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Frontal sections of newly emerged normal larva showing typical 
organization at the time of hatching. AT - atrium; AN"X - 
antenno-maxiflary imaginal duo; BR - brain; ES - esophagus; 
FR - fat body; 1-10 - hindgut; MT - "heart"; MY - hyod.rm; MG - 
midgut; MOO - midgut oa.cum; MM - mouth hook; MP Malpigh Ian 
tubule; 1US - body musculature; PUllS - pharyngeal musculature; 
PV - proventric'ulue; SW - salivary gland; TR - trachea. 
X 300. 
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Many genes are known in Drosouhila 

melanogaster which are not lethal to females which 

carry them, but which prevent these females from 

producing living offspring; such genes are known as 

0 femle sterility* genes. 

Studies of several such genes by Lynch (1919), 

Clancy and Beadle (1937) and Beatty (1949) have shown 

that female-sterility can be caused by either mechanical 

or physiological defects. 	In addition, Beatty (1949) 

was able to show that development of the zygote of the 

female-sterile mother could stop at any one of several 

stages; his classification of stages reached by zygotes 

is as follows: 1.) no ocytes appear; 	2) minute 

o5cytes appear; 3) large oöcytea are formed but do 

not differentiate fully; 4) egs are laid, but none 

develop; 5) developing eggs are found but no Fl is 

produced; 6) larvae appear but no F1 ; 7) F1 some.-

times appears; and 8) F1 appears only in crosses 

with certain males. 

It is to the last class that the female-

sterility genes in this study belong; namely, deep 

orange (), fused (a), and rudimentary (.). 	All 
three are sex-linked and a lethal effect is expressed 

in all or some of the offspring of homozygous mutant 

females. 

Lynch/- 



Lynch (1919) showed in her studies on fused 

and rudimentary that the sterility effect was in part 

alleviated when mutant females were crossed to non-

mutant males, and Merrell (1947) found the same 

sterility effect in deeo orange females. 	Table I 

is a diagrammatic representation of the possible 

crosses involving mutants and the viability of the 

offspring from such crosses; the table also shows 

the composition of the W cytoplasm and polar body 

nuclei for each zygote. 

It will be noted from the table that the 

gene itself is not necessarily lethal to the zygote 

which carries it (mutant males and females in cross 

Type III, females in cross 1pe II). 	It can also 	be 

seen that the presence of a normal .L chromosome in the 

fusion nucleus (female zygotes, Type II matings) or in 

the somatic cells of the mother (Type III matings) 

can counter4.ct the lethal effect of the gene. 	It 

should be pointed out here that the lethal effect of the 

mutant is not always completely counteracted; if it 

were, approximately one half of the ea laid by 

females in watings of Type II should develop but in 

actual fact the number of adults produced is much 

lower than the expected number. Lynch (1919) got 

between 5 and 14 percent hatchability from eggs in 
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Table I. Schematic representation of the various matings which 
will be referred to in this paper. For m , any of the three 
mutant genes — or , fu , or r — may be SubStituted, but must 
be substituted rouout. Tor example, Type I: or female 
mated to or male; Type II: or female mated to non=—or male, etc. 
For each bryo, the geneticonstitutjon of the pTar bodies,,
the zygote nucleus, and egg cytoplasm are shown. The egg 
cytoplasm in eggs from heterozygous females is indicated by 
cross-hatching. 
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Type XI matings, and in this work no case was found 

in which hatchability has exceeded that figure. Some 

of the reasons for the low hatchability will be shown 

in the course of the discussion. 	In Type II matings, 

on the other hand, there is no significant deviation 

from the expected 1:1:1:1 ratio; that is, the effect 

of the gene is completely counteracted. 

It was already known in the cases of JA (Lynch 

1919) and 9Z (Merrell 1947) that some embryonic 

development took place in eggs from the homozygous 

mutant females; in other words the gene acted as an 

embryonic lethal in certin zygotes. An examination 

of egs from Type I matings using females and males 

showed that development of embryos took place in many 

of the Ws and in some instances larvae emerged from 

the embryonic envelopes but died without further 

development (E,'l lethal - Hadorn 1951). 

That each of these genes affected embryonic 

development as well as exhibiting the phenomenon of 

intra-genic sterility made them more interesting, 

for embryonic lethal factors have proved especially 

valuable for studies of gene-controlled processes in 

development (Hadorn 1949, 1960). 

The effects of lethal factors on embryonic 

development have been studied in maninals, birds and 

insects. 
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A review of this rather large field is not within 

the scope of this paper, nor i8 such a review 

desirable as many extremely competent reviews have 

been written. A brilliant general discussion of the 

action of lethal factors In development is to be 

found in Needham (1942 	p. 365-391) in which he 

interprets the action of various lethal factors in 

the light of effects on organiser phenomena. Grane- 

berg (1950) and Glueckaohn-Waelsch (1951) have review-

ed briefly gene action in mice; more detailed 

information is to be found in other works by Grüneberg 

(1947, 1952). Waddington (1952) has discussed gene 

action in birds, Tanaka (1953) in his review article 

of the genetics of the silkworm includes a few cases 

of embryonic lethality which are genetically controlled. 

Developmental action of lethal factors in Drosophila 

has been reviewed by Hadorn (1951). 

Two approaches were possible in a study of 

the action of the three female-sterility genes, 

, nd L.  One was to survey the three genes, the 

determination of the lethal effect of the genes on 

embryonic development being the primary consideration, 

and the other was to carry out a complete and detailed 

investigation of any one of the three mutants, includ-

ing ovarian development, oöcyte formation, the effect 

oil- 
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of the gene on embryogenesis, and the effects of 

various environmental and genetic factors on the 

expression of the gene. 

It was decided that the former approach was 

perhaps the more logical of the two. In the first 

place, so little information is available concerning 

the effects of genes on embryonic development in 

Drosophila, in spite of the large number of genes 

or other genetic factors which have lethal effects, 

that any addition in this field is a useful contribu-

tion. Perhaps it should be mentioned here that the 

three genes have a certzin technical advantage over 

other lethals in a study of embryonic development; 

that is the fact that one can be absolutely sure of 

obtaining lethal embryos for study (all eggs from 

Iype I matings, and at least half from Type II matings) 

while with other lethal factors which act ant as 

recessives, only one fourth of theibryos will be let!al. 

In the second place, the unusual sterility 
them 

effects of the gen& made 1*/more interesting than other 

lethal factors. 	There was the possibility that some 

effects of the natant gene on embryonic development 

of t%e heterozygous females might be noted as well as 

a possible effect on embryonic development of the 

presence of normal I bearing sperm in the egg cytoplasm 

in Type II matings. 
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It was also hoped that a comparison of the 

effects of the three genes on development mlitht pro-

duce some interestinir information on the mode of action 

of the genes on the egg cytoplasm. 

Lastly it was felt that this general survey 

was, in many ways, a necessary preliminary to a more 
one 

detailed analysis of the action of any/of the genes. 

It was hoped that one of the genes might prove to be 

more promising than the others for a study of gene 

action, and especially, that one of the genes would 

act early In development as genetic factors which do 

are apparently rare in flrn np1ti1. (Hadorn and Chen 

1952). Waddington (1940) has pointed out that cases 

in which production of the gene-controlled substance 

takes place shortly after segregation of the genes 

might be valuable in investigations of the chemical 

nature of the gene product. 

As three alleles at the 	locus and four at 

the r, locus were available, the final pattern of 

damage (}jadorn 1945) in each was studied to see if 

allelic differences in expression of the pattern of 

damage existed. Although Poulson (1940, 1945) and 

Bull (1952) have studied the effects of overlapping 

deficiencies on embryonic development no comparable 

studies of allelic lethal genes in Drosophila have 

been made. 
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A deacriptiofl of the patteznof damage .s 

evidenced in embryos from females homozygous for one 

of the three genes follows, in the order in which the 

genes express themselves in embryonic development. For 

two of the genes, fj and qX, the pattern of dne  in 

embryos from crosses of Type I and Type II were studied, 

while embryos from Type I mating only were studied for 

For the sake of brevity, mutants will usually 

be referred to by their symbols. 	In all crosses in- 

volving non-mutants, Oregon L flies were used. 
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A. $tocka: 

AU the genes used for this study are sex-

linked and were balanced against the 	chromosome. 

Flies were raised in ordinary stock bottles; 10 to lb 

pairs were used each time fresh bottles were made Ui. 

Because of the decreased viability of these mutant 

stocks, fresh bottles were wade up frequently. Stocks 

were kept at either 18 00. C. or 25 C.; all egg  

collections were made at 25 0C. 

orange () stock used was 

originally supplied to the Institute of Animal Genetics 

by Dr. Merrell; the Oregon K stock and the fused 

genes Ju and 	were supplied from the stock 

maintained at the Institute. The three rudimentary 

genes and the fused allele, Laff , were provided by Dr. 

Auerbach. Two of the rudimentary genes - 

and el - and JUff  - appeared in the progeny of flies 

which had been fed as larvae on formalin treated food; 

the other rudirnenr.y gene, 	appeared in the progeny 

of flies which had been treated with mustard gas. 

The symbols for the mutants obtained from Dr. Auerbach 

are those given by her. 
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Flies were collected over a two to three day 

period from the time the first imagines emerged and 

the sexes were separated. Before matinr females 

were aged for at least two days after their emergence 

as the ovaries of young females contain no mature ergs. 

If the mutant females were to be out-crossed to non-

mutant males or males carrying an allelic gene, to 

insure virginity only those females which emerged 

during an eight to ten hour period after the bottle 

had been shaken over were used; for matings of mutant 

to mutant, flies which had emerged over a somewhat 

longer period could be used as it was not absolutely 

necessary that females be virgin. 

Matings were usually made the day before 

egg collection was to begin and the flies kept over-

night in bottles to which additional yeast had been 

added. Forty to sixty mutant females and a alight 

excess of males were used for collecting eggs; tenty 

pairs of Oregon , flies gave an adequate nziiber of eggs. 

For the collection of eggs, flies were 

placed in milk bottles which were inverted over watch 

glasses containing a 3 percent agar solution to which 

1 percent acetic alcohol had been added. 	The surface 

was shaved off to provide a rough surface for the 

deposition of eggs. Yeast was not placed on the agar 

discs,'- 
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discs but if eggs were to be collected from one batch 

of flies over a period of several days, flies were 

placed overnight in bottles containing extra yeast. 

Eggs were collected over a one hour period 1  

and the age of embryos could thus be determined within 

one half-hour. 	In some instances where very early 

stages were desired collection time was shortened to 

30 or 15 minutes. All eggs were collected and kept 

at 25 °C. until the desired developmental stage had 

been reached. 

When the opaque chor ion is removed living 

embryos of Droso phila may easily be examined because 

of the t.ransparencey of the vitolline membrane (Child 

.nd Howland 1933; Huettner and Rabinowitz 1933; 

Poulson 1937; Kalies 1939). AWs were dechorionated 

by placing the eggs on the surface of a glass slide 

which had been smeared with a thin layer of ordinary 

cornmeal-agar-syrup food. When the food dried, the 

eggs were held firmly in place and the chorjon could 

easily be ruptured by stroking with a blunt needle. 

Chemical methods of dechorioriatjon were not used 

because so few eggs were examined at one time. If the 

embryo had been injured durinr the process of chorion 

removal/- 
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removal, Brownian movement was evident in the region 

of the micropyle or along the edges of a median 

optical section (Poulson 1937 ); all injured embryos 

were discarded. 	If the embryo was to be under obser- 

vation over a considerable period of time, it was 

placed in a hanging drop mount which was then sealed 

with vaseline; such mounts could easily be observed 

under the high power of a compound microscope and 

embryos may live in such mounts for thirty to forty 

hours - one embryo was still living 65 hours after 

the mount was made. Embryos which were photographed 

using time-lapse cinematography were placed in deep 

well slides which were filled With water and the 

cover slip sealed on with wax. 

It was noticed that when embryos were placed 

in F.A.A. (formol: alcohol: acetl acid) the chorlon 

was rendered transparent to reflected lights As 

embryos are capable of surviving for a short period 

in this fluid if embryonic membranes are Intact, this 

characteristic was utilized for studying the external 

characteristics of living embryos under a binocular 

dissecting microscope. 

When the desired developmental stage had 

been reached, eggs were fixed in a formol: alcohol: 

acetic/- 
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LJar.L inton 
acetic acid mixture (6:16s1 DazinW'and LaCour 1942 

after Smith 1940). To insure rapid and even fixation 

the vitelline membrane must be pricked. For this 

purpose needles of tungsten wire sharpened to a fine 

point in fused sodium nitrite were used. The chorion 

was not removed as it did not hinder fixation and the 

chorionic filaments are useful as guides for 

orientation during embedding; the filaments also are 

useful in determininp orientation of sections, especially 

in some of the mutant embryos in which normal spatial 

relationships have been distorted. 	gs remained 

in the fixative for at least two hours and no longer 

than 24 hours before being transferred to dehydrating 

fluids. All eggs were dehydrated and cleared through 

a butyl alcohol series (Darlington and La Cour 1942, 

after Smith 1940). 	Ea were infiltrated with 45 0C, 

paraffin with an equal amount of phenol, then changed 

after 12-16 hours into fresh 45 0C. paraffin embedding 

was done in hard wax. Sections were cut at 3-5 

microns. 

Some sections were also made of ovaries which 

were fixed either in F.A.A. or Bouin'a and then taken 

through the butyl alcohol series. Sections were cut 

in ten microns. 

The majority of sections were stained with 

Heidenhairi' 8/- 
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Heidenhain's iron hematoxy1in according to the 

schedule 84gested by Sonnenblick (1950). Some 

sections were counterstained with 5OSlAI but the 
results were not very satisfactory for microscopical 

study; however these counterst,ajned sections 

photograph somewhat better than those which have 

not been count,eratained. A few embryos were atined 
by the Feulgen method. 

Sectioned ovaries were stained by several 

methods, the most satisfactory being iron hnatoxy1in 

count,erstajned with eosin. Whole mounts of ovaries 

were prepared according to the method suggested by 
Beatty (1949). 



44 -  

111 - THE DE1P 311ANJGENE 

The gene deep orange Lox-) was described 

and located by Merrefl. (1947). It is located at 

0.0± on the X chromosome and is given its name 

because of its effect on eye color. Merrell found 

that the gene had an effect on fertility similar to 

that of fused as reported by Lynch (1919). 

In the course of this work, a few additional 

facts regarding the expression of the gene have been 

noted. 	The color of the eye varies with the 

temperature at which pupal development takes place; 

if the pupal period is spent at a temperature of 25 0C., 

the eyes are bright orange in colour; if pupal 

development takes place at 18 0C., the color deepens 

to a red orange. 	In both cases the eyes also become 

darker as the flies grow older. The temperature at 

which embryonic and larval development take place has 

no effect on eye color. The Malpighian tubules of 

the adults are bright yellow and impart a greenish 

tinge to the abdomens of newly emerged flies, especially 

males. 

The number of eW strings in the ovary is 

reduced and the fat bodies associated with the ovaries 



are more conspicuous in two-day old mutants than in 

normal flies of the same age. Sectioned ovaries 

were also studied; frequent degeneration of follicles 

was observed similar to that reported by Beatty (1949) 

in the ovaries of the female-sterile mutant apterous 4 . 

Certain abnormalities in o8cyte formation were also 

noted and will be discussed later, Fzamination of 

the freshly dissected internal genalia of the 

female failed to disclose any other structural 

abnormalities. 

No attempt was made to study in detail 

the sterility chrcteristics of the mutants but 

some mat inga of mutant females to non-mutant males 

were made to determine whether there were ever 

any male break-throughs as is sometimes the case 

with rudimentary. 	Bacterial infections, reduced 

egg production, ti-e decreased viability of females 

and a marked tendency of the mutants to get stuck 

in t!e food, combined with the very low muinber of 

eggs which successfully develop, sharply reduced the 

number of adults which emerged from any such matinzs. 

In a total of 426 flies, no males were found, 

k1 

j 	 tThi 
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To understand abnormal development, it is 

necessary to know what constitutes normal development.* 

A brief description of the events in normal development 

from maturation through gastrulation will be given 

here as only this period of development is involved 

in the development of deep 2rrjn& embryos; later 

developmental stages will be described in connection 

with the development of fused embryos. 

Detailed descriptions of early developmental 

processes may be found in Huettner (1923 - origin of 

germ cells; 1924 - maturation and fertilization); 

Parks (l936-cleavage Poulson (1947 - pole cells); 

Rabinowitz (1941 a. - early embryolopy; 1941 b. - ori-

gin of yolk nuclei); and Sonnenblick (1941 - pole 

cells; 1950 - early embryolozy). 	The following 

account of early development is taken largely from 

Sonnenbi ick. 

a. Ma.turatiq. 

The mature egg of Drosohi1a znela.nogaa tar is 

about .5 uim. long, bilaterally symmetrical, the dorsal 

surface being flattened, and the ventral, convex. 

The mature egiz is invested with embryonic envelopes: 

* Because many people are unfamilar with the processes 
of embryological development in Drosowbila, a description 
of normal eTnbryogeneais has been incluüd In this paper. 
Normal and abnormal development are treated separately 
in order that those who are familar with nnrm2l 
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an inner translucent viteliine membrane and an outer 

opaque membrane, the chorion, which bears at Its 

anterior dorsal and the chorionic filaments; a 

third membrane - the plasma membrane is visible 

after fixation (Huetther 1923, Sonnenblick 1950). 

Huettner (1923, 1924, 1927.) was the first to 

describe the internal structure of the e. Yolk 

spheres of various sizes are scattered Throughout 

the cytoplasm; a large number of vacuoles of varying 

diameters are also observed in the egg cytoplasm. 

The surface of the egg proper is covered by a thin, 

finely granular layer, free from yolk, which broadens 

at the poles; this layer 	(the periplasni)is the 

Keinihaut of Weismann (1863). At the posterior pole, 

granules which stain with hematoilin are found. 

Their exact nature is not known; they are included 

in the pole cells as they form but not all granules 

are included in the germ cell primordia, and the 

number included in the pole cells varies. 

