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TEMPERATURE EFFECTS ON SCUTE IN DROSOFPHILA MELANOGASTER

Introduction

During the past twenty-five years a consider-
able amount of literature has appeared in biological jour-
nals dealing with the effects of temperature upon the ex-
pression of lMendelian charaéters in Drosophila melanogaster.
It has been generally noted that the expression of many, if
not of most, mutations is conditioned to some extent by the
temperature at which the fly develops. It has been shown
further in each of a number of instances that the temper-
ature effect on the adult character is produced during only
part of the total developmental period, the position and
length of this part depending upon the mutation concerned.
This part of the period has come to be known as the "temper-
ature-effective period" (TEP) of the character.

Studies dn TEP's have been undertaken largely with
the hope of unveiling the mechanism of gene action in de%el-
opment. Although they have not realized this hope extensive=-
ly, these studies have brought to light many important obser-
vational facts, as well as some interesting speculations cén—
cerned with their interpretation.

Practically all of the studies thus far reported
have been made upon the so-called "viable range" of temper-
atures, by which is meant the temperatures at which D. mel-

anogaster can develop successfully from egg to adult. The
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study reported here, suggested by Professor Sturtevant, was
made at temperatures above this range, using a mutation whose
responses to viable temperatures were at that time in the
process of being determined. The results prove to be of in-
terest both by themselves and in contrast with the results
of the subsequently published lower temperature studies.

I propose first to review the TEP literature, and

then to present and discuss my own experimental data.



SECTION I.

A REVIEW OF THE LITERATURE ON TENPERATURE-EFFECTIVE

PERIODS IN DROSOPHILA
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A, Introduction

No general review of the literature from TEP
studies on Drosophila mutants has been published. Accord-
ingly, this review is entirely from the original papers.

The mutant characters are discussed in approximately the
chronological order in which their respective TEP's were
first studied.

It will be noted that the bulk of the literature
is from studies on Bar eye and its alleles, and on vestigial
wing and its alleles. Most of the work on the Bar series,
and much of that on the vestigial series, has been done under
the supervision of Professor Charles Zeleny of the University
of Illinois (Urbana) or of Professor Charles Plunkett, Wash-
ington Square College, New York University (New York City).
The studies on eyeless and on scute bristles were also done

under the supervision of Professor Plunkett.

B, Reduplicated Legs

The first report of temperature effect on the ex- -
pression of a Mendelian character in Drosophila was that of
liiss Hoge (1915) on the sex-linked recessive, "reduplicated
legs". ©She found that cultures of a pure line of this mu-
tant manifested up to 100% of the character when maintained
at a temperature of 10 to 12°C. well into the pupal period,
as compared to a 5 to 10% manifestation in cultures raised
entirely at room temperatures (about 22°C.).

Miss Hoge made two series of experiments to show



-l

when the temperature effect was produced in development.

In the first series, cultures began development at room
temperature and were transferred at intervals to the low
temperature. The results indicated that the low temper-
ature effects were strongest when the transfers were made
in the egg stage, and were progressively weaker as the time
of transfer was delayed. When development had proceeded
for more than four days at room temperature, there was no
apparent effect of subsequent low temperature on the mani-
festation of the character. This indicated that the low
temperature was effective only during the egg-larval period
and not in the pupal stagee.

In the second series of experiments, the cultures
began development at the low temperature and were trans-
ferred at intervals to room temperature. From this series,
it was learned that the effect of low temperature did not
manifest itself until the first five or more days of develop-
ment had elapsed. The effect of the low temperature increased
the longer the transfer to room temperature was delayed.

The effect was greatestwhen cultures were kept at the low
temperature until the appearance of the pupae,

In both of these series, the temperature effect
seemed to be directly proportional to the amount of egg-
larval development which took place at the low temperatures
and the TEP seemed to occupy the egg-larval period of devel-
opment,

Miss Auerbach (1936) showed in her studies on

Drosophila imaginal discs that certainly from the early
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jarval period the limb buds are in visible process of growth.,
sne suggested that the effect of “"reduplicated legs" is
strongest on the embryonic processes leading to the forma-
tion of these buds, since the most notable effect of the low
temperature manifested itself during the embryonic period.
The TEP, however, was not closely enough determined to make

profitable an exact analysis from Miss Hoge's data.

C. Bar BEye and Its Alleles,

1, Introduction.

Seyster (1919) was the first to report an effect
of temperature upon the appearance of the dominant, sex-
linked, eye-reducing gene, Bar (B). He showed that facet
number in B eye is inversely related to the developmental
temperature., As the temperature was lowered through the
viable range from 29 to 15°C. the facet number increased,
more rapidly in females than in meles. Males, however, ap--
peared to have more facets than the females at all temper-
atures, He found a van't Hoff Q;5 value of 2.6 in males
and 3.5 in females., From this he concludes that B acts as
a chemical inhibitor of facet formation, and that its effect
is stronger at high temperatures than at low. His studies
on the TEP indicatéd it to be contained within the larval
developmental period.

Since Seyster's report, many temperature investi-
gations have been made on B and its alleles. The reports
have come from krafka (1920), Hersh (1924 - 1934), E. C.

Driver (1926,1931), Luce (1926, 1931), Olive Driver (1931),
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Margolis (1935 - 1936), end Margolis and Robertson (1937).
In general these studies have been made in the
viable range of temperatures, from 15 to 31°C., and have
peen made on several B stocks as well as several alleles.,
These alleles include "ultra-Bar" (BY) which manifests a
more extreme effect than B, and "infra-Bar" (Bi) which pro-
duces a less extreme effect than B, as well as the wild-type
eye. The studies also include work on the several heterozy-

gotic combinations of these genes.

2. Temperature response.
B and Bu, and their heterozygotes with each other
and with wild-type, show anﬂ inverse response to tempera-
ture changes. Bl shows a direct response to temperature
changes, the facet number being higher at high temperatures
than at low. While the B/B! and BY/B! flies show facet num-
bers intermediate to the two alleles in each case, the temper-

ature response is inverse, as in B and BY.

3 Sexual dimorphism,

In all of the alleles and their combinations
there is a clear sexual dimorphism in facet number, the
males consistently having a few more facets than the fe-
males at all temperatures., There does not appear to be any

notable dimorphism in respect to their temperature responses.

4, Position of the TEP in development.
TEP's were determined for B and its alleles by

transferring cultures from one temperature to another at

graded intervals in development. There appeared to be some
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variation in TEP from stock to stock of B. Among the al-

leles theﬁ[was a much wider variation. In all cases, the

TEP seemed to occur within the first half of the third in-
star period throughout the'viable temperature range,

The data of E, C. Drifer, Luée, and Margoiis are
the most instructive coucerning the position of the TEP 2t
different temperatures. Driver found that in B the begin-
ning of the TEP is probably constant throughout the viable
temperature range, and that it probably coincides with the
beginning of the third.instar. The end of the TEP changes at
some temperature between 20 and 2200., and changes the duration
of the TEP. Up to 20°C., the TEP covers 25% of larval life;
from 22 to 30°C, it covers only 16%. He found that in BY, on
the other hand, the duration 6f the TEP is consistently the
same at all temperatures, and consists of approximately 17%
of egg-larval development. The position of the TEP, however,
lies progressively later in the first haif of the third instar
as the temperature increases,

Luce showed that in B there is = slight shift in
the beginning point of the TEP which gradually shortens its
dqration from 31% of egg-larval life at 1990, %o 24% gt 2790,
The heterozygote, B/Bi, shows to a lesser extent both the ef-
fect of B on the beginning point and the effect of B on the
end-point of the TEP. The duration of the TEP in B/Bi de;
creases from 24% of egg-larval life at 17° to 13% at 27°C,

largolis worked out a method for calculating the
TEP of the individual larvae from that of the entire larval

Population. e found, as might be expected, that the TEP

of the individual is much less than that of thepopulation,
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The population is made up of individuals which vary in the
déegree of their respective developments at a given time. The
TEP of the population is the sum of the TEP's of the constit-
uent individuals, and its length is determined by the oldest
and youngest larvae present. Margolis found that in his B
stock the duration of the individual was considerably less
than half that of the population TEP.

From the reports of the investigators as a group
it is apparent that the position and duration of the TEP vary
slightly, probably because of different sets of modifying
genes in the different stocks and because of differences in

technique and in environmental conditions.

5. Rate of change in facet number.

The rate of change in facet number per degree change
in temperzture varies between zlleles and to some extent be-
tween stocks of the same allele in the B series. It is gener-
ally not greatly different between the sexes of a given stock.
Driver found in B a 10% increase in facet number per degree
drop in temperature, between 30 and 22°C, Between 22 and 20°C.
the rate changed, paralleling the change in position and dur-
ation of the TEP. From 20 to 15°C. the rate of increase in
facet number was 7% per degree.

Driver's data on BY indicate a fairly constant rate
of increase in facet number throughout the tempe#ature range.
The rate was between 4 and 5% per degree drop in temperature.

In 1926 Luce reported in his Bl studies that the
rate of increase in facet number per degree increase in temper-

ature, over the entire viable temperzture range, was 8.3% in
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males and 7.3% in femeles., In his 1931 date these rates had
dropped to 7.2% and 6.,6%, respectively. A comparison of the
data of Seyster, Krafka, Margolis, and others shows similar
small changes in rate between stocks of B and alleles, at dif-
ferent points in time, and under different conditions.

Hersh (1927) reported that in reciprocal crosses of
B and Bu, while the facet number was nearly exactly intermed-
iate between the alleles in both crosses, the rate of decrease
in facet number followed the maternal allele in each case.
Further studies (1930) showed that this was true only at lower
temperatures; that the rates approach each other at higher
temperatures; and that at 28°C, the rates in reciprocal crosses
are.practically the same. In B/Bi Luce found that the rete

was only slightly lower than in B.

6. Relation of facet number and temperature.

There does not seem to be any general zgreement
among the investigators of B and alleles as to the nature of
the relation of change in facet number to change in temper-
ature. Between 17 and 27°C. the relation may be plotted
either as linear or logarithmic. While the behavior at ex-
treme femperatures seems to favor an exponential viewpoint,
it has been pointed out by those favoring a linear relation
that irregularities in the linear curves at the extremes can
be accounted for on the assumption that they represent ir-
regularities consequent to the increasing developmental dis-
turbances of the extreme temperatures.

In the case of B, the change in rate between 20

and 22°C, is such that two straight lines give a better fit



«10=

to the data, whether the calculation be on a linear or ex-

ponential basis.

7. Nature of the Bar reaction.

Following Seyster, Krafka (1920 calculated van't
Hoff Qo Vvalues for facet number change in the temperature
range 15 to 31°C. 1In BY, Q1o varied from 1.60 to 2.86 in
this renge. In B, it varied from 1.77 to 4.43. In both cases
it was low in the middle temperatures and high at the ex-
tremes. Krafka concluded that, on the whole, his data sup-
ported Seyster's hypothesis that the B reaction represents
a unimoledular chemical reaction.

E. C. Driver (1931) and Hersh (1934) have carried
their calculations further, using the Arrhenius equation,
Instead of giving a straight line as demanded by the Seyster-
Krafka hypothesis, the plotted u values give a smooth curve
throughout the temperature range. Driver, following Crozier
(1924)>interprets this to mean that the B reaction is not =
"master reaction"; that we are concerned, instead, with an
equilibrium between two systems. One of these systems in-
volves the reactions of B and its alleles; the other, the re-
actions of the rest of the gene complex as a whole. The
differential temperature coefficients of these two systems,
he believes, account for the change in facet number with
change in temperature. The B and BY systems can be considered
as having higher témperature coefficients than the system
involving the rest of the genes concerned with development,

Consequently, their restraining influence on facet formation
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is greater at higher temperatures. B influences both the
rate of facet formation and the duration and position of

the TEP; BY influences the rate of facet formation and to

a less extent the position of the TEP. The Bl system can
be considered as having a lower temperature coefficient

than the system of development as a whole, and consequently
affects the facet number less at higher temperztures. The
effect of Bl is largely on the rafe of facet formation, less
on the position and duration of the TEP,

Margolis (1935 - 1936) reported studies on the
temperature response of B in vestigial (vg) winged flies.

He found the B vg has fewer facets at nearly all temper-
atures than the B stock from which it was derived; and that
B vg also has a slightly longer TEP than the B stock. Since
vg is known to increase the lenghf of larval life, he ar-
gued that the effect of vg on B facet number can be formally
explained as an increasing of the time in which the B gene
can affect facet number.

Krafka (1920) was unable to‘detedt any effect of
temperature on facet number in the wild-type eye. Rosalie
Hersh (1924) reported a small steady decrease in facet num-
ber with increasing temperature, equivalent to a 2.5% de-
Crease per degree of increase in temperature. She did not
attempt to locate the TEP, Margolis and Robertson (1937)
found that the effect of temperature was not constant at
different points in the developmental period. There.seemed
to be a generzl increase in facet number during the embry-

onic stage, and a general decrease during nearly all of
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larval life, the change in no case being large. In both

egg and larval periods, however, there were changes in di-
rection in the facet-temperature curve, and they concluded
from the nature of these changes that there are at least

four reactions responding at these different times to temper-
ature changes.

From the results of the studies with B vg and with
wild-type eye, Margolis extends the above theories of the
nature of the Bar alleles and of the mechanics of their
effects on development. He postulates three reaction sys-
tems which lead ultimately to the formation of ommatidia
and facetss, The first of these systems forms A, which de-
termines when the region containing facet-forming material
shall differentiate into ommatidia. The second system
forms F, the facet-forming material. The third forms D,
which catalyses the destruction of F by a chemical reaction

which he denotes as

F 4D —x
and which figures prominently in Bar activity. This third
reaction system is of relatively negligible importance in
the wild genotype and is in fact part of the second system.
In B and its alleles it has become of much more importance
in the determination of facet number. From the TEP data of
the wild type eye the production of F seems to begin early
in embryonic development. From the TEP data on B and al-
leles the reaction between F and D occupies the early part

of the third inster. The onset of the reaction Margolis

assumes to coincide with and indeed to be caused by the be-
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ginning of the production of D by the third raction system.
The ending of the reaction comes at the time at which A
determines that the remaining ¥ shall become ommatidia.
The effects of the different alleles of B are upon the rate

and duration of the reaction between F and D,

8., Correlation of TEP with visible embryological processes.
Krafka (1924) reported a brief study of larval

embryology of the imaginal eye disc in Drosophila. IHe de-
cided that the TEP of B coincides with the joining of the
prospective eye disc with the larval brain ganglia. Chen
(1929) reported a much more detailed series of studies on
larval embryology. It is generally to his work that subse-
quent TEP investigators have referred. He located the pros-
pective eye material in the late first instar, when it ap-
pears in the form of paired frontal sacs invaginated from
the pharynx. He followed the subsequent growth, differentia-
tion, and development of these sacs into ommatidia in early
pupal life., Studying the effects of B, he was able to dis=-
tinguish B and wild-type eyes in the mature larvae when the
eye bud and ommatidia number are smaller in B. This is ap-
proximately a day later than the TEP. Driver (1931) concluded
that the TEP occurs at the time when the frontal sac, having
migrated back to the brain ganglia, differentiates into the

optic and antennal buds.

D, Eyeless

The temperature response of the genotype of eye-
less (ey) has been reported by Baron (1935). The ey pheno-

type is variable from "no eye" to nearly normal eye, In
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highly selected and inbred stocks a large proportion of the
population is without eyes. Baron found this proportion
varied with the developmental temperature. In a stock se-
lected for low frequency of eyes, an increase in temperature
decreased the number of eyes. In the higher temperatures

of the viable range practically no eyes were present. In

a “"standard" eyz stock, inbred but selected for a high fre-
quency of reduced eyes, the situation was entirely different.
Both the size of the eye and the number of eyes present in-
creased with the témperature, excepting at the highest temper-
atures. Nearly all the flies raised at 27°C. had eyes. It
is evident that the ey phenotype is much more dependent upon
modifying genes than is B,

Using the "low-frequency" stock, Baron found that
the TEP occurs roughly between 14 and 2% days of larval de-
velopment at 25°C. The end, he believes, corresponds rough-
ly with the time of appearance of the optic buds. Chen (1929)
found that at this time ey larvae have only rudimentary buds.

Baron studied a combination of B an@ ey high-
frequency stock. The facet number was consistently lower
than in the B 'stock; but the TEP seemed to correspond entire-
ly with that of B.

Baron has advanced an hypothesis to account for
the behavior of low-frequency ey, He considers ey as respon-
sible for the production of a variable amount of a substance,
E, which reacts with the products, F, of the rest of the
genotype to produce facets, f. ¥ is produced in constant

quantity at all but the extremes of viable temperatures.
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He shows from his data that the relation of E to f is
constant at least at medium temperatures. Up to an f

value of 400 facets the relation of E and f is linear;

from £ values of 400 to 880 (upper limit in the normal

eye), the relation is logarithmic. He interprets this to
mean that E is an enzyme acting on the substrate, ¥, Be-

low the 400 value of f, the relation of E to f depends,
practically, on the amount of E present, since that amount

is small compared to ¥F. Above 400, the amount of E increases
and F decreases to the extent that the E - f curve now be-
comes the product of two variables, E and ¥, and is conse-

guently logarithmic,

B, Vestigial Wing and Its Alleles.

l. Introduction

Roberts (1918) first reported an effect of tem-
perature upon the appearance of vestigial (ve) wing in D,
melanogaster. IHe found that vg flies which developed at
temperatures between 27 and 34°C. had larger wings than
those which developed at room temperatures. The effect
was produced during the larval development and not in the
Pupal stage.

liore extensive reports have appeared from the work
of many investigators in the 20 years since Robert's report,
and have included studies on several vg alleles as well as
Vg itself., DPapers have been published by the following au-

thors: Stanley (1928, 1931, 1935); Harnly (1930, 1936);

He#sh and Ward (1932); Riedel (1934); Harnly and Harnly
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(1935, 1936)3 Li and Tsui (1936) 5 Gable (1938); and Lashin

(1938). Nadler (1926) has reported a study onm vg in D. vir-
ilise.

2. Temperature response of vg.

It has been found to be general in D. melanogaster
that vg wing increases in size with an increase in develop-
mental temperature. The increase is at a relatively slow
rate over the range, 16 to 2900., and does not involve a
marked phenotypic change. The rate of increase is rapid
from 30° to 320, which is the limit of the viable range for
vg flies. It is accompanied by striking phenotypic changes
in the wing. A clear sexual dimorphism exists in this upper
range. The "“critical" temperature at which male wings first
begin to show the rapid increase in rate of change is near
30°C; the critical temperature for the female wing is near
31°C. The female wing at 30°C. is still small, like the
male wing at 29°C, The female wing at 320C., is still larger,
and exceeds the size of the male wing, which does not in-
crease in size with the change from 31 to 32°C.

From 16 to 29°C., the vg phenotype is practically
"vestigial®, But as the wing grows larger above the critical
temperature, it passes through stages resembling all of the
less extreme alleles of the vg series. (See Mohr 1932 for
illustration of alleles.) At 32°C., Vg wing is notched at
the tip; but otherwise it is normal in appearance. In area,
it is still smaller than the wild-type wing at 32°C.

Accompanying the changes in the phenotype of the

Vg wing are similar changes towards normal in the elevation
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of the posterior scutellar bristles, and in the size and
appearance of the balancers. At 52°C., these appear normal

in vg flies.
%3, Position and duration of the TEP,

Stanley and Harnly have repoted most of the ex-
tensive TEP studies in vgs; Stanley at 17, 27, 30, and 31°C.,
and Harnly at 30, 31, 32, and 33°C, Their results are in
fairly close agreement, and will be discussed together.

At l?oC., the TEP begins appsrently with the
second instar and extends probably through the early part
of the third. At 27°C., the TEP begins possibly before the
larva hatches from the egg, and appears to end midway through
the second instar. There do not appear to be significant
séxual differences in the length and position of the TEP at
these two temperatures. At each temperature the TEP occupies
approximately 30% of egg-larval development.

