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THESIS SUMMARY

The aim of this study was to aid in the construction of a linkage
map of human chromosome 16, using restriction fragment length poly—
morphisms (RFLPs) detected by anonymous DNAs, with emphasis in obtain-—
ing RFLPs linked to the fragile sites on this chromosome.

In order to provide a source of chromosome 16 DNA fragment§ to be
screened for RFLP detection, a genomic A Charon 4A EcoRI library was
constructed from the mouse—human hybrid cell line CY17. When karyo—
typed, CY17 was found to contain human chromosome 16 in 59 percent of
cells, human chromosome 22 in 28 percent of cells but no other identi-
fiable human chromosomes., Southern blot analysis confirmed the presence
of chromosome 16 and 22 sequences in CY17.

A total of 26,000 phages were plated out from the unamplified CY17
library and the plaques were probed with the cloned human Alu repeat
sequence probe, pBLUR8. A total of 35 (0.14%) plaque purified human
A clones were obtained.

Thirteen clones were mapped to chromosome 16, 10 were mapped to
chromosome 22, six did not map to either chromosome 16 or 22 and six
clones produced uninterpretable auntoradiographs and thus could not be
mapped. One of the clones that mapped to chromosome 22, ACHF249
(D22S14), detected a PstI RFLP. No further analysis was done on the
remaining chromosome 22 clones.

Eight of the chromosome 16 clones were further localized to various
regions on chromosome 16 using a chromosome 16 hybrid cell panel, Omne
clone mapped from 16pter—>16p13.11, two clones mapped from 16p13.3->
16p13.11, one clone mapped from 16p13.11->16ql13, three clones mapped
from 16q13->16922.1 and one clone mapped from 16q22.1->16q24.

Six of the regionally assigned chromosome 16 clones were used to



screen for RFLPs using a panel of six random human genomic DNAs digested
with up to 23 different restriction endonucleases.

Two of the clomes, A247 (D16S8) and A221 (D16S10), detected RFLPs.
2247 detected a PvuIl RFLP and had a polymorphic information content
(PIC) of 0.38. A221 detected RFLPs with Rsal and Taql and had a PIC of
0.36. The Rsal and Tagl RFLPs displayed linkage disequilibrium. The
subclone from pACHF1 (D16S8), pACHF1.1, detected the Pvull RFLP but
still contained repeat sequences. The subclone from 2221 (D16S10),
PACHF3.5, detected both Rsal and Taql RFLPs.

2247 was mapped, by the use of the chromosome 16 hybrid cell panel,
to 16p13.3->p13.11, and A221 was mapped to 16q13->q22.1. A247 was
further localized by in situ hybridization as being distal to FRA16A

(Callen et al., 1988b) and A221 was proximal to FRA16B (Callen et al.,

1988a).

Both clones were used to type the Utah families for linkage

analysis with other RFLPs that mapped near to FRA16A and FRA16B. The

Utah families consisted of three generations, each having both sets
of grandparents and parents with at least six offspring.

D16S8 was used to type a family in which FRA16A was segregating
and D16SlO-was used to type families in which FRA16B was segregating
to determine if the loci were linked to these fragile sites.

The anonymous DNA clone, 36-1 (D16S79) (Breuning et al., 1988), was
mapped to the same region as D16S8 and both markers showed tight linkage
with a maximum lod score (;) of 6.90 at the most likely recombination

~

fraction (0) of 0.08. This corresponded to a map distance of between

2-20 cM (90% confidence level) between D16S8§ and D16S79.

No recombinants were observed between FRA16A and D16S8 (z = 2.84,

@ = 0.00). One individual in the FRA16A family was a recombinant between

D16S79 and FRA16A and a recombinant between D16S8 and D16S79, but was

ii



not a recombinant between D16S8 and FRA16A. This gave the likely loci

order as: 16pter—-D16S79-D16S8-FRA16A—cen. D16S8 was the closest poly-

morphic DNA locus distal to FRA16A.

No recombinants were found in the MT, D16S10-D16S4-HP cluster from

the informative Utah sibships. The polymorphic anonymous DNA clone,

ACH207 (D16S4) (Hyland et al., 1988b), was mapped distal to FRA16B

(Callen et al., 1988a). There were no recombinants out of 29 inform-
ative meioses between D16S4 and D16S10. The maximum lod score and most
likely recombination fraction between D16S4 and D16S10 was ; = 8.30,
6 = 0.00. This corresponded to a map distance of between 0-7 cM (90%

confidence level) between D16S4 and D16S10. D16S10 was linked to HP

A

(z = 2.96, 6 = 0.00).
There were insufficient informative meioses to establish the map

distances between MT and D16S10 and between FRA16B and D16S10.

In conjunction with the known physical localizations of the probes,

the most likely loci order around FRA16B was: cen—MT, D16S10-FRA16B-

D16S4-HP-qter. The MT, D16S10-FRA16B-D16S4-HP linkage group was the

first tight linkage group around an autosomal fragile site. MT and A221
(D16S10) were the closest proximal polymorphic DNA markers to FRA16B.
This study has made a useful contribution in the isolation of
polymorphic markers to be used in the construction of a chromosome 16
linkage map. Two useful anonymous DNA clones, A247 (D16S8) and A221
(D16S10), were isolated from the CY17 library. D16S8 was the closest

distal locus to FRA16A and D16S10 was one of the closest proximal loci

to FRA16B. D16S10 was tightly linked to the closest polymorphic distal

locus (D16S4) to FRA16B.

The established linkage groups around FRA16A and FRA16B can be used

for the mapping and ordering of additional RFLPs with respect to these

fragile sites. Many tightly linked and flanking RFLPs would be required

iii



for the development of detailed genetic maps that may aid the eventual
cloning of the fragile sites on this chromosome.

The human gene for adenine phosphoribosyltransferase (APRT) was
remapped from 16q22.2->q22.3 to 16q24. This resolved an inconsistency
in the localization of APRT by several groups, and explaimed the
reported absence of linkage between APRT and HP and the absence of

linkage between FRAI6B and APRT.
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CHAPTER 1

INTRODUCTION



1.1 PRELIMINARY COMMENTS

All human beings are diverse in their physical, physiological aﬂ¢n
mental attributes and in their susceptibility to various types of |
diseases and abnormalities (Cavalli-Sforza and Bodmer, 1971). These
variations are due to both genetic (heritable) and environmental
components unique to each individual and to the complex interaction
between these two compomnents (Weiss, 1950).

The genetically determined differences, detected as variations in
the sequence of genomic DNA (RFLPs), are highly suited for the study of
human chromosome 16 and the fragile sites on this chromosome.

This chapter is divided into four main sections. The first section
defines what a genetic polymorphism is and how they are utilized in
genetic analyses, such as gene mappinpg by linkage analysis. Section two
is a brief outline of the discovery, uses and limitations of genetic
polymorphisms found in blood groups, enzymes and proteins.

Section three is an account of the discovery of genetic polymorphisms
in human genomic DNA and how recombinant DNA technology has exploited
this new source of variability for the purpose of genetic analyses.

Section four details the main subject matter of this study, fragile

sites on human chromosomes, as well as the main aims of this thesis.

1.2 GENETIC POLYMORPHISMS IN THE HUMAN GENOME
1.2.1 DEFINITION OF GENETIC POLYMORPHISM

Classical genetic studies led to the concept of the gene as the
fundamental biological unit of heredity (reviewed in Stent, 1971).
An essential criterion for this concept was that the gene had to be
susceptible to occasional mutations that could result in the appearance
of distinct new forms (alleles) differing from the original in the

population.



The allelic forms of genes allow individual members of a mnatural
population to 'differ' from one another, the extent of which depends on
the number of alleles present at the various loci and the relative
frequencies with which they occur. If the alleles at a specific locus
occur in a population with 'appreciable frequencies' the phenomena is
referred to as a genetic polymorphism.

A genetic polymorphism is defined as the occurrence of two or more
alternate alleles for a given locus in a population, where the least
common allele occurs with a frequency which can not be maintained by
mutation alone. In practice this is taken as an allele frequency of
more than one percent (Ford, 1964). Any allele occurring with a

frequency of less than one percent is referred to as a rare variant.

1.2.2 THE IMPORTANCE OF GENETIC POLYMORPHISMS FOR GENETIC ANALYSES

Genetic polymorphisms provide a way to distinguish between two or
more forms of specific loci in the genome, and hence can be used as
specific 'markers' for various genetical analyses (Harris, 1980). The
ability to follow the inheritance of genetic marker loci in families is
of particular importance for:-

(1) Gene mapping of disease loci by linkage analysis.

(2) Diagnosis of human genetic disease.

(3) The initial steps towards the identification and character-—

ization of the genes for which the gene product is unknown.
(4) The analysis of complex disorders in which environmental and

genetic factors combine.

The usefulness of a polymorphic genetic marker depends on:-
(1) A simple and unequivocal pattern of inheritance.

(2) Accurate identification of each phenotype.



(3) A high frequency of heterozygosity.

Botstein et al. (1980) devised a mathematical expression (the PIC
value) to calculate the usefulness of a marker for linkage studies.
The PIC value is the sum of the frequency of each mating type
multiplied by the probability that the offspring of that mating would
be informative in linkage studies. Markers are placed into three

categories based on their PIC value, which ranges from between zero

(uninformative) to ome (fully informative):-—

(1) 0.5 > PIC < 1.0 : marker is highly informative.
(2) 0.5 > PIC > 0.25 : marker is reasonably informative.
(3) 0.0 > PIC < 0.25 : marker is slightly informative.

In general, loci with the greatest number of alleles have the
highest PIC values and are the most desirable for linkage studies

(Botstein et al,, 1980; Ott, 1986; White et al., 1985a).

Genetic polymorphisms in humans have been discovered in blood group

substances, enzymes, serum proteins (1.3) and in genomic DNA (1.4.6).

1.3 BLOOD GROUP, ENZYME AND PROTEIN POLYMORPHISMS

Prior to the advent of recombinant DNA techmology (Wu, 1979) the
majority of polymorphisms detected in humans, determined by various
immunological (Boettcher, 1972) and electrophoretic (Harris and
Hopkinson, 1978) techniques, were those of the white and red blood-cell
proteins and serum proteins (Vogel and Motulsky, 1982). The discovery
of the lﬁrge number of human blood group, enzyme and protein polymor-—
phisms has been of enormous value in the study of human diseases
(Harris, 1980).

The first genetic polymorphism defined in humans was the ABO blood



group system (Landsteinmer, 1900). Since Landsteiner's discovery, more
than 30 different human blood groups have been identified by immuno-
logical methods, of which 30 percent are polymorphic (Lewontin, 1967).
Blood group polymorphisms have been utilized in disease association
studies in humans (Mourant et al., 1978) and for linkage analyses
(Mulley, 1985a; Race and Sanger, 1975).

The advent of starch—gel electrophoresis (Smithies, 1955), coupled
with the histochemical staining for specific enzymes (Hunter and Market,
1957), has allowed for the analysis of a large number of enzymes and
proteins in humans (Harris and Hopkinson, 1978). A number of these are
polymorphic (Harris and Hopkinson, 1978) and several are associated
with specific genetic diseases, an example being the PI (protease

inhibitor) locus and its association with a ,—antitrypsin deficiency

1
(Fagerhol and Cox, 1981).

1.3.1 EXTENT OF POLYMORPHISM IN THE HUMAN GENOME

In order to investigate the degree of polymorphism in humans, Harris
(1969) screened individuals for normal and altered electrophoretic
forms of 18 unselected red blood cell and serum enzymes and found that
six were polymorphic. The findings suggested that approximately 67
percent of loci coding for enzymes and proteins were invariant. The
value of 33 percent variability probably was an underestimate on the
degree of protein polymorphism present, due to the limitations of the
electrophoresis technique (reviewed in Harris, 1980).

Of the 104 loci coding for enzymes examined in human populationms,
24 were found to be polymorphic (Harris, 1980). The average hetero-
zygosity per locus for the polymorphic alleles was calculated to be
0.063, implying that any individual from the population was likely to

be heterozygous at about six percent of the loci tested (Harris, 1980).



Neel (1984) recalculated the amount of heterozygosity for protein
polymorphisms as being between 12-13 percent, by taking into account

the development of new and more sensitive electrophoretic technigques.

1.3.2 LIMITATIONS IN THE USE OF BLOOD GROUP, ENZYME
AND PROTEIN POLYMORPHISMS

The degree of polymorphism in the human genome varies enormously
from one locus to another (Botstein et al., 1980). Of the 29 established
human polymorphic protein markers routinely used for genetic analyses,
four were highly informative, 15 reasonably informative and 10 were
slightly informative (Botstein et al., 1980). Twenty of the markers
were polymorphic enough to be considered useful in genetic analyses.
However, because of low PIC values, many of the markers would be
uninformative in linkage studies in a large number of families.

If the 20 protein markers were evenly spaced in the genome, they
would span only 800 of the 3,300 cM of the human genome (Botstein et
al., 1980). The human genome is therefore scantily covered in poly-
morphic blood group, enzyme and protein markers, making the mapping and
eventual isolation of the 4,000 or so known disease loci (McKusick,
1986) difficult to achieve.

Enzyme electrophoresis has been used to assign particular gene loci
to specific chromosomes or regions of chromosomes by either somatic cell
hybrid studies (Ruddle, 1973) or by the analysis of pedigrees in which
alleles at two or more loci are segregating (Renwick, 1971). The number
of polymorphic and non-polymorphic loci being mapped using these methods
are increasing (McKusick, 1986), however it represents only five percent
or less of the 50,000 to 100,000 possible structural genes that the

human genome is capable of coding for (O'Brien, 1973). The structural

genes constitute a small percentage of the 3 x 109 bp estimated to be



in the human haploid genome (Mendelsohmn et al., 1973).

Since most of these diseases have no known phenotype in cultured
cells, they cannot be localized to specific chromosomes using hybrid
cell mapping approaches (Ruddle, 1973). Their position in the genome
can be determined by co—segregation in families with linked genetic
markers of known locations (1.4.7). In order to systematically map
loci by linkage analysis a large number of evenly spaced, highly
polymorphic markers are required in the human genome (Botstein et al.,
1980).

These essential criteria are not met by the existing blood group,
enzyme and protein markers. The use of such markers for gemetic studies
in humans are becoming redundant following the recent discovery of

genomic DNA sequence polymorphisms which are highly suited for the

mapping of such loci (Botstein et al., 1980; White et al., 1985a).

1.4 DNA POLYMORPHISMS IN THE HUMAN GENOME
1.4.1 THE MOLECULAR BASIS FOR POLYMORPHISMS

The first direct evidence that a gene mutation could result in the
synthesis of an altered human protein came from the work on haemoglobin
in the condition called sickle—cell anemia. Pauling et al. (1949)
demonstrated that the normal haemoglobin (HbA) protein could be
electrophoretically separated from the abnormal sickle cell haemoglobin
(EbS) protein. Ingram (1957) showed that this was due to just ome amino
acid change in the B—-globin chain of haemoglobin.

The nucleotide sequence of the mRNA for the f—globin chain of
normal human haemoglobin (Forget, 1977) allowed the nature of the
mutational change to be precisely defined for HbS gene, as well as for
all the other allelic variants of B-globin (Antonarakis et al., 1985),

The single base pair change that resulted in the HbA->HbS mutation, as



well as the other B-globin variants, implied that the nucleotide base
pair was the smallest unit of inherited variation. From the detailed
work of the globin genes, as well as from the analysis of other genes
(Harris, 1980), the results showed that the human genome contained an
enormous amount of variation that could be potentially utilized for
genetic analyses (Botstein et al., 1980).

Recombinant DNA technology has had an enormous impact on molecular
biology because it allows the isolation and analysis of virtually any

segment of DNA (Wu, 1979). This technology has given the investigator

the means to access and exploit this new source of variability.

1.4.2 DNA POLYMORPHISMS

Previously, the analysis of the molecular basis of human genetic
disorders was to attempt to isolate and purify the mRNA or the gene
products of the implicated disease gene, and then try to determine the
associated clinical change (Davies, 1981). For example, the precise
molecular descriptions of the thalassemia syndromes relied on the
isolation of the affected proteins, the globins (Loukopoulos, 1985).
The difficulty in extending this approach to all heritable traits and
diseases is that the vast majority of such genes are known omnly by
their phenotype (McKusick, 1986).

Recombinant DNA technology has led to the development of a new
system of DNA genetic markers (RFLPs, HVRs and minisatellites) in
humans that enable the mapping of virtually any inherited trait

(Botstein et al., 1980; Jeffreys et al., 1985a; White et al., 1985a).

These markers reveal the natural gemetic variation in the DNA sequence
amongst individuals that are detected by DNA restriction enzymes
(Kessler and Holtke, 1986; Nathans and Smith, 1975).

Restriction enzyme site polymorphisms occur once in every 100 to



200 bp around the Ay—, Gy—, &— and B-globin genes in man (Jeffreys
1979). At this rate, there are potentially between 107 (Cooper et al.,
1985) and 3 x 107 polymorphic loci in the human genome (Jeffreys, 1979).
The extent of gemetic variation, detected by restriction enzymes,
is approximately 10 times that detected through studies of proteins
(Nei, 1975), suggesting that most of the polymorphic variation present
in the genome occurs in non-coding DNA sequences (Cooper et al., 1985).
Of the 15 restriction site polymorphisms found in the P-globin gene
complex, 10 were in flanking DNA, three in intervening sequences, one
in a pseudogene and only ome in a coding sequence (Chakravarti et al.,
1984).
Genomic DNA sequence variations have also been detected by:-
(1) Denaturing gradient gel electrophoresis (Fischer and Lerman,
1983).
(2) Direct sequencing of enzymatically amplified human genomic DNA
by polymerase chain reaction (PCR) (Engelke et al., 1988),.

(3) DNA sequence analysis (Antonarakis et al., 1985).

(4) Ribonuclease A cleavage of RNA:DNA or RNA:RNA duplexes (Myers
et al., 1985).

(5) Sequencing cloned mRNA from patients with inborn errors of
metabolism (Valerio et al., 1986).

(6) Synthetic oligonucleotide probes (Kidd et al., 1983).

Of these techniques, DNA restriction enzyme analysis is the most
straightforward and applicable approach to screen for sequence variation

in genomic DNA (Gusella, 1986).

1.4.3 THE DETECTION OF RFLPS

The methodology most commonly employed to visualize DNA sequence



polymorphism is by Southern blot analysis (Southern, 1975). This
procedure consists of four basic steps:—
(1) Genomic DNA from a set of unrelated individuals is cleaved with
a DNA restriction enzyme, and fractionated according to size by
electrophoresis through an agarose gel.
(2) Denaturation of the DNA and transfer to a solid support
(filter) such as nitrocellulose or nylon membrane.
(3) Hybridization of the filter with a cloned segment of DNA
(1.4.4) labelled with 32P or biotin (Cunningham and Mundy,
1987). Washing of filter to remove any nonspecifically bound
32P—labelled DNA and exposure to X-ray film, or processing of
filter in the case of a biotin-labelled probe (Dykes et al.,
1986).
(4) Any polymorphism is inferred from the differences, if any,
between individuals in the pattern of restriction fragment
lengths displayed on the autoradiograph or the processed filter.

This difference in restriction fragment length is referred to

as an RFLP.

An RFLP is defined by two factors, a probe which identifies the
locus and the restriction enzyme used to provide fragments for a
population sample to define alleles. The differences among individuals
in the lengths of a specific restriction fragment result from either
the loss of a cleavage site or formation of a new one, due to a point
mutation in the DNA, or the insertion or deletion of blocks of DNA
within a fragment.

It is important to demonstrate a Hardy-Weinberg distribution of
genotypes and Mendelian inheritance and segregation of alleles, to

prevent a mis—identification of an RFLP that may occur from varying



degrees of partial digestion (Skolmick and White, 1982).

Southern blot analysis can demonstrate polymorphism of DNA frag-
ments that range from 1 to 20 kb (Botstein et al., 1980). It is
possible to resolve smaller and much larger fragment lengths by using
different gel systems and electrophoresis conditions., Polymorphisms
have been identified with fragments that range from 10 to several 100
bps (Kreitmand and Aguade, 1986) and with fragments in the hundreds of
kb (Julier and White, 1988) using pulsed-field gel electrophoresis
(Schwartz and Cantor, 1984).

Murray et al. (1987) have described an RFLP screening technique
that involves comparing the restriction pattern of DNA from a hybrid
cell line containing a single human chromosome of single clonal originm,
against pooled samples of DNA from 10 unrelated individuals. The DNA
from the cell line is hemizygous for all RFLPs specific for the human
chromosome. If a second allele is present in the pooled DNAs this will
be seen as a band on a Southern blot not present in the DNA from the
cell line. The advantage of this method is that a large number of

enzymes can be screened for the detection of RFLPs while only requiring

one human 'genomic mix' lane instead of 6-10 separate ones.

1.4.4 SOURCE OF DNA PROBES THAT IDENTIFY RFLP LOCI
DNA probes used to identify RFLP loci in the human genome have been

isolated from:-

(1) Total genomic DNA A phage (Kao et al., 1982) or cosmid

libraries (Litt and White, 1985).
(2) Chromosome specific A phage (Gusella et al., 1980) or cosmid

libraries (Bufton et al., 1986).

(3) cDNA clones from tissue specific cDNA libraries (Balazs et al.,

1984; Helentjaris and Gesteland, 1983).
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(4)

(5)

Specific chromosome A phage libraries which have been prepared
after fluorescence activated cell sorting (FACS) of the

1., 1981; Van Dilla et al., 1986).

chromosomes (Davies et
Gene—specific probes — cDNA or genomic DNA clones from genes of

known function (Cooper and Schmidtke, 1986, 1987).

The most widely used probes for RFLP analyses are anonymous DNA

probes — arbitrarily chosen single—copy cloned segments of DNA derived

from various c¢DNA and genomic libraries. The clones are selected from

these libraries by:-

(1)

(2)

(3)

(4)

Random isolation of cDNA clones from a human cDNA library
(Helentjaris and Gesteland, 1983).

Identifying and then discarding clomes, from total human
genomic libraries, coﬁtaining significant repetitive sequences
by hybridization to human genomic DNA (Kao et al., 1982).
Clones not hybridizing to the human genomic DNA are either
single—copy or moderately repetitive.

Identifying clones containing human as opposed to rodent
repetitive sequences from somatic cell hybrid libraries, by
hybridization to either human genomic DNA (Gusella et al.,
1980) or with the cloned human Alu repetitive sequence (pBLURS)
(Jelinek et al,, 1980). The clones are then subcloned to remove
the repetitive sequences.

Identifying and retrieving human clones from rodent-human
somatic cell hybrid libraries by selective recombination with
the plasmid vector, piVX, containing a human Alu repetitive

sequence (Neve et al., 1983).

Anonymous DNA probes containing both single—copy and repetitive DNA
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have been used directly against genomic blots, to identify RFLPs, by

using either high stringency hybridization conditions (Fisher et al.,
1984) or by 'blocking—out' the repetitive DNA in the clone with an
excess of unlabelled human genomic DNA (Barker et al., 1985; Sealey et

al., 1985).

1.4.5 OPTIMIZING THE SEARCH FOR RFLPS

The probability that an RFLP will be found by an anonymous DNA
probe depends on five factors (Hofker et al., 1986; Skolnick and White,
1982):-

(1) The type of probe (cDNA or gemomic).

(2) The size (kb) of the probe.

(3) The number and nature of the individuals used in the screening

panel.

(4) The number and type of restriction enzymes.

(5) The type of chromosome (autosome or the X).

Feder et al. (1985) found that using large size (10-20 kb) genomic
DNA probes to screen six random individuals restricted with enzymes

such as MspI and Tagl was efficient in the detection of RFLPs. cDNA
clones were found to be less polymorphic than clones derived from
genomic libraries (Helentjaris and Gesteland, 1983).

In a recent extensive study to identify RFLP loci, Schumm et al.
(1988) found that of 1,664 single—copy probes from a A Charon 4A genomic
library, 515 (30%) revealed polymorphisms against a panel of DNAs from
five unrelated individuals digested with eight restriction enzymes. The
restriction enzymes MspI, Tagql and Rsal were the most efficient in the

detection of RFLPs.

Using four to nine random individuals in the screening ratiomale
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would miss a large proportion of rare variants (frequency of rare
allele between 0.001-0.02), a few marginal RFLPs (0.05-0.15) but would
capture the majority of the useful RFLPs (0.20-0.30) (Skolnick and
White, 1982).

A model for estimating the relative efficiency with which
restriction enzymes can be used to detect RFLPs, based on observed
frequencies of dinucleotides in the human genome, has been developed
(Wijsman, 1984). Based on the model, enzymes such as Mspl and Taql
would have a higher than average frequency in the detection of RFLPs,
a result confirmed by Barker et al. (1984a). The greater frequency of
polymorphisms detected by MspI and TagqI was thought to be related to
the CpG dinucleotide in their recognition sequence, since the C
nucleotide is often methylated and has a high ten&ency for C-OT
transition mutation (Barker et al., 1984a).

Of the 611 reported RFLPs in HGM8 (1985), including probes detect—
ing multiple RFLPs, 212 (34.7%) were detected by Mspl and TaqIl. The

restriction endonucleases, BglII, EcoRI, HindIII, MspI, PstI, Pvull,

Rsal and TaqI collectively detected 70 percent of the reported RFLPs
(HGM8, 1985).

Hofker et al. (1986) found that the probability of a DNA probe
detecting RFLPs appeared to be influenced by the origin of the probe -
autosomal derived DNA probes showed a higher level of polymorphism than
DNA probes derived from the X chromosome. This implied that the X
chromosome showed less genetic variation at restriction sites than the
autosomes, a result that was in agreement with the findings of Donis—
Keller et al. (1987).

1.4.6 USE OF RFLPS FOR GENETIC ANALYSES

RFLPs were first used for the linkage of temperature—semsitive

13



mutations of adenovirus to specific restriction fragment differences
(Grodzicker et al., 1974). RFLPs have been used to demonstrate the
maternal inheritance of mammalian mitochondrial DNA (Hutchinson et al.,
1974) and for the genetic amalysis of chromosomal markers in yeast
(Petes and Botstein, 1977).

RFLPs have been detected in human genomic DNA using either gene—
specific probes, cDNAs or with anonymous DNAs (Pearson et al., 1987).
Jeffreys (1979) reported a heterozygosity for a Pstl restriction site
within the intervemning sequence of the human 6—globin gene when
screening 60 unrelated individuals with a B—globin gene probe. RFLPs
were also detected in the y—globin gene regions (Jeffreys, 1979; Tuan
et al,, 1979).

A Hpal RFLP present 5.0 kb from the 3' end of the f—globin gene was
found to be associated with the sickle haemoglobin mutation (Kan and
Dozy, 1978a) and has been used to diagnose the sickle cell trait in
utero (Kan and Dozy, 1978b). Gene—specific probes for other single-gene
inherited disorders have been cloned and many identify RFLPs that are
useful for prenatal diagnosis (Cooper and Schmidtke, 1986, 1987). The
list includes Lesch-Nyhan syndrome (Nussbaum et al., 1983a), phenyl-

ketonuria (Woo et al., 1983) and the thalassaemias (Orkin et al., 1978).

In these cases the RFLPs were recognized by their relationship to
the gene of interest and would not have been detected without the prior
cloning of the gene (Cooper and Schmidtke, 1986, 1987). The direct
analysis of genmetic diseases was only possible if gene—specific probes
could be isolated (reviewed in Lowe, 1986), However, the majority of
genetic diseases are only known by their phenotype and are not at
present readily amenable to cloning (Cooper and Schmidtke, 1986;

McKusick, 1986).

The first RFLP in an anonymous DNA clone detected at least eight

14



alleles (Wyman and White, 1980). There are now well over 1,000 poly-
morphic DNA markers, the majority being anonymous DNAs detecting two
alleles (Pearson et al., 1987; Schumm et al., 1988).

RFLPs detected by anonymous DNAs can be applied to the analysis of
a genetic disease even if the biochemical mechanism responsible for the
dysfunction has not been elucidated (reviewed in Gusella, 1986).
Pedigrees in which inherited traits are known to be segregating can be
analyzed for the co—inheritance of the RFLP(s) and the disease gene by
linkage analysis (Ott, 1986, see Chapter 6).

Knowledge of the chromosomal location of the linked RFLP(s) permits
the inferred assignment of the disease gene to the same regiom. This
allows the mapping of gene responsible for the trait with respect to
the RFLP(s) without requiring the gene's DNA (Gusella, 1986). Anonymous
DNA probes have been assigned to various human chromosomes by hybrid-
ization to genomic DNA from panels of human—rodent somatic cell hybrid

lines (Gusella et al., 1980; Kao et al., 1982), by in situ hybrid-

ization of labelled probe directly to metaphase chromosomes (Harper and
Saunders, 1981) or by linkage analysis (Donis—Keller et al., 1987).

The first autosomal disease to be linked to an anonymous DNA marker
was Huntington's disease (Gusella et al., 1983). Duchenne muscular

dystrophy (DMD) was the first X-linked disorder to be linked to amn

anonymous DNA marker (Murray et al., 1982). The chromosomal locations
for the loci responsible for polycystic kidney disease (PKD1) (Reeders
et al., 1985), familial Alzheimer's disease (St George-Hyslop et al.,
1987) and cystic fibrosis (Knowlton et al., 1985; Wainwright et al.,

1985; White et al., 1985b) as well as many others (Pearson et al.,
1987) have been identified by testing random DNA markers for linkage in
families segregating these disorders. Linked RFLPs to disease loci are

being utilized for prenatal diagnosis (Gusella, 1986).
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The potential problem associated with the use of linked RFLPs inmn
prenatal diagnosis, is that recombination between the disease locus and
the RFLP can occur during meiosis after which the mutant gene becomes
associated with a different marker allele (Gusella, 1986). The closer
the linkage between the RFLP and the gene, the less likely will be the
occurrence of a recombination event between them. The accuracy of
diagnosis can be improved by defining RFLPs closer to, or within, the
disease locus (Darras et al., 1987; Wiggs et al., 1988) or by using a

second RFLP on the other side of the locus (Breuning et al., 1987).

An anonymous DNA probe may often detect multiple two allele RFLPs
(Barker et al., 1984b; Litt et al., 1986). The information from each
independent RFLP, from a given locus, can be combined to construct
haplotypes and each can be used as an allele for the locus. The result
is that the PIC value increases, hence making the marker potentially
more informative (Barker et al., 1984b; Litt et al., 1986). An anony-
mous DNA probe known to be linked to a specific disease geme, or a
locus of interest, can be used to screen a genomic library to obtain
further nearby RFLPs thereby allowing maximum information to be gained
from a set of pedigrees (Scheffer et al., 1986).

RFLPs detected by anonymous DNAs have been used in cancer research
(Wainscoat and Thein, 1985), for the analysis of polygenic disorders
such as diabetes mellitis (Rotwein et al., 1983) and coromary artery
disease (Rees et al., 1983) and for the study of evolutiomary relation-—
ships of human populations (Waimnscoat et al., 1986).

A total of 2,667 genes and anonymous DNAs have been cloned, of

which 1,193 of these are polymorphic (Pearson et al., 1987). Over 200

RFLPs, have PIC values ranging from 0.5-0.99 (Pearson et al., 1987).
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1.4.17 CONSTRUCTION OF A HUMAN GENOME RFLP LINKAGE MAP

Botstein et al. (1980) devised a strategy for the construction of
a human genome linkage map based on approximately 150 evenly spaced
RFLPs, preferably having many alleles and PIC values close to 1.0,
each 20 cM (or the equivalent of 20,000 kb of double stranded DNA,
Renwick, 1969) apart. The number of required RFLPs was based on
Renwick's sex—averaged map length of 3,300 cM for the autosomal portion
of the human genome (Renwick, 1971) and that 20 cM was the maximum
distance desired between RFLP marker loci that would still allow
linkage to be detected. Lange and Boehnke (1982) have indicated that,
since RFLPs occur randomly over the genome, tight clusters and sizable
gaps in the genome would appear, hemce requiring the isolation of a
much larger number of RFLPs than Botstein et al. (1980) originally
proposed.

Detailed RFLP linkage maps have been constructed for chromosomes 7
(Donis-Keller et al., 1986), 12 (White et al., 1986) and the X (Drayna

t al., 1984), as well as for several chromosomal regioms such as 6p

(Leach et al., 1986) and 13q (Leppert et al., 1986).

Donis-Keller et al. (1987) have constructed a linkage map of the
entire human genome, based on the pattern of inheritance of 403 poly-
morphic loci, including 393 RFLPs, in a panel of DNAs from 21 three
generation families. The loci were arranged into linkage groups
representing the 23 human chromosomes. The linkage map was detectably
linked to at least 95 percent of the DNA in the genome, The average
spacing of each RFLP was approximately 10 cM. Many intervals were
considerably larger and some regions were poorly covered with RFLPs,
a finding that supported the studies of Lange and Boehnke (1982).

The availability of the linkage map of the human genome, for the

purpose of studying genetic diseases, allows:—
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(1)

(2)

(3)

The chromosomal location of newly discovered linkages between
RFLPs and previously unmapped disease loci would be known since
the entire genome is scanned.

Several nearby starting points would be available for efforts
to eventually clone the disease gene or any loci of interest
(1.4.8).

Prenatal or presymptomatic diagnosis would become more accurate

through the use of markers that flank the disease gene.

