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ABSTRACT

Using the mutagen ethyl methanesulfonate, strains of

Drosothila melanogaster were isolated whose males dis-

-

played mutant mating behaviour. Three lines were selected

for closer stud;T\One,:strain 355, was associated with a
morphological mutation that decreased male courtship
success. Of the two non-morphological mutants, one strain

(8263) exhibited almost no‘mating activity under test

‘conditions, while the other (#277) was more successful

than standard Canton-$ males. Through mapping and test

crosses, the mode af inheritance of each mutant was inves~-

S

tigated. Other behavioural tests were performed to assess

AN
locomotor activity. These three mutants are discussed in
<

terms of current ideas regarding courtship in Drosophila.
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Introduction

The establishment of behavioural genetics as 2 legitimate
branch of science is commonly held to have occurred with the

publication of Behaviour Genetics by J.L. Fuller and W.R.

Thompson in 1960. Despite 1its relatively young age in a tech-
nical sense, behavioural geretics has origins predating 1960,
and this is for two reasons. First, ?ullér ané Thompson's book
represented a consolidation of the then Cug}ent ideas and con-
seguently drew on experimental work éone in the 1940's and
1950's. Secondly, and more "importantly, behavioural genetics
is by nature a synthetic science - born from the older disci-
plines of ethology, psychology and genetics {Ehrman and
Parsons, 1976).

It is because of éhis multi-disciplinary origin that the
fundamental problems in behavioural genetics are to-a large
deéree but reformulations of previous questions. Historically
one of the most enéuring of these has been the "nature versus
nurture".debate. Stemming from the philosophical tension be-

tween extreme environmentalism and {genetic) determinism, the



conflict continued in behavioural terms v%a the learning/-
conditioning school (represented by B.F. Skinner and his.
associates) on the one hand, and the innate/instinctive school
(exemplified by Konrad Lorentz) on the other.

Presently the debate has subsided with the realization
that the former options were.over—simpliffed and unduly pola-
rized, and that there is in ct a continuous spectrum
between the two extremes. In addition, the poles themselves
are now'regarded as being non-existent abstractions. Even the
deepest‘énnate respd%ses are contingent upon basic exchanges
with the environment for their developments and the ability-:
to learn or be conditioned is restricted by the genetic heri-
tage of a species. (Alcock, 1975) K

In this sense, what was once a major goal of behavioural
genetics - i.e., the proof of a genetic role in different
behaviour patterns - has become superfluous.'Having thus become
released from the need for simple demonstratgons, questions
regarding physiological ané causal relationships between genes
and behaviou; and guantitative analysis of beh;vioural varia-
tion as it reflects genetic variation could be approached.

A fundamental orientation of behavioural genetics at all
times has been the treatment of behaviour as a phenotype
(Manning, 1965; Broacdhurst and Jinks, 1974). Reqarded in this

light, it becomes both a product of and subjegf'to the same
4
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forces that~drive the more” familiar mprpholbgical evolution.

- -

":é?e behavioural phenotype under consideration here is male

- courtship in Droscphila melanogaster.

&

aAs described by Sturtevant’ (1915), catalogued by Spieth
leS?),‘énd quantitatively assessed by Bastock (1956) and

others, the events leadiﬁg to copulation in D. melanogaster

e

involved ‘the follcﬁing‘sequgnce:

-

-

1. The male fly encounters a female and taps her with his

foretarsi, usually on her abdomen.

2. The méig orients himself behind and to one side of .

the female, facing her about 2-3mm_away. )

3. With his abdomen curled under and forward, the male.
engages in wing display.wherein 6ne wing (usually the wing |
closest to the heqd-éf'tbe female) is extended 90° in the
horizontal plane and vibrated rapidly for .5-2 sec.

4: Duri nd/or betwemn bouts of -wing vibration, the
male extends Ris proboscis to contact the vaginai plates of
the female. This activity is commonly known as licking.

5. Receptive femdlgs spread.tﬁeir vgginél plates. The male
curls his abdomen further and lungés forward, .establishing
genital comtact. The male then mounts the female farther for-

: . &
ward by spreading her winss'with his head and forelegs. Copu-

lation lasts for approximately 15 minutes in D.. melanogastex
N ;
(MacVean and Parsons, 1966).



The initiat{o/n of courtship ‘by a male does not insure a
successful conclusion. At allAtimeé prior to ggnit;;‘csntact,:
courtship may be terminated by either participant.aThé-female,
for example,’may give one of a number of cbunter-signalling
responses tola courting male (by retracting, by depressing'o;
elevating the abdomen, or by extrusion of ovipositor). The
male will usually not pérform the above steps in rigid seguence,
;ather courtship includes repeated bouts of the first four ’
steés in varving 6rder.

Despite this variability in the exact performance of male
courtship, behavioural patterns for-displays are species—- ¢
specific in terﬁs of the initial order in which the components
occur. Species specificity is also reflected in the repertoire
of acts - some species lacking a vibration component, and
othéfs haviﬁg retained it only auring the copulatory phase
itself (Spieth, 3;52; Manning, 1965). Because of this specifi-
city and because male flies raised in isolation are able to

successfully court and mate with females in their first sexual

encounter, courtship in Drosophila.is regarded as being at the

"innate" extreme of the behavioural nature-nurture scale.
(Burnett and Connolly, 1974). _
The description of male courtship above is largely a

"phenomenological” one. Identifying the precise functiah'and

significance of both malke and female activities during a sexual

Ty



encounter requires a greater degree of interpretation. One

reason for this is the considerable amount of variation that

a behavioural act exhibits, variation tha;_undoubtedly arises

A

from its being contingent upon a multitude of subtle and
. ‘ -

complex cues for its generation. For those interested in
~

Drosophila mating behaviour, this is further complicated by

the féct that one is concerned not only with the behaviour
of a single individual but with a pair. Conseguently one must
contend with male behaviour and female behaviour together with
all the interactions that ‘occur between them.

) Despite, this multifaceted complex4aty, the study of-thg
behaviour genetics of courtship certainly is concerned with
the functional aspectg of couréing activity. Curren£ views

rest heavily on the idea of Darwinian fitness and how it may

be maximized in Drosophila. For males, fitness is highly cor-

related with mating speed and the number of females insemina-
ted (Fulker, 1966), hence it is expected that selection has

maximized mating speed and compromised discriminative-{ﬂx\
1

ability (Speiss, 1970). Males will approach any and al
[ Y

i
/

females to initiate courtshiQ. Since a male also will invés—
tiéate other males, as well as foreign objects with the same
general shape of a female, it seems that the primary initial
stimulus to the male is received visually. The observation

that visual discrimination in Drosophila is crude explains




,. . - s
- . -
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-

the highly tentative nature of the male'slpreliminary advances..
v%or courtship to continue, hevmust;receive the propgr_éounter—.
siénals from the female.:These are not well unéerstood and
'may have a chemosensory or olfactory basié. This information
may be relevant to species recognition as weli as stimulating
the male into the succeeding courtship display itself. The
o

component ac;ions are repeatedly performed and not until the
female signals acceptance 1is the male thought to attempt
genital contact. The acceptance signal is usually the\spreading
of the vaginal plates, although in some species the female
parts her wings as well (Spieth, 1952)._Since males are indis- _
criminate'courters and courtship initiation is apparently
based on visual stimuli, males are viewed as having a low
threshold of stimulation for engaging in cqurtship and all of
this as a result of selection for fast mating speed.

Thé discriminating ability of the female is well docu-
mented (Petit and Ehrman, 1969: Speiss, 1970 for reviews),
and contrasts with the male's lack of mating preference. Both
sexes possess sexual isolating behaviours but only the female
seems to exert the force of sexual selection. Although in the
wild a high percentage of females are inseminated (~%0%),
they mate relatively infrequently and are able to store sperm
from a single mating for a period of days {Spieth, 1952).

L4

The basis of the female's discriminative ability is not

.
-

4
A
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fully understdbd, Their role as agents of sexual selection
"has been presumed to be directed in some way at male 'vigof"
or "athletic ability" (Petit and Ehrman (196%), p-204), admit-
tedly vagué notions. However, the vibration component corre-—
lates well with male mating success (Bastock, 1956) and is
probably of major stimulating value to the female. Whether
this is achieved through olfactory or auditory means is not
known.

If-present'kﬁowledge of what-the female responds to is
couched in "ill-defined yét méaningfu} gqualities"” (Speiss,
1970), the means;by which she receives Yelevant information
is éomewhat better understood; female antennae are knowﬁ.to
“be important in maintaining sexual isolation (Maﬁr, 1950;
Ehrman, 1959; Manning, 1967) and function in their sexual
selective role as well (Begg and Packman, 1951).

The difficulty in evaluating exactly what stimuli the
female detects and responds to as well as how she receives
this information may be due to the subtlety and interactive
nature of the relevant cues. As Spieth has noted (1952}, hetre-
rogencus stimuli are probably required for adequate female
stimulation. Moreover, it appears that "what 1s necessary ié
that the heterogenous stimuli added together are sufficient
to reach the threshold of reaction of the individual being

studied™ {Spieth, 1952, p.462).

The present model of Drosophila sexual Hehaviour, then,




o

postulates males as ha§ing a low threshold for courtship ini-

tiation which confers a constant readiness to mate, and females
witp a higher threshold of acceptance which is_re;chéd by
heterogenous summation of stimuli. This summation process

occurs as a function of those attributes of mal& courtship

towards which her discriminative powers are directed.
species—specific courtship behaviours offer

for studying the genetics of a behavioural

Inherited
useful s;stéms.
phenotype, and this is all the more trué for Drosophila
melanogaster which has been well characterized both beha-
qiourglly and genetically (Burnett and Connolly, 1974)--There
are two possible approaches to this end. The biometrical
(Jinks and Broadhurst, 1974; Mather and Jinks, 1971)

methods

are directed to problems in quantitative gcharacter. Through
diallel cross analysis; information about whole chromosome or

genome effects on mating behaviour has been gained (Parsons,
the Mendelian

1964; Fulker, 1966).
In contrast to biometric analysis,

approach concentrates on simple genetic systems with one to
loci. Because of this methodological orientation, the

a few
Most studies of

behavioural effects of each locus must be great enough to
make discrimination among genotypes possible, given the large

amount of behavioural variation within lines.
this type have been concerned with exploring pleiotropic



effects of known mdrphological mutants on sexual behaviour
(see Grossfield, 19785.for a review). More recently, practical
screening methods have been devised to assay directly for
altered non-sexual behaviour (Ikeda anq Kaplan, 1970;
Konopka and Benzer, 1971; Pak et al, 1969; Pak, 1975 review).
The use of singié&gene changes as tools for dissecting
behaviour patterns is especially well suited to studying
associated physiological processes.; Moreover, more powerful
genetic technigues are able-ﬁo be used to elucidate functional
relations between genes a behaviour (genetic and mosaic

mapping,. for example). Consegdyently, it was decided that the

. -

Mendelian appréach would be used to study mating behaviour in

D. melanogaster. Specifically, this took the form of genera-

ting mutant lines with ethyl methanesulfonate (EMS) and

selecting for males with altg;ed mating behaviour. Since it

~

is known that females can discriminate among males, the ratio-
nale was to present genetically different males to females of
a standard stock and to compare mating activities among the
males. Defective behaviour was of primary interest because,

as a complex behaviour pattern dependent upon the proper
functioning of a multitude of systems in the fly, random
changes in any of them woﬁfa likely be detrimental to overall
courtship performance. Moreover, it has already been indicated

that natural selection has tended to maximize male mating



.

speedaih Drosophila (Manning, 1961). Again, any deviation would

c - . . N B
probably-be in the direction of deoreased mating speed.

There are three general classes .that mutants may-fall
into u51ng this kind of scheme. The iess lnterestlng cases
involve changes in external morphology such that effects on
mating behaviour 'esult The mutant antennaless is an example
of this tvpe. The loss of functlonal lmpalrment of so 1mpo;—
tant a- sensory organ (Barrows, lQO?:,Waterman, 1950) is

fully expected to (and d;es) affect the:behaviour of the fly
in many wavs, incloding sexuel,behaﬁiour {Mayxr, 1950; Menning,
1967a; BaggAand Packmaq, 1951) . General bhehavigur mutantg,

on the other hand, are non-morpholagical with respect to
external anatomy. Internal lesions.in muscular, neural or
other svstems, however, can give rise to nonspecific beha-
vioural changes. Locomotory mu;ations, for example, may affect
mating and oviposition behaviour as well. The third class is
restricted to those behavioural mutants where systems or
functions that are usgd only in sexual interactions are
affected. Because of the complex involvement of many systems
in the generdcion of all behav}Ourel aots,‘these are expected
to be in the minoriﬁy-

The experiments described here were based on these consi;

derations. By using the relative behavxoural rigidity of male

Drosophila courtship as a paradigm and the genetlc s;mp11c1ty

.
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Materials and Methods

1. Stocks anéd Culzturing Methods

All strains used in these experiments were of \the species

Drosophiia melanogaster. The 1aboratory'standard Canton-

Special and attached-X populations (hereafter referred to as

CS and XX, respectively) ‘were kindly provided by the California

" Institute of Technology. The detailed genetic constitution of

XX stock is given in Lindsley and Grell (1968}, but the rele-
vant features are as follows: Females of this sfrain possess
two X-chromosomes (attached, and both carrying recessive
markers vellow (yz), white eye (w), and forked bristles (f)),
plus a Y-chromosome, while males (XY) carry only a recessive
sex-linked temperature sensitive lethal mutation. Genetic
mépping of mutants generated in the course of this study was
done using strain no.206 from Caltech, which carries recessive
sex-linked markers yellow (yz), crossveinless (c¢v), vermillion
fvi, and forked (£f).

All cultures were raisgd on Carpentex's medium (see

appendix 1) and were cleared daily. The sexes were separated

using carbon dioxide anesthetization whereby CO, was forced

12
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intb a vial of newly eclosed flies until they were immobile .

