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ABSTRACT

Genetic analysis of the human Y chromosome has been slow despite 

its central role in sex determination. At present genetic analysis 

has identified only about ten genes on the Y chromosome, and only 

three genes (one coding for a cell surface antigen, a second coding 

for a regulatory zinc finger protein and a third coding for a testis 

specific transcript) have been cloned. This study has attempted to 

identify further genes on the Y chromosome using techniques which also 

facilitate cloning. This thesis therefore describes an investigation 

into the GC rich regions (HTF - Hpall Tiny Fragment Islands) of the Y 

chromosome as an approach to cloning Y-linked genes.

Using restriction analysis, 150 Y-specific cosmid clones have

been screened. Four putative HTF island containing clones were

selected and studied in more detail using Southern napping, northern 

analysis, library screening, DNA sequencing and methylation analysis. 

Although data indicate that three of the clones are not associated 

with transcribed sequences, the fourth clone has been shown through 

sequence analysis, to contain a possible open reading frame.

A direct approach to cloning Hpall tiny fragments from a Y 

chromosome specific library, obtained from the American Type Culture

Collection, is also described. Following the isolation and

purification of the human inserts away from the phage vector within 

this library, the inserts were further restricted using the enzyme 

Hpall and the resulting tiny fragments re-cloned and analysed for 

their possible association with transcribed sequences. Although a 

clone was identified which hybridizes to human genomic sequences, data
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indicates this to be of autosomal origin. Evidence is also discussed 

that the human Y chromosome appears to be relatively deficient of HTF 

islands when compared with the remainder of the genome, and that this 

deficiency could also reflect the small number of genes which are 

carried on the human Y chromosome.
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CHAPTER 1

INTRODUCTION

1.1 THE Y CHROMOSOME

It has been shown that in many though not all vertebrate and 

invertebrate species, the sex of an individual is determined by the 

individuals chromosomal constitution. Indeed sexual dimorphism in 

insects was among the first traits shown to have a chromosomal basis 

(Wilson 1905).

In humans, the existence of X and Y chromosomes was initially 

demonstrated cytologically by Wilson in 1911. Karyotypic analysis 

shows that a normal male has a Y chromosome and only one X chromosome, 

whereas a normal female lacks a Y chromosome but possess two X's. 

Until 1959, however, it was not known whether the apparent phenotyic 

differences between the sexes was due to X chromosome dosage or the 

presence of a Y chromosome. Studies then revealed the existance of XO 

female mice (Welshons & Russell 1959) and a 45,X human subject who was 

female (Ford et al.1959), indicating the association between the Y 

chromosome and maleness. Subsequently, XXY male mice were found 

(Russell & Chu 1961) and humans with as many as four X chromosomes and 

a Y were clearly shown to be males with unequivocally testicular 

gonadal histology (Atkins et ai.1963), It is now believed that one 

or more dominant genes on the Y chromosome control sex determination
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FIG. 1.1 The Classical Model of the Human Y Chromosome
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by initiating an orderly cascade process, propagated through genetic 

and hormonal controls, inducing the bipotential foetal gonad to 

differentiate as a testis, even when multiple copies of the X 

chromosome are present (Jacobs & Strong 1959, Russell & Chu 1961).

In man, the Y is one of the smallest chromosomes comprising 1-2% 

of the total length of the haploid genome (Paris Conference 1971) and 

therefore contains approximately 3-6 x 107 bp of DNA. It consists of 

a minute short arm (Yp) with no associated satellite and a long arm 

(Yq). 30-50% of the chromosome is made up of heterochromatin located

at the distal end of Yq, whilst the remaining portion (approximately 

2 x 107 bp) of the Y constitutes the euchromatic region covering the 

entire short arm and the proximal region of Yq (Ypter-Yqll).

According to classical cytogenetic models, using karyotypic- 

phenotypic correlations to assign male specific genes to certain 

regions, the human Y chromosome can be further sub-divided into five 

broad areas (Fig. 1.1):

a) a short arm X-Y homologous pairing region

b) a sex determining region on Yp

c) a centromeric region

d) a long arm euchromatic region associated with spermatogenesis

e) the long arm heterochromatic region.

-  15 -



1.2 The Classical Model

1.2.1 The short arm pairing region

The chromosomal determination of sex requires that the X and Y 

chromosomes migrate to opposite poles during male meiosis and are 

incorporated into different gametes. Correct segregation of 

chromosomes at meiosis appears to be a function of pairing and 

chiasmata formation, and telomeric associations between the short arms 

of the X and Y have been documented using light and electron microscopy 

(Chen & Falek 1971; Chandley et al. 1984), where pairing has been 

shown to involve the terminal 30% of Xp and most of Yp (Solari 1980). 

In addition, it was predicted that such pairing would be a consequence 

of sequence homology and that recombination would occur between these 

sequences (Roller & Darlington 1934). Consequently such sequences 

would fail to show classical sex linkage but would simulate autosomal 

inheritance. The term 'pseudosoma1' was therefore introduced to 

describe their predicted genetic behaviour (Burgoyne 1982),

In addition to the observations of XY pairing, DNA sequence 

homologies between the mammalian X and Y chromosomes have been 

predicted on the basis that a) these chromosomes have a commom 

ancestral origin, b) there must be genes on the Y chromosome that are 

homologous to a group of genes on the X chromosome, and that these 

genes must function in double dose in the somatic cells of XX and XY 

individuals. The presence of these genes in only a single dose in XO 

individuals contributes to the somatic defects of Turner's syndrome 

(Burgoyne 1982), and c) there appears to be a lack of X-inactivation 

of X-linked loci, such as Xg (Race & Sanger 1975) and steroid
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sulphatase STS (Mohandas et al. 1979), which map to the pairing region 

of Xp. Polani (1982) therefore suggested that the X and Y chromosomes 

carry a homologous segment of DNA at Xpter and Ypter and that during 

the zygotene stage of meiosis an obligatory recombination occurs 

between one chromatid of the X and Y chromosomes. More recently the 

results from several genetic and molecular experiments have supported 

the existence of a pseudoautosomal region.

Studies of the sex reversing factor in mice, Sxr, provided the 

first indie ation for the existence of the mammalian pseudoautosomal 

region. This dominant mutation, first described by Cattanach et al. 

in 1971, causes XX and XO mice to develop as phenotypically normal, 

though sterile, males, Since carrier males transmit Sxr equally to XX 

and XY offspring, it was initially assumed that Sxr was located on an 

autosome although extensive linkage analysis failed to map the locus. 

Subsequently, however, it was found that XY carriers have a high 

incidence of X-Y pairing failure (Vinsor et al. 1978) indicating a 

change within the pairing region where pseudoautosomal genes are 

located. In 1982 Singh and Jones used the Y-specific Bkm satellite 

sequence as a probe to show that XXSxr male mice did carry a small 

proportion of the Y in their genomes and additional in situ 

hybridization data confirmed that Bkm hybridized to the pericentric 

region of the normal Y but to both the pericentric and telomeric 

regions of the Y in TiSxr carier males, Sxr is therefore viewed as a 

duplication of the Y-linked testis determining factor which has been 

translocated to the distal tip of the Y. During meiosis in the male 

Sxr carriers there is an obligatory recombination event which 

transfers the telomeric copy of the sex determining region to the X 

chromosome. Thus, male carriers produce equal numbers of four types
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of gametes containing different sex chromosomes: Y, YSxrt X and ISxr. 

The offspring which receive the YSxr chromosome will be the new male 

carriers; the offspring which receive the XSxr chromosome will be sex 

reversed females.

In man, the genetics of the MIC2 locus are indicative of a 

pseudoautosomal region. MIC2 encodes a cell surface antigen which is 

recognised by the 12E7 monoclonal antibody (Goodfellow et al. 1980), 

The antibody was shown to react with a cell surface antigen expressed 

on all human cells but not with the surface of rodent cells 

(summarized in Goodfellow 1983). Exploiting this species-specificity, 

Goodfellow et al, (1980) used somatic cell hybrids to assign the gene 

controlling 12E7 expression to the short arm of the X chromosome and 

to localize the gene to the Xp22,32-Xpter region (Goodfellow et al. 

1983, Curry et al. 1984). During further studies, cell lines which 

retained the human Y chromosome, but not the human X chromosome, were 

also found to express the antigen. Subsequently this Y-linked gene was 

localized to the euchromatic region, Ypter-Yqll (Goodfellow et al. 

1983).

The assignment of both X and Y linked genes to the postulated sex 

chromosome pairing regions led to the suggestion that KIC2 is 

pseudoautosomal, and biochemical analysis of the HIC2 gene products, 

which showed that the X and Y derived forms do not differ in either 

size or charge (Banting et aJ.1985) supported this view. Subsequently 

a cloned cDNA probe for MIC2, pSGl, was isolated (Darling et al. 1986) 

and shown by in situ hybridization to recognize two loci in the human 

genome, one in the region Xp22.32-Xpter and the other at Ypll,2-Ypter 

(Buckle et al. 1985a), whilst Southern blot analysis using pSGl as a 

probe failed to detect specific X and Y chromosome differences between



the two genes. A result consistent with MIC2 being pseudoautosomal. 

Finally, conclusive proof for KIC2 being pseudoautosomal was obtained 

from family studies using cDJTA and genomic probes which recognise 

RFLPs, demonstrating that NIC2 recombines between the X and Y 

chromosomes during male meiosis with a frequency of 2% (Goodfellow et 

al. 1986).

Two other expressed genes map to the tip of the short arm of the 

human X chromosome; the locus encoding steroid sulphatase STS (termed 

Sts in the mouse), and the locus encoding the XGa red blood cell 

antigen, XG (Mohandas et al.1979, Tiepolo et al.1980, Ferguson-Smith 

et al.1982, Curry et al. 1984). MIC2, XG and STS all escape X- 

inactivation (Ducos et al.1971, Race and Sanger 1975, Shapiro et 

al.1979, Mohandas et al.1980, Goodfellow et al.1984). It might be 

expected therefore, that genes which escape X-inactivation would have 

functional Y-linked homologues, thereby maintaining male/female dosage 

for such loci. However, unlike KIC2, there is no evidence for the 

existence of functional Y-linked genes for either STS (Craig and 

Tolley, 1986) or XG (Race and Sanger, 1975) in man. In the mouse Sts 

is pseudoautosomal. Keitges et al. (1985) demonstrated that 

deficiency of Sts could be transmitted to XO offspring via the X 

chromosome. To account for the apparent lack of sex linkage, 

functional Sts genes were proposed to exist on the mouse X and Y 

chromosomes, within the pseudoautosomal region, which undergo 

obligatory recombination during meiosis. In humans however, the 

functional STS gene maps proximal to KIC2 on the X chromosome (Geller 

et al.1986, Ropers et al,1985) whilst a Y-linked STS pseudogene has 

been characterized and assigned to the long arm of the human Y 

chromosome (Fraser et al, 1987, Yen et al. 1988). Data in humans and
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other primates therefore suggests that a recent pericentric inversion 

of the Y chromosome during primate evolution (Yen et al.1988) has 

disrupted the former pseudoautosomal arrangement of these genes. 

Incomplete X-inactivation at STS (Migeon et al,1982) might therefore 

represent an intermediate stage in aquiring full dosage compensation 

at this locus.

The discovery that MIC2 is located within close proximity of XG 

in Xp22.3 and that both genes encode cell surface antigens and escape 

X-inactivation (Ferguson-Smith et al.1982, Race and Sanger 1975) 

raised the question of whether these loci are identical. As KIC2 is 

pseudoautosomal and XG is strictly X-linked, this is now known not to 

be the case. In addition an example of recombination between XG and 

KIC2 suggests that these loci are independent (Goodfellow et aJ.1987). 

However a complex interaction between the expression of KIC2 and XG on 

red blood cells has been discovered (Goodfellow and Tippett 1981). 

Classically, XG has been described as the X-linked structural locus 

for the red blood cell antigen XGa. This locus is polymorphic with 

two alleles XGa and XG. The XGa-antigen is defined by reaction with 

XG antisera. XG is the reciprocal "null" allele, The XG locus is 

located close to KIC2 in Xp22,3 and escapes X-inactivation (Race & 

Sanger 1975). Extensive family and papulation studies have ruled out 

the possibility of a Y-located form of XG. Similarly 12E7 antigen 

expression on red blood cells is polymorphic; two phenotypes can be 

distinguished: low level expression and high level expression. In

quantitative assays, red cells with the low level antigen phenotype 

bind approximately one third the amounts of 12E7 antibody as red cells 

from high level antigen expressors.
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In females the XG antigen phenotype predicts the 12E7 antigen 

phenotype: XG antigen positive females <XGa/XGa; XGa/XG) are 12E7

antigen high level expressors; XG antigen negative females (XG/XG) are 

low level 12E7 antigen expressors. In males further complexity is 

found: all XG antigen positive males are 12E7 antigen high level

expressors; however, XG antigen negative males can either be low level 

or high level 12E7 antigen expressors. To explain this sex-limited 

behaviour, Goodfellow and Tippett (1981) proposed the existence of a 

polymorphic Y-located gene, YG, which had the property of regulating 

12E7 antigen expression on red blood cells. In a fashion analagous to 

XG, YG was proposed to be polymorphic: the YGa allele would cause high 

level 12E7 expression; the YG allele would cause low level expression. 

It was predicted that XGa-antigen-negative brothers would all share 

the same 12E7 phenotype and family studies strongly support the YG 

hypothesis (Tippett et al.1984), however, of several hundred 

individuals examined, seven did not fit the expectation of a Y-located 

locus regulating KIC2 gene expression on red blood cells (Tippett et 

al.1986). One case, in which a normal male with the apparent genotype 

XG/YG) had failed to inherit his father's YGa allele (XG/YGa), was 

investigated in more detail (Goodfellow et al.1987). DNA analysis 

showed that he is a recombinant at K1C2. This exchange at MIC2 could 

have destroyed YG activity, however Goodfellow et al.(1987) proposed a 

new model in which a cJs-acting regulator controls both XGa-antigen 

expression and 12E7-antigen expression on red blood cells.

Three closely linked genetic elements are postulated to exist:

1) XGS a structural locus encoding the XGa-antigen

2) XGS a structural locus which controls in cis the expression of 

the MIC2 and XGS loci.



3) HIC2 the structural gene which encodes the 12E7-antigen.

KIC2 and XGR are pseudoautosomal and XGS is strictly X-linked, 

XGS is polymorphic with two alleles, A and B. In els the A allele 

induces XGa-antigen expression from the XGS locus and high level 12E7 

antigen expression from the MIC2 locus, In els the B locus results in 

failure to express XGa-antigen from the XGS locus and in low level 

12E7 antigen expression. Formal proof of this model requires the 

ascertainment of other families exhibiting abnormal XGa/12E7 

inheritance.

Conclusive evidence of the existence of the pseudoautosomal 

region was obtained from family studies using cloned probes for random 

D M  sequences. Besides KIC2, the human X and Y chromosomes are known 

to share five other homologous DNA loci (Cooke et al.1985; Simmler et 

aJ.1985; Affara et al.1986a; Rouyer et al.1986a; Page et al.1987a). 

This homology extends up to the telomere (Cooke et al. 1985) but is 

restricted to the terminal part of the pairing region (Simmler et 

a2.1985, Vergnaud et al.1986) observed at male meiosis between the 

short arm of the Y chromosome and the distal short arm of the X 

chromosome (Chandley et aJ.1984). DNA probes detecting RFLPs at these 

loci have been isolated and used in family studies to test for sex 

linkage. Most of the loci recombine with sexual phenotype (Cooke et 

ai.1985; Simmler et al.1985; Rouyer et al.1986a,b\ Goodfellow et 

a2.1986; Page et al.1987a) giving experimental support to the concept 

of pseudoautosomal loci proposed by Burgoyne (1982).

The segregation of four pseudoautosomal DNA loci has been 

followed through family analysis of about 100 male and female meioses 

(Rouyer et al.1986b; Goodfellow et al.1986; Viessenbach et aJ.1987).
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Such a linkage analysis first showed that the different loci analysed 

recombine with sex at different frequencies according to a gradient of 

sex linkage. This gradient can be represented on a map, where the 

four loci are ordered with respect to their recombination distances 

with the X and Y sex-specific chromosomal blocks (Fig.1.2.). Thus the 

telomeric locus DXYS14 recombines with the proposed testis-determining 

factor at a frequency of almost 50% and is thus not sex linked, 

whereas exchange at the MIC2 locus is relatively rare (<5% 

recombination), making MIC2 one of the most proximal markers 

(Goodfellow et al.1986). Three-point analysis of these different loci 

has also shown that loci recombining less frequently never segregate 

independently from loci recombining more frequently (Rouyer et 

al.1986a,b), This indicates that X-Y interchange of pseudoautosomal 

loci results from a crossing over and not from other genetic exchange 

events, such as gene conversion. These results also strongly suggest 

that a single crossover event occurs between the X and Y chromosomes 

since no examples of double recombination have yet been found. In 

addition, since different pseudoautosomal loci do not recombine at the 

same frequency, the exchange events must be scattered throughout the 

pseudoautosomal region.

Several indirect arguments, based on the number of 

pseudoautosomal sequences isolated from genomic libraries, suggest 

that the size of the pseudoautosomal region is approximately 3 x 103 

Kbp (Rouyer et al.1986b) This estimation is consistent with deletion 

analysis (Mondello et al,1987) and with physical maps of the 

pseudoautosomal region obtained from pulsed field gel electrophoresis 

experiments (Brown 1988; Petit et al.1988; Rappold & Lehrach 1988; 

Pritchard et al.1987). This implies that male recombination rates in
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the pseudoautosomal region are approximately ten times higher than 

elsewhere in the genome. In contrast female recombination rates in 

the pseudoautosomal region are close to expected values. The 

relatively small physical size of the human pseudoautosomal region may 

explain the absence of double recombination events within this region 

(Rouyer et al, 1986 b; Page et al.1987a).

1.2.2 The sex determining region

a) Genes involved in primary sex determination

There must exist on the Y chromosome one or more genes whose 

products are responsible for the induction of testis from the 

indifferent foetal gonad, with secondary sexual characteristics a 

direct consequence of this primary event. In man, this signal has 

been termed the Testis Determing Factor (.TDF) (Miller et a2.1983), 

whilst in the mouse the equivalent gene (or genes) is termed the 

Testis Determining-Y or Tdy, Until recently, nothing was known about 

the link between the Y chromosome and the development of a testis, 

either at the molecular level or in terms of a developmental process. 

Recently, however, a candidate gene for TDF has been cloned (Page et 

al.1987b), termed ZFY (Page 1988) as it encodes a zinc-finger protein. 

Although its mode of action is not known a possible role in 

transcriptional control has been suggested (see below).

The early development of the gonad proceeds identically in both 

males and females, In both sexes the primordial germ cells are
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observed to migrate from their site of origin and colonise the gonadal 

ridges on the median surface of the mesonephros. The mesonephros 

functions as an embryonic kidney and has its own duct, the Wolffian 

duct. Later in development the embryo aquires the metanephros, and 

then the mesonephros and its duct become obsolete. However, this duct 

has the potential to develop into the male reproductive tract, 

including vas deferens, seminal vesicle and epididymis. In addition, 

the embryo also possesses a paramesonephric, or Mullerian duct, which 

has the potential to develop into the female reproductive tract, 

including Fallopian tube (oviduct), uterus and upper part of the 

vagina. The embryo therefore, has the forerunners of both the male 

and female reproductive tracts of which one is destined to develop and 

the other to regress.

The Y-chromosomal determination of gonadal sex manifests itself 

only when colonization of the gonadal ridges is completed during the 

sixth week in the human embryo and the second week in the mouse. As 

the indifferent gonad develops into either a testis or an ovary, the 

first cell lineage to show sex-specific differentiation is the 

supporting cell lineage that surrounds the germ cells, giving rise to 

Sertoli cells in the male, and follicle cells in the female. Other 

cell types in the testis such as the cells of the tunica albuginea, 

and the Leydig cells that produce testosterone, differentiate later, 

and may be dependent upon prior Sertoli cell differentiation. Since 

the Sertoli cells are the first testicular cell type to be 

distinguished morphologically ( Jost et al.1981) it has been suggested 

that differentiation of these cells is dependent upon expression of 

the testis determining gene.



The foetal testis performs two early functions. The first is to 

produce testosterone, which is excreted by the developing testicular 

Leydig cells and binds to an androgen receptor found in target cells 

stimulating the development of the male reproductive tract. The 

second function is to cause regression of the Mullerian duct system, 

which it does with the production of a Mullerian inhibiting substance 

(MIS) produced by the foetal Sertoli cells (Vigier et al.1987). MIS 

has been purified to homogeneity and demonstrated to have a cytotoxic 

effect on human ovarian tumour cells in vitro and in vivo (Donahoe et 

a2.1979 and 1981). In addition the bovine and human MIS genes have 

been cloned (Cate et al.1986; Picard et a2.1986) enabling the exact 

role of MIS in male embryonic development to be elucidated.

Initially the primary signal for male development, represented by 

TDF, was thought to be identical to the male-specific

histocompatibility antigen H-Y (Vatchel et a2.1975) known to be

controlled by a gene or genes on the Y chromosome. The H-Y antigen 

was originally defined immunologically by skin grafting: Eichwald and 

Silmser (1955) showed that in certain inbred strains , female mice can 

reject skin grafts from otherwise identical male mice. However, as 

transplantation assays are cumbersome, two other assays have also been 

developed. A serological assay which uses male specific antibodies 

isolated from the serum of female mice grafted with male skin has been 

described (Goldburg et al.1972). However the validity of this test is

questionable as it now appears that the antibodies are not directed at

the same determinant as that recognized by H-Y specific cloned T cells 

(Silvers et al. 1982; Simpson et al. 1982). H-Y antigen can also be 

detected by an in vitro killing assay which employs female cytotoxic 

T-lymphocytes generated in MLC (Gordon et al.1975). In contrast with



the serological tests, results obtained with the T cell killing assay 

are more reproducible and correlate closely with the H-Y typing 

obtained from the transplantation experiments (Andrews 1984).

Two experiments, one in mouse and the other in man, prove 

conclusively that the H-Y antigen is not the testis detemining factor. 

In mice, XXSxr males, like XY males are positive for the male-specific 

antigen H-Y as defined by transplantation (Bennett et al.1977), T cell 

killing and serological studies (Simpson et al.1981) indicating that 

the gene controlling the expression of this antigen (Hya) is contained 

within the same region as Tdy, a finding predicted from Vachel's 

hypothesis. In normal XX individuals, only one X is active and X 

inactivation is random (Lyon 1961). In mice carrying one X chromosome 

bearing Sxr, although X inactivation remains random, inactivation may 

not spread to the translocated Sxr gene in all cells in which the Sxr- 

bearing X chromosome is inactivated. Thus XX. Sxr mice are mosaics with 

more that 50% of their cells expressing H-Y. Subsequently McLaren and 

Monk (1982) and Cattanach et al. (1982) mated female mice carrying the 

balanced translocation T(16;X)16H (T16H) (Lyon et al.1964) with Sxr

carrier males to produce progeny which although possessing Tdy 

developed as females because the paternally derived XSxr chromosome 

was invariably inactivated. Following H-Y typing however, these mice 

were found to be H-Y positive (presumably because Hya is not

inactivated with Tdy) suggesting that the presence of H-Y antigen is 

not sufficient condition for testis development (McLaren et al.1984). 

In addition, one female mouse was found to be H-Y negative (McLaren et 

al.1984). This individual was then mated with a normal male. All H-Y

tested descendants of this female who inherited her mates normal Y

chromosome were found, as expected, to be positive for H-Y antigen;



however, those who received her Sxr region in the absence of a Y 

chromosome, that is X/XSxr males and T16H/X&xr individuals were all H- 

Y negative. These results implied that these mice carried a variant 

form of the Sxr region (termed Sxr') in which Tdy is retained but the 

sequences controlling the expression of H-Y antigen have been lost, 

and that the presence of H-Y antigen is not a necessary condition for 

testis development. The transition from Sxr to Sxr1 is believed to 

involve a small deletion (Roberts et al.1988) brought about perhaps by 

unequal crossing over,

Similarly, Simpson et al.(1987a) separated the genetic loci for 

testis determination and the H-Y antigen in man, H-Y typing using 

cytotoxic T cell assays was carried out on a series of sex-reversed 

humans (XX males and XY females), each shown by DNA hybridization to 

carry part but not all of the Y chromosome. This deletion analysis 

maps the gene for H-Y to the long arm or centromeric region of the 

human Y chromosome, a locus clearly distinct from the TDF locus which 

is now knowm to map to the distal portion of Yp (Simpson et al. 1987b) 

(see below).

Until recently very little was known about the nature or possible 

mode of action of the TDF gene product so that cloning strategies 

based on expression were limited. However, in common with several 

genetic disorders which were characterized by a phenotypic expression 

of a disease for which an aberrant genetic product had not been 

identified eg. Duchenne muscular dystrophy and retinoblastoma cloning 

could be accomplished from knowledge of the chromosomal position. 

Through karyotypic analysis of Y chromosome structural abnormalities, 

TDF has been localised to the pericentric region of the short arm 

(Davies 1981; Magenis et al.1984). Subsequently, through molecular
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studies involving sex-reversed males (46XX karyotype) and sex-reversed 

females (46XY karyotype) a small portion of the Y chromosome has been 

identified which appears to be sufficient to induce testicular 

development,

Human XX maleness, first described by de la Chapelle (1981), is

the best known example of error in primary sex determination. The

syndrome occurs with a frequency of 1:20,00 newborn boys and although

individuals have a 46,XX karyotype, phenotypically they are sterile

males. The hypotheses put forward to account for XX maleness fall

into three groups 1) XX maleness is due to a non Y related mechanism

triggered by an autosomal or X-linked mutation (de la Chapelle et

al.1977), 2) there is an undetected Y chromosome mosaicism, 3) the

male phenotype is the result of the expression of some cytologically 
•feeundeptable Y-chromosome material. The first hypothesis was suggested 

to explain rare familial cases of XX males, however the latter 

hypothesis is now believed to account for the occurrence of most 

sporadic cases of XX males, and is thought to arise due to an unequal 

X-Y exchange during paternal meiosis which results in the transfer of 

a Y chromosome fragment harbouring TDF, to the X chromosome short arm 

by 'accidental crossing-over', with the simultaneous loss of Xp 

sequences through reciprocal exchange (Ferguson-Smith 1966). This 

hypothesis parallels the mouse model in which the Sxr locus is 

transferred from the Y to the X chromosome by what appears to be an 

obligate chiasmata (Evans et al.1982). Females receiving an X 

chromosome carrying the Sxr locus are sex-reversed phenotypic males 

unless the Sxr locus is inactivated (Cattenach et al.1982; McLaren & 

Monk 1982). Molecular studies using Y-specific DMA probes have now 

shown Y-chromosomal DNA sequences in most XX males (Guellaen et al.
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1984; Koenig et al.1985; Page et al. 1985; Miiller et al. 1986a and £>; 

Affara et al.1986b; Vergnaud et al.1986). The percentage of Y DNA 

positive XX males reported so far ranges between 60% (Vergnaud et 

al.1986) and 80% (Muller et al.1987). Those XX males which fail to 

react with Y derived probes may have either smaller, undectable, 

translocations of Y chromosome material or may be caused by mutations 

elsewhere in the genome, Other results provide even more direct

support of the interchange model. In many families, the XX male does

not express his father's XG allele (see de la Chapelle 1981), and in 

one case this loss of paternal XG expression was associated with the 

acquisition of the Y-linked allele for MIC2 (de la Chapelle et 

al.1984). In addition, In situ hybridization studies of Y-DUA 

positive XX males (Magenis et al.1984; Buckle et al.1985b and 1987; 

Andersson et al.1986) and a 47,XXX male (Muller et al.1987) have

demonstrated that Y-DNA in these individuals is located at the tip of 

the short arm of one X chromosome, giving further support to the 

notion that an aberrant X-Y interchange during paternal meiosis is the 

most frequent underlying cause of the XX male syndrome.

These results however, do not show if the paternal X chromosome 

of Y(+)XX males actually arises from an interchange involving the

terminal part of both parental sex chromosomes. Using pseudoautosomal 

probes, inheritance of the paternal pseudoautosomal region has been 

studied in nine Y(+)XX males by segregating the paternal X chromosome 

in somatic hybrids (Petit et al.1987) or by family analysis (Page et 

al.1987c). All these individuals have inherited the entire

pseudoautosomal region from the Y chromosome and lost the 

pseudoautosomal region from the paternal X chromosome. The term 'X-Y 

interchange males' has (therefore been suggested for those individuals
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arising by such abnormal terminal exchange (Ferguson-Smith et 

al,1987). By contrast the occurrence of XX males lacking detectable 

Y-specific sequences cannot be explained by the terminal transfer 

model but may arise by other forms of X-Y interchange, by mutation in 

a non-Y linked gene or through Y mosaicism.

Since many X-Y interchange males are heterogeneous with respect 

to the amount of Y chromosome material present (Guellaen et al.1984; 

Page et al.1985; Page 1986) deletion maps centred around TDF on the Y 

chromosome short arm can be constructed. This mapping approach 

requires testing each individual for the presence or absence of Yp DMA 

sequences. A transfer gradient can then be established in which 

physical distance from TDF depends upon the frequency each DNA 

sequence is detected. Because of the underlying assumptions of the 

terminal exchange model, this gradient is orientated only for the 

proximal side of TDF\ sequences located distally are transfered in all 

X-Y interchange males and therefore cannot be ordered with respect to 

each other or with respect to TDF.

Several independent researchers have made use of X-Y interchange 

males to contruct deletion maps of the short arm of the Y chromosome 

(Affara et al.1986a; Muller et al.1986b; Vergnaud et al.1986). 

Guellaen et al. (1984) used ten Y chromosome probes and four XX males 

to define four intervals on Yp. TDF was subsequently assigned to 

deletion interval 1 as all Y(+)XX males have this region in common, 

and the locus defined by probe 47c, found in the greatest number of XX 

males, maps to this interval. Vergnaud et al. (1986) using DMAs from 

19 XX males, 2 XX hermaphrodites and six persons with microscopically 

detectable anomalies of the Y chromosome, defined the deletion map of 

the complete Y chromosome in terms of seven intervals, assigning each
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of the 23 Y-specific probes to one of the intervals. In this map 

deletion intervals 1,2 and 3 are within Yp (interval 1 containing

TDF), interval 4 contains the centromere, and intervals 5,6 and 7 are

on Yq. The XX males could then be divided into three classes 

according to the number of Y-specific fragments present.

This deletion map was extended further, dividing the short arm 

of the Y chromosome into 13 intervals, using 135 Y-DUA probes (Page et 

al.1987a). In the course of this study, one individual, although 

phenotypical ly male, was found to carry less than 0.5% of the Y 

chromosome, derived from deletion intervals 1A1 and 1A2, This 

finding, together with deletion analysis of other males carrying part 

but not all of the Y chromosome, suggested that the entire TDF locus 

must reside within intervals 1A1 and 1A2. Conversely, a second 

individual, although phenotypically female, was found to carry 99.8% 

of the Y chromosome, lacking only 160kb that comprise intervals 1A2 

and IB. This result, together with deletion analysis of other females 

carrying part but not all of the Y chromosome, strongly indicated that 

an essential portion of TDF is contained within the 140kb interval 

1A2.

By chromosome walking Page et al. (1987b) cloned a 230kb portion 

of the Y chromosome which included all of interval 1A2, Sequences 

within this region were shown to be highly conserved, with homologous

sequences present on the Y chromosome of all mammals examined.

