,5
7,6
7.6
8,0
4,0
7,5
7,5
79
8,0
.9
7.4

DHA SEQUENCE
CLEAED Tris ph
Ly

AGHCT s
G'6iADLC 10
ACGATET 10
GHARTTE 50
GTEPYIPUIC 10
ATAGETY 10
GATE 50
£CHGG 50
TCGEAG 2
CAGILIG 10
G11AC 10
GAGTLYT 50
AGGreeT 6
TEHGA B
TCTaCA 6
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REACTION BUTFER
KCU WCL Nact DT jomwere
IR IR C IR IR

& 56 10
7o -7
0 6 6 -
6 10 1
10 s 1
050 15
0050 1%
14 54
14 1
wowo -
105 7
3 1,5
e S0 .
- 6 7
6 w0 6
& {e)

Py-pyrimigooe; ¥ oor £, Pu-puring & or A, T-thymines G-gusnine; A-sdenine; and b-guanine.
Teiy HC
Other requirements: Pstl-5%0 oM wamonium sulphate; $tul-0,07% feitonx 100

Arware -2 mercaptoethancl;

DI dithiothreitat;

Tris




2.5 GEL ELECTROPHORESIS

Agarose gel electrophoresis ig a standard method used for
separating DNA fragments according to their molecular
weight, in the matrix created by the agarose, when a charge
is applied across the gel. Negatively-charged DNA migrates
towards the positive terminal. The DNA can be viewed
directly due to the intercalation of ethidium bromide whicr
causes DNA to fluoresce under UV-light (Sharp et al.,
1973). Varying concentrations of agarose are used to
efficiently separate different molecular weight sizes of
DNA, depending on the type of restriction enzyme used and
the average DNA fragment lengti yetcated. Those
restriction enzymes which have 6 to 8 base palr recognition
seqguences cut the human genome less often than those which
have 4 base palr recognition sites. Higher agarose gel
concentrations were used to separate smaller fragments

generated by the frequent cutters.

The agarcse gel was prepared by bolling agarvse (type II
high gelling temperature(HST)) in running buffer (1X TEA
buffer). After the gel had cooled to 55°C, ethidium bromide
{0,5 to 1,0 pg/ml) was added and the gel poured onto a
horizontal gel plate, 18 X 20 cm long, with a set of loading
wells placed at one end. 7he gel solidified in 30-90
minutes and was ready for use. It was submerged in a trough

filled with running buffer and attached to a power source.

Samples consisting of 5 to 10 wug of genomic DNA or 1 t2 2 ug
ot bacteriophage DNA were mived with a running dye (Ficoll

Dye) and are loaded into slots and electrophorered at a
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congtant veoltage. Human genomic DHA Is electrophoresed at
25-35 volts for 16-20 hours to separats fragments between 20
and 1 kb efficiently (Southern, 1983;. When using
Tris-Aceta*e (TEA) buffer it was necessary to mix of the
buffer since the anode reservoir tends to become alkaline
and the cathode reservoir acidic. The distance of migration
of the smaller fragments {around 500 bp) corresponded to the
dye front of the tracking dye, bromophenol blue. After
electrophoresis the gel placed or a UV transilluminator and
it was photographed using Polaroid type 667 film (Figure

2.2).
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Figure 2.2,  An ethidium bromide stained agar
containing human DNa, dicgested with the restr
erzyme Avall and separated out by eloacty 1ore 4

k fwo Lambda bacteriophage maleculay welght s Hoare
ahown in Lo and 18,  he origin whors the samples worpe
Tonde:d
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2.6 SOUTHERN BLOTTING TQ SOLID SUPPORTS

In 197% Southern described a technigue enabling ore to
transfer DNA in situy from an agarose gel onto a soligd
support, initially nitrocellulose. This preserved the
relative positions of tre DNA in the gel. The DNA on the
filter can be hybridized to, using a radiclabelled probe,
which is complimentary to a certain sequence of DNA attached
to the filter. After autoradiography of this filter a dark
band will be visiitle on an X-ray film where the
radiolabelled probe has hybridized to its complimentary
sequence. Nylon membranes are becoming more popular than
nitrocellulose because they are more durable and can
withstand repeated stripping and hybridization cycles.
Nitrocellulose tends to disintegrate after about three
successive !ybridization cycles. {The different membrane

solutions arve given in Appendix B).

2.6.1 The Southern Blotting Procedure

The inefficient transfer of large DNA fragments, those
greater than 4 kb, can be overcome since these fragments can
be nicked using a UV light source for 10 minutes or by
soaking the gel in 0,25 M HC1 for 1% minutes. After
photography of the gel the DNA in the gel was denatured,
using an alkaline solution containing NaOH and NacCl for 30
minutes. The gel was rinsed (wice in distilled water and
then neutralized using either Tris-HCl buffer containing

NaCl pH 7,0-7,% cor a4 sodium acetate buffer pH 5,%, for [0
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minutes. This neutralization step was repeated if the pH of
the gel was not yet 7,0. Tho gel was placed in 10 X 58C for

10 minutes.

The transfer me " *ne was cut to the exact size of the gel
placed into wate. .nd then in 10 X 88C. Approximately 300
ml of 10 X “SC was placed into a plastic container. A glass
plate was placed across the width of the container in order
to support a sheet - ratman IMM paper, socaked in 10 X
S8C. This formed a . .« through which the salt solution
could be drawn. The air bubbles must be removed from
between each layer using a glass-rod. The gel was placed
directly on top of the Whatman filter paver. The treated
transfer membrane was placed onto the gel followed by two
pieces of Whatman 3MM paper, prewet in 10X S$S8C. Finaily a
stack of paper towels, a giass plate and a weight of to
1 kg were placed on top. Plagtic was placed around the gel
sn that the solution only co -4 be drawn directly through
the gel into the paper towels. The transfer procesded for
16-20 hours and paper towels were replaced i1f they becanme
wet throughout. The filter wa- removed and baked at 80°C
under vacuum for 2 hours between two shcets of filter paper

and then stored at rocm temperature until used.
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2.6.2 Medifications for Nylon Membranes
Zetaprobe (Biorad) and Zetabind (AMF Cuno)

The transfer of DNA onto these membranes is similar to
nitrocellulose. It has been reported that UV nicking of DNA
prior to transfer to nylon membranes can alter the binding
ability of the DNA to the wembrane and then inhibit the
subsequent hybridi:ation to these membranes (Reed et al.,
1985). Acid depurination was recommended for Zetaprobe and
Zetabind. These menmbranes must also be soaxed for .o
minutes in 10 X S$SC before getting up the transfer. When
the transfer was complete the membranes were rinsed twice in
2 X 88C for 15 mirutes with gentle agitation. These

membranss require baking at 80°C for 3 hours.
Siodyne (Pall}
Biodyne need not be wet befo.: being placed onto the gel and

it also does not require any post-transfer washes. We

preferred to prewet the membrane prior to transfer. Bilodyne

must be baked at 80°C for L hour, but a va~iim is not

necessarily.

2.7 RADIOLABELLING OF DNA PROBES

ol
DHA can be labelled using radi. isotopes 3“?, g, 1

and 3H. DNA Polymerase I iuolated from E.colil has three

enzymatic activities although the enzyme consists of only a

single polypeptide chain. These are 5'-3' Polymerase
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activity, 5'-3' exonuclease activity and 3'-5' exonuclease
activity. DNA Polymerase I adds nucleotide residues to the
3'~hydroxyl terminus ¢f a nicked double~stranded DNA
molecule, and also removes the nucleotide sequences ' to
the nick. This sequential removal and addition of
nuclectides is the basis of the nick translation reaction
(Rigby et al., 1977). Some of the nucleotides which are
removad are replaced with radioclabelled nucleotides,
resulting in a DNA molecule which has radioactive residues.
The Klenow Fragment of the Polymerase I enzyme has been
cloned and has 5' to 3' polymerase activityv and no
endonucleare activity. This enryme is used to label DNHA
fragments to nigh specific activities using the primer

axtension technigque {(Feinbery and Vogelsteln, 1983).

2.7.1 HNick Translation

A nick translation reaction consists of 1/2 to 1 ug of DNA,
usually a vector such 25 a plasmid or bacteriophage
containing a human DHA insert, nick translation buffer
containing 100 mM dNTPs, magnesium chloride ions and
Tris-HCl pH 7,5, 32? radiolabelled nuclestides, a low
concentration of DNase (1,0 X 108 ) and 5 units of DNA
polymerase I. The reaction was incubated at 15°C for an
hour. The DNase is important since it irtroduces
ingle-stranded nicks into the DNA. Nick translation kits

are now commercially available.




2.7.2 Monitoring the Labelling Reaction

This method gives a rough estimate of how the reaction is
proceeding. A 1 ul aliquot of the reaction was placed onto
a glass microfibre filter (Whatman). The total number of
counts per minute on the filter were estimated using a
Geiger Counter (Weil). The filter was placed onto a vacuunm
filter and was washed with approximately 15 ml of 10%
trichloroacetic acid (TCA) containing 0,2 M PPi, followed by
three washes with 15 ml of 5% TCA. The non-incorporated
nucleotides were washed through the filter and the DNA,
containing the incorporated nuclestides, remains on the
filter. The activity of the filter was again counted.

The percentage incorporation was calculated as follows:

Agid precipitable counts X 100

Total counts

When the reaction had reached the reguired incorporation of
10-20% for DNA fragments or greater than 50% for plasmids
and bacteriophage, the reartion wasz stopped by adding a

one-tenth volume of 0,5 M FDTA and it was placed on ize.

spermidine trihydrichloride was found to .norease the
incorporation of nucleotides., One ul of a 0,01 M solution
was added to the reaction when the incorporation was low.
The mechanism is not known however spermidine has been
reported to stimulate the incorporation of qamma—ﬁzP ATP in

end-labe’ling reactions by inhibiting nucleases which may be
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present in some preparations of polynucleotide kinase b

(Maniatis et _al., 1982).

2.7.3 Removal of the non-incorporated nucleotides

The reaction volume was made up to 200 gl using TE buffer
containing 100 wg/ml of denatured sonicated salmon sperm
DNA. An equal volume of saturated phenol was added, mixed
well and centrifuged to separate the two phases. The
agueous phase was collected. The rhenol-phase was again
extracted using 200 gl of TE buffer containing salmon sperm
DNA and the a.jueous phases were pooled., Sephadex G~50 was
swollen in 1X TE buffer pH 8,0 for at least 3 hours prior to
the precaratior of the column. A 10 ml glass column was
rinsed thoroughly in distilled water then in TE buffer. The
swollen Sephadex ¢-%0 was pourea into the column avoiding

air bubbles, and allowed to settle.

A small amount of orange G dye was added o the prepared
probe which was then loaded onto the top of the column and
TE buffer was used to elute the DNA, containing incorporatad
nucleotides. The non-incorporated nucleotides move slightly
ahead of the orange G dye and the larger DNA molecules mova
first through the column. Three drop fractions were
coliected and monitored using a Gelger counter. The first
peak, representing the labelled DNA, was proled and placed
on ice. A 1¢ sl allguot was used to determine the total
spacific activity of the DNA using a Liquid Scintillation
Spectrometer (Pachard Tri-carb). Specific activities of 5,0

X 107—1,0 X 1\)8 per wg DNA were routinely obtained and were




e e

g7,

suificient for hybridization. The labelled DNA fraction was
boiled for 10 minutes and stored at ~20°C prior to

hybridization.

2.7.4 Oligolabelling of DNA fragments

Preparation of DNA fragments

The DNA fragment tc be used as a probe was filrst isclated by
digestion of the vector with the appropriate restriction

e and by gel electrophoresis in a purer low gelling
te., aoture (LGT) agarose. After electrophoresis the gel
was soaked in water containing ethidium bromide (0,2ug,/ml)
for 30 minutes. This removed the TEA buffer which <ould
inhibit further enzyme reactions with the DNA. The correct
DNA fragment was excised, removing as much of the agarose as
possible, and then placed into a preweighed eppendorf tube.
Three ml of water was added per gram of gel. The tuba was
placed into a boiling water bath for 7 minutes, vortexed and
then briefly placed onto ice before peing stored at -20°C.
This step denatured the DNA fragment and Jissolved the gel

completely.

The oligolabelling reaction

The DNA fragmant was thawed, boiled for 3 minuter and then
placed at 37°C for up to 1 hour prior to the lapelling
raaction. The reaction was prepared using DNA (10~-64 ng),

oligoiabelling buffer, 2 xl ©f 10 mg/ml gelatin or BSA, two

units of Klenow Fragment, 50 uCi of tha radiocactive
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nucleotide and water to make the volume up to 50 ul.
Oligolabelling buffer was prepared from solution A, B and C
in the ratio of 100:250:150. Soclution A contained 1,25 M
Tris-RCl pH 8,0, 0,125 M magnesium chleride, 250 mM
B-mercaptoethanol and 0,5 M dNTPs. Solution B consistz2d of
2 M Hepes pH 6,6. Solution C contained the random
hexanucleotides, p(dN)6., dissolved to 90 OD units per ml of
water. The reaction was allowed to proceed at room
temperature overnight. The percentage incorporation was
determined as described in section 2.7.2. and fouud to be
between 15 and 70%. The non-incorporated nucleotid.s were
removed using a G-50 sephadex column as described above
‘ection 2.7.3). It was not necessary to Lemove the
incorporated nucleotides, the reaction was stopped and
phenol extracted as described, and the agqueous phase was

boiled and ready to use as a probe.

2.8 DNA HYBRIDIZATION

Prehybridization

Some of the membranes used 1 yuired treatment prior to
prehybridization. Zetaprobe (Biorrd) and Zetabind (AMF
Cuno) both reguirved a 65°C wash in 0,5% 8D5; 0,1X S87: .1 M
Tris~HCl pH 7,5 for at least an howr. During iLe
prehybridiration step the pores on the membrane were blockad
using a non-homologous DNA {usually salmon sperm DNA) which
was contained in the prehybridization solution and helps to
avold nen-specific background. The prehybridization

solution containing 50% deionised formamide, was preheated




to 42°C. The filter was prewet in water and then placed
inside a plastic bag. Approximately 10 ml of
prehybridization solution was added for a i8 X 19 om
membrane and up to five 18 X 1% cm blats could be placed
into 1 plastic bac¢. All the air bubbles were removed, the
bag was heat-sealed and placed into a 42°C incubator, with

gentle agitation for 4-16 hours.

Hybridizatvion

The denatured DNA probe was mixed with the hybridization

solution {prehybridization solution containing %% O

Sulphate), The prehybridization solution was remcved and
the hybridization solution was added to the wembranes. Any
air bubbles were removed and the bag was heat-sealed.
Hybridizatiun was allow=d to continue at 42°C for 16-20
nours, with gentle agitation. .he hybridization solution
was removed and this could be reused on other pretreated DNA
blots if the epecific activity was still high (and the probe
was not degraded due to the radicactivity). Before reusing

the probe, it must be heated at 70°C for 10-30 minutes.

Post-hybridization washing

This was an important step and varying conditions were used

depending wn the type of membrane and probe. The membranes

were placed into a container and rinsed 3 .imes *vith 200 ml

of 2X 88C, then placed on a shaker in 2> §5C for 30 minutas,

at room temperature. The menbranes weie washed in 0,1X 38C;
L 1% 5L8 at 42°C, for 30 minutes and then at 8%5-65°C for a

further 1 hour. The decrease in radioactivity c.. the

FON———
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membrane was monitored using a geiger counter until
background activity was reached. The membranes were finally

rinsed in 0,1X $8SC and then sealed in pliastic bags.

2.9 AUTCRADIOGRAFHY

The membranes were exposed to Koedak X275 or Trimax IM XD
film in cassettes with tungsten/phosphate calcium
intensifying screens (Du Pont), at -70°C for 1 to 7 days
(depending on the specific activity obtained for the
probe). The low temperature enhances the signal emmitted
and therefore the detection of the probe. The film was
developed in Kodak GBX developer in a dark room for 3=f
minutes, rinsed in running watar for 30 zeconds and then
fixed in Kodak Rapid Fixer for a further 3-5 minutes. If
the background was high the filters were rewashed at 6%~70°'C
in 0,05% 8DS: 0,05 X 58C for a further hour and re-exposed

to ¥-ray film.

2.10 STRIFPING AND REUSE OF MEMBRANES

Membranes could be reused and the suc

ssful stripping and
hybridization depended on the cype of membrane used. The

basic principle invelved using a high alkaline sol

containing NacH. This caused ths DNA to beoone
stranded and therefore the probe becomes dissociated from
the membrane. The blots are then treated with a neutralizing

sclutien to return the membranaes to pH of 7,0. Finally the
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membranes are rinsed in a 2X $8C solutio:. The membranes
can be stored in 2X S8C at room temperature or at 4°C prior

to reuse.

It has been well documented that nitrocellulose is in
general much less hardy and the membrane usually
disintegrates after three hybridization cycles. Nylon
membranes such as Zetaprobe (Biorad), Zetapore (AMF Cuno)
and Biodyne (Pall) are able to withstand this treatment and
are far less brittle. Ten succe 3ful hybridization cycles
with Zetaprobe and thirteen with Biodyne have been achieved.
Biodyne was usually stripped using 503% formamide and sodium
phosphate pH 6,4 , however it has successfully been stripped
using the protocol for Zetaprobe. Zetaprobe and Zetabind
require 30 minutes at 42°C in 0,4 M NaOH followed by 30
minutes at 42°C in Tris-HCl pH 7,5, ©,5% SDS, 0,1X SS8C. The
potential to strip and reuse these membranes was a major

time~saver in this study.

2.11 DETERMINATION OF DNA FRAGMENT SIZES

Preparation of mnlecular weight markers

Molecular weight markers were prepared by digesting
bacteriorhage lambda DNA using restriction enzvies EQQRI and
HindIII in the appropriat> buffers. A double digest using
both enzymes was also prepared, where the enzyne which
regquired the lowest salt buffer was first used. The
reactions were anaiysed by gel electrophoresis to ascertain

that they ware complete. The digested DNA was then djluted
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a 1000 times, mixed with denatured, sonicated salmon spernm
DNA (the final concentration of DNA in the molecular welght
marker was 10 ug), Ficoll loading ¢ - and TE buffer *o make
up to 1 ml. The exant size of these fragments was available
from sequencing data and therefore they can effectively be

used as molecular weight standards (Appendix C).

Grapkical Analysis

The distance that the molecular weight standard had migrated
from the origin was measured. The knuwn molecular weight of
the DNA fragments was plotted against the distance that each
fragment had migrated, from the origin, using semi-
logarithmic paper. The size of the unknown fragment was
determined by measuring the distance that it had migrated
from the origin and then reading off the appropriate

molecular weight size from the graph.

2,17 LOCALIZATION USING SOMATIC CELL HYBRID LINES

Somatic Cell Hybrids were constructed and also wmaintained by
the Cyrogenetics Unit, 8.A.I.M.R. as part of an on going
research project of this department (Dos Sartos, 1986).
Other cell lines were gifts from Dr. (. Francke, Dr. D.
Retief and Dr. T. Mohandas. These somatic cell lines were
cultured and analysed for any chromosome changes prior to
use. ONA was extracted from *hese lines according to the

following two methods

s g
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The first method was obtained from Dr. €. Boehm, The Jonn

Hopkins Hospital, Baltimore.

The cells were harvested lrom the culture flaske using o
rubber scraper und rinsed twice in saline (0,9% NaCl). The
cells were then pelleted and frozen at -70°C. A pellet of
cells was thawed and resuspended in amniocyte lysis buffer.
A small amount of powdered Proteinase K was added and the
samples were incubated at 55°C for 4 hours. The cells were
extracted three times with equal volumes of phenol:
chloroform: isoamyl alcohol (25:24:1) and then once only
with chloroform: iscamyl alcohol (24:1). The DNA was
precipitated using 3 M godium acetate, 0,1 M magnesium
acetate pH *,5 and twice the volume of 95% ethanol, at -70°C
for 30 minutes. The samples were then centrifuged at 2 700
rpm for 20 minutes and the DNA pellet was rinsed twice with
70% ethancl, dried and dissolved in an appropriate volume of
TE buffer, pH 8,0. The DNA was placed on a gel and the

concentrations were estimated.

The second method was obtained from tha Cytogenetics Unit,

Tygerberg Hospital, Stellenbosch.

Thio method does not rejuire the collectior of the cells
instead lysis of the cells occurs directly in the flask.
Ten confluent flasks of cells per hybrid line were
obtained. These cells wore washed with 10 ml of pvsg, a

saline vhosphate buffer,
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A iysis buffer containing 10 mM Tris-HCl, 0,1% 8DS, 1 mM

oy

EDTA was prepared. Proteinase K [final concentration of 50
pag/ml] was adf.d to 15 ml of lysis buffer per line
extracted. Five ml of lysis buffer was addeu to 3 sut of 10
flasks. These flasks wire incubated at 45°C for 5-10
minutes. Lysis of the cells occurred and the lysis buffer
b.came thick and very sticky. The 5 ml of lysate from each
{lask was then poured into a further 3 flasks. The
incubation was repeated and the lysate buffer was again
poured into a further 3 flasks. Finally the 15 ml of lysate
containing all the lysed cells from the first 9 flasks was

poured into the tenth flask.

