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ABSTRACT

The goal of this study was to discover restriction fragment
length polymorphisms (RFLPs) in human DNA which have high degrees
of heterozygosity and which should therefore be extremely useful
markers for human gene mapping.

It has been estimated that 165 evenly spaced highly
polymorphic markers throughout the human genome should allow the
mapping of any gene or new marker with a high degree of reliability
(Botstein et al, 1980; Lange & Boehnke, 1982). In order to obtain
165 evenly spaced markers, however, a considerably larger number of
randomly spaced markers will be required. Of the 333 RFLPs
reported in August 1985 at the Human Gene Mapping workshop in
Helsinki, less than 10% have high heterozygosity, and their
chromosomal distribution is very uneven (Willard et al, 1985).

This study used two strategies to reduce the number of random
RFLPs needed to get 165 evenly spaced RFLPs spanning the human
genome.

The first approach was to conduct the RFLP search using DNA
libraries constructed in cosmids instead of the more often used
phage libraries. Cosmids have larger human DNA inserts increasing
the amount of DNA examined per clone and increasing the likelihood
of finding multiple, closely linked loci. Such loci can be treated as a
single compound locus which will most often have a higher

heterozygosity than a simple locus. For example, a single 2-allele

x1i



locus could have a maximum heterozygosity of 50% whereas 3
closely linked 2-allele loci could yield up to 8 haplotypes with a
maximum heterozygosity of 87.5%.

" The second strategy was to use chromosome specific libraries
which allowed the targeting of poorly mapped chromosomes for a
more systematic RFLP search.

My initial work focused on a random cosmid clone from a total
human DNA cosmid library. From this cosmid | discovered two
subclones that revealed four closely linked RFLPs with a minimum
heterozygosity of 72%. Using a somatic cell hybrid mapping panel
and in situ hybridization to metaphase chromosomes, this compound
locus was mapped to chromosome 19p13.2->19cen.

The bulk of my thesis research involved the construction and
screening of a partial DNA library specific for human DNA on the long
arms of chromosomes 11 and 16. These chromosomes were chosen
because of the availability of a mouse-human somatic cell hybrid
containing an 11q/16q translocation chromosome as its only human
DNA and because very few RFLPs have been mapped to these parts of
the human genome.

The partial screening of this library resulted in the discovery
of two cosmids each of which reveals a highly polymaorphic locus on
chromosome 16q. Mapping to this chromosome was done by two
methods, the use of a somatic ceil hybrid mapping panel and in situ

hybridization to metaphase chromosomes.



[. INTRODUCTION

Restriction fragment length polymorphisms, or RFLPs, represent
a new set of genetic markers based on direct detection of
deoxyribonucleic acid (DNA) sequence polymorphisms  using
restriction endonucleases (Botstein et al, 1980). RFLPs are being
used to define a large number of arbitrary marker loci in man as
well as some with known gene specificity. Using this new system,
the construction of a detailed linkage map of the human genome is
underway (White et al, 1985).

RFLPs are defined by cloned DNA segments which can be
localized to specific regions of specific chromosomes and ordered on
the chromosome using family linkage studies. It has been estimated
that 185 evenly spaced highly polymorphic markers 20 centimorgans
(cM) apart throughout the human genome should allow the mapping of
any gene or new marker with a high degree of reliability (Botstein et
al, 1980; Lange & Boehnke, 1982). An effective strategy for
constructing a linkage map is to use a reference panel of normat,
highly informative families, that is, families with a large number of
children, both parents, and all four grandparents available for typing.
Selection and analysis of markers for linkage in families exhibiting
specific disease phenotypes will be most effective after such a map
has been constructed (Botstein et al, 1680).

Prior to 1970, gene mapping primarily involved following the

inheritance of traits, diseases, and observable protein polymorphisms
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in families using classical linkage methods. In this classical sense,
mapping a gene means determining its position in recombination
units- relative to other genes on the map; distances between locC!
depend on the extent of physical separation and on the rate of
occurrence of crossing over. Except for genes assigned to the X
chromosome based on X-linked recessive inheritance, most linkage
groups were established without knowledge of chromosomal location.
Stable variants in chromosome morphology were used as early as
1968 to assign some genes to specific autosomes. Donahue et al
made the first such assignment when they demonstrated linkage
between the Duffy blood group locus and the secondary constriction
region of chromosome 1, 1gh (Ott, 1985). Similarly, haptoglobin was
mapped to chromosome 16 using the fragile site on 16q (Magenis et
al, 1970). Wwith the advent of modern molecular biology, the scope of
gene mapping has expanded greatly so that not only chromosomal
assignment but also regional localization within the chromosome are
common components of gene mapping.

Recent advances in molecular biology that have lead to current
recombinant DNA techniques and the discovery of RFLPs include the
discovery and characterization of restriction endonucleases, the
development of DNA cloning strategies using plasmid and phage
vectors and bacterial hosts, and improved electrophoretic and nucleic

acid hybridization techniques.



A. Recombinant DNA technology

Restriction enzymes have been extensively used for studying
DNA structure since Smith and colleagues showed in 1970 that an
endonuclease from Hemaphilus inrluenza Cleaved double stranded
DNA at a specific sequence (reviewed in Old & Primrose, 1985).
Their discovery, coupled with improvements in transformation of £
co//, led to the development of DNA cloning strategies using plasmid
and phage vectors. Agarcse gel electrophoresis allowed high
resolution separation of restriction fragments, an important step in
preparing cloning vectors and in analyzing results of cloning
experiments. Nucleic acid hybridization techniques such as those
developed by Southern (1975) provided simplified ways of finding and
visualizing homologous DNA fragments in complex genomes.

1. Restriction enzymes. Perhaps the first major discovery

responsible for the development of recombinant DNA techniques was
that of restriction endonucleases, endodeoxyribonucleases from
bacteria that recognize specific nucleotide sequences in double
stranded DNA and cleave both strands of the duplex. They were
discovered nearly 35 years ago by Luria and Human, and the first one
was characterized in 1968 (Nathan & Smith, 1975). The initially
described enzymes, however, were of the Class | type; while they
recognize specific nucleotide sequences, they do not cleave DNA at
specific sites. It was the discovery of the Class 1l, or cleavage-site

specific, endonucleases in 1970 by Smith and colleagues that lead to



the application of these restriction enzymes in recombinant DNA
work (Nathan & Smith, 1975).

Restriction enzymes /7 v/vo form a self protection system in
bacteria against foreign DNA such as viruses; they represent a
prokaryotic "immune system”. The bacterial DNA is modified at the
recognition site by methylation to render it resistant to restriction,
thus protecting against cleavage of host DNA. Most Class i
restriction endonucleases recognize and cleave DNA within a
particular 4- or 6-nucieotide sequence. For example, EcoRl cuts the
sequence GAATTC between the GpA on each strand. Many restriction
enzymes make similar staggered cuts, resulting in protruding 3
termini. These termini are then available to associate by hydrogen
bonding with similar termini, hence the designation of sticky or
cohesive ends. Other Class 1l enzymes make cuts resulting in 3'
cohesive ends while some produce blunt rather than staggered ends
so that they are not cohesive.

Class Il restriction enzymes have been isolated from a large
number of bacteria, and they are still being discovered. About 500
have been at least partially characterized to date, but only about
1/10 of these have been well characterized and are used routinely
by molecular biologists (Old & Primrose, 1985). With this wide
range of currently available enzymes, cloning vectors and DNA
inserts can be tailored in endless ways to achieve the desired

results in DNA cloning experiments.



Restriction enzymes “establish convenient, fixed landmarks
along the otherwise featureless terrain of the DNA molecule”
(Weinberg, 1985).  When a homogeneous DNA preparation is
completely digested with a given Class [l restriction enzyme, a
characteristic set of fragments is produced. With DNA of low
complexity, such as plasmids or A phage, the restriction fragments
can be separated by gel electrophoresis to give a fragment pattern
that characterizes the original DNA molecule in much the same way
that tryptic fingerprints characterize particular proteins. With
more complex genomes, such as the human genome, one sees only a
smear on the gel after digestion and electrophoresis. A locus of
interest, arbitrary or specific, can be visualized by hybridization
with radioactive single-copy cloned DNA segments or “probes”. DNA
sequence variation is detected by alteration in the length of one or
more restriction fragments.

2. DNA libraries. A DNA library is a set of cloned fragments

that represent the DNA from a specified source, e.g. a human genomic
library contains a collection of cloned random DNA fragments
representative of the entire genomic DNA of the organism.
Construction of DNA libraries first became feasible in the mid
1970s with the development of DNA cloning techniques. DNA cloning
involves the amplification of DNA fragments from any source by
inserting them into a plasmid or bacteriophage vector and growing

these recombinant DNA molecules in bacterial host cells.



The first genomic DNA libraries were constructed for organisms
with small genomes such as Orosgpnila (Wensink et al, 1974; Carbon
et al, 1977) and yeast (Carbon et al, 1977). Construction of genomic
DNA libraries for more complex genomes such as mammals became
possible a few years later when several technical limitations were
overcome including more rapid screening techniques for large
numbers of clones (Benton & Davis, 1977; Hanahan & Meselson, 1980)
and more efficient methods for introducing foreign DNA into host
cells (Maniatis et al, 1978).

The components of a DNA library include: (1) the DNA of
interest which has been isolated, purified and digested with an
appropriate restriction enzyme, (2) the vector DNA which may be a
plasmid, phage, or a cosmid, and (3) the host cell which is usually a
strain of £ col/.

There are a variety of methods employed in the construction of
DNA libraries. Based on the choice of vectors, 3 types are possible:
plasmid, phage, and cosmid. The important difference is the
maximum size of the foreign DNA insert that can be ligated to the
vector which is about 15, 25, and 45 kilobases (kb) respectively.

Cosmids were first developed by Collins and Hohn (1978)
specifically for cloning large fragments of DNA. Cosmids are
synthetic hybrids of plasmids and phage with the following essential
components: (1) a plasmid origin of replication, (2) one or more drug

resistance genes, (3) one or more unique restriction sites for



cloning, (4) the cohesive end (cos) site of A phage, and (5) a small
size of 4-6 kb to accomodate large inserts (Maniatis et al, 1982).

Cosmid libraries were chosen for my RFLP searches because of
the large insert size. The larger size increases the likelihood for
finding multiple, closely linked RFLPs. The human haploid genome
contains 3 x 10% base pairs (bp) of DNA or a total of 3300
centiMorgans (cM) in recombination units where one cM represents 1%
recombination (Renwick, 1971) or about10® base pairs (1000 kb). A
cosmid with an insert of 40-45 kb would cover less than 0.05 cM so
that multiple RFLPs revealed by a single cosmid would be very
tightly linked at a recombination distance of <0.0005.
Recombination between two such loci should be extremely rare.