Subsequent nucleotide sequencing of this conserved DMA revealed it 

encodes a protein with a tandem array of cysteine- and histidine-rich 

finger domains similar to those found in many transcription factors, 

for example Xenopus 5S gene transcription factor 111A (Miller et 

al.1985;Brown et al,1985) and human transcription factor Spl (Kadonaga
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et al.1987). It is postulated that, in each such finger domains, a 

pair of cysteines and a pair of histidines are arranged about a 

central zinc ion in a tetrahedral coordination complex , and that such 

domains can interact with nucleic acids in a sequence specific manner 

(Miller et al.1985). In common with other transcription factors, it 

is possible that the Y-encoded zinc finger protein (designated ZFY) is 

capable of binding to the regulatory sequences of one or more genes 

and positively or negatively regulating their transcription. This 

finding is in accord with the hypothesis that the testis determining 

factor is a switch which initiates a cascade of events, inducing male 

development. Page et al, (1987b) therefore propose that ZYF is TDF.

However, in addition to the conserved sequences on the Y 

chromosome, homologous sequences have also been found on the X 

chromosome of all mammals examined so far. In humans, this related 

sequence (ZFX) is located on the short arm of the X chromosome at 

Xp21-Xp22.3 (Page et al.1987b) and more specifically at Xp21,3 (Muller 

& Schempp 1989). The high degree of evolutionary conservation 

suggests that neither the Y nor the X locus is a pseudogene, but 

that both loci encode similar proteins. These results together with 

the current notion of a dominantly acting sex determining factor 

unique to the Y chromosome, appear to argue against ZFY being TDF. To 

encompass these unexpected findings within a model which proposes ZFY 

to be TDF, Page et al.(1987b) have suggested four possible hypotheses:

1) The X-encoded protein does not function in gonadal sex 

determination, whilst the Y-encoded protein is sex determining simply 

by its presence or absence.
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2) The X and Y loci act antagonistically in sex determination. 

For example by encoding negative and positive regulatory factors that 

bind to the same regulatory sequence,

3) The X and Y loci act co-operatively but are not functionally 

interchangeable. For example by encoding different subunits of a 

multimeric structure.

4) The X and Y loci are interchangeable, but the X locus is 

subject to X inactivation, and gonadal sex is determined by the total 

number of loci expressed. Thus males would have two active copies of 

the gene whereas females would only have one (see German 1988).

Scherer et al.(1989) have argued in favour of the 'antagonistic' 

model based on results obtained from a study of two 46,XY females with 

tandem duplications of an X short arm segment. These two individuals 

have cytogenetically normal Y chromosomes and in one case the presence 

of 18 Y-specific loci, including ZFY, was confirmed by Southern blot 

analysis using probes spanning the entire Y chromosome. However there 

was no indication of masculization in either these or two previously 

reported cases (Bernstein et aJ.1980). In all four cases the region 

Xp21.2-Xp22.2 which includes the locus for ZFX, was duplicated. 

Although the possibility cannot be excluded that the duplication of 

other genes within this region or point mutations within TDF resulted 

in sex reversal in these individuals, it was concluded that in 

sporadic cases where sex reversal is accompanied by the duplication of 

Xp21-Xp22, ZFX was the critical locus.

Based on these findings Scherer et al. (1989) have argued that 

female development occurred despite the presence of ZFY thus excluding 

model (1). Likewise, model (3) -the 'cooperative' model- was excluded 

because although both ZFY and ZFX are present the individuals are
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female. Finally, the single X chromosome in these individuals is not 

inactivated so that three active copies of the gene are assumed to be 

present, thus excluding model (4).

In the model proposed by Scherer et al.(1989) ZFY has a positive 

effect and ZFX has a negative effect with respect to the induction of 

male development. However ZFY is epistatic to ZFX if the ratio of 

active genes is 1:1, as in the normal male. In cases with a 

duplication of ZFX on an active X chromosome the resulting 2:1 ratio 

of ZFX to ZFY is sufficient to overcome the epistatis of ZFY. 

Consequently, testicular development is not induced and the 

constitutive female phenotype develops.

In contrast to these results however, it has been found that 

unlike other placental mammals, the mouse Y chromosome normally 

carries two distinct homologs of the human ZFY gene, termed Zfy-1 and 

Zfy-2 (Mardon & Page 1989), resulting from an intrachromosomal 

duplication which ocurred during mouse evolution (Mardon et al.1989). 

Both Zfy loci map to the sex-determining region of the mouse Y 

chromosome with complementary results indicating that XSxr DNA 

resembles Y DNA in having two such regions whilst XSxr' DNA shows only 

one (confirming that Sxr1 represents a deleted version of Sxr) (see 

McLaren 1988). Northern analysis reveales that both Zfy-1 and Zfy-2 

are transcribed in mouse adult testis, however, not both are required 

for testis determination; testis differentiation can occur in the 

absence of Zfy-2 (Mardon et al,1989). The addition of Zfy-1 and Zfy-2 

via transgenic manipulation, to XX mouse embryos should resolve the 

functional relationship of these genes to each other and their role in 

gonadal sex determination as well as testing the 'dosage model' of sex 

determination.
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In marsupials the Y chromosome also appears to be testis- 

determining; the few XXY animals described possess testes, whereas XO 

animals lack testes (Sharman et al.1970). However, unlike human XXY 

and XO individuals, marsupials with aneuploid sex chromosomes are not 

unambiguously male or female, suggesting that whereas the Y chron^ome 

determines testicular differentiation, the dosage of X chromosomes may 

influence the differentiation of scrotum, pouch and mammary glands.
S*L-fcu>. CXr->d- <3j rvncusoipicsj /i^nOLASe. t)I'-'Ids

UsingASouthern blot analysisAand the ZFY probe, Sinclair et al.i1988) 

found that ZFY homologous sequences are not present on either the X or 

Y chromosomes in marsupials, but map to the autosomes, implying that 

ZFY is not the primary sex-determining gene in marsupials. Either the 

genetic pathways of sex-determination in marsupials and eutherians 

differ, or they are identical and ZFY is not the primary signal in 

human sex-determination. This will be elucidated by the

identification and isolation of the primary sex-determining gene borne 

on the Y chromosome of marsupials.

b) Short arm Y - long arm X homology

The ZFY and ZFX loci represent the first example of sequence 

homology on Yp and Xp outside the pseudoautosomal region (Page et 

al.1987b), although short arm Y-long arm X homology has been well 

documented (Bishop et al.1984; Wolfe et al. 1985; Affara et al.1986a), 

Indeed the first single-copy sequence to be mapped to the Y chromosome 

was localised to Yp and to the region Xql3-Xq21 by in situ 

hybridization studies (Page et al.1982 and 1984). This sequence, 

defining the locus DXYS1, produces sex-specific hybridization paterns



on digestion of genomic DNA with Taq 1. The homology between the X 

and Y-specific fragments at the DXYS1 locus is extensive; it is

estimated to be better than 99% over a region of at least 36kb (Page 

et al.1984). Such limited divergence in the sequences homologous 

between Xql3-Xq24 and Yp and the fact that in great apes, sequences 

homologous to DXYS1 are found only on the X chromosome, suggest that 

the human Y chromosome is, in part, derived from very recent

tranpositions of material from the X chromosome (Page et al.1984; 

Koenig et aJ.1985).

Like DXYS1, the loci defined by other probes recognizing Yp-Xq

sequence similarities also show greater than 99% X-Y sequence homology

(Geldwerth et al.1985). However, deletion mapping studies have shown 

that such sequences are not clustered within a single block but are 

located in two distinct areas on Yp; DXYS1 sequences (defined by probe 

pDP34) occur near the centromere in deletion interval 4, while a group 

of DXYS1-like sequences (defined by probes 47a,47z,13d and 115) are 

found more distally, in intervals 1 and 2 (Vergnaud et al. 1986). Y- 

specific or Y-autosome sequences appear to separate these two blocks. 

If this order is correct, then either multiple Xq-Yp transpositions 

occurred during recent evolution or, following a single transposition, 

some event resulted in the intercalation of Y-specific DNA between X-Y 

homologous sequences.
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1.2.3 Centromeric region

Tandemly repeated simple sequence DNA, often called satellite 

DNA, is a ubiquitous component of eukaryotic genomes. In primates, 

such a repeated DNA family, know as alphoid satellite DNA ^reviewedby 

Singer 1982) exists as tandem arrays of a small unit, often found near 

centromeres. Sequences homologous to this alphoid family are also 

located at the centromeres of all human chromosomes (Manuelidis 1978; 

Mitchell et al.1985), although the molecular organisation of these 

repeats appears to be chromosome-specific (Villard 1985a and b; Wolfe 

et al.1985; Tyler-Smith & Brown 1987). As shown by Wolfe et al.(1985) 

and Tyler-Smith & Brown (1987), the Y chromosome has a unique set of 

alphoid repeats which can be distinguished from the alphoid repeats of 

other chromosomes by sequence and by the periodicity of particular 

restriction sites within the tandem array. Probes corresponding to 

the alphoid-like sequences (termed DYZ3) have been cloned by both

groups. Wolfe et al.(1985) showed that such probes hybridize to a 

characteristic 5.5kb EcoRl fragment within male DNA, whilst the probes 

isolated by Tyler-Smith & Brown (1987) recognise a 5.7kb band 

(probably corresponding to the 5.5kb band of Wolfe et al.i1985)) and a 

minor band of 6.Okb. Restriction enzyme mapping of the cloned DNA 

with Haelll, together with sequence analysis showed a repeating 

structure of approximately 170bp in length, with the 5.7kb unit 

composed of approximately 34 such subunits and the variant 6.Okb unit 

containing 36. Additional sequence analysis revealed that although Y- 

chromosome alphoid subunits are heterogeneous, being between 76% and 

86% homologous to each other, they are generally more similar to one



another than they are to alphoid sequences from other chromosomes; 

despite showing 70% homology to X-chromosome alphoid subunits in situ 

hybridization studies, using an alphoid probe, revealed stronger 

homology to the centromeres of chromosomes 13,14 and 15 (Volfe et 

al.1985).

It is estimated by dosage analysis that there are approximately 

100 copies of the conserved EcoRl repeat unit present on the Y 

chromosome (Wolfe et al.1985). This result together with the finding 

that alphoid DNA is not interspersed with other sequences (Tyler-Smith 

& Brown 1987) suggested that there is almost certainly only a single 

block per Y chromosome. This was confirmed by Tyler-Smith & Brown 

(1987) using five restriction enzymes which were found not to cut 

within the alphoid DNA block. Following digestion of high molecular 

weight DNA, the products were analysed by pulsed-field gel 

electrophoresis. The five enzymes each produced a single major 

alphoid DNA fragment, the smallest fragment size being estimated to be 

475kb. In addition, they discovered a lOOkb variation in the length 

of the alphoid block in two different Y chromosomes indicating that 

the tandemly repeated sequences may be very variable on a large scale 

in the human genome, thought to reflect the occurrence of unequal 

recombination and mutation events (Smith 1976).

More recently, the long-range structure of alphoid DNA has been 

mapped in greater detail (Tyler-Smith 1987). A total of 36 

restriction enzymes were found not to cut Y chromosome DNA within the 

alphoid block giving rise to fragment sizes estimated to be between 

540kb (Avail digests) to approximately 1200kb (Fael digests). Using 

these results and the results from double digests a 1,lmb map of the 

alphoid DNA region was constructed. This provided some indirect
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evidence about the nature of the sequences flanking the alphoid block 

In particular, sequences to one side of the alphoid DNA had an 

unexpected restriction site distribution more suggestive of a simple 

sequence such as that found in other satellite DNAs, whilst sequences 

flanking the other side of the block had a restriction site 

distribution similar to that expected in a stretch of typical human 

DNA consisting of a mixture of unique sequences and interspersed 

repeated sequences. Tyler-Smith (1987) suggests this flanking region 

could represent the boundary between euchromatic and heterochromatic 

DNA. Evidence supporting this would result from a more detailed map 

of a human centromeric region which would be expected to extend from 

the euchromatic DNA on one arm of the chromosome, through the 

heterochromatic DNA, to the euchromatic DNA on the other, and which 

would form the basis for a more detailed structural analysis of the 

region and a systematic search for functional mammalian centromeric 

sequences,

1.2.4 The long arm euchromatic region

a) Sequences involved in spermatogenesis

Although Y chromosome anomalies account for only 1 to 3% of male 

sterility cases (Koulischer & Schoysman 1974) the euchromatic portion 

of the long arm has been associated with a factor required for 

spermatogenesis (AZF) through karyotypic analysis. Azoospermia, in 

particular, has been related to deletions within this region (Tiepolo
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& Zuffardi 1976; Neu et al.1973 Yunis et al.1977; Steinbach et 

aJ,1979; Cohen et al.1983; Schempp et al.1985; Chandley et al.1986; 

Hartung et al.1988), In humans, data relating to this factor are very 

limited. Mice studies however, have provided a key to the role of the

Y chromosome in male germ cell differentiation.

By comparing aspects of the male phenotype in mice which differ 

only in the strains from which their Y chromosome is derived, 

differences have been attributed to strain-specific variants at Y- 

chromosomal loci. Using this approach, Y-chromosomal effects have 

been identified on testis weight, serum testosterone levels, 

serologically detected male antigen levels, target organ sensitivity 

to androgen, the frequency of abnormal sperm and the frequency of Y- 

chromosome non-disjunction (Stewart 1983; Jutley & Stewart 1985; 

Stewart & Jutley 1987). From this it has been suggested that a 

minimum of four loci are involved,

It is now well established that XX germ cells in the mouse testis 

are able to enter the male gametogenic pathway (McLaren 1988). 

However, cytogenetic and histological studies of XO/XY or XO/XY/XYY 

mosaic mice reveals that germ cells lacking a Y chromosome rarely 

survive into the adult testis, whilst those which do survive to enter 

meiosis degenerate before the first meiotic metaphase (Levy & Burgoyne 

1986). More recently an XO e XY chimeric male was discovered which 

appeared from tissue analysis, to be predominantly XO. Nevertheless, 

spermatogenesis was supported entirely by the XY cell component. It 

appears therefore, that XO germ cells are failing despite an XY 

Sertoli cell environment and that the germ cells themselves require a

Y chromosome in order to take part in spermatogenesis (Burgoyne 1987). 

Levy & Burgoyne (1986) concluded therefore, that the mouse Y
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chromosome harbours a spermatogenesis gene (or genes) required for 

male gametogenesis which must be expressed in the germ line, This 

gene is termed Spy.

Further insight into spermatogenesis has been gained from studies 

involving sex-reversed mice. Crosses between XYSxr males and XO 

females give rise to XO#Sxr males (Cattenach et al.1971) which, despite 

carrying out all stages of spermatogenesis, are sterile - the sperm

produced are misshapen and few in numbers (Burgoyne & Baker 1984),

Unlike XO germ cells therefore, XO Sxr germ cells escape early 

spermatogenic failure, implying that Spy must reside within the Sxr 

region. From these results it was also concluded that other 

sequences, outside the Sxr region, must be required for complete 

spermatogenesis and normal sperm development. Two models have been 

postulated to explain why the absence of a complete Y chromosome leads 

to spermatogenic anomalies: one model, favoured by Cattenach et

al.(1971) and by Burgoyne & Baker (1984) proposes that the Y 

deficiency is triggering a 'meiotic quality control mechanism' which 

acts to eliminate the products of pachytene spermatocytes which have 

unsynapsed or incomplete synapsed chromosomes (Miklos 1974). In the 

germ line therefore, the Y chromosome acts as a pairing partner for

the X during meiotic prophase. The second model proposes that there

is a Y gene (or genes), absent from Sxr, which are involved in sperm 

morphogenesis and function (Eicher & Washburn 1986), Although 

further studies are required to assess these two models it is possible 

that spermatogenesis in XO Sxr mice is being affected by both a Y-gene 

deficiency as well as by a pairing deficiency.

Additional studies have also been carried out on the Sxr variant 

Sxr*. Burgoyne et al.(1986) have shown that XOSxr* mice have an early
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block to spermatogenesis which is indinguishable from that in the 'XO' 

tubules of XO/XY mosaics. It was concluded that when Sxr became 

altered to Sxr\ genetic information required for spermatogenesis 

(.Spy) had been lost along with the genetic information required for H- 

Y antigen expression (Hya). From these results two explanations could 

be offered: either Spy is the Y-chromosomal gene which controls H-Y

expression implying H-Y antigen has a role in spermatogenesis; or Spy 

and Hya are separate loci which have both been deleted in Sxr\

In parallel with these investigations, studies to map the male- 

specific transplantation antigen, H-Y, have confirmed that in humans 

the H-Y antigen gene is located on Yq where the gene controlling 

spermatogenesis has also been placed (Tieopolo & Zuffardi 1976). By 

H-Y typing a series of XX males and XY females which were used to 

contruct a Y chromosome deletion map (Vergnaud et al.1986; Disteche et 

al. 1986; Page 1986; Simpson et al. (1987b) were able to map the H-Y 

gene between deletion intervals 4B and 7 an the Y chromosome long arm. 

Although additional studies are required to define the map position 

more precisely, the results so far do not exclude the possibility 

that the gene controlling spermatogenesis could be coincident with the 

H-Y gene (Simpson et al.1987b).

Furthermore, Page (1987) has used a similar approach to map a 

putative Y-linked gene which predisposes morphologically abnormal 

gonads to develop gonadoblastomas These neoplasms defined

histologically by the occurrence of germ cells, immature Sertoli and 

granulosa cells within well circumscribed nests (Scully 1970), arise 

in gonadal tissue which often lacks the usual architecture of either 

an ovary or a testis and is therefore termed 'dysgenetic'. In 

addition, gonadoblastoma is not only restricted to those individuals
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with dysgenetic gonads but more exclusively to those who also carry Y 

chromosomal material (reviewed by Verp & Simpson 1987). However, it 

is rarely, if ever, found in normal males (or females) but occurs 

mainly among individuals with dysgenetic gonads who, although 

phenotypically female, have a 46XY or mosaic 45X/46XY karyotype, Page 

(1987) has postulated that in the context of the dysgenetic gonad and 

the apparent necessity for Y chromosomal sequences, a structural or 

regulatory gene on the Y chromosome, which in normal males has a 

physiological function in the testis (perhaps in or prior to 

spermatogenesis), behaves as an oncogene, in concert with other 

unrecognised factors, in the presence of a markedly abnormal gonad, 

This postulated gene has been termed GBY. Limited deletion mapping 

evidence suggests that GBY is located near the centromere or on the 

long arm of the Y chromosome within deletion intervals 4B to 7. As 

this is the same region to which AZF is thought to map and to which H- 

Y has been located (Simpson et al.1987) Page (1987) suggests that 

although these could be three distinct loci, GBY, H-Y and AZF may be 

synonyms for a single gene merely denoting the pleiotropic 

manifestations of that gene. Again, additional mapping studies, which 

will define these loci more precisely, should also demonstrate if they 

are separate factors.

b) Steroid sulphatase

Steroid sulphatase, STS, is ubiquitously expressed in mammalian 

tissues and appears to play an important role in the conversion of 

sulphated steroid precursors to oestrogens during human pregnancies.
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In man, STS deficiency results in a syndrome of X-linked ichthyosis,

Through somatic cell hybrid studies, deletion mapping and linkage

analysis, a functional gene for STS has been assigned to the region

Xpter-Xp22.3 (Mohandas et al.1979; Muller et al.1980; Tiepolo et

a2.1980; Veiacker et al.1984) and more precisely to Xp22.3 by in situ

hybridization studies (Ballabio et al.1987). In common with other
pcx/bLoJ

loci in this region, STS showsA X-inactivation (Shapiro et al. 1979) 

although additional evidence suggests that escape from inactivation 

may not be complete (Migeon et al.1982). These results, together with 

lack of evidence for a functional Yp locus suggests STS lies just 

centromeric to the X-Y exchange region. This is in contrast to the 

mouse steroid sulphatase gene which behaves pseudoautosomally with an 

apparently functional homologue on the Y chromosome (Keites et 

al.1985; Nagamine et al.1987). Recently Yen et a2.(1987), Ballabio et 

al. (1987) and Conary et al.(1987) independently isolated STS cDNA 

clones using specific anti-STS antibodies. Using these clones as

probes, evidence for the presence of cross-hybriding sequences on the 

long arm of the Y chromosome has been obtained (Fraser et ai.1987; Yen 

et a2.1987). Further subregion assignments, using somatic cell 

hybrids and cell lines which contain deleted Yq chromosomes, map these 

related sequences to Yqll.2 (Fraser et al.1987). Subsequently, twelve 

clones, covering lOOkb of Y-STS-related sequence, have been isolated 

and certain regions sequenced (Yen et ai.1988). Analysis shows the 

similarity index between these X and Y sequences ranges from 85% to 

94% although it appears that several exons as well as the region 

corresponding to the STS-X promoter, have been deleted. Furthermore, 

considerable sequence divergence from the STS-X gene has produced 

numerous stop codons. In addition to sizeable deletions the STS-Y
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locus has at least four large insertions which consist of complete or 

truncated LINE sequences. Analysis shows that these alterations in 

the Y sequence render it incapable of producing a functional protein 

product; the STS-Y locus [therefore appears to be a pseudogene in the 

process of degeneration. From results obtained from genomic blots 

containing primate DNA probed with a sequence from the STS-Y region 

Yen et al. <1988) concluded that the STS gene was pseudoautosomal in 

ancestral rodents, insectivores and primates, and that a putative 

pericentric inversion of the Y chromosome occurred at the time after 

the divergence of the prosimians from the higher primate lineage. 

However further evaluation of the mouse and human steroid sulphatase 

sequences is required since the degree of homology between the human 

and rodent steroid sulphatase genes appears to be very limited (Fraser 

et al.(1987).

c) Amelogenin sequences

Recently a cDNA clone for the mouse amelogenin gene has been used 

to determine the chromosomal locations of the human and mouse 

amelogenin iAKEL) loci (Lau et al.1989). This gene codes for the 

amelogenin class of protein which, together with enamelin, compose the 

enamel matrix covering the teeth. In humans, results obtained from 

Southern blot analysis, using somatic cell hybrids, have localized 

AKEL to the distal region of the X chromosome short arm <Xp22.l-p22.3) 

and to the centromeric region of the Y chromosome, possibly Yqll. 

Unlike the locus in humans, however, the mouse AKEL locus appears to 

be confined to the X chromosome. It is not known whether the AKEL-Y
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locus is actively transcribed or whether it represents a pseudogene, 

as in the case of STS. However, it is possible that the pericentric 

inversion of the Y chromsome which translocated the STS-Y gene to the 

long arm, disrupting meiotic exchange and permitting sequence 

divergence, also relocated AMEL-Y. Further studies, involving D M  

sequencing and phylogenetic hybridization studies are therefore 

required to determine the extent of homology between AKEL-X and AKEL- 

Y.

The chromosomal assignments of the human AKEL loci are consistent 

with the hypothesis that perturbation of the amelogenin gene is 

involved in X-linked types of amelogenesis imperfecta, a condition 

affecting enamel formation (see Lau et al. 1989). Previous 

investigations have suggested that a Y-chromsome gene located near the 

qll region, known as TSY, participates in regulating the size of human 

teeth (Alvesalo & de la Chapelle 1981), The localization of AKEL to 

the Y chromosome strongly indicates that this and TSY are either the 

same or closely related loci.

d) Other sequences

In common with STS and AKEL, several random human genomic 

sequences have been isolated, which also map to short arm of the X 

chromosome and to the euchromatic region of the Y long arm. DXS31 

(Koenig et aJ.1984), DXS69 (Kunkle et al.1983), GKGXY3 (Affara et 

al.1986a) and CRI-S232 (Knowlton et al.1989) all detect homology 

between the sex chromosomes and have been localized to Xp21-pter and 

Yqll-Ypter. Furthermore in the one case examined, DXS31, X-Y homology
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is also found in the chimpanzee, but an X only location is found in 

the macaque (Koenig et al.1984). In correlation with the results 

obtained for STS therefore, these sequences may have been involved in 

an X to Y transposition event occurring prior to the divergence of the 

human and chimpanzee lineages but after the split of the higher 

primates from the old world monkeys (Bickmore & Cooke 1987).

Other sequences within Yq are known to be homologous to sequences 

on Xq. Cooke et al.(1984) have described a sequence (pUC9Hl) which 

has been localized using somatic cell hybrids, hybrids with X-autosome 

translocations and in situ hybridization, to Xq24-Xqter and distal Yq, 

whilst Bickmore & Cooke (1987) have isolated a sequence, 2:13, which 

has been mapped to Xql2-28 and to Yqcen-qll.l. In addition two 

pseudogenes are known to be present on Yq, Heilig et al.(1984) found 

actin-like sequences, resembling cytoskeletal actin rather than muscle 

oc actin, on both the X and Y chromosomes. Through hybridization of a 

human a skeletal actin cDNA probe to DNAs from a panel of human-mouse 

hybrid cell lines, the X-linked actin sequences have been assigned to 

the centromeric region Xpll-Xqll whilst the isolation of Y linked 

genomic actin sequences and flanking regions has allowed the 

localization of the Y-linked sequences (ACTP1) to the euchromatic part 

of the Y long arm (Koenig et al. 1985). Subsequent sequencing of the 

Y-located actin gene has confirmed its inability to be expressed 

(Koenig et a2.1985). Sequences cross reacting with a probe for the 

argininosuccinate synthetase gene are also present on the X and Y 

chromosomes as well as dispersed throughout the genome (Daiger et 

al.1982). In commom with the actin-like sequences, the two Y-linked 

argininosuccinate synthetase sequences, ASSP4 and ASSP5, are known to 

be pseudogenes (Freytag et al.1984). Although these sequences occur
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on both the X and Y chromosomes it is thought that the ASS pseudogenes 

on the X and Y chromosomes were probably dispersed by a mechanism 

common to all the ASS pseudogenes and do not reflect strict X and Y 

homologies (Daiger & Chakraborty 1985).

1.2.5. The long arm heterochromatic region

The heterochromatic region of the long arm constitutes 

approximately one third to one half of the Y chromosome and stains 

intensely with quinacrine mustard. It is probable that there are no 

transcribed sequences within this portion of the long arm as extensive 

variation in the length of this region is seen within the population 

of healthy fertile men (Bobrow et al.1971; McKay et al.1978); the 

region is present in 1 in 3000 normal females (Cooke & Boel 1979). It 

is primarily composed of two tandemly repeated male specific 

sequences, DYZ1 and DYZ2 (Cooke 1976). Digestion of male genomic DBA 

with the restriciton enzyme Haelll yields two distinct ethidium 

staining bands at 3.4kb (representing DYZ1) and 2.lkb (representing 

DYZZ') that are not seen in similar digests of female DBA. Members of 

these two repeat families have since been purified, cloned and 

analysed by several laboratories. Independently, Kunkle et al.(1976) 

reported the isolation of Y-chromosome repeated DBA (termed it-Y) by 

hybridizing single stranded male DBA with a large excess of female DBA 

and recovering the remaining single stranded fraction. This fraction 

when used as a probe reacted with DBA from normal males but failed to 

react with DBA from males carrying a Y chromosome deleted for the



heterochromatic region). It-Y sequences were subsequently shown to be 

largely accounted for by the 3.4kb repeat family described by Cooke 

(Kunkle et al.1977).

In situ hybridization studies have localized the majority of the 

members of the DYZ1 and DYZ2 famies to the heterochromatic portion of 

the Y <Yql2-Ypter) (Bostock et al. 1978; Cooke et al. 1982) with the

2.1kb family restricted to the distal tip whilst the 3.4kb family

appears to be dispersed along the entire long arm (Szabo et al.1979). 

In addition, the amount of the 3.4kb repeat sequence present in any 

male seems to reflect the length of the heterochromatin present in 

that male (Kunkle et al.1977; Bostock et al.1978). Cooke (1976) has 

estimated there to be between 4000 and 6000copies of the 3.4kb repeat 

and 2000 copies of the 2.1kb repeat.

While the 3.4 and 2. lkb fragments are themselves from the Y 

chromosome, each contains sequences which cross react with DBA from 

other chromosomes. Kunkle & Smith (1982) have shown that the 3,4kb

Haelll fragment is composed of Y-specific sequences interspersed with

non-Y-specific ones and that the major sites of autosomal homology are 

chromosomes 1,9,15,16,21 and 22 (Burk et al.1985), Even under 

considerably reduced stringencies of hybridization, however, no 

sequences homologous to the X chromosome are found (Cooke & McKay 

1978; Willard 1985b). In addition studies of the 3.4kb repeat, 

involving reassociation kinetics or direct sequencing have shown 

considerable heterogeneity among DYZ1 sequences. At least a portion 

of the 3.4kb repeat consists of simple repeats of the pentamer 

5'-TTCCA-3’.

The DYZ2 family appears to be more complex than the DYZ1 family. 

The 2.lkb probe does not cross react with the 3,4kb Haelll fragment,



indicating the sequence independence of the DYZ1 and DYZ2 repeats. 

Studies by Young et al.(1983) and Cooke et al, (1982) have established 

that the 2.lkb Haelll repeat is not the fundamental repeat unit on the 

Y. Rather, partial digests of male DBA which would be expected to 

reveal a ladder of fragment sizes corresponding to exact multimers of 

the basic tandem sequence, indicate a basic repeat unit of 2.4kb 

(Cooke et al.1982; Young et al,1983; Frommer et al.1984). Sequence 

analysis of members of the DYZ2 repeat has revealed a complex 

structure involving both A-T and G-C rich subregions and the presence 

of an Alu repeat (Frommer et al.1984). However, it is not certain if 

all DYZ2 repeats have this structure.

Higher primates share DYZ1 and DYZ2\ however, only in humans are 

these sequences concentrated on the Y chromsome (Cooke et al.1982; 

Szabo et al. 1980). Thus just based on these repeats, half of the 

sequences on the Y chromosome are of recent evolutionary origin.

In addition to the DYZ1 and DYZ2 repeats, several low copy 

sequences have been provisionally assigned to the heterochromatic 

region. Cooke et al.(1984) reported the isolation of a probe Y21.3, 

which, by in situ hybridization recognizes a locus in the Yq satellite 

region as well as a locus on the long arm of the X chromosome (Xq24- 

Xpter). Likewise, Rappold et al. (1984) used in situ hybridization to 

map two Y-derived sequences to Yqll-Yqter, both of which also react 

with homologous loci on other human chromosomes.
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1.3. Background and alms of this study

In classical genetic investigations, the direction of analysis 

flows from the phenotype to the gene and DBA level. The Y chromosome, 

however, is largely refractory to this form of investigation as a 

direct consequence of its defined function in sex determination and 

the lack of recombination. The need to retain the sex determining 

gene on the Y chromosome is a strong theoretical reason for the 

absence of recombination between the sex chromosomes, and the large 

number of X linked genes not found on the Y chrom-osome testifies to 

the absence of extensive sex chromosome recombination. Genetic 

analysis by family linkage studies is therefore impossible when 

dealing with sequences outside the pseudoautosomal region. Within 

this region the X and Y chromosomes must pair during male meiosis, a 

function achieved by specific sequence homology between the two 

chromosomes. Theoretically any gene could be found in the 

pseudoautosomal region as it will be present identically in male and 

females, assuming that X-located pseudoautosomal genes escape X- 

inactivation. Outside the pseudoautosomal region the Y chromsome 

appears to be a mosaic of sequences derived from several different 

sources at different evolutionary times,

A better understanding of the Y chromosome has resulted from 

molecular genetics in which DBA sequences are isolated and then used 

to study phenotypes and function. Apart from the repeat elements 

located at the centromere and Yq heterochromatic regions, five 

approaches have been used to clone sequences from the Y chromosome:
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1) Initially unique Y DBA fragments were obtained by screening 

random probes, isolated from total human genomic libraries, for their 

ability to hybridize differentially to the male as opposed to the 

female genome (Daiger et al.1982; Page et al.1982), As this strategy 

prohibited the isolation of large numbers of probes, procedures for 

producing libraries highly enriched for the Y chromosome were 

subsequently employed,

2) Human-rodent somatic cell hybrids, containing the Y chromosome 

as the only detectable human contribution <eg. Marcus et al.1976) have 

been used to construct genomic libraries in cosmid (Bishop et a1.1983; 

Wolfe et al,1984; Cooke et aJ,1985) or bacteriophage vectors (Burk et 

al.1985), By screening the resultant libraries with a human 

repetitive probe, recombinant clones specific for the Y chromosome 

were obtained. Isolation of single copy sequences was subsequently 

achieved by sub-cloning smaller fragments of the phage or cosmid 

clones.

