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as more such factors are affinity-purified, 
cloned and eventually synthesized in bulk. 
The second may be less straightforward. 
So far, none of these factors has been 
shown to be very tissue specific or to in
crease transcription even 100-fold in vivo 
or in vitro, yet the expression of eukary
otic genes can vary from tissue to tissue 
over many orders of magnitude. Even the 
factor NF-KB6

, which binds to the 
immunoglobulin 1< enhancer and seemed 
to be confined by ~<-producing cells, now 
appears to be inducible in HeLa cells by 
phorbol ester treatment' (although it dif
fers in several ways from the Sp1-type 
factors described here). 

The possibility therefore remains that 
almost all the trans-acting factors unco
vered in the remarkable discoveries of the 

Drosophila genetics 

past three years constitute a mechanism 
for the fine-tuning of transcription in a 
given cell, and that the availability of a 
particular gene for transcription is deter
mined by a separate class of trans-acting 
factors working in a different and unex
plored way. 0 
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Love-song and circadian rhythm 
Michael Ashburner 

BioLOGICAL clocks allow organisms to 
synchronize their activities with the pre
dictable cycle of day and night, giving 
them a sense of time, so that even in the 
absence of external cues an organism's 
behaviour changes during the day as it 
would under normal conditions. A popu
lation of the fruitfly Drosophila, for 
example, entrained to a 12-h light: 12-h 
dark cycle, will continue to hatch just after 
dawn, and only then, even in constant 
darkness. At least six different genes are 
known in D.melanogaster to affect circa
dian rhythms. The best studied of these is 
the per gene, discovered by Ron Konopka 
when a graduate student at Caltech. New 
results reported by Yu and colleagues on 
page 765 of this issue' suggest a mechan
ism by which this gene mediates two 
different effects. 

Mutation of per abolishes completely all 
circadian behaviour, not only the hatching 
rhythm but also the rhythm of spon
taneous locomotor activity of adult flies. 
Other mutations of this gene can increase 
the period of the rhythm from 24 to 29 h 
(pel) or decrease it to 19 h (per'). Muta
tions of this gene also have remarkable 
effects on a rhythm with a very different 
periodicity - the oscillation in the inter
val between the bursts of sound that 
characterize the love-song male Dros
ophila sing to potential mates. This inter
val varies around a mean of 34 ms in 
D.melanogasterwith a period of about 55 s 
in the wild type. In pel males this period is 
80s, in per' it is 40 sand in per" there is no 
rhythmicity in the variation in interpulse 
interval. 

The temporal characteristics of the 
male love-song are highly species-specific. 
For example, in the closely related species 
D.simulans the mean interval between 

pulses of song is 49 ms, fluctuating with a 
period of 40 s. Females are excited by a 
song characteristic of their own species, 
not that of another. More strikingly, 
hybrid females prefer the (simulated) 
song of hybrid males'. This raises two 
questions. The first is the role of the per 
gene in the female; does it perhaps encode 
an oscillator against which incoming song 
is measured? If so, then this would neatly 
explain the genetic coupling between the 
male's stimulus and the female's response. 
The second is how the product of one gene 
can affect a species-constant circadian 
rhythm and a rhythm that is not only vari
able between species but whose very vari
ation is concerned with species isolation. 

Whether per encodes a component of 
the fundamental oscillator or a com
ponent of the black box that lies between 
the oscillator and the behaviour is not yet 
known. Perhaps molecular studies of per 
and its gene products will help'·'. These 
studies are certainly providing fascinating 
insights into the genetic control of be
haviour. As reported by Yu et al. in this 
issue' the effects of per on the very short 
period rhythms of the love-song and on 
circadian rhythms can be experimentally 
distinguished. Judging from its DNA 
sequence, per encodes a very large protein 
of 1,218 amino acids. These include a run 
of alternating glycine and threonine 
residues. The length of the Gly-Thr run 
varies between different wild-type per 
alleles: in some stocks it is 17 Gly-Thr 
repeats, in others 20 or 23. It is not known 
whether or not these different alleles are 
functionally different. We would certainly 
like to know whether males with these 
different alleles show the same periodicity 
characteristics of their love-songs. By 
some nifty cutting and splicing Yu et al.' 

constructed a per gene that lacks the DNA 
encoding the Gly-Thr repeat region and 
used it to transform pel flies. The sur
prising result is that this mutant construct 
can rescue the circadian rhythm pheno
type to normality but that the flies have a 
very short love-song rhythm. The pel flies 
transformed with a normal per gene have a 
love-song periodicity of about 60 s; when 
transformed by the Gly-Thr deletion they 
have a periodicity of about 40 s. In 
principle, this result gives a mechanism by 
means of which the periodicity of the love
song can evolve without affecting the 
control of circadian rhythms. 

The love-song of pel flies transformed 
with the deleted gene shows the same 
periodicity, about 40 s, as that of per', 
known to be a single amino-acid substitu
tion about 100 residues amino-terminal to 
the Gly-Thr region'·•. The periodicity of 
circadian rhythms in per transformants is 
negatively correlated with amount of per 
messenger RNA •, although periodicities 
shorter than 24 h have not yet been 
achieved by over-expression. It is possible 
to reconcile these observations in a single 
model if we assume that the circadian 
oscillation depends on the absolute 
amount of per gene product and that the 
song rhythm depends on variations in per 
protein concentration. As a first approxi
mation it is easy to see how the amount of 
per protein could oscillate around a mean 
if, for example, the protein is unstable and 
blocked the translation of its own mes
senger RNA. Then a change in its stability 
(for example, by a change in the number 
of Gly-Thr repeats) will change the 
periodicity of oscillation of protein con
centration. Such speculation is, however, 
probably premature. Although we know 
that the per protein is a proteoglycan-like 
molecule'·', there are also clear indica
tions that the per gene encodes at least 
three different but related proteins' that 
may be involved in different aspects of its 
function. Complementary DNAs encod
ing two of these proteins can rescue the 
circadian phenotype of pel flies. More
over, there remains a large black box 
between per and its proteins and the 
behavioural phenotype and there is plenty 
of room for other genes and their products 
to interact with those of per. That having 
been said, we are but on the threshold of 
an exciting analysis of the genetic and 
molecular basis of a very fundamental 
behavioural pattern. 0 
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