After the cells in this flask had been lysed th2 cell lysate

was placed at 68°C for 30 minutes, then at 45°C for ¢

minutes. This ly=ate was extracted 5 times with equal &
volumes of chloroform: iscamyl alcohol (24:.) with 10 minute

centrifugations t 2 700 rpm, between each step. Finally,

the cell DNA was precipitated by adding 5 M NaCl to a final

concentration of 0,3 M and twice the volume of 9%% ethanol.

The DNA was yently spooled up using a sterile glass-rod,

rinsed in 70% ethancl and finally redissolved in 1X TE

buffer.

The yield from the second method was far superior to that
from the first. It overcame degrading problems ewperienced
previously, which could be due to the way in which the cells
were collected It also cut out the time-consuming step of

cell collection.
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Determination of chromosomal location of probes

A panel of somatic cell DNA was set up such that every
chromosome was uniquely represented with a combination of
hybrid lines. Twenty ug of DNA of each line was digested
with an appropriate restriction enzyae. Three controls, DHA
from mouse, Chinese hamster and usually a human male
individual were alsoc prepared. Tne samples were
electrophoresed in a 1% agaroses gel and transferred to a
nylon membrane, Biodyne (Pall). 1In order to localize a
prohe to a swacific chromosome, it was radiolasbelled by nick
translation and bt bridized to the membrane as previously

discussad in sectior. 2.7, 2.8 and 2.9.

From the pattern of hybridization to different somat.c cell
lines the probe was tentatively assigned o that chromosome
which was only present in all the lines that showed positive
hybridization. The controls were important to show whether
there wag any cross-homology of the probe to the mouse or

Chinese hamster DNA, which would also expiain any anonymous

bands that were sometimes present on the blot.

2.13 LINKAGE STUDIES

The department joined the CEPH collaboration project in July
1986. Samples of DNA from parents and a few families ware
initially cbtained. The strategy to type these families was
firstly to screen all the parents of the families in order
to determine which families were informative for the

particular RFLDPs. (An informative family for linkage
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studies is when at least one parent is a heterozygote).
Secondly, family Southern blots were prepared, the probes

were hybridized to these blots and the genotypes of all the

individuals in the family were determined. Finally this
data was entered into a computer database for linkage
studies usinrg the programme LINKAGE to all other DNA and
protein markers which have also been placed into the data

base.

These blots were all prepared using nylon membranes so that
all RFLPs detected with the same enzyme could be reused.

The blots were stored in 2X SSC betwesn hybridizations. DNA
from the study which was not available will to be typed as
soon as it iz obtained, in order to fulfil the cormitment of

the Department to the C E.P.H. programme.

2.14 RESTRICTION MAPPING

Restricticn mapping is the ordering of restriction sites
along a sequence of DNA It involves the digestion of the
DNA fragment >f interes. with a series of enzymes,
calculating the sizes of each fragment and then linearly
arranging the fragments .n their order along the DNA
sequence. Double digestions which inveolved the digestion of
the fragment with two or more enzymes are also needed.

These were done in increasing order of the salt

concentration requiremenis of the restriction enzymes.

A number of approaches to restriction mapping are possible




97.

and the following approach was adopted

i.

ii.

iii.

The single and double digestions of the bacteriophage
clone with the required enzymes were done. The DNA
fragme 1ts were then separated using electrophoresis in
agarose gels with molecular welght standards. <Charon
4A DNA without human DNA inserts was also prepared with
the same enzymes and this helped to determine which
fragments in the clone were of phage origin. The gel
was photographed and then transferred to nylon

membranes as discussed (section 2.6).

The human genomic fragment sizes were obtained from
Southern blots of random individuals which had been

hybridized to this DNA sequence.

A Southern blot was prepared using the DNA of an

individual digested with many enzymes.

These blots were then hybridized to radiolabelled DNA from

different sources.

i.

ii.

The clone containing the human DNA sequence to be

restriction mapped was hybridized to blots ii. and iii.

Total human genomic DNA was hybridized to blot i, to
determine whether any of the human fragments contained

repetitive DNA sequences.
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iii. Charon 4A DNA was hybridized to blot i. to determine
which human fragments were the flanking sequences of

the clone and herce were also attached to phage arms

i when restricted with all enzymes besides EcoRI.

iv. Different human EcoRI fragments of the clone to be ;
mapped were separated by digestion with EcoRI,
electrophoresed in LGT agarose and excised from the
gel. These fragments could be labelled using 5
primer-extension techniques and were hybridized to all

the blots described above.

- With all of the above results, it was possible to determine
each different DNA fragment length and the linear order of

the fragments along the sequence of DNA.

2,15 SUBCLONING OF BACTERIOPHAGE ISOLATES DETECTING RFLPS

Subcloning of DNA fragments, from a 15-~20 kb human DNA
insert of a bacteriophage Lambda, is a way to eliminate
repetitive sequences and to reduce the size of the probe.
This also allows for higher specific labelling and clearer
hybridization results. The DNA sequences that were
subcloned have all been placed into the C.E.P.H. programme
and will therefore be made available to other
collaborators. A suitable vector is necessary for the
distribution of any RFLP-detecting sequences. For
subcloning criteria for suitaov » vectors include selectable
markers to determine which clones contain inserts, the

maximum size of the insert that the vector can take up and




the size of the vector itself. Furthermore the newly,
constructed recombinant must be stable and easily
isolated. The vectors chosen were pUC18 and pUCl$, which
had been developed at the University of California (Vieira

and Messing, 1982).

These plasmids, in host strain HB10l, were received from Dr.
D. Rawlings, Universgity of Capetown and are also
commercially available (B.R.L. LTu). They contain the
PVuIl/EgoRl fragment of pBR322 which carries the ampiciliin
resistance gene, f-Lactamase, and the origin of
replication. The multiple cloning site of the Mlimp
sequencing vecteors and part »f the Lac-Z (f-Galactosidase)
gene have beep added. DNA fragments may be cloned into the
unigque restriction sites in the nultiple cloning region.
Selection for recombinunts is relatively easy in suitable
host strains. Insertional inactivation of the Lag-? gene
results in white colounies whei plated on S-bromo-4-chloro-
-3=-indolyl-g~galactoside {X=Gal) plates in the presence of
isopropyl- g-D=- thiogalactopyranoside (IPTG). Only those
host cells which contain a plarmid expressing the
p~Lactamase gene will survive on ampicillin. Non-
-recombinants form blue colonies when they are transformed

into a suitable host strain, e.g. JML03.

2.1%,1 Preparation of the vector DNA

In order to isclate plasmid DNA, the size and the

configuration differences between the DNA of plasmids and

E.¢oll chromosome are used. Plasmid DNA is much smaller and
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remains in covalently closed circular form, while the E.colil
chromosomal DNA is broken down inte linear molecules during
the extraction procedure. Most of this linear DHA is

pelletsd with the cell remnants.

Plasm’d DNA extraction

{SDS Lysis Method, Maniatis et_al., 1982)

An isolated colony containing the plasmid was taken from a
LA ampicillin [504g/ml) plate and sequentially amplified in
10 ml, 25 ml and finally 500 ml of Luria Broth, each
containing 50 ug/ml of ampicillin at 37°C with vigorous
shaking. Each culture was allowed to grow until the OD(600)
was close to 0,6, represercing late log phase of bacterial
growth and th. 500 ml culture was grown for 2% hours.
chloramphenicol {170 pg/ml}, an antibiotic which inhibits
bacterial protein synthesis by binding to the 508 subunit of
the ribosome, was added. Bacterial DNA synthesis is
inhibited but the independently replicating plasmid

continues to amplify during overnight incubation aut 37°C.

The bacterial cultures were harvested by centrifugation at
4 00) rpm for 10 minutes at 4°C. The supernatant was
removed and autoclaved. Ice~cold STE was used ta resuspend
he baote, '~ pelle. and the centrifugation step was

repeaated. The »ne’lat was resuspended in 0% sucioss 30 mM

Tris-HCl, pH 8,0. Fresh lysoczyme [2 masml} in 0,25 M
Tris-HC1, pil 8.0 was added with 0,25 M EDTA, mixed well then
placed on lce for 10 minutes. Six ml of 10% 5DS solution

was added and jently dispersed using a sterile glass-rod to
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avold shearing the DNA as the bacterial cell walls broke
down. Eight ml of 1,0 M NaCl was added and mixed evenly
into the sample which was then left on ice for an hour. The
high melecular weight bacterial chromosomal DNA and the
bacterial debris were removed by centrifuging the sample at
17 000 rpm for 1 hour at 4°'C. The plasmid DNA and low
molecular welght DNA remained suspended ir the supernatant

and the rest formed a pellet which was discarded.

In order to remove the proteins the supernatant was
extracted twice using an equal volume of phenocl: chlor.form:
isocamyl alcohol mix (25:24:1), and then once using only
chloroform: isoamyl alcohol (24:1). The DNA was
precipitated using twice the volume of ethanol and placed at
-70°C for 1% minutes then centrifuged for 15 minutes at

3 000 rpm at 4°C. The DNA pellet was washed twice in 70%
ethanol and then dissolved in a small volume of TE buffer,

PH 8,0.

The final step was the purification of closed circular
plasmid DNA by centrifugation in CsCl. A CsCl gradient with
an intercalating dye, ethidium bromide, was used in order to
- :parate plasmid and bacterial DNA. Ethidium bromide binds
to covalently closaed circular plasmicd DNA and linear DNA and
after ultracentrifugation in CsCl the plusmid DNA bands at a
higher density (Radloff et al., 1967). For every 1 ml of
TE buffer, 1 gram of solid CsCl and 80 ug of ethidium
bromide were added. Purple furry aggregates representing

bacterial protein-ethidium bromide complexes were obaerved.




The solution was kept covered and pluved into Beckrmann
polycarbonate tubes and centrifuged in a Tié5 fixed angle

rotor, at 4% 000 rpm for 60 hours at 20°C,

The tubes were observed using a UV light and two bands were
vigible. The upper band represented nicked linearized
plasmid DNA and linear bacterial DNA while the lower band
closed circular plasmid DNA. The upper layer was removed

and the lower band was collected with a 2 ml syringe.

An equal volume of isoamyl alcohol was added to the plasmid
to remove the ethidium bromide and it was gently inverted
several times. The ethidium bromide was absorbed by the
iscanyl alcohol and remains in the top layer which was
removed. This step was repeated until the pink colour in
the lower phase had completely disappeared. In order to
remove the CsCl the lower vhase, containing the plasmid DNA
was dialyzed in pretreated dialy:zis tubing (section 2.2.2.)
at 4°C against TE buffer, pH 8,0 for several days. The
plasmid DNA was removed from the tubing and stored at 4°C.
The pla.mid DNA concentration was determined as described

(section 2.3.2).

This plasmid to be used as a vector was digested uszsing a
suitable restriction enzyme, (ECORI for this study). A
small aliquot wag loaded onto an agarose gel to check that
digestion was complete. The digested vector was prepared
for ligation by extraction twice with equal volumes of
phenol to remove the enzyme and other proteins, extracted
once with chloroform: isocamyl alcohol and finally twice with

water saturated ether. The ether was renoved by incubation
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in & 68°C water bath for 10-30 minutes. The DNA was
precipitated using 3 M sodium acetate 0,1 M magnesium
acatate, pH 5,5 and 95% ethancl, washed twice with 70%
ethanol then resuspended in a small amount of 1X TE buffer.

The DNA concentration was estimated on a gel.

2.15.2 Preparation of the human DNA fragments

The human EgoRI DNA fragment which detested the RFLP had
been jdertified by oligolabelling and hybridizatinn
procedures (section 2.7.4) (o the correct restriction
digests of human DNA. Subcloning of the correct fragment
eliminated the continucus steps inveolved in the preparation
of fragments for oligolabelling from the bactericphage

clone.

Thirty ug of the bacteriophage clone couitaining the human
DNA sequence was digested for 2-3 hours with EgoRI. A sma.l
aliquot was tested for complete digestion on a trial gel.
The rest of the sample was then iocaded onto a 1% agarose gel
(low gelling temperature), containing 0,%-1 ug/ml of
ethidium bromide. The samples were separated overnight at
25 volts with visible lambda molecular weight markers. The
correct human EGoRI fragment was excised using a handheid UV
light and placed into pretreated dialysis tubing with a
small amount of 0,05 X TEA buffer. The fragment was eluted

into the dialysis bag overnight at 10 mA in 0,05 X TEA.
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The fragment was then col.ected and purifi-d using an
Elutip~d column (Schleicher and Schuell). The coiumn was
pretreated with a high salt buffer (1 M MaCl, 20 mM Tris-HC1
pH 7,3-7,5 , 1 mM EDTA) then washed through with low salt
buffer (0,2 M NaCl, 20 mM Tris-HCl pH 7,3-7,5, 1 mM EDTA).
The fragment was then loaded intoc the column and eluted with
the high salt buffer, precipitated with 95% ethanol and
washed twice with 70% ethanol. After the ethanol was
completely removed and the pullet was resuspended in water

or TE butfer, pHd 8,0.

2.15.3 Ligation and transformation

The Ligation Reacticn

The ligation reaction in this study was a recombination
raaction for limited polymerization with circle closure. It
was recommended that 5 pM/ml of DNA was used for such
ligations. [One pM = (MWEDNA) ug or ( 0,66 x size kb) ug )
{method of Rawlings, University of Capetown). The DNA
ligation reaction consisted of appro ‘te concentrations of
vector and insert DNA, 1 md ATP, a 1 ion buffer (10 X
contains 0,66 M Tris-HCl, pH 7,6 , 0,006 M magnesium
chiloride and 0,1 M DTT) and T4 DNA ligase (Amersham). The
ligation reaction was set up containing the correct
concentrations of DNA, ligation buffer, ATP and 0,25 units
of T4 DNA ligase for "sticky-end«d" ligations. The final
velume of the reaction was between 20 and 50 pl. The

reaction was incubated at 1%°C for 18-24 hours.




Preparation of Compotent Cells
(modified method of Maniatis et al., (1982) and Dr. D.

Rawlings pers. communication)

The suitable host, JM103, [ »(lachro), hsdR™, supE, sbeb,
endA, thi, strA, Lambda~/ I'traD36, proAB,lacl, Z sM1S) was
grown overnight in 10 ml or luria broth. One hundred ul of
the overnight culturs was placed into 100 ml of Luria Broth
and incubated with vigorous shaking for 90-120 minutes until
the OD(600) was betwean 2 and 3. The cells must still be in
the logarithmic phase of growth. The cells wers harvested
by centrifugation at 2 700 rpm at 4°C and resuspended in S0
ml 50 mM Caleium Chloride, 10 mM Tris-HCl pH 8,0 , left on
ice for 30 minutes before being centrifuged at 2 700 rpm for
10 minutes to pellet the cells. The cells were finally
resuspended in 1,% ml of the calcium chloride seclution and
left on ice for at least 4 hours. This step increases the

freguency of transformation four to sixfold.

Transformation of the Host Cells

The DNA to be transformed must not exceed 100 ng. The
concentrations «f the DNA in ligations were estimated and
the volume containing approximately 50 ng wag mixed with 1
X TE buffer pH 8,0 to a final volume of 100 «l. One hundr!
ul of the competent cells was added to the ONA ligation

mix. The reaction was left on ice for 30 wminutes, heat
shocked in a 42*'C waterbath for 2 minutes, then placed on

ice again for 5 minutes. One aml of Luria Broth was added to
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the reactions -nd - hey were then incubated at 37°C for 1
tiour. This all-wed for the ex vession of the f-lactamase

gene.

To analyze the recombinants plates were prepared using LA
(:.2%) cooled to 55°C and ampicillin [final concentration
100 ug/mwl} was added. X-gal waz prepared by dissolving 25
mg in 1,25 ml of dimsthylformamide. The final concentration
2f X-jal 1s 50 mg/l Luria Agar. IPTC was dissolved in water
and 500 pl was added to 1,0 1 «f Luria Ag v {final
concentration 100 mM). The plates were poured, allowed to
set at room temper:“ure for at ieast an hour and then dried
at 17°C for 10-15 minutes., The transformed cells were
gently mnixed and atfferent volumas were plated out. 5 flat
sterile glass~rod was used to spread the colonies. When the
liguid war absorbed into tne agar the plates were incubated : A

at 17°C for 12-18 hours.

2.15.4 Recombinant Analysis

The plates were examined for the presence of white and blue
colonies (figure 2.3). The white colonles ind ated
cuccessful recombinants which had lost f-galactosidass
activity. Control plates containing the vector ligated to
itself should have no white colonies. If nresent it zould
indicate that there was a mutation in the Lag-2 gene during
ligation of the plasmid or else thare was coalerenco of

ampicillin resistance te the host cells, JM103 from the

#
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Figure 2.3. An agar plate of JM103 bacterial colonies after

transformation with p!smid pUclo.

The blue colonies corcain non-recombinant plasmids and the
few white colonies contain recombinant plasmids. The very
small white colonies reprasant non-transformed IM102
bacteria, which have

¢ on the plate due to
conference of resistance ampicillin resistant
colonies.

art
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ampicillin resistant surrounding cells. Any potentially
positive recombinants were again plated out on

Amp/X-gal/IPTG plates with overnigh: incubation.

A one-day plasmid preparation was used to analyze positive
clones using a modified method of Promega Biotec. One
isolated coleny was uced to inoculate 100 ml Luria 3roth
containing 100 pg/ml of ampicillin. The cultures were
incubated overnight with vigorous shaking and harvested by
centrifugation at 2 700 rpm for 3v minutes. The cells were
lysed by resuspension in 6 mi of lysozyme solution (25 mM
Tris-HCl pH 7,5, 15% sucrose, 10 mM EDTA and 2 mg/ml of

lysozyme} and placed in ice water for 20 minutes.

Twelve ml of 1% SDS, 0,4 N NaOH was added and the reaction
was gently inverted and placed on ice for 10 minutes.
Finally 3 M sodium acetate was added, to precipitate out the
proteins and chromosomal DNA, evenly mixed by inversion and
placed on ice for a further 20 minutes. The bacterial
debris and chromosomal DNA were precipitated by
centrifugation at 1% 000 rpm for 10 minutes. The
supernatant was collected and RNAse was added to a final
concentration of 1 ug/ml and incubated at 37°'C for 30
minutes. The supernatant was extracted twice with an equal
volume of phenol: chloroform: isocamyl alcohol (25:24:1) and
once only with chloroform: isoemyl alcohol (24:1). The
plasmid DNA was precipitated using twice the volume of
ethanol and then washed twice with 70% ethanol. The peilet

was dried and resuspended in 1X TE buffer.

egam
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In order to release the insert the plasmid DNA was digested
using the enzyme, EcoRI, which had been used to subclone the
fragment. The reaction was electrophoresed and the fragment
sizes were determined. Multiple transfers of the gel to
nylon membranes were performed. This involved setting up of
a normal Southern transfer but changing the me.abrane
increasing the length of transfer for each successive
membrane. These were hybridized to the DNA fragments from
the original recombinant phage. Finally the new
recombinants were radiolabelled by nick-translaticn and
hybridized to a Southern blot containing human DNA d.gested

with the enzyme that detected the RFLP.

Those recombinants which satisfied all of the above criteria
were then replated and grown cvernight in 5 ml of Luria
Broth. Ons ml of the culture was mixed with glycerol {final

concentration of 35% ] and stored at -70°C.

2.16 EVALUATION OF METHODS

The methods used in this study were mostly standard

techniques discussed at length by Maniatis et al., (1982}

and those which have given the most reliable results have
been reported. A number of modifications to the basic

techniques were made when it was deemed necessary.

A number human genomic DNA extraction techniques have been
used and the technigue which gave the highest yield is
reported here. This technique was advantageous in that it

took only 3% hours to do. It has also been found that an
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extra phenol extraction in the protein removal stage is
helpful in yielding DNA of better quality. The extraction
of DNA from bacteriophage usually yielded p.re quantities of
DNA and hence other shorter methods were not explcred. The
one~day mini-plasmid preparation used to analyse the
recombinants after subcloning yielded very large amounts of
good quality DNA. Iv is therefore suggested that this
one-day procedure vombined with a CsCl gradient step wculd
ba suitable for use if there was a problem with

contaminating chromosomal DNA.

A numbe: of problems have been experienced when digesting
DNA wich restriction enzymes such as MspI and EcoRI. The
DNA was pure encugh to be digested with all other enzymes
and so the problem was specific for these two enzymes.
Sometimes, an alteration in the quantity of enzyme used or
extra phenol extractions on the DNA allowed for dimestion of
the samples. Variation in the quality of enzyme obtained
from the supplier also could be a contributing factor. Both
enzymes could be giving problem due to partial methylation
at these sites. Spermidine trihydrochloride was found to
facilitate the digestion of human DNA but care was taken not
to use large amounts or the DNA precipitated ocut of

solution.