Beginning at 30°C. a strong sexual dimorphism
manifests itself in the TEP, paralleling the dimorphism in
the critical temperztures of phenotypic response. At all
the higher temperstures the TEP appears to begin in both
sexes with the molt that closes the secdond instar. At 30°C.,
the TEP ends, for males, about half way through the instar;
for females, probably within the first guarter of the instzr.
At 31°C,, the TEP includes the entire third instar for males,
which is approximately 48 hours; for females, it includes
only the first half of the instar, or 24 hours. At 32°C.,
Puparium formation is greatly delayed, and only rarely do

flies withstand the temperature long enough to pass through
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this stage into pupation. The TEP ends in 48 hours for
the males, as it did at 31°C, 1In females, however, the
TEP at 32°C. shows no sign of completion at the end of

70 hours from its beginning. That is the limit of viable
exposure for vg flies. At 5500., the TEP in both sexes
lasts the limit of the viable exposure, which is 50 hours,
and does not appear to have ended at that time.

Harnly pointed out that the sexual dimorphism
in phenotypic response to supra-critical temperstures can
be formally explained on the btasis of the similar differ-
ences in TEP length at these temperatures. There is a
slight but consistent dimorphism in the 16 to 29%¢, range,
stronger in Stanley's data than in Harnly's. Males have
slightly larger wings than females. This appears to be
due to one or more modifiers in the X chromosome,as point-
ed out by Stanley and Riedel.

Li and Tsui, in their studies at 25 and 31°C,,
produced evidence that the TEP at 31°C. is not the only
time when developmentel activity of importance to the vg
phenotype is taking place. They found that vg flies which
spend the first larval instar, as well as the TEP, at 31°C,
have censiderably larger wings than do those flies which
spend only the TEP at 31°C, Flies which spend the first

instar at 31° C, and the TEP at 25°C. have the same sized
wings as those which develop throughout at 25°C, The usual
technique employed in TEP studies, therefore, is not suf-
Ticient to establish all the effective period of the vg

Phenotype.
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4, Wing-size temperature relation.

Hersh and Ward, considering but three temper-
atures, concluded that the vg wing-size temperature re-
lation is exponential. Harnly stated, however, that when
one considers the entire temperature range, at least two
logarithmic lines are necessary to fit the data. When
the cases of combinations of dimorphos-vg and vg-pennant
are also considered (Hernly and Harnly), several such
lines are necessary. Harnly concluded that the loga-

rithmic relation is not general in vg and its alleles.

5, The modifier, "dimorphos",.

Harnly and Harnly reported the temperature re--
sponse of the sex-linked modifying gene, "dimorphos® (dm),
with vg (1935), and of vg and its allele, “pennant" (vgP),
(1936).

The gene,dm, dces not manifest any visible ef-
fect by itself; but its presence in the genotype increases
the size of vg wings at all temperatures. Its name origin-
ates in the fact that it affects the male wing much more
fhan the female wing at temperztures below 32°C, The cri-
tical tempersture for phenotypic response to temperszture

is shifted down to 25°C. in males and to 28°C. in females.
In addition, a new and less extreme critical temperature
appears for the males, probably between 16 and 18°C. At
32°C,, the wings are of equal size in the two sexes, and
167% of them are like the wild-type wing, in both size and

appearance.
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6. The allele, "pennant".

The wings of pennant (vgP) flies are normal in
appearance at all temperatures. A few of them have ter-
mina 1l nicks and all of them seem to have weaker distal wing
sections., In old flies, the distal portion of the wing is
broken and ragged.

The response of vgp to temperature is the same

as that of wild-type throughout the viable range. Several
investigators listed above have shown that the wild-type
wing responds inversely, though only slightly, to temper-
ature changes; and that females have somewhat larger wings
than males at all temperatures. In both of these respects,
the wild-type is the opposite of vgs and in both of them
,vgp resembles the wild-type rather than vg, from which it
arose as a mutation. At all temperatures, too, the abso-
lute size of vg® wings closely approximates that of the
wild-type winge.

The response of vg/vgp, however, is quite dif-
ferent from that of vg/wild-type. As shown by a number of
investigators, heterozygous vg is phenotypically wild-type
at all temperatures. The rate of decrease in wing size
with temperature increase is retarded from that of the wild
genotype. As a result, at z2%, vg/wild-type is larger in
area than the wild-type wing.

The wings of vg/vgP are intermediate in pheno-
type, resembling "strap", at all but the higher temper-
atqres. There is practically no change from 22 to 26°C.;
but from there to 320C, there is a sharp $ncrease in sige

and a progressive change in phenotype. At 32°C, vglvgP is
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fully the equal of wild-type or ve/ve® in wing area; but
a persistent terminal nick is present. (Since this termin-
al nick also appeared in a vg® stock into which the modi-
fiers of the vg stock had been crossed, it does not seem
necessary to conclude with Harnly and Harnly that this
effect is due to the vg gene.) In the combination of vg/veP,
penna,_nt seems to have shifted the original critical tem-
perature of vg downward, and to have introduced a new and
oppositely directed critical temperature at 22°¢,

A strong sexual dimorphism exists in vg/vgP. Be-
low 5000., the males have the larger wings; above 30°C., the
females have the larger wings. This is analagous to the

situation in vg/vg.

7. The allele, "No=-wing".
Miss Gable (1938) has recently reported in zb-
stract the temperature response of another allele of vg,

BW), This is a "No-wing" which I found among

"No-wing" (vg
flies whose grandparents had been subjected to 36.5°C,
temperature during part of their larval development (Plough
and Ives 1935)., It is more extreme than vg in its pheno-
typic and physiological effects at room temperatures,
Heterozygous vgNw flies usually have terminally notched
wings. Homozygous ones have apterous wings, smaller than
Vg3 and the females are sterile.

The homozygous "No-wing" wing does not vary in

appearance over the viable range, according to liiss Gable,

The vg/vg™ wing is vg in appearance; but, like vgNw/vgNW
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and unlike vg/vg, it does not vary in appearance over the
viable temperature range. The vgP/ve™" wing is intermed-
iate in phenotype, and responds inversely to temperature
changes throughout the range, the phenotype changing grad-
uvally from "strap" to vg. In this case, the response to
temperature is that of vgp. The vgNw/Wild-type terminally
notched wing is like wild-type in having an inverse rela-
tion to temperatures of the viable range; but it is con-

sistently smaller than wild-type in area.

8. The dm-vg/vgP combination,

Miss Lashin (1938) has reported in abstract form
the response of the dm-vg/vgP combination to temperatures
in the range, 16 to 28°C. Wing length in this combination
bears an inverse relation to temperature similar to that
of wild-type and vg/vg. In males, the area of the wings
is like that of vgP/vgP. 1In females, however, the area
curve is U=-shaped as in vg/vgP, the area values being ap-
proximately twice those of vg/vgp wings at corresponding
temperatures. In phenotype the male wings may be wild-
type; but they are usually nicked. In females, the pheno-
type is "antlered" or "strap". From the appearance of the
area and length curves, and from the changes in phenotypes,
she concludes that 28°C, is critical for dm-vg/vgP flies.

The TEP's of dm-vg, vgP, and vgW and their heter-
oz¥gotes have not been worked out. Nor have extensive
embryological studies been made, One can not profitably

suggest further relations from the above data alone.
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9. Pattern in the vg series of alleles.

Harnly and Harnly stated that the order of suc-
cession of wing types appearing at increasing temperatures
was essentially the same in vg, dm-vg, and vg/vgP. Accord-
ingly, they support the suggestion of several others that the
wing develops according to a certain pattern, under the in-
fluence of the vg allelic series of genes. Li and Tsui also
divided the wings which appeared in their work into several
types, progressing from vg to normal type. But they empha-
sized that the types did not necessarily succeﬁd each other
as the mumber of hours spent by the larvae at 31°C. increased.
They found no real evidence for a pattern of development in

their vg studies.,

10, Nature of action of vg and alleles.,

Stanley advanced the hpothesis that vg produces
an inactivating substance which acts upon wing-forming sub-
stance but is destroyed at higher temperstures. In vg/vgP,
however, the effect of temperature appeared with decreasing
as well as with increasing temperatures. Harnly and Harnly
concluded from this observation that vg does not produce
such a substance,

Goldschmidt's (1935,1937) embryological studies
indicated that at least the less extreme alleles of vg pro-
duce their effects apparently in the pupal stage by destroy-
ing wing tissue. In these alleles, the wing seems to be
normal at the time when the pupal wing-sheath appears, early

in pupal development., ©Subsequently, degeneration sets in,

The amount of scalloping manifested in the adult wing appears
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to depend upon the time of the beginning of this process,
From this, he advanced the hypothesis that the more extreme
vg alleles, and finally vg itself, push the beginning point
of degeneration further and further back in development, so
that there is more time for destruction of wing material
before final differentiation has been accomplished., It is
also his opinion that temperature acts upon the peginning

point of this process similarly, moving it in one direc-
tion or another, as the phenotype indicates.

Li and Tsui counted the cells in a measured re-
gion of vg wings which had spent measured amounts of time
at 31°C. in the TEP., They found that corresponding to the
increase in wing size with increased time at 3100., there
was an increase in the number of cells in the wing, and a
slight increase in the size of the cells. They also observed
an increase in the size of the dozsal mesothoracic imaginal
disc (from which the wing disc develops) in 31°C, vg larvae
as compared to 25°C. larvae. From this they concluded that
temperature may produce in the case of the vg wing a direct
increase in growth as well as the degeneration process ob-

served by Goldschmidt,

11, Relation of TEP to wing embryology.

Chen (1929) in his embryological studies on Dro-
sophila reported that the dorsal mesothoracic bud first ap-
Pears in the second instar period. In the third instar, it
is already smaller in vg than in wild=-type wing. The wing
bud seems also to be delayed in vg in its differentiation

from the dorsal mesothoracic bud. These effects were con-
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siderably more pronounced in a "No-wing" stock. Stanley
and Harnly stated that since the TEP of vg at the higher
temperatures appears to begin early in the third instar,
the effect of vg is probably upon the growth processes
taking place at the time when the wing-forming area di-
vides from the thoracic-forming area of the dorsal meso-
thoracic bud. The observations and conclusions of Li and
Tsui are in accord with these views.

Auerbach (1936) has made a penetrating embryo-
logical study of the development of the same buds, She
was able to show that the small dorsal mesothoracic bud:
is already present in newly hatched larvae. Poulson (1937)
found the beginning of visible formation of the same bud
about three-quarters of the way through embryonic develo-
opment in histological sections of the 17 to 18 hour egg.
M3ss Auerbach traced the development of this bud through-
out larval life and up to the formation of the wing sheath
in the pre-pupal period. The first conclusive morphological
difference at 26°C. between vg and wild-type wing she fou nd
to be just previous to puparium formation, when the wing
begins to grow out from the wing-forming area of the dor-
sal mesothoracic disc. ©She admits the possibility of fol-
lowing the difference further back by histological methods,

Miss Auverbach made the important observation,
simple though it is, that one does not have to associate
the TEP with a contemporary and visible morphological pro-
cess; that reactions may indeed be occuring which do not

manifest themselves morphologically until as much later as

the actual differentiation of the wing-forming area just
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previous to pupation., At the same time, her observations
and those of others, that the imaginal wing begins visible
differentiation sometime previous to the hatching of larva
from'the egg and continues throughout larval and into pu-
pal life makes it possible, for those who desire to do so,
to associate practically any wing TEP they find with some
visible, if not also differential, morphological process

of development.

12, The TEP of the wild-{type wing.

Stanley (1935) also determined the TEP for the
yild-type wing. He found that it begins late in the third
instar and continues probably to the middle of the pupal
developmental period. This period is clearly later than
the TEP of vg, and the duration is also considerably longer.
It corresponds in time to the visible differentiation of
the wing. The position of the TEP does not vary greatly

over the viable temperature range.

13, Temperature effect on vg in D, virilis.

Nadler (1926) reported that in D. virilis, as in
D. melanogaster, vg increases in size with increase in de-
velopmental temperature. The rate of increase seemed to
follow the van't Hoff law for temperature effects on a chem-
ical reaction, with an average 19 Value of 1,98, In the
range, 12 to 209C., Q;y was 2.44; and from 20 to 30°C, it
was l.5l. TFurther studies of vg in this species have not

appeared,



F, Bent Wing.

Metz (1923) reported briefly a study of the
temperature response of the bent-wing phenotype in Dro-
sophila melanogaster and D. virilis, in the range 9-12°,
169, 23°, and 25°C. At the low temperatures, the effects
of bent on the virilis eye ( “roughening" of the facets)
were considerably enhanced. Scutellar bristles were also
misplaced or missing, and other new modifications appeared
over the fly. The effects of the gene on the wings and
legs seemed to be less extreme at the lower temperatures.

In melanogaster, bent did not affect the eyes at
normal temperatures; but at the low temperatures a rough-
ening effect appeared, less extreme than in virilis. 1In
other respects the behavior of bent was much the same in
the two species at the temperatures tested. The TEP seemed
to be located in late larval and early pupal life in both
species. Wild-type flies did not show any of the modifi-
cations of bent at these temperatures; and offspring of bent
flies which manifested the extreme effects of cold were only
ordinary bent at room temperatures., From this lMetz conclud-
ed that temperature had only enhanced the effects of bent,
and that modifying factors were probably not responsible
for the phenomens. The time of the TEP corresponds to the
time when extensive visible differentiation and expansion

is occujﬁng in the imaginal disc (Auerbach 1936).
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Ge Unegual Wings 17k,

liiss Auerbach (1936) studied the temperature

response of "unegqual wings 17b", a third chromosome mutant
with variable manifestation. The percent of manifestation
falls with the temperature of develcpment, and is lower in
méles than in females. At 16°C. nearly all flies have nor-
mal wings. The TEP was determined by transfers between 16
and 27°C. and was found to occur late in the third instar,
probably Jjust preceding the prepupal period. From her stud-
ies on wing development, Miss Auerbach concluded that the
decisive action of "17b" consists probably of an alteration

in the process of wing-pouch formation,

H. Dumpy VWing.

Blanc and Child (1938) have reported in abstract
the effects of brief exposure to 36.500. upon the expres-
sion of "dumpy" (dy) wings. In homozygous condition this
gene produces a truncate wing at the usual room tempera-
tures, and is not effective in heterozygous condition.
Blanc and Child report that dy is an effective dominant
when puae are exposed for 12 hours to 36.5°C. during the
first day after pupaztion. Under these conditions, dy is
more effective in males than in females. They observed in
addition that wild-type flies show a clear but much weaker
tendency to produce truncate wings under similar conditions.
The TEP for this reaction corresponds to the time of dumpy
wing degeneration in the pupal wing sheath as observed by

Goldschmidt (1935).
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I. Dichaete bristles.

Plunkett (1926) reported studies on Dichaete
(D) in D, melanogastér. This gene prevents the formation
of certain bristles of the scutellum and thorax. He was
able to show by mean bristle numbers, by association con-
stants between the bristles, and by observations on indi=-
vidual flies, that the effect of D is a regular pattern
which centers at the presutural bristle and spreads in all
directions. The lack of left-right correlation between
the bristles of the pattern indicated that for the indi-
vidual fly the pattern of the left half varies independent-
ly of the pattern of therﬁght half. The simplest explana-
tion seemed to be to assume that the D gene is somehow re-
léted to a substance which diffuses from the pattern center
on each side of the fly during early development, and which,
under the influence of D, prevents the formation of bristles.

Because of the high correlations between bristles
of the pattern at 25°C., Plunkett confined his observations
at other temperatures to one pair of these bristles, the
posterior dorso-centrals (p dc). He found that the mean
number (M) of p dc decreased steadily as the temperature
increased from 15° to 30°C, The TEP varied but little in
duration between 24 and 30°C,, and it extended from early
larval life until late in the pupal stage, close to the time
when the bristles first become visible through the pupa case,
a day or so before emergence of the imago. The change in M
of p dc appeared to be proportional to the time spent at a

given temperature azt any time during this extended TEP,
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when the Arrhenius u values of the thermal increment of
the D reaction were plotted, they gave a streight line
throughout the temperature renge, with an average u value
of 34,600 units. This value suggested the heat destruc-
tion of enzymes.

From further studies on the I p de, Flunkett
advanced an hypothesis to explain the action of D on the
bristles of its pattern, and the effect of temperature
upon this reaction. ZIExtended theoretical kinetic consider-
ations showed that the data from the p dc bristles at the
several temperatures and from the pattern of bristles at
259C. supported the hypothesis with admirable goodness of
fit. Later unpublished datzs by Plunkett (information from
Professor Sturtevant) on the other bristles at different
temperztures indicatéd that these bristles did not behave
similar to the p dc, and indicated the probability that the
hypothesis developed from the p dc was much tooc simplified

to be of use for the whole pattern at a2ll temperatures.

Je Scute Bristles.

1. Introduction.

Payne (1920) first observed scute (sc), a sex-
linked gene removing certain bristles of the scutellum,
thorax, and head in D, melanogaster. He isolated it in
the course of selection experiments on bristle number.

He reported that & student cf his, Froemming, found that
the number of scutellar bristles present in the mutant was

influenced by the developmentzl temperature. Flies raised
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ot 10 to 13°C. had more scutellsr bristles than those

raised at 23 to 269C, The effect of the temperzture

geemed to be limited to the larval period.

2, Viable tempersture response and TEP.

Child (1935, 1936) has published the results
of an extended series of experiments with sc at temper-
stures ranging from 14 to 3%1°C., He considered all the
pbristles of the scutellum, thorax, and head. It was appar-
ent not only that the mean frequencies of these bristles
varied with temperature; but that the differences were not
the same for each of the several bristles, either in amount
or in direction. Some bristle frecquencies reached maxima
(100% present); some reached minima (0% present); some
showed sharp rises in a relatively small temperature range;
and some rose through part of the range and fell through
the rest of it. The TEP for zll bristles, howeve#, when a
population of flies was considered, occupied the same rel-
ative position in egg-larval development; namely, the last
nhalf of the third instar. Child was able to show experi-
mentally and by theoretical considerations that for the
individual fly the TEP is a much shorter period. For this
study he used the ocellar bristle, whose response to temper-
ature changes was the strongest of all the sc-affected
bristles in his experiments. The TEP for this bristle
Proved to lie entirely between 89 and 97% of egg-larval life.
It appeared to €nd just before the onset of puparium form-
ation. Child did not conclude that the TEP is necessarily

of exactly the same length for every bristles but he believed
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it to be apparent that for them too the TEP for the indi-
vidual larve is much less than the TEP for the population
of larvee in a given culture.

3., Temperature change during the TEP,

Child found that when larvaze were transferred
from one temperature to another during the TEP, the bristle
frequencies were generally intermediate to the standard
frequencies for the temperatures concerned. The frequencies
of the anterior notopleural (an) and certain of the orbit-
al (or) bristles were exceptions to this rule. When the
change was from a low to z high temperature, the an bristle
frequency was higher than either of the standard frequencies.,
When the temperatures were on opposite sides of 28°C., the
or frequency was lower than either standard frequency.
There was no apparent explanation for either of these an-

omalies,

4, Interpretation of the TEP.

Since the bristle frequency-temperature curves
in Ch3ld's dates vary so widely from bristle to bristle,
and between the sexes, there is a strong suggestion that
many reactions are involved. Child, however, pointed out
that such a view is not the only possible one. The TEP's
for all of the bristles occur in general in the same time
period of development; and we are concerned, in each case,
with the formation of a bristle. From this he argued that
it is natural to assume that the same reaction is being
effected at each bristle sight. He points out that it may

be that for some bristles a temperature increase increases
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the rate or dureticn of this reaction, relative to the
rate or duration of development as a whole; while for
other bristles a temperature increase decreases the rate
or duration of the reaction, relative to the rate or dur-
ation of the development as a whole. If such differences
in rate and duration cen be shown, then the differential
pristle-temperature curves can be formally explained; but

Child's data are not critical on this point.