(.5-1 sec.). Sepéfétion of the sexes*high a paintbrush was
done.on-a cooled plastic Petri dish which was inverted on top

of crushed ice. ?pis technique has many important advantages

for behavioural studies with Drosophila since there is no

danger of toxic or fatal.over-exposure that. occurs with the
more common etherizing procedure. Moreover, flies remain
unconscious as long as they are kept cool - hence the need
for the Petri dish and ice - witﬁgut further ill-effects.
The extreme rapidity with which CO2 renders flies inactive is
an added practical benefit of this methbd._

Samples thus collected were retain xn disposable
plastic tubes (17 x 100mm) which c ned 2-3 ml. of Car-
penter's mediuﬁ- All flies were aged for four days prior to
testing, to standardize sexual maturity and receptivity
(Manning, 1967). All tests were conducted between 2pm and

6:30pm.

2. Mutagenizing Procedure

Mutant stocks were generated through the use of the
mutagen ethyl methanesulfonate (EMS) following the procedure
of Lewis and Bacher (1968). Fifty to one hundred newly
eclosed (~24 hours old) CS males were starved for 24 hours.

The starved males were then placed in a jar containing four

\

- |

-~

f
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Kimwipes that had been previously soaked with approximafely
4 ml. of EMS-sucrose sa?htion (see Appendix 2). The flies
were allowed to feed for 24 hours after which time they were
mass-mated to 200 XX virgin females. Using the rationale of
Benzer (1967) and Pak (1975), male progeny fﬁom this mass .
matinhg (deéignated Fl) were mated singly to XX viréin females
to produce lines whose males shared a possibly mutant
X-chromosome derived from a CS male, while the females were
maintained in their attached-X condition. Each mated pair
(FI &° x XX @) thus gave rise to a numbered line which was
_cultured inter se (see Figure 1).

Lines were chosen for closer study on the basis of the
bebaviour.of the Fl male parent of a given line. Progeny of
those not mating within a 30-minute observation period wﬁxe
used in further investigations of mating activity both in
the light and in darkness.

-

3. Mating Test Procedures

a) Tests Conducted Under Illuminated Conditions:

Males and virgin females (XX virgins, unless other-
wise noted; both sexes were four days old) to be tested were
placed singly without anesthetization into 10 x 70mm glass
test tubes that contained approximately 1 ml. of Carpenter's
medium. This was achieved by tapping flies gently from the

17 x 100mm holding tubes into empty 10 x 70mm test tubes via
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a polypropylene funnel and then allowlng single flxes to T
crawl into 1nverted 10 x 70nm tubes._mubes containing sxngle
flies were sealed with clean sponge tops and grouped according
"to sex ane'etrain.HOnce all the flies_to be_tested in a oiven
experiment ée:e isoleted in this'menner,'hale flies w tapped
gently into a pube containing_a female.- The:r tube contz:Zipg
the pair was stoppered with a sponge top.and laid on its side
on the laboratorv benchtop for observetion. Numbered pairs of
flies were set sequentiallf.and-the time to the onset of
copulation for each pair was recorded to the nearest. five
minutes. The large mumbef of pairs. in a group to be tested
precluded the observation and timing of each pair indivi-
dually.

Because about S'eec. elapsed between_phe setting of one
pair and the next, the total time for the placement of a par-
ticular group being tested was recorded in stopwatch. This
‘information was used to modify ££e raw observations to more'
accurately reflect the real time iﬁﬁerval between the intfo—
duction of e.male inﬁo a tube containing a female and the
beéginning of copulation (seé’Methods,'Part 6 (Data Analfsis)
for further discussion).

All XX virgins used in both light and dark tests were

from the original XX stock and not from the derived mutant
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‘part (a) above. Since it was .necessary to isolate the flies

17

.

’

lines. Pairs were observed for a maximum of 35 minutes. Except.

where otherwise noted, a minimum of 100 pairs per strain were

tested in sets of ‘not less than 10 pairs for a given experiment.
Mating tests were conducted at 25°% 1.5%° c. Illumination was

measured at 2.3 aE m 2 sec_,l- s

b) Tests Conducted Under Dark Conditions:

vThree—day old male and female flies were dark-
adapﬁed_for 24 hours at 25°C. They were then placed singly
into 10 x 70§m test tubes containing approximately 1 ml. of

Carpenter's medium without anesthetization as described in

. under minimum lighting conditions, a 25-watt incandescent lamp

was used in conjunction with a fitted dark red filter. The

resultant illumination was .01 — .1 fE m—2 s¢.==c—l in the dark

room working area during both fly separation and while pairs
were scored for coPulations. As mentioneé previously, males
were transferred into tubes containing a female. Pairs of
flies were placed immediately into hinged opaque plastic
boxés to eliminate any residual light cues.

iUnlike the experdments §erformed in the light, these dark
tests did not involve rpeated observations taken at different
times, rather they were composed of a single observation for

each group. It was therefore necessary to choose an appropriate

period of time that would maximize the number of copulations

~

)

+
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‘yet minimize the number of (unscored) completed matings. The

average duration of copulation in Drosophila is 13—20 minutes

(MacBean and Parsons, 1966). Consequently, 15 minutes was.
chosen as an incubation tlme, after which the tubes were
sequentially removeé from the plastic boxes and scored for

copulatory activity.

4. Locomotor Activity\Tests

Sixty to seventy four-day-old males were starved for
one hour and then placed in the terminal tube of a sixth order
countércurrent apparatus (see Figure 2). Flies were allowed to
equilibrate for one minute. The apparatus was kept horizontal
with one row of tubes facing two 1l5-watt fluorescent lamps
10cm away. The operation of the counterxcurrent apparatus was
as in Benzer (1967), with a cvcle time of 30 seconds. Clean,
clear disposable plastic tubes (17 x 100mm) were used for each
experiment and the final distribution of flies in the six
tubes was recorded. Extraneous visual cues were screened by
placing the apparatﬁs in a three-sided open top box (Figure 2).
Illumination in proximal and distal ends of the tubes was 39

and 10 paE m_2 sec“l respectively.

5. Data Analysis

a) Mating Tests (Illuminated):

The large number of test pairs in a given experiment
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made the cont;nuous observatlon of .each’ pair impossible.

Inltlally data were recorded -as the time from the lntroductlon
of a male fly into a tube containing a female to the time of

the onset of copulation. Specifically, each tube was scored - °

at the end of S—piaute intervals for the presence or absence

of copulatory activity. The placement of the first male witﬁ

a female Qas designated as time = O. Thus, for example,- if

pair number 3 began copulation at 6' 3", they were récorded-

as having mated between 5 and lO-minutes.

As mentioned in section 3 (a) above, the finite time
required to aet test pailrs wouid result in soma distortion of
the data. For example, if 50 pairs were to be tested, approx-
imately 4 minutes would elapse for the setting of palirs 1
through 50. At the end of the first 5-minute interval, the
last pairs to be set would have had only 1 or 2 minutes to
mate while the first ones would have had about 5 minutes.
Furthermore, if the last pairs did mate after 2-3 minutes of
incubation, they would be recorded as having mated betweag 5
and 10 minutes. Consequently, the original observations were
scaled in the following manner:

Havin§ recorded the total time for setting all pairs in
a given experiment as well as the number of pairs tested, it
was possible to determine when particular pairs were set. The

rate of setting pairs varied Irom 8 pairs/min. to 10 pairs/min.

o N p '
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for different experiments. For simplicity, 2.5 and 7.5 minutes:
were chosen as demarcation times such that pairs set at time
2.5<t<7.5 and 7.5<t were reassigned to the 5 or 10 minute
interval, respectively, preceding the one in which they were
originally noted as having mated. As "a result, if a pair Began
copulation between 10 and 15 minutes, it was placed in:
a} the 10-15 ﬁin. mating class if it was set before 2.5
min.; .
b) the 5-10 min. mazzng-class if it was set before 7.5
min. (but after 2.5 min.};
c) the 0-5 min. mating class if it was set'after 7.5
min.
(Note that all times were measured relative to the setting of
the first pair.)
Mathematically, the original observations had no limit
to the error difference' (that is, the recorded mating class
minus the true mating class), but this was dependent upon the
number of tubes set. The modification described here did not
eliminate all inconsistencies. (For example, if a pair was
set at tl= 3 minutes and copulation began at t2= 9.5 minutes,
corrected data would list this pair in the 0-5 minute class
whereas ty - tl = 6.5 minutes had actually elapsed.) Neverthe-
less, since the data were recorded to the nearest 5 minutes

this technigue was appropriate to the level of accuracy used.
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The modified data were used to- construct cumuiative fre-
quency distributidﬁs of matings through time, both relative
to the total number of pairs tested (the numbér of attemptis)
and the total number of pairs that actually magéd..Because
observations were summed over all samples, final distributions
represented weighted.means of samples for the strains tested
(see Figure 3 (1) as an example).

The Kolmogorov—SmirnoG two sample test was used to deter-
mine whether significant differences between cumulative d%s—
tributions existed. The non-parametric nature of the test
allowed the relaxatiorn of the assumption of normality while
retaining good power (Sokal aﬁd Rohlf, 1969}. The relevant
statistic (D) measures the probability of finding a difference
as extreme as {(or more extreme than) the observed maximum
difference between two continuous distribution functions.
Since all tests used éample sizes on the order of 100 pairs,

the large sample approximation was used. The D statistic then

becomes a function of sample sizes (nl, nz), such that in
general the critical difference, D, egquals >\Sl%%5f . The

coefficient A is a constant for each level of significance
(Bever, 1966). Since comparisons were made only between two
curves at a time, confidence intervals for cumulative dis-
tributions are not depicted in the graphical figures. Critical

values for the Kolmogorov-Smirnov statistic are tabulated in
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e

Appendix 3 for all comparisons.

b) Mating Tests (In Darkness):

The results f;om experiments on mating activity
under the aark conditions were composed of one proportion for
each strain (i.e., the fraction of the test population that
mated). As with the mating tests conducted in the light, these
were summed so that they represented weighted means of the
samples tested. The G-test of independence was used, based
on the method of Sokal and Rohlf {1969), rather than the
chi-square test because of the relative ease of calculations
and because mdre éetailed analysié was péssible. This was
used to see whether the frequency of copulations after 15
minutes incubétion in-the!dafk Qas independent (or éependent)

of the strain of fly under test.

¢) Locomotor Tests: P

In general, the conditions of-the locomotor test
deécribed in Methods, part 4, led to a six-celled distribu-
tion of flies that was skewed to the left. To detect diffe-
rences in these distributions, the G-test of independence
was employed. The multiway analysis permitted testing for the
homogeneity of replicates as well as for the independence

of strain versus distribution.

d) In some cases, additional analyses of data were
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Results

1. Mutant Isolation

Completion of mating by an gl male during the 30 minute
time period of the g?ting‘test disqualified it and its
potential progeny from. further consideration. This initial
3creening‘eli:1inaﬁed approximately 69% of Fhose tested.
Logically, those not hating‘during‘thét time were not neces-
sarily behaviourally mutant since 20-25% of C§ control males.
did not mate duriné the same time period; nevertheless, the
non-mating group was of prime interest.

Male progeny from the non—maﬁing Fl males were rotested
’in subsequent generations. As testing proceeded some lines did
not exhibit abnormal mating frequencies and were discardgd
after 60-70 mating pairs had been observed. gthers demonstrated
consigrent statistically significant deviations from the rest
(especially from the CS control males), and testing conti-
nued until 100-150 pairs per strain had been observed. Sone
of the uninteresting lines were retrained for mating tests
fotr comparisons.

The results of these first population tests are given

25 b
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Figure 3. Mating Activity (Light):
7 Initial Data for Various Strains

The results of experiménts on mating activity in the
light are summarized in similar tables for all tests (figs.
'3, 8a.'10a: 132, 16a). Each table presents results for one
strain or subpopulation of males tested against a stan-
‘dard female type. The males and females used are signified
at the tor of each table; the left and right designations
referring to the male and female types, respectively.
(Thus, figure 3(i) presents data from experiments on CS
males and XX females.) Table entries represent the number
of males observed to begin copulation during a five minute
interval. For-brevity and simplicity, column headings are
given for the end of the corresponding period. Column to-
tals were disided by the total number of males tested and
by the total number of observed matings to give cumulative
distributicns 'of attempts' and 'of copulations', respect-
ively. These distributions thus distinguished between the total

number of males tested and the total number of actual copulations

that were observed.
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i Fig. 3 (cont'd)

{

i) cs - XX
. Time (min.) ' Total
Run___ 5 10 15 20 25 30 35  mated tested
1 15 1 2 1 _ 19 19
2 7 8 12 3 2 1 33 sk
3 4 -3 1 8 26
4 7 3 4, 1 1 16 24
5 7 2 10 13
6 12 2 2 1 18 19
Total 52 19 - 16 i1, 3 3 0 104 155

Cumulative frequencies (%)
33.5 5.8 56.1 63.2- 65.2 67.1 67.1 . (attempts)
50.0 68.3 83.7 - 94.2 97.1 100 100 (copulations)

A
ii) 45 - XX
Time (min.) Total
Run 5 10 15 20 25 30 35 mated tested
1 1 1 2 2 3 9 16
2 2 2 3T 11 12
3 9 i 2 3 3 21 24
12 i 2 2 "~ 20 23
5 7 2 2 3 14 16
Total 31 13 11 10 10 0 0 755 91

Cumulative frequencies (%)
4.1 48.4 60.4 71.4 82.4 82.4 82.4 (attempts)
41.3 58.7 73.3 %?.7 100 100 100 (copulations)
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3 (cont'd)
iii) 55 - XX
' Time (min.) Total
Run 5 10 13 20 29 30 mated tested
1 4 3 1 8 16
2 3 2 2 2 r 9 19
3 S 2 1 3 12
4 1 1 1 4 24
5 1 1 L 4 6 5 2r . 47
6 2 1 1 2 - 6 i0
7 . 2 2 12
8 2 1 2 3 12
Total § 12 9 7 8 8 5 58 152
Cumulative frequencies (%) '
5.9 13.8 19.7 24.3 29.6 34.9 38.2 (attempts)

| 15.5 36.2 S1.7 63.8 77.6 91.4 100

(copulations)
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Fig. 3 (cont'd)

iv) 250 - XX

Time (min.) Total
Run S i0 15 20 25 30 35 . mated tested
1 5 3 1 11 20
2 3 6 2 1 2 2 16 22
3 8 3 1 13 13
4 6 3 1 10 13
5 2 3 1 17 19
6 3 3 6 1 14 16
7 6 3 1 10 12
- 8 1 2 L 2 9 Q
Total 44 26 15 7 N o} 100 124

Cumulative frequencies (%)
35.5 56.5 68.5 74.2 77.4 80.6 80.6 (attempts)
4h,0 70.0 85.0 92.0 96.0 /}DU 100 (copulations)



Fig. 3 (cont'd)

30

v) 263 - XX
Time (min.) Total
Run 5 10 15 20 25 30 35 mated tested
1 0 12
2 0 10
3 1 1 10
L 0 12
5 1 1 12
& 0 25
7 0 19
8 0 Ll
Total O 1 1 0 0 0 0 2 144
Cumulative frequencies (%)
.0 0.7 1.4 1.4 1.4 1.4 -1.’-& (attempts)
0.0 50 100 100 100 100 100 (copulations)
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Fig. 3 (cont'd)
. ' . - a
vi) 271 - XX .
- ‘ ’ Time (min.) . Total
Run 5 10 15 20 25 .30 35  mated tested
1 10 | 2 12 12
2 10 "3 1. 1 15 16
o3 8 1 1 10 15
4 7 L4 - 1 1 13 17
5 2 8 1 E - 15 16
6 9 4 AN ‘ T 23
7 5 3 i 1 10 12
8 2 2 1 2 . 2 9- 10
9 6 1 2 ‘ .9 14
10 2 2 2 1 _7 8
Total 61 27 11 10 0 2 3 o 114 143

Cumulative frequencies (%)
42.% 61.5 69.2 76.2 77.6 79.7 79.7 (attempts)
53.5 77.2 86.8 95.6 97.4 100 100 (copulations)



Fig..z (cont'q)

vii) 274 - X

Time (min.)

