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1. INTRODUCTION

Armosr all flies from wild-type populations of Drosophila melanogaster have
four macrochaetae on the scutellum in an apparently constant pattern.
One bristle occurs at each of the two anterior corners of the scutellum and
two bristles occur close to the posterior margin of the scutellum. These
bristles are referred to as the anterior and posterior bristles, respectively.
Occasionally there are interstitial bristles on the dorso-lateral margins of
the scutellum between the anterior and posterior sites (Fraser, 1963).
Sometimes wild-type flies are found with more than four scutellar bristles
and these extra bristles can be at any of the three general regions, although
there is considerable variation between populations in the pattern and
frequency of extra bristles. In stocks with a variable number of scutellar
bristles the number and position of extra bristles can be modified by artificial
selection (Payne, 1918; Sismanidis, 1942; Rendel, 1959; Fraser, 1963;
Latter, 1964; Finlay, 1965; Druger, 1967; Gibson, 1968) and sometimes
by temperature (Child, 1935; Pennycuick and Fraser, 1964; Gibson, 1969).
The effects of temperature on scutellar bristle number are particularly
interesting because the three regions at which scutellar bristles occur are
affected to differing extents by variation of the temperature at which the
flies are cultured.

Child (1935a, &) found that the frequency of extra anterior bristles was
highest at 24°-25° C. whilst the frequency of extra posterior bristles was
highest at 14° C. in flies homozygous for the mutant scute. In contrast
Rendel and Sheldon (1960) found that the number of anterior bristles
increased with decrease in culture temperature in their scute homozygotes
but that temperature had little effect in their wild-type Oregon strain except
that a high percentage of flies cultured at 30° C. had extra posterior bristles.
A relationship between the pattern of extra bristles and culture temperature
was described by Pennycuick and Fraser (1964) for two of their non-scute
stocks in which most extra anterior bristles were present at 16° C. and in one
of these stocks the frequency of extra posterior bristles was highest at 30° C.

Such detectable pattern changes induced by temperature can be used to
investigate the interdependence of the genetic systems controlling scutellar
bristle number in a way which is not possible with, for example, sterno-
pleural or abdominal bristles in Drosophila. The present paper describes
experiments in which the responses to artificial directional selection for
extra scutellar bristles in flies cultured at different temperatures are com-
pared, in an attempt to determine whether the genetic factors affecting
scutellar bristle number at one temperature are the same as those at other
temperatures and whether particular factors affect the same or different
chaeta sites when the culture temperature is altered.
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2. MATERIAL AND METHODS

The wild-type population of D. melanogaster used in these experiments
was derived from three inseminated females taken in Athens in 1964. The
non-virgin female progeny were used to produce over one hundred single
cultures and from one of these cultures four separate four-pair cultures
were set up to initiate the experimental base population at 25° C. The
population was subsequently maintained as four cultures whose pro-
genies were combined before random selection of parents for each
generation.

The first laboratory cultures of the Athens stock were assayed by scoring
the positions and number of scutellar bristles on 125 flies of each sex. These
assays were repeated at two weekly intervals for the next eight generations,
when six subcultures each with four pairs of parents were established, two
of which were thereafter maintained at each of the temperatures, 29° C,,
25° C. and 20° C. One culture at each temperature was maintained without
artificial selection and one culture at each temperature was maintained by
selecting the four flies of each sex with the highest scutellar bristle numbers
as the parents for the next generation. To ensure against the loss of the
selected lines, additional cultures were also set up but only used if the main
culture failed.

The control and selected lines were assayed at each three weekly genera-
tion by scoring 125 flies of each sex of each line. Preliminary experiments
had indicated that a three-weekly generation was necessary to ensure that
emergence was complete at each temperature before the assays were made.
Mating and egg laying in all the lines were carried out at 25° C. and the
cultures were subsequently transferred to the appropriate temperatures
before the eggs hatched.

In some experiments the egg-laying period was restricted to four hours
and the eggs were collected on yeast-seeded agar disks. 1 ml. of a solution
of 3 parts ethyl alcohol to 1 part glacial acetic acid was added to the surface
of the agar to promote egg laying. The agar disks were placed in }-pint
bottles with standard culture medium and transferred to the relevant
environment.