The most iaportant modification to Sonthern blotting was the
change over from nitrocellulese membranes to nylon
membranes. The cost of nylon menrbranes was double that of
nitrocellulsse but the ability to reuse these membranes
resulted in an snormous saving of time and hence was

cost-effective. Our group was most satisfied with Biodyne

¥
H
i
H
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{Pall) which was durable and easy to handle. DNA transfer #
was successful in 10 x $5C and a stripping procedure without

formamide was used.

Our experience demonstated that Biodyne was less sensitive
than nitrocellulose after hybridization. This has recently
been shown to be due to baking of the membrane and that by
exposing the membrane to a specific UV light after transfer
instead of baking, sensitivitvy aftaer hybridization is
enhanced (Khandjian, 1987). The addition of 5% Dextran

p Sulphate to the hybridization solution of Biodyne was also

found to increase the sensitivity of detection using this

i membrane. It was also found that 0,1% SDS helped reduce

background caused by non-specific hybridization. The
hybridization so’ution g.ven in Appendix B was a general
solution used for all nylon membranes. Plastic bags
replaced perspex hybridization boxes and up tec five large

b h membranes were placed together in one plastic bag during
hybridization. The amount of hybridization solution needed
was not fives times that specified per square cm on each
blot but 20 ml was sufficient for 5 large (20 X 18 cm)
membranes, If the hybridization mixture was used over nore
than two blots, results were obtained using Kodak XAR5 film

and exposing the membranes for up to seven days.

i Oligolabelling of specific human DNA fragments was preferred
to nick-translation of the whole bacteriophage clone. The

E ipecific activities obtained were much higher and the

results were often clearer. Column separation of the

non~-incorporated nucleotides from the oligolabelled DNA

fragments was necensary. However, to prevent any
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unnecessary exposure to radiocactive nucleotides, the
non~incorporated nucleotides were usually removed using
Sephadex G-50 columns. It was found that 50 uCi of 32? was
sufficient to lahel 64 ng of DNA for results on five large

Southern blots.

Two different somatic cell hybrid DNA extraction protccols
were used. [he y‘eld of DNA from the second method was far
superior to of the first. The second method also cuts out
the time-consuming step of cell collection. In this method
somatic hybrid cells are lysed in their culture flasks and
larger DNA ylelds were obtained. This suggested that the
low yleld frum the first method could have been due to lysis
of the cells during collection and then the DNA was
susceptible to any endonucleases that were present. This
would account for the degrading problems that were
experienced. The disadvantage of the second method was that
an overall cytogenetic analysis could not be done on all the
cultire flasks. This could lead t» inaccurate results if
some cells containing certain chromosomes were

misrepresented in those flasks which were analysed.

A further development in the field was the substitution of
Biotin labelled nucleotides for 32? labelled nucleotides
(Leary et al., 1983). This technique of lauelling DNA
probes is however not favourable to a study such as this
because the need to reuse Southern blots was an important
advantage. Subsegquent hybridization studies have to be done
using 32P‘ Future developments in this field would be

advantageous if radio-~active nucleotides could be eliminated
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from hybridization procedwres. BSafety precautions were used
at all times when using radio-active nucleotides until such

developments are made in the field.
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A human genomic DNA library was ccreensc 1 - singlae-copy
sequences. These clones were .zed Lo screen rarf-m
individuals, whose DNA was o jested with a panel of
restriction enzymes. A number of restricticn fragment
length polymorphisms were detected and these were confiraed
to be inherited in a Mendesian fashion by means of family
studles. Those DNA sequences which detectad RFLPs were
rentatively locallized to human chromogomes by hybridization
studies using a somatic cell hybrid panel. The allele
frequencies of the various RFLPs were determined in three

southern African populations.

3.1 Human genomic probes &
3.1.1 The Isclation of Fuman DNA Probes
Screening of the HaeITI/ALul human ONA library

The human DNA library was plated out and the titre (the
number of plague forming units per wmli of the library was
determined. Th'.z had decreased from 1,0 X% 1™ per ml in
the previcus soreening (carvied out in the Department,
January, 1984) to 1,0 X 109 per ml, Approwimately 1404
non-overlapping plagues werse isolated and screened by the
method of Benton and Davies (1977}, Fighty-five plaques did
not show any detectable hybridization to genom.c DHA.  An
autoradied raph of radiolabelled total human genomic DNA

hybridized to a plate containing ptage with and without




reprtitive Luman sequen.es is shown in figure 2.1 (page
68). The "gaps" represent plagques of bacteriophage which
contain single-copy human DNA inserts or lack human inserts

altogether.

Isclation of bacteriophage DNA containing human inserts

DNA from each bacteriophage clone was digested with the
restriction endonuclease ECORI to indicate which of the
clones contalned human DNA sequei..es. Twenty-three of the 8%
clones had restriction patterns which indicated that they
contained human DNA sequences. Some of those which detected
RFLPs can be seen in figure 3.l1a and 3.2. The Lambda Charon
4A DNA has EcoRI fragments of 1%,9; 10,9: 7,8 and 6,6 kb in
length. The joining of the left and right phage arms at
their cohesive ends forms the larger 30,7 kb fragment which
can be seen in figure 3.2. Human DNA sequences present in
the clones would be distinguishable from the Charon 4A
sequences, since the human fragments replace the 7,8 and 6,6

kb Charon 4A fragments.

The sizes of the human EgoRI fragments within each clone
were calculated using molecular weight standards (Lambda DNA
digested with HindIII and EcgRl), and are listed in table
3.1, Not all the smaller fragments are visible in figure
J.la but they can be seen in figure 3.2. A further 10
clones also contained human DNA inserts. Six of these
clones did not detect any variation and the other 4
contained repetitive DNA sequences which gave results which
could not be interpreted and therefore these recombinant

phaye have not been followed up.
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Figure 3.2, An othiddium Bromide stained gel contuaining
fambda phage clones digestod with EooRl

Lanes 1-8 gontaln VO-14, 26, 61, 6%, 64, 71, 85, apad 76
raspoctively. Molecular welight markers are inalcated.

. oin lane 5, the luarge human insert bet e the phogs
aras, and in lanes 3 oand 8, the smaller human fragments of
VU6 and VO8Y%, aroe visible. Fragoent sives correspond to
those given in Table 3.1,




TABLE 3.1.

Probe
name

V€14

vea2s

vCel

VC63

vee4d
vC71

veTs

veBs

BACTERIOPHAGE CHARON 4A

EcoRI Fragments
from insert

5,2; 4,9: 2,7
2,25 1,0; 0,85
0,72
4,5; 1,7
4,507 1,98; 1,0
0,83: 0,477 0.40
7,201 6,10

1,305 0,95

14,5; 1,25

6,7: 2,35

2,1: 0,84

10,0 ; 2,5

1,35: 0,47

6,7 ; 3,3 ; 2,15
1,7 ¢ 0,95; 0,84
0.77

Total Size
of insert

17,587

6,2

8,28

15,55

15,75
11,99

14,32

16,41

PROPERTIES OF THE EIGHT HUMAN DNA INSERTS IN

Fragments Sizes
containing
repetitive
sequences (kb}

Tione

both

4,50
0,93

7,20
6,10

none

6.7

none

none

The underlined fragments are visible in Figure 3.2 but
not in figure 3.1a.
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Further screening for repetitive human DNA sequences

A Southern blot. using a nylon membrane, was prepared from
the agarose gel shown in figure 3.la. The hybridization of
this blot to radioclabelled total human genomic DNA indicated
whether any of the human fragments contained repetitive DNA
sequences. Tt can be seen from figure 3.1b that somne of the

human frugments have hybridized to total human DNA. The

membrane in figure 3.1b has been washed at a moderate
stringency (55°C in 0,1% SDS; 0,1X S8S8C) because even the
repetitive DNA sequences would be removed at higher
stringencies. When the clones were initially isolated, .hey
were transferred to nitrocellulose and then screened under
stringent conditions and therefore there was no detectable
hybridization to total human DNA in the clones that were
sele~ted. Repetitive DNA sequences within these clones were Q
only detected when nylon membranes were used and a high
background, due to non-specific hybridization of the probe,
was found. In order to get clear hybridization results
those DNA fragments which contained repetitive sequences
were identified and were excluded from the probe. The sizes
of the human DNA fragments which contained repetitive
sequences are indicated in table 3.1. Some of the human
EcoRI fragments, which identified the RFLPs have been

subcloned and are described in the following section.



3.1.2 Subcloning of certain Probes

The ECoRI fragments of clones VC63, VC61 and VC85 which
detected specific RFLPs were identified, isoclated and
purified from a low melting temperature agarcse gel. The
vector chosen for subcloning was pUC1% and it was also
digested with EcoRI for a simple "sticky-end" ligation

reaction.

Successful subclones for VC61l, VC63 and VC85 have been
obtained, and are called pVCél, pvVC63 and pvC8s
respectively. Diagrams of the three subclones are given in
figure 3.3. 1In figure 3.4a an EGORI digest of DNa from each
of the subclones is shown. In figures 3.4b, ¢, d, and e,
the hybridization pattern of the original fragments are
shown to correspond to those present in the new subclones.
These subclones all successfully detected their respective

RFLPs (see below).

In summary, then, eighty-five clones were isolated from a
human genomic DNA library as potential single-copy human DNA
probes. Restriction enzyme analysis indicated that 23 of
these clones contained human DNA inserts. Of these, 14
still contained repetitive sequences within the clones and
only 9 contained single~copy human DNA sequences. The
overall percentage of single-copy sequences isolated in this
study was therefore 0,6 %. A single-copy EgoRI fragment was
isoclated from 2 of the 14 clones, which —ontained repetitive
DNA sequences, and detected variation in the human genome.
Three of the clones which detect RFLPs have been subcloned

into pUCl19, a plasmid vector.
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3.2 RFLFs isolated in this study

3.2.1 Restriction Fragment Length Polymorphisus

Human DNA was isolated from random individuals. The average
yield from 25 ml of whele blood was between 0,6 and 1,0 mg.
Ten ug of human DNA was dlgested with each of the following
. fourteen restriction endonucleases; Mspl, Tagl, BamHI,
BglIT, Hin III, HindII, EcoRI, Pvull, PstI, Sstl, Stul,
Avall, MbhoI and Rgal and Southern Blots were prepared.

The majority of RFLPs detected in this study were due to

4 base-pair substitutions which resulted in the creation or

g loss of a recognition site for a restriction enzyme. These
DNA changes were recognized by one restriction enzyme and

. generated simple two-allele polymorphisms. Family studies
showed that all RFLPs discovered in this study were
inherited in a co~dominant Mendelian fashion and these

results are presented in the following paragraphs.

I. Basepair Substitution RFLPs

Probe VC14 detects two Mspl Polymorphisms

This clone contains a 17,6 kb single-copy human DNA insert
and it detects two Mspl two-allele RFLPs (A and B) in the

human genome. The allelic fragment sizes are (Al) 20,0 kb
{A2) 11,6 kb and (Bl) 14,0 kb (B2) 12,7 kb (figure 3.%a).

In order to confirm this, the bacteriophage was digested
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with Mgpl and two fragments, 11,0 and 8,5 kb were lsolated.
fhese fragments do not correspond directly to the size of
the humar fragments on a Southern blot. The clone was
constructed using EcoRI linkers and hence digestion with any
other enzyme would result in the fianking human fragments
being attached to the left and right arms of the
bacteriophage vector. The 11,0 kb fragment, when hybridized
to a Southern blot of Mspl digested human CNA, detected the
20,0 and 11,6 kb fragments (figure 3.5b). Similarly the 8,5
kb fragment hybridized to the 14,0 and 12,7 kb human
fragments (figure 3.5c¢). There is some hybridization to the
11,6 kb Msnl fragment, using the 8,5 kb Mspl fragment which
is due to the 8,5 kb Mspl fragment not being isolated
completely from the 11,0 kb MspI fragment.

Probe VC14 detects two polymorphic Mgpl sites which are
cutside of the region that was originally cloned and this is
schematically represented in figure 3.6. Family studies
using both Mgpl fragments confirm Mendelian inheritance of

the specific alleles at each locus (figure 3.7a and 3.7b).
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Figure :.6. Schematic representation of the Mspl
restriction pattern of probe VOL4,

The 11,7 kb Mgp! fragment from the ¢lone hybridizes to the
20,0 and 11,6 kb human genomic Mgpl fragments. The 8,5 kb
Mspl fragment hybridizes to the 12,7 and 14,0 kb human Mspl
fragments. (*-polymorphic sites, M-Mspl).
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Probe V028 detects Mgpl and Tagl polymorphisms

This clone contains a 6,2 kb human DNA insert which contains
noderately repetitive DNA sequences, since both the uman
ECORI fragments hybridized to radiolabelled total human
genomic DNA (figure 3.1b, page 116 ). This probe detected
two simple two-allele RFLPs with the restriction enzymes
Tagl and Mspl. Stringent washing conditions (65°C in 0,0% X
S8C 0,05% §pS for at least one hour) were howaver needed to

remove the repetitive fragmants.

The hybridization pattern of VC28 to an Mgpl digest of DNA
from random Negroid individuals is shown in figure 3.8a and
a number of constant fragments in addition to the
polymorphic ones can be seen. In figure 3.8h the
aybridization pattern of the 3,6 kb MgpI fragment, which was
isolated by digestion of vC28 with MgpI, to the same blot is

shown,

The two-allele MspI RFLP is apparent and the extra fragment
in lane 6 in figure 3.8a, is no longer present in 3.8h and
is therefore not part of the polymorphism. Thi~s extra
fragment has not been seen in subseguent screering studies
and could possibly have been due to either a partial
digestion or it could represent a second variant fragment
length detected with V€28, Family studies on this

individual were unfortunately not possible.
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Figure 3.8. An autoradiograph of a uthern blot of DNA
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hybridized to a) probe vC2d and b @ 1,6 kb 3l fragment
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welght marker is visible (M), In b} the tw atlele RFLP can
clearly be seon, No labelled lapbda DNA was added to the
risaction and therefore no bands are visible in lape (M).
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Figure 3.9 is an autoradiograph of a family study of the
clone V28 which was hybridized to a Southern blot of Family
DNA digasted with MspI. The parents are homozygous for
different alleles and the three children are all
heterozygotes, thus confirming co-dominant Mendelian

inheritance of this polymorphism.

The Tagl polymorphism can alsn be detected by the same 3,6
kb MspI fragment of probe VC28. In figure 3.10a an
autoradiograph of the hybridization pattern cf probe vVC28
hybridized to a Tagl digest of DNA from random Caucasoid
individuals is shown. A number of constant fragments are
visible and an extra 3,6 kb fragment is present in some
individuals. Hybridization - the 3,6 kb Mspl fragment, to
the same blot, revealed the po. morphic fragments. The 4,8
kb fragment not the 4,1 kb fragment, which is directly above
the 3,6 kb fragment, is the allelic fragment of the RILP

{figure 3.10b).

Family studies have shown the Mendelian inheritance of this
polymorphism, but to date no individual whe is a ! »mozygote
for the smaller 3,6 kb fragment has been detected (figure
3.11). It is interesting to note that both the Tagl and
Mspl RFLPs, which have similar sized allelic fragments, have
been detected within a 3,6 kb DMA sequence and further that
both of these restriction enzymes contain a CpG dinucleoctide

sequence in their recoonition site.
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Probe VC61 detects a Tagql polymorphism

This clone contains a 8,28 kb human DNA insert. Two of the
human E¢oRI fragments within this clune hybridized to total
human DNA (figure 3.1b, page 16 ). A high frequency
two-allele Tagl polymorphism was detected and the variant
fragments are 1,5 and 10,1 kb in length. There were no
constant fragments (figure 3.12). The Tagl RFLP is visible
even though the DNA has migrated unevenly in places. This
RFLP was initially detacted using the clone V61 and by

means of high stringency washing of the membrane.

In an attempt to get clearer results, the bacteriophage
clone was digested with TagI. Those Tagl fragments, which
did not corraspond to Charon 4A DBA Tagl fragments, were
excised from a low melting temperature agarose gel and each
was then in turn hybridized to Tagql human DNA blots. All of
these fragments gave very strong background and the RFLP was
not apparent. In order to get clear results, those human
EcoRI fragments of the clone (1,98 and 1,0 kb), which dia
not hybridize to radiclabelled human DNA (figure 3.1b,

page 116 ), were pooled and oligolabelled.

A study of a three generation famil/, showing co-dominant
Mendelian inheritance of the alleles, can be seen in figure
3.13. The 1,0 kb human EgoRI fragment of VCél, which has
been success ully subcloned inte a plasmid, pUCi9 (section

3.1.2) was used to produce this autoradiograph.
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Figure 3.13. An autoradiograph of a Southern blot of a Tagl
digest of a three generation family (C.E.P.H. no. 13294)
hybridized to the 1,0 kb EcoR! fragment, isolatod from the
subclone pVCal.  The parents ave homazyagous Coditteoreny
allelos and all the children are heterorygo
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Figure 3.12. An autoradiograph of Scuthern blot of DNA from
random Caucascid individuals, digested with Tagl and
hybridized to the 1,98 and 1,0 kb ) fraguents of probs
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Figure 3.13. An autoradicgraph of a Southern blot of a Tagl
digest of a three generation family (C.E.P.H. no. 13294)
hybridized to the 1,0 kb EcoR! fragment, isolated from the
subalone plesel.  The parents are o zyqous tar different
alleles and all the ohildren are hebtorosydgouws
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Probe V(63 detects a Tagl polymorphism

This clone contained a human NDNA insert of 15,5 kb and two
of the human EgoRI fragments (7,2 and 6,1 kb) hybridized to
total human DNA (figure 3.1b, page 118 j. This probe
detected a simple two-allele Tagl RFLP. The two allelic
fragments are 13,0 and 9,0 kb and a constant fragment of
10,5 kb is also found. In figure 3.14 an autoradiograph of
a Southern blot using a nitrocellulose membrane, containing
Taql digests of DNA from random Caucasoid individuals,

hybridized to VC63 is shown.

These resulis weres not repeatable wPan nylon membranes were
used. The 1,3 and ¢,95 kb human E¢oRI fragments, which did
not hybridize to human genomic DNA, were excised from a low
melting temperature agarose gel, oligolabelled and used to
obtain clear results. These two fragmenis did not detect
the constant 16,5 kb fragment. In figure 3.1%5 an
autoradiograph of a family study demonstrating tne
co-dominant Mendelian inheritance of the alleles of this

RFLP is shown,

The constant fragment is no longer visible because the 1,3
kb human EgoRI fragment from the sub-cleone of VO8I, pvesld
was used. A schematic representation of the Tagl
restriction pattern which resulted in this polymorphism is

illustrated in figure 3,16,
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Figure 31.15. An autoradiograph of a Southern blot of Ta
digests of DNA frow some individuals of a three generatlon
family (C.E.P.H. no. 1416). which has bec hybridized to the
1,3 kb EgoRI fragmant of the subolone pveed. Fragments {rom
e Jamk Hindl1l molecular weight parker are alsce shown.
The constant band of 10,% kb between the variant fragments
no longer visible.
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Probe VC64 detects a Tagl polymorphism

This clone contains a 15,75 kb single-copy human DNA insert
consisting of a 14,5 kb and 1,25 kb EcoRI fragment. The
14,% kb fragment between the twe phage arms (19,9 and 10,9
kb) can be seen Jigure 3.2 (page 117 )., This probe
det:cts a simple twe-allele Tagl RFLP. A Tagl site within
the 1f 5 kb iragment has either been created, thus resulting
in two smaller fragrents of 10,1 and 5,4 kb, or it hus been
loust between the 10, 5,4 kb fragments, resulting in the
larger 15,3 kb fragmen.., In figure 3.17, an autoradiograph
of DNA from 6 random San individuals digested with Tagql and

hybridized to VC64, can be seen.

A variant allele has also been detected, but unfortunately
family studies were not possible to show the inheritance of
this variant allele, since no relatives of this indivie 1
could be obtained. A further 53 San indiv.duaals have been
screensd with this probe and ¢ other 12.0 kb alleles have
been found. This individual has probably gained a Tagl sits
which lies within the Tagl sites which gave rise to the 15,53
kb fragment. The Tagl restrict’ . n pattern of this probe is

schematically illustrated in firure 3.18.

In figure 3.19, an autoradiogvaph of a family study saowing
the co-dominant Mendellian inheritance of the Tagl alleles is
shown “he father, a heterozygote (result not shown), had
three Tag! fragments and 4 of the 5 children have inherited
the paterpal allele represented by the 10,1 and 5,4 kb
fragments since thelr mother (I-1) is a homozygote for the

15,5 kb allele.

o
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. Figure 3.17. An autoradiograph of a Southern blot of DNA
¥ from random San individuals, digested with Taql and
hybridized to probe V64, One 1ndividual, lane 5, shows a
variant pattern and has fragments of 12,0 kb and a 15,5 kb.
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radiograph of probe VC64 hybridizad to
# Southern blot of Tagl digest v DHA frow a filve child
family. The father a hetero yote havimg all throe
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Probe V(7% detects a three allele Avall polymorphism ¥

This cione contains a 14,3 kb single copy human DNA insert.
It was initially shown to detect a two-allele AvaIl RFLP in
all three Southern African populations, but when it was
tested on a numbar of parents from the C.E.P.H.
collaboration study, a third al’ele of 3,2 kb was found.
This allele was present in a lower frequency than that of
the 4,3 zb allele. Figure 3.20 shows the hybridization
results of this probe to DNA from random Caucasoid
individuals digested with AvaIl. The three allelic
fragments are 4,3; 3,5 and 3,2 kb, and a number of constant

fragmenis can also be seen.