High heterozygosity is critical to linkage studies, and the
number and frequency of alleles characterizes the usefulness of a
locus. In constructing genetic maps and calculating genetic risks
when several linked markers are available, multilocus analysis is
recogniéed as the most effective method (Lathrop et al, 1984, 1986).
The success of such analysis depends on having single individuals
that are heterozygous at all of the loci being examined. The
majority of RFLPs reported to date represent 2-allele toci with low
heterozygosity. Multiple loci revealed by single cosmids should be
much more useful as genetic markers. For example, 3 closely linked
loci could yield 8 haplotypes which, with equal frequencies, would
give 87.5 % heterozygosity.  While high degrees of linkage

disequilibrium could diminish the usefulness of such loci,



observations to date indicate that such disequilibirium between
closely linked RFLPs is often small (Litt & White, 1985).

The large insert size also allows the scanning of a larger piece
of the human genome at one time with fewer colonies to screen. For
example, to achieve a 99% probability that any single copy DNA will
be represented in a cosmid library, one needs about 350,000
transformants versus about one million for a similarly complete
phage library (Maniatis, 1982).

Cosmids have also been used to clone large genes on a single
piece of DNA, for example, a 28 kb dihydrofolate reductase gene that
could not be cloned in a single phage (Urlaub et al, 1985). Also,
genes can be isolated along with large areas of their flanking
sequences facilitating studies of gene regulation as has been done
with the human interleukin 2 gene (Lindenmaier et al, 198S).
Finally, chromosome walking can also be facilitated by the larger
"steps” possible with cosmid libraries (Maniatis et al, 1982).

Ish-Horowicz and Burke (1981) reported one of the first uses of
cosmids for eukaryotic libraries. They prepared a Jrosgp/i//a DNA
library using the cosmid vector pJB8 and the £ Co// host strain
HB101. About the same time, Grosveld et al (1981) successfully
constructed and screened a human DNA library using cosmids to
isolate several recombinants containing inserts from the 8
globin-related genes. They also used the vector pJB8 and the host

strain HB 101.



The presence of interpersed repeats in the human genome such
as the Alu family initially posed a problem in using cosmids as
probes to reveal polymorphisms. With the known occurrence of Alu
sequences an average of once every 8 kb in the human genome (Lewin,
1985), nearly all cosmid inserts would be expected to contain at
least one such sequence so that when the cosmids were used as
probes the repeat sequences would hybridize at numerous genomic
locations producing a smear on Southern blots that would obscure
any single copy bands of interest. Litt & White (1985) have
circumvented this problem by first prehybridizing the cosmid with a
vast excess of unlabeled total sonicated human placental DNA under
conditions that tie up the repeats so they are unavailable to
hybridize on Southern blots. Using this method, cosmid probes have
been used to reveal single copy RFLP bands without interference
from genomic repeats (Litt & White, 1985; Litt et al, in press;
Buroker et al, 1986; Bufton et al, 1986).

3. Gel electrophoresis and Southern biotting. The ability to

efficiently follow and assess the DNA manipulations made possible
with cloning techniques depends on rapid and simple techniques of
DNA visualization. In the early 1970s, Sharp et al (1973) introduced
agarose-ethidium bromide electrophoresis, which is used for both
analysis and preparation of DNA. This method gives more precise
results than the older method of velocity centrifugation through
sucrose gradients and is much quicker and easier than sucrose

gradients or acrylamide gel electrophoresis, the latter of which is
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still used for isolating small DNA fragments of 100 bp or less. In
additon to size separation, DNA molecules of different molecular
conftgurations, e.g. closed circular vs. nicked circular or linear
plasmids, can be separated due to different gel mobilities. Very
small amounts of DNA, down to a few nanograms, can be detected by
illuminating the gel with ultraviolet light since the DNA has been
stained with the intercalating dye, ethidium bromide.

DNA  mapping involves hybridization of DNA probes to
restriction fragments of the DNA of interest. In 1975 Southern
published a technique for transferring DNA fragments from a gel onto
nitrocellulose membranes so that these membranes could be probed
with radioactively labeled DNA and the hybridized fragments
detected with autoradiography. This method, Southern blotting,
proved far superior to previous methods that required cutting and
eluting DNA from the gel and hybridizing the DNA in solution or after
binding the eluted DNA to filters (Old & Primrose, 1985).

B. Restriction Fragment Length Polymorphisms

1. what are RFLPs and how are they detected? Differences

among individuals in the length of a particular restriction fragment
can result from point mutations that alter a restriction site or from
rearrangements such as insertions and deletions that alter the
distance between two restriction sites.

RFLPs are easily assayed in individuals using small amounts of

DNA most often obtained from Ilymphocytes in peripheral blood
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samples or from lymphoblast cell lines. RFLPs are inherited as
simple Mendelian codominant markers so that inheritance and tinkage
relationships can be established using pedigree analysis (Botstein et
al, 1980).

RFLPs can be used to map any trait caused wholly or in part by a
major locus segregating in a pedigree without knowledge of the
biochemical nature of the trait. These RFLPs need not be a part of
the gene in question but will most often be closely linked, unrelated,
random sequences. It has been suggested that RFLPs evenly spaced
in the genome 20 cM apart should be adequate for mapping any
Mendelian trait (Botstein et al, 1980; Lange & Boehnke, 1982).

At the Human Gene Mapping workshop (HGM 8) in August 1985 a
total of 333 RFLPs had been reported in the human genome (Willard
et al, 1985). However, their chromosomal distribution is very
uneven and only about 10% are highly polymorphic with polymorphism
information content (PIC) values >0.5. PIC is the probability that an
offspring of a given mating will be informative, e.g. 2 PIC of |
means that all offspring of a mating will be informative. PIC is

Calculated as:

n n-t n
= &; JORSPNEDNEPLIL 3T

L=t é:,ofl
where n is the number of alleles and p; and pj are the allele
frequencies (Botstein et al, 1980). Loci with many alleles and a PIC
near 1 are most desirable. To achieve a goal of 165 evenly spaced,

highly polymorphic markers, Lange & Boehnke (1982) estimate that
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about 1500 randomly spaced markers will be needed if screening is
from a total human genomic library but only about 750 if
chromosome specific libraries are used.

2. How polymorphic_is human DNA? The usefulness of DNA

markers in gene mapping depends in part on the degree of
polymorphism. A locus is considered polymorphic if it has a minor
allele frequency of at least 10%. Early estimates of overall
polymorphism were based on the frequency of protein polymorphism
in  man. Harris and Hopkinson (1972), summarizing the
electrophoretic data from 71 enzyme loci, found 28% polymorphism
which correlates with a DNA sequence heterozygosity of 0.28 bases
per 1000 bases, the size of the average gene (Botstein et al, 1980),
or 0.00028 per base pair. As visible electrophoretic changes
represent only about 1/3 of amino acid changes and many third base
changes do not cause any amino acid change (Harris, 1980) this
would correspond to a DNA sequence polymorphism of about 0.001
per base pair among protein coding sequences. This figure
represents a minimum value as sequences in messenger RNA diverge
much more slowly than the bulk of single copy DNA (Rosbach et al,
1975).

A maximum figure for DNA polymorphism has been estimated at
011, or about 10 times the above figure, based on a single study of
the depression of the melting temperature of reassociated DNA from

2 individuals of the same mammalian species (Botstein et al, 1980).
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Using these minimum and maximum figures, Botstein et al
(1980) calculated the possible number of RFLPs to be found per
fragment with 4-base and 6-base recognition restriction enzymes at
0.0034-0.123 and 0.005-0.177 respectively. The 4-base cutters
should be more useful, however, as they produce sixteen times more
fragments per unit length of DNA (cutting every 44 vs 46 bp). Even
the above figures may be conservative as they do not take into
account polymorphisms due to rearrangements such as insertions and
delétions, a number that cannot yet even be estimated.

Some studies have looked at the variation in genomic DNA at
specific sites such as the B-globin region. Jeffreys (1979)
estimated that one per hundred, or .01, base pairs in the 8-globin
gene region is polymorphic. These data were based on examining 41
Kb of sequences over the ¥, §, and B globin loci. They used 8
different restriction enzymes to examine 53 restriction sites which
represent a total of 310 base pairs of sequence. Three sites were
palymorphic. If these polymorphisms represent single base changes
as was thought, then 3 of 310 base pairs showed polymorphic
variation for a rate of about 1 per 100 base pairs or 0.01. Only a
small fraction of sequence variation would create or destroy a
detectable restriction cleavage site. In the above study 41 kb of
DNA was covered with restriction sites representing 310 base pairs,
giving a variant detection rate of 0.7%. The use of more enzymes,

however, would presumably increase the detection rate.
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More recently Cooper et al (1985) estimated unique DNA
sequence heterozygosity based on the number of RFLPs detected with
19 random cloned DNA probes used on total human DNA digested with
6 different enzymes. They came up with a DNA polymorphism
frequency of 0.008 which agrees with Jeffreys (1979) and falls in
the upper range postulated by Botstein et al (1980).

Based on results to date with various restriction enzymes, the
selection of enzymes used in search of RFLPs is of importance. As
previously mentioned, one would expect more RFLPs with 4-base
cutters as more sites are present for these enzymes on the average
than for 6-base cutters, sites every 256 vs every 4096 base pairs.
While this general idea holds up, the actual fragment lengths and the
number of polymorphisms is also related to the restriction site base
pair sequence. Bishop et al (1983) developed a model for restriction
fragment length distribution based on DNA dimer frequencies in
humans by computing mean fragment lengths for known restriction
enzymes. As predicted, 4-base cutters had shorter mean fragment
tengths than 6-base cutters. In looking at the dimer frequency,
however, they found a considerable deviation from expected values as
had been previously noted (Swartz et al, 1962). CpG dimers are rare
so that the enzymes with a recognition sequence containing this
dimer have higher mean fragment lengths. For example, Taq | and
Msp 1 (TCGA & CCGG) have mean fragment lengths of 1,179 and 1,747
base pairs, respectively, while several other 4-base cutters without

CpG in the recognition sequence range from 198-493 base pairs per
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fragment. The situation is similar for 6-base enzymes with CpG in
their recognition sites. This is where the idea of "more sites/more
polymorphisms” breaks down. Several studies (Barker et al, 1984,
Cooper et al, 1985; Knowlton et al, 1985) have found a higher rate of
polymorphism using Taq | and Msp 1 than with other 4-base cutters
with smaller mean fragment lengths but without CpG in their
recognition sequences.

Barker et al (1984) looked for RFLPs in humans using 32 single
copy probes on DNA digested with five 4-base and eleven 6-base
cutters. The two with CpG in their recognition sequences, Taq I and
Msp |, revealed 9 of 10 total RFLPs found. From these results they
estimated the frequency of polymorphism at sites containing CpG to
be 1/10 to1/20 making them "hotspots” for mutation.

