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Translocations in Sciara; Their Bearing on 
Chromosome Behavior and 

Sex Determination 

HELEN V. CROUSE* 

I. INTRODUCTION 
A. Statement of the Problem 

In the genus Sciara there occur regularly types of bizarre chromo
some behavior which are of significance for the general problem of 
chromosome kinetics ·and" which relate specifically to the inheritance 
and determination of sex in this fly. The peculiar behavior of the 
so-called precocious chromosome in particular provides material 
favorable to an experimental study of these problems. 

At the second meiotic division of the Sciara male, the sister 
halves of the precocious chromosome do not separate but pass to
gether to one pole of the spindle in advance of the separating halves 
of the other members of the complement. The factors involved in 
the movement of the precocious chromosome can be studied by means 
of reciprocal translocations. If this chromosome is broken at differ
ent points by x-ray treatment, it should be possible to localize the 
region responsible for precocity. 

From previous research on the cytology and genetics of normal 
material it has been inferred that the precocious chromosome is the 
sex chromosome, and that during the course of embryogeny there 
occurs a sex specific elimination of the precocious chromosome 
derivatives. Experimental evidence on this issue can be obtained 
from the reciprocal translocation material. Moreover, the behavior 
of the translocation chromosomes during embryogeny yields evidence 
regarding the function of the precocious chromosome in the early 
developmental stages of the zygote. 

The reciprocal translocations are valuable also for an analysis 
of sex inheritance in Sciara. Within the genus there occur digenic 
and monogenic strains. Progenies of the former type consist of 
sons and daughters, whereas monogenic families are composed of 
one sex only. Obviously the analysis of the sex determining mechan
ism would be facilitated should the translocations alter the mono
genic or digenic state. 

B. The Chromosome History in Normal Sciara 
The genetic and chromosomal conditions found normally in Sciara 

differ in several respects from those observed in Drosophila and in 
most other organisms which have been studied genetically. The 
chromosome history of Sciara is represented schematically in Fig. 1. 

*This investigation was conducted in the Laboratory of Genetics of the Missouri Agri
cultural Experiment Station, under the direction of Professors Barbara McC!intock and 
L. J. Stadler. I am indebted also to Professor C. W. Metz of the University of Pennsylvania 
for helpful suggestions. Part of the work was done during the tenure of an A. A. U. W. 
Fellowship (Elizabeth Avery Colton Fe1low, 1941-42). 
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In Drosophila there is present in every cell of the body at least 
one member of each pair of chromosomes. In the germ line of most 
species of Sciara there is, in addition to the basic set of four 
chromosomes, a type of chromosome which is distinguishable in 
appearance and behavior. Chromosomes of this type are known as 
limited chromosomes because. of their restriction to the germ line 
(Metz and Schmuck, 1931b). They are eliminated from the embry
onic soma during early cleavage (Fig. 1). The limited chromosomes 
are not known to contain any genes, and they remain heter
opycnotic and condensed during the growth stages of the nurse cell 
and the primary spermatocyte. The number of limited chromosomes 
in the germ line of an individual may vary from one to three (Metz·, 
1938). So far as we know, these chromosomes have no sex determin
ing function. In two species, S. ocellaris and S. reynoldsi, they are 
absent (Metz and Lawrence, 1938). 

In Drosophila the sperm and the egg contribute equivalent sets 
of chromosomes to the zygote. In Sciara oogenesis follows the 
orthodox pattern. Homologous chromosomes undergo synapsis and 
crossing over and segregate at random. At fertilization the egg 
contributes to the zygote a haploid set of chromosomes (Schmuck 
and Metz·, 1932) of maternal and paternal derivation (Metz, 1927). 
This haploid set consists of an X, three autosomes, and one or no 
limited chromosome. The chromosomal contribution of the Sciara 
sperm to the zygote is not equivalent to that of the egg. In addition 
to one or more limited chromosomes the sperm transmits two sister 
X chromosomes and three autosomes, all five of which are maternally 
derived. This condition arises from the aberrant meiotic divisions 
found regularly in the Sciara male. 

The first maturation division in the male is a monocentric mitosis 
which accomplishes the directed. segregation' of maternal from 
paternal homologues. (Metz, Moses, and Hoppe, 1926). The single 
chromosomes do not congress in any one plane comparable to an 
equatorial plate but begin anaphase movement from their prophase 
positions. Certain chromosomes move toward the pole, while others 
move away from it. The latter, as genetic studies indicate, are 
always of paternal derivation. This is true only with respect to 
the autosomes and sex chromosome. All the limited chromosomes, 
whether of maternal or paternal origin, go to the pole and become 
included in the secondary spermatocyte nucleus (Metz, Moses, and 
Hoppe, 1926) . The chromosomes which move away from the pole 
are extruded in a finger-like process. This bud later degenerates. 
Therefore, each primary spermatocyte gives rise to only one sec
ondary sperrilatocyte. Because of the selective 'segregation of 
chromosomes at this first division, Sciara males never transmit 
genetic factors of paternal origin. 
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The second meiotic division in the Sciara male is also aberrant 
and asymmetrical (Metz, Moses, and Hoppe, 1926). It is an equa
tional division with respect to all the chromosomes exce;pt the pre
cocious chromosome. The mitotic figure is bipolar, and there is an 
equatorial plate on which all the chromosomes, with the exception 
of the precocious chromosome, congress. The behavior of tbe 
precocious chromosome is extraordinary and constant. Both halves 
of the precocious chromosome advance to one pole of the spindle 
before anaphase separation of the other chromosomes has begun. 
Two unequal products result from this second maturation division, 
a cell which differentiates into the sperm and a bud which degener
ates. Regularly both halves of the precocious chromosome are 
included in the sperm nucleus. All the evidence at present points 
to the identification of the precocious chromosome as the sex, or X, 
chromosome of Sciara. 

In Drosophila the basic chromosome group remains constant in 
all the tissues during embryogeny. In Sciara the original zygotic 
complement is maintained through only five or six cleavages. The 
fertilized egg begins its development under the influence of three 
pairs of autosomes, three X's, and one or more limited chromosomes. 
Two of the X chromosomes are derivatives of the precocious chromo
some. At either the fifth or sixth cleavage, in species which possess 
limited chromosomes, there is an elimination of these chromosomes 
from the somatic nuclei of male-producing and female-producing 
eggs (DuBois, 1933). Thereby, the soma becomes chromosomally 
distinct from the germ line. This elimination occurs at anaphase. 
According to DuBois (1933) the limited chromosomes do not redupli
cate, and at anaphase they are left in the middle of the ~-pindle. 

At the seventh or eighth cleavage there is a sex specific chromo
some elimination from the somatic 'nuclei (see Fig. 1). This 
elimination involves the X chromosome, and it occurs at anaphase. 
According to Dubois (1933) the chromosomes which are to be 
eliminated reduplicate in their proximal regions, and the halves 
begin to separate in anaphase. This separation is not completed, 
however, and th~ chromosomes are left in the middle of the spindle. 
Genetic studies (Metz, 1927, Smith-Stocking, 1936, Crouse and Smith
Stocking, 1938) prove that the chromosomes eliminated are of 
paternal origin. In female-producing eggs one paternally derived 
X is eliminated from the somatic nuclei, in male-producing eggs 
two paternally derived X's. It is inferred that the chromosomes 
eliminated are derivatives of the precocious chromosome. Follow
ing the elimination the male soma is XO, the female soma XX. 

The elimination of the extra paternal X chromosome from the 
male and female germ line occurs after the germ cells have migrated 
to their future gonadal site (Berry, 1938 and 1941). This elimina
tion occurs from resting nuclei, and it appears to involve the 
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movement of the X chromosome directly through the nuclear mem
brane into the cytoplasm. 

The elimination of limited chromosomes from the germ line has 
not been observed. Presumably it occurs, however, since the num
ber of limited chromosomes does not increase. 

In Drosophila a female produces sons and daughters. The same 
is true of certain strains of Sciara, designated digenic strains, 
but in other strains (monogenic) the females are either male-pro
ducers or female~producers. The problem of sex determination in 
Sciara is a complicated one. It will be discussed in detail in 
section VI of this paper. 

II. MATERIAL AND METHODS 
To induce reciprocal translocations, adult males were rayed at 

5000-6500 roentgens. Similar treatment had previously yielded trans
locations in Sciara, as indicated by the cytological analysis of Metz 
and Boche (1939) on the larval salivary glands of an F 1 generation 
derived from irradiated males. During the course of the experi
ments (June, 1939-September, 1941) x-ray facilities were made 
available through the courtesy of Dr. Louis R. Maxwell of the 
Bureau of Chemistry and Soils, U. S. Department of Agriculture, 
Dr. G. Failla of the Marine Biological Laboratory at Woods Hole, 
and Dr. L. J. Stadler of the University of Missouri. The adult 
males were placed in gelatin capsules and exposed to the unfiltered 
irradiation at a distance of eight or twelve inches from the target. 
During the period of treatment the temperature was kept at 24° 
C. or lower. 

In the first experiments performed S. reynoldsi Metz was selected 
as material for study. Preliminary examination (Crouse, 1939) of 
this species indicated that it was particularly favorable for cyto
logical observations on the peculiarities associated with the X 
chromosome. All four pairs of chromosomes are distinguishable in 
metaphase, and the absence of lin:iited chromosomes from the germ 
line facilitates the study of spermatogenesis. Unfortunately, there 
are very few genetic markers in this species (Crouse and Smith
Stocking, 1938). When the experiments were undertaken, only two 
mutant stocks were available. One was heterozygous for the au
tosomal dominant Puff, the other homozygous for yellow, a sex
linked ·recessive. Like all other known dominant characters in 
Sciara, Puff is lethal in homozygous condition, and females heter
ozygous for Puff produce fewer offspring than wild-type females. 
The transmission and viability of yellow, on the other hand, are 
excellent. 

In order to detect translocations between the X chromosome and 
the autosome on which Puff is located, Puff males were rayed and 
mated to single virgin yellow females. The F 1 Puff females were 
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then backcrossed to yellow males, and the F 2 generation examined 
for linkage between Puff and yellow. Since S. reynoldsi is digenic, 
a yellow female mated to Puff males would give the following F1 : 

y 9 x p :! :! 

F 1 : P99,yPo'o' 

The male offspring are yellow because their soma is XO, the X being 
maternal in origin, and the whole p1·ogeny shows the Puff character 
because the father transmits the same set of maternally-derived 
genes to all his offspring. Although the F 1 males exhibit Puff, they 
do not transmit it. 

In case the F 1 Puff females do not carry a translocation of the 
type desired, they will, on backcrossing to yellow, give sons and 
daughters of four different phenotypes-yellow, yellow-Puff, +, and 
Puff-in approximately a · 1 :1 :1 :1 relationship. On the other hand, 
if a t_ranslocation is present, the recombination classes, yellow-Puff 
and +. will appear less frequently, the frequency depending on the 
amount of crossing-over between the mutant loci and the point of 
translocation. 

In later experiments S. coprophila Lintner was used. In , this 
species there are genetic markers on all four chromosomes. This 
species offers a second advantage in that sex ratio can be pre
dicted. Knowing what the sex ratio of a progeny should be, it is 
possible to determine whether or not the ratio is altered by trans
locations involving the sex chromosome. In this connection the sex 
linked character Wavy in coprophila is very useful. It is a dom
inant, lethal to males. Wavy females (XX') are female-producers, 
and their + sibs are male-producers (see Fig. 2). In orde.r to detect 
translocations involving chromosome X of this species, males were 
rayed and mated to virgin Wavy females. In each experiment the 
rayed males were either wild type or heterozygous for an autosomal 
dominant, Dash or Fused. These two mutants represent different 
linkage groups (Smith-Stocking, 1936) . Each is lethal in homozygous 
condition, but in both cases the heterozygotes are highly fertile. 
Although all four chromosomes are marked genetically in S . coprophila, 
multiple mutant stocks cannot be used in the search for transloca
tions. All the mutants affect wing characters, and in combination 
give phenotypic classes that are indistinguishable or classified with 
difficulty. Consequently, in any one x-ray experiment translocations 
could be detected genetically only between the X and one of the 
autosomes. 

Since the rayed males were mated to Wavy females, the F 1 gener
ation was a feJ:Ilale family, approximately half of which showed the 
Wavy character. In case Fused males were rayed, all the F 1 daugh-
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Fig. 2.-Diagram illustrating the history of the chromosomes in monogenic S. coprophila whe·n Wavy (XXt) females and non-Wavy (XX) females are bred to wild-type males. The limited. chromosomes are omitted from consideration. Autosomes and sex chromosomes represented as in Fig. 1. 

ters were Fused; similarly, all of them were Dash when Dash males 
were rayed. The F 1 females were mated singly to + males from 
Wavy stock cultures, and the F 2 generation examined for linkage 
between Wavy and the autosomal dominant. In some of the x-ray 
experiments on S. coprophila an attempt was made to identify trans
locations in the F 2 by cytological examination of the larval salivary 
glands. 

