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Progeny of C(1)RM females and regular males were analyzed

to determine various genetic and environmental influences on the

viability of Drosophila melanogaster metafemales- The standard

mean emergency frequency for 3X2A imagos was less than one

percent (0.83 + 0. 37% with Canton-S male parents, n =7, 917,

and 0.99 -I- 0. 29% for genotypes from 46 different cultures tested,

n = 61, 648). The frequency of metafemale survival was directly

correlated with increases in family sizes; the pattern of imago

emergence was random, following a Poisson distribution for most

classes.

Altered rearing temperature was a significant environmental

influence 011 these aneuploids whereas mass-mating was not.

3X2A viability was consistently and significantly increased by



lowering the rearing temperature from 25oC to 20oC for two hours

during the 96th to 132nd hours of development (which interval is

sensitive to X-trisomic lethality). This effect was not noted with

similar treatment during other developmental intervals.

Genetic influence on metafemale viability was also demonstrated.

Increased metafemale viability was associated with apparently domi-

nant genes located on the autosomes, particularly but not exclusively

on the third pair. Hypomorphic action (i.e., two doses in the

metafemale genome) of the extreme distal tip of the X-chromosome

decreased metafemale survival while hypermorphic action (i.e.,

four doses) of that region appeared to significantly increase sur-

vival. A variegated position effect of inverted-X chromosomes was

sometimes operative. Failure to stabilize metafemale survival by

inbreeding suggests that aneuploid-viability genes are heterozygous

in the stocks investigated and/or that these genes may exhibit

different degrees of expressivity.
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GENETIC AND ENVIRONMENTAL INFLUENCES UPON
3X ANEUPLOID VIABILITY IN DROSOPHILA

MELANOGASTER (MEIGEN)

I. INTRODUCTION

A History of the Aneuploid Problem

Normally, animals contain a diploid number of chromosomes,

symbolized by 2n in each somatic cell. The life cycle of plants

generally consists of a gametophytic or haplont (2s) phase alter-

nating with a sporophytic or diplont (220 phase. Organisms are

called orthoploid if their somatic cells contain the diploid number

of chromosomes (or the haploid, n, number if the principal part

of the life cycle is haplont). Any departure from the orthoploid

number is termed anorthoploidy, of which the most common ex-

amples are polyploidy, variations that involve entire sets of

chromosomes, and aneuploidy, variations that involve only some

chromosomes within a set. (The terminology of chromosome

numbering used here is based on that described by Belli., 1928.)

A polyploid is often quite viable, although it usually cannot

reproduce sexually until a phase of vegetative reproduction has

occurred. Approximately 50 percent of angiosperm species are

estimated to be polyploid in origin (Serra, 1968). The incidence
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of euploidy in animals is much rarer and when it does occur

it is often associated with asexual modes of reproduction, such as

parthenogenesis (Astaurov, 1969).

Aneuploids, on the other hand, with an unbalanced distribution

of chromosomes, are often inviable as well as sterile. Trisomy,

in which only one member of the genome is present in triplicate

(symbolized by 2n-F1), has been investigated in such plants as

Maize (Einset, 1943), Wheat (extensively studied by Sears and re-

viewed in Morris and Sears, 1967), Tomato (Rick and Barton, 1954),

Melandrium (Westergaard, 1958), Nicotiana (Smith, 1968), and

Datura (where primary, secondary and tertiary trisomics are known

for each of the 12 pairs of chromosomes; Blakeslee, 1934 and 1940).

The majority of reports on animal anorthoploidy deal with the

sex-chromosomes. Among natural populations the following are

normal karyotypes (reviewed by White, 1961, and Serra, 1968):

The X-monosomic, XO, is found in males of several grass-

hopper and mantid species; in many butterflies and some birds,

XO individuals are female. The males of most spiders,

some nematodes and a few insects are X
1
X20 or X

1
X

2
X30 (wherein

the X-chromosomes are not homologous and there is no Y). The

X
1

X
2Y

genotype has been found in male earwigs, crickets, a few

fleas and Drosophila miranda; the XY1Y2 genotype is known in

such diverse species as Drosophila americana texana, the
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marsupial wallaby and potoroo, the gerbil and the shrew.

Extreme examples of X-aneuploidy are found among the

heteropterans: water-bugs, Nepa cinerea and Ranatra Linearis,

(X1X2X3X4Y); the soldier-bug, Sinea rileyi, (X1X2X3X4X5Y); and

the bed-bug, Cimex lectularius (in which males containing from

3 to 16 X-chromosomes have been described). In the majority of

animals, however, sex-chromosome aneuploidy results in an

imbalance of sex-determining genes and in aberrant sexual

phenotypes.

In humans, female gonadal dysgenesis, or Turner's syndrome,

is associated with an XO genotype (Ford et al., 1959). Kline-

felter's syndrome, also called seminiferous tubule dysgenesis,

is usually the result of an XXY genotype (Jacobs and Strong, 1959),

but cases of XXXY, XXXXY, XXYY and XXXYY aneuploids have

been recently described (Heller, 1969). Several cases of XXX

females (triple-X syndrome) have been reported, with phenotypes

ranging from near-normal intelligence and apparently normal

fertility to mental retardation and sterility. Tetrasomic-X (XXXX)

and pentasomic-X (XXXXX) syndromes are much rarer and invari-

ably associated with mental retardation and infertility. The XYY

male (double-Y syndrome) is more common than previously con-

sidered; in fact, it is apparently the most frequently occurring

aneuploid condition in man (see the estimates of incidence in a
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later paragraph). This latter condition has been implicated as a

cause of aggressive and antisocial behavior (Casey et al., 1966;

Court Brown, 1962).

The best known case of human autosomal trisomy is that of

the Langdon-Down (or simply Down's) syndrome, sometimes called

congenital acromicria, or more commonly, mongolism (Penrose

and Smith, 1966). This anomaly is correlated with a triple dose

of all or part of chromosome 21 (Lejeune, Gautier and Turpin,

1959; Ford, 1962a). The clinical features of Down's syndrome are

mental retardation (the mental age of surviving adults rarely

exceeds seven years), short stubby hands and feet (to which the

term acromicria refers), peculiar folds and creases of skin in

the palms (although there is a gradation approaching normality

found with this trait), epicanthic-like folds of the eyelids (hence

the name mongolism, although these folds are not the true

epicanthic folds of the Oriental race), and many other congenital

malformations, especially of the heart. Males affected with this

disorder are sterile, but many cases of fertile females are known

(they produce about 50 percent mongoloid children). There is a

high incidence of leukemia (up to 20 times the normal frequency)

among children affected with this disease.

Several other, but less well known, autosomal trisomics

have been described in man. These involve chromosomes 13, 14,
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and 15 (the "D" group); 16, 17, and 18 (the "E" group); and 22

(a member, along with 21, of the "G" group). The clinical features

of these aneuploids are quite varied, usually involving mental re-

tardation, often with anomalies of the head, eyes and brain, with

low-set and malformed ears, supernumerary or abnormally shaped

digits, renal and circulatory anomalies, etc. (Heller, 1969). There

is a high incidence of in utero death with some of these trisomics

(the exact percentages of which cannot be accurately determined)

and those children which are born live often do not survive their

first year (e. g., a mean life expectancy of 131 days for group-D

trisomics and 239 days for group-E trisomics). These figures

can be compared with Down's anomaly, wherein less than one-

third of the afflicted individuals survive their first year of life

and wherein the mean survival age is 18 years (Penrose and Smith,

1966). The majority of these deaths is due to respiratory diseases

(the incidence of which is 123 times higher among Mongols than among

members of the general population) and to infectious diseases other

than tuberculosis (an incidence 50 times the general population).

Some cases of infertile mice have been ascribed to trisomy

(Cattanach, 1964; Griffen and Bunker, 1964), although translocation

events have also been proposed to explain these individuals (Lyon

and Meredith, 1966). Autosomal trisomy in Drosophila

melanogaster is restricted to the small dot-like fourth chromosome.
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Trip lo-2 and triplo-3 flies have not been described and are pre-

sumed to be inviable.

Spontaneous cases of aneuploidy most often result from the

rare non-disjunction of chromosomes, either during gametogenesis

or early cleavage. Primary non-disjunction of the sex-chromosomes

in Drosophila melanogaster has been estimated at 0. 01% in

oogenesis and 0. 12% in spermatogenesis (Batty and Tikhomirova,

1967). The incidence of various aneuploid conditions in man has

been estimated at the following, based on samples of West European

and North American populations (Court Brown, 1967; Heller, 1969):

trisomy-D syndrome, 0. 01% to 0. 07% of total births; trisomy-E

syndrome, 0. 025% of total births; Down's Syndrome, 0. 14% to

0.15% of total births; triplo-X syndrome, 0. 01% of female births;

Turner's syndrome, 0. 02% of female births; Klinefelter's syndrome,

0. 25% of male births; and the double-Y syndrome, 0. 5% of male

births. The statement that one percent of all human births are

aneuploids is suggested to be a considerable underestimation

(Court Brown, 1967).

Anorthoploid individuals can be artifically induced by a number

of experimental techniques. Exposing recently-fertilized zygotes

to extreme, near-leathal temperatures for a brief period of time

has produced polyploids in several species: in Drosophila,

after a shock of -4o to 00C for one-half to four hours (Bauer, 1946);
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in Triturus, 0o to 4oC for 5 to 24 hours (Fankhauser and Watson,

1943); and in salmonoid fish, 0° to 3°C for 10 to 30 minutes

(Swarup, 1959).

The application of chemicals which destroy the spindle apparatus

but do not adversely affect chromosome structure results in

endomitosis, a very efficient means of promoting polyploidy. The

list of chemicals which have given positive results is extensive

(Serra, 1968) and includes alkaloids, especially colchicine and

some of its derivatives, nitrogen mustards and various heavy

metals. Polyploid Drosophila, rabbits, pigs, cattle, mice and rats

have been induced by application of such compounds (Beatty, 1957;

Serra, 1968).

The Triplo-X Aneuploid in Drosophila.

Studies of Drosophila melanogaster have demonstrated the

rare appearance of small flies with narrow abdomens, with wings

often crumpled or incised on their inner margins, often with ir-

regular or "rough" eye facets, and sometimes with malformed

metatarsal legs (Bridges, 1921; Rolfes and Hollander, 1961). The

reproductive organs were found to closely resemble those of normal

females (Dobzhansky, 1930b). These individuals, trisomic for the

X-chromosome but disomic for the autosomes (symbolized by

3X2A), were termed "super-females" because they carried an
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extra X-chromosome and, consequently, an excess dosage of X-

linked female-determining genes (Bridges, 1925). Recently,

however, the term "metafemale" has been suggested as more appro-

priate (Stern, 1959), since 3X2A flies are not morphologically "more

female" than 2X2A flies, and , being sterile, are hardly superior to

the female in their sexual role.

Zygotes trisomic for the X-chromosome are derived from

oocytes which contain two X-chromosomes. Such oocytes are rarely

products of ordinary oogenesis but are easily produced by regular

oogenesis in triploid (3X3A) females or by secondary non-disjunction

in attached-X diploid (C(1)RM/Y; 2A) females. Attached-X females,

such as were used in this study, produce two classes of gametes,

one containing an attached-X (C(1)RM) chromosome and the other a

Y-chromosome. Normal males also produce two classes of gametes,

X-bearing and Y-bearing sperm. Assuming equal viability and

random fertilization of these gametes, a mating of attached-X

females and regular males will produce four classes of zygotes:

C(1)RM/Y and X/Y (matroclinous daughters and patroclinous sons),

C(1)RM/X (metafemales) and Y/Y (nullo-X). The latter class has

never been recovered and is evidently lethal. Consequently, one-

fourth of all zygotes and one-third of all adults resulting from this

mating should be metafemale.

However, this expected adult metafemale frequency is not
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realized. 3X2A flies emerge in a frequency usually one percent

or less, although some fluctuation has been observed, e. g., mean

rates of 0.49% (Morgan, 1925), 0.52% (Rolfes and Hollander, 1961),

1.44% (Dobzhansky, 1928), and 3.13% ( Brehme, 1937). Those few

metafemales that do survive to the adult stage are sterile; the only

possible exceptions reported (Rolfes and Hollander, 1961) appeared

to be mosaic for some triploid tissue (normally fertile) and seemed

to carry in some cases an extra Y-chromosome. Metafemale

ovaries when transplanted into the body of a sterile diploid female

are capable of producing zygotes (Beadle and Euphrussi, 1937 ;

Medvedev, 1939). It takes the metafemale about 23% longer to

develop to the adult stage than it does diploid females and males

(Dobzhansky, 1930a; Pipkin, 1959).

Evidence indicates that X-trisomics do not die as embryos but

as larvae and pupae. In one study (Li, 1927), over 25% of 1,918

eggs failed to hatch; these were presumed to represent the lethal

nullo -X class. Another 411 individuals died as larvae and 117

as pupae, a total of 27.53%. Sexing of the larvae was not possible,

but each of the deceased pupae was dissected and observed to be

metafemale. In a second study (Brehme, 1937), ten percent of

the original zygotes died as larvae. All dead third-instar larvae

were 3X2A; identification of younger larvae was not possible.