These findings are supported by additional data from both
prokaryotes and eukaryotes. In bacteria, cytosine that deaminates
to form uracil is efficientiy corrected while methylated cytosine
that spontaneouly deaminates to thymine  is not efficiently
corrected so that C to T transitions represent a hotspot for mutation
(Lewin, 1985). As 2 to 7% of mammalian DNA is methylated at
cytosine (Lewin, 1985), methylated CpG could be a frequent site of
mutation in humans as well.

Savatier et al (1985) sequenced a 5.5 kb fragment of the §
globin gene from chimpanzee DNA for comparison with the
corresponding human sequence and found a much higher than expected

divergence at CpG dinucleotides when compared with the overall very
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low level of nucleotide sequence divergence between these two
related species; they concluded that CpG instabililty exists.

At HGM 8 a group from Collaborative Research, Inc reported that
in screening over 1500 random clones for RFLPs, they found the
following enzymes most useful, listed in the order of efficiency:
Msp 1, Taq I, Rsa |, Pst 1, BamHI, ECoRl, and Hind 111 (Knowlton et al,
1985).

3. How are RFLPs being used? RFLPS were first used as a tool

for genetic analysis in 1974 when Grodzicker et al (1974) used the
restriction maps of two serotypes of adenoviruses and their hybrid
recombinants to map the physical location of temperature sensitive
mutations. About the same time Hutchison et al (1974) used
mitochondrial DNA restriction patterns to show maternal inheritance

. of this DNA in mammals.
Some of the first described human RFLPs were found in and
around the globin genes (Lawn et al, 1980) which is not surprising as
“the globins represent one of the most extensively studied and
characterized protein groups. Accordingly, with a good source of
globin mRNAs in reticulocytes, they were one of the first and most
studied higher eukaryotic gene families as recombinant DNA
techniques became available. One of the first observed DNA
polymorphisms in the human B globin gene was reported by Kan and
Dozy (1978). They used a Hpa | restriction site polymorphism to
diagnose sickle-cell anemia antenatally . Since then many more

RFLPs have been found including several associated with
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hemoglobinopathies such as sickle cell disease and the thalassemias.
Antonarakis et al (1985) in a recent review list 17 "useful”
polymorphic restriction sites in the B globin gene cluster which
involve both coding and noncoding DNA.

These polymorphisms have proven useful in several ways
including the carrier detection and prenatal diagnosis of sickle cell
disease and the thalassemias, the elucidation of the evolution of the
globin genes by studying the origin and spread of common mutations,
- and insight into normal gene structure and function and the nature of
molecular defects that lead to disease (Antonarakis et al, 1985).
Such intensive study of the globin genes also gives us good
comparative data to use as other genes are similarly studied.

RFLPs are now being found in or around an ever increasing
number of other known gene loci. A total of 88 polymorphic cloned
DNA sequences associated with known genes were reported at HGM 8
(willard et al, 1985), some of which include albumin, thyroglobulin,
insulin, phenylalanine hydroxylase, alpha-1-antitrypsin, Factors VIII
& 1X, hypoxanthine-guanine phosphororibosyl transferase (HPRT),
alpha-fetoprotein (AFP), human leukocyte antigens (HLA), and the
immunoglobulins. Prenatal and carrier detection strategies are being
developed for a number of diseases caused by defects in some of
these genes, e.g. hemophilia (Graham et al, 1985; Oberle et al,
1885), o-l-antitrypsin deficiency (Cox et al, 1985), and
phenylketonuria (PKU) (woo et al, 1983). In addition, RFLPs are being

used to study heterogeneity of the mutations that may lead to the
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same disease, such as with Lesch-Nyhan syndrome (Yang et al,
1984).

The above mentioned RFLPs were recognized because of their
relationship to a specific gene of interest, e.g. 8 globin, and were
found subsequent to cloning of all or part of the gene. As previously
stated, however, a more general use of RFLPs is the mapping of
arbitrary loci which need not involve protein encoding DNA. One of
the first such highly polymorphic arbitrary loci in human DNA was
reported by Wyman and White in 1980. Using such RFLPs, genes of
interest can be located without isolating them. The first such
example using RFLPs was localization of the Huntington’s disease
(HD) gene to chromosome 4 by Gusella et al (1984). Using the
knowledge that a RFLP closely linked to a gene would be inherited
with that gene, they began tracing the inheritance in HD families of
numerous RFLPs using random cloned DNA fragments from a human
gene library as probes. Predicting that success would require
looking at several hundred probes, they were incredibly lucky to find
a closely linked RFLP in the first 12 cloned fragments screened.
This work has lead to the development of presymptomatic diagnosis
for this disease, and more importantly, to further work to bracket
the gene with more markers and eventually isclate the gene itself.

Similar studies have lead to localization of the gene for cystic
fibrosis on chromosome 7 (Knowlton et al, White et al, Wainwright
et al, 1985) and the gene for adult polycystic disease on chromosome

16 (Reeder et al, 1985).



19

Perhaps the most powerful example of the use of RFLPs to date
is the mapping of the X chromosome. The number of known RFLPs
varies greatly between chromosomes with a minimum of 3 on
chromosomes 10, 18, 20, & Y, and a maximum of 68 on the X
chromosome (Willard et al, 1985). This is partly due to the
disparity in the number of investigators working on any given
chromosome and partly due to size differences of the chromosomes.
There is still a question as to whether some chromosomes may be
more polymorphic than others by virtue of their DNA content.

Long before development of recombinant DNA techniques, the X
chromosome was the most studied chromosome because of its unique
inheritance that allows identification of recessive X-linked traits.
Using segregation analysis, more genes have been mapped to the X
than to any other chromosome, e.g. many important genetic diseases
such as Duchenne muscular dystrophy, fragile X syndrome, and
Hemophilia A & B, have long been mapped to the X chromosome.

Now, by combining map information from previous studies with
arbitrary loci defined by DNA RFLPs, an extensive linkage map of the
X chromosome has been published (Drayna & White, 1985). A total of
21 markers were used, including S gene loci and 16 arbitrary loci, to
span the entire distance of the chromosome, a total length of 185
recombination units. Such a map is useful in studying DNA behavior
such as recombination and in comparison of genetic vs. physical
distance. It is also useful in the study and diagnosis of X-linked

disease. Duchenne muscular dystrophy has now been well bracketed
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with RFLPs proving useful in carrier detection and prenatal diagnosis
(Bakker et al, 1985) and two groups are now close to isotating the
gene-itself (Kolata, 1985; Kunkel et al, 1985; Monaco et al, 1985).

Polymorphisms resulting from hypervariable minisatellite
regions in human DNA have such high heterozygosities that some are
proving useful as DNA “fingerprints”, DNA patterns completely
specific to individuals (Jeffreys, 1985a, b, ¢). Minisatellites are
short, simple tandem repeats dispersed in the human genome whose
polymorphism results from allelic differences in the number of
repeats. 3uch length polymorphism may arise by mitotic or meiotic
unequal exchanges or by DNA slippage during replication (Jeffreys,
1985a). A probe representing the repeated core sequence can detect
many highly wvariable loci simultaneously to provide an
individual-specific DNA fingerprint. Such DNA fingerprints should
prove useful in forensic science and paternity testing, and Jeffreys
et al (1985c) report successful use of this method in an immigration
case in which a mother questioned whether or not a child returned to
her was really her son.

RFLPs are being used to follow the course of engraftment in
bone marrow transplants (Blazar et al, 1985). Highly polymorphic
RFLPs, such as those resulting from minisatellites, allow the
‘discrimination of host vs donor cells when the donor may be very
closely related to the recipient.

RFLPs are also proving useful in cancer research to determine

clonal origin of tumors and to study the loss of heterozygosity at



various gene loci (Vogelstein et al, 1985; Dracopoli et al, 1985).
Nonrandom deletions of chromosomal regions 13q14 and 11p13 have
been detected in retinoblastoma (Cavenee et al, 1983) and Wilm’s
- tumor (Koufos et al, 1984), respectively, using RFLPs.

One can see from the examples presented here that there is an
explosion in information about the human genome with the advent of
RFLP technology. Only 24 polymorphic cloned DNA segments were
reported at HGM 6 in 1981 compared with 333 at HGM 8 in 1985
(Willard et al, 1985).

In addition to their proven use in gene mapping, RFLPs are also
being used for gene isolation, carrier detection and antenatal
diagnosis, studies of normal and abnormal gene structure, studies of
evolution via recombination and other events, and studies of
cancer-associated genes and cancer progression. They will probably
prove useful in forensic science and paternity testing (Jeffreys et
al, 1985c) and will also be useful in determining the genetic basis of
multifactorial traits and disorders that cluster in families such as

schizophrenia, epilepsy, and breast cancer (Botstein et al, 1980).

C. Thesis objectives

The overall thesis objective was to find and characterize
several highly polymorphic RFLPs in the human genome and to
establish the chromosomal iocation of these RFLFs.

For Part 1| a partial DNA library specific for human DNA on the

tong arms of chromosomes 11 and 16 was constructed in cosmids and
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screened for highly polymorphic RFLPs on 16q. These chromosomes
were chosen because of the availability of a mouse-human somatic
cell " hybrid containing as its only human DNA an 11q/16q
translocation chromosome and also because very few RFLPs have
been mapped to these parts of the human genome. At the most
recent gene mapping workshop, 21 polymorphic loci had been
assigned to chromosome 11, the majority on the short arm, and 6
RFLPs, all with low heterozygosity, assigned to chromosome 16
(Willard et al, 1985). 16q and 11q together represent about 5% of
the human genome or about 165 cM (Daniel, 1985). Using_ Lange &
Boehnke’s data (1982), one would need to find at least 37 RFLPs
from a chromosome specific library in order to have 3 to 5 evenly
spaced RFLPs 20 cM apart on 16q and a similar number on 11q.

The plan was to construct a partial genomic DNA library using
cosmid vectors and DNA from the somatic cell hybrid. A complete
library was not necessary as | was looking for several random RFLPs
on 16q rather than a specific singly copy sequence.

The library, once constructed, would be screened with total
human and total mouse DNA probes to select those clones containing
human inserts which should represent about 2.5% of the total clones.
Clones with human inserts would be screened for those identifying
RFLPs and the latter further screened and studied to isolate single
copy probes useful for specific, highly polymorphic RFLPs. Gusella
et al (1980) first showed that repetitive sequences in mammals had

diverged sufficiently between species so that total human and total
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rodgent DNAs could be used as species-specific probes by using
hybridization conditions under which only the repetitive sequences
would give a detectable hybridization signal.