Figure 3.21a presents t.ie results of a family study in which
the co-dominant segregation pattern of 4,3 and 3,5 kb
alleles can be sean. Both of the parents are heterozygous
for the RFLP and one ¢< the children (II-1) is a homozygote
for the smaller 3,5 kb allele. Figure 31.21k shows the
co~dominant segregation in three generations of the 3,% and
3,2 kb alleles. This Southern blot was hybridized to the
1,35 Eg¢QRI human fragme.t isolited from pr-h~ 3750 This
fragment could be subcloned at a later stage since it

detects only the RFLP and none of the constant fragments.
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Figure 3.20. An autoradiograph of probe V(
a Southern Blot of Avall digestions on DNA
Caucasoid individuals. Three alleles represented by 4,3;
3,5 and 3,2 kb fragments (AL, A7 and A3 v actively) can be
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doublet and 1,32 kb fragments of the lambda HindlIil/Ecq
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II. DNA rearrangement-type RFLP detected by probe VCi§

One of the mere interesting findings in this study was the
isolation of a probe which detected a DNA rearrangement-type
RFLP. Thils type of RFLP is usually only detected if the
rearrangement involves a region of DNA, probably greater
than 300 bp, which is resclvable on a gel. A number of
smaller rearrangements would be detected as base~pair

substitution RFLPs.

Clone VC85 was an interesting probe discovered in this
study. It contained a 16,41 single-copy human DNA insert.
Initially nine enzymes were found to show variation with
“his probe and it was concluded that vC85 detected an
‘ertion/deletion RFLP involving 500 bp of DNA because:
Firstly, the variation in polymorphic fragment sizes was
constantly 500 bp with the majority of restriction enzymes
used. This is illustrated schematically in figure 3.22.
Secondly, the same individuals were always heterozygous for

the polymorphism with all the enzymes used.

In figure 3.23 the hybridiza*'.n patterns of preoke VC85 to
DNA of random individuals ' justed with four restriction
enzymes, Stul, Pvulil, Bglll and BapHI, and thelr {ragnent
sizes are given. An Insertionsdeietion RIUIP involving ¢
constant amount of DNA behaves as di-allelic RFLP at a

single locus.

e
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The enzymes Mapl and Tagl both showed unrsual restriction
fragment length variation with this probe, but still
worresponded to the insertion/deletion polymorphism. These
results will be discussed in the section on characterization

of probe VC8% (section 3.3},

The alleles genevated by this insertion/deletion are

inherited in a Mendelian fashion (figure 3.24).
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3.2.2 lLocalization of the RFLPs detecting DNA sequence: i

The tentative localization of all the RFLP detecting human
DNA seguences isolated in this study was possible due to the
generous donation of cell lines from a number of
individuals. Lines XIIDIAE, XII2D1lf, XII2Dld were obtained
from Lr. U, Francke, Yale University, U.S.A., lines 32-2-10
and 32-2-2 from Dr. T. Mchandas UCLA Medical Center,
Torrance, C.A. U.$.A. and lines RBCL3IH-C, DMWSII-C,
DMW13II-C and MDW55-C from Dr. A. E. Retief, University of
Stellenbosch, 8.A. All other lines were constructed by our

Department (Dos Santos, 1986).

The somatic cell hybrids lines were maintained in the

Cytogenetic Unit of the Department. Southern Blots were .
prepared from DNA extracted from these lines and the RFLP N
detecting sequences were hyoridized to these blots. The

hybridization pattern of presence or absence in a specific

line could then be assgessed according to the chromosomal

content of the hybrid lines. 1In order to determine whether

any cross-sequence homology of the human DNA probes exists,

three important controls consisting of Chinese hamster,

mouse and human DNA were also placed on these blots. In

table 3.2 the results of the chromosomal wnalyses of the

cell lines and the hybridization patterns of the differert

human RFLP-detecting sequences to the specific somatic cell

lines are shown.
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Most of the RFLPs reported in this study were localized
using one Southern blot, from which it was not possible to
distinguish between chromosomes 7 and 20. Two other
Southern hlots using new lines seve prepared and these
helped in the assignment of sume of the probes, Tentative
assignments without any discrepancies were obtained for the

probes, VYCl4, VC61, VCH4 and VC8S.

Probe VCl4

This probe “wybridized to all lines containing chromosome 6,
{iines 2, 8 a* ' 9 } and to the human male control (figure
3.25). This probe was hybridized to other lines (20 and 21}
which contained an isochromosome of the short arm of
chromosome 6 and the probe was presznt in these two lines

thus indicating that the probe is on chromosome &p.

Probe VC61

Probe VC61 has been tentatively localized to chromosome 2.
This probe can be seen to hybridize to lines 2, 4 and to the
male control in figure 3.26. A few other lines were also
analysed and there was hybridization to line 19 (which
contains all the chromosomes except the Y chromosome) and
line 22 (table 3.2). The only chromosome consistently

present in all these lines was chromosome 2.
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Probe VC64

This probe has been tentatively localized to chromoscme 1.
The probe has hybridized to lines 2, 9, 11, 12, 13, 14 and
19. There is cross sequence homology to mouse DNA and
possibly to Chinese hamster DNA, but this cannot be clearly
seen Iin figure 3.27. This probe was later shown to be

linked to probe VC85 which is also found on chromosome 1.

Probe VC8S

This probe has been assigned to chromosome 1. In figure
3.28 it can be seen that VC85 has hybridized to somatic cell
hybrid lines 2 and ® and to the human control, who was a
heterovzygote for the RFLP. Further hybridization results
indicated that the probe was also present on a chromosome

common to lines il, 12, 13 and 14 (table 3.2).

Other fragments not corresponding to the human control
fragments have hybridized to the probe. The two fragmants
present in lines 1, 2, 3, 8, 9, and 10 are thought to be
Chinese hamster fragments, because all these lines were
formed by fusion with Chinese hamster cells, even though the
Chinese hamster control line (Wg3h) does not clearly show
these fragments. This could be due to partial degradation
of the Chinese hamster DNA on the blot. The extra fragments
in lines 4, 5, 6 and 7, which are all mouse hybrid lines,
correspond to fragments prasent in the RAG line (control

mouse DNA) .

—
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Figure 3.27. An autoradiograph of Southern blot of DNa of
somatic cell hybrid lines digested with Hind?!T and
hybridized to probe VCo4. The probe ls present in those
lines which show all of the human fragments (A, B, C, anl
D,) namely iines 2, 12, 13, 14 and 19 and faintly in 11.
Cros hybridization to mou (M) DNA <an be soean fa lines 4
5, 6, 12, 13 and 14. tybridization Chin hamateyr DHA
(Ch)y is not olear. Some fragments of the pada moles
welght marker are faintly visible.




198

P

Figure 3.28. An autoradiograph of a Southern blot of
somatic cell hybrid DNA digested with HindIIT and hybridized
ta probe VCBS.  The numan fragments of the control male, A,
B, ¢, D, and E, are also pr ant i lines 2 and %.  The
extra fragment in the human control ia due teo the deletion/
insertion RFLF where the control was a heterozygote at this
locus.  The extra bands in lines 1, 2, 3, 8, 2, and .0,
vhich do nst correspond to the human foagments, represent
ore grpuenas homelogy to Chiness hamster DNA and ara

b Civr gootrol Chirese hamster DNA (Wglhd) do not
o fracserts cleariy.  Two further bands which also
T renpomd Lo the human contyol are present in lines
7 oand in Yhe RAG lLine (M), a Pndioate

gquonce honology to mouse DHAL Thoese lines were all
sted with mouse cells,




Thig human DNA probe therefore shows cross-species homology
to both mouse and Chinese hamster. This suggests that it
could be a conserved mammalian sequence. As was mentioned
i above probe V(64 and VC85 have been shown to be linked.
» Both were independently assigned to chromosome 1 and also
show some cross-specles homology to mouse and Chinese

hamster DNA.

The following probes have also been tentatively assigned. A
number of discordances which will be discussed however dc¢

exist.

} : Probe VC28

This probe has been tentatively localized to chromosome 8

} since it Las hybridized to lines 2, 4, %, 8 and 10 and to i
the human male control (figure 3.29). Oae discordancy which )
g ‘ was present is that lines 8 and 10 have either chromosome 0
or 4 present respectively, but not both. This indicates
that if chromosome 8 is present in line 10, it is at a lower
frequency than could be detected cytogenetically. The probe
has further been shown to be present in lines, 16 and 18

which both have chromosome 4 and 8 (table 3.2).

The probe has however not hybridized to lines 11, 12 and 17,
all of which contain chromosoma 4. Since this probe has
moderately repetitive seguences, one cannot exclude the

b possibility that it could be duplicated on chromosome 4 and

8.




This human DNA probe therefure siaows cross-specles homology
to both mouse and Chinese hamster. This suggests that it
could be a conserved mammalian segquence. As was mentioned
above probe V64 and VC85 have been shown to be linked.
Both were independently assigned to chromosome 1 and also
show gome cross-species homology to mouse and Chinese

hamster DNA.

The following probes have also been tentatively assigned. A
number of discordances which will ke discussed however do

exist,

Probe VC28

This probe has been tentatively localized to chromosome 8
since it has hybridized to lines 2, 4, 5, 8 and 10 and to
the human male control (figure 3.29). One discordancy which
was present is that lines 8 and 10 have elther chromosome 8
or 4 present respectively, but not both. This indicates
that if chromosome 8 is present in line 10, it is at a lower
fr :quency than could be detected cytogenetically. The probe
has further been shown to be present in lines, 16 and 18

which both have chromosonme 4 and 8 (table 3.2).

The probe has however not hybridized to lines 11, 12 and 17,
all of which contain chromosome 4. Since this probe has
moderately repetitive sequences, one cannot exclude the
possibility that it could be duplicated on chromosome 4 and

-
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Figure 3.2%. An autoradiograph of probe vC28 hybridiz to
Southern blot of a HindIIT digest of scomatic ceil hybu

DNA. The probe is present (+) in lines 2, 4, 5, 8, and

and cthe human male control, indicated by the arrows A a

B. The dark spots which are visible on the pholograph
arvifacts. There was no hybridization to RAG (mouse} ov
Chinese hamster control DNA {(not shown).




It has also become apparent that lines 11 and 12 nesed more
analysis because too many discrepancies have arisen with
these lines as is illustrated by the assignment of proba

VC63 to chromosome 4 (see balow).

Frobe V(63

This probe has been tentatively localized to chromosome 4
when the human EQoRI fragments ware hybridized to the
somatic cell hybrid panel blot. The first blot, containing
lines 1 to 10 gave an irdication localization of chromosome é
4 since the nrobe hybridized to lines 2. 4, 5, &, and 10.
The assignment to 4 was not definite because the probe nas
also hybridized to line 6 and it only has a micromarker,
which has been identified as either 4p or 12p. Further
hybridization of this probe to a number of other lines has
shown that it is present in lines 16, 17, 18 and 1% (table
3.2). This localization to chrorosome 4 was not conclusive
since the probe has not hybridized to lines 11 and 12, which
both contain chromosome 4. These two lines are presently
reing re-analyzed but results are rot yet available. No
other chromosomes correspond to & hybridization pattern.
Chromoesome 12 and 22 have both . + excluded because there

are 5 and 6 discordant lines resjpectively.
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Probe VC75%

This probe has been tentatively localized to chromosome 7.
The hybridization pattern of the first Southern blot
containing lines 1 to 10, could not distinguish between
chromosomes 7 and 20 {(table 3.2). The probe hybridized to
lines 6, 7, 8 and 10. The probe was then hybridized to
other somatic cell hybrid lines which could distinguish
between chromosome 7 ana 20 (figure 3.31). These results
indicated that the probe wss present in lires 6, 11, 17, i4,
19, 22, 23 and 24 and therefore was more likely to be on

chromosome 7.

A problem eristed because there were three discordances in
the hybridization pattern. Firstly, lines 11 and 12
cyrogenetically show the presence of chiomosome 7, but
isozyme studies using the enzyme f~glucuronidase do not
confirm the presence of chromosome 7 in t..»se two lines.
Secondly, line 14, does not appear cytogerstically or
enzymatically to have chromosome 7. The cytogenetic data
has been taken to be more accurate in this case because
chromosome 7 was definitely present in lines 11 & 4 13 when
they ware re-evaluated. Tt has been conc’dad vhat this
probe is more likely to be on chromosome 7 since it is
present in 2 lines which definitely have chronosome 7 in a

very high percentage an¢ no chromosome 20 present,
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Figure 3.31. An autoradiograph of Southern blot of DNA from
somatic cell hybrid lines hybridized to probs VC75. The
probe is present in lines 6, 11, 12, 13, 14, 19 and human
control as indicated by arrows A~E. There iz no
hybridization to the mouse (M) or Chinese hamster (Ch) DHA.
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3.2.3 Summary

In this study, nine RFLPs have been detected using 7 cloned
human DNA sequences. The provisional localizations of all

the above RFLP~detecting human DNA sequences have been found
to be on some of the largest eight chromosomes. These %

chromosomes represent 20,22% of human DNA that would hava

been present in the genomic library therefore these results
are to be expected. Two probes have been found to map to

chromosome 1. A summary of the RFLP. isolated, the sizes of

their alleles and their provisional chromosomal

localizations are summarized in Table 3.3 below.

TABLE 3.3, SUMMARY OF RESTRICTION FRAGMENT LENGTH POLYMORPHISNS
DETECTED AMD THEIR CHROMOSOMAL LOCALIZATEIONS.

Restriction Probe Number Allele Sizes (kb) Chromosome No. of

Enzymes  Nome  of (AT} (A2} (A3) location Lines
alletes testad
Taxy! veot 2 2,5 10,1 - 2 2
vess 2 13,0 9,0 - 74 2
= 2 15,5 10,1 .- 1 i
vezs 2 48 36 - 8 24
Mspl velea 2 20,0 1M - 260 20
velss 2 14,0 12,7 - 765 20
vezg 2 5,0 3.9 - 8 24
VTS 3 43 3,5 3,2 7 3
Bow1 VLES 2 10,5 w3 .- 1 %

* - Many other enzymed can be used to shaw this

deletion / insertion RELP.




3.3 Characterization of unusual RFLP, detected by V(85

The unusual RFLP VC85 has been restriction mapped using some
of the enzymes which showed the variation. Table 3.4 lists
the human fragment sizes which were detected af*er
hybridization to the probe VC85. In order to restriction
map the probe, it was digested with several enzymes. A
control of Charon 4A DNA was also digested with the cuame
enzymes. This allowed for the identification of the
bacteriophage fragments generated from the left and right
arms as well as those vhich were still joined to the human

insert could also be identified.

Figure 3.32 shows an ethidium bromide stained agarose gel of
clone VC85 and Charon 4A digested with some restriction
enzyres and table 3.5 lists these fragment sizes. The DNA
in the gel in figure 3.32 was transferred to a nylon
membrane, by the method of Scuthern, and was been hybridized
to each of the 7 human EgoRI fragments from VC85. These
EcoRI fragments have also been hybridized to a Southern blot
containing the DNA of one individual digested with fourteen
different restriction enzymes. These results helped i1 the

ordering of the human fragments along the sequence of DNA.
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Figure 1.32. An etbidium bromide stai
probe VC3S digested with different e 5 for r
mapping purposes. The correspondung fragment s <

listed in Table 3.5. The smearing at the end of the gel is
due to RNA in the phage clone and some of the naller
fragments would therefore not be dete d. In tanes 1, 3, B
7, and 9, Charon 4A has been digested . in lanas 2, 4,
8, 10, 11, 12, and 13 probe VCBS was digested. The rizes of
the lambda wolecular welght markers { Xd+E , AH) are
indicated. (M-Mapl E-EgoRT; G- fglll: B-Rapll; H-HindITI)

e aga.sse gel of




TABLE 3 4. WA FRAGMEMY SIZES (Xb) GETECTED 8Y PROBE WCBS
AFTER SOUTHERN SLOT ANALYSIS

REZTRICTION ENITMES
SamHl  Bgill Winglll EcoRl Pwuil Stul #spl Sse! Taql

14,0 0,3 10,0 8,0 7.0 89 95 Dm0

08 &7 L3 S4 50 Sa 85 24 S

10,9 &2 L8 L& sl 50 A% 2.6
5,2 3% 3,0 gl 37 3.8 55 1S

Underiined fragments show variation when hybridired
to probe vCaS.
* - Ko variation detectec fue (o lack of fragment separation.
#* . feagment \ergth differsnce fs not 500 bp, sew text.
TABLE 3.5. DNA FRACMENT SIZES FOUND IN PHAGE CLOME VGRS
Mspl EcoRl Bamil Hird: ‘i 8glll BeBg €+4  Eolig
RE.0 33,7 19,0 019,5 W19, 14,0 19,0 5,8
5.5 0199 3,0 %o .8 8,0 5,8 3.3
2,7 R1,06 47,0 05,7 R&,D 4,1 3,0 1.8
£1,3 3,3 035,56 4.2 3,9 3.0 1o

a1 0,5 3,0 3.6 4.5 1,7 01,2

0,85 ©3,93 €2,16 2,0 teota
8,75 1,35 BRI R R X
045 €05 [SUETIRTE S

€ ¢ phage sequences. Lo (efT prage arm ¢ human seduentes
4 phage wrws Oined 31 their cos sites. R human
amquences » right phage arm. o partisl digests,

Those with no code are wuman fragments, SF - ather smaiier
tragments

1.
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The restriction map of VC85 is schematically illustrated in

figure 33. The sligut fragment size differences between
the internal fragments of the phage VC85 and human genomic
fragments, are due to differences in the migration of the
DNA fragments and the amount of DNA present in the gel.
Molecular weight markers in the genomic blots were placed in
the outer lanes and independently hybridized to Lambda DNA
since the Charon 4A derivative does not detect all of the

wildtype Lambda DNA fragments.

Some of the fragments detected after digestion of phage VC85
would contain portions of the phage arms as i1 dicated in
table 3.5. The 2,1 kb human EcoRI fragment from the clone
has been isolated and subcloned and it detects the RFLP with
all the enzymes used. The human fragment which was cloned
into V(85 represents the allele which does not have the 500
bp region. This could be deduced from the ECoRI and the

Mspl restriction patterns in the clone.

After restriction mapping of VC85 the unusual Mspl and Tagl
restriction patterns could be explained as being due to the
presence of restriction sites for both these enzymes within
the deleted/inserted region. Those individuals who were
heterozygotes for the insertion/deletion were also
heterozygotes for the Mspl and Tagl RFLPs. The differences
in the fragment sizes generated by these enzymes did not

correspond to %00 bp.
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Figure 3.33. A partial restriction map of vC85. The human
fragments sizes correspond to those of the smaller allele,
and are given in Takle 3.4, The order of each human
fragment is glven with respect to the EgoRI fragmente of the
clone and the position of the deletion/insertion region. RA
and LA reprerent the vight and left arms of the phage. The s
position of the Mspl site within the Inserted/ deleted b
region is indicated.




The unusual pattern generated using Mspl

An autoradiograph of vC85 hybridized to a Southern blot
containing DNA from random Caucasoid individuals digested
with MspI is shown in figure 3.34. Those individuals,
previously shown tu be homozygous for the absence of the
deleted/inserted ragion, have a 9,5 kb Mgpl fragment in
addition to constant fragments. Irdividuals who are
homozygous for the presence of the deleted/inserted region
have two fragments of 6,9 and 2,05 kb. Individuals
previocusly shown to be heterozygotes have all 3 Mspl
fragments. A schematic representation of the Mspl
restriction pattern is illustrated in figure 3.35. The
presence of an Mspl site within the 500 bp insertion/
deletion reglion would account for the two fragments in
individuals who have the presence of the inserted/deleted
region. Thoss individuals who lack this region are

homozygous for absence of tnis region, therefore " awck the

Mspl sites and therefore have a larger 9,5 kb fragment.