3) The Y chromosome has been physically isolated from other human 

chromosomes using fluorescence activated flow cytometry. On the basis 

of their size, chromosomes are assigned to specific peaks in the 

resultant flow karyotype and peaks of interest isolated. Chromosomal 

DBA is then extracted, restricted and cloned, normally into high- 

effiency phage lambda vectors. Using this method Y-chromosome enriched 

libraries have been constructed for the mouse (Bishop et ai.1985) as 

well as the human (Fantes et aJ.1983; Muller et al.1983; Muller et 

aJ.1986). Such banks, however, are rarely complete or totally pure.

4) To obtain DBA sequences specifically from the mouse Sxr 

region, Bishop et al.(1987) microdissected the region of interest from 

metaphase chromosomes and microcloned the picogram quantities of DBA

-  54 -



obtained. This technique however, relies on the easy identification 

of the relevant chromosome without staining. In this case a marker Y 

chromosome was used; a metacentric Y formed by a pericentric 

inversion.

5) Several sequences derived from the X chromosome have been 

shown to detect homologous loci on the Y chromosome (Kunkel et 

al,1983;Koenig et al.1984). Such sequences have been useful for

mapping the Y as well as the X and for examining the evolutionary 

relationship between these two chromosomes.

Many of the Y-linked (or putatively Y-linked) genes described to 

date, have been localised using deletion mapping techniques eg. ZFY 

(Page et al. 1987), H-Y (Simpson et ai. 1987) and GBY (Page 1987). In 

addition, using the methods described, several Y-linked single copy 

sequences have been isolated which detect transcripts during Northern 

blot analysis. Using a Y specific random DBA probe taken from a 

highly enriched mouse Y chromosome library, Bishop & Hatat (1985) 

identified and cloned an mRNA transcript expressed solely in the adult 

mouse testis. The genomic sequence appears to be repeated about 250 

times and in situ hybridization studies suggest that it maps along the 

entire length of the Y (Bishop et al.1987). Athough the function of 

the transcript is unknown, its failure to hybridize to DBA from XXS!xr 

mice suggests it is unlikely to be involved in sex determination, and 

its absence from both the mouse germ cell derived teretocarcinoma PCC7 

and the presumptive mouse Sertoli cell line TM4, appears to suggest it 

is not involved in the early stages of spermatogenesis.

Similarly, Arnemann et al.(1987) isolated a Y-specific clone from 

a human Y-chromosome enriched cosmid library. Deletion mapping 

localised this clone to the median region of Yp, neighbouring TDF,
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whilst northern blot analysis showed a transcription signal in 

poly(A)+ RBA of human testis. Although sequence analysis revealed an 

open reading frame of 522bp, no significant homologies with known DBA 

or protein was found. Likewise, Leroy et al.(1987) used a human Y- 

chromosome random DBA sequence obtained from a human Y-specific cosmid 

library to probe a northern blot of human and mouse RBAs. The 

sequence, derived from the long arm of the Y chromosome, was found to 

detect mRBAs specically expressed in the testis. However, Southern 

analysis and in situ hybridization studies using the mouse cDBA 

sequence as a probe under high-stringency conditions, revealed that in 

rodents at least, this sequence is autosomally located. From signal 

intensities on Southern blot analysis LeRoy et al.i1987) predict that 

the Y-chromosome sequence is not the active gene, which is probably 

autosomally located, but represents a Y-located pseudogene.

In an effort to identify transcripts specifically from the Sxr 

region of the mouse Bishop et al. (1987) probed a flow-sorted Y 

library with a mixture of total mouse DBA and various repeated 

sequences. Begative plaques were then replica-plated and screened 

with cDBA probes synthesized from male testis, male liver and female 

liver. Clones which were positive with the testis cDBA but negative 

with the other cDBA probes were identified and shown by Southern blot 

analysis to detect restriction fragments in normal male, XXiSxr and 

TiSxr DBAs but not female DBA.

My primary objective in this study has been to identify other 

transcribed sequences on the human Y chromosome, using molecular 

techniques which facilitate cloning. More specifically, to detect CpG 

islands, which are characteristic of many eukaryotic genes and use 

these as 'markers' in the search for Y-linked genes.
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1.3.1. CpG or HTF Islands

The dinucleotide CpG is rare in vertebrate DBA, occurring at only 

one-fifth of the frequency expected from base composition.(Russell et 

al.1976). Since CpGs in bulk DBA are often methylated at position 5 

of the pyrimidine ring, it has been proposed that the rarity of CpG is 

caused by the high frequency of deamination of 5-methycytosine to give 

thymine (Bird 1980). Owing to the high level of CpG methylation and 

rarity of the dinucleotide, vertebrate DBA is poorly cleaved by 

restriction endonucleases which are blocked by 5mCpG. Cooper et al.

(1983) however found that about 1% of the genome, in a wide range of 

vertebrates, is very frequently cut by the methylation-sensitive 

enzymes Hpall and Hhal. In chicken DBA, for example, Hpall sites are 

on average 120bp apart in this fraction compared with an average 

spacing of 1.8Kb in the chicken genome as a whole, so that Hpall 

cleavage of these regions gives rise to numerous small fragments - the 

Hpall tiny fragments (HTF). Such sequences therefore contain CpG at 

more than 10 times its density in bulk DBA (Bird et al. 1985) with the 

CpG dinucleotides clustered, farming discrete 'islands', usually 1- 

2kbp long. Although no extensive sequence homologies have been 

detected between different CpG islands (Bird et al.1985), their 

atypical sequence composition gives rise to restriction endonuclease 

rcognition sites which are C+G rich and contain one or more CpGs. 

Such 'rare cutting' or 'CG' enzymes, including BssHll (GlCGCGC), Hael 

(GCCiGGC), Sacll (CCGClGG), Eagl (ClGGCCG), Notl (GC^GGCCGC) and Harl 

(GGiCGCC), show a strong preference for island over inter-island DBA 

(Brown & Bird 1986); a preference which is most extreme in chromosomal 

DBA as inter-island CpGs are not only rare but are usually methylated



and therefore immune to cutting by CG enzymes. Indeed, 75% of the 

total number of sites for each of these CG enzymes has been calculated 

to occur in CpG islands, and on average every island will contain one 

site for each enyzme (Brown & Bird 1986).

Bird (1986) has proposed two criteria by which the HTF character 

of a region of DBA can be judged. The first criterion depends upon 

CpG frequency. A test of HTF character therefore, is to determine the 

G+C content of a likely region of several hundred base pairs, and 

count CpGs and GpCs. For an area to be considered CpG island-like, 

the G+C content must be over 50% and the CpGs must roughly equal the 

G+Cs. The second criterion depends upon lack of CpG methylation 

within the putative HTF island region. If both these conditions are 

satisfied the region is termed HTF-like.

It is now clear that in addition to their methylation properties 

and high C+G content, many CpG islands are associated with genes, and 

particularly with the region where transcription begins. A recent 

detailed survey (Gardiner-Garden & Frommer 1987) shows that all 

sequenced 'housekeeping' genes that are transcribed by RBA polymerase 

11, have islands at their 5' ends, when judged by CpG frequency, 

(however, lack of methylation has yet to be established at the great 

majority of candidate CpG islands). In addition many tissue specific 

genes also have typical islands; for example the human retinol binding 

protein gene (d'Onofrio et al.1985), the Thy-1 gene of mouse (Kolsto 

et al.1986) and the a-globin genes of man (Bird et al.1987). A 

comparison of the approximate number of islands (about 30,000) with 

the calculated number of genes (20-50,000) suggests that a high 

proportion of islands will be gene-associated,



At present the role of these islands is unknown. There is 

evidence however, that DNA methylation provides one mechanism for 

stably altering the local structure of a gene thereby altering DBA- 

protein interactions and thus playing a role in the regulation of gene 

activity (Groudine et al.1981, Keshet et al.1986). Futhermore, there 

is evidence that transcription of genes with CpG islands is inhibited 

when the island is artifically methylated, whilst methylation of non

island regions shows no obvious correlation with activity, The most 

likely hypothesis states therefore, that it is the methylation status 

of CpGs in specific 5' upstream regions of genes that plays an 

important role in regulating gene activity. This was first 

illustrated by McGhee and Ginder in 1979, who reported that certain 

specific Hpall methylation sites in the 5' region of the chicken £- 

globin genes are unmethylated in erythrocytes and reticulocytes but 

methylated in oviduct tissue. Additional support for this hypothesis 

has come from studies by several groups who have used direct tests to 

establish the relationship between DBA methylation and gene activity. 

The protocol involves the In vitro methylation of a DBA template and 

an assessment of its transcription after transfection into eukaryotic 

cells (Stein et al.1982; Doerfler et al.1985). Busslinger et al. 

(1983), for example, established that methylation of the upstream 

region of the human “tf-globin gene abolished its expression by (non

tissue-specific) transcription factors in L-cells. In an initial 

appr— oximation an upstream region between -790 and +92 was found to 

be important in methylation/suppression. Similarly, transfection 

experiments with an artifically methylated hamster APRT gene 

demonstrate that methylation of the body of the gene does not 

interfere with transcription, but methylation of the 5' region, which
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is a CpG island, markedly reduces the level of transcription (Keshet 

et al.1985).

Bird (1986) has suggested that methylation-free islands 

distinguish regions of the genome available for interaction with 

nuclear factors in all cells. Their frequent association with the 5' 

domains of genes suggests that they may be preferred sites of

interaction between DBA and DBA-binding proteins. For example, any 

nuclear protein that can bind to non-methylated CpG-containing

sequences will tend to concentrate at islands, and hence at many

(housekeeping gene) promoters. The transcription factor Spl is a 

candidate for such a protein, as its consensus binding site contains a

CpG and is G+C rich (Kadonaga et al. 1986). Moreover the great

majority of non-viral genes whose expression is thought to be

facilitated by Spl have CpG islands at their 5* ends (Dynan 1986).

Such regions could constitutively bind common transcription factors 

which might initiate transcription from constitutive promoters (such 

as the HPRT gene). The promoters of tissue-specific genes with 

islands, such as Thy-1, would however require additional tissue-

specific factor(s) or chromatin alterations to activ ate transcription 

in a tissue-specific manner (Kolsto et al.1986; Bird 1986) 

Alternatively, tissue-specific genes with islands could be silenced in 

appropriate non-expressing tissues, by efficient trans- acting 

repressors. The gene for retinol binding protein, for example is 

associated with island-like DBA sequences and is expressed only in the 

liver (d'Onofrio et ai.1985). The cloned gene retains tissue-specific 

expression upon transformation into hepatic or non-hepatic cells. It 

is expressed in inappropriate cells, however, when a small region of 

the promoter is mutated before transformation (Colantuoni et al.1987).
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The implication is that the gene is potentially expressible in many 

tissues, but is normally blocked by binding a repressor. Mutation of 

the repressor binding site leads to constitutive expression. In 

contrast, the promoter regions of tissue-specific genes without CpG 

islands would be unavailable to the ubiquitous transcription factors 

and would require highly tissue-specific factors to initiate 

transcription. The human jl-globin genes, for example, require a 

transcriptional enhancer in cis for efficient transcription whereas 

the transfected a genes are expresssed in several cell types, at a 

high rate without the presence of an enhancer (Mellon et ai.1981).

Overall however it is possible that CpG islands can lead to 

simplification of the large vertebrate genome by effectively 

disqualifiying non-island DBA from interactions with ubiquitous 

transcription factors. DBA methylation would play an essential part 

in this process, by minimizing the number of non-island CpGs through 

mutation, and by blocking any spurious binding sites for proteins that 

are intended to interact with genes.

Further evidence for the inhibitory effect of methylation at 

islands is provided by studies of genes on the inactive X chromosome 

of mammals. The HPRT, PGK and G6PD genes have been studied in detail; 

the CpG clusters in their 5' regions were found to be methylated on 

the inactive X but unmethylated on the active X (Toniolo et al.1988; 

Wolf et al.1984; Yen et a2.1984). Transfection experiments which 

tested the ability of purified DBA to confer the HPRT-*' phenotype on 

HPRT~ recipient cells showed that the HPRT gene on the somatic 

inactive X is unable to express. However, DBA from the active X 

chromosomes can transform cells to HPRT-*" (Liskay & Evans 1980; Chapman 

et 2a. 1983; Venolia & Gartler 1983), as can DBA from an inactive X



chromosome that has been re-activiated by the inhibitor of DBA 

methylation, 5-azacytidine (Venolia et al.1982). Methylation studies 

of X-linked genes and several random sequences have shown that no 

global methylation differences exist between the active and inactive X 

chromosome DBA and the inactive state of the X-l inked genes has been 

correlated only with methylation of CpG islands (Toniolo et al.1988; 

Wolf & Migeon 1985; Lindsay et a2.1985). These findings have 

suggested that CpG islands, regularly spaced along the X chromsome, 

could be control elements for the maintenance of X chromosome 

inactivation and that the methylation state of the CpG islands could 

directly affect the chromatin structure of neighbouring regions (Riggs 

et a2.1985). Evidence supporting this has been obtained by examining 

the chromatin structure of genes introduced into cells by DBA-mediated 

gene transfer. While unmethylated DBA adopts a DBAse 1 sensitive 

structure, fully methylated sequences are resistant to DBAse 1 and are 

structurally similar to the inactive genes of the cell (Keshet et 

a2.1986). The role of CpG clusters could therefore involve the 

stabilizing and maintenance of a chromatin state which renders the 

genes inaccessible to the transcriptional machinery of the cell. 

Indeed Lock et al. (1987) reported that during embryonic development in 

mouse, methylation of the CpG islands of the HPRT gene occurs after 

inactivation of the X chromsome, suggesting that methylation is 

important in the maintenance of X inactivation rather than in the 

initial events of the process.

The two Y-linked genes which have been studied in most detail, 

are also known to be associated with CpG islands. Primary sequence 

analysis of the HIC2 cDBA revealed a high C+G level and an abundance 

of CpG pairs (Darling et ai.1986). Subsequent cloning of genomic
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sequences identified a CpG island associated with the 5’ end of MIC2t 

which methylation studies revealed to be unmethylated on the active 

and inactive X chromosomes as well as the Y chromosome. The 

hypomethylated state of the KIC2 CpG island on the inactive X 

chromsome contrasts with similar islands identified for other X-linked 

genes and correlates with expression of MIC2 from the inactive X

(Goodfellow et a2.1988). Similarly Page et al. (1987) found five

BssHll sites, four Eagl sites and two Sacll sites grouped in two 

clusters very close to ZFY. However, it is unknown whether either of 

these two CpG islands correspond to the 5' end of the gene or whether 

the CpG dinucleotides in these islands are unmethylated in human 

genomic DBA. The existence of one of these islands was inferred from 

pulsed-field gel electrophoresis (PFGE) studies by Pritchard et 

al.(1987). Since 'rare cutting' enzymes cleave DBA almost exclusively 

within CpG islands, very large DBA fragments result from digestion, 

Such fragments can then be analysed using PFGE (Schwartz & Cantor 

1984; Carle & Olsen 1984) and long-range restriction maps constructed. 

From such maps, clusters of rare restriction enzyme sites can be 

identified and used to diagnose the presence of a CpG island (Brown & 

Bird 1986). Using this technique to map the boundary of the 

pseudoautosomal region of the human Y chromosome, Pritchard et

al,(. 1987) found a group of rare restriction sites corresponding to the 

CpG island at the 5' end of the MIC2 gene. A second putative island, 

centromerically proximal to the first, was also discovered less than 

80kb away. Because KIC2 was known to map close to the pseudoautosomal 

boundary and TDF was inferred from XX male studies also to map close 

to the pseudoautosomal boundary, but on the other side, it was

speculated that this second island could lie 5' to TDF.
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Similar studies to map the Y chromosome pseudoautosomal region 

have identified other putative CpG islands (Petit et al.1988; Brown 

1988; Rappold & Lehrach 1988). Analysis reveals a telomeric region of 

high CpG density which extends 500kb into the pseudoautosomal region. 

Though many of the 'rare' restriction enzyme recognition sites are 

clustered within this area, the extreme density of the sites is not 

reminiscent of classical CpG islands. Indeed, studies of DBA from a 

patient with Turner's syndrome indicate that these sites are 

methylated and therefore cannot be classified as CpG islands (Brown 

1988). However, this CpG rich region is similar to that found on the 

tip of chromosome 4 (Bucan et a2.1988) and might reflect some 

structural feature possibly related to telomeric function (Petit et 

al.1988). Two, possibly three, further CpG rich clusters were found 

within the rest of the pseudoautosomal region. These appear more 

typical of classical CpG islands and are therefore more likely to 

label gene locations (Petit et al.1988;Brown 1988).

In this investigation I have approached the study of CpG rich

regions of the human Y chromosome in two ways:

1) By screening Y-specific cosmid clones (Volfe et al.1984) using 

Hpall/(or Kspl) restriction analysis and selecting those which contain 

numerous Hpall-tiny fragments. The character of selected clones has 

been studied in more detail using Southern mapping, northern analysis, 

library screening, DBA sequencing and methylation studies,

2a) By directly cloning Hpal1/fragments from fluorescence

activated flow sorted human Y chromosomes provided by the MRC

Population Genetics Unit, Edinburgh, and analysing a selected number 

of random clones for their association with transcribed sequences.



2b) By directly cloning Kspl tiny fragments from a Y-cbromosome 

specific X library obtained from the American Type Culture Collection 

and analysing a selected number of random clones. In parallel to this 

study I have also cloned Kspl tiny fragments from a chromosome 9 

specific X library also obtained from the American Type Culture 

Collection

Using these methods it was proposed that an insight into the 

frequency of CpG islands, and thus genes, on the human Y chromosome 

would be gained.
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CHAPTER 2

METHODS AID MATERIALS

2.1 General Techniques and Reagents

DMA concentrations were determined spectrophotometrically at 

260nm (Maniatis, Fritsch & Sambrook 1982).

DMA precipitations were routinely performed by the addition of 

sodium acetate, pH 4.5, to a final concentration of 0.3M and adding 2 

volumes of ethanol, before chilling at -20 *C overnight or at -70 #C for 

1 hour. Precipitated DMA was recovered by centrifugation at 

10-15K rpm and washed in 70% ethanol before briefly drying in vacuo 

and resuspending in H^O or TE,

G50 spun column chromatography was used to remove low molecular 

weight contaiminants and unincorporated nucleotides from DMA (Maniatis 

et al.1982). Sephadex G50 resin was expanded in sterile TNE 

containing 0.1% SDS and columns were spun at 1500rpm for 3 mins before 

applying the sample and repeating the spin.

Buffers and media were prepared using Analar grade reagents and 

where appropriate sterilized by autoclaving (15psi, 121*C for 25 mins) 

or by filtration (0.22pm pore size).

Biological containment. Manipulations of recombinants were 

carried out in accordance with the stipulations for GMP, as 

recommended by the Genetic Manipulations Advisory Group (GMAG) and the 

UCL genetic manipulations safety subcommittee.
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Standard buffers and media

Denhardts solution (lx) 0.02% Ficoll, 0.02% polyvinypyrrolidone,

0.02% BSA (fraction V)

150mM MaCl, 15mM sodium citrate pH7.0 

180mM MaCl, ImM EDTA, lOmM MaHaPO*

40mM Tris, 20mM sodium acetate 

2mM EDTA pH7.0

89mM Tris-borate, 89mM boric acid,

2mM EDTA pH8.3 

lOmM Tris, ImM EDTA pH8,0 

lOOmM MaCl, lOmM Tris, ImM EDTA pH8.0 

lOOmM MaCl, ImM MgSO*.7H*0,

50mM Tris-HCl pH7.5, 0.01% gelatin 

L- Broth (1 litre) lOg tryptone, 5g yeast extract, 5g MaCl,

lg glucose (for L-agar add 15g nutrient agar) 

LM Broth (1 litre) lOg tryptone, 5g yeast extract, 5g MaCl,

2g MgS0A.7H20 (for LM agar add 15g nutrient 

agar, for LM agarose add 7g agarose)

2xYT (1 litre) 16g tryptone, lOg yeast extract, 5g MaCl

Gel loading buffer (lOx) 0.25% bromophenol blue, 0,25% xylene cyanol,

30% glycerol

SSC (lx) 

SSPE (lx) 

TAE (lx)

TBE (lx)

TE (lx) 

TME (lx) 

PSM (lx)
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2.2 Bacterial competence and (transformation

E.coli strains HB101 and XL-1 Blue were rendered competent for 

transformation as described by Hanahan (1983). A single colony was 

picked into 5ml of L-broth and grown to late log phase (approximately 

3 hrs). A 1ml aliquot of this was then used to inoculate 100ml of L- 

broth pre-warmed to 37*C and allowed to grow to an 0.D.sso=0.2 

(approximately SxlO^cells/ml). Cells were harvested by spinning for 5 

mins at lOOOg (3000rpm), 4*C and washed twice in 50ml of ice cold 0. lM 

MaCl, lOmM Tris-HCl pH8 before being resuspended in 50ml of ice cold 

80mM CaClz, lOmM Tris-HCl pH7,6, The suspension was allowed to stand 

on ice for 20 mins and cells were then pelleted by centrifugation and 

resuspended in 2.5ml of the CaClsi-Tris solution. The final suspension 

was used immediately or made to 25% glycerol, 200pl aliquots of these 

competent cells were stored in eppendorf tubes at -70#C. Cells 

prepared and stored in this way routinely gave transformation 

efficiencies of greater than 10G transformants per pg of supercoiled 

plasmid for up to 4 months after preparation.

Competent XLl-Blue cells required to prepare the HTF libraries 

were obtained from Stratagene. The transformation efficiencies of 

these cells were guaranteed to be greater than 10s transformants per 

pg of supercoiled plasmid,

Transformation: Frozen aliquots of competent cells were thawed

immediately before transformation and placed on ice. 50ng of plasmid 

DNA in lOpl of TE was added to each 200pl aliquot and the mixture 

allowed to stand on ice for 30 mins. The cells were then 'heat- 

shocked' for 45 seconds at 42 *C before the addition of 800pl of 

L-broth. The cells were then incubated at 37*C for 30mins and 250pl
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aliquots of these cells were plated onto L-plates containing lOOpg/ml 

ampicillin. Bacterial colonies were allowed to grow overnight at 

37°C.

2.3 Repackaging cosmid DMA

Y-specific Homer V cosmid clones were repackaged before analysis 

to select against those which may have undergone recombination in 

vivo. Because of packaging restraints only clones which have full- 

length inserts are selected.

2.3.1. Testing E.coli strain ED8767 for recA~ function

The recA mutation inactivates the generalized recombination 

systems of the host cell, thereby minimizing recombination between the 

endogenous DMA and the exogenous added recombinant genomes, as well as 

minimizing the possibility of recombination between repeated sequences 

within the inserts which might lead to deletion of intervening 

sequences.

ED8767 cells were streaked onto an L-agar plate from a glyerol 

stock and grown overnight at 37*C, Four small colonies were picked 

and restreaked onto a fresh L-agar plate. At the same time they were 

restreaked as continuous, parallel streaks across a second L-agar 

plate. Using an UV opaque material, this second plate was covered. 

Portions of the plate, and thus regions of the bacterial streaks were 

then exposed, for known time periods (0M,10",20",30",45"), to UV light 

provided by a transillu—minator positioned 750cm above the plate.
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Following the overnight incubation at 37*C, of both streaked plates, 

the UV exposed plate was examined for non-growth; mutations in recA 

prevent repair of UV-induced damage so that irradiated recA~ cells do 

not grow. The colony exhibiting the greatest susceptibility to UV

irradiation was selected and a corresponding colony from the unexposed 

L-agar plate was picked. A 10ml culture of this colony was then 

grown overnight at 37 *C in L-broth containing 2% maltose but no 

glucose, The following day the cells were harvested by centrifugation 

at 2500 rpm for 5mins and then resuspended in 5ml of lOmM MgSCU. This 

cell suspension was then used immediately as a recipient for the

packaged cosmid.

2.3.2 Packaging Reaction

Sonicated Extract (SE) and Freeze Thaw Lysate (FTL), prepared by 

a slightly modified method of that described by Maniatis et al. (1982) 

were provided by Dr. J. Wolfe.

SE and FTL were removed from -70°C storage and placed in liquid 

nitrogen to ensure they did not thaw. The reaction components were 

added in the following order: 7pl of buffer A (20mM Tris.HCl pH8, ImM 

EDTA, 5mM MgCls, 0,05% v/v £-mecaptoethanol) prewarmed to 30*C, lpl 

(lOng) of cosmid DMA, lpl buffer Q <6mM Tris.HCl pH7.5, 18mM MgCl*, 

60mM spermidine pH7.5, 15mM ATP pH7.6, 0.2% v/v 0-mercaptoethanol).

The reaction mixture was then incubated at 30°C for 5mins. 3.5pl of

SE and 5,0pl of FTL were then added as quickly as possible, as each

thawed, and the incubation continued at 30*C for a further 60mins. 

Following the addition of 180pl of PSM, 20pl of this diluted packaged 

material was removed and added to 20pl of resuspended recA'~ ED8767.
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This was then incubated at 30 °C for 30mins before 160/jlI of L-broth was 

added. Incubation was continued for a further 30mins. The cells were 

then plated onto L-agar plates containing lOOpg/ml ampicillin and 

allowed to grow overnight at 37 *C. Resulting colonies were picked for 

DMA isolation and analysis.

2.4. DMA Isolation

2.4.1. Preparation of cosmid and plasmid DMA

Small and large scale preparations of plasmid and cosmid DMA were 

performed by modifications of the procedures described by Maniatis et 

al.(1982).

a)Haxipreparations: Large scale (250ml) cultures were inoculated 

from 10ml saturated cultures at a density of 1/100 and were allowed to 

grow overnight at 37*C with vigorous shaking. Cells were harvested by 

centrifugation (6000rpm, lOmins, 4*C) and resuspended in 3ml of 

glucose lysing solution (solution 1; 50mM glucose, lOmM EDTA, 25mM 

Tris-HCl pH8). 1ml of Lysozyme solution (8mg/ml of solution 1) was 

added and the mixture left at room temperature for 5mins. 8ml of 

solution 11 (0.2M MaOH, 1% SDS) was then added, carefully mixed and

left on ice for 5mins, This was neutralized by the addition of 6ml of 

solution 111 (potassium acetate solution pH4.8; 3M with respect to 

potassium and 5M with respect to acetate) and left on ice for a 

further 5mins. The mixture was centrifuged at 10,000rpm for lOmins 

and the resultant supernatant precipitated with 0.6 volumes of 

isopropanol at room temperature for 30mins, After centrifugation at
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10,000rpm for 20mins, the pelleted nucleic acids were respended in 

10ml of 50mM Tris.HCl pH8, 50MmM EDTA. Solid caesium chloride (lg/ml 

of solution) was then added and allowed to dissolve. The volume was 

measured and ethidium bromide (0.8ml of a lOmg/ml stock per 10ml of NA 

solution) was added. The solution was pipetted into 'quick seal' 

tubes and centrifuged overnight in a vertical rotor at 45K rpm for 

17hrs. The banded plasmid or cosmid DMA was visualised under long 

wave UV light and collected in a 1ml volume, Ethidium bromide was 

removed by repeated extraction with caesium chloride-saturated 

isopropanol and the DMA dialysed against several changes of TE before 

ethanol precipitation.

b)Minipreparations: Plasmid and cosmid DMA was released from

1.5ml of an overnight bacterial culture by the alkaline lysis method 

described above (with volumes adjusted accordingly). Following 

isopropanol precipitation the nucleic acid pellet was washed with 70% 

ethanol, respun, dried under vacuum and redissoved in an appropriate 

volume of H2O for restriction endonuclease digestion. DMase-free 

RMase (final concentration 20jig/ml) was added for the final 20mins of 

these digests, before the reaction was terminated by the addition of 

'/10 vol. gel loading buffer.

2.4.2. Preparation of Bacteriophage X DMA

200ml of prewarmed LM broth was inoculated with 3ml of an 

overnight culture of LE392 bacteria (grown in LM broth containing 0.2% 

maltose) and incubated at 37°C until the culture had reached a density 

of 3-4 x 10® cells/ml (QDe.oo=0.3-0,4). 5 x 10® pfu of phage stock

were then added and the phage allowed to adsorb onto the cells at 37°C
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for 20mins without shaking. After standing the culture was grown with 

vigorous shaking for 5-6 hours by which time lysis had occurred and 

the culture cleared. After continued shaking with 1% chloroform for 

20mins, the culture was incubated with lM MaCl, Ipg/ml DMase and 

lpg/ml RMase, at room temperature for 1 hour. Cell debris was removed 

by centrifugation at 10K rpm for lOmins at 4*C and PEG 6000 added to 

the supernatant to 10%w/v, to precipitate the phage particles at 4°C 

overnight. Phage were pelleted by spinning at 10K rpm for lOmins at 

4°C and resuspended in 10ml of PSM. The phage were purified by 

banding in a Csd^ gradient at 55,000rpm overnight.

The banded phage particles were visualized and collected in a 

volume of approximately 2ml. After dialysis at room temperature 

overnight against 1 litre of lOmM MaCl, 50mM Tris.HCl pH8, lOmM MgCls, 

the phage solution was treated with 20mM EDTA pH8, 50pg/ml proteinase 

K and 0.5% SDS at 65*C for 1 hour to remove phage protein. Phage DMA 

was recovered by two phenol/chloroform extractions one chloroform 

extraction and ethanol precipitation. Finally the DMA was dissolved 

in TE and the concentration determined.

2.4.3 Preparation of DMA from Genomic and Hybrid Cell Lines

Cell Culture: 1RE3, HORL9X, 853, 7/2 and 3E7 cells were grown in 

tissue culture flasks (75cm3) in Dulbecco's modified Eagle's medium 

(DMEM) supplemented with 10% v/v foetal calf serum (FCS), 3pg/ml L- 

glutamine, 0.3% w/v MaHCOs and lOOunits of both Penicillin and 

Streptomycin. H0RL9X cells were also grown under HAT selection so 

100pm hypoxanthine, 10pm methotrexate and 10pm thymidine were also 

added to the culture medium. To passage the cells, the medium was
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removed and replaced with a solution of 0,25% trypsin in PBS, until 

the cells were sufficiently free to aspirate off by pipette. They 

were then re-seeded at the appropriate density in complete medium. 

OXEM and GM1416B cells were cultured in flasks in RPMI 1640 

supplemented with 10% v/v FCS, 3pg/ml glutamine, 0,2% w/v MaHCCh and 

lOOunits of Penicillin and Streptomycin. For passaging, the cells 

were pelleted by centrifugation and reseeded by dilution to the 

appropriate density. All cultures were grown in 37*C humidifying 

incubators. The cells grown in DMEM were grown in closed systems. 

Those grown in RPMI were grown under 5% COs. All manipulation were 

performed in sterile flow hoods and the cells routinely monitored 

under a phase contrast microscope. Cells were stored in 1ml aliquots 

of 5% v/v dimethyl sulphoxide (DMSO), 95% v/v FCS in freezing vials in 

liquid nitrogen.

DIA preparation: DMA for Southern analysis was prepared by the 

isopropanol precipitation procedure described by Hofker et al.(1985) 

as follows: Approximately 2 x 10® cells were harvested, washed three 

times in PBSa and digested overnight at 37*C in 20ml of 75mM MaCl, 

25mM EDTA pH8, 1% SDS and lOOpg/ml Proteinase K. DMA was purified 

away from proteins by two extractions with an equal volume of 

phenol:CHCla:isoamylalcohol (25:24:1). After centrifugation (2500rpm, 

lOmins), the lower organic phase was discarded. The upper aqueous 

phase was collected and precipitated with 0,1 vol 3M Ma acetate and 1 

vol isopropanol. Precipitated nucleic acid was recovered by spooling. 