The use of a RFLP linkage map is a much more efficient and system—

atic approach to gene mapping than a trial-and-error approach with

randomly chosen RFLPs (Botstein et al., 1980).

1.4.8

METHODS TO CLONE DISEASE LOCI MAPPED BY LINKED RFLPS

The knowledge of the chromosomal region of a disease geme, or locus

of interest, such as a fragile site (1.5) provides a path to be able to

eventually clone the locus. Approaches being tested include:-—

(1)

(2)

(3)

Direct microdissection and microcloning of the relevant region
from a number of human chromosomes (Bates et al., 1986). This
technique was used to isolate DNA clones near the vicinity of
the cystic fibrosis locus (Kaiser et al., 1987).

Identification of expressed sequences in the region of interest
from c¢cDNA libraries from appropriate tissues. This approach was
used to isolate the genme responsible for chronic granulomatous
disease (Royer—Pokora et al., 1986).

The use of natural chromosomal rearrangements in the region of

interest. This approach was used to clone DNA fragments derived

from the DMD gene (Kunkel et al., 1985).

(4) Production of restriction fragments of very large chromosomal
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fragments using orthogonal field gel electrophoresis (Gemmill
et al., 1987; Schwartz and Cantor, 1984) or field inversion
electrophoresis (Carle et al., 1986).

(5) Development of methods to 'jump', 'hop' or 'skip' along
chromosomes over distances of hundreds of kilobases using
jumping (Collins et al., 1987; Poustka et al., 1987) and

linking libraries (Poustka and Lehrach, 1986) as well as

special cloning vectors (Collins and Weissman, 1984).

1.4.9 HYPERVARIABLE REGIONS IN THE HUMAN GENOME

A HVR (or VNTR) consists of tandem repeats of a short DNA sequence
and the variability in the fragment length is due to the differemce in
the number of copies of the tandem repeat sequence contained between
a set of identical restriction sites.

The first HVR was reported by Wyman and White (1980) and had at
least eight alleles. HVRs have been reported at many other genomic loci
(Bell et al,, 1982; Boylan et al., 1987; Capon et al., 1983; Goodbourm

1., 1986; Stoker et al.,

et al., 1983; Higgs et al., 1981; Knott et al

1985; Wiggs et al., 1988), HVRs differ substantially in their varia-

bility, ranging from six different alleles (Sykes et al., 1985) to more
than 80 (Balazs et al., 1986).

The high number of different possible alleles, and the bigh degree
of heterozygosity, gives HVRs the potential to be informative in almost
all families for linkage analysis studies of genetic disorders (White
et al., 1985a). Biallelic RFLPs are uninformative whenever critical
individuals are homozygous for a particular allele. Since many of the
HVRs have a high number of alleles this is less likely to occur.

HVRs have been used to map disease loci of unknown chromosomal

origin (Gusella, 1986). The 3'HVR from the al-globin gene on chromo-
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1., 1981) was shown to co—segregate and have tight

some 16 (Higgs et
linkage to PKD1 (Reeders et al., 1985). This probe was used for the
prenatal diagnosis of PKD1 (Reeders et al., 1986).

Another class of probe, detecting multiple HVRs, was isolated by
Jeffreys et al, (1985a). The DNA probes contained a 33 bp repeat (mimi-
satellite) found in the intron of the myoglobin gene (Weller et al.,
1984). One clone detected multiple DNA fragments in human DNAs and
produced individual-specific DNA 'fingerprints' characteristic of each
DNA sample (Jeffreys et al., 1985b). The multiple DNA fragments were
inherited in a Mendelian fashion, their heterozygosity was almost 100

percent and the majority of the bands were not linked to one another

1., 1987). The minisatellite probes have been used for the

(Wong et
linkage analysis of genetic disorders, such as neurofibromatosis and
the haemoglobinopathies (Jeffreys et al., 1986).

One of the restriction fragments detected by a minisatellite probe,
was cloned and found to hybridize to a single genomic locus (Wong et
al., 1986). The locus was extremely polymorphic, having at least 77
alleles and a heterozygosity of 97 percent. Cloned minisatellites
should provide a panel of extremely informative locus specific probes
that are ideally suited for linkage analyses (Wong et al., 1986).

Nakamura et al. (1987a) have identified a human genomic locus,
that consisted of a large (250-500 kb) HVR clustered at a single locus
and was highly polymorphic. The midisatellite consisted of a simple
repeating unit that varied from 37-43 bp and had some homology to
various minisatellite DNAs (Jeffreys et al., 1985a).

Nakamura et al. (1987b) constructed synthetic oligomeric sequences
derived from the tandem repeats of the myoglobin gene, zeta—globin

pseudo gene, insulin gene and the X-gene region of hepatitis B virus as

probes of various human genomic cosmid libraries. Of 372 cosmid DNAs
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tested, 77 (21%) detected VNTRs, with nearly 90 percent having three or
more alleles. HVRs have also been detected in randomly selected cosmid
clones (Buroker et al., 1987a, 1987b).

Jeffreys et al. (1985a) have suggested that the VNTR sequences
might encode ‘'hotspots' for recombinational activity. The chi sequence
of A, 5' GCTGGTGG 3', implicated as a hotspot for recA—mediated
recombination in E.coli (Smith et al., 1981) was similar to some of the

core sequences of the minisatellites (Jeffreys et al., 1985a) and VNIRs

(Nakamura et al., 1987a).

Oligonucleotide probes specific for simple tandem repeats of four
bps have been used to detect HVRs (Ali et al., 1986). Insert free,
wild—-type M13 bacteriophage detects minisatellites in the human genome
(Vassart et al., 1987) with different patterns from those obtaimed with

the minisatellite probes of Jeffreys et al. (1985a).
Preliminary findings have shown that HVR sequences are found mainly
at the ends of the chromosomes (Donis—Keller et al., 1987; Royle et

al,, 1987) hence their usefulmess may be restricted to the mapping of

loci to these regions.

1.4.10 SUMMARY
Genetic polymorphisms provide a way to distinguish between two
or more alleles of specific loci in the genome. They can be used as
specific 'markers' for various gemetical analyses such as the mapping
of gene loci of which little is known regarding their biochemical basis.
Genetic polymorphisms have been detected in blood group substances,
enzymes, serum proteins and in genomic DNA. Few of the protein poly-
morphic markers are useful enough for genetic linkage studies because
of their low PIC values. Furthermore, the human genome is scantily

covered in polymorphic protein markers, making the mapping and eventual
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isolation of disease loci difficult to achieve.

The use of such markers are becoming redundant following the
discovery of genomic DNA sequence polymorphisms (RFLPs, VNTRs, mini
and midisatellites) which are highly suited for the mapping of such
loci. The human genome contains an enormous amount of DNA sequence
variation and recombinant DNA technology, combined with classical
linkage analysis methods, has provided the means to access and exploit
this new source of variability.

A linkage map of the entire human genome has been constructed and
was detectably linked to at least 95 percent of the DNA in the genome.

The use of RFLPs, in conjunction with new pulsed-field gel electro-
phoretic and cloning methods, provide avenues in which mapped loci
could be cloned and sequenced for analysis.

The high number of alleles at HVR loci potentially makes them more
informative in almost all families for linkage studies of gemetic dis—
orders than biallelic RFLPs.

The use of RFLPs is ideally suited for the investigation of human

chromosome 16 and the fragile sites (1.5) found on this chromosome.

1.5 FRAGILE SITES IN THE HUMAN GENOME
1.5.1 DEFINITION OF A FRAGILE SITE
Fragile sites on human chromosomes (Fig. 1.,1) were defined by
Sutherland (1979) as specific non—-staining points in the genome which
displayed the following features:-
(1) A tendency to form chromosome and chromatid gaps of variable
width.
(2) Are always at the same chromosomal locus when examined in the
cells of a specific patient or kindred.

(3) Are inherited in a Mendelian co—dominant fashion.
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FIGURE 1.1

EXAMPLES OF FRAGILE SITES IN THE HUMAN GENOME
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The fragile sites, visualized as a non—staining gap usually in both
chromatid arms (left hand side of each metaphase chromosome pair), are
shown in respect to the corresponding G banded homologue. As examples,
the location of the fragile sites at 16q22 (FRA16B) and Xq27 (FRAXA)
are indicated by an arrow.

(Photo kindly provided by Dr. G.R. Sutherland)



(4) Result in abnormal chromosomes such as deletions, triradial (or
multiradial) figures and acentric fragmemts by breakage at the

fragile site under appropriate tissue culture conditionms.

1.5.2 DISCOVERY OF FRAGILE SITES

Dekaban (1965) described the first chromosomal lesion that was a
fragile site and Lejeune et al. (1968) were the first to demonstrate
the heritable nature of a fragile site. The fragile site near the
terminus of the long arm of the X chromosome (the fragile X) was shown
to be associated with a form of X-linked mental retardation (Lubs,
1969) and is now the most common cause of inherited mental retardation
(Sutherland, 1985). The fragile X was sublocalized to band Xq27.3 using
scanning electron microscopy (SEM) analysis (Harrison et al., 1983) and

high-resolution chromosome preparations (Krawczun et al., 1985).
Linkage of the fragile X to glucose—6—phosphate-dehydrogenase (G6PD)
(Filippi et al., 1983) and the Factor IX locus (Camerino et al., 1983)
suggested that the genetic locus of the fragile X syndrome was at or
very near the fragile X site.

It took seven years for the association of the fragile X and mental

1., 1976; Harvey et al., 1977).

retardation to be confirmed (Giraud et
This was due to the use of tissue culture conditions that suppressed
the expression of the fragile site (Sutherland, 1983). There are now a
number of tissue culture conditions which allow the detection of a
variety of different fragile sites (Sutherland and Hecht, 1985; Suther-
land and Mattei, 1987).

Since Dekaban's (1965) initijal observgtion, there have been 104
other fragile sites (including three unclassified types) of varying
groups and types (Sutherland and Mattei, 1987; Takahashi et al., 1988).

Only the fragile X (FRAXA) has been shown to be associated with a
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disease state, mental retardation, and as a result has been the omne
mostly investigated (reviewed in Nussbaum and Ledbetter, 1986).

Some of the other fragile sites have been implicated in the chromo—
somal rearrangements seen in malignant cells, since these sites have
been found to be statistically significantly coincident with specific
cancer breakpoints (De Braekeleer et al., 1985; Hecht and Sutherland,

1984; LeBeau and Rowley, 1984; Miro et al., 1987; Tedeschi et al.,
1987; Yunis and Soreng, 1984).

Recent studies suggest that the association was most probably

1., 1987; Sutherland, 1988; Sutherland

circumstantial (Porfirio et
and Simmers, 1988). Furthermore, the following fragile sites do not
coincide with the breakpoints at or near 16q22 (FRA16B and FRA16C)} in
acute myelomonocytic leukemia (Simmers et al., 1987a), 11q23 (FRA11B)

in Ewing sarcoma (Simmers and Sutherland, 1988) and at 11q13.3 (FRA1llA)
in B-cell lymphocytic leukemia (Puspurs et al., 1988).

1.5.3 FEATURES OF FRAGILE SITES

Fragile sites are not usually present in metaphase chromosome
preparations but must be induced by exposing cells, usually lympho-
cytes, to appropriate tissue culture conditions prior to harvesting
them for cytogenetic analyses (Sutherland, 1977; Sutherland and Mattei,
1987). The specific tissue culture conditions required to induce the
various fragile sites (Table 1.1) implies that different biochemical
mechanisms are involved in their expression (Glover, 1985).

The fragile sites are seen in only a percentage of cells, usually
less than 50 percent (Sutherland, 1983), despite every cell of a fragile
site carrier having the capacity to express the fragile site (Giraud et
al., 1976).

Fragile sites show a broad range of frequencies in the general
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TABLE 1.1

FRAGILE SITE CLASSIFICATION

TYPE CLASS  HGM7" BGM9b FREQUENCY EXAMPLE REFERENCE
Folate semnsitive rare 14 18 ~1/500° FRAXA Sutherland (1983).
BrdU inducible rare 1 2 ~1/40 FRA10B Sutherland et al. (1984).
Distamycin A inducible rare 2 3 ~1/20d FRA16B Schmid et al. (1986).
Aphidicolin inducible common | 3 68 e FRA3B Glover et al. (1984).
5~azaC inducible common - 3 e FRA1H Sutherland et al. (1985b).
BrdU inducible common - 7 e FRA13B Sutherland et al. (1985b).

8yalues obtained from HGM7 (1984).

bValues obtained from Sutherland and Mattei (1987) and including the recently identified distamycin A
indocible fragile site at 8q24.1 (Takahashi et al., 1988).

cA.pproximate frequency for the group.

dFRA16B, in the German population, induced with berenil (Schmid et al., 1986).

eMay be present in all individuals.



population, from rare to very common (Table 1.1) (Sutherland and Mattei,
1987). For example, only one ascertainment had been documented for the

fragile site at 6p23 (FRA6A) (Sutherland et al., 1983) whereas the

fragile site at 3pl4 (FRA3B) was present in every individual examined
(Smeets et al., 1986).

Fragile sites bave been utilized as markers for linkage analysis
studies in families with the fragile sites (Mulley et al., 1983a,
1983b; Mulley, 1985b; Sutherland et al., 1982). The alpha-haptoglobin
locus was mapped to the long arm of chromosome 16 by linkage analysis
with the fragile site at 16q22 (FRA16B) (Magenis et al., 1970). The
genetic distance between these loci was calculated to be approximately
9 c¢cM (Mulley, 1985b). The genetic length between two fragile sites
(FRA10A and FRA10B) on the long arm of chromosome 10 was estimated to
be 11 cM in females (Sutherland et al., 1982). The value was in good
agreement with conventional methods in calculating genetic distances
between loci (Mulley, 1985b). The HLA region was localized to 6p23 by
linkage analysis of a family with the fragile site at 6p23 (FRAGA)
(Mulley et al., 1983a). The results of Sutherland et al. (1982) and

Mulley et al. (1983a) suggest that fragile sites do not disrupt

recombinatior frequencies, hence making them valid markers for linkage
analysis. Furthermore, the DNA responsible for the fragile site is most
likely at the site of expression. These findings suggested that it was
possible, using recombinant DNA technology, to obtain closely linked
RFLP markers (1.4.6) to the 'fragile site' DNA. Furthermore, it was
also possible to eventually clome the fragile site DNA since the
'information' required to express the fragile site was at or very

close to the fragile site. At present, no fragile site has been cloned

although a large number of groups are attempting to clone the clinically

important fragile X (Nussbaum and Ledbetter, 1986).
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Human metaphase chromosomes expressing fragile sites have been used
for in situ hybridizations for the localization of gemes (Fratini et

al., 1986; Mattei et al., 1985; Purrello et al., 1985; Simmers et al.,

1986; Szabo et al., 1984) and anonymous DNAs (Callen et al., 1988a,

1988b) with respect to the site.

Little is known regarding the chromatin structure at a fragile
site (Nussbaum and Ledbetter, 1986; Sutherland, 1985). Harrisonm et al.
(1983) used SEM to examine the fragile site at Xq27.3. The studies
revealed a prominent isochromatid gap with the distal chromosome
fragments well separated from the proximal long arm. The fragments
usunally remained attached to the main part of the chromosome by
individual fibers of chromatin. The appearance was similar to decon-—
densed chromatin seen in incompletely replicated regiomns of S—phase
prematurely condensed chromosomes (Gollin et al., 1985a).

A fragile site may represent incompletely replicated DNA, or
damaged DNA that is undergoing repair, forced into mitosis before
proper chromatin packaging has occurred (reviewed in Sutherland and

Hecht, 1985). Only by cloning and sequencing the DNA at a fragile site

can this and other uncertainties be unravelled.

1.5.4 CLASSIFICATION OF FRAGILE SITES

Fragile sites are classified into five specific types (folate sen—
sitive, distamycin A inducible, 5-bromodeoxyuridine (BrdU) requiring,
5-azacytidine (5-azaC) inducible and aphidicolin inducible) according
to the tissuve culture conditions under which they are induced, and
further classified into two classes, rare (or heritable) and common
(or constitutive) depending on their frequency in the population (Table
1.1) (Sutherland and Mattei, 1987). In addition, Table 1.1 shows the

number of the various fragile sites reported at the commencement (HGM7,
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1984) and at the completion of this study (Sutherland and Mattei, 1987).
The nomenclature to identify the various fragile sites, uses the
triplet FRA, followed by the chromosome number and a letter (Berger et
al., 1985). For example, FRA16B, refers to the distamycin A inducible
fragile site on the long arm of chromosome 16 at band positiom 22.1
(ISCN, 1985). There are two types of fragile site nomenclature: gene

and cytogenetic (Sutherland and Mattei, 1987).

1.5.5 THE RARE FRAGILE SITES
There are three types of fragile sites (folate semsitive, BrdU
inducible and distamycin A inducible) that have been classified as rare

due to their low frequencies in the general population (Table 1.1).

1.5.5.1 THE FOLATE SENSITIVE FRAGILE SITES

The folate sensitive fragile sites, of which 18 (including the
fragile X) have been identified (Table 1.2) (Sutherland and Mattei,
1987), are expressed in tissue culture medium deficient in folic acid
and thymidine (Sutherland, 1979). Deprivation of folic acid and tbhymi-
dine (thymidylate stress) during the last few hours of culture time
was required for induction, indicating that expression was determined

either late in S or early in G, phase (Sutherland, 1979). The fragile

2
sites can also be induced in medium containing inhibitors of dihydro-
folate reductase, such as methotrexate (MIX) (Sutherland, 1979), or by
inhibitors of thymidylate synthetase, such as FUdR (5-fluoro-2'-deoxy—
uridine) (Glover, 1981; Tommerup et al., 1981) or FCdR (5-fluoro-2'-
deoxycytidine) (Jacky and Sutherland, 1983).

Glover.  (1981) showed that folate semsitive fragile sites could be

induced by FUdR in the presence of normally inhibiting concentrations

of folic acid but not in the presence of thymidine. Somatic hybrid
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TABLE 1.2

THE RARE FOLATE SENSITIVE FRAGILE SITES®

GENE REGIONAL

SYMBOL ASSIGNMENT STATUS®
FRA2A 2q11.2 c
FRA2B 2q13 c
FRA2K 2q22.3 P
FRAGA 6p23 P
FRA7TA Tpll.2 c
FRASA 8q22.3 C
FRA9A 9p21.1 c
FRA9B 9q32 C
FRA10A 10q24.2°€ C
FRA11A 11q13.3 C
FRA11B 11q23.3 C
FRA12A 12q13.1 C
FRA12D 12q24.13 P
FRA16A 16p13.11¢ C
FRA19B 19p13 c
FRA20A 20p11.23 C
FRA22A 22q13 C
FRAXA Xq27.3 C

%From Sutherland and Mattei (1987).

bgonfirmed or Provisional assignment.

cPrevionsly localized to 10923.3 (Berger

dReassigned from 16p12.3 (Callen et

al.

t al,

1988b).

1985).



cells made with a fragile X chromosome in a rodent cell deficient in
thymidylate synthetase demonstrated the fragile site when deprived

of exogenous thymidine (Nussbaum et al., 1985). This implied that a
deficiency of thymidine—5'-monophosphate (dTMP) in the cell, due to
thymidylate stress, was the cause of expression of the fragile sites
(Glover, 1981; Sutherland, 1979). Sutherland (1979) proposed that
folate sensitive fragile sites were composed of sections of thymidine—
rich DNA that do not fully complete DNA synthesis, hence leaving gaps,
when the thymidine—5'—triphosphate (dTTP) nucleotide pool was depleted.

Depletion of dTTP results in the incorporation of uracil into DNA

1., 1978). The incorporated uracil is removed by uracil-

(Grafstrom et
N-glycosylases and excision—repair enzymes repair the vacant sites
(Sekiguchi et al., 1976). It has been suggested that inadequate removal
of uracil from DNA, in the presence of limiting dTTP levels, induces

the fragile site (Krumdieck and Howard—Peebles, 1983).

Under conditions of limiting dTTP, the amount of uracil incorporated
into the DNA is ~1 uracil base per 106 nucleotides (Goulian et al.,
1980). Such a low level of uracil incorporation was considered not to
have any significant effect on chromatin structure, but the repetitive
incorporation and removal of uracil causing incomplete repair to occur
before mitosis was most likely the reason for the expression (Hagerman,
1984). In addition, the enzymes that prevent the accumulation of uracil
into DNA were not deficient in fragile X cells (Wang et al., 1985a).

Sutherland et al. (1985a) found that high concentrations of
thymidine induced the expression of folate sensitive fragile sites
whereas high concentrations of BrdU, an analogue of thymidine, did not.
High levels of thymidine have been used for the induction of fragile

sites in fibroblasts (Sutherland and Baker, 1986a) and for premnatal

diagnosis of the fragile X (Sutherland et al., 1987b).
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The addition of deoxycytidine triphosphate (dCTP) after induction
with high concentrations of thymidine inhibited the expression (Suther-—

land et al., 1985a). Thus, depletion of either thymidine triphosphate

(dTTP) or dCTP for DNA synthesis induced the expression of folate
sensitive fragile sites. From this data, a model for the possible DNA
sequence at a folate sensitive fragile site was proposed (Sutherland et
al., 1985a). Sutherland and Baker (1986b) showed that 2'-deoxyguanosine
monophosphate (dGMP) weakly induced the expressiom of folate sensitive
fragile sites whereas adenosine—5'-triphosphate (ATP) and cytidine-5'-
triphosphate (CTIP) did not.

Aphidicolin, a specific inhibitor of DNA polymerase a (Collins et
al., 1984), weakly induced the fragile X and, when combined with
thymidylate stress, the expression was decreased (Glover et al., 1984).
Caffeine, an inhibitor of DNA repair mechanisms (Roberts, 1984),
enhanced the expression of the fragile X in hybrid cells (Ledbetter et
al., 1986a) but not in lymphocyte cultures (Abruzzo et al., 1986)
indicating that the hybrid cell system was more sensitive for the
induction of the fragile X.

Both 5-azaC and S—adenosylhomocysteine (SAM), which are inhibitors
of methyl transferases, were shown to inhibit the expression of the
fragile X in a human lymphoblastoid cell line grown in the presence of
FUdR, suggesting that DNA methylation may be involved in the expression
of the fragile X (Mixon and Dev, 1983). These findings were in direct
contrast to Glover et al. (1986) who found that DNA methylation had no
effect on fragile X expression.

Howard—Peebles and Pryor (1981) demonstrated that methionine, a

methyl group donor, was required for fragile X expression whereas

1. (1985) reported finding no consistent effects of excess

Abruzzo et

methionine on fragile X expression., It is now regarded that neither DNA
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methylation nor the inclusion of methionimne in the tissue culture medium
are directly responsible per se for fragile X expression (Nussbaum and
Ledbetter, 1986).

Erbe and Wang (1982) demonstrated normal thymidylate synthetase
activity in fragile X lymphoblasts and failed to find any other defects
in folate metabolism (Wang and Erbe, 1985b). Popovich et al. (1983)
found no significant differences in the total folate content or in the
distribution of folate cofactors between fibroblasts from patients with
and without the fragile X, both before and after thymidylate stress.

The findings of Erbe and Wang (1982), Popovich et al. (1983) and
Wang and Erbe (1985b) suggested that there were no biochemical
differences, at the folate metabolism level, between normal and fragile
X cells to explain the cause of the fragile site.

The fragile X was expressed in somatic cell hybrids (Nussbaum et
al., 1983b; Warren and Davidson, 1984) implying that the rodent genome
could not 'correct' the fragile X and that human autosomal loci were
not necessary for expression. A somatic cell hybrid containing the
Xq24->qter segment from a fragile X was able to express the fragile
site, implying that the short arm and the proximal long arm of the X
chromosome were not necessary for expression (Nussbaum et al., 1986a).

Ledbetter et al. (1986b) studied the expression of the fragile X in
somatic cell hybrids constructed from normal transmitting fragile X
males (implied from pedigree analysis, but fail to exhibit the fragile
site in lymphocytes), fragile X males and normal non—fragile X males.
Following caffeine treatment, the hybrids from normal males expressed
the fragile X at low frequencies (4-5%), followed by transmitting

males (12%) and those of the fragile X males (30-43%). Ledbetter et al.

(1986b) concluded that non—fragile X males had a common fragile site at

Xg27.3 which fully mutates to a rare heritable fragile X.
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Recent studies have indicated that the common fragile site reported

by Ledbetter et al. (1986b) was not at Xq27.3 but at Xq27.2 (Suvtherland,

personal communication), hence the two fragile sites are not coincident.
Nevertheless, the findings of Ledbetter et al. (1986b) are comsistent
with the hypothesis that expression of the folate semnsitive fragile
sites are due to fundamental differences in the DNA sequence at the
fragile site (Nussbaum et al., 1986b; Sutherland et al., 1985a; Suther—
land and Baker, 1986b).

t al. (1987) reported an increase in sister chromatid

Wenger
exchange at the fragile X in affected males, suggesting that breakage
occurred at the fragile site. Warrenm et al. (1987) demonstrated, with
the use of somatic cell hybrids containing the fragile X site and
flanking RFLP markers, that breakage occurred at or very near the site.

No homozygote for an autosomal folate sensitive fragile site has
been reported, hence it is not known if homozygosity at the fragile
site locus would be deleterious (Sutherland and Hecht, 1985).

Folate sensitive fragile sites have been found in the genomes of

the Persian vole Ellobius lutescens Th. (Djalali et al., 1985) and the

mouse (Djalali et al., 1987; Hunt and Burgoyne, 1987). Hunt and Burgoyne

(1987) failed to find a correlation between mouse fragile sites and
specific chromosomal breakpoints involved in mouse tumours, giving
further credence to the suggestion that fragile sites are not
associated with cancer breakpoints (Sutherland and Simmers, 1988).
RFLPs detected by anonymous DNAs and cloned genes have been used

1., 1983;

for linkage analysis studies with the fragile X (Camerino et

Hofker et al., 1987a; Holden et al., 1984; Mulley et al., 1987; Mulligan

t al., 1985; Oberle et al., 1986; Patterson et al., 1987; Veenema et

al., 1987) as well as for carrier detection and prenatal diagnosis

(Oberle et al., 1985; Mulley et al., 1987; Tommerup et al., 1985).
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1.5.5.2 THE BRDU INDUCED FRAGILE SITE
FRA10B, the only fragile site in this group, is induced by BrdU

(Scheres and Hustinx, 1980; Sutherland et al., 1980), 5-bromo—deoxy—

cytidine (BrdC) (Sutherland et al., 1984), FUdR and 5-iodo-2'—deoxy—

uridine (IdU) (Gollin et al., 1985b). FRAIOB is rarely expressed

spontaneously in lymphocyte cultures (Gollin et al., 1985a; Taylor
and Bundey, 1983) and homozygous individuals have been identified
(Sutherland, 1981). FRA10B was found to be present in ~1/40 individuals
in the Australian Caucasian population (Sutherland, 1982).

The level of BrdU incorporated into the DNA 8-9 hours before
mitosis, rather than the concentration in the cell, was the critical
factor governing the expression of FRA10B (Gollin et al., 1985b;

Sutherland et al., 1980). Sutherland et al. (1980) showed that breakage
occurred at or very close to the fragile site by observing sister
chromatid exchanges at that region.

Gollin et al. (1985b), based on the induction with FUdR, have
suggested that FRAIOB is a region of DNA that has failed to complete
DNA synthesis. FUdR inhibits thymidylate synthetase and leads to
thymidylate stress in the cell, a prerequisite for the expression of
folate sensitive fragile sites (Sutherland, 1979). FRA10B could not be
induced in folic acid and thymidine free medium or by the addition of
MTX, in the absence of BrdU (Sutherland et al., 1980).

A BrdU sensitive fragile site has been found in the genome of the

Chinese hamster (Hsu and Somers, 1961) as well as in the cactus mouse,

Peromyscus eremicus (Schneider et al., 1980).

1.5.5.3 THE DISTAMYCIN A INDUCIBLE FRAGILE SITES
This group, all of which are induced with the oligopeptide anti-

biotic distamycin A (Zimmer, 1975), contains the fragile site FRA16B
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(Schmid et al., 1980), FRA17A (Sutherland et al., 1984) and the omne

recently found in the Japanese population at 8q24.1 (Takahashi et al.,

1988) . FRA16B can also occur spontaneously (Magenis et al., 1970),
without the inclusion of distamycin A in the lymphocyte culture (Schmid
et al., 1984).

FRA16B and FRA17A have been induced with BrdU (Croci, 1983;

Sutherland et al., 1984), Hoechst 33258, netropsin (Schmid et al.,

1980, 1984; Sutherland et al., 1984), berenil and 4', 6-diamino-2'-

phenylindone (DAPI) (Schmid et al., 1986, 1987a). FRA16B has also been

induced with the anti—viral agent interferon (Thestrup—Pedersen et al.,

1980; Shabtai et al., 1983, 1987), D287/170 (a derivative of DAPI), and

methyl green (Schmid et al., 1986).

Berenil was the best inducing agent of FRA16B (Schmid et al.,

1986). At a frequency of ~1/20 in the German population, FRA16B is the

most common of the rare fragile sites (Table 1.1) (Schmid et al., 1986).

All the inducing agents with the exceptions of interferom and BrdU,
bind externally and without intercalation to double stranded DNA with a

strong preference for dA-dT sequences (Schmid et al., 1986; Zimmer,

1975) . Daunomycin and gquinacrine mustard, both dA-dT specific compounds,
interact with DNA by intercalation (Waring, 1970). Both agents did not
induce the expression of FRA16B (Schmid et al., 1986). Mithramycin and

chromomycin A both of which bind to dG—dC rich sequences, and the

3!

cytidine analogues 5-azaC and 5—~aza—-2'-deoxy—cytidine did not induce
FRA16B (Schmid et al., 1986).

Schmid et al. (1986, 1987a) have suggested that FRA16B and FRA17A

are regions of AT-rich repetitive DNA sequences that are late
replicating in S phase. FRA16B may also be caused by integrated viral
DNA (Sorensen et al., 1979; Sutherland, 1979).

Schmid et al. (1987b) showed that the rate of sister chromatid
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exchange was increased at FRA16B following treatment with berenil and
BrdU or with BrdU alone. Schmid et al. (1987b) suggested that FRA16B
is a short AT-rich chromosome site, surrounded by eunchromatin, with
properties of high somatic recombinatiom.

Individuals who are homozygous for FRA16B (Sutherland, persomnal

communication) and FRA17A (Izakovic, 1984) have been identified

indicating that homozygosity at these loci is not deleterious.

1.5.6 THE COMMON FRAGILE SITES
Human chromosomes contain spontaneous break—-prone regions referred

1., 1976). Expression of

to as 'hot points' or 'hot spots' (Ayme et

these regions can be induced by deprivation of folic acid (Zhou et al.,

1982), MTX (Barbi et al., 1984), aphidicolin (Glover et al., 1984),

caffeine (Yunis and Soreng, 1984), addition of uridine to folate free

medium (Li and Zhou, 1985), 1-p-D-arabinofuranosyl-cytosine (araC) (Li

1., 1986a), or by the addition of cytidine or guanosine (but not

et
adenosine or thymidine) to medium deprived of folic acid (Li et al.,

1986b). These sites are referred to as common (Glover et al., 1984) or
constitutive (Yunis and Soreng, 1984) fragile sites (Table 1.1).

The common fragile sites are induced in a small percentage of cells
under thymidylate stress, but are more readily induoced in a higher
percentage of cells with the addition of aphidicolin (Glover et al.,
1984). Since aphidicolin inhibits DNA polymerase a, an enzyme which is
primarily associated with chromosomal DNA replication, Glover et al.
(1984) suggested that the common fragile sites occur as a result of the
inhibition of the replication fork progression or the joining of DNA
replicative intermediates.

The addition of caffeine, an inhibitor of DNA repair mechanisms

(Roberts, 1984), results in the expression of up to 51 additional sites
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(Yunis and Soreng, 1984). Of these sites FRA3B and FRA16D are the most

readily induced (Glover et al,, 1984) and FRA3B has been detected in
every individual examined (Smeets et al., 1986). The common fragile
sites probably occur in the homozygous state in all individuals
(Sutherland and Hecht, 1985).

Lin et al. (1987) demonstrated that the expression of uridine-
induced common fragile sites could be inhibited or 'rescued' by the
addition of thymidine 2—3 hours before harvesting the cells.

Daniel (1986) noted that six (and possibly more) common fragile
sites were mapped to the same chromosomal position as the corresponding
heritable rare fragile sites. Since both common and rare folate
sensitive fragile sites have similar inducing conditions, Daniel (1986)
concluded that a mutation at a common fragile site produces a rare
heritable fragile site.

The other major type of common fragile sites are omes induced by 5-
azaC, 5-8 hours prior to harvest, and BrdU 4-6 hours prior to harvest
(Sutherland et al., 1985b). The 5-azaC fragile site at 1q42 has a
homologous band region in the genome of the gorilla and chimpanzee,
whereas the one at 19ql13 has a homologous band region in the gorilla

only (Schmid et al., 1985). These findings suggested that fragile sites

may be conserved in chromosomally closely related species. Common

fragile sites have been detected in the genome of the rat (Robinson and

Elder, 1987).

