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negative mouse fibroblasts and expression 
of the hprt + gene was detected. 

In experiments involving reactivation 
either by 5-azacytidine or by cell hybridi
zation, the inactive X-chromosome 
remained heterochromatic and allocyclic. 
Although HPRT activity was being 
selected for, G6PD and phospho
glucokinase activities were also expressed, 
but only occasionally. A selective reacti
vation of discrete loci thus seems to have 
occurred - a process quite distinct from 
the natural reactivation described by 
McLaren in which the entire 
X-chromosome ceases to be hetero
chromatic and expression of any or all loci 
can occur. This selective reactivation is 
reminiscent of the continuing activity of 
X-linked loci Xg and Sts on otherwise 
inactive, allocyclic and heterochromatic 
X-chromosomes. The X-chromosomes 
may thus be inactivated at the level of 
individual genes (which can be switched on 
or off as can any developmental genes on 
autosomes) or at a higher level where the 
chance of individual genes switching on is 
reduced. The use of 5-azacytidine or cell 
fusion for reactivation may somehow 
selectively penetrate the higher-order sup
pression. That conclusion made it seem less 
likely that X-inactivation will prove to be a 
good model for studying the control of 
gene activity during development. 

The capacity of 5-azacytidine to induce 
reactivation of X-linked loci is consistent 
with a model for X-inactivation first put 
forward in 1975. R. Holliday (National 
Institute for Medical Research, London) 
and A. Riggs (City of Hope Medical 
Center, Duarte, US) suggested that methyl
ation of CpG sequences at replication 
would provide an inheritable change in the 
DNA that could be associated with sup
pression of activity and hence could also 
lead to X-inactivation. Suppression of 
methylation during one round of repli
cation would generate hemimethylated 
strands which, on a second round of repli
cation, would leave some cells carrying 
non-methylated sequences and other cells 
methylated sequences. Divergence of gene 
activity in different cell types could thus be 
achieved. Two rounds of DNA synthesis 
do indeed seem to be required between each 
determinative event during early mouse 
embryogenesis (M. Johnson, University of 
Cambridge). 

Reactivation by 5-azacytidine may occur 
because it substitutes for cytidine but 
cannot itself be methylated. However, 
Jones and Taylor have observed that the 
extent of demethylation induced by 
5-azacytidine is significantly greater than 
would be expected from substitution alone, 
and may thus involve a more generalized 
suppression of methylase activity. If 
demethylation by 5-azacytidine does occur 
on such a large scale, why is the whole 
X-chromosome not reactivated instead of 
just one or two loci? It seems clear that 
methylation changes are not in themselves 
adequate to explain the phenomena 
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observed - a conclusion supported by a 
recent report of Wolf and Migeon (Nature 
295, 667; 1982). They compared the 
methylation patterns of DNA from cells 
with active or with active + inactive 
X-chromosomes by Southern blot analysis 
using cloned X-chromosome-specific 
probes and found no evidence to support 
any relationship between X-chromosome 
inactivity and degree or pattern of 
methylation. 

Exciting news came from K. Jones 
(University of Edinburgh) who described a 
probe of approximately 200 base pairs, 
highly repeated, made to the minor density 
fraction of satellite DNA quantitatively 
associated with the W chromosomes of the 
banded krait, a snake in which the female is 
the heterogametic sex and the W chromo
some is therefore equivalent to the Y 
chromosome of mammals. Remarkably, 
the Banded Krait Minor density fraction 
(BKM) probe also hybridizes to the W 
chromosomes of the females of a number 
of species of snakes, either at a single 
discrete area or at a series of sites along the
chromosome; to bird W -chromosomes 
(female heterogametic); to regions tenta
tively indicated to be associated with the 
transposed and active mating-type locus 
(MAn of yeast; and to the mouse (male 
heterogametic) Y-chromosome in the 
centromeric region. In addition, the probe 
bound to scattered sites elsewhere 
throughout the autosomes of mammals 
and also to mouse X-chromosomes 
carrying the 'Sxr gene'. The gene appears 
to be involved in primary sex determination 
as, when present in XX or XO mice, it 
causes a testis to be constructed. The origin 
of the Sxr locus has long been obscure, but 
Jones' demonstration that the highly 
conserved BKM target sequence is trans
located from the Y -chromosome to the 
terminal arm of one X-chromatid during 
meiosis suggests that either the conserved 
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THE ORIGIN OF THE SIGNS OF THE 
ZODIAC 