Chromosomal location was to be verified using a rodent-human
hybrid mapping panel with more precise localization to be done by in
situ hybridization in E. Magenis' laboratory.

The use of somatic cell hybrids to make chromosome specific
libraries was first reported by Gusella et al (1980) and has been
used for finding genes and RFLPs on several human chromosomes
including 11 (Gusella et al, 1980) and 13 (Cavenee et al, 1984). Al
previous studies, however, have used phage rather than cosmid
libraries. The technique of screening libraries with total rodent and
total human DNA to pick clones containing human inserts has
accordingly been reported to date only for phage libraries.

Part 2 is a manuscript from the April 1986 issue of The
American Journal of Human Genetics. The research for this paper
was actually done prior to most of the work for Part 1. It involved
working with a random cosmid from the Ed Fritsch library which, on
preliminary screening, had revealed several possible polymarphisms.
The cosmid did indeed reveal several highly polymorphic RFLPs which
were characterized and close linkage verified by family studies. The
RFLP was mapped to chromosome 19 using somatic cell hybrid panels
provided by G. Bruns, D. Shaw, and D. Brook, and more precise
mapping was done in E. Magenis’ laboratory by in situ hybridization

to metaphase chromosomes.
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Part 1+ The discovery and characterization of
restriction fragment length polymorphisms on
chromosome 16q using a cosmid library made

from a mouse-human somatic cell hybrid
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A. Materials and Methods

Appendix B Tists the composition of all solutions.
1._Construction of the 11a/16g DNA library in cosmids.

a._Somatic cell hybrid DNA preparation. The somatic cell hybrid,

CF 52-46-1/8, containing the translocated human chromosome
11g/164q, waé from T. Mohandas, Harbor-UCLA Medical Center, Los
Angeles, CA. The celis, received as frozen pellets, were diploid mouse
ceHis containing as the only human DNA at least one translocated
119/16q with about 15% of cells containing two or more copies of this
chromosome (T. Mohandas, personal communication). Chromosome
analysis was done in Dr. Mohandas' 1aboratory. As 11gq + 16q represent
about 5% of the haploid genome (Daniel, 1985), this transiocated
chromosome should represent at least 2.5% of the somatic cell hybrid
DNA.

High molecular weight DNA (>200 kb) was isolated from the cells
using procedures combined from Maniatis el at (1982) and Kunkel (Bell
et al, 1981). About 1.2 x 108 cells were received frozen in 2.5 ml of
10mM Tris CI°, 150mM NaCl, 10mM EDTA, and 10% glycerol. They
were thawed and pelleted at 2 Krpm at 49C for 5 minutes and the
supernatant discarded. The cells were resuspended in S0 ml of BCL
buffer, centrifuged at 2 Krpm at 49C for 20 minutes, the supernatant
discarded and the pellet drained briefly. The pellet was gently
resuspended in 12 ml ice cold NL buffer on ice. To another 12 ml of
NL buffer was added 2.5 mg Proteinase K (Boehringer Mannheim) and

1.2 ml 10% SDS. While gently mixing this second solution, the
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nuclear suspension was added to it dropwise. The nuclear lysate
was incubated overnight at 379C with gentle rotation. The sample
was ‘then extracted twice with an equal volume of phenol/chloroform
(1:1), and once with chloroform for 30 minutes with gentle rolling on
a rotating platform, centrifuged at 2.8 Krpm for 10 minutes and the
top layer removed to a new tube. After dialysis overnight at 40 C
against 4 L of dialysis solution A, the sample was transferred to a
50 ml tube and treated for 2 hours at 379C with 100pg/ml RNAse.
100pg/ml Proteinase K and 0.5% SDS were added and the sample was
incubated another hour at 379C. The sample was extracted twice
with phenol/chloroform and once with chloroform using gentle
rotation, dialyzed overnight at 49C against 4L of TE, loaded dropwise
onto at least 2 volumes of 1M NaCl in TE in 38 ml polyaliomer tubes
and centrifuged overnight in a Beckman SW27 rotor at 25 Krpm. The
supernatant was poured off and the tubes drained 10 minutes. The
pellets were dissolved in a small volume of TE overnight at 4°C with
gentle shaking. The yield, checked by UV spectrophotometry, was
about 500 pg per 108 cells (assuming that 1 mg/mi of DNA has an
Ao = 20 ina 1 cm cuvette). The size was estimated at about 200
kb by electrophoresis in a 0.3% agarose gel using uncut A DNA for
comparison. 7

The high molecular weight DNA was partially digested with one
unit of Sau 3A per 128 ug DNA using the conditions determined by a
series of test digests to give a maximum number of fragments in the

35-45 kb size range (Maniatis et al, 1982). The enzyme was heat
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inactivated by incubating the digest at 68°C for 10 minutes, and the
DNA was ethanol precipitated and dissolved in TE. The partial digest
was then size fractionated using a 10-30% sucrose density gradient
with 10% and 30% sucrose solutions made in 1M NaCl, 20mM Tris CI7,
and SmM EDTA (Maniatis et al, 1982). Samples were layered onto
the gradient in Beckman 12.8 ml ultra-clear centrifuge tubes and
were centrifuged in a Beckman Sw41 rotor at 23Krpm for 14 hours
at A.ZOUC. Fractions were collected using a rigid plastic tube
connected to flexible tubing which was connected to a Gilson
minipuls pump. The plastic tube was placed vertically into the
sample tube so that it was almost touching the bottom, and 0.75 ml
fractions were collected using this pump set-up with a Gilson
fraction collector. Aliquots were analyzed on a 0.4% agarose gel and
those containing DNA in the 35-45 kb size range were pooled, ethanol
precipitated, and the pellets dissolved in TE.

b. Vector DNA. The cosmid vector pJB8, shown in figure 1, was

used for this library. Prepared pJB8 arms with end BamHI sites

(steps 1-3, figure 1) were obtained from Amersham Corporation,

Arlington Heights, IL.
c. Ligation. /7 witro packaging, and transduction intg host

bacteria. The general scheme used is shown in figure 1 (modified
from Maniatis et al, 1982). Ligations were done at a total DNA
concentration of 165 pg/mi with the molar ratio of vector molecules
to insert at 1:1:1 as the desired concatamer was vector arm 1

(HindI11/Bam HI) : insert : vector arm 2 (BamH1/5all) (Maniatis et al,
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1982). The DNA was ligated overnight at 15%C in S0mM Tris CU7,
pH7.4, 10mM MgCl,, 1mM spermidine, SmM dithiothreitol, ImM ATP,
and 100 pg/ml bovine serum albumin with 1 unit of Boehringer
Mannheim T4 DNA ligase per 20 pl reaction for 3 jug of DNA. Ligation
was monitored on a 0.3% agarose gel by disappearance of unligated
vector arms and increased size of the smear of insert DNA due to
concatamerization.

Note in figure 1 that after ligation an entire complement of
plasmid sequence is contained between the 2 c¢os  sites.
Concatamers are efficiently packaged if the cos sites, the
substrates for a packaging dependent cleavage, are 37-52 kb apart or
75-105% the size of A DNA (Old & Primrose, 1985). Following /7
witiro packaging and introduction into £ co//, the cosmid DNA
recircularizes and replicates in the form of a large plasmid which
contains the B-lactamase gene that confers ampiciliin resistance on
the host bacteria (Maniatis et al, 1982).

The ligated DNA was packaged into bacteriophage A particles 7
vitro using the “Packagene” extract system from Promega Biotec
according to the manufacturer’s instructions, with 0.5 pg of DNA and
1/2 tube of extract per reaction. The packaged DNA was transduced
into 3 different £ co// host strains: HB101, ED8767, and DK-1. For
use in transduction, the bacteria were grown up overnight in L broth
with 0.4% maltose, pelleted, and resuspended in 0.5 volume of 10mM

MgS0O4 or 10mM MgCl,. Fifty microliters of packaging reaction was
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mixed with 100 pul SM and 200 gl of host bacteria. The A particies
were allowed to adsorb at 379C for 20 minutes, then 1 ml of L broth
was -added and the mixture was incubated at 37°C for 45 minutes to
allow expression of ampicillin resistance. The cells were pelleted,
resuspended in 200 Wl of L broth and spread on day old L agar + 200
pg/ml ampicillin plates. Plates were inverted and incubated
overnight at 370C.

Two methods were used for storing parts of the library. The
first method was transfer of transformed colonies from the original
plates into 150 pl of freezing medium with 200 pg/ml ampicillin in
96-well tissue culture plates which were kept at -700C (Schleif &
wensink, 1981). The second method was to toothpick transformed
colonies from the original plates onto 150x15mm L agar + 200 pg/ml
ampicillin plates using a grid template for 520 colonies per plate.
Plates were wrapped and stored at 40C.

2. Screening the cosmid library.

a. Preparation of replica filters. Replica filters were made

from the master plates and processed using procedures modified
from Grunstein & Hogness (1975). Colonies were transferred from
the 96-well plates to sterile nitrocellulose filters (Millipore HATF
or Schleicher & Schuell BA 85) on L-agar + 200 pg/ml ampicillin
plates using a stainiess steel 96-pin replicator (West Coast
Scientific). Replica filters were made from the master grid plates
by placing a sterile filter on the surface of the toothpicked plate,

notching the filter with an 18 gauge needle at asymmetric points
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also marked on the master plate, then transferring the filter, colony
side up, to a fresh L-agar + ampiciliin plate. In both cases the
filters were incubated at 379C until colonies were visible.

Replica filters were prepared for colony hybridization as
follows: they were placed, colony side up for 5 minutes each, on a
series of 3 3MM Whatman filter papers moistened with 10% SDS,
0.5M NaOH/1.5M NaCl, and 1.5M NaCl/0.5M Tris CI°, pH7.5,
respectively, with brief blotting on paper towels between steps.
They were then wetted with 1X SET, dipped through a 100pg/mi
solution of Proteinase K in SET and placed on SET-moistened 3MM
sheets to incubate for 30 minutes at room temperature. They were
then dipped through a solution of SET, dried on paper towels,
sandwiched individually between 3 MM sheets, and baked in a vacuum
oven at 60-809C for 1-2 hours. The filters were then washed at
450C in prewash solution for 1-2 hours. Finally they were
prenybridized in seal-a-meal bags overnignt at 450C in
prehybridization/hybridization solution (without dextran suifate).