30

Total

32

Run § 10 15 20 25 35  mated tested
1 6 3 1 1 11 16
2 1 4 2 7 9
3 L 1 1 1 7 8
L 4 1 1 1 1 8 11
5 5 2 1 2 1 11" 15
6 13 2 1 16 23 .

"n 8 2 1 11 13

Total %1 15 8 3 3 0 1 71 95
Cumulative frequencies (%)
43.2 58.9 67.4% 70.5 73.7 73.7 73.7 (attempts)

57.7 78.9 60.1 94.4 98.6 8.6

T

100 (copulations)
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"Pig. 3 (cont'd)

viii) 277 - X

Time (min.) Total
Run 5 10 15 20 25 30 - 35 mated tested
1 9 1 S Co11 12
2 10 - _ g 1 11 13
3 7 1 -1 1,01 11 11
4 9 1 ' 10 10
5 10 5 . 1 1 17 17
(&) 6 1 1 1 "9 9
7 .7 1 ' 8 4
8 3 3 1 » 8
9 6 1 1 8 8
10 5 1 1 : 7 8
Total 66 @ 19 5 3 3 2 1 99 105

Cumulative frequencies (%)
62.9 81.0 85.7 88.6 91.4 93.3 94.3 (attempts)
66.7 85.9 90.9 93.9 97.0 99.0 100 (copulations)

-
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in tabular form in Figure 3 and displayed as cumulative dis-
tribution functions (CDF's) in-Figure 4, where two graphing
methods have been used. Figure 4a shows the percentage of
pairs set that began copula;ion at a given time, while
Figure 4b displays the percentage of total copulations
observed versus time. Figure 4, and particularly 4a, illus-
trates some important points: (1) The CS reéerence curve
indicates that after 35 minutes, approximately 70-80% of
males mated under the conditions of the test. (2) The four
derived strains {(nos. 45, 250, 271 and 274) in solid line
were not significantly different from CS (see Appendix 3,
groups 1 to 3 for tabulated values of the Kolmogorov -
Smirnov statistic). Together these curves represent a "main
sequence" of mating distributions from which the others
deviated to a greater or lesser degree. (3) Three derived
strains demonstrated significant deﬁartures from the main
sequence: Line 263 showed a marked reduction in the fre-
gquency of copulations in 35 minutes; only 2 of 144 (1.4%)
mated. Its lack of mating activity under test conditions
contrasted sharply with its apparently ;ormal‘growth in
culture. Line 55 also displaved a reduction in mating acti-
vity relative to the main seguence but to a lesser extent. -
Line 277 exhibited@ a significantly higher percentage of co-

pulations in comparison to all strains tested. This was
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surprising since a more successful strain was not expected
to have been produced with t?e experimental procedure used.
The latter three strains were studied further in.cha—
racterization experiments, the results of which are des-
cribed below. Organizationally, they are grouped according

to strain with common tests reserxved for the final section.

*2. Mutant Charac:terization

a) Line =55

Soon after beginning tests on this line it was
discovered to be associated with a mdrﬁhological mutant
wihg phenotype. The mutant exhibited variable expression,
some flies possessing wings with sevére warping and blis-
ters while others appeared as wild type with planar wings.
In between these two extremes were those with less severe
defects (some warping with no bli#ters, or small blisters
with no warping), as well as those with an asymmetric mor-
phology (one wing affected to a variable extent, the other
wild type). Generally, individuals could be classified
according to wing morphology into one of four categories:
unaffected (or pseudo-wild type), left wing affacted, right
wing affected, and both wings affected. In all cases, vena-
tion was normal, although in severely affected individuals

venation could not be assessed .
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The presence of this morphological change allowed the
elimination of XX chromosome from this line by outérossing
to CS (55 & x CS ¢ ), and then pack Eo strain #55 (55/CS Q
X 55 o* ). Female progeny from the last cross that showed
the mutant phenotype were mated with #55 ma}es, ana there-
éfter this line was cultured inter se.

In order to ascertain wﬁether the observed phenotypic
variation was.due tc underlying genetic variation, different
phenotypes were mated to XX virgins in single pair crosses.

As shown in Figure 5, all phenotypic classes were represented
in the progeny of eachH crossI Moreover, the proportion of
flies in each class was roughly constant. As a result, the
éhenotypic’variation of the progeny appeared to be indepéndent
of the phenotypic variation between the parents of the diffe-
rent matings.

It was felt that environmental factoxrs might influence
the observed proportions. Since temperature 1is known tg affect
both larval and pupal development and the expression of some
mutant phenotypes, it seemed to be a logical choice as a
relevant environmental influence. Accordingly, replicated mass
cultures were incubated at 21, 23 25 ang 29° Celsius,‘and
progeny were scored for their phenotype.

Figqure 6a shows the percentage of affected and unaffected

males for each temperature. There is an evident correlation




Figure 5. Progeny Phenotypes from Single Pair Matings

Male Progeny Phenotype

i

39

\

Male Parent Phenotvpe L R B N
Both wings affected (B) 7 6 10 9
Left wing affected (L) 3 2 2 11
Right wing affected (R) 9 9 6 10
Pseudo-wild tvpe (N) L 6 2 7

note: progeny are from the mating: strain 558 x XX i
all female progeny were unaffected (wild type).

Figure 6a.

. 4

Temp. Total % Mutant Phenotype Class

{ C) Scored Phenotype N L R B

21 530 Lo 319 87 62- 62
23 371 54 169 62 82 58
25 382 71 111 7 g4 100
29 Lu6 80 91 67 83 205

Strain 55 Phenotypes at Different Temperatures



Figure 6b. Strain 55 Phenotypes at

Different Temperatures (°C)
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Figure 6c. Statistical Analysis of Figure 6a

i) Preliminary

St. St. 95% CI
Group Count Mean® Dev  %** Error for Medw
1 530 .5151 .6962 .0302 L4557 - 5475
2 371 .7008 .7237  .0376 6269 - 7747
3 382 .9712 7436  .0380  .8964 - 1.046
4 446  1.2256 7744  .0367 1.184% - 1.328

*.sample calculation:

o 3191+ (2 87)- (1 621042 62)] /530

«.5151

*#* sample calculatlon
{o-- 51511203190+ (1- 5151  (89)+ (1- . 51502 (62)
(2-.5151) (62t]/52§}5 = .6962

ii) Scheffe's Test
- all pairwise comparisons made to yield homogeneous
subsets at K= .05 level

Subset 1 Subset 2 Subset 3 © Subset 4
Group(s) 1 2 3 ' 4
Mean .5151 .7008 9712 1.2556
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between culture temperature and the’ frequency of affected-
males. Also tabulated in Figure 6a are the counts for the
three classes of affected'pﬁenotypes. The graphical presen-
tation of this data (Figure 6b) illuséfates the trend
towards more severe wing defects with increasing tempera-
ture.

Statistical analysis (Figure 6¢) was done at the
n;Mastér Céﬁputing Facility using the systems library pro-
gram SPSS FStatistical Package for the Social Sciences).

To permiﬁ this aralyvsis the phenotypic distribution was
represented numerically by using weightingS of 0, 1, and 2
for classes N, L and R,.and B respectively. Weightings thus
reflected the severity of the phenotype regardless of the
symmetry of effect. Using this scheme the average {nume-
rical) phenotyvpe and standard deviation could be calculated
for each.temperature (Figure 6c,i). The 95% confidence
intervals for the four means did not overlap, indicating
that temperature has a significant influence con phenotypic
distributions. The more rigorous Scheffe's test was aimed
at constructing homogenous subsets of the four groups at a

95% confidence level (Figure 6c,ii}. All groups were seen

to be unique, and the homogenous subsets were composed of only

one member each. The analysis of variance (Figure 6c¢c,iii)
confirmed that there was a highly significant added variance

component .among temperature groups for fly phenotype. Results

1 ek s b B il G AL
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of tests for trends indicated.th#t the average phenotype
varied with temperature in a I%nearlfashion, thé guadratic
components not contributing significantly to between groups
variation.

This analysis taken as a whole shows that the éxPression
of mutant-55 is conditioned by the temperature at which
flies were raised. Because all. phenotypic classes were re-
presented at each temperature, this mutant was deemed to be
temperature-influenced rather than temperature-sensitive.

As a strain with a2 morphological marker, flies could be

>
scored without extensive behavioural testing, and strain 55
was amenable to standard genetic mapping techniques. It was
suspected that the mutation was sex-linked because only males
were observéd'with the mutant phenotype while the line was
carried with XX femalés. Consequently, mapping crosses were
performed using a multiplv-marked X-chromosome stock {as
described in Methods, part 1), and these are shown in Figure
7a. F2 male progeny were scored for pﬁ%notype. The fact that
some flies of this strain appear as wéld type necessitated
test crossing some F2 males to XX virgins and scoring males
in the ne;t (F3) generation. The results of the mapping and
test crosses are given in Figurg 7b, and data analysis in
Figure 7¢. The data indicate that mutant 55 is sex-linked

and lies between y and cv.

RIPSEFOTFEICIRIE, * -/ WS
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Figure 7a. Mapping Crosses for Strain 55
1. P 55/55%. xyevyvf o ]
— -
F1 S5/yevv s $-
2. P155/ycvvid xyevvfd
F2 -recombinant progeny: males scored for phenotype
Pigure 7b. Progeny Phenotypes from Mapping Crosses
- Phenotype No. . Phenotvpe - _No.
¥y ev v £" 55 (parental) 260 + + + + wild 7
+ + + - " 82 + + + - ol 8
_* -+ " 15 + + - + " 4
+ - + " 18 + - + + b 8
- o+t bid 73 -+ + " 3
+ + - - " 82 - - " 9
- 4+ - " 1 + - + - b 0
- - " 2 + - - + - 17
-+ - - 0 -+ -+ " 0
- + - " 22 -+ - " L
- -+ = " 17 - - + " 68
+ - - - » 3 + - - - - 52
- *' - - " 7 -t = = d 9
- -+ = - .3 - -+ - - 18
- - -+ » 2 - = = + " 8?
T . 2 - - - - " (parental) 173

&



Picure 7c. Data Analysis of Mapping Results

1. Total progeny scored: 1042

2, Marker d'ié"tagces t

”

recombinant
markers phenotvpe count map_distance
Yy - cv y - + 118 202 = 19.9%
+ cv 87 10%2
eV - VvV cv + 116 Zhﬁ _
= 23.5%
+ v 1264 10%2
v -f v + 127 265
= 25.4%
+ ot 138 Toiz
3. 55-- marker distances:
recombinant
markers phenotvoes count map distance
y - 55 'y S5 53 158 - 45 2%
o 105 10%2 -
ev - 55 cv 55 34 8 . 2.5%
. N L 1002
v - 55 v - 55 113 229 _ 5504
+ + 116 10 2 ] '

a6

=

4. Double crossover events (assume gene order: y,55,cv,v,f)

recombinant
markers phenotvpes ount map distance
y - cv y 55 cv/ 24 S 52 _
-+ + + 28 T%EE 5-0%
' 19,7 + 10,0 =
55 - v 55 v 25 il = 4.5%

29.7%

22.0 + 9.0 = 31.0%
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Mating Tests

Strain 55 was original?y isolated and characterized

-

as a line with reduced mating success. Once its morphological

effect was identified, the guestion presented itself: Given

the altered wing phenotype and_the'importance of wing dis-

' play in D. melanogaster courtship, is there a relationship
between the severity of wing defect and reduction of mating
success? To answer this question, sufficient numbers of

strain 55 flies were raised to test 100-150 males of each

phenotype with ¥X females. Tests were conducted in the same

manner as previously desdribed in M&thods, section 3, and "the’

results given in Figure 8. The salient features of Figure'B,
and particularly‘Figure 8b, are the following: (1) the
mating fregquency curves for phenotype classes 551, 55R, and
5S5B are not gnificantly different from éach other at any
time plétte‘ (see Appendix 3, group 1ll); (2) these curves
are not significantly different from that of CS males
(Appendix 3, groups 8 and 11); (3) the 55N male class is
significantly different from both CS and the other classes.
Specifically, this difference is manifested in the first
five minutes of the te;£ when 55N has a higher mating fre-
guency than all others. This initial superiority decreases

after 5 minutes, and from 15 minutes to the completion of the

test is insignificant. The 55B class tends to retain its

~

[R5 e )
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Figure 8a, Mating Activity Data for Strain 55
’  Phenotype Classes.