Another 17 percent of the original population did not survive
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pupation. Upon dissection, over 96 percent of these dead pupae

were shown to be metafemale. Those individuals positively

identified as X-aneuploids in that study equalled 21.54 percent

of the original zygotic population; those presumed to be 3X2A

formed an additional 5. 33 percent. The total value of 26.87 percent

compares quite favorably with the 27.53 percent obtained in the

earlier study and with the theoretical expectation of 25 percent

production of 3X2A zygotes.

The effect of specific regions of the X-chromosome upon

viability and fertility in X-hyperploid females (females carrying

two regular X-chromosomes plus a fragment of a third.

X-chromosome) has been studied (Patterson, Stone and Bedichek,

1935, 1937). Viability frequencies were obtained by comparing the

survival of hyperploid flies with their non-hyperploid siblings.

Those regions of the X-chromosome which, when present in a triple

dose, increased hyperploid viability included a medial segment of

the X, from tan to lozenge, and two proximal segments, from

pleated to scalloped and from fused to carnation (loci 14.7 to 27.7,

47.0 to 51.5 and 59.5 to 62.5, respectively). Those regions of the

X which lowered hyperploid viability included both the right- and

left-hand regions of the X-chromosome, from the distal telomere

to white, and Bar to fused and from fused to the centromere (loci

0. 0 to 1.5, 57.0 to 59.5 and 62.5 to 66. 0, respectively).
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Hyperploid females are more fertile and viable than hyperploid

males, which in turn were more fertile and viable than hypoploid

flies (females carrying one normal X-chromosome and one deleted.

X-chromosome). The degree of fertility and viability was related

to the particular region contained within the duplication rather than

to the length of the duplication. No direct correlation was observed

between regions which were most effective in the female hyper-

ploids and those in the male hyperploids.

The relative significance of culture conditions on metafemale

viability has been subject to discussion. L. V. Morgan labelled

4 of the 22 cultures she analysed with the word "mass" (1925,

p. 149). Unfortunately, the meaning of this term was not explained;

this is critical, since each of these four and only these four cultures

produced extremely high numbers of metafemales (up to 23% as

compared with the mean value of 0. 49 %). Subsequent investigations

of the rate and duration of egg-laying (Dobzhansky, 1928) indicated

no correlation between the amount of larval crowding and the

frequency of emerging metafemales.

The most informative data concerning environmental influences

are those involving temperature effects: More metafemales

emerged at 20oC (5. 23% emergence) than at other temperatures

(O. 15% at 16°C, 1.44% at 24.5°C and O. 03% at 30.5°C; Dobzhansky,

1928). The realization in a later study of rather consistent yields
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over a range from 21 oC to 25 oC prompted the statement that

"temperature is a less important variable than genotype or other

known factor" on metafemale viability (Rolfes and Hollander,

1961, p. 65).

Purpose of this Study

Previous investigations, then, have established that the

majority of metafemales die during the late larval and early pupal

stages of development. Surviving 3X2A imagos usually represent

no more than one percent of the total F
1

emergence, require long

developmental times, and are sterile. More metafemales survive

at 20oC than at other temperatures. No study is reported to have

isolated and identified any genes that increase X-aneuploid viability.

Since there is considerable variability between laboratory

cultures of Drosophila in the production of metafemales (Morgan,

1925; Rolfes and Hollander, 1961), this study was initiated to

investigate the genetics of stocks which yield different rates of

metafemale emergence. In addition, the specific stages of meta-

female development sensitive to temperature were defined.



13

II. MATERIALS AND METHODS

Procedures and Definitions

An attached-X chromosome is a double chromosome, resulting

from the centric fusion of two single acrocentric X-chromosomes.

The type used in this study has a median centromere to which the

original X-chromosomes are attached in a reversed order. The

squence of three pairs of hypothetical alleles in this situation would

be: abc cb al. where the centerpoint represents the centromere.

Such an arrangement is designated a Compound(1)Reversed

Metacentric, abbreviated to C(1)RM. Diploid females carrying

this chromosome and a Y-chromosome were used as a source of

metafemales in the present study. C(1)RM/Y; 2A females were

mated to regular diploid (X/ Y; 2A) males from selected stocks.

The 3X-aneuploid emergence rate was defined as the number

of adult (imago) metafemales observed in a given mating divided

by the total number of adult F
1

progeny observed. Metafemale

imagos were easily identified by the previously-described mis-

shapen body and by the combination of body color and bristle shape

which could be expressed under the influence of three X-chromosomes.

Where there was even a slight doubt about sex type (about 25 cases),

the fly in question was mated to regular males. If the cross proved
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infertile, the fly was classified metafemale; if the cross proved

fertile, the fly was classified as diploid female.

Any culture producing less than five matroclinous daughters

and less than five patroclinous sons was not included for analysis.

Statistical comparisons were made by use of the contingency chi-

square test for independence. The decision as to whether or not

two or more samples produced equal frequencies of adult meta-

females was made at the 95% level, i. e., where P is equal to

0.05. Sample size, xj., was defined as the total number of F
1

progeny of all sex-types produced, i. e., sample size equals family

size. Statistical formulae and tables consulted were found in Beyer

(1968), Rohlf and Sokal (1969), and Sokal and Rohlf (1969).

The crosses conducted are numbered sequentially for con-

venience of presentation in this report and do not necessarily

reflect the order in which the crosses were made. The term

"pair-mating" refers to the mating of a single male with two or

three females, "mass-mating" to the mating of 7 to 15 males

with an equivalent number of females. Unless otherwise stipulated,

crosses were conducted at 25°C C eight-dram shell vials, filled

to one-third their capacity with culture medium. The medium used

was that described by Lewis (1960), except that the amount of agar

was slightly increased to meet local humidity conditions and that

the seeding of individual vials with Wagner's yeast was not employed.
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Parental flies were transferred to new subculture vials every

three or four days until all male parents died. Progeny from any

given vial were counted for a period of no more than 13 days (about

300 hours) from the date of the first emergence. Specific modifica-

tions of any procedure demanded by the type of a particular

experiment are mentioned within the appropriate sections of the

text.

Genetic symbols, position of loci and salivary gland band

numbers are based on the compilation of Lindsley and Grell (1968).

A table of the most often encountered loci and their characteristics

will be found in the appendix. A diagram of several chromosome

rearrangements studied is also included in the appendix.

Sources of Stocks Used

The several laboratories which have supplied Drosophila stocks

upon request should be identified for those who wish to duplicate

any of these experiments. The contribution of cv vi; Dfdr57 by

W. F. Hollander of the Iowa State University Department of

Genetics, Ames, Iowa, has already been gratefully acknowledged.

The Oregon State University Zoology Department, Corvallis,

Oregon, provided the following stocks (the initials "JDM" following

the stock designation indicate those stocks maintained by J. D.

Mohler prior to the summer of 1967, the initials "PAR" those
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stocks maintained since that time by P. A. Roberts):

Orinda wild-type (JDM);

Oregon 300-12 wild-type (JDM);

R(1)2, .1B (JDM);

Ins(2LR)Cy/In(2LR)bwV32g; In(3L)D/Sb (JDM);

Canton-S wild-type. (PAR); and

C(1)RM, y. f (PAR).

The Oak Ridge National Laboratory, Division of Biology, Oak

Ridge, Tennessee, provided the following stocks:

Samarkand wild-type;

Swedish-c wild-type;

In(1)tc4, isc4;

In(1)FM6, y31d sc8 dm B/In(1)AM, 2 In(2LR)SM1, a12 Cy cn2

sp2 /..ps Bl; Tp(3)Vno, Vno/In(3LR)Ubx130, Ubx
130;

C(4)RM, ci eyR o gvl svn; and

D Dci /e rte.

The Mid-America Drosophila Stock Center, located at Bowling

Green University, Bowling Green, Ohio, forwarded samples of the

following:

2 ay_ w ct 6 lz v f

In(l)sc7, wa sc7;

In(1) sc8 Si, y_ sc8
;
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In(l)sc 8+d1-49,f v sc8;

in(1)sc260-14 , sc260-14

in(1)sc260-22 sc260-22.
9

Dp(1;f)24/1(1)J1 sc31.

Dp(1;f)RA/ 1(1)31 scji;

Dp(1;f)2, sc7/1(1)11 sc31; and

1(1)31 scjl car Dp(ac+y+-tm)53.

The California Institute of Technology, Division of Biology,

Pasadena, California, was most generous in the supplying of the

following stocks:

Urbana wild-type;

C(1)RM, _y w

C(1)RM, _y v f;

C f B;

X-ple;

sc cv v f;

Ins (1)y3PL+S+scS1R, scS1R y3PL;

In(l)sc4L sc8R, y sc scsc8R;

Basc;

4In(l)d1-49, y Hw m2
E_

In(l)d1-49, vOf f;

In(1)e(bx), e(bx);

R(1)2, cv v
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Df(1)sc8,
w

a;

Df(1)svr;

T(1;2)sc82/Cy;

T(1; 3)w
vco

;

m5 DT(1;4)w ; and

T(1;4)w258-18
,
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III. RESULTS

The Standard Metafemale Emergence Pattern

The attached-X stock most widely used in Drosophila studies

is that marked with the alleles yellow (y, locus 0. 0) and forked

(f, 56. 7). The Canton-Special (C-) strain was arbitrarily

selected as a typical wild-type stock for this study. Thirty-

five pair rnatings, utilizing 275 subculture or transfer vials,

were conducted at 25 oC between C(1)RM, f females and C-S

males. A total of 7, 917 F1 imagos, including 66 metafemales

were obtained, giving a standard metafemale emergence rate of

0.83 + 0. 37% (Table 1). The mean family size for all 35 matings

was 226.2 F
1

progeny. A fluctuation of 3X2A emergence rates

was noted in this control series; 15 separate cultures produced no

metafemales whatsoever; 6 cultures produced in excess of 2%;

and the remaining 14 cultures yielded metafemales in a range of

one-quarter to 1% to nearly 2%.

Culture number 4 produced an extremely high metafemale

emergence rate of 6.87%, which is removed from the mean by

over six standard deviations. It was thought possible that the male used

in this mating was genetically different from the average C-S male.

To test this hypothesis, progeny of culture 4 were mass-mated in

four distinct subcultures (Table 2). A total of 1,128 offspring
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Table 1. Standard metafemale emergence rate, obtained from
35 pair-matings at 25 C between C(1)RM, f females
and Canton-Special males.

Vial Frequency of metafemale emergence
No. a/Fraction Percentage

1 2/342 0.58
2 2/161 1.24
3 0/199 0.00
4 9/131 6.87
5 4/508 0.79
6 1/390 0.26
7 10/497 2.01
8 1/284 0.35
9 0/181 0.00

10 0/115 0.00
11 0/45 0.00
12 1/286 0.35
13 4/409 0.98
14 0/74 0.00
15 3/96 3.12
16 1/62 1.61
17 4/119 3.36
18 1/214 0.47
19 0/235 0.00
20 0/96 0.00
21 0/186 0.00
22 0/11 0.00
23 2/97 2.06
24 4/334 1.20
25 1/220 0.45
26 0/112 0.00
27 4/184 2.17
28 0/88 0.00
29 0/174 0.00
30 0/234 0.00
31 3/523 0.57
32 0/225 0.00
33 3/324 0.98
34 6/369 1.63
35 0/392 0.00

Total 66/7917 0.83
a/ Numerator of fraction is number of metafemales observed,

denominator is total number of F
1

of all sex types.



Table 2. Frequencies of five generations of inbreeding of
culture number four, Table 1, to determine if the
deviation of culture four from the mean 0.83% value
was genetically transmitted.

21

Generation Frequency of metafemale emergence

P1 9/131 (6.87 + 4.51%) a/

F1 3/1128 (0.26 + 0.30%)

F2 1/1709 (0.06 + 0.11%)

F3 0/988 (0.00%)

F4 2/886 (0.23 + 0.31%)

F5 1/410 (0.24 + 0.48%)

a/ The 95% confidence limits in this and subsequent tables are
calculated on the basis of a Poisson distribution, where the
mean and variance are equal. Justification for assuming the
Poisson is discussed in the text.

were obtained, of which 3 (or 0. 26 %) were 3X2A, far less than

the parental value. From each of these four subcultures, two subse-

quent mass matings yielded only one metafemale and 1,708 2n

siblings. Obviously, the high rate of metafemale emergence ob-

served in culture number four (Table 1) was not maintained for

the first two generations of inbreeding. Consequently, the next

three generations were not counted to completion, as there was no

indication that large numbers of metafemales were emerging. Sixteen

cultures were scanned for each of these three generations. No vial

produced in excess of one percent metafemales. Indeed, the

range was from zero percent in the F3 (11=988) to 0. 24% in the F5
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(n=410). Thus, five generations of inbreeding provided no evidence

that the high 3X2A yield of culture four was genetically transmitted.

It was therefore concluded that the excess of metafemales observed

in the original culture was most probably statistical in nature.

Environmental Influences on Metafemale
Viability

The Effects of Mass-Mating.

To clarify the previously mentioned confusion regarding

mass-matings, two separate crosses were conducted. In one,

5 groups of 8 to 10 C(1)RM, y f females were mated to a similar

number of C-S males; in the other cross, 4 groups of 8 to 10 such

females were mated to a similar number of In(l)sc 8, sc 8 males.

Results from these mass-matings were compared to the pair-

matings of the same genotype (Table 3).