F filters, those stored at -709C as back ups, were made and
incubated on L-agar + ampicillin plates containing 5% glycerol. They
were prepared for freezing by placing them on sterile 3MM filter
paper, placing a second freshly wetted filter on top, sandwiching the
two filters together between more 3 MM sheets by pressing with a
heavy weight, and placing the sandwich with a moistened sheet in a

seal-a-meal bag (Hanahan & Meselson, 1980).
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At one point, three of the F filters were thawed, several
cosmid-containing HB 101 clones toothpicked from each filter into
L-Broth, and fresh overnight cultures grown up. Intact cosmid DNA
purified from these overnight cultures was then packaged /7 v/itr¢
and transduced into DK-1.

b. Colony screening. To determine which clones contained human

DNA inserts, one set of replica filters was probed with radioactively
labeled total mouse DNA and a duplicate set with total human DNA.
Total mouse DNA was prepared from mouse fibroblast line GM
346-A9 provided by T. Mohandas using the high molecular DNA
preparative method previously described. Total human DNA from a
random individual was prepared from white blood cells as described
in section 3a. The mouse and human DNAs were labeled using the
"oligo” or “"primer extension” method of Feinberg and Vogelstein
(1983) referred to subsequently as oligolabeling. The DNA was
denatured at 1009C for 5 minutes then incubated with a mixture of
hexanucleotide primers and deoxynucleoside triphosphates (dNTPs),
including o-32P deoxycytidine triphosphate (dCTP) or o-32P
deoxyadenosine triphosphate (dATP).  Radioactive o«-32P dCTP and
dATP with a specific activity of 10 millicuries(mCi)/ml were from
New England Nuclear.

A typical reaction was done in 25 pl consisting of 10 ul OLB, 2
pl 1% gelatin, 5 pl o=32P dATP (S0 uCi), 2 units Klenow Polymerase
I (Boehringer-Mannheim or Pharmacia), and 8 il DNA (64 ng).

Incubation was at room temperature for at least 2.5 hours, usualiy
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overnight. The percent incorporation was determined by spotting
0.1-0.5 ul of the reaction mix on Whatman GF/C glass fiber filter
paper and scintillation counting before and after washing the filters
with 5% trichloroacetic acid/0.1% sodium pyrophosphate. Specific
activities ranged from 3 x 108 - 1 x 109 dpm/pg DNA.

The colony filters were hybridized in 1 ml of hybridization
solution (same as prehybridization solution) per filter with 4 x 108
dpm/ml of radioactive total mouse or total human DNA in
seal-a-meal bags overnight at 44-450C. The filters were washed
once in 2X SSC/0.1% SDS at room temperature for 15 minutes, twice
in 2X 55C/0.1% SDS at 550C for 30 minutes and once in 1X SSC/0.1%
SDS at SSOC for 30 minutes. They were dried on paper towels,
wrapped in Saran wrap, taped to cardboard backing containing '*C
India ink orientation marks, and exposed overnight to Kodak XAR-5
film backed by a Dupont Cronex Lightning-Plus Intensifier at -700C.

C. Preparation of DNA from cosmids containing human inserts.

The rapid alkaline extraction method of Birnboim (1983) was used
with some modifications. A fresh S ml overnight culture of the
clone of interest was grawn up in L broth + 200 pg/ml ampicillin by
inoculation from the master plate. One and a half milliliters of the
culture was pelleted in an Eppendorf tube by a 15 second
centrifugation, the supernatant discarded, and the pellet loosened by
vortex mixer. The pellet was suspended in 200 pl lysozyme solution
with 1 mg/ml fresh lysozyme (Sigma) and iced for 5 minutes. 400

yl atkaline SDS was added, the solution mixed gently by inversion
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3-4 times, placed on ice S minutes, 300 pli high salt soluticn added,
the solution again mixed gently by inversion and iced 15 minutes, and
the solution centrifuged at room temperature for 2 minutes. 700 pl
of the supernatant was transferred to 2 fresh tubes and the DNA
precipitated with 2.5 volumes of ethanol, pelleted and dissolved in
acetate-MOPS, reprecipitated and again dissolved in acetate-MOFS,
reprecipitated and dissolved in 80 pl TE™% DNA size and quantity
were estimated by electrophoresis in a 0.4% agarose gel with known
cosmids as size standards.

Larger scale cosmid DNA preparations were also attempted using
similar alkaline lysis followed by centrifugation in cesium
chloride-ethidium bromide density gradients (Maniatis et al, 1982).

d. _Cosmid subcloning. Cosmids revealing possible

polymorphisms were subcloned into the plasmid pSPSES (Promega
Biotec), a 3 kb ampicillin resistant plasmid with a polylinker
containing 11 unique restriction sites for cloning. Cosmid DNA was
digested with 10X Sau 3A, phenol/chloroform extracted, ethanol
precipitated, dissoived in TE™% and ligated into the BamHl site of
Bam HI cut and phosphatased pSPE5 using 100ng of insert DNA per !
ug of vector DNA with reagents and conditions as previously
described. Competent HB101 bacteria were transformed with the
recombinant plasmids using standard techniques (Maniatis et al,
1982) and transformed colonies selected on ampicillin plates.
Master plates and replica filters were made as previously described

for cosmids except that 85Smm diameter filters were used with 100
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colonies per filter. The clones were screened by colony
hybridization using oligo-labeled total human DNA and appropriate
oligolabeled restriction fragments from the cosmid. DNA was
isolated from the subclones of interest by the Birnboim alkaline
miniprep method (Birnboim, 1983).

3. Southern blotting and hybridization.

a. Source and preparation of human DNA. Human DNAs were

prepared from outdated whole human blood obtained from the local
blood bank and from lumphoblast cell lines of large Utah families
obtained from the Human Genetic Mutant Cell Repository, Institute
for Medical Research, Camden, NJ, using the method of Kunke! (Bell
et al, 1981) with the addition of a second ethanol precipitation in
the presence of 2.5M ammonium acetate. Restriction enzymes were
obtained from Promega Biotec, New England Biolabs, Bethesda
Research Labs, and Boehringer Mannheim and used according to the
manufacturers’ instructions. Human DNAs were digested with 5-10
units of enzyme per microgram of DNA and completeness of digestion
assessed by agarose gel electrophoresis of parallel digests
containing A DNA in addition to human DNA (Barker et al, 1984a).

Complete digests were ethano! precipated and dissolved in TE.

b. Southern blotting. The digested total human DNAs were

electrophoresed through agarose gels, transferred to nylon
membranes (Gene Screen from NEN, Genatran from D&L Filter,
woburn, MA, or Zetapore from AMF-CUNO, Meriden, CT), washed and

prehybridized according to Barker et al (1984b).
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c. Hybridization. Radicolabeled whole cosmids were screened on

the Southern blots for their utility in revealing RFLPs. They were
nick -translated (Barker et al, 1984a) in the presence of «-32P dATP
to give specific activities of at least 2 x 108 dpm/pg. After
removal of unincorporated radioactivity by spermine precipitation
(Hoopes & McClure, 1981), the cosmid probes were mixed with a
large excess (625 pg/100-200 ng cosmid DNA) of non-radioactive
2.5 mg/ml sonicated (S00 bp) human placental DNA (Calbiochem),
heated at 1009C for 10 minutes, and prehybridized to a ¢yt of about
100 moles-sec/L by incubation in 0.12M Sodium phosphate, pH 7, at
6S° C for 4-6 hours (Litt & White, 1985).

These prehybridized probes were then hybridized with Southern
blots of Taq | and Msp | digested genomic DNAs from a panel of
unrelated individuals. One lane containing the somatic cell hybrid
line CF 52-46-1/8 DNA was also included on later blots to detect
cosmids containing mouse DNA that were missed in the first
screening. Hybridization was overnight at 43-450C in hybridization
solution with dextran sulfate. The blots were then washed in 2X
SSC/0.1% SDS at room temperature for 15 minutes, once in 0.1X
SSC/0.1% SDS at room temperature for 13 minutes, and twice in
0.1X SSC/0.1% SDS at 65-699C for 30 minutes. The blots were dried
on paper towels, wrapped in Saran wrap, and exposed for 1 to 7 days
to Kodak XAR-5 film backed by an intensifying screen at -700C.

Restriction fragments of the cosmid were also labeled and used

as probes on Southern blots. They were cut out from
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tow-melting-point (LMT) agarose gels, mixed with water at 2 mi per
gram of gel, heated at 1009C for 10 minutes, and oligolabeled as
previously described without further purification. Plasmid subclones
were also oligolabeled and used as probes on Southern blots.

4. Somatic cell hybrid mapping panel. The mapping panel

consisted of 23 cell lines provided by Gail Bruns, Children’s Hospital,
Boston. The G35 cell lines are human-hamster hybrids derived from
fusion of the Chinese hamster cell line E-36 with white blood cells
from a female carrier of the X/19W translocation
t(X:19)(q23-25=q13)(Latt et al, 1976). The G17 and G24 cell lines
are human-mouse hybrids derived from fusion of the mouse cell line
RAG with white blood cells of the X/139W transiocation carrier (G17
lines) or the X/19B translocation t(X;19)(q1:p13)Brook et al, 1978).
The GBIES and G9SA4 cell lines were derived from fusions of white
blood cells from a karyotypically normal male with the Chinese
hamster cell lines YH21 and Wg3h, respectively. G35A5AzA and
G35A5AZF are subclones of G35AS selected in 8-azaguanine for 10ss
of the der 19 translocation chromosome. These hybrid cell lines
were characterized by both isozyme and cytogenetic techniques
(Bruns et al, 1978; Bruns et al, 1979). I[n addition, DNAs from these
hybrids have also been analysed with cloned DNA probes for all
chromosomes except the Y.

S. In situ_hybridization. Probes p79-2-23 and CF 33-79 were

nick-translated according to the method of Harper and Saunders

(1981) to a specific activity of 4 x 107 dpm/ug using [*H] TTP (85
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Ci/mmol) and [3HIdCTP (60 Ci/mmol)(Amersham). p79-2-23 and
CF33-79 were then prehybridized with total human DNA as previously
described. In situ hybridization to metaphase spreads from normal
male cells was performed according to Harper and Saunders (1981)
by B. Sheehy in E. Magenis’ laboratory. This method is described in

the section 11l manuscript.

6. Terminology for cosmids and plasmids. Cosmids were named

beginning with CF, to designate the somatic cell hybrid line,

followed by the plate number and the clone number on that plate.
For example, a clone from the second well inrow C of 96-well plate
9 was called CF9C2. A cosmid from master gridded plate 33 at
square 79 was called CF33-79.

The plasmids were designated by a small p followed by the
cosmid square number, the subclone master plate number, and the
square number of the subclone plate. For example p79-2-23 was a
subclone of cosmid CF33-79 from the 23rd square of subclone

master plate 2.