1.5.7 GENERAL AIMS OF THE THESIS

The general aim of this study was to aid in the construction of a
linkage map of chromosome 16 using RFLPs detected by anonymous DNAs,
with emphasis in obtaining linked RFLPs to the fragile sites on this

chromosome. Chromosome 16 has four fragile sites, two rare (FRA16A and
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FRA16B) and two common (FRA16C and FRA16D) (Fig. 1.2) (Sutherland and

Mattei, 1987). FRA16A is folate sensitive and is localized at band

pl3.11 (Callen et al., 1988b)., FRA16B is distamycin A inducible and

is localized at band ¢22.100 (Magenis and Chamberlin, 1979). FRA16C and
FRA16D are both aphidicolin inducible and are localized at bands q22.1
and q23.1 respectively (Yunis and Soreng, 1984). FRA16B and FRA16C map
to identical regions (Yunis and Soreng, 1984). In addition, the short
arm of chromosome 16 contains the a—globin gene complex (HBA) and the
gene for PKD1 (reviewed in Sutherland et al., 1987a).

At the commencement of this study, three anonymous DNAs and 27
genes and markers had been mapped to chromosome 16 (Cox and Gedde-Dahl,
1985). Chromosome 16 had few RFLP markers, which are needed for the
construction of a detailed linkage map (1.4.7). There were no RFLPs
closely linked to any of the fragile sites on this chromosome (Cox and
Gedde-Dahl, 1985). The only linkage information between a chromosome 16
fragile site and a polymorphic marker was for HP and FRA16B (Magenis et
al., 1970). The genetic distance between these loci was calculated to
be approximately 9 cM (Mulley, 1985b).

A linkage map of chromosome 16 based on anonymous DNAs detecting
RFLPs would provide a powerful means for the localization and ordering
of genes and additional anonymous DNAs. Closely linked and flanking
RFLPs would be important in the eventual cloning of the fragile sites,
and the clinically important PKD1 gene, on this chromosome using the
new cloning and pulsed-field gel electrophoretic technologies (1.4.8).

There are several important advantages in working on chromosome 16.
Chromosome 16 can be selected for im somatic cell hybrids, which allows
for the construction of an extensive chromosome 16 mapping panel

(Callen, 1986). This provides a relatively straightforward and rapid

approach in mapping cloned chromosome 16 derived DNAs.
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FIGURE 1.2

CHROMOSOME 16 SHOWING THE FOUR FRAGILE SITES

Chromosome 16 has four fragile sites (indicated by arrows),
two rare (FRA16A and FRA16B) and two common (FRA16C and FRA16D).
FRA16A is folate sensitive and is localized at band p13.11; FRA16B
is distamycin A inducible and is localized at band ¢22.100; FRA16C
and FRA16D are both aphidicolin inducible and are localized at

bands ¢22.1 and q23.1 respectively.
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Chromosome 16 can be subdivided into four main regions, based on
the precise cytogenetic localizations of the four fragile sites. Such
divisions are useful for in situ hybridization studies to localize
cloned anonymous DNAs mapping in the vicinity of fragile sites (Simmers,
1988). Combined with the subdivisions caused by the fragile sites, and
the translocation breakpoints of the somatic cell hybrids (Table 2.2),
chromosome 16 can be divided up to tem distinct regions in which anony-
mous DNAs can be mapped (Fig. 2.1).

Chromosome 16 can be identified cytologically without banding which
is important for in situ hybridization analyses involving cloned genes
or anonymous DNAs mapped with respect to the fragile sites (Callen et
al., 1988a, 1988b; Simmers, 1988).

Finally, several FRA16A and FRA16B families had been ascertained by
the Department of Cytogenetics as part of a research study on these two
fragile sites, and these were available for the purpose of limkage

analysis with DNA markers isolated from chromosome 16.

1.5.7.1 SPECIFIC AIMS OF THE THESIS

The specific aims of this project were:—

(1) To construct a genomic A Charon 4A library from the mouse-
human hybrid cell line CY17 (WAEEA) to provide & source of
large (15-20 kb) size chromosome 16 DNA fragments to be
screened for RFLP detection.

(2) To screen, isolate and plaque purify, from the recombinant
library, putative human insert containing A clomes using the
cloned Alu repetitive sequence probe, pBLURS.

(3) To use DNA pre-reassociation to mask out the repetitive
sequences, such as Alu, but not the unique sequences in the

A clones for the purpose of using the entire clone for mapping
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and searching for RFLPs without the need for subclomning.

(4) To preliminary map isolated A clomes to either chromosome 16
or 22, since CY17 additionally contained human chromosome 22.

(5) To regionally localize chromosome 16 clomnes using the
extensive chromosome 16 hybrid cell panel.

(6) To search for RFLPs, with special emphbasis on A clomnes region-—

ally mapping in the vicinity of either FRA16A or FRA16B, by

screening genomic DNA isolated from a pamel of six unrelated
Caucasians restricted with 8-23 different restriction enzymes.

(7) To subclone unique fragments from polymorphic clones to
appropriate plasmid vectors so that DNA pre-reassociation is
no longer required.

(8) To confirm the Mendelian inheritance of RFLPs by analyzing the
informative families.

(9) To do linkage studies with polymorphic clones mapping near

FRA16A or FRA16B by analyzing the appropriate fragile site

families.
(10) To do linkage studies with RFLPs in the vicinity of FRA16A or
FRA16B isolated by other researchers, so that the order of the

loci could be determined.

The human haploid genome contaims ~3 x 109 bp of DNA (Mendelsohn
t al., 1973). Human chromosome 16 contains ~93 x 106 bp (93 cM) or

3.3 percent of the autosomal DNA content (Mendelsohn et al., 1973).
Only five evenly spaced RFLPs, each 20 cM apart, would be required to
span chromosome 16. However, as outlined in (1.4.7) many more RFLPs
would have to be isolated than the theoretically calculated value to

ensure a complete linkage map. The results presented in this thesis

were part of an effort to achieve this goal.
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CHAPTER 2

MATERTALS AND GENERAL METHODS



2.1 MATERTALS
2,1.1 CHEMICALS AND REAGENTS
All chemicals used were of analytical reagent grade, or of the
highest available purity. The sources of the more important chemicals
and reagents are listed below.
Agarose, nucleic acid grade: Pharmacia Fine Chemicals Ltd.
Agarose, low gelling temperature: Sigma.
Ampicillin: Sigma,
Bromophenol blue: B.D.H. Chemicals Ltd.
Chloramphenicol: Sigma.
Dextran Sulphate, Sodium Salt: Pharmacia Fine Chemicals Ltd.
dNTPs: P.L. Biochemicals Inc.
DTT: Sigma.
Ethidium bromide: Sigma.
Ficoll 400: Pharmacia Fine Chemicals Ltd.
Formamide: Sigma, deionized with mixed bed resin before use.
Mixed bed resin AG 501-X8 (D): Bio—rad.
PEG 6000: Sigma.
Phenol: B.D.H. Chemicals Ltd., redistilled and stored at —20°C.
PVP: Sigma.
Radiochemical, a—32P—dCTP (>1800 Ci/mmole): BRESATEC.
Random primer (DNase I digested calf thymus DNA): BRESATEC.
Sephadex G-50 (medium): Pharmacia Fine Chemicals Ltd.
SDS: Sigma.
Sucrose: Ajax Chemicals.
Tetracycline: Sigma.

Xylene Cyanol FF: Tokyo Kasei.
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2.1.2 ENZYMES

All restriction endonucleases used in this study were obtained from
either Boehringer Mannheim, I.B.I., or New England Biolabs. The remain-—
ing enzymes were obtained from the sources listed below.
Bacterial Alkaline Phosphatase (BAP): I.B.I.
E.coli Deoxyribonuclease I (DNase I): Boehringer Mannheim.

E.coli DNA polymerase I (Klenow fragment): Boehringer Mannheim.

Lysozyme (from chicken egg white): Boehringer Mannheim.

Proteinase K: Boehringer Mannheim.

RNase A (from bovine pancreas): Boehringer Mannheim., heat denatured at
100°C for 20 min to inactivate any contaminating DNases.

T4-DNA Ligase: Boehringer Mannheim.

2.1.3 BUFFERS

Buffers commonly used in this study were:
CLB: 320 mM sucrose, 10 mM Tris-HCl pH 7.5, 5§ mM MgClz, 1% triton X-100.
PEKB: 10 mM Tris—-HC1 pH 7.4, 10 mM NaCl, 10 mM EDTA.

PSB: 100 mM NaCl, 10 mM MgCl 0.05% gelatin, 10 mM Tris—HC1l pH 7.4.

2’
SEP: 1% sarkosyl, 500 mM EDTA, 2% Proteinase K.

SET: 15% sucrose, 10 mM EDTA, 25 mM Tris—-HC1 pH 8.0.

SSC: 150 mM NaCl, 15 mM sodium citrate, pH 7.5.

TAE: 40 mM Tris—HCl1 pH 8.0, 20 mM sodium acetate, 2 mM EDTA.

TBE: 134 mM Tris—HC1 pH 8.8, 45 mM boric acid, 3 mM EDTA.

TE: 10 mM Tris—HC1 pH 7.5, 0.1 mM EDTA.

2.1.4 BACTERIAL MEDIA
All media were prepared with deionized water and sterilized by
autoclaving. All bacteria were grown in L-broth or on L-agar or L-

agarose plates. Where appropriate, the media was supplemented with
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ampicillin or tetracycline (30 pg/ml) after the autoclaved media had

cooled down to 55°C.

L-broth: 1% Bacto—tryptone (Difco), 0.5% Bacto-yeast extract (Difco),
1% NaCl, pH 7.0.

All plates were prepared from 30 ml (90 mm plate) or 80 ml (150 mm
plate) of the relevant mixture, and were pre—dried at 37°C before use
or were stored at 40C until required.

L-agar plates: L-broth, 1.5% Bacto—agar.

L-agarose plates: L-broth, 1.5% agarose.

L-Amp plates: L-broth, 1.0% agarose, ampicillin (30 pg/ml).

L-Tet plates: L-broth, 1.0% agarose, tetracycline (30 pg/ml),.

L-soft agarose: L-broth, 0.5% agarose, 10 mM MgSO4.
2.1.5 BACTERIAL STRAINS

The E.coli K12 strains used in this study were:

LE392: F , hsdRS14(r,, m ), supF44, supF58, lacYl, or A(lacIZY)6,

galK2, galT22, metBl, trp55, A . (Murray et al., 1977).

MC1061: araD139, A(ara, leu)7697, AlacX74, galU , galK , hsr ,

hsm+, rpsL. (Casadaban and Cohen, 1980).

2.1.6 CLONING VECTORS

A Charon 4A: Aam 32, Bam 1, lac5, bio256, VKH54, VNINS, ¢80, QSR.
(Williams and Blattner, 1979). This vector was used for cloning genomic
DNA from the mouse—human somatic cell hybrid CY17 (2.1.8).
The plasmid pSP64 (AmpR) (Melton et al., 1984) was used to subclomne

fragments derived from A clomnes.
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2.1.7 NUCLEIC ACIDS AND CLONED DNA SEQUENCES

E.coli tRNA: Boehringer Mannheim.

Human Placental DNA, Sodium Salt: Sigma. The DNA (10 mg/ml in TE) was
sonicated (or microwaved) until the DNA was < 1.0 kb in size, as
described in Sealey et al. (1985).

A Charon 4A EcoRI Arms: Amersham.

A DNA: Bethesda Research Laboratories, Inc.

Molecular weight markers, A DNA restricted with HindIII; SPP-1
Bacteriophage DNA restricted with EcoRI: BRESATEC.

pBR322 DNA: Boehringer Mannheim.

Salmon Sperm DNA, Sodium Salt: Calbiochem. The DNA (25 mg/ml in HiO)
was sonicated (or microwaved) and heat denatured prior to usage.

HuaplS: gift from Dr. P. Stambrook.

pACHF1: gift from Dr. S. Reeders.

pA079: gift from Dr., W.J.M. Van de Ven.

pBLUR8: gift from Dr. P. Deininger.

2.1.8 HYBRID CELL LINES

The human chromosome(s) present in the mouse—human hybrid cell
lines used ip the study are summarized in Table 2.1. The portion of
chromosome 16 present in the hybrid cell limes is shown in Table 2.2.
The breakpoints of the chromosome 16 in the hybrids are shown with

respect to the fragile sites on chromosome 16 (1.5.7) in Figure 2.1,

2.1.9 UTAH FAMILIES

The following Utah families, obtained from the NIGMS Human Genetic
Mutant Cell Repository, Camden, N.J., were used in the study:
Family 981 (Utah pedigree K-1329), Family 982 (Utah pedigree K-1331),

Family 983 (Utah pedigree K-1333), Family 984 (Utah pedigree K-1340),
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TABLE 2.1

HUMAN CHROMOSOME(S) PRESENT IN MOUSE-HUMAN HYBRID CELL LINES

LINE HUMAN CHROMOSOME(S)

CY2 der(X)t(X;16) (q26;q24).

Y3 der(16) t(X;16) (q26;q24) .

CY5 der(10)t(10;16) (q22;q22).

CY6 der(10)t(10;16) (q24;q22), 8.

CY7 der(3)t(3;16)(q13.2;q13), 10, 12.

CY8 der(11)t(11;16) (q14;q12.1), 4, 7, 8, 20, 21.
CY11 der(16)t(11;16)(q21;p13.11).

CY13 der(16)t(1;16)(q44;p13.11), 3, 11, 14, 17, 20, 21, 22.
CY14 der(16)t(4;16)(q31;p13.3), 1, 4, 12, 14, 20, 21.
cyi7® 16, 22, and others?

CY18 16.

WEGROTH-D2” 22.

®Also referred to as WAL_VA (Deisseroth et al., 1977).
PHofker et al. (1987b).



TABLE 2.2

THE PORTION OF HUMAN CHROMOSOME 16 IN THE MOUSE-HUMAN

HYBRID CELL LINES

PORTION OF CELL REFERENCE

CHROMOSOME 16 LINE

16pter—->16qter CY18 Callen (1986).
l6pter—>16qter CY17 Deisseroth et al. (1977).
16pter—>16q24 CY3 Callen (1986).
16p13.3->16qter CY14 Callen et al. (1988b),.
16pl13.11->16qter CY13 Callen (1986).
16p13.11->16qter CY11 Koeffler et al. (1981)%
16q12.1->16qter CYs8 Callen, unpublished.
16ql13->16qter CY7 Callen (1986).

16922 .102~>16qter CY6 Callen, unpublished.
16922 .1->16qter CYs Callen (1986).
16q24->16qter CcY2 Callen (1986).

aBreakpoints were reassigned from 16pll.1->16qter to

16p13.11->16qter (Callen et al., 1988bh).



FIGURE 2.1

THE CHROMOSOME 16 HYBRID CELL LINES

The portion of each chromosome 16 present in the hybrid cell

lines, referred to by a specific CY number, is shown in respect to

the four fragile sites (FRA16A, FRA16B, FRA16C and FRA16D). The

precise cytogenetic breakpoints of the hybrids is summarized in

Table 2.2.
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Family 985 (Utah pedigree K-1341), Family 1029 (Utah pedigree K-1345).

The pedigrees of the above families are shown in Appendix A.

2.1.10 FRAGILE SITE FAMILIES

The following FRA16A family was used in this study:
Pedigree — 10556.

The following FRA16B families were used in this study:
Pedigrees — 401, 4139, 12058, 12273, 16367, 16449, 16498, 16786,
16967, and 17043,

The pedigrees of the above families that are underlined are shown
in Appendix B, since these families were informative in linkage

analysis studies (Chapter 7).

2.1.11 MISCELLANEOUS MATERIALS

Cellophane dialysis tubing: B.D.H. The tubing was boiled in 2% sodium
bicarbonate, 1 mM EDTA before use, and stored in 70% ethanol, 30%
50 mM Tris—-HC1l, 2 mM EDTA pH 7.5.

GeneScreen circular (137 mm) filters for plaque transfers:New England
Nuclear (NEN).

GeneScreen Plus Hybridization Transfer Membrane: NEN.

Kodak X-OMAT X-ray film: Kodak Film Co. Ltd.

2.2 GENERAL METHODS
2.2.1 PREPARATION OF GLASSWARE AND SOLUTIONS

All solutions were prepared using deionized water and were auto-
claved to render them nuclease—free. Where the solution was unable to
withstand avtoclaving, it was filtered through a Millipore (0.22 puM)
filter under suction. Glassware were sterilized by autoclaving.

Spatulas, etc., were washed in 70% ethanol and rimsed in sterile water.

43



Buffer—-saturated phenol (pH 7.5-8.0) was prepared as described by
Maniatis et al. (1982).
2.2.2 PHENOL, CHLOROFORM-ISOAMYLALCOHOL EXTRACTIONS

In phenol extractions, a half volume of buffer—saturated phenol
(pH 7.5-8.0) (Maniatis et al., 1982) was added to the sample, mixed
and then centrifuged (5 min in an Eppendorf; 5 min in a bench top
centrifuge). The upper aqueous phase was recovered and a half volume
of chloroform—iscamylalcohol (24:1) was added, then carefully mixed

and recentrifuged as described above. The upper aqueous phase was

recovered.

2,2.3 ETHANOL PRECIPITATION

Samples were made 300 mM with respect to sodium acetate using a 3 M
stock solution at pH 5.2, or alternatively, made 3.75 M with respect to
ammonium acetate using a 7.5 M stock solution at pH 7.5. Two volumes of
cold 99.9% ethanol were added to each sample and after mixing, the
samples were either incubated at -20°C for at least 2 hours or chilled
for 15 min in an ethanol-dry ice bath. Precipitates were collected by
centrifugation at 12,000 rpm for 15 min in an Eppendorf centrifuge. The
supernatant was removed with a drawn—out pasteur pipette and the pellet
was washed with 1 ml of cold 70% ethanol and then desiccated for 5 min.

The pellet was then resuspended in the appropriate solution.

2.2.4 PREPARATION OF HIGH-MOLECULAR-WEIGHT GENOMIC DNA
The following procedure, essentially as described in Wyman and
White (1980), was used to isolated genomic DNA from human blood, mouse

fibroblasts, and from various cell linmes (2.1.8, 9 and 10).
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2.2.4.1 ISOLATION FROM HUMAN BLOOD

Human bloods collected into 10 ml tubes (anticoagulant dipotassium
EDTA) were obtained from the Red Cross Blood Centre, and placed into 50
ml Falconer tubes. Ten ml of CLB (2.1.3) were added to the empty tubes
that contained the blood, emptied into the same Falconer tubes, and the
volume adjusted to 25 ml with CLB. The tubes were left on ice for 30
min, then centrifuged at 3,500 rpm for 15 min at 4°C. The supernatant
was removed down to the 5 ml mark and the volume readjusted to 25 ml
with CLB. The tubes were recentrifuged as before, and the supernatant
removed. The pellet was resuspended in 3.25 ml of PKB (2.1.3), and
500 pl of 10% SDS and 200 pl of Proteinase K (10 mg/ml in PKB) was
added. The tubes were placed onto a rotating wheel and incubated at
37°C overnight. The samples were phenol and chloroform—isoamylalcohol
(24:1) extracted (2.2.2), and ethanol precipitated (2.2.3) at room
temperature. The DNA was spooled onto a pasteur pipette, transferred to
an Eppendorf tube containing 1 ml of 70% ethanol, centrifuged for 1
min, and the supernatant removed. The pellet was desiccated for 5 min
and resuspended in 100-250 ul TE. The yield of genomic DNA from 10 ml

of blood was between 100-400 pg.

2.2.4.2 ISOLATION FROM CELL LINES
Confluently grown cells were trypsinized and placed into 50 ml
Falconer tubes and centrifuged at 2,000 rpm for 10 min at 4°c.
The supernatant was removed and the cell pellets were processed as
described above. The final pellet was resuspended in 500-1000 pl TE.
The samples were treated with 100 ug DNase—free RNase A (10 mg/m;)
for 3 hours at 37°C to remove contaminating RNAs and then phenol and
chloroform-isoamylalcohol (24:1) extracted. The DNA solution was then

placed into pre—treated dialysis tubing and dialysed against 5 1 of TE
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at room temperature for 16 hours, with at least one change of buffer.
The DNA solution was removed from the dialysis tubes and then ethanol

precipitated. The DNA pellet was resuspended in 500 pl TE.

2,2.5 PREPARATION OF RECOMBINANT PHAGE DNA

Phage DNA was prepared by a modification of the plate lysate method
as described in Maniatis et al. (1982). In a sterile 10 ml tube, 20 pl
of a high titre phage stock of the purified recombinant A clomne (3.2.3)
was mixed with 300 pl of E.coli LE392 plating bacteria, prepared as
described by Maniatis et al. (1982), and 80 ul PSB (2.1.3). The tube
was incubated at 37°C for 20 min then 7.5 ml of molten L-soft agarose
(2.1.4), at 47°C, was added to the tube, mixed, then spread onto a 150
mm L-agarose plate (2.1.4). The set plate was inverted and incubated at
37°C overnight. The plate was flooded with 10 ml PSB and left for 30
min before the agarose overlay was transferred into a 50 ml centrifuge
tube. The plate was again flooded with 10 ml of PSB, left for 5 min,
collected into the same tube and then centrifuged for 8,000 rpm for 10
min at 4°C. The supernatant was carefully decanted into a fresh tube
and the agarose/debri pellet was resuspended in 10 ml PSB, recentri-
fuged, and the supernatant combined with the first. The supernatant was
centrifuged at 25,000 rpm for 2 hours at 4°C and the pellet, containing

the phage, was resuspended in 1 ml of 10 mM MgCl 50 mM Tris—HC1 pH

2’
7.5 and left overnight at 4°C to resuspend. The suspension was treated
with 50 pg of DNase—free RNase A (10 mg/ml) for 1 hour at 37°C, then
with 100 pg of Proteinase K (10 mg/ml) and 100 pl 10% SDS for 1 hour at
65°C. The phage suspension was extracted twice with phenol, once with
chloroform—isoamylalcohol (24:1) (2.2.2) and then dialysed overmight at

room temperature. The sample was then ethanol precipitated and the

phage DNA pellet resuspended in 100 pl TE. This procedure yielded up to
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100 pug of DNA from a 150 mm LB-agarose plate.

2.2.6 PREPARATION OF RECOMBINANT PLASMID DNA
2.,2,6.1 LIQUID CULTURE METHOD

A single colony of E.coli, containing the plasmid to be amplified,
was used to inoculate 10 ml of L-broth (2.1.4). The appropriate
antibiotic (ampicillin or tetracycline, 30 pg/ml) was included in the
broth to maintain selective pressure for the retention of the plasmid.
The culture was then incubated at 37°C overnight with vigorous shaking.
The overnight culture was transferred to a flask containing 600 ml of

L-broth and grown at 37°C to an OD of ~1.0. Chloramphenicol (RNase

600
free) was added to a final concentration of 150 pg/ml and incubation
continued overnight. The bacteria were harvested by centrifugation at
4,000 rpm for 10 min at 4°C. The plasmid DNA was isolated by a modified
method of Birnboim and Doly (1979). The cell pellets were resuspended
in 4 mI of SET (2.1.3) and 8 mg of powdered lysozyme was added and the
tubes were incubated on ice for 30 min. Eight ml of 0.2 M NaOH, 1% SDS
was added to the suspension and left on ice for 10 min. Five ml of 3 M
sodium acetate, pH 5.2, was added and the tubes were gently inverted
several times. The tubes were incubated on ice for 40 min then centri-
fuged at 15,000 rpm for 15 min at 4°C. The supernatant, containing
plasmid DNA, was carefully removed and treated with 50 pl of DNase—free
RNase A (1mg/ml) for 20 min at 37°C, phenol and chloroform—isoamyl-
alcohol (24:1) extracted (2.2.2) and then ethanol precipitated (2.2.3).

The pellet was resuspended in 1.6 ml of H, O, and 400 pl of 4 M NaCl,

2
and 2 ml of 13% PEG 6000 was added. The solution was incubated omn ice
for 1 hour. After centrifugation at 10,000 rpm for 10 min at 4°C, the

PEG supernatant was removed and the pellet washed in 70% ethanol and

then desiccated for 5 min. The pellet was resuspended in 500 pl TE.
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This method yielded between 250-500 pg of plasmid DNA from a 600 ml

culture.

2.2.6.2 PLATE ISOLATION METHOD

This method involved the isolation of plasmid DNA from bacterial
cells plated onto L—agar plates supplemented with the appropriate
selective antibiotic (2.1.4), and was devised from a modification of
the method of Birmboim and Doly (1979).

A single E.coli colony containing the plasmid to be isolated was
streaked out onto an antibiotic supplemented L-agar plate (90 mm) and
incubated at 370C overnight. The bacteria were harvested by using a
sterile spatula and resuspended into 2 ml of 50 mM Tris—HC1 pH 8.0, 20
mM EDTA in a 10 ml centrifuge tube. The cells were pelleted by centri-—
fugation at 12,000 rpm for 30 sec at 4°C and resuspended in 600 pul of
50 mM Tris—HC1 pH 8.0, 20 mM EDTA and 50 mM glucose to which 30 pl of
lysozyme (80 mg/ml) was added. The tube was gently mixed, incubated at
room temperature for 5 min then on ice for 1 min. 1.2 ml of 0.2 M NaOH,
1% SDS was added, the tube mixed gently, and incubated on ice for §
min, To this was added 900 pl of ice cold 3 M potassium acetate pH 4.3,
and the tube was mixed and left on ice for 10 min. The tube was centri-
fuged at 12,000 rpm for 15 min at 4°C, then the supernatant was removed
into a fresh tube and recentrifuged as above. The supernatant was trans—
ferred to a fresh tube to which 5.5 ml of 99.9% ethanol (at room temp.)
was added and incubated at room temperature for 5 min. The tube was
centrifuged at 12,000 rpm for 5 min and the supernatant was removed and
the pellet washed'in 2 ml of 70% ethanol. The pellet was desiccated for
S min and resuspended in 200 pl of TE and treated with 10 pg of DNase-
free RNase A (1mg/ml) for 15 min at 37°C. The sample was phenol and

chloroform—isoamylalcohol (24:1) extracted (2.2.2) and ethanol precip-
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itated using ammonium acetate (2.2.3). The pellet was resuspended in
100-200 pl TE. This method yielded between 200-500 pg of plasmid DNA
per 90mm plate,

This method was scaled down so that up to 12 different prepar—
ations could be processed at once. All volumes were scaled down by
a factor of four and the bacteria were harvested from only a quarter
of a 90 mm plate. All manipulations and centrifugation steps could be
done using Eppendorf tubes. The yields from such minipreps was between

5-10 pg.

2.2.7 QUANTITATION OF DNAS
The concentration of genomic DNAs was determined spectrophoto—
metrically, essentially as described in Maniatis et al. (1982),

assuming that omne A unit equals 50 pg/ml for double-stranded

260
DNA. The concentration of plasmids and A DNAs were determimed by
agarose gel electrophoreses (2.2.9). Briefly, various dilutions of
digested plasmid DNA (2.2.8), linearized with the appropriate enzyme,
were co—electrophoresed with known amounts of molecular weight markers
(2.1.7) and the intensity of a similar size molecular weight marker
fragment was used to determine the concentration of the plasmid. For

A DNAs, various dilutions of the uncut A DNA were co—electrophoresed

with various dilutions of A DNA (2.1.7) of known concentration.

2.2.8 RESTRICTION ENDONUCLEASE DIGESTIONS OF DNA

Restriction endonuclease digestion of DNA was carried out using the
three buffer system of Maniatis et al. (1982). Genmerally, four units of
enzyme was added for each microgram of DNA to be digested and the

reaction mix was incubated for at least 12 hours for genomic DNAs

(plasmid and A DNA digests were incubated for 2-4 hours) to emnsure
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complete digestion. Plasmid and A DNA digests also contained spermidine
to aid the digestion (Bouche, 1981; Pingoud, 1985), if the buffer was
either 'Medium' (5 mM spermidine, final concentration) or 'High' (10 mM
spermidine, final concentration). Reactions were terminated by the
addition of 0.1 volumes of 10 x agarose gel loading mix (25% ficoll

400, 0.2% bromophenol blue, 0.2% xylene cyanol FF).

2.2.9 AGAROSE GEL ELECTROPHORESIS OF DNA

Electrophoresis of DNAs for analytical purposes (checking
digestions of DNAs, etc.) was carried out using agarose (0.8-1.0%)
dissolved in 1 x TBE buffer (2.1.3) and cast on 10.5 c¢m x 8 ¢cm x 0.2 cm
glass plates. DNA samples that were to be used for Southern blots
(2.2.11) were electrophoresed on either 10.5 ¢m x 8 cm x 0.2 cm glass
plates (for digests of plasmids and A DNAs) or in 14 c¢m x 11 ¢cm x 0.3
cm and 17 c¢m x 14 ¢m x 0.3 cm perspex horizontal casts (for digests of
genomic DNAs). Electrophoresis was performed in BRL or Pharmacia
horizontal tanks containing 1 x TBE buffer, at 15-100 mA, until the
bromophenol blue had migrated an appropriate distance to ensure that
adequate separation of the DNA fragments had taken place. DNA was
visualized under UV light after staining the gel in a 0.02% ethidium

bromide solution for 10 min.

2.2.10 ISOLATION OF DNA FRAGMENTS FROM AGAROSE GELS

Low gelling temperature agarose was dissolved in 1 x TAE buffer
(2.1.3) and cast on 8.0 cm x 4.0 cm x 0.2 cm glass plates. Electro-
phoresis was performed as described (2.2.9) except that the buffer was
1 x TAE, and that the current did not exceed 50 mA. Restriction frag-
ments to be isolated were detected under UV light after brief ethidium

bromide staining, and the desired bands were excised from the gel. The
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DNA in the gel slice was isolated using a GENECLEAN Kit (BIO 101,
obtained through BRESATEC). Approximately 50-70% of the DNA was
recovered and the elution volume was sufficiently small (10-20 pl)

that ethanol precipitation was not required.

2.2.11 TRANSFER OF DNA TO GENESCREEN PLUS

Restricted DNA fractionated in agarose gels was transferred to
GeneScreen Plus membranes using the method of Southern (1975), as
modified by Wahl et al. (1979). The filters were stored in a sealed

plastic bag at room temperature until required.

2.2,12 PREPARATION OF RADIOACTIVE DNA PROBES
2.2.12.1 NICK-TRANSLATION OF DOUBLE-STRANDED DNA
The labelling of double-stranded DNA using E.coli DNA polymerase I

(Rigby et al., 1977) was carried out using a nick-translation kit

(BRESATEC). The 20 pl reaction mix contained 25 pM of unlabelled dATP,

dGTP, and 4TTP, 50 mM Tris—-HCl1 pH 7.6, 10 mM MgSO 0.1 mM DTT, 50 pg/ml

4’
gelatin, 40-500 ng DNA, 50 pCi a—32P—dCTP, 40 pg DNase I, and 5 units
of E.coli DNA polymerase I. The mixture was incubated at 14°C for 90
min, after which it was terminated by the addition of EDTA to 20 mM.
The mixture was then either (1) passaged through a Sephadex G—50 column
to remove the umincorporated nucleotides, or (2) ethanol precipitated
(2.2.3) with the addition of 25 pg E.coli tRNA, or (3) directly used

without any purifications. The labelled DNA had a specific activity of

1-5 x 108 cpm/ ug.

2.2.12.2 OLIGO-LABELLING OF DNA RESTRICTION FRAGMENTS
DNA fragments isolated from agarose gel slices (2.2,10) were oligo-

labelled (Feinberg and Vogelstein, 1983) using random oligonucleotide
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primers and E.coli DNA polymerase I (Klenow fragment). In an Eppendorf
tube, 20-60 ng of DNA and 5 ng of random oligonucleotide primer

(2 ng/pl) was mixed (final volume of 11.5 pl) and beated to 95°C

for 2 min, then chilled on ice. This mix was added to an Eppendorf tube
containing 50 pCi of dried down a—32P—dCTP. 12.5 pl of Nucleotide/
Buffer Cocktail (20 pM of unlabelled 4dATP, dGTP, and dTTP, 50 mM

Tris—HC1 pH 7.6, 50 mM NaCl, 10 mM MgCl and 100 pg/ml gelatin) and

97
5.0 units of E.coli DNA polymerase I (Klenow fragment) was added to
commence the reaction. The tube was incubated at 40°C for 20 min,
after which the reaction was terminated by the addition of EDTA to 20
mM. The sample was then passaged through a Sephadex G-50 column to

remove the unincorporated nucleotides. The labelled DNA had a specific

activity of ~5 x 108 cpm/ ug.

2.,2.13 PRE-REASSOCIATION OF REPETITIVE DNA CLONES

32P—labelled A clones (2.2.12) were pre—reassociated prior to using

them for DNA hybridizations (Sealey et al., 1985). Essentially, the
labelled clone (60-500 ng) was mixed with a 2,000 fold excess of shDNA
(5 pg/pl) or a 2,000 fold excess of shDNA and smDNA, and made 5 x SSC.
The sample was boiled for 10 min, cooled on ice for 1 min then incubated

at 68°C for 2 hours. The mixture was then added to prewarmed hybridiz-

ation mix, and applied to the Southern blot filters (2.2.14).

2.2.14 HYBRIDIZATION OF RADIOACTIVE DNA PROBES

The prehybridization and hybridization of 32P—labelled probes to
DNA immobilized on GeneScreen filters was carried out essentially as
described in Wahl et al. (1979). Both the prehybridization and hybrid-
jzation mixes were composed of 50% deionized formamide, § x SSC, 0.5%

SDS, 1 x Denhardt's solution (0.02% PVP, 0.02% BSA, 0.02% ficoll 400),
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100 pg/ml salmon sperm DNA, and 10% dextran sulphate. Gemerally, the
filters were prehybridized overnight and thenm hybridized with the heat
denatured probes (10 ng/ml), for at least 16 hours at 42°C in an
orbital incubator.