The translocations detected were established as stocks, and a 
cytological study of the salivary gland chromosomes was made. 
Since there were no salivary chromosome maps available ·for S. reynolds.i 
and S. coprophila, mapping of the normal chromosomes in these two 
species had to be undertaken in order that the points of breakage 
could be satisfactorily locaJ.ized and designated. In S. reynoldsi the 
two chromosomes involved in the reciprocal translocations have been 
mapped (Fig. 3), and in S. coprophila maps have been made for all 
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four chromosomes (Fig. 7). For this study a Bausch and Lomb 
research microscope equipped with a 1.5-1.6 aplanat condenser and a 
1.3 apochromatic oil immersion objective was used. Camera lucida 
drawings of representative well-stretched regions of the chromo
somes were made at table level. Each chromosome was drawn in 
sections and the sections then retraced and put together in the 
proper order. · As has been emphasized by Metz (1935), the mode 
of expression of the bands in Sciara varies considerably from prep
aration to preparation. In one preparation a band may look like a 
smooth disc; in another it may be a vesicle with an achromatic core. 
The most sharply banded region is represented on the maps, and 
some of the lighter bands have been omitted. ·For this reason the 
individual bands in S. coprophila have not been designated separately. 
Instead, a group of bands within a section has been lettered A, B, 
or C. In S. reynoldsi the bands have not been designated by numbers 
or letters since two of the chr'omosomes have not yet been mapped. 

Cytological studies were made on spermatogenesis in males heter
ozygous for translocations involving the X chromosome. In each case 
the translocation was maternally derived. Particular attention was 
paid to the size, shape, and ·behavior of the precocious chromosome 
during the second meiotic division. In the same X translocation ma
terial observations were made on the chromosome complement in the 
soma and oocyte nuclei. For these cytological studies acetocarmine 
smear preparations and smears stained by the Feulgen reaction were 
used. 

The orginal stocks of S. reynoldsi and S. coprophila were obtained 
from the laboratory of Dr. C. W. Metz', and the culture technic was 
that worked out in Dr. Metz's laboratory. The life span of the adult 
Sciara fly is usually eight to ten days. Within this period the flies 
will copulate and the females deposit ·· their eggs. Genetic tests 
indicate that Sciara females do not produce offspring by more than 
one male. The sperm are stored in the spermathecae, and the eggs 
fertilized singly as they pass out of the vagina. A female usually 
deposits all her eggs over a · 1-2 day period. The. eggs hatch approx
imately eight days after deposition. There are four larval instars 
followed by pupation and the emergence of the imago. During the 
course of these experiments the flies were kept hi a constant tem
perature room at 22-24°C. At this temperature the period of develop
ment from egg laying to emergence of the imago requires about 
thirty days. Throughout the larval period the flies were fed every 
other day a mixture of mushroom soup powder, yeast, and finely
ground straw. All progenies were raised in glass vials. 
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III. IDENTIFICATION OF CHROMOSOMES IN S. REYNOLDS!. 
By the method described previously 531 F 1 daughters of irradiated 

S. reynoldsi males were tested for translocations involving the X 
chromosome and the autosome carrying the Puff marker. In only 
four cases were such translocations detected. They have been des
ignated T 63, T 69, T 440, and T 750 respectively. 

Culture X63 (Table 5) represents the progeny of a female heter
ozygous for Puff and yellow, whose Puff father was irradiated at 
5000 r units. The phenotype of the F 2 progeny indicated complete 
linkage between Puff and yellow; there were 22 Puff males and 22 
yellow males. These males were· mated to virgin yellow females 
from stock, and the results of the matings are summarized in Tables 
3a and 3b. Salivary gland analysis showed that all the Puff males 
transmitted T 63, whereas their yellow male sibs transmitted a 
normal chromosome complement. Subsequent breeding tests on 
females heterozygous for T 63 (Table 5) revealed some crossing-over 
between the two marked loci and the point of translocation. The + 
and the yellow-Puff (yP) flies represent cross-overs. Tests on these 
individuals indicated that in approximately half the cases the + 
and yellow-Puff flies were carrying T 63. It is not known whether 

·the Puff and yellow loci are on the same or on different translocation 
chromosome~. 

As in the. case of T 63, females heterozygous for T 69, T 440, and 
T 750 (Tables 8, 10, and 11) show linkage between Puff and yellow. 
In these three translocations some crossing-over has been detected 
between the marked loci and the point of breakage. 

The four pairs of chromosomes in the salivary gland nuclei of 
S. reynold8i have been designated A, B, C, and X, and the ends of 
each chromosome pair have been lettered 1 or 2 (Metz, 1935, and 
Metz and Lawrence, 1938). The salivary complement of the female 
larva is shown in Photomicrograph 5. In Sciara there is very little 
nucleolar or chromocenter material, and it is impossible to dis
tinguish the centromere regions on the salivary chromosomes. Chro
mosome X is identifiable as the sex chromosome is salivary gland 
nuclei of the male where, because of its haploid state, it stains 
more lightly than the three pairs of autosomes. This light staining 
capacity is shown in Photomicrograph 2. In normal S. reynoldsi 
material the X is seen regularly as a figure 8. This configuration 
is the result of duplications located on the chromosome; their posi
tion is indicated on the map in Fig. 6 by the word "repeat". On 
the map each duplicated region is represented as three light bands. 
Usually these regions result in lateral attachments at the three loci 
indicated-hence a figure 8 such as that shown in Photomicro
graph 7. 

The reciprocal translocation. observed in the larval salivary gland 
nuclei of females heterozygous for T 63 is shown in Photomicro-
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graph 1. In this figure the lateral attachments on the X chromosome are clearly visible. T 63 as observed in the male heterozygote is shown in Photomicrograph 2. Here the lateral attachments have been broken, and the two chromosomes involved in the t r anslocation can be followed without difficulty. In this figure the haploid condition of the X in the male soma is demonstrated. The single X is equal in diameter to the paired autosomes, but it stains less intensely. The translocation chromosomes produced by T 63 are Bl-X2 and B2-Xl. The points of breakage on B and X have been indicated on the map in Fig. 3. 
This cytological analysis of T 63 establishes the ident ification of salivary chromosome X as the bearer of the sex-linked genes, and it identifies chromosome B as the autosome which carries Puff. The identification of the two linkage groups is supported by the salivary chromosome configuration observed in T 69 and T 440. Chromosomes B and X are involved in translocation T 440 (Photomicrograph 3) and chromosomes B, C, and X in T 69 (Photomicrograph 9 and Drawing 9a). 

In S. reynoldsi in metaphase there are four pairs of morphologically distinguishable chromosomes in the female soma (Photomicrograph f) and in the germ line of both sexes (Photomicrograph i) . There is a pair of large V-shaped chromosomes, a pair of smaller V's, and two pairs of rods (Crouse, 1939). The V-shaped chromosomes are readily distinguishable on the basis of size difference. Measurements have been made on the relative lengths of the two rods in metaphase of somatic cells and secondary spermatocytes. Photomicrographs d, j, k, and 1 show the metaphase stage at which measurements were made on the spermat ocytes. The relative lengths of the two rods, based on camera lucida measurements of ten somatic figures, are as 1.5 :1. In metaphase of the secondary spermatocyte camera drawings of twenty-five figures selected from five different . well-flattened smear preparations gave a ratio of 1.4 :1. In anaphase of the secondary spermatocyte division (Photomicrograph m) the ratio obtained by measurements on twenty-five figures selected from five preparations is 1.6 :1, and the longer rod is observed to be the precocious chromosome. The relative increase in length of the longer rod in anaphase appears to be due to a tension in the centromere region of this chromosome which is associated wit h the precocious behavior. 
That all four pairs of chr.omosomes in S. reynoldsi are morphologically distinguishable in metaphase has been shown by the photomicrographs and the measurements cit ed. On the basis of the same evidence it is clear that the precocious chromosome is the longer of the two rods. It remains to be demonstrated that the sex chromosome is the longer rod. 
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The sex chromosome of Sciara is the chromosome which is regu
larly present in haploid condition in the male soma. The metaphase 
chromosome complement of the male soma is shown in Photo
micrograph g. The chromosome pairs tend to be associated on 
the metaphase plate as a result of somatic synapsis found in the 
Diptera. The unpaired chromosome in this figure is the one to the 
right of the pair of large V's. It is obviously longer than the pair 
of rod chromosomes. The length ratio of the single rod to the rod 
pair in the male soma, based on measurement of ten metaphase 
figures, is lr5 :1. The precocious chromosome, therefore, is the sex 
chromosome of S. reynoldsi. In view of evidence to be presented in 
section V of this paper it can be stated, moreover, that the shorter 
rod in this species is the same as salivary chromosome B. 

IV. IDENTIFICATION OF CHROMOSOMES INS. COPROPHILA. 
Altogether, ten translocations have been studied in S. co'[Yl"ophila. 

Five of them involve the X chromosome. The translocation chromo
somes produced are represented diagrammatically in Fig. 5. Each 
chromosome has been drawn to scale and the points of breakage 
identified in terms of the sections and subdivisions designated on 
the maps. The normal salivary complement of S. coprophila is 
shown in Photomicrographs 4 and 10. The ends of the three rod~ 
like chromosomes have been designated c and f, indicating the 
proximal (centromere) and distal (free) end respectively. In Plate 
7 the distal ends are oriented· towards the left. Map sections 12, 
22, and 34 mark the proximal ends of chromosomes X, II, and III. 
Chromosome IV is the v-shaped chromosome of the metaphase group 
(Drawing T). The two arms of IV have been designated IV L and 
IV R. The centromere of IV is believed to be located near map 
region 43 C, since, in the process of smearing, the chromosome tends 
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to pull apart in this region. Translocations T 1215 and T 1217 
place the centromere between regions 41 B and 45 A. 

On the X chromosome of this species there are two repeats (2 C 
and 12 B on map) which result in the lateral attachment and loop 
configuration shown in Photomicrograph 10. This loop makes it 
difficult to map sections of the sex chromosome which have been 
stretched to the same degree as sections of the autosomes. Conse
quently, the relative length of the sex chromosome is actually greater 
than that represented on the map and on the diagrams in Figs. 4 
and 5. Chromosomes X and III are believed to be of approximately 
the same length; therefore, twelve map sections have been assigned 
to each of them. 

In S . coprophila at metaphase there are three pairs of rods and 
one pair of V-shaped chromosomes~ The haploid set of four chromo
somes of this species can be s.een in Photomicrograph b as the 
chromosomes retreat from the single pole during the first meiotic 
division of the male. The translocation studies establish the identity 
of the V-shaped chromosome and chromosome IV of the salivary 
complement. 

On the basis of the ten translocations it is possible to designate 
the free and centromere ends of the three rod-like chromosomes. 
No scheme other than that shown in Fig. 5 will give three rods 
and one V-shaped chromosome in metaphase and a rod-like pre
cocious chromosome at the second maturation division in the male. 

Studies on the ten translocations have also made it possible to 
identify the four linkage groups of this species. The dominant 
character Stop was found by Dr. Helen Smith-Stocking in the 
progeny of radium treated flies. Its genetic behavior was studied 
by the author (Crouse and Smith-Stocking, 1938), who reported the 
character to be accompanied by a translocation between the auto
somes associated with the Fused and Dash linkage groups. In the 
present study the Stop translocation has been examined cytologically. 
It involves chromosomes II and IV (Photomicrograph 12). Linkage 
studies on the other translocations have made it possible to associate 
chromosome II with the Fused linkage group and ch.romosome IV 
with the Dash linkage group. Translocations T 1215 and T 1217, 
for example, both involve chromosomes X and IV (Photomicrographs 
14, 18, 20, and 21), and both of them are closely linked with Dash. 
Tests on twenty sons derived from females heterozygous for T 1215 
gave zero recombination between Dash and the point of translocation. 
Similarly tests on twenty-seven sons derived from mothers heter
ozygous for T 1217 yielded no recombination between Dash and 
the point of breakage. On the other hand, translocations T 611 
and T 993, both of which involve chromosomes X and II (Photo
micrographs 6 and 11), show linkage with Fused. Fifty-three tests 
on T 993 gave 3.8% recombination between Fused and the point of 
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translocation. T 611 was kept for such a short period of time that 
the exact percentage of recombination with the Fused locus could 
not be determined. Since the ten translocations in this species 
definitely place Dash and Fused on autosomes IV and II and the 
sex-linked gene Wavy on chromosome X, the Curly linkage group 
(Smith-Stocking, 1936) must be associated with chromosome III. 
An X-III translocation, T 1232, has been obtained (Photomicro
graphs 16 and 17), but its linkage with the Curly locus has not 
been tested. 

V. EFFECT OF THE TRANSLOCATIONS ON THE BEHAVIOR 
OF THE PRECOCIOUS CHROMOSOME. 

The translocation studies, as stated previously, were undertaken 
primarily to localize on the precocious chromosome the region re
sponsible for its extraordinary behavior during spermatogenesis. 
Metz applied the term "precocious" to this chromosome because of 
its early movement in the spindle figure at the second maturation 
division. This behavior has been reviewed briefly in the introduc
tion to this paper. According to the original description (Metz, 
Moses, and Hoppe, 1926) the chromosome reduplicates throughout 
its entire length prior to the poleward movement, and two spindle 
fibers extend from it, one to each pole of the achromatic figure. 
On the basis of his cytological observations Metz (1936) postulated 
that the centromere, not the chromosome as a whole, is responsible 
for the precocity. 

That the centromere is ordinarily essential to the normal move
ments of chromosomes during metaphase and anaphase has been 
established by studies on acentric fragments (McClintock, 1938a 
and b, Carlson, 1940). A chromosome deprived of its centromere 
does not congress on the equatorial plate or move poleward during 
anaphase in the normal manner. 