Fertilization occurs in the uterus, five to 

eight sperm entering the egg. At the time the sperm 

enter, the first maturation division of the female 

nucleus is in progress in a clear protoplasmic island 

near the dorsal surface of the &rg, and about one-

third of the distance from the anterior pole; the 

spindles of the maturation divisions are usually at 

right,'- 
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right angles to the dorsal surface. There are no 

centriolea or asters in the maturation division 

figures, centrioles and asters being found only after 

cleavage divisions have begun; it is assumed that 

these are derived from the division center of the 

sperm nucleus. At the second maturation division, 

the spindles are tandeznly arranged; the inner-most 

of the four nuclei will become the female pronucleus 

and the other three, the polar body nuclei, which are 

not extruded from the egg but which remain in the 

anterior-dorsal island where they eventually form a 

large metaphase plate which disintegrates at about 

the third hour of embryonic life (Huet tner 1924: 

kabinowitz 1941 a.; Poulson 1940). 

The sierm which is to form the male 

pronucleus reaches the region of the maturation 

division while the second division is in progress; 

the sperm head becomes more and more vacuolate and by 

the time the female pronucleus has formed and both 

have migrated to a region in the interior of the egg 

and s1ipht1y posterior to the anterior-dorsal island 

in which te maturation divisions occurred, they 

are large, faintly staining vesicles. They increase 

in volume, the chromosomal contents meanwhile becoming 

more and more obvious. The pronuclei elongate and 

spindle/- 
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spindle fibers appear, originating within each 

nucleus. The centriolo also divides durinp the 

formation of the vesicular nuclei and the resultant 

bodies migrate to the poles. 	The first spindle 

is actually composed of two units, mixture of the 

maternal and paternal chromosomes not taking place 

until the and of the first cleavage division. 

Cleavage divisions are synchronous in the 

early stages of development. No cell membranes are 

formed until the 3rd hour of development when the 

originally syncytial blastoderm becomes cellular and 

until this time all divisions are in aynchruny. 

Cleavage nuclei are contained in discrete cytoplasmic 
islands distributed in the interior of the egg, 

Division at this stage is very rapid, approximately 

ten minutes being required for the completion of the 
mitotic cycle (Rabinowitz 1941 a.). 	Orientation of 
nuclei and spindles is apparently random (Parks 1936). 

Huettner (1933) has included in is paper excellent 

microphotographs of the various stages of mitosis In 

Drosophila some of which are reproduced by 

Sonnenbi ick (1950). 

At about the 8th cleavage division the nuclei 
migrate/- 



migrate to the periphery; those cells which first 

reach the posterior pole become pole cells, or the 

primordial germ cells, and after they have budded 

off from the main body of the egg, they cease to 

divide in aync'rony with the other nuclei. 

About two hours after deposition, the embryo 
layer 

consists of an outer k"/of nuclei and undivided 

cytoplasm and a central accumulation of yolk containing 

some cleavage nuclei which are destined to form the 

primary yolk nuclei (Rabinowitz 1941 b.). Three 

synchronous divisions follow and the eF7 surface is 

covered with closely packed nuclei. 	LdSll membrane 

fornt ion begins at the outer surface, moving Inward, 

the inner cell walls being the last to form, After 

the formation of cell walls, the divisions of the 

nuclei are no longer synchronous. Little or no 

unlncluded cytoplasm is left at the base of the 

blastoderna cells in normal etn1ryos. The blaatoderm 

is uniform in thickness. 

d. amgtrula6tion. 

The first Indication of gastrular movements 

is the reentry of some of the pole cells through the 

blast odermal/- 
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blastodormal walls (Rabinowitz 1941 b.; Poulson 

1950); this movement can also be followed in the 

film made of the developing embryo. The next step 
in gastrulation is the change in shape of certain 

cells along moat of the ventral surface and the 

eventual buckling in of cells along the ventral 

surface to form the ventral furrow. The ventral 

furrow which is open to the surface for only a 

short time extends from a point about one-seventh 

of the distance from the anterior pole to the 
posterior end of the embryo. 	After closure of the 
ventral, furrow the inner surface flattens and 

obliterates the cavity which has formed; this 

inner layer, along with the cells of the ventral 

surface beneath it., forms the germ band. None of 

the cells which have been carried inward will produce 

any external characters. 

Almost immediately after the formation of the 

ventral furrow, an oblique furrow appears at the 

anterior end, about one third of the distance from 
the pole. The function of this anterior cleft 

(cephalic furrow" of Poulson) is not known; Poulson 

supgeste that it delimits the future head region 

while Sonnenblick is of the opinion that it is a 
temporary structure designed to relieve some of the 

mechanical/- 
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mechanical stresses and strains of gast.rular movements. 

At the same time as the anterior furrow forms, an 

invagination forms at the posterior pole. 	This is 

the posterior midgut invaginatlon which, as it deepens 

and moves forward, scoops up the pole calls and 

carries them into the interior of the embryo. 	The 

posterior midgut invagination moves to a position 

just posterior to the anterior cleft; its forward 

movement is partially a result of the eloration of 

the germ band which foLlows it around to the anterior 

surface and which is at its greatest length at the 

and of gastrulation. 

2. Abnormal development in jleep prange embryos: 

Morrell (1947) dechorionated and examined 

100 eggs from a cross of mutant females to mutant 

males and found that no characteristic final stage 

of development was reached by the zygotes. All 

stages of embryonic development were found and even 

two larvae were observed, but '...in nearly all 

cases the differentiation appeared to be abnormal". 

)Lerrell's observations could not be confirmed 

by this work. Although the lethal embryos could be 

divided into two very discrete classes, within each 

class the pattern of damage was fairly constant; in 

fact/- 
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fact, more constant than in the other mutants studied. 

There are several possible explanations for this 

difference. Although the j= stock was originally 

obtained from Dr. Merrell, it was almost lost 

through contamination and the stock used in this 

work was reästablished from a very few flies; this 

may mean that the genetic background in this stock 

is considerably modified. 	It has been shown in 

several instances (Hadorn 1940, 1951; Radorn and 

loor 1943; Cloor 1945) that the expression of 

lethality - indeed the "phase specificity" (Hadorn 

1949) of its action - is mLrkedly affected by the 

genetic milieu. It in also possible that the express-

ion of the gene has become modified in the course of 

time. 	This is not unknown to occur in DrosoLihila 

(. Bridges and Brehme 1944; examples are the genes 

Bland and ent'). 

In 65 percent of the embryos from the cross 
or 

of homozygous QI. females t.o/na1ea, maturation divisions 

are abnormal or development ceases during the early 

stages of cleavage. 	Those embryos which successfully 

pass this critical stage continue to develop for some 

hours, but blastoderm formation and subsequently, 

gastrular movements are abnormal. Cellular 

degeneration,'- 



degeneration in in the latter group sets in as early as 

four and one half hours after fertilization, although 

some tiSsUeb are differentiated after this time, and 

in a few instances, certain organs formed. 

Only one embryo was found in which 

development had ceased during the first maturation 

division. The chromosomes were scattered irregularly 

over the spindle, most of them being clumped in a 

metaphase-like plate Yig. 1. 	The lightly staininc, 

extremely vacuolar cytoplasm in which the spindle 

formed was characteristic of all = embryos in which 

development ceased before fusion of the pronuclei. 

This embryo was sectioned when it was four and one-

half hours old (end of gastrulation) indicating that 

development was not simply delayed but had ceased 

before completion of the first meiotic division. 

The largest number of = embryos examined 

in matings of mutant to mutant cease development 

during the second maturation division and before the 

fusion of gamete nuclei (approximately sixty percent 

of the embryos from matings of mutant to mutant-see 

Table II). Characteristic of these eggs are large 

distorted multipolar spindles in the anterior region 

of,"- 



of the e on which the chromosomes are scattered 
(Fics. I 2 &3 

) 

helter-skelter.! These abnormal spindles are assumed 

to be utizration spindles for two reasons. In the 
first place 1  no centriolea have been identified at 

any pole of the spindle configuration; in the second, 

the typical metaphase configuration of the three polar 

body chromosomes which forms in eggs in which fertili-

zation has taken place has never been found in these 

eggs, although it. is present in those eggs which 

develop abnormally following the first cleavage 

division. 

The anterior end of the egg, and especially 

the dorsal region, consists of a mass of cytoplasm 

with little or no yolk, and characteristically there 

is as an extremely spoW region of cytoplasm in the 

vicinity of the abnormal spindle (Figs.I 2 .3). 	This 
accumulation of cytoplasm is not obvious at first, 

although in eggs sectioned fifteen minutes after 

deposition there is a slight Indication of a thickening 

of the d6rsal cytoplasm in the anterior end; however, 

by four and one half hours the distribution of extra-

nuclear materials Is markedly abnormal, most of the 

cytoplasm being accumulated anteriorly while the 
posterior region consists almost entirely of yolk and 
some extremely vacuolate and atrinr" cytoplasm. 
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In the egg shown in Figs. 2 and 3, a sperm 

spindle may be soon very near the anterior end, and it 

is obvious that abnormal separation of chromosomes has 

also taken place in the sperm figure; (it can be 

identified as a sperm figure by the presence of 

centrioles). 	There is some indication that abnormal 

movement of sperm occur, perhaps as a result of the 

abnormal accumulation of cytoplasm in the anterior end, 

for in many of the embryos which have ceased develop-

ment during the second maturation division, sperm 

spindles are found very near the anterior end of the 

egg; in one such egg at least five sperm spindles 

were found very much anterior to the female spindle. 

In many cases the abnormal maturation 

spindle simply degenerates and fragments of chromatin 

become distributed throughout the egg. In other 

embryos, nuclei of various sizes are formed, some 

containing only one chromosome (Fig. 5 ; 1. Wald 

1936). 	In all cases, degeneration of the egg occurs, 

the formation of the spherical droplets of cytoplasm 

characteristic of unfertilized eggs beginning at about 

six hours after deposition. 	The term*unfertilized* 

as used in this sense simply means that fusion of 

gamete nuclei has not taken place; many eggs have 

been observed in the course of this study which contain 

S perw' - 



sperm but but which have undergone processes of deteriora-

tion similar to those taking place in eggs which no 

sperm have entered. By seven hours this degeneration 

is advanced in.= eggs of this type and the chromosomal 

elements are difficult to recognise; in later stages 

it is not possible to determine if the second 

maturation division has been abnormal or if development 

has ceased after fusion of the gamete nuclei. 

b. Early cleavage. 

In many embryos, although the maturation 

divisions are completed, the first cleavage division 

of the zygote nucleus is abnormal (about one quarter 

of the embryos which cease development prior to 

blastoderm formation). In these GWs, abnormal 

spindles or clumps of nuclei are found in a cytoplasnic 

island near the center of the egg. In such es the 

polar body nuclei form a large metaphase configuration 

in the anterior-dorsal region as in normal embryos 

(Fig. 4 ). 	It is not always possible to determine 

accurately the number of chromosomes in the polar 

configuration because the chromosomes are frequently 

cut through in sectioning, but there seemed to be no 

indication of an abnormal number of chromosomes in those 

plates which could be counted with a fair degree of 

accuracy; 
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this would indicate that the female pronucleus in 

such eggs had the normal chromosomal complement. 

Abnormalities are also noted in later 

'leavage divisions. Multipolar spindles are commonly 
A% 
	clumped nuclei, nuclei of various sizes and 

polyploid spindles may also be present (Figs. 8 -12 ). 

Synchrony of nuclear divisions is not always maintained. 

Normal and abnormal spindles may be found in one and 

the same embryo. That development had actually ceased 

during cleavage was deduced from the fact that other 

eggs from the same batches were at a gastrular stage 

or later, and the age of the embryos was such that all 

should have been at that stage. 

The formation of cytoplasmic islands around 

cleavage nuclei is also affected in some embryos. 

Discrete islands containing single nuclei are rather 
rare, and many islands containing either one nucleus 

or several are rather small, probably as a result of 

the general paucity of cytoplasm chracteristic of many 

of the eggs from gE females (Fig. 7) 

C. Ui&ration. 

If embryos successfully pass the early critical 
Period, they continue to develop for several hours, 

although the events leading to bias toderm formation and 
gastrulation are abnormal. 
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(irration of nuclei to the surface Is 

abnormal in aL embryos of this type. 

The clumping of nuclei In various regions 

of the embryo may prevent many nuclei from reachirr 

the surface and taking part in blastoderm formation. 

A second factor which may be responsible 

for the abnormalities in migration is the abnormal 

structure of the periplasm. 	This outer layer of 

cytoplasm, which in normal embryos is uniform in 

thickness except at the poles, varies greatly in width, 

being abnormally broad in some regions (usually dorsal) 

and thin or non-existent in others. 	Nuclei never 

migrate into the regions where the periplasm is not 

forled although many nuclei may be present adjacent 

to the region. Poulson (1940, 1945) reported that 

the periplasm in those regions of the nullo-1 embryos 

which the nuclei did not enter, broke down, but In 

his case, this represented the larger part of the 

posterior portion of the egg. 	It Is possible in the 

present instance too, that there 'has been a breakdown 

of the periplasm in restricted regions of the 

periphery as a consequence of the absence of nuclei. 

This is given support by the fact that no very early 

eW stapes have been found in which the periplasm is 

lacking/- 
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lacking in any region although variations in thickness 

are obvious at this time. 

MR1976NIM OW 

The pole cells are budded off during the 

migration of nuclei to the surface. 	Formation of 

pole coils is always abnormal in a embryos. 

Pole cells in = embryos are never budded 

off as completely as in normal embryos (Fig. 13 ; 

Fig. 24, Sonnenbiick 1950). 	They are smaller in 

diameter as a general rule, probably because less 

cytoplasm surrounds the nucleus, and fewer are formed 

t!an in normal embryos. Some embryo have been found 

in which no pole cells could be identified. 

The cytoplasm of the pole cells becomes 

vacuo1.tr at a very early stage, and cellular degenera-

tion and nuclear pycnosis may be observed shortly 

after the pole cells have formed. Perhaps as a 

result of abnormalities in the formation of the poster-

ior midgut invagination, the pole calls in some embryos 

are not carried to the interior but remain at the 

posterior end and there degenerate. 

It has been mentioned that in some embryos 

4 
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migration of the nuclei to the surface is irregular 

and the periplasm is lacking in those regions in which 

no nuclei are found. In approximately one half of 

the embryos in which development takes place beyond 

the migration of nuclei, the blastoderm cells do not 

completely cover the surface and there is no migration 

of nuclei from adjacent areas of the blast oderrn to 

obliterate gaps (Fig. 14). 	The gaps' are always on 

the ventral surface or at the poles, although their 

position is not COfl8taflt otherwise. 

The layer of cytoplasm at the surface at 

the end of migration is irregular in width, and in 

many embryos is extremely thin (Figs.13 - 14). 	The 

blastoderni cells which form are not the typical 

elongate cells of the normal blastoderm (. Fig. 24, 

Sonnenblick), but are small round cells containing 

little cy&oplasm, and the cytoplasm that is present 

is grainy In appearance and stains only lightly. 

Much of the cytoplasm is frequently not 

enclosed by the cell walls although this is not the 

case in normal embryos. It is probable that the 

formation of the Inner wall of the cell is so 

conditioned that it forms when the inward growing rails 

from the periphery near the inner surface of the cell 

mass; 
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if this is the case,/the synchrony of cell wall forma-

tion is maintained, the depth of the cellular layer 

would be determined by the region of least depth. 

This would not have any marked effect in normal 

embryos where the cytoplasmic border is of the same 

thickness throi.hout, but is important in .2Z embryos 

where variations in the thickness of the cytoplasmic 

border are pronounced. The unenclosed cytoplasm is 

incorporated into the primitive gut which forms later. 

The wall of the blastoderm is usually much 

thicker on the dorsal surface than on the ventral, 

while in normal embryos it is of the same thickness 

throughout. In fact, aome authors (Poulson 1937) 

have maintained that the ventral blastoderm in normal 

embryos is thicker than the dorsal. 

1. gastrulation. 

Gastrulation is abnormal in all 2L embryos 

which reach the second period of development. This is 

not due to inherent abnormalities in gastrulation 

processes themselves but can be traced back to abnormal 

blaat,odernj formation, 

Because of the abnormal structure of the 

ventral rail, formation of the ventral furrow fails 

or is abortive. An attempt at formation Is made, 

however/- 
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however, in those regions where enough cellular 

material Is available and a germ band of sorts forms, 

although It is very restricted in size. Formation 

of the cephalic furrow is usually accomplished. 

The posterior midgut forms but rarely moves 

to the anterior position which it attains in normal 

embryos. Most frequently it forms, deepens, and 

elongates from the posterior pole of the embryo, 

eventually filling the posterior third with its mass 

(Fig. 15 ). 	The cells which form the invagination 

are not normal in shape, but are email round cells 

with very little cytoplasm. Rarely some movement 

toward the anterior occurs in embryos in which a 

partial inner germ band has formed at the posterior 

end. 	Two embryos were found in which anterior 

movement had taken place although no inner germ band 

had formed; in these embryos, however, the ventral 

wall was complete and it is possible that elongation 

of the external germ band alone, was responsible for 

the movement of the invagination forward. 

The pole cells when they are included in 

the posterior midgut invination, already, or soon 

show signs of degenerative changes, the cytoplasm 

becoming yacuolate and the nuclei darkly staining. 

No/- 
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No instance has been found of movement of the pole 

cells out of the posterior midgut invegination Into the 

body cavity. That the abnormal position of the 

invagination itself is probably not to blame may be 

deduced from the fact that although two embryos were 

found among the offspring from a mating of an 

female to an ja male in which anterior movement of the 

invagination had failed and elongation of the Invagina-

tion had occurred at the posterior end, migration of 

the pole cells through the wall of the gut was normal. 

On the other hand, Aboim (1946) found that dead or 

dying pole cells were capable of movement through 

the walls of the gut and became incorporated into the 

gonads, so we cannot assume that the degenerative 
changes in the pole cells are responsible for the 

failure of the cells to move into the body cavity. 

Perhaps the abnormal shape of the cells making up the 

gut invagination is responsible. 

