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ABSTRACT

THE EFFECTS OF STORAGE UPON THE DIFF:RENTIAL SURVIVAL

AMONG SPERMATOZOA OF DROSOPHILA MELANOGASTER

by Michael E. Myszewski

Interpretation of some recent research opened the
question as to whether selection might act on the haploid
level, The object of this study was to determine whether
differential survival of mature spermatozoa could be de-
tected among progeny recovered from females stored after
insemination,

Virgin OR females were mass-mated to heterozygous

males of two different genotypes (Cy/Pm, Cy/lethal), After

mating, the inseminated females were divided randomly into
equal groups. One group was‘allowed to lay eggs immediately,
the other after being stored one or two weeks. Progeny were
scored as to sex and genotype. Two runs were made for each
of the male genotypes tested. Chi-square analysis of the data
indicated statistical differences among the progeny. These
differences were attributed to differential recovery of the
Curly, Plum and lethal chromosomes. Preferential recovery
of females over males was noted,

Sperm competition has been postulated as a possible
causal mechanism producing these differences. Types of sperm

competition are discussed.
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I. INTRODUCTION

Random segregation and random fertilization pre-
sume that the appearance of equal numbers and kinds of prog-
eny should occur. Occasional exceptions to these principles
have been noted, and result in discernible variations. Various
factors may act to cause aberrant ratios to appear, namely,
abnormal meiosis, zygote mortality and gametic lethality.
These factors, which may act at'different times during stages
of development, result in the non-appearance or reduction in
number of a particular class of offspring.

Abnormal meiosis

During the process of meiosis, various phenomena
act in different ways to favor, or conversely, to hinder
the developmental process of a genotype.

It has been shown (Frost, 1961) that segregation
of autosomes in attached = X triploid females is highly
non-random when X chromosome non-disjunction occurs. In
addition, the presence of a Y chromosome will produce large
increases in X-chromosome nondisjunctions., These results
are explained by Frost on the basis of Sandler and Novitski's
(1956) hypothesis that pairing can frequently occur between
non-homologous univalents in their heterochromatin kine=-
tochore regions,

Besides this occurrence of preferential segregation

among gutosomes, a case has been found where the size of the
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homologous chromosomes influences the recovery of these
homologs (Novitski, 1951). When the homologs are of unequal
size, the smaller of the two homologs is recovered about
twice as frequently as the larger., This was termed non-
random disjunction and was further studied by Novitski and
Sandler (1956). Using tandem metacentric and tandem acro-
centric compound X chromosomes, with or without a homolog,
it was found that in the absence of a homolog there was a
deficiency in the number of newly generated single chromosomes
formed by crossing over, In the absance of a homolog, some
fraction of these single chromosomes proved lethal which
resulted in recovery of fewer individuals in this class,

The segregation mechanism may be altered in other
ways as evidenced by certain wild populations of the house
mouse (Dunn and Suckling, 1956). An allele, at the T locus
(3:), has been found to be transmitted with a higher frequency
than either the wild type allele or the T allele (Brachyury)
in the heterozygous males. The higher frequency of transmission
has been attributed to abnormalities in the segregation mechan-
ism. The specific reason for aberrancy at the Ez locus, other
than abnormal segregation, has not been determined., However,
recent findings for another allele of the T locus (E:) indicate
that, .for this case, sélective fertilization may be the causa-
tive agent for aberrant ratios such as were described for the
E: locus (Bateman, 1960, a,b.).

In addition to these agents, another force has been

described, in which the gametes derived from a heterozygote
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vary from the expected 1 s 1 ratio. This force, termed
"meiotic drive™ (Sandler and Novitski, 1957), may be the
cause of the abnormal segregation mechanism in the mouse,
described previously, but this has not yet been proven
cytologically.
The first case of meiotic drive was reported by

Gershenson (1928) in Drosophila obscura males. These indi-

viduals produced many more female than male progeny and the
deviation could not be attributed to zygote mortality.
Sturtevant and Dobzhansky (1936), after a detailed cytogen-

etical study using Drosophila pseudoobscura, concluded that

the sex ratio difference was due to abnormal spermatogenesis
resulting in all of the spermatozoa being X - bearing, the Y
chromosome having degenerated. A case of meiotic drive has
recently been found in a natural population of Drosophila

melanogaster (Sandler, Hiraizuma, and Sandler, 1959). This

particular example results from a second chromosome locus in

or near the proximal heterochromatin., The chromosome contain-

ing this factor, termed Segregation - distorter (SD), is re-
covered more frequently than is the normal chromosome among

the progeny of male heterogygotes., Similar to Dunn and
Suckling's (1956) abnormal segregation mechanism, ratio dis-
tortion due to SD is never found to occur in females, In addi-
tion, the ratio distortion due to SD apparently is effective
only when synapsis occurs, and comes about as a failure of

the sperm carrying the normal allele to form or to function

normally. The failure of sperm formation has been attikibuted
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by Sandler, Hiraizuma énd Sandler to the SD locus which
causes a break at the SD+ locus at synapsis, and results in
a chromatin bridge at anaphase II, This bridge is subsequently
lethal to resultant cells, causing the variation in recovered
progeny. It must be realized that no unequivocal cytological
evidence has yet been presented to support this interpretation
of SD.

There is evidence that some products of spermatogene-
sis in mammals will undergo degeneration. These include both
spermatocytes (Roosen-Runge in Novitski and Sandler, 1957)
and spermatogonia (Oakberg, 1956). So far as Drosophila is
concerned, a similar degeneration of meiotic products has not
been found (Cooper in Demerec, et al, 1950).