BamHI
Hind IT

$0d
—

SotI~
pJB88

iHmam digestion

p ot Ori Amp' p
T — 1
Hind IT SalT BomHI HindIl
CIP
HO cos Ori  Amp’ OH
. T
Sall BomHI
BamHI digestion
{solation of large fragment
HO cos Ori Amp" p
g re
\_L_._._J )|
Satl BomHI
541 Kb arm
HO\ Tos Ori  Amp’
| T
Sall Sau 3A

Y

BamHI

Hind II

$0D
Skt

Soll

pJB8

Ort Amp'

‘SOII digestion

—
Cos P

Sell BomHI | SotI
Hind I

Ho Orn  Amp
\ e —=

l cie

—a

[ 9H

BamHI HindIl

BamHTI digestion
Isolotion of small frogment

P cos OH
BomHI HindII
2.40 Kb arm

Ligate 1o 35-45kb fraogments
of eukaryotic DNA, obtained by

partial digestion with Sau 3A
Tos OH
eukaryotic DNA Sau 3A HindIl

In vitro packoging
Infection of E. coli




40

B. Results

1. High molecular weight DNA Figure 2 shows a 0.3% agarose gel

containing uncut bacteriophage A DNA and CF52-46-1/8 DNA from a
high molecular weight preparation. The size of such large DNA
cannot be accurately measured, but as very high molecular weight
DNA does not separate well, DNA migrating well above the SO kb A
DNA, as in this case, is likely greater than 200 kb in size (Maniatis
et al, 1982).

After digestion and sucrose gradient size fractionation, 15
fractions were collected, and aliquots from every third fraction were
checked for size on a 0.4% agarose gel. Fractions S through 8
contained DNA in the 35 to 45 kb size range and were pooled for use

as insert DNA in subsequent ligations.

2. Ligation, /n w/tropackaging, and transduction into bacterial
hosts. Figure 3 shows 2 ligation test gels. Ligation is indicated by
an increase in the size of the insert DNA smear due to
concatamerization, by the partial disappearance of the 5.4 kb and 2.4
kb vector arms, and by the appearance of vector-vector ligation
products of 10.8 kb (2 left arms), 7.8 kb (left arm + right arm), and
4.8 kb (2 right arms).

The efficiency of ligation was not measured. It could not be
determined by gel monitoring of the appearance of high molecular
weight DNA as the insert DNA was already very large. In fact, King
& Blakesley (1986) found that efficiency does not correlate with the
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appearance of a very high molecular weight DNA. 1t could not be
determined using transduction of £ ¢o// as the DNA was first
packaged /7 vitrg adding another variable that influenced the
efficiency of transduction. While the insert DNA shown in figure 3b
did not increase as noticeably in size as the DNA in figure 3a, both
gave similar numbers of transformants after packaging and
transduction.. As a complete library was not being constructed,
maximum efficiency of ligation and packaging was not critical.

Initial transductions of the packaged ligation mix were done
with £ co//strain ED8767. Efficiencies ranged from 3000 to 8000
colonies per microgram (jg) of total DNA. A total of about 2000
colonies from these transductions were transferred to either
96-well plates in freezing medium or to & gridded agar plate for
storage and preparation of replica filters.

Later transductions were done using HB 101 with efficiencies of
3300 to 9000 colonies per pg of total DNA. These colonies were
larger and appeared to grow better than those of ED8767. A total of
about 1500 colonies were transferred to gridded agar plates for
storage and preparation of replica filters.

One transduction was done with £ c¢o// strain DK-1. The
colonies were extremely small, efficiency was poor (80C colonies/ g
total DNA), and the viabililty was poorer than for the other strains.

3. Screening the library for clones with human inserts. The

cosmid screening results are shown in table 1. From 3400 clones,

one would expect at least 85 clones, or Z2.5%, to contain human
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Inserts based on the chromosome composition of the somatic cell
hybrid line used to make the library. On screening of replica filters
with total mouse and total human DNA, however, only SO of 3400
clones, or 1.5%, appeared positive for human DNA and negative for
mouse DNA. Figure 4 shows two autoradiographs from the screening
of plate 33. Filter 33a was probed with total human DNA; 33b with
total mouse DNA. (Screenings were actually done in duplicate, i.e.,
two filters were probed with total human and two with total mouse.)
Note that only 6 clones that light up with the total human probe, 79,
157, 176, 242, 372, and 393, light up faintly or not at all with the
total mouse prabe. A number of clones hybridized with both mause

and human probes.

4._Preparation of cosmid DNA. The next step was to prepare

cosmid DNA from those clones that appeared to contain human
inserts. Using the Birnboim alkaline miniprep method (Birnboim,
1883), yields were consistently poor compared to those obtained
with known plasmids and cosmids. Numerous modifications were
tried with little improvement. Figure Sa shows the results of a
typical series of preparations from 4 ml of overnight culture of
clones stored at -70%C in freezing medium as checked on a 0.45%
agarose gel. A known control cosmid (not shown), 1-13, gave yields
of about 1-2 pg per ml of fresh overnight culture while DNA from
the test cosmids gave yields of 0-30 ng/ml. Lane 1 is 187 ng of
cosmid 1-13 from a previous preparation to serve as a size standard

and as a quantitative comparison. Preparations made from fresh
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overnight cultures from the -20°C gridded plates gave somewhat
better, but still poor and highly variable, yields as shown in figure
Sb. ‘Yields ranged from unmeasurable to about 1 pg/ml of culture. |
was unable to get any measurable amount of DNA from 7 of the 50
cosmids.

During these initial minipreps, S5 of the S0 cosmids were found
to be much smatiler than 35-45 kb, having apparently deleted most of
their DNA to less than 20 kb. They must have been larger initially
as cosmids less than about 35 kb would not have packaged into
bacteriophage A (Old & Primrose, 1985). Figure 5b shows one such
deleted cosmid, CF32-131, in lane 2; figure 6 shows a second one,
CF25-350, in lane 2.

In addition to the alkaline minipreps, large scale preparations
including purification in cesium chloride (CsCl) gradients were
attempted. Once again poor or unmeasurable yields resulted. In
fact, in most cases no cosmid DNA band was visible in the gradient
after overnight ultracentrifugation. Only one intact cosmid,
CF33-79, gave a measurable yield of 7.5 pg from 350 ml of culture.
! got a surprisingly good yield of 90 ug from 175 mi of culture
containing cosmid CF33-176 only to discover that the cosmid had
deleted to several forms (figure 6), all less than 4 kb, in size
indicating that they had lost part of the vector as well as the human
insert. Another cosmid, CF 32-391, with a yield of 8ug of cosmid
DNA from a 175 mi culture had deleted to about 6 kb.
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Intact cosmid DNAs isolated from several HB 101 host clones
were repackaged and transduced into DK-1, @ more stringent Rec A
host - strain due to a deletion of the Rec A gene (D. Kurnit, pers.
comm., 1985), in an attempt to improve DNA yields and eliminate the
deletion problem (Gumucio et al, 1985). Neither goal was
accomplished. CsCl gradient preparations were still unsuccessful,
and the cosmids lost DNA even more rapidly than those in HB 101.
For example, CF32-391 DNA minipreps from fresh S ml overnight
culture inoculated from a -70°C HB 101 clone yielded consistently
intact cosmid DNA while a similar preparation of this cosmid made
from a -709C DK-1 clone yielded only severely deleted cosmid DNA.
Minipreps of cosmid CF33-176 DNA gave similar results.

5. Screening cosmids for polymorphisms. A total of 42

cosmids were labeled by nick translation, prehybridized with total
human DNA, and screened on Southern blots containing Tag | and Msp
I digested human DNAs from 6 to 9 unrelated individuals. Overall,
23 of the cosmids did not hybridize to any human DNA, i.e. the blots
were blank except for the size standards. Two cosmids showed
neavy lane background, 9 cosmids revealed nonpolymorphic
fragments, and 8 cosmids revealed variable fragments that possibly
represented polymorphisms.  Six of the cosmids that did not
hybridize to human DNA were later hybridized on Southern biots that
included a lane of DNA from the somatic celi hybrid line used to
make the tibrary. In all cases, these probes hybridized strongly to

the somatic cell hybrid DNA lane and not at all to the random human
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DNAs, indicating that these cosmids contained mouse inserts rather
than human inserts. These 6 clones had initially been chosen as
containing human inserts even though they had hybridized only very
faintly with the total human DNA on colony screening because they
did not appear to hybridize at all with the total mouse praobe.

6. Further screening of cosmids revealing polumorphisms. Of

the 8 cosmids that showed variable size fragments when hybridized
to Tag I and Msp | digested total human DNAs, four showed enough
variability to make additional screening worthwhile: CF32-391,
CF32-435, CF33-79, and CF33-176. Autoradiographs from the initial
screening of CF32-391, CF33-79, and CF33-176 are shown in figures
7,8, and 9. CF32-435 showed a fragment pattern identical to that
of CF 33-79 indicating that these Z cosmids contained the same or
an overlapping human insert.

CF32-391 revealed variable Taq | fragments of >18 kb and 6.6
kb (figure 7). Cf33-79 revealed variable Taq | fragments of 6.4, 3.7,
3.5, 3.2, and 3.0 kb (figure 8), and variable Msp I fragments of 1.5
and 1.1 kb (Msp | blot not shown). CF33-176 revealed variable Taq !
fragments at 7 kb and variable Msp fragments at 5.5 and 3 kb

(figure 9).

7. Cosmid CF33-79. The next step was to find single copy

subclones of the cosmid that revealed specific polymorphisms.
CF33-79 was studied first as it looked most promising, and it was

the only one of the 3 cosmids for which a reasconable amount of DNA
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(17.5 pg) was recovered. The approach was to cut the cosmid with
various 6-bp recognition sequence enzymes to find one that gave
several well separated, moderate sized fragments so that these
fragments could be recovered from LMT agarose and used as probes
on Southern blots of Taq I, Msp I, and Rsa | digested total human
DNAs in hopes of finding a single fragment that showed a
polymorphism. At the same time, the cosmid was digested with Sau
3A ~and the fragments cloned into pSPE5 to obtain about 200
subclones of the cosmid. The fragments revealing polymorphisms
were used as probes of colony filters containing the subclones.
Duplicate filters were also probed with total human DNA to
eliminate subclones containing repetitive DNA.  Subclones that
hybridized to a fragment of interest but not to the total human DNA
were chosen for further study by growing up the clones, isolating the
plasmid DNAs, and using them as probes on the same or similar
Southern blots as used above.

CF33-79 was digested with Eco RI, Kpn I, Sac I, and Hind Iil.
Eco RI gave the best size range with five well separated fragments
of 25-30, 7.5, 5.8, 2.7, and 2.25 kb. When these fragments were
oligolabeled, prehybridized with total human DNA, and used as probes
on Southern blots, the 25 and 2.7 kb fragments hybridized to
nonpolymorphic bands, the 2.25 kb fragment showed only faint lane
background, and the 7.5 kb fragment revealed the Rsa | and Taq |
polymorphisms shown in figure 10. The 5.8 kb fragment revealed the

same Taq | polymorphism but hybridized only very weakly with the
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human DNA and very strongly with the size standards. This finding
indicates that the 5.8 kb fragment includes the junction of the
human insert and the vector.