Distribution of yolk is abnormal in these 

embryos. The granules are not distributed evenly 

throughout the central cavity of the embryos but are 
concentrated at the periphery, the inner most region 

being devoid of large yolk globules, although minute 

droplets of material connected by cytoplasmic strings 

are found there (Fig. 13 ). Abnormally large yolk 

9--lobules are frequently observed as well as degenerat- 
ing ones. 
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Although the pole cells begin to degenerate 

almost as soon as they are formed, other cells in the 

embryos seem capable of actively dividing for a 

considerable period of time. 	The lack of cytoplasmic 

materials is never overcome, and as the cells continue 

to divide they become smaller and smaller. By the end 

of gastrulation (4* hours), cells at the surface and 

some cells in the interior, especially those of the 

posterior midgut, bin to degenerate. Abnormal 

mitotic figures are found, as well as polyplold cells 

and multinucleat.e cells. 	Some multinucleate cells 

are found in which one of the nuclei Is polyploid and 

the others diploid. 

In embryos which have a more normal supply 

of cytoplasm, histogenesis occurs, and some organo-

genesis. 	Functional salivary glands form In some 

embryos, and the presence of scattered muscle cells 

indicates that a partial germ band has formed. In 

all embryos in which histogenesis occurs, differentiation 

of nervous tissue into ganglion cells and nerve fibers 

takes place. However while these processes are taking 

place, degeneration continues, being most marked at 

the surface and at the poles. By eighteen hours, 

degeneration of the anterior and posterior regions is 

so/- 
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so marked that their cellular nature has been complete-

ly obliterated, and the anterior and is filled with an 

amorphous mass of faintly staining material (Fig.16-17). 

At this time, the majority of cells in the interior 

have begun to degenerate as evidenced by the presence 

of pycnotic nuclei, and vacuolate or darkly staining 

cytoplasm. 

All lethal embryos which die at the second 

critical period of development retain an outline which 

is reminiscent of the gastrular outline of normal 

embryos. 

071 M. 
I 	 olm CM 710 IT Wall # M M71 ITEM 

As early as 1919 (Lynch) geneticists were 

interested in the unusual sterility effect observed 

in females homozygous for the recessive sex-linked 

gene, fused, and it was this effect which was one 

of the major rens. for undertaking the study of the 

three genes which are described in the present paper. 

It is known that If a normal I chromosome 

is present at one of two periods in the "life-

history" of the oW s  it serves to "counteract" the 

effect of the mutant gene (Mating Types II and III, 

Table I.). Once the effect of the mutant gene on 

embryonic/- 
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embryonic development had been established, the 

development of embryos from Mating Type 11 were 

examined to determine if the developmental pattern 

in let!ala differed in any respects from that in 

embryos from Type I matings and also if there was 

any effect of the natant gene on the development 

of the non-lethal embryos (heterozygous females). 

In general, the pattern of damage in 

embryos from matings of the mutant female to the non-

mutant male is identical, to that observed in embryos 

from crosses where both parents are of the mutant 

genotype. Critical developmental abnormalities 

occur either at maturation divisions or early cleavage, 

or embryos develop beyond this stage only to die as 

a result of abnormal blastoderzn formation and subse-

quent abnormalities in gastrulation. However certain 

differences between the distributions within and 

between the two classes of abnormal embryos from the 

two mating types were noted. 

1. 1aturatjon and fertilization: 

Abnormalities in meiosis were relatively 

rare in eggs from matings of Type II. The time of 

cessation of development in early lethals from crosses 

of Types I and II between two and eight hours of age 
was/u. 
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was recorded as taking place qt one of four t.imess 

meiosis, first cleavage, second or third cleavage, or 

at later cleavage (but prior to migration of nuclei). 

No later stages were classified because degeneration 

of the e,s made it impossible to ascertain accurately 

the time of cessation of development. 	Table II shows 

the composition of the various groups for embryos from 

both types of crosses. 

Distribution of embryos from Mating I and Mating 
11 according to time of cessation of development. 

Stage at which 	 2nd-3rd Late 
development 	Meiosis let cleav. 	cleav. cleav. ceased 

Mating 1rpo 
(as Table I) 

peI 21 8 2 	3 (percent.) 62.3 23.2 5.8 	8.5 

Type 11 5 8 5 	6 
(percent) 20.6 33.3 20.8 	25.0 

Although the dorsal anterior accumulation of 

cytoplasm occurs in eggs from lype II watlngs in which 

the maturation divisions are abnormal it is neither 

as rapid nor as marked as in embryos in the cross of 

mutant/- 
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mutant to mutant. The spongy regions of the cytoplasm 

in the anterior and which are so characteristic of 

the same embryos in 1pe I matings are found only in 

some of the similar embryos in Type II matings and 

are much smaller in area. 

The abnormalities in spindle formation and 

chromosome distribution are similar to those found 

in embryos from lype I matings. 

2. C1eavae: 

In these embryos, as in those from matings 

of mutant to mutant, many which successfully pass the 

maturation divisions become abnormal soon after. 

Several types of abnormalities may be observed which 

are similar to those in embryos from Type I matings; 

failure of nuclei to separate normally, multipolar 

spindles, spindles with varying numbers of chromosomes, 

and some polyploid spindles. Cleavage synchrony is 

also disturbed at times. Frequently division of 

nuclei continues after abnormalities first appear, 

resulting in hwre masses of chromosomal material in 

several large cytoplasmic islands. 

One of the more interesting embryos was one 

in which sixteen abnormally large metaphase spindles 

were found, each of which had at least two centromeree 

at each pole (Figs. 8-10 ). In other embryos although 

s om,' - 
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some polyploid nuclei were found, no other was found 

in which all nuclei showed exactly the same abnormali-

ties and in which all abnormal nuclei were at the 

same stage of mitosis. 	In this embryo, it is probable 

that at the end of the fourth cleavage division, none 

of the nuclei separated completely and when the 
spindles formed for the next division they were so 

near that the chromosome masses and spindles of the 

two nuclei became associated in one large spindle. 

Synchrony of centriole and chromosome division has 

been distorted, as the presence of aupernuary 
centriolee at the poles of some of the division figures 
indicates. 	It is, of course, possible that the 
formation of the polyploid nucleus took place at t'ie 

beginning of the second cleavage division, the two 

nuclei resulting from the first cleavage forming a 

polyploid spindle at the next division, with double 

the number of centrioles which in some way were able 

to behave In a relatively normal fashion. On the 

basis of cytological evidence from other animals this 

seems improbable, and M.J.D. White (personal 

communication) is of the opinion that this interpre- 
tation is not feasible. 

Unfortunately no evidence for either 

explanation has been conclusively provided by other 

embryos; however the presence in other embryos of 

spindles/- 
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spindles lying aide by aide in the same cytoplasmic 

island (Fig. ii ), gives support to the first explana-

tion. 	The simultaneous origin of the condition in 

all sixteen nuclei at one and the some time is still 

to be explained. 

In some embryos in which cleavage nuclei are 

apparently normal, and each of which is surrounded by 

a cytoplasmic island, the paucity of cytoplasm of 

the eggs as compared to normal eggs is striking. 
(Fig. 7). 

3, Later 	s: 

No striking differences between the embryos 

from Type I and Type II matings in later stages as 

far as pattern of damage is concerned were noted. A 

possible effect of the . gene on the heterozygous 

female was noted; namely, the presence of abnormal 

pole cells in embryos which were in every other 

respect normal, and which had developed far beyond the 

stage at which degeneration of all tissues has begun 

in lethal embryos (FIg. 18 ). 

_z _St,iuiix.j4 
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All sectioned embryos older than two hours 

from both matings were classified as: normal (gastrula- 

tion and later stages normal) late lethala (reach 

blast oderm/- 



blastoderni formation); or early lethals (failure 

of develok..nent prior to migration of nuclei). No 

sections of younger embryos were scored because it 

was not possible in every case to ascertain the 

stage at which development ceased, and in the case 

of Type II matings, whether slight abnormalities 

such as the clumping of small groups of nuclei were 

sufficient to cause abnormal development of the whole 

embryo. The results are summa  ised below: 

Normal 	Late
Lethals 	Letha,ia 	Total 

Ytings
pe I  

 3 	56 	109 	164 

Type II 
Matings 	65 (all 1 e-66 	 27 	168 

males) 

It is at once obvious that the proportions 

of the two classes of let!als in the two matings are 

significantly different, the ratio of one group to 

the other being almost exactly reversed in the two 

matings. 

W-FT-Mr-131,ME  
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What is the underlyinz cause for the 

manifestation of the various effects of the gene on 

embryonic development? An the following discussion 

will show, all the abnormalities which have been 

observed can be explained on the assumption that the 

primary effect of the gene is on the cytoplasm of 

the early erg. 

Two possible explanations for the formation 

of abnormal maturation spindles present themselves If 

we interpret the basic abnormality in the eggs as an 

abnormal condition of the cytoplasm. One is that 

the abnormal condition of the cytoplasm itself causes 

abnormalities in spindle formation and hence 

abnormalities in the mechanics of the meiotic divisions. 

The other Is that sperm are prevented from moving 

normally through the cytoplasm, either because of the 

nature of the cytoplasm itself, or because of the 

abnormal accumulation of cytoplasm in the anterior 

end; the failure of sperm to reach the region of the 

maturation divisions may then result in a disturbance 

of the normal synchrony of divisions and the subsequent 

formation/- 



formation of a spindle or spindles incorporating 

the chromosomal elements of all four female nuclei. 

The failure of maturation divisions in the 

mutants is accompanied by abnormal movement of most 

of the cytoplasm in the egg to the dorsal and anterior 

regions, and the subsequent appearance of an extremely 

vacuolate or *spongy* area near the abnormal spindle. 

This accumulation of cytoplasm must begin shortly 

after the sperm enter, for only fifteen minutes after 

deposition of the egg, the dorsal anterior periplasm 

is obviously thickened, although this thickening 

cannot be observed In the mature o8cyte. 

If we assume that the normal allele of the 

g gene is responsible for the initiation of changes 

in the physical nature of the cytoplasm which are 

necessary for the completion of the maturation 

divisions and the movement of the sperm to the region 

in which fusion of the gamete nuclei occurs, an effect 

of the gene on stages prior to formation of the zygote 

nucleus can be explained. An effect of this nature 

could also be invoked to explain the differences In 

distribution of cytoplasmic materialthich have been 

noted between embryos from Type I matings and Type II 

matings in which maturation divisions have failed. In 

embryos from 1rpe II matings, failure of divisions Is 

not accompanied by the accumulation of large masses of 

cytoplasm/- 
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cytoplasm in the anterior end, only a slight 

accumulation being observed, and the 'spongy' region 

which is 50 characteristic of such eggs from Type I 

mat.lngs, rarely forming. 	In these eps, the presence 

due to normally occurring polyspernr, of some sperm 

with normal. I chromosomes could delay the effect of 

the mutant gene, but could not maintain the normal 

process Lr arq length of time unless the male pronu-

cleus, and hence the fusion nucleus, contained the 

normal I. 

The various cytological abnormalities 

observed in embryos which cease development during 

cleavage divisions could easily be related to 

cytoplasmic abnormalities affecting spindle formation 

and subsequent separation of nuclei • Abnormal 

spindle configurations such as polyploid spindles 

and multipolar spindles could be caused by the failure 

of nuclei to separate a sufficient distance to avoid 

interference when spindles form at the next division. 

Another characteristic of spindle formation 

in aL embryos may point to cytoplasmic abnormalities 

and also wive some hint as to the possible physical 

causes underlying these abnormalities. 	The spindle 

fibers of all division figures in = embryos are much 

more,'- 
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more obvious than those in normal embryos (I should 

like to thank Dr. Slizynaki and Dr. $lizynaka for 

calling this point to aq attention). Ruettner (1933) 

observed in sectioned material that those spindles 

nearest the point at which the eW had been punctured 

to allow fixation were always better defined than 

the other spindles in the Vq he attributed this 

phenomenon to the release of tension in the o5plaan 
one 

in the region of fixation. This leads to speculate 

that the tension of the o8pla.zn may be abnormal 

(less than in normal es?) throughout the whole 

g. This abnormal condition could be the result of 

abnormalities in the formation of the obplaamic 

material in the o5cyte in homozygous ar ovaries, or 

of the failure of normal tension relationships after 

the sperm have entered the 

The abnormalities in development in embryos 

which survive the early stage of lethality can also be 

explained on the basis of abnormalities in the cyto-

plasm. Abnormal migration of nuclei to the surface 

results in the formation of an incomplete blaatoderm, 

and this alone could be responsible for abnormal 

gastrulation and the subsequent failure of developnt 

but a second cytoplasmic factor is also involved. 

This is the paucity of cytoplasm in = epre. 

Abnormalities,'- 
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Abnormalities in the width of the cytoplasmic border, 

which forms as cleavage nuclei migrate to the 

periphery of the qW and the syncytial blastoderm 

takes shape, result later in the formation of blasto-

dera cells which are atypical in shape. Because of 

abnormalities in the shape of cells on the ventral 
surface and the general lack of cytoplasmic material, 

formation of the germ band fails or is incomplete, 

leading to further abnormalities in gastrulation. 

Eventually the cells of the embryo which 

never are able to overcome the initial paucity of the 

cytoplasm succumb, probably as a result of abnormali- 

ties in the ratio of nuclear to cytoplasmic material. 

The abnormal staining reaction and the abnormal 

texture of the cytoplasm in sectioned material also 

indicate that the cytoplasm of these embryos is not 

comparable in all respects to the cytoplasm of normal 
eggs. 

Of special interest because of the maternal 

nature of the action of the iaaarit gene, are abnormali. 

ties in the ogg prior to fertilization. 

It has already been mentioned that there is 



a general paucity of cytoplasm in the sga of 

females and this characteristic meagreness of cyto- 

plasm as well as of yolk is quite obvious in the mature 

o8cyte. Frequently eggs in the same ovary will con-

tain quite different amounts of oplaamic materials. 

4though the ieriplaam in formed in the 

ovary, only one of the abnormalities which have been 

observed in its structure is obvious in the o8cyte. 

This is the extreme shallowness of the periplasni at 

the poles. Although differentiation of the polar 

granules at the posterior pole is apparently normal, 

the rapid degeneration of the pole cells after their 

formation later in development may indicate that 

organization of the posterior polar plasm on a chemical 

level is abnormal. 	The disintegration of the pole 

cells ny of course be due to the small amount of 

cytoplasm available to the nuclei as a result of the 

shallowness of the polar plasm but other nuclei which 

receive less than the normal amount of cytoplasm 

generdly do not show signs of degeneration until later 

in development. 

The other abnormalities of the periplasm 

become obvious only after deposition of the egg. The 

abnormal breadth of the dorsal periplamn, especially 

in the anterior half, becomes obvious shortly after the 

Ow- 
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egg is laid (sometimes before the gamete nuclei have 

fused) while the absence (breakdown?) of the periplssm 

in restricted regions on the ventral surface can be 

observed only at the time of migration of nuclei. It 

is possible, of course, that earlier abnormalities on 

a biochemical level which cause these visible manifes-

tations of irrnalarity are established during the 

period of ocyte formation. 

Other factors in flrso,hila have been 

described which affect early division phenomena and 

the cyteoloical abnormalities are very similar to 

those observed in = embryos. However, the basic 

effect of these factors may be chromosomal an it is 

with the QpJ-.over auoreasor gene in D. aubobacura 

(Fah 1952) and the treatment of the mature o8cyte 

with 1-rays (Sonnenblick 1940) or cytoplasmic, as it 

is with aX and hybrids between D. miranda and j. 

oseudoobacura (Kaufmann 1940). The causal mechanism 

behind the appearance of other abnormalities such 

as those observed by Wald (1936) In the eggs of 

females homozygous for the claret gene have yet to 

be explained. 

Wa.1.d (1936) undertook a cytological analysis 

of abnormalities in development in ecrs frcrnj. 

aimulans females homozy.jrous for the wane claret. 	3he 

found/- 



found that abnormalities in spindle formation at the 

first, maturation division were responsible for the 

later abnormalities in spindle formation and nuclear 

reconstitution which were observed. The spindle 

of the first maturation division was extremely wide 

with the result that the chromosomes were separated 

into widely scattered groups. The second maturation 

division was rarely completed and the chromosomes 

merely reorganized at the end of the period into 

nuclei containing varyinr numbers of chromosomes 

(. Fig. 5 of an gE 9W in which similar nuclei 

have formed as a result of abnormalities in maturation 

divisions). Cleavage rarely occurred, but in those 

embryos in which itcld, formation of the spindle of 

the female pronucleus at the first division was 

usually abnormal. The reasons for formation of an 

abnormal first meiotic spindle could not be traced 

back, to any abnormalities In chromosomal elements 

during prophase of the first division. This may 

Indicate that cytoplasmic abnormalities rather than 

chromosomal ones, are responsible for the initiation 

of abnormal development in the case of claret as in .2g. 

Chromosomal abnormalities,W...e. aupreasion 

of chiasma formation and failure of pairing durmn 
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the prophase of the first meiotic division) were 

responsible for the initiation of abnormalities in 

division in the eWs of females homozygous for the 

croas-ovax' suøoreiaor gene in Iosaphi1a subobscura 

(Faiq 1962). In some Spvs the early abnormalities 

resulted in the formation of abnormal female pronuclei, 

and in these, althoup'h insemination took place, fertil. 

izat,jori failed. 	Various cleavage abnormalities were 

observeth meagre spindle formation and the subsequent 

formation of daughter nuclei fairly near each other 

(however the nuclei were far enough apart that there 

was no spindle interference); aneuploid cleavage 

nuclei; 	and a few polyp].oid cleavage nuclei. Poly 
ploid es did not proceed with their ceavage, either 

degenerating or undergoing an abortive mitosis and 

then degenerating. 	When an abortive mitosis did 

occur, a giant spindle was formed, but was not large 

enough to hold all the chromosomes at the equator; 

movement to the poles was irrepular. 	At the end 	Df 

abnormal division a large heap of chromosomes of irre- 

gular shape and sizes formed. 	This parallels in 

many ways the abnormalities in cleavage of polyploid 

nuclei which formed in .z embryos. 