In all assays of control or selected lines the positions of the extra scutellar
bristles of each fly were recorded. Fraser’s (1963) descriptive classification
of anterior and posterior scutellar bristles has been followed, but the term
interstitial is used here to describe all bristles that are posterior to the usual
anterior sites and anterior to the usual posterior sites. Very few bristles
showing spacial displacement in Fraser’s sense have been found in this
material and the majority of interstitial bristles were readily recognised.
The classification becomes particularly subjective, however, when clusters of
bristles occur at an anterior site, but the relationships of the two normal
anterior bristles to the anterior and dorso-lateral margins of the scutellum
have been used as a guide in classifying extra bristles in these clusters. Never-
theless, it is possible that some of the bristles described as interstitial in this
material might be classified as anterior on Fraser’s criteria.

The mean scutellar bristle numbers of females were consistently higher
than those of the corresponding males. As this sex difference did not vary
in separate assays the scutellar bristle numbers of females and males have
been combined.
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3. REesuLTs

(1) Effects of temperature on the base population

During the first eight generations of laboratory culture at 25° C., 42-3
per cent. of the flies of the Athens stock had extra scutellar bristles and the
mean chaeta number of the stock was 4:-5. Very few extra posterior bristles
were present: 34-7 per cent. of the extra bristles were at anterior sites and
61-0 per cent. were interstitial in position. This distribution of extra bristles
is not found in all stocks that have high frequencies of such bristles. For
example, in another wild-type stock, Israel, which had been maintained in
the laboratory for the same period and has a mean scutellar bristle number of
4-5, 98-8 per cent. of the extra bristles were anterior in position. These two
stocks were both subcultured at 29° C. and 20° C., and 125 flies of each sex
were assayed at each temperature to investigate the effect of temperature
on scutellar bristle number.

Flies of the Athens stock cultured at 20° C. had a mean scutellar bristle
number and a percentage of flies with extra bristles similar to those cultured
at 25° C., but the relative proportions of extra bristles at the three positions
were different. At 20° C. 49 per cent. of the extra bristles were clasisfied as
anterior and 51 per cent. as interstitial. At 29° C. all the extra bristles were
in posterior positions. In addition, 10 per cent. of the flies at 29° C. had less
than four bristles and without exception the bristles were missing from
anterior sites.

Scutellar bristle number assays of the Israel stock at 20° C. and 25° C.
showed that these temperatures did not affect the number or position of
extra bristles. At 29° C., however, both the mean bristle number and the
proportion of flies with extra bristles were less than at the lower temperatures,
but 11 per cent. of the extra bristles were posterior.

Changes in culture temperature therefore had different effects on the
two stocks and these data confirm the finding of Pennycuick and Fraser
(1964) that the effect of temperature on scutellar bristles cannot be predicted
for a particular stock. As the overall effect of temperature was most marked
in the Athens stock it was used for subsequent experiments.

(i1) Control lines

The control lines maintained at each of the three temperatures without
artificial selection were assayed each generation for 13 generations for
comparison with the directional selection lines.

The line maintained at 25° C. did not show any overall change in mean
scutellar bristle number or in the proportion of flies with extra bristles
(fig. 1). The regression coefficient of mean on generations was not significant
(table 1). In contrast to this result the control lines maintained at 29° C.
and 20° C. did change significantly under laboratory natural selection. The
regression coefficient of the 29° C. control line mean on generations was
negative and significant whilst that for the 20° C. line was positive and
significant (table 1).

The proportion of flies with extra scutellar bristles increased from
46 per cent. to 73 per cent. at 20° C. and the mean increased to 5-04 bristles
per fly. At 29° C. both the proportion of flies with extra bristles and the
mean bristle number decreased until flies with extra scutellar bristles became
very rare, although extra bristles were invariably at posterior sites.
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The relative proportions of extra bristles at the three sites changed in the
20° C. and 25° C. control lines (table 2). In both lines the proportions of
extra anterior bristles decreased and the proportions of extra interstitial
bristles increased over 13 generations. Although the mean scutellar bristle
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Fie. 1.—Mean scutellar bristle numbers of the control lines.

numbers of the two lines had diverged over 13 generations the distributions
of the extra bristles had become more similar. The change in bristle pattern
in the 20° C. control line is unlikely to have resulted from misclassification
of anterior bristle due to clustering at anterior sites as the 25° line showed
the same pattern change without a correlated change in mean bristle number.

TasLE 1

Analysis of variance of the regression of mean scutellar bristle number over generations for the control
lines maintained at 20° C., 25° C. and 29° C.