i) 55L - XX
) Time (min.) - Total

Run g 10 15 20~ 25 30 35 mated tested
1 15 9 1 1 26 33
2 9 % 3 ' 21 23
3 9 2 1 12 18
4 1 2 2 1 1 ? 12
5 12 2 1 1 2 18 19
6 16 2 1 1 20 24
. 9 L 1 2 1 17 19

Total 71 23 6 8 7 1 5 121 148

Cumulative frequencies (%):
8.0 63.5 67.6 73.0 77.7 78.4 B81.8 (attempts)
58.7 77.7 82.6 89.2 95.0 95.8 100 Ycopulations)

ii) 55Re- XX

Time (min.) Total

Run__ 5 10 15 20 25 30 35  mated tested

1 8 TR 7 3 2 24 32

2 15 2 1 1 ‘ 1 20 21

33 2 5 1 11 11

5 10 5 2 2 1 21 21

5 13 1 2 1 17 19

5 13 3 16 19

717 3N : 1 21 24
Total 79 19 ) M5 3 8 L b 130 147

Cumulative frequencies (%):
53.7 66.7 76.9 78.9 ,84.3 85.7 88.4 (attempts)
60.8 75.4 86.9 89.2 95.4 96.9 100 (copulations)

i -



Fig, Ba (cont'd)
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iii) 558.- XX
' Time (min.) ‘ . Total
Run 5 10 15 20 25 30 35 mated tested
1 17 6 o 1 28 32
2 9 4 3 1 1 18 2k
3 7 4 1 , 12 16
L 2 2 1 [ .5 10
s 1 2 .1 1 2 1 8 13
6 8 2 3 1 1 2 17 19
? 15 2 2 1 20 28
Total 59 22 14 u 1 4 4 108  1lb2
Cumulative freguencies (%): _
41.5 57.0 66.9 69.7 70.4 73.2 76.1 (attempts])

54.6

725.0 87.9 91.6 92.5 96.2 100 (copulations)

iv) 55N - XX

Time {(min.) Total
Run 5 10 15 20 25 30 35 mated tested
1 L 2 \ 1 1 8 10
2 9 L 3 S 16 20
3 15 2 2 1 20 22
L 16 2 2 20 21
5 38 3 1 1 1 L 48
& 16 2 1 19 19
Total 98 15 9 0 2 3 0 127 140
Cumulative frequencies (%):
0.0 80.7 87.1 87.1 88.6 90.7 90.7 (attempts)
77.7 89,0 96.1 96.1 97.7 100 100 (copulations)
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reduced. mating freguency relative to 55N until later times;
(4) ali classes of strain 55 have shown a marked increase

in mating fregquency comparxed to the original 55 data (compare
Figure 4a and 8b). Although this may appear to be a problem
in reproducibility, other resul%s (for 263 and 277) suggest

a more plausible explanation. :his phenomenon is treated in

more detail in the ensuing discussion.

b) Line #¥263
Unlike strain 55, 263 exhibited no observed change
in ekternal morgholegy, although it persisted in demonstra-
ting little or no sexual behaviour under test conditions.
.Observations on the behaviour of 263 males in the presence
of virgin females suggested three possible areas responsible
for this:

(i) The most obvious difference between 263 and ali
other lines used in this study was its reduced locomotor
activity. Instead of engaging in normal "exploratory” beha-
viour when placed in the mating tubes (prior to showing
courtship activity), strain 263 males tended to remain in a
small area of the chamber. Conseguently there were fewer
meetings between the male and XX female, thus reducing the
number of opportunities for courtship and copulation.

(ii) On those occasions when male and female met, the
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majority of males did not respond with courtship - rather,
they remained motionless or turned away from the female.
In this sense, they appeared to lack general sexual moti-
vation.

{iii) Even more infrequent than a chance meéting of the
sexes were cases where the male initiated normal courtship
behaviour. However, despite the fact that all the elements
of courtship were present and that the female displayed no
obvious rejectidn responses, intromission was achieved only
after several attempts at genital contact by the male. The
chief difficulﬁf was‘apﬁafEntly an ihappropriaté or-incorrect
positioning of the male's curled abdomen. |

All of these observations coﬁld éccount for Sr contri-
bute to the resultant low copulation fregquency of strain 263.
Further consideration of these points is given in the

Discussion section.
-

Genetic Tests

The ﬁutagenesis-scheme used to generate all lines
in these experiments was directed towgfﬂs the isclation of
sex-linked mutations. The genetics of the system guaranteed
that males in a given line would possess genetically identi-
cal X-chromosomes while the autosomes Were expected to assort

randomly in‘ the population. Any CS autosome from the original

mutagenized sperm would consequently be present in the

e s mla L ridth kAN
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population at a frequency of 25%.

P PP

It was deemed necessary to localize the factor respon-

o

sible for 263's behaviour more po%itively, however. Besides
the obvious need to verify the probable results ;f the muta-
genesis method, two other considerxations led to testing the
mode of inheritance of 263's behaviour. First, all lines were
known to have been subjected to a severe reduction in popu-
lation as a result of an overheating incubator at genera-
tion 3. The testing of populations was done over a period
of approximately 8 generations and thus would have been
. ?one on 1iﬂe§ in whiqh at least oné major opportunity for the
Frequency of an autosomal mutation to increase substantially
/had occurred. Secondly, in estimating the frequency of CS
'/ autosomes in the population, use is made of the implicit
assumption that all chromosomal combinations between muta-
genized CS males and XX females are egually likely and
eqgually fit. In fact this may not be the case.

Regardless of the exact mechanism of its establishment,
population homozygosity is the most probable alternative of
autosomal modelé given the fixity of the %henotype in the
population and in time. Fox efficiency, a method was devised

that would allow discrimination betﬁeen the three possible

methods (sex-linked, autosomal dominant, and autosomal
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recess;ve) at once. The mass matings all involved the labo-
ratory CS stock and are dlagrammed in Figure S. Also llsted
are the (behavioural) phenotypic ratios of progeny expected
under each of the three models, where S denotes slow sexual
activity (as observed with 263 males) and F signifies fast
or wild-type mating activity. ‘

It is important to note that the predicted ratios in
Figure 9 were calculated assuming homozygosity in the perent
population. This is reasonable for the sex-linked model
since the genetics cf the system insured that all males must
share the same X-chromosome. If this assumption is relaied .
in the case of the autosomal models, however, only the ratios
for the eutosomal dominant modei are affected. Nevertheless,,
even with a gere fregquency of less than 100% in the parent
population, the relationship between expected behavioural
ratios in the reciprocal cross progeny (263C, 263D) is
invariant: for 263C and 263D males, phenotypic\ratios will
always be equal for the autosomal models {(both dominant and
recessive), but unegual for the sex-linked model.

The results of the mating tests on these progenies are
shown in Figure 19 (see also Appendix 3, gxoups 9 and 12). Dis-
crimination between the various models is achieved by noting

the following:

1) 263-cross and 263C exhibit normal to high mating

r dh
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success and aré not significantly different from each other.
263—-cross males do not show the pafernal behaviour and this
conflicts with the autosomal dominant model..éonsequently,
this result supports both of the alternative models.

2) 263D shows a_significantly‘lower frequency of males
mating At all times relative to 263-cross and.263C males.
Thus, a large proportion of 263D males do not copulate
during the 35-minute test period. About 65i of 263D males
mate, compared to approximately 95%<forxr 263C and 2§3—c}oss.
Because the reciprocal cross progenies (263C and 263D) are
significantly different, this data supports the sex-linked
model.

3) For reference, the 263 and CS cur@es are shown in
Figure lOb.'It is interesting to note that the sex-linked
model predicts genotypic (and therefore behaviourally pheno-
typic) ratios of 1:0 (fast: slow, or wild: mutant) for both
263-cross and 263C, but these males are significantly more
successful than wild type CS males. As first observed with
strain 55, there is a deviation from expectatio; in the
direction of more successful mating activity. Further
comments on this are made in the Discussion:

An additional prediction of the sex-linked model is that
not only should the. population of 263D males mate at about

half the frequency%wild type, but in addition those males



59
Tigure 10a. Hating Activity Data for Strain 263

Derived Populationg,

i) 263 - ©x _ - : N '
_ Time (min.) : Total
Run 5 10 15 20 /’15?“-;% 35  mateg tested
1 ‘ . 0 12 -
2 . 0 10
3 1 1 10
4 _ o 12
5 1 1 12
6 ) 25
4 Y 19
8 ' 0 Ly
Total ¢ 1 1 O o O O o 2 amy
e Cumulative_frequencies (®): _. -
0 0.7 1.4 1.4 3.4 1.6 1.4 (atterpts)
© .. 50 100 100 -.100 100 100 (copulations)
11) 263 cross - XX
) Time (min.) Total
Run 5 10 15 20 25 30 35 mated testedq—
1 31 9 - 4o y4¢
2 6 8 15 15
3 6 3 1 10 .(7;;0
L 2 2 1 1 11
5 22 2 o 24 o4 .
5 11 8 1 ) 1 21 2
Total 83 32 5 1 1 0 1 121 155

-Cumulative frequencies (%): .
66.4 92,0 S4.4 95.2 95.0 96.0 95.8 (attempts) .
68.6 95.0 97.5 98.3 99.1 99.1 100 (copulations)
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Pig. 10a (cont'dj

-
33i) 263C - XX _
Time {(min.) Total
Ran § 10 15 20 "S5 30 35 mated tested
1 12 : - 12 13
2 17 1 1 1 . ' 20 20
3 2% 4 1 2 -1 32 35
427 5 o D 32 3l
Total 80 10 2 3 .0 1 0 96 102

. Cumulative frequencies (#):
78.4 88.2-91.2 93.1 93.1 S4.1 94,1 (attempts)

83.3 93.7 '95.8 98.9 98.9 100 100 (copulations)
3 | |

iv) 263D - XX

Time (ﬁin.) Total
"Run 5 10 15 20 25 30 35 mated tested
1 7 3 1 1 ) 12 15 )
2 14 2 1 2 ¥ - 23 39
3 19 4 L7 23 2
4 13 11 1 .16 33
Total 53 10 3 3 i o o - 73 - 111

-

Cumulative frequencies (%): _
Lp,7 s56.8 59.4 62.2 65.8 65.8 - 65.8 {attempts)
72.6 89.3 90.4 94.5 100 100 100~ (copulations) :

2
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that mate (or, in other words, those that are genotypically
. <

wild type) should do so with the same relative distribution

of copulations in timg as C§, 263C, and 263-cross. To see

whether this was true, data fof CS, 263C, 263D, and 263-cross

. were -replotted using percentage of matings occurring and time

as the axes. The result (Figure l0c) shows that there are

no significant differences between any of the cumﬁlative
distributions for 263-derived populations. This supports the
hypothesis that the slow mating phénotype exhibited by

263 males is due to a sex-linked factor. Moreover, it sug-

gests that its action is an all-or-none process; the males

* -

in the 263D population that do mate, do so with the same

distribution in time as the "wild-type" derivations of 263.

Locomotor Tests

hithough reduced mating success seemed to have
been positively attributed to a sex—linkeq gene, no formal
connection betweén altered mating activity and the three
possible sources of difficulty as outlined above had been
made. Of the three possibilitie#, the one that lent itself

most easily to guantitative assessment was th;\;EﬁBQ§3225‘~
2

in locomotor activity. The males that were tested in the

countercurrent apparatus were derived in similar way as

those in the preceding section. In addition, another cross

™

N

PIETRRNPRONTIL Y N
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was ‘made (263-cross @ x 263 o~ 263/263-cross) as a check
on the- experimental system. All predictions for the various
.models are the same as for mating behaviour, except for tﬁe
additional cross progeny which would give 1:0, 1l:1, and

1:1 ratios (slow:fast) for the autosomal dominant, recessive
and sex-linked models respectively. Behaviourally, the ‘
gross parametexs of inte;est.were the number and location

of modes in the fractionated population's distribution;

0:1 and 1:0 ratios would give unimodal distributions at

opposite poles of the apparatus, and l:1 distributions would

be bimodal.

To provide the necessary connection, the relevant
question was: is 263's reduced locomotor activity inherited
in the same manner as itsa reduced mating success? If the '
answer was negativé then 263 would appeafjto have more than
one mutant characteristic, one of which played little or no
part in its altered mating success.’

The locomotor activity test results are given in Figure

lla. By inspection of Figures 1lb and 1llc, all populations

demonstrated near wild-type behaviour in this test, except

for two groups. CS, 263C, 263-cross and 263D had unimodal fast

distributions, while 263 males were slow and unimodal and
]

263/263-cross ma%es were bimodal. A G-test of homogeneity

(Figure 1l1d) confirmed these impressions, with 263C, 263D

>
P
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Figure 11a. Locomotor Activity Data from Strain 263
Derived Populations. ‘ ‘

Tube No.
Strain Run _ 1 2 3 4 5 6 Total
cs 1 3 3 9 23 26 7 71
o2 3 0 5 14 24 25 71
263 1 79 2 0 ©0 0 0 81
26 3 0 0 0 0 81
263 cross: 1 I & 5 24 25 6
; 1 6 10 24 19 63
263¢ 1 1 o 6 6 19 3 W g3
1 3 & 24 30 62
263D 1 0 4 2 7 33 29 75
2 2 2 8 11 27 52
263/ 1 27 3 1 3 13 13 60
263 cross 2 267 oY 3 1 9 19 60
t
N .

incereasing activity



Figures 11 b, c.
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Locomotor Activities: s

263 Derived Strains

\
80- \
\
—— \ 263
60+ \ .
\ # .
\ 263
40- \ +e— _ CrOSS
- H'
\ ./ \
\ Pl -
204 cs
\ ~ //
\ . £ - ——
o .'-'—-—-—r}’:{ — . - -
. 1 2 3 4 5 6
Tube No. -
o T
7 of flies
Q .
807
601 ™ _
263/ 263C
] . 263Cross 4
} 404 /'
. 263D
S .
\ -
20' P, v/‘
\\.S , 7 -
- -
* gl ¢
D | D
1 2 3 4 5 6
Tube No.
-
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Figure 11d. Statistical Analysis of Figure 1la.*

i) ‘Table 1. .
Strain Run Tube No. (c=6) Total Avg.
(a=6) (b=2) 1 2 3 4 5 6 . -
cs 1 3 3 9 23 26 7 71
2 3 0 5 14 24 25 71
Total 6

3 1% 37 50 32 142 {u55

\265\(1 29 2 0 0 0 0 81

I

Total 15?7 s O O 0 © 162 1.03

263 cross 1 L 1 4 5 24 25 63
2 1 3 6 10 24 19 63
Total S 4 10 15 48 44 126 L. 82
©263C 1 1 0 6 6 19 31 63
2 0 1 34 24 30 62
Total 1 1 9 .10 43 61 125 5.21
263D 1 0 &4 2 7 33 29 75
2 2 2 2 8 11 27 52
Total 2 6 4 15 u4b 358 127 5.06
263/263 1 27 3 1 3 13 13 ‘ - 60
cross 2 2860 3 1 9 19 60"
Total §s 3 4 4 22 32 120 3.26
TOTAL 2256 22 41 81 207 225 802

*based on analysis of Sokal and Rohlf (1969), pp. 582-584,

ey e

602-506.
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FPizure 11d. (cont®d)

Table 2.