Although the centromere is an essential agent in the movement of 
chromosomes at anaphase, it is not the only one. The behavior of 
the paternal chromosomes at the first maturation division in the 
Sciara male, for example, demonstrates the activity of at least two 
different forces. Ordinarily in most organisms the centromere leads 
the way as the chromosome moves poleward during nuclear division. 
In Sciara, however, the paternal chromosomes which move away from 
the single pole do so in spite of the fact that their centromeres are 
oriented towards the pole. This behavior Metz· (1926a) interprets 
as evidence of the action of two distinct forces on the chromosomes, 
one acting at the centromere in the direction of the pole, the other 
a nonlocalized force which results in the actual movement of the 
chromosomes away from the pole. Although these two forces oppose 
each other in the monocentric division of Sciara, Metz believes the 
two to be coordinated in ordinary bipolar mitosis. Still other factors 
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are known to facilitate the movement of chromosomes at anaphase, e.g., the initial autonomous repulsion between chromosomes and elongation of the interzonal region as demonstrated by Belar (1929) on the living spindles of Tradescantia and Chorthippus. The behavior of the precocious chromosome is not explainable in terms of mutual repulsion forces or growth of interzonal fibers, for this chromosome is already at one pole of the spindle before the other chromosomes begin their anaphase se.paration. 
From the standpoint of localizat ion, there are three tenable hypotheses which may be tested by the translocation evidence. First, the entire sex chromosome at this stage may be of such a nature that any translocation chromosome containing X material would tend to exhibit precocity. Second, a localized region or gene on the X may control the early movement in the spindle figure. At present there is no established case of gene controlled chromosome movement during nuclear division. If it exists in Sciara, then by translocation it should be possible to localize it and separate it from the X centromere. The third possibility, mentioned previously, is control of the precocious movement by the X centromere. In this case, irrespective of the point of breakage on the X, the translocation chromosome in possession of the X centromere should exhibit precocity. It is obvious that in order to distinguish between the second and third possibilities, the translocation chromosomes must be identifiable in anaphase and metaphase on the basis of shape or size differences. 

Spermatogenesis has been studied cytologically in the case of translocations T 63 and T 440 in S . reynoldsi and translocations T 993, T 1215, and T 1232 in S. coprophila. In each case in which the sex chromosome is translocated reciprocally with the autosomes, only one of the translocation chromosomes exhibits precocity at the second maturation division. In the three instances in which the translocation chromosomes are visually distinguishable, T 440, T 1215, and T 1232, the precocious chromosome has been shown t o be the one with the· X centromere. 
' Identification of the precocious chromosome in males heterozygous for translocation T 440 was made on the basis of comparative length measurements on the salivary and metaphase chromosomes. In section III of this paper it was noted that translocations T 63 and T 440 both involve salivary chromosomes B and X, and that the normal metaphase complement of this species consists of two pairs of rod-shaped chromosomes and two pairs of V's. Salivary chromosomes B and X are known to correspond to the two rods. This conclusion is based on spermatogenesis studies on males heterozygous for the translocations. The studies indicate that each translocation is accompanied by a change in the relative length of the two rods at metaphase, whereas the two V's are indistinguishable from those 
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observed in the testes of normal males. Since both of the chromo
somes involved in T 63 and T 440 are rod-like, the translocation 
chromosomes in the metaphase nucleus can be identified only by 
means of comparative length measurements. 

The centromeres of salivary chromosomes B and X are located 
towards end Bl and XI respectively. This deduction was made on 
the basis of recip1·ocal translocations between X and A, one of the 
V-shaped chromosomes of this species. The X-A translocation 
figures were observed in Dr. Metz's laboratory among the progeny 
of x-rayed males. The deduction is supported by the translocation 
data on S. coprophila summarized in Fig. 5, which place the X centro
mere toward end Xe. In all the photomicrographs showing the sex 
chromosome, salivary ends Xl and X2 of reynoldsi can be seen to 
correspond respectively to ends Xe and Xf of coprophila; ends Xl 
and Xe are both rich in heterochromatin and both possess a nearly 
terminal repeat region, whereas X2 and Xf are alike in being rela
tively free of heterochromatin and in having a repeat region some 
distance from the end. 

The two translocation chromosomes produced by T 63 and T 440 
are Bl-X2 and B2-Xl (see Photomicrograph 1, 2, and 3). These 
two chromosomes have been compared in length with chromosomes 
B and X of the normal reynoldsi complement (Table 31). Measure
ments taken directly from the maps in Fig. 3 set the length of B at 
207.25 microns, of X at 216.75. Actually X is relatively longer than 
these figures indicate because of the difficulty of obtaining stretched 
regions of the X for mapping. In the case of translocation T 63 
chromosomes Bl-X2 and B2-Xl measure 219 and 205 microns re
spectively·; for T 440 the corresponding figures are 166.5 and 275.5 
microns. 

Similar comparisons have been made on the metaphase chromo
somes of normal and translocation material. Secondary spermato
cytes from normal males and from males which received the trans
location from their mother and which were known to transmit T 63 
or T 440 constitute the material on which these comparisons are 
based. In reynoldsi the meiotic divisions in the male occur during 
late larval life just prior to pupation, thereby making it possible 
to analyze cytologically the testes and salivary glands of the same 
male larva. In all the studies on spermatogenesis in the transloca
tion material of reynoldsi this procedure was followed, and no 
spermatocytes were considered until the translocation had first 
been observed in the salivaries. In the secondary spermatocytes of 
T 63 and T 440 males the normal paternally-derived chromosomes 
are not present since they have already been eliminated at the first 
meiotic division1 ; consequently, only the translocation complement 

1Cytologicai observations on the first meiotic mitosis show this proce'ss to be like that 
found in normal material, and genetic data prove that the· paternally-derived chromosomes · 
are the ones eliminated. 
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remains. This complement in the case of T 63 is shown in Photo
micrographs j and I. Two rods and two V's are present, and it can 
be seen that the rods are more nearly equal in length than in the 
normal secondary spermatocytes (Photomicrograph d). Camera 
measurements on twenty-five metaphase figures selected from five 
different smear preparations gave a length ratio of 1.05 :1 instead 
of the ratio of 1.38 :1 for normal chromosomes. The total length 
represented by the two rods in the spermatocytes of T 63 males 
approximately equals that represented by the original rods. In 
absolute units this total length in T 63 spermatocytes was found to 
be 7.67; in normal spermatocytes the corresponding figure was 7.60. 
These figures were derived from measurements on twenty-five cells 
in each case. Since the two translocation chromosomes produced by 
T 63 are so nearly equal in length (1.05.:1 in metaphase and 205 :219 
microns in the salivaries), it is impossible to state which of the 
two exhibits precocity at the second maturation division. Fortun
ately this is not the case with respect to translocation T 440. The 
two translocation chromosomes produced by T 440 are very unequal 
in length (Photomicrograph 3). As stated previously, the salivary 
chromosomes Bl-X2 and B2-Xl measure respectively 166.5 and 257.5 
microns. In metaphase of the secondary spermatocyte the length 
relationship between these two chromosomes is 1.89 :I. It is the 
longer chromosome which exhibits precocity; the shorter one con
gresses on the equatorial plate with the two V's (Photomicrograph 
k). The ratio 1.89 :1 was derived from measurements on twenty-five 
different figures. In view of this ratio and the measurements on 
the salivaries, it appears valid to conclude that chromosome B2-Xl, 
the one with the X centromere, is the chromosome that behaves 
precociously at the second meiotic division in the male, and that 
consequently there is no region distal to the T 440 break on chromo
some X that controls the precocity. It should be pointed out that 
comparisons between salivary and metaphase chromosome length 
appear to be valid in both S. reynoldsi and S. coprophila since the 
longest metaphase chromosome in each case is represented by the 
longest salivary and vice versa. 

Spermatogenesis studies on translocations T 993, T 1215, and 
T 1232 reveal a situation similar to that observed in the S. reynoldsi 
translocation material. In each case, only one of the translocation 
chromosomes exhibits precocious behavior at the second maturation 
division. The method of cytological analysis used for the S. copro
phila translocations differed slightly from that employed in the case 
of the S. reynoldsi translocations. This difference was necessitated 
by the fact that spermatogenesis in S. coprophila occurs early in pupal 
life, 'i. e., subsequent to the break-down of the larval salivary glands. 
Consequently, in this species it is impossible to analyze both the 
salivary glands and testes from the same individual. Before 
spermatocyte analysis on the S. coprophila translocations could be 
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undertaken, therefore, the transmission of the translocations had 
to be investigated. 

The salivary chromosomes produced by each of the S. coprophila 
translocations are represented diagrammatically in Fig. 5. In the 
case of T 1215 it can be seen that the translocation chromosome with 
the X centromere will be rod-like in metaphase and anaphase, 
whereas the translocation chromosome with the X segment ending 
in Xf and possessing the median centromere of chromosome IV 
will be a V or J in metaphase. Such a distinction on the basis of 
shape is impossible in the case of T 993 and T 1232 because both 
the chromosomes involved in these two translocations are rod-like 
in the dividing nucleus. The translocation chromosomes produced 
by T 1232 are very unequal in length as the diagram shows, however, 
and one might expect to be able to distinguish between these two 
chromosomes at metaphase. 

Females heterozygous for T 993 were bred to normal males and 
found to produce normal and translocation-bearing sons in approxi
mately equal numbers (Table 17). The latter, however, emerged at 
least two or three days later than the normal sibs. Therefore, the 
spermatocyte analysis of T 993 involved the smearing of pupal 
testes from a particular culture on four successive days. Each day 
the testes of five pupae were examined. The same procedure was 
followed on three different cultures. Each culture was kept and 
observations made on the flies which later emerged; normal and 
T 993-bearing males were found in each case. Cytological study 
of the pupal testes revealed spermatogenesis in males heterozygous 
for T 993 to be indistinguishable from that observed in normal indi
viduals (Photomicrograph a). In all the secondary spermatocytes 
examined there were· in addition to the limited chromosomes one 
V-shaped chromosome and three approximately equal rods; in every 
case the precocious chromosome was one of the rods. 

Genetic studies on translocation T 1215 indicated that female 
heterozygotes when bred to wild-type males produced both trans
location-bearing and normal sons, the latter being appreciably in 
excess of the former. ' The translocation-bearing sons emerged ap
proximately three days later than the normal sibs. In analyzing 
the spermatocytes of five cultures (indicated on Table 24) two 
pupae from each culture were smeared daily on five successive days. 
Cytological study of the fifty spermatocyte preparations revealed a 
single rod-shaped precocious chromosome in every case. This fact, 
together with the diagram of translocation chromosomes shown in 
Fig. 5, leads to the conclusion that breakage of chromosome X at 
region 6A does not deprive the segment of X proximal to 6A of its 
control over the precocious behavior. 

Translocation T 1232 is the most interesting of all the transloca
tions since it involves the most proximal break on chromosome X. 
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Cytological analysis releaved two different chromosome groups, 
one of which W!lS like that found in normal males (Drawing R). 
In other pupae figures such as the one in Drawing Q (see Photo
micrograph e) were seen. Measurements on ten different figures 
of each type gave two ratios, 4.42 :4.47 and 3.05 :6.45, each repre
senting the relation between precocious chromosome length . and the 
length of the longer rod on the equatorial plate. The former ratio 
represents that of males carrying the translocation. In F ig. 5 it 
can be seen that the translocation chromosome with the X centro
mere is much shorter than the one which possesses t he centro
mere of chromosome III. Therefore, it can be concluded that when 
the X chromosome is broken in as proximal a region as lOB, the 
translocation chromosome with the X centromere is the one that 
moves precociously to the pole. 

Spermatogenesis was not sudied in the case of several X trans
locations. Translocation T 69 in reynoldsi and translocation T 611 
in coprophila were both lost before a cytological analysis of the 
males could be made. T 611 was a complex translocation which 
involved chromosomes X, II, and IV (Photomicrograph 6) . Trans
location T 69 was likewise a complex translocation, involving chromo
somes B, C, and X. A study of spermatogenesis in males transmitting 
T 69 would have been most valuable, since there were two breaks on 
the X (Fig. 3), one of which was quite proximal in position. By 
virtue of the salivary configuration observed in females heter
ozygous for T 69 (Photomicrograph 9 and Drawing 9a), it is possible 
to localize the X centromere proximal to this break (i. e., the 
proximal break) . 

In the case of translocation T 1217 spermatogenesis could not be 
studied, because this translocation is lethal to males. Breeding tests 
on twenty-seven sons derived from females heterozygous for T 1217 
gave no single instance of transmission of the translocation through 
the male side. T 1217 involves chromosomes X and IV (Photo
micrographs 18, 20, and 21 and Drawings 18a, 20a, and 21a). At 
the point of breakage on the X there is an inversion extending from 
region 5C to 8A, and on chromosome IV there is a deficiency which 
includes the last three light bands of 45A and the first four bands 
of 45B. 

VI. EFFECT OF THE TRANSLOCATIONS ON 
SEX DETERMINATION. 

In organisms of the Lygaeus or Protenor type sex inheritance is 
dependent on the random disjunction of the sex chromosomes, and 
sex of the individual is determined at fertilization by the chromo
some constitution of the zygote. In Sciara it is not sufficient to con
sider only the set of chromosomes in the fertilized egg. The 
diminution of chromosomes which occurs during embryogeny has 
to oe taken into account, the separation and interaction of germ line 
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and soma must be considered, and in monogenic strains there is sex 
of the progeny as well as sex of the individual to be explained. 