S.S. dif. M? t P
20° C. Regression 0-4620 1 04620 33 0:01>P>0-001
Error 0-4662 11 0-0424 — —
Total 0-9282 12 — - -
29° C. Regression 0-2422 1 0-2422 36 0-01>P>0-001
Error 0-2093 11 0-019 — —_
Total 0-4516 12 — — _—
25° C. Regression 0-0235 1 0-0235 1-3 P>02
Error 0-1454 11 0-0132 — —
Total 0-1689 12 — — —

After 15 generations the 25° C. control line was subcultured for one genera-
tion at 20° C. and 29° C. Scutellar bristle number assays of the subcultures
(table 3) showed that at 20° C. both the proportion of flies with extra bristles
and the mean bristle number were higher than when the line was first sub-
cultured at 20° C. at the start of the experiment. The effect of culturing
the line at 29° C., however, had not changed.
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The changes in scutellar bristle number mean in the control lines at
the three temperatures are in the same direction as those observed for
sternopleural bristles in stocks maintained at 20° C., 25° C. and 29° C.

TABLE 2
The percentages of extra bristles at the three sites in the 20° C. and 25° C. control lines at generations
land 13
C20 C25
P A I P A 1
S, — 59-5 40-5 S; 2:3 40-2 57'5
Sis 0-4 254 742 Sis 50 269 681

(Beardmore in Thoday, 1958). In the present experiments measures of
viability were not made at the three temperatures so that it is not possible
to say whether or not scutellar bristle number has some adaptive significance
such as was postulated for sternopleural bristle number.

TABLE 3

Effect of temperature on the 25° C. control line after 15 generations

25° C. line 25° C.
25° C. cultured cultured
line at 20° C., at 29° C.
Percentage of
flies with
extra bristles 36-8 74-8 19:5
Mean 45 51 42

(ii1) The selected lines

The changes in mean scutellar bristle number in the three selected lines
(fig. 2) were very different from one another. The 20° C. selected line
showed the most rapid response and reached a mean of 7-1 bristles per fly
after only seven generations. Thereafter, very little progress under selection
was made, the highest mean attained was 75 after 25 generations of selection.
After generation 30 the line was maintained in mass culture without artificial
selection and when next assayed ten generations later the mean had fallen
to 6-7, a value maintained in subsequent assays.

Neither the 29° C. nor the 25° C. selected lines reached as high a mean
scutellar bristle number as the 20° C, line. The 25° C. line responded faster
than the 29° C. line and had a mean of 6-5 at generation 27, after which it
fluctuated around 6-25 for the next 11 generations.

The 29° C. selected line responded very slowly to directional selection.
The line was difficult to maintain and on a number of occasions complete
assays were not possible. -After generation 24 the cultures were more
successful and the line mean increased from 4-8 to 6-2 in nine generations.
For the next six generations the cultures again deteriorated and the mean
fell sharply to 4-4 bristles per fly.

The change in proportions of bristles at the three sites in the 20° C.
selected line did not mirror the changes which occurred in the 20° C.
control line. In the selected line the proportion of extra bristles at anterior
sites increased from 49 per cent. to 67 per cent. in 15 generations and the
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proportion of extra interstitial bristles decreased. Less than 3 per cent. of
the extra bristles in this line were at posterior sites (fig. 3).

The increase in mean scutellar bristle number over the first four genera-
tions in the 25° C. line was not accompanied by changes in bristle pattern
and the proportion of extra bristles at each of the three sites was similar to
the 25° C. controls, 63 per cent. of the extra bristles were interstitial and
34 per cent. were anterior in position (fig. 3). Thereafter the proportion
of extra anterior bristles increased and at generation 28 the relative propor-
tions of extra bristles at the three sites were similar in the 25° C. and the
20° C. selected lines (fig. 3).
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Fic. 2.—Mean scutellar bristle numbers of the selected lines.

All of the extra bristles in the 29° C. line were posterior in the first
generation of selection but this proportion was not maintained as the mean
scutellar bristle number increased for at generation 14, 60 per cent. of the
extra bristles were posterior and 35 per cent. interstitial (fig. 3).

At generation 14 subcultures of the three selected lines were assayed
at each of the three temperatures. The results (table 4) show that each of
the three lines has a higher mean scutellar bristle number at 20° C. than
at 29° C. and in each line the proportion of flies with extra bristles is also
inversely related to the culture temperature. Included in table 5 are the
proportion of extra bristles at the three sites in each line and these data
show that the proportion of extra posterior bristles increases and the pro-
portion of extra anterior bristles decreases with a rise in culture temperature.
The proportion of extra interstitial bristles in each line is highest at 25° C.