Zygote mortality

Although all of the developing gametes may have
escaped elimination by the various mechanisms listed above,
and have been produced in equal numbers, after fertilization,
another category of causes may act to produce reduction or
eradication of some classes of progeny. Any number of gene
mutations produce lethal effects in the zygote (see list in
Bridges and Brehme, 19L)). These will act at any time from
fertilization to the onset of eclosion., Besides gene mutation,
chromosomes carrying aberrant portions such as, translocations,
inversions, deletions, or duplications may be discriminated
against, Polyploid or polysomic conditions may also result

in ratio distortion.



Gametic Lethality

After gametogenesis and prior to the formation of
a zygote, there is the probability that some mechanism will
act to cause differential survival among the gametes. The
case for gamete lethality as a cause of differential recovery
of progeny in Drosophila has been disputed by Muller and
Settles (1927). Their experiments indicated that fertiliza-
tion can occur regardless of the gene content of the spermato-
zoa and that spermatozoa are not differentially viable due
to gene content., Various aspects of the problem which were
tested in Drosophila supported their hypothesis. The rela-
tive numbers of X and Y - bearing spermatozoa surviving after
a lapse of time were observed by comparisons of sex ratio,
but did not differ significantly. Gametes deficient for
portions of the second chromosome which had become trans-
located to the third chromosome also were tested. Those
gametes which carried the deficiency should have showed lower
survival rates than normal gametes had the genes been func-
tioning at this time. Instead, Muller and Settles found that
the deficient eggs, when fertilized by uncompensated sperma=-
tozoa, resulted in non-viable zygotes. Fertilization had
been accomplished by these aberrant gametes.

Self-sterility asdescribed for plants has been
found to account for discrepant ratios., Sperm competition
has been postulated to account for a deviation in the primary
sex ratio in humans. The possibility of sperm competition in

Drosophila is usually discounted because of the short distance
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which must be covered by the spermatozoa from the storage
organs of the female to the point of entry into the egg.
However, Novitski and Sandler (1957) have described a case
which indicates not all products of spermatogenesis are
functional. The mutant that they studied was Stone's Bar
[& (1;k) éf] , & translocation between the X chromosome
and the chromosome IV, Males would carry the translocated
X « IV chromosome and in addition a normal IV and a Y.
The four types of gametes were normally recovered in equal
numbers but departures from the expected numbers were found.
Zygote mortality was ruled out by egg count experiments al-
though this was not tested. The authors felt that gamete
lethality as commonly conceived would not explain the variant
ratios., Their explanation for this phenomenon was that some
products of spermatogenesis are not regulafly functional and
that these were the longer components of the translocation.
If some of the meiotic products could be shown to be non-
functional (or to have degenerated, as previously mentioned
for mammals), then to postulate gametic lethality, the supposi-
tion would be that the time of the non-functioning was re-
stricted to the spermatozoan stage. In that the non-function-
ing was predetermined in the meiotic stages, it could not be
considered to be ordinary gamete lethality., Other factors
may also function at the gametic level. Certain "t - alleles"
have been recovered in male mice far more frequently than
expected (Dunn and Suckling, 1956). Ratios indicate that a

particular class of sperm is recovered in 80 percent to 90
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percent of the progeny. Dunn and Suckling attribute these
aberrant ratios to abnormalities in the segregation mechanism.
Working with different t - alleles, Bateman (1960, a,b) has
recovered similar ratios. Evidence was found here (1960, b)

however, that one of the tested t - alleles, (tailless - Edin-

burgh, E:) when present in spermatozoa, caused a non-random
conjugation between gametes. When a choice of eggs was pre-

sented by heterozygous (T/+ and T/t®) females, tailless = Edin-

burgh spermatozoa united more frequently with normal (:) than
with brachyury (T), and more frequently with brachyury than

tailless = Edinburgh eggs., Bateman felt that this was evidence

for selective fertilization in the mouse and indicated that
the spermatozoa would be more readily able to enter the egg
carrying the favored genotype. In Drosophila, Lobashov (1939),
has reported that if a female is allowed to copulate with each
of two males having different genetic constitutions, the sperm
of lower viability will be used to a lesser extent by the fe=-
male after the double copulation than had she been mated only
to the male with the less viable sperm. This was interpreted
as selective fertilization favoring the more viable sperm.

It is possible for other factors to cause discrepant
ratios to appear in progeny counts. Unisexual ratios in Dro=
sophila ("sex-ratio", SR) have been attributed to maternally
transmitted spirochetes (Poulson and Sakaguchi, 1961). This
condition would be manifested by disturbances in the devalop-
ment of the male zygote leading to loss of this class of off-

spring., Specific gene mutations which will effect ratios re=
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covered have also been reported. Bell (195L4) reports a

mitation (daughterless, da) which will produce only male

progeny. Sturtevant (1945) described one whose presence

will transform females into males (transformer, tra),

Present Work

The present work attempts to determine if there is
preferential survival exhibited by spermatozoa of various
genotypes, If the genotype of a spermatozoon has an effect
on the survival of that gamete, then the effect should be
more pronounced after a period of storage. Some studies
(Novitski and Sandler, 1957; Dunn and Suckling, 19563 Bateman,
1960, a, b) may be interpreted as evidence that selection may
take place on the haploid level., Effects on sex ratios have
also been noted after ageing the maternal parent (Hannah, 1955)
and after ageing the spermatozoa in the inseminated female
(Trosko, 1962). These too, may be interpreted as evidence
for gamete lethality., Gamete lethality should be demonstrated
by the preferential survival of one genotype in the progeny
of a heterozygote. By observing progeny ratios recovered
from such individuals from stored stocks, and comparing them
to non-stored stocks, it was hoped to demonstrate that the

survival of spermatozoa is correlated with genotyvpe.