After the hybridization step the filters were given the following
stringency washes:

(1) Low : 2 x SSC, 0.1% SDS, room temperature, 20 min.

(2) Moderate : 2 x SSC, 0.5% SDS, room temperature, 20 min,

(3) High : 0.1 x SSC, 0.1% SDS, 65°C, 30 min.

The final wash was repeated if the filter backgrounds were still
considered high. After the washes the filters were semi-dried, covered
with plastic wrap, and enclosed in an autoradiography cassette (with a
Cronex DuPont Lightning Plus intensifying screen) with a sheet of X-ray
film at -70°C for 1-12 days. After exposure, the X-ray film was
developed, fixed, washed, and dried automatically.

Filters were reused by incubating them in 100 ml of 0.4 N NaOH at
42°C for 30 min with gentle agitation, followed by an incubation in 100
ml of 0.1 x SSC, 0.1% SDS, 0.2 M Tris-HC1l, pH 7.5 at 420C for 30 min.
Filters were blotted dry and checked for radioactivity and rewashed if

required.

2.2.15 SUBCLONING OF DNA FRAGMENTS INTO PLASMID VECTORS
2.,2.15.1 PREPARATION OF VECTOR DNA

pSP64 DNA (2 pg) was restricted with the appropriate enzyme(s) to
generate the desired cloning termini (2.2.8) and then dephosphorylated
with bacterial alkaline phosphatase (BAP) in a 100 pl reactiom mix
containing 500 mM Tris—HC1 pH 8.0, 500 mM NaCl, and 0.15 units of

enzyme. After a 1 hour incubation at 65°C, 5 ul of SEP (2.1.3) was
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added and the sample incubated at 370C for 30 min to inactivate the
BAP. The linearized dephosphorylated vector DNA was purified from any
uncut vector by agarose gel electrophoresis (2.2.9). The vector DNA was

resuspended in TE at a concentration of 50 ng/pl.

2.2.15.2 PREPARATION OF INSERT DNA
Restriction fragments to be subcloned were excised and isolated

from low gelling temperature agarose gels (2.2.10).

2.2.15.3 DNA LIGATIONS
The DNA fragment and the appropriate pSP64 vector were combined in
a molar ratio of approximately 3:1 in a 20 pl reaction mixture contain-

ing 50 ng vector, 50 mM Tris—-HC1 pH 7.5, 10 mM MgCl 1 mM ATP, 1 mM

2‘
DTT, 0.01 units T4-DNA ligase and the DNA fragment to be clomned.

Ligations were carried out at 4°C for 16 hours.

2.2.15.4 BACTERIAL TRANSFORMATIONS
E.coli MC1061 cells were made competent using a modification of the
method by Maniatis et al. (1982). The competent cells were resuspended

in 100 mM CaC12, 20% glycerol, dispensed in 200 pl aliquots and stored
at -70°C until required. To transform the cells, 10 pl of the ligation
mix (2.2.15.3) was added to a thawed Eppendorf tube of cells and incu-
bated on ice for 1 hour, with an occasional mixing. The mixture was
placed at 42°C for 2 min then incubated on ice for 10 min. One ml of
prewarmed L-broth was added and the tube incubated at 37°C for 1 br.
The tube wgs centrifuged for 30 sec, the supernatant discarded and the

pellet resuspended in 50 pl L-broth, A 1/10 dilution of the sample was

plated out onto a L-Amp plate and incubated overnight at 37°C.
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2.2.15.5 DETECTION OF RECOMBINANT PLASMIDS

Putative recombinants derived from (2.2.15.4) were isolated, re-
streaked onto fresh L-Amp plates (four/plate), and incubated at 37°%
overnight. Mini—preps of the samples were dome (2.2.6.2) and restrict—
ion enzyme digests (2.2.8) of the plasmid DNAs were performed to
determine which colonies were true recombinants. Such colonies were

replated and plasmid DNA prepared (2.2.6.2).

2.2.16 COMPUTER PROGRAMS

The program used to calcuolate the lod score values in the fragile
site families (2.1.10) was called LIPED (Versiom 3) (Ott, 1974, 1976).
The program used to calculate molecular weights (kb) of DNA restriction

fragments was called DNASIZE (kindly provided by Dr. V. Hyland).

2,2,.17 CONTAINMENT FACILITIES

All work involving recombinant DNA material was carried out in
accordance with the regulations and approval of the Australian Academy
of Science Committee on Recombinant DNA and the Council of the
University of Adelaide.

All work involving use of ionizing radiation was carried out under
the Ionizing Radiation Regulations (1985) pursvant to the Radiation

Protection and Control Act (1982) of South Australia,.
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CHAPTER 3

CONSTRUCTION AND SCREENING OF THE CY17 RECOMBINANT LIBRARY



3.1 INTRODUCTION

Anonymous DNA probes, used to identify RFLP loci in the human
genome, have been isolated from a number of different recombinant
libraries, both genomic and c¢cDNA (1.4.4). Genomic DNA libraries
contain all of the possible clonable sequences in the genome (Manijatis

1., 1978). This includes both single—copy DNAs, constituting 60

et
percent of the genome and various repetitive DNAs that collectively
represent 40 percent of the genomic DNA (Schmidtke and Epplen, 1980).

A cDNA library is representative of the mRNA sequences expressed in
the cell type from which it was derived and generally contains between
1-2 x 103 different recombinants (Williams, 1981). A cDNA library
contains few repetitive DNA sequences compared with a genomic DNA
library and therefore provides a good source of single—copy gene
specific probes (Davies, 1981). However, the sequences which constitute
the cDNA library are more highly conserved than non-transcribed DNA
sequences and are generally less polymorphic than clones derived from
genomic libraries (Davies, 1981; Helentjaris and Gesteland, 1983).

When RFLPs are to be isolated from a single human chromosome, the
most efficient strategy involves the use of somatic cell hybrids
containing the desired chromosome in a rodent cell background (Bufton

t al., 1986; Carlock et al., 1985; Cavence et al., 1984; Gusella et

al., 1980; Scheffer et al., 1986). The same approach was used to

construct a specific library to identify RFLP loci in the vicinity of
the Huntington disease gene (Wasmuth et al., 1986). In the latter case,
a hybrid cell line that contained the chromosomal region of interest
translocated onto another human chromosome was used.

A large number of clones need to be screened when using somatic

cell hybrid libraries, since the proportion of human clones to rodent

1., 1980; Wasmuth et

clones is usually about onme percent (Gusella et
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al., 1986).
An alternative approach is to initially purify the chromosome of
interest by FACS, and then prepare suitable recombinant libraries

1., 1981; Van Dilla et al., 1986). Such libraries usually

(Davies et
contain other co—sorted chromosomes and the majority of the clomes
contain small inserts (<4 kb) due to the cloning methods used for the
library construction (Hyland et al.,, 1988a). The findings of Donis-

Keller et al. (1986), Feder et al. (1985), Schumm et al. (1988) and
Skolnick and White (1982) have indicated that large size (10-20 kb)
genomic DNA probes are the most efficient for the detection of RFLPs.
Recombinant clones containing human inserts, derived from libraries
constructed from hybrid cell lines, can be readily isolated by the use
of differential hybridization techniques (1.4.4). Cavenee et al. (1984),

Gusella et al. (1980) and Wasmuth et al. (1986) retrieved human clomes

from hamster—human libraries by probing with 32P—labelled, nick-
translated, total human genomic DNA., Alternatively, human clones could
be isolated from somatic cell libraries, by the use of the cloned human

specific Alu repetitive sequence probe, pBLUR8 (Porteous, 1986; Scheffer

1., 1986). Using either total human genomic DNA (Carlock et al., 1985)

et
or pBLUR8 (Scheffer et al., 1986) were equally as effective in terms of
isolating human clones from the somatic cell hybrid libraries.

Recombinant clones containing repetitive sequences such as Alu can
be regionally mapped to specific chromosomes and be utilized for the
search of RFLPs without the need to subclome single copy fragments
(Barker et al., 1985; Fisher et al., 1984; Sealey et al., 1985).

This chapter details the constructiqn and screening of a A Charon 4A
genomic library from the mouse—human hybrid cell lime CY17 (2.1.8).

This library was constructed to provide a source of human chromosome 16

DNA fragments, in the size range of 15-20 kb, for the purpose of (1)
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aiding in the construction of a linkage map of this chromosome and (2)
obtaining linked RFLPs to the fragile sites on this chromosome (1.5.7).

The cell line CY17 (Table 2.1) contained human chromosomes 16 and
22 in a mouse cell background (Deisseroth et al., 1977) and was the
only available cell line at the commencement of the project, that
contained an intact chromosome 16. The cell line was karyotyped by
Deisseroth et al. (1977) and found to contain chromosome 16 in 59
percent of cells, and chromosome 22 in 28 percent of cells.

The presence of other human chromosomes was not detected, although
the possibility that there were translocations of portions of human
chromosomes onto mouse chromosomes was not examined (Chapter 4). CY17

was also karyotyped in our Department (Callen, personal communication).

and is shown in Figure 3.1.

3.2 METHODS
3.2,1 SOUTHERN BLOT ANALYSIS OF CY17

Genomic DNA (15 pg) from A9, CY17, CY18, WEGROTH-D2 (2.1.8) and a
human sample (10 pg) was restricted to completion with TaqI (2.2.8),
electrophoresed in an agarose gel (2.2.9) and then Southern blotted
(2.2.11)., The filter was prehybridized then hybridized (2.2.14) with
32P—labe11ed, nick—-translated (2.2.12.1), pA079. pAO79 contains a
1.3 kb BamHI/HindIITI restriction fragment derived from the 5' region of
the human c-sis oncogene (van den Ouweland et al., 1985) which has been
mapped to chromosome 22 (Dalla Favera et al., 1982).

A duplicate filter, as prepared above, was hybridized with 32P—
labelleé, nick—translated, Huapl5. Huapl5 contains a 2.2 kb BamHI
fragment derived from the human adenine phosphoribosyltransferase
(APRT) gene (Stambrook et al., 1984) which has been mapped to chromo-—

some 16 (Tischfield and Ruddle, 1974).
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FIGURE 3.1

METAPHASE SPREAD OF CY17

A G banded preparation of the hybrid cell lime, CY17, showing human
chromosome 16 (denoted by arrow). The remaining chromosomes are mouse.

(Photo kindly provided by Dr. D. Callen).



3.2.2 PREPARATION OF THE CY17 GENOMIC LIBRARY

High-molecular-weight genomic DNA from CY17 was prepared, RNase A
treated and extensively dialysed (2.2.4.2). The ethanol precipitated
(2.2.3) DNA pellet was desiccated and redissolved in TE buffer (2.1.3).
The concentration was determined spectrophotometrically (2.2.7) and was
adjusted to ~1.0 pg/pl. The integrity of the DNA was judged by agarose
gel electrophoresis (2.2.9). Ten micrograms of CY17 genomic DNA was
digested to completion with EcoRl (2.2.8), phenol-chloroform extracted,
chloroform—isoamylalcohol (24:1) extracted (2.2.2) and ethanol precipi—
tated. The precipitated DNA was centrifuged, washed in 70% ethanol and
resuspended in TE at a final concentration of 250 ng/pul.

Six hundred and seventy nanograms of EcoRI digested CY17 DNA was
ligated with 1.33 pg of A Charon 4A EcoRl arms (2.1.6) in 66mM Tris

pH7.5, 5mM MgCl., 1mM ATP, 20mM DTT and 3 pl T4-DNA ligase (0.9

94
Weiss units/pl) at 12°C for 16 h. Six hundred nanograms (3 pl) of
the ligation mix was used for in vitro encapsulation with Packagene
extrﬁct (Promega Biotec) using the manufacturer's recommended procedure.
The packaged phage were propagated on E.coli LE392 (2.1.5). The library
was not amplified in order to avoid possible recombination between
phages and possible loss of sequences through differential growth
(Maniatis et al., 1982).
3.2.3 SCREENING OF THE CY17 GENOMIC LIBRARY

The entire library (~2.6 x 104 pfu) was plated out onto E.coli
LE392, at a density of ~2 x 103 pfu/150 mm L-agarose plate (2.1.4),
and incubated overnight at 37°C. Duplicate plague lifts, from each
plate, were taken onto GeneScreen membranes essentially as described by

Benton and Davis (1977).

The phage were adsorbed to GeneScreen membranes (1 min for the
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first filter, 2 min for the second), denatured by soaking in 0.5 M
NaOH, 1.5 M NaCl for 2 min, neutralized with two by 2 min washes with
0.5 M Tris—-HC1 pH 7.5, 1.5 M NaCl and blotted dry. The filters were
placed back to back (DNA side facing out), prehybridized and hybridized
(2.2.14) with S2P-labelled, nick-translated (2.2.12.1), pBLURS. Hybrid-
ization signals were usually observed after 4 hours of autoradiography
(Fig. 3.2). Plaques which gave positive signals were picked into 1 ml
PSB (2.1.3) and were purified by two additional rounds of platings
(usually several hundred plaques on a 90 mm L-agar plate) and rescreen-—
ing with pBLURS8. High titre phage stocks of purified recombinants were
obtained by flooding a 90 mm L-agarose plate, on which the recombinant
had been plated at high density (~105 pfu), with two 2 ml washes of
PSB. The recovered washes usually contained about 1010 pfu/ml and were
filtered through 44 pyM millipore filters and stored at 4°C with several
drops of chloroform. Phage mini-preps (Maniatis et al., 1982) comnsist-
ently produced low yields of DNA that restricted poorly, hence DNA was

prepared as described (2.2.5).

3.2.4 RESTRICTION ANALYSIS OF RECOMBINANT CLONES
DNA (0.5 pg) from each clone was restricted with EcoRl (2.2.8),

electrophoresed in 0.7% agarose gels and stained with ethidium bromide
(2.2.9) to determine the size (kb) and number of imnserts. The gels were
transferred onto GeneScreen Plus membranes (2.2.11), and probed with
32P—1abe11ed, nick—-translated (2.2.12.1), pBLUR8 to determine which
restriction fragment(s) contained human Alu repetitive sequences. The
filters were stripped washed (2.2.14), and reprobed with 32P—labelled,

nick—translated, total mouse genomic DNA to determine which restriction

fragment(s) contained mouse repetitive sequences (Fig. 3.3).

60



FIGURE 3.2

IDENTIFICATION OF HUMAN GENOMIC A CLONES CONTAINING SEQUENCES

COMPLEMENTARY TO THE HUMAN ALU REPEAT CLONE, pBLURS

Recombinant phage from the CY17 library were plated out onto E.coli
LE392, at a density of ~2 x 103 pfu/150 mm L-agarose plate (3.2.3).
The plaques were transferred onto GeneScreen membranes. The filters
were prehybridized, then hybridized with 32P—1abe11ed, nick-translated,
pBLUR8. The filters were washed and then exposed to Kodak X-omat X-ray
film, using an intensifying screen at_—70°C, for four hours. Some of
the plaques which hybridized to pBLUR8 are shown in the autoradiograph

(denoted by arrows). The hybridizing plaques were isolated from the

plates and subjected to two additional rounds of screening with pBLURS.



FIGURE 3.3

IDENTIFICATION OF HUMAN Alu AND MOUSE REPETITIVE FRAGMENTS IN THE

A CLONES FROM THE CY17 LIBRARY

DNA (0.5 pg) from each A clome (1: A 73; 2: A249; 3: A30;
4: A76; 5: 2204) was restricted with EcoRl1, electrophoresed in
0.7% agarose gels and stained with ethidium bromide. The gel was
transferred onto a GeneScreen Plus membrane and probed with 32P—
labelled, nick-translated, pBLUR8 to determine which restriction
fragment(s) contained human Alu repetitive sequences. The filter
was exposed for 3 hours at —70°C and then developed. The molecular
weights (kb) of the human Alu fragments in the clones is shown.

The filter was stripped washed and reprobed with 32P—labelled,
nick-translated, total mouse genomic DNA to determine which res-
triction fragment(s) contained mouse repetitive sequences. The
filter was exposed for 7 days at -70°C and then developed. Only

sample 4 (A76) contained a mouse repetitive fragment.

The data on all the Aclones is summarized in Table 3.1.

M: molecular weight marker — A HindIII digest (only visible on the

ethidium bromide stained gel).
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3.3 RESULTS

Southern blot analysis demonstrated that CY1l7 contained both human
chromosome 16 and 22 sequences (Fig. 3.4).

A total of 35 human A clones were isolated from the unamplified
CY17 library, constructed as outlined in Figure 3.5. Each clone was
restricted with EcoRI to liberate the imsert(s) (Table 3.1).

Filters containing EcoRI digests of the clones were probed with 32P—
labelled, nick—-translated, pBLUR8 and mouse genomic DNA to determine
which fragments contained human and mouse repetitive sequences (Table
3.1). Twelve A clones (30, 127, 143, 193, 198, 204, 215, 221, 227, 230,
232, and 247) contained restriction fragment(s) that did not hybridize
to either probe and may have been nonrepetitive (or low—copy) human or
mouse fragments (Table 3.1). These fragments were resolved by probing
Southern blot filters, containing both a human and mouse genomic DNA
sample restricted with EcoRl with the appropriate clone (Chapter 4).
The average human insert was ~8.4 kb and the average mouse insert was

~4.4 kb (Table 3.1). The results of the library screen are summarized

in Table 3.2.

3.4 DISCUSSION

Recombinant DNA libraries are usually constructed from either
partially digested DNAs or from total digests (Maniatis et al., 1982).
The use of partially digested DNAs has the advantage that a suitable
size range can be used for cloning, making the maximum use of the
cloning capacity of the vector (Williams and Blattmer, 1979). The
initial aim in the construction of the CY17 library was to clome
partially digested EcoRI fragments of 15-20 kb into the vector A Charon

4A which was ideally suited for the cloning of such fragments (Williams

and Blattner, 1979).
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FIGURE 3.4

SOUTHERN BLOT ANALYSIS OF CY17 WITH Huapl5 AND pAO79

Genomic DNA (15 pg) from mouse (A9), WEGROTH-D2, CY18, CY17
(2.1.8) and a human sample (10 pg) (lanes 1, 2, 3, 4 and 5 respect—
ively) was restricted with Taql, electrophoresed in an agarose gel
and then Southern blotted. The filter was prehybridized then hybrid-
ized with 32P—labelled, nick—translated Huapl5. Huapl5 contains
a 2.2 kb BamHI fragment derived from the human adenine phosphoribo-
syltransferase (APRT) gene (Stambrook et al., 1984) which has been
mapped to chromosome 16 (Tischfield and Ruddle, 1974). In addition,
Huapl5 detects a Tagl RFLP (Stambrook et al., 1984) with fragments
at either at 2.7 kb (see lane 3) or at 2.1 kb (see lane 4).

The filter was exposed overnight at -70°C and then developed.
Huapl5 hybridized to CY18 (lane 3), CY17 (lane 4) and human (lane
5) DNAs,

A duplicate filter, as prepared above, was hybridized with
32P—labelled; nick-translated, pA079. pAO79 contains a 1.3 kb
BamlHI/HindIII restriction fragment derived from the 5' region of
the human c-sis oncogene (van den Ouweland et al., 1985) which has
been mapped to chromosome 22 (Dalla Favera et al., 1982).

The filter was exposed overnight at -70°C and then developed.

pAO79 hybridized to WEGROTH-D2 (lane 2), CY17 (lane 4) and human

(lane 5) DNAs.
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FIGURE 3.5

SUMMARY OF LIBRARY CONSTRUCTION AND SCREENING

ISOLATION OF HIGH MOLECULAR WEIGHT GENOMIC DNA FROM CY17

COMPLETE RESTRICTION WITH EcoRI
|
LIGATION INTO ) CHARON 4A EcoRI ARMS

IN VITRO ENCAPSULATION WITH PACKAGENE

PLATE OUT LIBRARY ON E.coli LE392

I

TRANSFER PLAQUES ONTO GENESCREEN MEMBRANES

PROBE FILTERS WITH 32P—LABELLED, NICK-TRANSLATED, pBLURS

I
ISOLATE POSITIVE A CLONES
I
SECOND AND THIRD SCREEN WITH pBLURS
I
DNA PREPARATIONS FROM CLONES AND RESTRICTIONS WITH EcoRI
I

NUMBER AND SIZE OF THE INSERT(S)

PROBE DIGESTS WITH 32P—LABELLED pBLURS AND TOTAL MOUSE GENOMIC DNA




TABLE 3.1
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TABLE 3.2

SUMMARY OF SCREENING RESULTS FROM THE CY17 LIBRARY

TOTAL %
I

Total clones plated out 26,000 | 100
Clones selected on first screen 54/26,000 { 0.2
Clones retained on second screen 40/54 i 74
Clones retained on third screen 35/40 { 88
Total human clones from library 35/26,000 { 0.14
Clones with single insert 4/35 } 11
Clones with two inserts 20/35 1 57
Clones with three inserts 11/35 { 32
Clones with mouse repeats 18/35 i 51




Despite many repeated attempts to set up suitable partial digest
conditions, as outlined in Maniatis et al. (1982), the CY17 DNA did not
give a good fragment size range (15-20 kb). The DNA was usually >20 kb,
hence a majority of the fragments would not have been cloned (Williams
and Blattner, 1979). The CY17 DNA was re—extracted with phenol-chloro-
form, re—-dialysed and re—ethanol precipitated, in the event that
contaminants were inhibiting the activity of the restriction enzyme.
Despite these cleaning up steps, the DNA still gave insufficiently
digested DNA of the correct size range. In all cases fresh reagents and
enzymes were used. A control human genomic DNA sample comsistently
produced the correct partial DNA size range, using the same reagents.
Conditions were established however that resulted in the complete
digestion of the CY17 genomic DNA. Cloning total digested DNA is less
than ideal since many fragments would be above and below the cloning
capacity of the vector.

Eighty nine percent of the clones had two or more imserts (Table
3.2). In hindsight, this could have been prevented by initially de-
phosphorylating the EcoRI CY17 genomic DNA fragments (Maniatis et al.,
1982).

Fortunately, this turned out not to be such a problem (Chapter 4)
since (1) no clone contained two or more human inserts, presenting no
ambiguities in the mapping of the clones, (2) nome of the clomes had
mouse inserts that cross—hybridized with human genomic DNA, hence
presenting no problems for mapping or for the search for RFLPs, (3)
clones containing mouse repetitive inserts could still be used in
hybridization experiments, since.these clones were pre—reassociated
with shDNA and smDNA in the same reaction and (4) clones that failed to
give interpretable autoradiographs were due to the presence of excess

repetitive sequences in the human restriction fragments.
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The percentage of human clones isolated from the library was quite
low, at 0.14 percent (Table 3.2), compared with 0.25 percent obtained
by Gusella et al. (1980), ~1.0 percent obtained by Porteous et al.

(1986) and Wasmuth et al. (1986) and 5.0 percent obtained by Cavenee et
al. (1984). The percentage of human clones obtained from hybrid cell
libraries is dependent on both the number and size of the human chromo-—
somes present. The cell line CY17 did not have a human chromosome in
every cell, hence the overall ratio of human chromosomes to rodent
chromosomes was quite low. The chromosomes 16 and 22 were also smaller
in size than most of the autosomes. In addition, cell lines differ
tremendously in their ability to retain human chromosomes. It was
possible that the growing up of the cell line in tissue culture could
have resulted in further loss of human chromosomes (Callen, personal
communication)., In addition, not having obtained size selected and
phosphatased EcoRI CY17 DNA fragments, would have resulted in a
decrease in the number of clonable fragments.

Using pBLURS would isolate, from the library, those sequences
homologous to the cloned Alu repeat (Jelinek et al., 1980). The Alu
sequences are present in about 300,000 copies per haploid genome, which
is equivalent to one Alu sequence per 10 kb of DNA (Jelinek et al.,
1980). Of 100 randomly selected clones from a genomic library
containing 15-20 kb human inserts, probed with Alu DNA sequences, 94
were positive indicating the ubiquitous nature of the Alu repeat

(Jelinek and Schmid, 1982). In conclusion, pBLUR8 would have been quite

efficient in the detection of human clomes from the CY17 library.

3.5 SUMMARY
Southern blot analysis confirmed the presence of chromosome 16 and

22 sequences in CY17. A total of 35 plaque purified human A clones
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(0.14%) were isolated from the unamplified CY17 library (~2.6 x 104

pfu) after screening with pBLUR8. Of the A clones, four contained a
single human insert, 20 had two inserts (one human and one mouse) and
11 had three inserts (one human and two mouse). Eighteen A clones had
mouse inserts that contained repetitive sequences. The average human
insert was ~8.4 kb in size and the average mouse insert was ~4.4 kb
in size. The A clones were used for mapping onto chromosome 16 or 22

(Chapter 4) as well as for searching for RFLPs (Chapter 5).
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CHAPTER 4

PHYSICAL MAPPING OF CLONES FROM THE CY17 RECOMBINANT LIBRARY



4.1 INTRODUCTION
Anonymous DNAs isolated from various libraries (1.4.4), that detect
RFLPs, have been regionally mapped to specific human chromosomes by the

use of either somatic cell hybrid panels (Carlock et al., 1985; Cavenee

t al., 1984; Gusella et al., 1980; Hyland et al., 1988a) or by im situ
hybridization (Buroker et al., 1987a, 1987b; Callen et al., 1988a,
1988b) .

A mouse—human hybrid cell panel of chromosome 16 (Table 2.2) was
constructed by Callen (1986) to localize cloned genes and anonymous
DNAs to specific intervals of chromosome 16.

This chapter details the mapping of the A clones isolated from the
CY17 library (Chapter 3). The A clones were initially assigned to human
chromosome 16 or 22 since CY1l7 contained both chromosomes 16 and 22 in
approximately a 2:1 ratio (Deisseroth et al., 1977). Twelve A clomes
had restriction fragment(s) that did not hybridize to either pBLURS8 or
total mouse genomic DNA (Table 3.1). The restriction fragments may have
been unique human or mouse DNAs. The use of EcoRI mapping panels (4.2.1)
resolved these fragments as being either human or mouse (Table 3.1).

Clones assigned to chromosome 16 were then regionally localized to

specific segments of chromosome 16 by the use of the hybrid cell panel.

Some of these clones were further localized by in situ hybridizationm.

4.2 METHODS
4.2.1 INITIAL MAPPING OF CLONES ONTO CHROMOSOMES 16 AND 22

The A clones were 32P—labelled by nick-translation (2.2.12.1) and
pre—reassociated (2.2.13) with shDNA, or with shDNA and stNA.(if the
clone had a mouse repetitive fragment, see Table 3.1), in the same
reaction mix. The pre-reassociated clomes were hybridized (2.2.14) to

Southern blot filters (2.2.11) containing the following DNAs (15 pg),
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restricted with either EcoRI or Tagql: mouse (A9), WEGROTH-D2, CY17,

CY18 (Table 2.1) and two random human genomic DNAs (10 pg).

4.2.2 REGIONAL MAPPING OF CHROMOSOME 16 CLONES

Clones that were initially mapped to chromosome 16 were further
localized to specific intervals of chromosome 16 by hybridizing the
32P—1abe11ed, pre—reassociated clones to Southern blot filters
containing the following DNAs (15 pg) restricted with either EcoRI or
TagqI: A9, CY18, CYi4, CY13, CY1i1l, CY8, CY7, CY6, CY5, CY3, CY2 (Table
2.1) and a human genomic DNA (10 pg).

For clones A141, 175 and 1206, 10 pg of EcoRI restricted DNA was
electrophoresed in a 0.7% low gelling temperature agarose gel (2.1.3)
and the corresponding human insert band was isolated (2.2.10). The
isolated human insert (40 ng) was 32P—labelled by oligo—1labelling

(2.2.12.2), pre-reassociated with shDNA (2.2.13) and hybridized to

Soutbern blot filters as described above.

4.2.3 IN-SITU HYBRIDIZATION OF CHROMOSOME 16 CLONES
As part of a larger group study aimed at the mapping of chromosome
16, several of the chromosome 16 clones isolated from the CY17 library

were localized with respect to the fragile sites FRA16A and FRAl1l6B

(1.5.7) by in situ hybridization. The following clones were used for
the experiments: A64, 215, 221, 227, 230 and A247 (Table 4.2) which
were all done by E. Baker and Dr. D. Callen. These localizations are
presented in Callen et al. (1988a, 1988b) and in Figure 4.4.
4.3 RESULTS

Clones were mapped to chromosome 16 if hybridizing fragments of

similar molecular weight were detected in CY17, CY18, and human DNAs,
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and to chromosome 22 if CY18 did not hybridize and WEGROTH-D2 did.
Clones that did not hybridize to either CY18 and WEGROTH-D2 did not map
to either chromosome 16 or 22, Clones that comnsistently gave excessively
high lane backgrounds in tracks with human DNA could not be mapped.
Examples of clones mapping to chromosome 16, 22 and to neither are
shown in Figure 4.1. The initial mapping results of the clones are
summarized in Table 4.1 and both the number and size of the insert(s)
for the chromosome 16 clones are summarized in Table 4.2. The regional
locations of the chromosomal 16 clones are summarized in Table 4.3 and
shown with respect to the breakpoints in the hybrids and the fragile
sites in Figure 4.4.

The clones were registered with the Yale Human Gene Mapping Library
registry and the appropriate D numbers were assigned to them (Table
4.3). Examples of mapping results are shown in Figures 4.2 and 4.3.

One clone was mapped to the interval 16pter—>16p13.11, two clones were
mapped to 16p13.3->16p13.11, one clome was mapped to 16p13.11->16ql3,
three clones were mapped to 16q13—>16922.1 and one clone was mapped to
16922.1->16924 (Table 4.3). No clones were obtained that mapped from
l6pter—>16p13.3 or from 16q24->1l6qter.

Clones 193, 141, 175, 206 and A232 were initially mapped to chromo-—
some 16 (Table 4.1). All these clones produced relatively high human
lane backgrounds, although a corresponding human hybridizing fragment
could be visualized in the CY18 lane with the use of a lightbox.
Isolating the human insert from clones Al141, 175 and A206 and probing
Southern blot filters containing DNAs from the hybrid cell panel did
not pro@uce autoradiographs of good enough quality to allow a
definitive localization. The human inserts from clomes 193 and A232
were not isolated since both clones gave very low yields of DNA despite

repeated attempts at isolating DNA from them.
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FIGURE 4.1

EXAMPLES OF A CLONES, ISOLATED FROM THE CY17 LIBRARY, MAPPING TO

CHROMOSOME 16, 22 AND TO NEITHER

Clones A221, A73 and A204 were 32P—labelled by nick-translation
and pre—reassociated with shDNA. The pre-reassociated clomnes were
hybridized to Southern blot filters containing the following DNAs
(15 ug), restricted with TaqIl: mouse (A9), WEGROTH-D2, CY17, CY18
(Table 2.1) and a human genomic DNA (10 pg). The washed filters

were exposed overnight at -70°C and then developed.

(A) 1221 produced human hybridizing fragments in CY17 and

CY18, but not in WEGROTH-D2, and hence mapped to chromosome 16.

(B) A73 produced human hybridizing fragments in CY17 and

WEGROTH-D2, but not in CY18, and hence mapped to chromosome 22,

(C) 7204 produced human hybridizing fragments in CY17 onmnly,

hence the clone did not map to either chromosome 16 or 22.

The mapping results of all the clones that were isolated from

the CY17 library are summarized in Table 4.1.
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TABLE 4.1

MAPPING RESULTS OF CLONES FROM THE CY17 LIBRARY

CHROMOSOME
[ [ | b
16 | 22 | NEITHERa{ NO RESULT
| |
64 | 43 | 30 | 6
76 | 45 | 143 | 65
93 | 11 | 1717 | 214
141 | 72 | 193 | 236
162 | 173 | 204 | 245
175 | 119 | 267 | 266
206 | 127 | |
215 | 198 | |
221 | 249 | |
227 | 255 | |
230 | | |
232 | | |
247 | [ |
N 13 10 6 6
% 37 29 17 17

*Human hybridizing fragments were not detected in CY18
and WEGROTH-D2 DNAs.

bClones consistently gave high human lane backgrounds on
Southern blots, despite pre—reassociation with shDNA
and smDNA.



TABLE 4.2

CLONES THAT MAPPED TO CHROMOSOME 16

| |
| No. OF |
A | INSERTS | SIZE (KEB) OF EcoRI FRAGMENTS
| |
[ | i [ 5
I | HUMAN I MOUSE
64 | 1 | 12.0 [ B
I | |
76 | 3 | 4.3 | 11.0, 6.5
| | |
93 | 2 | 6.0 I 4.7
| [ |
141 | 3 | 6.5 | 4.0, 1.5
| | |
162 | 2 | 17.0 | 1.0
| | [
175 | 2 [ 6.5 | 8.0
| | |
206 | 3 | 4.6 [ 3.4, 2.7
| | |
215 | 3 | 3.4 | 6.5, 4.6
| | |
221 | 2 [ 12.5 | 3.2
[ [ [
227 | 2 [ 8.5 [ 2.7
[ | [
230 | 2 | 12.0 | 2.0
| | |
232 | 2 | 6.0 [ 3.6
[ | |
247 | 3 | 8.3 | 4.6, 2.1
| | |

32

#Restriction fragments that hybridized with P-
labelled, nick-translated, pBLURS.