68

ii)} Preliminary calculations.

A (cells)

c {(a x ©b)

C (a x ¢)
D (b x ¢)

E . (a)
F  (®)
G (e)

H :

Tube No.

Run 1 2 3 L 5 6 Total

1 114 13 22 44 115 101 413

2 112 9 19 37 92 120 389

Total 226 .22 41 81 207 225 802
: Tfinf = 31n3+31n3+91n9+...+9Llnl9 = 2512.096

- - » ’ .T
911071 +711n71 +811n81 +...+601n60 = 3376.735
61né+31n3+141nll+...+321n32 = 3044, 261
11410114+ 31n134221n22+...41201n120

. = 3570.410
142101 42+1621n162+41 2610126+, .. +1201n1 20
’ = 3930.540
1431n143+3891n389 = 4807.517
2261n226+221n22 H:11nkl +. .. +2251n225
= 4123.746

8021n802 = 5§363.061



Piz. 114 (cont'd)

iii) Significance tests.

- .

Overall G = 2(A-E-F-G+2H) = 752,83

Independence of distribution vs. run:
G = 2(D-F=-G-H) = 4 416

on abc-a—b—c+é
= 60 d.f.
p<<.005

on be-b-c#H
= 5 d.f.
n.s.

Independence of distribution vs. strain:

= 2{@<E-G+H) = 666.072

Independence of run vs, strain:
G = 2(B-E-F+H) = 3.478

-—p

.. significant heterogeneity overall is
between strains.

on ac-a-~-c+t
= 25 d.f'
p<%.005

on ab-a-=b+l
= 54d.f.

n.s,

due to variation

69
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. 11d (cont'd)

iv) Partitioning of strain wariation: homogeneous groups.
- comparisons made between calculated and critical G value
(critical G at x=.05 level on25d.f., G ;,=37.7)

largest homogenéous groups:
1) CS - 263 cross - 263C

G = 2141n6+3in3+...4611n61 -~ (1421n142+1261n126+...
+13712137)+3931n393]
= 34.99 n.s.
2) CS - 163 cross - 263D '
G = 2[6 1ns +31n3+...+561n56 - (1421n142+1261n126+., .
+321n132 )+3951n395]
= 33 56 . n.s.

other coxparisons of calculated and critical G may be made

+0 confirm the following arrangement of homogeneous
groups: ™

low activity

hizgh activity
7

253 CS 263 cross 263D 263C
—

[
R

™

1
-

- - - — = ——

263/263 cross
(pimodal}

\

#one horizontal line underscores the menbers of a

particular group; note that CS and 263 cross are hoﬁogeneous

with 263D or 263C, but not both simultaneously

4

PR
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and 263-cross comprising-one homogenous set, and the other
two 263 populations 1263 and 263/263-cross) each behaving in
unique ways. CS males were homogenous with 263-cross and
either (but not both) 263C or 263D. These results ﬁeré in
agreement with the auvtosomal recessive model.

‘fhis unexpected finding, contrary to those of the
mating tests, was retésted b§ c;ossing 263 males to XX
virgins of the original stock (Dr. S.F.H. Threlkeld, privéte
communication) ;nq ocbserving the ﬁale prageny. Their slow
behaviour served to disprove the initial conclusions of the 2
locomotor tests ;nd confirm the sex-linked model. Conse-
guently, it‘hﬁizared that both reduced mating success and
reduced locomotwr activity were inherited in the same manner
(i.e., as sgx-linked traits) and perhaps were due to a

common, single gene mutation.

¢) Line %277
Like 263, strain 277 was morphologically wild-type.
As mentioned previously, however, mgies showed a significantly
higher mating success than all other types tested. For the
same reasons outlined for strain 263, and also because its
consistently more successful mating behaviour could have
constitutéd a selectively advantageous trait, similar crosses

between 277 and CS were done as for 263 to determine the

mode of inheritance of its behaviour (Figure 12}.



b

Idéally; the mating behaviour of each male population
would‘give informatibn about this. In contrast to 263 male
behaviour which was qualitatively different from normal
males, though, 277 males demonstrated a guantitative change
from wild-type and this made precise calculation of model
predictions difficult. Two male populations had to differ
by at least 17% a2t one or more points in their CDF's for the
difference-to be identified as statistically significant
(Appendix 3). Since the parent CS and 277 ﬁales-showed a
maximum differencg of 20% at one point, there was little
possibility of detecting more éhan two distinct groups among
the derived male populations.

'The models could prﬁvide for the construétion of expected
homogenous groups and this was done as follows (see aiso
Figure 12 for a brief explanation): If a model predicted
ﬁhat males in two populations were genetically identical
with respect to the relevant chromosomes (either sex.chromo-
somes or autosomes), then the two populations were placed in /J
the same hdﬁogenous group. If there was total dissimilarity
between them, then éhey were "absolutely" unequal and placed
in different groups. Intermediate classifications arose from
those cases where the co;rgqunding model predicted that two
types of males (and behaﬁiour) were preseét in the popglation.

¢’
The anticipated groupings of males were as shown in Figure 12.

étﬁ.



'wmld) may not “be observéﬂ as- significantly d;fferent from

. Pigure 12,  Strain 277: Derived Stocks. -~ - . . .. T -

\ ' A | ‘ . . . - - :

277¢ x CS§ 277 crossdx ~CS§  CSdx 277 cross -

. ' ' T -~ e .

27?7 cross . ‘277¢ -~ 277D :

‘ o

e - o

Expected Homogeneous Groups* : %

model = N - groups " i

Autosomal 277 = 277 cross = 277C = 277D = CS

vt dominant o . bt : e
Autgsomal - 27?7 > 277 cross = 277C = 277D = €S

' .recessive L R 7 i

Sex - . 277, 2272D, = 277C = 277 cross = CS . !
linked - T ' *
observed o 277 2 277 cross & 277C = 277D = CS

: fgeylt' ) ~ v : ' - “ [/

S ’ ' -

‘aerived populations are listed approxipately in decreasing

. mating frequency and- homogeneous groyss underlined. The ap-

proximatlon qgfurs because. unllke straln 263, the parent
277, populatzon does not show a marked dlfference in behavxour.
Consequently. ratios of predlcted ;ypes (eg. 1:1 mutant:®

elther 2?7 or CS. He;gf equality and 1nequa11ty (=, )demote
equpted absolute relatzonsths in ﬁehav;our. whéreas ln-
%quallt;es ( ) reflect 1:1 progeny ratios whlch may be hom- *

ogeneous w1th-(dotted lines) 2?? or CS. a v . . T
- - . l” * ‘ ,.* ~ - -
. g -~ k .

-~

e -
Voo
L Y

~—
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' The results of these tests are given in Figure 13 and
may be—summarlzed as follows

1)} Homogenous sets of curves may be dlstlngulsged with

one group composed of 277, 277-cross and 277C males, and with

‘CS males in another.

2) The curve for 277D is not‘significantly different
from either of these groups (see Appendlx 3, groups- 10 and 17).
This pattern o‘ differences does not strictly £it any of the
models under test since (a) no differences between 277 and
its derived populations exist, contrary to the sex—-linked and
autosomal recessive models; and (b) the autosomal -dominant
model predicted that both 277C and 277D should bear the same
relationship to CS, vet 277C is significantly dif#erent from
CS while 277D is not. The possible reasons for the failure to
discriminate among models are giveﬁ in the Discussion.

A behavioural explanation for 277's increased mating
success was not evident despite the observation of over one
hundred test péirs. és a_factor in mating behaviour, loco-

motor activity has been implicated in a variety of ways  (see
H

_Burnett and Connolly (1974), for a review). In an-attempt to

ascertain~whether this aspect of behaviour was altered, 277

and its derived stocks were sub}ected to countercu:crent

experzments. The results of these are glven in Figure 14 and
- ' ‘e

7 ’ ) ‘ ‘
.
.
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' Piguré 13a. Mating Activity Data for Strain 277
) Derived Populations.
i) 277 - X .
- Time (min.)- Total
Run S 10 15~ 20 25 30 35 mated tested
1 23 5 1 1 1 ~o-1 32 3%
2 117 W . 1 1 17 17
"3 9 1 * 10 10
4y 7 1 1 1 1 11 11
5 9 1 1 11 - 12
& 14 2 ' 16 16
7 11 & 2 2 | 19 .19
Total 84 18 [ 3 1 2 116 119

Cumulative frequencies (%) .
20.4 85.7 89.1 92.4 95.0 9&8 972.5 (attempts)
?72.4 87.9 91.3 94.7 97.3 98.2 100 (copulations)

3 {

p— ; rﬁﬁ“—-
ii) 277 cross - XX
Time (min.) _ Total

Run 5 10 .-A5 20 25 30 35 mated tested

1 18 3 1 22 2

2 18 2 1 N 2§\

3 -9 1 o : 10 10

L 23 2 1 ' ' 26 26

5 19 1 1 1 22 23
& 22 1 1 24 24
Total 109 10 5, 1 0 0 0 125 130

Cumulative frequencieé (%) : _ .
83.87 91.5. 95.4 96.27 96,2 96.2" 96.2 (attempts)
87.2° 95.2 99.2 100 100 100 100- (copulations)

-— N
4. -
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Fig, 13a.(cont'd)
1
H
iii) 277C - XX | | |
' Time (min.) Total
Run 5 10 15 20 25 30 35 mated tested
1 ? 2 1 10 11
2 12 3 1 16 16
3 18 3 2 1 25 27
L 34 1 i R | 36 37
Total 71 9 R 2 0 0 1 87 91 -

. Cumulative frequencies (%):. . .
78,0 87.9 92.3 94.5 94.5 95.5 95.6 (attempts)
81.6 91.9 96.5 98.8 98.8 98.8 100 (copulations)

iv) 277D - XX

Time (min.) Total
Run S5 10 15 20 25 30 35 mated tested
1 17 3 2 vl 1 ' 24 24
18 2 3 1 1 25 25
f?*ﬁcgo 2 4 1 1 28 33
L 12 5 1 18 19
Potal é? 12 9 1 4 2 0 95 101

Cumulative frequencies (%):
66.3 78.2 87.1 88.1 92.1 94,1 S4.1 (attempts)
. 70.5 83.1 92.6 93.7 97.9 100 100 (copulations)



™~
~ .
(‘ujw) ewll |
gg. .08 52 oz S .0 0
arg -—-—-
oLl - 02 p
8801042 +:— — — ' s
LLT - — _
80 v OV
\ +}09
\I\l\\l\ \\\..
\. \\
. . \.I\\\l\\!l . \. \ -ow
o\ . \\\\\\uﬂl\\\:\l.\ \\\ —
’ . ) —— ) -I..Il|.-ll||.|.l||\l.\ll|l. — -
ﬁnlnillldlllulh_m.ull:lllu.llmm.\.wﬂ\bh\l.nlm. — — = =7 .
I | 001
Bujjew 9
[} &

8300} pOAIISd LJZ UBNS :suo|nquisig  eApejnwnd

ac) eanold



.

~ . @
Cujw) ew|L ¥
¢¢ . of sz - 02 st o .9 0
QLLg ——— | 0z
oLLe - :
88040 LJZ +—— — —
LLT o e = 5 q. | oY
89 - .
. 09
f‘\\
08
..-\.\\I-\.l\l.\.l\.ll )
, | .“.“‘““.nunnﬂu“ l"\‘\\\‘\\n\\.lﬂ.\\\
——eEEEE | e T m e T e T T 004
. 0
; Bujjew %.

(sijed pejew)

8400i§  peAueq Lz uleng :SuopnNqQuIs|g  eApe|nwng ‘og| e4nbig



, 79
Figure lha, Locc;motor Activity Data f Strain 27?‘
Derived Populations. :
Tube No.
Strain Run 1 2 3 I 5 & Total
cs 1 3 8 13 25 14 77 .
1 1 5 14 19 35 75
277 1 2 1 11 16 2 13 66
2 3 9 16 8 66
277 cross 1 0 7 51 -
v o -1 1 3] 13 46 66
277C 1 0 2 2 12 10 35 61
0 2 8 15 26 13 64
277D 1 s &7 IR 11 12 53
5 11 6 8 13 10 53
27?7/ p € 42 5 9 17 3% 67 ®
277 cross 1 4 7 14 24 14 64
L.

increasing activity




figures 14b.c. Locomotor Activities:

277 Derived Strains

’ -
°/o of flies
N 1
. 277
80- _cross
60+
40 -
204
. . .