It was then washed briefly in 70% ethanol, air dried and dissolved in 

10ml of TE for 1 hour at 50°C, After treatment with 50>ig/ml RMase 

(37°C, 1 hour) and lOOpg/ml Proteinase K, 1% SDS (37*C, 3 hours), the 

DNA was extracted once with an equal volume of phenol/chloroform and



once with an equal volume of chloroform alone. The final aqueous 

phase was precipitated with 0.1 vol 3M Ha acetate and 1 vol 

isopropanol and the DHA was recovered again by spooling. Fallowing a 

70% ethanol wash the sample was air dried and dissolved in TE to give 

an approximate concentration of 500pg/ml. DHA concentration was 

confirmed by spectrophotometry.

2.4.4 Preparation of DHA from Flow Sorted Chromosomes

Flow sorted human Y chromosomes were provided by Dr. J. Fantes

(Fantes et al.1983). Essentially metaphase chromosomes were isolated 

from the lymphoblastoid line OX (49XYYYY) using hypotonic shock. 

Following a clearing spin to remove cell debris, the chromosomes were 

resuspended in polyamine buffer (15mM tris, 0.2mJt spermine, 0.2mM 

spermidine, 0.5mM EGTA, 2mM EDTA,80mM KC1, 20mM HaCl, 14mM j3- 

mercaptoethanol) containing lmg/ml digitonin and stained with 0.5pg/ml 

Hoechst 33258 and 2pg/ml chromomycin A 3 in ImM MgCls. Samples were

analysed on a dual beam fluorescence activated cell sorter (FACS 11)

at a flow rate of 100-800 chromosomes per second. Following sorting 

the sample containing the Y chromosome was dialysed against lOmM 

Tris.HCl pH8, ImM EDTA, ImM EGTA, lOOmM HaCl to remove the stain and 

polyamines. The chromosomes were then concentrated by spinning at 

3000 rpm for 20mins at 4*C and resuspended in 400pl of buffer (150mM 

MaCl,10mM EDTA, lOmM Tris.HCl pH8). The sample was stored at -20°C.

DHA was isolated from the Y chromsomes as described by Fuscoe et 

al.i1986). The chromsomes were resuspended in lysis buffer (150mM

HaCl, lOmM Tris.HCl pH8, lOmM EDTA, 0.5% SDS, lOOpg/ml Proteinase K) 

and incubated for 6 hours at 37 *C, The proteins were then extracted



twice with phenol/chloroform and once with chloroform. Because of the 

small amount of DHA, each organic phase was re-extracted with a small 

amount of TE. Aqueous layers were combined and the DHA was 

precipitated at -20°C by the addition of 0.1 vol of 3M Ha acetate and 

2 vol ethanol, using 20pg/ml tRHA as carrier. Following

centrifugation at 8K rpm at 4*C for 20mins the DHA pellet was washed 

using 70% ethanol and dried in vacuo, The pellet was resuspened in 

25pl of TE and stored at -20*C.

2.5 DHA Analysis

2.5.1 Restriction Enzyme Digestion

Restriction endonuclease digest were carried out according to the 

suppliers recommendations using buffers supplied with the enzymes. 

Usually, plasmid and cosmid digests were carried out in a final volume 

of 20pl using 1-3 units of enzyme per pg of DHA. for 2-3 hours whilst 

genomic DHA was digested overnight with a 10-fold excess of enzyme.

2.5.2 Restriction Mapping by Partial Digestion

Restriction mapping of cosmids was carried out using a modified 

method of Smith & Birnstiel (1976). Essentially the cosmid clone was 

cleaved at a unique site within the vector leaving a 'left hand' and a 

'right hand' end. A partial digestion reaction was then carried out 

and the products separated on a low percentage agarose gel to resolve 

the larger fragments, Folowing Southern blotting, the filter was
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probed using a DHA fragment which hybridized to either the 'right 

hand' end or the 'left hand' end of the cosmid clone. The resulting 

pattern of bands corresponded to a simple overlapping series of

fragments with a common labelled terminus; the ascending order of 

fragments in the gel corresponding directly to the order of 

restriction sites along the clone. In addition, the products of

partial digestion by several different enzymes could be analysed 

simul— taneously on the same gel, so that the relative positions of 

restriction sites could be obtained from a single autoradiograph,

20pg of Homer V cosmid clone DHA was linearized using Sail and an 

aliquot removed to confirm digestion by agarose gel electrophoresis. 

The remainder was subjected to phenol/chloroform extraction and 

ethanol precipitation. Following microfugation, washing and drying 

the DHA was resuspended in H^O to give a concentration of lpg/pl. The 

enzymes, whose sites were to be mapped, were diluted to 0,5 units/pl 

using the recommended buffer and stored on ice. The restriction 

enzyme reactions were set up using 5pl (5pg) of linearized cosmid DHA, 

4pl of lOx recommended buffer, and 30pl of HaO. lpl of the 

appropriate enzyme was then added at reaction time 0. 8pl aliquots of

each reaction were then removed at intervals of 2,5,10,15 and 20mins,

and each immediately added to the same lOOpl aliquot of 

phenol/chloroform, to quench the reaction. Fallowing the final time 

point the aqueous phase containing the partial products, was separated 

from the organic phase by microfugation and the phenol/chloroform 

layer discarded. Gel loading buffer was then added and the product 

mixture divided into two 20pl aliquots to run in duplicate on a 0.4% 

agarose gel. Electrophoresis was performed at 1.5V/cm for 24 hours. 

The duplicate halves of the gel were then separated and subjected to

-  77 -



Southern blotting. One blot was then probed with the Homer V Sall- 

Hindlll labelled fragment (corresponding to the 'right hand' vector 

fragment) whilst the second blot was probed with the Sall-Pstl 

labelled fragment (corresponding to the 'left hand' vector fragment). 

Following autoradiography the series of resulting bands provided 

information about both ends of the clone,

2.5.3 Gel Electrophoresis

Agarose gels: DNA was separated on agarose gels prepared and run 

in either IxTBE or lxTAE buffer using a flat-bed apparatus. DNA 

samples were loaded with the addition of 0.1 vol of lOx loading 

buffer. Electrophoresis was generally performed at 2.5V/cm at room 

temperature overnight. The gel was then stained using 2pg/ml ethidium 

bromide for 15mins before the DNAs were visualised by UV 

transillumination and photographed against a metric ruler. Hindlll- 

cut or BstEl1-cut X DNA was used for markers.

Hera-Denaturing Polyacrylamide Gels: These gels were used to

analyse the small restriction fragments resulting from the Hspl 

digests of cosmids. 5% polyacrylamide gels were prepared and run as 

described by Maniatis et al.(1982). These 1mm thick gels were pre- 

el ectrophoresed for 30mins prior to use. Radioactively labelled 

samples were loaded with the addition of 0.1 vol of loading buffer and 

the gels run at a constant power of 10V (550-700V, 14mA) for

approximately 3 hours. Following electrophoresis the gels were dried 

onto Whatman 3MM paper and autoradiographed overnight.

Denaturing Polyacrylamide Gels: These gels were used to analyse 

the products from the in vitro transcription reaction used in the
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production of radiolabelled RNA probes, and also to analyse the

methylation paterns of one of the cosmid clones, 5% or 8% gels were 

prepared and run as described by Maniatis et al. (198). The gels were 

pre-electrophoresed for 30mins prior to use, to warm them. Before 

loading the samples, 0.1 vol of loading buffer were added and the 

radioactively labelled samples placed in a boiling water bath for 

5mins to denature the nucleic acids. Electrophoresis was carried out 

for Vk-2 hours at 11W (for the methylation studies) or 35V (for the 

RNA studies). Gels required for methylation studies were then 

prepared for electroblotting (section 2.7). Gels used to analyse 

radiolabelled RNA were dried onto Whatman 3MM paper and

autoradiographed overnight.

Sequencing reactions were run on 6% denaturing polyacrylamide 

gels using a buffer gradient system of 2.5-0.5xTBE (Biggin et

al.1983). Gels were pre-electrophoresed at 30W to warm the system to 

approximately 45*C before samples were loaded. Samples were run at 

approximately 40V to maintain the temperature before the gel was dried 

onto Whatman 3 MM paper ready to be autoradiographed overnight.

2.5.4 Isolation of fragments for Subcloning and Radioactive Labelling

Following electrophoresis, restriction fragments required for

subcloning or radioactive labelling were purified from agarose gels by 

three methods:

Electroelution: The desired band was excised from the gel and

placed into prepared dialysis tubing with 0.5ml of sterile 0.2xTBE. 

Air was excluded from the bag and the bag secured. This was then 

submerged in an electrophoresis tank also containing 0.2xTBE and a



current passed through the bag (100V for 2-3 hours) to electrophorese 

the DNA out of the gel into the bag. The polarity of the current was 

then reversed for 2mins to release the DNA from the wall of the 

dialysis bag and the DNA solution from within the bag removed, DNA 

was recovered by direct ethanol precipitiation or by Elutip-d 

purification,

Elutip-d purification: Using the procedure exactly as described 

by the manufacturer, Schleicher & Schuell Inc., DNA fragmnets were

purified from either low-melting agarose gels or from DNA solutions,

folowing electroelution, using Elutip-d columns. In the final stage 

of this procedure, DNA was eluted from the column using a high salt 

(1M NaCl) buffer and DNA recovered by precipitation at -20°C by the 

addition of 2 vol of ethanol.

Low-melting agarose gels: DNA fragments required for multiprime 

labelling reactions were excised from low-melting agarose gels, 

following electrophoresis, and transfered to pre-weighed Eppendorf 

tubes. Sterile H^O was then added at a ratio of 3ml of H^O per gm of 

gel and the tube was placed in a boiling water bath for 7mins to melt

the gel and denature the DNA, If the DNA was not required immediately

it was stored at -20*C, in aliquots, each containing approximately 

50ng of DNA, ready for subsequent multiprime reactions.

2.5.5 Subcloning DNA fragments

DNA restriction fragments used for subcloning were purified by

electroelution or by Elutip-d purification as described in section

2.5.4. and subcloned into linearized vector DNA, usually pSIEKBL or
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pBluescript (fig. 2.1), with compatible, phosphatase treated cohesive 

ends.

Phosphatase reaction: Linearized vector D M  was treated with calf 

alkaline phosphatase (CAP) to prevent self-ligation. The phosphatase 

reaction was carried out in a final volume of 50pl containing 50mM 

Tris.HCl pH9, ImM MgCla, 0.ImM ZnCls and ImM spermidine. A total of 

2units of enzyme were added in two aliquots, with 30min incubations at 

37 *C after each addition. The reaction was stopped by the addition of 

EDTA to ImM, SDS to 0.5%, NaCl to 50mM and Tris.HCl pH8 to lOmM and 

the enzyme heat inactivated by incubation at 68*C for 15mins. 

Prepared vector D M  was then phenol/chloroform extracted and recovered 

by ethanol precipitation.

Ligation reaction: All ligations were carried out in a final

volume of lO/il containing 66mM Tris.HCl pH 7.5, 6.6mM MgCls:, 0. 5mM

spermidine, 5mM DTT and 2mM ATP. Ligations generally contained 200ng 

of vector and a 3-fold molar excess of insert. T4 DBA ligase (lpl, 

lOunits) was added and the reaction mix incubated overnight at 4*C. 

Ligated recombinant DBA was transformed into E.coll HB101 or XLl-Blue 

as described in section 2.2.

2.6 Radioactive labelling of lucleic Acid

Labelling of 3*-ends with 5'-overhangs: This method was used to 

label restriction enzyme sites where cleavage generated a single

stranded 5' overhang of DBA, and where a dCTP is amongst the residues 

required to "fill-in" and generate the blunt end. Mspl sites are an 

example of this type.
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0.5pg of cosmid clone DNA was cleaved using Kspl in a low salt 

restriction buffer, in a total volume of lOpl, 0.04pCi Ca-3;;EP] dCTP 

and 1 unit of DNA polymerase 1 ' Henaw' fragment was then added to the 

digest and incubated at room temperature for 15mins. The reaction was 

terminated by the addition of 0,1 vol of gel loading buffer.

Xultiprime labelling of DNA probes: A commercial random-prime

labelling kit (Amersham International pic) was used to generate 

labelled DNA probes. This is essentially a modified version of 

Feinberg & Vogelstein (1983). Approximately 50ng of DNA in 29pl of 

HsO was placed in a boiling water bath for 2mins to denature the DNA. 

This was then chilled briefly on ice. The reaction components were 

then added in the following order: lOpl of Buffer 1 (containing

unlabeled dATP, dGTP,dTTP and the reaction buffer), 5pl of Buffer 2 

(containing the random hexanucleotide primers), 4pl t a-3:2P] dCTP 

(lOpCi/pl) and lpl (1 unit) DNA polymerase 1 ' Klenow' fragment. The 

reaction was incubated at room temperature overnight and then 

terminated by the addition of 50pl TNE containing 1% SDS. 

Unincorporated nucleotides were removed by passage through a Sephadex 

G50 column as described in section 2.1. Before addition to the 

hybridizing solution the probe was boiled for 5mins to denature the 

DNA and chilled quickly on ice.

Preparation of high-specific activity labelled RNA probes: T7 RNA 

polymerase was used to generate high specific activity radiolabeled 

RNA probes from the Hpall tiny fragments cloned into pBluescript All 

solutions involved in this reaction were freshly prepared and treated 

with 0.1%v/v diethylpyrocarbonate to inhibit RNase activity.

The reaction components were added in the following order: 5.2pl 

H^O, 5pl 5x transcription buffer (200mM Tris.HCl pH8,40mM MgClz:, 10mM
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spermidine,250mm NaCl),4.8pl ATP/CTP/GTP mix (lOmM each),lpl (lpg) 

linearized DNA template, 2pl (250mM) DTT, lpl (lunit) RNaseln, 5pl 

Coc-3:2P] UTP (40mCi/ml; 800Ci/mmol) and lpl (lOunits) T7^RNA polymerase. 

Fallowing incubation at 37*C for 30mins the nucleic acids were phenol 

extracted and ethanol precipitated at -70 *C for 2 hours. They were 

recovered by microfugation, washed in 70% ethanol and dried in vacuo. 

The pellets were then redissolved in lOpl of buffer (lOmM Tris.HCl 

pH7.5, 0. ImM EDTA). A lpl aliquot of this was diluted in lOOpl of

buffer. lpl of the diluted solution was then loaded onto a 5% 

denaturing polyacrylamide gel to confirm the size and integrity of the 

transcript, whilst a second lpl aliquot was used to determine 32:P UTP 

incorporation by Cherenkov counting.

2.7 Southern Blot Analysis of DNA

For Southern analysis (Southern 1975), DNA was transferred onto 

either GeneScreen Plus or Hybond-N membranes by capillary blotting 

(from agarose gels) or by electro-blotting (from denaturing 

polyacrylamide gels).

Capillary blotting: Following depurination in 0.25M HC1,

denaturation in 0.5M NaOH, 1.5M NaCl and neutralization in 1.5M NaCl, 

0.5M Tris.HCl pH 7.5, ImM EDTA, DNA was transfered in lOx SSC for 

GeneScreen Plus or 20x SSC for Hybond-N, overnight. After transfer 

GeneScreen filters were treated as recommended by the suppliers, with 

0.4M NaOH for 45secs and then with 2x SSC,0.2M Tris.HCl pH7.5 for 

5mins, before air drying. Hybond-N filters were air dried and then UV 

irradiated for 5mins on a transilluminator.
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Electro-blotting: Following denaturing polyacrylamide gel

elecraphoresis the gel was blotted onto Whatman 3MM paper and trimmed 

to fit the electroblot apparatus. The gel was then overlaid with a 

Hybond-N filter and this arrangement was fitted into the apparatus 

cassette and held in place by thin sponges and layers of Whatman 3MM, 

all soaked in lxTBE. This complete cassette was then lowered into the 

tank of the electroblotter which contained lxTBE. Transfer was 

accomplished by passing a current of 0.25A across the gel for 1 hour 

and then increasing the current to 0.35A for the second hour. The 

Hybond-N filter was then removed and floated in 0.5M NaOH, 3M NaCl for 

5mins, and then neutralised for lOmins in 3M NaCl, 0.5M Tris.HCl pH7. 

Finally the filter was air dried and UV irradiated for 5mins.

Hybridization of DNA probes: GeneScreen filters were

prehybridized in 1M NaCl, 1% SDS, 10% dextran sulphate whilst Hybond-N 

filters were prehybridized in 6x SSC, 0.5% SDS, 5x Denhardt's solution 

and lOOpg/ml sonicated herring sperm DNA. In both cases

prehybridization occurred overnight at 65*C, Denatured 32P labelled 

probe (final concentration lOng/ml) was added directly to both types 

of filter. However, when it was known that the probe contained highly 

repeated sequences, these were 'removed* by pre-associating the probe 

with a large excess of sonicated human and mouse DNA thus allowing 

signals from single or low copy number components to be detected 

(Sealey et al.1985). Following the passage of the labelled DNA 

through the G50 Sephadex column, 50pl (lOmg/ml) sonicated human DNA, 

50pl (lOmg/ml) sonicated mouse DNA and 60pl of 20x SSC were added. 

This mixture was then placed in a boiling water bath for lOmins to 

denature all the DNAs, before being incubated at 65*C for 1 hour.
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This 'competed* probe was then added directly to the filter. In all 

cases hybridization was allowed to proceed at 65*C for 16-24 hours.

Hybridization of RNA probes: Following UV treatment of Hybond-N 

filters, the blots were prehybridized at 42°C for 17 hours in 50% 

deionized formamide, 5x SSC, 5X Denhardt's solution, 50mM sodium 

phosphate buffer pH6.5, 0.1% SDS, lOpg/ml poly C, lOpg/ml poly A,

250mg/ml sonicated herring sperm DNA, lOmM Ribonucleoside-Vanadyl 

complex (Cross & Little 1987). The RNA probe was added directly to 

this hybridization solution at a concentration of 10Gcpm/ml and 

hybdization allowed to proceed at 42*C overnight.

Excess, non-specifically bound probe was removed by washing the 

filters in 2x SSC for 5mins at room temperature. This wash was 

repeated and followed by a series of washes: 2x SSC, 1% SDS at room

temperature for 20 mins, 0. lx SSC,0.1% SDS at room temperature for 20 

mins and finally 0.1X SSC, 0.1% SDS at 65°C for 15 mins. After 

washing, filters were blotted and exposed to X-ray film at -70*C with 

an intensifying screen.

2.8 Construction of chromosome-specific Hpall Libraries

2.8.1 Library construction usihg DNA from flow-sorted chromosomes

DNA was isolated as described in section 2.4.4. Following 

recovery of the DNA by ethanol precipitation, the DNA was redissolved 

in 17pl of H^O and cleaved with Hspl (an isoschizomer of Hpall) in a 

20pl reaction containing 10 units of enzyme. The reaction was 

incubated at 37*C for 6 hours before 0,1 vol of gel loading buffer
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were added and the DNA separated by electrophoresis through a 

lxTBE/1.5% agarose gel run overnight at 30V. Mspl cleaved pBR322 was 

also loaded onto this gel to provide DNA size markers. After ethidium 

bromide staining the DNA was visualized under UV light. As expected, 

due to the very small quantity of DNA present, no DNA was visible in 

the sample track. However, a gel slice was excised corresponding to 

the position of the Hspl tiny fragments (50bp-250bp), as judged by the 

pBR322 size markers, and the DNA isolated by electroelution and Elutip 

purification (section 2.5.4). Following ethanol precipitation, the 

DNA was redissolved in 4pl of H^O and stored at -20*C.

The pBluescript (pBS; fig. 2.1) vector DNA was linearized with 

the enzyme Clal to generate ends which are compatible to those 

produced by Mspl, and phosphatased as described in section 2.5.5. lpg 

of this vector DNA was then ligated to the Hspl insert DNA in a lO/il 

reaction (see section 2.5.5), containing the complete 4pl aliquot of 

insert DNA, The following day a lpl aliquot of this reaction was 

used to transform a lOOpl aliquot of competent XLl-Blue bacteria 

(section 2.2) and the transformed cells were plated onto L-agar plates 

containing 100pg/ml ampicillin, 0.5mM IPTG and 0.01% w/v X-Gal. After 

overnight incubation at 37*C, blue and white colonies were counted and 

a random selection of each were picked and grown as small L-broth 

cultures. These were then 'minipreped' (section 2.4.1b) and the DNA 

cleaved to release the insert. Following agarose gel electrophoresis, 

six clones which appeared to have small inserts were selected for 

further analysis. Glycerol stocks were prepared from the remaining 

clones, and stored at -70°C.
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2.8.2 Library construction using DNA from a chromosome-specific 

X Library

A Y-specific and a chromosome 9-specific Charon 21A library were 

obtained from the American Type Culture Collection. These libraries 

were constructed using DNA, derived from flow sorted human chromsomes, 

cloned into the Hindlll site of the X vector Charon 21A. The average 

insert size of each library was reported to be 4kb and the yield of 

independent recombinants for the Y-specific library was given as 2.5 x 

10s, and that for the chromosome 9 library as 3 x 10s.

Titration of recombinant phage: The titre of the library was

verified using a LE392 plaque assay. A culture of LE392 bacteria was 

grown overnight in 10ml L-broth + 0.2% maltose. This was then spun 

down at 1.5K rpm for 5mins and the pelleted cells resuspended in 0.4

vol. of PSM, 200pl of these resuspended cells were then added to

approximately 3ml warm LM-agarose and the mixture was poured onto a 

small LM-agar plate and allowed to set. 10-fold serial dilutions of 

the phage stock were then prepared in PSM. lOpl aliquots of each

dilution were then spotted onto the prepared LE392/LM-agar plate. 

This was incubated overnight at 37°C and the number of plaque farming 

units counted and the overall titre of the library calculated.

Amplification of the library: A culture of LE392 bacteria was 

grown overnight in L-broth + 0.2% maltose, 2ml of this was then spun 

down at 1.5K rpm for 5mins and the pelleted cells resuspended in lOOpl

of PSM. 10pl (3 x 10s pfu) of the phage stock were added and the

suspension left at 37°C for 20mins to allow the phage to adsorb onto 

the bacteria. 15ml of warm LM-agarose was then added and the mixture 

poured onto a large (20cm x 20cm) LM-agar plate. This was then

-  88 -



incubated overnight at 37 “C by which time the majority of the bacteria 

had lysed. 15ml of PSM was then poured onto the plate and this was 

left at 4°C, overnight with gentle agitation. The PSM was removed and 

spun at 4K rpm for lOmins to remove cell and agar debris and the 

supernatant stored in a glass bijou with a drop of chloroform, to 

prevent bacterial growth. The library was then re-titred as described 

above.

DIA isolation and cloning: DNA was isolated from the library as

described in section 2,4.2. The DNA concentration was determined

spectrophotometrically and using various enzymes, it was verified that 

the DNA could be cleaved. 50/ig of the library was then cleaved with 

Hindlll to release the inserts from the vector, in a lOOpl reaction 

containing lOOunits of enzyme. 10/il of gel loading buffer was then 

added and the DNA fragments separated by electrophoresis on a 

lxTBE/0.7% agarose gel run overnight at 30V. Following ethidium 

bromide staining, the DNA was visualised under UV light and the insert 

DNA, seen as a smear within the track, was excised, leaving the vector 

arms at the top of the gel. The insert DNA was then isolated by 

electroelution and Elutip purification (section 2.5.4). Following

ethanol precipitation, the insert DNA was redissolved in 20pl of H^O. 

A 3pl aliquot was removed to confirm the presence of the DNA by

agarose gel electrophoresis and the remainder was cleaved by Hpall in 

a 20pl reaction containing 10 units of enzyme, and incubated at 37CC 

for 6 hours. Following phenol/chiorofrom extraction and ethanol 

precipitation, the DNA was redissolved in 4pl of HsO, The proceedures 

used in generating the pBS vector and the ligation and transformation 

reactions used, are similar to those described above (section 2.8.1).



Likewise, six clones which, following miniprep analysis, appeared to 

have inserts, were selected and analysed further.

2.9 Screening Bacteriophage X Libraries.

A Xgtll foetal testis cDNA library, constructed by Drs. Y. 

Edwards and J. Volfe, and a Xgtll gut cDNA library, constructed by Dr. 

Y. Edwards, were screened, using putative CpG island containing clones 

in order to identify expressed sequences.

Using methods described in section 2.8, each library was titred 

to confirm the numbers of phage present. A representative portion of 

each library (2,5 xlOs pfu/plate) was then plated onto large (20cm x 

20cm) LM-agar plates (as described in section 2.8) and the plates 

incubated at 37*C overnight. Filter lifts were prepared by the method 

of Benton & Davies (1977). Two successive lifts were taken fron each 

plate; the Hybond-N filter (20cm x 20cm) was laid onto the cold 

library plate and the phage allowed to adsorb for lmin (first lift) or 

2mins (second lift). Orientation marks were made in identical 

positions on both the filters, corresponding to reference marks on the 

plate. The filters were transfered to denaturing buffer (0.5M NaOH, 

1.5M NaCl) for 2mins, neutralization buffer (1.5M NaCl, 0.5M Tris.HCl 

pH8) for 5-10mins, rinsed in 4x SSC and allowed to air dry. Following 

a 5min UV treatment, the filters were prehybridized, hybridized, 

washed and autoradiographed as described in section 2.7.
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**2,10a Northern Blot Analysis

Northern blots were prepared by a method described by Maniatis et 

al (1982). A 1.5% agarose gel was prepared by melting the agarose in 

water and allowing it to cool to 60'C. Gel running buffer (5 x 

running buffer: 0.2M morpholinopropanesulphonic acid (MOPS) pH7, 50mM

sodium acetate, 5mM EDTA) and formaldehyde were then added to give 

final concentrations of lx and 2.2M respectively,' The gel was then 

allowed to set in the fume cupboard,

The RNA samples were prepared by adding 10pg (4.5pl) of each RNA 

sample to 2. Opl of 5x running buffer, 3.5pl formaldehyde and lO.Opl 

formamide. The samples were then incubated at 55 *C for 15mins, 

Finally 2.0jil of loading buffer (50% glycerol, ImM EDTA, 0.4% 

Bromophenol Blue, 0.4% Xylene Cyanol and 5pg/ml ethidium bromide) were 

added and the samples loaded. The gels were run in lx running buffer 

at 5V/cm for approximately 8 hours.

Following electrophoresis the gels were rinsed in DEPC-treated 

water and 20xSSC for ISmins each. The RNA was then capillary blotted 

onto Hybond-N in 20xSSC overnight. The filters were finally rinsed 

briefly in 50mM sodiun phosphate (pH7) before being baked at 80°C for 

1 hour.

The filters were prehybridized in 7% SDS, 0.5M sodium phosphate 

pH7, ImM EDTA at 65 *C overnight. The folowing day this was replaced 

with fresh buffer containing the radiolabelled DNA probe. 

Hybridization was allowed to proceed at 65’C overnight. Excess, 

unbound probe was removed by a series of washes: 2X SSC, 0. 1% SD-S at 

room temperature for Smins repeated twice; O.lx SSC, 0.1% SDS at 50°C 

for lOmins. The filters were finally blotted and autoradiographed 

using an intensifying screen.



2.10 Northern Blot Analysis

Northern blots of adult testis, heart, liver and muscle RNA were 

provided by Dr.Y Edwards.

The filters were prehybridized overnight at 42 °C in 10ml of 

prehybridization buffer (5x SSPE, 0.3% SDS,5x Denhardt's solution, 50% 

v/v formamide, 250pg/ml sonicated herring sperm DNA). The following 

day this was replaced by 10ml of fresh buffer containing the 

radiolabelled DNA probe. Hybridization was allowed to proceed for 24 

hours at 42 *C with gentle agitation. Excess, unbound probe was 

removed by a series of washes: 2x SSC, 0.1% SDS at room temperature 

for 5mins repeated twice; 0. lx SSC, 0,1% SDS at 50*C for lOmins. The 

filter was finally blotted and autoradiographed using an intensifying 

screen.

2.11 Nucloetide Sequence Analysis

A commercial kit, supplied by USB Corporation, was used for DNA 

sequencing. The method employed involves a modified version of the 

chain-termination sequencing reactions of Sanger et al.(1977), using 

ssDNA as the template and a modified bacteriophage T7 DNA polymerase 

known as 'Sequenase* (Tabor & Richardson 1987).

Once the ssDNA had been primed, an initial labelling reaction 

elongated the DNA from this primer, using limiting concentrations of 

dGTP,dTTP and dCTP and radioactively labelled dATP. In the second 

step, the concentrations of all the dNTPs was increased and a specific 

ddNTP was added, one for each of the four nucleotides sequenced. The 

reactions were terminated by the addition of EDTA and formamide,
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denatured by heating and run on denaturing polyacrylamide gels. The 

advantage of using this enzyme is its high processivity and low 3' to 

51 exonuclease activity.

Preparation of ssDNA: This method uses ssDNA as the template for 

the elongation reactions. DNA fragments to be sequenced were 

therefore subcloned into the vector M13mpl9 to generate ssDNA

templates (Messing & Vieira 1983). M13mpl9 vector DNA was digested 

with the blunt end restriction emzyme Smal, and phosphatased as 

described (section 2.5.5). Insert DNA was isolated by gel

electrophoresis and purified by electroelution (section 2.5.4). In

each ligation 20ng of prepared vector DNA was ligated to lOOng of

purified insert. The resulting mixture was then transformed into the 

host strain E.coli JM101, made competent by the CaCls proceedure 

(section 2,2) and plated with 0.8mM IPTG and 0.02% w/v X-Gal. Under 

these conditions recombinant and non-recombinant phage can be 

distinguished due to insertional inactivation of the £ gal gene of 

M13mpl9; recombinants appear as white plaques on the chromogenic 

substrate X-Gal, following overnight incubation at 37*C.

Single-stranded template was prepared from 1,5ml cultures of 

single white plaques picked into 1:100 dilutions of E.coli JM101 and 

grown for 4-5 hours. The cells were removed by centrifugation and the 

phage precipitated in 4% polyethylene glycol (PEG-800) and 0.5M sodium 

acetate (pH7) for 15mins at 4’C. Following centrifugation the protein 

coats of the particles were removed by phenol extraction and the ssDNA 

recovered by ethanol precipitation.

Priming reaction: l“2pg ssDNA were annealed to 2ng of M13

universal primer in lOpl of 1Sequenase' buffer (40mM Tris.HCl pH7.5, 

20mM MgCla, 50mM NaCl) at 65°C for 2mins. The temperature of the water
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bath was then allowed to fall to 35*C when annealing was considered to 

be complete.

Labelling reaction: The labelling mix (7.5K dGTP, 7,5pH dCTP,

7.5|iM dTTP) was diluted 5-fold with H^O, and the enzyme diluted 1:8 

with ice-cold TE buffer. The following were then added to the lOpl 

annealing reaction: ljil DTT (0.1M), 2pl diluted label mix, O.Sjil

[ot-3:2S]dATP (10pci/pl, lOOOCi/mmol) and 2>il diluted 'Sequenase1. This 

was incubated at room temperature for 5-lOmins before being divided 

between four Eppendorfs.

Termination reaction: 2.5pl of each termination mix (80pM dGTP, 

80pM dATP, 80pM dCTP, 8O/1M dTTP, 50mM NaCl and 8|iM of the appropriate 

ddNTP) were placed into the appropriate tubes and prewarmed at 37°C 

for at least lmin. 3.5pl of the labelling reaction was transfered to 

each tube and this was then returned to the 37*C water bath for a 

further 5mins, The reaction was terminated by the addition of 4/il of 

stop solution (95% formamide, 20mM EDTA, 0.05% Bromophenol Blue, 0.05% 

Xylene Cyanol) and the samples placed in a boiling water bath for 2- 

5mins before 2/il of each were immediately loaded onto an 6% denaturing 

polyacrylamide gel (section 2.5.3).
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MATERIALS

Cell Lines

Cell lines were provided by Dr. J. Volfe:

3E7

853

OXEN

H0RL9X

GM1416B

1RE3

a23

7/2

Mouse/Human hybrid containing human Y 

chromosome as the only cytologically 

detectable human component.