32

bRestriction fragments that hybridized with P-
labelled, nick-translated,

are underlined.

total mouse genomic DNA



FIGURE 4.2
REGIONAL MAPPING OF 2247 (D16S8) ON CHROMOSOME 16

2247 (D16S8) was 32P—labelled by nick—translation and pre—
reassociated with shDNA. The pre-reassociated clone was hybridized
to a Southern blot filter containing the following DNAs (15 pg)
restricted with EcoRI: WEGROTE-D2, A9, CY18, CY17, CY14, CY13,
CY11, €Y7, CY5, CY3, CY2 (Table 2.1) and a human genomic DNA
(10 pg). The washed filter was exposed for seven days at -70°C and
then developed.

2247 produced a human hybridizing fragment of 8.3 kb in CY18,
CY17, CY14 and CY3. This implied that A247 mapped from 16p13.3->
p13.11 (Table 4.3).

The two mouse inserts in A247 hybridized at 4.6 and 2.1 kb.
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FIGURE 4.3
REGIONAL MAPPING OF 221 (D16S10) ON CHROMOSOME 16

2221 (D16S10) was 32P—labelled by nick—translation and pre—
reassociated with shDNA. The pre—reassociated clone was hybridized
to a Southern blot filter containing the following DNAs (15 pg)
restricted with TaqI: WEGROTH-D2, A9, CY18, CY17, CY13, CY11, CY7,
CY5, CY3, CY2 (Table 2.1) and a human genomic DNA (10 pg). The
washed filter was exposed for three days at -70°C and then devel-
oped. The human lane was from an overnight exposure of the filter.

2221 produced human hybridizing fragments of 5.4, 4.5, 4.1 and
3.4 kb in CY18, CY17, CY13, CY11l, CY7 and CY3. This implied that
2221 mapped from 16q13->g22.1 (Table 4.3),

The mouse insert in A221 hybridized at 1.5 kb.
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REGIONAL MAPPING OF CHROMOSOME 16 CLONES

TABLE 4.3

: } INSERT® } HYBRIDIZATION TO DNA IN CELL LINES : LOCATION ON
A I D No. } SIZE (KB) : A9 HUMAN CY18 CY14 CY13 CY11 CY8 CY7 CY6 CY5 CY3 CY2 i CHROMOSOME 16

| | | . : |
215 | 1689 | 3.4 | - + + ND - NA NA - + - | 16pter->p13.11
247 } 1688 } 8.3 } - + + + - NA NA - + - } 16p13.3->p13.11
76 ! 168114 : 4.3 } ~ + + + - NA NA - + - i 16p13.3->p13.11
162 { 168115 : 17.0 } - + + + + = = = + - ; 16p13.11->q13
64 ! 16S113 { 12.0 { - + + NA + + - - + - { 16q13->g22.1
221 I 16810 } 12.5 { - + + NA + NA - - + - | 16q13->q22.1
227 : 16811 { 8.5 { - + + NA + NA - - + - % 16q13->q22.1
230 i 16812 i 12.0 E - + + NA + NA NA + + - i 16922.1->q24

&To simplify the presentation of the table,

b

Not determined,

°Not applicable, the use of the hybrid cell

indicating that the hybrid
with A215 (4.2.3) precluded the clone from

only the hybridization pattern of the human insert is shown.

cell line was not available at the time. In situ hybridization
the 16pter—>pl13.3 region (Callen, personal communication).

line would not have altered the clone's localization.



FIGURE 4.4

REGIONAL LOCALIZATION OF CHROMOSOME 16 CLONES

The regiomal localizations of A247 (16S88), A215 (1689), A221
(16810), A227 (16S11), 1230 (16812), A64 (168113), A76 (16S114)
and A162 (168115) are shown in respect to the breakpoints of the
chromosome 16 in the hybrid cell lines (identified by a specific
CY number; see Figure 2.1 and Table 2.2) and the four fragile

sites FRA16A, FRA16B, FRA16C and FRA16D. In addition, the new

location for the APRT gene is shown.

2247 (1688) and A215 (16S9) were further localized by in situ
hybridization as distal to FRA16A, 1221 (16S810) and 2227 (16811)
as proximal to FRA16B and A230 (16S12) and A64 (16S113) as distal

to FRA16B (4.2.3).
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4.4 DISCUSSION
4.4.1 CLONES FROM THE CY17 LIBRARY

Of the 35 human clones isolated from the CY17 library, 13 mapped
to chromosome 16, 10 mapped to chromosome 22, six to neither chromosome
and six gave uninterpretable autoradiographs (Table 4.1). One of the
chromosome 22 clones, ACHF249 (D22S14), detected a PstI RFLP (Fratini
et al., 1988a). No further analysis was done omn the remaining chromo—
some 22 clones or the clones that did not map to either chromosome 16 or
22. Eight of the 13 clones that mapped to chromosome 16 were regionally
localized on chromosome 16 by the use of a somatic cell hybrid panel
(Table 4.3).

Six clones did not map to either chromosome 16 or 22, indicating
that the original cell line CY17 (WAiiA) contained human chromosomal
fragments that were not detected by karyotype analysis (Deisseroth et
al., 1977). CY17 may of had segments of human chromosomal fragments
that were translocated onto the mouse chromosomes. Evidence of this was
shown by in situ hybridization of 3H—labelled pBLUR8 to metaphase
preparations of CY17 (Callen, personal communication). The results
showed the hybridization of pBLUR8 to a human chromosome, presumably
chromosome 16, as well as hybridization to the terminal end of a mouse
chromosome. This may represent human chromosomal material that had been
translocated on the end of one of the mouse chromosomes. These findings
suggest a possible explanation for the clones that did not map to
either chromosomes 16 or 22. Definitive proof would require mapping of
one of these clomes.

Six clones (17%) gave uninterpretable autoradiographs, which were
most probably due to the presence of highly repetitive sequences in the
human DNA fragments. Longer pre—reassociation times did not help in

reducing the lane backgrounds. These clones hybridized as smears to the
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human DNAs samples. It was most likely that these clomnes were mainly

composed of repetitive sequences. From a study of nearly 600 clomes,

Barker et al. (1985) found that 30 percent of pre—reassociated clones
gave uninterpretable autoradiographs.

Polymorphic clomes mapping to the regiom 16pter—>16p13.11 are of
potential interest for linkage analysis with the fragile site FRA16A
(Callen et al., 1988b) and those mapping to 16q13->16q22.1 are of
potential interest for linkage analysis with FRA16B (Callen et al.,

1988a, Mulley et al., 1988). A215 and A247 were mapped distal to FRA16A,
by in situ hybridization (4.2.3), A221 and A227 mapped proximal to
FRA16B and A64 and A230 mapped distal to FRA16B (Fig. 4.3). All six
clones were in potentially interesting locations with respect to FRAL6A
and FRA16B.

The CY17 recombinant library contained a relatively low percentage
of chromosome 16 derived clones. This was in part due to the addition
of chromosome 22 and the additional human chromosomal material in CY17.
Forty six percent of the clones were not from chromosome 16. However,
the chromosome 16 clones that were obtained had reasonable inserts, the
average being ~8.4 kb, and they mapped to separate regions of chromo-
some 16. Six of these clones were localized with respect to FRA16A and
FRA16B by in situ hybridization. All six were potentially useful for
possible linkage analysis sfﬁdies, if they were polymorphic (Chapter
5), with the corresponding fragile sites.

At about the time the clones from the CY17 library were being
characterized, a FACS-purified human chromosome 16 library was obtained
from the Lawrence Livermore National Laboratory. This library was
characterized by other members of the research group. Of the 69 clomnes
isolated from the library, 29 contained inserts of > 500 bp of which

only six of the 18 that were analyzed mapped to chromosome 16 (Hyland
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t al., 1988a). Since the clones contained relatively small inserts and

the purity of the library for chromosome 16 was not as high as expected,
the use of the library was discontinued. Since then, a genomic library
was constructed from the hybrid cell line CY3 (Table 2.1), in order to
isolate anonymous DNAs to chromosomes 16 and X (Hyland et al., 1989)
and is at present being extemsively characterized. Additional chromo-—
some 16 libraries, both in A and cosmid vectors, have been comstructed
by other investigators for the isolation of anonymous DNAs (Breuning et
al., 1988; Bufton et al., 1986; Harris et al., 1987; Liu et al., 1987).
4.4.2 REMAPPING OF HUMAN ADENINE PHOSPHORIBOSYLTRANSFERASE

During the construction of the hybrid cell panel for chromosome 16,
many of the DNAs from the cell lines were hybridized with probes from
chromosome 16 in order to characterize the lines (Callen, 1986). As a
consequence, use of the hybrid cell panel allowed the remapping of the
gene for adenine phosphoribosyltransferase (APRT) (Fratini et al.,
1986). The reassignment of APRT to 16q24 (Fig. 4.4), which had been
previously assigned to 16q22.2->q22.3 (HGM7, 1984), resolved an incon-
sistency in the localization of APRT by several groups (HGM7, 1984).
The result explained the reported absence of linkage between APRT and
haptoglobin (HP) (Castigliome et al., 1985), despite both loci having

been mapped within band 16q22 (HGM7, 1984) and the absence of linkage

between FRA16B and APRT (Mulley, personal communicationm).

Simmers et al. (1987a) showed that metallothionein (MT) was proximal
to FRA16B. The HP locus was distal to FRA16B (Simmers et al., 1986).

With the mapping of APRT distal to HP and FRA16D (Fratini et al., 1986),

The loci could be ordered with respect to FRA16B and FRA16D as: cen~MT-

FRA16B-HP-FRA16D—-APRT-qter. This provided a group of ordered loci im

which anonymous DNAs from the CY17 and the FACS-purified library, as
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well as other cloned genes from chromosome 16, could be mapped with
respect to these loci by linkage analysis (Mulley et al., 1988) and by
in situ hybridization (Callen et al., 1988a, 1988b).
4.5 SUMMARY
Of the 35 human clonmes isolated from the CY17 library, 13 mapped to
chromosome 16, 10 mapped to chromosome 22, six to neither chromosome
and six gave uninterpretable auntoradiographs. Eight of the 13 clones
that mapped to chromosome 16 were regionally localized on chromosome
16. One clone mapped to the interval 16pter—>16p13.11, two clomnes
mapped to 16p13.3->16p13.11, one clone mapped to 16p13.11->16ql3, three
clones mapped to 16q13->16q22.1 and one clone mapped to 16q22.1->16q24.
The human gene for adenine phosphoribosyltransferase (APRT) was re-

mapped from 16¢22.2->q22.3 to 16q24.
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CHAPTER 5

SEARCH FOR RFLPS WITH THE CHROMOSOME 16 CLONES



5.1 INTRODUCTION

This chapter details the search of RFLPs with the mapped chromosome
16 clones (Chapter 4), following the strategy outlined in Skolnick and
White (1982). Preference was given to the clones that were localized in
the vicinity of FRA16A and FRA16B (Fig. 4.4). Clones that detected

RFLPs were subcloned into suitable plasmid vectors.

5.2 METHODS
5.2.1 SEARCH FOR RFLPS

Genomic DNAs (10 pg) from six unrelated individuals was prepared
(2.2.4.1) and digested with the following restriction endonucleases:

BamHAI, BanII, BclI, BglI, BglII, BstNI, EcoRI, EcoRV, HincII, HindIII,

HinfI, MspI, PstI, Pvull, Rsal and Tagl (2.2.8). The restricted DNAs

were electrophoresed in 0.8% agarose gels (2.2.9) in 1xTBE buffer
(2.1.3) and Southern blotted (2.2.11). The filters were prehybridized
then hybridized (2.2.14) with the 32P—1abelled, nick—translated

(2.2.12.1), pre-reassociated A clomnes (2.2.13).

5.2.2 MENDELTAN INHERITANCE AND ALLELE FREQUENCIES OF RFLPS

The Mendelian inheritance of RFLPs was shown by probing Southern
blot filters containing the DNA (10 pg) from informative Utah families
(2.1.9) digested with the appropriate restriction endonuclease. The
allele frequency of RFLPs was determined by probing Southern blot
filters containing genomic DNA (10 pg) from 15-26 random human DNAs,

digested with the appropriate enzyme.

5.2.3 SUBCLONING OF CLONES DETECTING RFLPS
5.2.3.1 SUBCLONING 1247 (D16S8)

The bhuman insert from A247 (D16S8) (Table 4.2) was subcloned into
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the plasmid vector pUC18 by Dr. S. Reeders as part of using the clone
for linkage studies with PKD1 (Reeders, personal communication). This
subclone, named pACHF1, was used for further subcloning.

Two hundred nanograms of pACHF1 was restricted with HindIII, Xbal,

HindIII/Xbal, EcoRI/Xbal, EcoRI/HindIII/Xbal and EcoRI/HindIII and

electrophoresed in a 0.8% agarose gel in 1xTAE. The gel was blotted
onto a GeneScreen Plus nylon membrane and the filter was prehybridized
then hybridized with 32P—labelled, nick—translated, total human genomic
DNA to identify restriction fragments that contained repetitive
sequences (Table 5.5). The molecular weights of the fragments in Table
5.5 were calculated using the program DNASIZE (2.2.16). A restriction
map of the insert in pACHF1 (Fig. 5.3) was determined using the data
derived from Table 5.5.

Two micrograms of pACHF1 was restricted with Xbal and the digest
was electrophoresed in a 0.8% agarose gel in 1xTAE. Xbal restriction
fragments 1 and 3 (Table 5.5) were cut from the gel and the DNA isolated
by Geneclean treatment (2.2.10). The DNA was resuspended in TE buffer
(2.1.3) at a final concentration of ~20 ng/pl. Xbal restriction
fragment 1 (20 ng) was re—ligated and transformed into competent E.coli
MC1061 cells (2.2.15.4). Xbal restriction fragment 3 (20 ng) was
ligated (2.2.15.3) into dephosphorylated XbaI-cut pSP64 (2.2.15.1) and
then transformed into competent E.coli MC1061 cells.

Individual bacterial colonies were isolated from the plates, re-—
streaked onto L-amp plates (2.1.4) and mini plasmid DNA preps were made
(2.2.6.2). The plasmid DNAs (0.5 pg) were restricted with Xbal and
electrophoresed in 0.8% agarose gels to determine if they contained an
insert (2.2.15.5).

Both subclones, pACHF1.1 and pACHF1.3 (Fig. 5.3), were used to

probe filters containing human genomic DNAs digested with Pvull to
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determine if they detected the RFLP.

5.2.3.2 SUBCLONING A221 (D16S10)

Ten micrograms of A221 (D16S10) DNA was restricted with EcoRI in a
final volume of 100 ul. The digestion mix was Geneclean treated and
the DNA was resuspended in TE buffer at a final concentration of ~200
ng/pul. Two microliters of the sample was restricted with HindIIT, Sall
and Xbal in a final volume of 10 pl. These enzymes were chosen since
they infrequently cut A DNA (Williams and Blattmer, 1979). The inserts
in A221 (Table 4.2) were restricted with HindIII and Xbal, but not with
Sall. Xbal produced fragments that could be readily isolated (Table
5.4).

Six hundred nanograms of EcoRI-digested A221 and 600 ng of uncut
2221 was restricted with Xbal. The digests were electrophoresed (in—
cluding an aliquot of A221 pre—digested with EcoRI) in a 0.8% agarose
gel in 1xTAE and the gel was blotted onto a GeneScreen Plus nylon
membrane. The filter was probed with 32P—1abelled, nick—-translated,
total human genomic DNA to identify restriction fragments that contained
repetitive sequences. Three Xbal restriction fragments, that were
insert DNAs, did not hybridize to the probe (Table 5.4).

Ten micrograms of A221 was restricted with Xbal and the digest was
electrophoresed in a 0.8% agarose gel in 1xTAE. Xbal restriction
fragments 5 and 6 (Table 5.4) were cut from the gel and the DNA was
isolated by Geneclean treatment. The DNA was resuspended in TE buffer
at a final concentration of ~20 ng/pl.

Both fragments (20 ng) were 32P—labelled by oligo—labelling
(2.2.12.2) and were used to probe filters containing the following Rsal
and Taql digested DNAs: A9, CY17, CY18 and two independent human DNAs.

Xbal restriction fragment 5 detected the Rsal and Taql RFLPs. This

74



fragment was ligated into dephosphorylated Xbal-cut pSP64 and then
transformed into competent E.coli MC1061 cells.

Individual bacterial colonies were restreaked onto L-amp plates
and mini plasmid preps were made (2.2.6.2). The plasmid DNAs (0.5 pg)
were restricted with Xbal and electrophoresed in 0.8% agarose gels to
determine if they contained anm imnsert.

One hundred nanograms of pSP64 and pACHF3.5, the subclone that
detected the RFLPs (Table 5.7), was restricted with Rsal, TaqIl and
RsaI/Taql in a final volume of 10 pl. The digests were electrophoresed
in a 0.8% agarose gel in 1xTAE and then stained with ethidium bromide.
From the restriction fragments obtained, a restriction map of pACHF3.5

was determined (Fig. 5.5).

5.3 RESULTS

Six of the eight anonymous DNA probes that mapped to chromosome 16
(Table 4.3) were screened for their ability to detect RFLPs (Table
5.1). Not all the enzymes were tested for each clone (Table 5.1). Each
clone, except for A230 (D16S12), was screened for RFLPs using the

restriction endonucleases, BglII, EcoRI, HindIII, MspI, PstI, PvulIl,

Rsal and TagI (Table 5.1).

Two clones, A247 (D16S8) and A221 (D16S10), detected RFLPs (Table
5.1). 2247 was polymorphic for Pvull and A221 was polymorphic for Rsal
and TagI (Table 5.1). The RFLPs detected by A247 and A221 are shown in
Figures 5.1 and 5.2 respectively, and the details of the polymorphisms
are presented in Table 5.2. Both clones demonstrated Mendelian Inheri-
tance (5.2.2) (Table 5.3) and Hardy-Weinberg equilibrium (Table 5.4).
D16S8 was informative in Utah families 981, 982, 983, 984 and 985.
D16S10 was informative in Utah families 981, 984, 985 and 1029. The DNA

typing results are presented in Chapter 6.
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TABLE 5.1

SEARCH FOR RFLPS WITH REGIONALLY MAPPED CHROMOSOME 16 CLONES

[ CLONES
[ | | | | |
ENZYMES | a64 | a215 | a221 | 2227 | a230 | 247
l | | | I |
| | b | | [ [
BamHI | 2* | N> | - | N | ™ | -
| | | | [ |
BanII | - | 2 | - | - | - | -
| | | | | |
Bcll -1 -1- 1- 1 | -
| | | | | |
Bgll Il - 1 - 1 - | - | s |
| | | | | [
Bgixx | - | - | - | - | N | -
| [ | | | [
BseN | 2 | - | - | - | x | N
| | | | | |
EcoRT | 2 | - | - | - | - | -
| | [ | | [
HincII | N | - | - | - | - | -
[ | | | | [
Hind1xr | - | - | - | - | - | -
| | [ | | |
HinfI | ~» | 2 | 2 | - | - | -
[ | | | | |
MspI | 2 | - | - | - | - [ =
| | | | | |
PstI |l - ! - 1 - 1 - 1 [ -
| | | [ | |
Pvuix | - | - | - | - | - | +
| | | [ | |
Rsal l 2 I - I + 1 - 1 s | -
| | | | | |
Tagql Il - 1 - 1+ 1 - 1- 1 -
| | | | | |
| | | [ [ |
TOTAL { 13 } 14 ! 23° { 14 I 8 I 13

aIndicates that a definitive result was not obtained
due to high lane background.

bIndicates not tested; — indicates not polymorphic;
+ indicates enzyme detected an RFLP.

cIncluding the following non-polymorphic enzymes: BstXI,
Dral, EcoRV, HaeIII, NsiI, SacI and Xbal.




FIGURE 5.1
PvuIIl RFLP IDENTIFIED BY A247 (D16S8)

2247 (D16S8) was 32P—labelled by nick-translation and pre-
reassociated with shDNA. The pre—reassociated clone was hybridized
to a Southern blot filter containing 10 unrelated Caucasian genomic
DNAs (10 pg) restricted with PvulI. The washed filter was exposed
overnight at -70°C and then developed.

2247 produced hybridizing fragments of 6.2 (invariant), 3.8
(A1 allele) and 2.2 kb (A2 allele). The genotypes of the samples
are as follows: 1 (A1/A2); 2 (A1/A1); 3 (A1/A2); 4 (A1/A2); 5

(A1/A1); 6 (A1/A2); 7 (A1/A2); 8 (A2/A2); 9 (Al/Al); 10 (A1/A2).
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FIGURE 5.2
Rsal AND TaqI RFLPS IDENTIFIED BY 2221 (D16S10)

2221 (D16S10) was 32P—labelled by nick—translation and pre-—
reassociated with shDNA, The pre—reassociated clone was hybridized
to Southern blot filters containing 10 unrelated Caucasian genomic
DNAs (10 pg) restricted with either Rsal or TaqIl. The washed
filters were exposed overnight at -70°C and then developed.

2221 produced hybridizing fragments of 2.6 (Bl allele), 1.84
(B2 allele), 1.4 (invariant), 1.2 (invariant), 0.8 (invariant),
0.76 (B2 allele) and 0.6 kb (invariant) on the Rsal filter. The
genotypes of the samples were as follows: 1 (B1/B1); 2 (B1/B1);

3 (B1/B1); 4 (B2/B2); 5 (B1/B2); 6 (B1/B2); 7 (B1/B2); 8 (B1/B2);
9 (B1/B2); 10 (B1/B1).

2221 produced hybridizing fragments of 6.5 (invariant, very
faint), 5.4 (A2 allele), 4.5 (invariant), 4.1 (Al allele), 3.4
(invariant) and 1.3 kb (Al allele) on the Taql filter. The geno-—
types of the samples were as follows: 1 (A2/A2); 2 (A1/A2);

3 (A1/A2); 4 (A1/A2); 5 (A1/A2); 6 (A1/A1); 7 (A1/A1); 8 (Al/Al);

9 (A1/A2); 10 (A1/A2).
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TABLE 5.2

RFLP DETAILS FOR A247 (D16S8) AND 2221 (D16S10)

| | | | |
CLONE { ENZYME : CONSTANT BAND( S) { POLYMORPHIC BANDS i PIC i SAMPLE SIZE

: % SIZE (KB) % ALLELE SIZE (KB) FREQUENCY = } ( CHROMOSOMES)
| [ | | I | |

2247 | Pvull | 6.2 | m | 3.80 | 0.52 | o0.38 | 52
| | I | | I |
[ | | A2 | 2.20 | o0.48 | | 52
| | | | | | |
| [ | | | I I

2221 | Rsal | 1.4 | B | 2.60 | 0.73° | 0.32 | 30
| | | | | | |
[ | 1.2 | | | | |
| | | | | | |
| | 0.8 | B2 | 1.84 | o0.27 | | 30
| | | | | | I
l | 0.6 | | o0.76 | | |
| | | | | | I
| | | | | | |
| Taqr | 6.5 | a1 | 4.10 | o0.62 | 0.36 | 40
l | | | | | |
| | 4.5 | | 1.30 | | I
I | | | | | |
| | 3.4 | A2 | 5.40 | o0.38 | I 40
| | | | | I I

2p1c = 1—P2—Q2—2P2Q2, for a two allele system, with frequencies P and Q (Botstein et al., 1980).

bA11e1e frequencies were different for the Rsal and Tagl RFLPs since different human genomic DNAs
were used.



TABLE 5.3

DEMONSTRATION OF MENDELIAN INHERITANCE FOR D16S8 AND p16510*

D16S8
| | |

MATING TYPE | A1A1 x A1A2 | A1A2 x Al1A2 | A1A2 x A2A2
| | |
| [ |

OFFSPRING | A1A1  A1A2 | A1A1 A1A2  A2A2 | A1A2  A2A2
| [ |

OBSERVED | 7 7 | 6 6 7 | 10 6
| [ [

EXPECTED | 7 7 | 4.25 9.5 4.25 | 8 8
| | |

5 b I | . [

x~ value | 0.0 | 3.8 | 0.4
| | [

D16S10
|

MATING TYPE | A1A1 x A1A2 A1A2 x Al1A2

|
|
|
[
OFFSPRING | A1A1  A1A2 | A1A1 AlA2  A2A2
| |
OBSERVED } 16 10 { 4 10 6
EXPECTED | 13 13 | 5 10 5
| |
2 I [ c
x value : 1.4 | 0.4
|

®Data was derived from the typing results presented in Chapter 6.
bAt P ¢ 0.05; Calculated as (observed—expected)2/expected for each
entry, then the value is summed up.

c 2 . .
x value with two degrees of freedom.



TABLE 5.4

HARDY-WEINBERG EQUILIBRIUM FOR D16S8 AND D16S10°

D16S8 (Pvull RFLP)

| |
GENOTYPE | OBSERVED | EXPECTED
| i
| [
A1/A1 | vl | 7
[ |
A1/A2 | 13 | 13
| |
A2/A2 | 6 | 6
|
|
TOTAL | 26 | 26
|
xz valueb [ 0.00°
I
D16S10 (Rsal RFLP) D16S10 (Taql RFLP)
I | | [
GENOTYPE | OBSERVED | EXPECTED GENOTYPE | OBSERVED | EXPECTED
| | | l
[ | [ |
B1/B1 | 8 | 7.99 A1/A1 | 8 | 1.7
| | | |
B1/B2 | 6 | 5.91 Al/A2 | 9 | 9.4
[ | [ |
B2/B2 | ] | 1.09 A2/A2 | 3 | 2.9
| |
[ [
TOTAL | 15 | 15 TOTAL | 20 | 20
| |
5 e i 0.80° 2 value® | 0.03°

2Allele frequencies used in the calculations (Cavalli—-Sforza and Bodmer,
1971) were derived from Table 5.2.

bAt P < 0.05; Calculated as (observed—expected)zlexpected for each
entry, then the value is summed up.

cxz value with two degrees of freedom.



TABLE 5.5

SOUTHERN BLOT RESULTS FOR pACHF1

EcoRI

EcoRI

EcoRI

HindIII

HindIXIX

HindIIXI + Xbal

Xbal

HindIII

Xbal

Xbal

KB

FRAG.

KB

l
|

FRAG. KB FRAG.

KB

KB FRAG. |
I

FRAG.

KB

FRAG.

o —— —— —— — — — —

— e — — e —— — s — e —

e o e — . — — —

e e s et e — — S—

e — — —— — — — — — —

Underlined restriction fragments hybridized strongly with 32P—1abe11ed, nick—~translated, total

human genomic DNA.

a



TABLE 5.6

SOUTHERN BLOT RESULTS FOR A221

EcoRI EcoRI + Xbal Xbel
| | [

FRAG. | KB FRAG. | KB FRAG. | KB
| | |

1 | 19.6 1 | 19.6 1 | 21.0
| | |

2 | 12.5% 2 | 12.0 2 | 15.0
| [ |

3 | 12.0 3 | 6.7 3 | 6.1
| | [

4 | 3.2 4 | s5.9° 4 | s5.9°

| | [ .

5 | 3.5 5 | 3.5
| [

6 | 2.5 6 | 3.0
| [

7 | 1.3 7 | 1.3
| |

8 | 1.0 8 | 1.0
| [

"Underlined restriction fragments hybridized with 32P—labelled total
human genomic DNA,

bPartial digest fragment, which most likely was composed of the 3.5,
1.3, and 1.0 kb Xbal fragments,

cFragment was isolated and subcloned into dephosphorylated Xbal-cut
pSP64.



The allele frequencies (5.2.2) and the PIC values for both 1247 and
2221 was determined (Table 5.2).
2221 was additionally screened for the detection of RFLPs with

the following restriction endonucleases: BstXI, Dral, EcoRV, Haelll,

NsiI, SacI and Xbal. The filters containing human DNAs digested with
these enzymes were kindly provided by Dr. V. Hyland. A221 did not
detect RFLPs with these enzymes (Table 5.1).

A restriction fragment from pACHF1, a subclone from A247, was
subcloned into pSP64 and named pACHF1.3 (Fig. 5.3). This subclone
contained a unique 2.25 kb Xbal fragment but did not detect the Pvull
RFLP (Fig. 5.3). The other subclone, pACHF1.1, contained a 1.67 kb
EcoRI-Xbal fragment that was re—ligated into pUC18 (Fig. 5.3). This
subclone detected the Pvull RFLP, however the clomned insert still
required pre—reassociation (Table 5.7).

A 3.5 kb Xbal fragment was subcloned from A221 into pSP64 and named
pACHF3.5 (Table 5.7). The insert in pACHF3.5 contained repetitive
sequences that produced some lane background in the tracks with human
DNA, however, pre—reassociation was not required. pACHF3.5 detected
both the Rsal and Tagl RFLPs (Fig. 5.4). The Rsal and Tagl RFLPs
displayed linkage disequilibrium — the A1B1 and A2B2 haplotypes were
co—inherited together (Fig. 5.5) in Utah Family 985 (Appendix D).
Although the other Utah families were not typed for the Rsal RFLP, all
the parents from the families were typed and each had identical Taql
haplotypes (Table 6.4). In addition, the A1B1 and A2B2 haplotypes (only
the double homozygotes were considered) were found in 14 unrelated

buman genomic DNAs.

5.4 DISCUSSION

Two of the regionally assigned chromosome 16 clones detected RFLPs.
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FIGURE 5.3

RESTRICTION MAPS OF pACHF1 AND THE SUBCLONES pACHF1.1 and pACHF1.3a

pACHF1
H
E X B X H H X EX
11111 [ | | [ VAV
< >< ><=—=>< >< < >=—=>
1.67 1.94 0.26 2.14 0.96 0.83 0.29
E X
/11111 V7711
b
pACHF1.1
X B X
/.0.71 l 1/.7.7

pACHF1.3

aKey to figure: E EcoRI, H HindIII, X Xbal, /// pUC18 and /./ pSP64.
Restriction fragment sizes in kb.

bDetects the Pvull RFLP.



FIGURE 5.4
Rsal AND TaqI RFLPS IDENTIFIED BY pACHF3.5 (D16S10)

pACHF3.5, a subclone derived from A221 (D16S10), was 32P—
labelled by nick-translation and hybridized to Southern blot
filters containing six unrelated Caucasian genomic DNAs (10 pg)
restricted with either Rsal or TaqIl. The washed filters were
exposed overnight at -70°C and then developed.

pACHF3.5 produced hybridizing fragments of 2.6 (Bl allele),
1.84 (B2 allele), 0.8 (invariant) and 0.76 kb (B2 allele) on the
Rsal filter. The genotypes of the samples were as follows:
1 (B1/B1); 2 (B1/B1); 3 (B1/B2); 4 (B2/B2); 5 (B1/B1); 6 (B1/B2).

pACHF3.5 produced hybridizing fragments of 5.4 (A2 allele),
4.5 (invariant) and 1.3 kb (Al allele) on the TaqI filter. The
genotypes of the samples were as follows: 1 (A1/A1); 2 (A1/A1);
3 (A1/A2); 4 (A2/A2); 5 (A1/A1); 6 (A1/A2).

The Rsal and Tagl restriction fragments detected by pACHF3.5
are precisely as predicted from the restriction map of pACHF3.5

(Figure 5.5).
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FIGURE 5.5

RESTRICTION MAP OF pACHF3.5 AND A221

The restriction maps of pACHF3.5 and A221 were determined as
described in the text (5.2.3.2). The Al/Bl haplotype occurs when

* *

the T site is present (+) and the R site is absent (-). The A2/B2
* *

haplotype occurs when the T site is absent (-) and the R site is

present (+).

Key :

R Rsal; R polymorphic Rsal site.

|
E
%
bt
-

polymorphic Tagql site.

/./ pSP64,



CLONE

’ X X
pACHF3.5 /.01 I7./
S —— I — >
* *
T T XR TR R X R T
221 I | |1 I I 1 |
(e > (== >< >
4.1 kb [A1] 1.3 kb [A1l] 4,5 kb [invariant]
(e e N >
2.6 kb [B1] 0.8 kb [invariant]
< >< - >
5.4 kb [A2] 4.5 kb [invariant]
< >< >< >

0.76 kb + 1.84 kb [B2] 0.8 kb [invariant]



TABLE 5.7

RFLP DETAILS OF THE SUBCLONES

SAMPLE SIZE
( CHROMOSOMES)
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All three RFLPs demonstrated Mendelian inheritance, showed Hardy-
Weinberg equilibrium and detected two alleles (Table 5.2). The subclome
from 72247, pACHF1.1, detected the PvuIIl RFLP but still required pre-
reassociation (Fratini et al., 1988b). From the restriction map of
pACHF1.1, the PvulI RFLP was localized to a 1.77 kb EcoRI-Xbal fragment.

The subclone from A221, pACHF3.5, was polymorphic for both Rsal and
Taql (Fratini et al., 1988c). From the restriction map of pACHF3.5 it
was determined that the putative Rsal and Taql polymorphic sites were
1.5 kb apart (Fig. 5.5). When the polymorphic Rsal site was present (+)
the polymorphic Taql site was absent (-), and vice-versa (Fig. 5.5).

One explanation as to why no A1B2 and A2B1 haplotypes were found is
that the probability of recombination between the two polymorphic sites,
only 1.5 kb apart, would be quite low (Fig. 5.5). The alternative
explanation was that not enough individuals had been screened to detect
these haplotypes (Hill, 1974).