The Canton-5 stock, when mass-mated, produced 0. 37+0. 23%

metafemales, indicating a decrease in survival from the 0.83%

standard (P between 0.05 and 0.02). When the sc8 stock was tested,

the emergence values were 0.75 +0.66% for pair-matings and

1.99 +0.68 % for mass-matings, not significantly different values

(P slightly greater than 0.05). In this study, increasing the

crowding of larvae did not increase the rate of metafemale

emergence. Consequently, further matings undertaken in the
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Table 3. The effect of mass-mating upon metafemale emergence
rates.

Male Mating
stock type Metafemale emergence frequency

C-S Pair a/ 66/7917 (0.83 + O. 37%)
Mass 10/2658 (O. 37 + 0. 23%)

sc 8 Pair 5/668 (0.75 + 0. 23%)
Mass 33/1658 (1.99 + 0.68%)

-/Pair-mating values for Canton-S cross obtained from Table 1.

present study were of either a mass or a paired nature, depending

upon the requirements of the experiments and the availability of

stocks at a given time.

The Effects of Temperature Treatments

Progeny from the standard matings were reared at 25o
C. To

test temperature effects on 3X2A emergence, six groups of

C(1)RM, x f females were mass-mated to C-S males at 20 oC.

Forty-two metafemale imagos emerged in an F
1

sample size of

1, 320 for a frequency of 3. 18 %, almost a four-fold increase over

the 0.83% standard.

The following experiments were then undertaken to determine

if the entire pre-imago stage or only a particular portion thereof

must be subjected to the optimum temperature to produce such results.
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Two controls, one at 25 oC and one at 20oC, were established

for each run. In the 25 oC control, the parents were mated in

8-dram shell vials and periodically transferred to subculture vials.

The vacated vials were kept at 25°C during the entire pre-imago

development. In the 20oC control, the parents were mated as

before, at 25°C. Immediately after transfer of the parents,

however, the vacated vials were removed to 20 oC until emergence

was completed.

The first run was handled as follows: Mature flies were mated

at 25 oC over a 4- or 16-hour period, then transferred to subcul-

ture vials for an identical period, retransferred, and so on, for

several days. At various stages of development (termed the

"developmental intervals"), the subculture vials containing the

pre-imago Drosophila were transferred to the 20°C incubator for

a period of 8, 16, or 24 hours (termed the "treatment intervals").

Thus, each of the 27 developmental intervals, from 16 to 212

hours after egg laying, was subjected to three treatment intervals,

for a total of 81 measurements.

The 20oC control value for Run 1 was 4. 36% and the 25 oC

value 2. 40 %. (Data for both runs are summarized in Table 4.)

The mean emergence frequency of all treated metafemales, m was

2.67%, only slightly higher than the 25° control. A treatment of

8 hours produced 3. 22% metafemales, that of 16 hours 2. 23% and
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Table 4. Summary of temperature effect upon metafemale
emergence

Run Control values Treatment values

1 20 °C = 25/574 (4.36%) 8-hr. = 51/1552 (3.22%)
25 °C = 43/1376 (2.40%) 16-hr. = 51/2287 (2.23%)

24-hr. = 56/2021 (2. 77 %)

Total = 158/5860 (2.67%)

2 20°C = 91/6806 (1.34%) 2-hr. = 31/4471 (0.69%)
25°C = 24/4371 (0.55%) 4-hr. = 39/4421 (0.88%)

Total = 70/8892 (0. 79 %)

that of 24 hours 2. 77 %. Eight hours of cold treatment, then, was

sufficient to produce the desired effect. Longer treatments were

not warranted. There was a definite increase in the frequency of

metafemale emergence during the fifth day of development (approxi-

mately 4% from 84 to 108 hours, 5. 7% from 108 to 120 hours,

7.5% from 120 to 132 hours and 2.4% from 132 to 144 hours;

Table 5, and Figure 1).

A second experiment was conducted to verify the results of

the first and to determine if shorter treatments were as effective

as eight-hour treatments. The procedure was identical to that of

Run 1 except that the adults were transferred hourly and the period

of treatment was reduced to two-and four-hour intervals. There

were, therefore, two treatment intervals and 114 developmental
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intervals, from 65 to 181 hours after egg laying, for a total of 228

measurements.
oThe control values for flies reared at 25 C in Run 2 was 0.55%

3X2A emergence and for those at 20°C, 1.34% (Table 4). The mean

emergence frequency, m was 0.69% for the two-hour treatment

and 0.88% for the four-hour treatment, giving a pooled mean of

0. 79 %. A smooth curve was not obtained for the one-hour intervals.

Indeed, 71 separate zero values appeared, and those peaks of

metafemale emergence which did occur were most often exagerrated

by a small F
1

sample size. For example, 3X2A emergence from

90 to 91 hours was 9. 09%, the result of one metafemale and only

10 diploid sibs. One would think that an emergence rate this high

would be significant. The five hours previous to 90, however,

yielded no metafemales in a sample size of 390; the 5 hours

following this peak produced 0. 5% 3X2A, n = 595. The mean

metafemale eclosion rate over the 11-hour period from 85 to 96

hours was therefore less than one-half of one percent, 4/996, which

approximates the 25 oC control level. Such isolated peaks are thus

not accurate reflections of environmental influences upon metafemale

viability. Consequently, the data from each run were pooled into

12-hour (half-day) developmental intervals for clarity in presenta-

tion. When so done, increases in 3X2A emergence rates are

noted in Run 2 during the fifth day of development (0. 5% from 96 to
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108 hours, 1.4% from 108 to 120 hours, 1.0% from 120 to 132

hours and 0. 7% from 132 to 144 hours; Table 5, and Figure 2).

This increase corresponds quite well with that observed in Run 1.

Table 5. Metafemale emergence rates from cultures exposed to
20 C treatments at various developmental stages. The
developmental intervals are pooled into 12-hour inter-
vals (see text).

Hours of
development

Metafemale Emergency Frequencies
Run No. 1 Run No. 2

12 to 24 3/237 (1.27%)
24 to 36 9/342 (2.64%)
36 to 48 3/482 (0.62%)
48 to 60 8/400 (2. 00 %)
60 to 72 5/285 (1.75%) 0/539 (0.00%)
72 to 84 8/457 (1.75%) 3/832 (0. 36 %)
84 to 96 18/452 (3.98%) 4/1078 (0.37%)
96 to 108 31/685 (4.40%) 2/355 (0.56%)

108 to 120 8/140 (5.71%) 27/1973 (1.37%)
120 to 132 23/305 (7.54%) 5/486 (1.03%)
132 to 144 8/334 (2.40%) 8/172 (0.68%)
144 to 156 4/346 (1. 16 %) 5/576 (0.87%)
156 to 168 17/519 (3.28%) 9/1170 (0.78%)
168 to 180 2/181 (1.11%) 7/729 (0.96%)
180 to 192 2/88 (2. 27 %)
192 to 204 6/272 (2. 30 %)
204 to 216 3/147 (2. 04 %)

Total 158/5860 (2.67%) 70/8892 (0.79%)



Figure 1. Histogram showing metafemale emergence frequency
in Run 1. The frequency here is expressed as the
number of emergent metafemale imagos per total
number of F

1
imagos of all sex types. Based on data

from the first column of Table 5. The greatest surge
of metafemale emergence occurs in those cultures
treated during the 84th to 132nd hour of development.
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Figure 2. Histogram showing metafemale emergence frequency
in Run 2. This frequency is expressed as the number
of emergent metafemale imagos per total number of F

1imagos of all sex types. Based on data from second
column of Table 5. Significant numbers of metafemales
emerged from those cultures treated during their 108th
to 132nd hour of development.
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Genetic Influences on Metafemale Viability

The Mating of Attached-X Females to Selected Males

Many strains of Drosophila melanogaster, from several

laboratories (acknowledged earlier) and including two strains

previously observed (see discussion below) to increase metafemale

viability, were tested to determine their effects upon 3X2A sur-

vival. Results of these cultures are recorded in Tables 6 through 9.

Each culture is sequentially numbered from 1 through 45 and was

reared, unless otherwise indicated, at 250C.

To determine the degree to which the maternal genotype

affected metafemale viability, three C(1)RM strains other than

the standard_y f were mated to C-S males (Cultures 1-3, Table 6).

Aneuploid emergence rates for these crosses did not exceed that

of the standard females (0. 12% former w f, 0.48% for v v f , and 0%

for f B). In fact, they w f females, used occasionally throughout

this study, consistently produced fewer metafemales than did the

y f females. It was concluded that the C(1)RM genome was devoid

of any major contribution to 3X2A viability and would provide

wild-type alleles for any presumptive viability factors contributed

by the male parents.

As mentioned above, two stocks have been previously reported
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Table 6. Results of matings between attached-X females and wild-
type males.

Culture C(1)RM Genotype of Me tafemale
number genotype male parent emergence frequency

1 y w f a/
2 y v f a/
3 f B a/
4 y f
5 y f

6 y f

7 y f

8 Y f

Canton-S wild -type 7/6037 (0.12 + 0.09%)
Canton-S wild-type 10/2105 (0.48 + 0.30%)
Canton-S wild-type 0/531 (0. 00 %)
Orinda wild-type 688/10.553 (6.53+ 0.49%)
Oregon 300-19

wild-type 50/1273 (3.93 + 1.09%)
Samarkand

wild-type 3/765 (0. 39 + 0.44%)
Swedish-c wild-

type 8/478 (1.67 + 1.16%)
Urbana wild-type 2/261 (0.77 + 1.07%)

a/ Matings are pair-matings; all others mass-matings.

as increasing metafemale viability. They are cv v j Dfdr57

(Rolfes and Hollander, 1961) and X-21.2 (marked with sc ec cv ct v

f; (Roberts, 1967). One possibility, worthy of exploration, was

that these stocks carried a mutant gene that was responsible for

the increased viability. Most mutant alleles (e. g., alleles of the

yellow, scute and white loci) are recessive and are either amorphic

or hypomorphic in action (e. g., they either do not transcribe a

functional product or transcribe a product similar to but less effec-

tive than the wild-type product). If a function of the wild-type

genotype is assumed to inhibit metafemale viability, then a reduc-

tion of that function will result in an increased survival of 3X2A
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imagos. This would mean that the + +/a genotype (where a

represents the recessive mutant allele) would be more viable

than + +/+ genotype. By extension of this logic, a hyper-

morphic allele (which directs the synthesis of a product more

efficient than the wild-type) would act such that the + a genotype

would produce even fewer metafemales than the + +/+ genotype.

Males from four different stocks marked with a number of

recessive visible mutations (Cultures 9-15, Table 17) were selected

to determine if any of these recessive visibles affected 3X2A

viability. Those stocks selected were: cv v f and X-ple for their

previously mentioned high-yield of metafemales genes and sc cv v f

and y2 w
a ct6 lz v f because they carry several genes including some

found in the high-yield stocks. Strangely, only the cv v f strain was

found to produce a significant number of metafemales, 2.95+0.67%

(P<< 0.01). During the course of this experiment, a crossveinless,

vermilion but non-forked male was observed among the F
1

progeny,

apparently the result of a back-mutation at the forked locus. A

stock derived from this male was synthesized and tested. It also

showed a high 3X2A productivity rate, 5.69+1.14% (P «O. 01).

The X--at stock produced no metafemales whatsoever when mated

to C(1)RM, y f females (0%, n=474, P between 0.05 and 0. 02). To

verify this surprising reduction, additional males from the X -ple

stock were mated to C(1)RM, y w f females. Again, a low frequency
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Table 7. Results of matings between attached-X females and
males mutant for certain X-linked visible recessives.

Culture C(1)RM Metafemale
number genotype Genotype of male parent emergence frequency

9 y w f a/ y2 wa ct6

lz v f 0/746 (0. 00 %)

10 y f X-ple (sc ec cv ct6

v g2
f) 0/474 (0. 00 %)

11 y w f a/ X-ple 2/915 (0.22 + 0.30%)

12 y f a/ sc cv v f 2/2191 (0.09 + 0.13%)

13 y w f a/ sc cv v f 0/1555 (0. 00 %)

14 y f cv v f; Dfdr57 72/2509 (2.95 + 0.67%)

15 Y f cv v frev; Dfdr57 96/1687 (5.69 + 1.14%)

a/ Matings are pair-matings; all others are mass-matings.

of metafemales resulted (0. 22 %, n=915, P between 0.05 and 0. 02).

The formerly high-yield X-ple stock, then, had lost its capacity

to produce significant numbers of 3X2A progeny probably as a

result of gene loss through genetic drift. The sc cv v f males

produced significantly fewer 3X2A offspring (P << 0.01 when mated

to either y f or y w f females). The y2 w
a ct6 lz v f stock did not

seem to strongly affect metafemale viability in either direction.

Thus, the action of any viability factors presumed to be on the

X-chromosome was not associated with any of the visible alleles
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tested (three of these stocks carried crossveinless and all four

carried vermilion and forked). There was no correlation between

the presumed amorphic or hypomorphic action of these visibles

and increased metafemale survival.

To determine if wild-type genes inhibit 3X2A viability, as

was originally hypothesized, males from five wild-type strains

other than C-S were crossed to C(1)RM, x f females (Cultures 4-8,

Table 6). A wide range of viability rates was obtained: 6.52 + 0.49%

for Orinda, 3.93 + 1.09% for Oregon-300-19, 1.67 + 1. 16% for

Swedish-c, 0.77 + 1.07% for Urbana-Special, and 0.39 + 0.44% for

Samarkand. Of these only the first two increased the frequencies

of metafemale imagos (P<< 0.01 in both cases) Orinda (abbreviated.