Marcus et al.(1976)

Hamster/Human hybrid containing human Y 

chromosome as the only cytologically 

detectable human component 

49,XYYYY

Sirota et al.(1981), Bishop et al.(1983) 

Mouse/Human hybrid containing human X as the 

only cytologically detectable human component 

48,XXXX

A mycoplasma-free mouse cell line derived by 

Alan Tunnacliffe from 1R (Nabholz et al.1969) 

Hamster cell line

Mouse revertant of 3E7; human Y chromosome 

lost

Hybrid cell lines provided by Dr. C. Pritchard:

E1P4.10, E2P3.5, IP2.1, IP2.2, IP2.6, JP5.3, K1P4.2, K2P2.4, 

K3P2.2
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Bacterial strains

JM101 (Alacpro,thi.supE.F',traD36.lacL'-'ZAMIS)

(Messing 1983)

HB101 (F",h&iS20(re-, nte“),recA13.ara!4.proA2.lacYl.

galK2. rpsL2Q (Smr), syl5, mill £npE44,X~)

XL-1 endAl. hsdR17. (tk", thk*  ), siipE44, i M “l,

X", recAl, gvrA96, relAl, Aaelac.

C F* . proAB. lacIc'ZAM15.TnlQ(tet^)]

LE392 (F~, hsd (r^~, hjk-), supE44, supF58, lacY 1, galK2,

galT22.metBl,trpR55fX~)

Y1088 (AlacU169 supE supF hsdR  hsdM’- metB trpR

tonA21 proC::Tn5 pMC9) (Young & Davis 1983)

Chemicals, Enzymes and DMAs

Supplier: BDH Chemicals Ltd., Poole, UK.

Boric acid 

Caesium chloride 

Chloroform

Diaminoethanetetra-acetic acid, disodium salt (EDTA) 

Dimethyl sulphoxide (DMSO)

Disodium hydrogen orthophosphate 

Formamide

Glucose

Glycerol
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Hydrochloric acid (HC1)

Isoamyl alcohol 

Isopropanol

Magnesium chloride (MgClz)

Magnesium sulphate (MgSCU)

Maltose

Sodium acetate 

Sodium chloride (NaCl)

Sodium citrate 

Sodium hydroxide (NaOH)

Sucrose

Phenol

Polyethylene glycol 6000

Supplier: Sigma Chemicals, Poole, UK. 

Ampicillin

Deoxyribonuclease (DNase)

Dimethylformamide 

Ethidium bromide 

Herring Sperm DNA 

Lysozyme

Sodium dodecyl sulphate (SDS)

Ribonuclease 

Tris.Hydrochloride

Supplier: Gibco Europe, Glasgow, Scotland, UK 

Foetal Calf Serum
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Supplier: Flow Laboratories Ltd., Rickmanswarth, UK 

Dulbecco's modified Eagle's medium (DMEM)

RPMI

Glutamine

Penicillin/Streptomycin

Supplier: Pharmacia P-L Biochemicals, Milton Keynes, UK.

Dextran sulphate 

Ribonucleotides 

Sephadex G50

Supplier: James Burrough, Milton Keynes, UK.

Absolute ethanol

Supplier: Boehringer Mannheim, Vest Germany,

Bovine Serum Albumin 

Isopropythiogalactoside (IPTG)

Nucleotide triphosphates 

Proteinase K

Restriction endonucleases 

T4 Ligase

5-bromo-4-chloro-3-indoly-£-D-galactoside (X-gal)

Supplier: Amersham International pic, Amersham, UK.

Cytidine 5'-Lcx-3:2P3 triphosphate, triethanolamine salt (3000Ci/mmol) 

Uridine 5'-[a-3:2P3 triphosphate, triethylammonium salt (800Ci/mmol)

[a-35S] dATPaS in stabilized aqueous solution (lOOOCi/mmol)

Random labelling kit

-  97 -



Supplier: Anglian Biotechnology Ltd., Colchester, Essex, UK. 

Restriction endonucleases

Supplier: New England Biolabs Inc., MA 01915, USA. 

Restriction endonucleases 

Ribonucleoside-vanadyl complex 

T7 RNA Polymerase

Supplier: Bethesda Research Laboratories, USA.

Restriction endonucleases

Supplier: Difco Laboratories, Detroit, Michigan, USA.

Bactoagar

Tryptone

Yeast Extract

Supplier: Seakem, Miles Laboratories, Slough, UK.

Agarose

Low gelling temperature agarose
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CHAPTER 3 

RESULTS

CpG ISLANDS WITHIN HOMER V COSMID CLONES

3.1 Identification of CpG rich cosmid clones

The initial study to find CpG islands on the human Y chromosome 

involved characterizing Y-specific cosmid clones by restriction 

analysis. The Y-specific cosmid clones were originally isolated from 

a library constructed in the vector Homer V, using the human-mouse 

hybrid 3E7 as the source of human Y chromosomal material (Wolfe et al. 

1984).

The restriction endonuclease Mspl, an isoschizomer of Hpall, 

cleaves the sequence CiCGG regardless of the methylation state of the 

internal cytosine and therefore gives a more defined estimate of the 

number of CCGG sites, than Hpall which does not cleave if the internal 

C residue is methylated. By end-labelling Mspl digests of each cosmid 

clone and separating the fragments on an 8% polyacrylamide gel, it was 

possible to identify non-vector fragments of between 100 and 200bp 

(HTF), following autoradiography (Fig. 3.1).

Initally, small scale DNA samples were prepared from each

cosmid clone and this DNA repackaged to select against those which may

have undergone recombination in vivo. Because of packaging restraints

only clones which have full-length inserts were selected. DNA from

each of these repackaged clones was then prepared by the

maxipreparation method (see Section 2.4.1) and caesium chloride

gradient centrifugation. From the 220 Y-specific clones available,
edDNA from 150 was prepared in this way. These were then screen^using 

the Mspl/Hpall restriction analysis indicated above.

Fig 3.2 illustrates the distribution of non-vector Mspl
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fragments greated than 300bp (A) and less than 300bp (B), throughout 

the 150 cosmid clones. As shown, the distribution falls into two main 

groups; the vast majority of clones containing either a small (0-9) 

number of large fragments (greater than 300bp), or a small number of 

small fragments (less than 300bp) framents. A minor group of clones 

contains a large number (8-24) of Mspl fragments; one subset of this 

group containing a large number of large Mspl fragments whilst a 

second subset contains a large number of small Mspl fragments. From 

this analysis, clones found in the latter subset were chosen for 

further analysis on the basis that numerous fragments (10-11), smaller 

than 300bp, were generated by Mspl cleavage. These clones were cY019, 

cY022, cY24 and cY113.

3,2 Analysis of CpG rich clones

3.2.1 Restriction analysis

Restriction maps of the four clones were compiled from data 

generated by the partial digest method described in Section 2.5.

! Southern analysis of restriction digests of each clone were also

probed with either total human or total mouse DNA, to show regions 

containing sequences of highly repeated human and mouse DNA.

Restriction fragments which did not contain repeated sequences were 

then isolated in low-melting point agarose (see Section 2.5.4.) and 

used in subsequent Southern blot analyses, as probes against single 

| and double digests of the entire cosmid clone, to define each map

|further. Fragments 019P1, 019P3, 019P10, 113P4, 24E7 022E1, and 022E4 

were also subcloned into the vector pBluescript (see Section 2.5.5).
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As the restriction maps illustrate (fig. 3,3), Mspl sites are 

clustered in only one (cY019) out of the four chosen clones. However, 

additional information regarding the CpG character of the four cosmid 

clones, was obtained from a series of restriction enzyme digests using 

enzymes whose recognition sites are CpG rich. Fig 3.4 shows this 

series of single (Pstl) and double digests (Fstl plus a ' CG' enzyme). 

The 5.6Kb Fstl fragment of cY022 contains sites for Nunll (GGiCGCC), 

Natl (GClCGCCGC), Nael (GCCiGGC) and Eagl (ClGGCCG). The 6.7Kb Pstl 

fragment of cY24 contains sites for Nunll and Nael (GCCiGGC) and the 

8.2Kb fragment of cY113 has sites for Nunll, Naelt Nrul (TCGlCGA) and 

Mlul (AiCGCGT). The 5.5kb Pstl fragment of cY019 contains sites for 

Nunllt and Nael whilst the 5,7kb Pstl fragment of this cosmid contains 

sites for Nunll and BssHll (GlCGCGC).

As revealed by restriction mapping, the 5.7kb Pstl fragment of 

cY019 contains ten Mspl sites (8 Mspl/Hpall tiny fragments) and is 

therefore a region of high CpG density. To investigate this further, 

a subclone of this Pstl fragment (p019P3) was used to study the 

occurrence of CG enzyme sites in this region in more detail. Fig. 3.5 

illustrates that, in addition to BssHll and Nunll (from fig. 3.4), 

Narl (GGiCGCC) and Smal (CCCiGGG) cleave this region of cY019. Only 

two fragments (3.7kb and 1.85kb) result from Smal cleavage indicating 

the existence of only one Smal recognition site within this region. 

The Narl and Eagl digests shown in fig. 3.5 appear to be partial 

digests (the 019P3 band is still visible in both tracks) although the 

results indicate that both enyzmes have at least two recognition sites 

within this region. Partial digestion with Eagl gives rise to three 

fragments of sizes 5.2kb, 3.5kb and 1.7kb. It is probable that

cleavage at one of the sites gives rise to the 5.2kb fragment and a
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0.5kb fragment which is not shown on this gel, whilst cleavage at an 

Eagl site within the 5,2kb fragment would give rise to the 3.5kb and 

1.7kb fragments. Similarly partial digestion with Narl gives rise to 

four fragments of sizes 3.7kb, 3.35kb, 2.0kb and 1.7kb. Cleavage at 

one site would give rise to the 3.7kb and 2.0kb fragments, whilst 

cleavage at a Narl site within the 3.7kb fragment would give rise to 

the 3.35kb fragment and a 0.35kb fragment (not shown on this gel) and 

cleavage at a Narl site within the 2.0kb fragment would give rise to 

the 1.7kb fragment and a 0.3kb fragment (also not shown on this gel). 

Although this accounts for the bands seen in these digests it does not 

explain why a more complex series of bands is not seen due to the 

presence of additional partial products. In both cases however, there 

may be preferential cleavage at certain sites and that once these have

been cut, cleavage at secondary sites is then possible.

From these results it became apparent that although cY113, cY022 

and cY24 contain greater numbers of Kspl sites and thus CpGs, relative 

to other cosmid clones, these CpG pairs are not clustered, but

dispersed throughout the clones. They therefore do not contain 

island-like regions. In contrast, cY019 contains a 5.7kb region in 

which Mspl sites are clustered and in which several CG enzymes cleave 

the DNA. Therefore, although further analysis of cY113, cY022 and 

cY24 was undertaken, studies of cY019 were carried out in greater

detail.
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3.2.2, Southern analysis

a) Chromosomal localisation

The four cosmid clones have been shown to be Y-linked through 

Southern analysis. Figs. 3.6, 3.7, 3.8 and 3.11 show a panel of

genomic and hybrid DNAs probed with either cY019, cY022, cY113 or

cY24.

cY113 sequences show homology to Y chromosome, X chromosome, 

autosomal and mouse sequences. Fig. 3.6 reveals cY113 homology to a 

major 2.3kb autosomal EcoRl fragment (band A, tracks 1,2,4 and 6), a 

major 9.8kb X-linked fragment (band X, tracks 1,2,4,6 and 7) and a 

4.5kb mouse fragment (band M, tracks 3,5,7 and 8). In addition, cY113 

hybridization to a variable fragment (band X/Ya) in all tracks except 

7/2 and IRE3, implies the presence of an homologous EcoRl fragment 

present on both the human X and Y chromosomes (it is possible that 

such positional differences are due to loading differences). cY113 

also hybridizes to single 5.lkb fragment in GM1416B DNA. (The 

additional fragments revealed in 7/2 DNA are thought to be plasmid 

contamination, as are the 11.2kb and 9.2kb fragments in the 3E7 track, 

also shown in fig.3.7 Arrowed)

Fig. 3.7 shows the hybridization pattern of cY24 to genomic and

hydrid cell DNAs following Southern analysis. cY24 shows homology to

three Y-linked EcoRl fragments (6.4Kb, 5.9Kb and 5.1Kb:bands a,b and c 
'tracks 1, 2 and 3). Although a hybridization signal is not evident in

the OXEN track of Fig. 3.7, the original autoradiograph shows a very

weak signal indicating homology to a 5.9Kb EcoRl fragment. The faint

3.0Kb band (A) present in tracks 1 and 2 appears as a very faint band

! in track 3 again implying homology to
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FIG. 3.8 Southern Analysis using cY022 as a probe

cY022 was used as a probe against a panel of EcoRl digested genGmic 

and hybrid D M s  following prehybridizat ion of the labelled cosmid 

clone with total human and mouse D M s  to 'eliminate' highly repeated 

sequences.

Exposure time - 10 days.

Lanes: 1) 3E7 2) 853 3) Male Placenta

4) OXEtf 5) 7/2 6) a23

7) HORL 9X 8) GM1416B 9) 1RE3

-110-



E coRI P s t l

1 2  3 1 2  3

FIG. 3.9 Southern Analysis of Mouse D M  using cY022 as a probe

cY022 was used as a probe (following prehybridization with total human 

and mouse D M s  to 'eliminate' highly repeated sequences), against 

EcoRl or Pstl digests of mouse DMs,

Exposure time - 10 days.

Lanes: 1) Male Mouse 2) Female Mouse 3)XXS!xr
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Y-linked sequences. However as the signal is so weak the precise 

origin of cY24 is difficult to prove.

The hybridization of cY022 to genomic and hybrid DNAs also 

reveals a complicated pattern. This cosmid clone is also derived from 

Y-linked sequences. Fig. 3.8 shows cY022 hybridizes to at least four 

EcoRl fragments (10,1Kb, 9,3Kb, 6.4Kb and 5.1Kb) within human Y

containing DNAs (tracks 1-4), although fragment size differences are 

revealed (eg. an addition 11,0Kb fragment is present in 3E7 DNA). In 

addition, cY022 also shows cross hybridization to autosomal sequences 

(a 4.5Kb fragment-band A in GM1416B, placenta and OX tracks) and to 

mouse sequences (a 11.8kb fragment-band M in 3E7, 7/2, HQRL 9X and

IRE3 tracks). In fact, further Southern analysis shows that cY022 

hybridizes to 2 EcoRl fragments (11.8kb and 1.8kb) or 4 Pstl fragments 

(2.0kb,1.3kb and 2 fragments less than lkb) within mouse DNA digests, 

although no differences between male, female or XX&xr DNAs are 

revealed (Fig. 3.9). This raised the possibility that cY022 contained 

sequences which showed cross species homology and were therefore 

conserved. However as the cosmid library was prepared from a 

mouse/human hybrid (3E7) which was known to contain a re-arranged 

human Y chromosome, it was possible that either in the cell line or 

during the construction of the library, unrelated mouse and human 

sequences had become juxtaposed. To investigate this further cY022 

subclones were used as probes against Southern blots containing mouse 

and human DNA, to establish if the subclones would hybridize to both 

human and mouse DNA thereby implying sequence homology. Fig. 3.10 

shows the results from two such hybridization experiments. As shown, 

the EcoRl subclone p022El hybdidizes to mouse sequences only (3E7, 7/2 

and 1RE3 tracks) whilst the subclone p022E4 hybdridizes to human



FIG. 3.10 Southern Analysis using two cY022 subclones as probes

Two cY022 subclones were used as probes against a panel of EcoRl 

digested genomic and hybrid DNAs, The blots were washed at 65°C 

(0.1 X SSC;0.1% SDS),

Fig.A) p022E4 (4.8kb) probe 

Lanes/. 1) 1RE3 2) GM1416B

5) 7/2 6) 3E7

3) OXEN 
Male 

7) Blood

4) H0RL9X
Malel

8) Placenta

Fig.B) p022El (12.lkb) probe
Male Male

Lanes: 1) Placenta 2) 853 3) 3E7 4) Blood

5) OXEN 6) GM1416B 7) 7/2 8) 1RE7
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sequences. In all cases, each subclone exhibited strict homology to 

either human DNA or mouse DNA but not to both, a result consistent 

with the cosmid clone containing contiguous sequences of human and 

mouse DNA.

cY019 is derived from human Y-linked DNA. Fig. 3.11 shows cY019 

hybridizes specifically to DNAs which contain a human Y chromosome 

(3E7, 853, male placenta and OX); there is no cross hybridization to 

either mouse sequences (IRE3), autosomal sequences (GM1416B) or to X 

chromosome sequences (HORL 9X). 8 Y-linked EcoRl fragments are

revealed by this hybridization (major bands a-d 15Kb,13kb, 11.5Kb and 

10.2Kb;minor bands e-h 8.9Kb, 6.2Kb, 5.0Kb and 4.1Kb tracks 1-4).

However, between the different DNAs there are some fragment size 

differences (eg. in tracks 2 and 3, bands c and d are 11.0Kb and 

9,4Kb respectively, and band b is missing). An additional band (i) is 

also present in tracks 3 and 4. Such differences, reveal two types of 

band pattern resulting from the hybridization of cY019 to the 

different Y-containing DNAs; 3E7 and OX DNAs share one such pattern 

whilst 853 and placenta DNAs share a second.

The lack of homology between mouse sequences and cY019 sequences 

was verified by Southern analysis; a 5.7kb Pstl subclone from cY019 

(termed p019F3, see fig.3,3) did not hybridize to male, female or 

XX£!xr mice DNAs (fig. 3.12). However, the strict human Y homology was 

confirmed by probing a Southern blot containing a series of male and 

female DNAs digested with Taql. Fig. 3.13 shows p019P3 hybridizes to 

a major 2.7kb fragment and to minor 4.6kb, 4.9kb, 5.9kb,7.2kb and

12. Ikb Taql fragments within male DNA but does not hybridize to any 

sequences within female DNA. A limited study, in which 57 Taql-
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FIG. 3.11 Southern Analysis using cY019 as a probe

cY019 was used as a probe against a panel of EcoRl digested genomic 

and hybrid DNAs following prehybridization of the labelled cosmid 

clone with total human and mouse DNAs to 'eliminate' highly repeated 

sequences.

Exposure time - 10 days.

Lanes: 1) 3E7 2) 853 3) Male Placenta

4) OXEN 5) 7/2 6) a23

7) HORL 9X 8) GM1416B 9) 1RE3
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FIG. 3.12 Southern Analysis of Mouse DNAs using cY019 as a probe

cY019 was used as a probe (following prehybidization with total human 

and mouse DNAs to 'eliminate' highly repeated sequences) against a 

panel of EcoRl or Fstl digested mouse DNAs.

Exposure time - 10 days.

Lanes: 1) Male Mouse 2) Female Mouse 3) XXSxr
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** The northern analysis was subsequently repeated using a newly 

prepared blot containing the panel of RNAs indicated in Fig. 3.14(2).
!I

Again the 019P3 fragment from cY019 was used as a probe, however after j 

a prolonged exposure of 10 days faint hybridization signals were 

revealed in the tracks containg adult testis RNAs (arrowed). These Ii
signals are very weak however when compared with those revealed when a 

MIC2 cDNA clone (plA) was used as a probe (exposure time = 4 days) or | 

when a GAPDH subclone (exposure time = 6 hours) was used to probe the 

same northern blot.

No hybridization signals were revealed in the adult or foetal 

muscle tracks or the adult and foetal liver tracks.



digested D M s  derived from 5 different families, were similarly 

probed, revealed no Taql restriction fragment length polymorphisms,

These preliminary results indicated that cY019 was a good

candidate clone for a Y-linked CpG island, As previous studies had

shown an association between genes and CpG rich sequences (Bird 1986;

Gardiner-Garden & Frommer 1987), preliminary northern analysis was

carried out to investigate whether the 5,7kb region of cY019 contained

expressed sequences. A northern blot of adult muscle, liver, heart

and testis R M  was therefore screened with p019P3. However even after

prolonged exposure, no hybridization signals were revealed (fig.

3.14(1) ^similar result was obtained when a foetal testis c D M  library

was also screened with p019P3 (fisc. 3.15). In Darallel to this study,
! (p022E4) (pll3P4) (p24E7) 

single copy subclones of cY022, A cY113 A and cY24A were also used as

probes to screen the northern blot and the foetal testis library

(plated at a density of 2.5 x 10s pfu/20cmx20cm plate and plated onto

2 plates). Again no hybridization signals were revealed (data not

shown), although a control DNA probe (GAPDH subclone) did reveal a

signal on the northern blot'(Fig. 3. 14 (1 )B') and a skeletal muscle a actin

control probe revealed 19 positive signals when used to screen the

foetal testis cDNA library (Fig.3*15B).

Further chromosomal mapping data for cY019 has been obtained by 

probing a series of hybrid DNAs, containing various regions of the Y 

chromosome (Pritchard & Goodfellow 1986) with the 5,7kb Pstl subclone 

p019P3. Fig. 3.16 shows that this subclone appears to preferentially 

hybridize to DNAs which contain a centromeric region. Indeed, these 

data are consistent with cY019 localization being between the 

centromere and DYS8, within a subdivision of DYXSl-liie sequences. 

However, as the construction of these hybrids has led to many
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FIG. 3. 14 Northern analysis of poly A* RNA from different human 
tissues probed with (A) 32P labelled p019P3 and (B) 32P labelled GAPDH 
clone (arrowed)

Exposure time - (A) 20 days (B) 7 days

Lanes: 1) Testis 2) Heart 3) Liver 4) Muscle

(Signal shown in Fig. 3.14A is the result of a previous exposure using 
GAPDH as the probe)
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FIG. 3.15 Xgtll Foetal Testis cDNA Library (plated at 2.5 X 10G 
pfu/plate> screened with (A) 3:2P labelled p019P3 and (B) 32P labelled 
skeletal muscle a actin clone.
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FIG. 3.16 Southern analysis to localize p019P3 on the Y chromosome

A blot of Pstl digests of genomic and hybrid cell lines (containing 
various regions of the human Y chromosome as indicated by the absence 
or presence of known genetic markers) was probed with 3S:F labelled 
p019P3 (5,7kb). The blot was washed at 65*C (0.1 X SSC;0.1% SDS). 
Exposure time - 10 days.
Hybrid cell line data supplied by C. Pritchard.
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rearrangements of the Y sequences a precise localization was not 

possible. Therefore an in situ hybridization study, again using the 

probe p019P3, against metaphase spreads, was carried out to resolve 

cY019s chromosomal position. Fig. 3.17 shows the results from this 

study. As illustrated, pl09P3 hybridizes almost exclusively to 

sequences on the Y chromosome; there is no significant hybridization 

to sequences elsewhere in the genome. In addition however, it is 

apparent that sequences homologous to the 5,7kb Fstl fragment are 

present through-out the human Y chromosome and are not localised to a 

specific region; a result indicative of a repeated sequence. This was 

further substantiated by the fact that, in common with other repeated 

sequences when used as probes, the signals resulting from the 

hybridization were very strong after only a few hours (L. Vest 

pers. comm. ).

b) Quantitative analysis

To estimate the number of copies of p019P3 on the human Y 

chromosome, a quantitative blot was prepared. The number of pg of the 

019P3 fragment, corresponding to 30-100 copies of this sequence were 

calculated and adjusted to account for the complete p019P3 subclone. 

Each quantity of DUA was then digested with Pstl and the fragments 

resolved on a 0,8% agarose gel alongside Pstl-digested DNAs from 

hybrids 853 and 3E7 and male placenta, Following hybridization using 

only the 019P3 fragment as a probe, comparisons of signal strengths 

were used to estimate the numbers of copies of the 019P3 sequence in 

each of the hybrid or genomic DHAs, Fig. 3.18 illustrates that the 

strength of signals generated in the 3E7 and 853 tracks correspond to
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FIG. 3.17 In situ hybridization

(A) In situ hybridization of p019P3 to a 46,XY derived

metaphase spread. All metaphases examined showed at least two 

grains over the Y chromosome, as indicated.

(B) Grain distribution on the complete male karyotype.

(C) Grain distribution on the Y chromosome of 20 metaphase 

spreads after hybridization in situ with p019P3.

The grains scored on the autosomes are at a diploid level, 

whereas the signal of the X and of the Y is haploid.

In situ hybridization carried out by L, Vest.
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50-60 copies of 019P3. Unfortunately only a very weak signal was 

generated in the placental track due to the inaccurate estimation of 

the D M  concentration.

From karyotypic analysis it is known that 853 cells may be 

tetraploid with respect to hamster but carry 4 human Y chromosomes, or 

are diploid and carry 2 Y chromosomes and therefore contain 1 Y 

chromosome per haploid genome. 3E7 cells however are diploid with 

respect to mouse but carry, on average, 4 human Y chromosomes and 

therefore contain 2Y chromosomes per haploid genome. Therefore whilst 

the signal strength shown in the 853 track represents 50-60 copies of 

019P3, a signal strength corresponding to 50-60 copies of 019P3 in the 

3E7 track only represents 25-30 copies of 019P3 per single Y 

chromosome. Although further quantitative analysis should include a 

human male DBA track to give a more defined 019P3 copy number, these 

results indicate that 019P3 occurs as a relatively low copy number 

repeat on the human Y chromosome and that different Y chromosomes may 

carry varying numbers of this repeat element.

3.2.3. Sequence analysis

To obtain additional data on the CpG content of this region of 

cY019 and to determine whether it contained any open reading frames or 

was homologous to known sequences, DHA sequencing was carried out. 

The 3.2kb Pvul1 fragment which lies within the 5.7kb Pstl region (see 

fig. 3.3) was purified. This was then cleaved with either Fsal or 

Sau3A and the fragments cloned into either Smal-cut M13 or BanHl-cut 

M13, respectively. Overlapping clones were therefore generated.
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FIG. 3.18 Quantitative blot to estimate the number of copies of 

p019P3 on the Y chromosome.

(A) Ethidium bromide stained gel prior to Southern

transfer,

(B> Autoradiograph of blot following hybridization using

only the 019P3 fragment as a probe

- If a 5.7kb sequence is present once per haploid

genome then 5pg of genomic DBA will contain:

5 X 5,7xl03 

3xl03

= 9.5xl0""spg of a 5.7kb fragment.

Using this value to represent 1 copy of the sequence, multiple 

amounts of p019P3, representing 30 to 100 copies were loaded 

onto a 0,8% agarose gel alongside 5pg of genomic DBA. Following 

Southern transfer, the blotted DBA was hybridized with the 32:F 

labelled 019P3 fragment only. The blot was washed at 65*C 

(0.IxSSC:0.1%SDS). Exposure time - 4 days.
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Random clones were then chosen and sequenced according to the method 

described in section 2,11,

Fig. 3.19 shows a 1.15kb D M  sequence from this region. A 

computer aided search of the nucleotide sequence revealed an open 

reading frame of 522 basepairs. Although no start or polyadenylation 

signals were found, two potential left splicing (splice donor) sites 

were found at positions 703 and 724 (relative to the start of the open 

reading frame). In addition, a computer search of the GenBank Data 

library revealed no significant homologies to D M  sequences described 

so far. However to complete this search the amino acid sequence was 

used in a computer aided search of the HBRF protein sequence data 

bank. This revealed a sequence showing 98% homology, termed a 

hypothetical Y chromosome-specific protein, described by Arnemann et 

al. (1987). D M  sequence comparisons showed that the two sequences 

were almost identical although base changes give rise to 4 changes in 

the amino acid composition as indicated (fig. 3.19).

The G+C content for this region was calculated to be 58% which is 

above the 40% average for the genome as a whole (Bird 1986). However 

the G+C content increases to 65-70% within the body of the open 

reading frame. This change in G+C content is roughly paralleled by 

the CpG density which increases three-fold in this area. Similarly 

GpC density also increases three-fold within this region although 

overall the GpC density is higher than CpG density (fig, 3.20).
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FIG, 3.20 G+C content and the incidence of CpG (i i) and
GpC (•----i) doublets (per 50bp> across a 1.15kb region of

p019P3. The positions of several ' CG* enzyme sites are shown

and the 40% G+C content of bulk genomic DHA is indicated for

reference in the upper graph (dashed line)
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3.2.4. Methylation studies

To further define the CpG island-like character of the 019P3 

fragment, the methylation status of this sequence, within genomic DMA, 

was investigated. By comparing the fragment pattern generated by Mspl 

(which cleaves DMA whether the central cytosine is methylated or not) 

with that generated by Hpall (which does not cleave DMAXwhen the 

central cytosine is methylated) it is possible to predict if a site 

within the DMA is methylated, Male and female placental DMAs were 

therefore cleaved with Mspl or Hpall and the fragments separated on an 

8% denaturing polyacrylamide gel. Following electroblotting, the 

filter was probed with the entire 019P3 fragment. Fig.3,21 

illustrates that 019P3 does not show any homology to female DMA, 

however, three ” identical bands corresponding to fragments of size 

435bp, 285bp and 80bp are revealed in both the male placental DMA 

tracks. An additional band (fragment size 260bp) in the Mspl track 

reveals that at least one site within the 019P3 sequence is methylated 

whilst at least four out of the remaining ten 5'CCGG3' sites clustered 

within 019P3 are not methylated in placental DMA.

Using the sequence data (fig. 3,19) it is possible to correlate 

some of the methylation data with the known Hpall sites. Fig. 3.22 

illustrates that three, possibly four of the Hpall sites within this 

region are not methylated, so that cleavage with Mspl or Hpall gives 

rise to a 288bp fragment (sites 4 and 5) and an 80bp fragment (sites 5 

and 6). The methylation status of sites 2 and 3 within the open 

reading frame is not known however if these are not cleaved and site 1 

is not methylated, cleavage at sites 1 and 3 would give rise to a
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FIG. 3.21 30pg of Male (M) or Female (F) Placental DNA were digested 
with either Hpall or Mspl and loaded onto an 8% denaturing 
polyacrylamide gel. Following electroblotting, the DNA was hybridized 
with 32P labelled p019P3 as a probe. The blot was washed at 65#C 
(0.2xSSC;0.2%SDS). Initial exposure (shown) - 7 days. After long 
exposure (14 days) of the autoradiograph, the 80bp fragment became 
visible but the high background made it difficult to reproduce 
photographical1y.
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430bp fragment. The location of the 260bp fragment is not revealed by 

the sequence data.

Since all CpGs are not accessible to restriction endonuclease 

cleavage it is possible that some methylated cytosines within the 

sequence have escaped analysis, however this preliminary study 

provides evidence supporting the notion that this sequence is to a 

degree hypomethylated and therefore CpG island-like, in this tissue at 

least.

Additional information regarding the methylation state of 019P3 

in a second tissue has been gained by preparing a Southern blot of 

male placental and blood DIA cut with Pstl and a 'CG* enzyme (known 

from previous data, fig. 3.4, to cleave the 019P3 fragment) in a 

series of double digests. In common with Hpall, these 'CpG* enzymes 

are unable to cleave DIA when one or more of the cytosine residues are 

methylated. Following hybridization, using p019P3 as the probe, and 

autoradiography, a series of bands are revealed in all tracks (fig. 

3.22). A major 5.2kb fragment and minor 9.5kb, 7.9kb, 7.0kb, 6.2kb, 

3.8kb, 3.3kb, 2.6kb and 1.6kb fragments are shown. In addition, a 

22kb fragment and 10.2kb fragment are revealed in all placental DIA 

tracks. Variations between the tracks are also shown. Male placental 

DNA cut with Smal and Pstl gives rise to a 4.2kb fragment which is not 

present in the similar digest of male blood DMA; 4.3kb, 2.8kb and 

1.8kb fragments are present in male placental DIA cleaved with Eagl 

and Pstl but again not present in a similar digest of blood DIA, and 

additional 4.05kb, 3.55kb and 1.5kb fragments are revealed when

placental DIA is cleaved with BssHll and Pstl, but are not shown in a 

similar digest of male blood DIA.
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FIG. 3.23 Southern blot analysis of Male Blood (1) and Male Placenta 
(2) DNA digested with Pstl and a ' CG' enzyme and hybridized to 32J:P 
labelled p019P3. The blot was washed at 65*C (0.lxSSC;0.1%SDS).
Exposure time - 5 days.



