































































































































































































































































































9l.

Figure 4. Entrainment of the eclosion rhythm of rhythmically normal
flies (attached-X females) by a temperature cycle, and
damping out of the rhythm in constant light and constant
temperature. The arrows indicate the time at which the
temperature began to rise (hour zero in Figure 1).
4A: Temperature entraimnment in constant light of 100

foot-candles intensity, at 18°.
4B: The eclosion pattern in constant light (100 foot-
candles) and constant temperature (25°). There is
no apparent rhythm.
LC-4F: Temperature entraimment in constant darkness.
Flies were raised at 18° in LL before the start
of the experiment. In 4C, the LL-DD transition
occurred 10 hours before the start of the
temperature rise. In 4LD-4F, the LL-DD transition
occurred close to the time of the first temperature
rise (in LE, 5.5 hours before the temperature rise;

in 4F, 2 hours after the temperature rise).
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Figure 5.

98.

The eclosion pattern of short-period mutant flies in a
temperature cycle and constant light (5A) or constant
darkness (5B). Flies were raised in LL at 18°, then
transferred to the appropriate conditions. The time at
which the temperature began to rise is shown by the
arrows. The first temperature rise shown represents the
start of the third entraining cycle. In 5A, the rhythm
is entrained to a 24-hour period. In 5B, the rhythm is
not entrained to the temperature cycie; the period of
the rhythm is 21 hours except when the projected eclosion
peak coincides with a temperature step-down, in which

case an additional 9-hour delay is produced (see text).
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Figure 6.

100,

The eclosion rhythm of arrhythmic mutant flies in a
temperature cycle in constant light (6A) and constant
dark (6B). Flies were raised in LL at 18°, then
transferred to the appropriate conditions. The time at
which the temperature began to rise is shown by the
arrows ; the first arrow shown represents the start of the

third entraining cycle.
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Figure 7. The eclosion rhythm of normal-rhythm (attached-X females),
arrhythmic mutant, and short-period mutant flies in
constant light and constant temperature, followed by
constant light and a temperature cycle. The temperature
regime is shown at the top. The light used throughout
the experiment was 100 foot-candles in intensity. Flies

were raised in constant light at 18°.
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Figure 8. The eclosion rhythms of arrhythmic mutant flies, as well
as rhythmically normal flies (attached-X females) and
short-period mutant flies in constant conditions (18°,
and constant light or constant dark) after entrainment
in a temperature cycle. All populations were entrained
by at least three successive temperature cycles. In
some cases, the last cycle is shown at the top of the
figure; in the cases where the temperature regime is not
shown, the transfer to constant conditions was made before
the start of the record. The light intensity was 100
foot-candles. The normal and short-period mutant rhythms
damp out in constant light (8C, 8E) and free-run in
constant darkness, as expected (8D, 8F). The arrhythmic
mutant damps out in both constant light and constant

darkness (84, 8B).
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Figure 9.

112.

Eclosion rhythms of rhythmically normel (attached-X
females) and short-period mutant flies in constant
darkness at 18° after entrainment by a temperature cycle
in LL. The light intensity was 100 foot-candles.

QA: Short-period mutant pupae were entrained in LL in
the temperature cycle; during the low-temperature
portion of the sixth entraining cycle, one hour after
its start, a sample of pupae (°) was transferred to
DD. Eight hours later, still during the low
temperature portion of the cycle, the rest of the
pupae (x) were transferred to DD. The pupae were
maintained at 18° from this time on. The figure
shows the eclosion rhythm of the two groups of pupae
at 18° in DD. By the fourth day of the record, the
sample transferred into darkness later (x) lags the
sample transferred first (-) by about 9 hours, which
is close to the 8-hour delay in transfer of the
two groups.

OB: Rhythmically normal pupae were entrained in LL by
the temperature cycle; during the low-temperature
portion of the fourth entraining cycle, three hours
after its start, a sample of pupae (°*) was transferred

to DD. Nine hours later, at the end of the low-
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temperature portion of the cycle, the rest of the
pupae (x) were transferred to DD. The figure shows
the time of transfer of the two samples (arrows).
After the transfer to DD, both samples were kept

at 18°. The figure shows the eclosion rhythm of the
pupae in DD at 18°. By the fourth day after the
transfer into DD, the sample transferred later (x)
lags the sample transferred first () by about 11
hours, which is close to the 9-hour delay in transfer

of the two samples.
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CHAPTER 7.