Although owen'z gene (Coven 1933) which 

affects meiosis in the female in pr ogoRbila. welanojister 

ha'f. 



has yet to be studied cytologictu1y, it is quite 

probable that the action of the gene is similar to 

that of the crossover supreseor gene in D. subobscura. 

Certain other factors causing abnormalities 

in early cytoloical processes In j.  melanoaster 

have also been described. 	Huettner (1927) found 

that excessive polyspernV could cause aberrations 

in maturation and cleavage due to spindle interference. 

He also noted that the cytoplasm of eggs in which the 

degree of polyspervry was extremely high, was abnormal 

in appearance, but did not distinguish whether the 

abnormalities in the cytoplasm were the cause or 

result of polysperirr. 	Sonnenbllck (1940) found 

that irradiation of the mature o5cyte could cause 

abnormalities in formation of maturation spindles and 

also cleavage abnormalities. While the underlying 

causes of the abnormalities in t'-is instance are no 

doubt chromosomal, the cytoloica1 picture is quite 

similar to that in 9S eggs. 

Possibly more closely related to , is 

the work of Kaufmann (1940) on the nature of hybrid 

sterility In crosses between fl._miranda and  J. 

pseudoobscura. When hybrid females are mated to 

males of either parental type, eggs are produced but 

few larvae. 	A cytological study of the eggs showed 

abnormal/- 
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abnormal development, 	Abnormalities in meiotic 

divisions, cleavage divisions, and poLar body prolif-

eration were found. Female pronuclei often received 

abnormal chromosome numbers. 	Lagging of chromosomes 

was frequently observed in both first and subsequent 

cleavage divisions. The failure of chromosomes to 

separate following division also occurred, resulting 

in the formation of large aggregates; similar 

aregationa of chromosomes have also been observed 

in 9X eggs. Behaviour of the polar chromosomes was 

very abnormal; in the eps of hybrids instead of re-

maining at the periphery and eventually disintegrating, 

they began to proliferate after cleavage had begun. 

These divisions were quite irregular; multipolar 

spindles were sometimes formed and lagging of chromo-

somes occurred. Later clumpipg and fusion of chromo-

somes took place. 	The cytological abnormalities of 

the polar body complex are almost Identical to those 

observed in j= embryos which cease development during 

the second maturation division; however there are two 

exceptions: the abnormal spindles in 9X females are 

formed not only from the three polar bodies, but 

include the other female nucleus which is formed, and 

proliferation of polar body chromosomes after cleavage 

is under way has been observed only once in . embryos 

although!- 
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although it was of widespread occurrence in the egpa 

of these hybrid females. 

Of particular interest is Kaufmann's inter-

pretation of the basis of lethality in the hybrids. 

"It seems, therefore, that polar chromosome multipli-

cations and irregularities of cleavage mitoses both 

are attributable to one underlying factor, namely, 

the inability of the chromosomes and spindle mechan- 

ism to function properly in the cytoplasm (underlining 

mine) provided by the female hybrid .... This presumably 

represents a maternal effect; the hybrid chromosome 

complement has so conditioned the eg cytoplasm prior 

to fertilization that meiotic disturbances, irregular 

cleavage and abnormal polar chromosome multiplication 

may take place". Thus, as in gZ, the abnormalities 

in develo.ment are related to the interplay of cytopl-

asmic and chromosomal factors. 

Dobzhansky (1947) has in fact pointed to 

the parallelism of hybrid sterility of this nature 

and cases of intra-genic sterility like JU where 

the lethal effect is linked to the maternal cytoplasm. 

His conclusions fit even better to the case of .QL 

because the lethal pattern In = embryos and embryos 

from hybrid females are so very similar. 



from matina  of mutant to mutant and of mutant 
females to non-mutant males. 

In the first part of this discussion, the 

probable explanation has been given for certain 

variations in the distribution of cytoplasmic 

materials in embryos from the two matings in which 

development has ceased early. 	In addition, certain 

significant differences in the distribution of lethal 

embryos between matings of Type I and Type II have 

been pointed out. (Tables II and III). 

The distribution of embryos in 1pe II 

nttings was as follows: normal 65 (all females); 

late lethals - 66; and early let-a13 - 27. If we 

assume that all abnormal embryos in Type II matings 

.re males, the ratio of males to females becomes 

93:6b, which is a significant departure from the 

expected 1:1 ratio; the same holds true if those 

embryos which ceased development early are females only. 

Therefore we must conclude in Type II matings, that 

the class of lethals which ceased development early 

Is probably composed of embryos of both sexes. This 

means that development is not possible in some eggs 

regardless of the constitution of the zygote nucleus 

and constitutes a maternal effect. Because of the 

special,'- 



special interest interest of maternal effects of the gene, 

all of them will be discussed in a separate section. 

The differences between the observed ratio 

of early to late lethality In the two matina types 

(Type I mutant to mutant; ratio of early to late, 

2:1; Type II - mutant female to non-mutant male; 

ratio 1:2) is still to be explained. 

One possible explanation is that the 

difference in composition of the two classes of lethal 

embryos between the two mating types Is related to 

the presence of normal I sperm in the cytoplasm of 

most or all eggs in Type II crosses as a result of 

normally occurring polyspernr. 	Supernumary sperm 

remain in the egg, usually near the anterior end, and 

eventually degenerate (Sonnenblick 1950); Poulson 

(1950) has identified sperm tails in embryos eight 

hours after development has begun. The presence of 

normal I sperm in the cytoplasm of the egg may then 

be supposed to supply some substance which in the 

Type I crosses, the 9Z bearing sperm are unable to 

provide. The presence of the normal I substance would 

temporarily alleviate the effect of the mutant gene, 

but not to the extent that the lethal effect of the 

gene in the gamete nucleus could be overcome. 
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A possible effect of the presence of normal 

X sperm in the cytoplasm of = embryos has already 

been noted; namely, the differences observed in 

the segregation of o8plaamic materials in embryos 
xna t irs 

from Type 11/which have ceased development at the 

second maturation division and in embryos from Type 

I matings in which development ceased at the same sta!e. 

This interpretation of an effect on development of 

the presence of normal sperm in the cytoplasm is also 

given credence by the fact that in the case of the 

rudirnentay gene where some males appear in pe II 

crosses, the only possible difference between the males 

in this cross and those in Type I is the presence 

in the cytoplasm of the egg of sperm from a non-mutant 

male (Table I.). The very rare appearance of these 

males also augpeats that a threshold 	iomenon of some 

sort, may be involved, and the "redemptive effect is 

possible only when a certain percentage of the super-

nunry sperm carry the normal X chromosome. In the 

case of riirentari, the effect of the gene becomes 

obvious at such a late stage in embryonic development 

(Section V, Part I), it is not surprising that a 

redemptive effect might be sufficient to cause the app-

earance of adult males, especially as later processes 

of development seem unaffected in the lethal embryos; 

on the other hand the effec ts of the .g, gene are 

expressed./- 



expressed at such an early stage of embryogenesie, a 

redemptive effect sufficient to produce adult males is 

hardly to be expected. 

An alternative explanation for the differences 

in composition of the lethal classes is that the late 

lethals in 'pe I matings and Type II matirs are 

similar; that is, they represent only one sex; the 

early abnormala in Type I matings would therefore 

represent the other sex (comparable to the females 

in Type II matings) plus a certain number of embryos 

of both sexes which have failed to develop because of 

a maternal effect 

An examination of Table II will show that 

the cytoplasm of the egrg, the polar body constitution 

and the zygote nucleus are identical in males of 

crosses I and II. 	If the system of which the mutant 

gene is a part is not one which is greatly affected 

by the presence of normal X sperm in the cytoplasm, 

one would expect that developmental abnormalities in 

males from the two crosses would be the same. 

Differences between the pattern of damage in males and 

females might then be explained either by the presence 

of two doses of the gene in the females to one in 

males, or inherent differences in development 

between the sexes, the abnormal condition caused by the 

mutant gene becoming critical for the female at an 

earlier stage in development. 
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An attempt was made to determine the sex of 

the embryos in the late lethal class in Ipe I matings 

by cy,ological methods. 	However, the zrateri.i was 

not very satisfactory and the results are open to 

question. 	Although in many of the sectioned embryos, 

mitotic activity was high, no polar view of 	.meta- 

phase suitable for analysis could be found. 	In others, 

although polar views of metaphase were found, one 

could not be absolutely certain that chromosomes had 

not been cut through in sectioning the embryo. It 

is certain that some of the embryos in the class are 

males. 	In seven embryos which were examined, three 

were definitely males, three were probably males, and 

the cytological picture in the remainirr embryo was 

so contradictory, it could be classified neither as 

male nor fna1e. Further studies using squash prepar-

ations are now being undertaken to settle the question 

if possible, but at the present time no more can be 

said than that the cytological evidence at hand cannot 

exclude The possibility that most or all of the embryos 

making up the late group in Type I matings are males. 

The only difference between females in 

Matings I and II is the presence of the normal I 

chromosome in the fusion nucleus; the egg cytoplasm 

and polar body consitution are identical. 	This means 
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that an exceedingly small amount of  

substance can counteract the effect of the mutant gene. 

3. Miternal effects. 

The most obvious of the maternal effects 

of the mutant gene is the effect of the genotype of 

the mother on the.viability of ofxspring. 	This can 

clearly be seen in Table I; in Type III matings, 

the presence of a normal X chromosome in the somatic 

cells of the mother is sufficient to counteract the 

effect of the gene in homozygotes and hemizygotes. 

This means that the presence of the gene itself in a 

homozygous or hernizygous condition is not sufficient 

to cause the death of the zygote; however the table 

also shows that the gene acting through the mother 

can so influence the cytoplasm of t1-e egg prior to 

fertilization that It may be lethal to the zygote which 
it 

carries/unless the male gamete nucleus furnishes its 

normal counterpart. 

Lynch (1919) was the first to attempt an 

explanation for the unusual sterility effects of genes 

of this type. She assumed that development of mutant 

zygotes in lype III matings might be due to the action 

of the normal. I in two of the three polar bodies in 

the egg. Although this may be true, there is an 

attractive alternative which was overlooked by Lynch. 
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plobules 
In Droaohila the egg cytoplawn and yolk/are 

formed as the result of the activity of fifteen nurse 

cells in each follicle which nourish the developing 

ocyte. (For a detailed description of egg formation 

in tosophila see Guynot and Naville 1933; Stolfi 

1938; Miller 1950). Durim the later stapes of 

ocyte development the contents of these nurse cells 

are literally poured into the egg (Fig. 19 ) including 

an enormous amount of nuclear substance, for the 

nuclei of the nurae cells at this time are highly 

Dolvtene (Painter and keindorp 1939). 	(In the eggs 

of some female-steriles, whole nurse cell nuclei have 

been observed in the cytoplasm, see Section IV, Part I 

of this paper and Beatty 1949). 	In eggs produced by 

a heterogoua female therefore, the cytoplasm of 

the OP7 would cont.,-in a considerable amount of normal 

X nuclear material. 

The possible aignificanc3 of this for the 

maternal effect considered here is obvious. If the 

developmental system which is affected by the mutant 

gene is one which first becomes active early in embryo. 

genesis. even though the consequences of its activity 

may not appear in some instances until a much later 

developmental stage 	L.), a sufficient amount of 

normal X substance may be present in the cytoplasm to 

overcome/- 
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overcome the deleterious effects of the genes in the 

zygote nucleus, and the amount of nuclear substance 

furnished by fifteen highly polytene nuclei is 

probably much greater than could be furnished by the 

action the te three polar bodies. 

There is, of course, no proof that the 

nuclear substance which is poured into the egg 
in 

cytoplasm at this time is not/a very much altered 

state, compared to that of the nucleus. However 

Painter (1940) in an attempt to explain the rapid 

synthesis of chromosoxnal material which must take 

place during cleavage divisions in the Drosophila 

embryo since a complete mitotic cycle requires only 

ten minutes, cited evidence to indicate that.. the 

derivatives of the absorbed nuclear material may 

persist in a partially polymerized form and...'t,he 

rapid building up of the cleavage chromosomes is 
the 

possible irVsepinenting egg because the synthesis 

is more in the nature of a reassembling of already 

existing materials (underlining mine) ...under the 

guidance of the active chromosome4 rather than an actual 

synthesis of the building blocks from relatively 

simple aub8tances'"; (a8 quoted in Sonnenblick 1950). 

Finally normal development of the mutants 

in/- 
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in Type III matings may be due to the combined effects 

of the Theterozygosityw  of the op1asni and the activity 

of the two polar bodies which contain the normal X 

chromosome. 

It is unfortunate that these three 

possibilities cannot be tested separately but a glance 

at Table I will show that the relationship between egg 

cyioplasm qnd polar body constitution is a constant one. 

A subsidary maternal effect of the 2Egene 

was also noted in Type II crosses and has been briefly 

mentioned in part, 2 of this discussion; that is, 

the ratio of letals to non-let!'ala in Type II crosses 

was too high for all lethal embryos to be males and 

it was assumed that a certain proportion of the embryos 

which failed to develop did 80 because of a maternal 

effect on the composition of the eW which could 

not be overcome by the action of genes in the zygote 

nucleus. 

It has been pointed out that paucity of 

yolk and cytoplasm are frequently observed in the 

eggs of .9Z females. Some of the embryos which died 

in Type II cr08808 were apparently normal except for 

the extreme paucity of oplamic materials (nj. Fig 7). 

This paucity of yolk and cytoplasm is not limited to 

eggsproduced by . females, but has been observed in 

eggs from JU and £ mutants and Beatty (1949) noted 
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hi..t the same abnormal structure in o6cy tea and rg 

of the female- sterile mutants ocellilesa and comb-

g; in other words this is an abnormality in eg 

formation which ama to be common to Leveral female-

sterile mutants. Abnormalities of this type are 

in part responsible for the low percentage of imurrines 

which appear in Type II matings in the instances of 

all three of the mutant genes described in this paper. 

A maternal effect in addition to a lethal 

effect has been shown to exist In the instance of 

Polyphasn
,  a dominant gene in Drosohila I unebris 

which is lethal when homozygous (Strasburger and 

Körner 1939). 	This maternal effect increased the 

number of unhatched egLQs in crosses of heterozygote 

to heterozygote from 25 percent as expected, to about 

55 percent. 	Although no definite effect of the 

gene on embryonic development could be found, it was 

concluded on the basis of examination of ozge from 

the cross of the heterozygous female to normal male 

and the cross of heterozy.cote to het.erozygote, that 

those embryos which died because of a maternal effect 

of the gene could be separated from those which died 

because of their genetic constitution (homozygosity 

for the mutant gene) by the general time at which 

development ceased. 



4. Puture j1poroaches to a Btudy  of  the action of 
the kC gene. 

Because the action of the .. gene becomes 

evident at an extremely early stage in development, 

it may prove useful for further studies in the nature 

of gene action. 

}eapiration studies of the early epg of the 

type done by Poulson (194 or Bull (tnpublished) and 

studies on the physical nature of the eg cytoplasm 

in early stages might give some hint as to the nature 

of the effect of the gene. 	Cytochemical studies on 

developing odcytea and early eggs from females homozy-

gous and heterozygous for the gene would perhaps be ex-

tremely informative, although our present knowledge about 

cytochemistry of development in flrosoi.thila is not ex-

tensive (see lao 1949, 1950a, 1950b). 	There is also 

the interesting possibility of contrasting the effect 

of a normal counterpart of the mutant allele in erg8 

from Type II matings where environmental variations are 

at a minimum because lethal and non-letal app-s from 

the same mother could be used. 

Some preliminary studies of o8cyte formation 

in the homozygous female tasinp differential staining 

technique such as the Feulgen reaction and the methyl-

green-pyronin stain have been made but those have given 

no results as yet. A few chromatographa of whole flies, 

ovari e 



ovaries, and ers have been run using the techniques 

as described by Hadorn and Mitchell (1951) or 

Buzzati-Traverso (19b3) but the results have not been 

consistent, and too few have been run to draw any 

valid conclusions from them. 



KEY TO FT 11tTP1S 1 - 19 

(deep orange embryos) 

For illustrations of normal embryos for comparison with theee 
figures, the reader is referred to Chapters II and III of 
Biology of Drosoohila ( Demereo, 190). The terminology employed 
througnoiit is that used in Biology of Drosophila and wherever 
possible the same conventtone or &bFev1at ion are used in these 
figures. 

A - anterior 

BLD - blastoderm 

CF - cephalic furrow 
CH - chorion 
CI{F - chorionic filament 
CLN - cleavage nuclei 
CO - centriol. 

EC - ectoderm 

FC - follicle cells 
FOL - ovarian follicle 

GB - germ band 

WD - maturation division 

NCL - nurse cell 
NCN - nucleus of nurse cell 
NUC - nuclei 

OOC - o8oyte 

P - posterior 
PC - pole cells 
PUG - posterior midgut 
PP - polar plasm 

SC - spongy cytot].asm 
ST - etomodaeum 

V - ventral 
VAC - vacuole 
VM - vitolilne membrane 

YC - yolk cell 
YX - yolk 



TEXT OF FIGURES: 

Fig. 1. Longitudinal section of typical "early lethal", The 
maturation spindle (MD) is very abnormal, and the typical 
area of spongy cytoplasm has formed above it • The anterior 
and dorsal accumulation of cytoplasm is obvious. Age of 
embryo at time of fixation - 	hours. X 180. 
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Figs. 2 and 3. Drawings of 
which development has 
the second maturation 
abnormal sperm spindle 
dorsal accumulation of 
oytoolasm is extremely 
Ii 1 hours of age* 

adjacent sections of an embryo in 
ceased prior to the completion of 
division. In the anterior end, an 
may be observed. The anterior 
cytoplasm is marked, and the ventral 
vacuolate. Drawn from an embryo 
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Fig. Ii. Metaphase plate formed by the polar body nuclei in the 
anterior dorsal region. 1 2000. 