II. MATERIALS AND METHODS

One wild type strain (Oregon - R) and six

mutant stocks of Drosophila melanogaster were utilized.

The mutant stocks are as followst

Curly, Plum (Gy/Pm) is a balanced lethal

tester stock. Curly is a second chromosome mutant usually
lethal when homozygous. The wings curl up strongly; the wing
texture is slightly thinner than wild type with wrinkles in
the upper surface. Inversions are found in the left and
right arms [In (2L) Cy, Cy (included), In (2R) Cy, cn2:|
(included) which strongly suppress crossing over in the

second chromosome. Plum has been described as an eye color
similar to brown (bw) or purple (pr), mottled with darker

sploches or speckles which deepen with age to a reddish color.

An inseparable inversion accompanies Plum ‘:En (2LR) PE] ’
which acts to suppress crossing over on the second chromosome.
Plum is also lethal when homozygous., Both Curly and Plum are
recessive lethals which will exhibit a dominant phenotypic
effect when heterozygous,

Curly, Plum, Hairless, Inversion 3R (Cy/Pm;

H/In3R) is also a balanced lethal tester stock. The Curly
and 2}25>mntants‘are the same as described above for the
Cy/Pm stock. Harless (H) is a third chromosome mutant which
acts mainly to remove various bristles, especially the poste

verticals and abdominals, Like Curly and Plum, it is homo-

zygous lethal, Hairless is balanced with an inversion,

9
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In (3R) Mo (Inversion (3R) from Missouri wild stock). It is

not lethal when homozygous but females are often sterile.
Crossing over is suppressed along the third chromosome.
The five chromosome II recessive lethals

(Curly/lethal) tested were induced by exposure to approximately

2000 r units of X-rays, The source of the X-rays was a General
Electric Maximar - 250 - 111 which was operated at 250 kv,
15 ma, with a 50 mm copper filter. The dose rate was approxi-
mately 136 r/minute. Second-chromosome lethals were detected
by standard tests and maintained in the balanced lethal stock.
All stocks were maintained on a semi-synthetic mi=
trient medium (modified after Carpenter, 1950). Stodks were
mated and stored on modified Offerman's (1936) medium, to pre-
vent the newly inseminated females from laying eggs. Also,
this medium was not conducive to the growth of yeast which
in two weeks would often overgrow the surface of the nutrient
medium,
Two runs were made for each group tested with
variations in procedure as indicated.
Adults

From the stocks listed above, Cy/Pm, Cy/Pm; H/In3R

and Cz/lethal mal es were collected prior to mating. These
males were not necessarily the same age but varied from one
to seven days. Oregon-R females were collected as virgins,
They were stored from the time of collection in a constant
temperature room at 10° C. for a period of seven days, After

the indicated storage time, groups of the OR females were
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removed from the constant temperature room and mass-mated to
the various mutant males on Offerman's medium for a 24 hour
period,

For each group mated, an excess of males was used.
After the 24 hour mating period, the males were separated
from the females and discarded. Females were divided.at
random into two groups which were equal in size., The Group A
females were the control group. These females were placed
in individual shell vials containing the modified Carpenter's
medium and allowed to lay eggs immediately. Group B, the
experimental group was placed en masse on fresh 6fferman's
medium and returned to the 10° C. constant temperature room

for seven days in the case of the Cy/Pm; H/In3R and the first

run of Cy/Pm inseminated females, fifteen days for the Cy/lethal
and second run of Cz/Pm inseminated females, Group A females

were handled in two ways. The first run of Cy/Pm and Cy/Pm;

EZEEQE inseminated females were allowed to lay all of their
eggs in the same shell vial, These females were discarded

at the end of twelve days., The females inseminated on the
second run by the Cy/Pm males, and all of the Cy/lethal insem-
inated females, were transferred to new vials containing mod-
ified Carpenter's medium at the end of six days. After six
days in the fresh vial, a total of twelve days in all, these
females were discarded. Group B females were removed from the
constant temperature room at the end of seven days in the case
of those inseminated by the first run of Cy/Pm males and by

Cy/Pm; H/In3R males and at the end of fifteen days for those
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inseminated by thesecond run of Cy/Pm males and by
Cy/lethal males, In a pattern similar to the Group A
females, the Group B females which were inseminated by the

first run of Cy/Pm males and by Cy/Pm; H/In3R males were placed

in individual shell vials on modified Carpenter's medium and
allowed to lay al 1l of their eggs therein. After twelve days,
they were discarded., Group B females inseminated by the
second run of Cy/Pm males, or by Cy/lethal males, were placed
in individual shell vials and transfereed at the end of six
days to fresh vials, At the end of twelve days they were
discarded. All of the stocks described were kept at a con=
stant temperature of 22° ¢, except when stored at 10° C. as
was indicated,
Proge

Progeny from the various crosses began to emerge
eleven days after the females were allowed to lay eggs. Most
of the progeny were counted at two day intervals, However,
circumstances dictated at times that some counting take place
at three day intervals., Similarly, it was sometimes possible
to count some groups every day. All progeny, including flies
which were stuck to the medium, were scored when it was pos-
sible. The number which could not be identified was small and
would not influence the final results. The data were tabulated
in such a way as to compare the non-stored group to the stored
group for four categories. The F1 progeny were genotypically

Curly/+ or lethal/+ (or Pm/+). Phenotypically, the progeny

were scored as Curly, Plum or in the case of the lethal-bearing
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group, wild type. Within each genotypic group (Curlz(+,

lethal/+, or Plum/+) a record was kept of the number of

individuals of each sex. In the final analysis, four groups
of progeny were scoreds Curly males, Curly females, lethal

(Plum) males, lethal (Plum) females,

Two changes were made between the first and second
runs of the females inseminated by Cy/Pm males. Females of
the second run were transferred to new vials at the end of
six days. This was done to prevent crowding of the progeny
and also facilitated counting the progeny in the event that
any were stuck to the medium. There was also less chance that
the parent female would become stuck to the medium in the event
that yeast would overgrow the surface., The storage time of the
females was also changed, because studies by Trosko (1962)
indicated that changes due to storage may not occur until
after fourteen days.