CHAPTER 4

DISCUSSION

CpG ISLANDS WITHIN HOMER V COSMID CLONES

In the previous chapter I have described a strategy for isolating 

CpG islands from a Y chromosome specific library by cleaving Y derived 

clones with the Hpall ischoschizomer Mspl, and selecting clones which 

contained numerous CCGG sites. Using this approach four candidate 

clones were chosen. Of these only one, cY019, complied with many of 

the criteria related to CpG islands.

Although cY022, cY113 and cY24 gave rise to many small fragments 

when cleaved with Mspl, restriction mapping analysis revealed that 

these fragments were not clustered. In addition, CG-enzyme cleavage 

of these clones was limited, failing to reflect the large numbers of 

CG-enzyme recognition sites usu-ally associated with CpG islands 

(Lindsay & Bird 1987).

These three clones were shown to be Y-linked through Southern 

blot analysis. Studies on cY022 revealed homology to human Y

chromosome and mouse sequences, Further analysis indicated that such 

homology was due to the presence of contiguous mouse and human 

sequences within cY022 as a probable consequence of cloning artefacts
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during the preparation of the Homer V library. Limited data on cY24 

showed sequence homology to Y-linked and possibly autosomal sequences, 

whilst cY113 sequences have been shown to be homologous to human Y 

chromosome, X chromosome, autosomal and mouse sequences.

Preliminary northern analysis revealed that sequences within 

these clones are not expressed in human heart, liver, muscle or 

testis. Similarly, such sequences are not present in a foetal testis 

cDIA library (data not shown).

Therefore although these clones are CpG rich relative to other 

clones within the Homer V library, as judged by the frequency of Mspl 

cleavage, they do not represent regions of CpG islands. As these 

clones were orignally selected from the Homer V library because of 

their ability to hybridize to total human DIA, it is more probable 

that these clones contain human repeat elements and originate from 

bulk, inter-gene regions of Y chromosomal DIA.

In constrast to cY022, cY113 and cY24, analysis of Homer V clone 

cY019 revealed a more CpG island like sequence. In addition to the 

numerous small Mspl fragments which the cloned DIA contained, 

restriction mapping analysis showed that the majority of the Mspl 

recognition sites were clustered within a 5.7kb Pstl fragment of the 

clone. Furthermore, restriction analysis of this Pstl fragment 

revealed the presence of 4 CG-enzyme recognition sites, A result 

consistent with the clone being CpG island-like.

Southern blot analysis with probe p019P3 demonstrated Y- 

specificity not only with different enzymes, but also under non- 

stringent hybridization and washing conditions. However, through such 

analyses no restriction fragment length polymorphisms were revealed 

with either Pstl or Taql although an RFLP was revealed when the
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** Subsequent northern analysis has shown that sequences within cY019 !
I

(019P3) are not expressed in foetal testis, adult or foetal muscle or I 

adult or foetal liver but are expressed in adult testis although at a
I

very low level when compared with MIC2 and GAPDH expression (Fig, 

3.14(2), In addition recent screening of a^adult testis cDNA library 

with the probe 019P3 has revealed 3 positive clones (K. Taylor per. i 

comm.). It therefore appears that sequences homologous to 019P3 are j 

expressed in the human adult testis as indicated by Arnemann et al 

(1987).



complete cosmid was used as a probe against a panel of EcoRl digested 

hybrid and genomic cell lines (fig. 3,11). In addition p019P3 

sequences showed no homology to sequences within a foetal testis cDNA 

library or a muscle c D M  library (data not shown), nor did p019P3 

contain sequences which are expressed in adult liver, heart, muscle or 

testis as judged by northern blot analysis, although such analyses
j **would need to be repeated to confirm these results.

Sequence analysis of a small region within p019P3 did however 

reveal an open frame of 522bp, and although computer aided searches 

were undertaken, no homology to DUA sequences present in the GenBank 

data library was found. To complete this analysis the amino acid 

sequence of the open reading frame was used to search the RBRF protein 

sequence data bank. In this instance a sequence was revealed which 

showed 98% homology to the p019P3 sequence. Reports termed this 

sequence 'a hypothetical Y chromosome specific protein' (Arnemann et 

al.1987). Comparisons of the DNA sequences revealed almost complete 

homology over the 1115bp region, with the exception of 8 base changes 

which result in four amino acid changes. Only one of these changes is 

conserved:

Position relative to Codon & amino acid from Codon & amino acid

start of open reading Arnemann et al (1987) from p019P3

frame

+232 Glycine Serine

GGA TCG

+250 Cysteine Valine

TGC GTC

+494 Glycine Glutamic

GGA GAG
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+499 Aspartic acid Glutamic acid

GAC GAG

In common with the protocol initially used to select cY019 (Volfe 

et al. 1984), Arnemann et al. <1987) isolated a cosmid clone (cos 36)

initially selected from a human Y-chromosome enriched cosmid library

(Cooke et al. 1985), constructed from DHA of the mouse-human cell 

hybrid 3E7. Subclone pJA36B (correspnding to p019P3) was found to be 

a low copy sequence within the cos36 cosmid clone.

In common with p019P3, pJA36B (termed DYS14, Goodfellow et

a.Z.1985) was shown to be male specific and to hybridize to a 2.8kb 

Taql fragment within human male DNA correlating with the 2.7kb Taql 

fragment shown in this study. Furthermore, in agreement with this 

study, Arnemann et al. 1987) estimated that at least 10 copies of this 

sequence are present on the human Y chromosome, and that such elements 

appeared not to be contiguous. In addition, using DHA samples from 

different patients with aberrant sex chromosomes of known deletions 

Arnemann et al. (1987) localized pJA36B to the median region of Yp a 

result consistent with the hybrid cell line mapping data shown in this 

study and the limited in situ hybridization analysis undertaken. Such 

a localization would therefore place p019P3 sequences within a region 

of the Y chromosome to which Bkm related sequences also map. Bkm 

(banded krait minor) related DHA is preferentially present on the 

heterogametic sex chromosome of snakes and mice (Schafer et al.1986; 

Epplen et al.1982; Singh et al.1980) and is transcribed in different 

tissues (Epplen et al.1983). It consists of a repeat sequence 

composed of two tetranuclotides, GATA and GACA, repeated several 

hundred times within each repetitive unit (Epplen et al.1982). In man 

such sequences have been mapped to the median part of Yp and the

-137-



proximal part of Yq (Arnemann et al.1986). Although analysis of the 

partial sequence from p019P3 shows no precise sequence homology to 

this repeat motif, the G and A richness of the sequence is similar. 

In constrast to this study however, Arnemann et al. (1987) showed that 

pJA36B was able to detect a poly (A)+ RNA transcript of human testis 

although total RIA from human thymus, lung and liver failed to

hybridize with pJA36B. The inability to detect hybridization of

p019P3 to RNA from the tissues examined however could indicate that 

either the transcription in these tissues is below the limit of

detection or that transcription is limited to specific tissues or

developmental stages. In addition, the data imply that p019P3 

contains only part of the transcribed sequence, as initiation or

polyadenlyation signals are missing. However, two potential left 

splicing (splice donor) sites have been found in the non coding region 

of the sequence following the open reading frame:

Consensus (the subscripts indicate the percentage of junctions at

which the base is found) Ae* G73 Gtoo T100 Ae.2 Aee Gq* Tea

019P3 sequence G T G  T A A G T

Although these do not conform precisely to the splicing consensus 

sequence (Breathnach & Chambon 1981; Mount 1982) they may function in

splicing any transcripts originating from this sequence to generate

the mature message.

As this clone appears to be only one of a family of such 

sequences on the Y chromosome, it is possible that another member is 

the active gene whilst other elements such as p019P3, are diverging 

sequences and therefore unable to be transcribed efficiently. The 

base changes seen from the sequence data would be consistent with this 

notion. Although differences between the sequence published by
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Arnemann et al. (1987) and the sequence reported here may be due to 

sequencing error, it is also possible that the two sequences are 

derived from different cloned loci and are therefore not identical.

Methylation studies on male placental DNA reveals information 

about only five out of the ten CCGG sites known to be present within 

the 5.7kb Pstl fragment of cY019, the remaining sites being 

undetected, although the remaining fragments may well be outside the 

range of detection by Southern blotting, indeed, from sequence data, 

one Hpall fragment is known to be only 30bp long. Despite these 

limitations analysis shows that at least three similar fragments are 

generated by both Nspl and Hpall cleavage. Together with the sequence 

data this indicates that in male placental DNA at least three, 

possibly four CCGG sites are not methylated. However methyl moieties 

at these specific sites (CCGG) represent only a fraction of the total 

methylations of a region. If 5mC is generally found at CpG sequences, 

methylation at the CCGG site will represent only about 6% of the total 

methylated sequences. Thus the methylation pattern with these enzymes 

provides only partial methylation information so that it is probable 

that many of the other CpGs within p019P3 will be unmethylated 

consistent with subclone p019P3 containing CpG island-like sequences.

Further methylation data is revealed following hybridization of 

labelled p019P3 to Fstl and Pstl/CG-enzyme digests of both blood and 

placental DNAs, Analysis reveals that all four CG-enzymes which 

cleave cloned 019P3 sequences, fail to cleave sequences within male 

blood DNA, as similar hybridization patterns are shown in the presence 

or absence of these enzymes. It therefore appears that the recognition 

sites for these enzymes within the 019P3 sequences of male blood DNA 

are methylated. However, it cannot be overlooked that lack of
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cleavage at these sites could also result from the absence of these 

sites within this sequence in this tissue. Since a series of 

isoschizomers which will cleave the DNA regardless of the methylation 

status are unavailable, it is possible that such digestion patterns 

could also be due to such primary sequence differences.

In contrast, similar digests using male placental DNA do give 

rise to additional fragments indicating the ability of these enzymes 

to cleave the DNA and therefore the lack of methylation at these 

recognition sites. These results agree with other data produced 

during methylation studies on other repeat sequeneces of the human Y 

chromosome. The DYZ2 repeat family, for example, is differentially 

methylated in different tissues, being methylated in DNA from a 

variety of somatic tissues (fibroblast, liver and leukocyte) whilst 

strikingly unmethylated in DNA from sperm (Young et al.1981). Results 

with DNA from male placenta indicated an intermediate level of 

methylation (Cooke et al.1982; Young et al.1981). However, although 

such studies give an indication of the level of methylation within 

these sequences, it is difficult to ascertain whether such an 

intermediate level of methylation is due to partial methylation of a 

single locus or whether it represents an overall methylation status 

for the complete sequence family. Furthermore, since these tissues 

contain many cell types such an intermediate level of methylation 

could represent the 'average* methylation status of all the cell 

types. However, by isolating additional cosmid clones which hybridize 

to sequences within cY019, other members of this repeat family could 

be analysed in order to define methylation and transcriptional 

differences between them. In addition, pulsed field gel

electrophoresis would allow long range mapping of these sequences on
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the Y chromosome, defining their numbers and positions more 

accurately.

The cloning and structural analysis of such sequences should also 

reveal whether they have arisen through independent events of 

duplication or viral retroposition. Although p019P3 shows no obvious 

retroviral origin, Phillips et al. (1982) have shown that in the 

mouse, DNA containing retroviral elements are present in the male but 

not in females DNAs, and that male specific fragments varied in copy 

number from one to as many as one hundred. Such concentrations of 

dispersed repeated sequences could therefore reflect the poor 

'housekeeping' ability of the monosomic Y chromosome, or indicate that 

the Y is a 'target' chromosome for retrovirus integration or 

amplification. Additional Southern analysis would also reveal the 

degree to which this family of repeats is evolutionary conserved.

From these results it is apparent that although cY019 contains 

sequences which appear to be CpG island-like, features of these 

sequences do not strictly obey the defined charater of CpG islands 

based on CpG density and G+C numbers. Despite this, the results do 

indicate the suitability of this approach to finding CpG islands and 

thus transcribed sequences, particularly in light of results from 

other studies which demonstrate that one of the selected clones 

appears to contain expressed sequences.
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CHAPTER 5

RESULTS

CLONING Hpall TINY FRAGMENTS FROM CHROMOSOME SPECIFIC LIBRARIES

5,1 Cloning fragments from flow sorted chromosomes

Flow sorted human Y chromosomes were provided by Dr. J. Fantes 

from the lymphoblastoid cell line OXEN (49,XYYYY). Following 

hypotonic shock to release the metaphase chromosomes, the isolated 

chromosomes are equilibrated with two DNA specific fluorescent dyes 

for flow cytometry and sorting; Hoechst 33258 (Ho - binds 

preferentially to DNA rich in adenine and thymine, Latt & Wohlleb 

1975) and chromomycin A3 (CA3 - binds preferentially to DNA rich in 

guanine and cyosine, Behr et al. 1969). The use of these two dyes 

enables the chromosomes to be distinguished on their total DNA content 

and their base composition, (Gray et al. 1979) The Ho and CA3 contents 

of individual chromosomes are determined by measuring the intensities 

of fluorescence that are emitted as they pass the UV 458nm and laser 

beams of the FACS. These measurements are then accumulated to form 

fluorescent intensity distributions termed flow karyotypes. The flow
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karyotype resulting from the Y chromosome sort from OXEN cells is 

shown in fig 5.1. Following sorting the sample was dialysed to remove 

the stains and the chromosomes collected by centrifugation. It was 

estimated that approximately 1.5x10s Y chromosomes were collected, 

representing approximately 150ng DNA (B.Young pers. comm). 85% of the 

sample was thought to be Y chromosome with contamination by 

chromosomes 18 and 21,

DNA from flow sorted Y chromosomes was cleaved with Mspl, 
and fragments less than 200bp were isolated following agarose gel 
purification and cloned into Clal-cut pBS as described in section 
2.8.1.
Following transformation of competent E.coli XLl-Blue, the percentage 

of recombinants was assessed by plating the bacteria on L-agar plates 

(with 100/jig/ml ampicillin) in the presence of the lac operon inducer, 

IPTG, and a chromogenic substrate of £-galactosidase (£ gal), X-gal. 

Non-recombinant XLl-Blue bacteria produce blue colonies under these 

conditions, in contrast to recombinants where the interruption of the 

£ gal protein coding sequence leads to loss of 0 gal activity and 

white colonies. Using this technique, approximately 7% of bacteria 

were shown to be non-recombinants,

5.1.1. Analysis of clones

To screen this library, random clones were selected and DNA 

prepared by the miniprep method (section 2.4.1). This was then 

cleaved with Pvull (see fig. 2.1) to assess the insert size (Fig 5.2). 

From this it was estimated that approximately 78% of the white 

colonies were recombinants and that the insert sizes ranged from 

approximately llObp to 20bp.
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6 clones were chosen for further analysis and D M  was prepared by 

the maxiprep method (section 2.4.1). In order to use these clones as 

efficient probes, despite the small insert size, in vitro transciption 

reactions were used to generate labelled R M  probes specifically from 

the insert. By cleaving the D M  downstream of both the T7 promoter 

and the insert, high specific activity 'run off' transcripts were 

produced (fig. 5.3). Ipg of the maxiprep D M  was therefore cleaved 

with Accl and in vitro transcription reactions carried out as desribed 

in section 2.6,

The integrity of these transcripts was verified by loading 1% of the 

reaction onto denaturing polyacrlamide gels. Fig.5.3 illustrates the 

labelled transcripts resuting from one of these reactions giving rise 

to a major R M  species of 240b. In all cases the percentage 

incorporation of label into the transcripts was estimated to be >95% 

and the specific activity calculated to be 1-1.5 X 10* dpm/jig RM,

To localise the clones to the Y chromosome, Southern blot 

analysis was carried out, using the labelled R M  probes against a 

panel of genomic and hybrid cell line DMs, However even after 

prolonged exposure, no hybridization signals were revealed. Therefore 

to investigate the nature of the cloned inserts, the R M  probes were 

used in Southern blot analysis against a series of pBR322, Homer V and 

pBS digests. Fig.5.4B shows the results of one of these analyses. 

Hybridization signals were revealed after only 1 hour exposure, 

demonstrating the efficiency of the hybridization technique, however 

the probe hybridizes to several pBR322 fragments (tracks 1-6), to the 

5.2kb Homer V EcoRl fragment (track 7) and the 2,5kb pBS Pvull 

fragment (track 8). Further evid ence about the nature of these 

inserts was gained from a colony screen. 70 recombinant clones were



FIG. 5.3 In vitro transcription of cloned Mspl inserts 

generating labelled RITA probes.

(A) Diagrammatic representation of clone and in vitro 

transcription

(B) Autoradiograph following separation of the labelled RHA 

probes on a 5% denaturing polyacryamide gel.

Lanes: (1) RHA probe <92b> generated from pBS vector without

insert DHA. (Varying amounts loaded onto 3 adjacent 

tracks)

(2) RITA probe (240b) generated from a cloned Mspl insert 

(Varying amounts loaded onto 3 adjacent tracks)
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FIG. 5.5 (A) Colony screen of clones derived from the Mspl library
probed with a 3;2P labelled 2.033kb pBR322 fragment.

(B) EcoRl restriction endonuclease digests of clones from 
(A) which showed no homology to pBR322.

Digests resolved on 0.8% agarose gel.

(V) pBS vector
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dotted onto a gridded Hybond filter. Following overnight growth the 

colonies were lysed and the D M  denatured, neutralised and bonded to 

the filter. A 2033bp pBR322 fragment (which was shown to have no 

homology to pBS, fig,5.4C) was then used as a probe to screen these 

DMs. 43% of the clones were shown to be homologous to pBR322 

sequences (fig 5.5A). D M  was subsequently prepared from the clones 

which showed no pBR322 homology, and linearised with EcoRl. 

Unfortunately agarose gel electrophoresis of these digests revealed 

the absence of inserts in any of these clones (fig.5.5B). From these 

results it became apparent that pBR322 Mspl fragments had been 

preferentially cloned during this study. This was probably a 

consequence of using such fragments as size markers on the initial 

size selection gel following cleavage of the Y chromosome D M  with 

Mspl, even though they they were on non-adjacent tracks to the one 

from which the target D M  was purified.

5.2 Cloning Mspl fragments from a chromosome-specific X Library

Since limited quantities of D M  could be obtained from the flow 

sorted chromosomes, additional Mspl libraries were constructed using 

D M  derived from Charon 21A chromosome specific libraries obtained 

from the American Type Culture Collection. As a control, to represent 

a more ’typical* human chromosome, a chromosome 9 Mspl library was 

also constructed in parallel with the Y Mspl chromsome library.

D M  was isolated from the ATCC Charon 21A libraries as described 

in section 2.4.2. Following Hlndlll cleavage of 50pg of library DM, 

to release the human D M  inserts, the digests were run on a 0.7%
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FIG. 5.6 Ethidium stained agarose gels showing Hlndlll cleaved Charon 
21A library DNA. Right (R) and Left (L) vector arms.

(A) DNA from ATCC Charon 21A Y Chromosome Library
(B) DNA from ATCC CHaron 21A Chromosome 9 Library
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agarose gel (fig. 5.6). The inserts were then excised from the gel 

leaving the vector arms and the DNA purified by electroelution and 

EluTip procedures. It was estimated that approximately lfig of D M  was 

recovered and this complete aliquot was digested with Mspl. However 

from lessons learnt from the previous cloning experiment, these Mspl 

fragments were not size selected. In this instance, the complete 

range of fragment sizes was cloned into Clal-cut and phosphatased pBS. 

Following transformation of competent E.coli XLl-Blue, the bacteria 

were plated onto L-agar plates containg lOOpg/ml ampicillin, 

supplemented with IPTG and X-gal in order to differentiate between 

recombinant and non-recombinant clones. Using this technique it was 

estimated that 86% of the clones forming the Y-specific library were 

recombinants whilst 94% of the clones forming the chromosome 9 library 

were recombinants.

5.2.1. Analysis of clones

White colonies were selected at random and D M  prepared by the 

miniprep method. This D M  was then cleaved with Pvull to release the 

inserts enabling an estimation of the insert size to be made. Fig.5.7 

shows an example of these gels. The inserts from the Y library range 

in size from 160bp to 50bp however not all the Y library clones 

contain inserts (fig.5.7A). Therefore on this basis it was estimated 

that approximately 55% of the Y clones were recombinants. In contrast, 

all clones from the chromsome 9 library contain inserts, with the 

insert size ranging from approximately 4kb to lOObp In addition it is 

evident that many of the inserts contain several Pvull sites as shown 

by the numerous fragments within each track (fig.5.7B>.
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FIG, 5.7 Pvull restriction endonuclease digests of random Mspl 

cloned inserts derived from the Charon 21A libraries, resolved 

on a 0.8% gel,

V pBS vector

(A) DNA from Y chromosome library

(B) DNA from chromosome 9 library

(Line in fig. A. drawn as a guide to illustrate which clones 

contained inserts)
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Six clones from each library were selected at random and D M

prepared by the miniprep method. The D M  was then cleaved with Fvull

and the fragments separated on a low-melting agarose gel. These small 

insert fragments were then excised from the gel and the D M  labelled, 

without prior extraction from the gel, as described in section 2.5.4. 

These labelled insert D M s  were then used as probes against a panel of 

genomic and hybrid D M s  in Southern blot analysis to chromosomally 

localise each clone (fig.5.8). Insert D M  from 5 of the clones chosen 

from the Y library did not hybridize to mouse or human D M  (fig,5.8A), 

These clones did however show homology to X D M  as indicated by the 

intense signal generated in the X BstBll marker track. However, one 

clone, termed pBSY2, did show homology to human DM. The insert D M  

from this clone hybridizes to a 4.2kb EcoRl fragment in male

placental, 3E7, OX, female blood and GM1416B D M s  (fig,5.8B). There

is no homology to sequences in either H0RL9X D M  or mouse (IRE3) DM. 

This result is consistent with pBSY2 showing homology to Y and 

autosomal sequences.

Fig, 5.9 shows the result of Southern blot analysis of one of the 

chromsome 9 clones. In common with the Y chromosome clones, all 

chromosome 9 clones analysed showed homology to the X markers and no 

homology to either genomic or hybrid cell line DM.
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FIG. 5.8 Southern blot analysis of genomic and hybrid cell lines 

hybridized with:

(A) an anonomous 3:2P labelled cloned Mspl insert from the Y 

chromosome library;

(B) 33 P labelled Mspl Y chromosome library clone pBSY2

Lanes: (1) Male Placenta D M

(2) 3E7

(3) 7/2

(4) HORL 9X

(5) Female Placenta D M  

<6) OX

(7) GM1416B

(8) 1RE3



A

Kb A 1 2  3 4 5 6 7 8

23-13

9-4

6-6

4
4-4

2-3

B

Kb

23-13

9-4
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4-4

X 1 2 3 4 5 6 7 8

4-2Kb

2-3
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Fig. 5.9 Southern analysis of genomic and hybrid cell lines 

hybridized with an anonomous 32:P labelled clone from the 

chromosome 9 ' HTF' library.

Lanes: 1) Male Placenta DNA 2) Male Blood 3) 3E7

4) OX 5>GM1416B 6) 7/2

7) 1RE3
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CHAPTER 6

DISCUSSION

CLONING Hpall TINY FRAGMENTS FROM 

CHROMOSOME SPECIFIC LIBRARIES

Recent progress in flow cytometry has greatly facilitiated the 

search for chromosome specific cloned DNA sequences. By sorting and 

subsequent cloning of individual chromosomes from a complex karyotype, 

chromosome-specific libraries have been established for the human X

chromosome (Davies et al.1981; Kunkel et al.1982), for several

autosomes (Krumlauf et al.1982) and for the human Y chromosome (Muller
et al.1983; Fuscae et al.1986). Flow sorted chromosomes therefore

provide an excellent source of chromosome specific DNA. In this study 

approximately lOOng of DNA was recovered from the flow sorted Y 

chromosomes. As CpG island sequences are estimated to represent 1% of 

bulk genomic DNA it was hoped that it would be passible to clone lng 

of material following restriction enzyme cleavage and gel 

purification. Subsequent results have proved the difficulty in 

handling such small quantities of DNA. In addition, results have 

shown the care which must be exercised when choosing DNA markers. In 

this instance pBR322 Mspl markers, having compatible ends with the
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phosphatased vector, and being present in much greater quantities than 

the sample DNA to be cloned (despite being loaded away from the sample 

at the edge of the gel), proved to clone at a greater efficiency than 

the required sequences.

Due to the difficulty in handling the limited quantities of DNA 

which result from flow sorted chromosomes, a second approach to 

cloning Mspl fragments from chromosome specific libraries was 

employed. Y chromosomal DNA was therefore isolated from a Charon 21A 

library which had been prepared from flow sorted Y chromosomes (Fuscoe 

et al. 1986). In this case it was hoped that larger quantities of 

material would be more easily prepared, indeed following purification 

approximately lpg of chromosome specific DNA was recovered from each 

library. Following Mspl digestion however it was thought more 

prudent, in this case, not to size select the small Mspl fragments, 

but to clone the entire aliquot and subsequently select clones with 

small inserts..

Analysis of a small sample of chromosome 9 clones resulting from 

this study, showed that many large fragments had been cloned, however 

further analysis demonstrated that all of these were of X origin and 

no chromsome 9 derived clones were found. In contrast, analysis of 19 

Y chromsome Mspl clones showed that in this case,many small fragments 

had been cloned, although the majority of these also showed homology 

to X sequences. It therefore appears that although Hindi 11 cleavage 

of the Charon 21A library released the insert DNA, it may also have 

caused a degree of partial digestion of the X vector, X sequences 

together with human chromosome specific sequences would therefore have 

been co-purified, Mspl cleaved and subsequently recloned. As X DNA 

contains a greater density of Mspl sites than human DNA it is probable
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that X Mspl fragments may constitute a large proportion of the Mspl 

digest and are therefore preferentially cloned.

From calculations based on CpG density within the bulk genome, it 

is estimated that there are of the order of 30 000 islands in the 

haploid genome, and the average spacing between them is * lOOkb 

(although variation about this mean is large) (Brown St bird 1986). If 

it is assumed that the heterochromatic region of the human Y 

chromosome accounts for 50% of the chromosome, it would be expected 

that the Y chromosome would harbour at least 150 genes. Indeed, 

theoretically any gene could be found in the pseudoautosomal region as 

it will be present identically in males and females, assuming that the 

X-located gene escapes X-inactivation. To date however, only three 

expressed sequences have been found on the Y chromosome. Apart from 

TDF and perhaps a few genes which contribute to the male phenotype it 

is possible that other expressed genes will not be found on the Y 

specific part of the Y chromosome. This is a direct consequence of 

the chromosomal basis of sex determination and the evolution of the X- 

inactivation mechanism. It seems consistent, therefore, that in this 

study from the small sample of clones analysed so far, only one clone, 

pBSY2, has shown homology to Y chronfeomal sequence and/or autosomal 

sequences.
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CHAPTER 7

SUMMARY

Although it is to be expected that the human Y chromsome will 

soon be throughtly mapped on the molecular level, and comparisons of 

karyotype/phenotype relations has led to an assignment of funtions to 

various subregions of the chromosome, very little is known about Y- 

1 inked expressed genes. Apart from MIC2, ZFY and the testis specific 

trasnscript described by Arnemann et al (1987) no other expressed 

sequences have been found despite evidence for the presence of genes 

controlling H-Y antigen expression, genes involved in spermatogenesis 

and 'anti-Turner* genes which rescue males from the Turners phenotype 

exhibited by XO females.

Evidence suggests that a high proportion of CpG islands are 

associated with expressed sequences (Bird 1986; Gardiner-Garden & 

Frommer 1987) and as a consequence it has been proposed that CpG 

islands can be used to identify new genes. This study has therefore 

examined the occurrence of CpG islands on the human Y chromosome as an 

approach to cloning Y-linked genes.

An initial analysis used JYspl-cutting frequency to select Y- 

linked cosmid clones which had a high CCGG density and thus high CpG 

density. Although many of the selected clones did not have clustered 

Mspl sites, one candidate clone, cY019, did contain island-like
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sequences and evidence from other studies confirmed that this region 

was associated with expressed sequences. This assay therefore proved 

to be a rapid technique for assessing a large number of clones for 

island-like sequences and expressed sequences.

The second approach to find CpG islands has made use of flow 

sorted chromosomes as a source of pure!chromosomal DNA. By cleaving 

this DNA with Mspl it was hoped that Mspl fragments could be cloned 

directly and these clones used to probe larger chromosome specific 

cosmid or X libraries in an attempt to localize the Mspl clones within 

CpG islands. Unfortunately this approach proved more difficult and 

although one Y-linked clone was found, the low numbers of chromosome 

specific clones has demonstrated the ineffiency of this technique. 

Such low numbers of Y-specific Mspl clones is however surprising with 

respect to the fact that the Y-linked 2.1kb Haelll repeat contains a 

single Mspl site near the middle of the repeat (Cooke et al. 1982; 

Young et al.1981),and this alone should therefore contribute to Mspl 

clones.

Using additional techniques to diagnose the presence of CpG 

islands it may be possible to define other HTF island-like sequences 

on the human Y chromosome. As CG-enzyme sites are clustered in 

island-like sequences, the cloning of DNA sequences spanning the 

recognition sites of these rare cutting restriction enzymes 

facilitates immediate access to the CpG rich DNA regions. Estivill et 

al (1987), for example constructed a CG-enzyme cosmid library, and 

used this Xmall (.Bagl) /Hindi 11 library in a search for a candidate 

for the cystic fibrosis gene. Following screening, a single copy 

sequence was found associated with a CpG island sequence which further 

analysis showed was conserved throughout mammalian evolution and was
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expressed in lung, placenta, intestine and kidney. Similarly Buiting 

et al, (1988) constructed a Sacll library from chromosome 15 DNA 

derived from flow sorted chromosomes. Following cleavage of the

chromosomal DNA with Hlndlllt the fragments were cirularized by self

ligation and then subjected to Sacll digestion. Fragments which

contained a Sacll site were therefore linearized and available for

subsequent recloning into aniappropriately cut vector, whilst fragments 

which lacked a Sacll site remained circularized and were therefore

excluded from the ligation reaction. Using this technique Buiting et 

al. (1988) identified a large number of single copy clones which 

contained evolutionary conserved sequences.

Furthermore, such cloned sequences can provide the necessary 

landmarks for physical mapping. Using these clones to probe pulsed 

field gradient gel blots (Schwartz & Cantor 1984) can provide

information about neighbouring CpG islands, linking genomic

restriction fragments generated by these enzymes (Poustka & Lehrach 

1986; Smith et al.1987). Thus construction of a highly detailed

molecular map would give further insight into the molecular 

organisation of the Y chromosome providing a framework within which 

genes could be placed.

Evidence suggests that the Y chromosome is strikingly deficient 

in known expressed genetic material. This deficiency could reflect an 

ascertainment bias, however, a more likely explanation is the absence

of genes from the Y chromosome. Although the two Y-linked genes which 

have been described in most detail so far appear to be associated with 

CpG islands it is possible that other Y chromosome located genes lack 

such 'marker' sequences and will therefore remain undetected using 

these techniques. Despite many tissue-specific genes showing
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associations with CpG island-like sequences, many others, for example 

J3-globin gene family, human nerve growth factor gene and the mouse 

insulin gene, show no evidence of HTF-like sequences (see reviews by 

Bird 1986: Gardiner-Garden & Frommer 1987). As other Y-linked genes 

may be expressed in a tissue specific manner they may also show no 

association with CpG islands, In addition, having detected a putative 

Y-linked CpG island it may be difficult to ascertain its expression, 

as candidate Y-linked genes, such as those involved in spermatogenesis 

or sex determination, may be expressed for only short periods of time 

or at certain stages in development.