In digenic strains of Sciara the sex ratios are extremely variable. 
They may approximate a 1 :1 ratio, but in some cases they approach 
a 0 :1 or 1 :0 ratio. In monogenic strains a female produces a family 
of daughters or a family of sons, with only rare exceptions. The 
frequency of exceptional sons or daughters in monogenic S. copro
phila is generally· less than 1 %. 

The occurrence of the monogenic or digenic condition appears to 
be independent of the presence or absence of limited chromosomes. 
Limited chromosomes are found in monogenic S. coprophila and in 
digenic S. pauciseta. They are lacking in digenic reynoldsi and 
ocellaris and in monogenic ocellaris. 

All Sciara eggs begin development under the influence of three 
X's and six autosomes. Two of the X's are derivatives of the pre
cocious chromosome, and there is no reason to postulate that one 
is in any way different from the other. The third X chromosome is 
derived from the egg. At the seventh or eighth cleavage there is a 
sex specific chromosome elimination from the embryonic soma. Ex
tensive genetic studies indicate that the derivatives of the pre
cocious chromosomes are regularly involved in this elimination. 
In case the zygote is to become a male, both derivatives of the 
precocious chromosome are eliminated, thereby giving rise to an 
XO male soma. On the other hand, only one derivative of the 
precocious chromosome is eliminated from the soma of female 
embryos, resulting in an XX condition (see Figs. 1 and 2). It is on 
the basis of its haploid state in the male soma that the sex chromo
some of Sciara is defined. Futhermore, this differential XX, XO 
condition suffices as a sex determining mechanism provided differ
entiation of the germ line is assumed to be under the direct control 
of the soma. 

The number of chromosomes in the germ line is the same in both 
sexes. From fertilization to the time the germ cells migrate to the
gonads this number is nine, six autosomes and three sex chromo
somes, two of which are derivatives of the precocious chromosome. 
At the time of germ cell migration one derivative of the precocious 
chromosome is eliminated in both sexes alike (Berry, 1939 and 1941), 
and differentiation of the ovary or testis proceeds under the influence 
of the eight chromosomes which remain. 

Two alternative views of this differentiation can be taken, one in 
which the soma is presumed to be the directing influence, the other 
which considers the germ line to be independent of somatic tissue. 
The latter hypothesis necessitates the assumption of a chromosome 
or genie differential in the germ line of the two sexes. This 
differential Metz (1938) postulated to be a qualitative difference in 
the two derivatives of the precocious chromosome, one derivative 
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being an X, the other a Y. Subsequent to fertilization the Y would be retained in the germ line of the male and eliminated from the germ cells of the female. Since there is no experimental basis for assuming a qualitative difference in the two derivatives of the precocious chromosome, the hypothesis which regards the soma as the directing agent in gonad differentiation is the less cumbersome of the alternative propositions. 
Observations by Schmuck and Dubois (Dubois, 1933) on gynandromorphs in S. coprophila appeared to disagree with this view. They examined flies which had mixed genitalia. None of the individuals had mixed gonads. These investigators had no way of obtaining gynandromorphs in Iarge numbers, and their observations were restricted to sixteen flies. Nor did their genetic set-up enable them to detect an XO condition in tissues such as wing, antenna, etc. More recently Mrs. E. G. Lawrence and the author have collected extensive data on gynandromorphs among the hybrid progeny of S. ocellaris and S. reynoldsi. By virtue of the sex linked recessive yellow in S. ocellaris an XO condition can be followed phenotypically in the hybrid offspring. Individuals which possess both an ovary and a testis are numerous among the flies mosaic for yellow. Obviously the data suggest that differentiation of the germ line can be influenced by the chromosomal constitution of the soma. 

The elimination of one or both derivatives of the precocious chromosome from the embryonic soma. is determined by the maternal genotype in monogenic S. coprophila (Metz and Schmuck, 1929). The females in such monogenic strains are of two types with respect to a genetic factor or complex of factors located on the sex chromosome. There are XX females and XX 1 females. XX females produce sons; XX 1 females produce daughters. Males are ordinarily XX in constitution. These conditions may be represented schematically as 
follovi:s: 

Female Male Female 
(~-producing) (o"-producing) 

Germ Line: XX1 xx xx 
Gametes: Eggs Sperms Eggs 

X' x x x x 

Germ Line: Female Female Male 
(~-producing) (o"-producing) 

In S. coprophila there is little or no crossing-over between the sex chromosomes of XX1 and XX females. Several sex linked genes have been studied. They include narrow (Metz and Schmuck, 193la), swollen (Metz and Ullian, 1929), miniature, round (Smith-Stocking, 1936) and Wavy (Metz and Smith, 1931). Wavy is a dominant carried on an X 1 chromosome. During the ten years that the stock has 
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been kept in the laboratory, no crossing-over has been observed 
between Wavy and the X 1 factor. Narrow, swollen, round, and 
miniature are recessives located on X chromosomes. Their linkage 
relationships have been tested, and the only crossing-over reported 
is 0.5% between swollen and narrow (Metz and Schmuck, 1931a). 
No crossing-over has been found between the recessives and the X 
factor, or between Wavy and the various recessives. 

Occasionally in monogenic Sciara exceptional sons and exceptional 
daughters are produced by XX1 and XX females respectively (Metz 
and Schmuck, 1931a). The origin of such exceptional individuals 
is not understood, but their occurrence indicates that the maternal 
genotype is not the sole factor determining sex. 

Most of the exceptional flies (S. coprophila) studied by Metz and 
Schmuck (1931a) were ordinary males or females in which chromo
some elimination during embryogeny had occurred in the normal 
manner but of the type opposite to that expected on the basis of 
maternal genom. The exceptional females were indistinguishable 
in appearance and behavior from ordinary male-producing females. 
Most of the exceptional males received an X factor from their 
mother and exhibited the genetic behavior of normal Sciara males. 
Some of them, however, were not of this type but received instead 
the X 1 chromosome from their mother or the X factor from their 
father. A few of the exceptional X 1 males were fertile. Extensive 
breeding tests were not made on the exceptional males which inherited 
the paternal X chromosome. 

That autosomal factors, as ,well as sex linked ones, are involved 
in the determination of sex in S. ocellaris has been indicated by un
published studies of Dr. C. B. Davidheiser. Such autosomal factors 
may possibly account for the exceptional individuals in monogenic 
S. coprophila, i. e., the autosomal constitution of the egg could be 
assumed to over-ride the predisposition conditioned by the maternal 
sex chromosomes. If this were the case, it should be possible to 
accumulate the autosomal factors and by selection and breeding of 
the exceptional individuals derive digenic strains. In S. coprophila, 
however, exceptional females are male-producers, and exceptional 
males exert no detectable influence on the sex of progeny. 

In one instance only has a digenic strain been derived from 
monogenic S. coprophila. This presumably arose as a mutation in 
Dr. Metz's laboratory. Upon analysis by Reynolds (1938), it was 
found that the females of this strain had three X chromosomes in 
their germ line and that they produced two kinds of eggs: eggs 
with two X chromosomes which developed into daughters, and eggs 
with a single X which developed into sons. As indicated in Fig. 6 
chromosome elimination from the embryonic soma and germ line 
was identical in both sexes. Occasionally the extra X chromosome 
was lost from the germ line of the bisexual females, and they re-
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verted to male-producers of the monogenic type. Reynolds also reports the derivation of female-producers from the bisexual line, but he does not account for their origin. 
The data summarized in Tables 1-30 clearly indicate that reciprocal translocations involving the X chromosome in both S. reynoldsi and S . coprophila alter the sex ratios obtained. 
In section II of this paper there is a description of the original digenic strain of S. reynoldsi used in the x-ray experiments. As indicated in Table 1, the yellow stock was a high male-producing line (% oo 73.5). The counts included in Table 1 give sex ratios observed over a two-year.period, from 1939 (M 16) to 1941 (M 1398). The Puff stock (Table 2) gave sex ratios more nearly approaching 1 :1 (% oo 57.5). Fairly extensive breeding tests have been made on females heterozygous for translocation T 63 (Tables 5 and 6), and these females have been found to produce a significantly greater proportion of sons (% oo 96.6) than the original normal stock females. For translocation T 69 (Table 8-% oo 95.0) a similar condition is observed. The effect is less striking in the case of T 440 (Table 10-% <JO 86.3) and T 750 · (Table 11-% oo 76.4). Why females heterozygous for T 63 or T 69 produce more sons than the normal stock females is not understood at the present time. A striking alteration in sex ratios is produced by X translocations in S. reynoldsi. This is the almost complete absence of sons among the progeny of males transmitting T 63 (Table 3a), T 69 (Table 7), and T 440 (Table 9). In section V of this paper it was demonstrated that upon reciprocal translocation of the X with an autosome, only one of the translocation chromosomes shows precocious behavior in the secondary spermatocyte; in three instances the precocious chromosome was shown to be the one which possessed the X centromere. The absence of sons in the progeny of males transmitting an X translocation is comprehensible provided the precocious chromosome is the chromosome eliminated subsequently from the embryonic soma and germ line. A scheme for such elimination is shown in Fig. 7. In case the embryo were to become a female, no difficulty would be encountered, since in the Sciara female normally only one derivative of the precocious chromosome is eliminated from the soma and germ line during development. In the case of a male embryo, however, where normally both paternal X's are eliminated from the soma during cleavage, an unbalanced chromosome. group would result. As indicated in Fig. 7 this somatic complement would be diploid for a section of the X and haploid for a part of the autosome involved in the translocation. Theoretically, therefore, males transmitting an X translocation might be expected to produce no sons. Such is the case for each of the male-transmissible X translocations in S. reynoldsi and in S. coprophila (Tables 3a, 7, 9, 15, 22a, and 28). 
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In this connection it should be pointed out that sons are produced 
by males which transmit reciprocal translocations involving the 
autosomes. This is true for each of the autosomal translocations 
listed in Table 13. It was found to be true also in the case of two 
autosomal translocations in S. reynoldsi not described in this paper. 
These observations taken together constitute experimental evidence 
which supports the identification of salivary chromosome X in 
S. reynoldsi and in S. coprophila as the chromosome eliminated from 
the soma and germ line during embryogeny. 

It is assumed in the scheme in Fig. 7 that the translocation chromo
some with the X centromere is the one eliminated from the embryo 
subsequent to fertilization. This has not been studied cytologically, 
but there is good indirect evidence supporting the assumption. In 
the case of each male-transmissible X translocation studied, the 
zygotic chromosome complement is known to be like that represented 
schematically in Fig. 7 (section V of this paper). Moreover, a 
cytological study has been made of the chromosome configuration 
found in the soma (salivaries) and germ line (larval) of daughters 
derived from the translocation-bearing males. In every case this 
configuration is a balanced one, consisting of a normal set of chromo
somes and a translocation set. It should be noted that all the photo
micrographs showing translocations in female salivaries, as well 
aS' Photomicrographs n and o, were taken from such daughters. In 
view of this evidence, it can b.e stated that the chromosome which 
exhibits precocity during spermatogenesis, irrespective of its gene 
content-i. e., whether it is chiefly autosomal in const itution as in 
T 993 and T 1232, or whether it is composed mostly of X material as 
in T 440 and T 611 (see Fig. 5)-is likewise the chromosome elim
inated from the soma and germ line of the developing embryo. 

This must be considered in any attempt to rationaliz'e the trans
mission of two identical sex chromosomes by the Sciara sperm. 
No longer can it be supposed that three sex chromosomes are essen
tial to the early cleavage stages of the zygote. It is demonstrated, 
moreover, that a triplicate dose of various autosomal segments does 
not interfere with the embryonic development or decrease the fer
tility of the offspring (daughters) produced. 

It was stated previously that sons are not obtained from males 
which transmit the S. reynoldsi X translocations. In Tables 3a, 4, 
and 9, however, a few sons are recorded. These males are always 
sterile, and, on the basis of the scheme presented in Fig. 7, they are 
believed to have an unbalanced chromosome group (soma). Re
peated unsuccessful attempts were made to determine cyt ologically 
their chromosome constitution. This determination would have in
volved preparation of the salivary glands in the larval stage, and 
the irregular males were never detected until they had emerged 
as adults. The banded chromosomes in the adult malpighian 
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tubules were examined and found inadequate for a satisfactory cytological analysis. Nor was it possible to deduce their chromosome constitution from the phenotype of the irregu'lar males. Phenotypically the irregular sons derived from T 63 males were yellow and those derived from T 440 males were Puff. Because of the manner in which the original x-ray experiments were conducted, the translocation-bearing fathers in each instance were known to transmit to their irregular sons the genes for Puff and +Y· If the scheme for chromosome elimination presented in Fig. 7 is correct, the irregular males could exhibit any one of four phenotypes ( ++• +P, y+, or yP) depend_ing on the distribution of the mutant loci on the translocation chromosomes. As stated in section III above, this distribution remains unknown. 
The irregular males were recognized immediately as valuable material for studies on sex differentiation in Sciara. If the chromosome constitution of the soma and germ line were of the type shown in Fig. 7, then it would be possible to draw two conclusions of primary importance. First, that differentiation of the male germ cells into mature fertile sperm depends on the chromosome group of the soma. Second, that in spite of the presence in duplicate of certain regions of the sex chromosome (i. e., in the soma) , differentiation in the male direction occurs; in other words that there are factors for sex differentiation located along the X. The position of these factors could be determined provided different X translocations were studied. Theoretically it ought to be possible to obtain X translocations which would not give irregular mal~s. 