After the first run had been made, involving Cy/Pm

and Cy/Pm; H/In3R stocks, it was decided to narrow the study

to possible differences involving only the second chromosome,

For this reason a second run involving the Cy/Pm; H/In3R stock

was not made and the results of this first run were not in-

cluded in the analysis of the data,



ITI. RESULTS

In that each lethal being considered is assumed
to be different, patterns which were obtained for each lethal
shall be discussed. Each of the six lethal stocks was analyzed
in various ways by means of 2 X 4 and 2 X 2 contingency Chi-
square tests (See Appendix for details); Two of the lethals

(lethal - 2, lethal - 22) tested showed no heterogeneity for

any of the tests; another lethal (lethal - L) showed signi=
ficance for only one of the thirty Chi-square tests applied
to it. The other three lethals are the ones which will be

discussed here (lethal - 3, lethal - 9, Cy/Pm).

lethal - 3 (1-3)

Within the lethal=bearing group of progeny storage
of sperm seemed to favor the recovery of X-bearing sperm, as
increases in the number of females were noted. This was most
evident in the data obtained for Run II (Table VI) and the
composite data for Runs I and II (Table VII). For both sets
of data, storage seemed to change the pattern established among
the lethal-bearing non-stored individuals (males appearing
more frequently than females) to a case where the stored
lethal females were more abundant than the stored lethal males.
The largest deviation manifested itwelf in the non-stored
group,

Within the females, it appeared as though Curly-
bearing chromosomes were fawored over lethal-bearing in the
non-stored class. This situation changed upon storage when

more lethal than EX chromosomes were recovered., The total

1
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number of Cy and lethal individuals for both stored and
non-stored classes was approximately equal. Again the largest
deviation was found in the non-stored group.

While Cy and lethal chromosomes were recovered in
approximately equal numbers, it was found in the s tored group
that more females were recovered than males. It was noted,
particularly in the lethal classes, that males were less fre-
quent than females., Cy males were produced either as frequent-
ly or more frequently than Cy females.

In general, for the 1 - 3 group, several effects
were noted, Storage tended to discriminate against the male,
particularly those carrying the lethal chromosome., Storage
tended to reverse a trend in which more mal es than females
were produced for non-stored classes. Deviations, when they
occurred, tended to be greater in the non-stored groups than
the stored groups.

lethal - 9 (1-9)

Results obtained from Run I (Table I) for lethal = 9
represent a small sized sample when compared with Run II (Table II).
Results obtained in Run I are therefore considered to be unique
for that set of data and are not noted in either Run II (Table VI)
or the composite data (Table VII). Within the stored lethal
chromosomes, more males were recovered than females (163 to 119).
This occurrence was regarded as influencing the combined Cy,
lethal data for Run I where significance was once more achieved.
In that these values for the stored group were obtained from

only four females, these discrepant results were attributed to
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random fluctuation.

For Run II and subsequently the composite data,
there was a tendency for the Cy chromosome to be recovered
more frequently than the lethal chromosome. This peculiarity
was found in both the stored and the non-stored groups with
one exception, The exception occurred in the female group
in which genotype was compared to stored and non-stored indi-
viduals (Tatle VI and Table VII). Within thestored groups,
although the Cy chromosome was recovered in only slightly
higher numbers than the 1-9 chromosome a more marked shit't
would have occurred had expected figures been realized. A
similar pattern, although not as pronounced, was noted in
males,

The 1-9 group seemed to be characterized by the
recovery of more Cy than lethal chromosomes. This tendency,
though still evident, was moderated upon storage.

oy/em_

Females which were not stored produced more Cy than
Pm offspring. This situation was reversed on storage. A
larger deviation was found between the Cy and Pm individuals
in the stored group than the non-stored group. More Pm than
Cy females were found,

In considering the Pm offspring, females were more
frequent than males in both the stored and non-stored groups.
This deviation was more pronounced in the s tored group than
in the non-stored group. Although females were more abundant,

males were produced within the non-stored group in greater.
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numbers than expected, while in thestored groups they
were less abundant than expected.

Within the stored group of the Cy/Pm individuals,
females of both genotypes appeared more frequently than males,
This tendency was more pronounced among the Pm genotype than
the Cy. While females were more abundant in both classes,
more males were produced than expected in the Cy class and
fewer males than expected in the Pm class.,

The EZZEE stock showed larger deviations in the
stored groups than the non-stored. Storage tended to produce
fewer males than would be expected. The Plum genotype was
recovered more frequently than was the Burly, tut not to
the point of being significané.

General
Non-stored

The Cy chromosome was recovered more frequently
than the lethal-bearing chromosome, but less frequently than
the Pm chromosome in the same situation. Cy and Pm individuals
were recovered in approximately equal numbers.