Sau 3A fragments of CF33-79 were subcloned into the Bam HI
site of pSPB5, competent HB 101 were transformed with the ligation
mix, and colonies containing recombinant plasmids were selected on
ampicillin plates. From these plates 2 master gridded plates
containing about 100 colonies each were made. Replica filters from
these plates were probed with oligolabeled total human DNA and with
the oligolabeled 7.5 kb Eco Rl cosmid fragment. Both hybridizations
were done in duplicate. Thirteen subclones hybridized to the cosmid
fragment but not to total human DNA. DNA preparations were made
from these clones and from 6 others with inconclusive hybridization
results. Of these 19 subclones, S5 had very small or no inserts and
were not studied further. The remaining 14 subclones were
hybridized with Southern blots as described above with the following
results: 6 contained repeats so that single bands were not visible, 2
revealed nonpolymorphic bands, 3 produced blank or uninterpretable
autoradiographs, and 3 (p79-1-98, p79-1-103, & p79-2-23) showed
the same polymorphisms revealed with the 7.5 kb cosmid fragment.

The Taq | and Rsa | polymorphisms appear to represent the
same locus, that is, an insertion/deletion RFLP. The same locus was
also observed when p79-1-103 was used on Southern blots of Hind
1, Pw I, Msp I, and Eco RI digested total human DNAs. This

correlation between genotypes with 6 different enzymes is strong
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evidence for an insertion/deletion model. The equivalent size
difference between allelic fragments found with Rsa | and Taq I, as
shown in table 2, is further evidence. The higher molecular weight
allele sizes could only be estimated for Rsa | as 4.36 kb was the
largest size standard on the blots whereas they were determined
more accurately on Taq | blots which contained an 8.5 kb size
standard.

~Figure 11, an autoradiograph of an Rsa | blot of eighteen
individuals probed with oligolabeled p79-2-23, shows the extensive
variation at this locus among unrelated individuals. A total of 51
unrelated individuals were genotyped at this locus; 41 (80%) were
heterozygous.

The RFLP was then studied in six 3-generation families, and
Mendelian inheritance was observed in all cases. These six pedigrees
are shown in Appendix A. Table 3 summarizes the parental
genotypes in these plus 3 additional families. Figure 12 shows the
Mendelian inheritance of the RFLP in two families, K1331 and K 1340.

a. Chromosomal localization of cosmid CF33-79. Initially, the

whole nick-translated cosmid, prehybridized with total human DNA,
was used to probe Southern blots of the somatic cell hybrid mapping
panel. The blots were poar and inconclusive. The blots were also
probed with CF32-435, and while the quality was poor, there was an
indication that the cosmid was on chromosome 16 as it hybridized to
cell lines G35F3, G35E3, G35C2, G3SFS, G35C5, G35A4, G24B5, and

RRP3-6B1. The biots were later probed with the human insert from
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subclone p79-2-23; the results are shown in table 4. There was
100% concordance only with chromosome 16. (The autoradiograph is
not shown, but the probe hybridized to the same cell lines as
CF32-391 subclone p391-2-42 shown in figure 16.) There were 8
discordancies with chromosome 11; four were cases in which the
probe hybridized to cell lines that do not contain chromosome 11.

A second chromosome localization method, in situ hybridization
to metaphase chromosomes, was done by B. Sheehy in E. Magaenis’
laboratory using [3H] labeled p79-2-23 and cosmid CF33-79, both of
which were first prehybridized with total human DNA. This method
also localized the RFLP to chromosome 16, specifically to the distal
half of 16q as shown in Figure 13. Thirty of 150 cells scored (20%)
had a grain localized to the region 16qi3->16qter. There appeared
to be a second peak on chromosome 7, with 5% of cells showing a
grain localized to the proximal part of 7p. This may represent &
second locus, however, such an idea 1s not supported by the somatic
cell hybrid mapping panel results of 6 discordancies between

chromosome 7 and p/9-2-23.

8. Cosmid CF32-391. Because large scale DNA preparaticns

using CsCl gradients were unsuccessful, nineteen 1.65 ml minipreps
were done and combined for a total yield of about 6.5 pg (200 ng/m!
culture) of what appeared to be intact cosmid DNA. The approach
used with CF33-79 to find single copy fragments revealing

polymorphisms was initiaily used with CF32-391 except that the
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DNA was cut with only one 6-bp recognition sequence enzyme, EcoRl,
due to the small amount of DNA available. The EcoRI digests gave 13
fragments ranging in size from 5.5 kb to less than | kb. Some
fragments were too closely spaced to isolate separately from LMT
agarose and were cut out of the gel together. The 6 largest
fragments were oligolabeled, prehybridized with total human DNA,
and used as probes on Southern blots of Taq I, Msp I, and Rsa |
digested human DNAs. The 5.5 kb fragment revealed an extra 6.5 kb
Msp | fragment in one of 8 individuals. A S kb cosmid fragment
revealed an extra 7.5 kb Taq [ fragment in the same individual, and a
3 kb fragment revealed an extra 3.6 kb Msp fragment in the same
individual. The high molecular weight (Mw) Taq | polymorphism seen
when the whole cosmid was used as a probe was not seen with any
of the cosmid fragments. One explanation is that high molecular
weight fragments do not transfer well on Southern blotting and were
absent or poorly represented on the blots probed with the cosmid
fragments.

Sau 3A fragments of CF32-391 were subcloned into pSPB5 as
previously described and replica colony filters screened with total
human DNA and with the 3 cosmid fragments revealing possible
polymorphisms. Of 166 clones, 43 hybridized with total human DNA.
Unfortunately, when the colony filters were probed separately with
the 5.5, 5 and 3 kb cosmid EcoRl fragments, all of the fragments
hybridized to all of the clones. It is likely that these fragments

contained vector DNA, either as part of the fragment or from a
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nearby contaminating fragment (as gel separation was poor) which
hybridized with homologous regions of the subclone vector.

The next approach was to look for the Taq 1| and Msp |
polymorphisms through mass screening of the subclones that did not
hybridize to total human DNA. DNA was prepared from 95 subclones;
43 had reasonably sized inserts (>400 bp) and were oligolabeled and
screened in groups of 1 to 6 on Southern blots of Tag | and Msp |
digested human DNAs. None of the screened plasmids revealed the
Msp | or small Taq I polymorphisms. Finally, in the last group to be
screened, p391-2-42 revealed the high MW Taq | polymorphism.

Figure 14a is an autoradiograph of the praobe hybridized with Tag
| digested DNA from 18 individuals. The probe hybridized poorly to
these large fragments compared to its hybridization to the constant
3.9 kb fragment. This finding is probably partly due to poor transfer
of high MW DNA onto the Southern blots; it may also indicate that
the probe is highly homologous with the 3.9 kb fragment and only
partially homologous to the larger fragments.

It was difficult to get good size estimates of such large,
closely spaced fragments as most were larger than the largest size
stancard fragment of 18.4 kb. One individual (695) had three variable
fragments indicating that these fragments may represent more than
one locus. The probe was hybridized to DNAs on a Taq | titration
blot and on 6 family blots to rule out partial digestion and to

determine the inheritance pattern of the fragments.
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The high molecular weight fragments were present on the
titration blot at all 3 enzyme concentrations, 2x (2u enzymes/ig
DNA), 10X, and 20X (not shown). The fragments appeared to conform
to Mendelian inheritance in four families, cne of which, K1340, is
shown in figure 14b. In two families, however, the fragment
patterns were too complex to be explained by a single locus. Some
children in each family had 3 fragments, and although each fragment
was present in one or both parents, the inheritance pattern was not
clear. These studies were hampered by the poor transfer and
hybridization of these large fragments, and even with film exposure
times exceeding 7 days, the hybridizations were too weak in some
individuals to determine the fragment patterns with certainty.

a. Chromosomal localization of cosmid CF32-391. Plasmid

p391-2-42 was used as a probe on Southern blots of the somatic cell
hybrid mapping panel; the Autoradiograph is shown in Figure 15. As
with p79-2-23, there was 100% concordance only with chromosome
16 (Table 4). There were 8 discordancies with chromosome 11. A
haptoglobin (a2 gene known to be on 16q) probe hybridized to the same
cell tines when used on the mapping panel.

In regard to the great variability in the hybridization signal
among the positive cell lines, through extensive use of these cell
lines in this laboratory, similar variability has been observed with

many other probes.
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9. Cosmid CF33-176. As with cosmid CF32-3S1, a series of

minipreps were done and gave a total yield of about 5 pg of intact
cosmid DNA from 17 ml of fresh overnight culture (300 ng/ml).
Digestion with Eco RI produced 12 fragments, some poorly separated,
ranging in size from 10 kb to less than | kb. The largest 7
fragments were cut out of LMT agarose, oligolabeled, prehybridized
with total human DNA, and used to probe Southern blots of Tag I and
Msp | digested human DNAs. The 10 kb Eco RI cosmid fragment
revealed a variable 6 kb Msp | fragment in one individual, and the 5
kb Eco RI cosmid fragment revealed a variable 7 kb Taq [ fragment in
two individuals.

Sau 3A fragments of the cosmid were subcloned into pSPES and
colony filters containing 178 recombinant plasmids were probed with
total human DNA and with the 10 kb and 5 kb cosmid Eco R
fragments in search of single copy probes that would reveal the
polymorphisms found with the whole cosmid and with the Eco RI
fragments of the cosmid.

Nineteen of the clones hybridized strongly with total human
DNA. As with cosmid CF32-391, the CF33-176 EcoRI fragments
hybridized with just about all of the subclones. However, the
fragments showed great variability in the degree of hybridization to
different subclones so that 24 showing the greatest intensity with
the 10 kb EcoRl fragment and 21 showing the greatest intensity with

the 5 kb fragment (but no hybridization with total human DNA) were
selected for further study. After plasmid DNA preparation and
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elimination of plasmids containing tiny or no inserts, 20 piasmids
were used as probes on Msp | digested human DNAs and 18 on blots
of Taq | digested total human DNAs.

Subclone p176-1-635 revealed what appeared to be a 2-allele
RFLP with variable Msp fragments of 4.65 and 5.85 kb. Subclone
p176-1-108 revealed what appeared to be two Z-allele loci, one
with variable Msp | fragments of 5.6 and 5.45 kb and a second with
varinable Msp I fragments of 2.2 and 1.8 kb. Subclone p176-2-20
revealed a possible 2 allele locus with variable Msp I fragments of
5.6 and 5.2 kb. Interestingly, the first, third and fourth of these
loci appeared to be in complete linkage disequilibrium, i.e. an
individual heterozygous at one locus was heterozygous at the other 2
loci. Also, no homozygotes for the larger of the 2 alleles was seen;
all individuals were either heterozygous or homozygous for the
smaller of the two fragments. This was also true of the other locus
(5.6 and 5.45 kb) which was not in complete disequilibrium with the
other three. Finally, heterozygosity was low; 22% for the 5.85/4.65
kb locus and 17% for the 5.6/5.45 kb locus.