The extremely low frequency with which irregular sons were produced by males heterozygous for translocations T 63 and T 440 should be noted (Tables 3a and 9). From a comparison of these data with the data presented in Table l, it is obvious that the vast majority of male zygotes failed to develop. The average number of offspring per culture in the case of single yellow females bred to yellow males is 87, whereas the average number of offspring per culture in the case of single yellow females mated to the translocation-bearing males is only 35 (T 63) and 23 (T 440). These data show also that it is definitely the male zygotes and not the females which have been reduced in number. Why so few irregular sons survive is not understood. 
It was with the hope of extending the investigation of the irregular males that S. coprophila was selected for study. With this monogenic species one could breed males heterozygous for an X translocation to male-producing females, thereby making it possible to discov¥ readily the irregular sons in the larval stage should they occur. Of the five X translocations obtained and studied in S. coprophila none yielded any irregular sons whatsoever (Tables 15, 22a, and 28). These X translocations did, however, furnish unexpected irregularities valuable for a study on the inheritance of sex of progeny. 
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As indicated in Table 12, the Wavy strain is strictly monogenic, 
giving on the average only 0.1 % exceptional offspring. In the case 
of each X translocation (T 611, T 993, T 1215, T 1217, and T 1232)
but in the case of none of the autosomal translocations (see Table 
13a and 13b)-the sex ratios were altered. This result constitutes 
additional evidence supporting the identification of salivary chromo
some X as the sex chromosome of Sciara. Particularly significant in 
this connection is translocation T 695 (Photo 13) which was derived 
from translocation T 611 (Photo 6) by crossing-over. The latter, 
then, differed from T 695 only in so far as a break on the ·x was 
involved. Unfortunately, translocation T 611 was lost before detailed 
breeding records could be accumulated; nevertheless, the data 
(Table 14) reveal the occurrence of an excessive number of excep
tional flies among the progeny of females heterozygous for T 611. 

The alteration in sex ratios produced by the X translocations has 
been most thoroughly studied in the case of T 993. This transloca
tion, therefore, will be taken as an example in the following dis
cussion. 

By mating males heterozygous for T 993-and therefore carrying 
Fused on the translocated autosome-to virgin Wavy females (Table 
15), two types of daughters were derived, those showing Wavy and 
Fused and those showing Fused only (see Fig. 8). The former 
were known to carry a normal X 1 chromosome (Wavy) and a trans
located X, the latter a . norm~l X and a translocated X. Their 
chromosome constitution (soma and germ line) subsequent to the 
elimination process was determined cytologically. Upon backcross
ing the Wavy-Fused daughters to normal wild-type males from the 
Wavy stock, progenies of the type summarized in Table 16 were 
produced. 

On the basis of normal S coprophila behavior these daughters 
(XX1 ) were expected to be female-producers. Among their progeny, 
however, in addition to the four classes of females (two non-cross
over types and two cross-over types), there regularly occurred excep
tional sterile males at an approximate frequency of 12%. Assuming 
that there is no crossing over between the two marked loci and 
the point of translocation, these exceptional males could be derived 
from one of two kinds of eupioid gametes (Fig. 8)-those carrying 
the normal chromosome group with the gene Wavy, and those carry
ing the translocation complex with the gene Fused. The absence 
of exceptional males of the Wavy phenotype is easy to understand, 
since Wavy is normally lethal to tlie S. coprophi la, male. The pre
dominance of exceptional males of the wild phenotype, however, is 
not readily explainable. According . to the scheme in Fig. 8 most of 
the exceptional males should be Fused, the only + males being 
produced by crossing over between Fused and the point of trans
location. 
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How the exceptional males originate is not known. It may be 
that during embryogeny the maternal sex chromosome instead of a 
paternal one is eliminated. If this were the case, the exceptional 
Fused males would represent cross-overs, and none of the exceptional 
males should possess the translocation. 

This hypothesis is supported by the data on crossing over between 
Fused and the T 993 breakage point. When this cross-over value 
is computed from the figures given in Table 17, only 3.8'}'o recombina
tion is obtained. A higher value is obtained, however, if the data 
in Table 16 are used. As stated previously, the Wavy-Fused and the 
wild-type offspring (Table 16) represent cross-overs, while the 
Fused and the Wavy ones are non-cross-overs. Six of the Wavy
Fused flies were bred (Table 18) and observed to transmit the 
normal chromosome complement, indicating that the Wavy-Fused 
flies represent cross-overs between Fused and the breakage point 
on chromosome IL The data recorded in Table 19 support this 
conclusion; the Wavy females, when tested, did not transmit T 993 
(Fig. 8) . It should be pointed out that the Wavy character is 
classified with difficulty. In no case, however, was a fly classified 
as Wavy-Fused unless the Wavy phenotype was well expressed. 
Therefore, if any error in classification was made, the Wavy-Fused 
class should include more than 37 individuals. The Fused char
acter is 100% classifiable. Assuming that each Wavy-Fused female 
represents a cross-over between Fused and the point of translocation, 
there should be a corresponding and equal + class. This would 
give 7.5% (37 +37) recombination. A figure of 7.5% does not, 

( 978 ) 
however, explain the occurrence of exceptional + males at a fre
quency ten times as great as that of . the exceptional Fused males. 

In connection with the predominance of exceptional males of wild 
phenotype, the high percentage of Fused females (Table 16) should 
be noted. Whether the two phenomena are causally related is un
known. Also, the class of + females appears to be significantly 
large. It has been stated previously that no crossing over has ever 
been detected between X and X 1 chromosomes in S. coprophila. · 
Therefore,! on the basis of normal behavior, all of the + females 
are · the r~sult of crossing over between Fused and the point of 
translocation. Obviously this + class should equal the Wavy-Fused 
one. Although Wavy is difficult to classify, it is not probable that 
errors in classification could account for the great inequality between 
these two groups. Extensive breeding tests of the + females are 
needed to determine whether or not some of them are the result 
of crossing over between Wavy and the translocation point. 

In explanation of the exceptional sterile ma~1::t1 (Table 16) it is 
possible to advance hypotheses other than the elimination of the 
maternal X chromosome instead of a paternal X during embryonic 
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development. For example, these males could be presumed to be 
unbalanced chromosome types derived from the aneuploid eggs 
shown in Fig. 8. If this were the case, however, the chromosomal 
unbalance could be readily detected by cytological examination of 
the larval salivary glands. Such studies have been made, and in 
each case seven normal chromosomes, three pairs of autosomes and 
an X, were found. Of course, it is possible that the exceptional 
males originate from aneuploid eggs which possess the transloca
tion chromosome with the X centromere, and that during embry
ogeny this chromosome instead of a paternal X is eliminated. With 
reference to the retention of a paternal X chromosome in the male 
soma, it should be mentioned that such cases have already been 
established (Crouse and Smith-Stocking, 1938) in normal S. ocellaris. 
The cause of this aberrant behavior, however, remains unknown. 

One thing is certain with reference to the occurrence of the sterile 
exceptional males in S. coprophila, namely, that they are found only 
among the progeny of X1 females heterozygous for the X transloca
tion-T 993 in this particular case (Table 16). When the X 1 

chromosome is extracted without the translocation, the X1X females 
behave in a strictly monogenic manner and produce only daughters 
(Tables 18 and 19). 

Finally, the problem of the sterile exceptional males needs to be 
considered in relation to the exceptional daughters produced by the 
non-Wavy-Fused females heterozygous for T 993 (Table 17). As 
the data indicate, these exceptional females occur at a frequency 
of approximately 5%, the vast majority being of the Fused pheno
type (Fig. 8) . When bred to normal wild-type males, the excep
tional Fused females were found to be fertile, to transmit T 993, 
and to produce both sons and daughters (Table 21). Cytological 
examination of the salivary glands of such exceptional females 
shows a balanced chromosome complement heterozygous for the 
translocation. Extensive breeding tests on the exceptional + 
females are not presented in this paper. There are genetic and 
cytological data, however, which indicate that the + females are 
likewise heterozygous for T 993 and that they therefore represent 
cross-overs between Fused and the point of breakage. 

Two facts are significant with reference to the production of 
exceptional daughters by females heterozygous for T 993. First, 
that such daughters are produced irrespective of the mode of origin 
(i. e., paternal or maternal) of the translocation (Tables 17 and 20). 
Second, that the exceptional daughters in turn tend to produce a 
higher number of exceptional female offspring (Table 21) than do 
the heterozyg.ous females which received T 993 either from their 
father (Table 17) or from mothers bearing a normal X 1 chromosome 
(Table 20). The data obviously are not very extensive, and it 
cannot be stated at present whether the figures 4.8 (Table 17)·, 1.9 
(Table 20), and 9.7 (Table 21) are significantly different from each 
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other. In case the exceptional males and the exceptional females 
are to be explained in terms of nondisjunction, then it is difficult 
to rationalize the greater percentage of exceptional daughters pro
duced by exceptional females. 

An essentially similar condition is observed in ·T 1215. When 
T 1215 is paternally derived (Table 24), exceptional daughters occur 
among the progeny of XX females heterozygous for the translocation 
at a frequency of 6%. On the other hand, the exceptional daughters 
(Table 25) produce, in addition to males, approximately 12% female 
offspring. 

Translocation T 1217 is of particular interest with reference to 
the production of exceptional female zygotes bearing the transloca
tion (Table 27). As stated previously, T 1217 was found to be lethal 
to males, the only instance of its transmission through the male 
being the original irradiated sperm (Table 26). So many (56%) 
exceptional daughters were produced in the case of T 1217, that 
females heterozygous for this translocation could not be distin
guished from true digenic types. It is to be recalled that T 1217 
involved chromosomes X and IV and that there was an inversion 
in X at the point of translocation. In case the exceptional offspring 
among the progeny of females heterozygous for the X translocations 
in S. coprophila are due to nondisju~ction, then the presence of the 
inversion may be of significance. The case for or against nondis
junction will not be considered in this paper, since the data collected 
to date are not critical on this issue. 

The effects produced by translocation T 993 on the sex of progeny 
have been discussed rather fully, and brief reference has been made 
to T 1215 and T 1217. Each of the five X translocations in this 
species was observed to affect sex of progeny in a manner essen
tially similar to that described for T 993. On the other hand, none 
of the autosomal translocations produced any alteration whatsoever 
in the sex ratios. In order to extend the analysis of the effects of X 
chromosome breakage on the sex of progeny in S. coprophila, certain 
lines of investigation may be profitably undertaken, namely, the 
effect of X translocations in the homozygous state, the effect of 
translocations involving X1 chromosomes, and finally the effect pro
duced by X and X' inversions. 

A striking result of translocation in both S. reynoldsi and S. copro
phila is the reduction in number of offspring produced by females 
heterozygous for the various translocations. In S. reynoldsi, in the 
case of T 63, T 69, and T 446 respectively, the number of offspring 
was reduced from approximately 75 (Table 1) to 45 (Table 6), 20 
(Table 8), and 30 (Table 10). In S. coprophila for the various trans
locations there was a reduction from approximately 50 offspring 
(Table 12) to 40 CT 695), 35 (T 1288), 30 CT 1216), 35 CT 1309), 
10 CT 611), 30 CT 993), 15 CT 1215), 20 CT lZl 7), and 20 CT 1232). 
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A notable exception is "Stop" (Table 13) which appears to increase 
productivity (Crouse and Smith-Stocking, 1938). 

There are two factors which might possibly reduce the num
ber of offspring: inviable aneuploid eggs and reduced hatch
ability of zygotes heterozygous for the translocations. Both factors 
appear to be active. In support of the reduced hatchability of 
translocation-bearing zygotes, there are two lines of evidence. First, 
the groups of offspring bearing the translocation are usually fewer 
than the normal sibs (see particularly Tables 22a and 22b). Second, 
the progenies of normal females bred to males heterozygous for the 
translocations are smaller than those produced by similar females 
bred to normal males. This difference cannot be explained in terms 
of aneuploidy, since there is directed segregation of chromosomes 
in the Sciara male. In support of the production of aneuploid eggs 
by females heterozygous for the various translocations, there is good 
evidence. It consists of unpublished studies by the author on the 
relative number of inversions and translocations induced by x-ray 
treatment of S. coprophila eggs prior to meiosis. The number of 
inversions on all the chromosomes is exceedingly high, whereas no 
translocations whatsoever have been recovered in these experiments. 
Furthermore, the records on translocations T 611 (Table 14) and 
T 1215 (Tables 23 and 24) constitute indirect evidence supporting 
the production of aneuploid eggs. Both of them involve three 
chromosomes instead of two, and both of them happen to reduce to 

· the greatest extent the number of offspring produced. Theoretically 
it should be possible by means of egg counts to determine the fre
quency of aneuploid gametes. Egg counts in Sciara have been found 
by the author to be unsatisfactory. They necessitate considerable 
handling of the eggs following which hatchability is very erratic, 
even in normal material. 

VII. SUMMARY 
1. A study has been made of the. effects of reciprocal transloca

tions on chromosome behavior and sex determination in Sciara 
reynoldsi and S. coprophila. The translocations were induced by treat
ing mature sperm with 5000-6500 r units of x-ray. 

2. The experiments yielded four translocations involving the X 
chromosome of S. reynoldsi, five involving the X of S. coprophila, 
and five· involving the autosomes of S. coprophila. 

3. Salivary chromosomes B and X of S. reynoldsi have been 
mapped, their centromere regions approximately located, and in the 
case of each translocation the points of breakage identified cyto
logically. As a result of this cyto-genetic analysis the Puff factor 
is known to be located on salivary chromosome B and the sex linked 
genes on X. 