Fig. 5. Diagrammatic representation of the reconstruction of 
nuclei following formation of an abnormal spindle. Nuclei 
of vario'is sizes are found in an area of smooth cytoplasm 
(b) abov3 which the typical spongy region of the cytoplasm 
is still visible ( a ) • The remaining cytoplasm (c) is 
rather ftbri].ar in nature. Drawn from an embryo 7 hours of 
age. 
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Fig. 6. Longitudinal section showing late anai,hase of cleavage in 
an embryo from a mating of an or female to a non—or male. The 
embryo is apparently normal exWpt for a slight ellowneae of 
the posterior polar niasm. Age of embryo at time of fixation.. 
1 J hours. X 200. 

Fig. 7. Longitudinal section showing early proDhase of cleav$gw 
in another embryo from the same mating as the embryo shown in 
Fig. 6. The paucity of cytoplasm is evident, as is the reduced 
eie of the cytoplasmic islands containing the nuclei. The 
posterior polar plasm is very shallow and variations in the 
thickness of the peripheral layer ofoplasm may be seen. 
Age of embryo at time of fixation - 1

cyt 
 hours. X 210. 
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Fig. 8. Semi-frontal section of an embryo from a mating of an or 
female to a non-or male in which all nuclei are polyploid. 
Two of the abnoril nuclei which are in metaphase of cleavage 
may be seen in the section. These are not dividing in syn-
chrony. Age of embryo at time of fixation - 3 1 hours. 
X 330. 

Fig. 99 Posterior-most of the two metaphase figures shown in Fig. 
8 0  At the anterior and of the spindle several centriolee may 
be observed. At the posterior end, only one centriole may be 
seen because of the angle of sectioning. Migration of the 
chromosomes to the poles has begun. X 2000. 

Fig. 10. The other metaphase p1ae shown in Fig. Be Two centrioles 
may be observed at each pèle of the spindle. Migration of the 
chromosomes to the poles has not yet begun. X 2000. 



I 	
•:• 	 CLN 

J! ? /  

. 
e*. • v' 

Pq t. l•. ' 

•1 

r 	N" ~ . 

•, Ab 
A .. • -CO • 

- 

ltEi ilti, 
T.k. 

I 	
Co 

* 	• 4 
• 

w 	&4è 	Co 

100 

yw4rO 

a; 



Fig. 11. Cleavage nuclei in early prometvhaee. The nuclei have 
not separated into set,arate islands at the end of the ,revious 
cleavage division, and iie side by side. Such nuclei may give 
rise to polyoloid spindles. X 2000. 

Fig, 12. Section showing spindle abnormality. The large spindle 
is in anaphase. At one side ( arrow ) a small spindle which 
probably contains only one chromosome has formed. X 2000. 
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Fig. 13. Frontal section of synoytial blastoderm stage ( 2 hours) 
in or embryo. The pole cells have formed at the posterior and 
of We embryo but have not budded off as completely as in 
normal embryos. The naucity of yolk and its peripheral dist-
ribution can be clearly seen. Fixation damage is evident on 
the lower surface of the section. X 200. 

Fig. 114. Longitudinal section of cellular blastoderm stage ( 3 
hours ) in or embryo. The pole cells may be seen at the 
noeterior en-7; some degeneration of these calls has already 
begun. Variations in the thickness of the blastoderm may be 
observed, and the arrow points to a region in which the blaeto-
derm is incomplete. Several yolk cells are clumned together in 
the canter of the embryo. X 230. 

Fig. 15. Longitudinal section of embryo 6 hours of age. Elongation 
of the posterior midgut invagination has taken place from the 
posterior end. The blastoderm wall has evidently been incomplete 
on the mid-ventral surface, but posterior to this region, a 
small germ band has formed. Partial formation of the cephalic 
furrow has taken place, and there is some evidence of the etomo-
daeal invagination. 1 2009 
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Fig. 16. Longitudinal section of "late lethal" embryo at about 
11 hours of age showing degeneration. At the anterior end, 
cells have broken down completely ( arrow ) and the entire 
surface is covered with disintegrating and abnormal cells 
(NUC). The posterior midgut invagination has moved forward 
but not to the anterior extent which it reaches in normal 
embryos. The pole cells which are still included within the 
posterior midgut invagination are also deteriorating. X 200. 

Fig, 17. Longitudinal section of another "late lethal" embryo at 
about the same age as the embryo shown in Fig. 16. Complete 
disintegration of cells has taken place at both ends, and 
ainorohoue, lightly staining masses have formed ( arrows  ). 
Blastoderm formation has been incomplete in the posterior 
ventral region. X 225. 

Fig. 18. Longitudinal section showing degeneration of some of the 
pole cells in an embryo which is in all other respects normal 
( from a mating of an or female to a non—or male ). Some of 
the pole calls have miated to the outsiffe— of the posterior 
midgut invagination, but the nuclei of those remaining within 
the invagination show marked signs of pyonoeli. X 50. 
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Fig. 39. Section of the ovaries of an or female showing the 
"pouring" of nurse cell contents into—  the developing o1cyte 
( lightly staining substance at the anterior ends of the 
two labeled ooc). Degenerating follicles are also present 
and the arrows point to two such follicles. The egg just to 
the left of the degenerating follicles contains very little 
yolk. Also note the varying sizes of the nurse cell nuclei; 
these increase - in volume as they become more highly polytenic. 
X 7!. 
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The x-linked recessive gene fused () is 

located at 59,5 on the X chromosome. 	Veins L3  and 

fused from base to beyond anterior crossvein, with 

elimination of anterior cross vein and cell basal to 

it; L3 and L€l  fused at tip and this fusion may reach 

back to basal. Wings usually extended. Ocelli 

reduced or absent,, and bristles of ocellar region 

small or absent. Eyes small and slii't1y rough. 

The lu/f u I tivale lays eggs of normal appearance which 

fail to produce adults if fertilized by sperm from fa 
males or by Y sperm from non-a males; low percent" 

of eggs produce adults if fertilized by I sperm from 

non-.tj, males; JU males and /+ females are fertile 

(Lynch). "(Bridges and Brehme 1944). 	Fig. 20 

shows a wing from a female of the JU stock used in 

this study. 

Lynch (1919) found that fu females produced 

fewer eggs than normal I ernalis because fewer eggs 

matured in the ovary. She was also able to show that 

the presence of the 	gene itweif did not prevent 

males from developing, by crossing at.tached I females 

(carrying/- 



(carrying the gene ) to non-fa males and showing that 

in such crosses, exceptional males were produced. 

Although no adults were produced by the Cross of mut-

ant to muLnt she observed that this was not always 

due to failure of fertilization for some of the eggs 

which failed to hatch contained embryos which had many 

characteristics of first instar larvae; she actually 

found two larvae In such a cross, but these failed to 

develop further. Her work showed that If a normal X 

chromosome was present in the somatic cells of the 

mother or in the zygote nucleus, the effect of the 

JU gene was overcome and normal development could 

take place. 

Transplantation studies by Clancy and Beadle 

(1937) showed that LVfu ovaries transplanted at larval 

stages into non-a hosts retained their characteristic 

sterility. Beatty (1949) included La in his study 

of several sterility genes. He found that the ovaries 

were small, and contained few egg strings, but were 

histologically normal; the internal genetalla of the 

female were otherwise normal. The flies used by 

Beatty produced few eg's, and he makes no comment in 

his paper regarding their development. 

Poulson (1945) pointed out that there was 

possibly/- 



possibly an interesting parallel between the inter-

relations of genes and cytoplasm, in the case of SU 

and the instances cited by Rhoades (1943) in Zea and 

by Sonneborn (1943) in Paramecium. Dobzhanaky (1947) 

compared the effects of the gene to the effects 

observed in certain cases of hybrid sterility. How-

ever,, with the exception of the three papers cited 

above (Lynch. Clancy and Beadle, and Beatty) no further 

experimental or embryological work has been done. 

The following section deals with the effect 

of the gene Im on development of the embryo in crosses 

of mutant to mutant and of imatant females to non-mutant 

males. 	In addition, the effects on embryonic develop 

mont of two SA alleles, fused-glider (fu)  and fused-

1'ma1in food (fu1f) have been studied. Fused-glider 

has been definitely located and shown to be at the 

same locus as (j (Bridges and Brahma 1944); no loca-

tion of the fu1t gene was made but the combination 

heterozygotes of any pair of the three genes exhibited 

the chracterist,ic fusion of veins l 3  and L4 and the 
same sterility effect. 

B. The final Dattern of dn'we: 

1. Obaervations of living embryos 

F%zsed embryos may vary greatly in size, some 

being,'- 
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being of normal dimensions while others are much shor-

tened (Fig. 23 ). 	That this size variation is not 

due to the original size and conformation of the e 

can be deduced from the fact that in the shortened embryos 

there is a considerable space between the embryo and 

the vitellino znsnbr.rie at either end, whereas in 

normal embryos the vitelline membrane tends to be 

fairly closely applied to the embryo. 

The head end of the embryo is abnormally 

shaped. Large areas of chitinous material appear 

on the anterior regions of the animal, representing the 

regions of the cephalopharyngeal apparatus and the 

mouth hooks which have remained at the surface as 

the result of r.bnormaj movement of cel1ul r areas at 

the surface to the interior. 

Visible external segmentaion is abnormal, 

the number of segments varying from no segments to 

nine to eleven segments. The segments themselves are 

frequently incompletely formed, and the numbers of 

segments indicated on dorsal and ventral surfaces are 

not equal, the number of segments indicated by inden-

tations on the ventral surface exceeding the number 

present dorsally. Segments may also vary in width 

and number laterally. The rings of chitinous setae 

which are found at the anterior edge of each segment 
irv- 
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in normal embryos are only partially formed and heavy 

bristles are found dj84urb•4 rather at random over the 

ventral posterior reiona. 	This abnormal distribu- 

tional pattern reflects the abnormal segmentation and 

may also reflect abnormal cellular movements at the 

surface of the animal at an earlier stage in develop-

nient. 

Abnormalities in tracheal formation may also 

be observed in living embryos after the branches have 
filled 
t/.ith air. These abnormalities will be 

discussed in detail later. 

Figure 24 shows a semi -diagram matic drawing 

of a jj embryo at about 20-22 hours of age in which the 

abnormal characteristics which can be observed in 

living embryos are represented. 

The embryos are capable of muscular movements 

although these are lees vigorous as a rule than those 

of normal embryos of the same age. It has been 

possible to hatch a few embryos by carefully rupturing 

the vitelline membrane at the micropylar and with a 

fine needle; these embryos have lived for at least an 

hour outside the embryonic membranes, but do not move 

about. The malformation of the mouth parts is 80 

pronounced that it seems improbable that embryos could 

ever hatch without mechanical as8istance, and no larvae 
were,"- 



were ever observed although several hundred eggs were 

collected; however Lynch (1919) reported that two 

larvae were observed in her material. 

Column 11 of Table IV gives a brief resumé 

of the final pattern of damage as seen in JU embryos 
between 17 and 24 hours of age. 	It can be seen 

that those conditions which can be observed in living 

embryos can also be observed in sectioned material. 

In addition, abnormalities in differentiation of 

the body nusculature, the proventriculus, and the gut 

may be observed. The dorsal vessel is never formed, 

and the nervous system which forms normally beina 

to disintegrate in u.ny embryos by the time they have 

reached tis stage of development. The embryos 

frequently exhibit a striking degree of asymmetry in 

the arrareaient of the internal structures. The way 

in which these various abnormalities arise in the 

course of development will be discussed in the follow- 

ing section. 



Gene 

system  
fu fulK  

Hindgut - 	 Normal - Normal 
sophaus Jourie_abt - Course On. - 

Proventriculu. Abs. position Abnormal in most 

Salivary glands Aeytmnetric. Diff. Asymmetric. Diff. 
norm. in most., norme in moat.. 

Trachas Abn.; Post. region Abn.; 	Post, region 
norm, 

- 	 - 
norm. 

Nervous system Asymmetric usually Asymmetric: usually 
degenerates degenerates 	- 

Hypoderm May be inconi. 	Abn. i

stle 
Uiy be jnc,m. Abn. 

segment.. & bri segment & bristle 
pattern pattern 

Mouth darts, CPA aberrant; CPA. aberrant; 
Lehalo. apara. Involution Involution 

Abn. 

Body iisculatwe 	Abn. diff.; 	3.Liht abn. diff. 
Asymmetric - 	- Asymmetrical 

Gonad sheath 	Normal 	 Normal 

Dorsal vessel 	Absent 	 Absent 

Fat bodies 	Normal in most 	Normal in most, 
Midp'at 	 Develop. retard. 	Usually normal 

Jails fragile in 
some 

Maip. tubules 	Abne in most 	11iØt abn. most 

Gonads 	 Aayzzznet.ric.; 	Aayiriinetric. 
Calls norma.l 	- Cells normal 

Yolk 	 Large amts. in gut; Large amts. in put. 
some in hemocoel 

TABLE IT 



Minute IV 
ff 	 Krppe1 	 Deficienc 

(Gloor 1949) 	(Farnswort
y 

 
1950) 

Normal Normal *06*00 

Course abn. Normal Absent 

Abnorm. in most Abn. position Absent 
Asymmetric-, 
degenerate 

Norm. 6*600 0  

Abn.; 	frequent Abn.j post. 00*000 

abn. post. 8pir- region norm. 
ac 1 e 

Some asymmetry; Vent. nerve cord Abn.; 
degenerates abn. degenerates 

degenerates 

Cinp.; 	segm. 
abn. in 50% 

Segmentation 
abnormal 

409000 

CPA aberrant ;  Mouth parts Involution fails; 
involution abn. abn. position CPA aberrant 

Slight abn. diff. Body mu8c. prob. Incomp. diff. 
reflects abn. 
segment.  

Normal Normal in most 00*0*6 

Absent Normal in most Absent 
Normal ...... Absent 

Usually normal 	Incomplete 	Develop, retard. 
development 	Walls fragile 

Usually normal 	Absent 
Asymmetric, cells Usually normal 
degenerate 

Utilized in 	Large amts 	Large amts. in 
most 	 in gut. 	 gut; some in 

3,emoc oel. 

TABLE IV (contd 
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The following observations on the living 

embryo have been made from films of the developing 

lethal embryo. 

It has been mentioned that the ii embryo 

is frequently shorter than the normal embryo. This 

shortening is due to the failure of certain morphogene-

tic movements which are characteristic of normal 

development; these movements are not obvious in 

sectioned material but can be seen clearly in films 

made of normal embryos. 

The first of these movements occurs during 

early cleavage when the originally rounded and rather 

blunt anterior end increases in size and assumes a 

conical shape. This ipovement occurs in JU embryos. 

The second movement is a shortening and subsequent 

elongation of the embryo during the late stages of 

gastrulation. This movement is abnormal and asymmetri-

cal in Ja embryos. &longation occurs, in one longitu-

dinal half of the embryo in an anterior direction, and 

i. a posterior direction in the other half. This 

cannot be observed directly in the film although it is 

obvious that the movement is not comparable to that 

taking place in normal embryos,'- 
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embryos at that time, for at the and of the period, 

the embryo has assumed an abnormal shape, and in 

already somewhat shorter than its normal counterpart. 

The asymmetry which is established in IM embryos at 

this time is never overcome and is largely responsible 

for the abnormalities which later :ppear. 	The third 

movement in normal embryos occurs at the time of 

shortening of the germ band and head involution. At 

this time there Is a movement away from the poles, 

Win followed by an extension in bot) directions.  

The final change in shape of the embryos is due to 

the anterior growth of the t!oracic and abdminal 

segments following head involution. It I. probable 

that these movements do not occur or occur only partia-

lly in Sa embryos. 

INN" 
Wf)"T;J_f  Alai 

Development in SA embryos proceeds normally 

until The later stages of gastrulation are reached. 

It has already been mentioned that there are abnormali 

ties in certain morjhogenet.ic movements which occur 

at this time. The appearance of frontal sections of 

embryos at this time indicates that a unilateral 

extension occurs toward the anterior, and posterior 

extension takes place only in that half of the embryo 
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in which anterior extension has failed (Fig. 25 ). 
These abnormal movements result in the failure of the 

anterior midgut rudiment to close on one side, and 

in the asymmetrical distribution of the yolk mass and 
organ anlage. If the anterior midgut anlagen is 

very abnornvl, it loads to abnormalities in the cephalic 

furrow, especially in the ventrolateral regions, but 

it has not been possible to associate this abnormality 

with subsequent events in the establishment of the 
of 

patterW damage. 

The disturbance in the bilateral symmetry of 

the embryo which is established in all embryos by 5 to 

5* hours, is responsible for marw of the developmental 

defects which consitute the final pattern of dRnae 

in the embryo. The asymmetry of the embryo remains 

obvious throughout the course of development. Certain 

abnormalities such as the foreshortening of the 

eephalopharyngeal apparatus may be related to the 

abnormal movements of the anterior end during, and 

subsequent to, the later stages of gaatrulatlon, 

no development of the various derivatives 

of the germ layon will be discussed according to the 
general plan followed by Poulson (1950. Feach of the 

followirp sections will begin with a brief discussion of 

normal development based largely on the work of 

Sormenbl jck/s. 
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Sonnenblick (1950) and Poulson (1960). S. 

additional observations made by Ed. (unpublished) 

and the author will be included. 

The mesodermal layer or inner portion of the 

germ band Is formed at 3k hours of development by the 

inturning of the ventral furrow. The segmental nature 

of the mesoderm becomes obvious at five hours and separa-

tion into somatic and splanclinic portions is cowpleted 

before nine to ten hours of embryonic life. 

Between ten and eleven hours the anlago 

of the fat bodies, circulatory system, and gonad sheath 

which form from the darso'.lateral portions of the somm-

topleure are clearly diatinQulahable; the ventro. 

lateral portions develop into the body musculature. 

By fourteen hours, the larval musculature is completely 

formed and muscular movementd continue until hatchjr, 

becoming more coôrdinated and increasing in strength, 

finally resulting in the characteristic rave-like 

contractions progressing from posterior to anterior 

which are a part of the hatching movements of the embryo 

and which may also be concerned in the filling of the 

tracheal system with air. 
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The visceral musculature becomes associated 

with the gut at the time of its separation from the 

mesodermal elements and surrounds the gut at twelve 

hours when regional differentiation of the gut begins. 