Stored

For the Cy/lethal stocks, a moderating influence
on deviations was seen among the stored groups. In szgg
stocks, the deviation was more pronounced. The ratio of

male to female progeny declined,



IV. DISCUSSION

The experiments indicate a differential recovery
of genotypes among the progeny of male heterozygotes. The
differences which appear indicate that rather than being
obvious, the pursued phenomenon is not universal to all data
and is manifested by subtle rather than extreme variation.
Indicative of this, are the several tests which show hetero-
geneity when cerdtain portions of the data are considered
(for example, analyzing one genotype at a time, or consid-
ering each sex separately). If only the 2 X L Chi-square
tests had been utilized, these inequalities might have passed
unnoticed.,

Similarities appear between lethals when the tests
indicating heterogeneity are examined. Two items among the
data are of particular interest, First, a differential re-
covery of classes of progeny may reflect differential survi-
val of the gametes carrying the various genotypes. Second,
the differential survival is influenced by storage. These
two factors seem to function independently of one another,
Within the Cy/lethal runs, the variations are more pronounced
in the non-stored groups. In the stored groups this varia-
tion is lower. Such is not the case in the Cy/Pm stocks, for
the grea er variation is found in the stored groups. These
variations for both the Cy/Zethal and the Cy/Pm groups are
manifested as preferential recovery of a particular genotype,

either one type of mutant chromosome or a particular sex.

18



19

The Bar of Stone translocation used by Novitski

and Sandler (1957) gave reproducible recovery of abnormal
ratios of progeny. In their study, males carrying the trans-
location were mated with attached - X females. The ratios
of progeny recovered were considered to be a reflection of
the number and types of gametes produced during spermatogenesis,
All sperm types should have been produced in equal numbers but
apparently were not. This situation was considered to be one
in which all of the products of spermatogenesis did not
participate in fertilization. This would be an attractive
proposal to explain the present research, but upon closer
consideration, several differences are apparent. The stock
used by Novitski and Sandler was carrying a translocation which
led to inequality in the size of homologs. But all of the
homologs used in the present work are of equal size. Also,
aberrant forms which would tend to be eliminated because of
such structural abnormalities, should, by the design of the
experiment, be lost in equal frequency in both the stored and
non-stored groups. Any effect between thestored and non-stored
groups because of such an abnormality will be cancelled out,
The mechanism postulated by Novitski and Sandler also seems
to be unable to account for selection of both a mutant
allele and a particular sex when applied to the present ex-
periment,

Selective fertilization, postulated by Bateman
(1960b) for the house mouse at the T locus, might also be con-

sidered here, His work indicated that the high rate of recovery



20
of the t® allele might result from unequal ratios of sperma-
tozoa being produced. On the other hand, these ratios might
result from the E: bearing spermatozoa being better able to
enter eggs of a fawored genotype. If this is the case, even
if equal numbers of spermatozoa are produced, those carrying
the 32 allele will have a decided advantage., That this type
of action has produced the aberrant ratios in the present
work is unlikely. The manner of fertilization in the mouse
necessitates & relatively long migration of the spermatozoa
from the site of deposition to the place of fertilization,
and differs from Drosophila, where the spermatozoa need
travel only a short distance from thestorage organs to the
uterus, Furthermore, in the mouse, fertilization will take
place shortly after insemination, but Drosophila will store
the spermatozoa, utilizing them as needed over a period of
days. Also, while Bateman used females of different geno=-
types, only the OR females were made use of for this work.
Finally, storage, not only of the spermatozoa within the fe-
male, but also of the females themselves, will be an addi-
tional difference.

In that these models do not adequately explain the
results obtained, what mechanism can be postulated which will
explain them? This mechanism should be able to explain why
the Curly chromosome should be favored over the lethal but
not the Plum chromosomes; why females should be favored over
males; and why storage of these genotypes should result in

differences when compzred to the non-stored classes.
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To suggest that one type of spermatozoa is pro-
duced in greater numbers than its alternate type does not
seem feasible, €This presumes that the favored genotype in
the non-stored group (which will also be produced in great er
numbers) will be discriminated against more readily than the
alternate genotype after storage. Such fluctuation between
favor and misfortune implies a fickleness and inconsistancy.
inthe causal mechanism which does not seem warrented.

It is reasonable then to consider that two mutant
characters (Curly and lethal) on homologous chromosomes will
result in two types of sperm which differ only in regards to
which mutant each is carrying and that the survival is cor-
related with the presence or absence of a given genotype.
Assuming that these two types of sperm are produced in e qual
numbers during spermatogenesis, they should also be transferred
to the female in equal numbers. The deviations which appear
more markedly in the non-stored groups of Cy/lethal individuals
may reflect an initial advantage of the Curly spermatozoa
over the lethal-bearing spermatozoa. This advantage, which
may take a variety of forms, is discussed below. This advan-
tage can be lost by the Cy spermatozoa upon storage or the
lethal=bearing spermatozoa can better their chances of survi-
val so neither type will have an advantage over the other at
the end of the storage period. The Pm chromosome may have a
similar advantage over the Cy when both are present in the
population of sperm. The @ifference in this case will not be

evident until after a period of storage, for there need be an
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initial advantage of the Plum over the Curly genotype.
The shift toward a higher proportion of females in thestored
group does not appear to be correlated with the shifts in
genotype which have been discussed. The lower frequency of
males may also be explained by the proposed model, in that
the X = bearing spermatozoa will have an advantage over the
Y - bearing spermatozoa resulting in selection against the
latter gametes.

It now seems appropriate to discuss the various
mechanisms in which one type of spermatozoa may be fawored
over arother type. The method of storage was to keep the
inseminated females at 10° C, for either one or two weeks.,
Temperat ure shocks somewhat lower than this (-5° C., -10° ¢.)
have been shown to completely deseminasde fertilized Drosophila
females (Novitski and Rush, 1948). Drosophila females are
known to lose spermatozoa more rapidly during non-storage as a
consequence of egg-laying then when stored at the lower tem-
peratures, In this experiment, egg-laying was prevented by
storage of the females at lOo C. In young Drosophila females,
the ovaries will not have developed by the time of insemination
and will not develop upon storage at the low temperatures.
Even at the low temperatures used for storage, some of the
spermatozoa undoubtedly are lost and this loss may have been
selective. One type of selective loss has been described.
Irradiated sperm have been shown to be eliminated more rapidly
than non-irradiated from the females in which they were stored

(Yanders, 1959). The present work indicates that the elimina-
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tion which occurs upon storage is selective for a parti-
cular genotype.