-163-



REFERENCES

AFFARA, N.A. , FLORENTIN, 1., MORRISON, N. , KWOK, K., MITCHELL, M., 

COOK, A., JAMIESON, D., GLASGOW, L,, MEREDITH, L., BOYD, E. & 

FERGUSON-SMITH, M.A. (1986a) Regional assignment of Y-linked 

DNA probes by deletion mapping and their homology with X- 

chromosome and autosomal sequences. Nucleic Acids Res, 14 

5352-5373

AFFARA, N.A., FERGUSON-SMITH, M.A., TOLMIE.J., KVOK, K., MITCHELL, M., 

JAMIESON,D. , COOKE, A. & FLORENTIN, L, (1986b) Variable transfer 

of Y-specific sequences in XX males. Nucleic Acids Res. 14 

5375-5387.

ALVESALO, L. & de la CHAPELLE, A, (1981) Tooth sizes in two males 

with deletions of the long arm of the Y-chromosome. Ann. Hum. 

Genet. A5. 49-54.

ANDERSSON, M., PAGE, D.C. de la CHAPELLE, A. (1986) Chromosome Y

specific DNA is transferred to the short arm of the X chromosome 

in human XX males. Science 2.33. 786-788.

ANDREWS, P.W. (1984) The male specific antigen and sexual

differentiation. In: Genetic analysis of the cell surface.

No,16, series B, Receptors and recognition. Goodfellow P. ed. 

London: Chapman Hall. 159-160.

ARNEMANN, J., COOKE, H.J., JAKUBICZKA, S. & SCHMIDTKE, J. (1985) Human 

Y chromosome derived cloned DNA sequences. Cytogenet. Cell 

Genet. AH 571

ARNEMANN, J., JAKUBICZKAS, S., SCHMIDTKE, J., SCHAFER, R. & EPPLEN,

J.T. (1986) Clustered GATA repeats (Bkm sequences) on the human Y 

chromosome. Hum. Genet. Z3. 301-303.

-164-



ARNEMANN, J., EPPLEN, J.T., COOKE,H.J., SAUERMANN,U., ENGEL, V. &

SCHMIDTKE,J.(1987) A human Y-chromosome DNA sequence expressed in 

testicular tissue. Nucleic Acids Res, 15. 8713-8724.

ATKINS, L., BOOK, J.A., GUSTAVSON, K.H., HANSSON, 0, & HJELM, M.

(1963) A case of XXXXY sex chromosome anomaly with 

autoradiographic studies. Cytogenetics 2. 208-232

BALLAB10, A., PARENTI, G,, CARROZZO, R., SEBASTIO, G., ANDRIA, G,, 

BUCKLE, V,, FRASER, N., CRAIG, I., ROCCHI, M., ROMEO, G.,

JQBSIS, A.C. & PERSICO, M. (1987) Isolation and characterisation 

of a steriod sulphatase cDNA clone: genomic deletions in patients 

with X-linked Ichthyosis. Proc, Natl, Acad. Sci. USA, 84 

4519-4523.

BANTING, G.S., PYM, B, & GOODFELLOV, P.N. (1985) Biochemical analysis 

of an antigen produced by both human sex chromosomes. EMBO J. A. 

1967-1972

BARON, B., METEZEAU, P., HATAT, D., ROBERTS, C., GOLDBERG, M. &

BISHOP, C.E. (1986) Cloning of DNA libraries from the mouse Y 

chromosomes purified by flow cytometry. Somatic Cell and Mol. 

Genet. 12. 289-295.

BEHR, V., HONIKEL, K. & HARTMANN, G. (1969) Interaction of the RNA 

polymerase inhibitor chromomycin with DNA.

Eur. J. Biochem. Ql 82-92

BENNETT, D., MATHIESON, B.J., SCHEID, M., YANAGISAVA, K., BOYSE,E.A. 

WATCHEL,S. & CATTANACH, B.M. (1977) Sericological evidence for 

H-Y antigen in Sxr,XX sex-reversed phenotypic males. Nature 265 

255-257.

BENTON, V.D. & DAVIS, R,W. (1977) Screening Xgt recombinant clones by 

hybridization to single plaques in situ. Science 196 180-182

-165-



BENVENISTY, N. , MENCHER, D. , MEYUHAS, 0., RAZIN, A, & RESHEF, L.

(1985) Sequential changes in DNA methylation patterns of the rat 

phosphoenolpyruvate carboxykinase gene during development.

Proc. Natl. Acad. Sci. USA. 82.267-271 

BERNSTEIN, R., K00, G.C. & VATCHEL, S.S. (1980) Abnormalities of the X 

chromosome in human 46, XY female siblings with dysgenetic 

ovaries. Science 207 768-769.

BICKMORE, W.A. & COOKE, H.J. (1987) Evolution of homologous sequences 

on the human X and Y chromosomes outside of the meitotic pairing 

segment. Nucleic Acids Res, 15. 6261-6271.

BIGGIN, M.D., GIBSON, T.J. & HONG, G.F. (1983) Buffer gradient gels 

and 3BS label as an aid to rapid DNA sequence determination,

Proc. Natl. Acad. Sci. USA. SH 3963-3965.

BIRD, A.P. (1980) DNA methylation and the frequency of CpG in amimal 

DNA. Nucl. Acids. Res. £L 1499-1503.
BIRD, A,P. (1986) CpG-rich islands and the function of DNA methylation 

Nature 221 209-213 

BIRD, A.P., TAGGART, M., FRGMMER,M., MILLER, O.J. & MacLOED, D. (1985) 

A fraction of the mouse genome that is derived from islands of 

nonmethylated, CpG-rich DNA. Cell AH 91-99 

BIRD, A,P., TAGGART, M.H., NICHOLLS, R.D, & HIGGS, D.R.(1987) Non

methylated CpG-rich islands at the human oc-globin locus: 

implications for evolution of the a-globin pseudogene,

EMBO J.fi. 999-1004 

BISHOP, C.E., GUELLAEN, G., GELDVERTH, D., VOSS, R., FELLOUS, M. & 

WEISSENBACH, J, (1983) Single copy DNA sequences specific for 

the human Y chromosome. Nature 303 831-832.



BISHOP, C.E., GUELLAEN, G. , GELDVERTH, D., FELLOUS, M. &

WEISSENBACH, J. (1984) Extensive sequence homologies between Y 

and other human chromosomes. J. Mol. Biol. 173 403-417.

BISHOP, C.E., WEISSENBACH, J., CASANOVA, M., BERNHEIM, A. &

FELLOUS, M. (1985) DNA sequences and analysis of the human Y 

chromosome. In: The Y chromosome, Part A: Basic characteristics 

of the Y chromosome (ed. A.A. Sandberg).

Alan R. Liss, Inc., NY., ppl41-176

BISHOP, C.E., BOURSOT, P., BARON, B., BONHOMME, F. & HATAT (1985)

Most classical K.K, domesticus laboratory mouse strains carry a 

M. If, musculus Y chromosome. Nature 315 70-72.

BISHOP, C.E. & HATAT, D. (1987) Molecular cloning and sequence 

analysis of a mouse Y chromosome transcript expressed in the 

testis. Nuc. Acids. Res. 15. 2959-2969.

BISHOP, C.E., ROBERTS C., MICHOT, J-L., NAGAMINE, C., WINKING, H.,

GUENET, J-L. & VEITH, A. (1987) The use of specific DNA probes to 

analyse the Sxr mutation in the mouse, Development 101 

(supplement) 167-175.

BOBROV, M. PEARSON, P.L., PIKE, M.C. & EL-ALFI, 0.S, (1971)

Length variation in the quinacrine-binding segment of the 

human Y chromosome of different sizes.

Cytogenetics 10. 190-198.

BOSTOCK, C.J., GOSDEN, J.R. & MITCHELL, A.R. (1978) Localisation of a 

male specific DNA fragment to a sub-region of the human Y 

chromosome. Nature 272 324-328.

BREATHNACH, R. & CHAMBON, P. (1981) Organization and expression of 

eukaryotic split genes coding for proteins.

Ann. Rev. Biochem. 50. 349-383

-167-



BROWN, R.S. , SANDER, C. 8s ARGOS, P. (1985) The primary structure of 

transcription factor TF111A has 12 consecutive repeats. FEBS 

Lett. 186 271-274.

BROWN, W.R.A. (1988) A physical map of the human pseudoautosomal 

region, EMBO J. L 2377-2385.

BROWN, W.R.A. 8s BIRD, A.P. (1986) Long-range restriction site mapping

of mammalian genomic DNA. Nature 322 477-481,

BUCKLE, V., MONDELLO,C., DARLING, S., CRAIG, I.W. & GOODFELLOV, P.N. 

(1985a) Homologous expressed genes in the human sex chromosomes 

pairing region. Nature 317 739-741.

BUCKLE, V.J., EDWARDS, J.H., EVANS, E.P., JONASSON, J.A., LYON, M.F., 

PETERS, J. & SEARLE, A.G. (1985b) Comparative maps of the human 

and mouse X chromosomes, Cytogenet. Cell Genet. AH 593.

BUCKLE, V., BOYD, Y., FRASER, N., GOODFELLOW, P.N., GOODFELLOW, P.J., 

WOLFE, J. & CRAIG, I.W. (1987) Localisation of Y chromosome 

sequences in normal and "XX" males. J. Med, Genet. 2A. 197-203 

BUITING, K., PASSARGE, E, 8s HORSTHEMKE, B, (1988). Construction of a 

chromosome 15-specific linking library and identification of 

potential gene sequences. Genomics 2. 143-149,

BURGOYNE, P.S. (1982) Genetic homology and crossing over in the X and

Y chromosomes of mammals, Hum. Genet, HL 85-90.

BURGOYNE, P.S. (1987) The role of the mammalian Y chromosome in 

spermatogenesis. Development 101 (supplement) 133-141.

BURGOYNE, P.S. 8s BAKER, T.G (1984) Meiotic pairing and gametogenic 

failure. In: Evans, C.W, 8s Dickinson, H.G. (eds): Controlling 

Events in Meiosis, pp349-362 (Company of Biologists, Cambridge) 

BURGOYNE, P.S., LEVY, E.R. 8s McLAREN, A.(1986) Spermatogenic failure 

in male mice lacking H-Y antigen. Nature 320 170-172.

-168-



BURK, R.D., MA, P. & SMITH, K.D.(1985) Characterisation and evolution 

of a single-copy sequence from the human Y chromosome. Mol. Cell 

Biol, 5.576-581.

BUSSLINGER, M., HURST, J. & FLAVELL, R.A. (1983) DNA methylation 

and the regulation of globin gene expression.

Cell 24. 197-206 

CARLE G.F. & OLSON, M.V. (1984) Separation of chromosomal

DNA molecules from yeast by orthogonal-field-alternation gel 

electrophoresis. Nucleic Acids Res. 12. 5647-5664 

CATE, R.L. CHICK,V. & GILBERT. T.(1983) Comparison of the 

methylation patterns of the rat insulin genes,

J. Biol. Chem. 258 6645-6652 

CATE, R.L., MATTALIONO, R.J., HESSION, C., TIZARD, R., FABER, N.M.,

CHEUNG, A., NINFA, E.G., FREY, A.Z., GASH, D.J., CHOW, E.P.,

FISHER, R,A., BERTONIS, J.M., TORRES, G., WALLNER, B.P., 

RAMACHANDRAN, K.L., RAGIN, R.C., MANGANARO, T.F., MACLAUGHLIN, D. 

& DONAHOE, P.K. (1986) Isolation of the bovine and human genes 

for Mullerian inhibiting substance and expression of the human 

gene in animal cells. Cell 45. 685-698.

CATTANACH, B. M,, POLLARD, C.E. & HAWKES, S.G, (1971) Sex reversed 

mice: XX and XO males. Cytogenetics 1H 318-337.

CATTENACH, B. M., EVANS, E.P., BURTENSHAW, M. & BARLOW, J. (1982)

Male and female development in mice of identical chromosome 

constitution. Nature 300 443-445.

CHANDLEY, A.C., GOETZ, P., HARGREAVE, T.B., JOSEPH, A.M. & SPEED, R.M. 

(1984) On the nature and extent of XY pairing at meiotic prophase

in man. Cytogenet. Cell Genet. 28. 241-247.

-169-



CHANDLEY, A.C. , AMBROS, P., McBEATH, S., HARGREAVE, T.B, ,

KILANOVSKI, F. & SPOVART, G. (1986) Short arm dicentric Y 

chromosome with associated statural defects in a sterile man.

Hum. Genet. Z2. 350-353.

CHAPMAN, V.M. KRATZER, P.G., SIRACUSA, L.D., QUARANTILLO, B. M. ,

EVANS, R. & LUSKAY, R.M. (1982) Evidence of DNA modification in 

the maintenance of X-chromosome inactivation of adult mouse 

tissues. Proc. Natl. Acad. Sci. USA. 79 5357-5361

CHEN, A. & FALEK, A. (1971) Cytological evidence for the association 

of the short arms of the X and Y in the human male. Nature 232 

555-556.

COHEN, G., MANUAL, A., COHEN, M., FAGAN, K. & GRUNSTEIN, H, (1983) A 

deletion of heterochromatin only of the Y chromosome in an 

azoospermic male. Hum, Genet. 64 297-300.

COLANTUONI, V., PIROZZI, A,, BLANCE, C. & CORTESE, R. (1987) Negative 

control of liver specific gene expression: cloned human 

retinol-binding protein gene is expressed in HeLa cells.

EMBO J. 6. 631-636

CONARY, J., LORKOVSKI, G., SCHMIDT, B., POHLMANN, R. , NAGEL, G.,

MEYER, H.E., KRENTLER, C., CULLY, J,, HASILIK, A. & von FIGURA,

K. (1987) Genetic heterogeneity of steroid sulfatase deficiency 

revealed with cDNA for human steroid sulfatase, Biochem. Biophys, 

Res. Comm. 144 1010-1017.

COOKE, H. (1976) Repeated sequence specific to human males. Nature 

262 182-186.

COOKE, H.J, & McKAY, R.D.G, (1978) Evolution of a human Y chromosome 

specific repeated sequence. Cell 12. 453-460,

-170-



COOKE, H.J. 8s NOEL, B. (1979) Confirmation of Y/autosome 

translocations using recombinant DNA.

Hum. Genet, 5XL 39-44.

COOKE, H.J., SCHMIDTKE, J. 8s GOSDEN, J.R.(1982) Structure and

evolution of human Y chromosome repeated sequence and related 

sequences in higher primates. ,

Chromosoma &Z. 491-502.

COOKE, H.J., BROWN, W.A.R. & RAPPOLD, G.A. (1984) Closely related 

sequences on the human X and Y chromosome outside the pairing 

region. Nature 311 259-261.

COOKE, H.J., BROWN, W.R.A. & RAPPOLD, G.A. (1985) Hypervariable 

telomeric sequences from the human sex chromosomes are 

pseudoautosomal. Nature 317 687-692.

COOPER D.N., TAGGART, M.H. 8s BIRD. A. (1983) Unmethylated domains in 

vertebrate DNA, Nucleic Acids Res, 1_1_ 647-658 

CRAIG, I. 8s TOLLEY, E. (1986) Steroid sulphatase and the 

conservationof mammalian X chromosome.

Trends in Genetics 2_ 201-211.

CROSS, S.H. 8s LITTLE, P.F.R. (1986) A cosmid vector for systematic 

chromosome walking. Gene 42. 9-22,

CURRY, C.J.R., MAGENIS, R.E., BROWN, M. , LANM, J.T., TASI, T.,

O'LAGUE, P., GOODFELLOW, P., MOHANDAS, T., BERGNER, E.A. 8s 

SHAPIRO, L.J. (1984) Inherited chondrodysplasia punctata due to 

a deletion of the terminal short arm of an X chromosome. New 

Engl. J. Med, 211 1010-1015.

DAIGER, S. P., WILDIN, R.S. 8s SU, T.S. (1982) Sequences on the human Y 

chromosome homologous to the autosomal gene for arininosuccinate 

synthetase. Nature 298 682-684.

-171-



DAIGER, S.P. & CHAKRABORTY, R. <1985) Mapping the human Y

chromosome,In: The Y chromosome, Part A: Basic characteristics 

of the Y chromosome, pp 93-124. (ed. A.A, Sandberg),

Alan R, Liss. JT.Y.

DARLING, S.M., BANTING, G.S,, PYM, B, , WOLFE, J, & GOODFELLOW, P.N.

(1986) Cloning an expressed gene shared by the human sex 

chromosomes. Proc. Natl. Acad. Sci. USA S3. 135-139.

DAVIES, K.E,, YOUNG, B.D., ELLES, R.G., HILL, M.E. & WILLIAMSON, R.

(1981) Cloning of a representative genomic library of the human X 

chromosome after sorting by flow cytometry. Nature 293 374-376. 

DAVIES, R.M. (1981) Localisation of male determining factors in man: a 

thorough review of structural anomalies of the Y chromosome.

J. Med. Genet. IS. 161-195. 

de la CHAPELLE, A. (1981) The etiology of maleness in XX men.

Hum. Genet. 53. 105-116, 

de la CHAPELLE, A., SCHRODER, J., MURROS, J. & TALLQUIST, G, (1977)

Two XX males in one family and additional observations bearing 

on the etiology of XX males. Clin. Genet. H. 91-106. 

de la CHAPELLE, A., TIPPETT,P.A., WETTERSTRAND, G. & PAGE, D. (1984) 

Genetic evidence of X-Y interchange in a human XX male. Nature 

307 170-171.

DISTECHE, C.M., CASANOVA, M., SAAL, H., FRIEDMAN, C., SYBERT, V.,

GRAHAM, J., THULINE, H., PAGE, D,C. & FELLOUS, M. (1986) Small 

deletions of the short arm of the Y chromosome in 46,XY females. 

Proc. Natl. Acad. Sci. USA, S3. 7841-7844.

DOERFLER, W., LANGER, K.D., KREBEL, D., WEYER, U. , DORBRZANSKI, P. & 

KNUSTKRON, B. (1985) Progress in Clinical and Biological Research 

198 133-155. (eds. Cantoni, G. 8t Razin, A.) Alan R. Liss Inc, NY.

-172-



d'ONOFRIO, C. , COLANTUONI, V. & CORTESE, R. (1985) Structure and cell 

specific expression of a cloned human retinol binding protein 

gene: the 5' flanking region contains heptoma specific 

transcription signals. EMBQ J. 4 1981-1989.

DONAHOE, P.K., SWANN, D.A. HAYASHI, A. & SULLIVAN, M.D. (1979)

Mullerian duct regression in the embryo correlated with cytotoxic 

activity against human ovarian cancer. Science 205 913-915.

DONAHOE, P.K., FULLER, A.F., SCULLY, R.E., GUY, S.R. & BUDZIK, G.P.

(1981) Mullerian Inhibiting Substance inhibits growth of a human 

ovarian cancer in nude mice.

Ann. Surg. 124 472-480.

DUCOS, J., MARTY, Y,, SANGER, R. & RACE, R.R. (1971) Xg and X 

chromosome inactivation.Lancet ii 219-220.

DYNAN, W.S. (1986) Promoters for housekeeping genes.

Trends Genet. 2. 196-197

ElCHER, E.M. & WASHBURN, L.L. (1986) Genetic control of primary sex 

determination in mice. Ann. Rev. Genet. 2SL 327-360.

EICHWALD, E.J. & SILMSER, C.R. (1955) Untitled communication. 

Transplant Bull. 2. 148-149.

EPPLEN, J.T., McCARREY, J.R., SUTOU, S. & OHNO, S. (1982) Base 

sequence of a cloned snake W-chromosome DNA fragment and 

identification of a male-specific putative mRNA in the mouse.

Proc. Natl. Acad. Sci. ZH 3798-4005.

EPPLEN, J.T. CELLINI, A., ROMERO, S, OHNO, S. (1983) An attempt to 

approach the molecular mechanisms of primary sex dtermination:

W- and Y-chromosomal conserved simple repetitive DNA sequences 

and their differential expression in mRNA.

J. Exp. Zool. 223 305-316

-173-



ESTIVILL, X., FARRALL, M. , SCAMBLER, P.J., BELL, G.M. HAVLEY, K.M.F. , 

LENCH, N.J., BATES, G.P. KRUYER, H.C., FREDERICK, P.A., STANIER, 

P., WATSON, E.K., WILLIAMSON, R, & WAINWRIGHT, B.M. (1987) A 

candidate for the cystic fibrosis locus isolated by selection for 

methylation-free islands. Nature 326 840-845.

EVANS, E.P., BURTENSHAW, M. & CATTANACH, B.M. (1982) Cytological

evidence for meiotic crossing over between X and Y chromosomes 

of male mice carrying the sex reversing (Sxr) factor.

Nature 300 443-445.

FANTES, J., GREEN, D.K. & COOKE, H.J. (1983) Purifying human Y 

chromosomes by flow cytometry and sorting.

Cytometry 4 88-91

FEINBERG, A.P. & VOGELSTEIN, B.(1984) A technique for radiolabelILng 

DNA restriction endonuclease fragments to high specific activity. 

Anal. Biochem. 137 266-267 

FERGUSON-SMITH, M.A. (1966) X-Y chromosomal interchange in the

aetiology of true hermaphroditism and XX Klinefelter's syndrome. 

Lancet JUL 475-476,

FERGUSON-SMITH, M.A., SANGER, R., TIPPETT, P., AITKEN, D.A. &B0YD,E.

(1982) A familial translocation which assigns the Xg blood group 

locus to the region Xp22,5,

Cytogenet. Cell Genet. 22. 273-274.

FERGUSON-SMITH, M.A., AFFARA, N.A. & MAGENIS, R.E. (1987) Orderiig of 

Y-specific sequences by deletion mapping and analysis of X-Y 

interchange males and females. Development 101 (Supplement) 41-50 

FORD, C.E., JONES, K.W., POLANI, P.E., de ALMEIDA, J.C. & BRIGGS, J.H. 

(1959) A sex chromosome anomaly in a case of gonadal dysgenesis 

(Turner’s syndrome). Lancet i 711-713.



FRASER, N., BALLABIO,A., ZOLL, M. , PERSICO, G. & CRAIG, I.V. (1987) 

Identifiation of incomplete coding sequences for steroid 

sulphatase on the human Y chromosome: evidence for an ancestral 

pseudoautosomal gene? Development 101 (Supplement) 127-132. 

FREYTAG, SO,, BOCK, H.G.O., BEAUDET, A.L. & O'BRIEN, V.E. (1984) 

Molecular structures of human argininosuccinate sythetase 

pseudogenes, J. Biol. Chem. 259 3160-3166.

FROMMER, M., PROSSER, J. & VINCENT, P.C. (1984) Human satellite I

sequences include a male specific 2.4 kb tandemly repeating unit 

containing one Alu family member per repeat.

Nucleic Acids Res. 12. 2887-2900.

FUSCOE, J.C., CLARK, L.M. & VAN DILLA, M.A. (1986) Construction 

of fifteen human chromosome-specific DNA libraries 

from flow-purified chromosomes.

Cytogenet. Cell Genet, 42. 79-86,

GARDINER-GARDEN, M. & FROMMER, M. (1987) CpG islands in vertebrate 

genomes. J. Mol. Biol. 196 261-282 

GELDVERTH, D., BISHOP, C., GUELLAEN, G., KOENIG, M., VERGNAUN, G,, 

MANDEL, J-L. & WEISSENBACH, J. (1985) Extensive DNA sequence 

homologies between the human Y and the long arm of the X 

chromosome. EMBO J. 4 1739-1743.

GELLER, R.L., SHAPIRO, L.J. & MOHANDAS T.K. (1986) Fine

mapping of the distal short arm of the human X chromosome 

using X/Y translocations.

Am. J. Hum. Genet. 22 884-890.

GERMAN, J. (1988) Gonadal dimorphism explained as a dosage effect of

the locus on the sex chromosomes: the Gonad-Differentiation Locus 

(GDL). Am. J. Hum. Genet. 42.414-421.



GOLDBURG, E.H., BOYSE, E.A., SCHEID, X. & BENNETT, D. (1972)

Production of HY antibody by female mice that fail to reject male 

skin. Nature (New Biol.) 238 55-57 

GOODFELLOW, P.N., BANTING, G., LEVY, R., POVEY, S. & McMICHAEL, A. 

(1980) A human X-linked antigen defined by a monoclonal 

antibody. Somatic Cell Genet. 6. 777-787.

GOODFELLOW, P.N. & TIPPETT, P. (1981) A human polymorphism related to 

Xg blood groups. Nature 289 404-405.

GOODFELLOW, P.N. (1983) Expression of the 12E7 antigen is controlled 

independently by genes on the human X and Y chromosomes. 

Different. 22(s) 35-39.

GOODFELLOW,P., BANTING, G., SHEER, D., ROPERS, H.H., CAINE, A., 

FERGUSON-SMITH, M.A., POVEY,S. & VOSS, R. (1983) Genetic 

evidence that a Y-linked gene in man is homologous to a gene on 

the X chromosome. Nature 302 346-349.

GOODFELLOW, P., PYM, B., MOHANDAS, T. & SHAPIRO, L.J. (1984) The cell 

surface antigen locus 1VIC2X escapes X-inactivation. Am. J. Hum. 

Genet. 22 777-782.

GOODFELLOW, P.J. DAVIS, K.E. & ROPERS, H.H. (1985) Report of the

committee on the genetic constitution of the X and Y chromosomes. 

Human Gene Mapping 8. Cytogenet, Cell Genet. 4H 296-352 

GOODFELLOW, P.J., DARLING, S.M., THOMAS,N.S. & GOODFELLOW, P.N. (1986) 

A pseudoautosomal gene in man. Science 234 740-743.

GOODFELLOW, P.J., PRITCHARD,C., TIPPETT, P. & GOODFELLOW, P.N. (1987) 

Recombination between the X and Y chromosomes: implications for 

the relationship betwen KIC2, XG and YG.

Ann. hum. Genet. 51. 161-167.

-176-



GOODFELLOW, P.J., MONDELLO, C., DARLING, S.M. , PYM, B., LITTLE, P. 

GOODFELLOW, P.N. (1988) Absence of methylation of a CpG-rich 

region at the 5' end of the KIC2 gene on the active X, the 

inactive X, and the Y chromosome. Proc, Natl. Acad. Sci. USA 

22 5605-5609,

GORDON, R.D., SIMPSON, E, 8s SAMELSON, L. (1975) In vitro cell mediated 

immune responses to the male specific (H-Y) antigen in mice.

J. Exp. Med. 142. 1108.
GRAY, J.W, , PETERS, D. , MERRILL, J.T., MARTIN, R. 8s VAN DILLA, M. A.

(1979) Slit-scan flow cytometry of mammalian chromosomes.

J. Histochem. Cytochem. 21. 441-444.

GUELLAEN, G., CASANOVA, M., BISHOP, C., GELDWERTH, D., ANDRE, G., 

FELLOUS, M. 8s WEISSENBACH, J. (1984) Human XX males with Y

single copy fragments. Nature 307 172-173.

HANAHAN, D. (1983) Studies on transformation of Escherichia coli. with 

plasmids. J. Mol. Biol. 166 557-580,

HARTUNG, M., DEVICTOR, M., CODACCIONI, J.L. 8s STAHL, A. (1988)

Yq deletion and failure of spermatogenesis.

Ann. G6n6t. 2JL 21-26.

HEILIG, R., HANAUER, A., GRZESCHIK, K.H., HORS-CAYLA, M.C. 8s MANDEL, 

J.L. (1984) Actin like sequences are present on the X and Y

chromosomes. EMBO J. 2. 1803-1807.

HOFKER, M.H, , WAPENAAR, M. C. , GOOR, N. , BARKER, E. VAN OMMEN G. 8s

PEARSON, P.L. (1985) Isolation of probes detecting restriction 

fragment length polymorphisms from X-chromosome specific 

libraries,* potential use for diagnosis of Duchenne muscular 

dystrophy. Hum. Genet. ZH 148-156,

-177-



JACOBS, P.A. & STRONG, J.A, (1959) A case of human intersexuality 

having a possible XXY sex determining mechanism.

Nature 123. 302-303.

JOST, A., MAGRE, S. & AGELOPOULOU, A. (1981) Early stages 

of testicular differentiation in the rat.

Hum. Genet. 52. 59-63.

JUTLEY, J.K. & STEWART, A.D. (1985) Genetic analysis of the Y-

chromosome of the mouse: evidence for two loci affecting androgen 

metabolism. Genet. Res, Camb. 42. 29-34.

KADONAGA, J.T., JONES, K.A. & TYAN, R. (1986) Promoter specific 

activation of RNA polymerase 11 transcription by Spl.

Trends Biol. Sci. 1120-23 

KADONAGA, J.T., CARNER, K.R. , MASIAR, F.R. & TUAN, R. (1987)

Isolation of cDNA encoding transcription factor Spl and funtional 

analysis of the DNA binding domain. Cell 51 1079-1090.

KEITGES, E., RIVEST, M., SINISCALCO,M. & GARTLER, S.M.(1985) X-linkage 

of steroid sulphatase in the mouse is evidence for a functional 

Y-linked allele. Nature 315 226-227 

KESHNET, I., YISRAELI, J. & CEDAR, H. (1985) Effect of regional DNA 

methylation on gene expression. Proc. Natl. Acad. Sci. USA.

82 2560-2564

KESHNET, I., LIEMAN-HURWITZ, J. & CEDAR, H. (1986) DNA methyaltion 

affects the formation of active chromatin. Cell 44. 535-543 

KNOWLTON, R.G., NELSON, C.A., BROWN, V.A., PAGE, D.C. & DONIS-KELLER,

H. (1989) An extremely polymorphic locus on the short arm of the 

human X chromosome with homology to the long arm of the Y 

chromosome. Nucleic Acids Res. 1Z. 423-437.

-178-



KOENIG, M. , CAMERINO, G., HEILIG, R. 8s MANDEL, J-L. (1984) A DNA

fragment from the human X chromosome short arm which detects a 

partially homologous sequence on the Y chromosome long arm. 

Nucleic Acids Res. 12. 4097-4109.

KOENIG, M., MOISAN, J.P., HEILIG, R. 8s MANDEL, J-L. (1985) Homologies

between X and Y chromosomes detected by DNA probes: localisation 

and evolution. Nucleic Acids Res. 12. 5485-5501.

KOLLER, P.C. 8s DARLINGTON, C.D. (1934) The genetical and mechanical 

properties of the sex chromosomes. 1. Rattus norvegicus.

J. Genet, 22. 159-173.

KOLSTO, A-B., KOLLIAS, G,, GIGUERE, V., ISOBE, K-I., PRYDZ, H. 8s

GROSVELD, F.(1986) The maintenance of methylation-free islands in

transgenic mice. Nucleic Acids Res, 14 9667-9678

KOULISCHER, L. 8s SCHOYSMAN, R. (1974) Chromosomes and human

infertility. 1. Mitotic and meiotic studies in 202 consecutive 

male patients. Clin. Genet. 5. 116-126.

KRUMLAUF, R., JEANPIERRE, M. & YOUNG, B.D. (1982) Construction and

characterisation of genomic libraries from specific human 

chromosomes. Proc. Natl. Acad, Sci. 79 2971-2974.

KUNKEL, L.M. , SMITH, K.D. 8s BOYER, S.E. (1976) Human Y chromosome

specific reiterated DNA.

Science 121 1189-1190.

KUNKEL, L.M. , SMITH, K.D. 8s BOYER, S.E. (1977) Analysis of human Y

chromosome: reiterated DNA in chromosome variants.

Proc, Natl. Acad. Sci. USA. Z4 1245-1249.

KUNKEL, L.M. 8s SMITH, K.D. (1982) Evolution of human Y-chromosome DNA. 

Chromosoma 2fL 209-228.

-179-



KUNKEL, L.M., TANTRAVAHI, U., EISENHARD, M. & LATT, S.A. (1982)

Regional localisation on the human X chromosome of DNA segments 

cloned from flow sorted chromosomes. Nucleic Acids Res. 10 

1557-1578.

KUNKEL, L.M,, TANTRAVALU, U., KURNIT, D,M., EISENHARD, M., BRUNS, C.P. 

& LATT, S.A. (1983) Identification and isolation of transcribed 

human X chromosome DNA sequences.

Nucleic Acids. Res. H. 2961-2979.