Prior selection in an adverse environment can sometimes increase the
response to selection for a quantitative character in a more favourable
environment (Falconer, 1960). Clearly, 29° C. is less suitable than 20° C.
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for selection for high scutellar bristle number in the present material. By
generation 20 the 29° C. and 20° C. lines appeared to have plateaued and
so could be used to see whether any genetic variance remained in these two
lines which could be exploited in different environments. In fact, the mean
scutellar bristle number of the 29° C. line increased further after generation
20 but the assumption that the 20° C. line had reached a plateau at genera-
tion 20 seemed to be valid.

Subcultures of the 29° C. selected line were set up at 20° C. and selected
for 22 generations for high scutellar bristle number. The converse test was
applied to the 20° C. selected line which was subcultured and subsequently
selected at 29° C.

TABLE 4

Scutellar bristle number assays of the 29° C., 25° C. and 20° C. selected lines cultured for one generation
at the three temperatures

Percentage of Percentage of extra

Mean flies bristles at the three sites
Culture Selected bristle with extra

temperature line number bristles P A I
29° C. 29° C. line 45 36-0 59:6 58 34-6
25° C. line 4-4 30-0 52:2 66 41-2
20° C. line 54 76-4 641 9-1 26-8
25° C. 29° C. line 53 750 4-8 286 66-4
25° C. line 5-2 70-8 2:8 345 62-7
20° C. line 6-7 96-4 39 53-4 43-7
20° C. 29° C. line 5-4 79-4 70 43-8 49-2
25° C. line 5-5 87-2 — 58-2 418
20° C. line 6-8 95:6 2:6 666 30-8

The results (fig. 4) show that each of these lines responded to selection
in the new environments but that the responses were more gradual and the
mean scutellar bristle numbers reached were lower than in the lines originally
selected in these environments. The 29° C. line selected at 20° C. showed
the greatest response and had a mean scutellar bristle number of 7 after 15
generations of selection. Thereafter the mean was maintained at a similar
level to that maintained for the original 20° C. selected line. The distri-
butions of extra bristles in these two lines were not different (table 5).

The 20° C. line selected at 29° C. did not attain as high a mean as the
original 29° C. line, but it proved possible to maintain at a2 mean of 5:5
bristles whereas the original line was difficult to maintain at 4-5 bristles
per fly. The number of extra bristles at the three sites in these two lines
were significantly different (2 = 25-9). The 20° C. line selected at 29° C.
had more extra posterior scutellar bristles than the original 29° C. line and
fewer extra anterior bristles (table 5).

These data show that prior selection in an adverse environment need
not necessarily lead to greater response in a more favourable environment.
They also indicate that prior selection at 29° C. does not lead to an increase
in the proportion of extra posterior bristles when the line subsequently
reaches a higher mean at a lower temperature.

Nevertheless, it is clear that the original 20° C. selected line contained
genetic variance for scutellar bristle number which could not be utilised
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at 20° C. but could be utilised at 29° C. It is not possible to make the same
assumptions about the selected 29° C. line because this line continued to
respond to selection at 29° C. after the sub-line had been taken out at
generation 21,

75

$29°C
reselected at 20°C

s20°C
reselected at 29°C

Scutellar bristle number

45

SO 2 © 10 14 18 22

(S21) Generations
F16. 4.—Mean scutellar bristle numbers of the 20° C. selected line reselected at 29° C. and
of the 29° C. selected line reselected at 20° C.

The exploitation of genetic variance in these sub-lines by selection in
new environments might have altered their performance in the original
environments. Both the 20° C. line selected at 29° C. and the 29° C. line

TABLE 5

Comparison of the selected lines assayed at the final generation of selection

Percentage of extra bristles

Mean Percentage of of the three sites
bristle flies with — A -
number extra bristles P A I
20° C. line selected
at 29° C. 6-1 944 57-9 189 23-2
29° C. line 4.7 42:2 382 43-6 18-2
29° C, line selected
at 20° C. 69 98-0 2:3 76'5 21-2
20° C, line 69 98-6 0-3 72:5 27-2

selected at 20° C. were subcultured at their original temperatures after 21
generations of selection. The results (table 6) show that neither the mean
scutellar bristle number nor the proportions of extra bristles at the three
sites had been altered in the 20° C. lines. Reselection of the 29° C. line at
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20° C. however, had changed its performance at 29° C. The mean scutellar
bristle number was increased and the proportion of extra bristles at posterior
sites was higher than in the original line.