The unusual pattern generated by Taql

In figure 3.36, the var.ation in ‘ragment sizes after Tagl
digestion and hybridization t3 VC9% can be seen. The
difference in fragmznt length is only 130 bp. Those
individuals who a’e homozygous for absence of the
deleted/inserted reg’on have the larger 1,5 kb Tagl fragnment
while individuals homozygous for the presence of this reglon
have a smaller 1,4 kb fragment. Constant fragments are also

visible,
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Figure 3.34. An autoradiog aph of a Southern blot of ONA
from random Caucasoid individuals, digested with Mspl, and
§ hybridized to probe Ve85, I'ne varying fragments are 9,5,
[ L 6,9 and I,85 kb, and the constant fragments (C) are #, s
{ and 2,85 kb in length. Individuaals in lanes 1, 2 and 7 are
homozygous tor absence of the deletion/ insertion regicon, in
lanes 5 and &, they are heterozygous T locus, and in
lanes 3 oand 4 are homozyoous for the prosence of thig
TRGLON. In lane 2 the falntor largor {rag are due to
fy partial digestion with the restrictvion ens

, 5,9
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Figure 3.36. An autoradiograph of a Sout
from random Caucazold individual g T
nybkridized to probe VC85. riation, corresponding to the
deletion/insertion RFLP, is between fragments of 1,5 and 1,4
kb, Individuals with the 1,% kb fragment are homozygous for
absence of the region and those individuals who are
nomezygous for the presence of this region have a 1,4 kb
fragment .
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The 2,1 kb EgoRI iragment, isolated from the bacteriophage
clone, was hybr-idized to a Llot containing DNA from random
individuals didested with TagI. Tu's fragment hybridized to
the 11,0; 1,%; 1,4 and 1,2 kb Tagl fragments. A schematic
representation of the Tagl pattern is shown in figure 3.37.
A 600 bp fragment which could form part of the polymorphism
has not been detected and either has not transferred
correctly or there is a.other Tagl site within the region.
This explanation allows the Tagl restriction result to fit

into the deletion/insert.on RFLP pattern.
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Figure 3.37. Schematic representation of the Tagl
restriction pattern of VC85 around the deletion/ insevtion
region. The expected pattern is shown ir a). In b) the
postulated 600 bp fragment indicated by a (*}) was not
visible using a high percentage gel and a corresponding
explanation would be, that wore than one Tagl te is
present within the deleted/ ins ted region and therefore
the fragments which will be g e Ller than 600
bp and were not detected on a Southern bl
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2.4 Population Studies

When an RFLP had oeen found in the Caucasoid population the
freq encies of the «lleles were determined in the Caucasold
and two other southern African Populations, namely the
Southern African Bantu-speaking Negroids and San. The
C.E.P.H. stvdy was also used as a source of aata for the
frequenci:s of the RFLPs in a large number of Caucasold
individuals. The C.E.P.H. families consisted of large Utah
(Mormon), French and Venezuelan families. It had been
agreed, at the C.E.P.H. meeting in Paris, September 1986,
that the population data on Caucasoid individuals could be
obtained by pooling data on the random individuals from the
French and Utah families. This would probably be
representative of a Western European population. The data
from the Southern African Caucasoids could probably be
pooled with this group but has been kept separate in the

present st dy.

Population data was obtained by determining the genotypes of
all random individuals with all the RFLP-detecting probes
identified by this study. The following calculations were

performed:

i. Allele frequencies were calculated according to the

accepted gene counting methods:

p = number of chromosomes of a particular allele size

number of chromosomes tested




where p represents the allele frequency of allele Al

and g the allele fregquency of allele A2.

R ii. The peolymorphic information content (PIC) giving an
indication of the number of informative matings was

calculated using the following equation.
PIC = 1l-p'-g’-2p'Q

when there are more than two alleles the PIC value is
calculated according to the expanded basic binemial eyuaticn
from above. For two-allele systems the maximum PIC value 15
0,38. As the number of alleles increase, the PIC value

increases towards 1.

iii. The standard errors (SE) for the above allele
frequencies were calculated according tc the following

formula:
SE = ( pll-p)/N
where N = the number of chromosomes studied
The results of the population studies are listed in table
3.6. The frequencies of both alleles are given since the

rarer allele in one population was sometimes the more common

allele in another population.




iv. The allele fregquencies between the populations were
compared using two by two contingency tables and the
computer orogramme Epistat. The results and p-values
are given in table 3.7. The allele frequencies in the
populations have been tested and found to be in

Hardy-Weinburg equilibrium.

v. The population data has also been analyzed by computing
the genetic distances between the different population
groups bated on the allele frequencies generated at each
polymorphic site. The results of this analysis are
listed in table 3.8 and a dendrogram is illustrated in

figure 3.38.

In summary the population results show that nearly all the
RFLPs isolated, are polymorphic in all three populations
studied and the allele frequencies in the Jdifferent
populations show a number of significant differences between

population groups.




TABLE 3.4, ALLELE FREQUENCIES OF ONA STUUENCE FOLYMORPHISNS IN VARIOUS POPULATIONS

Probe dest, fotion Ailele

3

VL1

WoTS

VERS

. PIC -polymarphism int . mation content .
¥ ® the number of cheomanotes §tudied.

Erzymn

Hsp (A1)
A2

Mspi (B1)
82>

Hupl (A1)
1Ay

Teqi (B
(82

Taqi (A1)
A2y

Taal (A1)
a2

Yaql (A1)
A2y

Avall (A1}
(AZ)
(A3)

Bamil (A1)
(A2)

Sizes
(kb)

0,0
1.6

13,0
2.0

15,5
10,1:5,4

10,5
w0

Attele frequncies in the differont poputation groups studied

South African

Caucasoids

0,125 10,06
0,875 0,06

0,875 £0,06
¢,125 0,06

0,500 20,08
0,500 20,08

0,805 0,07
9,195 0,07

0,472 10,08
0,528 0,08

6,238 50,07
9,762 10,07

G778 20,67
0,222 10,07

8,211 10,07
4,789 10,07

9,522 10,47
0,474 10,07

3. CLE.p . Caucasolds are combined dats
4. cexcluding one variant

PIC

0,20

a,20

0,38

9,26

0,37

=
5

o

32

{8

(36)

(36)

{36)

(&2

€363

(381

46

South African
Neyroids

0,013
0,987

09,592
0,408

0,550
9,450

1,00

3,510
0,490

0,521
0,679

4,590
0,410

0,553
0,447

0,202
9,798

10,02
10,02

0,06
20, 4

0,07
£0,07

10,05
0,05

+0,05
20,05

20,05
+0,08

8,08
10,65

10,04
i

PEC

6,02

0,36

0,37

0,38

4,34

0,37

9,0

of Utsh anet french parents.

oy

@i

[¢4:3)

40y

{40}

{102y

(57

{10y

{94

(B4,

San

1,00

0,742 20,05
9,258 4,09

4,066 10,03
0,93 10,03

1,00

0,595 20,06
0,465 10,06

U, 882 14,05
0,308 10,05

675 10,05
6,525 141,09

0,717 10,05
0,283 10,05

G071 10,04
0,829 10,04

(3

0,37

0,24

o)

[
62y
{76y
{4i
€74
{8y
U?\}?

vy

(76

cepn
Caucasoids

0,096
0,904

0,848
0,152

0,438
0,567

922
0,078

9,528
0,672

0,167
9,853

0,819
0,181

0,180
0,690
6,130

6,400
0,609

10,08
10,03

0,06
10,06

20,06
10,06

04
0,04

10,96
£0,06

0,05
50,05

£0, 04
13,04

0,02
10,02
20,02

10,06
0,06

PIC

0,16

9,23

6,57

Q13

9,37

0,22

{N)

104y

[§rH

(t16)

[RRLF

1163

1)

{11h)y
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TABLE 3.7. STATISTICAL ANALYSIS OF GENOTYPE DATA BETWEEN

POPULAT 10WS
" Probe  Caucanocids Caucasoids  Negroids KA. Tauc,
i v i1 ve e
Negroids San San LEPHL

Coucasoids
x 0 X (p) x (m x* (0]
VOWA 2,2 0,32 .- o 3,09 0,24
VCH4E 11,80 . 6,50 0,04 2,8 2,26 5,76 0,06

VoM 0,30 ©,9% 1,60 23,20 (gl 0,70

veasr  -o- L o7
vest 0,2 0,29 0,04 0,98 1,99 0,37 1,76 0,

VeSS 14,50 v 56,00 v 21,89 % 2,75 0,25

vesh 13,02 e 302 v 3,06 0,22 1,09 0,59

VCTS 36,80 et 57,40 4 6,24 0,04 4,8 0,44 .

VCAS 16,60 v 18,80 ** 1,90 0,39 3% 0,07

f “* pevolue < 0,01 : result is signiffeant
p > 0,05 - no significant difterence
0,01 < p < 0,05 need to increase sampie size before
conclusion is mede,
¥t- Chi squared velue.




TABLE 3.8. GENETIC DISTANCES BETWEEN POPULATION

GLAL CLELPLUH.
POPULATIONS Hegroids San Caucasoid
S.A. Caucasolds 77 157 23
5.4, Negrolds o X 71
San - —— 149

Cluster Anal g sis

S5.A. vs C.E.P.H. Cavcasoids 23,36
S5.A. Negroids vs  Ban 59,27
8.A. Caucasolds vs 8S.A. Negroids 70,54

A dendrogram has been constructed using the
above values and can be seen in figure 3.38.

]

sA. CEPH SA. SAN
CAUCASOIDS CALKASOIDS  NEGROICS

Figure 3.38. Dendrogram indicating the genetic distance
between the four pupulation groups studied, based theirp
allele troquencies of the RFLPs, detected dning seven
arbitrary DHA probes. The allele frequencies and genetic
i tnesn are bisted in table 5.6 and 1.8 resprctively.

e
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3.5 Estimates of genetic heterozygosity

The degree of polymorphism in the human genome can be
estimated using the information generated from rastriction
endonuclease data. A formula was developed by Ewens et al.,
(1981) based on population genetics theory to estimate
genetic variation at the LRA level. The one assumption
which is made is that if a restriction site is lost it is
not due to changesg in more than one nucleotide. Ths
equation is extended to include restriction endonucleases

that have four and six base pair recognition sites.

For this study the enzyme Avall recognizes 5 base pairs and
thus has also being included in the equation. In the
equation k4, k5 and ké represent the number of cleavage
sites which show polymorphism in a population when
restriction enzymes recognizing four, five and six base pair
sequences are used. The total number of cleavage sites for
all restriction enzymes used are indicated by mi, m5 and

mé. From table 3.9. the minimum number of sites identified
by each probe/enzyme combination (number of fragments + 1),
the number of polymorphic sites and the number of

individuale screened are listed.

The foilowing eguation was used to caleulate genetlic

heterozygosity:

k4. r K5 + K6
8m4 + 1omd + 12m&

£
®
¥
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TABLE 1.9 E5TIMATION OF GEWETIC SETEROGEMEITY AT THE LOCE [DENTIFIED BY
THE PROBES YSOLATED [N THIS STUDY (See text for explanation).
Proburs Ho. of
vere veas et vead veoh vers ves et ides
e Erzyme recognized
4, Avait 5Ty 8Ty & 7 B s §
1 Bt T 3D 3y 3 37 1N 4 .
B Botii LMY BTy AT BTy (Y 64Ty STy 5 i
f £eorl &7y 3 Tan 34 2N i 347y &
Hinctt T seh T - LR I S I i 4 &
ittt LA S TN T ¢ B S B 1 - ERES) s
Aot Sm N 3an Tuh 817y 4
sl 30t ST 4T 2T 54Ty 64Ty 3D 4
Patt RSN RS Y T 67y 64Ty 5N 4
i) - 6 4Dy BTy T ATy 3
(12} [T B T 547y 4
$5t3 (T 4Ty 3N [Xeg) 347 &
stul Ty TN 3 o7y 3y 647y %
Tant Ty ST A 3 Sy 4D s {7 4
¥ fotal na.
Jot EURSETY
: = L v £ 1% 9 2 ¥ b3 Iwes 120
t e s 5 ° [ B 9 14 5236
L) 5 w 50 20 27 st 51 Broezdl
(3 2 H 1 1 i [ P {
. &5 5 5 9 [ o 1 11 BeSe
6 0 0 ] o 0 9 uba
“
- Site differince
frequency
. L karkitkg L A S A s e L
s Y+ 1 2 w92 862 494 312 8 70 87
5,004 0,0083 0,001 0,008  0,80%% 0,000 00012
B Average heterarviesity
Jho vgaS c BRS¢ 9 0,008

BLmh + 10%mS + 13w 4716

Mumbers in bravkets refer to huwber of individuale in the initisl scessning study
() indicates the presemce of an RFLP,
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TABLE 3.9 ESTIMATION OF GENETIC METEROGENE 1Y MY YHE LOCY IDENVIFIED 8Y
THE PROBCS TSOLATED [N THIS STUBY (See Yext for axplanation),

Proben Xo. of
Vet vezs vest veay VErh vETS vess oot idey
Enryme recoanized
Avalt e A7 9 €7y - & a7y gL 6Ty 3
Bl - 2ty 3n Y 3n 37y 3 &
sgint TSRS PR AN T P T U W S T e ) &
EeoRl 64N 3N ¥ 3an 20 Gty S b
Hirell 7Ty BTy TATY e G sty e &
Hinditt &7 ATy ATy ATy Gy e Lt &
Moot . wATy &Yy 3in 7Ty - 8N “
apt ERSSLEE NS LIRS N D 26 A N e4 5N i
(233 LSS N e & (N e LA B Y 547y &
Pyl - & (N 4 (7 1N e 647y Fan ¢
Rust Tty e - [ea) - & 5
St} S A7s w(h 37y e - 2ery 34N b
$iul Ty T 3(ny N W 3 &N &
Tant ATy ST WY 3N* S LD 8N s
Tatal nu,
wf sites
h ¢ B i 9 2 " 25 et
5 o 5 g e 5 ¢ ¥ Prsuts
£ 35 9 50 B 27 51 51 e 83
" H H 1 1 ' 0 Dhiel
K5 v o 0 n 1 + IR pan
[ o o o s 4 u Thbel
Site diffarence
frequency
EATEIEEE L. . L e e e L
T+ Vi ¢ 1 inds 492 862 &9 12 64 7ot 847

0,004 0,0023 0,071 0,003 0,001 00013 0,002

Average heterstvgosity

DRACEKS e EKG = 8 o oo
Ane + 10 « Vipms EYAr

Rumbaes in brackets refer to rumber of individuets in the Snitial geroening wtudy
€1 indicates the preserce of an RFLR,

e
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For the probe VC85 which detected a deletion/insertion type
RFLP it has been included as only one polymorphic site. The
averall estimate of genetic heterozygosity was calculated to
be 0,002. This estimate was based on the average nuuber of
individuals screened which was usually seven. Further this
estimate has not included the data on & other sequences
which did not detect any variation because the probes gave
high background and results wer> nor always easily
interpretable. If these were included they would decrease

this estimate even further.

3.6 Linkage study-preliminary results

The C.E.P.H. collaborative study was started in July 1486,
when the first DNA samples arrived from Paris. The samples
consisted mostly of the parents of the large families and
some of their children. The DNA of the parents was typed
with 7 of the RFLP~detecting prokes (VCl4, VC28, VC61, VC63,
vCeEd, VC75, and VC8%5), Family studies were done in
informative families, where at least one parent was
heterozygous and where there were at least four children.
Eight such families were available in our laboratory. The
results for 6 or the RFLPs were placed intc a computer
database, which was submitted for the construction of the
first database to the organizers in January 1987. These
results have been summarized in table 3.10.

The only linkaye studies which were possible were between
the probes that nad been isolated in this Department. This
was because no data on the protein polymorphisms or any DHA

markers on the families were avallable.
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pProbe

VCLI4A
VCI4B
veesM
ve2sT
VCE1
VO63
VCé4
VeSS

VCRS

3.10.

sl
Mspl
Mspl
Tagql
Tagl
Tagl
Tagl
Avall
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SUMMARY OF RESULTS OF THE C.E.P.H. STUDY

Ho. of Ro. of No. of
Enzyme parents informative families

Typed families typed
62 12 3

43 12 ki

70 29 7

64 9 1

o8 24 2

&R 24 3

68 23 [

67 L] &

72 31 25

Stul#*

* - This probe can be typed with many enzymes.

C.E.P.HE.

~Centre for tha Study cof Human Polymorphism.
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Linkage analysis was performed, using the programme LINKAGE
between VC64 and V(85 since both these probes had been
assigned to chromoscome 1. These probes were found to ba
linked with a LOD score of 6,2 at 8 of 0,0. No recomoinants
were observed. This result was cbtained on 6 informative

families consisting of 6¢ individuals.

3.7 Summary

This chapter has reported all the results obtained in this
study. Seven of the probes found in the Caucasoid
population were alsoc polymorph’~ in the Bantu-speaking
Negroid and San populations. r ve of the RFLPs found in
this study have rarer zllele freguencies greater than 0,2 in
all the population groups. The highest PIC value (0,43) was
obtained for VC75 in the Caucasold population due the the
discovery of a third allele. The probe VC85 has been
partially restriction mapped pecause it represents an
unusual type of DNA sequence variation. This probe. vCgs
was also found to be linked to a second arktitrary probe,
VC64, All of the probes in this study have been
provisionally assigned to chromosomes. Six of the RFLPs
have already been placed into the C .E.P.H. programme and it
is hoped that some will be found to be linked to other

genetic markers.

- i i
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4 CHAPTER FOUR - DISCUSSION

The main aim of this study was to isolate and characterize
DNA sequences detecting RFLPs in the populations of Southern

Africa.

4.1 The Polymorphism Concept

Polymorphism is not a new concept and has been shown to
characterize many soluble proteins and to be useful as
genetic markers (Harris anc Hopkinson, 1972). The term
"polymorphism" was given to vaciation present in a
population, in which the frequency of the rarer aliele was
at least one percent (Bodmer and Cavalli-Sforza, 1976).
Human and other natural populations were studied for the
presence of enzyme variants in the 1960s and it was
concluded that polymorphism was a general phenomenon
although a few proteins were only polymorphic in specific
populations (Harris, .966; Lewontin and Hukby, 1964; Harris
and Hopkinson, 1972). It appears that some protein
polymorphisms which occur in some populations may give a
clue as to the selective processes producing the
polymorphisms. For example the sickle~cell variant of
haemoglobin appears to have been selected for in

hyperendemic malarial regions (Allison, 1954).

Classical genetic markers, which are usually due to altered
protein products have already been used as markers on
particular chromosomes. However, due to the conservatiocn of

coding regions, the frequency of the variant alleles at such
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loci is usually low. Only 4 out of 29 classical blood group
and protein markers were highly informative with a PIC value
greater than C,% and a further 15 were reascnably
informative with a PIC value between 0,25 and 0,50 (Botstein
et al., 1980). These classical genetic markers were
detected because a DNA mutation had led to a change in an
amino~acid which had altered the size or the overall charge

of tre polypeptide chain.

Based on data from protein studies any individual was likely
to be heterozygous at 6% of his loci (Harris and Hopkinson,
1972). This estimate was later revised to 12 te 13% when
improved techniques for detection of protein variation were

also cunsidered (Neel, 1%84).

The analysis of variation, at the DNA level, using
restriction endonucleases, has allowed for a new level of
study of genetic polymorphism. Restriction enzymes and
their site-gpecific cleavage of DNA sequences have become
important tools for the determination of DNA sequence
variation within and around the coding regions of genes,
The first estimates of human heterozyvgosity were made by
Jeffreys (1979) and he concluded that 1 in every 100 base
pairs varied between normal individuals. His data was
re~analyzed by Ewens gt al., (17981} and the estimate was
amended to 1 heterozygote base pair per 200 nucleotides. A
more recent estimate of genetic heterozygosity, based on the
variation detected by random DNA sequences, of presently
unknown function, is that one in every 300 bhp could vary

between normal individuals (Cooper et al., 1985%5).
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Estimates of heterozygosity from this study, using the
formula proposed by Ewens ef al., (1981) is that one in
every 500 base pairs varies between random individuals.
These sequences are of unknown function and therefore the
effects of selection, if any, are unknown. These results
are slightly lower than those mentioned above. This could
be due to the fact that initlally only 7 individuals were
screened using 14 different enzymes and therefore any
variation present at a frequency of less than 0,15 might not
have been detected. In addition, if the fragment length
variation was below the limit of resolution or if small
restriction fragments were not detected, these would account
for a lower estimate of heterozygosity. The rearrangement
detected by VC85 has been >counted for as a single
mutation. Mspl and Tagl g¢ites appear to be present within
this region but these sites are not polymorphic.
Furthermore, this method of estimation does not account for
the number of individuals screened. Larger numbers of
individuals using fewer enzymes had been screened by
Jeffreys (1979) and also by Cooper ef al., (1985).

Genomic DNA seguence variation was cbserved during the
characterization of f-like globin genes and the first human
RFLP was discovered, in American Blacks, 31' to the human
B-globin gene, using the restriction enzyme Hpal (Kan and
Daozy, 1878a). This Hpal RFLP has only been found in Negroid
populations and appears to have increased in frequ.ncy due
to selection for the Hbﬁs gene in hyperendemic malarial
regions of Africa. Since 1978, many moreg RFLPs have been
found using cloned genes or single-copy DNA sequences as

probes (Cooper and Schmidtke, 1986).




191.

Are RFLPs randomly distributed throughout the genome?