5, Relation of TEP to bristle embryology.

Robertson (1936) studied the pupal embryology of
D, melanogaster. He found that pairs of trichogenic (Hypo-
dermal) cells, which later form bristles, first appear in
the hypoderm about 27 hours after pupation. They develop
into bristles within a very few hours. Child's TEP is prior
to this period by about two days, and is theﬁ&ore net re-
lated to any visible and strictly bristle embryological pro-

CESSe

6. Pattern in scute.

Contrery to Plunkett's demonstrastion of a pattern
in Dichaete, Child found no evidence of a bristle pattern
in sc¢c3 and this in spite of the fact that the frequency of
a2 given bristle is constant in an inbred population as long
a8 conditions remeain constent, Observations on individual
flies, and correlation and association coefficients for the
Several bristles showed clearly that the bristle frecuencies
are independent of each other over the viable temperature

Tange. The temperature effect did not appear to be that of

& pattern, either. The mean bristle frequencies changed
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independently of each other as the temperature was changed.
Child pointed out that in the light of these facts,
the seriation of sc-affected bristles according to their
mean frequencies, as proposed by Sturtevant and Schultz
(1931), is of no real significance; and that the complex
five-division diffusion pattern proposed by Goldschmidt
(1931) does not exist in sc-l. It is apparent from Child's
results that when it is used in reference to sc, the term
"pattern" carries no further meaning than "the bristles

affected by sc".

7. Inadequacy of the sub-gene hypothesis.

Dubinin (1929), Dubinin and Friesen (1932),and
a number of other’pegmie have studied the extensive series
of sc alleles in reference to the relation of their bristle
patterns. From these studies came the well known theory
of the centers of the gene. It is possible to arrange all
the bristles affected by the sc alleles in a linear seri-
ation of such an order that under a given set of conditions
each of the several alleles affects a certain number of the
seriated bristles, in each case consecutively. The entire
seriation was considered by these workers to represent the
map of the basi-gene of the scute locus. DBoundaries of the
alleles, as indicated by the bristles theyaffected, were
assumed to indicated the limits of subdivisions or centers
of the basi-gene. A study of these alleles revealed twelve
such centers, or sub-genes, in the sc basi-gene., Fach allele
contained one or more consecutive centers,

Child showed that when sc-1 flies are raised at
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a lower temperature than was used in these studies of
pubinin and others, sc-l affects bristles which are in some
cases several centers removed from the supposed limits of
sc-1, and fails to affect bristles in centers in which the
gc-1l effect is strongest at higher temperatures. He found
the same thing true in sc-5 (Child 1936), From this he
concluded that the whole hypothesis of basi——gene and sub-
genes, which had already been shown inadequate by the stud-
jes of Sturtevant snd Schultz (1931) on the effects of ex-
tra sections of the X-chromosome on the bristle frequencies,
is of no significance for an explanation of the relation

of the sc alleles,

8. Temperature relations of sc-1 and sc=5,.

Child (1936) reported studies with sc-1, sc-5,
and their heterozygote at temperatures of the viable range.
He found, as might be expected, that the bristle frequencies
in sc-5 and sc-1/sc-5 showed varying types of changes along
the temperzture range., ZFor each bristle, however, the di-
rection of frequency change with progressive temperzture
change was the same in each of the three stocks, so far as
it could ve measured. And at all temperatures, for zll
bristles which differ in freouency between sc-1 and sc-5,
the heterozygote showed intermediate bristle frequencies.
A preliminary study indicated the probability that the TEP's
and the duration of development differ between the three

stocks.,
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9, The TEP at high temperczture.

In 1935, I published a preliminary account of
the results of a first series of experiments with sc-1,
in which the data of the ocellar bristles showed that for
vrief exposures to 40°C., this bristle of sc-1 has a TEP
which extends from early in the embryonic stage into the
early pupal period. These experiments have been extended
and will be presented and discussed in Section II of this
report. It is sufficient to note here that they indicate
the probability that there are indeed reactions going on
throughout the bristle developmental period which affect
the bristle freguency in sc, and which can be altered by
a change in developmental temperature. By this fact, the
data of these experiments make necessary a strictly oquali-
fied interpretetion of the generezl meaning of viable temper-
ature TEP studies relative to the time of differentiation

of imeginal organ-forming material.



SECTION II

THE EXPERIKENTS WITH SCUTE AND WILD-TYPE



A. Introductione.

The general results of Child's vigble temper-
ature studies on sc were discussed in the last part of
gection I of this report. 1In addition, a brief summary
was given of an earlier report on the first of the high
temperature experiments which will be discussed in this
section.

After a preliminary investigation in the fall
of 1934 had indicated that a short exposure of sc larvae
to 40°C. produced changes in the male bristle frecuencies
of the subsequent adults, I planned a series of experi-
ments to determine the bristle effects of such exposures
during any one of @ number of developmentzl tTime periods;
These 40°C. experiments involved sc males from each of two
matings; sc females x vermilion carnation (v car) males,
and sc females x sc males.

A second series of experiments tested similarly
the effects of 36°C, on bristle frequencies in sc males.

A third series of experiments, mostly at 36°C.,
tested the effects of such exposures on the bristle fre-
quencies of females heterozygous for sc, and on the bristle
frequencies of both sexes in a closely related wild-type
stock.

In connection with these three series of experi-
ments, data were also collected at 25 to 26°C, on the effects

of enviponmental factors, such as larval density and the

food preservative, liioldex, and of probably genetic modi-
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fiers, on the bristle frequencies in sc malese.
The sresentation and discussion of these data
will follow a discussion of the experimental msterials

and technique.
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B. liaterials and Methods,.

1, Stocks.

The stocks used in these experiments were the
standard scute-1 (sc) and vermilion carnation ( v car)
stocks of this laboratory. Each was inbred and selected
for six generations before the beginning of the experi-
ments late in 193%4., The sc stock was selected for the
absence of the bristles considered in these experiments
(see below); and the v car was selected for the presence
of the same bristles. Inbreeding consisted of using one
or two pairs of selected sibs as parents in each gener-
ation. The wild-type stock was derived form these two
mutant stocks. It was inbred without selection for 13
generations. After the period of inbreeding and selection,
these stocks were continued generally by 20 pair matings
and without extensive selection through the duration of
the experiment. This amounted to three years for sc and

v car, and to one and one-half years for the wild-type.

2. Relation of control and experimental flies,
Selection and inbreeding made each stock approx-
imately isogenic. In order to mimimize the effects of

residual heterogeneity and of possible new mutations, the

experiments were planned so that comparison couldl be made
between control and experimental flies which were sibs. A
group of 15 to 20 pairs of flies, themselves sibs, were al-
lowed to oviposit in each of a number of cultures., The

Cultures were then divided into control and experimental
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lines. From 3 to 9 groups of sib parent flies were carried
along simultaneously in this manner as one series.

The general procedure was to age the parents two
days to attain high fecundity; to transfer them, then, to
new cultures three times a day for the next six days; and
finally, to use two of each day's cultures in experimental
1ines while keeping the third as control. This made it pos-
gible to compare sibs that were raised together in tipme and
under similar environmental conditions. ¥First comparisons
were always made on that basis., However, when their bristle
frequencies showed no significant differences, control cul-

tures of two or more consecutive series were grouped as

common controls for each of their experimental lines,

3. Incubators and temperature measurements.

The incubators used in the experiments were of
the standard insulated type designed by Bridges (1932),
using a toluene-mercury thermostat, employing a constantly
running fan to minimize temperature variations, and con-
taining pans of water to maintain a high humidity. The
control incubator was capable of maintaining a temperature
of 25°C, with a constancy of 20.1°C, for any one shelf.
Because of a difference between shelves, control and experi-
mental cultures in each series were raised intermingled on
the same shelf., Variation in room temperature and in the
number of cultures in the incubator caused fluctuations in
the incubator temperature which, through the three years of

the experiment, with a few exceptions, amounted to not more

than 20,5°C, This made necessary a constant check of con-
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trol bristle freguencies., Where there was a difference
in the controls of two series which had to be compared,
allowance has been made for the difference.

The temperature in the control incubator was
read from the air on standardized thermometers. Tests
showed that the culture temperature was generally above
the air temperature, by as much as 0.500. when the incubator
was crowded with cultures. In extreme cases, this dif-
iculty was overcome by lowering the air temperature, and by
critical use of the control bristle freguencies discussed
above.

The exposures to high temperatures were made in
two smaller incubators, similar in construction to the con-
trol incubator. Temperature was read from a thermometer
placed in the middle of the culture food, where the larvae
were observed to congregate. The thermometer remained in
the food throughout the exposure and frecuent checks of the
temperature were made, Because of rather wide variations
in temperature conditions in different parts of the incu-
bators, it was possible to place the cultures in a warmer
position until the food temperature had reached the desired
level; and then to shift them to a cooler position to main-
tain the temperature. Under these conditions, the tempera-
ture rose from 25°. to either 36 or 40°C, in about one hour.

The number of cultures exposed together varied be=-
tween three and five in the 4000. experiments and between
six and nine in the 36°C. experiments. The temperature was

read from one or more cultures of each exposure geoup, Tests
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showed that there was a variation in the temperature between
cultures of such a group. This amounted to about 0.5°C, in
a group at 40°C, and to about 1° in a group at 36°C. The
range of variation was larger than this for the many groups
of an experiment., In all the groups of the sc x Vv car
40°C, experiment this variation was between 39.5 and 41,5°C.
In the sc Xx sc experiment, it was between 39.5 and 40.5°C.
In a 1l of the 36°C. experiments, it was between 35 and 37°C,
At these higher extremes the food temperature
tended to be lower than the air temperature. The differ-
ence was usually about 1° in the 40°C, series, and about
0.5%9 in the 36°C, series., This, it will be noted, is op-

posite to the tendency at 25°C.

4, The bristles and their classification.

Flies were classed for seven pairs of bristles,
beach pair being represented on the left and right sides of
the fly. The bristles, with their abbfeviations and loca-
tions, are as follows: posterior scutellar (ps) and anter-
ior scutellar (as) on the scutellum; anterior notopleural
(an) on the anterior lateral region of the thorax; post-
vertical (pv) on the medial posterior dorsal part of the head;
ocellar (oc) on the top of the head, between the ocellij
and anterior and medial orbital (or) on the anterior dor-
sal rim of the eye. Because of an ipgpossibility of distince
tion between the anterior and medial orbital bristles in sc-1,
those two bristles were classed together as "orbital" (ox).

In the sc x sc experiments, only sc males were

classed. In experiments with sc females x Vv car males,
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and in experiments with wild-type, bristles were counted

in both sexes. The sc males were classed for the frequency
of presence of the above bristles., The sc/v car females
and bothisexes of wild-type flies were classed for the ab-
gsence of the same bristles, Kach fly was recorded individ-
ually with resapect to the presence or absence of each of

the above bristles,

5. Calculation of bristle frequency.

As in Child's experimenté, practically no cor-
relation was found between the two bristles of any one
pair, in both sc and wild-type flies, when the conditions
were properly controlled at 25°¢, Accordingly, since each
half of the fly can have one bristle of each pair, and since
the desired bristle frequency is that of the ratio,

total observed number of x bristles
Total possible number of x bristles

the "half-fly" unit, proposed by Plunkett (1926) and adopted
by Child, has been used in these experiments.

As an example we may consider the oc frequency.
Fach fly represents two observations upon the oc bristle,
one on the left side and one on the right side. Each half
of the fly, then, is one obserfation upon the oc bristle;
and the oc bristle frequency per half fly in a sample is
that of the ratio,

the number of oc bristles.
Twice the number of flies

The maximum frequency is 1 and the minimum frequency is O.
The frequency therfore, can be stated as a percentage by

multiplying the above ratio by 100,
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All mean frequencies have been calculated in the
above manner and tabulated as percentages.
6. Tabulation of differences in bristle frequencies.
Certain of the tables of dats which will be dis-
cussed in this report represent summaries of bristle frecuency
changés produced by temperature treatment. As a convenient
method for tabulating these summaries, I have chosen the val-
ue of the ratio,

difference between control and experimental freguency
control frequency

which I have named, the "Coefficient of Change". The sign
of the coefficient indicates the direction of the change.
It can be seen that when the control frecuency is 0 and the
experimental frequency i% greater than 0, the value of the
coefficient is infinity. Since the purpose of the coefficient
is to make possible an easy and direct comparison of degrees
of changé in bristle frecuencies, in the one or two instances
where such a situation as the above has arisen in the data
and the increase appeared to be of some significance, the con-
trol frecuency has been arbitrarily put at 0.1l. Infinity,
however, represents the maximum of increase as expressed by
the coefficient of change., Similarly, -1 represents the max-
imum of decrease, and is observed when the experimental fre-
quency is 0 and the control frecuency is greater then 0. “hen
there is no difference between the control and the experimen$-
al frequencies, the value of the coefficient of change is O.
7. Statistical formulae.
Standargd error has been employed in all data

Considerations for estimating the probability of differ-
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ence between mean bristle frequencies. The épproximate
standard error (s) of a mean bristle frequency is given by

s = %/ p(l-p)

n

where p is the mean bristle frequency and n is the number
of half-fly observations. The standard error of a differ-
ence (sq) between two mean bristle frequencies, py and p,,

is given by

s = 2\/s¥ * SZ
where s; and sy are the standard errors of Py and p, res-
pectively. In general, a difference has been considered
significant only when it equals or exceedstwice its stan-
dard error., A difference which is smaller than that amount
will occur by chance alone more often than once in twenty
comparisons between samples drawn from a uniform popula-
tion.

For an estimate of correlation (r) between brist-

les I have used the formula

S (xy) ‘
Vs (x2) . 8 (y°)

where X and y refer to the bristles under consideration.

The "t" test of Fisher (1928) has been used to
estimate the significance of the deviation of r from O,

The value of t is determined from the formula

‘t:___r______ e \V/n - 2

Vi - r=

where n is the number of pairs of observations ( in this

case the number of flies) in the sample, and r is the cor-
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relation coefficient. When the size of the sample ex-
ceeds 100 flies, r may be considered as significantly
different from O when t equals or exceeds 2, since 2 is
approximately the "1 in 20" level. The more that t ex-
ceeds 2, the larger the chance of significance in the

deviation from O,
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C. The Effects of Environmental Ractors

and Genetic liodifiers.

1. The independence of bristles,.

It has already been noted that Child found a
complete absence of pattern relationship in the sc-affected
bristles., He found this by observations on individual
flies, by absence of correlations between the bristles,
and by the small size of calculated association coef-
ficients. ©So far as they go, my data are in complete
agreement with his on this point. Checking of the indi-
vidual flies indicated clearly that only in the special
case of the anterior and medial orbital bristles was there
any association between the bristles with which I have
concerned myself., Child reported a complete negative as-
sociatien between these two bristles and ovserved no in-
stance of their simultaneous appearance on the same side
of the flg. In some 500,000 half-fly observations, I found
only one such instance.

Extensive correlation coefficient calculations
were made from the male control data of the 1936-1937 ex-
periments with sc x sc and s¢c x Vv car. These correla-
tions included all the two-by-two combinations of the sgix
bristles: ps, as, an, pv, oc, and or. The value of r
ranged between -0.010 and +6.040 in the sc males from sc
X sc; and between -0,007 and 40,074 in sc males from sc
X Vv car. While the t values exceeded 2 for the larger

Positive correlations, because of the large numbers of
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flies observed, the correlations are too small to be of
gsignificance for these experiments. There is not the ten-
dency for covariance among the bristles that one would ex-
pect if a definite pattern realationship obtained among
them.

of
2. Effects of crowding,larvae.

Plunkett (1926) included a table of data to show
that increasing mean number of larvae per culture caused a
decided decrease in the mean number of posterior dorsocen-
tral bristles in the subsequent Dichaete adults. HHe at-
tributed the effect to a change in food such that the later
larvae from eggs oviposited over a period of several days
were raised under different conditions than were their ear-
lier sivs. The effect disappeared when an egg-laying per-
iod of one day or less was used,.

Child published no data on crowding effects in
sc. He used short laying periods, however, and Kept the
larval density of a culture low.

Early in the course of my experiments it was
noted that larval density affected bristle frequency, even
when the egg-laying period did not exceed 12 hours. 1In
addition, it was apparent that not all bristles were af=-
fected similarly.

In Tables 1 through 7 are presented samples of
the control temperature data from sc males to demonstrate
these facts. Xach table is a summation of a number of con-
Secutive series which did not vary significantly within

themselves, The cultures comprising each table have been



sc 92 x v car9Y -

TABIE 1,

Nov. 1934 25°C,

Size Obser. ps as an PV oc or
"6 1274 0.1 Le% 0.6 0.9 4,8 7.9

(41 - 99) 0.1 %0.4 0.2 0.3 *0,5 0.8
147 4398 0.7 2.8 UsD B 3 4.2
(108 -190) 20,1 0.2 20,1 20.1 20, 20.3
239 2874 07 BeY 0.5 0.7 3.4 e
(209 - 290) 2.8 0.2 20,1 20,2 2.8 20,3

TABLE 2
sc?? x v car 99 - May 1935 250°C,

Size Obser, ps as an pY oc or
141 1388 0.3 246 0y 0.4 Sl 7.1
(72 - 189) 201 Fo.2 F0.l 202 %29.8 0.7
(203 - 294) 0.15 20.4 0.1 fp.l 0.5 1.4
375 1848 I8 4.7 0.9 D68 3D 4:3
(315 - 421) 20.3 20.5 0.2 0.2 20.4 20.5
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TABLE 3,
sc §¢ X sc dd& - Oct, 1936 259C,
Size Obser, P8 asg an DV oc or
125 1916 0 Qw4 0.6 0.6 3.9 17.0
(57 - 182) *0.1 20,2 20.2 0.4 20,9
226 3388 0.06 0.3 0sB 0.7 4.4 18,3
(183 - 275) *0.04 *g.1 *p,1 Q.1 0.3 20.8
315 2788 0.04 0.4 0.3 0.8 - | 6.6
(295 - 366) 0,04 2p.1 20,1 20.2 20,3 10,5
TABLE 4,
sc99 x scdd - Feb, 1937 25°C,
Size Obser. jols] 2.8 an jea's ocC or
112 2096 0 ,0:5 0.8 ,l.4 3.1 16.3
(72 - 139) “0,1 =0.2 =0.,3 =0.,4 =0,8
173 2102 ,0.2 0.8 0.4 1.4 2.8 11.0
(143 - 199) 0.1 20.2 20.1 0.3 fo.4 0.9
248 5636 0.04 0.8 0.8 0.9 5.5 9.4




TABLE 5,

sc 99 x scJdd - March 1937 25°. 1% lMoldex
__ Size Obser., DS as an JoN's 0c r
110 1360 ,o.1 L1 0.8 0.9 2.5 9.9
(82 - 139) 0.1 =0.3 Z0.2 0.3 0.4 Zo.8
171 6190 {3 1,0 1.0 1,1 2.8 6.9
(140 - 198) *0.04 *0.1 *0.1 *0.1 *0.2 *0.3
242 5978 0.2 1.2 1.4 0.8 3.8 4.8
(200 - 296) *0.06 20.1 f0.2 Y¥o.1 Z20.2 Zo.3
TABLE 6.

sC 99 X sc I - April 1937 25.5°C. 0.7% Holdex

Size Obser. jok] as an PV ocC
108 3538 0] 0.1 0.8 0s% 4,2
(68 - 134) 205,08 20.2 20,1 20.%
171 . 9122 0.09 0.3 0.8 0.7 5.0
(142 - 196) 20,03 0,06 %20, 0.1 0.2
240 7282 0.04 0.6 0.9 0.4 5.0
(198 - 286) 20,02 20,1 &0.1 20,1 20.3
TABIE 7.

sc 9¢ X V car &J - May 1937 26°C. 0.7% lioldex

Size Obser, ps as an jo)'s oc

196 1316 0.8 4.3 1.6 2.0 10.6 i
(152 - 218) 20,2 0.5 20,3 T 0,4 20.9 20.5

278 1918 1.0 6.6. 3.0 l.4 10.6 2.3
(268 - 288) 20.2 20,6 %0.4 20.3 20,7 %0.3
- 365 1764 a7 8.2 B4 6 1.1 11..8 Re7
(324 - 420) %0.3 20,7 *0.4 %0.3 20.8 %0.4
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grouped according to "size"; i, e,, the number of flies
recorgded per culture., Included in each table are: the
mean culture size, including in parentheses the sizes of
the smallest and largest cultures in the group; the num-
ber of male half-fly observations; and the mean percen-
tile bristle frequencies, with their standard errors, for
each of the six bristles consideréd in this work. At the
head of each table is a statement of pedigree which in-
cludes the mating, the date in year and month, and the
temperature and food conditions (discussed later) of the
included cultures.