(iv) Whole chromosome assays

Attempts were made to investigate the effect on scutellar bristle number
of whole chromosomes extracted from the control and selected lines to
determine whether or not the same genetic material was involved at each
temperature.

TABLE 6

Scutellar bristle number assays of the 29° C. line reselected at 20° C. and the 20° C. line reselected at
29° C. when these two lines were cultured at 29° C. and 20° C. respectively

Percentage of extra bristles

Mean Percentage of at the three sites
Culture bristle flies with — A
temperature Line number extra bristles P A I
At 20° C. 20° C. line
selected
line 67 97-3 — 80-7 19-3
20° C. line
reselected
at 29° C. 66 97-0 0-7 84-7 14-6
At 29° C. 29° C. line 47 42-4 382 43-6 18:2
29° C. line
reselected
at 20° C. 5-0 552 69-9 24-4 57

Reciprocal crosses between the Athens base stock and a y dw st marker
stock were made at each temperature. These progenies contained very
few flies with extra bristles and test cross-progenies were not undertaken.
At 29° C., 5-3 per cent. of the F; progeny had less than four scutellar bristles
and all the missing bristles were from anterior sites. Unfortunately, attempts
to breed from flies with less than four bristles were unsuccessful.

In a preliminary experiment to assay homozygous effects of autosomes,
males from the Athens base stock were crossed to Pm M¢ females and the
resulting Pm M¢ progeny were intermated and cultured at 20° C. Progeny
of both sexes from each of the four resulting genotypes were assayed for
scutellar bristle number. The results (table 7) show that at 20° C. flies
homozygous for Athens second and third chromosomes had a similar mean
scutellar bristle number to the Athens stock cultured at 20° C. However,
flies heterozygous for Pm and Athens second chromsomoes and homozygous
for Athens third chromosomes had a higher mean scutellar bristle number
than the Athens stock cultured at 20° C. Cultures at 20° C. of a Pm M¢ stock
with an Oregon background did not produce any flies with more than four
scutellar bristles. Thus Athens second chromosomes when homozygous
inhibited the effect of the Athens third chromosomes when the latter were
homozygous. Such negative interactions (for which Fraser et al. (1965)
used the term “ compensative interaction ’’) might be expected to occur
and play an important role in stabilising scutellar bristle number by buffering
against temporary changes in temperature during development (Gibson,




TEMPERATURE AND SELECTION 601

1969). If the Athens stock is not homogeneous for these interacting chromo-
somes, a higher mean scutellar bristle number could readily be attained. It
is interesting that the mean scutellar bristle number did increase in the
Athens control line maintained at 20° C. to a level approaching that which
would be predicted if the negative interaction were removed. Also the
25° C. control line after 15 generations was more responsive to lower tem-
peratures suggesting that the negative interaction had been lost at 25° C.

Tasre 7
Chromosome assays of the Athens base stock relative to Pm Mé
Percentage of

Mean bristle flies with
Genotypes number n extra bristles

+ + 45 133 383

+ +

Pm M¢ 44 114 52:2

+ +

Pm + 56 112 68-9

+ +

+ Mé 43 193 232

+ +

Analysis of variance
Mean
Source d.f. square P

Chromosome IT 1 100-74 <0-001
Chromosome III 1 62-11 <0001
IIxIII 1 1531 <0-001
Sex 1 13-46 <0-001
Sex xII 1 2:04 >0-05
Sex X III 1 6-29 0-01 <, >0-001
Sex IT X III 1 2-17 >0-05
Individuals (error) 544 0-69 —
Total 551 — ——

A standard breeding programme utilising marked inversions on each
of the three major chromosomes was later used to isolate for assay homo-
zygotes of Athens 25° C. control line and 20° C. selected line chromosomes
on an Oregon background. As y bw st assays had shown that none of the
X chromosomes derived from the control or the selected lines had any
appreciable individual effect on scutellar bristle number these will be
ignored, although it is possible that X chromosomes from the selected lines
did contribute slightly to the total effect by interchromosomal interactions
In a few assays where such X chromosome interactions might have been
detected, none was observed.