From the data on proteins and DNA sequences LU became
apparent that RFLPs were not distributed evenly throughout
the genome but they appeared to be clustered in the
non-coding regions of the genome. Evidence has been
provided by studies around the human f-globin-like cluster,
where out of 12 RFLPs detected only one was within a coding
sequence (Xazazian gt al., 1983). Furthermore, in the 16,5
kb region containing the §f-globin genes, 0,22% of the
nucleotides were polymorphic sites within exons compared
with 0,58% in other regions (Poncz et _al., 1983). It was
expected that, based on estimates of heterozygosity, at
least 6 RFLPs should have been detected within exons of the

B-globin~like gene cluster.

The finding that some forms of thalassemia were due to
mutations witnin non-coding regions of the genome further
emphasized the non-randomness of distribution of RFLPs
{Kazazian gt _al., 1983). A study in Drosophila showed that
only one out of 43 polymorphic sites was found to be within
a sequence coding for an aminoscid, in 11 cloned alcohol
dehydrogenase genes. All che others were distributed in the
non-coding regions around the gene (Kreitman, 1983). The
non-randomness of distribution of RFLPs reduced the
disproportion that was observed between heterczygosity at
the DNA and protein level. This uneven distribution cf
sequence variation demonstrated that although RFLPs are
generated by random mutation throughout the genome,
selection is acting on those mutations in the genome which

cause unfavourable alterations in coding sequences. There
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is a need to unravel the complex interaction betwesn the
patterns of mutation and patterns of selection and it has
been suggested that the answers may lie in the understanding

of the nature of mutation at the DNA level (Neel, 1984,

Some polymorphisms are undoubtedly due to random genetic
drift (Kimura, 196%a, 1969b; Crow, 1973). The variation
present in the population represents a balance between the
generations of new alleles by mutation and the eliminalics
of others by chance or random genetic drift. One special
case of random genetic drift is known as the "{ounder
effect”., A founder generation may have by chance a
different pool of genes from that of the parent population,
and therefore some of the alleles carried by the founders
may not be exactly representative of the original
population. If one or more of the founders was b, chance
neterozygous for an allele, which was rare in the criginal
population, this allele may become relatively common in the
new population. The polymorphic frequencies of the
deleterious gene for familial hypercholesteroclaemia (FH),
which is unusually common in the Afrikaaner population in
Souch Africa, has been attributed to the founder effect.
The ~arrier rate for this gene has been estimated %o be
about 1 in 100. If cne or two of the original founcers
possessed the gene for FH, its presence can be attrikbuted to
the founder effect or random genetlic drift which cccurred
due to the smill sample size of the original population

(Jenkins gt _al., 1980).




4.2 The Isolation of Single~Copy Regions of the Genome -

The human genome is organized, like other eukaryotic
genomas, into highly and mid-repetitive sequences
interspersed with single-copy regions (Schmid and Deininger,
197%). The single-copy regions contain genes, which are
transcribed into preteins, and other sequences which
currently are of unknown function. These single-copy
sequences were recognized as potential genetic markers when
such a region, of unknown function, was isclated from a
genomic library and used as a probe to detect variation
between normal individuals (Wyman and White, 1980). A
highly polymorphic locus was identified, where 75% of
individuals screened were found to be heterczygotes. The
majority of the RFLPeg isolated by 1984 indicated that such
highly polymorphic loci were not found to be characteristic S
of the human genome (Skolnick gt al., 1984). This will be

discussed further below.

In 1989, Botstein et al., proposed the construction of a
human genetic linkage map using polymorphic DNA markers.
These markers would consigt of cloned DNA sequences, which
may or may not code for a gene, but which detected variation
in the genome. Each clone would define a genetic marker at
a unigue locus on a chromosome and could be used for the
study of linkage to other DNA or prote.n markers. It was
proposed that 150 evenly-spaced highly pelymorphic markers
would be needed to cover the human genome in order to find
linkage with any unknown genstlc disease locus. This nunber
was revised to 1 %00 because many of the markers would not

meet the optimum requirements set up by Botstein et al.,
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(1980) including PIC values greater than 0,% and distances
between the markers of 0,20 c¢M and distributed randomly
across the genome (Lange and Boehnke, 1982). Many more
RFLPs would therefore need to be isolated pefore a

"saturated" cap could be obtained (White et _al., 1785)

Strategies used o isoclate single-copy regions to detect

RFLPs

The present study has isclated single-copy human DNA clones
from a human HaeITI/Alul genomic library, which contained
inserts of between 7 and 20 kb in bacteriophage Charon 4A.
The library was screened for unigue sequences by means of
hybridization to radiclabelled total human DNA and those
clones which did not appear to hybridize to the human DNA
were isolated. Two percent of the clcnes which were
screened contalned potential single-copy human sequences.
However restriction enzyme analysis of the DNA, which was
isolated from these clones, indicated that 73% of these
clones did not contain any human DNA but only the parental

Charon 4A EgoRI restriction pattern was present.

It seems that during the library construction the two
internal EgoRI fragments (7,8 and 6,9 kb) of the phage,
which form the "stuffer region", were not completely
separated from the 30,7 kb fragment, which represents the
left and right phage arms joined at their cohesive ends.
The Charon 4A phage genome was either reconstr.cted during
ligation or the phage vector DNA had not bean completely

digested prior to separation of the phage arms (Maniatis gf
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al., 1978). An alternative explanation would be that over ”
time those Charon 4A phage lacking human inserts have becone

amplified in the library.

Oone could probably have avoided isolation of these Charon 4A
phiage by selective screening for mutant f-galacteosidase
bacteriophage. Those phage which contained human insects
would have lost the g-galactosidase gene function and clear
pla.juzs instead of blue would have been detected when using

IPTG and Xgal in the plating medium (Blattner gt al., 1977).

The DNA of the potential single-copy human clones was
digested with ECoRY which identified those containing human
inserts and also the number of internal EcERI sites present
in the sequence because the likrary had been constructed
into the Charon 4A EcuRI sites. Furthermore, if the clone
represents a single~copy region, all but two of these hupan
ECORI fragments in the phage =mlone, should correspond to the
hybridization pattern of this clone to a Southern b.ot of
human EgoRI digests. The additional two fragments represent
the outer fragments of the insert and would be larger on
this genomic blot, becauce the humar DNA library was
prepared from HaelII/Alul digests. The true genomic EgRI
site is 5' and 1' to the cloned sequence (Lawn gt gl.., 1978;

Feder gt al., 1985).

Southern blot analysis was used to determine whether any of
the internal human fragments contained repetitive

sequences. Despite the styingent screening procedures, sone
of thesa clones were still found to contain repetitive

sequences. The final percentage of single-copy ssguances
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isolated was about 0,6% . This result is less than 1 at
reported by Botstein et al., (1980) (1 to 3%) and Kao gt
al., (1982) (1%) but greater than that reported by Foder gt
al., (1985) (0,15%). This difference could be due to the
different restriction enzymes used in the construction of

the genomic lidraries.

The higher percentages of single-copy clones were obtained
from libraries where the human DNA was partially digested
with EcoRI while the lower percentages were obtained from
libraries constructed using HaelII/ALuI. The repetitive
family %nown as Alu is known to contain a recognition site
for the restriction enzyme Alul and a number of the clones
would therefore contain part of this sequence in the
flanking regions. Alu sequences were estimated by Crampton
et al., (1981} to be present in 9%4% of the clones isolated
from the Maniatis human genomic library. This could account
for the lower percentage of single-copy probes isolated in
the present study. The human inse.t sizes ranged from about
7 to 17 kb and therefore from estimates of the distribution
of repetitive sequences it is not unexpected that a low
percentage of single-copy sequences were found (Schmid and

Deininger, 1475},

Newer strategies to isolate RFLPs

During the initial screening procedures only those olones
which were free from repeti®.ive sequences were used to
search for RFLPs. New strategies using probes containing
repetitive sequences have now, however, been devesloped. The

repetitive DNA is blocked out by a pre-reassociation
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reaction with sheared human genomic DNA prior to
hybridization (Litt and White, 198%: Sealey ef al., 1985; e
Buroker gt al., 1986). The efficiency of using thisz new !
technique, to screan for polymorphisms in single-copy

regions of the gencme was comparable to that of previous

technigques (Barke ~.al., 1985; Schumm gf al.. 1985).

When cusmid clones, which contained up to 45 kb of human
ONA, were used as probes with the pre-reassociation
technique a mach lar glon was screened for RFLPs and
more polymcrphic sites were found. The only problem with
this approach was that the alleles of the RFLPs at the
different loci were often found to be in linkage
disequilibrium and therefore were inheritc.d together as a
single locus. These loci would rot be as informative as
other loci which showed linkage equilibrium (Litt and White,
1985; Burcker &t al., 1586). Such loci need to be
haplotyped and can become important for anthropological
studies since they are usually .nher.:ed together as a unit
and certain haplotypes are found to be specific for

particular populations.

Hypervariable regions in the h'i.an genome were discovered,
and these singla-copy regions varied in size according to
the number of times that a core sequence was tandemly
repeated. The first arbitrary single-copy DNA sequence,
pAW10, was Sound to detect a RFLP which had more than 8
different allelas (Wyman and White, 1980). The polymorphism
has been found 2o be due t~ two separate polymorphic regions
and each is composed of oligonucleotide repeats, arranged in

tandem arrays. The polymorphism is the result of variation



in the =opy number of the repeat unit. The site ot

polymorphism is due to a 60 mer repeat unit (Wyman g
1986) . Other hypervariable regions have been found 5' to
the human insulin gene (Bell et al., 1982,, at several
positions around the human a-globin gene cluster (Higgs et
al., 1986), within the immunoglobulin heavy chain genes
(Mignone et_al., 1983), and the HaRas gene (Goldfarb et al.,

1982).

Sequer~ing studies have revealed that all these reqions
varied due to rhort tandem repeats and that a number of the
core sequences found at different loci have sim: -y
sequences (Jarman et _al., 1987). Such regions vesult in
highly polymorphic loci in the genome and these rapeat
families have now been termed variable number of tandem
repeats or VNTRs (Nakamura et al., 1987). The core sequence
of the tandem repeat that was found within the intron of ths
myoglobin gene, was used te screen human geromic DNA. It

was found to simultaneously detect many loci each of which

showed specific pelymorph patterns and resulted in a "DNA
fingerprint® for every individual (Jeffreys gf _al., 1983a).
This led to the discovery that these core sequences were
probably homologous to manv other similar regions throughout
the genome. The large number of alle present at thase

loei are thought to arise frowm the prope

ity of the repeat
sequances to engage ln unegual exchange during crossing-o ey
at meiosis or these sequences could underge "slippaga"

Tarman

during DNA replication (Jefrrevs et al.,

al., 1e87). It has further been suggested that VNTRo
encode hotspots for recombinaticonal activity (Jeff

al., 198%a) .

cop
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synthetic cligonucleotide probes which correspond to the
internal core seqguences of the ! pervariable regions have
been crustructed and used to screen genomic libraries under
low stringencies to isolate oiher such regions in the
genome. A number of highly variable loci have been found
using these sequences and they are, as expected, mostly dus

to tandem repeats (Nakamura et _al., 1987). “The

identification of these loci using synthetic oligonucleot.de
sequences is an order of magnitude more efficient compared

with random clones (White et al., 1986).

It has also become apparent that these types of sequences
were not stable in recA* hosts and were therefore unlikely
to ke present in the libraries that were screened for
sincle~copy seguences because they would have been lost
during library amplification. This h~s only become apparent
after two groups spent a great deal o. time trying to claone
the region which was responsible for the variation detected
by pAW101l ‘Wyman et al., 1985) and the hypervariable locus

3' to the a-globin (Jarman et al., 1987).

In this study these newer strategies to search fur genomic
variation have not been employed. The study was initiated

in January, 1985 and therefore all the potential DNA pr

had a’ready bheen isolated prior to reports o!f these newer
strategies. Furthermore, some of these proves had already
been found to detect polymorphisms and had been

characterized in differeat populations.
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In this stucy some of the probes which contained repetitive
human seguences were usaed to screen for RFLPs, since it was
found that the non-specific hybridization of the repetitive
DNA sequences could be removed with stringent
post-hybridization washing conditions. Three RFLPs were
detected with such probes. These clones, however, jzave high
non-gpecific background when nylon (instead of
nitrocellulose) membranes were used. Subsequently the
non-repetitive human ECoRI fragments within these clones

weve identified and used to detect the described RFLPs.

A number of RFLPs which were discoversad in this study would
therefore have been missed if these clones had been ignored
due to initial selection criteria ..e. any clones which
showed positive hybridization to total human DNA were
excluded from the study. These single-copy RFLP-detecting
sequences are therefore adjacent to repetitive seguences in
the genome. In the isolation of single-copy regions from
chromosome~specific libraries, which were constructed using
somatic cell hybrids, the clones were isolated on the basis
of hybridization to total human DNA and non~bybridization to
rodent DNA. The positive clones were aigested with a
restriction enzyme and sisgle-copy human “ragments, within
the ciones, were identified. &1l R¥LPs detected by this
method wers tnerefore adjacent to repetitive sequences
(Gugella et al., 1980; Davies gt ai., 1981; Aldridge et al.,
1984). A siwmilar strategy has been used by Krumlauf e al.,
(1982) for sureaning flow-sorted chromosome~specific

likraries,
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Th:ge results indic te that single-copy regiuns which are
adjacent or flanked by repetitive sequences may show a
higher incidence of polymcrphism than other single-copy
regions in the genome {(Calabretta et al., 1982). This may
be due to low selective pressures in such regions and
therefcre muta*ion rates are higher in nearby and adjacent
single-copy regions. However, until the function of such
repetitive regions in the genome are known the reason for

this mechanism will remain unclear.

Some of the human EgoRI fragments which detected RFLPs in
the present study have been subcloned into a plasmid vector
in order to facilitate the use of the probes and to remove
tha repetitive sequences. By subcloning the RFLP~detecting
fragments the probe is more specific for the region

containing the RFLP and constant fragments are no longer

4ravealed after the Southern blotting procedure., Plasmid

vectors are also more stable and we feel that the plasmid
DNA extraction technigue is more convenient to perform than

isolation of DNA from bacteriophage.

Larger genomic probes have been reported to be more
efficient than smaller probes in the screening for variation
in the human gencme since they cover a larger region of the
genome during one hybridization experiment (Feder et ¢l.,

1985). Daiger gt al., (1984) has demonstrated that the cDNA

clone for argininosuccinate synthetase (AS) also detects
AS-like sequences on eleven different chromosomes in the
gencume, including the X and the YV chromosomes. Thus during
one hybridization experiment at least eleven different sites

across the genome are heing evaluated for autosomal and
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#~linked RFLPs. Pseudogenes are also expected to reveal
more polymorphism than the functionhal gene because of :
relaxed selective pressures on such regions. R
4.3 Strategies Used to Screen for RFLPs B

The strategy used to screen for RFLPs was based ou a number
of reports in the literature. A relatively small panel of
individuals (6-7) was screened thereby increasing the
likelihood of detecting RFLPs with high allele frequencies.
Skolnick and White (1982) have shown that when such a small
panel of individrals is screened, the majority of useful
polymorphisms detected would be unlikely to have rarer
alleles at frequencies of less than 0,15. Our studies
confirmed this. Only 7 individuals vere screened :nd 2ll
the polymorphisms found in the Caucascid population had
rarer alleles present ab frequencies greater than ¢,125.
The enzymes used to screen for RFLPs in this study vere
chosen because they had been shown in previous studiss to be
useful (Skolnick and vhite, 1982; Wiisman, 1984; Feder et

al., 1985).

Those enzymes which contain the Cpé dinucleotide sequences
in thelr recognition sites have been reported to de.ect
RFLPs more frequently because the cytusine residus in this
dinucleotide sequence i3 often methylated. Grudies in

E.coll demonstrated that the spontancous deamination of

methylated cytosine residues results in a thymine res
<hich would not be repaired (Coulondre, 1978; Duncar and

Miller, 1980). Many of the first RFLPs reported in humans
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were found with Mspl and TagI, which both have Cps
dinuclectide sequences in thelr recognition sequencr s

{8kolnick and White, 1982; Barker et al., 1984).

Another explanation for the relatively large number of RFLPs
revealed by Mspl and Tag: could be that a larger number of
studies included thesge enzymes (Cooper and Schmidtke, 198¢;
Skolnick gt al.. 1984). The newer strategies which aimed at
the isolation of highly informative RFLPs, using cosmids or
synthetic oligonucleotides as probes, used Mspl and Tagl for
the initial screening studies (Litt and Whiv:, 1985;
Nakamura et al., 1987). Seven out of nine RFLPs discovered
in this study were detected using Tagl and Mgpl which agrees

closely with previous reports.

ther restriction enzymes were evaluated by Feder et al.,
(1985%) in order to assess thelr impoctance in screening for
variatior and used to test the model proposed by Wjiisman
(1984). This model predicted the efficiency of restriction
enzymes for detecting variant sites, on the basis of their
recognition and potential site frequencies which were
computed from the genomic linucleotide distribution

(Wiisman, 1984; Feder « al., 1985).

At the Human Gene Mapping Jornferance, 8, Knowlton gt_al.,

(1985b) reported that after using a w1 larger number of

probes to screen for RFLPs, the detectisn rate using both
Mepl and Tagl was etill much higher than for other enzymes.
The enzyme Ksal, which has a four base pair recognition site
has also been shown to detect a higher number of RFLPs

(Feder et al., 1985 Knowlton et al., 1985bh). This enzyme
¥




were found with Mgpl and Tagl, which both have Cpe
dinucleotide sequences in their recognition sequences

{8kolnick and White, 1982; Barker et al., 1984).

Another explanation for the relatively large number uf RFLPs
revealed by MspI and Tpgl could be that a larger number of
studies included these enzywes (Cooper and Schmidtke, 1984;
Skolnlek gt al., 1984). The never strateglies which aimed at
the isolation of highly informative RFLPs, using cosmids or
synthetic oligenucleotides as probes, used Mgpl and Tagl for
the initial screening studies (Litt and White, 19357

Nakamura gb al., 1987). Seven cut of nine RFLPs disosor i

in this study were detected using jagl and Mzp?

slogely with previous vaports.

Other restriction enzymes were evaluated by Feder st al.,
(1985) in order *, assess thelr importance in screening for
variation and used to teri the model proposed by Wiisman
(1984). This model predicted the eofficiency of restriction
enzymes for detecting variant sites, on the basis of their
recognition and potential site fregquencies which were
computed from the genomic dinucleotide distribution

(Wilsman, 1984; Feder gt _al., 1985),

At the Human Gens Mapping Conference, £, Knowluon gt ai.,
71888b) reported that after using a ruch larger numbasr of
probes to ~creen for RFLPs, the detection rate using both
MuspI and Taql was still much higher *Lan  or obther enzymes.
The enzywe Rsal, which nas a four base paiv recognition site
has also been shown to detect a higher number of RFLPs

(Feder gh al.. 1985: Knowlton gt al., 1983%k). This enzyme
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was used in the present study but no RFLPs were detected.
This could have bean due to the smaller fragments generated

which are not always detected after Scuthern blot analysis.

In 1980, Botstein et al., calculated that when using a
restriction enzyme containing a 4 bage pair recognition site
the probability that RFLP would be detected was 12,25% with
& lower limit of 0,34. If an enzyme recognizing a & base
pair site was used it would be 17,7% with a lower limit of
0,5%., When using larger genomic probes, those enzymes which
have 4 base palr recognition sequences should be more useful
in revealing polymorphism due to single base pair changes in
the DNA since more sites in the genome would be screened at
any one time. This strategy would not be useful unless very
efficient transfer and detection methods were available for
the smaller fraguents (Skolnick and white, 1952; Fadev g%

al., 1985).

4.4 Types of RFLP3 isolated

In this study sever  loned DNA sequences revialed nine

RFLPs, eight of whirh were due to basepair svbotitution and

one was due to a DNA-prearcancement involving 5006 bp of DMA,
Four of the RFLPs were detected using the raestriction engyme
Tagl, three with Mspl and one with Avall. Tw propes each
detected two RFLPs and one probe detectad a thoee-allele

RFLP.
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The majority of RFLPs reported at Human Gene Mapping ,7,

(1983) were base pair substitution type RFLPFs and only 4 out
156 were due to DNA rearrangements (Skolnick et al., 1984).
However, thoce DNA rearrangements which involved fewer than
200 bp of DNA would not be detected by the methods used
unless a restriction enzyme site was altered within the

rearranged DNA sequence. Such RFLPs would probably have

been grouped in the base pair substitution category

(Skolnick and White, 1982; Skolnick gt al., 1984). Since

the introduction of newer strategies a number of results

from zuch techniques were rep rted at Lhe Human Gene Mapping

8 (198%). In addition to these reported, about 1500 clones

have been screened by Schumm et al., (198%) and 500 new

RFLPs have been identifiecd. Of these a number had PIC

values greater than ¢,7 and ware shown to be due to DNA
rearrangements or multiple restriction sites detected by one

probe (Braman et al., 1985).