An examination of Tables 1 through 7 shows that
some of the bristle freguencies changed as the mean cul-
ture size increased. A considerably larger amount of con-
trol data from conditions similar to those of Tables 1
through 4 amplify the data of these tables. From a con-
sideration of all the data one c¢an make the following gen-
eral statements concerning the relation of the several
bristles to larval density. In the matings of s¢ x v car,
the ps, as, and an bristles tend to increase in frequency
as the mean culture size increases; the or bristles tend to
decrease; and the pv and oc bristles show practicall¥y no
change with change in size of culture. In the sc x sc
matings, the only clear change is a decrease in the or fre-
quency with increasing culture size.

Left-right correlation coefficients were calcu-
lated for each of the six pairs of bristles in a2ll of the

control data. In no case was there any tendency for a

Change in the value of r for any pair of bristles as the
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mean culture size increased, This indicates the probabil-
ity that in these experiments the effect of increasing
larval density was on the entire culture population, rather
than on a part of it. This is probably due to the short
egg-laying periods used in these experiments.

Correlation coefficients were also calculated for
each of the two-by-two bristle comparisons in these data.
In no case was there a correlation above O.l. It seems
probable therefore that thére was no significant tendency
for covariance among the affected bristles.

The dafa represented in these tables indicate
clearly that larval density is a factor which influences
some of the mean bristle frequencies in sc males. Accord-
ingly, in the data to be presented on the effects of ex-
posures to 40 and 56°C., I have made comparisons between
experimental and control series with as nearly the same

mean culture size as was possible.

5. Effects of lMoldex.

In February of 1937, the food formula of this lab-
oratory was changed to include a mold preventitive known by
the trade name, “"Moldex" (Glyco Products Co., New York). It
is a methyl ester of parahydroxybenzoic acid. In this lab-
oratory it is kept in a stock solution of 10 g. of #Moldex
in 90 ce. of 95% ethyl alcohol. This solution of Moldex
constituted 1% of the food for a month, after which time the
Proportion was lowered to 0.7%.

The cultures of Tables 5 through 7 contained Mol-

dex, as indicated in the table headings. Tables 4 and 5 are
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expecially instructive concerning the effect of loldex

on the bristle frequencies, Table 4 cultures contained

no Moldex, while Teble 5 cultures contained the 1% liold-
ex formula. So far as is known other conditions were
alike for the two groups of cultures. The mein effect

of the lMoldex, as revealed in these two tables, is on the
or Bristle, whose frequency is clearly lower in the lioldex
series. In this mating, Moldex does not appear to affect
the other bristles significantlye.

The date in Tables 6 and 7 show the effects of
the 0.7% loldex. There are differences in the temperature
conditions in these two tables which make necessary certain
corrections before the data can be compared with those of
lower temperature series. Occasional small series of the
non-loldex experiments had temperatures comparable to these.
From them it appears that in sc x sc the effect of the
slightly higher temperature was mostly on the oc bristle,
and that the main effect of the 0.7% Moldex was to decrease
the frequency of the or bristle. There does not appear to
be a significant difference between the effects of the two
strenghhs of Moldex.

The effect of lloldex on the males from sc x Vv
car is more extensive than it is on the mzles from sc x sc.
This is brought out in the date of Table 7. From series
raised at similer temperctures in the earlier non-lioldex
€xperiments it was noted that the effect of the temperature
is manifested in decreases in the ps, as, and pv bristles;

and in increases in the an, oc, and or bristles, the oc
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increase being most marked. A comparison of the data of
Table 7 with those of Table 2, its nearest control in point
of time, reveals that the loldex seems to have increased the
pS, &S, and pv freqguenciesy, and to have decreased the or fre-
quency. In each case, the frequency change is the opposite
from what would have been expected from the effects of the
temperature difference alone. This probably means that in
the sc x Vv car mating, the effects of lioldex are even more
pronounced than indicated in these data of Table 7.

Left-right correlation coefficients of the affected
bristles were compared in liocldex and non-iioldex series. There
were no consistent differences between the two series., This
indicates that the effect of the lioldex was upon the entire
population. Two-by-two correlation coefficients of the dif-
ferent bristles were calculated and were generally less than
0.1, indicating that the bristles did not tend to vary to-
gether under the influence of lioldex.

With a view to indicating a possible explanation
for the effects of lloldex upon the bristle frequencies of
sc, a rough test was made of the effects of lioldex upon the
growth of yeast. A glucose-yeast extract media was made up
to contain, in one culture, 1% of the loldex solution, and
in another culture of the same volume, 1% of 95% alcohol
(the base of the stock koldex solution). The cultures were
then innoculated with equal amounts of a yeast suspension.
At the end of 10 days the dry weight of the yeast in the

non-iioldex cultures was slightly more than twice that
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in the 1% ilcldex culture, indicating that licldex decreases
the growth rate of yeast. This test suggests the possibil-
ity that the effect of lioldex on the bristle frequency is
indirect, and that the lower per capita supply of yeast for
1arval consumption may be the causal factor.

The effects of lioldex and larval density, it can
be seen, are 1in the same direction on at least all but the
pv bristles. Accordingly, we may offer as a suggestion the
possibility that the effect of larval crowding is likewise
due to a decrease in the per capita supply of yeast for lar-
val consumption.

Child and Albertowicz (1937) reported in abstract
that larvae developed "more slowly" on food treated with
Nipagen, which is ethyl para hydroxy benzoate,and, as can
be seen, is closely related to loldex. Increasing the con-
centration of Nipagen lengthened the time of development.
They found that vg fliew which were raised on Nipagen de-
veloped larger wings resembling the less extreme alleles
of vg raised under normal conditions., The size of the wing
increased as the time of development was prolonged by the
use of Nipagen.

No measurement has been made of the effect of
loldex on the length of larval development, excepting to
note that there did not appear to be any large difference
in the time of pupation when iloldex was added to the food,
The data are not critical, however, for differences of less
than half a day.

One is tempted to suggest, even in the absence

of data, that the effects of Moldex and Nipagen may both be



«bhT -

upon the yeast, a lower per capita quantity of which de-

lays larval development end gives the vg and sc genotypes a
correspondingly longer time to affect the adult characters,
carefully controlled experiments should indicate whether or

not the situation is as simple as this.

4, Effects of genetic modifiers,

In his seljétion experiments with low and high
bristle frequency strains of sc, Payne (1920) found at
least three, and probably more, genetic modifiers of the
effect of sc on the scutellar bristles. One modifier was
sex-linked (near miniature) and the others were autosomal.
In the data of Tables 1 through 7 there is evidence for the
presence of genetic modifiers in my experimental stocks.
Additional evidence will be pointed out from the 40 and 36°C.
series.

A comparison of the date from sc x Vv car with
those of sc¢ x sc in Tables 1 through 7 shows that three
of the bristle frecuencies differ between the two matings.
In the sc¢ x v car mating, the ps and as frequencies are
higher and the or frecuency is lower than comparable fre-
guencies in the sc x sc mating. No attempt has been made
to localize the factor or factors responsible for these dif-
ferences.,

Since both sc and v car were selected and inbred
for several generations previous to the beginning of the
experiment each stock should have been practically homo-

zygous for its modifiers of the selected bristles. The cal-

culation of left-right correlation coefficients showed tha_t
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this condition had been realized in the sc stock and for
all bristles excepting the as bristle in the v car stock.
In the sc male as bristle data from the s¢c x Vv car mat-
ing there was a persistent though small positive left-right
correlation in both the 1954-1935 and the 1937 series. The
value of r ranged between +0.1 and +0.2 (with t values of
from 4 to 9) in all the series of this mating. This was
not the case in the s¢ x sc mating where the value of r
was sometimes positive and sometimes negative, and rerely
as large as 0.1 in any case, It seems probable therefore
that in this one case the v car stock was not homozygous
for a sc modifier. ©Since the stock did not appear to change
with time in respect to the proportion of flies carrying
the modifier, the fact of presence does not complicate the
comparison of control and experimental data.

It is important to know if the sc and v car stocks
remained fairly constant genetically during the couzse of the
experiments. Data bearing on this question are those of

Tables 1 and 2, and 3 and 4. In the first case, the data
represent series of sc¢c x Vv cer flies which were raised sev-
erzl months apart. In the second case, the data represent
sc x sc flies which were raised several months apart.

It appears at first that in both cases there was

& small change in the stocks with regard to the or bristle
frequency. The or bristle frecuency appears to have increased
with time in the s¢ x Vv car mating, and tc have decreased
with time in the sc x sc mating. If this were due to a

change in genetic constitution of the stocks, one would ex-

Pect, assuming the change to have been caused by a mutation
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or mutations, that only a relatively small proportion of
the stock in each case would be responsible and that, ac-
cordingly, the left-right correlations would show evidence
of the change. As a matter of fact, the left-right cor-
relations are not significantly different tetween the two
series in each mating., The r values for the or bristles
are 40,010 and+0.015 for the data of Tables 1l and 2, res-
pectivelys; and 40,056 and 40,026 for the total date of
Tables 3 and 4 respectively. It seems probable, there-
fore, that the small changes in the or frequency in each
case represent some slight and unknown change in environ-
mental conditions which has affected the entire population.

The data of the lloldex series of Tables 6 and 7
are not directly comparzble with each other because of the
difference in developmental temperature discussed above,
But when allowance is made for that difference, these data
indicate that the bristle frecuency differences between the
two matings are in the same direction as in the non-Iiioldex
series, There is the additional possibility that the dif-
ferences were accentuated by the lioldex; but more critical

data than these are necessary to establish this point.
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5. Summary and Conclusions.

(1) There is no evidence in the data from the 25 to 26°C.
éeries of these experiments that a pattern relationship ex-
ists between the bristles affected by sc, or that they tend
to vary together in frequency of presence.

(2) Larval density influences some of the bristle frequencies
of sc males under different constant environmentel and gene-
tic conditions, increasing the ps, as, and an frequencies

in sc¢ x Vv car matings, and decreasing the or frequencies
in both sc x v car and s¢c x sc matings.

(3) The presence of 0.7% or of 1% of lMoldex in the food in-
creases the frequencies of ps, as, and pv bristles in the sc
X Vv car mating and decreases the freguencies of or bristles
in both s¢ x v car and sc x sc matings.

(4) The differences in bristle frequencies in sc males from
sc x V car as compared to those in sc males from sc x sc
suggest that the sc and v car stocks differ genetically in
modifiers of sc-affected bristles.,

(5) The sc and v car stocks do not appear to have changed
significantly in genetic constitution during the course of
the experiments, so far as the bristle frequencies zre con-
cerned,

(6) The results of these studies on environmental and gene-
tic factors demonstrate the necessity of controlled conditions

in experimental work with sc bristle frequencies.
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D. The 40°C, Exveriments with sc lMzalese.

l. General plan of the experiments.

Two experiments have been carried out to test
the effects of brief exposures to 40°C. on the bristle fre-
guencies in sc males. The matings of these series were,
in the first experiment, sc females x Vv car males, and in
the second experiment, sc females Xx sc males. The gen-
eral control of conditions has already been discussed, and
sample control data have been presented from each of these
experiments (Tables 1 through 6). The only significant
difference in condition between control and experimental
lines was in the exposure to the high temperature at a
given period in development.

The exposures to 40°C. were made during six de-
velopmental periods: O to 10 hours, 20 to 30 hours, 48 to
58 hours, 72 to 82 hours, 96 to }06 hours, and 120 to 130
houfs after oviposition. The ten hours in each period is
the maximum sum of the egg-laying and exposure periods in
the experimental cultures in each case.

No attempts were made to determine anatomically
the exact morphological period represented in each of the
above time periods. It was noted, however, that the major-
ity of the larvae of these series, in not too crowded con-
trol cultures (under 200 larvae), pupated between 110 and
120 hours after oviposition. A number of investigators,
among them Dobzhansky and Duncan (1933) in this laboratory,

have reported a pupation time for D. melanogaster more or
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less similar to the above atftemperatures of 25 to 26°C.

On the basis of these investigations on morphological de-
velopmental periods, the above time periods of my experi-
ments may be designated approximately as: the embryonic
period; the first larval instar; the second instar; the
first half of the third instar; the second half of the

third instar; and the early pupal period. From the studies
of Robertson (1936) it appears that these periods cover
practically the entire developmental period of the bristles.

A graded series of exposures to 40°C. were made
during the above periods. The hour necessary to raise a
culture temperature from 25°C. to 40°C. will be referred to
as "a"s Including this hour, the series of exposures used
were: "a", 3, 1, 1}, 2, 2%, and 3 hours.

In the sc x v car experiment all of these ex-
posures were used in the larval developmental periods; but
in the embryonic and young pupal periods the half-hour ex-
posures were omitted,

In the sc x sc experiment, generazlly only the

1, 2, and 3 hour exposures were used,

2, The data from sc x v car.

Tables 8 through 13 present the bristle data of
sc males from the mating, sc females x Vv car males. The
experiments were done in the school year of 1934-1935. At
the head of each table is a statement of the mating, the
exposure temperature, and the developmental period, morpho-
logically and in hours from oviposition, during which the

€xposure was made. Included in the tables are: the length
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TABLE 8.

- 40%, - Embryo, 0 to 10 Hours Development

Group Size Obser, s as an ____pv oc or
Mg itsl] =2 42 1216 0.1 2.4 0.8 0.6 115 12,8
:Ool 2004 2005 2002 -009 :loo

Control 141 1388 0.3 246 0+2 0.4 Sed 7.1
20,1 20.4 20.1 2W.2 2. 207

Diffel‘ence -002 "'002 4006 "002 *709 "507
20.1 20:6 20.5 20.3 21.0 1.2
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TABLE

X v car - 40°C, - First Inster; 20 to 30 Hours -
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(Continued on rext page)
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Group Bize Obser, s 2.8
14 114 1440 043 2.0

) Wy § 2044

Control 112 5672 0.4 2ed
- 1 2.2

Difference -0.1 -0e3
20.1 0.5

2 127 1474 045 Ba
20.2 2045

Control 147 4398 0.7 28
20.1 20 B

Difference 0.2 *0.9
20.2 20.5
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201 0.8

Control 166 2214 0eS 0.6
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TABLE 10.

s¢ x 7V car - 40°C, - Second Instar; 48 to 58 Hours -

Group Size Obser., jeks} as an joh's oC or
oW 131 894 0% d 1.5 0.2 0.2 3.1 9.3
0.2 20.4 20.2 0.2 20.6 21.0

Controcl 158 1800 0.4 1.% 0.3 0.4 2.8 ST
20.1l 20,3 20.1 0.3 20,4 20 5

Difference -Ool "002 "Ool -0.2 "'003 "'4:.2
20.2 20,5 20.2 20.2 2% 0.7 21.1

+ 139 1474 0 1.4 Qs 1 0.1 Bed 8¢
20,3 20..1 201 20.6 20.7

Control 158 1800 0.4 1.7 0%:3 0.4 2:8 B 1.
0.1 20.5 20.1 20.1 0.4 0.5

Difference -0.4 -0 0.2 “0:3 *0. % 43,6
20.1 20.4 20.1 20.1 20.7 0.9

1 118 978 0.3 1.5 0 0 5.3 2.3
0.2 0.4 20 0.9

Control 158 1800 0.4 1.7 0.6 3 0.4 248 el
20.1 20,3 20.1 20.1 0.4 0.5

Difference =041 -0.2 =0e3 20,4 +2,5H ‘4,2
20.2 20.5 20,1 I0.1 20.8 21.0

(Continued on next page)
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(Cont.)

TABILE 10.

Size QObser., S as an vV ocC or

Group

Control 141

Difference

2352

142

150 56358

Control

Difference

1290

150

~ee

1838

Control 141

IAVIRAY,

+ T

Difference

1244 0

130

5638

Control 150

62'
0.

b PR
20.8

o
20,1

-O.l
0.2

o
20:4

Difference
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TABLE

- Third Instar; 72 to 82 Hours -

X VvV car

sC

oC or

PV

Obser. s

Size

Group

Q O

+i

o0~
e o
—~ —
—~i%y

~ —

‘i

Q0

“+1

([eNle]

® .

*1i

< O

+1
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L} a:ll

v Il
o o
o~ O
+!

~ -

+

av iy |
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Control 117

Difference

1116
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~Jor
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Control 117

Difference
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1834

Control 134

Difference

(continued on next page)
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a
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Difference
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Control
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IE 12

AT
AB

T AT

- Third Instar; 96 to 106 Lours -

X vV car - 40°C.

scC

ox
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S
o

&8

Qbser.
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e e
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(continued on next p
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TABLE 12 (cont.)
S

Obser.
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1800

oize
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Group

Control
Difference

]
v

Q47
s P
"'20 7
20.9

454D
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"O. 5

0.7

40,1
0.2
10,4
2.3
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10.3
40,1
20.52

+0.6
I10.6
'002

0.6

0

:Oo “
"'Oo

5634
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Control
Difference
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TABLE 13

X Vv car - 40°C. - Young Pupae, 120 to 130 liours -

scC

Size QObser, g 2.8 an v 0C or

Group

0.3

1388

Control 141

151 888

o all

Difference

0 O

+1

(O e

L 3 L]

+1

<t A2

ri

[& Y

i

) <f

i
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L] L]
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1616
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(* Sum of 1, 2, and 3, only.)
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of the exposure in hours ("group"), the mean culture size
in the series, the number of male half-fly observations,
and for each bristle the percentile frequency of bristles
present with the standard error of the frequency. For each
exposure group the appropriate control data are given, and
beneath them the difference between the experimental and

control frequencies with its standard error.

a. The embryonic period.

Table 8 contains the data which show the effects
of 40°C. on the bristle frequencies in sc males when the ex-
posure is made during the embryonic life of the fly. The
effect of the high temperature is extremely lethal during
this period. ZEven in the "a" exposure series the culture
size was small, and in the 3 hour series only an occasional
adult developed. The lethal efféct was probably at the time
of exposure, and upon the embryo., In the 3 hour series, in
cultures which developed no flies, no larvae were observed
and the eggs were clearly visible in the food for several
dayse

The data of the "a", 1, and 2 hour exposure groups
did not differ between themselves, and are therefore pre-
sented together. No contemporary controls of similar size
were available. The difference in size probably accounts
for the difference in the or frequency in the two groups of
data. The increase in the oc‘ﬁrequency, however, is cer-
tainly significant, and the increase in an frequency is

probably significant.
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b. The first instar.

The data showing the effects of 400C, during
the first instar of larvel life are those of Table 9.
The high temperature was lethal to some of the larvae,
expecially in the longer exposures. The data show that
the main effect of the temperature on the bristles was an
increase in the oc and or frequencies, especially the oc
frequency, at nearly all exposures. The longer exposures

éppear also to have decreased the frequency of the pv bris-

tle.

ce The second instar.

In Table 10 are the data from the series exposed
during the first half of the second instar. The high temper-
ature did not appear to be lethal during this period. The
data show that the temperature increased the frequencies of
the oc and or bristles and decreased the frequency of the

pv bristle.

de The first half of the third instar.