Inviability interactions between some of the balancer chromosomes, and
possibly the extracted chromosomes, prevented complete analyses being

2Q2
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made. Unfortunately such interactions make it probable that non-random
samples of extracted chromosomes were eventually assayed.
TasBLE 8

Scutellar bristle number assays of flies homozygous for third chromosomes extracted from the 25° C.
control line on an Oregon background

Percentage of extra bristles

Mean Percentage of at the three sites
Culture bristle flies with — A —
temperature number extra bristles P A I
25° C. 4-6 38-2 0-7 371 62-2
29° C. 4-4 28-8 90-6 57 3.7
20° C. 4-4 328 — 65-4 34-6

Second chromosomes extracted from both the 25° C. and 20° C. control
lines had no individual effects on scutellar bristle number. The extracted
second chromosomes from the 25° C. control line were assayed on an Oregon

TABLE 9

Mean scutellar bristle numbers of flies containing combinations of second and third chromosomes extracted
from the 20° C. selected line on an Oregon background

Number of third chromosomes

S 20 — A .
0 1 2
Number of 0 40 41 46
second 1 40 4-4 4.7
chromosomes 2 44 5-1 7-3
Analysis of variance
Mean
Source d.f. squares Probability
Chromosome II additive 1 484 <0-001
dominance 1 171-4 <0-001
Chromosome III additive 1 224-8 <0-001
dominance 1 129-9 <0-001
Additive II x additive III 1 471 <0-001
Additive II X dominance III 1 13
Dominance II x additive III 1 499 < 0-001
Dominance II x dominance III 1 69-3 < 0-001
Sex 1 85-1 <0-001
Sex x I1 2 7-2 <0-01
>0-001
Sex x I11 2 6-1 <0-01
>0-001
Sex x IT x III 4 2:6 >0:05
Individuals (error) 2473 1-1

background at each of the three temperatures and in each case the effect on
scutellar bristles was very slight. The individual effects of homozygous third
chromosomes extracted from the 25° C. control lines (table 8) were sufficient
to explain the mean scutellar bristle number of the line. However, third
chromosomes extracted from the 20° C. control line after 13 generations at
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20° C, had no individual effects on scutellar bristle number when homo-
zygous. The mean scutellar bristle number of the 20° C. control line was
maintained by interactions between the second and third chromosomes.
Thus the negative interaction between the second and third chromosomes
present in the Athens stock when it was originally cultured at 20° C. had
been replaced during natural selection at 20° C. by a positive interaction
between these chromosomes increasing scutellar bristle number.

The proportions of extra bristles at the three sites produced by third
chromosomes extracted from the 25° C. control line varied with the assay
culture temperature. At 29° C., 90 per cent. of the extra bristles were at
posterior sites whereas at 25° C. and 20° C. very few extra posterior bristles
occurred. Thus the same chromosome can give rise to different scutellar
bristle number phenotypes at different temperatures.

TasLE 10

Scutellar bristle number assays of flies containing combinations of chromosomes extracted from the 20° C.
selected line assayed at 20° C., 25° C. and 29° C.

Percentage of extra
Percentage bristles at the three

Mean of flies sites

Culture bristte  with extra  ——A———

temperature  number bristles P A I

Flies homozygous 20° C. 40 0-8 — 50 50
or hemizygous for 25° C. 4-0 0-4 — 100 —
an extracted X 29° C. 40 — -— —_ —

chromosome

Flies homozygous 20° C. 44 29-4 — 45-0 550
for an extracted 25° C. 43 264 2:2 50 47-8
second chromosome 29° C. 44 268 90-6 — 9-4
Flies homozygous 20° C. 4-6 373 0-4 48-8  50-8
for an extracted 25° C. 42 16-2 10-4 354 542
third chromosome 29° C. 4-3 254 86-8 — 13-2

As the line selected at 20° C. had the highest scutellar bristle number
it was used for a more complete analysis of whole chromosome effects. The
results of scutellar bristle number assays of flies containing all possible
combinations of extracted second and third chromosomes with Oregon
second and third chromosomes {table 9) indicate that interactions between
the second and third chromosomes contribute a substantial proportion to
the total effect on scutellar bristle number. Dominance interactions further
complicate the picture.