A possible mechanism for selective loss has been
suggested by Lefevre and Jonnson (1962). They have reported
spermatozoa circulating from the storage organs to the uterus
and other portions of the genital tract. They indicate that
once having left the storage organ, sperm may reenter it.
Sperm have been classified as a consequence by them as "inbound"
and "outbound" on this basis, While definite evidence has not
been obtained in this regard for the present work, one may
conjecture how a similar mechanism may explain some of the
results. Non-stored sperm may circulate in: such a way that
the less viable spermatozoa would not be a liable to gain
reentry into the storage organs, and gradually be eliminated.
The genotype of the individual will influence the viability.
Upon storage the initial advantage will either be lowered
(as in the case of Cy/lethal stocks) or enhanced (I - Cy/Pm
stocks.,)

It will be noted that the actual observed values
obtained for the Curly and Plum chromosomes do not vary to a
great extent, yet there is heterogeneity which can be dis-
cerned when the observed values are compared to the expected
values. Although the Plum chromosome is not recovered at
frequencies much higher than the Curly, it is recovered at
a higher rate than may be anticipated from examination of
the expected values., The differences discussed with regard

to the Cy/Pm stocks refer to the data from Run I and the
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composite data, Run II by itself fails to exhibit these
differences. The longer period of storage in Run II may
explain this on the basis of the model proposed for the dif=-
ferences seen in Run I and the composite data, If the
storage period will exert an enhancing influence on the
recovery of the Pm chromosome, then Run II, which was stored
for two weeks, would show this more markedly than Run I,
which was stored for only one week., This implies a fluctua-
ting advantage in which the Pm may be sald to have no initial
advantage but after storage for one week an advantage over
the Cy chromosome may develop. By the end of two weeks of
storage again no advantage will exist between the different
chromosomes,

The variation noted in the sex ratio is similar
to that described by Trosko, (1962) for his aged control group.
Upon ageing this group, he found a greater number of females
than males. He attributed this to a selective advantage of
the X - bearing spermatozoa., This advantage was dependent on
the age of the spermatozoa and might have been due to physio-
logical differences intrinsic to these gametes. Physiological
differences were suggested by Zimmering and Barbour (1961) as
a possible means of explaining the effect of ageing on gametic
ratios, Variation in the recovery segregation mechanism of
Drosophila males carrying the Bar translocation of Stone appeared
to be caused by Y chromosomes and major autosomes designated
as "A" (abnormal ratios). In the presence of "E" (equality)

Y autosome combinations, the previous variation tended to
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disappear, (Zimmering, 1959. 1960). Sperm released by
young A - type males caused the characteristic distorted
ratios, Sperm released 4 - 6 days later by the same male
showed virtually no distortion. Zimmering conjectured that
physiological differences between groups of cells destined
to give rise to different sperm batches caused the distortion.
Similar physiological differences in my experiments could act
to distinguish between X - and Y - bearing spermatozoa,
rather than between groups of homologs. This distortion
could be éxpressed as a difference in survival rates as shown
both by the present work and by Tresko.

The possibility that physiologically different
types of gonadal cells exist is supported by Tihen (19L6) who
reports that two types of spermatogonia, "primary"™ and "se-
condary", may be present in Drosophila. The "primary" sperma-
togonia are characterized by not occurring in groups and also
by undergoing asynchronous mitoses. The second type is the
"secondary" spermatogonia which occur in well-defined cysts
and attain mitotic synchrony. The functions of these two
types of cells are different. The primary spermatogonia have
as one of their functions the production of the secondary
spermatogonia. These latter cells act only to produce primary
spermatocytes, Tihen further suggests that the mitotic divie
sion of the primary spermatogonia results inthe production
of one primary spermatogonium plus one secondary spermatogonium,
If such differences exist on the spermatogonial level, then

they may also be found at the gametic level, and will reflect
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the genotype of the sperm itself. This difference may be
expressed as differential survival among the gametes,

The data obtained from these experiments indicate
preferential survival between the gametes produced by male
heterozygotes and stored in the £ emale prior to use. The
differential recovery is attributed to an advantage that
one genotype holds over the other. The mechanism causing
this advantage is unknown although several ﬁbssibilities are

discussed,



V. SUMMARY

The research was designed to detect selection at

the haploid level in Drosophila melanogaster., Attempts were

made to determine whether storage would produce a differential
rate of survival among mature spermatozoa of various genotypes.
Drosophila males of the various genotypes (Cy/Pm; f‘mdm
gz/lethal) were mass-mated to virgin females. The females
were divided randomly into two groups, one of whichwas allowed

to lay eggs immediately, the other stored for one or two weeks

1?

at 10° C. After the storage period, this group also was allowed
to lay eggs. Progeny were scored with regards to their sex
and genotype.