4. Maps of all four salivary chromosomes of S. coprophila have 
been made and the centromeres approximately located. Salivary 
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chromosomes X, II, and III have been identified as the three rods in 
metaphase, chromosome IV as the mitotic chromosome with the median attachment region. Linkage tests have associated chromo
somes II, III, and IV respectively with the Fused, Curly, and Dash 
linkage groups. 

5. For each male-transmissible X-translocation it has been shown 
that only one of the translocation chromosomes shows precocity at 
the second maturation division of the male. The translocation 
chromosome which does not exhibit precocity congresses on the meta
phase plate and divides equationally at anaphase. In three instances 
the precocious chromosome has been demonstrated cytologically to 
be the one with the X centromere. In the remainder of cases such 
a determination was not possible, since the translocation chromo
somes at metaphase and anaphase could not be distinguished on the 
basis of shape or size differences. 

6. The sperm formed by males heterozygous for an X-transloca
tion transmit in duplicate the translocation chromosome composed 
of a segment of autosome and a portion of the X. In spite of the 
fact that three whole sex chromosomes are not present in the zygote, 
development of the female embryos proceeds normally, chromosome 
elimination from the soma and germ line occurs, and there result 
fertile female flies exhibiting a balanced chromosome complement in their salivary and oocyte nuclei. Male embryos ordinarily fail 
to develop, presumably because of the unbalanced chromosome group 
in the soma following elimination of both precocious chromosome 
derivatives. Occasionally in S. reynoldsi sterile sons are derived 
from males heterozygous for art X-translocation. It has not been 
possible cytologically or genetically to determine the chromosome 
constitution of these sons. In the case of the X-translocations in 
S. coprophila such sons are never produced. 

7. Various lines of evidence support the identification of the 
precocious chromosome and the chromosome eliminated during development as the sex chromosome of Sciara. First, all four chromo
somes have been demonstrated in normal S. reynoldsi to be morpholog
ically distinguishable at metaphase and anaphase; the chromosome 
which exhibits precocity and therefore which is transmitted in 
duplicate by the sperm, is likewise the chromosome that occurs 
in the haploid condition in the male soma. Second, males heter
ozygous for the autosomal translocations produce both sons and daughters, whereas males heterozygous for the X-translocations reg
ularly produce no sons. Third, in S. coprophila the X-translocations 
alter sex of progeny in a definite, predictable manner, whereas none 
o:f the five autosomal translocations produces such a result. 

8. In heterozygous condition the translocations, with the excep
tion of "Stop", produce no morphological alteration. Females 
heterozygous for the various translocations, however, produce consider-
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ably fewer offspring than normal. This appears to be the result 
of two factors: aneuploidy and a detrimental effect of the trans
location complement on the developing embryos. 
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TABLE 1. S. REYNOLDS! "YELLOW".1 PROGENIES OF 1 Y~X y!.f. 

Q11Ui.11:1: 
M 16 -1 

-3 
-8 
-9 

M 57 -2 
-3 
-5 
-6 

M 128 -1 
-2 
-3 
-5 
-6 

M 136 -1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

-10 
M 138 -1 

-2 
-3 
-4 
-5 
-6 
-7 

M 1398 71 
-3 
-8 

Flies per culture = 87. 5 
%~~ = 26.5 
%cU= 73 . 5 

}'. 9i 
11 
44 
30 
12 
20 

5 
12 
1 
2 
7 
0 
6 
3 

16 
32 
57 
33 
58 
72 

9 
60 
46 
39 

8 
10 
14 

2 
28 
23 
8 

29 
54 
25 

41 

}'."jg 
65 
66 
54 
57 
87 
99 
74 

125 
43 
96 

117 
44 
74 

119 
124 

25 
26 
32 
32 

105 
45 
56 
16 
44 
72 
72 
29 
26 
50 
42 
56 
92 
50 

1The yellow strain is one which has been carried as an inbred line <brother-sister 
matings) since the summer of 1938, at which time a cross-over between yellow 
and the sex linked dominant Ruffled was obtained. 
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TABLE 2. S. REYNOLDS! "PUFF". PROGENIES OF 1 Pi X Y J'J' 

~~ t!'c{ 
Culture p ± p ± 

M 159 -1 0 2 15 28 
-2 3 8 9 11 
-3 17 25 21 29 
-4 9 18 17 32 
-5 12 14 18 30 
-6 19 23 14 26 
-7 6 15 11 19 
-8 15 19 25 24 
-9 14 17 28 31 

-10 18 16 18 33 
M 160 -1 3 5 9 10 

-2 13 8 15 15 
-3 16 23 12 11 
-4 12 17 6 9 
-5 9 28 14 18 
-6 13 31 23' 22 
-7 10 21 19 27 

8 
197 303 283 394 

Flies per culture = 65.4 
%H = 42.5 
%4'.f = 57.5 

TABLE 3a. TRANSMISSION OFT 63 THROUGH THEcf. PROGENIES OF 2 Y~ X 1 P.f. 

Culture 
x 63 -2 

-3 
-5 
-6 
-8 
-9 

- 10 
-11 
-12 
-13 
-25 
-29 

Flies per culture = 35 
%~= 99.5 
%J'.t= 0.5 

Puff n 
54 
32 
31 
39 
69 
20 
28 
38 
12 
24 
30 
46 

*Both It! sterile as shown by disse~tion. 

yellow .fl 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

* 
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TABLE 3b. PROGENIES OF 1Y~X1 YJ. THE YJ'<i'USED ARE SIBS OF THE 
Pci'd'IN TABLE 3a 

43 

Culture v IU x 63 -14 
-15 
-17 
-18 
-19 
-20 
-30 
-31 
- 32 
-33 

Flies per culture = 1l 0.4 
%~= 30.1 
%.U= 69. 9 

32 
25 
45 
47 
55 

7 
41 
37 
22 
26 

57 
141 
64 
68 
67 
85 
84 
59 
96 
79 

TABLE 4. IRREGULAR SONS DERIVED FROM T 63&"/. PROGENIES OF 
1 OR 2 Y~~ X 1 P.!. . 

Culture P~~ 
x 63 -2 54 

- 10 28 
MlH -1 M 
M 130 12 
M171 -2 18 
M 180 -3 33 
M 115~ -3 14 
*All cf. sterile as shown by breeding tests and dissection. 

1 
1 
1 
1 
1 
1 
1 
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TABLE 5. TRANSMISSION OF T 63 THROUGH~~ WHICH RECEIVED THE TRANSLOCATION FROM THEffi FATHERS; PROGENIES OF 1 P~X 2 YJ'./. 

u 
Culture p I + :y:P p I + :y:P x 63 22 22 

M2 -1 1 10 11 
Mll 1 7 18 
M 26 -7 8 15 1 

26 -9 2 4 19 
M 29 -2 4 3 10 16 1 

29 -5 2 3 4 16 2 
M30 -3 3 8 18 
M 32 -1 3 1 1 14 2 
M 33 -5 3 7 15 
M 35 -1 1 5 13 

35 -3 2 5 23 
M42 -3 4 20 1 

42 -8 14 6 1 
42 -9 1 9 4 
42 -10 1 8 18 

M47 -4 3 1 .20 26 
M 52 -3 2 3 12 31 2 
M 53 -1 1 7 13 1 

53 -6 1 3 13 4 
M 137 -1 1 1 5 15 1 

-4 6 21 
M 139 -1 1 19 31 2 

-2 1 15 26 
-3 7 6 1 
-4 24 22 1 
-5 15 2 
-6 29 22 
-7 1 1 13 29 
-8 25 19 
-9 13 25 

-10 1 1 12 27 
M 140 - 1 1 19 19 

-2 1 22 29 
M 141 -1 8 23 1 

-2 16 18 1 
-3 1 18 17 

M 141 -4 18 22 
-5 19 13 1 - 6 23 19 

M 152 -2 1 24 18 
-8 1 19 14 
-9 3 28 43 

-10 1 23 31 2 M 154 -3 13 ·14 
M 155 -1 3 2 19 16 2 -2 1 1 H 27 1 

-3 12 15 1 
-:i 3 . ~ l!I l:z 2 

:13 3!1 f;l:il! 1131 2Q l:i Flies per culture = 34.8 
% ti= 4.8 
%<I'd'= 95.2 
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TABLE 6, TRANSMISSION OF T 63 THROUGH~~ WHICH RECEIVED THE TRANSLOCATION FROM THEffi FATHERS. PROGENIES OF 1 +-!? X 2 YI.I. 

Culture 
M 144 -1 

-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

-10 
M 156 -1 

-2 

Flies per culture = 46 
% i~= 2 
%N=98 

+ 

2 
1 

1 

u 
y + 

28 
18 
32 

2 19 
14 
33 
21 
14 

1 28 
30 

1 19 
2 12 

TABLE 7. TRANSMISSION OFT 69 THROUGH THE cl. 

Culture 
x 69 -7 

-8 
Flies per culture = 6.5 

% ~~ = 100 
% ,f,f = 0 

Culture 
x 69 - 9 
Flies per culture = 11 

% n = 100 
% Jo'= 0 

A. PROGENIES OF 1YiX1 Pl. 

Puff ll 
8 
5 

B. PROGENY OF 1 Y~X l+J! 

+ n 
11 

TABLE 8. TRANSMISSION OF T 69 THROUGH n WHICH RECEIVED THE TRANSLOCATION FROM THEIR FATHERS. PROGENY OF 1 P¥ X YI'~ 

45 

0 
0 

0 

y 
27 
22 
37 
25 
12 
36 
13 
18 
23 
27 
5 

27 

Culture p y + yP P y + yP x 69 
* This +d"transmitted T 69. 

Flies per culture = 21 
% ~CJ= 5 
% ""= 95 

1 9 10 1* 
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TABLE 9. TRANSMISSION OFT 440 THROUGH THE?. 
PROGENIES OF 2 YiiX Pl./. 

Culture p ~i p~ 
M 563 -2 43 0 
M 568 9 0 
M 575 14 0 
M 576 -1 49 0 
M 580 -1 10 0 
M 582 44 0 
M 586 7 0 
M 589 20 1* 
M 735 -1 20 0 
M 735 -2 11 0 
M 1228-3 28 l* 
M1399-2 21 0 

-3 30 0 
-4 9 0 
-5 24 0 

Flies per culture = 22. 7 
% ;.t.. = 99.4 
% = 0.6 

* Bred-gave no offspring. Diss.ecJion sh.owed testes rudimentary. 

TABLE 10. TRANSMISSION OFT 440 THROUGH !i~ WHICH RECEIVED 
THE TRANSLOCATION FROM THEIR FATHERS. PROGENIES OF 

1 P!i X y,f,t 

~~ " Culture p :'!'. + :z:P p :'!'. + :z:P 
M 440 -1 8 7 
M 638 -7 4 2 6 

-8 1 2 7 
-10 1 6 8 

M 643 -2 1 6 8 1 
-8 1 2 8 10 2 1 

-10 2 2 1 5 8 2 
M 654 -2 2 5 5 

-3 1 6. 9 
M 793 -1 2 2 2 19 

-2 2 1 15 26 
-3 16 22 
-4 1 12 9 1 

M 1264 -2 2 3 35 28 6 4 
-3 3 8 1 9 13 3 
-4 1 7 1 9 19 
-5 1 1 10 15 l 2 
-6 6 8 2 2 
-7 14 20 4 1 

M 1270 -2 1 3 l 7 8 1 2 
~3 l 3 10 13 4 2 
-4 2 2 9 12 
-5 4 4 13 24 1 4 
-6 2 . 9 3 3 
-7 3 1 7 8 

M 1295 -1 10 4 1 13 3 2 l 
-2 2 2 1 7 10 
-3 3 4 l 2 22 25 1 
- 5 10 15 
-6 8 2 15 13 1 
-7 18 18 

57 56 8 5 322 413 35 26 
Flies per culture = 28.8 · 

%" = 13.7 
%N= 86.3 
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TABLE 11. TRANSMISSION OF T 750 THROUGH U WHICH RECEIVED THE 
TRANSLOCATION FROM THEffi FATHERS. PROGENIES OF 1 P~ X Y.f.t: 

n ' C1.1l1w:e E y: + :Y:E E y: + y:E 
M 750 -6 2 2 
M 803 2 1 5 
M 971 -1 2 1 1 

-2 2 5 12 
-3 3 1 10 14 
-4 2 2 5 8 
-5 2 5 4 
-6 5 2 2 4 

M 1049 3 4 4 1 
M 1050 2 5 2 7 
M 1090 -2 1 1 3 1 
M 1154 ' 1 2 5 13 
M 1155 -3 1 3 11 16 
M 1202 -3 5 1 5 7 
M 12fH! -1 l l ~ 22 

az 2~ !la 117 l 
Flies per culture = 15.8 

% '*= 23.6 
%~~= 76.4 

TABLE 12. PROGENIES OF NORMAL "WAVY" 'i~ . 1 W~ OR 1 +~ X STOCK J"cf. 

Q:1.1l11.1re 
M 1262 -1 
M 1275 -2 
M 1284 -3 
M 1302 -2 

-4 
-5 
-6 
-7 

M 1344 -4 
-5 

M 1392 -2 
-3 
-4 
-9 

-10 
M 1399 -1 

-4 
-5 
-6 

M 1435 -1 
-2 
-3 
-4 
-5 

M 1451 -7 

Flies per culture = 53.1 
% exceptional flies = 0.1 

* Exceptional fly. 