The data of Table 11 show the effects of high
temperature during the first half of the third instar. The
temperature effects were not noticeably lethal during this
period. They are evident, however, in increases in the an
and or frequencies. The last begins with the one hour ex-
Posure group and continues through the higher €XPOSUTres,
The changes in the ps and as frequencies, while nearly all

in one direction, are probably not significant.
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es The second half of the third instar.

The Table 12 data show the effects of 40°C. dur-
ing the last half of the third instar - the only period in
which viable temperatures, according to Child, influence
the bristle frecquencies. The 3 hour exposure during this
period was considerably more lethal than any of the shorter
exposures. The exposure was repeated twice on a smaller
scale with similar results. The data indicate a clear in-
crease in the oc frequency for most of the exposures. Its
return to the control level following the 3 hour exposure
was born out in the smaller later tests. The changes in
the other bristle frequencies are irregular, tut indicate

probable decreases in the pv and or frequenciese.

f. The early pupal period.

The data in Table 13 are from flies which were
exposed to 40°¢. during what was the early pupal period
for the majority of the individuals. There were a few lar-
vae present, too. The 3 hour exposure in this period was
more lethal than the shorter exposures. The significant
temperature effects appear to have been on the oc and or
bristles. The oc frequency is above the controls in each
of the four exposure groups. The or frequency was unaffect-
ed by the "a" exposure, but was below the control frequency

in the longer exposures, singly and combined.

g. Summary
Table 14 is a summary of the significant temper-

ature effects on bristle frequencies demonstrated in the data

of Tables 8 through 13. ZEach entry is the mean"coefficient
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TABLE 14
sc X V car - Summary of 40°C, Series -
_ngelopmental Period ps as an jen's oc or
0 to 10 hours 0 0 +3,0 0 42,32 0
20 to 30 hours 0 0 0 -0.55 40.64 +0,.44
48 to 50 hours 0 0 0 -0.74 41,36 +0.63
72 to 82 hours 0 0 43,0 =0.71 +0.89 =0.32
96 to 106 hours 0 0 0 -0.39 +0.89 -0.13
120 t6 130 hours 0 0 0 0 41,00 =0,27
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of change" in bristle frecuency in the experimental flies
when compared to their reapective controls. (See page 44),
The mean coefficient of change is the average of the sum
of the coefficients from the exposure groups of a given
period, beginning with the shortest exposure to show a
gignificant and including all the exposures longer than
that one. The use of the mean coefficient of change is
justified by the data of the above tables, which show that,
generally speaking, a temperature effecét upon a given bris-
tle, once it has been established, is not consistently in-
creased by longer exposures. An entry of O in this table
indicates that there was no significant frequency change

in that instance.

The data of Table 14 show the following general
effects of exposures to 400C. during the indicated develop-
mental periods. The ps and as frequencies were not affected
during any beriod of development. The an frequency increased
in embryonic and eérly third instar periods to approximately
four times the control frecuency. The pv frequency decreased
during the larval periods to one-half or one-quarter of the
control frecuency. The oc freguency increased in all the
periods to approximately twice the control frecguency. The
or frequency increased in the first and second instars to
approximately one and one-half times the control frequency;
and decreased to approximately three-quarters of the control

freqguency during the third instar and young larval periods.
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h. Discussion,

The data indicate clearly that the exposures to
20°C. have effécted changes in the bristle frequencies of
the sc males. We may now ask if the effect was on all or
only a part of the population in each case, and if the bris-
tles showed tendencies for covariance. The first of these
questions may be answered by examination of the left-right
correlation coefficients. These were calculated for esch
pair of bristles in each of the developmental periods. In
no case did any coefficient appear to be different from its
corresponding control. It seems probable, therefore, that
the temperature effect was on the whole population. The
question of covariance is normally answered by two~by-two
correlation coefficients. They were not calculated in this
experiment (see s¢c x sc experiment below). The data them-
selves, however, suggest that the bristles behave independent-
ly in this experiment, since, on the whole, the bristles do

not respond alike to temperature treatment.
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i. Conclusions.

We may ggﬁgw%he following general conclusions from
the above datas
(1) The TEP for sc at 40°C, extends throughout the develop-
mental period for certain of the bristles. It varies in
durztion and position for the several bristles.
(2) The effect of 40°C. is not the same on all bristles. It
increases the frecuencies of some of them, and decreases the
freguencies of others, Some bristles appear to be unaffected,
(3) The effect of 4090, may not te in the same direction for
a2 given bristle at different periods in development; but in-
stead it may increase the frequency at one period and decrease
it at enother.
(4) The effect of 40°C., once established, is generally mot

changed by increasing the length of the exposure.



«830=

3. The data from s¢ x sc.

The 40°C, experiment with the mating sc females
x sc males was done in the school year of 1936-1937 on the
game general plan as the sc X v car experiment already
discussed. The use of loldex began with the sécond series
in the second instar (see below) and was continued through
the third instar and young pupae series.

The data of the males are given in Tables 15
through 21, in a2 manner similar to that used in the data
tables of the sc x v car experiment. The number of obser-
vations in each exposure series was less than in the sc x
v car experiment, and fewer series were completed. It was.
observed that the tempersture effect was independent of the
length of the exposure period, once it had begun. Therefore,
in order to lower the standard deviations, the several ex-
posure series have vbeen grouped for comparison to their con-

trols.

2. The embryonic period.

able 15 contains the data from flies which were
exposed to 40°C., during their embryonic developmental stage.
More than one hour of 40°C. proved to be fatal to all but a
very few of the embryos. The data show that one hour was
sufficient to produce increases in the an and oc frequencies.
The apparent incre _ase in the or frequency is probably due
to the considerably smaller mean size of the experimental

cultures.



TABIE 15,

sc x sc - 40°C. - Bmbryo, O to 10 Hours Development =

Group Size Obser,. Ps as an oV ocC or
1 67 720 Dsl 1.0 2¢5 1.5 4,7 13.5
20.1 0.4 20.6 20.5 10.8 2le
control 110 1360 0.1 1.1 0.8 0.9 2.5 9.9
20.1 20.3 "I0.2 20.3 20,4 20.8
Difference 0 “0s L. *1.7 0.6 - *3:6
20.5 20:86 20,6 2£0.9 21.5

TABLE 16.

sc x sc - 40°C. - First Instar, 20 t06 30 Hours Development -

Group olze Qbser. 0S8 a8 an DV 0C oY
15283 137 1782 0 Qe 1B 1s0 8.0 2049
20:2 20,3 20,2 0.8 I1.0

Control 1ZH 1916 0 Oed 0.6 0«6 3.9 17.0
20, 1 20.2 20.2 0.4 20,9

Difference 0 30.5 30.9 :O.4 :4. :3.9
-002 "'O [.‘1: "OQZ) _O‘I7 -105

245 97 1430 0 0.4 LeD 0.8 4,7 23.4
20.2 29,3 20,2 0.8 21.1

Control 110 2096 0 Qe d 0:5 0.8 Zis L L8 e&
201 0.2 0.2 205 0.7

Difference 0 20,1 +1,0 0 42,6 +10.1
*0.2 *0.4 *0s7 *1.3
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8 Hours Development -
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~
o
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TABLE 18

ours Development -

T
L

- Third Instar, 72 t0 82

sc - 40°C,

X

SC

oize Qbsger, 08 as an pY 0C or

Group

11.9
0.6

5.74
045

L3

2700

163

155 7550

Control

3

Difference
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TABILE 19,
sc x sc - 40°C, - Third Instar, 96 to 106 Hours Development -
Group Size QObser, DS as an DV 0C or
233 1502 1126 O'e:d 2o 3¢9 1.2 9.7 6.0
20.2 20.4 20,6 200 20.9 207
Control 150 2932 0ed 1.6 15 Qe85 De6 5.9
204 0.2 20.8 20.1 0k 20.5
Diffexrence 0 +0.6 +2.4 +0.7 +4,1 +0,1
204 20+6 20:3 21.0 0.9

TABLE 20.
s¢c X sc - 4OOC. - Young Pupae, 120 to 130 liours Development -
Group Size Obser, 08 as an v oc or
13235 =502 1324 0 0.8 1.3 *0.6 4,5 Bel
20,3 20,3 20,2 20,6 20.6
Control 240 7282 -0,04 *0.6 40.9 *0.4 ‘5.0 *5.1
2002 0.1 -0,1 -0.1 =063 «0e3

20,02 20.3 20,3 208 20.7

TABLE 21,
sc x sc - 40°C, - Older Pupae, 144 to 154 Hours Development -
Group Size Obser, PSS a8 an Vv oC or
13233 2002 1518 0 0.7 0«5 0.6 6+5 T
20,2 20,2 20,2 20,6 20,7
Control 199 4380 0.09 065 L2 Qs 5¢b 6.1
20,06 20.1 20.2 0 20.3 20.4
Difference =0.09 0e8 =0 *0.3 41,0 t*1l.6
*0.08 20,2 20,3 2.2 o, 20.8
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b. The first instar.
Data from flies exposed during the first part of
the first instar are those in Table 16. The two sections
of the table regZpresent two series carried out several months
apart. The data indicate increases in the an, oc, and or

bristlese.

c. The second instar.

The data from flies exposed during the second in-
star are presented in Table 17. The "3" hour group was
raised on non-Moldex food; the "233" hour group was raised
on Moldex food several months later, and at a slightly high-
er control temperature. The lMoldex does not appear to have
influenced the effect of the éxposure to 40°C. on the bristle
frequencies. The data indicate an increase in the oc and a
decrease in the pv frequencies. When the data of the two
tables are summed, the increase in the or is large enough to

indicate probable significance (twice its standard error).

de The first half of the third instar,.

The data from flies exposéd to the high temper-
ature during the first half of their third larval instar
of development are those of Table 18. They indicate in-
creases in the frequencies of the an, oc, and or bristles.
The slight increase in the other frecuencies is probably

not significant.

e. The second half of the third instar.
Table 19 contains the data from flies exposed to

the high tempersture during the second half of the third
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instar. Many of the individuals died in the pupal stage.
The culture size was estimcted on the basis of a few rough
counts of dead pupae, along with the fly counts. The data

indicate increases in the an and oc bristle frequenciese.

f. The early pupal period.

Because of the crowded conditions of cultures
used in series testing the effect of temperature during
the pupal stage, there was a considerczble variation in the
time of pupation. Some stragglers had failed to pupate even
after 144 hours at 25°C. In addition, the mortality was
very high among the pupae, many of which progressed to the
imago stage but lacked the strength to emerge. Those that
did emerge in the older pupeae series were phenotypically
abnormal to the extreme, and had very few hairs and bris-
tles. They were classed for bristles by the presence or
absence of the trichopore, out of which the bristle norm-
ally grows. Many pupae were on the sides of the culture;
others were on the gpaper in the food. Between these two
positions there was a difference of at least 1°C. Tor all
of these reasons, the data from the pupae series which are
given in Tables 20 and 21 are not as satisfactory as the
larvel data. They.do not, however, indicate any strong ef-

fect of the temperzture treatment on the bristles.

g. Summary.
The data of Tables 15 through 21 are summarized
in Table 22, where each entry is the coefficient of change

in bristle frequency. Table 22 indicates the following

g€eneral facts aboutlthe Tresponse of the several bristles to
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TABIE 22,
sc X sc = Summary of 40°C. Series -
Developmental Period 0s as an oV oc or
0 to 10 hours 0 0 42,1 0 40,88 0
20 to 30 hours 0 0 2145 0 +1.15 =0.50
48 to 58 hours 0 0 0 -0.67 40,73 40,18
72 to 82 hours 0 0 +3.8 0 +1.08 +40.59
96 to 106 hours 0 0 +1,6 0 20,73 0
120 to 130 hours 0 0 0] 0 0 0
144 to 154 hours 0 0 0 0 0 0
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the temperature treatment. ‘The ps and as bristles were un-
affected throughout development. The an frequency increased
in all periods of egg-larval life excepting the second instar,
The pv frequency decreased in the second instar but was unaf-
fected during the other periods. The oc bristles increased
in the first and second instars, and in the first half of the
third instar. None of the bristles appear to have been af-

fected during the pupal periods.

h, Discussion

To determine whether the temperature effects on
sc ma_les from sc X sc are on part or 2 1l of the popu-
lation, the leftright correlation coefficients were calcu-
lated for each pair of bristles in each developmental period.
In the embryo and first instar series, there was no indica-
tion of correlation in any of the bristle pairs. But in the
older larvae, an increase in bristle freguency was accompan-
ied by a2 small but probably significant increase in left-
right correlation. In the control flies these correlations
ranged from 40,02 to +0.,08 with t values of 2 or more for
only the larger coefficients. In the treated flies the coef-
ficients ranged from +0.10 to040.20 with t values of 3 to 5,
This indicates that in these older series some of the larvae
were probably unaffected by the exposure to high tempera-
ture. It is cuite probable that these larvae were able to
escape the extreme temperature by crawling ipto the gpaper
in the middle of the food. The temperature was known to be

& degree lower there than in the food, due probably to &

higher evaporation of moisture from the paper.
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To determine the possibility of covariance among
the affected bristles in sc males from sc x sc, the two-
by-two correlation coefficients were calculated for each of
the possible combinations of the six bristles considered.
These coéfficients proved to be practically identical in
experdmental and control series, and in no cases were they
large enough to suggest a tendency for covariance among any

of the bristles.

i, Comparison with sc x Vv car.

The summarized data of sc x sc in Table 22
(page 86) are comparable to the summarized data of sc x
v car in Table 14 (page 76). It is apparent at once that
the outstanding facts of similarity in the temperature ef-
fects on the two matings are the absence of appreciable ef-
fects upon the ps and as bristles and the increase in oc
frequency through practically all of development. The dif-
ferences between the an and pv fecuency ckhanges are largely
matters of duration of the sensitive period (TEP). The an
bristle displays a considerably wider seunsitive period in
the sc x sc mating, while the pv bristle has a broader
sensitive period in the sc x v car mating. The differ-
ence in the or freguency changes in the two matings involves
both a difference in duration of the TEP and a difference
in direction of bristle frequency change. In sc x sc,
the change in frecuency is an increase through a shorter por-
tion of develooment. In sc¢ x Vv car, the change is first
an increase, then a decrease in frequency, over a consider-

abley longer period.
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| je Conclusions.

We may g%%% the following general conclusions
from the above considerations:
(1) The data of sc x sc support those of sc x v car in
establishing a TEP for sc which extends for some bristles
probably throughout the developmental period of the bris-
tles, and differs in one way or another from bristle to
bristle.
(2) They indicate, in addition, that the duration of the

TEP and the nature of the effect produced vary between se-

lected stockse.
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4, Summary and conclusions from the 40°C., experiments.
(1) Data are presented which show the effects of a graeded
geries of exposures to 40°C. during six developmental per-
jods, covering practically the entire bristle development
period, on the frequencies of certain of the bristles in
sc males from the matings sc females x v car males and
gc females X sc males. .
(2) The ps and as bristles are unaffected in both matings.
(3) The an freqguency increases to from 2 to 4 times the
size of the control frecuency, in bvoth matings, through a
part of the developmental period. The TEP is considerably
greater in sc X sc than in sc x Vv car,.
(4) The frequency of the pv bristles deecreases in both
matings to from one-quarter to three-quarters the siie
of the control frecuency, through a part of the develop-
mental period. The TEP is much broader in sc X Vv car
than in sc x sc,
(5) The oc bristles increase in frequency to approximately
twice the size of the control frecuency in both matings,
through all of egg-larval development and into pupal devel-
opment in the sc¢ x Vv car mating.
(6) The or frequency increases in sc x Vv car in the first
and second instars to approximastely 1% times the size of the
control frecuency, and decreases to approximately three-
quarters of the size of the control frequency in the fthird
instar and early pupal periods. In sc x .sc the or fre-
quency increases in the first, second, and early third in-
Star periods to approximately 1+ times the size of the con-

trol freguency and is unaffected in other developmental periods.
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(7) The TEP of sc males for nearly lethal exposures to
40°C. extends throughout the bristle developmentzl per-
jod for one or more bristles.
(8) The duration of the TEP, and the extent and direction
of'the change in bristle frequency varies more or less from
bristle to bristle, from stock to stock, and from one de-
velopmental period to another,
(9) A change in bristle frequency effected by a given expos-
ure to 40°C, within a given devlopmental period is gener-
ally not increased by increasing the length of the exposure
period.
(10) A lack of correlation between any two of the bristles
in the sc x sc experiment indicatés that the 40°C. treat-

ment affects the bristles independently of each other.
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E. The 369C, Experiments with sc Males.

l. Plan of experiments.

During the spring and fall seheeiteems of 1937,
two experiments with 36°C, were carried out, similar in plan
and method to the above 40°C. experiments, but less exten-
sive in the number of tests made. Rough experiments in the
early months of 1935 had indicated that nearly lethal ex-
posures to 36°C., produced very different effects on the bris-
tle. frequencies than did nearly lethal exposures to 400C,

The main difference in method in the two temper-
ature experiments was the use of much longer exposure per-
iods in the 36°C. experiment, and hence the testing of much
broader developmental periods. The entire first instar con-
stituted one test period; the entire second instar constituted
another; the third instar was divided into two test periods;
and the early pupal period constittuted a fifth period. 1In
addition, the embryonic period was tested in the sc x sc

experiment.

2. The data from sc x Vv car.
The 36°C. sc x v car experiment was done in May,
1937, 1t was necessary to carry out the experiment at a con-
trol temperature between 25.5 and 26°C, The 26°C. control
data are those of Table 7 previously discussed. The data
from the sc males of the experimentel lines are presented in
Tables 23 through 27. These tables aze set up in a manner

simidar to that used in presenting the 40°C. data.



TABLE 23,

sc X <V car - 36°C, - First Instar, 24 to 53 Hours Development

_g;oup Size Qbser. ps -as an DV oC or
16322 171 1400 2.4 14.0 1.9 A 9.9 6.8
20.4 20,9 20.4 20,3 20.8 20.7
Control 186 1316 0.8 4,5 1,6 260 10.6 S D
20.8 2We5 20:3 2.4 0.8 0.5
DiffErenCe "106 9.7 003 "’009 -007 45.5
20.4 e O 20.5 20.5 21.2 20,9
TABLE 24,

sc x Vv car - 36°9C, - Second Instar, 44 to 82 Hours Development
Group Size Obser. VS as an DV ocC or
24 211 1618 1.7 8.2 lel 0.4 12,9 4,0
20 g M 20463 202 20.8 20.5
Control 242 1848 ls 1 Prer 4 Le'? LleD 6D 1.8
B0 = W 205 20,3 0B 203
Difference ‘006 "208 -006 "l.l "6.4: “2.2
20 20,9 20.4 20.4 21.0 0.6
30 204 1280 1s D %0.5 41.9 ‘0.6 §2.5 ‘6.2
20.3 -0.9 ~0.4 ~0e2 =l.2 =0e7
Control 196 1316 0.8 4,3 1.6 2.0 10.6 5D
10.2 205 203 0.4 20.9 20«5
Difference +0,7 46,2 +0,3 -1l.,4 +11.9 +2.9
0.4 21,0 20.5 20.4 1.5 20.9




X v car - 36°C, - Third Instar, 68 to 105 Hours Development -

sC

oC or

PV

Size Obser, s as an

Group

1522

228

O N

< )

ri

O
° o
0 O

* N

0.9
20.2

S254

Control 237

Difference

1326

204

30

1316

Control 196

Difference
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TADLE 26,

s¢ X V car - 36°C. - Third Instar, 90 to 128 Hours Development -

Group __Size Obsers, s as an jox's o¢ or
—
24 an7 1708 1244 NESN = DD 0D DB Ze 8B
20:8 2049 20:4 20.2 20.6 20.4
Control 278 1918 *l.O 46.6 3«0 1,4 10.6 2o
20,2 20.8 0.4 20,3 0.9 0.3
Difference +]11,4 + 8,9 4045 “ D 9 =3l 40,5
20,8 S1l.1  20.6 S04 0.9 %o.8
30 257 T84 §0.4 %z.B 42.4 ,O.é %4.9 8ed
=1.56 1.8 <05 <02 1,8 I1.0
Control 257 3234 0.9 5.6 2.4 1.6 0.6 2.7
IO.CV “004 "005 "'Ooa -Oob —0.5
Differemnce 118+3 21%7.2 =02 143 4.3 45,6
2 05 21.7 2006 :OQS 3104 *l |
TABLE 27.

sc x v car - 36°C., - Young Pupse, 11€ to 148 Hours Development -

Group Size Qbser. S as an jos oC or
25 2372 832 2.0 Lo 1.8 0 Cel 6.6
20D 20,7 20,5 20,8 20.9

Control <237 5284 0.9 5.6 24 1.6 10.6 267
0«2 0.4 20.5 0.2 0.5 205

Difference 2Ll ~0.9 ~0.6 =146 “4.,4 43,9
10, 20.8 20.6 0.2 20,9 1.3




ae The first instar,

Table 23 contains the data from flies exposed
to 36°C. during the first instar. An earlier series with
a 24 hour exposure to 36.5°C, failed to hatch many fliesy
tut 16 and 22 hours of 5600. were not markedly lethal. There
were no differences in the bristle frequencies of the two
series, and the data are presented here together. It can
ve seen that there was a substantial incresse in ps, as,

and or bristles, and a decrease in the pv bristles.

e The second instaz.