The differentiation of the visceral musculature and 

the gut are intimately related. 

External segmentation becomes obvious in 

normal embryos at about eight hours. 

£1 embryos 

Ventral furrow formation occurs normally 

in Lu embryos but in some embryos the furrow is 
probably reduced in size at the time of its formation. 

By 5* hours the asymmetry of the mesoderm becomes 

obvious and is usually expressed as a crowding' of the 

anlage to one aide. Other abnormalities in mesodermal 

distribution were observed, such as the absence of the 

mesoderm in some embryos. The segmental nature of 

the mesoderm can be seen In embryos at 6-5  hours but 

becomes more clearly evident after the tracheal 

lnvaginationE3 form and mesodermal attachment to the 

hypoderm becomes obvious (Fig. 26 ). 

Changes in the shape of mesodermal cells 

on the inner surface of the ventro-lateral mesoderm 

appear at about seven hours and represent the anlagen 

of the visceral musculature, although actual separa-

tion/ 
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separation occurs later, first becoming obvious in the 

region of the developing anterior midgut anlage at 

8-8* hours. At this time variations in the width 

of the mesodermal element may be observed, the result 

of the general asymmetry of distribution of tissues 

in the embryo at an earlier stage. 

At eight hours external segmentation becomes 

obvious in embryos, but its time of appearance varies 

in Sa embryos and segmentation is obviously abnormal 

from the time it becomes apparent. Some of the 

abnormalities in external segmentation such as the 

lateral variation in segmental size and number are, 

in all probability, directly attributable to 

abnormalities in the earlier segmental arrangement 

of the mesoderm; however the segmentation and 

attachment of the mesodermal elements is not sufficient 

in all cases for the formation of external segmentation, 

for embryos were found which had no external indications 

of segmentation although muscle fibers were formed and 

segmentally arranged and attached to the hypodermis. 

A restricted growth of the hypodermis and failure of 

apodemal formation could be responsible for abnormalities 

in external segmentation in these cases. 

Separation of the fat body anlage occurs at 

the same time as in normal embryos and development of 

the,'- 
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the gonad sheath is apparently unaffected. No 

functional dorsal vessel was observed in living embryos 

from crosses of mutant to mutant although more than 

fifty embryos between the ages of 18 and 24 hours 

were studied. In sectioned material no normal dorsal 

vessel was found; in most embryos in fact, no anlagen 

could be found. 

Cellular differentiation of the body 

musculature begins between 10 and 11 hours of embryonic 

development as in normal embryos. 	Those abnormali- 

ties in ceilular differentiation which constitute a 

part of the final pattern of dam ge in the lethal 

embryos become obvious at about 11* hours. The most 

common abnormality is the formation of clumps or balls 

of mesodermal cells which have differentiated into 

muscle cells but which have made no attachment to the 

body wall and which join together with little or no 

elongation; sometimes small clumps of cells are 

found attached to the dorsal surface of muscle cells 

which have undergone normal differentiation. Single 

elongate cells are sometimes partially fused to each 

other at their tips forming etrucuree with a fan-like 

appearance or aggregating into rosett6s. These two 

types of cell-groups may also be found in association 

with normal fibers. 	Individual cells are also found, 

sometimes/- 



sometimes elongate, but frequently they simply remain 

as undifferentiated muscle cells. These various 

abnormalities in differentiation which are shown in 

Fig. 27 represent differences in degree rather than in 

kind. Clumps of xm.sole cells were found in all embryos 

in which differentiation had taken place; the other 

abnormally differentiated cells have been found in 

various combinations. 	Those muscle cells which form 

fibers are capable of complete differentiation as 

indicated by the presence of striations in the muscles 

of the oldest embryos. 	That the muscular system In 

Ju embryos is functional may be inferred from the fact 

that the living embryo shows muscular movements 

although these may not be as co8rdinated or as vigorous 

as those of normal embryos. 

If the midgut forms abnormally, distribution 

of the visceral musculature reflects the abnormal 

situation. 	Regions of the midgut are also found 

which do not have aqy muscular layer but in these 

instances, part of the gut anlagen has remained In 

the posterior region (see below) and movement of the 

muscle anlagen is affected. Cellular differentiation 

of the visceral musculature is usually normal in 

most regions. 
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The guts is a compound structure, the foregut 

and hindgut being derived from ectodermal tissue and 

the midgut developing from three separate rudiments 

which may be either of endodermal or meaendodermal 

derivation depending upon the interpretation of the 

germ layem in the early embryo, but such a distinction 

in this study would be more philosophiáal than practical. 

The three midgut rudiments ares an anterior 

midgut anle first formed at about the fourth hour of 

development as an invagination from the ventral surface 

and which stands In relation to the germ band as the 

cross bar of the letter T; a posterior midgut invag 

ination which forms at the posterior ventral end 

of the embryo and moves forward during gastrulation to 

a position about one-third of the wa1y from the anterior 

end and in which the pole cells are carried to the 

interior of the embryo; and a middle midgut rudiment 

which according to Poulson Is formed from yolk cells 

and cerLin pole cells. 

The uaidut rudiments begin to grow toward 

each other at about seven hours fusing first ventro-

laterally and gradually growing dorsally until the 

yolk!- 
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yolk mass Is enclosed at about 11-12 hours of develop- 

ment. The last yolk masses to be enclosed are anter- 

ior-dorsal and posterior-ventral clumps Ihich remain 
of 

connected to the mass/yolk in the gut by the cells 

of the primitive gut. The author has observed that 

these two masses of yolk are also surrounded by the 

developing visceral musculature which may be responsible 

for the eventual movement of these yolk masses into 

the gut. Sonnenblick states that certain yolk masses 

are never enclosed but I have no evidence in favor of 

this, the two good sized yolk masses mentioned above 

being conspicuous until about. 15-16 hours at which time 

they suddenly disappear (or are drawn into the 

differentiating gut?). 

After the fusion of the three midgut rudi-

ments, the gut changes in form. The first indication 

of change is the appearance of a constriction in the 

middle of the large sac-like gut followed very shortly 

by two more constrictions, one in each half. Changes 

in cell shape are probable responsible for the elbr1ga-

tion and increased coiling in the gut following these 

primary shape changes. 	The gastric caecae and the 

gastric portion of the proventriculus are differentiated 

during this period also; because of its compound 

nature (esophaReal and midgut portions) the proventri- 

culus/- 
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proventriculus will be discussed in greater detail 

below. By 18-20 hours, the cellular differentiation 

of the larval gut has been reached. Detailed des-

criptions of the differentiation and function of the 

various regions of the gut are to be found in the 

excellent paper by U. Straeburger (1932). 

Peristaltic movements of the guts begin 

soon after the four major constrictions have aeared 

(14 hours) and increase in intensity until hatching. 

In living embryos the movements of the midgut may be 

observed because of the yolk contained in it. The 

yolk in the gut is almost entirely utilized by the 

normal embryo prior to hatching. 

JU embryos 

The various rudiments of the put are formed 

at the sane time as in normal embryos. The lumen of 

the anterior midgut invagination however rains open 

to the surface of the embryo I or a raach longer time 

than in mormals, being open at the time of stoinodasal 

formation, and in some cases the cells of the develop-

ing rudiments are not covered by the superficial 

ectoderm at 7 hours. The asyninetry In the positions 

of tie anterior and posterior midgut anlage is very 

obvious in six hour embryos; usually the anterior 

midgut/- 
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midgut is toward the side of the embryo on which the 

atcznodaewi forms, and the posterior midgut and 

proctodaeizn toward the other. 

At about seven hours the anterior midgut 

begins to grow towards the posterior, and it is 

apparent at this time that there may be differential 

growth in the two arms of the rudiment, the arm on 

the side of the atomodaeal ln'vagination tending to be 

more extended. Between 8 and 9 hours the cells of 

the posterior midgut arilagen begin to change shape 

as in normal embryos. Growth and fusion of the rudi-

ments usually occur in abnormal embryos but may not be 

normal resulting in abnormal gut formation in older 

embryos. It Is obvious in some cases that all the 

cells of the posterior anlaen do not move as They 

should, many remaining clumped at the posterior and 

of the rudiment; frequently cells of the middle mid-

gut rudiment are also incorporated in this region 

instead of micrating to the forward-growing arms. 

There seems to be a tendency for both the anterior 

and posterior rudiments to overcome their original 

asymmetrical positions and both glow towards the 

midline; in some regions therefore, the gut may be 

more to one side of the embryo than is normal but 

this,"- 



this relationship does not persist throughout the 

length of the gut. 

To determine the result of earlier 

abnormalities in growth and structure on the defini-

tive gut of the embryo, the structure of the gut was 

studied in 52 embryos between the ages of 17 and 24 

hours. 

In seventeen of these embryos the structure 

of the gut approached that of normal embryos In its 

degree of coiling and cellular differentiation; 

even in these the gastric caecae were rudimentary or 

absent and the proventricular portion was abnormally 

short In five of them. 	As the portions most affected 

come from the anterior midgut rudiment It seems that 

it is affected in all embryos to some degree. 

In eight embryos coiling of the guts was 

retarded and associated with ti-is  was abnormal or re-

tarded cellular differentiation. is part of the 

elongation of the gut is the result of changes in cell 

shape - for example In the, posterior region of the mid-

gut the elongation following the formation of the four 

constrictions Is probably the direct result of changes 

in cell shape - this relationship is obvious. 

The most frequently found type of abnormality 

in this group of embryos was failure of complete 

constriction/ 



constriction, resulting in a gut which remained sac-

like on its dorsal half but partially coiled in its 

ventral regions, The gut wall in such embryos was 

not normal, being a single layer thick in some regions, 

and marij layers thick in others; these thickenings 

consisted of clusters of cells. 	Thickening was 

always most pronounced in the posterior midgut and 

was related to the clumping of cells in this region 

at an earlier stage in development. 	It in probable 

that embryos In which this clumping of cells occurs 

are able to form complete miduta because there Is 

some power of regulation in the embryonic gut of the 

Dipteran embryos Reith (1925) and Pauli (1927) 

came to the conclusion on the basis of experimental 

results that there was regulatory power in the embryonic 

gut. 	If some of the cells which should be included 

in the midgut are absent or unable to take part in its 

formation, other cells assume shapes which are not 

normal, becoming extremely thin and flattened, but a 

complete gut is formed. In IM embryos, the clumping 

of cells in the posterior regions of the midgut is 

associated with a clumpino of the cells of the visceral 

imiacla a.n].age; this may be partially responsible for 

the failure of the normal constrictions in the gut 

t°/.uI 
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to form in embryos of this type. (f.Fig$ 30-32). 

In three embryos no constrictions were 

formed In the midgut and it retained the conformations 

typical of the gut at a much earlier stage of 

development. (Fig.33). 

The large amount of yolk present in the rut 

at a very late stage in development may be indicative 

of metabolic disturbances in the embryo which result 

in impaired utilization of the yolk, 	It is also 

possible that because of the less active muscular 

movements, lethal embryos simply utilize yolk lees 

rapidly than do normal embryos. 

Abnormalities in hypodermal formation in 

conjunction with the abnormal spatial relationships 

in Xg embryos redult in the occasional protrusion of 

the gut and nervous system especially on the anterior 

dorsal surface (Jig. 34). 	It Is not possible to tell 

in any specific case whether the oriinal relationships 

developed this way or whether they were secondary 

results of breakthrouis in the hypodermie (true 

hernia). It seems probable from the picture In 

earlier embryos that both conditions occur. 

The Malpighian tubules originate from 

outpocket.ings/- 



outpocketings in the posterior midgut primordlum near 

its junction with the proctodaeum; so near the 

proctodasal rudiment in fact that until recently they 

were believed to originate from the proctodaeum. The 

rudiments first become obvious between the 6th and 7th 

hours of embryonic life. Growth of the rudiments is 

quite slow at first but takes place more rapidly dur-

ing the time the gut is undergoing visible differen-

tiation, and they have attained their definitive form 

between 16 and 18 hours. In living embryos, crystal-

line excretory products become visible in the posterior 

tubules at this time. 

Zu  embryos 

The degree of abnormality in the development 

of Malpighian tubules is closely associated with the 

degree of abnornality in the differentiation of the 

gut. Those embryos in which the development of the 

gut was nearly normal had normal Ma1pirhian tubules; 

n the other hand the Ma lpighian tubules were absent 

or rudimentary in embryos in which the midgut was 

grossly abnormal. 

The proctodaeal invaidnation develops after 
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the invaginatdon of the posterior midgut rudiment and 

is closely associated with it, the lumen of the procto 

daeum being confluent with that of the posterior gut 

rudiment from the beginning. As has already been 

mentioned it is difficult to ascertLin exactly where 

the midgut leaves off and the proctodaeum bins but 

it seems most likely that the Malpirhian tubules form 

just at the boundary of the two. The proctodasusa forms 

between the 6th and 6th hours of embryonic life and in 

some embryos at this time it is possible to distinguish 

the proctodaeum from the posterior midgut because 

the cells which form the proctodaeum are ouboidal while 

those of the posterior midgut are nearly colnar. 

The original trough-like structure has deepened into a 

complete tube by the time of shortenirw of the germ 

band (9 — 10 hours) and the posterior region of the 

indgut is pulled to the posterior region of the embryo 

at this time. Differentiation results in the forma-

tion of a narrow tube with low cuboidal cells; the 

muscular coat of the hlndgut is well-developed. 

£j eibryos 

The proctodaeal'posterlor midgut invaaination 

in embryos tends to be 'pushed to the side opposite 

the etomodaeal invagination and as a result the hindgut 

in the late embryo may be elichtly to one side. In 

some/- 



some embryos shortening is aparentdy not quite com-

pleted and the anal openirr in these embryos is at 

the posterior tip but nearer the dorsal surface than 

in norrna].a. Part of the ectoderm which becomes a 

part of the hindgut frequently fails to be carried 

into the interior of the embryo at this same time and 

ren.iris as a thickened hypodermal region at the po8 
(Fig33) 

tenor tip. A These thickened ectodenrzal lips may be 

so large that they are obvious in living embryos 

(see Fir. 23 ). 	Cellular differentiation is usually 

normal. 

The foregut rudiment develops first as a 

stamodasal plate in the anterior ventral region of the 

embryo at about the same time as the proctodaeum forms. 

Poulson states that It is formed in the same repion as 

the anterior midgut rudiment but when the two invapina-

tione are followed In living embryos by the use of 

time-lapse cinematography it is shown that the atomo-

daea)l, invaglnation forms anterior to the region of 

the formation of the anterior midgut invagination, 

the posterior lip of the stamodaeal invagination being  

mi- 
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in approximately the region of the anterior lip of the 

anterior midgut Invagination. The atomodaeal invag-

ination develops inward in close connection with the 

anterior midgut rudiment at all times. Invaginations 

which appear In the roof of the stomodaeum at 8 hours 

of embryonic life are the rudiments of the atomodaeal 

nervous system and of the corpora cardlaca, one of the 

components of the ring gland. Inward movement contin-

ues until after involution of the head is completed. 

Characteristic regional differentiations of the foregut, 

into bucco-pharyngeal region and esophagus occur 

between 11 and 16 hours, during the period of major 

differentiation in embryos. 

£& embryos 

The atomodaeal invaginatlon in Ja embryos is 

abnormal from the time it becomes apparent in the embryo. 

It is not formed in the ventral anterior midline as in 

normal embryos but invaginatea laterally almost direct-

ly under the anterior tip of the embryo and is abnor-

mally wide and shallow. Because of the mosaic nature 

of the DroBohi1a egg the presumptive stomodaeal region 

is determined very early in development. As this region 

has been determined prior to the abnormal morphogenetic 

movements,'- 
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movements which occur in Ja embryos it is not surpris-. 
ing that there are spatial distortions in It at a later 

stage in development. 	The invagiriatlon may be delayed 

in forming, in some embryos no indications of it beln 

found although the proctodaeum was well developed and 

the anlage of the Malpighian tubules obvious. Fre-

quently there appears to be a eloughing off of cytoplasm 

into the cavity of the invaginat.ion In early stages of 

its formation. 

The stomodaeal invagination never reaches 

the length it attains in normal embryos, where by eight 

hours the distal end of the invapination has extended 

to a region in the embryo posterior to the origins of 

the developing salivary glands; in LL embryos at 
this stage the atomodaeum does not extend this far 

posterior, the distal and usually being anterior to, 

or at the same level as the origins of the salivary 

glands. 	There is probably . 	izu shortening of the 
invagination resulting from decreased mitotic activity 

but this is exa..rated by the tendency of the 

atoixdaemi to grow toward the midline In an attempt 

to wovercomew its lateral origin. The angle of the 

invagination is at first very flattened as a result 

of the abnormal spatial relationships in the anterior 

region,'- 
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region (Pig.. 35 ) but in later development it aaaiea 

a steeper angle than Is normal. The cells forming 

the roof of the stomodasum seem capable of normal 

differentiation, for at eight hours the invaginations 

in the roof which represent the anlage of the stomodaeal 

nervous system and the corpora cardiaca are as well 

formed as in normal embryos (see Fig. 36 ; £. Fig. 

14, Poulson 1960). At about the same time it becomes 

obvious that In some embryos the contact between the 

anterior midgut rudiment and the steomodaeum Is abnormal, 

the stomodaeum frequently being in contact only with 

an edge of the anterior midgut and In the most extreme 

cases, apparently no contact at all existing. This 

is also evident at a later stage in development when 

the lumen of the anterior midgut begins to develop 

(9* - 10* hours) and it can be seen in some embryos 

that the lumen of the st.omodaeum is only partially 

confluent with that forming in the anterior midgut, 

ii in the most extreme cases the two are not connected. 

This results in abnormalities of the proventiriculus in 

older embryos which will be discussed below. 