Ona) continued to be a high-yield line throughout this study, but the

Oregon strain proved to be quite erratic in productivity (in this

series of five mat ings, the range was from 0.7% to 10. 6 %, a tremen-

dous discrepancy from the 3. 93% mean, P << 0. 01). Apparently,

then, wild-type populations can carry factors that promote meta-

female viability, although not necessarily in a homozygous condition.

Further studies on males obtained directly from natural populations

will clarify this point.

Stocks carrying X-chromosome inversions were also tested

(Cultures 16-31, Table 8). Inverted chromosomes are known to

produce a variety of effects, including variegated position effects,



Table 8. Results of matings between attached-X females and males carrying
X-chromosome inversions.

Culture C(1)RM
number genotype

16 y f

17 y f

18 Y f

19 y f a/

20 y w f

21 y w f a/

22 y f

23 y f

24 y f

25 y f

26 y f a/

27 y w f

Genotype of male parent
Metafemale

emergence frequency

Ins(1)y3PL + S + scS1R
, scS1R y3PL

In(l)sc4, y sc4

Ins(1)sc4 + S, y sc4
B

Ins(1)sc4Lsc8R, y, sc4L sc8R

In(1)sc 7, wa sc 7

In(1)sc8, sc8

In(1)sc8, yS1 sc8

Ins (1)sc8 + d1-49, f v sc8

in(l)sc260-14 260-14
, sc

, sc260-22In(1)sc260-22

Basc (Ins(1)scS1Lsc8R + S)

Basc

0/198

1/373

0/120

3/567

2/372

10/458

0/256

3/167

20/1131

27/1919

4/1796

(0.00%)

(0. 00 %)

(0.27 + 0.53%)

(0.00%)

(0.53 + 0.60%)

(0. 54 + 0. 75 %)

(2. 18 + 1.35%)

(0. 00 %)

(1.80 + 2.04%)

(1.77 + 0.76%)

(1.41 + 0.53%)

(0.22 + 0.22%)

Continued



Table 8--Continued.

Culture C(1)RM
number genotype

28 y f

29 Y f

30 y f

31 Y f

Genotype of male parent
Metafemale

emergence frequency

In(1)AB

In(l)d1 -49, y Hw m2 g
4

y
Of

f

In(l)e(bx), e(bx)

23/964

0/612

10/422

5/1860

(2.39 + 0.98%)

(0.00%)

(2.37 + 1.47%)

(0.27 + 0.23%)

a/ Matings marked are pair - coatings; all others are mass-matings.
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wherein the action of a gene is weakened by shifting the locus in-

volved from a euchromatic region to a position within or adjacent

to the heterochromatic regions, or vice versa. It was thought pos-

sible that such effects might be reflected in 3X2A viability rates.

Inconsistency was noted within some of the inverted stocks.

One scute-8 stock produced only one-half of one percent metafemales,

another scute-8 over two percent (Cultures 21 and 22). One delta-49

yielded no metafemales, another delta -49 produced over two percent

(Cultures 29 and 30). The Basc, or stock is a combination

of scute -Si, scute-8 and Sinitskaya inversions. One Basc stock

produced 1.41% aneuploids when mated to i f females and only 0.22%

when mated to iw f (Cultures 26 and 27). In a few cases then, the

metafemale emergence rates were independent of the type of inver-

sion employed.

It was predicted that no correlation would exist between inver-

sion length and metafemale survival. A 3X2A emergence rate

approximating two percent was obtained from each of the following:

one scute -8 a long inversion involving virtually the entire 66 map-

unit length of the X; two medium-sized inversions, scute-260-14

one delta-49, 42 and 31 map-units long, respectively; and two

small inversions, AB and scute-260-22 17 and 0.5 map-units.

Some variegated position effects seemed to operate upon

viability, even with the inconsistency of the scute-8, delta-49 and

Basc stocks noted above. Nine stocks had at least one inversion
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break in the heterochromatic region: y3PL+S+scS1 (Culture 16),

sc4 (17), sc 4+S (18), sc4+sc 8 (19), sc8 (21, 22, 23), and scS1

(26, 27). The total emergence rate for these cultures was 0.77%

(n=5, 830), with a mean value of 0.51+0.48% per culture. Seven

stocks had both breaks within the euchromatic regions and were

therefore not subject to variegated position effects: these were

sc 7 (20), sc260-14 (24), sc 260-22 (25), AB (28), delta-4_2 (29, 30),

and e(bx) (31). The total emergence rate for these stocks was 1.12%

(n=5, 723), with a mean individual rate of 1.30 +0.69%. These two

frequencies, 0.51% and 1.30%, are significantly different (P

approximates 0. 02). There is some indication, then, that

chromosomes that produce variegated position effects reduce

metafemale viability.

A closed- or ring-X chromosome, R(1)2, j B, was tested

with both C(1)RM, y f and_y w f females (Cultures 33 and 34,

Table 9). No metafemales were found in a sample size of over

3, 000 F1, a significant reduction from the standard (P« O. 01).

Crosses between ring-X males and C(1)RM, y f females were

then conducted at 20°C C n an effort to magnify the chances for

survival of any metafemales which might have reached the late

larval stages of development. Again, no metafemales emerged,

this time in a sample in excess of 4, 000 (Culture 32). To confirm

once again this drastic reduction in 3X2A viability, a second ring
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Table 9. Results of matings between attached-X females and
males carrying X-chromosomal rearrangements other
than inversions.

Culture C(1)RM
number genotype

32 y f

33 y f b/

34 y w f b/

35 Y f

36 y f

37 y f

38 Y f

39 Y f

40 ywf b/

41 y f b/

42 y f b/

43 y f b/

44 ywf b/

45 ywf b/

Metafemale
Genotype of male parent emergence frequency

R(1)2, y B a/ 0/4078 (0. 00 %)

R(1)2, y B 0/1951 (0.00%)

R(1)2, y B 0/1164 (0. 00 %)

R(1)2, cv v f 0/1732 (0.00%)

Dp(1;f)24/1(1) J1 sc J1

Dp(l;f)RA /1(1) J1 scjl

Dp(1;f)2, sc 7/1(1)

J1 scJ1

1)1)J1 scil carDp
(ac+ y+-tm)53

Df(1)sc8, wa

Df(1)svr

T(1;2)scS2/Cy

T(1;3)wvco

T(1;4)wm5/eyD

T(1;4)w258-18 , Y

105/1483

3/469

0/116

0/227

1/802

0/275

2/514

0/806

0/231

0/319

(7.08 + 1.35%)

(0.64 + 0.62%)

(0.00%)

(0.00%)

(0.12 + 0.24%)

(0.00%)

(0.39 + 0.54%)

(0.00%)

(0.00%)

(0.00%)

a/ This cross was conducted at 20°C; all others were conducted at
25

o
C.

b/ Matings are pair-matings; all others are mass-matings.
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stock, marked with cv v f (the same alleles found in Hollander's

high-yield stock) was analysed. Still no metafemales emerged

(Culture 35). This total lack of metafemale progeny in a sample

size of nearly 9,000 F1 demonstrates that the ring-X inhibits

3X2A viability (P extremely small less than 10-5).

The most tempting explanation of this reduction lies in the

cytological structure of the ring-X. This chromosome is deficient

for the extreme distal tip of the X-chromosome, a region neces-

sary for diploid viability.

Since the fragment called Dp(l;f)24 is duplicated for this

region, a discussion of the stock labeled Dp(1;f)24/1(1)J1 scjl

is necessary at this point. Males from this stock are heterozygous

for a recessive lethal, 1(1)J1 (locus 0. 0), associated with an

inversion in cytological bands 1A4-5; 1B4-5, and for a small duplica-

tion covering this lethal, DP (1;f)24 (duplicated for regions lA -B and

19-20). These males, in order to be fertile, must carry a Y-chromo-

some as well. If the lethal X-chromosome segregates from both the

duplication and the Y, and if the resultant sperm are equally viable

and fertile, four types of zygotes will result when these males are

mated to C(1)RM, f females: C(1)RM /Dp(l;f)24 /Y (anon-yellow,

forked 2n daughter), C(1)RM/1 (1)J1 (a rare metafemale), 1(1J1/Y (a

lethal male), and Dp(l;f)24 /Y (a lethal nullo-X). If, on the other hand,

the lethal-X goes to the same pole as the duplicated fragment, thus

segregating from the Y, the four resultant zygotes will be:
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C(1)RM/Y (a matroclinous yellow, forked daughter),

C(1)RM/1(1)J1/Dp(1;f)24 (a rare metafemale), 1(1)J1/Dp(1;f)24/Y

a patroclinous wild-type son), and Y/Y (a lethal nullo-X). The

ratio of yellow to non-yellow daughters, then, should indicate the

relative frequency of the two types of segregations. In Culture 36

of Table 9, the frequency of F
1

offspring resulting from a mating

of C(l)RM, xf females to Dp(1;f)24/1(1)J1 scjl/Y males was:

451 yellow, forked daughters (30.4% of the F1); 442 non-yellow,

forked daughters (29.8%); 485 wild-type sons (32. 7 %); and 105

wild-type metafemales (7. 08 %). There resulted, then, equal

numbers of yellow and non-yellow daughters (P between 0.80 and

0. 70), indicating that the two types of segregation patterns men-

tioned above were equally frequent.

The question that arises is this: of which genotype are these

metafemales, C(1)RM/1(1)J1 or C(1)RM/1(1)J1/Dp(1;f)24, or both?

As both metafemales are wild-type, they cannot be distinguished

phenotypically. Therefore, other stocks carrying the lethal

chromosome were tested to see if they gave similar results.

These stocks carried either a free-duplication (Dp(l;f)RA,

Culture 37, and Dp(1;f)2, sc 7, Culture 38) or a duplication attached

to the right arm of the X-chromosome 11(1)J1 scJ1 car

Dp(ac+y+-tm)53, Culture 39). None of these stocks produced high

frequencies of metafemales (0. 64 +0. 62% for Dp(1;f)RA and 0. 00%
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for the other two). Apparently, then, the high frequency of

metafemales associated with Culture 36 was not due to any action

of the 1(1)J1 chromosome. These cultures will, for the sake of

brevity, be hereafter identified by their duplication genotype only

(e. g., Dp(1;f)24/1(1)J1 scjl will be written as simply (Dp(1;f)24,

with the presence of 1(1)31 implied).

The frequency of 7.08 + 1.35% obtained with Dp(1;f)24 is not

directly comparable to frequencies obtained with other X-chromo-

some stocks, since these other frequencies were based on an F
1

total of only matroclinous (yellow, forked) daughters and patroclinous

(wild-type) sons. Nevertheless, one cannot avoid noting that the

lowest-yield stock, R(1)2, was deficient for the same chromosomal

region which was duplicated in the highest-yield stock, Dp(1;f)24.

This coincidence is considered further in a later section of this

paper.

Six other stocks, each deficient for loci on the X-chromosomes,

were tested to amplify the above results (Cultures 40-45, Table 9).

None of these stocks increased metafemale viability over the

standard rate, indicating again that X deficiencies do not consis-

tently produce large numbers of 3X2A progeny.
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Autosomal Effects Upon Metafemale Viability

The lack of consistent X-chromosome effects on metafemale

viability suggested the possibility of autosomal effects. Therefore,

a search for presumptive autosomal factors was conducted by

utilizing stocks heterozygous for dominantly-marked lethals.

Inbreeding with these balancer stocks will produce flies homozygous

for autosomes of the original high-yield stocks but without the X-

chromosome from that source. A minimum amount of crossing-over

is desired in these procedures. One stock commonly used as a

balancer is that, hereafter abbreviated Cy/Pm; D/Sb, marked with

(2LR)CYand In(2LR)bwv32g (commonly called Curly and Plum) on

the second pair of autosomes and with In(3L)D and Sb (Dichaete and

Stubble) on the third. Another balancer stock, hereafter abbrevi-

ated Cy./B1; Vno/Ubx, is marked with In(1)FM6, y31d sc8 dm B and

2In(1)AM, a_ on the X-chromosomes; with In(2LR)SM1, a12 cn2 sp2

and pr B1 (Curly and Bristle) on the second pair of autosomes;

with Tp(3)Vno, Vno and In(3LR)Ubx130, Ubx13° (Veinoff and

Ultrabithorax) on the third; and with spapol on the fourth. Although

the information obtained from the _Cdr /Pm; D/Sb matings was more

ambiguous than that obtained from ca/B1; Vno/Ubx, a discussion of

both procedures proves informative. The second and third pairs of

autosomes from the C(1)RM, Canton -S, Ona and Dp(l;f)24 stocks



44

were tested with Cdr. /Pm; D/Sb balancers; those from Dp(1;f)24 and

cv v frev. Dfdr57 were tested with Cy/B1; Vno/Ubx.

Before using a balancer stock, it was necessary to determine

whether the balancer chromosomes themselves affected metafemale

viability. To measure the effect of the Cy/Pm. D/Sb genotype,

males carrying these chromosomes were mated to C(1)RM, f

females. The mean emergence rate of 2. 54% was composed of four

fractions (Table 10): 2. 23% of the Curly flies were metafemales;

2. 84% of the Plum flies; 3. 98% of the Stubble flies; and 0. 09% of

the Dichaete flies. The first three values were all higher than the

0.83% standard value (P <<0. 01 in all cases) and the last was

significantly smaller (P <0. 01). Such discrepancies indicate that

all four autosomes of the g_y/Pm. D/Sb balancer stock affect

metafemale viability.