In this study 50% of the DNA sequences, used to screen for
variation, detected RFLPs which is not significantly higher
than the 30% reported by Barker gt al., (198%5). A large
number of base pair sites was screened using 14 enzymes but
no further polymorphic sites using these probas have been
detected. This was probably due to the small numbar of
individuals used for screening purposes, where it was
anticipated that a number of polymorphic variants having
frequancies of less than 0,15 would have been missed

(Skolnick and wWhite, 1982).
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Some regions of the human genome have been labelled "cold"
since they fail to show any significant polymorphism. The
X-linked Factor VIII gene has been studied intensively for
polymorphism, because it is th  locus involved in the
commoner human genetic discase Haemophilia A, but only cne
RFLP was detected after 37 restriction enzymes were used
(Gitschier gt al., 1984). Two highly polymorphic X-linked
sequences have however now been linked to haemophilia A and

are useful in family studies (Antonarakis et al., 1983b).

Autosomal "cold" regions have been described and one example
is the gene for thyroglobulin, on chromosome where only one
RFLP having a rare allele frequency of 0,022 was found after
sereening 90 individuals with the thyroglobulin gene probe
and using 15 different restriction enzymes (Baas @t _al.,

1984) .

The DNA sequences isclated in this study bave not been
extensively characterized since the sequences are in.tially
only useful as markers and are presently of unknown
function. The possibility that any of these sequences
represents a coding sequence is low since only about 1% of
the genome appears to have a coding function. The rest of
“he genomée has been described as "Jjunk"™ DNA (Orgel and

Crick, 1980; pDoclittle and Sapienza, 165D).

In the present study four Tagl RFLPs have been found and
three of these, namely, VC28, Vo6l and VO3 are adjacent Lo
repetitive sequences because flanking fragments within the
clone have hybridizea to human genomic DNA.  The probe v(2a

detected two RFLPs, both with enzymes which have a OpG




dGinuclectide sequence in their recognition seguence. Thesge

sites are close to each other because they are both s oted oo
by the 3,& kb Mgpl fragment isolated from the clone. This

result indiceted that this seguence could be a CpG rich

reglon but one that 1s not conserved since two RFLPs have

been discoverasd in it.

Mzpl bhas also been reported to detect a large number of
RFLPs but care must be taken not to misinterpret partial
digestion which has beer found to occur with enzyme. DNA
containing meCCGG and meCmeCGG segquences has been reported

v to be resistant to digestion uaing Mspl. These are rare
sites in the human genome and should not contribute to
partial digestion with Mgpl (Busslinger et al., 1983). In
the present study three RFLPs were detected using Mgpl. The
first high fregquency Mspl RFLP was detected with probe VC28
and the two other Mszpl RFLPs were both detected using probe

VCl4 in 1 reqion of DNA sparning approximataly 35 kb,

One *hree-allele RFLP was detected in this study using probe
VC7%. Initially, only two alleles were detected but during
screening of the C.E.P.H. famillies a third allele was

found. This third allele may have been missed in the
southern African Caucasoid individuals because of incomplete

separation of the two smaller alleles.

N One interesting RFLP found in this study was due to a DNA
rearrangement invoiving 500 bp of DNA. This type of RFLP is
not as common ag base pair substitution RFLPs but the
majority of DNA rearrangements involving fewer than 200 bp

would be unlikely to be detected unless an enzyme site is




.

aituated within the deleted/inserted region. The detection
of smaller DNA rearranguments depends on the screening
technigie and the resolution of the fragments generated by
restriction digests (Botstein et al., 1980 ; Skoinick and

Wh.te, 1982).

The DNA rearrangement was possible to resclve by gel
alectrophoresis when restriction enzymes which have sit s 5°
and 3' to this region were used. There was always a
constant dlfference of 500 bp in the fragment lengths of the
alleles found in heterozygotes. These enzymes which did not
have sites close to the deletion did not permit the
resolution of the two fragments in heterozygotes because the
fragments were too large to ba separated by conventional
electrophoresi- One such enzyme was HSztl where the size of
the fragment which contained the delation/inserticn reqg on
wag 17,0 ku. Similarly, theose enzymes which have sites
wirhin the deleted/inserted region wculd be unlikely to be
detected ecause the small size of the resulting fragwents.
This could we the reason why the RFLP was not detected using

the restriction enzymes Avall, Mhel, Rsal and Alul.

Two restriction enzymes, Mspl and Tagl, recognized sites
within the deleted /inserted region. This was corcluded
from the partial restriction mapping of this region and the
unusual length variation detected by Southern blot
analyails, These results are interesting because Tagl and
Mspl, which both have CpG nucleotides in thelr recognition
sequaen .es, have internal s'tes in the deletion/insertion

reglon indicating that {t could be a CpG rich sequence.
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A 2,1 kb EcoRI fragment from this clone detects the
polymorphism with all the enzymes. The size of this EcoRI
fragment (2,1 kb) and the Mspl restriction pattern of the
cloned sequence indicate that the DNA sequence which was
isolated from the iibrary represents the smaller allele.
Furthermore, when the 2,1 ko ECoRI fragment was hybridized
to the MspI human digests, the 6,5 ki Mspl fragment did not
hybridize to this sequence. Therefcre, it can be inferrad
that the deletion extends into the adjacent 1,3 kb EcoRI
fragment of the clone, or that another Mspl site exists
witrin the deleted /inserted region. This site would then
be betw:3n the sites giving rise to the two visible Mspl
fragments. A similar explanation can be presented for the
unusual Tagl restricticn pattern observed, that is, more

than one Tagl site exists within this region.

The RFLP detected by VC35 is an interesting pclymorpnism but
will only be useful as a single two-allele locus. Its
usefulness lles, however, in the fact that the majority of
restriction enzymes can be used to reveal the polymorphism
and, therefore, no specific enzyme digests for a linkage
study would need to be prepared for this probe. The
presence of such a DNA rearrangement in normal individuals
confirms the view that the genome contains "junk" DNA. Such
a region may be selected against because in the more
"ancient" populations, namely the San and Negroids, this

region is more often absent than present.

Two DNA rearrangements involving 500 bp have been reported

for the oncogenes ¢ 198%; Xu and

ns

Galibert, 1986). The RFL"s detected are witinin the intron



3' to the codon of the phosphate receptor for the tyrosine

residue in the ¢-abl gene and in the intron 35' to the
phosphate receptor of the tyrosine residue of the g¢-fms
gene. A similar deletion has also been reported for the
c-erbB gene in chickens (Raines et al., 1985). Although the
RFLP at the g-fms locus follows a Mendelian pattern of
inheritance there appears to be a selective p{essure in
favour of the heterozygotes in the offspring of a
heterozygote and a homozygote for the smaller allele (ab x
pb). The RFLP detected by VC85 does not appear to be

selected for in a similar manner.

4.5 Ilocalization of RFLP detecting probes

For effective gene mapping, arbitrary DNA sequences
detecting polymorphisms need to be localized to specific
regions of the genome. The localization of the DNA
sequences isclated in this s*udy was achieved using a panel
of somatic cell hybrids. In _sjitu hybridization has to date
been of limited use in our deprrtment and will not be
discussed here. The idea of using a panel of hybrid cell
lines was originally devised to correlate the presence or
absence of enzymatically detected human markers with the
chromosome content of each somatic cell hybrid (Ruddle,

1973; Burgerhout, 1978).

As molecular techniques advanced, DNA from different somatic
cell hybrid lines has been used to form a clone panel for
mapping of DNA sequences. The pattern given by hybridizing

a probe to a human DNA control was compared with the pattern
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of hybridization of this probe to the DNA from a panel of

somatic cell hybrids, which had been digested with the s

restriction enzyme. Those clones which have an identical

pattern of hybridization to the human sequence are sc

positive for the sequence. Controls of mouse and Chinese
hamster DNA are very important because cross-species
homology of the human DNA sequence with the rodent lines
could esist., This must not be misinterpreted as positive
nybridization to the specific hybrid line (Kamarck gt _al.,

1984) .

The ideal panel would contain a sufficient number of lines
80 that the presence or absence of the probe to a smecific
chromosome would be clearly defined. Iowever this ideal has
not been realized since many ..nes appear to retain certain
groups of chromesomes (reviewed by Ruddle and Creagan,
1975). The scomatic cell hybrid lines which were used in
this study had been characterized cytogenetically for the
presence of human chromosomes and these results were

confirmed by isozyme studies.

The human DNA sequences which were teo be localized, were
initially hybridized to a single Scuthern blot containing 10
different somatic cell hybrid lines which almost formed a
complete panel. Unfortunately, one could not distinguish
between chromosomes 7 and 20 using this panel, but
provisional assignments for probes VOG5 and VC&4 to
chromosome 1, VU611 to chromosome 2 and VOl4 to chromosome §
have been made. Additional studies showed that VC14 was

present in two hybrid lines which contained an i{sochromoson

for chromosome 6p and thus a regional assignment can be
g
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made. Furthermore, the assignment of botl: VC64 and VC85 to
the same chromosome was made prior to the linkage study in

which they were found to be closely linked. The human DNA

sequence of VCB85 has also cross-hybridized to Chinese
hamster anl mouse DNA, thus indicating that it could he a

conserved region and even a potential coding sequence.

The localization of VC28, VC63 and VC75 was not definitive
using the first panel and other lines were then analyrzed.
Probe VC75 was assigned to either chromosome 7 or 20 using
the initial par:l. One hybrid line .hich showed definite
hybridization to V€75, did not appear cyteogeretically to
contain a chromosome 7. The probe VC75 has been tested
against other hybrid lines and was found to be present in at
least two other lines which contained chromosome 7 and
lacked chromosome 20. It has thevefore been concluded that
this probe is on chromosome 7, even though a single
discrepancy exists. 1In order to confirm this result DNA
probes which are known to be on chreomosome 7 can be
hybridized to the lines in question and could help to solve

the discrepancy.

The assignment of probe VC63 to chrowosome 4 has beoen nade
on the basis of the initial result using the first 10
lines. 1In order to confirm this result, the micromarker
present in one line needs to be identified as chromosome 4p
and not 12p. When confirmed this could contribute to a
regional assignment Ior this probe. Two lines are
discordant with thui-. assignment and they could elther have
micro-deleticns on chromosome 4, which were not visible

cytogenetically, or else an insufficient number of cells
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were analyzed to get a true indication of the chromosomal
content of the lines., TIf these two lines are excluded from
the hybridization results, the assignment would be

conclusive for chromosome 4 in 22 hybrid lines.

The assignment of VC28 to chromosome 8 has been tentatively
made despite the one discrepancy in which the probe has
hybridized to a hybrid line which has not been
cytogenetically assessed as containing chromosome 8. Tils
could be due to the presence of chromosome 8 in an
undetectable frequency in the lines analyzed and tae
increased sensitivity of DNA hybridization studies compared
with the cytogenetic analysis. From studies using further

lines the probe appears to be on chromosome 8.

The above assignments of the DNA sequences, which were
isolated in this study, must be regarded as provisional.
Further work will be needed to clarify the human chromosomal
centent of the somatic cell hybrid lines constructed in the
department. Most of these probes have been placed into the
C.E.P.d. linkage studv and their assignment could be
confirmed independently of in gitu hybridisation or somatic
cell hybrid studies, i{f they are found to be linked to other
assigned classical or DNA markers (Skolnick et al., 1%84).

4.6 RFPLPs vsed ror Population Studies

It has been shown that rarely can individual loci be

sufficiently informative for conclusions about the ethaic

origins of !ndividuals to be made. The accumulation of
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information from many gene loci should allew for the
reconstruction of the evolutionary history of population
groups. In 1964, 5 loci were used to construct a tree of
descent, of human ethnic groups, consisting of 1% population
groups (Cavalli-Sforza and Edwards, 1964). Such results
gave information about the existing relationships among the
population groups as wall as the evolutionary history with
respect to the origin of the populations. Initially, the
accumulation of data for such studies was slow since the
number of available classical markers was limited. The
discovery of RFLPs will ensure that these sortsg of studies

will proceed more rapidly.

The reconstructicn of the early history of the peoples of
southern Africa ‘s possible using gene markers, when these
data are considered together with archaeoclogical,
ethnological and linguistic findings. In southern Africa
there are two indigenous population groups, namely the
XKhoisan and the Negroids. The Caucasoid and Mongoloid
individuals represent two recent immigrant popul-tions.
Fossilized remains have been found of both major divisions
of Australopithecus, A. africapus and A.robustus, in
southern Africa (Tobias, 1978). The mure recent
rhodesiensis man has been proposed to be a stage
intermedinte to botnh the Negro and Khoisan peopies. From
vaizletal evidence it has heen concluded that if the Khoisan
and Negroids descended from a single commu.. stock the
divergence was already present at least 20 000 to 30 000

years ago (Nurse et al., 198%).




The peoples of southern African have been grouped on the

basis of socio=-cultural, physical, anthropological, i
linguistic, archaeological and genetic criteria into three
entities, namely, the San, Khoikhoi and the Negro. Most of

the San speak Bushman languages and are, or were until

recently, hunter-gatherers, the Khoikhoi sneak a language

termec Hottentot and are herders, and the Negroilds speak

Buntu languages and are cultivators, peasant. and townsmen

{Jenking and Nurse, 1977).

Morphological findings and genetic evidence indicate *hat
the Khol and San shared a relatively recent common
progenitor and may be grouped inte cne known as the Khoisan
(S8inger and Weiner, 1963; Jenkinc, 1987). Analysis at the
genetic level using serological markers has demonstrated
that some alleles are restricted to the Kheisan people and
others are characteristic of the Negroids. Further traits
are widely spread and support the argument for the common
origin of these peoples. The origin of the Negroids is not
defined due to discrepancies in the fossil record (discussed
by Nurse et al., 1985). The oldest Negroid remains appear
to have been found in the Border Cave, South Africa and
these suggest that the origin of the Negroid group of
peoples could have been as long as 110 000 years ago (de
Villiers and Fatti, 1982). The migration of the
Bantu-speaking peoples into the subcontinent appears from
linguistic and archaeological evidence to have occurred
rapidly and the different tribal groups are closely

related. These intertribal relationships can be tested at
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the DNA level using gene markers and t' : relationships of
these peoples to the San and Khoikhol peoples can also be

assessed in this way.

The frequencies of the clegsical protein and blood group
markers have already been studied intensively in the

indigenocus populations of scouthern Africa (Jenkins, 1972;
1981; Nurse et al.,

have indicated that the Bantu-speaking populaticns are

Jenkins and Dunn, 198%). The results
closely related to one another and are likely to have had a
common ancestor, whereas the San are more distantly related
to the Bantu-speaking populations. The initial studieg
between these populations have been limited by the
availability of prote.n markers. However a number of
polymorphic traits specific to these peoples have been fouad
1981)

(Jenkins and Dunn, and studies using DNA markers could

be used to confirm and amplify these findings. The advent
of recombinant DNA technology has removed this paucity of
genetic markers because more than 1000 RFLPs have already
been reported (see proceedings of the Human Gene Mapping

conference held in 1985; Willard et al., 1985).
RFLPs specific for the Y chromosome 1982
Bishop et al.,

important to determine the source of the male contribution

(Page et _al.,

1984, Casanova et al., 198%) will be

to a particular population and will be usetful to study gene
flow from one population to another. Mitochondrial DNA
represents the female counterpart to Y chromosomal RFLPs.

The rate of gene substitutions are thought to be ten times
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higher in mitochrondrial DNA than In nuclear DNA and special
statistical methods will be needed to interpret the genetic

distance analyses between population groups (Jenkins, 1987).

In this study three distinct groups of people have been

studied, namely the San, Negroid and the Caucasoids using ;
the polymorphisms isolated. Data on random Caucasoid
individuals was obtained after the screening of the French ,
and Utah parents from tha C.L.P.H. study. The allele é
fragquencies obtalned for the southern African Caucasoids

were not significantly different from the C.E.P.H. sample

when the results weyve compared using two by two contingency

tables. This was expected because all the polymorphisms

reported have been found in all three population groups

whicn suggests that they could represent very old mutations

and hence the frequencies obtained for Caucasoids of Western

European origin should not differ.

Even though the RFLPs in this study were ldentified by
screening Caucasocid individuals 7 of the 9 RFLPs were found
to be present in the other two population groups. The
“requency of the minor allele was yreater than 0,2 for & of
the RFLPs detected in the Caucasoid population, and the PIC
values ranged from 0,26 to 0,43. In the Negroid pop.. - tion,
/ of the RFLPs detected had the rarer allele at frequ. . 3
greater than 0,2 with PIC valuas ranging betwean 0,246 to
0,37. Finally, in the Sar population, 5 of the RFLPs hava
rarer allele frequencies grsater than 0,2 with PIC valies
canging between 0,24 to 0,37. The PIC vixlues fall into the
range described as "reasonably informative" {Botustein ey

al., 1980).
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only 1 polymorphism, that was detected by probe VC28 with
the restriction enzyme Tagl, was found to be monomorphic in
the Negroid and San populations. The rarer allele was

present in low frequency (0,195t0,07) in the Caucasoid

population. From preliminary haplotype studies, it appears .
to be a recent mutation in the Caucasoid population which L
has arisen after the divergence of the racjal groups and |
occurred on the chromosome which contains the larger 4,8 kb i

Mspl allele also detected with the same probe.

The only probe which showad no significant differences in
allele frequencies among all three populations was VC61.
Both alleles were equall’ common with freguencies around
0,50 in all populations. This probe has the maximum PIC
value (0,37) for a two-allele system in all taree of the
populations studied. Either it represents a neutral
polymorphism, or both alleles are under different salective

pressures and are being maintained in the population groups.

one of the two Mgpl polymorphisms detected using VC14 haz
allele frequencies in the ¢i «soid population which are not
significantly different frc rat of the Negroid

population. The rarer aliele freguency is 0,13%0,07 in the
Negroids but this allele has not yet been found in the San
population. This polymorphism has either arisen in bot
these population groups independently after the diverge -
of the raclal groups and represents parallel evoluticn

in the San population, it has been selected ugainst or o
to fixation due to random genetic drift. The alleles e

second Mgpl RFLP show frequencies which are significar
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diffarent between the Caucasoids and Negrolds (X! =11,6; p <«
0,01; df=2) and yet there is no significant difference in
the frequencies between the Caucasoids and San. The allele
4 frequency difference becween the San and Negroid obtained at
this locus are not conclusive for the number of individuals
studied (p=0,G4) and therefore there is a need to increase

the sample =ize.

Three probes, VC64, VC785 and VCis, detected RFLPs for which

the allele frequencies were similar in the Negroid and San

f' populations but which were significantly different from the
o~ allele frequencies obtained in the Caucasoid population.
The minor allele of VC64 in the Negroids (0,410£0,05) is

more common than that in the Caucasoids (0,222%0,07) Jhile

" in the San it ls the more common allele (0,525%0,03)., The

PIC values for th.s probe are 0,37 in the San and Negroid

compared with 0,29 in the Caucasoid population.

The allele frequencies obtained with probe VCB5, which
detects a DNA rearrangement, show differences between
populations similar to those found for probe VC64: the PIC
value in the Caucascid population is ¢,37 and in the San, it
ig 0,24. The larger allele i.e. the one having the deleted/
inserted region present, was more common in ths southern
African Caucasoids, but in the Negroids and $-n populations
% it was the smaller allele, l.e. the one for the absence of

this region, which was the more common allela.

The results for VC8% and VC64 can be combined into a
haplotype because linkage studies revealed that the two loci

wera tightly linked. Haplotype studies indicated that the
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common haplotype in the Caucasoids was -/+, in tha Neyroids
it wag -, » and in tihe San -/~ and +/~ were both found. The
first (=) or (+) ind,-stes the absence or presence of the
Tagl site of VC64 and the second (+)! or (~) indicates the
presence or absence of the £00 bp region. Of the ten
possible genotypes obtained using the two probes, £ have
been found in the Caucasold population, 6 in the Negroid

population and waLy % in the San population.

Although »“ these two loci are linked the alleles do not
appear to be in linkage disequi ibrium. The observed
frequencies of each of the haplotypes is not significantly
dilferent from the expected, which was calculated from the
wroduct of the allele fraquencies at each locus., ALl four
haplotypes have been found in all populations studied. If
one considers that the San and Negroid populations are the
older populations it appears that this 500 bn region could

be selected against.

In the Caucasoid population three alleles have been found
for probe VC7% whereas only two have been found in the
Negrold and San populations. The alle.e frequencies are
significantiy different between the Caucasoid population and
the Negroid populations and between + San population and
the Caucasold population (X:= 34,8 and 57,4 respectively: p
“«0,01 for $ degraas of freedom). In the Caucascids, the
larger aitlele i3 one of the two rarer alleles wh.le in the
San and Negroids it is the more common allele. The presence
of the third allele detected in Caucasold individuals raised

tha PIC from 0,28 to 0,43, This third allele has probably

avisen in the Caucasoid population after the divergence
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the racia. groups and is a population specific or "private"

L polynorphism. The PIC values are close to the maximum value -
for a two-allele locus in the Negroid populations (0,37),

5 decreasing to 0,33 in the San. This could be a useful locus

on chronosome 7.