At eleven hours, the period of head Involu-

tion in normal embryos, ventro-lateral portions of the 

anterior sctoderm which should move inward at this 

time,'- 



time but which do not take on the characteristic 

appearance of the pharyngeal floor. It in frequently 

possible therefore to determine the degree to which 

internal movement of these regions has taken place in 

the abnormal embryos where involution is partial or 

lacking. 

1arthg 1214 hours of development the 

esophageal portion of the proventriculus extends into 

the gastric portion. 	The frequent shortening of 

the gastric portion is obvious from this period onward 

as are other abnormalities in the gut. 

Differentiation of the various regions of 

the foregu wit 1- the exception of part of the proventri. 

cular portion discussed below, occurs as in normal 

embryos. Even those regions which remain at the 

surface of the embryo undergo normal cellular differen- 

tiation. 

This structure actually does not function as 

its name implies, but Poulson suggests that the term 

be reLined because it has been so widely applied in 

the literature. More properly the region is called 

the cardia, and the cardiac valve is formed by the 

distal portion of the foregut. 
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The esophagus extends into the midgut and 

reflects back on itself, joining the midgut. The 

outer layer of this extension develops into a layer 

of large clear cells which stain lightly (Fig. 37 ; 

also Fig. 29, Bodenatein 1950). These cells are 

differentiated in normal embryos shortly before 

hatching and act as a *press" in the formation of the 
peritrophic membrane (Wiggleswort1h 1929, 1930, 1931, 

1950). 	Cells of the gastric portion secrete the 

chitinous peritrophic membrane which functions to 
protect the epithelial lining of the gut from sub-

stances in the gut (Wiggleswort 1930, 1950). 

£ embryos 

The structural abnormalities in 49 embryos 

between the ages of 17 and 24 hours were classified. 

The remaining three embryos were excluded because 

fixation damage made it difficult to assess accurately 

the structure of the proventricujus. 

The structural faults of the proventriculus 
are related to three earlier events: the degree to 

which spatial relationships between the stomodaeum and 

anterior midgut rudiment are abnormal; shortening of 

the gastric portion as a result of abnormalities in 

the midgut rudiment; and shortening of the I oregut. 



-96- 

The abnormalities of the esophagus could be 

placed in six classes( cf.. Fig- 37): 

Cellular differentiation of the esopha-

geal portion was incomplete; that Is, the area of 

large clear cells did not form; fifteen embryos were 

observed in which the structure of the proventricu.lua 

was normal in every other respect. Four embryos in 

this group could not be expected to have these cells 

differentiated because of their age, but as the 

differentiation did not take place in any other older 

embryo it Is likely that no differentiation would have 

occurred in these. 

The esophagus extended for a short 

distance into the gastric portion (seven embryos). 

The esophagus and gastric portion were 

united but the esophagus did not extend into the 

gastric portion (nine embryos). 

The esophagus and gastric portion 

were in contact but the lumen of the esophagus was 

not exactly confluent with that of the gastric portion 

(ten embryos). 

§. Contact between the esophagus and 

gastric portion was not made (six embryos). 

6. No proventricular structure could be 

identified in two very abnormal embryos. 
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These structural abnormalities are obviously 

related to each other, and developmentally to the 

degree of abnormalities in the spatial relationships 

existing between the foregut and the anterior midgut 

and to the extent to which either or both rudiments 

are reduced in size. An additional factor which may 

also be involved is the failure of head involution 

and the concomitant abnormal spatial relationships in 

the whole anterior region. 

The formation of the peritrophic membrane 

is abnormal in JU embryos resulting in the formation 

of a large mass of chitin in the provent,riculus which 

takes up pigment at the same time as do the other 

chitinous structures in the embryo (19-20 hours). 

The abnormality is caused by  the failure of the layer 

of cells of the esophagus to form a "press". 

The salivary glands are first visible 

between 7 and 8 hours as ventro-lateral thickenings 

in the anterior region of the embryo and gradually 

deepen during the next few hours, eventually 

differentiating into a duct and glandular region, the 

two glands being joined by a coon duct which opens 

into/- 
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into the anterior ventrl floor of the pharynx. The 

first sign of secretory activity is found at about 

the 10th hour of development while the glands are 

still open to the ventral surface; at this time small 

droplets of a substance which stains deeply witj iron 

hematoxylln appear in the distal and of the gland; 

the lumen of the gland at this time is very narrow. 

Thing the next two hours the amount of staining 

substance increases and the lumen of the gland increa-

ses in size also. Coincident with the secretory 

activity is the appearance of a large vacuole at the 
and 

base of each cell in the gland/it is present as long 

as secretory activity continues. 	In rmj material the 

secretory activity apparently ceases between the 18th 

and 19th hours of development for no staining subsLnce 

is present in the glands of normal or LU embryos after 

this time and the large basal vacuole has also dis- 

appeared. 

embryos 

In fa embryos the glands are frequently 

asyninetrical in arrangsnent, one being pulled nearer 

the midline and more anterior than Is normal; this 

asymmetry is frequently apparent in frontal and tan-

genittal sections at the time of the formation of the 

salivary/- 
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salivary gland plates. Again this must be the result 

of the distorted position of predetermined cellular 

areas as a result of the abnormal morphogenetic 

movement ihich takes place at the and of gastrulation. 

In other respects the salivary glands of 

Ig embtyos were quite normal except that in a few cases 

the duct of one gland failed to move into the interior 

region of the embryos and as a result the gland opened 

to the exterior ventral surface. 

Some indications of disintegration appear in 

the salivary glands of a few embryos after the 19th 

hour. 	In these embryos the glands become distended 

over all or part of their ler€th  and the cells become 

thin and flattened. At the same time the nuclei of 

the cells of the gland become pyonotic, an indication 

of cellular degeneration. 

HTM.W. 	I 

The rudiments of the nervous system begin 

to separate from the superficial ectoderm at about the 

fourth hour of embryonic life and neuroblaet differen-

tiation is completed at the seventh hour. The nervous 

sy at aw' - 
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system reins a rather loose aggregate of ganglion 

cells until about the ninth hour when the germ band 

shortens. Fiber differentiation begins shortly 

thereafter. During involution of the head the esophageal 

ganglia are shifted toward the posterior by The 

development of the cephalopharyrweal apparatus and the 

ventral nervous system is pulled toward the anterior. 

Condensation of the nervous qistem is completed at 

about sixteen hours. 

£ embryos 

The early history of the nervous system 

in LA embryos is 

that it tends to 

the same side on 

will form. The 

system shows eap 

where the median 

rudiments of the 

comparable to that of normals except 

form very much to one aide, usually 

which the stcaiodaeal invagination 

shift in position of the nervous 

cially clearly in frontal sections 

strand can be seen (Fig. 38 ). The 

"brain" lie abnormally anterior to 

the developing stomodaeum. It is probable that these 

rudiments do form in what would be their 'normal" 

position but the foreshortening of the anterior and so 

distorted spatial relationships in this area that the 

anlage appear to be abnormally al t Liated. The two 

dorsal rudiments are frequently at allhtly different 

anterior-/- 
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anterior-posterior levels and are also affected by the 

unilateral anterior extension of the yolk with the 

result that one of the supraeaophaoa1 p'anglia is 

smaller than the other. 

Yolk granules are frequently Involved in the 

developing nervous system. If the clumps of yolk 

are small they can apparently be incorporated without 

damage to the embryo and isolated yolk globules are 

occasionally found included in the nervous system of 

normal embryos. Large amounts of yolk present In 

the system may result in abnormalities. At about 8 

hours the ventral wall of the primitive gut may rupture 

releasing fairly large amounts of yolk in the region 

of the developing nervous system. As a result of 

this, the ventral nervous system may consist of 

separate clumps of differentiated tissue. Escaping 

yolk may also spread the two halves of the ventral 
nervous system apart. 

Fibers make their appearance In the nervous 

system of Sa embryos at the same time as in normal 
embryos. After shortening it becomes apparent that 

the conformation of the nervous system is abnormal, 

the ventral nerve cord frequently varying in width and 

depth along its length and the fibers also being some-

times covered dorsally by a layer of ganglion cells 

and sometimes beirg directly exposed to the surface. 
The'- 
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The course of the fibers through the ganglion cells 

may also be erratic. 

Rarely the rate of differentiation of the 

nervous system may be affected; one embryo was found 

in which one lateral half of the ventral nervous 

system consisted almost entirely of neuroblast cells 

while the other half was made up of ganglion cells. 

No other embryos of any age were found in which 

abnormalities in the nervous system could be related 

to the phenomenon described above. 

Separation of the ventral nervous system 

from the superficial hypodertnis may fail to take place, 

or take place only partially. Completely normal 

condensation of the nervous system never occurs, 

although a few embryos were found in which partial 

condensation had taken place. 

At eleven hours the first signs of cellular 

abnormalities appear in the hervous system of LL 

embryos; at this time large clear nuclei may be 

observed among the ganglion cells in the re!ioa of 

the ventral surface of the fibers. 	The ganglion 

cells appear to be loosely aggregated ( 0eponpy",) in 

some embryos at 16-17 hours and the fibers become 

necrotic slightly later. Cellular differentiation 

was normal in 25 out of 51 embryos in the 17-24 hours 

group in which the nervous system could be adequately 

Studied. 
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In embryos over 21 hours old, the nervous system was 

generally deterioratir; this deterioration did not 

seem to follow a general pattern as does the deterior-

ation of the nervous system in embryos homozyous for 

the gene KrpDel as described by Gloor (1O. 

The spatial relationships of the elements 

of the nervous system in the anterior end are very 

distorted. The formation of the *brain" may be so 

abnormal that the esophagus is not surrounded by the 

circumesophageal ganglia, but runs beneath the entire 

brain. 	Failure of head involution increases the 

degree of abnormality in the general configuration of 

the nervous system. 

The hypoderxnis frequently fdla to close over 

the dorsal surface of the brain. In some placon the 

ventral aurL.ce the hypodermis is incomplete, exposing 

the ventral nervous system to the surface. 

The tracheae are derived from the superficial 

ectoderm. Lateral tracheal pits form between the 

sixth and seventh hours of development.; at 8 hours, 

the walls of these pits are approximated, and by 9 

hours the walls are closed. From the tenth to twelfth 

hours/- 
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hours processes of differential elongation occur which 

result in the eventual fusion of the separate segments 

and the establishment of the two main tracheal trunks. 

The anterior and posterior cross connections form 

between eleven and twelve hours. The posterior 

spiracles form separately from ectodermal invagina-

tions which are first evident at about nine to ten 

hours and which join up with the tracheal trunks short-

ly after. The anterior spiracles are formed durir 

the period of head involution. The chitinous lining 

or intima of the tracheal tubes appears at the same 

time as the development of other chitinous structures 

in the embryo. At about 18 hours, the tracea1 

system fills with air. 

£i embryos 

The appearance of tracheal pits in IM embryos 

occurs at the same time as in normal embryos. The 

first indication of abnormality is the variation In 

depth of the invaginatione shortly after they appear. 

Elongation of the pits begins between 8 and 9 hours; 

the direction of elongation of the rudiments may vary 

within the embryo and this discrepancy becomes more 

apparent as elongation continues. 	The variations in 

the course of the main branch which should be straicht 

may/- 
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may be apparent as early as 10 hours. At the same 

time it becomes obvious that fusion of the developing  

segments is aiorma1, some regions fusing while others 

do not. This condition of Incomplete fusion persists 

in many embryos and results in a tracheal branch which 

is made up of isolated and unconnected segments (Fig. 

24 ). Junction with the posterior spiracle Is usually 

normal, the distortion being more marked in the middle 

sections; the anteriormoet and is usually normal also. 

The anterior and posterior spiracles are apparently 

normal. 

The movement of the tracheal elements to 

the dorsal regions, the exact nature of which has yet 

to be determined in normal embryos, is frequently,  

not completed in fa embryos with the result that the 

main branch may run near the ventral surface for at 

least a part of its length. 

In normal embryos the original cuboidal cells 

of the tracheal tubes become modified into flattened 

epithelial cells; this transformation frequently does 

not occur in 	embryos and is especially noticeable in 

the posterior region of the tracheae, being most pro-

nounced in the general area of the formation of the 

NFii zkamneru •r posterior spiracular chamber. 

Chitiriization may be incomplete, and the ends 

of the segments of tracheal branches be torn and twisted. 

In/- 
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In living embryos, the tracheae fill with air even 
when the branches are incomplete. 

The hypodermia is formed mainly from ventral 

and ventro-lateral cells of the superficial. ectoderm. 

Differentiation of the cells from their original 

columnar shape to low cuboidal cells is completed at 

about 8 hours; mitotic activity,  in the surface layer 

Continues after this time. 	Following shortening 
of the germ band, the mid-dorsal hypoderrnia is formed, 

perhaps incorporating some of the cells of the embryonic 

membrne which are observed to undergo radical changes 
in shape at this time. 	The intersegmental rep!ions are 

very obvious features of the!ypodermis In embryos at 
the time of shortening. The spreading of the hypo-

dermis dorsally which Is also involved in the process 

of dorsal closure results in the thinning out of the 

hypodermia in the segmental regions; previously that 

bypodermie in the region of the ventral nervous system 

had thinned out and from this time onward the structure 

of the hypodermis is essentially uniform. After head 

involution, the cuticle forms and the differentiation of 

the characteristic cuticular structures such as the 

setae/- 
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setae first becomes apparent at about 14 hours; the 

pigmentation of cuticular structures appears at a later 

stage in development. (about 18-19 hours). £ multiple 

ring of eet.ae is formed around the anterior border of 

each segment (Bodenatein 190). 

embryos 

Differentiation of hypodermal cells takes 

place at the same time as the normal embryos. At this 

time it may be seen that those cells of the hypodermia 

which are directly beneath large clumps of free or of 

phagocytized yolk are more flattened than other cells 

of the hypodermic. 	The development of intersegment.al 

folds corresponds to the abnormalities in segmentation 

which have already been discussed. The actual forma-

tion of these folds may not occur in some embryos 

although segmental attachment of the lateral muscula- 

ture has taken place (Fig.33,). The growth of the hypo. 

dermal cells over the dorsal surface of the brain seems 

to be affected ii many embryos, perhaps as a result of 

the akewednesa" of the developing brain and in these 

embryos both brain and gut may be exposed in the 

anterior dorsal region (Fig. 34 ). 

The ventral hypodermic is also incomplete in 

some embryos. This may be due tn part to secondary 

breakthroughs,'- 
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breakthroughs as a result of structural weaknesses 

(or incomplete development) in those regions where 

abnormal amounts of yolk at the surface cause structur-

al changes in the hypodermia in younger embryos. Some 

embryos were also found in which gaps in the hypodermis 

were evident at the time of differentiation. This may 

be related to restricted mitotic activity. 

- The differentiation of the chitinous layer and 

of the various other chlt.inous structures such as the 

sates proceed normally JU time; however spatial abnor- 

malities do exist, the most obvious of which is the 

pattern of distribution of the setae especially in the 

ventral posterior region (Fig. 24 ). Although the 

setae tend to be a bit more numerous at the segmental 

borders, they do not form into regular rings at the 

anterior edge of each segment as they do in normal embryos 

and are found scattered irregularly over the ventral and 

ventrolat.eral regions of the abdominal segments. The 

bristles in the anterior ventral region are not obvious. 

Involution of the head segment takes place 

during the middle stages of embryonic development. 

The movement of anterior ectoderm to the 

interior/-  
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interior begins at 46 hours with the formation and 

invagination of the atouiodaeal plate; the movement 

of material from the surface to the interior continues 

until involution of the head is completed. 	The epi- 

dermal coils of the dorsal and lateral regions which 

take pbrt in the formation of certain structures in 

the head segment such as the mouth hooks, the median 

tooth and the skeleton of the ceyhaloharyxeal 

apparatus are moved to the in tori or of the embryo by 

the invagination of the frontal sac. 

As the head segment moves inward (or is 

retracted as suested by Bull, personal counication) 

there is an expansion of the other seents toward the 

anterior; 'he movements may result in the stretch. 

ir of 	lateral musculature.;Lt the end of the 

period (12.14 hours) the embryo has asstaned the shape 

characteristic of the larval stage. 

The exact nature of the mechanisms involved 

in shortening of the germ band, dorsal closure, 	i 

head involution are not yet fully understood. 

f-A embrLy 0$ 

In no 12 embryo studied did novl involution 

occuri at best, it was extremely rudimentary and the 

cephalopharyreal apparatus foreshortened; in many 

embryos/- 
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embryos there seemed to have been no involution at al]. 

Abnormalities in configuration of the head 

region are conspicuous features of the developing 

embryos from the first appearance of abnormalities 

at bI'b* hours. The anterior region elongates only 

partially and unilaterally, resulting in an asymmetric 

and shortened anterior tip. Abnormalities In yolk 

distribution cause a bulging at the anterior tip and 

the developing stomodaeum is pushed toward the ventral 

surface. The result of these displacements is the 

production of the characteristic embryonic appearance 

of £u embryos with a foreshortened and blunted tip 

which is characteristic for embryos between the ages of 
39 

about 612 hours. (Fig.353. Frequently an odd 

'tuft' of cells forms at the anterior end and to one 

side near the dorsal surface. 

The ventro4at.eral origins of the abnormally 

short stomodaeimi and subsequent developmental events 

in the region have been described in the section on 

gut development. 

In alL Su embryos there is a large ventral 
muscle which fails to attach at Its anterior and to 

&40 
the head segent (Jigs.31,32); the failure of this 

muscle to attach properly may be In part responsible 

for the failure of involution. 

Tho cells which form the frontal sac are 

present in the abnormal embryos and are c.pable of 

differentiation/- 
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differentiation as evidenced by the production of 

large areas of pigmented chitin at the anterior end. 

In some embryos these areas of chitin develop into 

recopniaable structures such as mouth hooks, pharyn-

geal bars, median tooth and the chitinous plate of 

The under lip. In a few embryos it is possible to 

distinguish the large lateral plates of the 

cephalopharyngoal apparatus. The mouth hooks usually 

form laterally, and may be pointing in opposite direc-

tions. 