Both clones were relatively informative as genetic markers based on
their PIC values (Table 5.6). The maximum possible PIC value for a two
allele polymorphism is 0.38 (Botstein et al., 1980). The clomes were
used to type the Utah families to determine which of these were inform—
ative so that linkage analysis could be done with other informative
markers on chromosome 16 (Chapter 6). In addition, A247 was used to
type a FRA16A family and X221 was used to type informative FRA16B
families to determine if the clones were linked to these fragile sites
(Chapter 7).

To date, 86 anonymous DNAs had been assigned to chromosome 16, of

which 66 detected RFLPs (Ropers et al., 1987). Of the 22 clomed genes

assigned to chromosome 16, 11 detected RFLPs, taking the total of

polymorphic loci on chromosome 16 to 77 (Ropers et al., 1987).
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5.5 SUMMARY

Two of the eight regionally assigned anonymous DNAs that mapped to
chromosome 16 detected RFLPs. A247 (D16S8) was polymorphic for Pvull
and 2221 (D16S10) was polymorphic for Rsal and TaqIl. The three RFLPs
demonstrated Mendelian Inheritance and Hardy-Weinberg equilibrium. Both
clones were relatively informative as genetic markers based on their
PIC values.

pACHF1.1, a subclone from pACHF1 (D16S8), detected the Pvull RFLP and
pACHF3.5, a subclone from 1221, detected the Rsal and Taql RFLPs. The

Rsal and Taql RFLPs displayed linkage disequilibrium.

78



CHAPTER 6

LINKAGE ANALYSIS STUDIES: THE UTAH FAMILIES



6.1 INTRODUCTION

This chapter presents the DNA typing results of the informative
Utah families for the polymorphic clones A247 (D16S8) and 1221 (D16S10)
(Chapter 5), as well as for clones that were isolated by other invest-—
igators and were found to map in the same regions as D16S8 and D16S10.
The data derived from the typing results was analyzed for any possible
linkages between the clones so that linkage groups could be established.

The Utah families (Appendix A) are useful for such linkage analysis
studies since they potentially provide a much higher number of inform—
ative meioses than smaller incomplete families (Whiée et al., 1985a)
such as the fragile site families (Appendix B).

An overview into basic linkage analysis techniques used in this

study is presented below.

6.2 LINKAGE ANALYSIS

Genetic linkage occurs when two or more loci on a single chromosome
have a tendency to be inherited together, that is, they no lomnger
independently assort at meiosis (Conneally and Rivas, 1980). Linked
loci are either on the same homologous chromosome (coupling phase) or
are on different homologous chromosomes (repulsion phase).

Linkage between gemnetically linked loci is unsually not complete,
since recombination at meiosis, can separate the linked loci. Offspring
that have the new allelic combinations, caused by recombination, are
referred to as recombinants. The proportion of recombinants out of all
opportunities for recombination (recombinants and non-recombinants) is
referred to as the recombination fraction (0) (Renwick, 1971). For
unlinked loci the recombination fraction is 50 percent, and for linked
loci it is less than 50 percent.

Two or more generation families, such as the Utah families
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(Appendix A), where at least one parent was heterozygous for both loci
(informative) are required to distinguish recombinants from non—
recombinants. Families in which neither parent was doubly heterozygous,
or that the linkage phase of the parents was unknown, provide phase
unknown information for linkage analyses.

In three generation families, such as the Utah families (Appendix
A), the linkage phase of the second generation can be determined by
inspection of the pedigree. Knowing the linkage phase of the parents
allows the recombination fraction to be calculated by determining the
number of recombinants and non—recombinants in the offspring (Emery,
1976). In two generation families the linkage phase is unknown between
a pair of linked loci. In order to calculate the recombination fractiom
in these families the sequential method of Morton (1955) is used.
Morton's method uses the maximum likelihood estimation of the recom-
bination fraction.

The measure of support for linkage of a pair of loci, the lod score
(z), is defined as the log10 of the ratio of the probability that the
data would have arisen if the loci were linked (0.0 > 6 < 0.5) to the
probability that the data would have arisen if the loci were unlinked
(6 = 0.5) (Mortomn, 1955). The relative probability (Pr) of having

obtained a family for a given value of 6 is calculated by the formula:

Pr = P (family, given 6 = 0.0, 0.05, 0.1,...., 0.5)

P (family, given 6 = 0.5)

The lod score is calculated by the formula: z = loglo(Pr).
The lod score is additive over families, whether of two or more
generations. The conventional threshold for declaring linkage is a lod

score of + 3,0 (odds of a 1,000:1 in favour of linkage) and a lod score

80



of less than or equal to -2 (odds 100:1 against linkage) would exclude
linkage (Morton, 1955). The maximum likelihood estimate of 6 is obtained
from a relative probability curve, by plotting the sum of the lod scores
against values of 8 (0.0->0.5) and taking the 6 value at the peak of

the curve (Emery, 1976). This value is usually calculated by a computer
program called LIPED (Ott, 1974, 1976). LIPED calculates the likelihoods
and lod scores for given values of 0.

There is a relationship between the recombination fraction (0)
and genetic map distance (D): one percent recombination (6 = 0.01) is
equal to one map unit or 1 cM (Kosambi, 1944). This relationship holds
true for values of © up to 0.25 in males (Conneally and Rivas, 1980).
The map distance, in cM, can be calculated from the formula derived by
Kosambi (1944): D = 57.57 x log10 (1 + 20)/(1 - 20).

The discovery of RFLPs, combined with the use of lod score analysis
methods as outlined in this chapter, has had an enormous impact in
genetic linkage studies (1.4.6). This methodology was used to construct
a genetic linkage map of the human genome (Donis—Keller et al., 1987).
6.3 METHODS
6.3.1 PREPARATION OF FILTERS

Genomic DNA (10 pg) from the parents of the Utah families
(Appendix A) was digested with the restriction endonucleases Pvull,

Rsal and Tagl and electrophoresed in 0.8% agarose gels in 1xTBE buffer
(2.1.3). The gels were Southern blotted (2.2.11) onto GeneScreen Plus
nylon membranes. The filter containing the Pvull digests was prehybrid-
ized then hybridized (2.2.14) with 32P—labelled, nick—translated
(2.2.12.1), pre-reassociated (2.2.13) 7247 (D16S8). The filters
containing the Rsal and Taql digests were prehybridized then hybridized

with 32P—labelled, nick-translated, pre—reassociated A221 (D16S10) .
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Genomic DNA from the Utah Families that were informative for D16S8 and
D16S10 were digested with the appropriate enzymes, and filters were

prepared and probed with the corresponding A clomne.

6.3.2 ADDITIONAL TYPING RESULTS

The Utah families were typed with several probes that were isolated
by other investigators from the group as well as probes that were
obtained from other research groups. The Utah families were typed with
the 3'HVR probe by A. Gedeon and L. Bates. The informative Utah families
were typed with D16S79 by A. Gedeon. The information regarding the RFLPs

detected by D16S8, D16S79 and 3'HVR is presented in Table 6.1.

The anonymous DNA clone, ACH207 (D16S4), was isolated from a flow-
purified chromosome 16 library (Hyland et al., 1988a). The informative
Utah families were typed with ACB207 by Dr. V. Hyland, A. Gedeon and L.
Bates. The typing of the informative Utah families with HP and MT was

done by Dr. V. Hyland, A. Gedeon and L. Bates. The information regarding

the RFLPs detected by D16S4, D16S10, HP and MT is presented in Table 6.2.

6.4 RESULTS
6.4.1 DNA TYPING RESULTS

Only the DNA typing results that provided the most useful inform—
ation are presented in the appropriate Tables, for the sake of brevity.
Other information such as lod scores obtained between specific pairs of
loci are summarized in the appropriate Tables as indicated in the text
and found in Callen et al. (1988b) and Mulley et al. (1988).

The typing results for the Utah parents with D16S8 and D16S79 are

shown in Table 6.3. The typing results for the Utah parents with D16S4

and D16810 are shown in Table 6.4. D16S8 and D16S79 were both inform-—

ative in Utah families 981, 982, 984 and 985 (Table 6.3) and the typing
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TABLE 6.1

MARKERS EXAMINED FOR LINKAGE STUDIES: 16p PROBES

MARKER RFLP LOCALIZATION REFERENCE

D16S8 Pvull 16p13.3->p13.11 Fratini et al. (1988b).
D16S79%  Tagql 16p13.3->p13.11 Breuning et al. (1988).
3'HVR Pvull, Rsal 16pter—>pl3.2 Simmers et al. (1987b).

aRecognizes two independent Tagl RFLPs, ome with two alleles (Al, A2),
and the other with three alleles (Bl, B2, B3). For convenience, the
following codes were used for the six possible haplotypes: A — AlBl; B
- A1B2; C - A1B3; D — A2B1; E — A2B2; F — A2B3 (Table 6.3; Appendix C).



TABLE 6.2

MARKERS EXAMINED FOR LINKAGE STUDIES: 16q PROBES

MARKER RFLP LOCALIZATION REFERENCE

D165S4 MspI, Taql 16922.100->q22.102 Callen et al. (1988a).
D16S10 Rsal, Taql 169q21->922.100 Fratini et al. (1988c).
HP EcoRI, HindIII  16q22.105->q22.108 Simmers et al. (1986).
MT Tagl 169q21->q22.100 Callen et al. (1988a).




TABLE 6.3

TYPING RESULTS OF THE UTAH FAMILY PARENTS WITH

D16S8 AND D16S79

UTAH PARENTS

FAMILY® GM. No

I
|
|
|
|
|
|
|
|
| A2
6997 | A1/A2
|
[
|
|
[
|
|
|
|

I
I |
981 | 6995 A1/A2°| BJ/E
| Al | B/E
[ I
| 7042 A1/A1 | DJ/E
! 7014 A1/A2 | B/D
|
| 7046 A1/A2 | B/E
{ 7041 A2/A2 ; B/B
| 7434 A1/A2 | D/E
: 7013 A1/A2 | B/B
[
982 | 6990 | A1/A2 | B/E
| 7057 | A2/A2 | B/E
983 | 6987 | A1/A1 | B/E
| 7038 | A1/A2 | E/E
l l
| |
984 | 7019 | A1/A2 | B/E
| 7029 | A1/A2 | D/E
| | |
| I |
985 | 6991 | A2/A2 | D/E
| 7048 | A1/A2 | E/F
I | |
I | [
1029 | 7348 | A1/A1 | -
I 7349 | A2/A2 | -
|

%See Appendix A for pedigree details.

bInformative parent(s) are underlined.



results of these families are presented in Appendix C. D16S4 and D16S10

were both informative in Utah families 981, 984, 985 and 1029 (Table
6.4) and the typing results are presented in Appendix D.

The Rsal and TagIl haplotypes for D16S10 were identical in all the
Utah parents (Table 6.4) as well as for Utah family 985, which was

fully typed for the Rsal RFLP (Appendix D).

6.4.2 LINKAGE STUDIES WITH D16S8 AND D16S79

The number of recombinants and non—recombinants between D16S8 and
D16S79, obtained by inspection of the informative Utah families (Appen—
dix C), are summarized in Table 6.5. The lod scores were calculated
using standard lod tables and are shown in Table 6.6. There were at
least three recombinants out of 39 informative meioses between D16S8
and D16S79 (Appendix C; Table 6.5). Taking into account the four phase
unknown meioses in Utah family 981 (Appendix C, generation II: GM6995,
7042, 7046 and GM7434), the maximum lod score between D16S8 and D16879
was ; = 6.90 at 6 = 0.08 (odds of 7.9 x 106:1 in favour of linkage). A
map distance of between 2-20 cM (90% confidence level) between D16S8
and D16S79 was calculated using the method outlined in Conneally et al.

(1985).

6.4.3 LINKAGE STUDIES WITH D16S10, MT, D16S4 AND HP

The number of recombinants and non—-recombinants between D16S10 and
MT, D16S4 and HP were obtained by inspection of the informative Utah
families (Appendix D). The lod scores were calculated using standard
lod tables and are shown in Table 6.8. No recombinants were found in

the MT, D16S10-D16S4-HP cluster from the informative Utah sibships

(Table 6.8), hence the loci could not be ordered.

There were no recombinants out of 29 informative meioses between
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TABLE 6.4

TYPING RESULTS OF THE UTAH FAMILY PARENTS WITH

D16S4 AND D16S10

I
| MARKERS
I
| | | I
UTAH PARENTS | D16S4 | D16s4 | D16S10 | D16S10
I | I I
FAMILY® GM. No | TaqI | MspI | Taql | Rsal
I | I I
| [ | | bI
981 | 6995 | A2/A2 | B1/B1 | A1/A2°| B1/B2
| 6997 | A2/A2 | B1/B2 | A1/A1 | B1/B1
I | | I |
| 7042 | A1/A2 | B1/B1 | A1/A2 | B1/B2
| 7014 | A2/A2 | B1/B1 | A1/A2 | B1/B2
| I | | |
| 7046 | A1/A2 | B1/B1 | A1/A2 | B1/B2
| 7041 | A2/A2 | B1/B1 | A1/A1 | B1/B1
| | I | I
| 7434 | A1/A2 | B1/B1 | A1/A2 | B1/B2
| 7013 | A1/A1 | B1/B1 | A1/A1 | B1/B1
982 | 6990 | A2/A2 | B2/B2 | A1/A1 | B1/B1
| 7057 | A1/A2 | B1/B1 | A1/A1 | B1/B1
983 | 6987 | A2/A2 | B1/B1 | A1/A1 | B1/B1
| 7038 | A1/A2 | B1/B2 | A2/A2 | B2/B2
984 | 7019 | - | B1/B1 | A1/A2 | B1/B2
| 7029 | - | Bi/B2 | A1/A2 | B1/B2
985 | 6991 | - | Bi/B1 | A1/A2 | B1/B2
| 7048 | - | Bi/B2 | A1/A2 | B1/B2
1029 | 17348 | A1/A2 | - | A1/A2 | Bi/B2
| 7349 | A2/A2 - | A1/Aa1 | B1/B1

I
I

*See Appendix A for

pedigree details.

bInformative parent(s) are underlined.



TABLE 6.5

SUMMARY OF RECOMBINANTS (R) AND NON-RECOMBINANTS (NR) IN

THE UTAH FAMILIES FOR D16S8 AND D16879"

UTAH FAMILY R NR
081° 2 14
982 = 9
984 - 6
985 1 7

TOTAL 3 36

%See Appendix C for complete typing results and identifi-
cation of R and NR individuals.

bIncludes one phase unknown R and three phase unknown NR.



LOD SCORES AND RECOMBINATION FRACTIONS FOR D16S8 AND D16S79

TABLE 6.6

0
LINKAGE
COMPARISON 0.01 0.05 .10 0.20 0.30 0.40 8
D16S8
:D16S79 5.28 6.74 .80 5.88 4.37 2.42 0.08 6.90




D16S4 and D16S10 (Table 6.7). Taking into account the seven phase

unknown meioses in Utah family 1029 (Appendix D, gemeration III) the
maximum lod score between D16S4 and D16S10 was ; = 8.30 at 8 = 0.00
(odds of 203 x 106:1 in favour of linkage). A map distance of between
0-7 cM (90% confidence level) between D16S4 and D16S10 was calculated

using the method outlined in Conneally et al. (1985). D16S10 demonstrated

-~

linkage to the HP locus with a lod score z = 2,96 at 6 = 0.00 (odds of
a 912:1 in favour of linkage) (Table 6.8). Additional data would be
required to determine the recombination fraction between D16S10 and MT

(Table 6.8).

6.5 DISCUSSION
6.5.1 16p LINKAGE GROUP

D16S8 was mapped to 16p13.3->p13.11 (Table 4.3) and was further

localized by in situ hybridization as distal to FRA16A (Callen et al.,
1988b). D16S79 mapped to the same region as D16S8 (Table 6.1). Both
probes were further localized by Dr. V. Hyland to 16p13.12-)pl13.11

using a new hybrid cell line (CY19) (Callen et al., 1988b). Linkage

analysis between D16S8 and D16S79 indicated that both loci were linked

with a recombination fraction of eight percent. The order of the loci
could be given a probable orientation with respect to FRA16A by
observing recombination between ome of the loci and not the other with

FRA16A (Chapter 7).

6.5.2 16q LINKAGE GROUP
D16S10 was mapped to 16q13-5>g22.1 (Table 4.3) and further locali;ed
by in situ hybridization to 169g21->q22.100, proximal to FRA16B (Callen
t al., 1988a). D16S4 was mapped to 16¢22.100->q22.102 (Callen et al.,

1988a) which was distal to FRA16B. Hence both probes flanked FRA16B and
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TABLE 6.7

SUMMARY OF RECOMBINANTS (R) AND NON-RECOMBINANTS (NR) IN

THE UTAH FAMILIES FOR D16S4 AND D16S10°

UTAH FAMILY R NR
981 - 15
984 " 1
985 % 6
1029° - 7

TOTAL 0 29

tsee Appendix D for complete typing results and identifi-
cation of R and NR individuals,

bIncludes seven phase unknown NR.



TABLE 6.8

LOD SCORES AND RECOMBINATION FRACTIONS FOR D16S10, MT,

D16S4 AND HP?

LINKAGE ’ Recombination
COMPARISON 0.01 0.05 0.10 0.20 0.30 0.40 Fraction
D16S10

:MT 0.30 0.28 0.26 0.20 0.15 0.08 0/1

:D16S4 8.30 7.78 7.10 5.62 3.94 2.02 0/29b

:HP 2.96 2.74 2,46 1.86 1.22 0.57 0/12

%Lod score values for MT and HP were derived from Mulley et al. (1988).

anmber of recombinants (R) and non—recombinants (NR) from the Utah
families are summarized in Table 6.7 and presented in Appendix D.



quite possibly FRA16C which maps to the same location (1.5.7)., D16S10
was not linked closely to either D16S5 (mapped to 16q23.1->q24) and
APRT (mapped to 16q24->qter), a finding comsistent with the chromosomal
localizations of the probes (Mulley et al., 1988).
6.5.3 GENERAL DISCUSSION

The two polymorphic markers, Di6S8 and D16S10, proved to be useful
in linkage studies with other markers that were mapped to identical

intervals as D16S8 and D16S10. The use of Southern blot analysis with

the chromosome 16 somatic cell hybrids (Callen, 1986; Callen et al.,

1988b) combined with in situ hybridization (Callen et al., 1988a,

1988b) has allowed both D16S8 and D16S10, as well as other markers,

to be mapped to fairly precise chromosomal regions. Such precise local-
izations are essential as reference points for the construction of
chromosome linkage maps (Donis—Keller et al., 1987).

D16S8 formed a tight linkage group with D16879, both of which
mapped distal to FRA16A (Callen et al., 1988b). D16S79 had a 32 percent

t al., 1988). D16S8

recombination fraction with the 3'HVR (Breuning
had a 36 percent recombination fraction with the 3'HVR. This value was
derived from segregation data in Utah families 982, 983, 984 and 98S5.

This gave the loci order: 16pter, 3'HVR-D16S79, D16S8-FRA16A-cen (Callen

et al., 1988b). The linkage analysis of D16S8 and D16S79 to FRA1l6A is

presented in Chapter 7.
D16S10 formed a tight linkage group with D16S4 and HP. Since all

three loci had been mapped to precise locations on the long arm of

chromosome 16 the order was determined as: cen—MT, D16S10-FRA16B-D1684-

HP-FRA16D-D16S5—APRT-qter (Mulley et al., 1988). In addition to these

loci, the genmes for chymotrypsinogen B (CTRB), lecithin:cholesterol

acyltransferase (LCAT) and tyrosine aminotransferase (TAT) were local-
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ized with respect to FRA16B and four tramslocations with breakpoints in
16922 by Southern blot analysis and in sitw hybridization (Callen et

al., 1988a). The order of these loci was: cen—FRA16B-LCAT-HP-TAT, CTRB-

FRAlGD—qtér. Together, with the previous localizatioms of MT, D16S10,

D16S4, D16S5 and APRT, this gave the following loci order of: cen—MT,

D16S10-FRA16B-D16S4, LCAT-HP, TAT, CTRB-FRA16D-D16S5—-APRT-qter.

The linkage analysis of D16S10 and D16S4 with respect to FRA16B is

presented in Chapter 7. The localizations of both D16S8 and D16S10 will
now allow other polymorphic markers to be ordered with respect to these

loci and the corresponding fragile sites, FRA16A and FRA16B.

6.6 SUMMARY

D16S8 and D16S79, both of which mapped distal to FRA16A, were

linked with a maximum lod score ; = 6.90 at 8 = 0.08 which corresponded
to a map distance of between 2-20 cM. D16S79 had a 32 percent recombin-—
ation fraction with the 3'HVR. D16S8 had a 36 percent recombination

fraction with the 3'HVR. This gave the loci order: 16pter, 3'HVR-D16S79,

D16S8-FRA16A—cen.

No recombinants were found in the MT, D16S10-D16S4-HP cluster.

The maximum lod score between D16S4 and D16S10 was z = 8.30 at 6 = 0.00
which corresponded to a map distance of between 0-7 cM (90% confidence
level). D16S10 demonstrated linkage to the HP locus with a maximum lod

score z = 2.96 at 6 = 0.00. D16S10 was not linked closely to either

D16S5 and APRT. The loci order was determined as: cen—MT, D16S10-FRA16B-

D16 S4-HP-FRA16D-D16S5-APRT-qter.
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CHAPTER 7

LINKAGE ANALYSIS STUDIES: THE FRAGILE SITE FAMILIES



7.1 INTRODUCTION

This chapter presents the DNA typing results of the informative
fragile site families for D16S8 and D16S10. The data was analyzed using
the method of maximum likelihood (6.2) to investigate any possible

linkage with the loci and FRA16A and FRA16B.

7.2 METHODS

Genomic DNA (10 pg) from the key individuals of the FRA16A and
FRA16B families (Appendix B) were digested with the appropriate res—
triction endonucleases (Pvull or TagIl) and electrophoresed in 0.8%
agarose gels in I1xTBE buffer (2.1.3). The gels were Southern blotted
(2.2.11) onto GeneScreen Plus nylon membranes. The filter containing
the Pvull digests was prehybridized then hybridized (2.2.14) with 32P—
labelled, nick-translated (2.2.12.1), pre-reassociated (2.2.13) A247
(D16S8). The filters containing the Tagl digests were prehybridized
then hybridized with 32P—labelled, nick-translated, pre—reassociated
2221 (D16S10). Genomic DNA from the FRA16A family was digested with
Pvull and the prepared filters were probed with 1247 (D16S8). Gemnomic
DNA from the informative FRA16B families were digested with Taql and
the prepared filters were probed with A221 (D16S10). The FRA16A family
was typed with D16S79 by A. Gedeon. The lod scores were calculated by

the computer program LIPED (2.2.16).

7.3 RESULTS

The key individuals in the FRA16A family (10556) were informative
for D16S8, hence the entire family was typed with D16S8 (Appendix E).
The informative key individuals for D16S10 in the FRA16B families are
shown in Table 7.1 and the typing results of the informative families

are presented in Appendix F.
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The lod scores between FRA16A and D16S8 are presented in Table 7.2.

~

No recombinants were observed between FRA16A and D16S8 (z = 2.84, 0 =

0.00) (Table 7.2). There were insufficient informative meioses to

establish the map distance between FRA16B and D16S10. However, from

the available data, no recombinants were observed between FRA16B and

-~

D168S10 (z = 1.06, 6 = 0.13) (Table 7.3). The recombination fraction of

13 percent between FRA16B and D16S10 was most likely due to an artifact

of linkage analysis using phase unknown meioses and missing individuals

(Appendix F).

7.4 DISCUSSION

Both D16S8 and D16S10 showed evidence of linkage to FRA16A and

FRA16B respectively. D16S8 was linked to FRA16A with a maximum lod

-

score z = 2,84 at 6 = 0.00. D16S10 demonstrated linkage with FRAI6B

with a maximum lod score z = 1,06 at 6 = 0.13, although additional
FRA16B families would need to be typed for D16S10 to obtain an accurate

estimate of the recombination fractionm.

D16S79 (Breuning et

~ N

6.90, 6

1., 1988), which was linked to D16S8

0.08) (Table 6.6), also demonstrated linkage to FRA16A

—~
N
It

~
N
1

4.53, 8 = 0,11) (Callen et al., 1988b). One individunal in the

FRA16A family (Generation IV, 3; see Appendix E) was a recombinant

between D16S79 and FRA16A and a recombinant between D16S8 and D16S79,

but was not a recombinant between D16S8 and FRA16A. The most likely

order of the loci with respect to FRA16A was: 16pter—D16S79-D16S8-

FRA16A-cen (Callen et al., 1988b). D16S8 was, at the time of writing,

the closest polymorphic DNA marker distal to FRA16A. The order of loci
that was established provided a linkage group inm which additional RFLPs

could be ordered.

D16S4 (Hyland et al., 1988b), which was linked to D16S10 (z = 8.40,
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TABLE 7.1
TYPING RESULTS FOR KEY INDIVIDUALS IN THE FRA16B

FAMILIES WITH D16S10

| |
PEDIGREE | KEY I
| |
NO. | INDIVIDUAL(S) | D16S10
| |
[ |

12058 | 28 | A1/A1
| 31 | A1/A1
| [

16786 | 470 | A1/A1
| ) | "

12273 | 93 (I, 2) | A1/A2
| 134 (11, 1) | A1/A2
| 91 (11, 3) | A1/A2
[ [

401 | 493 | A1/A1
| 333 | A1/A1
| [

16449 | - | -
| [

17043 | 562 | A1/A1°
| [

16967 | 640 (IXI, 3) | A1/A2
| [

16498 | 572 (11, 2) | A1/A2
| 522 (111, 2) | A1/A2
| 573 (111, 3) | A1/A2
| [

16367 | 607 | A2/A2
| 546 | A2/A2
| 547 | A1/A1
| [

4139 | 787 (11, 6) | A1/A2
| |

aNumbers in the brackets refer to the generation and position in the
pedigrees of the informative FRA16B families (Appendix B). The other
number refers to the DNA sample number.

bInformative for D16S10.

°Non-informative for D16S10, however parts of the pedigree were typed
since it provided some additional linkage information.



TABLE 7.2

LOD SCORE AND RECOMBINATION FRACTION FOR D16S8 AND FRA16A

LINKAGE
COMPARI SON 0.01 0.05 0.10 0.20 0,30 0.40 6
FRA16A
:D16S8 2.79 2.57 2.29 1.711 1.11  0.50 0.00 2.84




TABLE 7.3

LOD SCORE AND RECOMBINATION FRACTION FOR D16S10 AND FRA16B

LINKAGE
COMPARISON 0.01 0.05 0.10 0.20 0.30 0.40 6 ;
FRA16B

:D168S10 0.67 0.92 1.04 1.00 0.74 0.38 0.00 1,06




0.00) (Table 6.8), also demonstrated linkage to FRA16B (z = 1.95,

D>
Il

D>
I

0.05) (Mulley et al., 1988). Since the amount of linkage data from

the informative FRA16B families was minimal the order of MT, D16S10,

FRA16B, D16S4 and HP could not be established (Mulley et al., 1988).

From the in situ localizations of these loci with respect to FRA16B

(Callen et al., 1988b) the order of loci was established to be: cen-MT,

D16S10-FRA16B-D16S4-HP-FRA16D-D16S5-APRT-qter. The order of MT and

D16810 could not be established by linkage analysis. Both these markers
were the closest RFLPs proximal to FRA16B.

The MT, D16S10-FRA16B-D16S4-HP linkage group was the first tight

linkage group around an auvtosomal fragile site. As soon as closely
linked RFLPs proximal to FRA16A are detected, then this fragile site
would also be flanked with tightly linked markers. The only other
linkage group, that included a fragile site, was around the intensively
studied FRAXA (Davies et al., 1987).

The lod score value between D16S10 and D16S4 was derived from seven
Utah kindreds. In order to obtain accurate estimates on the genetic
distances between the loci in the FRA16B linkage group, it would be
necessary to type the 40 CEPH families with the markers. The CEPH
families are of the same structure as the Utah families which are a
subset of the CEPH families.

As soon as proximal RFLPs are found that are linked to FRA16A, then

these additional markers as well as the closely linked distal markers

D16S8 and D16S79, can be used to type the CEPH families.

It was estimated that the region spanned from 16¢22.100->q22.102, a
region where D16S4 was mapped, was in the order of 1,000-2,000 kb (1-2
cM) (Callen et al., 1988a). This distance was in the order of magnitude
to which the new cloning and pulsed—field gel electrophoretic techno—

logies could conceivably be used to attempt to clone FRA16B.
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The anonymous DNA clone A64 (D16S113), which was isolated from
the CY17 library (Chapter 4), was mapped by in situ hybridizatiom to
1622.100->q22.102. This was the same region as where D16S4 was mapped
(Callen et al., 1988a). D168S113 was non—polymorphic with 13 different
restriction endonucleases (Table 5.1). Since D16S113 mapped to such a
close region to FRA16B, any RFLP that is detected by D16S113 would be

linked to FRA16B and hence should be useful as a potential marker for

FRA16B. Many flanking and tightly linked RFLPs to FRA16A and FRA16B

would be essential as defined starting points which could be used to
clone and sequence these fragile sites by the use of the new cloning
and gel electrophoretic technologies (1.4.8). The cloning of FRA16A may
detect homologous sequences at FRAXA and possibly all the other folate
sensitive fragile sites in the genome (Table 1.2). The cloning of
FRA16B may detect other fragile sites of similar types in the genome.
The work presented in the study has made a significant contribution
in the task of beginning to realize this goal by the isolation of two
useful anonymous DNA clomes, A247 (D16S8) and A221 (D16S10), of which

D16S8 was the closest distal marker to FRA16A and D16S10 was one of the

closest proximal markers to FRA16B. In addition, D16S10 was tightly

linked to the closest distal marker to FRA16B, D16S4. This provided

further evidence on the physical closeness of D16S10 to FRA16B.

7.5 SUMMARY

No recombinants were observed between FRA16A and D16S8 (z = 2.84,

~

0 = 0.00) and between FRA16B and D16S10 (z = 1.06, 6 = 0.13). D16S79,

-

which was linked to D16S8 (z = 6.90, 8 = 0.08), was also linked to

~

FRA16A (z = 4.53, 6 = 0.11). The most likely order of the loci with

respect to FRA16A was: 16pter-D16S79-D16S8-FRA16A—cen,

-

D16S4, which was linked to D16S10 (z = 8.40, 6 = 0.00), was also
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linked to FRA16B (z = 1.95, 6 = 0.05). From the in situ localizations

of MT, D16S10, D16S4 and HP with respect to FRA16B, the order of loci

was established to be: cen—MT, D16S10-FRA16B-D16S4-HP—qter.
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CHAPTER 8

CONCLUDING DISCUSSION



8.1 CONCLUSIONS AND DISCUSSION

A total of 35 plaque purified human A clomes were obtained from a
genomic A Charon 4A EcoRI library, constructed from the hybrid cell
line CY17. DNA pre-reassociation was used to mask out repetitive
sequences in the A clones for the purpose of mapping and searching
for RFLPs without the initial need for subcloning.

Of the 13 clones that mapped to chromosome 16, eight were further
localized to various regions on chromosome 16, using a chromosome 16
hybrid cell panel. Two of the regionally assigned chromosome 16 clomes,
2247 (D16S8) and 1221 (D16S10), detected RFLPs and were further sub-
cloned.

D16S8 and D16S79 (Breuning et al., 1988), demonstrated linkage

(z = 6.90, 6 = 0.08). There were no recombinants between D16S8 and
FRA16A (z = 2.84, 6 = 0.00). The order of loci was determined as:

16pter—-D16S79-D16S8-FRA16A-cen.

No recombinants were found in the MT, D16S10-D16S4-HP cluster from

the informative Utah sibships. The polymorphic DNA marker, D16S4

(Hyland et al., 1988b), was mapped distal to FRA16B (Callen et al.,

1988a). D16S4 and D16S10 were linked (z = 8.30, 8 = 0.0). D16S10 was

~

was also linked to HP (z = 2.96, 6 = 0.0).

No recombinants were observed between FRA16B and D16S10 (z = 1.06,

@ = 0.13) although the amount of linkage data derived from the FRA16B
families was minimal. This gave the order of loci around FRA16B as:

cen-MT, D16S10-FRA16B-D16S4-HP—qter.

The established linkage groups around FRA16A and FRA16B can be used

for the mapping and ordering of additiomal RFLPs with respect to these
fragile sites.
To obtain accurate estimates on the genetic distances between the

loci in the FRA16A and FRA16B linkage groups, it would be mnecessary to
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type the 40 CEPH families (and possibly even more) with the markers.
This project has now been commenced by others in Dr. G.R. Sutherland's
group, with the RFLP markers around FRA16B, since the fragile site is
flanked with tightly linked markers.

The availability of many flanking and tightly linked RFLPs to
FRA16A and FRA16B would be essential as defined starting points which
could be used to eventually clone and sequence these fragile sites.
Some markers are now available for FRA16B.

It was estimated that the region spanned from 16¢g22.100->g22.102, a
region where D16S4 was mapped (Callen et al., 1988a), was in the order
of 1,000-2,000 kb (1-2 cM) (Callen et al., 1988a). This distance was in
the order of magnitude to which the new cloning and pulsed-field gel
electrophoretic technologies could conceivably be used to attempt to
clone FRA16B.