® e
I
o ]
/94 of flies
Bb")
50 - .
40 - _ 277C
2 _:=—"577/217
cross . ¢
204 =T — .
____.-——'-—___/.—" . 277D
. T .
= 6 ——e‘—"""'—'"-— -
1 -2 3 4 5 6

Tgbe No.
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*based on analysis of Sokal

N

139 2258 285

81
Fizugg.lhd.. S%:E%stical Analysis of .Figure 1ka,*
i) Table 1.
- Strain Run Tube No. = (c=6)
(a=5} (b=2) 1 2 3 4 5§ 6 Total Ave,
CcS ‘1 4 3 8 13 35 14 77
2 1 1 5 14 19 35 75 _
igta%/// 5 L 13 27 54 49 152 4.73
277 1 2 11 16 23 13 65
2 2 3 9 16 28 8 66
Total & 4 20 32 5 21 132 4.%0
277 cross 1 0 1 1 3 13 46 &4
2 0 0 5 751 53
Total 0 1 1 8 20 97 127~ 5.66
277C 1 0o 2 8 15 26 13 64
- 2 0 2 2 12 10 35 61
Total 0 4 10 27 36 48 125 4.91
277D Y s 8% 2 14 11 12 53
2 5 11 A 8 13 10 3
\ Total 10 15 13 22 24 22 106 3.95
277/ 1 0 2 S5 9 17 34 67
. 277 cross 2 1 - 4 7?7 14 24 14 (31
Total 1 6 12 23 &1 48 131 4.8%
TOTAL 20 34 59 273

and Rohlf (1965). pp. 582-58%,
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Fig. 14@ {cont*d)

Table 2.

Tube No. s
Run 1 2 3 L . 5§ 6 - Total

1 i1 13 40 70 125 132 391
2 g " 21 29 69 101 153 382

Total =~ 20 34 69 139 226 285 ] 773

ii) Preliminary calculations.

‘A (cells) :Ef1nf = 41n4+31n3+81nB8+...H4Lnlk Sl 98.759

3 (a J>D~)—L_7—71n77+?51n?5+661n66+... +641nb4

c (a x ¢)

D (b x c)
E (a)
F _(b)
S (c)

= 3224.171
: S1nS+1nk+131nl3+. .. 481n48 = 2701.107
: 111n11+131n13+401nl40+...+1531n153
\ = 3462.039
: 1521n152+1321n132+1271n127+...+1311n131
= 3759.887
: 3911n391+3821n382 = L4604 _ 916
: 201n20+341n34+691n69+. .. +2851n285
' = 39930856 -
: 7731n773 = 5140.666

o~
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Fiz. 144 (cont'd)

iii). Significance tests.

Overall G = 2(A-E-F-G+2H) = 242.86k4

Independence of distribution vs. run:
G = 2(D-P-G+H) = 7.866

Independence of distribution vs, strain:
- = 2(C-E-G+H} ~ 1?6 06 .

Independence of run vs. strain:
G = 2(B-E~-F+H) = 0.068

-~

B3

on abc-a=-b=-c+2
= 60 d.f.
P <%,005

on be=bh-c+l
=5 d.f.
n.s.

on ac-a-c+l
= 25 d.f.

' p<< .005

on ab=-a-b+l
= 5 d.°f
n.s-

S significant heterogeneity overall is due to variation

between strains.

&

4
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Fig. 14%d (cont'd)
iv) Partitioning of strain variation: homogeneous . groups.
- comparisons made detween calculated_and critical G value
(eritical G at ®=,05 level on 25 4.f:, Gcrit=3?.?)
largest homogeneous group:
277C - 277/277 cross = CS - 277
2[51n5+41ak+. .. +481nk8 - (1521nl 52+1321n132+...
1661n166) + 5401n540]
32.208 , n.s.

G

other comparisons of calculated and Yritical G may be made
10 confirm the following arrangement of homogeneous
" groups:*

-4

low activity

« high activitv

277D 277 CS 27 Ls 277C 277 cross -
b o e |

- T

*one horizontal line underscores the members of a
particular group




present a confusing behaviourai pictufe. CS and 277 males are
members “of a homogenous set with 277C and 277/277-cross.
277-cross 1is unigue and at one end of this central group,
while 277D is homogenous only with 277 a£\£he other extreme.
No model accountg for thg hete:géi?eity of 277-derived males,

given an initial) homogeneity between the parent populations,

CS and 277.

3. Comparison Among Lines: Mating in the Absence of Light

The mating tests conducted in the dark were intended to
determine how these strains behaved without the visual cues

that are known to play a role in the mating activity of

D. melanogaster. ({(Spieth, 1950, 1952; Grossfield, 1970;
Hartman, 1963). Although this speéies does not require light
for successful courtship, some mutant strains do show beha-
vioural differences %?éer changing light conditions (J®wobs,
1%60) .

Figure 15 tabulates the results of these experimgnts,
and the analysis of the data (Figure 15b) indicates that 65 to
75% of males generally mated under these conditions. Although
there appeagf to be much variation, no significant differences -
exist betweeh the strains 277, 55L, 55R, 55B, 55N, and CS.
Lip? £263 is not homogenous with this set and behaves as it

did in the previous mating tests with no recorded mating
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Figure 15a. Mating Activity in the Park

No. Flies . oL

Strain Mated __ Not biated Total % Mated

cs . 77 - 38 115 67.0

263 0 93 .93 0.0

277 78 28 106- 73.6

55L 68 39 ‘ 107 63.5

55R 71 . 33 104 68.3

553 54 . 45 99  5k.5

55N 76 29 105 72.4 -

- A
. -

Figure 15b. -Statistical Analysis of Figﬁrﬁ 15a.*

i) Tadle 1 ‘

) No. Flies
Strain Mated Not_Mated Total

cs 77 . 38 . 115

263 0. 93 93 .
277 78 28 106

55L 68 439 107

55R 71 33 104

558 Sk ks 99

55N 76 29 105
Total L2 - 305 729

* baseg on analysis of Sokal and Rohlf (1969).0
pD. 599-600, 582-584 | R

~ O v g \
. . e F ]
.-

- ‘. "
,

?




. Fig.‘lib.(cont‘d)

11) Significance Test
" overall G-= 2[771n77+381n38+.. .+281n28-
(1151n115+41041n1 04+, . . +3051r\305)+729ln?29]

= 162.25%6 I
on (a-1)(b-1) = 6 d.f..

. p<<¢.005
mating act1v1ty in the dark is not independent of the
strain of fly. \ .

iii) Partitioning of Strain Variation: Homogeneous Groups
- comparisons made-between calculated and critical G value
(crltl?alLG at «f.os level on 6 d4d.f., hcrlt_ 12, 592)
largest homogeneous zroup:
5583 - .55L - 55R - CS - 55N - 277
2 [771n77+381n38+...+281n28 - (115lni1l 54 041nt O’-H'
...+2121n212 )\6361n636]
10.796 n.s.

o
Il

other comparisons of calculated and critical G may be made
to confirm the follow1n° arrangement of homogeneous
groups: : _
263 558  55L 55R CS 55N 277

¥ ™ 1

™~



.activity. The relative order of mating success for all lines
-tested was the same for both light and dark experiments:
277> 55N> E-'gR >55L >55B >263. However, despite suggestive
differences and patterns in these results, no significant
heterogeneity existed among strains (except for the slower

263 males). .



Discussion

The three mutants described above are representative of
the three categorieé of behavioural mutants outlined in the .
introduction..Strain‘SS's slow mating behaviour results from
a morphologiégl change, 263 males exhibit a general beha-
vioural mutant phenotvpe, ;nd 277 seems to be more specific .
‘in its effect. *

This did not occur by &esign, however. Alshough only
three strains were stu&ied at 5%; length, there were others
that displayed altered mating activity and w??e not shown
in Figures 3 or 4. Those with reduced mating success are
listed in Appendix 4. Clearly, experiments designed to- select
for behavioural mutants yield many possible candidates for
investigation.

Lines 55, 263 and 277 were chosen for different reasons.
263 was of interest insofar as its mating frequeﬁcy was effect-
ively zero under test conditions and it there%ore displayed
the most pronounced behavioural change. As stated previously,
55 was not originally identified as a morphological mutant.

It was selected on the basis that it was chronologically

89
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the first line E?‘be categorized as a slow mater. Other slow
types were set aside in favour of studying 277, the fast
mating strain. It was of interest for numerous reasons. From
both theoretical and practical considerations already out-

lined, natural selection is held to have maximized mating

speed in males. The single gene iesion introduced by EMS

! not expected to produce a more su:::ssful male. Indeed,
the Fl male rent 0of the line was ch study precisely
because it did@ not Mmate in the.ofiginal thirty minute screen.

From the discussion on- Drosophila mating behaviour in

the introduction, various conclusions may be drawn regarding
the three strains isolated in t?ls stndy.

Line 263 1s a severely dlsturbed strain and the factor
respénsible is sex-linked. Males are sluggish, slow to
initiate courtship, and seem to have associated difficulties.
during courtship. Because the frequency of copulations was
near zero, the sample size of the mating population was small
and consequently no inferences about the distribution of
copulations in time for’the strain can be made.

An interesting property of 263 males was that although
males did not generally mate under test conditions, there
were no special problems in maintaining the line in culture.
There were three reasons why this could be so: (i) The beha-

vioural defect was such that only a low percentage (~1.4%)
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of males mated in the entire population, yet their activity

- -

was sufficient to inséminate a -large proportion of the females
in the culture. (2) Males' (or females') mating behaviour
"in mass culture was not the same as in single-pair vials. This

situation is known to occu* in other Drosophila species, and is

especially relevant for obtaining hybrid progeny when mass
matings are necessary for cross-fertilization to occur ¢tSpieth,
1952). (3) A highef proportion of males were able to mate in
cﬁlture because.of the effectively longer incubatid; time.

" ~The first option did not seem likely because a corollary
of the hypothesis is that the slow mating 263 phenotype would
be under high selection pressure and possibly be lost after a
few generations. Even if a single sex—-linked gene was respon-
sible for the phenotype, existing polygenic influendces would
be expected to modify the.behavigpr through selection. No expe-
riments to distinguish between the other two possibilities
were unde:takenz howev later observations (Dr. S.F.H.
Threlkeld, private commu icatfon)'indicated that given suffi-
cient time, a higher proportion of males do achieve success
in single-pair tubes.

It is of interest to consider why a longer latency period
is required in this line. This could be due to a lesion that

has as its primary effect a reduction in the frequency of

courtship initiations ot a reduction in the effectiveness of
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courtship itself\ The first possibility represents an
increased average time to the onset of courtshia (that is,
increased laﬁenqy period in & proper sense),;and the second
an imcrease iq\zzg_iyerage duration of courtship. Undoubtedly
both factars contribute to 263's behaviour. General slug-
gishness as seen in the locomotor tests probably manifests
itself in mating activity as a reduced propensity for
initiation as well as a'subopg}mal courtship performance.
fFurther behavioural testing could resolve what appears to be

e

a,proSlem of relative contribution to' the observed phenotype.
<
Strain 55 possesses a temperature—-influenced mutation
that affects wing phénotype, the severity of mutant expression
‘being directly correlated with culture temperature. The
—
mutation i§ sex-linked and maps to a position between yellow
and crossveilnless.
The map as c9nstructed from the data is not, however, in
.aqreement {apart from gene ordér) with.the distance given in
Lindslgy and Grell (1968) as shown in Figure lb6a. Most pro-
nounced is the contrast between yellow—crossveiniess distances
{(13.7,map units for Lindsley and Grell, but 25.9 m.u.'from
these data). Upon closer examination of the data, it appeared
that the wild type allele of each marker gene was present

in excess. Chi-s&hare analysis of gene frequenciles bears this

out (Figure 16b). Some of this deviation for crossveinless

~



Figure 16a. Cémparison_ﬂetween Two Genetic Maps.
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.faJ calculated from data in this study (strain 55):

Yo

-
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':f-’-‘Jb

ii) drawn from Lindsley and Grell (1958):
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Figure 14z,

'_ i)

rental Types:

ii) Markers:
phenotype Y

@ + 554
- 488
R Totals 1042

iii) Chi-square:
a) parental

b)
¢}
d)
. e)
f)

) yellow
™
vermillion
forked

55

x2 =(260-216.5)°

crossveinless

Chi-square Tests on Map Data.

obs."
2@0
- - = - wild 173
Total " 433

++ + %55
215
433

Obsﬁrjggh

cv v f
585 578 567
457 464 495

55
sS40
502

——13.7 —@ v &— 14 1 = ::3-7 —Q\

exp.
216.5

w

-5

Q;p

ected

93

(ali classeé)'

1

+ (173-216.5)%

521
521
0§42 "

]

216.5 216.5
x% = 4,18 p
x? =15.724 p
xZ =12.474 P
x% = 8.123 D
x2 = 1.386¢ - n

.05.
. 001
.001
.005

17.48
.001
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could have been due to the difficulty in scoring flies that
had an extreme Sé-phenotype. Nevertheless, the fact that the
departugg from expectation is so great for crossveinless

-

(p << ,001), and because it is shown bf all markers, it would

~

seem that some systematic disturbance occurred in the map-
ping ;;ocedure, due perhaps to differential viabiiity of
genétypes. The effect of inflated wild allele counts upon
the calculation of map distances is complex and was not
fully expiored. The overall result has been an only loosely
applicable genetic map where only gene ordér can be indica-
ted. The data do not allow for\aore precise location of
mutant 55 ewéept'that it is in the.yellow-crossveiﬁless
reglon of the X-chromosome.

This in itself is of some interest. Lindsley and Grell
(1968) describe vesiculated (vs) as a sex-linked wing mutant
first mentioned by Sturtevant in 1927 as a sﬁentaneous ﬁuta—
tion. A partial description oé the phenoéype has the "...wings
warped, wrinkled, blistered, rough textured, discolored, and
divergent; May overlab wild type". Vs maps to 16.3 units from
the distal yellow gene and thus lies between y and cv. 39@&
descriptions fit 55 well and raise the guestion whether 55
was EMS induced or spontaneous in_origin.