As Msp | is notorious for giving incomplete digests at some
sites in human DNA even at high enzyme excess (Busslinger et al,
1983), it was important to verify that these possible palymorphisms
were not a result of incomplete digestion. For this purpose, a
titration blot was probed with oligolabeled p176-1-108. This blot
contained DNAs from 3 individuals, each digested with 3 increasing

concentrations of Msp 1 of 1X (1 unit/pg DNA), 5%, and 10X. The
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extra fragments at 5.6 and 2.2 kb were still visible at 10X but
hybridize with less intensity indicating that they may be the resutt
of partial digests.

The second check was to probe an Msp | blot of family K1345 to
see if the fragments were inherited in a Mendelian fashion. The
autoradiograph of this hybridization is shown in figure 16. One can
see that the fragments are definitely not inherited a la Mendel. One
child shows the 2.2 kb fragment while none of the parents or
grandparents have it; several children and 2 grandparents have the
5.6 kb fragment although neither parent has it.

From these studies, it appears that these "RFLPs” are in fact
artifacts due to partial Msp digestion of human DNAs. They probably
represent Msp [ sites that are particularly resistant to cleavage, as
has been found for GGCMCGG (Busslinger et al, 1983).

None of the subclones used on Taq | digested human DNAs
revealed the Taq | polymorphism seen with the whole cosmid and

with the 5 kb Eco Rl cosmid fragment.
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Cosmid Screening Results

Total colonies screened with total human and

56

WOtEl fouSe DNA . - v s e el sl s e s e sl s 3400

Clones initially positive for human inserts . ......._ .. ..
Cosmids with successful DNA preparations . ... ... .. 43
Cosmids with obvious deletions ... .............. 5

Cosmids oligolabeled and screened on Taq | and
Msp | digested humanDNAs . . . ... .. ... .. ... ..... 43

Cosmids with no detectable hybridization to
humanDNAs . .. ... ... .. ... Z3

Cosmids with repeats that obscured visualization
of individual fragments ... ... ... .. ... ..... 2

Cosmids revealing nonpolymorphic fragments . ... 10

Cosmids revealing possible polymorphisms . .. ... .........
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CF33- 78 RFLP™

Fragment pattern (kb)  Allele frequency

Rsa I Taq | (102 chromosomes)
A b 7.3 0.01
£.2%* 6.4 0.08
A2 s 6.1 0.13
5. e 5.3 0.02
4.8%% 2.0 0.03
4.5 4.7 0.01
39 4.1 0.05
] 3.7 0.19
S A 0.04
3.0 3.2 0.37
2.8 3.0 0.08

*This RFLP is seen with three subciones of CF33-79: p73-1-98,
p79-1-103, and p79-2-23 with insert sizes of 1.45 kb, 3.0 kb, and
1.45 kb, respectively.

** Estimated size based on size of Taq | fragments.
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K1329A
K 13298
K1329C
K1329D
K1331
K1333
K1340
K1341

K1345

TABLE 3

CF33-79 RFLP

Parental Genotypes for Taq | fragments (kb)

Father

3.2; 38

3.4, 5.2

5.4,3.12

8.1, 3.2

6.1, 3.7

6.1, 6.1

5.9, 2.2

6.1, 3.2

3.2,

lother
L B
6.1, 3.2
3.8, 3.8
.8, 3.2
I . 11
8.4, 3.2
5.0, 3.2
2.0, 4.1

£.4 3.2

o8



TABLE 4

Chromosome contents of hybrid cell lines, The designations
are: (+) presence or (-) absence of a human chromosome; (R),
rearranged chromosome as determined by disruption of a
syntenic group or by a cytogenetic abnormality; (&),
chromosome present in less than 15% of cells and/or the
isozyme or DNA probe characteristic of the chromosome
weakly positive; (p), presence of a marker for the short
arm and absence of a marker for the long arm; (q),
presence of a marker for the long arm and absence of a
marker for the short arm; (a), Xq24~qter. For calculation
of the discordancy fractions, hybrids with a rearranged
chromosome or those where the chromosome was present
in less than 15% of the cells were excluded from analysis.

The column designated M indicates the presence or absence

of human-specific Hind 1Il fragments on Southern blots
probed with p79-2-23i and Taq | fragments on Southern
blots probed with p391-2-42i.

BCell Tine GBYES contains an X chromosome in all cells plus
an unidentified human-hamster translocation in about 20%
of the cells. ‘
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FIGURE 2

High molecular weight CF52-46-1/8 DNA preparation. The A
DNA is about 50 kb.
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FIGURE 3

- Ligations. Ligation is indicated by an increase in the size
of the insert DNA smear due to concatamerization, by the
partial disappearance of the S5.4kb and 2.4kb vector arms, and
by the appearance of vector-vector ligation products.
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FIGURE 4

Colony screening of cosmid library plate 33. Six clone
hybridized strongly with total human DNA and weakly or not
at all with total mouse DNA: 79, 157, 176, 242, 372, and
343.
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FIGURES

Cosmid DNA preparations. The Birnboim alkaline miniprep

method was used (Birboim, 1983). Cosmid 1-13 served as a
size standard and quantitative comparison. Cosmid CF32-131
has deleted most of its DNA.
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FIGUREG

Deleted cosmids. CF25-350 showed a single deleted form
on minipreparation and multiple deleted forms, as shown here,
after large scaled preparation.

CF33-176 was intact cosmid DNA from minipreps of HB101
clones. [t was obviously deleted after minipreps and large
scale preparation, as shown here, when cloned into DK-1.

Cosmid 1-13 and Hind Ill-digested A\ serve as size
standards.
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FIGURE 7

Southern blot of Taq I digested DNA from 6 unrelated
individuals probed with cosmid CF32-391. The probe was
first prehybridized with total human DNA to prevent
repetitive DNA in the cosmid from hybridizing to homologous
repetitive DNA on the Southern blots.

The probe hybridized to variable fragments above the 18.4
kb size standard in all individuals and to a 6.6 kb fragment in
one individual (lane ¢). It also hybridized to several smaller
constant fragments of 3.9, 3.5, and 3.3 kb (shown) and 2.4 and
1.9 kb (not shown). Lines to the left of the figure indicate
variable fragments.

Lane g contains size standards.
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FIGURE 8

Southern blot of Taq | digested DNA from 6 unrelated
individuals probed with cosmid CF33-79. The probe was first
hybridized with a vast excess of total human DNA.

The probe hybridized to variable fragments of 6.4 kb (lane
c), 3.5-3.7 kb (lane a-f), 3.2 kb (lanes 3, ¢, d), and 3.0 kb
(lane a). Lines to the left of the figure indicate variable
fragments.

Lane g contains size standards.
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FIGURES

Southern biot of Taq | and Msp | digested DNA from 8
unrelated individuals probes with cosmid CF33-176. The
probe was first prehybridized with a vast excess of total
human DNA.

Variable Msp | fragments are visible at 5.5 kb (lane f) and
at 3 kb (lanes g & h), and the variable 7 kb Taq | fragment is
visible (lanes | & m) just above a 6.8 kb constant fragment -
present in all individuals. Lines to the left of the figure
indicate variable fragments.

Lanes i and s contain size standards; lane | contains DNA
from somatic cell hybrid line CF52-46-1/8.
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FIGURE 10

Southern blots of Rsa | and Tag | digested DNA from
unrelated individuals probed with a 7.5 kb fragment of cosmid
CF33-79. The fragment was first prehybridized with a vast
excess of total human DNA.

The 2.5 kb Rsa | fragment and the 5.5 kb Taq | fragment
seen in all individuals are constant (nonpolymorphic)
fragments not seen in subsequent hybridizations using the
cosmid subclones that reveal this RFLP as probes on these
same blots.

For comparison of Rsa | and Taq | genotypes: lanes b & n
contain DNA from the same individual who is heterozygous for
the 6.2 & 3 kb Rsa | fragments and the 6.4 & 3.2 kb Taq |
fragments. Lanes e & 0, f & p, and g & | contain DNA from the
same three individuals, respectively, all of whom are
homozygous for the Rsa | 3.5 kb fragment and the Taq I 3.7 kb
fragment.

Lanes a and h contain size standards. Lane i contains DNA
from somatic cell hybrid line CF52-46-1/8.
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FIGURE 11

Southern Dlots of Rea | digested DNA from 18 unrelated
individuals probed with cosmid CF33-79 subclone p79-2-23.
Fifteen of the 18 individuals are heterozygous at this
locus. Fourteen different genotypes are visible on this biot.
ss = size standards




p79-2-23

Rsa |



FIGURE 12

Southern blots of restriction digested DNA from two
families probed with subclone p79-2-23.

a. DNA from family K1331 dsigested with Rsa I. The
father inherited a 3.5 kb fragment from his father and a 5.9
kb fragment from his mother. The mother inherited a 3.5 kb
fragment from her father and a 3.3 kb fragment from her
mother. The children show 3 of 4 possible genotypes: two
are homozygous for the 3.5 kb fragment, four are
heterozygous for 5.9 & 3.3 kb fragments, and three are
heterozygous for 5.9 & 3.5 kb. fragments. No child has the
heterozygous 3.5/3.3 kb fragment genotype.

b. DNA from family K1340 digested with Taq 1. The
father inherited a 3.7 kb fragment from his father and a 3.2
kb fragment from his mother. The mother inherited a 5.0 kb
fragment from her father and a 3.2 kb fragment from her
mother. The children show 3 of 4 possible genotypes: 4 are
homozygous for the 3.2 kb fragment, one is heterozygous for
the 3.7 and 3.2 kb fragments, and one is heterozygous for the
5.0 and 3.2 kb fragments. No child has the 5.0/3.7 kb
genotype.

ss = size standards
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FIGURE 13

Histogram of chromosomal distribution of silver grains

from in sity hybridization of CF33-79 and p79-2-23 to
chromosomes of a normal male.
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FIGURE 14

Southern blot of Tag 1 digested DNA from unrelated
individuals _probed with cosmid CF32-391  subclone
p391-2-42.

a. 18 unrelated individuals. Variable fragments are
visible above 18 kb. Constant fragments are visible at 14.5,
6.2, 4.6, 3.9, and 3.3 kb.

b. Family K1340. Fragments appear to be Mendelianly
inherited.

ss = size standards
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