The data of Table 24 are from flies exposed dur-
ing the second instar. The exposure to 36°0, appears to
have reduced the pv frequency. The difference between the
24 snd 30 hour exposures is possibly reflected in a some-
what larger increase in the ps and as frequencies in the 30

nour groubpe.

ce The first half of the third instar.

The date of Table 25 are from flies exposed to
36°C, during the first helf of the third inster. The ps
and as frecuencies are very much larger in the experimentel
series, and considerably more so in the 30 hour exposure
than in the 24 hour group. The pv frecuency is smaller in

the experimental series. The or frequency is larger.

d. The second half of the third instar.
The date of Teble 26 are from flies heated during

the last half of the third inster and in early pupal life.
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Many larvae had pupated at the time exposure was begun.

None appeared to pupate during the exposure period; but
nearly all the larvae pupated within a few hours after re-
moval from the high temperature. Only a few flies failed

to emerge from the pupae cases in the 24 hour group; but

a majority failed to emerge in the 30 hour group. The data
are not unlike those of the first half of the instar in

Table 25, excepting a curious behavior of the oc freguency.
In the 24 hour exposure group, the oc frequency is below the
control freguency by more than three times the standard error
of difference. In the 30 hour groups, it is above the con-
trol frequency by approximately the same amount. A deviation
as great as either of these between two means would be ex-
pected to occur by chance alonegin the order of once in 300
trials. It is probable, therefore, that this is a true temp-

erature effectg, and not a random variation.

e. The early pupal period.

The dzata of Table 27 sre from flies exposed to
36°C. during the early pupal period. Only a few individ-
uals were still lszrvae at the time of exposure. lMost of
the flies failed to emerge from the pupae cases. As in
earlier pupae series, those which did emerge were merkedly
abnormal phenotypically. Bristle classification in many
cases was by means of the trichopore. The data indicate
an increase in the or freguency and a decrease in the oc
and pv égquencies. The small ps frequency increase was
Probably due to an effect on the few larvae present (disg=-

cussed below),
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f. Summary.

The data of Tables 23 through 27 are summarized
in Teble 28. As in previous summaries, each entry is the
coefficient ofééhange in bristle frequency. The data of
this table show the following general observational facts.
The ps frequency increased throughout larval development,
and very markedly in the third instar. The effect of 30
hours was greater than the effect of 24 hours in at least
the two third instar periods. The as frequency likewise
increased throughout larval development, and probably some-
what more in the third instar than in the first two instars.
The effect of 30 hours was considerabley greater than the
effect of 24 hours. The an bristle was unaffected in all
developmental periods. The pv freqﬁency was reduced to
from one-half to one-quarter the size of the control fre-
quency in every developmentzl period. The oc frequency in-
creased in the second instar to twice the size of the con-
trol frequency. In:the late third instear period it was re-
duced by the 24 hour exposure and increased by the 30 hour
exposure, neither change beéing large, but each being statis-
tically significant. In the early pupal period the oc fre-
quency was reduced to six-tenths of the control frequency.
The or frequency increased in all developmental periods,
generally to about twice the size of the control frequency.
There does not appear to have been any significant differ-
ence between the effects of 24 hours and the effects of 30
hours upon the freguencies of the pv and or bristles, and

upon the frequency of the oc bristles in the second instar,



sc x VvV car - Summary of 36°C. Series -

=90 =

TABLE

28

Period Lxposure ps as an pv oc or
24 to 53 LEjR2 *2.0 +2.3 0 -0.45 0 Lol

24 "'005 "005 O _0073 41.0 "102
48 to 82

30 +0,9 +l.4 0 Qs V0 #*1;1 +0+9

54 47.1 41.3 0 —0069 0 ‘104:
68 to 105

30 419.5 4,2 0 -0.65 0 +0.46

24 +11.4 +l.4 0 =0.64 =0.29 *0.22
90 to 128

30 +21.4 i o 0 =0.81 *0.41 *+2,1
116 to 148 25 0 0 0 -1.0 =0.40 *1.4
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g. Discussion.

To determine if the temperzsture effect was on
part or all of the population in a culture, leftright cor-
relation coefficients have been calculated and are presented
in Table 29. Included under each coefficient is its t value.

It can be seen that in the control series of this
experiment there was a small positive correlation in all but
the oc bristles. In earlier series with this mating the an
correlation was generally less than here, and the oc fre-
guency was generally‘positive, between 0.02 and 0,08,

| In the first instar series the coefficients do not

appear to have changed significantly from the controls. Be-
ginning with the second instzr there appears to have been an
increase in several of the coefficients. This is especially
notable in the ps and as coefficients in the two third in-
star periods, which was also the time of greatest increase
in the ps frequency. It seems probable that the temperature
effect was not the same on the whole population in these
older larvze, and that in the cases of the ps and as bris-
tles more larvae were affected in the 30 hour exposures than
in the 24 hour exposures. The possibility must also be reé-
ognized, however, that the difference between the two ex-
posures may have resulted from the extra six hours of exposure
upon the same larvae, in the 30 hour group. These data are
not critical for this interpretation.

The relatively very large increase in ps fre-
guency in the third instar, with accompanying large left-

right correlation coefficients, suggests for this bristle
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TABIE 29.

TLeft-right Correlation Coefficients in 56°C, s¢ x v car -

_gﬁriod Exposure S as an DV 0cC or
- COY]tl"Ol - 40. 06 "O. 15 .‘OQ lo .‘0004 ‘Oeol ‘Oo 04
2 oD 5¢d 240 Qe D 1.7
24 to B3 16322 *0.04 *0,05 -0.02 0 40,02 *0.09
0.9 Led G Gab Lol
24 *0e06 *0,.17 0 0 +0.08 *0,06
Je D 4,9 2.4 JeB
44 to 82
30 0 *0. 22 0 0 *0.11 0,12
BeH 2e7 3:0
24 *0,30 *0.,23 +*0.09 0 *0.,14 +0.19
T¢8 6.0 2.4 346 4,8
68 to 100
30 40,29 40,27 +0.11 0 +0,06 +0,11
7.5 7.0 2e¢9 L 7 2e9
24 *0+53 *0.52 *0.14 0 *0+09 *0.,13
1540 9.2 4,2 245 TR
90 to 128
30 +5,03 40,19 0 0 40,11 +0.16
10,0 Ge 0 360
116 to 148 25 40,46 +0,11 +0,.12 0 ‘0.14 40,20

9.4 Zed Zed %28 4.1
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an especially sensitive period which is more or less sim-
ilar in position in development to Child's TEP at wviable
temperatures. These data are not suitable for establish-
ing this as a fact.

In the case of the relatively large left-right
correlation coefficient of the ps bristles in the 116 to
148 hour period, there was only a small increase in ps
frequency. This shows that the temperature effect was
probably limited to a very few individuals. Since there
were a few larvae present at the beginning of the exposure
period, it is probable that they, rather than some of the
many pupae, were affected. Accordingly, this increase has
not been interpreted as indicating a sensitive period in the
‘pupal stage.

Correlation coefficients were also calculated for
the two-b¥-two comparisons of the six bristles in this ex-
periment. There was no consistent correlation between any
of the bristles in any of the developmental periods. This
indicates a probable independence of the response of each of
the several bristles to the temperature treatment.

h., Comparison with 40°C, sc x v car.

The summarized 36°C. sc x v car data of Table
28 may be compared wiéh the similarly summarized 40°C. sc
X v car data of Table 14 (page 76). The most notable dif-
ference is in the effect upon the ps and as bristles. The
40°C, treatment did not affect these bristles; the 36°C,
treatment increased their frequencies more than any of the

others. The an bristles increased in frequency in two per-

iods in the 400°C, experiment, but were unaffected in the 36°C.
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experiment. The pv frequency was affected over &z some-
what broader period in the 36°C. experiment. The oc fre-
quency was affected over a much broader period in the 4090,
experiment. The or frequency, which increased in every per-
iod in the 36°C. experiment, showed a change in direction
of response in the 40°C. experiment, where it increased in
the first two instars and dedéreased in the third instar and
early pupal period. Thus, every bristle responded more or
less differently to the two temperatures. That this is due
in the main to the difference in temperature treatment and
not to the Ioldex food of the 36°C. experiment is evidenced
by the fact that the preliminary 35 to 36°C. experiment pre-
vious to the use of lioldex showed essentially the same phen-

omena, especially in regard to the ps and as bristles.

3« The deta from sc x sc.

In February, October, and November of 1937 a 36°C.
experiment was carried out with the mating sc females Xx sc
males, using practically the same methods as in the 36°C. sc
X <V car experiment. The pure sc individuals could not with-
stand as long an exposure to the high temperature as could
the hybrids. Accordingly, in this experiment the exposures
were, for the most part, 12 to 24 hours in lenghf.

In the February part of the experiment, tests were
made on the embryonic and early larval developmental periods.
Flies were allowed to oviposit for 6 to 8 hours in a culture,
and after their removal, the culture was immediately expose d
to 36°C. The embryos proved incapable of withstanding 6 hours

of this temperature. Twenty such cultures gave practically
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no adults; nor were larvae visible in the cultures which
did not hatch flies. Another series of cultures in the
time period of 15 to 34 hours of development did not ap-
pear to be adversely affected by 6 or 12 hours of 36°C.,
but could not take 24 hours. While many of the younger
individuals in these cultures were undoubtedly still in
the eggs during at least part of the exposure period, most
of them had probably completed embryonic differentiation,
according to the data of Poulson (1935). This period is
therefore considered practically as a test of young larvae
rather than of embryos,

The rest of the data of this experiment is from
the series run in October and November of 1937,

The data are presented in Tables 30 through 35.

a. The first instar.

The date of the early first instar are given in
Table 30. Because there was no difference in bristle fre-
guencies in the 6 and 12 hour exposures thé two series have
been summed in this table. Th& data show a small increase
in the freguencies of the an, oc, and or tristles.

The data from larvae further along in the first
instar,are given in Table 31l. There were apparent differ-
ences in the 12 and 24 hour exposure groups. Together they

show increases in the as, an, oc, and or frequencies.

be The second instar.
The data from the second instar series are those
of Table 32, in which again the 12 and 24 hour groups are pre-

Sented together because of lack of difference between them,
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TABLE 30.

sc x sc - 36°C. - First Instar, 15

to 34 Iliours Development -

_Group Size Obser. jofs] as an Jo0's ocC or
6312 153 2388 0.04 Oe'? 1e5 0.8 6.9 16,7
20.02 20,2 2040 20,2 2065 20,8
Control 149 2216 0.09 0.4 0.6 0.7 B 13.2
20,06 20.1 20,1 20.2 20,5 20,7
Difference =D+ 085 2043 +0.9 o €90 ) | 43¢5
20.06 20,2 20,9 20,2 '20,7 21.1

TABLE 31.
sc x sc - 36°C, - First Instar, 24 to 57 Hours Development =
Group Size QObser, jois] as an PV ocC or
12324 117 1298 Q1 l.2 Lo 7 0.4 5,0 17.0
201 20,8 204 20.2 <20.8 21.0
Control 162 1812 0.1 Q2 0.6 0.6 i1 8¢ 3
201 20.1 20.2 20,2 20.4 20,6
Difference 0 4160 41,1 0.2 +1,9 +8,7
205 20.4 20,3 20.7 21.2

TABLE 32.
sc x sc - 369C, - Second Instar, 48 to 80 Hours Development -
Group Shze Obser, ps as an v oc or
12324 117 1424 0 ‘0.55 1:5 0.2 4,4 7.9
0.19 20.3 2g.I 3288 15,9
Control 146 1434 0 0,07 07 D04 262 8.9
20,09 2W,2 20,8 20,4 20.8
Difference Y028 *0,8 =042 2.2 *Ls0
$#0.17 20.4 20.2 20.6 21l.1




TABLE 33 A,

sc x sc - 369 . - Third Instar, 72 to 92 Hours Development -
Group Size Obser. ps as an o ocC or
12 214 1220 ‘1.2 ‘5.8 ‘0.5 ‘0.5 48.3 *6.6
"003 -007 "002 —002 "'Oo8 -007

Control 186 1538 40.1 ‘0.6 *1.8 *0.5 *6.5 }2.6
0.1 -0s2 «»0sd 0.2 ~0e6 -0.9

Difference *1:1 *Be 2 =1Lsd 0 *1:8 =B O
20D 20.7 20.4 1.0 21.2

TABLE 33 B.

sc x sc - 36°C., - Third Instar, 7< to 104 Hours Development -

Group Size Obser, 08 asg an DV (o1¢] or
24 191 11€4 7.8 16.8 Q6 Qed 4,9 55
0.8 21.1 20.2 e B 20.6 20.7

Control 186 1538 Bl 0.6 1.8 0ie 65 12.6
20.1  20.2  20.3  20.2 20.6 20.9

Difference 17.7 +}6.2 ;1.2 ;O.l =146 :7.1
-0.8 oo s 4 -0.4 DD =09 iy
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T}SJ‘J\LE \7)4:.
sc x 8c - 36°C. - Third Instar, 96 to 116 Hours Development -
Group Size Obser. foks) as an jok's ocC or
12 2002 902 0e2 4,0 4,0 0.1 Bio: 7 4,9
0.1 20,7 20,7 0.1 20.6 0.7
Control 1956 3430 Bl 0.3 057 0.5 249 8.1
20,08 2.1 o s G | 0.1 203 20.5
Difference +0,1 4547 43,7 =04 40,8 342
0.1 0.7 20,7 0.1 oy WL 20.9

TADLE 35,

sc x sc - 36°. - Young Pupae, 120 to 152 Houzs Development -

Group oize Obser., DS as an PV ocC or
12 2002 676 0.l Qe3 0.9 i3 B0d €.1
20el e 0.4 5.8 0.8 Zoue

Control 195 3430 0+l 0o 07 0.5 2e¢9 Bl
.08 20,1 2.1 s T & 2043 20.5

Difference O O "002 -002 '.004 —(.O
20.4 20,2 2047 21,1
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The high temperature increased thne frequencies of as, an,
and oc bristles. The changes in the as and an frecuencies

are on the porder line of statistical significance.

ce The first half of the third instar.

The data from the first half of the third instar
are given in Tables 33 A and 33 B. There was a marked dif-
ference in the temperature effect on the ps and as frequencies
in the 12 and 24 hour exposures. These have therefore been
given separately. The data show decreases also in the fre-
quencies of the pv and or bristles, without any apparent dif-
ference between the two exposures. The 24 hour exposure pro-
duced much greater increases in the ps and as frequencies
than did the 12 hour exposure. The 12 hours difference in
time, it will be noted, was entirely at the upper time lim-
it; i.e., the larvae were exposed 12 hours late® in the third

instar in the 24 hour exposure.

de The second half of the third instar.

The data from the later third instar series are
given in Table 34, The 24 hour exposure was almost entirely
lethal, and the 12 hour exposure was lethal to many ihdivid-
uals. As in the earlier experiments, death appeared to come
in the pupal stage. Some larvae had pupated at the time of

the exposure; but most of them had note The majority of the
larvae appeared to pupaté within a very few hours after re-
moval from the high temperature. The data of the table in-
dicate increases in the as and an frequencies, and decreases

in the pv and or frecuencies.
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e. The early pupal period.

The data from the early pupal period are those
of Table 35. The 24 hour exposure was highly lethal, and
the 12 hour exposure was about 50% lethal. The flies that
emerged were generally extremely abnormal phenotypically,
as in previous pupal series. The data of the table indi-

cate no significant bristle frecuency changes.

f. Summary.

The data of Tables 30 through 35 are summarized
in Table 36, As in pre%ious summaries, each entry is the
coefficient of change in bristle frecquency. The following
summary of effects can be made from this table. The ps fre-
quency was affected only in the first of the third instar
series, where it increased markedly, especially following
the 24 hour exposure. The as frequency increased through
2ll tut the early part of larval life, and shoWwed a much
larger increase following the 24 hour exposure during the
third instar. The an frequency increased in the first two
instar periods; decreased in the first of the third instar
series, and increased again in the late third instar. The
pv frequency decreased in the late third instar. The oc
freguency increased in the first two instars. And the or
frequency increased in the first instar, and decreased in
the third instar. None of the frequencies changed signif-

icantly in the early pupal period.

g. Discussion
As in the previous experiments, left-right cor-

relation coefficients were calculated to determine whether
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TABLE 36,

s¢C X sc = Summary of %6°C. Series

Period Exposure jofs as an PV oC or
15 to 34 © 6312 0 0 +1.5 0 +0,3 40,3
24 to b7 12324 0 +5,0 +1,8 0 40,6 +1,0
48 to 80 12324 0 44,0 +1,1 0 11,0 0
72 to 92 12 411 28,7 -0,72 0 0 -0.48
72 to 104 24 77 427,0 0,67 0. 0 -0.56
96 to 116 12 0 +12.0 45,3 -0.8 0 -0,40

120 to 140 12 0 0 0 0 0 0
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the temperature effect was on all or only a part of the
population in each period. There appeared to be differ-
ences between the control and experimental coefficients
only in the ps and as bristles in the third instar series.
In the case of the ps bristles, the only apparent left-
right correlation was in the 24 hour exposure of the 72

to 104 hour period. The coefficient was +0.35 with a t
value of 8. The correlation coefficient was approximately
0 in the control sefies. In the case of the as bristles,
the control coefficient was 40.12 with a t value of 3.4.
In the 12 to 24 hour exposure groups of the 72 to 104 hour
period, and in the 12 hour exposure of the 96 to 116 hour

period, the coefficients were 40.39, +0.40, and +0.54, re-

spectively. The t values for these coefficients ranged from
9 to 11. TFrom thés it appears that although the temperature
effect waSAmore or less on the whole populationvwith re-
.spect to pv and or bristles in these third instar series,

it was on only a part of the population with respect to the
ps and as bristles.

The marked differences between the lzknd 24 hour
exposures in the 72 to 104 hour period with reapect to their
effects on the ps and as bristles is probably due to more
larvae having been affected during the 24 hour exposure. As
in the s¢ x Vv car experiment, the magnitude of the increase
in these bristles in this period and in the as bristle in
the following period suggest that there probably exists, well
in the third instar, an especially sensitive period for these

bristles, which may correspond to Child's TEP for all the
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bristles at lower temperatures.