Yi. a.od + n 
25 
43 
41 
90 
96 

107 
75 

0 
45 
10 

0 
0 
0 

68 
21 
59 
27 
43 
31 

0 
0 
l* 

27 
45 

0 

+N 
0 
0 
0 
0 
0 
0 
0 

99 
0 
0 

85 
58 
60 

0 
0 
0 
0 
0 
0 

35 
36 
16 

0 
0 

85 
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TABLE 13a. PROGENIES OF SINGLE S. COPROPHILA ¥i HETEROZYGOUS FOR AN A UTOSOMAL TRANSLOCA TION 

.Ii:anslocation 
"Stop" 
T 695 
T 1288 
T 1216 
T 1309 

No. Cultures 
11 
28 

7 
7 
6 

Flies per culture 
56.l 
42.1 
36.9 
30A 
34.0 

% Exceptional flies 
0.2 
0.0 
0.0 
o.o 
0.0 

TABLE 13b. PROGENIES OF SINGLES. COPROPHILA *'HETEROZYGOUS FOR AN X-TRANSLOCATION 

Translocation No. Cultures Flies 2er Culture % Exce2tional ~~ % Exce2tional tr! T 611 2 10 25 O? 
T 993 73 31 5 

(Very few data) 
12 T 1215 30 16 6 2 T 1217 33 21 56 Could not be 

determined T 1232 18 22 11 14 

TABLE 14. TRANSMISSION OFT 611 THROUGH THE~. 1 WF~ OR 1 F.i X STOCKJ'.{ 

&'&' Culture 
M 611 - 7 
M 695 -1 
Flies per culture = 10.0 
% exceptional ~~ = 25.0 
% exceptional .fat= 0,0 

w F 
4 4 

* Larvae used for salivary gland analysis. 

Larvae* 

3 

F 
0 
1 

+ 
0 
8 
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TABLE 15. TRANSMISSION OF T 993 THROUGH THE ,f. 1 W* AND 1+~ X FJiJ! 

9-~ 
Culture WFand F Larvae* 

M 1057 -2 56 5 No males were M 1065 -1 47 3 found in any -2 38 2 of the cultures. - 3 6 6 
-4 42 2 

M 1067 -1 47 2 
-2 41 2 
-4 21 6 

M 1068 -1 25 5 
M 1078 -1 24 3 
M 1079 -2 23 4 

-3 21 2 
M 1080 -1 27 2 

-2 23 2 
-3 35 2 

M 1082 -1 20 4 
M 1083 -1 16 3 

-3 48 2 
-4 22 2 
-5 30 2 
-6 15 4 

M 1098 -1 26 2 
-2 53 2 

M 1100 - 1 37 2 
-4 31 2 
-5 14 4 

M 1237 -7 36 3 
-8 16 3 

-10 24 4 
M 1317 -1 26 3 

-2 48 2 
-3 120 2 

M 1321 -2 13 4 
M 1322 -1 67 2 
M 1323 -2 21 2 
M 1323 -3 20 2 
M 1324 - 2 47 2 
M 1380 - 1 25 2 

- 2 18 2 
-3 22 2 
-4 30 2 

M 1443 -1 33 2 
-3 38 2 
-4 21 2 

1413 116 
Flies per culture = 34.8 

%&'a' = 0.0 

*Larvae used for salivary gland analysis. 
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TABLE 16. PROGENIES OF SINGLE WAVY-FUSED ~~WHICH RECEIVED 
T 993 FROM THEffi FATHERS. 1 WF ~ X STOCKI'/. 

~n~ * !;;yl1!.!!:!: :Wl W** [ + [ + 
M 1149 -1 1 14 7 3 

-2 2 13 12 7 6S 
M 1150 -2 18 29 6 2 s 7S 

-4 15 31 5 8S 
-9 2 13 28 2 12 s 

M 1157 -9 2 8 4 3 s 
-10 1 3 21 6 1 s 7 s 

M 1164 - 1 1 10 20 4 6S 
-2 4 14 16 12 1 s 7S 

M 1165 -1 2 2 19 2 2S 
- 2 2 18 12 4 1 2 

M 1166 -3 9 17 9 3S 
M 1167 -1 2 2 12 2 2 1 

-2 3 5 10 5 4 
-3 2 8 4 5 2 
-4 1 3 6 1 

-10 2 18 14 5 5 
M 1168 -1 6 12 4 2 

-2 1 5 13 7 2 
-6 3 4 1 

M 1171 -2 5 7 2 
M 1172 -1 9 2.1 4 5S 

-2 9 13 9 3S 
-3 1 6 8 3 2S 
-4 1 7 16 3 2S 

M 1301 -1 2 10 9 2 
-2 1 7 13 1 
-3 1 10 22 2 1 s 3 s 
-5 15 14 6 1 s 38 

M 1314 -1 2 6 3 3 1 s 
-2 1 4 11 1 

- 10 2 15 2 1 s 
M 1315 -2 3 4 2 4 
M 1325 -1 1 2 6 1 1 s 

-2 9 9 1 
M 1338 -3 9 11 1 

-4 1 7 11 1 
-10 20 n not classified 2*** 

M 1348 - 2 3 3 1 s 
-3 2 3 3 s 
-5 1 5 5 3 1 s 

37 294 503 144 10 123 

Flies pe,r culture= 27.6 
% exceptional ~d' = 11.8 

* "S" indicates testes were found to be rudimentary upon dissection; 
no sperm were present. 

** Wavy is classified with difficulty. Many flies classified as +, transmit 
the Wavy factor when bred. 

*** One of these two cfo"'had large testes with motile sperm. 
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TABLE 17. PROGENIES OF SINGLE FUSED~~ WHICH RECEIVED T 993 
FROM THEIR FATHERS. 1 F ~ X STOCKI/. 

n 
Culture F + F + 

M 1150 -6 3 1 16 20 
-8 1 29 27 

M 1164 -3 2 18 31 
-4 2 20 16 
-5 7 8 

M 1165 -4 1 21 22 
-5 1 1 10 25 

M 1166 -2 1 14 15 
M 1167 -6 9 11 

-8 3 26 22 
M 1171 -3 2 14 18 
M 1172 -5 3 31 33 

-7 1 16 30 
M 1180 -3 2 2 8 
M 1180 -4 1 15 
M 1301 -8 2 11 16 

-7 1 18 7 
-9 20 27 

M 1314 -7 1 6 4 
-9 6 11 

M 1325 -3 20 17 
-4 7 15 
-5 5 2 8 14 
-6 7 16 
-8 2 19 31 

-10 4 9 
M 1379 -4 1 4 9 

-5 10 10 
-7 1 7 2 

M 1446 -1 6 23 28 
-4 1 17 24 

~2 ~ ~H :rn2 
Flies per culture = 32. 9 
% exceptional~~ = 4.8 

TABLE 18. PROGENIES OF SINGLE WAVY-FUSED n, DERIVED FROM WAVY
FUSED MOTHERS HETEROZYGOUS FORT 993. 1 WFiX STOCK cf.I. 

9 
Culture* WF w F + F + 

M 1231 -1 15 12 25 15 0 0 M 1231 -2 11 11 46 47 0 0 M 1235 -1 18 10 32 35 0 0 M 1238 -1 8 13 28 26 0 0 
-2 11 8 15 17 0 0 
-3 15 16 27 26 0 0 

78 70 173 166 
Flies per culture = 81.2 
% exceptional d'J" = 0. 0 

*The salivary glands of five larvae in each culture were analyzed. 
T 993 was not found in any case. 
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TABLE 19. PROGENIES OF SINGLE WAVYU DERIVED FROM WAVY-FUSED 
MOTHERS HETEROZYGOUS FOR T 993 

Culture 
M 1234 -1 

-2 
-3 
-4 
-5 

-11 
-12 

M 1241 -1 

Flies per culture ~ 75.5 
% exceptional d'd' = 0. 0 

1 W* X STOCKd"cf. 

Wand + ~~ 
104 

96 
56 

101 
34 
25 
80 

108 

0 
0 
0 
0 
0 
0 
0 
0 

TABLE 20. PROGENIES OF SINGLE FUSED !j!!j! DERIVED FROM WAVY- FUSED 
MOTHERS HETEROZYGOUS FORT 993. 1 Fi X STOCKJcf. 

n 
Culture F + F + 

M 1241 -8 2 24 38 -5 22 27 -7 2 33 36 -9 30 35 -10 2 26 43 -12 29 21 
0 

Flies per culture = 61.8 
% exceptimial n = 1. 9 

TABLE 21. PROGEmES OF SlliGLE EXCEPTIONAL" HETEROZYGOUS FOR 
T 993. 1 Fix SIBS OR STOCK/a'! 

n * Culture F + F + 
M 1225 -2 2 0 14 10 

-3 2 1 19 16 
-5 1 1 18 12 M 1230 -6 2 0 17 10 

M 1235 -9 2 0 21 22 M 1239 - 2 2 0 2** 0 
M 1381 -1 2 0 38 41 

-3 5 4 1 6 
-4 3 1 7 6 

21 7 137 123 
Flies per culture = 28.8 
% exceptional ~ = 9. 7 

*39 Fcfcfdiss~cted; 3 of these were completely sterile; 1 had sperm in one testis only. 53 +.fcl'dissected; 19 of these were completely sterile; 1 had sperm in one testis only. 

**One of these/.! was bred to W\!\!. Larvae were observed in the culture, but subsequently the culture was discarded because of a !:>ad mold growth. 
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TABLE 22a. TRANSMISSION OFT 1215 THROUGH THE I. 1 w~ AND 1 +ix 1 Def. 

Culture WD andD 
M 1351 -2 

-3 
-4 
-5 
-6 
-7 

-10 
M 1367 -1 

-2 
-3 
-4 
-5 

M 1370 -1 

Flies per culture = 32.5 
% n = 100.0 
%J~ = 0.0 

7 
13 
13 
18 

3 
10 

9 
29 
40 
56 
99 
26 
55 

401 

*Larvae used for salivary gland analysis. 

Larvae* 
1 
1 
2 
1 
1 
2 
1 
2 
1 
8 
1 
1 
1 

23 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TABLE 22b. T 1215: PROGENIES OF NORMAL+ SIB.fl. 1W~AND1+ix1 +!. 

Culture 
M 1344 -3 

-4 
-5 

M 1351 -11 
-13 

Flies per culture = 86 
% ~~= 60.3 
%.Jr/=39.7 

W arid + Larvae** 
31 2 

113 2 
40 2 
17 2 
38 2 

249 10 

*Apparently the + mother did not deposit any eggs. 
**Larvae used for salivary gland analysis. 

+ 
35 

O* 
61 
23 
52 

171 

TABLE 23. PROGENIES OF SINGLE WAVY-DASH ~~WHICH RECEIVED T 1215 
FROM THEIR FATHERS. 1 WD~ X STOCKJ~ 

Culture 
M 1215 -2 
M1417 -4 
M 1418 - 1 
M 1419 -2 

-4 
M 1436 -4 

Flies per culture = 16 
% exceptional 4'_, = 2 

+ 
0 
0 
0 
0 
0 
0 
0 

~~ 
D w 
9 6 
4 7 
8 10 
7 6 
6 3 

16 10 

50 42 

*Both of these d'J' were bred; both were sterile. 

WD D + 
2 0 2* 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
2 0 2 
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' 
TABLE 24. PROGENIES OF SINGLE DASH'* WHICH RECEIVED T 1215 FROM 

THEffi FATHERS. 1 D* X STOCK cl'cf. 

n 
Culture D + D 

M 1416 -1** 1 2 
-3 2 

M 1417 -2** 2 8 
-3 5 
-5 1 

M 1418 -4 1 
-5 1 8 

M 1419 -1 
-3 

M 1420 -3 1 1 
M 1421 -1 1 l*** 4 

-5 1 
M 1436 -1** 8 

.:3 1 4 
-5 1 7 
-6 1 12 
-7 3 

M 1440 ~2 2 9 
-3 1 15* 
-4 2 9 

M 1441 -1** 2 10 
-2 2 6 
-3** 2 4 

MUill l ia 
22 1 132 

Flies per culture = 16.0 
% exceptional n = 6.0 

*These /or dissected; 8 had sperm, 7 had no sperm in testes. 
**Ten pupae from this culture smeared for cytological study. 
***This~ may have been classified incorrectly. 

TABLE 25. PROGENIES OF SINGLE EXCEPTIONAL ii HETEROZYGOUS FOR 
T 1215. 1 Di X + SIBS OR STOCKJ'cf. 

n 

+ 
5 

12 
3 
9 
7 

11 
2 
7 

10 
16 

9 
12 
12 
18 
19 
13 
15 
12 

9 
8 
6 

u 
229 

Culture I! + l'..il.r:l!:i!.~* I.l + I..i.l.C:Y:il~* 
M 1278 -2 0 1 2 10 0 
M· l292 -1 2 0 12 15 2 

-2 1 2 9 14 i) 
-3 1 1 4 4 0 
-4 2 1 12 13· 1 
-5 3 2 10 13 0 
-6 1 0 10 19 1 
-7 2 2 7 9 0 

M 1306 -4 1 1 6 13 0 
14 10 72 110 4 

Flies per culture= 23.3 
% exceptional n = 11.4 

*Salivary glands of larvae smeared to determine whether T 1215 was present in parent 
i . Sex of larvae recorded. . 
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TABLE 26. PROGENY OF SINGLE ~ WlllCH RECEIVED T 1217 FROM HER 
FATHER. 1 D* X STOCK .fd'. 

u 
Culture D + Larvae* D + 

M 1217 -8 7 0 2 0 48 
% exceptional l!I! - 15.8 

*Larvae used for salivary gland analysis . 