WHERE DO WE GO FROM HERE?



]-].80

The experiments discussed in the preceding chapters show that
mutations in one genetic locus can profoundly affect the properties
of a circadian clock. The period of the clock in constant darkness
can be altered, the ability of the clock to be reset by light can
be changed, and the observed rhythm can even be abolished completely.
Certainly much more can be learned by studying mutant clocks and
comparing their behavior with that of a normal clock. The greatest
contribution of the mutations, however, will probably result from
their use as markers by means of which a defect may be localized and
identified and its effects studied on the molecular, cellular, or
organismic level. Some of the potential of the use of these
mutations as markers is evident in the mosaic studies which roughly
localize the site of action of one mutation to the head of the fly.
In the near future, when it becomes possible to histochemically
distinguish male and female tissue (1,2), it should be possible to
carry the localization even further, perhaps to a single cell or
group of cells.

Ultimately, the clock mutations can be employed as markers in
searching for the gene product affected by the mutations. One might
expect that the arrhythmic mutation would produce no product or a
product with little or no activity; the short- and long-period
mutations might produce a gene product with altered activity. By
separating and quantitating various species of protein and RNA from
normal and mutant strains by chromatographic techniques, it may be

possible to isolate the gene product responsible for producing the
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mutant phenotypes. If the gene product is a molecule found in many
cells, it might be sufficient to use whole flies or fly heads for
the isolation. Alternatively, the mutant molecule may only be found
in one or at most a few cell types; in this case further localization
of the cells involved in determining the rhythm might facilitate
the sorting out of the altered gene product from the many similar
gene products.

A fine-structured localization might be accomplished by the
histochemical experiments involving mosaics mentioned previously; a
rough localization could be carried out by means of mosaics or
transplant experiments akin to those of Trumen and Riddiford (3).

By transplanting brains into headless Saturniid pupae, Truman and
Riddiford were able to show thaf the photoreceptor and clock
controlling the eclosion rhythm in these moths was contained within
the brain. 1In Drosophila, one might attempt a similar demonstration
using a 19-hour donor brain implanted into the abdomen of an
arrhythmic mutant fly and measuring the locomotor activity of that
fly. The appearance of a l1l9-hour activity rhythm in the recipient
would unequivocally show transfer of at least one element of the
clock system with the transfer of the brain and would indicate a
hormonal link in the control of the activity rhythm. Failure of the
donor brain to induce a rhythm in the recipient would imply that
either the clock is located in another structure or that control of
the rhythm is effected by direct neural connections rather than

hormonally.



120,

Histological examination of the nervous system of the
arrhythmic mutant may reveal a morphological abnormality. It is
possible that certain neurosecretory cells may be atrophied due to
their inability to release the substance (say, an eclosion
inhibitor) which they synthesize. King et al. have found, for
example, that the corpus allatum and corpus cardiacum of a female-
sterile Drosophila mutant, fs(2)B, are atrophied due to an
accumulation of a vitellogenic hormone caused by lack of oocytes in
the mutant (4). On the other hand, & group of cells might be
reduced in size or completely missing due to the absence of the
substance which these cells normally secrete (e.g., an eclosion
hormone). In one lethal Drosophila mutation, 1(2)gl, a reduction in
the size of the ring gland-is correlated with a deficiency in the
hormones it normally produces (5).

Since the genetic location of the clock mutations is known
fairly accurately, it would be a simple task to screen for a
temperature-sensitive (Eg) clock mutation at the locus in the form
of a temperature-sensitive lethal, using either a deficiency or a
point lethal, such as one of those isolated by Judd in that region
(6), to uncover the ts mutation. A ts clock mutation would be very
valuable in determining the time of action of the gene during
development as well as whether the gene itself is active during the
course of the oscillation. Such data might yield an insight into
whether the affected gene product is part of the basic oscillator,

and whether sequential gene induction is involved in the mechanism
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the oscillation. A ts mutation would also aid in the isolation

the gene product, since the ts gene could be turned on and off
will.
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