LATT, S.A, STETTEN, G. & JUERGENS, L.A. (1975) Recent

developments in the detection of deoxyribonucleic acid 

synthesis by 33258 Hoechst fluorescence.

J. Histochem. Cytochem. 23. 493-505 

LAU, B.C., MOHANDAS, T.K,, SHAPIRO, L.J., SLAVKIN, H.C. & SNEAD, M.L. 

(1989) Human and mouse amelogenin gene loci are on the sex 

chromosomes. Genomics 4 162-168 

LEROY, P., SEBOUN, E., MATTEI, M.G., FELLOUS, M. & BISHOP, C.E. (1987) 

Testis-specific transcripts detected by a human Y-DNA-derived 

probe. Development 101 (supplement) 177-183.

LEVY, E.R. & BURGOYNE, P.S. (1986) Diploid spermitids: a manifestation 

of spermatogenic impairment in XOSxr and T31H/+ male mice. 

Cytogenet. Cell Genet. 42. 159-163,

LINDSAY, S., MONK, M., HOLLIDAY, R., HUSCHTSCHA, L., DAVIES, K.E.

RIGGS, A.D. & FLAVELL, R.A. (1985) Differences in methylation on 

the active and inactive human X chromosomes,

Ann. Hum. Genet. 42. 115-127 

LINDSAY, S. & BIRD, A.P. (1987) Use of restriction enzymes to detect 

potential gene sequences in mammalian DNA. Nature 326 336-338.

-180-



LISKAY, R. M. & EVANS, R.J, (1980) Inactive X chromosome DNA does not

function in DNA-mediated cell transformation for the hypoxanthine 

phosphoribosyltransferase gene. Proc. Natl. Acad. Sci. USA.

TL 4895-4898

LOCK, L.F., MELTON, D.V., CASKEY, C.T. & MARTIN, G.R. (1987)

Methylation of the mouse hprt gene differs on the active and 

inactive X chromosomes.

Mol. Cell Biol. 6.914-924

LYON, M.F. (1961) Gene action in the X chromosome of the mouse (Hus 

musculus L). Nature 190 372.

LYON, M.F., SEARLE, A.G,, FORD, C.E. & OHNO, S. (1964) A mouse 

translocation suppressing sex linked variegation.

Cytogenetics 2 306,

MAGENIS, R.E., TOMAR, D. & BROVN M. G. (1984) Localisation of male 

determing factors to the Y short arm, band pll.2-»pter.

Cytogenet. Cell Genet. 2Z. 529.

MANIATIS, T., FRITSCH, E.F. & SAMBROOK, J, (1982) Molecular cloning: A 

laboratory manual (Cold Spring Habor, New York: Cold Spring Habor 

Laboratory).

MANUELIDIS, L. (1978) Chromosomal localisation of complex and simple 

repeated human DNAs. Chromosoma 6H 23-32.

MARCUS, M., TRANTRAVAHI, R,, DER, J.G., MILLER, D. A. & MILLER O.J.

(1976) Human mouse-cell hybrid with human multiple Y chromosomes. 

Nature 262 65-67.

MARDON, G. & PAGE, D.C. (1989) The sex-determining region of the mouse 

Y chromosome encodes a protein with a highly acidic domain and 13 

zinc fingers. Cell 5H 765-770.

-181-



MARDON, G.t MOSHER, R., DISTECHE, C.M. NISHIOKA, Y., McLAREN, A. & 

PAGE, D.C. (1989) Duplication, deletion and polymorphism in the 

sex-determining region of the mouse Y chromosome. Science 243 

78-80.

McGHEE, J.D. & GINDER T. (1979) Specific DNA methylation sites in the 

vicinity of the chicken beta-globin genes. Nature 280 419-420 

McKAY, R.D.G., BOBROV, C. & COOKE,H.J. (1978) The identification 

of a repeated DNA sequence involved in the karyotypic 

polymorphism of the human Y chromosome,

Cytogenet. Cell Genet. 2_1_ 19-32 

McLAREN, a , (1988) Sex determination in mammals.

Trends Genet. 4 153-157 

McLAREN, a . 8t MONK, M. (1982) Fertile females produced by inactivation 

of an X chromosome of 'sex-reversed* mice. Nature 300 446-448, 

McLAREN, a ., SIMPSON, E., TOMONARI, K., CHANDLER, p . & HOGG, H. U984) 

Male sexual differentiation in mice lacking H-Y antigen.

Nature 212. 552-555.

MESSING, J., (1983) New M13 vectors for cloning. Methods Enzymol.

101 20-78

MIGEON, B.R., SHAPIRO, L.J., NORUM, R.A. MOHANDAS, T., AXELMAN, J. & 

DABORA, R.L. (1982) Differential expression of steroid 

sulphatase locus on active and inactive human X chromosome.

Nature 838-840.

MIKLOS, G.L.G. (1974) Sex chromosome pairing and male fertility.

Cytogenet. Cell Genet. 12 558-577.

MILLER, O.J., DRAYNA, D. & GOODFELLOW, P. (1983) Report of the

committee on the genetic constitution of the X and Y chromosomes. 

Cytogenet. Cell Genet. 2L 176-204.

-182-



MILLER, J., McLACHIAN, A. D, & KLUG, A. (1985) Repetitive zinc-binding 

domains in the protein transcription factor 111A from Xenopus 

oocytes. EMBO J. 41 1609-1614.

MITCHELL, A.R., GOSDEN, J.R. & MILLER, D.A. (1985) A cloned sequence, 

pH82H, of the alphoid repeated DNA family found at the centromere 

of all human chromosomes. Chromosoma 92. 369-377.

MOHANDAS, T., SHAPIRO,L.J., SPARKES, R.S. & SPARKES M.C. (1979) 

Regional assignment of the steroid sulphatase-X-linked 

ichthyosis locus: implications for a noninactivated region on the 

short arm of the human X chromosome. Proc, Natl. Acad. Sci. USA 

m. 5779-83

MOHANDAS, T., SPARKES, R.S., HELLKUHL, B., GRZESCHIK, K.H. & SHAPIRO, 

L.J. (1980) Expression of an X-linked gene from an inactive human 

X chromosome in mouse-human hybrid cells: further evidence for 

the non-inactivation of the steroid sulfatase locus in man.

Proc, Natl. Acad. Sci. USA. TL 6759-6763.

MONDELLO, C., ROPERS, H-H., CRAIG, I.W. , TOLLEY, E. &

GOODFELLOW, P.N. (1987) Physical mapping of genes and sequences 

at the end of the human X chromosome short arm.

Ann. Hum. Genet. 51. 137-143
MONDELLO, C. GOODFELLOW, P.J & GOODFELLOW, P.N (1988) Analysis of

methylation of a human X located gene which escapes inactivation. 

Nucleic Acids Res, 15 6813-6824.

MOUNT, S.M. (1982) A catalogue of splice junction sequences.

Nucleic. Acids. Res. 15 495-572.

MULLER, C.R., WESTERVELD, A,, MIGL, B.S., FRANKE, U, & ROPERS, H-H

(1980) Regional assignment of the gene locus for steroid 

sulphatase. Hum. Genet. 5L 201-204.

-183-



MULLER, C.R., DAVIES, K.E., CREMER, C., RAPPOLD, G., GRAY, J.V. &

ROPERS H-H. (1983) Cloning of genomic sequences from the human Y 

chromosome after purification by dual beam flow sorting.

Hum. Genet. 64 110-115,

MULLER, G. & SCHEMPP, V. (1989) Mapping the human ZFX locus to Xp21.3 

by in situ hybridization.

Hum. Genet. 22. 82-84.

MULLER, U., LALANDE, M., DONLON, T. & LATT, S. (1986a) Construction, 

analysis and application to 46,XY gonadal dysgenesis of a 

recombinant phage DNA library from flow-sorted human Y 

chromosomes. Cytometry Z. 418-424.

MULLER, U., DONLON, T., SCHMID, M., FITCH, N., RICHER, C.L.,

LALANDE, M. & LATT, S.A. (1986b) Deletion mapping of the 

sex determining locus with DNA probes in 46,XX males and 

in 46,XY and 46,X,dic(Y) females.

Nucleic Acids Res. 14 6489-6505,

MULLER, U., LATT, S,A. & DONLON,T. (1987) Y-specific DNA sequences in 

male patients with 46,XX and 47,XXX karyotypes.

Am. J. med. Genet. 28. 393-401.

NABHOLZ, M., MIGGIANO, V & BODMER, V. (1969) Genetic analysis with 

human-mouse somatic cell hybrids. Nature 223 358-363.

NAGAMINE, C.M. , MICHOT, J-L, ROBERTS, C., GUENET, J-L. & BISHOP, C.E. 

(1987) Linkage of the muring steroid sulfatase locus Stst to sex 

reversed, Sxr\ a genetic and molecular analysis.

Nucleic Acids Res. 15 9227-9238 

NEU, R.L., BARLOV, M.J. & GARDNER, L.I. (1973) A 46,XYq” male with 

aspermia. Fertil. Steril. 24 811-813.

-184-



OTT, M-O., SPERLING, L., CASSIO, D. , LEVILLIERS, J., SALA-TREPAT, J. & 

WEISS, M. C. (1982) Undermethylation at the 5* end of the albumin 

gene is necessary but not sufficient for albumin production by 

rat heptoma cells in culture. Cell 25 825-833

PAGE, D.C. (1986) Sex reversal: deletion mapping the male-determining

function of the human Y chromosome. In Molecular biology of Homo 

sapians. Cold Spring Harbor Symp.Quant. Biol, 5L 229-235. New 

York: Cold Spring Harbor.

PAGE, D.C. (1987) Hypothesis: a Y-chromosome gene causes 

gonadoblastoma in dysgenetic gonads. Development 1Q1 

(Supplement) 151-155.

PAGE, D.C. (1988) Is ZFY the sex-determining gene on the Y chromosome?

Phil. Trans. R. Soc. (Lond.) B 222. 155-157.

PAGE, D.C., DeMARTINVILLE, B., BARKER, D., WYMAN, A., WHITE, R., 

FRANCKE, U, & BOTSTEIN, D. (1982) Single copy sequence 

hybridizes to polymorphic and homologous loci on human X and Y 

chromosome. Proc. Natl. Acad. Sci, USA. 79 2352-2356.

PAGE, D.C., HARPER, M.E., LOVE, J. & BOTSTEIN, D. (1984) Occurrence 

of a transposition from the X-chromosome long arm to the Y- 

chromosome short arm during human evolution. Nature 311 119-123.

PAGE, D.C., de la CHAPELLE, A. & WEISSENBACH, J. (1985) Chromosome 

Y-specific DNA in related human XX males. Nature 315 224-226.

PAGE, D.C., BIEKER, K., BROWN, L.G,, HINTON, S., LEPPERT, M. , LALOUEL, 

J-M., LATHROP, M., NYSTROM-LATHI, M., de la CHAPELLE, A. & WHITE 

R. (1987a) Linkage, physical mapping, and DNA sequence analysis 

of pseudoautosomal loci on the human X and Y chromosomes.

Genomics 1_ 2432-256.



PAGE, D,C. MOSHER, R., SIMPSOI, E.M., FISHER, E.I.C,, MARDON, G.,

POLLACK, J., McGILLIVRAY, B., de la CHAPELL,A. & BROWI, L.(1987b) 

The sex-determining region of the human Y chromosome encodes a zinc 

finger protein, Cell §1 1091-1104,

PAGE, D.C,, BROWN, L.G, & de la CHAPELLE, A. (1987c) Exchange of

terminal portions of X- and Y-chromosomal short arms in human XX 

males, Nature 328 437-440.

PARIS CONFERENCE (1971): Standardization in human cytogenetics. Birth 

Defects: Original Article Series 8:7, 1972. New York: The 

National Foundation.

PERLMAN, J. & FUSCOE, J.C, (1986) Molecular characterization of the 

purity of seven human chromosome-specific DNA libraries.

Cytogenet, Cell Genet. 43. 87-96.

PETIT, C., de la CHAPELLE, A,, LEVILLIERS, J., CASTILLO,S.,
m

NOEL, B. & WEISSENBACH, J, (1987) An abnormal X-Y interchange 

accounts for most but not all cases a human XX maleness.

Cell 49. 595-602.

PETIT, C., LEVILLIERS, J. & WEISSENBACH, J. (1988) Physical mapping 

of the pseudoautosomal region; comparison with genetic linkage 

map. EMBO J, L  2369-2376.

PHILLIPS, S.J,, BIRKENMEIER, E.H., CALLAHAN, R. & ElCHER, E.M. (1982) 

Male and female mouse DNAs can be discriminated using retroviral 

probes. Nature 297 241-243.

PICARD, J.Y, BENAROUS, R., GUERRIER, D., JOSSO, N, & KAHN, A, (1986) 

Cloning and expression of cDNA for anti-Mullerian hormone.

Proc. Natl. Acad, Sci. 83 5464-5468.

-186-
M



PGHL, T.M, , ZIMMER, I, , MacDONALD, I.E., SMITH, B. , BUCAI, I.,

POUSTKA, A., VIOLIIIA, S., SEARLE, S., ZEHETIER, G,,

WASMUTH, J.J. et al. <1988) Construction of a loti linking 

library and isolation of new markers close to the Huntington's 

disease gene, lucleic Acids Res, 13. 9185-9198 

PQLANI , P.E. <1982) pairing of I and Y chromosomes, non-inactivation 

of X-linked genes, and the maleness factor. Hum. Genet. 60 

207-211.

POUSTKA, A. & LEHRACH, H. <1986) Jumping libaries and linking

libraries; The next generation of molecular tools in mammalian 

genetics. Trends Genet. 2. 174-179,

PRITCHARD, C. 8s GOODFELLOW, P.N. <1986) Development of new methods in 

human gene mapping: selection for fragments of the human Y 

chromosome after chromosome mediated gene transfer.

EMBO J. 5 979-985 

PRITCHARD, C.A., GOODFELLOW, P.J. & GOODFELLOW P.N. <1987) Mapping 

the limits of the human pseudoautosomal region and a candidate 

sequence for the male-determing gene. Nature 328 273-275,

RACE, R.R. 8s SANGER, R. <1975) Blood groups in Man <6th edition), 

Oxford: Blackwell Scientific Publications.

RAPPOLD G. A. , CREMER, T. , CREMER, C, , BLACK, W, , BOGENBERGER, J. 8s 

COOKE, H.J. <1984) Chromosome assignment of two cloned DNA 

probes hybridizing predominantly to human sex chromosomes. Hum. 

Genet. 64 110,

RAPPOLD, G. A, 8s LEHRACH, H. <1988) A long range restriction map of the 

pseudoautosomal region by partial digest PFGE analysis from the 

telomere. Nucleic Acids Res, 16. 5361-5377.

a
-187-



RIGGS, A,D., SINGER-SAM, J. & KEITH, D.H. (1985) In: Biochemistry of 

DNA methylation, (eds Razin, A. & Cantoni, G.L,).

Alan R, Liss Inc,, NY.

ROBERTS, C., WEITH,A., PASSAGE, E. , IICHOT, J.L. MATTEI, M.G. &

BISHOP, C.E. (1988) Molecular and cytogenetic evidence for the 

location of Tdy and Hya on the mouse Y chromosome short arm.

Proc, Natl, Acad. Sci. USA. 85l 6446-6449.

ROPERS, H-H,, ZIMMER, J., STROBL, G. & GOODFELLOW, P.N. (1985) The

MIC2X (12E7) locus maps distally from STS on Xp. Cytogenet. Cell 

Genet, AR. 736.

ROTJYER, F. , SIMMLER, M-C. , JOHNSSON, C. , VERGNAUD, G. , COOKE, H.J. & 

WEISSENBACH, J. (1986a) A gradient of sex linkage in the

pseudoautosomal region of the human sex chromosomes. Nature 319 

291-295,

ROUYER,F,, SIMMLER, M. C, , VERGNAUD, G,, JOHNSSON, C., LEVILLIERS, J., 

PETIT, C. & WEISSENBACH, J. (1986b) The human pseudoautosomal 

region. Cold Spring Harbor Symp, Quant, Biol. 51. 221-228,

RUSSELL, G,J., WALKER, P.M.B., ELTON, R.A. & SUBAK-SHARPE, J.H. (1976) 

Doublet frequency analysis of fractionated vertebrate nuclear 

DNA, J. Mol, Biol, 1 M  1-23.

RUSSELL, L,B. & CHU, E.H.Y, (1961) An XXY male in the mouse.

Proc. Natl. Acad, Sci, USA, 47 571-575

SCHAFER, R., BOLTZ, E., BECKER, A,, BARTELS, F. & EPPLEN, J.T. (1986) 

The expression of the evolutionarily conserved GATA/GACA repeats 

in mouse tissues. Chromosoma 496-501.

SANGER, F,, NICKLEN, S. & CQULSON, A,R. (1977) DNA sequencing with

chain terminating inhibitors, Proc. Natl, Acad, Sci. USA, 74 

5463-5467,

-188-



SCHEMPP, V., WEBER, B. , SERRA, A., NERI, G. , GAL, A. & VOLF, U. (1985) 

A 45,X male with evidence of a translocation of Y euchromatin 

onto chromosome 15.

Hum. Genet. Z1 150-154.

SCHEMPP, W. , MULLER, G,, SCHERER, G,, BOHLANDER, S.K., ROMMERSKIRCH,

V., FRACCARO, M. & WOLF, U. (1989) Localization of Y chromosome 

sequences and X chromosome replication studies in XX males.

Hum, Genet. 81 144-148.

SCHERER, G., SCHEMPP, W., BACCICHETTI, C., LENZINI, E., BRICARELLI, 

F.D., CARBONE, L.D.L. & WOLF, U. (1989) Duplication of an Xp 

segment that includes the ZFX locus causes sex inversion in man. 

Hum. Genet. 81 291-294.

SCHMIDTKE, J, , ARNEMANN, J., SCHIM, H. , BAUN, F. , MAYEROVA, A.,

LANGENBECK, U. & HANSMANN, I. (1985) A male with a monocentric Yq 

isochromosome and presence of a Yp-specific DNA sequence.

Hum. Genet. 82. 135-137.

SCULLY, R.E, (1970) Gonadoblastoma: a review of 74 cases.

Cancer 25. 1340-1356.

SEALEY, P.G, WHITTAKER, P.A. & SOUTHERM, E.M. (1985) Removal of 

repeated sequences from hybridization probes.

Nucl. Acids. Res. 8 1905-1922 

SHAPIRO, L.J., MOHANDAS, T., WIESS, R. & ROMEO, G. (1979) Non

inactivation of an X-chromososome locus in man.

Science 204 1224-1226 

SHARMAN, G.B., ROBINSON, E.S,, WALTON, S.M. & BERGER, P.J. (1970)

Sex chromosomes and reproductive anatomy of some intersex 

marsupials. J. Reprod. Fert, 21 57-68.

-189-



SHEN, C.K.J. & MANIATIS, T. (1980) Tissue specific DNA methylation in 

a cluster of rabbit B-like globin genes. Proc. Natl. Acad. Sci. 

USA. TL 6634-6638 

SHWARTZ, D.C. & CANTOR, C.R. (1984) Separation of yeast chromosome

sized DNA by pulsed field gradient gel electophoresis.

Cell 2L 67-75.

SILVERS, W.K., GASSER, D.L. & EICHER, E.M. (1982) H-Y antigen,

serologically detectable male antigen and sex determination.

Cell 2Sl 439-440.

SIMMLER, M-C. , ROUYER, F., VERGNAUD, G., NYSTROM-LAHTI, M. ,

NGO, K.Y. de la CHAPELLE, A. & WEISSENBACH, J. (1985) 

Pseudoautosomal DNA sequences in the pairing region of the human 

sex chromosomes. Nature 317 692-697.

SIMPSON, E., EDWARDS, P., WACHTEL, S.S., McLAREN, A. & CHANDLER, P.

(1981) H-Y antigen in Sxr mice detected by H-2 restricted cytoxic 

T cells, Immunogenetics 18 355 

SIMPSON, E., McLAREN,A. & CHANDLER, P. (1982) Evidence for two male 

antigens in mice, Immunogenetics 18 609.

SIMPSON, E, , CHANDLER, P., GOULMY, E., DISTECHE, C.M.,

FERGUSON-SMITH, M.A. & PAGE D.C.(1987a) Separation 

of the genetic loci for the H-Y antigen and for testis 

determination on the human Y chromosome.

Nature 326 876-878,

SIMPSON, E., CHANDLER, P., McLAREN, A., GOULMY, E. , DISTECHE, C.M., 

PAGE, D.C. & FERGUSON-SMITH, M.A. (1987b) Mapping the H-Y gene. 

Development 101 (supplement) 157-161 .

-190-



SINCLAIR, A.H., FOSTER, J.V. SPENCER, J.A., PAGE, D.C., PALMER, M., 

GOODFELLOV, P.N. & MARSHALL GRAVES, J.A. (1988) Sequences 

homologous to ZFY, a candidate human sex-determining gene, are 

autosomal in marsupials. Nature 336 780-783.

SINGER, M.F. (1982) Highly repeated sequences in mammaliam genomes.

Int. rev. Cytol. Z8 67-112,

SINGH, L. & JONES, K. (1982) Sex reversal in the mouse (JYus musculus)

is caused by the recurrent non-reciprocal cross over involving 

the X and an aberrant Y chromosome, Cell 28 205-216.

SINGH, L., PURDOM, I.F. & JONES, K.V. (1980) Conserved sex-chromosome- 

associated nucleotide sequences in eukaryotes. Cold Spring Harb. 

Symp. quant. Biol. 48 805-814.

SIROTA, L., ZLOTOGORA, Y., SHABTAI, F. & HALBRECHT, I. (1981)

49, XYYYY. A casr report. Cin. Genet. 18 87-93.

SMITH, C.L., MATSUMOTO, T., MIVA, 0., KLEO, S., FLAN, J.-B., YANAGIDA, 

M. & CANTOR, C. (1987) An electrophoretic karyotype for 

Schizosaccharomyces pombe by pulsed field gel 

electrophoresis.Nucleic Acids Res. 15 4481-4489.

SMITH, G.P. (1976) Evolution of repeated DNA sequences by unequal 

crossover. Science 191 174-176.

SMITH, H.O. & BERNSTIEL, M.L. (1976) A simple method for DNA 

restriction site mapping. Nucl. Acids. Res, 8 2387.

SOLARI, A.J. (1980) Synaptonemal complexes and associated 

structures in microspread human spermatocytes.

Chromosoma 8L 315-37,

SOUTHERN, E. (1975) Detection of specific sequences among DNA

fragments separated by gel electrophoresis. J. Mol. Biol. 98 503.

-191-



STEIN, R. GRUENBAUM, Y., POLLACK, Y., RAZIN,A. & CEDAR, H. (1982) 

Clonal inheritance of the pattern of DNA methylation in mouse 

cells. Proc. Natl. Acad, Sci, USA. Z8 61-65 

STEINBACH, P., FABRY, H. & SCHOLZ, V. (1979) Unstable ring Y 

chromosome in an aspermic male, Hum. Genet, AZ 227-231.

STEVART, A.D. (1983) The role of the Y chromosome in mammalian sexual 

differentiation. In: Development in mammals, vol. 5 (ed. M.H. 

Johnson), pp 321-367. Amsterdam: Elsevier.

STEVART, A.D. & JUTLEY, A.K. (1987) Two separate Y chromosome effects 

on the expression of male specific antigen in the mouse. Genet. 

Res. Camb. 48 256.

SZABO, P., KUNKEL, L., YU, L-C.,GEORGE, D. & SMITH K.D. (1979)

Chromosomal distribution of DNA sequences derived from the human 

Y chromosome in human and higher primates. Cytogenet. Cell 

Genet. 25. 212-213,

TABOR, S, & RICHARDSON, C.C. (1987) DNA sequence analysis with a

modified bacteriophage T7 DNA polymerase. Proc. Natl, Acad, Sci. 

USA. 24. 4767-4771,

TIEPOLO, L. & ZUFFARDI, 0. (1976) Localization of factors controlling 

spermatogenesis in the non-fluorescent portion of the human Y 

chromosome long arm. Hum. Genet. 24. 119-124.

TIEPOLO, L., ZUFFARDI, 0., FRACCARO, M., diNATALE, D., GARGANTINI, L., 

MULLER, C.R. & ROPERS, H-H. et al (1980) Assignment by deletion 

mapping of the steroid sulfatase-X-1inked ichthyosis locus to 

Xp22.3. Hum. Genet. 58 205-206.

TIPPETT, P., SHAV, M-A., DANIELS, G. & GREEN, C.A. (1984)

Family studies with anti-Xga and 12E7.

Cytogenet. Cell Genet. 2Z 595.

-192-



TIPPETT, P., SHAV, M.A. , GREEN, C.A. & DANIELS, G.L, (1986) The 12E7 

red cell quantitative polymorphism: control by the Y-borne locus, 

Yg. Ann, Hum. Genet. 58 339-347,

TONIOLO D., MARTINI, G, , MIGEON, B.R. & DONO, R. (1988) Expression of 

the G6PD locus on the human X chromosome is associated with 

demethylation of three CpG islands within lOOkb of DNA. EMBO J.

Z 401-406

TYLER-SMITH, C. (1987) Structure of repeated sequences in the

centromeric region of the human Y chromosome. Development 101 

(supplement) 93-100.

TYLER-SMITH, C. & BROWN, W.R.A. (1987) Structure of the major block of 

alphoid satellite DNA on the human Y chromosome, J. Mol. Biol. 

195 457-470.

VAN DER PLOEG, L.H.T. & FLAVELL. R.A. (1980) DNA methylatin in the 

human beta globin locus in erthroid and non-erthroid tissues.

Cell 18 947-958

VENOLIA, L. GARTLER, S.M. VASSMAN, E.R. YEN, P. MOHANDAS, T. &

SHAPIRO, L.T. (1982) Transformation with DNA from 5-azacytidine- 

reactivated X chromosomes. Proc. Natl. Acad. Sci. USA.

Z8 2352-2354

VENOLIA, L, & GARTLER, S.M. (1983) Transformation of Hprt gene with 

sperm. Somatic Cell Genet. 8 617-627

VERGNAUD, G., PAGE, D.C., SIMMLER, M-C. BROWN, L. , ROUYER, F., NOEL,

B., BOTSTEIN, D., de la CHAPELLE, A. & WEISSENBACH, J. (1986) A 

deletion map of the human Y chromosome based on DNA 

hybridization. Am. J. Hum. Genet. 28 109-124.

VERP, M.S. & SIMPSON, J.L. (1987) Abnormal sexual differentiation and 

neoplasia. Cancer Genet. Cytogenet. 28 191-218.

-193-



VIGIER, B. WATRIN, F., MAGRE, S., TRAN, D. 8s JOSSO, N. (1987) Purified 

bovine AMH induces characteristic freemartin effect in fetal rat 

prospecti ve ovaries exposed to it in vitro.

Development 100 43-55. „ f 

WAALWIJK, C. 8s FLAVELL, R, (1978) DNA methylation at a CCGG sequence 

in the large intron of the rabbit S globin gene: tissue specific 

variations. Nucleic Acids Res, 8 4631-4641 

WATCHEL, S.S, OHIO, S, , K00, G.C. 8s BOYSE, E.A, (1975) Possible role 

for H~Y antigen in the primary determination of sex. Nature 257 

235-236.

WEIACKER, P., WIENKER, T.F., MEVQRAH, B., DALLAPICCOLA, B., DAVIES,

K.E, & ROPERS, H.-H. (1984) Linkage relationships between Xg,

steroid sulfatase (STS) and retinoschisis (RS), respectively, and 

a cloned DNA sequence from the distal short arm of the X 

chromosome, Cytogenet. Cell Genet, 27. 608,

WEISS, M. , SELLERN, C. , OH, K-O. , LEVILLIERS, J. , CASS 10, D. 8s 

SPELLING, L, (1985) In: progress in Clinical & Biological 

Research 198 158-179. (eds. Cantoni, G. 8s Razin, A. ).

Alan R. Liss Inc,, NY.

WIESSENBACH, J., LEVILLIERS, J,, PETIT, C,, RQUYER,F, 8s SIMMLER, M-C,

(1987) Normal and abnormal interchanges between the human X and Y 

chromosomes. Development 101 (Supplement) 67-74.

WELSHONS, W.J. 8s RUSSELL, L.B. (1959) The Y chromosome as the bearer

of male determinating factors in the mouse, Proc, Natl, Acad,

Sci. USA 48 560-566.

WILLARD, H.F. (1985a) Chromosome specific organisation of human alpha 

satellite DNA. Am. J. Hum. Genet. 3Z 524-532.

-194-



WILLARD, H.F. (1985b) Molecular organization of repeated DNA sequences 

on the human Y chromosome. In: The Y chromosome, Part A: Basic 

Characteristics of the Y chromosome, (ed. A.A,Sandberg),

Alan R.Liss, Inc., NY., ppl25-140.

WILSON, E.B. (1905) The chromosomes in relation of the determination 

of sex in insects. Science 22. 500-502.

WINSOR, E.J.T., FERGUSON-SMITH, M. A. & SHIRE, J.G.M. (1978) Meiotic 

studies in mice carrying the Sxr factor. Cytogenet. Cell Genet. 

21 11-18.

WOLF, S.F. DINTZIS, S., TONIOLO, D., PERSICO, G., LUNNEN, K., AXELMAN, 

J. & MIGEON, B.R. (1984) Complete concordance between glucose-6- 

phosphate dehydrogenase activity and hypamethylation of 3' CpG 

clusters: implications for X chromosome dosage compensation. 

Nucleic Acids Res. 12. 9333-9348

VOLF, S.F. & MIGEON, B.R. (1985) Clusters of CpG dinucleotides

implicated by nuclease hypersensitivity as control elements of 

housekeeping genes. Nature 314 467-469

WOLFE, J,, ERICKSON, R.P., RIGBY, P.W.J. & GOODFELLOV P.N. (1984)

Cosmid clones derived from both euchromatic and heterochromatic 

regions of the human Y chromosome. EMBO J. 2. 1997-2003.

WOLFE, J., DARLING, S.M., ERICKSON, R.P., CRAIG, I.V., BUCKLE, V.J., 

RIGBY, P.W.J., WILLARD, H.F. GOODFELLOV, P.N. (1985) Isolation 

and characterisation of an alphoid centromeric repeat family from 

the human Y chromosome. J. Mol. Biol. 182 477-485.

YEN, P.H., PATEL, P., CHINAULT, A.C., MOHANDAS, T. & SHAPIRO, L.J. 

(1984) Differential methylation of hypoxanthine 

phosphoribosyltransferase genes on active and inactive human X 

chromosomes, Proc. Natl. Acad, Sci. fiJL 1759-1763

-195-



YEN, P.H., ALLEN, E. , MARSH, B., MOHANDAS, T., VANG, N., TAGGART, R.T. 

& SHAPIRO, L.J.(1987) Cloning and expression of steroid sulfatase 

cDNA and the frequent occurrence of deletions in STS deficiency: 

implications for X-Y interchange. Cell ££L 443-454.

YEN, P.H,, MARSH, B., ALLEN, E., TSAI, S.P., ELLISON, J., CONNOLLY,

L., NEISVANGER, K. & SHAPIRO, L.J. (1988) The human X-linked 

steroid sulfatase gene and a Y-encoded pseudogene: evidence for 

an inversion of the Y chromosome during primate evolution. Cell 

55. 1123-1135.

YOUNG, K.E., VILLARD, H.F. & SMITH, K.D. (1983) Molecular and

chromosomal organisation and analysis of DNA methylation of the 

human Y chromosome specific 2.1 kb Haelll DNA fragment. Am. J. 

Hum. Genet. 22. 60A.

YOUNG, R.A. & DAVIES, R.V. (1983) Efficient isolation of genes by

using antibody probes, Proc, Natl. Acad. Sci, USA. 2D. 1194-1198

YUNIS, E., GARCIA-CONTI, G., TORRES de CABALLERO, 0.M. &

GIRALDO, A. (1977) Yq deletion, aspermia and short stature.

Hum. Genet. 2SL 117-122.

-196-