Nevertheless, this stock was used as a means to make the

tester autosomes (the autosomes of Ona Dp(1;f)24, C-2, and C(1)RM

stocks) homozygous. Each of these four tester stocks was analysed

in the following manner: Tester males were mated to balancer

(Cy /Pm; D/J females. The F
1

flies, which carried the markers

D, Cdr Sb Pm D and Pm Sb, were then sib-mated for the

appropriate autosomal combination. (A sample pedigree, tracing

the second autosome of the Dp(1;f) 24 stock is diagrammed in

Figure 3 for illustrative purposes.) The F2 males were homozygous



Table 10. Control values for the autosomal isolation series.

Cy/Pm; D/Sb Run Cy/B1; Vno/Ubx Run

Frequency of 3X
phenotypes Cy D 0/525 (0. 00 %)

Pm D 1/547 (0. 18 + 0.36%)
Cy Sb 32/911 (3.51 + 1.22%)
Pm Sb 40/896 ;4.46 + 1.38%)

Cy Vno 4/330 (1.21 + 1. 19 %)
B1 Vno 1/295 (0. 34 + 0.66%)
Cy Ubx 2/318 (0.63 + 0.87%)
B1 Ubx 1/276 (0.36 + 0. 71 %)

Frequency of
individual markers Cy 32 /1436 (2.23 + 0.77%) Cy 6/648 (0.93 + 0. 74 %)

Pm 41/1443 (2.84 + 0.77%) B1 2/527 (0.38 + 0.53%)
D 1/1072 (0.09 + 0.18%) Vno 5/626 (0.80 + 0.70%)
Sb 72/1807 (3.98 0.92%) Ubx 3/594 (0.51 + 0.57%)

mean 146/5748 (2.54 + 0.41%) mean 16/2395 (0.67 + 0. 33 %)
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for the desired tested autosomes. Unfortunately, they carried

X-chromosomes of unknown origin, since none of the original

X-chromosomes was genetically marked. To insure that the files

to be analysed carried an X of balancer origin, the F2 males were

back-crossed to balancer females. Among the resultant F3 were

males heterozygous for the tester autosome. These were then

mated to C(1)RM, y f stock females producing F4 of two types:

those with the tester autosome and those with the balancer autosome.

The former metafemales were termed the "autosomal effect" and

were compared with the comparable control flies (Table 12).

Exceptions to homozygosity in the F2 would result if crossing-over

had occurred within the F
1

females, a strong possibility with the

uninverted third chromosome marked with Sb. Unfortunately, it

was these Stubble classes which had to be statistically analysed due

to the previously-mentioned paucity of Dichaete phenotypes among

the control metafemales.

The autosomal effect of the C(1)RM stock was 4.99% as

compared with a 4. 46% control. Although these rates were high,

the maternal autosomes apparently added no factors beyond those

of the controls.

The autosomal effect of both pairs of autosomes of the

Canton-S stock acting together was 1.87%, less than the 4.46%

control (P =O. 02). The second pair of autosomes when tested alone
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P1

F1

F2

F3

F
4

Xa/Xa; Cy/Pm Y; 2
b

2
b

2
b /2b

**

X
a /Xb; Cy/2

xaixa; Cy /Pm

C(1)RM/Y;

Xa/Y; 2b /Pm

X/Y;

2c/ Xa/Y; 2b/Pm**

C(1)RM/X
metafemales

a; 2b /2c

a Those chromosomes marked "a" are derived from the
_Cy/Pm; D/Sb balancer stock.

Those chromosomes marked "b" are derived from the
Dp(1;f)24 tester stock.

Those chromosomes marked "c" are derived from the
C(1)RM,_y_f control stock.

* It is at this point that crossing over can, and probably did,
occur, so that the true composition of F2 and F3 males is
not known for certainty.

** These genotypes may not be accurate, due to crossing-over
in the F

1
females. See text for a discussion of this problem.

Figure 3. Diagram of a sample pedigree showing the autosomal
isolation procedure for chromosome two of the
Dp (1;f)24 tester stock employing the Cy/Pm. D/Sb
balancer autosomes. (Pedigree for chromosome three
is identical except that the markers D and Sb are used.)
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P1 X
b/Y;

2
b /2bXa/Xa; Cy/B1

F X
a /Xb Cy/2b

X
a/Y; 'It B1/2b

1

F2 C(1)RM/Y; 2c/2c X
a

/ Y; 4/2 b /2b

F C(1)RM/Xa;
2
b/2c

3 metafemales

a Those chromosomes marked "a" are derived from the
Cy/I31; Vno/Ubx balancer stock.

b Those chromosomes marked "b" are derived from the
Dp(1;f)24 tester. stock.

Those chromosomes marked "c" are derived from the
C(1)RM, y f control stock.

Figure 4. Diagram of a sample pedigree showing the autosomal
isolation procedure for chromosome two of the
Dp(1;f)24 tester stock employing the Cy/B1; Vno/Ubx
balancer autosomes. (Pedigree for chrmosome three
is identical except that the markers Vno and Ubx are
used.)



Table 11. Isolation of autosomal effects upon metafemale viability; results of the CY/Pm. D/Sb
series (see text for discussion of procedure).

Autosomes tested
Frequency of metafemale emergence

Control data a/ Autosomal effect

C(1)RM, y f 40/896 (4.46 + 1. 38 %) 24/481 (4.99 + 2.00%)
Auto. 2 + 3

Canton-S wild-type
Auto. 2 + 3 40/896 (4.46 + 1.38%) 7/375 (1.87 + 1.38%)
Auto. 2 only 40/896 (4.46 + 1.38%) 10/540 (1.85 + 1.15%)
Auto. 3 only 72/1807 (3.98 + 0.92%) 23/418 (5.50 + 2.25%)

Orinda wild-type
Auto. 2 + 3 40/896 (4.46 + 1.38%) 25/293 (8. 53 + 3. 35 %)
Auto. 2 only 40/896 (4.46 + 1.38%) 22/550 (4.00 + 1.67%)
Auto. 3 only 72/1807 (3.98 + 0.92%) 63/1503 (4.19 + 1.04%)

Dp(1;f)24
Auto. 2 + 3 40/896 (4.46 + 1.38%) 27/235 (11.49 + 4.34%)
Auto. 3 only 72/1807 (3.98 + 0.92%) 56/786 (7. 12 + 1.87%)

a/ These control values are obtained from the Cy/Pm; D/Sb column of Table 10.



Table 12. Isolation of autosomal effects upon metafemale viability; results of the Cy/B1; Vno/Ubx
series (see text for discussion of procedure).

Autosomes Original source
tested of X-chromosome

Dp(1;f)24
2 + 3

Dp(1;f)24
2 only

Dp(l;f)24
3 only

cv v frev
2 3

cv v frev
2 only

cv v frev
3 only

Cy/B1; Vno/Ubx
Dp(1;f)24
Pooled

Dp(l;f)24

Dp(1;f)24

Frequency of metafemale emergence a/

53/1296 (4.09 + 1.10%)
73/2216 (3. 29 + 0. 76 %)
126/3512 (3.59 + 0.63%)

24/2890 (0.83 + 0. 33 %) b/

26/2307 (1. 13 + 0.43%)

Cy/B1; Vno/Ubx

cv v free

y2 cv v cross-over
Pooled

20/1196

22/1191

10/450
52/2837

(1.67

(1.85

(2.22
(1.83

+ 0.73%)

+ 0.77%)

+ 1.38%)
+ 0.50%)

cv v frev 4/548 (0. 73 + 0. 72 %)

Cy/B11;e\yno/Ubx 6/279 (2. 15 + 1.72%)
cv v f 16/765 (2.09 + 1.03%)
Pooled 22/1044 (2.11 + 0.88%)

Continued



Table 12--Continued

a/ These values are to be compared with the pooled control frequency of 0.67+0.33%,
found in Table 10.

b/ One of the individual subcultures in this series yielded a high frequency of metafemales,
3. 86% (n=387). After several generations, progeny were retested and gave an emergence
rate of 1. 14% (n=527). See text for further discussion.
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yielded 1.85% metafemale emergence, also less than the control

(P approximates 0. 01). For the third pair alone, a 5.50% autosomal

effect, which approximates the 3. 98% control (P between 0.20 and

0. 10), was obtained. The action of the C-S autosomes then did not

exceed that of the balancer autosomes.

The presence of both pairs of Orindaautosomes produced

over eight percent 3X2A emergence, an increase over the control

(P < 0. 01). Tested separately, chromosomes two yielded 4. 00%

metafemales and chromosomes three 4. 19 %. Neither of these

values exceeded the controls (P greater than 0.50 in both cases),

implying that Ona autosomal factors are effective only when acting

together.

The combined effect of both Dp(1;f)24 autosomes was 11.49%, a

pronounced increase over the control value of 4. 46% (P<< 0. 01).

Testing the third pair of autosomes only, metafemales emerged at a

seven percent rate, again an increase over the control (P < 0. 01).

The third pair of autosomes, then, appeared to contribute viability

to the Duplication genome. Attempts to measure the effects of

autosomes two were unsuccessful. This increase associated with

the Dp(1;f)24autosomes in the absence of either the duplication

fragment itself or the 1(1)J1 X-chromosome was unexpected, since

the action of this stock upon metafemale viability had been previously

explained in terms of the distal region of the X-chromosome.
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Apparently, autosomes can influence metafemale viability beyond

any action of the X-chromosome.

The above results indicate that genes on the autosomes,

especially the third pair, increase metafemale viability. Unfor-

tunately, the markers used were such that Dichaete metafemales

were not testable (too few to treat statistically) and Stubble meta-

females were probably cross-over products, which would obviously

reduce their value for interpretation. Therefore, a second series

of crosses, using the Cy/B1; Vno/Ubx balancer stock, was under-

taken.

Control crosses were conducted by mating Cy/B1; Vno/Ubx

males to C(1)RM, _y f females. The metafemale viability frequency

for the four chromosomes agree well with each other and with the

0.83% standard of Table 1 (P between 0.20 and 0. 10; Table 10).

Two of the stocks which had yielded high frequencies of metafemales,
revcv v f. ; Dfdr57 (the non-forked derivative of Hollander's original

stock) and Dp(l;f)24 (tested again to see if the above results were

repeatable), were tested for the presence of autosomal modifiers

upon metafemale viability.

To obtain homozygosity for autosomal markers in these

stocks the following crosses were made (a sample pedigree of this

procedure is outlined in Figure 4): Balancer females are mated to

tester males. The F
1

flies were then sib-mated so that appropriate



54

combinations of the second and third pairs of chromosomes were

obtained. Unlike the Cy/Pm. D/Sb series, the X-chromosomes

in this procedure were marked so that the X-chromosome constitu-

tion of any male could be recognized phenotypically.

The frequencies of metafemales in each run were independent

of the X-chromosome present (Table 12). In the first series, males

carrying Dp(1;f)24 produced 3. 29% metafemales, those carrying

either In(1)AM or In(1)FM6 produced 4. 09% metafemales, for a

pooled mean of 3.59%. In the second series, the cv v frev males

yielded 1.85% aneuploids and the In(1)AM plus In(1)FM6 1. 13 %.

In this series an apparent cross-over between cv v frevand

In(1)AM appeared; this yellow-2, crossveinless, vermilion

recombinant was tested and yielded 2. 22% metafemales. All

three values, 1.13%, 1.85% and 2.22% are similar (P greater than

0. 05), yielding a pooled mean of 1.83%. Internal agreement within

each of these two series involving Cy/B1; Vno/Ubx markers, then,

is excellent.

The Dp(1;f)24 autosomes in concert produced 3. 29% meta-

females (Table 12). Chromosome two alone did not increase

viability over the control value (0.83% vs. 0. 67%); nor did

chromosome three (1. 13% vs. 0.67%). This latter result is con-

tradictory to that obtained in the Cy/Pm; D/Sb series, where

chromosome three did increase viability.
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The value of 1.85% metafemales obtained under the influence

of both pairs of cv v frevautosomes was slightly higher than the

control (1.83% vs. 0.67%, P < 0.01). Chromosome two when acting

alone showed no such increase (0. 73 %, P approximates 0.90)

whereas chromosome three alone did demonstrate an increase

(2. 11% P < 0. 01). In this stock, then the third chromosome pair

did affect metafemale viability.

The implications of data obtained with the two balancer

stocks are clear: metafemale viability can be increased by auto-

somal action, especially that of the third pair of chromosomes, but

with some interaction with the second pair indicated.

Inbreeding within Selected Stocks

If metafemale viability is governed to a measurable extent by

genetic action, then inbreeding of high-yield lines should eventually

produce homozygosity for such genes, recognizable as an increase

in and/or stability of metafemale survival. A cursory breeding

program was undertaken with two of the previously-described

high-yield lines, Ona and cv Dfdr57 (Table 13).

Four mass-matings were conducted between males from each

tester (Ona and cv v f.) stock and C(1)RM, y f females. Sons and

daughters from the most productive subculture were then sib-mated,

en masse, again in four subcultures. As before, progeny of the



Table 13. Effects of inbreeding two high-yield stocks, Ona and cv v f, upon metafemale viability.
The P1 values are obtained from Tables 6 and 7.