TABLE 27. PROGENIES OF SINGLE EXCEPTIONAL n HETEROZYGOUS 
FORT 1217. 1 D~X SIBS OR STOCK a!' 

i!i cfc 
Culture D + Larvae* D + Larvae* 

M 1285 - 1 3 9 3 0 8 2 
-2 10 6 1 3 11 
-3 6 5 2 1 13 

M 1294 -1 37 7 1 1 15 
M 1305 -1 4 1 2 5 17 

-3 10 5 3 1 14 
M 1350 -1 5 1 1 0 2 

-4 1 0 2 0 0 
M 1358 -1 4 0 2 1 4 

-2 3 1 2 0 14 
M 1359 -1 4 4 5 2 2 

-3 7 6 2 2 15 
-4 3 2 6 0 7 

M 1362 -2 3 1 1 0 5 
-4 1 2 1 1 2 
-5 1 0 3 1 16 
-7 4 5 1 0 5 

M 1363 -4 2 0 1 0 1 
M 1376 -1 16 6 1 2 6 

-3 4 5 1 3 11 
-5 1 0 0 0 3 

M 1377 -1 12 3 1 0 9 
M 1378 -1 4 2 1 0 0 
M 1385 4 4 2 2 6 
M 1407 -1 4 2 3 17 
M 1408 2 2 0 1 
M 1411 -2 6 4 0 0 
M 1422 -1 9 5 0 2 

-2 2 1 0 2 
M 1430 - 1 8 4 3 14 

-3 11 13 6 11 
M 1430 -5 14 10 5 . 5 

M 1~aa § l2 2 3 
213 1~~ ~~ ~2 26~ ~ 

Flie·s per culture = 20. 7 
% exceptional l!I! = 56.2 
*Salivary glands of larvae smeared to determine whether T 1217 was 
present in lf. parent. 

TABLE 28. TRANSMISSION OFT 1232 THROUGH THEJ'. 1W~AND1+~X1 +.t. 

$ 
Culture w + Larvae + 

M 1284 -2 11 25 3 . 0 
M 1444 17 13 4 0 
Flies per culture = 37 

% i$= 100 
% J'J'= 0 
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TABLE 29. PROGENIES OF SINGLE ~¥WHICH RECEIVED T 1232 FROM THEm 
FATHERS. 1 W'I- X STOCK J.i. 

Culture w + 
M 1345 -1 4 8 

-3 2 3 
M 1463 -1 16 9 

-2 15 30 
-3 13 15 
-4 8 4 
-5 16 26 
-6 14 14 
-8 7 

M 1472 -6 18 14 
-7 6 9 

119 132 

Flies per culture= 27.5 
% exceptional la'= 14.0 

"S" indicates the testes were rudimentary. 

Larvae*** 
2 
7 

9 

_er. __ 
+ 

1 s 
BS 
4S 
1 s 

15 S* 
3 S* 
1 s 
5S 
4 S** 

42 

*One male had mixed gonads--a small ovary and a rudimentary testis. 
**A few sperm were found in the testes of one of these males. 

***Larvae used for salivary gland analysis. 

TABLE 30. PROGENIES OF SINGLE¥¥ WHICH RECEIVED T 1232 FROM THEffi 
FATHERS. 1 + i X STOCK c(J'. 

Culture 

M 1345 -7 
- 8 
-9 

-10 
M 1365 -7 
M 1463 -11 

-13 

Flies per culture= 16.1 
% exceptional ¥.i = 10.6 

+ 

0 
0 
0 
2 
2 
0 
4 

8 

n 
Larvae* 

0 
2 
0 
0 
2 
0 
0 

4 

+ Larvae* 
or Pupae 

0 7 
0 16 
0 7 
1 3 

10 2 
11 0 
44 0 

66 35 

*Larvae used for salivary gland analysis. Pupae used for studies on 
spermatogenesis. 

TABLE 31a. MAP LENGTH OF SALIVARY GLAND CHROMOSOMES OF 
S. REYNOLDS! 

Lenir.th in Mii:rQn:> Leng:th R!itiQ 
Material B or B1-X2 x or Xl-B2 X:B or X1-B2:Bl-X2 
Normal 207.2 216.8 1.05:1 
T 63 205.0 220.0 0.93:1 
T 440 257.5 166.5 1.55:1 

TABLE 31b. LENGTH RATIOS OF CHROMOSOMES IN THE GERM LINE OF 
S. REYNOLDS! 

Material 
Normal 
T 63 
T 440 

Ratio of longer rod to 
shorter rod in metaphase 
of second meiotic divi
sion in the male 

1.38:1 
1.05:1 
1.89:1 

Ratio of the two 
telocentric chromo
somes in the 
oocyte nuclei 

1.22:1 
Not determined 

1. 77:1 
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EXPLANATION OF PLATES 1-8 

Plates 1-8 include Photomicrographs 1-21 and a-o. With the ex
ception of 1, .1, f, g, and i, the photomicrographs were made with a 
Leitz Makam camera, using a 1.3 mm. apochromatic objective in conjunc
tion with an 8X, 1 OX, 12X, or 15X ocular. The exceptions listed were 
made hy Mr. Chester I~cather of the Carnegie Institution of Washing
ton, Baltimore, Maryland. 

Total magnifications have not been designated on the separate 
photomicrographs. The size of the salivary gland chromosomes varies 
considerably from cell to cell. The relative size of salivary and meta
phasc chromosome· is indicated by the scale shown in Figs. 6 and 7 and 
m Plate 9. 

All the salivary chromosome figures were taken from female larvae 
except the one shown in Photomicrograph 2. 
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PLATE 1. 
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PLATE 1 

1. Translocation T 63 in S. reynoldsi. Salivary nucleus of female 
larva heterozygous for the translocation. Sec Plate 9, drawing la. 

2. Translocation T 6'.) as observed in the male. 
3. Translocation T 440 in S . reynoldsi. In this translocation prac

tically the whole X chromosome has been attached to a segment of 
chromosome B ending in B2. Only a few terminal bands from end X2 
arc attached to the segment of B ending in Bl. In this figure the loops 
toward end Xl arc due to the repeats on the X . 
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' I . 

• ' . ~ .. t--.· 'T"i( 
. · .. "": . 

PLATE 2. 
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ExpJanation of Plate 2 

4. The salivary chromosomes of normal S. coprophila. The free 
ends ( i. e., distal ) of the rod-shaped chromosomes are designated /, the 
proximal or centromere ends, c. 

5. The salivary complement of normal S. reynoldsi showing the 
chromosome ends as they have been designated by M etz. The arrow in
dicates a region on chromosome C which regularly looks like a break in 
the salivary nuclei. 

6. Translocation T 611 in S . co j1roj;hila. Observe the two points 
of translocations and the loop configuration of the X . End Xe is not 
visible in this figure. End Xf intersects chromosome III. Sec Plate 9, 
drawing 6a . 
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PLATE 3. 
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Explanation of Plate 3 

7. The X chrornosornc of normal S. reynoldsi. Observe the 
"figure 8." 

8. Chromosome B of normal S. reynoldsi. 

9. Translocation T 69 in S. reynoldsi. Arrows indicate the two 
points of translocation. Sec Plate 9, drawing 9a. 
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PLATE 4. 
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Explanation of Plate 4 

IO. Salivary complement of normal S. coprophila. Observe loop 
configuration of the X produced by repeat regions. 

11. Translocation T 993 in S . coproj;hila. The distal end of 
chromosome II is not shown. 
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PLATE 5. 
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Explanation of Plate 5 

12. The "Stop" translocation in S. coprophila. 

13. Translocation T 695 in S . coproj;hila. The normal sex chro
mosome is at the lower right in the figure. 

14. Translocation T 1215 in S. cojnophila. See Plate 9, draw
ing 14a. 
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PLATE 6. 
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Explanation of Plate 6 

15. Translocation T 1288 in S. co pro jJhila. 
16. Translocation T 1232 in S. cojJrophila. See Plate 9, drawing 16a. 

17. Translocation T 1232 in S. coprophila. In this figure the lateral attachment produced by the repeats on the X has been ruptured. 
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PLATE 7. 
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Explanation of Plate 7 

18. Translocation T 1217 in S. coprophila. See Plate 9, draw
ing 18a. 

19. Translocation T 1309 in S. coprophila. Observe inversion 
loop, segments 13B to 20B. See diagram Fig. 8 and drawing 19a, 
Plate 9. 

20. Translocation T 1217 in S . coj1roj1hila. See Plate 9, drawing 
20a. 

21. Translocation T 1 217, showing the inverted region ( 5C to 
8A) on chromosome X. See Plate 9, drawing 21 a. 
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PLATE 8. 
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EXPLANATION OF PLATE 8 
a Normal S. coprophila. Metaphase of second meiotic division in the male. The precocious chromosome is at the pole in each of the three cells. In the lower cell there are two limited chromosomes in addition to the basic complement of three approximately equal rods (including the precocious chromosome) and the one V-shaped chromosome. ' 
b Normal S. coprophila. Monocentric first meiotic division in the male. The paternal chromosomes are retreating from. the pole. Observe the diverging path of the paternal group. The limited chromosomes and the maternal chromosomes are at the pole. Some of the chromosomes at the pole are out of focus. 
c Translocation T 1232 in S. coprophila. Metaphase plate of a female heterozygous for T 1232. The translocation was paternally derived. Observe the very short rod. It is identical with chromosome IIIf-Xc shown in Fig. 8. 
d Normal S. reynoldsi. Metaphase of the second meiotic division in the male. The precocious chromosome which is at the pole in each cell ·is the longer rod-shaped chromosome. The two V's and the other rod are on the equatorial plate . 

. e Metaphase of the second meiotic division in a male heterozygous for translocation T 1232. Note the short precocious chromosome. It is identical with chromosome Illf-Xc shown in Fig. 8. 
f Normal S. reynoldsi female soma. Observe the four pairs of morphologically distinguishable chromosomes. 
g Normal S. reynoldsi male soma. The X chromosome is the unpaired rod located to the right of the large V-shaped chromosomes. It is the longer rod of the complement. 
h Translocation T 440 in S. reynoldsi. Metaphase plate from soma of female heterozygous for translocation. Note the shortest rod of the group. It is identical with salivary chromosome Bl-X2 in Photomicrograph 3. 
i Normal S. reynoldsi male. Metaphase plate from germ line prior to meiosis. Observe the four pairs of chromosomes. 
j Second maturation division in S. reynoldsi male heterozygous for translocation T 63. Note that the two rod-shaped chromosomes are approximately equa.l in length. 
k Second maturation metaphase in S. reynoldsi male heterozygous for translocation T 440. Observe that the precocious chromosome is considerably longer than the rod on the equatorial plate. The two V-shaped chromosomes are on the plate, but they are not in focus. 
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Metaphase of second maturation division in male heterozygous 
for translocation T 63. Observe the precocious chromosome at the 
upper pole, the two V-shaped chromosomes and the other rod on 
the equatorial plate. 
m Normal S. reynoldsi male. Anaphase of second maturation 
division. The precocious chromosome is at the lower pole and the 
sister halves of the autosomes are separating from each other. 
n Oocyte chromosomes from female larva heterozygous for trans
location T 440. Meiosis has not occurred; homologues are synapsed. 
See drawing N-0, Plate 9. 
o Same as n, a different focal level. 
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EXPLANATION OF PLATE 9 
Camera lucida sketches made at table level. A 1.3 mm. apochromatic objective and a compensating 12.5X ocular were used except for 6a and 9a; for these two sketches a 4 mm. objective and 12.5 ocular were used. 
The magnification of the metaphase groups P, Q, R, S, T, U, and of the oocyte chromosomes in N-0 is indicated by the scale. The outline sketches of the salivary chromosomes are not drawn to the same scale. Their magnification is not indicated. 
Drawings 16a, 20a, la, 19a, 6a, 18a, and 14a are camera sketches of the figures shown in Photomicrographs 16, 20, 1, 19, 6, 9, 21, 18, and 14 respectively. 

P Normal s. coprophila. Metaphase of second meiotic division in the male. Observe one large limited chromosome and the four ordinary chromosomes. The precocious chromosome is the rod adjacent to the ordinary V-shaped chromosome. Whether the precocious chromosome is really on the equatorial plate cannot be stated, since it may have become displaced in the process of smearing. 
Q Metaphase of second meiotic division in male heterozygous for translocation T 1232. Observe the very short precocious chromosome at the upper pole, the very long rod and the shorter rod on the equatorial plate, also the V-shaped chromosome and the two limited chromosomes to the left in the figure. 
R Normal S. coprophila. Metaphase of second meiotic division in the male. The precocious chromosome is at the upper pole. On the equatorial plate are the other two rod-shaped chromosomes, the V, and one limited chromosome. 
S Normal S. coprophila. Metaphase of the second meiotic division in the male. One rod is slightly off the plate in the lower region of the figure. It is probably th~ precocious chromosomE!. On the plate are two limited chromosomes, the V, and the other two rods. T Metaphase plate from female soma of normal S. coprophila. Observe the three pairs of approximately equal rods and one pair of V-shaped chromosomes. 
U Normal S. coprophila. Metaphase of the second meiotic division in the male. The precocious chromosome is slightly off the equatorial plate in the upper left region of the figure. The other two rods, the V, and one limited chromosome are on the plate. 
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