The Curly chromosome was found to be recovered with
greater frequency than the lethal but less frequently than
the Plum. A lower proportion of males were recovered than
females, especially inthe stored groups. In the Cy/lethal
matings, storage exerted a moderating influence while in QZZEE
matings, it acted to enhance the deviations,

Possible factors which could produce these changes
were discussed, including abnormal segregation mechanisms,
selective fertilization, differential viability, selective
desemination, sperm competition and physiological differences
intrinsic to the gamete. The causal mechanism was not known
although sperm competition of the type discussed would ex-

plain many of the phenomena observed,
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APPENDIX

Two separate experimental runs were made for each
genotype., The results from each run were analyzed as well
as the total data for both runs. The data were tabulated in
such a way as to be able to compare the non-stored group to
the stored group for four categories. The F1 progeny were
phenotypically curly-winged, plum-eyed or wild type for those
respectively carrying the Curly, Plum or lethal alleles. With=-
in each group, Cy, Pm, or lethal, a record was kept of the
number of individuals of each sex. In the final analysis,
four categories of offspring were scored, Cy males, Cy females,
lethal or Pm males, and lethal or Pm females,

The totals which were obtained for the first mun
of the various matings were tabulated in Table I. Groups
Cy/lethal and Cy/Pm were run at different times. Different
procedures, as indicated, were used for the EZZEE group.
The totals obtained varied greatly due to widely varying nume
bers of surviving females. This number ranged from L (stored
lethal - 9) to 392 (stored Cy/Pm).

In the second run, (Table II) the Cy/lethal and Cy/Pm

groups were run concurrently, using similar procedures as
modified from the initial run. The average number of progeny
varied considerably from one lethal to another and from stored
to non-stored. Higher progeny averages tended to reflect less
crowded culture conditions due to transferring the female

parent to new vials after six days,
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The data obtained for Run I and Run II were lumped
together and considered as a composite (Table III) to increase
the sample size, Procedures followed were the same except for
the Cy/Pm groups which differed in treatment in that females
of the second run were stored for a longer period of time be-
fore being allowed to lay eggs. These females were also trans-
ferred to new vials of food after six days of egg laying. 3
Either run of the Cy/Pm stocks would have been large enough
to analyze by itself if it was thought differences between

the groups existed. The larger sample size would enable the

(L

researcher to detect differences should they occur. Differences
which occurred in both runs would be amplified inthe composite
data. Effects of any fluctuation which might have occurred in
only pne run would be lessened. With the exception of the
QXZEE stock, the donditions and procedures for each run were,
for all intents and purposes, identical. Large differences

in sample size appeared evident between the non-stored and
stored groups and were primarily due to the numbers of parent
femal es which were used for each group. Also, the average
number of progeny produced by the females for each group,
stored and non-stored, was a factor.

Analysis of both runs and the composite data was
made by 2 X L contingency Chi-square tests and the results
tabulated (Table IV). These Chi-square tests involved a
comparison of the non-stored group to the stored group for
all four genotypic classifications of the progeny (Qx males,

Cy females, lethal (or Pm) males, lethal (or Pm) females).
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A significant difference was interpreted as a differential
survival of one (or more) class (es) of progeny. Subse=
quent Chi-square tests were used to determine the specific
reason (s8) for the difference.

With the exception of I = L = 9 (the first run of
lethal - 9), all of the groups achieving significance for
2 X L Chi-square tests showed a change in the lethal (or Pm)
category between the stored and non-stored females. Fewer

females than expected were found in the non-stored groups

while more were found in the stored group. Only lethal = 9 L~
achieved significance for more than one run, In this re-

gard, the same phenomenon did not produce the deviation for

both runs of the lethal = 9 group., Deviation in Run I was

due to & sex ratio shift, while Run II demonstrated differen-

tial recovery of Curly and lethal chromosomes,

Heterogeneity had been indicated by use of the 2 X L4
Chi-square tests., These were not too specific in that eight
categories were being considered with each test. It was
thought that more specific information might be found if
additional tests were made., The influences of the genotype,
sex, and storage could be separated, one from another, and in
this way a more exact estimate could be made of the agents
" causing the deviation. The 2 X 2 contingency Chi-square
tests were used since the data did not lend themselves to
other statistical applications,

Nine different types of 2 X 2 Chi-square tests were

made, manipulating the data in various ways so as to consider
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some of the variables while excluding others. These nine
different tests were applied to the five lethal and the
EZZEE stocks for each of the two runs as well as the
composite data,

Curly Curly lethal (Plum) lethal (Plum) Tobals
44 09 dd' 90

non-stored

stored

totals

The 2 X 2 Chi-square tests were derived from this pattern in
the following way. The genotypes Cy and lethal (or EE) were
compared with the stored and non-stored categories for both
males and females. The males and females were compared with
regard to the genotypes Cy and lethal (or Pm) for both the
stored and non-stored groups. All of the males and females,
regardless of whether or not they had been stored or non-
stored, vere compared with the genotypic categories Cy and
lethal (or Pm), All of the Cy and lethal (or Pm) genotypes,
regardless of sex, were compared to the stored and non-stored
categories,

As was noted for the 2 X L Chi-square tests, three

of the lethals in Run I did not show any heterogeneity (Table V).

The three remaining lethals showed varying response to the
tests.

Lethal = 3 showed significance only when the stored
groups were considered which compared genotype to sex. The

number of lethal males was significantly lower than the

-
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lethal-bearing females., Slightly more Cy males were scored
than Cy females although the difference was not significant.

For two of the nine tests, lethal - 9 showed
significance at the 1 percent level, The lethal category,
comparing sex with stored and non-stored, showed a pronounced
difference in the sex ratio of the stored group, as more
males were produced than females. Also showing significance
were males and females of both Cy and lethal genotype which
were compared with stored and none~stored. groups. Inthat
the lethal group was shown to be varying with regards to
the sex ratio, it is not unexpected that this group which
represented the lethal plus the Cy group also maried in a
similar fashion.