Wwhether or not the newly isolated mutant 1s a rediscovery

of vesiculated, the mating activity tests here are of equal

1§
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imporiance. Indeed, given the natural variation in expression
of vs, it is surprising that the possibilities for using it
to study the effects of wing phenotype on mating success were
not recognized earlier. Other apprcaches, such as mutilation
experiments (Ewing, 1964) and studies with more populgr mutants
like vestigial (Rendél, 1951), have limitétions and draﬁbacks
as others hawve observed. Sp#iss {1970}, for example, sﬁégests
that many mutant studies are done with a minimum of genétic
control making mutant comparisons difficult. Both vesicuiated
and 55 provide for tMe control of genetic background, present
a variety of bhenotypes, and avoid the problem of possible
side effects of aBlation..As tools for looking at morpholo-
gical effects on sexual behaviour, then, these mutants would
seem to be of value.

Th;s has in fact been the case. The results of mating
tests with the different 55 phenotypic classes indicate that
mating success is conditioned by the mutant phenotype, with
affected individuals displaying a decreased mating freguency
relative to the pseudo-wild type class.

As no£ed-above, the matiﬁg tests on strain 55 compare
phenotypes rather than genotvpes, the males being genetically
similar and differing mainly in wing morphology. (Although
the males were not isocgenic, their backgrounds are identical

and genetic variation is largely extrakeous.)} In this sense,
' ) ~
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the 55N class elicit a 'standard response' from females to
the 55 genotype bearing wild type wings. The other mating
frequency curves reflect varying responses by the = females:
to the other phenotypic classes.

It is important to note that if the factor(s) respon-
sible for the initial supe;i?rity of 55N were constant in

LY

their effect, the distribution functions would Be expected
to‘maintain their relationships througgout the 35-minute test
period. Obviously this is not the case; t?e curves are not
significantly different. from each other after 15 minutes.
Whatever the basis for the initial lack of female response

it does not operate as a constant factor, and roughly the
same proportion of males mate in each subpopulation after

35 minutes. | =

This decay of mating disadvantage 1is underscored by

examination of a replot of the data (Figure 8c). Here the

mating frequencies are calculated relative to the number of
copula;ions rather than the number of attempts. In this kind
of presentation, one is therefore concerned with the males
that mate (the mating populétion) in each group. Significan£
differences between curves in this case would mean that the,
temporal distributions of actual copulations are not the same.

As first seen with 263D males, distributions that are dis—

similar when tptal Eopulations are considered may not
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necessarily remain so for the mating population itself .
(coﬁpare Figures 10b and c¢). Should this be the case, it
would imply that mating populations behave in similar ways:
conversely, if the initial disparity persists, then thei£
behaviours are not alike.
The results in Figure 8c do show that differences per-
'sist from 8b. Between 75-50% of 55N matings 'occur in the
first five minutes as contrasted with 55-60% of 55L, R aﬁd
B matings. Conversely, if a 55N male is not accepted by the
end of five minutes, it is less likely that he will mate at
ahﬁ‘in the next 30 minutes, compared to the other phenotypic
clasges, since a larger proportion of the latter groups'
matings occur in this laterx tihe.
Various interpretations of this result can be made in

[connection with the introductory remarks on Drosophila

mating behaviour. Internal changes affecting male threshold
levels or courtship performance could both give rise to
altered mating success. Modified threshold levels for male
initiation, howevef, might be expected to‘éct as a constant
change in the probability of initiation such that popula-
tion differences would disappear upon consideration of the
distribution of copulations. Moreover, since mating

successs for strain 55 is correlated with mutant expression,

wing morphology is presumably the only varying factor, and
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not the reievant threshold levels nor the execution of
courtship per se.

The fact that a higher percentage of 535N matings occur
early in the test than for the other classes, while all
classes eventually enjoy the same degree of success, indi-
cates that for 55L, R, and B, there is some delay in gaining
female acceptance. Given the importanceé of wing vibration
in courtship and its suspected role in female stimulation,
these results are reminiscent of the idea of courtship
summation. -

If wing vibration is part of the summation process, then
it is expected that factors that decrease its stimulatory
effectiveness would result in ‘males havihg to court for a
longer period of time before a female was prepared to signal
acceptance. Such parameters include wing morphology (area,
shape) as well as more specific aspects of qébration activity
itself. For strain 55; thisrcould explain why pseudo-wild
type males are more successful in gaining female acceptance
early in the test while this superiority declines to insig-
nificant levels aftérwards. Statistically, flies with reduced
wing area and/or altered morpholégy may have to court longer
to achieve female acceptance. Consequently, a substantil pro-
portion.of 55L, R, and B males who eventually mate must

"wait" for summation to occur. These results and
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interpretations are consistent with those of Ewing (1964)
and Manning (1967), who found that wing area is an important

determinant of courtship success.

Precisely because it resisted attempts at characteriza-
tion in experiments that were informative about the nature
6f the other strains, 277 is perhaps the most interesting of
the théée. Since more .maleg mated in 35 minutes than for all
others, it would seem that they are in some sense "fast
mating”.

The precise reasons for this behaviour are not known.
Given the standard females ﬁsed in these expeﬁiments, higher
populational success could be due to either male courtship
that is more effittient at female stimulation or to an increased
propensity for courtship initiation. The firs£ case corres-—

. ponds to an increased male persis;gﬁEhjwherein more time is

. v
spent on vibration and/or licking at the expense of orienta-
tion activity. The female is expected to be stiéu%ated to
the acceptance threshold sooner than if a "regular” courtship
was used. For the total male populatioﬁ, greater success would
result froﬁ a higher proportion of sgccessful courtships,
although the proportion of courtships‘itself would not change.
The alternative model postulates that more males are‘stimu—

lated to initiate courtship at any particular time, but that
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female acceptance would be achleved after ‘a courtshlp of

(

‘('

normal duratlon. Dlscrlmlnatlon between these two models 1s

bqit made ‘by dlrect observatlon but,the exlstlng data offer

an indication 6f whlch 1s the most probable. ~

.

In cons;derlng the dlstrlbutlons of" actual copulatlons-”
r-3

in the’ matlrg populatlon of CS and 277 males (Figure 13c),
differences are t statistically smgnlflcant the proba-
bilities that mi%éd CS and 277 males began copulation at
any given time = t minutes argfnotestihisfically different.
The mating populatlons are .thus somehow behavxng alike. The
observed populatlgnal dlfference (Figure l3b) is, then, Que
not to a disproportionally higher frequency of 277 copnla- ) ) -
tions in-the-early\stages of the'test'(as was‘seen.for 55N) ,

but rather to the fact that mating 277 males comprlse a

-

~larger fraction of the” total . populatlon at all times than

- -

CS males.

¢

As f rst d‘:jpased with raference to’ straln 55 changed

courtship effect veness would llkely affect the summation ~
process and this would be reflected ln an altered matlng \
populatlon distribution. hﬁconstant change in the probabl—
llty of courtship initiation, on the other hané, ‘could give
rise to the observed pattern of differences between 277 and
CS males (Figu;e 13b,c). .

-This conclusion is reasily amenable to empifical test
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by measur;ng courtshlp effectlveness through recordlng the

- duratlon of conrtshlp dlrectly Horeovern.lf 277 males .are

more easily stimulated to courtshlp, an addltlonal expecta-

tion is that thoz/ybgln to court sooner than CS males. By

using the time to flrst wing v1brat10n as a measure of thlS

latency period, preliminary studies indicate that 277 males

do begin courting earlier than CS males (Dr. S.F.H.

- Threlkeld, private communication).

-

Reduced time to male courtship corresponds to a reduced

hgle threshold such that he more easily enters into the

higher excitation levels associated with subsequent court-

ship activity. The finding that 277 &id not differ from CS

~in locomotor activity supports the notion that its behaviour

is altered in a more specific manner than either 263 or 55.

In addition, its significant reductién in mating success

. i
during the dark tests is consistent with a model suggesting

that its original superiority stems from a modified response

to visual cues which play an important role in events prior

to courtship..

It is impoz;ant to note that the distinctions’ drawn here

between male initiation thresholds, persistence, and court-

ship effectiveness are somewhat artificial. Reduce

is probably associated with increased persistence

threshold

because the

male is sexually aroused more-easily. Similarly, a more

0

e

*
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pefsistent male can be said to be a more efficient courter
-sinée he spends less time in non-sexual activify. The.seﬁa—
ration between these énd other parameters that is made here
for empirical reasons probably does not exist in the real fly.
Fulker (1966) for example, has dgmo§trated high correlations *
bétween matiﬁg speed,-number of progeny, and £he number of
copulations. -

Despite the interrelatedness of these parameters on
both behavioural and genetic levels, considering them as

individual components of the larger sexual system is legi-

timate for purposes of delineating this relationﬁhip, and

TN

also because some degree of autonomy certainly exists
between them. |

- Although strain 277 demonstrated consistently h}gher
mating success, the fragility of its genetic basis 'is revealed
in the outcome of the investigative crosses to determine its
mode of inheritgnce.r277, like 263 and 55, was founded by
two outcrossings to XX (the second being a single pair mating)
and then cultured inter se. Consequenﬁly, all strains were
expected to have a relatively high degree of homozygosity.
In crossing 277 to CS, new geaetic'mate;ial was supplied and
heterozyéosity was expected to develop. The effect of this on
the behavioural phenotype was unpredictable, however in

retrospect certain patterns emerged. These are discussed below.
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As a phenotype, mating behaviourrresults from the
interaction of a large number of systems in the fly, some

more_spécific to §éxgal funcfiLn than others. For 55 and 263,

the affected genetic functions are not Sex—limited: 55's
glteréé'wing morphology affects flight ability and 263
has obvious non-sexual aberrant behaviour. For-the latter
strain,  the behavioura; change was great enough so that,it
was observable despite an altered_genetic backééound and
thus a sex-linked inheritance pattern emerged. The obser-
vation that the bredicted copulati&n frequency for the
derived populations 263c; 263D, and 263-cross are lower
than the observed values however; suégests that these out-
crossings were not without their effects. In terms of the
sex chromosomes, males were gencotypically eithe; 263 or C5;

“autosomally, the genotype was not controlled. Given the
polygenic_aspects of mating behaviour and the complexity
of the phénotype, it is not surprising that this dewviation
occurs. Although 55 was not subjected to the same crosses,
it is interesting to compare the original data (Figures 3 and
4) with that collected for the different phenotypes (Figure
8). The latter experiments were conducted after 55 was made
homozygous through outcrossings to CS and‘these males were
all more successful than the original line had been.

L4

The change in mating behaviour for these two strains
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is probably a generallphenémehon aés&tiated with the out-
crossing procedure. In other mating studies with D. mela-.
nogaster, Fulker (1966) and Parsons (1964, -1965) have
demonstrated that outbréd males mate more often than in-
bred ones, and this hés been shown to be highly correlated
Qith mating speed. Similqr findings using marker karyotypes
have alsé been reported by Speisg, Langer, and Speiss (1964)

in D. pseudoobscura.

As a general occurrence, the‘same disturbances would be
inflicted on the genetic constitutioh of 277 as the other
two strains, exceﬁt that in this case, 277's phenotype was
an insufficiertly drastic change from CS. The lack of
resolution in the mating tests of the derived males (277-
cfoss, 277C, 277D) appears, then, as a naturél conseguence
of this mutant's more specific behavioural effects and the
general perturbations of outcrossing observed in this
study and others.

Although the results were not totally satisfactory,
further comments regarding possible inheritance models may
be made. The autosomal recessive model presents the most
definite prediction of :he relation between distributions:
the parental type must be faster than all other populations.
Cléarly this was not found to be the case (see Figure 12).

Of the other two models, the autosomal dominant is most
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like tﬁe-observed result. The relative order. of hating‘
success for the sex-linked model (277 = 277D ¥ 277C =
277M-cross}, and its predicted difference between 277 and
277C (and between 277 and 277-cross) are ﬁot borne out by
expefiment..The autosomal dominant model is techﬁically
deficient only in its predicted identity of 277C and 277D;
both should exhibit the same relationship to CS, vet one is
(ahd.one is not) homogenous with the control males. This
could be explained. by the effects of outérossing discussed
above.

Closer inspection of the data reveals that other mating
activity changes occurred that were not due to ogtcrossing.
Mating frequency curves calculated from the original data
(Figure 4) are invariably lower than those determined later.
(This is true except for 263, though they mated at such a
low-frequency that comparisons were not meaningful.) For
strain 55,.this has been explained in part through the
effects of outcrossing during the establishment of a
homozvgous line. Both 277 and CS males, however, show this
trend as well yet neither had been exposed to this type of
genetic contamination. (Note that fomerboth sets of experi-
ments, 277 was a mo;e successful mater than CS, but in
neither case was there a significant difference with respect

to actual copulation freguency. Compare Figures 4b and 13c.)
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Figure 17a.° Mating Activity Data for C3 | hales
(Note: Set 1 experiments prececded Set 2 by

approximately three months)

i) €S - CS; Set1 | .
Time {(min.) _ : Total

Run 5 10 1§ 20 25 30 35 mated tested
1 14 6 5 5 1 26 38 -
2 -8 4 3 2 1 18 20
3 8 14 6 1 29 . 38
b1 5 1 1 1 4 13 15
Total 31 29 15 3 2 s 1 86 111

Cumnulative frequencies (%):
28.0 s4.1 67.5 70.3 72.1 76.6 77.5 (attempts) -
36.0 69.7.87.t 90.6 92.9 98.7 100 (copulations)

\

ii) €S - CS; Set 2

Time (min,) Total

Run 5 10 (15 20 25 30 35 mated tested
17 T 1 17 18
2 3 1 3 2 19 28
3 5 12 2 1 t~,\\ 21 22
4 3 5 5 ' 12 12
5 5 3 . 2 10 18
6 5 11 3 2 / 21 21
7 8 5 1 €23 2
8 21 2 ' 23 24
9 22 3 \ 25 25

Total 74 64 22 6 4 1 0 171 192,

Cumulative frequencies (%):
38.5 71.9 83.3 B86.5 88.5 89.1 89.1 (gttémpts)
43.3 80.7 93.6 97.1 99.4 100 100 (copulations)

J
&
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.Fiz. 17a (cont'd)

iii) €S - XX;: Set 1 (see Fig. 3)