THE origin of the signs of the zodiac is a 
question which we have but recently obtained 
materials for answering. Some of these 
symbols, certainly, are plain enough: it is not 
difficult, for instance, to discover the horns of 
the bull in the symbol of Taurus, or the arrow 
in that of Sagittarius. But the meaning of 
others, such as the symbols of Virgo, of 
Scorpio, or of Capricornus, is not so self 
evident. These symbols, however, are of com
paratively modern invention, and first carne 
into use along with the symbols still employed 
by astronomers to denote the planets. They 
cannot be traced further back than the tenth 
century, and owe their origin to the connection 
the alchemists believed to exist between the 
planets and the metals. 

But modern though the symbols of the 
planets and zodiacal signs may be, it is quite 
otherwise with the signs themselves, and the 

Nature Vol. 296 8 April 1982 

sequence, or more probably an associated 
flanking sequence, is the region coding for 
the sex-determining function of the 
Y -chromosome. 

Jones suggests that this highly conserved 
sequence, in addition to its association with 
sex-determining loci, also defines func
tional domains in chromatin which are 
heterochromatic and allocyclic, as for 
example observed in the probe-positive 
region of theY- and W -chromosomes, or is 
involved in the DNA conformational 
changes associated with conversion of 
yeast mating types from repressed to active 
states. The probe also hybridizes in the 
region of the proximal-most euchromatin 
(19A-D) and in the adjacent hetero
chromatin (19E-20B) of the Drosophila 
X-chromosome, a region proposed earlier 
in the meeting (D.L. Lindsley, University 
of California, San Diego) to be the site of 
sequences responsible for the precocious 
X-chromosome inactivation in the primary 
spermatocyte. 

Jones proposed that the association of 
the highly conserved sequence with hetero
chromatic regions may have arisen in con
junction with the evolution of sex. If the 
sequence occurred on different primitive 
X-chromosomes to varying degrees, two 
classes of X-chromosome might develop, 
depending on the strength of the inacti
vating centres. The coincidence of strong 
centres on the chromosome carrying the 
putative sex-determining gene(s) could lead 
to genetic inactivity of the primitive 
X-chromosome at all times other than at 
the moment of determination of the male 
sex. Thus, most genes would rapidly be 
lost, generating a Y-(or W-) chromosome. 
With weak centres on the primitive X-chro
mosome lacking the sex-determining 
gene(s), activity would remain. On this 
basis, X-inactivation might be viewed 
simply as a relic of the requirement for a 
sex-determining chromosome. D 

majority of the names by which we still call 
them. Recent research has shown that the 
general voice of classical antiquity was right in 
regarding the Chaldeans as the first to map out 
the path of the sun during the year into 
separate regions, or constellations. Copies 
made by Assyrian scribes of older Babylonian 
works on astronomy have been found in the 
library of Nineveh, and are now in the British 
Museum. 

It was the primitive population of 
Babylonia, now known by the name of 
Accadians, who first made Chaldea famous 
for its study of astronomy, and it is to them 
that the Signs of the Zodiac are due. Each sign 
represented a month of thirty days, and the 
signs and months were accordingly called by 
common names. 

Some names clearly originated in the 
pecularities of the season when the sun was in a 
special sign of the zodiac. This is certainly the 
case with Aquarius, and it is probable that fish 
were particularly abundant under Pisces when 
the lowlands of Babylonia had been inundated 
by the rains. 
From Nature 25, 525, 6 April 1882. 
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