Generation
Frequency of metafemale emergence

Orinda source cv v f source

P
1

688/10,553 (6.52 + 0.49%) 74/2509 (2.95 + 0.67%)

F
1

a/ 286/3727 (7.67 + 0.89%) 45/1881 (2. 39 + 0. 70 %)

F2 a/ 64/2762 (2.31 + 0.57%) 14/1127 (1.24 + 0.65%)

F
3

a/ 89/1598 (5.57 + 1.16%) 13/1026 (1.27 + 0.69%)

F4 a/ 15/1027 (1.46 + 0.74%) 1/683 (0.15 + 0.29%)

F
5

b/ 2/815 (0.25 + 0.34%) 0/1031 (0.00%)

F6 b/ 2/828 (0.24 + 0.33%) 1/640 (0.16 + 0.31%)

F
7

b/ 0/720 (0.00%) 1/446 (0.22 + 0.44%)

F
8

b/ 1/1214 (0.08 + 0.16%) 7/761 (0.92 + 0.68%)

a/ Generations 1-4 were derived from sib-matings...._

b/ Generations 5-8 were derived from back-crossings.
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most productive mating were sib-mated. This procedure was

repeated for a total of four generations (F1 to F4). Metafemale

viability not only did not increase, but it decreased significantly,

from 6. 50% to 1.50% in Ona and from 3% to 0.15% in cv v f.

Since the sib-mating results were negative, a second method was

employed: For each of the subsequent four generations (F5 to F8),

female progeny were back-crossed to the parental tester stock.

No attempt was made to select only the highest-yield lines in this

series, but simply to replace the low-yield attached-X genome with

factors from the high-yield Ona and cv v f genotypes. Again, con-

siderable fluctuation resulted, culminating in F8 frequencies of

0.08% for Ona and 0.92% for cv v f.

These inbreeding procedures demonstrated the elusiveness of

the presumptive metafemale-viability factors. The metafemale

emergence was depressed by over 99% in the Ona stock and by

nearly 40% in the cv v f stock. Concomitant with this decrease was

a general reduction of total family sizes, from 3, 737 to 1, 214 in Ona

(a reduction of 33%) and from 1, 881 to 761 in cv v f (a reduction of

35%). The most reasonable interpretation of these data is that the

presumptive viability factors were heterozygous even in the high-

yield lines and were randomly eliminated from the population through

inbreeding. Such an effect was probably exaggerated by the simul-

taneous reduction of diploid viability in both cases. If such
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viability fluctuations are indeed due to simple random laboratory

selective action, a massive inbreeding analysis is required in-

volving several parallel matings rather than the four or five cur-

ently conducted.

Tests on Trip lo-4 Viability

It was considered possible that the genes promoting metafemale

viability might also promote viability of autosomal trisomics. The

only viable autosomal trisomics reported for Drosophila are those

involving the small fourth pair of chrosomes. Trip lo-2 and triplo -3

flies are presumed lethal. Therefore, attached-X, attached-four

stocks (C(1)RM, y f/y; C(4)RM, ci eyR
. gyl svn/ D

) were syn-

thesized for this study. If the viability genes demonstrated above

are specific for X-aneuploidy and do not affect autosomal

aneuploidy (specifically of chromosome four), then high-metafemale-

yield lines should not increase the number of triplo-4 progeny over

a standard rate. To test this assumption, the attached-X, attached-

four females were mated to either of two different males. One

strain carried a Canton-S X-chromosome and was heterozygous
D D Dfor two dominant fourth markers, ci and eyD C-S/Y; ci /ey .

The other strain carried on X-chromosome from an Orinda source:

Ona/Y; ciD/eyD
.

When mated to males from the C-S source, these females
.

yielded 34. 6% C(4)RM/ey , 36. 3% C(4)RM/ciD and 29. 2% clD
LcIr

D

which indicates a slight increase of triplo-4 viability over diplo-4



Table 14. Data from matings of attached-X,

females (C(1)RM, y, fry; C(4)RM,
males. Data arranged to analyse
products only.
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attached-four

ci eyR gvl svn/ciD/eyD
fourth chromosome

erm Canton-S source

Sperm (Orinda source

s e D ci

C(4)RM 242 230

ci1)
189 0

viability under control conditions (Table 14). This depressed

diplo-4 class is probably due to the fact that both clip and eyD

are homozygous lethal genes whose deleterious effects are some-

what diminished by two doses of the normal alleles found in the

attached-four chromosome. When mated to Ona-derived males,

the females produced 36. 6% C(4)RM/ey , 34. 8% C(4)RM/ciD and

D D28.6% ci /ey progeny, values not significantly different from

those obtained with control-derived males.

Any aneuploid factors carried by Ona males, then, did not
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affect the viability of triplo-4 flies. Incidentally, the number of

metafemales produced by the Ona males was 21, a frequency of

3. 18 %, still greater than the 0.83% standard. Only two metafemales

(0. 31 %) were produced in the Canton-S crosses.
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IV. DISCUSSION

Although X -trisomy in Drosophila has been investigated

periodically for some 50 years, the relative contributions of the

genotype and the environment to metafemale survival have not been

well defined. The 3X2A genotype is sublethal, but many geneticists

have observed that some Drosophila stocks yield more metafemales

than others (Morgan, 1925; Rolfes and Hollander, 1961; Roberts,

1967). Yet no genetic system known to increase metafemale viabil-

ity has been described (with the sole exception of the stock marked

with cv v f; Dfdr57; Rolfes and Hollander, 1961), and no stock has

been genetically analysed. Hyperdiploid female viability and fer-

tility, however, have been studied (Patterson, Stone and Bedicheck,

1935 and 1937). Reports concerning the effect of mass-matings

upon viability rates have been contradictory (Morgan, 1925;

Dobzhansky, 1928), and statements regarding the significance of

temperature effects upon emergence patterns have been ambiguous

(Dobzhansky, 1928; Rolfes and Hollander, 1961). The current study

was initiated to analyse the genetic influence of a number of stocks

upon metafemale viability and to define those intervals during

the larval-pupal stages which are most sensitive to temperature

treatment.
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The Standard Metafemale Emergence
Pattern

The standard, or control, metafemale emergence rate was

based on the progeny resulting from 35 pair-matings between

C(1)RM, Y f/Y females and Canton-Special males, involving 275

individual subcultures incubated at 25°C. Sixty-six metafemales

emerged in a sample size of 7, 917 F1 (Table 1), yielding a frequency

of 0. 83 + 0. 37%, a value in agreement with previous observations

(Morgan, 1925; Dobzhansky, 1928; Brehme, 1937; Rolfes and

Hollander, 1961).

It could be argued that this value should not be considered a

true control value for this paper, since it might have been only

fortuitous that C-S rather than Ona or Ore was chosen as a male-

control stock. Had Ona been selected, for example, the "standard"

rate would have been 6.52 + 0.49% (Culture 4, Table 6), a high

value. To justify the use of 0.83% for comparative purposes, the

mean metafemale emergence rate of all attached-X crosses (Table 1

plus Tables 6 through 9) was calculated. These 46 cultures pro-

duced 0.99 + 0. 29% metafemale imagos per culture (n=61, 648) a

value in excellent agreement with the C-S matings. Hence, both

the originally-selected control cross and the mean of all 46 crosses

provide accurate estimates of standard 3X2A viability rates.
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Consequently, the following discussion based on the Canton-S

data of Table 1, although arbitrary, is presumed to indicate the

emergence patterns in the typical attached-X cross.

Comparisons were made between 3X2A emergence frequencies

and family sizes. Table 15 shows the frequency distribution of

the data given in Table 1: the 15 different families producing no

metafemales are considered as a single category, class 0; those

six families producing one metafemale each as a single category,

class 1; etc. Classes 5 through 10 are pooled into one value since

the numbers of families involves were too few to treat individually.

A mean of 1.88 metafemales and 224.3 diploid siblings was produced

in each of the 35 cultures. Over two-thirds (24/35) of these families

produced two or fewer metafemales each; only one-twelfth (3/35)

produced five or more each. The larger families (mean n of 324 F
1)

produced more than two metafemales each whereas families half

that size (mean n of 158 Fl) produced none. Thus, not unexpectedly,

the larger the sample (family) size, the greater the probability

that a rare event (the 3X2A imago) would appear within that sample.

A histogram of this relationship is presented in Figure 5.

To determine if the metafemale emergence pattern was random,

offspring from each of the individual 275 subculture vials used in

the standard series were tallied (Table 16; these are the data of

Table 1 arranged according to their 275 subculture vials rather
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Table 15. Relationship of metafemale emergence rates of the
control series (Table 1 data) to family sizes.

Class No. and Total Mean number of F
1(No. 3X2A percent of number per family

per family) families of Fl

0 15 (42. 9%) 2,367 157.8
1 6 (17. 1%) 1, 456 242.7
2 3 ( 8.6 %) 600 200.0
3 3 ( 8.6%) 943 314.3
4 5 (14. 3 %) 1,554 310.8
5-10 a/ 3 ( 8.6%) 997 332.3

Total 35 (100%) 7,917 226.5 b/

a/ The pooled values are used here since the last six classes,
Nos. 5 through 10, are of too small a sample size to treat
statistically (1/2 family per class).

b/ This figure is the mean of the individual values rather than
the sum thereof.

than to their 35 cultures). Nearly 84% of these vials produced no

metafemales, 11% one metafemale each, 2.50% two each and

another 2. 50% three each. No more than three metafemales

emerged from any single subculture vial. Thus, 47% of all

aneuploids emerged as "single events", 21% as "double events",

and 32% as "triple events". This pattern of emergence followed

the Poisson distribution for all classes save the last; there were

far more triple events than would be expected on a random basis

(P << 0. 01; the histograph of Figure 6 represents the distribution).

It appears at first that whatever conditions favored the
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Figure 5. Histogram showing the relationship between
metafemale emergence rates (labeled "class")
to family sizes. Based on data from Table 15.
The larger the family size the greater the
probability of metafemale survival.
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Table 16. Calculations to determine possibility of non-randam
metafemale emergence patterns; data based on 275
individual culture vials used in control experiment
discussed in text.

Class
(No. of 3X2A
per vial)

Total
No. of

F1

Frequency of vials involved
Observed Expected

(0-2) a/
Expected
(0-3) a/

0

1

4,158

3,132

230
84%

31

236.5
86%

35.75

217.25
79%

52.25
11% 13% 19%

2 285 7 3.3 6. 32
2.5% 1.2% 2.3%

3 342 7 0.55
2.7% 0.2%

a/ The column marked "0-2" calculates the Poisson distribution for
the first three classes only; the column marked "0-3" for all four
classes. The chi-square values are 3.68 with one degree of
freedom for 0-2 and 80.81 with two degrees of freedom for 0-3.

emergence of two metafemales favored equally well the emergence

of three. Should this be the sole reason for the large number of

triple events, however, at least one of the 275 subcultures would

be anticipated to produce four or more metafemales. None was

found. A second explanation for non-randomness of metafemale

emergence takes into consideration the differences in family sizes;

total family size for triple-event subcultures was larger by some

20 percent than that for the doubles (342 vs. 285). Perhaps,then



Figure 6. Histogram comparing the observed and expected values for
a Poisson distribution of metafemale emergence (see
discussion in text). Based on values from Table 16. A
reasonable agreement exists between the expected and ob-
served values for classes 0, 1 and Z; a significant deviation
of the observed from the expected is noted in class 3. The
solid line represents observed values, the broken line
expected values.
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the deviation from the Poisson distribution was not a deviation in

numbers of emergent metafemales but rather a deviation in total

numbers of F
1

produced.

One approach favoring this latter hypothesis involves the

statistical nature of the Poisson curve. In this type of distribution,

the variance and the mean of a population are equal, so that the

coefficient of dispersion (C. D.), defined as the variance divided

by the mean, equals unity. The variance in the control matings was

0.0275, which if divided by the mean of 0. 0083, gives a C. D. of 3.30.

Such a high coefficient indicates a clumped sample size, in this case

an excess of high metafemale emergence rates. The control data

of Table 1 can be pooled into 35 units of approximately equal family

sizes. (No attempt was made to equalize the frequency of meta-

female emergence, but only to equalize total sample sizes regard-

less of how many metafemales were produced per sample. ) After

such rearrangement, the variance is reduced to 0.0127 and the C. D.

to 1.54, much closer to the expected 1.00. It should be emphasized

that such rearrangement of the data is supportive of, but far from

proof of, the hypothesis that the biased metafemale emergence

pattern was a reflection of nonrandom family size. This argument

can be verified only by carefully regulating the egg output of all

attached-X mothers to exactly equal numbers.
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Environmental Influenced on Metafemale
Viability

To resolve the previously mentioned ambiguity surrounding

the effects of larval crowding upon metafemale eclosion, mass-

mating was analysed in two stocks. In both cases increasing the

amount of crowding did not increase the amount of metafemale

survival (which contradicts the implication by Morgan, 1925, but

supports the conclusions of Dobzhansky, 1928). Mass-matings

with Canton-S males produced 0. 37% metafemales (compared

with the 0.83% control) and with In(1)sc8 males produced 1. 99%

(compared with a 0. 75% control, Table 3). This is a most reason-

able situation since crowding of larvae results in competition for a

limited food supply and continued exposure to increased amounts of

metabolic byproducts. It is difficult to understand how metafemales,

which are weak individuals as adults, could benefit as larvae or

pupae by such conditions.