The anonymous DNA clone A64 (D16S113), which was isolated from
the CY17 library, was mapped by in situ hybridization to 16922.100->
g22.102. Despite D16S113 being non—polymorphic, a unique fragment from
the clone could be utilized as a marker for the construction of long

1., 1987) around the FRA16B locus by

range restriction maps (Nguyen et
pulsed—-field gel electrophoresis. Such a map is at present being con-—
structed by Dr. R. MacKinnon. The ultimate use of the map would be to
identify common restriction fragments that hybridized to clomes which
map to either side of FRA16B.

Carle et al. (1987) have developed a new cloning system, utilizing
yeast artificial chromosomes (YAC), which allows for the cloning of
large size (200-700 kb) DNA fragments. Such a system would be ideal for
the cloning of restriction fragments that contained FRA16B. Since the

cloned DNA is packaged as a chromosome, it may be possible to induce

the fragile site and hence demonstrate that the cloned segment of human
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DNA contained the fragile site. Suitable jumping and linking YAC-libraries
could then be constructed. From such libraries, closer flanking RFLPs
can be isolated by the use of chromosome jumping techniques (1.4.8).
The probes can then be mapped by in situ hybridization to determine the
extent and direction of the jump.

Distal and proximal DNA probes that have 'jumped' to the other side
of the fragile site can be used to isolate overlapping restriction
fragments from the YAC-library. These fragments would be the smallest
possible DNA fragments that contained the fragile site DNA intact. Even
if such fragments could be isolated from a YAC-library, it could still
mean the sequencing of hundreds of kb of DNA. Since the DNA sequence at
any fragile site is unknown it may not be possible to 'recognize' the
fragile site DNA. Definitive proof would require sequencing DNA that
was known to contain FRA16B and comparing the DNA sequence, from the
same region of a non—FRA16B individual. The sequences could then be
examined for any obvious differences, such as the amplification of a
sequence(s).

Probes containing FRA16B DNA may detect other fragile sites of
similar types in the genome. In addition, the eventual cloning of
FRA16A may detect homologous sequences at the fragile X and possibly
all the other folate sensitive fragile sites in the genome.

The alternative approach at attempting to clone a fragile site,
apart from using closely linked and flanking RFLPs, would be to use
'direct' probes. Based on the model for a folate sensitive fragile
site (Sutherland et al., 1985a), it was envisioned that an oligo-
nucleotide probe such as poly(BrdU) should detect sequences similar to
those postulated at the fragile site. If the fragile site arose by an
amplification event then it would be expected that the genomic DNA of

the fragile site individual, when digested with the appropriate enzyme,
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would show up as a higher molecular weight restriction fragment than
that found in a non-fragile site individual.

Initial experiments have indicated that poly(BrdU) does bind to
human genomic DNA as a gemeral smear, however discrete hybridizatiom
bands were observed against the background smear (Puspurs, unpublished
observations). The model postulated for a folate sensitive fragile site
also suggests other candidate oligonucleotide sequences which could be
used to detect any differences in the DNA hybridization pattern between
fragile site and non—fragile site individuals.

There is also a possible direct approach at attempting to clome
FRA16B. Since FRA16B is induced by distamycin A, experiments could be
devised in which genomic DNA from a FRA16B (homozygote), FRA16B
(carrier) and a non—-FRA16B individual was digested with various rest—
riction endonucleases (with preference to those recognizing AT-rich
sequences, such as Dral) and electrophoresed in agarose gels containing
various concentrations of distamycin A, Distamycin A is known to retard
the mobility of specific DNA restriction fragments and 'protect'
specific DNA fragments from cleavage from various restriction endo—
nucleases when the DNA is first incubated in the presence of distamycin
A (reviewed in Zimmer and Wahmnert, 1986). If FRA16B is caused by the
amplification of a specific DNA sequence, as hypothesized for a folate
sensitive fragile site, then the ethidium bromide stained distamycin A-
agarose gels may reveal 'satellite—like' restriction fragments that are
altered in mobility and are specific to the FRA16B individuals. Such
fragments may then be clomed into suitable vectors and used as in situ
hybridization probes to metaphase chromosomes expressing FRA16B to
determine if they map to the fragile site.

The eventual cloning of FRA16A and FRA16B, either by direct or

indirect methods, should provide some answers as to why specific
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regions in the human genome manifest themselves as fragile sites when
induced by highly specific conditions.

At the commencement of the thesis there were only three anonymous
DNAs that detected RFLPs on chromosome 16 (HGM7, 1984). The strategy
that most investigators adopted at that time, to isolate RFLPs from
specific chromosomes, was similar to that employed in this thesis.
Since then an additional 74, chromosome 16 derived, RFLPs have been
reported (Ropers et al., 1987) as well as the development of totally
new and more efficient strategies for the isolation of RFLPs. For
example, FACS-sorted human chromosome specific libraries are now being
constructed at the Lawrence Livermore and the Los Alamos National
Laboratories that contain inserts of 15-20 kb in size (Sutherland,
personal communication). These libraries would be ideal for isolating
a large number of RFLPs to specific chromosomes. The libraries could
be screened with the synthetic oligomeric sequences derived from the
tandem repeats of the myoglobin gene, zeta—globin pseudo genmne, insulin
gene and the X-gene region of hepatitis B virus (Nakamura et al., 1987b).
Such a screening strategy would identify highly polymorphic VNIRs,
which are highly suited for linkage analyses (Nakamura et al., 1987b;

White et al., 1985a). Chromosome 16 contains, at present, only a few of

such highly informative markers (Ropers et al., 1987).
Several groups have now constructed preliminary linkage maps of

chromosome 16 (Donis-Keller et al., 1987; Keith et al., 1987; Lathrop

t al., 1987) and others are isolating RFLPs from chromosome 16

1., 1988; Bufton et al., 1986; Harris et al., 1987; Liu

(Breuning et

et al., 1987).

Keith et al. (1987) typed 21 of the 40 CEPH families with 41 RFLPs

derived from chromosome 16. Based on the segregation data derived from

the RFLPs, a linkage map of chromosome 16 was constructed (Keith et al.,
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1987). Lathrop et al. (1987) typed 38 of the 40 CEPH families with nine

RFLPs and constructed a primary linkage map of chromosome 16. A similar

map was also constructed by Donis-Keller et al. (1987). Donis—Keller

t al. (1987) have isolated several DNA markers that may be of potential

interest for linkage analysis with MT, D16S10, D16S4 and FRA16B.

The DNA typing results of the informative CEPH families with D16S8
and D16S10 will be submitted to the CEPH data bank so that additional
linkage relationships can be established with these probes and others
that have now been isolated by Hyland et al. (1989). Markers which are

tightly linked to D16S8 and D16S10 can be utilized in the comstruction

of long range restriction maps around FRA16A and FRA16B.
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APPENDIX A
PEDIGREES OF THE UTAH FAMILIES
This appendix contains the pedigrees of the UTAH families 981

(pedigree K-1329), 982 (pedigree K-1331), 983 (pedigree K-1333), 984
(pedigree K-1340), 985 (pedigree K-1341) and 1029 (pedigree K-1345).
The individuals in each pedigree (squares, representing males; circles,
representing females) are identified by a specific GM number. The order
of the individuals in the pedigrees corresponds to the order presented

in the tables of Appendix C and D.
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APPENDIX B
PEDIGREES OF THE INFORMATIVE FRAGILE SITE FAMILIES
This appendix contains the pedigrees of the FRAL6A family (10556)
and the FRA16B families (4139, 12273, 16498, 16967 and 17043).
The order of the individuals in each pedigree (squares, represent—

ing males; circles, representing females) corresponds to the order

presented in the tables of Appendix E and F.

Key to FRA16A pedigree:

D O FRA16A carriers.

@ tested, negative for FRA16A.

[:I O not tested (applicable also for FRA16B pedigrees).

E[ g deceased (applicable also for FRA16B pedigrees).

Key to FRA16B pedigrees:

[l C' FRA16B carriers.

. homozygous for FRA16B.

E @ tested, negative for FRA16B.
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APPENDIX C

TYPING RESULTS IN UTAH FAMILIES 981, 982, 984 AND 985

WITH D16S8 AND D16S79

]

UTAH 981
| | [ |
GENERATION | NO.E GM NO. | D16s8 | D16S79
| | |
1 | 1 | 6986 | A1/A2 | B/E
| 2 | 7045 | A2/A2 | E/E
| 3 | 7051 | A1/A1 | A/B
| 4 | 7031 | A2/A2 | B/D
| 5 | 7435 | A1/A1 | B/E
| 6 | 7037 | A1/A2 | B/D
l7 | - | - | -
|8 | - | - | -
| 9 | 6984 | A1/A2 | B/E
| 10 | 6989 | A1/A2 | B/B
| | [ [ a
1I | 1 | 6995 | A1/A2 | B/E NR
| 2 | 6997 | A1/A2 | B/E
| 3 | 7042 | A1/A1 | D/E NR
| 4 | 7014 | A1/A2 | B/D
ls | - | - | -
le | - | - | -
| 7 | 7046 | A1/A2 | B/E NR
| 8 | 7041 | A1/A2 | B/B
| 9 | 7434 | A1/A2 | D/E R
| 10 : 7013 : Al/A2 } B/B
|
III | 1 | 7018 | A1/A1 | B/E
| 2 | 7036 | A1/a1 | B/B NR, RS
| 3 | 6981 | A1/A1 | B/E
| 4 | 6980 | A1/A1 | B/E
| 5 | 7047 | A1/A1 | B/E
|l 6 | 7433 | A1/A2 | B/B
| 7 | 7058 | A1/A2 | B/B
|8 | - | - | -
| | | |
| 9 | 7003 | A1/A1 | B/E NR
| 10 | 7436 | A1/a1 | A/E, NR
| 11 | 7694 | A1/a1 | A/Ed NR
| 12 | 6998 | A1/A1 | A/D
| 131 7032 | - | -
| 14 | 7001 | A1/A2 | D/D NR
| 15 | 7431 | A1/A2 | D/D NR
| 16 | - | - | -
171 - | - | -
| 18 | - | - | -
| | | |

139



APPENDIX C (Continued)

UTAH 981 (Continued)

[ | [ |
GENERATION } NO.: GM NO. : D16S8 | D16S79
|
111 [ 22 ] 7028 | - | -
| 22 | 7039 | A1/A1 | B/E NR
| 23 1 7025 | A2/A2 | B/B NR
| 24 | 7437 | A2/A2 | B/B NR
| 25 | 7060 | A1/A2 | B/E
| 26 | 7061 | A2/A2 | B/B NR
| 27 | 7432 | A2/A2 | B/B NR
| 28 | - e
| 29 | - e
| 30 | - I - 1 -
[ [ | |
| 33 | 7035 | 2% | -
| 32| 7054 | 2 | -
| 33 1 6996 | 2 | -
| 34 1 7015 | - | -
| 35 | 7024 | 2 | -
| 36 | - I
| 37 1 7043 | 2 | -
| 38 | - [ - | -
I | | |
UTAH 982
| | | [
GENERATION } No.| GM NoO. : D16S8 % D16S79
|
I [ 1 | 7050 | A1/A2 | B/E,
[ 2 | 7016 | A1/A1 | A/E
| 3 | 7340 | A2/A2 | B/E
{ 4 i 7007 { A2/ A2 l B/E
II | 1 | 6990 | A1/A2 | B/E
{ 2 ! 7057 : A2/A2 : B/E
111 | 1 | 7023 | A1/A2 | B/B NR
| 2 | 7033 | A1/A2 | B/B NR
| 3 | 7059 | A2/A2 | B/E NR
| 4 | 7005 | A1/A2 | B/E NR
| 5 | 6999 | A2/A2 | B/E NR
| 6 | 6988 | A1/A2 | B/B NR
| 7 1 6983 | A1/A2 | B/E NR
| 8 | 7030 | A1/A2 | B/E NR
| 9 | 6992 | A1/A2 | B/E NR
| 10 | - I
| 12 | - | - | -
| 12 | - | - 1 -
I | | |
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APPENDIX C (Continued)

UTAH 984
| [ [ |
GENERATION | NO.| 6M No. | p16S8 | D16S79

I | | |

I l 1 | 17056 | A1/A2 | B/E
| 2 | 7022 | A2/A2 | E/E
| 3 | 7000 | A1/A2 | B/E
| 4 | 6994 | A1/A2 | D/E
| | | |

II | 1 | 7019 | A1/A2 | B/E
l 2 | 7029 | A1/A2 | D/E
| | | |

III | 1 | 7062 | A2/A2 | E/E NR, NR®
| 2 | 7053 | A2/A2 | E/E NR, NR
| 3 | 7008 | A1/A2 | D/E
l 4 | 7040 | A1/A2 | BJ/E
| 5 | 17342 | A2/A2 | E/E NR, NR
l 6 | 7027 | A1/A2 | E/E
|7 | - | - 1 -

UTAH 985
| I | |
GENERATION | No.| GM No. | D16S8 | D16S79

| | | |

I | 1 | 6985 | A1/a2 | B/D
l 2 | 6993 | - | B/E
| 3 | 7055 | A1/A2 | E/F
| 4 | 7034 | A1/Aa1 | E/E
| [ [ I

II | 1 | 6991 | A2/A2 | D/E
| 2 | 7048 | A1/A2 | E/F
| | | |

III | 1 | 7343 | A1/A2 | E/E NR
| 2 | 7044 | A1/A2 | E/E NR
| 3 | 7012 | A2/A2 | E/F NR
| 4 | 7344 | A2/A2 | E/ER
| 5 | 7021 | A2/A2 | E/F NR
| 6 | 7006 | A2/A2 | D/F NR
| 7 | 17010 | A1/A2 | E/E NR
| 8 | 7020 | A2/42 | D/F NR

®See Appendix A for details on pedigrees.

Non—-Recombinant or Recombinant.

°NR with respect to loci transmitted from male gamete,
with respect to loci transmitted from female gamete.

dCould also be B/D genotype.

®Could not be typed due high lane backgrounds, despite

attempts.
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APPENDIX D

TYPING RESULTS IN UTAH FAMILIES 981, 984, 985

AND 1029 WITH D16S4 AND D16S10

UTAH 981
[ | | |
GENERATION : NO.I GM NO. = D16S4 { D16S10

I I 1 | 6986 | A1/A1 | A1/A1
| 2 | 7045 | A1/A2 | A1/A1
[ 3 | 7051 | A1/A2 | A1/A2
| 4 | 7031 | A1/A1 | A1/A2
I 5 | 7435 | A1/A1 | A1/A1
Il 6 | 7037 | A1/A2 | A2/A2
b7 | - Il - 1 -
s | - Il - 1 -
| 9 | 6984 | A1/A1 | A1/A2
} 10 : 6989 | A1/A2 { A1/A1

|

11 [ 1 | 6995 | B1/B1 | A1/A2
| 2 | 6997 | B1/B2 | A1/A1
| 3 | 7042 | A1/A2 | A1/A2
| 4 | 7014 | A1/A1 | A1/A2
s | - I - 1 -
le | - | - 1 -
7 | 7046 | A1/A2 | A1/A2
| 8 | 7041 | A1/A1 | A1/A1
| 9 | 7434 | A1/A2 | A1/A2
{ 10 { 7013 I Al/A1 } Al/A1

III | 1 | 7018 | B1/B1 | A1/A1
| 2 | 7036 | Bi/B1 | A1/A2
| 3 | 6981 | B1/B1 | A1/A1
| 4 | 6980 | B1/B1 | A1/A2
| 5 | 7047 | B1/B2 | A1/A1
| 6 | 7433 | B1/B1 | A1/A1
| 7 | 7058 | B1/B1 | A1/A2
s | - I - | -
| [ [ | 3
| 9 | 7003 | A1/A1 | A1/A1 NR
| 10 | 7436 | A1/A2 | A1/A2
| 11 | 7694 | A1/A2 | A1/A2
| 12 | 6998 | A1/A2 | A2/A2 NR
f13 ] 7032 | - | =
| 14 | 7001 | A1/A2 | A1/A2
| 15 | 7431 | A1/A2 | A2/A2 NR
16 | - I
17 | - Il - | -
18 | - Il - 1 -
| | | |
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APPENDIX D (Continued)

AH 981 (Continued)
| | | |
GENERATION | NO.{ GM NoO. { D16S4 } D16S10
|
111 | 21 | 7028 | - | =
| 22 | 7039 | A1/A1 | A1/A1 NR
| 23 | 7025 | A1/A2 | A1/A2 NR
| 24 | 7437 | A1/A1 | A1/A1 NR
| 25 | 7060 | A1/A1 | A1/A1 NR
| 26 | 7061 | A1/A2 | A1/A2 NR
| 27 | 7432 | A1/A1 | A1/A1 NR
| 28 | - l - 1 -
| 29 | - Il - 1 -
| 30 | - I - 1 -
| [ | |
| 31 | 7035 | A1/A1 | A1/A1 NR
| 32 | 7054 | A1/A1 | A1/A1 NR
| 33 1 6996 | A1/A1 | A1/A1 NR
| 34 | 7015 | A1/A1 | A1/A1 NR
| 35 | 7024 | A1/A2 | A1/A2 NR
| 36 | - I - | -
| 37 | 7043 | A1/A2 | A1/A2 NR
| 38 | - I - | -
| | | [
UTAH 984
I | [ |
GENERATION : NO.: GM NoO. : D1684 : D16S10
I | 1 T 7056 | B1/B1 | Al/A2
| 2 | 7022 | B1/B1 | A1/A2
| 3 | 7000 | B2/B2 | A1/A2
, 4 : 6994 | B1/B1 I A1/A1
|
II | 1 | 7019 | B1/B1 | A1/A2
; 2 } 7029 ; B1/B2 } Al/A2
III | 1 | 7062 | B1/B2 | A1/A2
| 2 | 7053 | B1/B1 | A2/A2 NR
| 3 | 7008 | B1/B2 | A1/A2
| 4 | 7040 | B1/B2 | A1/A2
| 5 | 7342 | B1/B2 | A1/A2
| 6 | 7027 | B1/B2 | A1/A2
l7 | - I
| | I |
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APPENDIX D (Continued)

UTAH 985
[ [ | | .
GENERATION | No.| 6M No. | D16S4 | D16S10
| | I |
I |1 | 698 | B1/B2 | A1/A1
| 2 | 6993 | B1/B1 | A1/A2
| 3 | 7055 | B1/B2 | A1/A2
| 4 | 7034 | B1/B1 | A1/A1
| | | |
II l 1 | 6991 | Bi/B1 | A1/A2
| 2 | 7048 | B1/B2 | A1/A2
| | [ |
111 | 1 | 7343 | B1/B1 | A1/A1 NR
| 2 | 7044 | B1/B1 | A1/A1 NR
| 3 | 7012 | B1/B1 | A1/A2
| 4 | 17344 | B1/B1 | A1/A1 NR
| 5 | 7021 | B1/B2 | A2/A2 NR
| 6 | 7006 | B1/B2 | A1/A2
| 7 | 7010 | B1/B2 | A2/A2 NR
| 8 | 7020 | B1/B2 | A2/A2 NR
| | | |
UTAH 1029
| | [ [
GENERATION | No.| GM No. | D16S4 | D16S10
| I | |
I | 1 | 7345 | A1/A2 | A1/A2
| 2 | 7357 | A1/A2 | A2/A2
| 3 | 7346 | A1/A1 | A1/A1
| 4 | 17347 | A1/A2 | A1/A1
| | [ |
II | 1 | 7348 | A1/A2 | A1/A2
[ 2 | 17349 | A1/A1 | A1/A1
[ | | |
III | 1 | 7350 | A1/A2 | A1/A2 NR
| 2 | 7351 | A1/A2 | A1/A2 NR
| 3 | 17352 | A1/A1 | A1/A1 NR
| 4 | 7353 | A1/A1 | A1/A1 NR
| 5 | 7354 | A1/A1 | A1/A1 NR
| 6 | 7355 | A1/A2 | A1/A2 NR
| 7 | 17356 | A1/A2 | A1/A2 NR
| | | |

a
See Appendix A for details on pedigrees.
bﬂon—gecombinant.

°Rsal genotypes were identical to the Tagl genotypes.
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APPENDIX E

TYPING RESULTS FOR FRA16A FAMILY 10556 WITH D16S8 AND D16579"

|

GENERATION | No.| D16S8 | D16S79 | FRA16A

[ + 1+ 11+ 1+ [ S N N R R R S A e T IR N I O B N I
HoOmMEMBEA HoOo/MMAE = 23] =

[ | T L | NSNSSSS I SSsSSSN NSNS S
maAamoOoMmMmA -]yl &] ) 4] =

L] v L]

2493343 24239 < < <

[ | I T Y NN N N I R NSNS NSNS I NSNS I N SN~
< < < << < < << -

[=TR o] O rHANNTVOSVANO

- N NNt OO0 N AN NTNMLOETOA T A A A A A

— —— — — — — — —— — — —— —— —— — — — — — — — — — — —— — — — — — —" f—
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APPENDIX E (Continued)

| | | [
GENERATION : N0.} D16S8 } D16S79 | FRA16A
|

1V 1 | A/a2 ] ¢/ |+
| 2 | A1/a2 | B/B, | -~
| 3 | ar/a1 | B/C® | -
| 4 | Aa1/a2 | c/E |+
| 5 | Aa/a2 | ¢/ |+
| 6 | A1/A2 | A/B | -
|7 | A2/A2 | c/E |+
| 8 | A1/a2 | p/E | -
| 9 | A1/A2 | B/E | -
| 10 | Aa1/a2 | B/E | -
| 11 | A2/A2 | B/B | -
| 12 | A2/82 | ¢/ | -
| 13 | A1/A2 | ¢/ | -
| 14 | A2/A2 | ¢/ |+
| 15 | A2/A2 | ¢/E | +
| 16 | A1/A2 | ¢/ | -
| 17 | A1/A2 | B/C | +
I 18 i A1/A2 I C/E : +

\ | 1 | Aa1/a2 | B/E | -
| 2 | Aar/a2 | a/c |+
| 3 | A1/A2 | B/E | -
| 4 | A1/A2 | B/E | -
| 5 | Aa1/a1 | A/E | -
| 6 | A1/a2 | ¢c/E |+
: 7 { Al/A2 : D/E } -

3See Appendix B for pedigree details.
bIndividual was a recombinant between D16S79 and FRA16A

and a recombinant between D16S8 and D16S79, but was not
a recombinant between D16S8 and FRA16A.
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APPENDIX F

TYPING RESULTS FOR THE INFORMATIVE FRA16B FAMILIES WITH D16S10

PEDIGREE 4139

| I |
GENERATION | NO.| D16S10 | FRA16B

| | l

I l1 | - [ -
| 2 | Aax/a2 | -
| | |

II | 1 | Aa1/a1 | -
| 2 | Aa17A2 | -
| 3 | Aa1/a1 |+
| 4 | A1/42 | -
| 5 | A1/a2 |+
l 6 | Aa1/a1 | -
| | |

111 1 | - | -
| 2 | A1/a1 |+
|3 | - | -
| 4 | A1/a2 |+
| 5 | Aa1/a1 | -
| 6 | Aa1/a1 |+
7 | Aa1/a1 |+
| 8 | Aa1/a2 | -
| | |

v | 1 | Aa1/7Aa2 |
l2 | - | -
| 3 | A1/42 | -
| 4 | Aar/a1 |+

PEDIGREE 12273
| I |
GENERATION | NO.| D16S10 | FRA16B

| I |

I 1 | - | -
I 2 I Al1/A2 E +

II 1 | Aar/a2 |+
| 2 | A1/A2 | -
13 | Aa1/a2 |+
l 4 | Aa1/A2 | -
| 5 | A1/a2 | -
| [ |

IIT l 1 | A1/7A2 |+
| 2 | Aa17a2 |+
| 3 | A1/742 |+
| 4 | A1/a2 | -
| 5 | A2/7a2 | +
l6 | Aar/a1 | -
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APPENDIX F (Continued)

PEDIGREE 16498

[ | |
GENERATION } No.= D16S10 } FRA16B

I [1 | - | -
l2 | - | -
| [ |

II 1 | Aa1/42 |+
| 2 | A1/a2 |+
| 3 | A1/7A2 | +
4 | - | -
| | |

111 l1 | - | -
| 2 | Aa1/A2 |+
| 3 | A1/a2 | +
4 | - | -
| | |

v | 1 | A1/42 | -
| 2 | A1/42 | -
| 3 | A1/7A2 |+
|4 | - | -
| 5 | Aa1/a2 |+
| 6 | A1/A2 |+
17 | A1/a2 |+
| 8 | Aa1/a1 | -
| | |

\'f 1 | - | -
|2 | - | -
| 3 | Aa1/a1 | -
| | |
PEDIGREE 16967
| | |

GENERATION | NO.: D16S10 I FRA16B

|

I [ 1 | A2/a2 | +
| 2 | Ar/a1 |+
| | |

11 l1 | - | -
[ 2 | A1/42 |+
I3 | - |+
[ | I

T IIX [ 1 | a1/a2 |+

| 2 | A1/A2 I -
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APPENDIX F (Continued)

PEDIGREE 17043

GENERATION | NO.| D16S10 | FRA16B

[ e — — — — — — — — — — — —— — — — — — —

— — — — — —— — — — — — — — — — — — — — — —

s s e  — — — — —— — — — — — — — — — — — —

Iv
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APPENDIX G

PAPERS PUBLISHED OR ACCEPTED FOR PUBLICATION

This appendix contains papers that were published or accepted for
publication, on work directly resulting from this thesis. Listed below

are the roles I played in the work described in these papers.

1. (Chapter 1).

Sutherland, G.R., Baker, E. and Fratini, A. 1985a. Excess thymidine
induces folate semsitive fragile sites. Am. J. Hum. Genet. 22:
433-443.

I was responsible for contributing a major part in the formulation
of the model of the folate sensitive fragile site. I wrote some of the

discussion and did most of the literature survey for it.

2. (Chapter 1, 4).

Fratini, A., Simmers, R.N., Callen, D.F., Hyland, V.J., Tischfield, J.A.,
Stambrook, P.J. and Sutherland, G.R. 1986. A new location for the
human adenine phosphoribosyltransferase gene (APRT) distal to the
haptoglobin (HP) and fra(16)(q23) (FRA16D) loci. Cytogenet. Cell
Genet. 43: 10-13.

I carried out the Southern blot experiments and wrote the majority
of the paper. Simmers carried out and analyzed the results of the in
situ hybridization and wrote those parts of the paper pertaining to

this.

3. (Chapter 1).
Sutherland, G.R., Reeders, S., Hyland, V.J., Callen, D.F., Fratini, A.

and Mulley, J.C. 1987a. Molecular genetics of human chromosome 16.
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J. Med. Genet. 24: 451-456.

I provided data regarding the regionally mapped chromosome 16 A
clones that were isolated from the recombinant CY17 library. In
addition the data referring to the remapping of APRT came from

publication number 2.

4. (Chapter 1).

Puspurs, A.H., Baker, E., Callen, D.F., Fratini, A. and Sutherland,
G.R. 1988. Translocation breakpoint inm t(11;14) in B-Cell Leukemia
is not at the rare fragile site at 11q13.3. Cancer Genet.
Cytogenet. 31: 25-30.

I carried out the hybridization experiment seen in Fig. 1 of the

paper and discussed the content of the paper with Dr. Puspurs.

5. (Chapters 1, 4, 6 and 7).

Callen, D.F., Hyland, V.J., Baker, E., Fratini, A., Simmers, R.N.,
Mulley, J.C. and Sutherland, G.R, 1988a. Fine mapping of gene
probes and anonymous DNA fragments to the long arm of chromosome
16. Genomics 2: 144-153,

I provided the A clones D16S10 and D16S11, that were isolated from
the recombinant CY17 library, and which were used for in situ hybrid-

ization experiments by E. Baker and Dr. D, Callen.

6. (Chapter 4)

Fratini, A., Baker, E.G., Callen, D.F., Hyland, V.J. and Sutherland,
G.R. 1988a. ACHF249 (D22S14) detects a common PstI RFLP and maps
at 22cen—>22q13.1. Nucleic Acids Res. (accepted for publication)
I carried out all the work and wrote the paper. ACHF249 was used

for in situ hybridization, which was carried out by E. Baker and Dr. D.
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Callen.

7. (Chapters 5 and 6).
Fratini, A., Baker, E.G., Callen, D.F., Reeders, S.T., Hyland, V.J.
and Sutherland, G.R. 1988b. pACHF1.1 (D16S8) detects a common
Pvull RFLP and maps at 16p13.3->16p13.11. Nucleic Acids Res.
(Accepted for publication).
I carried out all the work and wrote the paper. The clomne A247
(D16S8) was used for in situ hybridization, which was carried out by
E. Baker and Dr. D. Callen. Dr. S. Reeders kindly provided pACHF1 which

was used for the subcloning experiments that were domne by me.

8. (Chapter 5 and 6).

Fratini, A., Baker, E.G., Callen, D.F., Hyland, V.J. and Sutherland,
G.R. 1988c. Rsal and TagI RFLPs for pACHF3.5 (D16S10). Nucleic
Acids Res. (Accepted for publication).

I carried out all the work and wrote the paper. pACHF3.5 was
used for in situ hybridization, which was carried out by E. Baker and

Dr. D. Callen.
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Translocation Breakpoint in t(11;14) in
B-Cell Leukemia is Not at the Rare Fragile
Site at 11q13.3

Arnis H. Puspurs, Elizabeth Baker, David F. Callen,
Antonio Fratini, and Grant R. Sutherland

ABSTRACT The cloned breakpoint at 11q13.3 of the t(11;14)(q13.3;q32.3) in a B-cell lymphocytic
leukemia (B-CLL) was used to analyze DNA from individuals with and without the rare folate-
sensitive fragile site at 11q13.3. On Southern blots there were no discernible differences. Sub-
clones of the ends of the leukemia breakpoint clone were prepared and used for in situ hy-
bridization to chromosomes expressing fra(11)(q13.3). Both subclones hybridized distal to the
fragile site. These experiments indicate that the breakpoints at 11q13.3 in B-CLL {and in a B-
cell lymphoma) are not at the fragile site at 11q13.3.

INTRODUCTION

Numerous attempts have been made to link the nonrandom chromosome break-
points seen in cancer cells with fragile sites on human chromosomes [1-4]. These
have mainly rested on circumstantial evidence; but when the breakpoints were
mapped in relation to the fragile sites the two features were found not to coincide
(5.6).

Yunis {7] reported a patient with t(11;14){q13.3:932.3) in small lymphocytic cell
lymphoma cells and who also had the rare fragile site at 11q13.3. The breakpoint
of the t(11;14){q13:q32) in a patient with B-cell chronic lymphocytic leukemia (B-
CLL) has been cloned (8]. The breakpoints at 11q13 in two cases of B-CLL were
shown to be within 8 bp of each other and 0.9 kb from the breakpoint in a B-cell
lymphoma, also with the t(11;14) [8]. This cloned breakpoint has been used to show
that these cancer cell breakpoints at 11q13.3 do not coincide with the rare fragile
site at 11q13.3. This was achieved using Southern blot analysis of DNA from indi-
viduals with the fragile site and by in situ hybridization, which showed that the
clone does not span the fragile site.

From the Cylogenetics Unil, Adelaide Children’s Hospital. North Adelaide, Australia.
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26 A. H. Puspurs et al,

MATERIALS AND METHODS

Construction of Subclones

The clone \1386-4 was received from Dr. Y. Tsujimoto. This clone has an insert of
approximately 16 kb of chromosome #11 spanning the breakpoint in the t(11;14)
of B-CLL [8]. The insert from A1386-4 was removed from the A phage vector
EMBL3A by Sall digestion. Subclones of the ends of this insert were derived by
further restriction enzyme digestion and isolation of repeat free fragments (deter-
mined by using total human DNA as a probe). The A1386-4 insert had Sall ends
that were preserved in the subcloning procedure, thus, ensuring that it was the ends
that were subcloned.

The right end was a Sall/HindIII fragment that had been cloned into pBR322, to
yield the ~2 kb insert pACHA1. This 2-kb insert contains the breakpoint of the
lymphoma LN87 but not the breakpoints of the two B-CLL 271 and 1386 [8].

A left Sall/Pvull fragment was cloned into pBR322 to yield the ~640 bp insert
pACHAZ2, this insert is more than 10 kb from any of the breakpoints because it
originates from the left end of A1386-4.

Southern Blot Analysis

Genomic DNA (5 pg) isolated from blood was cleaved with restriction enzymes,
separated by agarose gel electrophoresis, and blotted to GeneScreen Plus (New En-
gland Nuclear). The A1386-4 probe was labeled with [**P]dCTP using a nick-trans-
lation kit (BRESA) to a specific activity of ~1 X 10® cpm/pg. The probe was prere-
associated with sonicated total human DNA to a value of C,t 200, according to the
method of Sealey et al. [9]. The probe was then added at a concentration of 10 ng/
ml to the filter and hybridized according to Wahl et al. [10]. After hybridization,
the filter was given a final wash at 65°C for 1 hour in 0.1 x SSPE (1 x SSPE: 180
mM NaCl, 10mM NaH,P0O,, and 1 mM EDTA, pH 7.4), 0.1% sodium dodecyl sul-
tate. The washed filter was exposed to Kodak X-OMAT x-ray film at —70°C for 2
days; an intensifying screen was used.