Two-by-two correlation coefficients were not
calculated for the bristles in this experiment; but there
is no reason to suppose that any more correlation existed

. 0
here than in the 36°C. s¢ x v car experiment.

h, Comparison with 36°C, sc x v car.

A comparison may be made between the summarized
data in Table 36 with the similarly summarizéd 369C. data
from sc x Vv car in Table 28 (page 99). The data differ
to some extent for each of the six bristles and indicate
the presence of effective modifiers of sc-affected bristles
in the two stocks. The data are zlike in indicating an
especially sensitive period for as bristles, and to a les-

ser degree for as bristles, in the third instar.

i, Comparison with 40°C. sc¢ x sc.

A comparison may be made between the summarized
data of Table 36 and the similarly summarized 40°C, sc x
sc data in Table 22 ( page 86). The most notable differ-
ence between the two sets of data is in the response of the
ps and as bristles, which was also the case in the compar-
ison of the two similar sc X vV car experiments. There
appear also to be differences between the other bristles
in these two sc x s8c experiments.

Curiously enough, the response of the or fre-
quency to 369C. in the sc x sc mating resembles more its
response to 40° in the sc x v car mating than it does

its response to 40°C. in the sc x sc mating. In both
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the 36°C. sc x sc and the 40°C. sc X Vv car experiments
there is a reversal in the direction of or bristle fre-
quency change beginning in the third instar.

Since much of the 40°C., sc x sc experiment was
done on lMoldex food similar to that used in the 36°C, ex-
?eriment, it seems probavle that the differences between
the two experiments reflect differences in bristled #esponse

to the two temperature treatments.
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4, Summary and conclusions from the 36°C., experiments.
(1) Data are presented from sc males from the mating sc x
v car and sc¢ x sc which show the effects of nearly lethal
exposures to 36°C, on the freguencies of six of the sc-
affected bristles. ‘

(2) Bach of the bristles differs in some respect in its
response to 36°C. in the sc x v car mating as compared

to its response to 36°C. in the sc x sc mating.

(3) The ps frequency increases throughout larval life in

s¢ X vV car, and especially in the third instar. In sc

X sc it increases only during the third instar.

(4)_The as freguency increases practically throughout lar-
val life in both matings, but relatively more in sc Xx sc.
The increase is especially marked in the third instar in

8C X 8SC.

(5) The an freguency is unaffected in s¢c x v car. It
increases in the first, second, and late third instars, and
decrezses in the first half of the third instar, in sc x
SCe

(6) The pv freouency decreases throughout larval and early
pupal development in sc x Vv car. It decreases in the late
third instar in sc¢ x sc.

(7) The oc frequency increases in the second instar, de-
creases following 24 hours exposure and increases following
30 hours exposure in the late third instar, and decreases
in the early pupal period in sc x Vv car. It increases in
the first two instars in sc x sc.

(8) The or frequency increases throughout larf¥al and early

Pupal development in sc x Vv car. It increases in the first
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instar and decreases in the third instar in sc x sc.

(9) The effect of 30 hours exposure is greater than that

of 24 hours on the ps and as freguencies in the third

instar of sc¢ x v car., The efiect of 24 hours is greater
than the effect of 12 hours on the ps and as freauencies

in the third instar in sc x sc. These differences do

not extend in general to the other affected bristles.

(10) The greater effect of exposures during the third in-
star upon the ps frequency in both matings, and upon the

as frequency in sc x sc, suggests-a period of higher sen-
sitivity to the temperature treatment, possibly related to
Child's TEP for all the bristles at lower temperatures.

(11) The lack of correlation between any two of the bris-
tles in the sc x Vv car experiment indicates that the 360C.
treatment affected the several bristles independently of each
other,

(12) The data confirm those from the 40°C. experiments in
establishing a TEP for sc which extends for one bristle or
another practically throughout the developmental period, as
it relates to bristles,

(13) In one or both matings, each of the several frequencies
responds differently to 36°C, than it does to 40°C., the dif-
ference being most pronbunced in the ps, as, and oc bristles.
(14) The nature of the change in bristle frequency in sc
males following a nearly lethal exposure to high temperature
depends upon (a) the temperature treatment, (b) the bristle
modifiers present in the sc stock, (c) the bristie frequency

under consideration, and (d) the developmental period during

whick the treatment takes place.
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¥, Other Temperature Experiments with sc Males.

1. Effedts of 40 and 36°C. on ¥, males from treated parents.

Bristle frequencies were determined in Fl males
from treated sc flies of the 40 and 36°C. experiments dis-
cussed above. The parent flies were from the longest one
or two of the exposures in each developmental period tested
in these high temperature experiments. Each developmental
period was represented by from 2000 to 5000 observations.
In no case did the bristle frequencies of these F; sc males
deviate significantly and consistently from the respective
fred@ﬁ@cies of their cousin control F; raised under similar
conditions of food, la#val density, and temperature.

At the time of exposure to the high temperature,
these ¥ individuals were probably primordial or developing
germ cells in the gonads of the larvae or pupae which were
being exposed to the high temperature. TFroy the results it
seems certain that the high temperature treatment which is
able in some way to effect a change in adult bristle fre-
quencies of sc larvae is not able to effect such a change

during the germ cell stage.
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2o Experiments with lower temperatures.
During the winter and spring school terms of
1936 I attempted a series of experiments designed to test
sc male bristle frequency changes following a three hour
exposure to one or another of a graded series of seven

0
temperatures between 30 and 40 C. The exposures were made,

in one experiment, during the first instar, and, in another
experiment, during the second instar. The mating was sc
females x Vv car males as in the 1934-1935 experiment. Un-
fortunately, it was not possible to secure environmental
conditions constant enough to make the data suitable for
detailed analysis. Tor that #eason, the data are not pre-
sented here. It appeared to be probable, however, that such
a short exposure to temperatures below epproximately 390C.
during these two developmental periods does not effect sig-

nificant changes in sc male bristle frecuencies,
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G.Temperature Effects on the Dominant Manifestation of sc.

1, Introduction.

The gene sc is normally classed as a recessive
gene because of its marked effect on the bristles when in
homozygous condition. At ordinary room temperatures it does
not show an appreciable dominant effect on these bristles,
with the exception of the coxal bristle on the third pair
of legs. This last bristle shows a high frequency of ab-
sence in sc/non-sc females.

It was noted in the 1934-1935 40°C. sc x v car
experiment reported above that sc/v car females do occasion-
ally lack a bristle of those which were being tabulated in
the sc malessy and that this phenomenon seemed to occur more
frequently in treated than in control females. The prelim-
inary experiment with 36°C. in the early months of 1935 re-
vealed a profound decrease in frecuency in certain &f bris-
tles in sc/v car females. As a result, in all subsequent
sc X vV car experiments, at both 40 and 36°C., the bristle
frequencies were tabulated from the females as well as from
the males., The conditions and procedure of these experi-
ments have bteen described in connection with the male data.

A 36°C, experiment was also performed with the
synthetic wila stock derived from the sc and v car stocks,
in order to determine the effects of temperature upon non-sc
modifiers of bristle frequencies. The results make possible
an estimate both of the probable dominant effect of the sc
gene itself and of the probable effect of 36°C. upon the sc

reactione.



-119-

2. The effects of 40°C. on sc/v car females.

Tabulation of sc/v car bristle datain the 40°C.
experiment was limited to part of the 24 and 3 hour ex-
posure groups in the 96 to 106 hour developmental period,
and to all of the exposures in the embryonic (0 to 10 hours)
and early pupal (120 to 130 hours) periods. The data are
given in Teble 37 in a form similar to that used in the tab-
les of male bristles. In this case, however, each entry
represents the percentile frequency of bristles zbsent per
half-fly. ©Since the usual hybrid fly displays all of these
brisltes, the only measureble effect of temperature was a
decrease in bristle frequency.

Because there were no apparent differences be-
tween the exposure groups with respect te bristle frequencies,
the several exposures are presented together in each of the
periods in this table. The data show a small but signifi-
cant temperature effect upon the ps, as, pv, and oc fre-
guencies in the 0 to 10 and 96 to 106 hour periods. In the
120 to 130 hour period, the effect upon the pv freguency was
less merked and there does not appear to be any difference
between control and experimental or freguencies. Although
there are no data from the intermediate developmental periods,
the impression sustained through those series was that there
was a slightly larger freguency of absence, especially of the
pv bristles, in the treated females. It is probable, there-
fore, that the temperature treatment produced a small effect
upon heterozygous female bristle freguencies throughout the

entire developmental period of the tristles.
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3. The effects of 36°C. on sc/v car femeles.

Preliminary experiments in 1935 showed that ex-
posures of one to two days to a temperature of 35 to 36°C.
during larval development produced a marked decrease in
bristle frequencies in sc¢/v car females. Accordingly, in
the 1937 36°C. sc x Vv car experiment the heterozygous sc

females were recorded for frequency of absence of bristles.

a. The data.

The date of sc/v car females from th@@ experiment
are given in Table 38, in a form similar to that used in
Table 37. They show that the temperature treatment affected
the ps, pv, and oc frequencies in the later larval and early
pupal pericds. The temperature effects are strongest on all
bristles in the thizd instar and early pupal period eXposures.
There are differences between the several bristles, however,
with respect to the time of meximum sensitivity. Thus, the
ps and as frequencies appear to be most strongly affected
by the 30 hour exposure during the 68 to 105 hour periods;
the an frequency change reaches a decided maximum in the 30
hour exposure during the 90 to 128 hour exposure; the pv
freguency change is relatively very large in both exposures
of the 90 to 128 hour period and the one exposure of the 116
to 148 hour period; the oc bristle is mos£ effected by the
30 hour exposure of the 90 to 128 hour period and by the ex-
posure in the pupal period; and the or freguency change is
most prominent during the pupal period exposure. It appears,
then, that in sc/v car females, the temperature effect upon

the several bristles differs significantly from bristle to



TABLE 38,

sc/v car - 369C, - Larval and Young Pupal Exposures
Period Exposure QObser., S as an PV ocC or
Control 7752 ‘0.015 0 0 ‘0.077 ‘0.015 0
0.013 0,032 0,013
20 to 53 16322 1602 0,125 0 0 0.69 0.062 0.062
20,090 20,21 20,062 20,062
44 to 82 24330 4652 0.086 0 0,022 Qed7 0,086 0.022
*0,043 20,022 ¥0.,09 20,0453 20,082
24 1304 '0.260 0,077 0.077 0230 '0.154 0
20,133 20.07% 20,077 *0.133 $0.109
68 to 105
30 1140 1.49 1.49 0.53 1l.32 0.44 0
20,36 20,36 20,21 20,34 20.20
24 1866 0.81 1.18 1.23 1%.89 1.61 0,32
20.21 20,25 20.26 $0.80 20.29 20.13
90 to 128
30 872 0,69 0.57 4,59 9,18 4,82 1.72
20.28 =0.26 20,70 20.98 20,72 20.44
116 to 148 24 844 0,47 0.47 0.83 13.88 4,62 9.00
20,24 20,24 2031 121.19 20,72 20.98

~geLl"
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bristle, either in time or in amount of effect, or in both

of these wayse.

B. Discussion.

To determine whether the temperature effect was
upon part or all of the population in this experiment, left-
right correlation coefficients were calculated for each pair
of bristles. The bristle frequencies were very low in(y@@
control series and in the first znd second instar experi-
mental series. No females in these series lacked both bris-
tles of any pair. Beginning with the 30 hour exposure in
the 68 to 105 hour period, such females appea_red in the
experimental series, and indicated marked left-right correl-
ations for several of the bristles in this and succeeding
periods. These coefficients were as follows: an, 40.634;
pv, +0.564; oc, +0.270; and or, +0.452. The t value for
each coefficient was very large, indicating clearly a de-
viation from O. ZFrom the size of the coefficients it seems
certain that the temperature effect was not the same on the
entire population, and that only a part of the population
was affected by the temperature so far as the bristles are
concerned. It is possible that hegi as in the case of the
male ps and as bristles, we may be dealing with a special
sensitive period like Child's TEP. In these females, how-
ever, the TEP dififers from his in that it does ndﬁappéar to
have exactly the same position in late development for any
two of the bristles.

Correlation coefficients were also calculated for

each of the twd-by-two combinations of the an, pv, oc, and

or bristles in thsi experiment. There appeared to be no dif-
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ference in the.rough data between the 90 to 128 and 116
to 148 hour periods; and they were therefore grouped for
these correlation calculations. The an bristle showed a
positive correlation with the oc bristle but no correla-
tion with the pv and or bristles; the pv bristle was cor-
related with the or bristle. All of these coefficients
were of approximately the same size, ranging from 0,19
to +0.22, with t values between 8 and 9. They indicate
that these bristles tend to be affected together in the
sc/v car females. In this respect these data differ from

those of their sib males which did not show such tendencies.

c;.Comparison with sib males.

The data of the 36°C. sc/v car females in Table
38 may be compared with the sit male data in Table 28 (page
99). They are alike in showing probably the same general
period of high sensitivity to the temperature treatment in
respect to the ps and as frequencies, and a decrease in pv
frequency in every developmenteal period. The frequency
change, however, is oppositely directed in the ps and as
bristles between the sexes. And in the effects upon the
other bristles the data are opposed to each other. The
bearing of these observations on the problem of sc domin-

ance will be discussed latere.

d. Comparison with 40°C. sc/v car.
These data may also be compared with those of the
409C. sc/v car females in Table 37 (page 120). The two ser-

ies differ in conditions in that the 36°9C. series was raised
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on loldex food. That may be the reason for the slight
difference in pv frecuencies in the controls. In their
comparcble developmental periods the dats resemble each
other to the extent of showing, in each case, affected

ps, as, and pv frequencies. DBut otherwise they differ
markedly in bristles affected and in amount of effect.
Since the preliminary experiment on non-ioldex food showed
comparatle results in the 35 to 36°C, teﬁperature range

it seems probable that the differences between the 40 and
360C, data are due to the difference in temperature treat-

ment.
4, The effects of 36°C., on wild-type flies.

a. Introduction.

In December of 1937 I tested the effects of
nearly lethal exposures to 36°C., on the bristle frequen-
cies of the wild-type stock synthesized from the sc and v
car stocks, considering the same bristles as in previous
experiments. This synthetic wild stock contained the nor-
mal allele of sc from the v car stock and the normal al-
leles of v and car from the sc stock. The rest of its
genes were in unknown proportions from the two stocks. The
Y-chromosome was from the v car stock; and the original egg
cytoplasm was from the sc stock. This wild stock was inbred
without selection for 13 generations, and then continued by
mass matings without selection for an additional year and
a half before this experiment.

The conditions and plan for this expefiment were

the same as those in the other 36°C. experiments. The wild
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gtock, however, could not withstend 30 hour exposures to
36°C. satisfactorily. ZXxposures were 12 to 24 hours in

length.

b. The meale data.

The datajshowing the effects of the 369C. treat-
ment on the synthetic wild-type males are given in Table
9. The temperature effected a decrease in ps and as fre-
auencies throughout larvzl life. An especially pronounced
decrease followed the 24 hour exposure during the 72 to 107
hour period. The an frequency was probably unaffected.
(There was but one missing bristle in all the treated males)
The pv and oc bristles were affected mainly during the 72 to
107 hour period. The or frequency was affected during that

and the following period.

ce Discussion.

During the periods of pronounced temperature ef-
fect, there were positive left-right correlations between
the affected bristles in wild-type males, indicating that
the temperature did not affect all of the populetion simi-
larly. In the case of the ps bristles there was no correl-
ation in the control and first and second instar series. In
the remaining periods the correlation was as follows: 72 to
94 hours, 40,3663 72 to 107 hours, +40.336; 96 to 124 hours,
+0,189; and 120 to 154 hours, +0,142. The only correlation
in the as bristles appeared in the 72 to 107 Lour period,
When the coefficient was 40,336. The pv bristles showed a

correlation of 40.15 in the same period. The or bristles

showed a correlation in the combined 72 to 107 and 96 to 124



-127-

TI1°03 TE*HT 9oy 8%°D:
TT°0 0 IT*0 0 LO'T 6C°T 26 2i2T ¥G6T 0% 03T
¢ °0% ¢TI 0% LT°O% 6G°0% ¥G°0% :
89°0 ¢3°0 8¢°0 0 8 ¥ 90°¥ 82¢T ot ¥2T 0% 96
9¢*0x  92°0% 8%°0zx OT°0x ¥S°Ig 8G°Ig
62°T 69°0 8e*e 0T°*0 0% °6¢ 0G6°*06 800T ve LOT 03 B4
¢T°O% L8°03 G2°Ts
€T°0 0 0 0 ¥1°9 08°¢ 894 ST 76 0% 24
90°0% I¢°0s  v2°0%
0 0 80°0 0 gy e ¥6°2 gvve - 22T I8 03 8%
67°0% 87 °0O¢
0 0 0 0 BZ2*1 gg*e Z6GT 2421 GG 03 7%
¢0°0; G0°03 TT1°0; 8T°0O3
¢0°0 0T*0 0 0 9% °0 02°T 9e6e Toxjuoy
xI0 00 Ad ue se sd *I5SqQ  oansodxw REEE

- saansodxyg TeBAdng Sunox pur TeAIET - *0,9¢ = ¥ odAT PTTIM

*6C HIGYL



-128-

hour periods of 40.18. 1The t values of these coefficients

ranged from 5 to 8. The an and oc bristles showed no left-
right correlation.

There proved to be positive correlations between
some of the bristles in the 72 to 107 hour period. This
amounted to 40.2656 (t value of 6) between the ps and as bris-
tles; to +0.112 (t value of 2.5) between the as and oc bris-
tles; and to +0.104 (t value of 2.3) between as and or. These
coefficients suggest a tendency for these bristles to ke af-
fected together in this experiment.

The period of marked effect of the temperature for
all the bristles was in the 72 to 107 hour period. Presum-
ably the 24 hour exposure affected more larvae than did the
12 hour exposure; it may also have affected some larvae through
a longer portion of a hyper-sensﬁ&ti#e period, such as appeared
in the earlier 36°C., experiments. It may be that the hyper-
sensitive period is shorter for wild-type males and more like

that found by Child in sc at viable temperczture.

d. Comparison with 36°C. sc males from sc X V car.

The data from the 36°C. wild-type males may be com-
pared with the summarized data from the 36°C. sc males from
sc x v car in Table 38 (page 122). It is t® be kept in
mind that all of the frequency changes in the wild-type are
decreases and that the direction of change in sc males is
indicated by the sign of the coefficient of change. It can
be seen that the greatest differences in the two experiments

are in the oppositely directed effects of the temperzture on

the ps, as, and or frequencies, the first two of which are
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especially strongly affected in both¢ experiments.
The comparison of these data will be discussed
later with reapect to their indications concerning the re-

sponses of sc and modifiers to the temperature treatment.

e. The female data.

The data from the 3600. wild-type females are
given in Table 40. They show that the bristle frequencies
were affected to some extent in every developmental period,
and notably following a 24 hour exposure during the 72 to
107 hour period. The main effedt appeared in the ps and as
frequencies, which showed a meximum decrease during the
above period. The an bristle was unaffected at all periods.
The pv frequency was affected only slightly, during the third
instar and early larval periods. The oc was also only slight-
ly affected, during the 72 to 107 hour period. The or fre-

cuency was affected during the pupal period only.

f. Discussion.

Left-right correlation coefficients indicate that
the temperature effect was not on the entire population with
respect to some of the bristles. The ps bristles showed a
correlation of 40.30 (t value of 7) in the 72 to 107 hour
period, and a correlation of +0.514 (t value of 12) in the
120 to 154 hour period. The high coefficient in the latter
period, coupled with the low frequency, suggests that the
temperature effect was upon the few larvae pfesent rather
than upon some of the many pupae. The as bristles showed a

correlation of +0.22 (t value of 5) in the 72 to 107 hour
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period. The or bristles showed a correlation of 40,38

(t value of 12) in the 96 to 124 hour period, and a cor-

relation of 40.16 ( t value of 4) in the 120 to 154 hour

peziod. The high value of the 96 to 124 hour coefficient
for the or bristles, coupled with the low frequency, sug-
gests that the temperature effect was upon the few pupae

present in these cultures, rather than upon a few of the

many larvae.

g. Comparison with wild-type males.