Lowering the rearing temperature from 25 oC to 20 oC can

increase metafemale viability several times, as previously shown

by Dobzhansky (1928). This increase was found in two independent

runs: from 2. 40% to 4. 36% in one run (an increase of 1.82X)

and from 0.55% to 1.34% (an increase of 2. 43X) in a second run

(Table 4), indicating that temperature effects are probably more

significant than Rolfes and Hollander (1961) believed. Developing
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Drosophila in this experiment were raised at 25 oC but subjected to

20
oC temperature treatments at various stages of their pre-imago

development (see section on results for details of treatment). In

Run 1, the period of highest metafemale emergence was found in

those cultures cooled during the 84th to 132nd hours of development.

In Run 2, the largest percentage of metafemales resulted from those

cultures treated during the 108th to 132nd hours of development.

For comparative purposes, the metafemale emergence rate

per total emergence of all F
1

sex types for both runs was calculated

with m (the mean emergence rate for all treated samples) set at

unity (Figure 7). The curve extends beyond the mean from 84 to

180 hours, with a pronounced peak in both runs from 108 to 132

hours. The fraction of total metafemales emerging was also deter-

mined. Frequencies in Run 1 are consequently expressed as frac-

tions of 158 (the total 3X2A output for the entire run) and in Run 2

as fractions of 70 (Table 17 and Figure 8). In Run 1, the 24-hour

period of highest metafemale emergence was between 88 and 112

hours, where nearly one-third (49/158) of all metafemales

observed emerged. In Run 2 nearly one-half (33/70) of all meta-

females emerged during the 24 hours from 104 to 128 hours of

development, overlapping Run 1 by eight hours, from 104 to 112.

Thus, either of these two methods of determining rate of metafemale

production (dividing by total F
1

emergence of all sex-types,
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Table 17. Metafemale emergence rates expressed as the
percentage of total metafemales emerging at a
given developmental interval.

Hours of
development

Frequencies of emergent metafemales
Run No. 1 Run No. 2

12 to 24 3/158 (1.90%)
24 to 36 9/158 (5.70%)
36 to 48 3/158 (1.90%)
48 to 60 8/158 (5.06%)
60 to 72 5/158 (3.16%) 0/70 (0.00%)
72 to 84 8/158 (5.06%) 3/70 (4.29%)
84 to 96 18/158 (11.39%) 4/70 (5. 72 %)
96 to 108 31/158 (19.60%) 2/70 (2.86%

108 to 120 8/158 (5.06%) 27/70 (38.61%)
120 to 132 23/158 (14.60%) 5/70 (7.15%)
132 to 144 8/158 (5.06%) 8/70 (11.44%)
144 to 156 4/158 (2.53%) 5/70 (7. 15 %)
156 to 168 17/158 (10.80%) 9/70 (12.87%)
168 to 180 2/158 (1.27%) 7/70 (10.00%)
180 to 192 2/158 (1.27%)
192 to 204 6/158 (3.80%)
204 to 216 3/158 (1.90%)

Total 158/158 (100%) 70/70 (100%)

Figure 7, or dividing by total F1 metafemale emergence, Figure 8)

gave similar results.

Metafemale aneuploid viability was significantly increased by

lowering the culture temperature from 25°C to 20°C for as little

as two hours on the fifth day after egg laying, from approximately

96 to 132 hours. This stage corresponds to that time of transition

from the third instar larval stage through puparium formation

(from 118 to 130 hours after fertilization, according to Bodenstein,
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Figure 7. A histogram showing the rate of metafemale emergence

when cultures are treated at given developmental
intervals. The frequency of 3X2A emergence is defined
as the rate of metafemale imagos per all F

1
sex types.

the mean emergence rates in both runs is set at unity
(m = 1.0). Run 1 is clear histogram, Run 7 is hatched
histogram. In both runs, the period of greatest 3X2A
survival occurred in those cultures treated during the
devlopmental interval from 83 to 132 hours.



Figure 8. Histogram showing the frequency of metafemale
emergence in both runs. In this case, metafemale
emergence at any given developmental interval is
expressed as a fraction of the total metafemale
emergence for the entire run. Run 1 is clear
histogram, Run 2 is hatched histogram. The
majority of metafemales in both runs emerged
from those cultures treated during their 96th to
132nd hours of development.
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1950). This stage also corresponds to that period of development

previously described (Li, 1927; Brehme, 1937) as most sensitive

to aneuploid lethality. Such a correlation suggests that physio-

logical processes acting to diminish 3X2A viability are inhibited by

reduced environmental temperatures during very specific stages of

development.

Genetic Influences on Metafemale Viability

Some 45 cultures involving various wild-type, mutant, and

structurally rearranged X-chromosomes were tested for 3X2A.

viability effects (Tables 6-9). There was little consistency found

in the types of stocks which affected metafemale survival:

Three attached-X stocks other than the control were tested

(Cultures 1-3, Table 6). None produced a greater frequency of

metafemales than the C(1)RM, y f stock, indicating that any vari-

ations in metafemale viability in subsequent crosses would be due

to contributions of the male parent.

Males from four different stocks (Cultures 9-15, Table 7)

marked with recessive alleles of the following loci were tested:

yellow (locus 0.0), scute (0.0), white (1.5), echinus (5.5), cross-

veinless (13. 7), cut (20. 0), lozenge (27. 7), vermilion (33. 0), garnet

(44. 4), and forked (56. 7). No correlation existed between these

loci and metafemale survival: Hollander's cv v f stock yielded over
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four percent metafemales, whereas sc cv v f produced only one-

tenth of one percent metafemales. Both values are significantly

different from the standard (P << 0.01 in both cases). The X-ple

stock, previously observed to produce metafemales on the order

of several percent (Roberts, 1967), did not affect viability in this

experiment (less than 0. 25 %, P between 0.50 and 0. 30). The

fourth stock, marked with wa ct6 lz v f, also did not influence

metafemale viability (0%, n=746). Therefore, the original hypothesis

correlating hypomorphic or amorphic action of sex-linked recessive

genes with an increase in 3X2A survival was not verified. In addi-

tion, metafemale viability rates can be altered over a period of

time, probably a result of genetic drift. These results do not

however preclude either hypomorphic action at unrecognized loci

or the X-chromosomes or the pleiotropic action of loci primarily

concerned with other functions.

Varied results were obtained from the wild-type stocks

(Cultures 4-8, Table 6), ranging from 6.52 + 0. 49% for Ona to

0.39 + 0.44% for Samarkand. The Oregon-300-19 stock was

extremely erratic in productivity (from a low of 0. 7% in one mating

to a high of 10. 6% in another, P << 0. 01). Apparently wild-type

flies can carry genes promoting metafemale viability, although the

possibility exists that these genes have become established in these

stocks through spontaneous mutation and repeated inbreeding in the
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laboratory and are not representative of genes in the original

population. Further studies on individuals obtained directly from

natural populations will clarify this point.

X-chromosome inversions were quite variable in their action

upon 3X2A viability (Cultures 16-31, Table 8): One scute-8 stock

yielded 2.18 + 1.35%, but another scute-8 from a different source

produced only 0.54 + 0. 75% metafemales; a scute-8-delta-49 com-

bination produced no metafemales; one delta-49 also produced

no metafemales whereas another delta-49 produced 2.37 + 1.47%

3X2A adults. As expected, metafemale viability was independent

of inversion length (from 2.18 + 1. 35% for the 66-unit long scute-8

inversion to 1.77 + 0. 76% for a 0. 5 -unit inversion, scute-260-).

Those stocks carrying only euchromatic breaks tended to

produce more metafemales than those stocks with one or more

breaks in the heterochromatin (mean emergence rates of 1.30% for

the former and 0. 51% for the latter; P approximates 0. 02). Appar-

ently the proximal heterochromatic region of the X-chromosome

has a depressing effect on metafemale survival. This kind of

action, termed variegated position effect, is known to depress the

action of some sex-linked euchromatic genes (such as the wild-

type alleles of scute and white; Lewis, 1950; Baker, 1968).

Assuming that euchromatic genes on some X-chromosomes tested

in this study acted to promote metafemale viability (rather than to
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inhibit aneuploid viability as was first assumed), a reduction in

the effectiveness of products transcribed by these genes would

decrease the number of surviving metafemales. (Reduction of

this nature with sc+ decreases the number of thoracic bristles

and with w+ decreases the amount of eye pigments deposited.)

It is also possible, however, for the converse to operate,

e., that heterochromatic factors existed on the X-chromosome

that normally decrease metafemale viability but when transferred

to euchromatic segments were less effective and consequently in-

creased metafemale viability. In either case, such a position

effect upon viability, although slight, reinforces the concept that

some genes affecting metafemale viability are carried on the

X-chromosome. This effect is not the sole explanation for inver-

sion effects as demonstrated by the above mentioned discrepancies

in the productivity of the two scute-8's and delta-49's tested.

No metafemales carrying a ring-X chromosome were

observed, in a sample size of 8,925 (Cultures 32-35, Table 9).

This drastic reduction did not appear to be correlated with the

duplication of region 20 found in this chromosome (one of the regions

shown previously to decrease female hyperploid viability; Patterson,

Stone and Bedichek, 1935). Rather, the reduction under the in-

fluence of R(1)2 seemed more likely to be associated with the

deleted tip of the X-chromosome (a region previously found to be
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essential for diploid and hyperploid female viability; Patterson,

1932; Patterson, Stone and Bedichek, 1937).

Support of this latter conclusion is reinforced by observations

made with small duplications covering the recessive lethal defi-

ciency 1(1)J1 (Cultures 36-39, Table 9). Of these four stocks,

only that carrying Dp(1;f)24 increased metafemale viability over

the standard (7.08 +1.35%, P << 0.01). Metafemales carrying the

high-yield Dp(1;f)24 and 1(1)J1 X-chromosomes carry four doses of

region 20 (as would any R(1)2 metafemales had they survived) and

four doses of region 1A (contrary to R(1)2 metafemales which would

have carried but two doses of this region). Four translocations

(Cultures 42-45, Table 9) which also removed the left-hand tip of

the X-chromosome from the genome also failed to increase meta-

female viability. These results would indicate that when the distal

tip, especially cytological region 1A1-3, is removed from the

third X-chromosome of the trisomic, viability is strongly reduced;

when this segment is duplicated, the viability is increased. Clari-

fication of this point requires testing with a variety of chromosomes

deficient and duplicated for short regions of the X-chromosome.

It was hypothesized early in this investigation that wild-type

genes would inhibit metafemale viability. Hypomorphic or

amorphic mutants of these genes would, by producing less of the

inhibitory factor, increase viability. If such action exists, it was



79

not demonstrated with such common visible recessives as y, y?, sc

2w wa, ec1 Icv 6
, g_ or f. Indeed, sc cv yf substantially

reducea metafemale viability and cv v f substantially increased

metafemale viability. Data from the ring-X and the duplicated-X

add another dimension to the hypothesis: a deficiency is, by

definition, amorphic for codons found in the wild-type. A standard

metafemale, C(1)RM/C-5, has three doses of distal region codons;

the C(1)RM/R(1)2 genome, having two codons , is hypomorphic while

the C(1)Rm/1(1)J1/Dp(1;f)24 fly is hypermorphic for this region.

The obvious conclusion is tempting; metafemale viability is re-

pressed in some (many?) stocks by hypomorphic action of a portion

of the distal region of the X-chromosome and is enhanced by

hypermorphic action of this region. Cytological region lA is a

prime suspect for such action, since within this very short segment

(which maps from -0.4 to 0.0 units) exist seven known lethals

(1(1)6, cimj 1(1)55a, 1(1)7e, 1(1)sc, 1(1)v306, 1(1)X10) and one

male-sterile gene, dar (Lindsley and Grell, 1968). This attractive

hypothesis must be modified in the light of the subsequent demonstra-

tion of action of lap(1;f)24 autosomes upon metafemale viability.

Nevertheless, detailed analysis of the distal region of the

X-chromosome should give valuable information on metafemale

survival.

Since results with most X-chromosomes tested were
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inconsistent, autosomal factors influencing metafemale viability

were sought. Three different high-yield stocks, Ona, cv

Dfdr57 and Dp(l ;f)24, were examined by employing two balancer

systems, .g_y/Pm. D/Sb and Cy/B1; Vno/Ubx (more fully described

in a prior section of this paper). Metafemale viability was in-

creased when autosomes two and three, but not the X-chromosomes, of

the three tester stocks were present. In no case did viability appear

to be associated with action of the second pair of autosomes only;

there were indications that increases in viability were associated

with the third pair of autosomes in cv v f and Dp(l;f)24 stocks.

The effect of the Ona stock seemed to require the presence of both

sets of autosomes.

There was, however, some variation within the three stocks

being tested. Three examples will demonstrate this within-stock

variation; A) Ona as tested by Cy/Pm; D/Sb B) Dp(l;f) 24 as tested

by Cdr /Pm; D/Sb; and C) Dp(1A24 as tested by Cy1B1; Vno/Ubx.

A) Three separate runs testing the effects of chromosome

pair two of the Ona genome were made (Table 18). The range of

productivity was from 1.60% to 7. 25% with a mean of 4. 00 %. These

values are not equal (P approximates 0.01). Likewise, when the

effects of chromosome three were measured in five separate runs,

the series of values ranged from 1. 27% to 8. 44% (mean = 4. 19 %,

P << -. 01). Obviously, all individuals of the Ona stock do not
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carry identical autosomal factors affecting metafemale viability.