The 91[25 stock showed significance for three tests,
two at the 2.5 percent level and one at the 1 percent level.
The females, comparing genotypes to stored and non-stored,
indicated significance at the 2.5 percent level. Non-stored
Cy females were produced in excess of mon-stored Pm females.
This trend was reversed upon storage and more Pm than Cy
females were recovered. Showing significance at the 1 percent
level was the Pm category, comparing sex with stored and none
stored groups. In both the stored and non-stored groups more
females than males were produced. With regard to the expected
values, more males than females were produced in the non-stored
group but fewer males than females for the stored group. The
largest devdation was found in the stored group. Significant

at the 2.5 percent level was the stored category, comparing
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sex with genotype. More females than males were produced,
especially in the Pm group, and more Pm individuals were
were produced than Cy.

Three of the groups tested in the second run showed
no heterogeneity for the 2 X 2 Chi-square tests (Table VI),
The Cy/Pm stock which did show significance in Run I did
not do so for this run. Lethal - L gave an indication of
significance for this run, the only such indication in
both runs,

The lethal - 3 test which showed significance was
the lethal group comparing sex to stored and non-stored group
where males were more numerous than females. The reverse
was true among the stored group where more females than males
were present, When both groups were considered, more females
were produced than males,

Lethal - L showed significance at the 5 percent level
for one test. In the non-stored group comparing sex with geno-
type, a higher number of females than males was found for the
Cy genotype. While more females than males were found in the
lethal group, the difference could not be said to be
significant,

Three tests showed significance at the 1 percent
level for lethal = 9. Both the male and female groups, com-
paring the genotypes with the stored and non-stored groups,
showed significance. In both cases, the Curly - bearing
individuals were expected in great er nupbers than were the

lethal-bearing individuals. This expectation was realized
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for the males. The female Cy stored group was not produced in
sufficient number to meet expectations and as a result approx-
imated rather than exceeded the lethal stored group. In that
this situation prevailed for both the male and the female
groups, it appeared intrinsic to both sexes and a causal
mechanism seemed to lie in the genotype of the individual.
Among both the males and females, the deviation tetween the
genotypes was more pronounced in the non-stored group than
the stored group. Significance was also found in the Chi-square
test in which the data for the sexes were lumped and genotype
was compared to stored and non-stored groups. This test was
essentially the lumping together of the two classifications
discussed above for this lethal., The significance achieved
here appeared due to the same factors causing the deviation
in the above groups. The Cy genotype was more numerous than
the lethal and the deviation more promounced in the non-stored
category than the stored.

For the composite data (Run I plus Run II), three
of the lethals tested by the 2 X 2 contingency Chi-square
tests did not show heterogeneity (Table VII).

Lethal = 3 had three tests showing significance.
The female group, comparing genotype with stored and non-
stored groups showed significance at the 1 percent level,
Although Cyand lethal-bearing individuals were produced in
almost equal numbers (5615 versus 5574), the non-stored

group had more Cy than lethal individuals and the reverse

was true of the stored group where more lethal individuals



35

appeared. Larger deviations were found in the non-stored
group than the stored group. This particular test did not
produce significant results for either Run I or Run II. The
lethal group, comparing sex to stored and non-stored groups,
showed significance at the 1 percent level, Within the non-
stored group, males were more numerous than females., This
situation reversed itself in the stored group where females
were more numerous, Overall, more females were produced than
males, The stored group, comparing sex to genotype, showed
significance at the 2.5 percent level., While approximately
equal numbers of males and females were produced in the non=-
stored group, more females were expected. The lethal group
followed expectations and females exceeded males. With re-
gard to the composite data, more females were produced than
males. But, in Drosophila it is a normal eccurrence to have
more females than males produced.

Lethal - 9 had three tests showing significance,
all at the 1 percent level. Run I, being considerably smaller,
constituted only a rather small portion of the composite data.
The bulk of the data came from Run II which, as noted above,
produced significant results for the same tests, As was noted
for Run II, the primary reason for the deviation appeared to
be a larger proportion of Curly-bearing individuals being
produced than lethal = bearing. The deviation between genotppes
was more pronounced in the non-stored group than the stored
group.,

Two tests in the composite data showed significance
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for Cy/Pm data. Both of these tests had produced significant
results in Run I. While the significance achieved in Run I
was at the 1 and 2.5 percent levels, the composite data
showed significance at 2.5 and S5 percent levels respectively.,
The Pm category, comparing sex with stored and non-stored
individuals, showed significance at the 2.5 percent level,
In both the stored and non-stored groups more females than
males were produced. The largest deviation took place in the
stored group. Showing significance at the S percent level
was the stored group, comparing sex with genotype. The major
cause of heterogeneity was that more females than males were
produced for both Cy and Pm genotypes. While Cy and Pm indi-
viduals were produced in approximately equal numbers, a larger
deviation took place among the Pm group than the Cy group.
More males than expected were found in the Cy group; fewer

males than expected in the Pm group.
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TABLE III. Summary of Runs I and II (composite)

CURLY LETHAL TOTAL
LETHAL males females males females
non-stored 2954 2992 29ul 3047 11664
L -2 stored 3460 3512 3424 3579 13975
TOTAL eLlly 6L434 6365 6626 25639
non-stored 2437 2541 2L20 2387 9785
L -3 stored 3075 3074 2918 3187 12254
OTA 3 7 2203
non-stored 3859  L1LO 3869 3910 15778
L -k stored 2335 2L37 2326  2L03 9501
TOTA 19 77 313 2527
non-stored 2316 2506 1980 2156 8958
L-9 stored 2215 2285 2121 2280 8901
TOTAL L531 L7911 4101 L4L36 17859
non-stored 3561 3707 3409 3522 14199
L - 22 stored 3437 3565 3268 3556 13826
AL 9 7272 7 707 o]
CURLY PLUM TOTAL
males females males females
non-stored 10851 11789 10886 117L8 L5274
Cy/Pm  stored 11341 12339 11222 12663 L7565
TOTAL 22192 24128 22108 24411 92839
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