A comparison of the female data of Table 40 with
the wild-type male data of Tzble 39 (page 1R7) reveals a sex-
ual dimorphism both in the control and in the experimental
bristle frequencies. The males have fewer bristles (i.e.,
have more bristles missing) both at 25°C. and in the series
eXposed to 5600. In the cont#ol series, the difference is
evident only in the ps and as bristles; but in the treated
series it extends to the other bristles in the period of
greatest effect,

This dimorphism is typical of many sex-linked
characters. Bar and alleles (see Review of Literature)
show such a behavior; and Child's data show it clearly for
sc. Payne and Plunkett had already reported that sc females
have more bristles than do sc males, Although no bristle
counts were made in the females in my experiments, it was
obvious that sc females showed greater numbers of ﬁhe bris-
tles used here. It was frequently necessary to examine
many flies to find one female with all the bristles missing.

The dimorphism present in this synthetic wild stock suggests
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that part of the cause of missing bristles is due to one
or more sex-linked genes. No attempts have been made to
locate the gene or genes concerned.

There is an additional difference between the
male and female data which is of interest; namely, in the
sensitive period of the or bristles. It has been argued
thet this period lies in the pupal stage in wild-type females.
In the males it appears to lie in the third instar. Al-
though no attempts were made to determine accurately the
relative lengths of the egg-larval periods in the two sexes
in this race of flies, it is reasonably certain that there
was no suclhg great difference as there is between the maxims

of decrease in or frequency.

h. Comparison with 36°C. sc/v car females.

A comparison may be made between the wild-type
female data of Table 40 and the 36°C. sc/v car female data
of Table 38 (page. 122). It is evident that while the two
sets of data resemble each other in reaspect to the general
period of highest sensitivity late in the third instar, they
differ widely in relative amount of effect. The ps and as
bristlés are relatively more affected in the wild-type fe-
males; the pv, oc, and or bristles are relatively more af-
fected in sc/v car females. There appears to be no signif-
icant difference between the two types of females at 25°C,

The bearing of these observations on the problem
of the dominant effect of sc will be discussed in the next

part of this report.
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5., Effects of heterozygous sc at 369C.

It has been noted that at 25°C, sc shows practi-
cally no dominant effect in respect to the six bristles con-
sidered in these experiments. The bristle freguencies are
practically identical in sc/v car and wild-typé females.
There are differences in the bristle frequencies between these
two types of females at 3600., however. By comparing these
differences with the differences between the wild-type males
and the sc males from sc x Vv car, it is possible to sug=-
gest the direction of the dominant effect of sc at 36°C. To
make this comarison possible, it is necessary to assume that
flies from the sc X Vv car cross and flies of the wild-
type race derived from that cross carry essentially the same
bristle modifiers, so that the only effective difference be-
tween the two types is with respect to the sc gene itself.

The data of the sc males in Table 28 (page 99),
of their sib sc/v car females in Table 38 (page 122), a§ the
wild-type males in Table 39 (page 127), and of their sib
wild-type females in Table 40 (page 130) are presented in a
much sigplified summary in Table 41l. Each entry in this tab-
le. represents the direction of change in bristle frequency
in these 3600. flies when compared to their respective 25
to 26°C.controls, the change being evident in one or more
developmental periods. A plus sign indicates an increszse,

2 minus sign a decrease, in bristle frequency. In the case
of the oc bristle in sc males, the entry of both signs indi-
cates that there was an increase in one period and a decrease

in another. When the two types of flies of the same sex

showed a similarly directed frecuency change, the lesser of
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TABLE 41.

Reactions of sc and Modifiers to 36°C.

Teble Tyvpe of Fly Joks) as an v 0ocC or
39 wild & - - 0 (-) - -
28 sc o + + 0 - + +
40 wild @ - - 0 (=) (=) (=)
38 sc/v car @ (-) (=) - - - -




-1%5-
the two has been enclosed by parentheses in Table 41,

In wild-type males, the ps and as ffequencies de-
creased greatly at 36°C. In sc males they increased greatly.
in wild-type females and in sc/v car females they decreased;
but the decrease was less in sc/v car than in wild type. This
suggests that the 5600. change in sc effect, evident so strong-
ly in males, is probably also responsible for the lesser de-
crease in sc/v car females. In other word, sc acts as a slight
dominant in heterozygous females in the same direction in
which it acte as a recessive in sc males, so far as these bris-
tles are concerned.

The an frequency did not change in either type of
males nor in wild-type females., It decreased, however, in
sc/v car females. If a decrease, propoftionately as small,
had occurred in sc males, it could easily have escaped atten-
tion, becguse of the already very low an frequency. This
decrease in sc/v car females can therefore be inteipreted
as a dominant effect of sc at 5600. which is not necessarily
different in direction from its homozygdus effect in sc males
at 36°¢,

The pv feequency decreased in all four types of
flies; but it decreased considerably more in sc males énd
sc/v car females than in wild type flies. The dominant ef-
fect of sc in this case seems to be in the same direction as
its homozygous effect.

The oc frequency decreased very slightly in thez
third instar in both sexes of 36°C, wild-type flies. In the

sc/v car females it decreased slightly in the first, second,

and first half of the third instars; and considerably more in
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- the last half of the third instar and in the early pupal
period. In sc males, the oc frequency increased in the
second instar; and did not change in the first half of the
third instar. In the second half of the third instar it
decreased following a 24 hour exposure and increased follow-
ing a 30 hour exposure, both changes being small but statis-
tically significant. It decreased in the early pupal period.
With respect to this bristle frequency, the effects of heter-
ozygous sc, following the 36°C. treatment, seem to be differ-
ent from the effects of homozygous sc in males. The differ-
ence 1is more pronounced in the second instar; it may disap-
pear entirely in late development.

The or frequency decreased in both sexes of wild-
type flies, somewhat earlier in males than in females, fol-
lowing the 36°C, treatment. In sc males it increased in
every developmental period. In the heterozygote, it de-
creased late in development, considerably more strongly than
in the wild-type females. In this case, too, the dominant
effect of sc seems to differ from its male homozygotic ef-
fect, but this time late in development, rather than early.

From the avove considerations it seems probable
that the ultimate effect of sc is so altered by nearly le-
thal exposures to 36°C., that it affects the bristle frequen-
cies when in heterozygous condition; but that it does not
necessarily affect them all in the same direction as when it
is in homzygous condition in sc males., The differences in
direction of effect, apparent in the or bristles and suggest-

ed in the oc bristles, may be due to the difference in sexes,
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Child, however, did not find a difference in direction of
effect of viable temperatures on any of the several bristles
when comparing males with females.

Another fact of interest suggested by these com-
parisons is that the temperature effect is upon the sc-de-
pendent reaction, or reaction system, and not j@ﬁm upon mod-
ifier reactions which the presence of sc makes visible,

The data from sc and wild-type males suggest also
that in the cases of the ps, as, and or bristles, the effects
of sc following the high temperature treatment are opposite
to the effects of the modifiers; and that the sc effect is

much the dominant one in each case.
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6., Summary aend conclusions.

(1) During embryonic, late larval, or early pupal develop-
ment, nearly lethal exposures to 40°C. effect decreases in
Ps, as, and pv bristle frecuencies in sc/v car females. The
oc frequency is also reduced during the embryonic and late
larval periods.

(2) During any one of several selected periods in larval and
early pupal development, nearly lethal exposures to 36°C. ef-
fect a decrease in one or more of the bristle frequencies in
" s¢/v car females.

(3) The ps, pv, and oc frequencies decrease in all tested
periodse.

(4) The as and an frequencies decrease in the late third in-
star and early pupal periods.

(5) The or frequency decreases in the late thirgfgia in early
pupal periods.
(6) All the brisltes show periods of maximum effect late in

development; but they differ among themselves as to the periods
or exposures which produce the maxima.

(7) During any one of several selected periods in larval and
early pupal development nearly lethal exposures to 360C, effect
a decrease in one or more bristle frequencies in males and fe-
males of a wild-type stock derived from the sc and v car stocks
used in earlier experiments.

(8) The ps and as frequencies decrease throughout larval life
in both sexes.

(9) The an frequency is unaffected in both sexes,

(10) The pv feequency decreases in the third instar in both sexes.
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(11) The oc freouency decreases only slightiy in both sexes,
the decrease appearing in the third instar series.

(12) The or frequency decreases in the third instar in males,
and in the early pupal period in females.

(13) In all bristles the decreases appear to be greater in
males than in females.

(14) All frequencies (with the exception of that of the fe-
male bristle) show a decrease in the third instar.

(15) The response of sc males to the 36°C. treatment is op-
posite to that of wild-type males with respect to the ps, as,
and or freguencies.,

(16) The effects of the 369C. treatment are more pronounced
in sc¢/v cer females than in wild-type females with respect to
the an, pv, oc, and or freguencies; and are less pronounced
with respect to the ps and as frequencies.

(17) The data are discussed with reapect to a dominant effect
of sc in sc/v car females.

(18) At 25°C. sc is not dominant in any of the bristles con-
sidered,

(19) Following the 36°C, treatment sc is prqbably dominant to
some degree in all of the bristles considered; but its effect
as a dominant may not always be in the same direction as its
homozygotic effect in sc males.

(20) The effect of the 36°C, treatment is upon the effect of
sc as well as upon the effects of modifiers,

(21) In respect to the ps, as, and or bristles in males, the
effect of sc following the 36°C., treatment is dominant to the

effects of the modifiers.
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H. Interoretations of the Ixperimental Results.

In presenting the data in previous sections of this
report, little discussion has been made of their probable theo-
retical significance. There are a number of questions which
may be asked along this line, and we may turn now to the ans-

wers to some of them.

l. The meaning of the change in bristle frequency.
One of the first questions to be considered is,
"What does a bristle frequency mean?"

Child (1936) has attempted to answer that question,
and his reasoning applies here as well as'gg his experiments.
He pictures bristle formation as an instance of the classical
"all-or-none" principle. The bristle is either formed or not
formed, in any given instance; pért bristles are not found,
This suggests that a certzin threshold concentration of bris-
tle-forming substance must be present to insure the formation
of a given bristle. An amount just beneath this threshold
value will produce no bristleg an amount any distance above
it will result in the formation of but one bristle. In any
individual fly the presence or absence of a given bristle can
be thought of as béing determined by the presence or absence,
at the time of bristle formaztion, of an amount of bristle-
forming substance equal to or exceeding the threshold con-
centration.

The bristle frequency, however, is determined by
observetions on a populztion of individuals. It is Child's

view that in a population, the amount of bristle-forming

substance available for & given bristle is not the same in
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every fly. Instead it is distributed at random around a mean
concentration, in greater or lesser amounts to the many indi-
viduals, the distribution following the probability-integral
curve., The mean bristle frequency of a population represents
the point on the distribution curve which coincides approx-
imately with the threshold concentration of substance neces-
sary for bristle formation. The frecuency indicates the pro-
portion of the pqpulation in which the amount of bristle-
forming substance available for the bristle equals or exceeds
the threshold concentration.

From this reasoning itvcan be seen that a race of
flies which manifests 100% presence of a given bristle is one
in which the mean amount of substance available for bristle
formation is so far above the threshold level that normel var-
iations from individual to individual do not produce any in-
dividuals with a sub-threshold concentration. Similarly, the
complete absence of a given bristle in a population indicates
that the mean amount of substance available for bristle for-
mation is far below the threshold. A race of;aies which shows
a mean bristle frequency between 0 and 100% for a given bris-
tle is one whose mean concentration of bristle-forming sub-
stance is in that case nearer the threshold concentration.

On this view it is logical to interpret the effects
of both environmental and genetic factors on mean bristle fre-
guencies as representing changes in the mean concentrations of
bristle-forming substances. The gene sc¢ in homozygous con-
dition shifts the mean concentration considerably below the

threshold level in the case of the bristles considered in the

experiments discussed in this report. It seems probable that
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the effect of larval density, iloldex, genetic modifiers,
and temperature 1is to shift these same mean concentrations
nearer or farther away'from the threshold, depending upon
whether the indicated change is an increase or a decrease
in frequency of bristles present. In the experiment with
wild-type flies, the mean concentration was so far above the
threshold level that the only practically measurable change
was & decrease in mean concentration which resulted in more
individuals with missing bristles.

2. Nature of the temperature effect on a bristle.

A second question which may be asked is, "What is
the nature of the temperature effect on a bristle?"

A large amount of literature has been published on
the effects of temperature on living matter (see Bélehrddek
1935). The general indications are that temperature affects
the chemical and physical processes which constituté the life
functicns of the individual. This it does, not by creating
new chemical reactions, as a rule, but b¥ increasing the rates
of reactions already taking place to a greategbr lesser extent,
and by destroying substences such as enzymes, proteins, etc.,
so as to make impossible the reactions in which they have an
integral part.

If the temperature effect on sc bristles reported
here were simply a change in the rate of a reaction which is
of some importance to the ultimate amount of bristle-forming
substance to be produced, then it would be expected that an
increase in the length of the exposure woudd produce a meas-
urable increase in the observed effect. With the possible

exception of the results from 360C. exposures on the frequencies
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of ps and as bristles, this is not the case in these exper-
imental results. Rather, we are confronted with a2 tempera-
ture effect, which, once it has manifested itself, does not
appear to change with increasing length of exposure. It seems
probable, therefore, that we are not dealing with a tempera-
ture effect on a simple chemical reaction.

If the temperature effect on sc bristle frequencies
results from a destruction of an enzyme or some other neces-
sary substance, then it might be expected that the effect
would appear after a given exposure, more or less as and in-
stantaneous shock. Providing the effect is completeﬁn all
‘members of the population, it would not appear to increase
with an increase in length of exﬁosure. This is, in fact,
what is observed in these experiments. It seems logical,
therefore, to offer destruction of an enzyme or some other
necessary substance as a more probable explanation of these
high temperszture effects. This interpretation of the results
carries more weight by reason of the fact that 36°C., and 40°c,
are in the temperature range in which such destructive proces-

ses are known in some cases to take place,

3. lieaning of differences in bristle responses to temperature.
A third question which may be asked is, "What is the
meaning of the differences between the response of the several
bristles to temperature treatments?"
Child (1935) suggested that differential tempera-
ture effects on the smae chemical reaction or substance in

different parts of the fly - due to differences in length of

ZEP or of rate of reaction, or to both of these - could produce
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all the differences observed in his experiments. The unity
of the developmental pogﬁions of the short TEP's for all of
the bristles made such an interpretzation plausible.

In my experiments with 36 and 4000., however, the
many variations in position as well as in duration of the
TEP's make such an interpretation, in general, too simplified.
Only the ps and as bristles parallel each other sufficiently
in response to the temperature treatment to allow such an in-
terpretation. While they may have a more identical history
than the other bristles, there is no conclusive evidence that
such is the case. Certainly, on the whole, these temperzture
data suggest an independence of developmental history. And
they do also suggest that critical reactions take place at
many periods in development for each of the several bristles,

possibly differing in nature from bristle to bristle.

4, Developmental history of sc.

A fourth question which may ke asked is, "What do
these results at 36 and 40°C. indicate concerning the develop-
mental history of sc?®

Ithas already been suggested that the results of
these experiments indicate the probability of several reac-
tions being involved at different times, possibly different
for the several bristles. Powsner (1935) has developed the
theory of Plunkett (1932) that development consists.of a long
series of interzcging chains of reactions, leading from the
embryonic period through the larval period and finally to
more specific and less inter-related reactions which form the

imaginal characters. These reactions are dependent upon
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environmental conditions as well as genetic constitution.

In a very real sense, every adult organ is dependent upon
the successful completion of some reaction at any given time
in development; and it is dependent in such a way that the
failure of this reaction, either because of environmental

or genetic influences, or both, results in an alteration of
the subsequent adult organ. This is an extremely general
picture; and it provides the basis for a description of prac-
tically any type of observed phenomena, as Powsner realized.
But the temperature effects on sc bristles, demonstrated in
my experiments, are so divergified that for the present, at
least, only such a broad and general interpretation can, I
believe, be made of them.

It appears, then, from the temperature effects,
that the normal development of sc-affected bristles is de=~
pendent upon the successful comptetion of one or more re-
actions taking place at any given time in development, from
early embryonic life until the visible formation of the bris-
tles from the trichogenic cells observed by Robertson (1936)

in early pupal development,

5, Meaning of the viable temperature TEP's,

A fifth question which may be asked is, "What do
the results of these experiments suggest concerning the gen-
eral concept of TEP as developed from viable temperature
studies on Drosophila mutant characters?"

In view of the considerable contrast between the
results of Child's experiments and those of the experiments
reported here, in respect to the position and duration of the

TEP of the sc genotype, it seems probable that the results of
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vizbld temperature studies on Drosophile mutants in gener-
al (see Review of Literature) cen not be interpreted to in-
dicate the period of most important developmental history
for the chasracter in question; and certainly not necessarily
the only period when the character in question can be influ-
enced by a change in developmental temperatures. The viable
temperature TEP's can be said to indicate in each case the
presence of a reaction or reactions which are of importance
to the organ in question and which have temperature charac-
teristics differing from those of development as a whole in
the viable temperature range. In the cases of Bar, vestigial,
and bent wing, where the sib wild types have been worked with
in each case, the viable TEP's mey also be considered to in-
dicate a temperature influence on the ultimate effect of the
gene on the adult character. That the TEP's happen to coin-
cide in some cases with visible embryological processes does
not necessarily mean a direct connection between them, as
was pointed out by liiss Auerbach (1936).

The results of these high temperature experiments
with sc suggest that experiments similar to these with char-
acters such as Bar or vestigial might show as much broader

TEP's for these characters as has been shown for sc.

6, Activity of the scute gene.
A sixth question which may be asked is, "What do
these results suggest concerning the activity of the sc gene?"
These data are not critical on the direct action of
the gene, Nor are any of the TEP data critical on this point.

It can not be determined from TEP dzta if a given gene acts

vefore the time of the TEP, so that the effects of temperature
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are on certain of its products; or if the gene acts follow-
ing the TEP and hence upon temperature affected materials;
or if the temperature effect is upon the direct action of
the gene itself during the indicated TEP.

In the case of sc, the comparative data of the
369C, experiments with sc and wild-type males which have
Probably similar modifying genes do suggest strongly, how-
ever, that the high temperature treatment influences the ul-
timate effect of sc itself and not just the effects of mod-

ifiers which the presence of sc makes visible,
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Digest of the Thesis

(1) The literature concerned with temperature-effective per-
iod studies on a number of Drosophila mutant characters is
reviewed. It indicates, in general, a specific period in de-
velopment in which changes in temperzture can alter the ef-
fects of a given mutant gene.

(2) Data from scute males given nearly lethal treatments with
supra-viable temperatures of 40 or 36°C. show that the pheno-
typic expression of this gene may be changed to some extent

at practically any time in development, from the laying of the
egg to the appearance of the bristle cells early in pupal de-
velopment. This is in conttast to the brief period of sensi-
tivity found for this phenotype by Child at viable temperatures.
The nature of the effect depends upon (a) the temperature treat-
ment given, (b) the bristles considered, (c) the bristle mod-
ifiers present in the scute stock, and (d) the developmental
period in which the treatment is given.

(3) Date from scute males, from heterozygous scute females,
and from both sexes of a closely related wild-type stock, all
given the 36°C, treatment, show that scute has a dominant ef-
fect on some of the bristles under these conditions; and that
the temperature alters both the effects of the scute gene and
of the non-scute mo®ifying genes on the bristles considered.
(4) These data support the theory of Plunkett, et al, that the
Phenotypic expression of a lMendelian character is dependent

upon the successful completion of a series of reactions extend-

ing throughout development.
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