B) Similar results were not obtained when Dp(l;f)24

autosomes were mated to Cy/Pm; D/Sb balancers (Table 18).

When both autosomes two and three were tested together, values

of 9. 7% and 13.9% were realized (mean = 11.50%, P approximates

0. 30). Three runs involving autosomes three alone were conducted;

the results range from 4. 05% to 8. 01 %, with a mean of 7. 12% (P

between 0.30 and 0. 20).

C) Action of Dp(1;f)24autosomes was retested with Cy, /B1;

Vno/Ubx balancers. These results (Table 19) reinforce those

obtained with Cy/Pm. D /Sb, with one possible exception. When

autosomes two and three were tested together, a range of 3. 15%

to 5.89% with a mean of 3.66% was obtained (P between 0.10 and

0. 05). When four runs of autosome two only were analysed, the

resulting range was from 0. 00% to 3.86% (mean = 0.83%, P < 0. 01).

This discrepancy was traced to Run 2, where 15 of the 387 F1 flies

were metafemale. Offspring from this high-yield run were allowed

to inbreed randomly for four generations, after which a repeat test

was conducted. This time a 1. 14% (6/527) metafemale emergence

rate was obtained, a value more similar to the autosome two results.

When four runs were made with autosomes three only, a

consistent yield of 0. 73% to 2. 09 %, mean of 1. 13 %, was obtained

(P between 0.10 and 0. 05). In general, the results of testing



Table 18. Individual runs of autosomal analysis of the Orinda
and Dp(l;f)24 tester stocks utilizing Cy/Pm- D/Sb
balancers. The values labelled "SUM" are those
values found in the "autosomal Effect" column of
Table 12.
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Autosomes
tested

Run
No.

Frequencey of metafemale
emergence

Orinda 1 4/250 (1.60%)
2 only 2 15/207 (7. 25 %)

3 3/93 (3.23%)
SUM 22/550 (4.00%)

Orinda 1 11/392 (2.81%)
3 only 2 8/376 (2. 13 %)

3 16/336 (4.76%)
4 27/320 (8.44%)
5 1/79 (1.27%)

SUM 63/1503 (4.19%)

Dp(1;f)24 1 14/87 (13.8%)
2 + 3 2 13/121 ( 9.7%)

SUM 27/235 (11.49%)

Dp(l;f)24 1 6/148 (4.05%)
2 23/412 (8.01%)
3 17/226 (7.52%)

SUM 56/786 (7.12%)

Dp(1;f)24 autosomes indicated little variation in action of these

autosomes. The major exception was that of a single run involving

the second pair of autosomes. Subsequent random inbreeding, and

presumably genetic drift, removed such factors from the stock.

The preceding comparisons indicate that the autosomal

factors affecting 3X2A emergence are not homozygous, even



83

Table 19. Individual runs of autosomal analysis of the Dp(1;f)24
tester stock utilizing Cy/B1; Vno/Ubx balancers. The
values labeled "SUM" are those found in Table 13.

Autosomes Run
tested No.

Frequency of metafemale
emergence

Dp(lf)24 1 23/390 (5.89%)
2 50/1441 (3.47%)
3 29/921 (3.15%)
4 24/690 (3.48%)

SUM 126/3442 (3.66%)

Dp(1;f)24 1 7/1246 (0.56%)
2 only 2 15/387 (3.86%) a/

3 2/353 (0.37%)
4 0/722 (0.00%)

SUM 24/2890 (0.83%)

Dp(1;f)24 1 6/819 (0.73%)
3 only 2 3/223 (1. 30%)

3 13/621 (2.09%)
4 6/825 (0.73%)

SUM 28/2488 (1. 13%)

a/ This discrepancy from the mean value was retested after four
generations of inbreeding. Upon retesting, the metafemale
emergence rate was measured at 6/527 (1. 14 %). See text
for discussion.

within those stocks that consistently yield high frequencies of

metafemale progeny. No factors were demonstrated on either the

C(1)RM or the C-S autosomes as tested with the Cy/Pm. D/Sb

balancer stock. This was expected since both of these stocks were

used in the original low-yield control matings. Onaautosomes, when

texted with Cy /Pm; D /Sb, showed no increase when acting

separately, but only when acting in concert. The cv v free, tested
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by Cy/B1; Vno/Ubx, showed increases for both chromosomes two

and three when acting together and for three acting alone, but no

increase was observed for two alone. Dp(l;f)24 was tested with

both balancers: Increases were noted for autosomes two and three

acting together in both series; a definite increase for chromosome

three acting alone when measured by Cy/Pm. D /Sb, but a slight

increase when measured by Cy/B1; Vno /Ubx. No increases were

observed with autosomes two alone. Such results suggest that

autosomal genes modifying metafemale viability are located on the

third pair of autosomes, and possibly interact with factors on the

second pair. Different high-yield stocks may well carry different

factors, sometimes in a heterozygous condition. It should be again

noted that any possible effects of the small fourth pair of chromo-

somes were not measured in this study.

The inability to easily isolate and identify genes promoting

aneuploid viability in this study is reminiscent of early investiga-

tions of the sex-determining factors of Drosophila. Bridge's

(1925) study of chromosome balance led to the hypothesis that the

X- chromosome of Drosophila carries female-determinants, the

autosomes male-determinants, while the Y-chromosome is devoid

of sex-inducing genes. In attempts to isolate these genes, various

chromosome duplications were added to diploid and intersex

genotypes. Diploid females to which regions of the X were added
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were virtually normal in sex-type, although other phenotypic

expressions were modified (Patterson, Stone and Bedichek, 1937);

nor was there any appreciable change of sexuality under the influence

of additional autosomal fragments (reviews by Kerr, 1960, and

Pipkin, 1960). Some female-like tendencies were noted in inter-

sexes (2X3A), however, when X-fragments were added to the geno-

type. Since the sexual phenotype of intersexes is quite variable

to begin with, the effects of these fragments could not be quantified.

There are nine known mutations inducing abnormal sex-phenotypes

in different species of Drosophila (Gowen, 1947). Of these nine,

seven are located in the third chromosome and only two in the

second. Thus, although the above-cited works deal with sex-

determination and the present study with aneuploid viability, a

parallelism is noted: genes affecting such sex-types are rarely

single genes, but a system of interacting factors; that such factors

are located not only on the X-chromosome but to a great extent on

the autosomes, especially the third pair; that the final expression

of these genes is difficult to quantify and therefore difficult to treat

statistically.

Some conclusions can be drawn from the data presented here

as to the nature of the metafemale viability genes: The 3X2A

progeny resulting from matings of attached-X females to regular

males are heterozygous (two maternal X-chromosomes and one
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paternal-X; one set each of maternal and paternal autosomes). The

fact that metafemale viability increased in several crosses when

these genes were heterozygous strongly suggests that the factors

are dominant in their action. The possibility of additive factors

has not been discounted by these data. Failure to stabilize meta-

female survival by inbreeding (a. v. C-S stock, Table 2, Ona

and cv v f stocks, Table 10, and Dp(1;f) 24 second autosomes,

Table 19) suggests that either these dominant genes are not

homozygous in the strains investigated and are easily lost by

inbreeding and/or that they are subject to a varying expressivity.
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V. SUMMARY

This study was a general approach to the question of genetic

and environmental influences upon metafemale (3X2A) Drosophila

melanogaster emergence patterns. The standard rate, using

attached-X (C(1)RM, _y f/Y) mothers and regular (XY) fathers,

was 0.83 + 0. 37%, n=7, 917, comparing favorably with previous

investigations (Morgan, 1925; Li, 1927; Dobzhansky, 1928; Brehme,

1937; Rolfes and Hollander, 1961). The 3X2A emergence events

were random and followed a Poisson distribution for all classes save

the largest. This discrepancy was explained as due not to non-

random metafemale survival but to non-random family (sample)

sizes.

The frequency of metafemale emergence was not increased by

increasing the number of parental flies per culture vial, reinforcing

the observations of Dobzhansky (1928). A significant correlation

between lowered rearing temperature, from 25oC to 20oC, and

increased metafemale viability was verified in this study (again

supporting the conclusions of Dobzhansky, 1928, but contradicting

those of Rolfes and Hollander, 1961). Treatment for as brief a

period as two hours at this lower temperature was effective if applied

during the fifth day (i. e., from 96 to 132 hours) of development.

This stage of sensitivity corresponds to the time of pupation
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(Bodenstein, 1950) which is that stage previously found sensitive

to X-aneuploid lethality (Li, 1927; Brehme, 1937).

Nearly 50 genetic strains of Drosophila melanogaster were

analysed for their effects upon metafemale viability. The mean

metafemale emergence rate for all stocks tested was 0.99 + 0. 29%,

a low value quite in agreement with the 0.83 + 0. 37% originally

obtained with Canton-S males. Three other C(1)RM stocks did not

increase viability over that of the standard C(1)RM, _y f females.

Of those crosses producing more than 400 F
1

and a 3X2A frequency

in excess of two percent (and therefore significantly in excess of

both the 0.83% and 0.99% controls, P < 0. 05), the most conspicuous

were: a duplicated-X (Dp(l;f)24); a wild-type (Orinda); one mutant-X

(cv v f; Dfdr57 ; and two X-inversions (AB and delta-±9J. Con-

spicuous by its absence from this group was the previously-noted

(Roberts, 1967) high-yield line, X-ple, a multiply-marked X-

chromosome. Crosses producing more than 600 F
1

and with a

3X2A frequency approximately 0. 10% or less (and therefore signifi-

cantly reduced from the 0. 83% and 0.99% standards, P < 0. 05)

included the following: a deleted-X (Df(1)sc8); a mutant-X (ss cv

v L.); an inverted-X (delta-41); two ring-X's (R(1)2); and a trans-_

location (T(1;3)wVco). Only two observations of debatable significance

are noted here: 1) metafemale emergence was depressed by position-

effect variegation; and 2) hypomorphic action of the extreme distal



89

tip of the X-chromosome tended to reduce 3X2A viability while

hypermorphic action of this region increased viability.

On at least three separate occasions individual strains

were inbred (either by sib-mating or by back-crossing) for several

generations. In each case the originally high-metafemale yield

declined and no stable rate was obtained, leading to the conclusion

that any genetic factors operating in these lines were not homozygous

or if they were, have a variable expressivity.

Three high-yield stocks, cv v free, Ona, and Dp(1;f)24,

were tested by the Cy/Pm. D/Sb and/or the Cy/B1; Vno/Ubx

balancer systems for autosomal influences upon metafemale

viability. The results indicated that there are factors in these

stocks on the third pair of chromosomes contributing to X-aneuploid

viability, and that factors on the second pair of chromosomes may

interact with those on the third to increase metafemale emergence.
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APPENDIX 1

Synopsis of Genetic Symbols Most Often Used in Text.
Based on the Compilation of Lindsley and Grell (1968).

Symbol Chromosome and location Characteristics

Basc Multiply-inverted X eyes Bar-shaped
and apricot-colored

B1 2-54.8 Reduced bristles

bwV32g Associated with inversion "Plum"eye color
of 2

ci
D 4-0 gaps in wing veins

C-S Canton-Special wild-
type

ct6 1-20.0 wing edges cut

CV 1-13.7 wing cross-veins
absent

Cdr Associated with inversion of 2 Curly wings

C(1)RM Reversed-metacentric
attached-X

C(4)RM Reversed-metacentric
attached -four

D Associated with inversion wings at 45° angle to
of 3 body axis

Dfdr57 3-47.5 eyes narrowed

d1-49 Inversion of X _

Dp( ) symbol for duplication
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ec 1-5.5 eyes bulging, facets
rough

e(bx) Inversion of X

eyD 4-2.0 eyes small to absent

f 1-56.7 forked bristles
2

.g._ 1-44.4 yellowish-ruby eye color

In( ) symbol for inversion

1(1)J1 1-0.0 recessive lethal

lz 1-27.7 eyes narrow, ovoid

Ona Orinda wild-type

Ore Oregon-300-19 wild-
type

R(1)2 symbol for ring-X
chromosome

Sb 3-58.2 Stubble-like bristles

sc 1-0.0 scutellar bristles re-
duced in number; this
locus is involved in
several inversions

T( ) symbol for translocation

Tp( ) symbol for transposition

Ubx130 Associated with inversion Halteres enlarged
of 3

1-33.0 vermilion eye-color

Vno Transposition of 3 Wing-veins interrupted
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W

X-ple

I.

1-1. 5 white eye color;
apricot eye color due
to allele of this locus,

a
W

Multiply-marked X, see descriptions of loci
sc ec cv ct6 2 involvedv g_ f

1-0. 0 yellow body color

+ - symbol for wild-type
gene or stock
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Sc

5 c 160 -14

sc 260-ZZ

svr
0.5

1,4 18283 04 05 06 1E2

18

sc7

1----1.4 9.0 13.Z 14.0 27.5 32.1 39.3

13P

Sc'
C4

.5 C51

49.1 512 6b.0
sp-a

3A 4D F 50 6AS 6C9 9F 10F 110 F 13FOVH
dr-49

64 F

16E 20C

lA aft break, of 01(1;f)1.4
zoc lasc

rig4t creak of 01(4)24 1Z°
Position of chromosome breaks in various structural rearrangements used in this study.