Flies homozygous for X, second and third chromosomes extracted from
the 20° C. selected line were separately assayed at 20° C., 25° C. and 29° C.
(table 10). The X chromosome extracted from the 20° C. selected line had
no effect on scutellar bristle number at any of the three temperatures. Second
chromosomes extracted from the line increased both the proportion of flies
with extra bristles and the mean bristle number. The effect on mean was
similar at each temperature, but the proportions of extra posterior bristles
increased with increase in temperature. Extracted third chromosomes also
increased mean bristle number at each temperature but the effect at 25° C.
was slight. In assays of both second and third chromosomes the proportion
of extra posterior bristles was highest at 29° C.
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It seems clear from these data that it is largely the positive interactions
between second and third chromosomes which are affected by the culture
temperaure and give rise to the differences in mean bristle number which
are observed when the 20° C. selected line is cultured at 25° C. or at 29° C.
At 20° C. the interaction component accounts for 1-8 bristles per fly or
approximately 60 per cent. of the mean number of extra bristles, whereas
at 25° C. the proportion is 80 per cent. and at 29° C., 28 per cent. (table 11).

TaBLE 11

Estimates of the interaction component between 20° C. selected line second and third chromosomes at
different temperatures

Interaction
extra bristles per fly
20° C. 1-8
25° C. 1-8
29° C. 0-2

4. DiscuUssioN

The differences in reactions to culture temperature observed in this
material are in general similar to those described by Pennycuick and Fraser
(1964) for non-scute flies. Mean scutellar bristle number increases with
decrease in culture temperature from 29° C. in a similar way to sterno-
pleural bristle number (Beardmore, in Thoday, 1958). This relationship
also holds for scute and non-scute populations selected for low scutellar
bristle number (Druger, 1967; Gibson, unpublished) which have higher
mean scutellar bristle numbers at 20° C. than at 25° C. In non-scute stocks
selected for low scutellar bristle number at 25° C. Gibson (1968) found a
correlated change in the area of the scutellum which resulted from a decrease
in cell number. Thus it is possible that the inverse correlation between
temperature and scutellar bristle number may be associated with changes
in the size of flies cultured at different temperatures. However, Fraser,
Erway and Brenton (1968) compared the frequencies of flies with extra
scutellar bristles in cultures enriched with dead yeast, and in cultures with
20 pairs of parents instead of four. The yeast-enriched cultures produced
larger flies and the * crowded ” cultures smaller flies, but both treatments
gave rise to lower frequencies of flies with extra scutellar bristles than
controls. Their data, therefore, do not appear to lend any support to the
hypothesis that changes in fly size necessarily have any relation to the
temperature effect.

Artificial selection can alter the responsiveness of scute populations to
temperature (Druger, 1967; Kindred, 1965) and can reverse the relation-
ship between scutellar bristle number and temperature. Natural selection
affected the responsiveness of the present control lines to culture temperature
but a more pronounced effect occurred in the line selected at 20° C. The
pattern of extra bristles produced when the Athens base population was
first cultured at 20° C. was replaced under selection for increased scutellar
bristle number at 20° C. by a different pattern, with a higher proportion of
extra bristles at anterior sites.

The rate of response to selection for high scutellar bristle number showed
an increase with increase in temperature but the differences between the
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means ultimately maintained at the three temperatures were greater than
those suggested by the effect of temperature on the base stock. The herita-
bility of scutellar bristle number in the Athens base stock may vary with
temperature and this together with differences in phenotypic variability at
the three temperatures may be sufficient to account for the different rates
of response under directional selection. However, in view of the responses of
the control lines it seems likely that natural selection favours higher scutellar
bristle numbers at 20° C. than at higher temperatures (Druger, 1967). Thus
increased viability of flies with extra scutellar bristles at 20° C. may lead
to a more rapid utilisation of the genetic variability available.