. Time (min.) ‘ Total

Run 5 10 15 20 25 30 35.  mated tested

1 15 11 - 17 19

2 7 8- 9 2 1 27 sk

3 -4 3 . : ? 26

L7 3 3 1 1% 2%

s 7 2 1 ' 10 13

6 12 2 1 16 19
Total 52 19 12 5 t "1 o0 - 91 155

Cumulative frequencies (%):
33.5 45.8 53.5 56.8. 57.4 58.7 58.7 (attempts) .
57.1 78,0 91.2 956.7 97.8 100 100 {(copulations)

iv) CS - ii:' Set 2

Time (min, ) A Total
Fun 5 10 15 20. 25 30 35 mated tested
1 11 8 1 1 21 24
2 17 4 1 1 23 33
3 14 9 2 2 2 29 33
L 12 1 1 1 15 15
Total 54 22 3 3 3 1 2 88 106

Cumulative freguencies (%):
50.9 71.7 74.5 77.4 80.2 .81.,1 B84.9 (attempts)
61.4 B86.4 89.8 93.2 96.6 97.7 100 (copulations)



o

oe

(‘ujw) Swiy

oe -

A

9a

4] ]

ALY

Uim

paisa)

sojeway XX ‘SO

sejlew SO

rd
:8uUOlINQLISIQ 8AfE|INWNY

02

lov

.00

08

-00L

Bujew %

‘qz} @by



[+4}
o
- \ ("upu) owyy A |
i . .
" g¢ o€ T4 02 51 Ol g 0
‘ A
| . 0z
. T . om— — —  XX-8D
F. s ' . Elmo . .
T e = = == §50-8D x
" Ljes—— - -——: $9-50 | \._ oY
/
. ) . \\\\
. 09
08
xll..l..l.“ﬂ.nn.ll.llﬂlhnﬂlh.. lllll . . oot
. o Bujjew o\o

(sied pojew) sejpway XY ‘s)

Ylim peisel sejey SO  :SUOlINGUIsIQ m>:m_.=E=o "0/ einbi

T



"sensitive mutants to avoid this problem (Dr. S.F.H. Threlkeld,

L ' | 110
Moreover, data collected in testing CS males with CS virgiﬁ
females exhibit ‘this same tendency (Figure 17).

The appearance of increased mating. success in all lines
/ i

‘over a period of three months suggests that all strains were

responding to the same influences. All cultures were main-
tained under the same conditions, and although the environ-
ment was controlled as much as possible, seasonal changes

could have provided the impetus for the observed behaviour

modification.

As a system for studying the genetics_gf behaviour,
mating behaviour in Drosthila.has m attractive properties.
At the same tim;, there are limitations to the disturbances
that this behaviour will tolerate if a lihe is to be main-
tained, and this paréicularly when one is interested in sex-
linked mutations where it is much more difficult to preserve
a behaviourally sterile recessive mutant in heterozygous
form (Gill, 1963). Recent modifications to the methods used

here have been directed towards isolating temperature

'
4

private communication). Behaviourally sterile lines could //

thus be raised at a permissive temperature where reprodutiijg,///

activity would not be impaired.

With these three existing mutants, further genetic
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technigues could be applied. Genetic mapping with strain 55
was facilitated by the presence of the morphological marker.

Although it ié_non—morphological, 263 could be subjected to

-
-

the same crosses because of its easily recognizable beha-~
vioural pﬁenotype..As a mutant that is much more sensitive
tg background genetic changes, 277 could be mapped only by.
maintaining strict coptrol‘of the genetic background. For
all cases of behavioural mapping, the fact that the pheno-
type is best assessed 1in ppéulational tests necessitates
raising whole cultures of possibly recombinant méleé from
single pair matings to XX females. ‘ P
Besides these more standard genetic approaches, insight
into the functional aspects of gene action may be gained \
through mosaic analysis. This can give information not only
about structures and processes necessary for the generation
of‘specific behaviour patterns in the adult (Hall, 192%),
but also regarding its development through fate mapping
(Hotta and Benzer, 1972, 1976). Here again, the use of sex-
linked mating behaviour mutants presents some technical
difficulties. The most convenient mosaic systems depend
on the somatic loss of a sex chromosome to produce XX/XO
gynandromorphs and are therefore limited to comparisons
between male and female tissues. In the present case, it is

of prime interest to compare mutant and wild type male
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genotypes in XIO/XZQVmo§a§cs. Methods.for_generating these
individuals exist ;:fof example through the use of the
'paternal loss' mutant - but usually require more involved
genetic preparation of crosses.

Lines 263 and 277‘are especially attractive mutants to
.explore.with- mosaic techniques. While both mating and loco-
motor activity changes appeaf'to be sex—linked’in the former
(and are presumably due to the same gene), ;heééfand other
altefed behaviours mawae associated with mutant expression “a
in different §ortions of the fly. Similarly, it would be
of interest to investigate.which structure (s) in the male
are critically sensitive to the mutation carried in stféin

277.

Naturally, the major goal of behaviour genetics is to

understand the behaviour of an organism in genetic terms,

and this can only 'be achieved through the two-fold method

of identification and definition of behavioural parameters to-
~ gether with genetic analysis. The genetic tests referred to

above in conjunction with additional behavioural characteri-

zation as described in the discussion of each mutant sepa-

rately would serve to illuminate further the nature of these

observed behavioural alterations, and, more importantly, the
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. APPENDIX 1 -« .
Carpenter's Medium . -
Solution A: - 900 ml. H,0 "
) 15 g. agar (Bacto-agar, leco Laboratoﬁ{é

Detroit, USA.)
100 g. sucrose
50 g. Brewer's Yeast
1l g pota581um phosphate.

Solutigd B: 200 ml. HZO (tap_distilled)
~ § g. potassium sodium tartate
.5 g. caleium chloride
. .5 g. sodium chloride
.5 g. managanou$ chloride
, +5 g. ferrous chloride
Mix- solution A and autoclave:at 15 1lbs. pressure for 30
minutes. Add solution B, cool and add 5.5 ml. propionic
acid. Pour at 47-50° C.

“.
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L APPENDIX 2 >
~ = i = .
7
o “EMS solution N .

. = S

50 ml. distilled H,0 - |
"5 g. sucrose =
.15 ml. EMS \ . :

The above ingredients were mixed well with a magnetic stirrer.:
All equipment was decontaminated with .1% mercaptoacetic acid
solutibn. : ‘ ‘ -

Reference: Lewis and Bacher, 1968.
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P APPENDIX 3 '
. ' - , {

Critical Values for the Xolmogorov-Smirnov Statistic

) D—);‘ where. n,,n, are sample sizes -
is a2 constant for different levels of

. Type 1- .
error: Tfor )\=1.22 x=,1
1.36 .05
1.63 - OGl

If the greatest observed difference between two cumulative
dis;ributions exceeds D, the difference is'significant at
the corresponding «-level.

Entries in this tadble signify the group number (for ease of
reference from the text), the two strains to be compared
'(1.2), their sagple sizes (nlnz), and the critical value
(D) calculated for two levels of significance (x= .05,.01}.
The table is partitioned vertically such that the left hand
_side 1%532’, values calculated for all attempis made with a
given strain; the right hand side values are calculated from
the total number of copulations that actually occurred.

Two distributions that differ significanfly have the cor-
responding D value underscored.

- The lack of an entry reflects an insufficient sample size
for 1 or both groups being compared.

i o e

PSP



s

117

-~ - 66 - 8902". 9zl So1 Ld2
-~ -- 14 % ¥4 64T 66 tée
- - H11 63T #8ST~  €41 (9%
- ==z 96GT°  2851° T €92
AR -~ 00186 ~ ZZBT° 9H91* #21 25T 052 ¢s €
TS 202", 66 Teee” gH61*  SOT LiZ
6692* - - 2Gzz*  TL  16€R G661 56 742 .
‘€zt zzozt a1 972" H281* €41 142
- -- 2 €giz 128T*  #41 €92
064z’ LL0Z* 001 0$ze" LL8T" 42l 052
) == - g5 64 0912" €ogT* 251 16 5§ SH 2
é6g8ze. - 0T61° 66 - 090¢” 6141 50T L2
. boser #60z* 1L netre: gLit 56 - Hd2
. ’ 0122* . Hhetrt H1l 0681"* LLST 41 142
: St - -- 2 - 881" HST T HHT €92
. -€geer  Go61* 00T 961" 6691 #21 052
== -- 85 - 198T° AN A 139
69h2 " 0902° Sl 4ot gere: \ommﬁ. 16 - 66T 6% ¢ T
10°g 50°g At 10'g 50'g e +
. o - guofjerndo) s1dwalay SUTeJI}S dnoan
. %



118

Gege! wﬁﬁm. .mm T gote: 9261° GoT1 66 L4z 4142
6622 €991 - 66 5602 oHIT  SoT Lez
942! 9502 T4 711 ATA 008T" 6§66 €41 iz 142
-- -~ 66 5603 SHiT' SOl 4Lz
-- -- T yot1e’ 8641 G6 Hiz
- -- H11 r H261" 909T* €41 HhT Tde €92z
11€2" Qebl’ 66 29t1e’ 081" 6§07 L2
o£se® 1112 T4 zzee #6581 66 hee
geze €9€T"  #IT 0002" 699T*  E41 Tle
-- LT A 00T 661" wooﬁ. th1 #21 €92 062
10y uo.a. 2 155 10'g S0'g—2g—Tu 5 T
'~ guorgerndo) FEGUEREY] SUTBILS

%

dnoan -

© .



FES

119

242 2g102* 66 lgee: 1681* 107 aslz
HoH2" 9502 L9 gelz” HH6T* 16 0442 .
g92z* 2691 S21 [19¢R 0841 0OfT 88019-//2 _
hot 2" €261+ 911 88 LlTZ 9I8T" 61T 901  LL2 SO 01 ~N
082" 52 AN ¥/ UASAA IHRGTT 111 acge
9oHe® L002* 96 T19¢¢’ 9881°* 20T €92
#g22" 061 121 AR A 96T Sz 88010-£9Z .
-= -~ 2 89 9g0¢" THeT®  #4T 90T €92 S0 6
1922 9881 o1 6602° TSLTT et NSS ’
0622 4481 of1 A YA CCLT 4T ¥s s
Hgee: 06T 121 #402" 0€LT" gt 166
hee: €561* Qo1 @8  2602° onLT*  ZHl 901 4SS $D 8 .
—10°5 50" g 25 Tg—10'; 505 2714 = ; ///\\\
‘ BUOTIETNdO) mwmﬂmmwﬂ SUTeJI1S dnoan



eende B gipgs . grozt  §6 48 95€2t 967" 10T 16 aklz DLle
e, b2t 1681 S6 SeT E9te ho8T* 1ol 0ET @llz
_nxnnmpww§wnn.mamu gozz* geet* 48  Ger  geee 6581 16 0€T 04le Ss0x0-4L2
e T T ggeer 2g81* 66 911 ogee” o4gl*  TOT 61T Qlle
o ziege 6261* 48 91T olze’ n6gT* 16 6TT 0LiZ
" tote €gltr Ser 91T 8902’ G241 OLT 61T s8040-44Z 4dZ €1
o 1652 ziter  £4 96 9LeT §981*  TTT 20T d4€9z €92
e o9THee groe’ €L Ter  gere” w41 TIT §2T  a€92
CEST gaage 6SBTT 96 12T SL12 S181* 20T §2T 0€9Z 880I0-(92
o - -~ €l z  6%oz" gILT"  TIT HHT Q€92
| - -- 96 ¢ gote 0941° 20T t41  0€92
_ - _== 0 Ter A 661" €991* G221 Hh1 880a5-€92  £92 21
| zere” 1441 goT 0T BI6T! 0091 2T {41 €56 WSS
.- ggTe 0081* - gol T2l  ST6T’ 65T*  2hT gnT €SS
: 6502 grirs |\ of1 12T 868T" 4951 Ll gyl WSS 185
S HETD” 0841+ \ got  Lzv  THETT 0201 eHl onl 4SS
#eoz* L691° \OE€T l2T  GE6T 9091 L4T onT  ¥SS
: 1402° . gaL1r el - L2t 2ot €091 gnT onT ISS  NSS 14
. —10'g 50" g3 tg—19"G S0 T2l .

BuoT3endod CEGUEREY suteass  dnoan

i



1 AA-‘J-‘-,«.!\ 3.

.
L]

. ’ 121

APPENDIX &4

Data omitted from main thesis; other defective mating lines

Straip 32

4

Time (min.) Total

Runy’ 5 i0 15 20 25 30 35 mated tested
1l 3 1 ' 2 6 10
2 1 1 16
3 1 3 1 7 16
Tt 2 2 3 11 22
5 2 1 1 4 10

6 1 & 12 1 9 24
7 7 2 2 . 13 273
Total 13 11 12 5§ 2 3 0 51 121
Cumulative frequencies (%) -

10.7 19.8 29.8 33.9 39.7 42.1 42.1 (attempts) °
25.5 47.1 70.6 80.4 94,1 100 100 (copulations)
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Strain 257

‘ Time (min.) . ' Total
Run 5 .10 15 20 25 30 35 mated tested
1 2 1 _ 2. 5 27
2 1 1 8
3 2 1 1 T
I 1 1 2 L 13
5 2 1 2 5 24
6 1 1 8
7 1 : 1 1 3 21
‘Total 6 6 1 2 3 3 2 23 110

- Cumulative frequencies (%)
5.5 10.9 11.8 13.6 16.4 19.1 20.9 (attempts)
26.1 52.2 56.5 65.2 78.3 91.3 100 (copulations)

Strain 275

Time (min.) Total

Run 5 10 15 20 25 30 35 mated tested

1 4 1 1 1 o v 14

2 ' ' 3 10

3 1 2 3 7

4 : 3 1 I 10

5 2 1 2 1 1 7 14
"6 1 4 2 7 10 °
Total 8 8 11 2 11 0 731 65

Cumulative frequencies (%)
1.3 24.6 41.5 44.6 46.2 L47.7 47.7 (attempts)
25.8 51.6 87.1 93.5 96.8 100 100 (copulations)
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