The MspI RFLP detected using probe V(28 has similar allele
frequencies in the Cauca-oid and Negroid populations but is
barely polymorphic in the San population. This polymorphism
is a reasonably informative marker for the Caucasoids and
Negroids having PIC values of 0,38 and 0,37 respectively,
4 but in the San population the PIC value is only 0,12 so it
. will not be very useful in this population. This result in
g the San population could be due to random genetic drift
where the relative isolation of this small prpulation has
allowed for one of the alleles to increase in frequency. A
similar result nas been found for probe VCé63 where the rarer
allele in the Caucasoids (0,238%0,C7) and Negroids
(0,321%0,05) is the more comnon allele in the San population
(0,692%0,0,05), These results are siygnificantly different

between all three populations.

The RFLPs isolated in this study are presently of unknown
function and, thereforce, no conclusions about any selortive
pressures for their presence in a population can be made.
If these are, in fact, neutral markers they could become

N important for studying the histery of populations.
Selective markers may well indicate the ecological history

of the populations (Cavalli-Sforza et al., 198¢);. When




using a small array of genetic markers it is not possible to
come to firm conclusions about the relationships between

populaticns.

A genetic distance analysis was carried ouu using the
specific allele frequencies at the 9 polymorphic sites in
four population groups namely the southern African
Caucasoids, C.E.P.H. Caucasoids, the southern African
Bantu-speaking Negroids and the San. The results indicated
that the southern African Caucasoids are closely related to
the C.E.P.H. Caucasoids. The small distance which was found
between the two Caucasoid populations can be attributed to
the third allele detected by VC75 in the C.E.P.H.
Caucasoids, which has not yet been found in the S.A.
Caucasoids. The Negroid and San populations are more
closely related and share a more recent common ancestor than
with the Caucasoids. These results were expected because
although the San ave an isolated population they share
common ancestry with the Negroids of southern Africa (Nurse

et _al., 1985).

Previous studies on these populations using DNA markers have
been very limited. However, the allele frequencies of the
highly polymorphic locus, pAWl10l, have been determined in
the San and Negroid populations (Bowcock, 1984). It appears
that such highly polymorphic loci may not be as useful for
population studies as polymorphic loci with fewer alleles.
It was not possible to compare the frequencies of the
different alleles between the populations studied because of

the large number of alleles found at the locus. it is also
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not known whether such loci are functionally important nor
how frequently new alleles are generated by non-homologous

crossing-over at such a region (Bowcock, 1984).

3 Furthermore, polymorphisms which are present in more than

one population do not always indicate a single origin of the

polymorphism prior to the divergence of the human racial
groups but could indicate that the mutation has occurred
more than once in the population groups and parallel
evolution has occurred. Further, evidence exists that
certain regions can accommodate mutations more readi v than
others and hence the specific polymorphism has arisen more
- than once in different population groups. This is best
exerplified by haplotype studies around the HbAS gene which
indicate that the mutation has occurred at least three times
in Africa (Pagnier et al., 1984). Polymorphisms are useful
» to mark specific individuals or communities but may not be
shed light on the question of the origin of the particular

population.

4.7 Contribution to mapping of the genome

The proposed mapping of the human genome would not be
possible unless collaboration between many different centres
existed. The Centre for the Study of Human Polymorphism
(C.E.P.H.) was established in Paris under the direction of
Professor J. Dausett. This centre aims to co-ordinate all
available data relevant to the mapping of the human genome
{(Marx, 1985). In any large scale linkage study one of the

most important requirements is a source of suitable family
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material and such material has been made available through
the efforts of Dr. J. Dausett, in Paris and Dr. R. L. White,
in Salt Lake City, Utah. Large multigeneration families
have been obtained and their lymphocytes immortalized by

Epstein Barr Virus (EBV) transformation.

DNA from a set of forty large familiss has been sent out to
be typed by colleborators with all their available probes
detecting RFLPs. These data have been pooled together into
a database which can ba analyzed using the computer
programme LINKAGE (Lathrop and Lalouel, 1984a, 1984b). This
programme improves on previous linkage analyses, such as the
sequantial tests of Morton (1955a) and LIPED (Ott, 1974},
since multiple point linkage is possible using this
programme. The preliminary results of the C.E.P.H. study
were recently made available when the first database was
compiled. This database contains information on 171
probe-enzyme systems and 16 "classical® markers. 'he
database is far from complete because a number of
collaborators, including our laboratory, do not yet have DNA

samples from all the individuals.

Six probes from this study have already being placed into
the C.E.P.H. database. All available DNA samples were typed
with VC61, VC&3 and VCE€4, the three probes which detect Tagl
RFLPs, V228 which detects an Mapl RFLP, and VC75 which
detects the three-allele Avall RFLP. The probe VC3S, which
detects the DNA rearrangement, was typed using the
restriction enzyme Stul. The other three RFLPs described
have been used to type the parents but family studies have

not yet been completed. These studies will be completed




when more DNA becomes available but these results are beyond
the scope of this thesis. The most important contribution
is that these six probes have been placed into a database
and that they will be considered in the construction of the

huma:: genetic linkage map.

Two probes, VC64 and VCB85, which were both localized to
chromosome 1 using a somatic cell hybrid panel were used to
type the available C.E.P.H. families. Linkage studies were
performed between these two probes and they were found to be
closely linked having a LOD score of 6,2 at a recombination
fraction of 0,00. The prior probability of synteny of any
two sequences is 1/18,5 as calculated from the chromosomal

lengths of the autosomes (discussed by Renwick, 1971).

These two probes 1o not contain part of the same DNA
sequence since they do not cross-hybridize with each othur.
Clone VC64 has one internal EcoRI site while VC85 has six.
Cione VC64 detected a low frequency Tagl RFLP in the
Caucasold population while VC85 detects a DNA rearrangement
which is of higher frequency in the Caucasoid population.
The human DNA fragments on Southern Blots differ for all
enzymes used when hybridized to the two probes. This result
could reflect the existence of a problem in the human DNA
library from which these two sequences were isolated.
However, if one considers that chromosome 1 contains 4,32%
of the autosomal genome, and that it is expected to be
proportionately represented in the genomic libraries, that

were constructed, then this explanation is less likely.



The initial stages in the construction of the humar linkage
map will proceed more rapidly than the final stages, which
will deal with those areas which will be more difficult to
map. Certain regions of the genome will beccme saturated
with markers whil: other regions which have fewer
polymurphic markers will need further attention. These
"bare" regions could then be mapped usming walking technigues
or any of chose regionally assigned DNA sequences, which
presently do not detect any polymorphisms, but could be used
to search for RFLPs using a wider range of enzymes. These
sequences have already had human gene mapping workshop
numbers assigned to them at the Human Gene Manping
Conferences in 1981, 1983 and 1985. The isolation of large
contiguous DNA molecules of up to 200 kb combined with
pulse-field gel electrophoresis will facilitate the mapping
of such regions (Shaw, 1986). Chromosome-gpecific libraries
will also be impor+tant for the final stages of mapping.
Already at Human Gene Mapping, 8, preliminary maps for all

the chromosomes have been reported (De La Chapelle, 1985).

Those chromosomes which contain the loci for specific
disease genes have been intensively studied. The X
chromosome has 68 polymorphic DNA sequences localized to it
and therefore almost any disease locus on the X chromosome
should be able to be identified using these markers
{(Gusella, 198¢). Chromosome 4 has more than thirty
polymorphic markers due to the interest in Huutington's
Disease which has been localized to chronosome 4p (Gusella
et al., 1986). Twenty nine polymorphic DNA sequences have
peen isolated for chromosome 21, 13 for Chromosome 13 and 21

have been found on chromososa 11. In strategles to search




227.

T ——

for such disease gene loci a large number of RFLPs specific
for a particular chromosome are usually generated (Willard

et al, 1985).

Highly polymorphic hypervariable regions in the genome such
as those found near the insulin locus and 3*' to the a~globin
locus have already shown their value in linkage studies.
Adult polycystic kidney disease has been linked to the
hypervariable region 3' to the a-globin gene cluster on
chromosome 16 (Reeders gt al., 1985). One form of bipolar
affective disorder have been found to be linked to the HVR's
on chromosome 11p, found at the insulin and Ha-ras gene loci
(Egeland gt al., 1987;. The search for and isolation of
many more such loci will be of immense value in other

linkage studies (Nakamura et al., 1987).

The construction of the human gene map is proceeding well
but it will require continuing major collaborative afforts
betwsen many laboratories in order to complete the map. It
is now probably realistic to expect the final linkage map of
the human genome to be completed by 1990. Only one of the
probes isoclated in this study comes close to the originally
required PIC value of 0,5 to make it a sufficiently useful
marker. However if one considers the haplotype data between
VC64 and VCBS this linkage group forms a more informstive

marker with a PIC value of 0,53.

Linkage studies using poocled probes, each detecting alleles
of different sizes have been suggested by Feder et _al.
{148%) . Four RFLP-detecting sequences which only detected

those fragments actually involved in the different RFLPs



e
> SR

I~
o
o

were pooled in the hybridization study and each RFLP could
be independently scored. It would be possible to use in
such a linkage experiment the four probes which detacted
Tagl polymorphisms in this study . The Tagf digested DNA
would nowever naed to be adequately separated by
electrophoresis and all probes must be equally labelled, so
that the fragments detected are of equal intensity. This
"pooled" probe would efficiently reduce the time spent
typing the C.E.P.H. families and also be of value in any
linkage study since results for all four leci could be

obtained after one hybridization experiment.

4.8 Future studies

The results presented in this study will be ennanced by
linkage studies in the C.E.P.H. programme. These probes
will either be mapped by linkage to already knuwn marke:. or
else they could become markers in regions which presently
have very few. All the probes which have been placed into
the C.E.P.H. programme will also be made available without

any restrictions to interested collaborators.

At the present moment all the DNA sequences are of interest
because of their potential as genetic narkers in single-copy
regions of the huvman genome. The probe VC85 was found to
detect a DNA rearrangement of 500 bp found in normal
individuals. The cross-species homology, which was an
incidental finding, made during the somatic cell hybrid
studies suggests that it way be a coding region conserved

between the speciles.
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A study has been initiated by Cavalli-sfu . @b al.
to examine genetic variation in *he human spe. les using DHA
markers. This type of study is vary time consuming since
sufficient material on each population group must be
acocumulated. In addicion, anthropological studies are
becoming more difficult because isolated, traditional
population groups are decreasing in size due to
incermarriage and migration. It is important, therefore,
that such populations be ascertained and their lymphocytes
immortalized. Small family units consisting of two parents
and two children are being collected so that haplotypes can
be establisped and included in the srudy (Cavalli-%f rza et
al., 1986). Results on 47 DNA markers f:om 30 genes or
chromogomal regions have now been investigated in five
populations groups. The overall results favour a primary
split between Fuasia and Africa but the conclusion is not
statistically significant (Bowcack g% _al., 1987). A much
larger number of mavkers still needs to be studied to reach

signitficance

Southern Africa provides usg with a unigue group of different
populations. In this study the different divisions within
the San and Negroid populations have not been considered but
future studies could contribute to our understanding of the
relationships within thess different population groups.
Anthropological studies cannot be completed in a short

period of time but the accumulation of data for many protein

b Thes

and DN, markers will facilitate this type of resear
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DNA polymorphisms which have been used in this study could
be extended to type all other population groups for

comparative purposes.

After the human linkage map has been completed, RFLPs will
be used as the starting point for major linkage studies in

the search for the loci ¢f many inherited disorders for

which the biochemical defect is unknown. 1In addition

prenatal diagnosis in these kinds -° diseases will be

possible using RFLPs.

Conclusions

In this study nine RFLPs have .een discovered using seven
single-copy DNA sequences. Each of the polymorphisms has
been confirmed to be inherited in a co-dominant Mendelian
fashion by means of family studies., The RFLP-detecting
sequences have all been provisionally assigned to specific
chromosomes. These RFLPs have been studied in some o the
different population groups inhabiting Southern Africa.
Linkage analysis using these polymorphisms will be possible
in the near future when the C.E.P.H. study is completed. &
contribution te human genetics has been made by this study
in that seven arbitrary loci, which together detect nine
polymorphisms in the human genome, have been discovered. It
is hoped that one or more of them will be useful as a
genetic markers on a specific chromosome in the " completed®

humar: linkage map.
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APPENDLY A
REAGEN"
Acetic acld  (glacial)
rdenosine %' triphosphate
Agarose
Antibiotics~Ampicillin
~-Chloramphenicol

~Tetracycline

fa- 3®py dcTP

Bactn-Agar
Bacto Tryrtone
Sacto Yeast Extract

Rromophenol Blue

Cesium Chloride
Chloroform

Core buffer

2 -deoxycytidine 5'-triphosphate

D1, dithiothreitol (DTT)

Deoxyribonuclease (DNase I)

Seoxyribonucleic acid Polymerase I

{DNA pol I)

JANUFACTURER

univar
Sigma
Seakem
Sigma
Biyma

Sigma

Amersham

Difco
Difco
Sigma

Sigma / Merck

Sigma
univar
Bathesda Regearch

Laboratories

Sigma
Sigma

Amersham

Amersham / Boehringher

Mannheim
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Dodecyl hydrogen sodium sulphate

{(8DS)

Ethanol

Ethidium Bromide

Ethylene dianmine tetra acetic acid

(EDTA)

Ficoll

Formamide
Hepes
8~Hydroxyquinoline

Hydrochloric acid (HCL)

Isopropyl alcchol
IPTG

Klenow Fragment

Lambda deoxyribonucleic acid

{DONA)

Ligase (T4)
Lysozyme

p~2-mercaptoethanol

Magnesium acetate

Magnesium Chloride (MgcCl)

Orange G
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Merck

Merck

Boehringher Mannheim

NDH Chemicals

Sigma
Fluka AG

Sigma
Sigma

univar

SMM chemicals

Sigma

Amersham

Boehringher Mannhein,
Worthington
Amersham

Sigma
Merck
Merck

Anal R

Sigma




Proteinase K

Phenol

Poly A
Polyrinylpyrrolidone
Potassium Chleride  (KC1l)

Fyrophos.hate

Restriction endonucleases

i. AvaII

ii. BamHI

iii. pglixr

iv. ECoRI

v. HingIr

vi. HindII

vii. HipdIII

viii. MboI

ix. Mspl

xi., Pyull

xii. Rsal
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Boehringher Mannhein
univar

Sigma

PVP

univar

Sigma

Amersham, Boehringher
Mannheim

Anglian, Amershanm,
Boehringher

Mannhein

Anglian, Amersham
Amersham, Boehringher
Mannheinm, Angliar
Amersham

Boehringher Mannheim
Amersham, Boehringher
Mannheim

Bethesda Research
Laboratories
Boehringher Mannheinm,
Bethesda Research
Laboratories

Amersham

Amersham

Boehringher Mannhein




xiii. 8agl

xv. Stul
xvi. Taql
xvii. Tthl
xix. Xbal

Spermidine trihydrochloride

Salmon sperm Deoxyribonucleic acid

Sephadex G~50
Laborateries

Sodium Acetate

Sodium Chloride
Sodium Hydroxide
Sodium Lauryl Sulphate

Sucrose

T4 ligase
Trichlorocacetic acid
Tri-Sodium citrate
Thymidine

Tris-base

Tris-HC1

Xgal

Boehringher Mannheim,
Amersham

Bethesda Research
Laboratories
Boehringher Mannheim
Boehringher Mannheinm
Amersham

Boehringher Mannheim

Sigma
Sigma

Pharmacia Fine

Merck, Sigma
univar
univaAr
univap

PAL chemicals
Amersham
univAR

univAR

Sigma

Beehringher Mannheim

Boehringer Mannhein
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APPENDIX B
MEDIA
antibiotics
ampicillin- 10 mg/ml stock. CEtore at -20 'C
Chloramphenicol~ 34 mg/ml of absolute etha ~1. Use
fresh.
Tetracycline- lu mg/ml stock. Store at =~20 °C in a
dark container
e
e Denaturing Solution
NaCl (M) NaoH (M)
[ i. Biodyne (PALL) 1,9 0,5
ii. Zetaprobe (Biocrad) 1,0 0,4
iii. Zetabind (AMF Cuno) 0,6 0,2
iv. Nitrocellulose 1,0 0,5

Denhardt‘s Solution

0,2 § Ficoll

0,2 % Polyvinylpurrolidone

0.2 % BSA

Filter through a disposable i ‘ter.

Store at ~20 °C

s




Formamide

Deionize using 5 % amberlite.

Stir for 30 nminutes.

Filter through Whatman fllter paper.
Repeat.

Store at ~-20 °C.

Ficoll Dye

50 % sucrose

S0 mM EDTA pH 7,0

0,1 % Bromophenol Blue
10 % Ficoll

Autoclave.

Hybridization Solution (2X stock)

0,1 M Hepes pH 7,0
20 pg/ml Poly A
€X §5C
100 pg/ml denatured, sonicated sperm DNA
10X Denhardt's Solution
10 % Dextran Sulphate
Store at -20 *C.
Dilute prior to hybridization using 80 % delonised
formamide.

Filter if not clear.
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Luria broth

20 g Tryptone

10 g yeast extract
20 g NacCl

Make up to 2 1.

Autoclave.

Luria Agar

Add 10~12 ¢ of agar /1 Luria broth.

- Autoclave.

Lysozyme

‘ Prepare 10 mg/ml fresh solution using 0,25 M Tris-

HCl. Adjust pH to 8,0.

Neutralizing Solution

Na Acetate (M) NaCl (M)} Tris-HCl pH

a. Blodyne 3 - ~ 5,5
b. Zetabind - 1,5 0,5 7.5
¢. Zetaprobe - 3,0 0,5 7,4

3,0 0,5 7.0

d. Nitrocellulose -
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Nick Translation buffer

50 mM Tris HCl pH 7,5

» 5 mM Magnesium chloride

10 mM f-2-mercaptoethanol

0,2 mM dATP

0,2 mM dGTP - when using hot 4CTPp
¢,2 mm 4TTP

Store at -20 *C.

NzZCYM

10 g NZ amine

5 g Nacl

5 g Yeast

1 ¢ Casaminocacids /1

pH 7,5

Preparation of organic solvents

i. Phenol: Redistillation of organic phencl at 160°C removed
contaminants which cause breakdown or cross-linking of
RNA and DNA. The phenol was stored at 4°C in a dark
container., A required velume of phenol was melted down
and extracted several times with equal volumes of 0,1 M
N Tris-HCl, pH 8,0 until the pH of the aqueous phase wae
greater than 7,6. An antioxidant, hydroxygquinoline was

added to a final concentration of 0,1 %.
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Hydroxyquinoline is a partial inhibitor of RNase
activity and a weak chelator of metal ions. The
1y saturated phenol was stored at 4°C in a dark container.

ii. Chloroform : isoamyl alcohol: A 24:1 ratio ot

chloroform to isoamyl alcohol was prepared. Isoamyl

alcohol helps in the separation of the organic and the

agqueocus phases.

Oligolabelling buffer

- Solution A:

Solution B:

Solution C:

1,25 M Tris-HCl
125 mM Magnesium Chloride
250 mM p-mercaptoethanol
0,5 mM dNTP's-dCTP
Store at -20°C

2 M Hepes, pH 6,6.

Store at -20 °C.

p(dN) 6 random hexadeoxynuclectides, dissolved
at 90 OD units per ml in 1 mM Tris-HCLl, 1 mM
EDTA, pH 7,5. BStored at -20°C.

OLB: Mix solutionsz A,B and € in a ratio of 100:250:150.

Store at

~-20 *C.
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Proteinase X

10 mg/ml stock solution,
Incubate at 37 °C for 1 hour

Store at -20 "C.

Prehybridization Buffer (2X)

0.1 M hepes pH 7,0

6X 88C

Poly A (20 ug/ml)

5X Denhardt's solution

100 ug/ml denatured sonicated salmon sperm ONA

Store at -20 *C.

iilute prior to prehybridization using equal volumes of

deionised formamide.

Salmon sperm DNA

Dissolve to a concantration of 10 mg/nl.
sonicate for 15 second bursts in every minute.
Repeat five times.

Boil for 10 minutes.

Store at -20 °C.

0,15 M NaCl

0,015 Na Citrate

v e



STE
10 mM Tris HCL pH 8,0
100 mM Nz.ol
1 mM EDTA i
Adjust pH to §,0.
TE Butfer
10 mM Tris- HCL
1 mM EDTA
Adjust pH <o 8,0.
TEA buffer

40 mM Tris Base

2 mM EDTA

20 mM Glacial Acetic acid
Adjust the pH to 8,1.

Autoclave,

General Notes

1. Use distilled water to make up solutlons and store

solutions at room temperature urless otl arwise stated.

2. All glassware is autoclaved prior to use.




APPERDIX C

MOLECULAR WEIGHT MARKERS

Sizes of fragments in kilobases (kb)

Lambda HindIIT

23,70
9,46
6,75
4,26
2,26
1,98
0,58

Lambda HindlII + EQQRI

21,80
5,24
5.05
4,21
3,41
1,98

1,90

re——
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