Genetic analysis of the Athens base population provided some insight
into possible modes of response to selection at 20° C. for it revealed negative
interactions between the second and third chromosomes at this temperature
(Gibson, 1969). These data also provide an explanation for the results of
Nassar (1965) and Nassar and Fraser (1965), who found that selection for
extra scutellar bristles was enhanced when the genetic variance segregating
in the base population was restricted to that from a single pair of chromo-
somes. Ambi-directional interchromosomal interactions would be expected
to be a prominent feature of a highly stabilised character such as scutellar
bristle number (Mather, 1943). Disruption of the stabilised genome would
reveal cryptic variability which could lead to rapid responses to selection if
the negative interactions had been relatively large. Accelerated responses
to selection might frequently occur in this way in characters previously
subjected to stabilising selection rather than from the formation of extreme
genotypes by intrachromosomal recombination such as was demonstrated
by Thoday and Boam (1961) in their sternopleural bristle selection lines
(see Thoday et al., 1964). Fraser et al. (1965) describe a number of scutellar
selection lines at 25° C. in which rapid responses, similar to that in the
present 20° C. line, occurred for a few generations. A notable feature
revealed by their genetic analysis of some of the selected lines was that
whereas negative interactions between chromosomes were absent in the
lines with the highest mean scutellar bristle number they were frequent
components of lines which had shown a limited response to selection. Con-
sonant results have recently been discussed by Whittle (1967). He analysed
two populations selected for high scutellar bristle number which had been
derived from two geographically isolated populations of D. melanogaster.
Within each population interchromosomal interactions were largely positive
whereas when chromosomes from the two populations were combined both
negative and positive interactions occurred. Clearly negative interactions
between chromosomes from different geographical areas were sheltered from
the forces operating against such interactions in the separate selection lines
yet their occurrence in the hybrids reveals vestiges of the stabilising systems,
operating in the original populations.

Nevertheless, the removal of the negative interaction present in the
Athens base population is not sufficient by itself fully to explain the response
of the line selected at 20° C. and whole chromosome analyses show that a
major component of the response was due to the formation of positive
interactions between second and the third chromosomes. The data also
suggest that the magnitude of these interactions varied with the culture
temperature and played a significant role in the rates of response to selection
in the different environments.
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Of particular interest are the different effects of the culture temperature
on the pattern of extra scutellar bristles. Extra posterior bristles are usually
most frequent at 29° C., extra anterior bristles predominate at 20° C., and
in the present material the 25° C. lines are characterised by a high proportion
of extra interstitial bristles. These relationships can be explained by the
separate integrated action of different mechanisms, some of which were
considered by Pennycuick and Fraser (1964). For example there might be
genes affecting specific scutellar bristle number sites or the genes might affect
all three sites. In either case the expression of the genes might vary with a
temperature-controlled threshold or separate genes may function in different
temperatures. Separate sub-samples of the same population selected for
high scutellar bristle number in different temperatures might be expected
to sort out those genes in the population which act in the different environ-
ments. The present data show that this process has not occurred, for all
three selected lines can produce all types of extra scutellar bristles in the
appropriate environment. Most of the extracted chromosomes assayed
were effective to a similar extent in all three environments but the third
chromosomes extracted from the 20° C. line had less effect at 25° C. than
at the other two temperatures.

Reselection of the lines in new environments demonstrated that the 20° C.
line, which had ceased to respond at 20° C., contained genetic variability
which could be utilised by selection at 29° C. But this further regime of
directional selection at 29° C. did not affect the mean scutellar bristle number
of the line when it was cultured at 20° C. These results suggest that some
genes affecting scutellar bristle number operate over a short temperature
range whereas others are less restricted (see also Gibson, 1969). The data
provide no evidence for the hypothesis that there are separate genes affecting
scutellar bristles for each of the three sites. But it is only possible to obtain
such evidence if factors affecting one site, which do not have pleiotropic
effects on the other two sites, can be located within a chromosome (Spickett,
1963). Whittle (1967) has shown that the polygene location techniques
outlined by Thoday (1961) can profitably be used for locating scutellar
bristle number genes so that such evidence might now be obtained.

5. SuMMARY

1. Sub-samples of a wild type population of D. melanogaster were selected
for extra scutellar bristles at 20° C., 25° C. and 29° C. The effectiveness of
selection was inversely related to culture temperature.

2. In both the 20° C. and 25° C. selected lines the proportion of extra
bristles was highest at anterior sites whereas in the 29° C. line a high propor-
tion of extra posterior bristles was maintained.

3. Each of the selected lines had a higher mean scutellar bristle number
at 20° C. than at 29° C. The proportion of extra posterior bristles increases
and the proportion of extra anterior bristles decreases with a rise in culture
temperature.

4. Reselection of the 20° C. line at 29° C. revealed genetic variance for
scutellar bristle number which could not be utilised at 20° C.

5. Chromosome assays of the 20° C. selected line showed that the selec-
tion response was largely due to positive interactions between second and
third chromosomes. The magnitude of the interaction varied with culture
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temperature. The data suggest that the same chromosomes affect scutellar
bristle number and pattern differently at different temperatures.
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