In Situ Hybridization

Chromosomes expressing the rare fragile site at 11q13, were prepared by culturing
and harvesting lymphocytes [11].

The probes, pACHA1 and pACHAZ2, were labeled to a specific activity of ~3 x
107 cpm/pg, with three tritiated nucleotides and hybridized in situ to chromosomes
expressing fra(11)(q13) [12], with denaturation of the chromosomes in 70% deion-
ized formamide, 2 x SSC, pH 7.0 at 70°C for 2 minutes and hybridization of 0.4 pg/
ml probe at 37°C. The slides were dipped in Kodak NTB-2 nuclear research emul-
sion diluted 2:1 with water, exposed for 15 days, devloped and stained.

RESULT

Southern Blot Hybridization

Using A1386-4 as a probe, the Bcll, HindlIll, and Sstl restriction enzyme digests of
DNA from one chromosomally normal individual and two fra(11)(q13) carriers re-
vealed no apparent difference in the banding pattern (Fig. 1). The repeat free sub-
clones pACHA1 and pACHA2 were similarly used as probes and, again, no detect-
able difference was observed (results not shown).
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Figure 1 Southern blot hybridization of the prereassociated A1386-4 chromosome #11-de-
rived probe to DNA from an individual with normal chromosomes (A) and two individuals
with the fragile sile at 11q13 (B and C), digested with BamHI (1), HindlIll {2). and Sstl (3).
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Figure 2 Partial metaphases expressing the fragile site at 11q13.3 after in situ hybridization
with (a) pACHA1 and (b) ACHA2 showing signal (arrow) distal to the fragile site.

At the molecular level, A1386-4, which spans the chromosomal breakpoint, and
its subcloned ends, did not detect any difference between DNA from normal and
fra{11)(q13) individuals.

In Situ Hybridization

When the probe pACHA1 was hybridized to normal male metaphases, 15.5% of
grains were situated over the long arm of chromosome #11. For pACHA2 7.2% of
grains were over this chromosome region. These signals are highly significant be-
cause the long arm of chromosome #11 comprises 2.6% of the total haploid chro-
mosome length [13].

The fra(11)(q13) was expressed in 23% of metaphases. Chromosomes expressing
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Figure 3 In situ hybridization of the probes pACHA1 and w
pACHAZ2 to fra(11)(q13). The distribution of grains is given in the o
proximal region 11p13 to q13.3 (P), the central region (C), and in &:J 30—
the distal region 11q13.3 to q22 (D). The left end (L.E.) refers 1o g ]
hybridizations with pACHA2 and the right end (R.E.) to pACHA1. g

For hybridizations with pACHA1, 62 grains were scored over 35
chromosomes expressing fra(11)(q13), for pACHA2, 50 grains were 20 —
scored over 34 chromosomes expressing this fragile site.
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the fragile site were scored for number of grains in the region p13 to the fragile site
at q13.3 and from the fragile site to q22 (Fig. 2). The distribution of grains in these
two regions and central to the fragile site are given in Figure 3. For both pACHA1
and pACHAZ?2 there was a highly significant excess of grains distal to the fragile site;
the. efore, both these probes were located distal to fra(11)(q13.3).

DISCUSSION

If the difference in DNA between a normal and a fragile site individual involved an
amplification of DNA [14,15] and if the fragile site were at the breakpoint, the
Southern analyses carried out should have detected this difference. Because the
DNA change present at a fragile site is unknown, this negative result, in itself, is
not evidence that the two phenomena do not coincide. However, both ends of the
clone A1386-4, which span the t(11;14) breakpoint on chromosome #11 map distal
to the fragile site at 11q13, thus, the breakpoint and the fragile site cannot coincide.

There have now been two examples of an association between a fragile site and
nonrandom breakpoint in malignant cells examined at the molecular level. The
breakpoint at 1622 in the rearrangements involving chromosome #16 in AMMoL
does not coincide with either of the fragile sites at 16q22; the rare distamycin A
inducible one (FRA16B) and the common one (FRA16D) [5]. The breakpoint at
11q23 in Ewing's sarcoma (and probably in Askin’s tumor and neuroepithelioma)
does not coincide with the rare folate-sensitive fragile site at 11q23.3 [86]. Further-
more, it has now been shown by in situ hybridization that the fragile site at 11q13,
which had been reported in a patient with a t(11;14) in a small lymphocytic cell
lymphoma [7], does not coincide with the breakpoint in this translocation in B-CLL
or B-cell lymphoma.

Suggestions that fragile sites and cancer breakpoints may be phenomenologically
related have come from statistical studies that suggested they are associated with
each other in the genome, and from series of anecdotal case reports. The statistical
association no longer appears to be valid, at least for the common fragile sites [16].
The anecdotal case reports probably are the result of ascertainment bias [17]. In no
instance has a fragile site and a cancer breakpoint been shown to coincide. Three
situations in which such a coincidence were possible have been studied in detail
and such a coincidence has not been established in any of them.

The results of these molecular studies indicate that fragile sites and cancer
breakpoints are not coincident. If fragile sites have any role in human pathology
(and there is none established except for the fragile X) it is probably not in onco-
genesis. Nevertheless, fragile sites remain an enigmatic phenomenon worthy of fur-
ther study.
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The fragile site, FRA16B, at 16922.100 and four
different translocations with breakpoints at
16922.102, 16922.105, 16q22.108, and 16q22.3
were used to locate and order DNA probes. This was
achieved by Southern analysis of a somatic cell hybrid
panel containing portions of chromosome 16 and by in
situ hybridization. The anonymous DNA fragments
D16S6, D16S10, and D16S11 were proximal to
FRAI16B and located at 16q13 — q22.100. D16S4
and LCAT were located at 169q22.100 - ¢q22.102.
TAT and HP were located at 16q22.105 - q22.108.
CTRB was located distal to 16q22.105 and therefore
is in the distal half of 16q22. The order of markers in
this region was determined as centromere—-D16S6,
D16SII,D16S10,MT—FRAIGB—D1684,LCAT—
HP,TAT,CTRB-APRT- telomere. Linkage studies
to determine map distances between the closest
markers flanking the fragile site are now in pro-
gress. € 1988 Academic Press, Inc.

INTRODUCTION

Chromosome 16 possesses two rare fragile sites, the
folate-sensitive FRAI64 at 16p12.3 and the distamy-
cin A-inducible FRAI6B at 16q22.1 (Berger et al.,
1985). In addition, there are at least two common
fragile sites, one at 16q23.1 (FRA16D) and one at
16922 (FRA16C) (Berger et al., 1985). The FRA16B
site has been assigned to, or just distal to, the inter-
face of bands 16921 and 16¢22.1 at 16¢22.100 (Ma-
genis and Chamberlin, 1979).

In situ hybridization is a technique for direct re-
gional localization of cloned DNA sequences. Resolu-

' To whom reprint requests should be addressed.
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tion is usually limited to approximately the width of 1
or 2 chromosome bands due to the scatter of nuclear
emissions from the site of hybridization of the ra-
dioactively labeled probe. However, this resolution
can be dramatically increased by use of defined breaks
in the continuity of the chromosome. These breaks
may be at fragile sites or at translocation breakpoints.
This procedure can allow ordering of closely linked
genes and subband assignments of loci.

The anonymous DNA fragments D16S4, D168Ss,
D16S10, and D16S11 were initially localized to the
region 16q13—+q22 by probing Southern blots of
mouse/human hybrids (Sutherland et al., 1987; Hy-
land et al,, 1988a). The haptoglobin gene HP has been
mapped distal to FRAI6B (Simmers et al., 1986) with
a recombination frequency of 9% (Magenis et al.,
1970). This gene and the one for tyrosine aminotrans-
ferase, TAT', have been further localized to 16q22.1 —
q22.3 by loss of these two genes in a patient with a
deletion of this region (Natt et al., 1986). The gene for
chymotrypsinogen B, CTRB, has been localized to
16q11 — q22 (Nicholls and Reeders, 1988) and the
gene for lecithin:cholesterol acyltransferase, LCAT,
to 16q22 (Azoulay et al., 1987).

In this study localizations of Di16S4, D16S6,
D16S10, D16S11, and LCAT were refined further by
in situ hybridization to FRA 16B. Three translocations
with breakpoints in 16q22 are reported, and these
breakpoints are ordered in relation to one another
and to the breakpoint of the line GM1396 which has
been used previously to construct a mouse/human
hybrid cell line (Callen, 1986). The locations of
D16S4, LCAT, HP, TAT, and CTRB were refined by
Southern analysis to genomic blots derived from var-
ious mouse/human hybrids containing portions of
chromosome 16. In addition, in situ hybridizations of

Ry "ﬁ‘--'r"EJﬁ"—'Eﬁ:.-'."-i--'-‘-_" -
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TABLE 1

Panel of Mouse/Hybrid Cell Lines Containing
Portions of Chromosome 16

Cell line Portion of chromosome 16 present
CY18 Intact 16
CY16 Intact 16
CY3 pter = q24
CY13 pl3.11 — gter
CY7 ql3 — gter
CY8 q22.102 — qter
CY5 q22.105 — qter
CY2 q24 — gter

D16S4, HP, and TAT to metaphase chromosomes de-
rived from the translocations with breakpoints in
16922 allowed confirmation of ordering of these
breakpoints and in some cases further refinement of
gene localizations.

MATERIALS AND METHODS

Cytogenetics

Three translocations, TR1,t(10;16)(q24.3;q22.1),
TR2,t(5;16)(q14.2;q22.1), and TR3,t(2;16)(p15;q22.3),
were identified in patients referred for chromosome
studies. TR1 and TR3 were transformed using Ep-
stein-Barr virus to produce permanent cell lines.
GM1396 is a fibroblast line with karyotype
46,XY,der(10)t(10;16)(q26;922) and was obtained from
the NIGMS Human Genetic Mutant Cell Repository.
Where possible, translocation breakpoints were de-
fined using G-banding of prometaphase cells.

Metaphase spreads for in situ hybridization were
prepared from lymphocyte cultures, fibroblast cul-
tures, or lymphoblastoid cell lines. Chromosomes were
either G-banded and photographed before in situ hy-
bridization or banded after in situ hybridization (Zabel
et al., 1983).

The fragile site FRA16B at 16q22.100 was induced in
lymphocyte cultures by growth in media for 6 h with 50
mg/liter BrdU (Sutherland et al., 1984) or for 24 h with
150 mg/liter berenil (Sigma, St. Louis, MO), (Schmid
et al., 1986).

Mouse/Human Hybrids

A panel of mouse/human hybrids containing var-
ious segments of chromosome 16 has been described
(Callen, 1986). Hybrid CY5 was derived from the cell
line GM1396 and contains the der(10)t(10;16)(g26;
q22). A new hybrid line, CY6, was derived from the
lymphoblastoid line containing TR1. This hybrid
contains the der(10)t(10;16)(q24.3;q22.1) and in ad-
dition human chromosome 8. Details of these and

"other hybrid lines are summarized in Table 1.

Probes

Details of the probes used are given in Table 2.

In Situ Hybridization

Probes were labeled with three tritiated nucleotides
using an Amersham nick translation kit to specific
activities of 1-7 X 107 cpm/ug. In situ hybridization
was as previously described (Simmers et al, 1986).
Slides were developed after 1 to 5 weeks, depending on
the relative probe concentration and the size of the
probe. Individual grains were scored if they were po-
sitioned on or touching a chromosome.

The probes D16S10 and D16S11 contained repeti-
tive DNA sequences and were pre-reassociated to a
Cot200 prior to hybridization to metaphase chromo-
somes (Sealey et al., 1985). This was achieved by
mixing a 2000-fold excess of sonicated human DNA
with the labeled probe in 5X SSC. This DNA was
incubated at 100°C for 10 min, chilled on ice for 1
min, incubated at 68°C for 3 h, and then added to the
hybridization mix to a maximum probe concentra-
tion of 0.3 ug/ml.

Southern Analysis

Techniques were as previously described (Hyland et
al., 1988a).

RESULTS

Partial karyotypes illustrating the four transloca-
tions with breakpoints in 16q22 are given in Fig. 1. In
the case of TR1 the derived chromosome 16 shows a
very small light band between the 16q21 dark band

TABLE 2
DNA Probes
Insert
size
Locus Probe (kb) Origin Ref.
D16S4 ACH207 4.7 Flow purified library (8)
D16S6 16B11 3.7  Flow purified library (8)
D16510 ACHF3 12.5 Hybrid cell library (22)
Di16S11  ACHF4 8.5 Hybrid cell library (22)
CTRB pcXP33 0.3 Rat ¢cDNA clone for (2)
chymotrypsinogen gene
HP pULB1148 1.4 Human ¢cDNA clone for (20)
haptoglobin gene
LCAT pLCAT2 0.8 Human ¢cDNA clone for (23)
lecithin:cholesterol
acyltransferase gene
TAT pcTAT-3 0.6 Rat ¢cDNA clone for (15)
tyrosine

aminotransferase gene
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FIG. 1. Partial karyotypes of four translocations with breakpoints at 16q22. For each translocation two partial karyotypes are shown, For
each pair of chromosomes the normal chromosome is on the left and the derived chromosome on the right, The ideogram (ISCN, 1985) is of
the two normal chromosomes involved with breakpoints indicated by arrows. All are balanced translocations except for GM1396 (B) where
the karyotype is 46,der(10)t(10;16). In this case the breakpoint of chromosome 16 is indicated by the open arrow. (A) TRI1,
t(10,16)(q24.3;q22.102). (B) GM1396, der(10)t(10;16)(q26.3;q22.105). (C) TR2, t5;16)(q14.2:q22.108). (D) TR3, t(2;16)(p15;22.3).
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FIG. 1—Continued.

and the 10g25.1 dark band (Fig. 1A). Therefore the
break on 16q22 was in the proximal portion of 16q22
at 16q22.102. GM1396 was a fibroblast line with a
der(10)t(10;16) and two normal chromosome 16’s.
The breakpoint on chromosome 10 was at the distal
tip of the long arm at 10¢26.3 (Fig. 1B), and the
breakpoint on chromosome 16 was considered to be at
16q22.105. The breakpoints of TR2 were interpreted
to be at 5q14.2 and at 16q22.108, with the derived
chromosome 5 showing close juxtaposition of bands
5q14.1 and 16q22.2 (Fig. 1C). The band 5q14.3 is
present as a fine band in the derived chromosome 16
between the 16q21 and the 5q21 dark bands. Break-
points of the translocation TR3 were considered to be
at 2pl5 and 16g22.3. The derived chromosome 16
shows a small dark band between 16q21 and 2p16.1
(Fig. 1D). The distance between this fine band and
2p16.1 over a number of metaphases was not consis-

TP TR TR I PR T T SR e T A

tent with this band being 2p14. This band was inter-
preted as being 16q22.2 and the breakpoint on chro-
mosome 16 at 16q22.3 such that the derived chromo-
some 2 shows a close juxtaposition between the dark
bands 2p14 and 16q23.

Hybridization results with probes D16S4 (Fig. 2A),
CTRB, LCAT (Fig. 2B), and TAT to genomic blots
derived from various mouse/human hybrids are sum-
marized in Table 3. Bands were identified as mouse or
human by comparison of those appearing in the lane
containing DNA from the mouse cell line (used to
construct the hybrids) to those from human DNA. A
number of polymorphic human bands were seen with
the CTRB gene probe and these polymorphisms have
been reported by Nicholls and Reeders (1988). These
data show that D16S4 and LCAT were localized to
16q13 — q22.102 and CTRB and TAT were localized
to 16q22.105 — q24.
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The probes for LCAT, D16S4, and D16S6 were hy-
bridized to chromosomes expressing FRA 16B. Since
FRA16B is not expressed in every cell, the time before
development of the slides was selected to give a high
signal on chromosome 16. In such cases the back-
ground signal on other chromosomes may be rela-

tively high compared with that acceptable when lo-
calizing an unmapped probe. For example, probe
D16S6 was scored when there was an average of 0.55
grain on the long arm of each chromosome 16 and an
average 5.2 grains on the remaining chromosomes of

‘the diploid set.
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FIG. 2. Localization of clones to intervals on chromosome 16 by Southern blot hybridization of DNA from cell lines. The panel contained
Tagl-digested DNA of A9, mouse parent (lane 1), CY18 (lane 2), human (lanes 3 and 13), CY3 (lane 5), CY13 (lane 8), CY16 (lane 7), CY7
(lane 8), CY6 (lane 9), CY5 (lane 10), and CY2 (lane 12). The panel was hybridized with (A) D16S4 and (B) LCAT. EcoRI-digested SPP-1
standards were present in lanes 4 and 11 and were used to determine kilobase sizes.

Since the chromosome locations of these probes
were known, only the distributions of grains on the
long arm of chromosome 16 were scored (Table 4).
Hybridizations with the probe for DI6S6 showed a
significant excess of grains on the proximal side of the
fragile site. Those grains counted in the central region
or distal to the fragile site can be considered to be a
combination of background and the spread of grains
due to emission scatter from the site of probe hybrid-
ization. The probes D16S4 and LCAT showed a dis-
tribution of grains consistent with these genes being
localized distal to the fragile site (Table 4). Therefore,
these data, in combination with the Southern blot
analysis, localized D16S6 to 16q13 — q22.100 and
D16S4 and LCAT to 16q22.100 — q22.102.

Initial data from hybridizations using the DI16S10
probe to chromosomes expressing FRAI6B demon-

strated grains distributed on either side of this fragile
site. To explore the possibility that this probe was
split by the fragile site, grains were scored in meta-
phases where the gap at the fragile site was less than
or equal to the width of the chromatid and in cases
where the gap was greater than the width of the chro-
matid (Fig. 3). In the former situation, signal was
scored on either side of the fragile site, with the ratio
of the number of grains proximal to the number of
grains distal not significantly different from a 1:1
ratio. However, when the gap was wider, the number
of distal grains reduced to levels where the data were
significantly different from a 1:1 ratio. Hybridizations
with the D16S11 probe to chromosomes expressing
FRA16B were scored similarly. In this case varying
widths of the fragile site did not influence the distri-

TABLE 3

Summary of Mapping Using Cell Lines

Human specific

Location on

Probe Taql DNA (kb) A9 Human CY18 CY16 CY3 CY13 CY1 CY6 CY5 CY2 chromosome 16

D16S4 50,25 = + + + + + + - - - 16q13 — ¢22.102
CTRB 1.75, 1.10, 1.05,

0.92, 0.82 - + + + + + + + + - 16q22.105 — q24

LCAT 1.55, 1.15, 0.48 - + + + + + + — = — 16q13 — q22.102

TAT 21.0 = + + + + + + + + - 16q22.105 —+ q24

Note. When hybridization corresponding to a human band is present, this is indicated by “+”. A “—" indicates hybridization to human

bands was absent.
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bution of grains (Fig. 3) with both situations showing
a significant excess of grains proximal to FRA16B.
These data indicate that D16S10 and D16S11 are
both proximal to FRAI6B in the region 16q13 —
q22.100. D16S10 may be located distal to D16S11.

The results of hybridizations of HP, TAT, and
D16S4 to various translocations with breakpoints
within 16q22 are given in Fig. 4. This was undertaken
to confirm the results from Southern analysis and to
allow further localization. In addition, these data also
provided confirmation of the ordering of the break-
points of translocations in 16q22 based on cytogenetic
analysis. The results with D16S4 show that in 56 met-
aphases with the TR1 translocation the number of
grains on chromosome 10q and the der(10q) were
consistent with the background grain distribution.
There is a significant label present on the normal
chromosome 16q and on the der(16q). Therefore, the
break in this translocation was distal to the locus of
D16S4, resulting in this gene remaining on the de-
rived chromosome 16, GM1396, TR2, and TR3 all had
breaks which were demonstrated cytogenetically to be
distal in 16q22 to the breakpoints of TR1. Therefore a
significant label would only be predicted on the de-
rived chromosome 16 and this was found to be the
case. The GM1396 line contains two normal chromo-
some 16’s and a der(10)t(10;16), with the der(16)
t(10;16) being absent. These results locate D16S4 to
the region between FRA 6B located at 16q22.100 and
the breakpoint of TR1 at 16q22.102 and so confirms
the results from Southern analysis.

When the HP probe was hybridized to chromo-
somes from TR1 and GM1396, both the derived chro-
mosome 10’s showed a significant label. Therefore the
breakpoints of these two translocations on chromo-
some 16 were proximal to the HP locus. Results
with TR2 and TR3 showed a significant label on
the derived chromosome 16 and therefore the
breakpoints of these two translocations were distal

TABLE 4

In Situ Hybridization of LCAT, D16S4,
and D16S6 to FRAI6B

Number of cells Distribution of grains

at FRAI6B
Without With
Probe FRA16B FRAI16B Distal Central Proximal
LCAT 9 93 37 3 12
D16S4 479 298 82 27 28
D16S6 35 67 1 4 22

Note. The FRA16B was induced by growth of lymphocytes in
BrdU for D16S4 and D16S6 and in berenil for LCAT.
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FIG. 3. In situ hybridization of DI6SI10 and D16S11 to
FRA16B. The hatched histograms represent grains scored on chro-
mosome 16’s where the gap at the fragile site is less than or equal to
the width of a chromatid. The nonhatched histograms represent
cases where the gap of the fragile site is greater than the width of a
chromatid. The positions of grains relative to the fragile site are
given by P, proximal; D, distal; and C, central. The numbers on top
of each column give the total number of grains scored in that cate-
gory.

to the HP locus. Therefore HP is localized to
16q22.105 — q22.108.

The TAT probe used was isolated from the rat. Hy-
bridizations using this probe required probe concen-
trations and exposure times which resulted in a back-
ground relatively higher than that with D16S4 and
HP. This is likely to be due to the lack of complete
homology between this rat probe and the human gene
sequence. The hybridizations with TAT showed re-
sults similar to those with HP, with a localization to
16922.105 — q22.108, and again confirms the results
from Southern analysis.

DISCUSSION

The two anonymous DNA fragments, D16S10 and
D16S11, had previously been located in the region
16q13 — 22.105 by probing genomic filters of
mouse/human hybrids containing portions of chro-
mosome 16 (Sutherland et al., 1987). This study re-
fines their location by in situ hybridization to a posi-
tion proximal to FRAI6B, that is, in the region
16q13 — q22.100. Scoring the distribution of grains
distal, central, and proximal to the fragile site on
chromosomes where the gap of the fragile site was less
than the width of a chromatid, and comparing that
distribution with the distribution of grains when the
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FIG. 4.

In situ hybridization of HP, TAT, and D16S54 to various translocations. For each translocation, ideograms of the chromosomes

(ISCN, 1985) are in the order of a normal autosome involving other than chromosome 16, the derived version of this autosome, normal 16, and
derived 16. In the case of GM1396 only the derived chromosome 10 is present and the grains on chromosome 16 represent the total on both
intact 16’s found in this cell line. Arrows indicate positions of translocation breakpoints. Only those grains on the arms of chromosomes
involved in the translocations are given. The total numbers of metaphases scored to obtain the presented grain distribution for TR1, GM1396,
TR2, and TR3, respectively, are 56, 23, 72, and 62 for D16S4; 95, 85, and 89 for TAT; and 30, 34, 33, and 48 for HP.

gap was greater than the width of a chromatid, sug-
gested that D16S10 may be closer to FRAI6B than
D16S11. The interpretation of grains on either side of
a fragile site has been considered in detail by Simmers
et al. (1987).

Results of in situ hybridization of D16S4, HP, and
TAT to four different translocations provided confir-
mation of the order of the breakpoints in 16q22 as

determined by the cytogenetics. If the cytogenetic
breakpoint determinations were incorrect, then there
would be a lack of consistency in the in situ hybridiza-
tion data. For example, the hybridizations with the
three probes were all consistent in showing that the
breakpoints of TR2 and TR3 in 1622 were distal to
these three probes. Similarly, the breakpoint of TR1
on 16q22 was proximal to both TAT and HP. How-
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ever, there is an inherent uncertainty in the exact
position of the breakpoints in band 16q22 since they
are determined solely from interpreting cytogenetic
data.

The combination of Southern analysis using a
chromosome 16 hybrid cell panel, in situ hybridization
to four different translocations with breakpoints in
16922, and hybridization to metaphase chromosomes
expressing FRAI6B was successful in enabling a de-
tailed physical map of this region (Fig. 5). The CTRB
gene has previously been located at 16qll — 22
(Nicholls and Reeders, 1988). This study gives a loca-
tion distal to 16422.105. Therefore the shortest region
of overlap is the distal half of 16g22. The order of gene
probes and anonymous DNA fragments from these
data is centromere-DI16S6,D16S11,D16S10,MT-
FRA16B-D16S4,LCAT-HP,TAT,CTRB-APRT-
telomere. Probes to the metallothioneine gene cluster,
MT, have previously been located just proximal to
FRA16B and FRA16C (Simmers et al., 1987) and
APRT has been located in distal 16q24 (Fratini et al.,
1986).

For the probes MT, D16S4, and D16S10 restriction
fragment length polymorphisms have now been de-
scribed (Hyland et al., 1987, 1988b; Sutherland et al.,
1987). Estimation of the genetic distance between
these markers and between FRAI6B is in progress.

The mapping of the LCAT gene probe and D1654 to
the same small physical region creates a potential use

13
GMZB60
(CY7)
DI6SH!
2 D16S6
D16S10
MT
mESEAMe DI6S4 LCAT
THNCYE)
GM1396.
22.1 (CY5) e
TAT

FIG. 5. Gene and anonymous DNA fragment localizations to
the long arm of chromosome 16. TR1, GM1396, TR2, and TR3 refer
to breakpoints of four translocations. CY5, CY6, and CY7 are
mouse/human hybrids derived from translocations with break-
points in the regions indicated (see Table 1).

for D16S4 in the prenatal diagnosis and carrier de-
tection of the rare LCAT deficiency disease. The
LCAT probe is not polymorphic, whereas D16S4
shows two Mspl and a Taqgl polymorphism (PIC
values 0.27, 0.35, and 0.30, respectively; Hyland et al.,
1988b).

The technique of in situ hybridization is usually
considered to allow resolution of probe localizations
to a minimum of a single G-band. However, as this
study demonstrates, the use of fixed structural alter-
ations on chromosomes, for example, fragile sites
or translocations, allows a considerable increase in
this resolution. The resolution is limited only by ac-
cess to structural rearrangements with a spectrum of
breakpoints in the region of interest. Cooke et al.
(1987), in a flow karyotype analysis of a patient with a
deletion of half to two-thirds of 1622, showed that
this deletion was approximately 7000 kb. Conse-
quently, the region spanned by FRAI6B and the
breakpoint of TR1 at 16q22.102 is probably on the
order of 1000 to 2000 kb. Therefore, in situ hybridiza-
tion can bridge the resolution gap between that
usually provided by somatic cell hybrids and linkage
analysis and that provided by pulsed-field gel electro-
phoresis.
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ACHF249 (D22814) detects a common PstI RFLP and maps at 22cen->22ql13.1.
A.Fratini, E.G.Baker, D.F.Callen, V.J.Hyland and G.R.Sutherland.

Cytogenetics Unit, Department of Histopathology, Adelaide Children's
Hospital, North Adelaide, South Australia 5006 (Australia).

SOURCE AND DESCRIPTION OF CLONE: ACHF249 (D22S14) was isolated from an EcoRI
A» Charon 4A library as previously described (Fratini et al., 1988). ACHF249
contains a 15.0 kb insert that contains repetitive sequences.

POLYMORPHISM: PstI two invariant bands at 9.5 and 5.0 kb and a two—allele
polymorphism with bands at either 9.4 kb (Al) or at 5.4 and 4.0 kb (A2).

FREQUENCY: Studied in 20 unrelated Caucasians.
9.4 kb allele (A1) 0.58
5.4, 4.0 kb allele (A2) 0.42; PIC value = 0.37

NOT POLYMORPHIC FOR: BglIX, EcoRI, HindIII, MspI and Taql, with a pamnel
of 6 unrelated individuals.

CHROMOSOMAL LOCALISATION: Located to chromosome 22 on the basis of a
Southern blot hybridization signal to the single human chromosome 22/
mouse hybrid WEGROTH-D2 (A. Geurts van Kessel) and by in situ hybrid-
isation to t(6;22)(p21.3;q13.1), mapping the probe to 22cen->22ql3.1.

MENDELIAN INHERITANCE: Codominant inheritance was shown in UTAH Family
984.

PROBE AVAILABILITY: Available on a collaborative basis from G.R. Suther-
land.

OTHER COMMENTS: Probe requires pre—reassociation with sonicated human
genomic DNA.

REFERENCE: Fratini et al. (1988), Nucleic Acids Res%

ACKNOWLEDGEMENTS: Supported by the National Health and Medical Research
Council of Australia and the Adelaide Children's Hospital Research Found-
atiomn.

1
refers to the third RFLP report in this series.



pACHF1.1 (D16S8) detects a common PvuII RFLP and maps at 16p13.3->16p13.11.
. .1 1 1 2 1

A.Fratini™, E.G.Baker , D.F.Callen™, S.Reeders”, V.J.Hyland and

G.R.Sutherland™ .

letogenetics Unit, Department of Histopathology, Adelaide Children's
ospital, North Adelaide, South Australia 5006 (Australia), and
Department of Nephrology 2073 LMP, Yale University School of Medicinme,
New Haven CT 06510, USA.

SOURCE AND DESCRIPTION OF CLONE: ACHF1 (D16S8) was isolated from an EcoRI
A Charon 4A library as previously described (Fratini et al., 1988). A 1.7
kb EcoRI-Xbal human insert from ACHF1, has been subcloned into pUC18.

The clone contains repetitive sequences.

POLYMORPHISM: Pvull identifies a two—allele polymorphism with bands at
either 3.8 kb (Al) or 2.2 kb (A2).

FREQUENCY: Studied in 26 unrelated Caucasians.
3.8 kb allele (Al) 0.52
2.2 kb allele (A2) 0.48; PIC value = 0.38

NOT POLYMORPHIC FOR: BamHI, BanII, BclI, BglII, EcoRI, HincII, HindIII,
HinfI, MspI, PstI, Rsal and TagIl, with a panel of 6 unrelated individuals.

CHROMOSOMAL LOCALISATION: Localised to 16p13.3->16p13.11 using a panel of
somatic cell hybrids (Callen, 1986) and by in situ hybridisation as distal
to FRA16A.

MENDELIAN INHERITANCE: Codominant inheritance was shown in UTAH Family
982,

PROBE AVAILABILITY: Available on a collaborative basis from G.R. Suther-
land.

OTHER COMMENTS: Probe requires pre—reassociation with sonicated human
genomic DNA.

REFERENCES: Callen (1986), Ann. Genet., 29 : 235-239,
Fratini et al. (1988), Nucleic Acids Res’

ACKNOWLEDGEMENTS: Supported by the National Health and Medical Research
Council of Australia and the Adelaide Children's Hospital Research Found-

ation.

1
refers to the third RFLP report in this series.



Rsal and Tagl RFLPs for pACHF3.5 (D16S10).
A.Fratini, E.G.Baker, D.F.Callen, V.J.Hyland and G.R.Sutherland.

Cytogenetics Unit, Department of Histopathology, Adelaide Children's
Hospital, North Adelaide, South Australia 5006 (Australia).

SOURCE AND DESCRIPTION OF CLONE: ACHF3 (D16S10) was isolated from an
EcoRI A Charon 4A library constructed from a mouse—human hybrid cell line
(WAIVA) containing human chromosomes 16 and 22 (Deisseroth et al., 1977).
A unique 3.5 kb Xbal fragment was subcloned from ACHF3 into pSP64, and
named pACHF3.5.

POLYMORPHISMS: Rsal identifies one invariant band at 0.8 kb and a two-
allele polymorphism with bands at either 2.6 kb (Bl) or 1.84 and 0.76 kb
(B2). TaqI identifies ome invariant band at 4.5 kb and a two—allele
polymorphism with bands at either 1.3 kb (Al) or 5.4 kb (A2).

FREQUENCY: Rsal RFLP, studied in 21 unrelated Caucasians.
2.6 kb allele (B1) 0.71
1.84, 0.76 kb allele (B2) 0.29; PIC value = 0.33
Taql RFLP, studied in 20 unrelated Caucasians.
1.3 kb allele (Al) 0.62
5.4 kb allele (A2) 0.38; PIC value = 0.36

NOT POLYMORPHIC FOR: BamHI, BanII, BclI, BglI, BglII, BstNI, BstXI,
Dral, EcoRI, EcoRV, HaeIII, HincII, HindIII, HinfI, KpnI, MspI, Nsil,
PstI, PvaIl, SacI and Xbal, with a panel of 6 unrelated individuals.

CHROMOSOMAL LOCALISATION: Localised to 16q13->16¢22.1 using a panel
of somatic cell hybrids (Callen, 1986) and by in situ hybridisation as
proximal to FRA16B.

MENDELIAN INHERITANCE: Codominant inheritance for Rsal and Taql RFLPs
was shown in UTAH Family 985.

PROBE AVAILABILITY: Available on a collaborative basis from G.R. Suther-—
land.

OTHER COMMENTS: The Al, Bl and A2, B2 alleles were co—inherited in 28
unrelated individuals, A1B2 and A2Bl1 haplotypes were not found, indicat—
ing linkage disequilibrium.

REFERENCES: Callen (1986), Ann. Genet. 29 : 235-239.
Deisseroth et al. (1977), Cell 12 : 205-218.
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