Several embryonic letha]a have now been 

described in which involution of the head is abnormal: 

the three alleles at the JU locus described in this 

study, Crioel ((loor 1950), Minute IV deficiency 

(Farnsworth 1951) and three second chromosome deficien-

cies in the region of the veetig.l locus (Bull 1952); 

Poulson (1950) also reported the spontaneous occurrence 

of abnorn.1 involution in one embryo among the thou-

sands studied by him for the description of normal 

development. 

, detailed study of the distribution of 

chitinous material in embryos in which involution 

of the head has failed would enable one to determine 

from which area of the anterior ectoderm the frontal 

sac is derived as the formation of pigmented chitin 

by/- 
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by the cells involved is almost comparable to the 

marking of various embryonic regions by vital staining,, 

a technique which it has not been possible to utilize 

in flrasophila embryos. Fused embryos however are not 

ideal material for such studies because of the 

variability found in the degree of involution; head 

involution in another fused allele. =. is far less 

variable and could be used to an advantage in such 

studies. Bull (1952 and unpublished) has already 

used three lethal deficiencies at the vestig]. locus 

in which head involution fails or is abnormal for 

studies of this type. 

The primary movements of the pole cells 

have been discussed in The section dealing with 

development of the gut. Those pole cells which form 

the gonads become conspicuous in the lateral mesoderm 

between 7 and 8 hours. The mesodermal element with 

which they are associated at this time develops into 

the gonad sheath and interstital elements of The gonad. 

From the time of origin the gonads are also closely 

associated with the posterior fat. bodies. The sex 

of the embryo is determined at the time the primordial 

-I, 
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germ cells appear in the mesoderm (Sonnenblick 1941, 

1960)9 The first mitotic division taking place in 

the pole cells followira their early multiplication 

early in enibryogenesis occurs at 16 hours and a second 

division may take place before hatching. 

The method by which the pole cells move from 

their position just outside the distal tip of the 

posterior midgut invaginat.ion is not fully understood. 

Sonnenblick (1941, 19J) postulates passive movement of 

the polo cells into the meaoderm, suggesting that the 

growing arms of the posterior midgut may shunt them 

there. 	In nW material however, the pole cells are 

obvious in the lateral mesoderm at a time prior to 

any marked growth in the gut rudiment. Another 

possible explanation for the movement of the pole 

cells away from the tip of the gut is that they are 

held by the yolk mass enclosed in the primitive gut. 

The yolk mass moves away from the tip of the posterior 

midgut invaination just prior to the time the pole 

cells are first seen in the lateral mesoderm. 

.tL 	bryoa 

In the athor1 embryos the gonads are not 

located in the same general anterior-posterior 

positions in the body cavity, one being nearer the 

anterior endi they may also occupy different doraal 

ventral/- 
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ventral positions. The mitotic division of the germ 
cells at 16 hours seems to occur normally. 

In a few embryos between the ages of 19 

and 24 hours germ cells show evidence of det.eriora-

t4on, the cytoplasm becoming vacuolate and darkly 

staining and the nuclei showing signs of pycnosle. 

D. The extreme pattern of dsuige in fizzed embryos: 

Twenty-four of the six hundred embryos which 

were examined had a pattern of damage which was more 

severe than that observed in most SA embryos. This 
was related to an abnormality in egg structure which 
existed prior to fertilization; in some eggs from SM 

mothers, a wide oblique band of yolk-free cytoplasm 

outs across the central region of the egg. Some of 

these eggs were also found which were entirely devoid 

of yolk granules. In most cases, fertilization was 
not successful. 	In those cases in which fertilization 
did occur, development was highly abnormal( Figs.41-43) 

LB few or no cleavage nuclei entered the 
posterior and of the eW, it remained a large undivided 

cytoplaamc mass containing a few abnormal nuclei and 

some yolk granules (Pig. 42 ). As a result of this 
abnormality no pole cells, posterior midgut invagination, 
nor/. 
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nor proctodasum over formed and gastrulation was ab-

normal. The ventral, and cephalic furrows did form, 

and some histogenesie and organogenesis took place 

later in development. 

As a partial germ band formed, mesodermal 

tissues were present. Arrangement of the body 

musculature was always abnormal and only rarely did 

any fusion of muscle cells take place although elonga-

tion of individual cells occurred. The highly 

abnormal structure of the gut made any real differen-

tiation of the visceral musculature impossible but in 

some cases the anlagen was present. In only one 

embryo did any organization of the cephalopharyngeal 

musculature occur. 

Only the anterior portion of the midgut was 

present due to the failure of the posterior midgut 

invagination to form. Usually the gut consisted of 

a large clump of cells which had no central lumen but in 

which many small cavities formed. No cellular 

differentiation occurred. 

Usually the forut (at.omodaeal) irivaginat ion 

did not form; if it did it was very much at one side 

as in the less abnormal Lia embryos. No cellular 
differentiation occurred. 

The hindgut was never present. 

Neat of the yolk was never enclosed by the 
gut!- 
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gut, but was scattered throuiout the body of the embryo, 

and large accu1atlons of yolk were commonly found at 

the poles, especially the posterior poles. The 

primitive gut did form however, and the cytoplasmic 

portions of the primitive gut were continuous with the 

mass of undifferentiated cytoplasm at the posterior 

pole. 

The nervous system always formed and 

differentiated. As the system waataually hypertro-

phied the embryos frequently appeared to consist 

almost entirely of nervous tissue. 

Tracheal invainati ona occurred in some 

embryos and not in others, this probably being related 

to the degree to which the hypodermia was abnormal. 

Fusion of the branches never took place and in late 

embryos short chitinized tubes could be found. 

The hypod.rmis was always very incompletely 

formed, most of the ectodera developing into nervous 

tissue. Chitinization and subsequent differentiation 

of chitinous structures such as the bristles did not 

occur. 

No embryo was found in which there was, any 

indication of development of a head segment. It has 

been mentioned above that in only one embryo was the 

cephalic musculature present. None of the chitinous 

structures associated with the head appeared, even at 

the surface. 
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No gonads were ever formed as a consequence 

of the failure of pole cell formation, 

X. The probable mode of action of the fused gene: 

Although the develoiment.al consequences of 

the action of the gene are relatively easy to follow, 

the underlying causes of the action of the 	gene 

are not easy to explain. 

At about b* hours the JU embryo suddenly 

becomes abnormal; the change is r.pid and no inter-

mediate stages between normal and abnormal have as 

yet been found alt!'ough it is possible that some 

would be found if large enough numbers of embryos 

were examined. The film of the developing abnormal 

embryo simply shows that the anterior-posterior OX-

tension does not occur as in normal embryos, but 

gives no clues as to the underlying mechanism. It 

seems that growth iraast be retarded or restricted 

differentially because of the unilaterality of the 

abnormal extension, but it has not been possible to 

demonstrate this. 

Other developmental abnormalities in the 

embryos point also to restrictions in growth; some 

examples we may cite are: the Incomplete formation 

of the ventral hypoderm in some embryos; the 

abnormally,' 
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abnormally short atoaodaeal Invaginatlon; the fore-

shortening of the gastric portion of the proventriculue; 

failure of head involution; and failure of tracheal 

branches to elongate normally and subsequent failure 

of fusion. In these instances, however, it is im-

possible to determine whether these are caused by a 

general inhibition of growth over a prolonged period, 

or whether they are the result of a sinple event early 

in embryonic life. 	In other words, It is not possible 

to determine whether they are woo6rdinatedw or 

"subordinated' gene effects (Grneberg 1948). 

It is clear that many of the characteristics 

of the final pattern of damage are not directly related 

to the action of the gene but are secondary results of 

spatial distortions which are directly connected with 

the action of the gene itself; these secondary abnormalities 

are subordinated gene effects, 

kcause of the mosaic nature of the oW 

it would be relatively easy to visualize action of the 

gene taking place through abnormal preblastodermal 

localization of certain rogionsi however if this 

occurred, it does not seem likely that any redemptive 

effect of the normal gene would be possible in any 

instance. 
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Ca 4 OW-14 

Yort.eight embryos between the ages of 17 

and 24 hours from the cross of mutant females to non-

mutant males were examined; twenty-eight of these 

embryos were classified as males, and twenty as fe-

males* These embryos were examined to determine if 

the pattern of damage was identical in lethal embryos 

from Type I and Type II matins, and if there was arw 

effect of the mutant gene on embryonic development of 

heterozygous females in Type II matings. 

In general, the pattern of damage in the 

male embryos did not differ in any major respects 

from that of lethal embryos from Typo I matings; 

however the general tendency seemed to be toward the 

less extreme manifestation of the effects of the gene. 

In three of the male embryos, complete  

differentiation of the esophageal valve had taken place 

although tHe was never found to occur in embryos from 

Type I crosses; in addition, in 16 out of 28 male 

embryos, the structure of the proventriculus was normal 

in all respects with the exception of the differentiation 

of the 'press region of the valve; only lb out of the 

63 embryos In the same ego gfoup from Type I matings 
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had such well-developed proventricuiar structures. 

Partial extension of the esophagus into the gastric 

portion was never observed in Type 11 male embryos, 

but in seven of them, no extension had taken place, 

only the ends of the gastric and esophageal portions 

beinp in contact; one embryo was observed in which 

this contact was abnormal. Embryo 81v14'3.4 which 

was highly abnormal in all respects (but like the 

highly abnormal embryos found in Type I crosses) had 

no proventricular structures. 

Differentiation of the body musculature was 

more normal in male embryos from Type 11 matings than 

in embryos from Type I matings. 	Fibers were better 

developed and the only type of abnormal differentiation 

which was found was the formation of clumps of muscle 

cells, none of the other abnormalities in differentia-

tion of muscle cells characteristic of embryos from 

Type I mating* being found. 

In general, development of the midgut was 

more nearly normal in lethal embryos when the father 

was not of t!e mutant genotype. The number's of 

embryos involved are small (O of Type I and 26 of 

Type II) but it is obvious that more of the embryos 

from Type II matings approach normal-development. 

Jive major types of gut development, could be 

distinguished:/ 
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distinguished: 1) development and differentiation 

nearly normal; 2) differentiation retarded; 3) jmwtial 

constriction and abnormal differentiation; 4) no 

constrictions and no true differentiation; b) absence 

of lumen, structure highly abnormal. Twenty embryos 

or 71.4 percent from the Type II group belonged to 
only 

types I and 2, while on/twenty-three of the embryos 

(46 percent) from the Type I group belonged to these 

types. As in Type I embryos, the degree of abnormal-

ity in development of the )lalpighian tubules was 

related to the degree of abnormality in midgut de,eloment. 

Less yolk remained in the gut of embryos from Type II 

mat ings. 

The abnormalities in segmentation, bristle 

distribution and head involution did not differ between 

the lethal embryos from Type I and II matingsj the 

dorsal vessel was also absent in all abnormal embryos 

(with the exception of two of the abnormal females 

from Type II cross - see below). 

In swzary, one may say that the overall 

pattern of damage Is generally the same in the lethal 
embryos derived from a. La female regardless of the 

genotype of the male parent. However, there seems to 

be a tendency toward the manifesLtjon of a less 

extreme pattemof damage when the father is not of 

the,'- 
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the mutant genotype. Possible causes for differences 

in the msnifest.tion of the pattern of iiianvige have 

already been discussed for the case of the . gene. 

In the present case, where there seems to be no 

marked differences in the pattern of dange, it seems 

most probabie that any difference in manifestation 

of the pattern of die in related to the presence 

of normal I bearing sperm in the cytoplasm. 

Your embryos which were classified as 

females because of the size and position of the ovary 

in relation to the fat body were found to be abnormal 

in mar  respects. In all four, involution of the 

head was incomplete, segmentation was irreu1ar, the 

structure of the proventriculus was abnormal, and the 

dorsal vessel was absent or abnormal. In two of 

the embryos the gut was only partially coiled and 

the Malpighian tubules were rudimentary. It is 

possible of course that the email number of germ cells 
of 

in the gonad is not an infallible methocV identifying 

female embryo., especially in abnormal embryos; how-

ever since it has been shown that only a few adults do 

emerge in crosses of 1rpe II and since the gene has 

an effect on the females which do emerge (see below). 

it is not unlikely that now embryos which show 

abnormalities in development are also females. 

Sixteen of the embryos which were classified 
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oasis of 
as females on the/gonad size were found to be normal 

in every respect, with the exception of abnormalities 

in differentiation of body musculature. Clumps of 

muscle cells were frequently found similar to those 
observed in embryos from Type I matings and in males 

from type II matings. This abnormal differentiation 

is probably related to the high incidence of abnormal 

abdominal segmentation in the adult females which 

emerge in these matizs. 

The percentage of flies with abnormalities 

in abdominal segmentation is extremely high in the 

offspring of homozygous Im and 	females UZ was 
not examined). Table V shows the incidence of abrior-

mal segmentation in females from crosses of fia and ____ 
females to non-mutant, males, and in the reciprocal 

cross of non-mutant females to LL males. 

Cross Total No. showing 
abnormal ainina1 

Percentage 
showing Female 	Male Females segmentation abnormality 

fu/fu 332 224 67 
ff fu" 4 

fu 
247 200 80 

fw'Y 	160 	 6 	 3 
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Maas (1949) succeeded in producing abnormal 

abdominal segmentation in adults by treating embryos 

with high temperturea. She found that there were 

two sensitive periods 24 hours and 9.10 hours, the 

latter period being coincident with tho period of 

vjejt),e segmentation. She also found that when 

the treatment was given at the early stage the tendency 

for abnormalities in the anterior and posterior 

region was greatest, and in the later stage, the 

tendency was for more abnormalities in the middle 

region. It would be interesting to see if gene 

action at an early stage (in the case of fu the abnor-

malities in segmentation are probably established 

early) has the same effect on the distribution of 

segmental abnormalities as in the phenocopies produced 

by treatment of the embryo at an early stage. A more 

thorough investigation of this maternal effect of the 
ja gene in the heterozygote is planned. 

This is also the first instance in DrosoDhila 

in which histological abnormalities in the embryo have 

been related to abnormal adult characteristics, 

although many cases are known in which some experimen-

tal treatment during embryonic stages result in 

abnormalities in the adult fly (see Part II of this 

paper for a review of literature.). 
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G. Abnormal structure of eggs from fused females: 

Certain consistent abnormalities in the 

structure of eggs produced by females homozygous for 

each of the three fused alleles stiied were noted. 

Yolkiesa eggs were frequently produced, and 

often were bi-partite in nature (Pig. 44 ). 

Fertilization of these eggs sometimes was accomplished 

and cleavage divisions took place as eggs of this 

type were found containing many abnormal and pycnotic 

nuclei (Flg.44). 

Fggs were also produced in which the 

posterior half was isolated from the anterior half 

by a large band of cytoplasm. The effecb3 of such 

abnormalities on development have been discussed above. 

Frequently these 	$ were not fertilized. Preliminary 
studies of the ovaries of IU females have failed to 
indicate how such abnormal eggs arise. 

Two eggs were found in which 	yolk plobules 

had been laid down but which contained several large 

nurse cell nuclei which were still intact (7ig.45,46). 

The structure of the chorlon was abnormal in both eggs, 

being double at the posterior region, and extremely,  
contorted throughout its length. Pycnotic follicular 

cells were also found, adhering to some regions of the 
chorion. Beatty,  (1949) has reported the presence of 

nurse cell nuclei in some of the apps from the female- 

sterile mutant omb-j. 
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The production of eggs with littie or no 

yolk and little or no clear cytoplasm seems character- 

istic of seyer.l female-sterile mutants. Beatty (1949) 

found that eggs produced by the female-eteriles 

oce11lesa and comb-gai frequently exhibited paucity of 

yolk. Two of the rudimentaq alleles (i  and 39 

discussed in a later section of this work produced 

yolkiess eggs, one of them () to a considerable 

degree (38 percent of all sectioned eggs). The 

female-sterile deep orange has already been discussed, 

and although no entirely yolkkess We were found, 

the amount of yolk present was far less than in normals 

and the condition could be traced back to the ovary 

where obvious differences in the amount of yolk 

present in oøcytea in adjacent follicles could be 

observed. 

None of the mutants discussed above with the 

exception of the fa females produced bi-partite eggs, 

although ovarian studies of the mutant cnb-gap by 

Beatty,  (1949) towed that double or partially fused 

follicles were formed; however egg production in 

these females was extremely low and little could be 

learned about the effects of this type of abnormality 

on the mature egg. 

The whole problem of the physiology of egg 

formation in female-steriles in one which deserves 

some elucidation. 
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Ii. The pattern of damage in embryos from fused-lider 

and fused formalin-food females: 

The reasons for undertaking the study of the 

pattern of damage of embryos in an allelic series of 

a lethal gene have been stated in the introduction. 

Many alleles at the ja locus have been des-
cribed, seven being listed in Bridges and Brehme (194). 

Auerbach (personal communication) reports that fused 

and rudimentary alleles are the most frequent sex-link-

ed visiblea which appear in her mutation work. 

One of the alleles which was studied was 

obtained from the stocks maintained at the Institute 

(fused-glider: fit); the other designated fused 

I ormaliri food (lut1') as its name auesta, appeared as 
a mut1ation In a formalin-feeding experiment done by 

Dr. Auerbach. The fusion of the wing veins L3 and L4 
is less extreme in fu' than in the other two alleles, 

the veins being fused only at the most distal rep-ion. 

The fusion of the two veins In IZ flies however is 
more extreme than in fa flies. Figs. 20 - 22 show typi-
cal wing venation in the three alleles. 

Time did not permit a thorough analysis of 

the whole developmental history of the alleles; for 

that reason only the final pattern of damage was studied 

in detail although a few embryos yourer than 17 hours 

of,'- 
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of age were examined. Twenty-one f9 enbryos and 

thirty-four fu embryos between the ages of 18 and 

24 hours of age were examined and the final pattern of 

damage determined (Table IV). 

As the table shows, the general pattern is 
two 

the same In these alleles as it is in : the course 

of the esophagus and structure of the proventriculus 

are abnormal; involution of the head fails or is only 

partially completed and theró is a foreshortening and 

distortion of the cephalopharyngeal apparatus; the 

dorsal vessel is not formed; and there is a general 

spatial asymmetry in t!e arrangement of various organs. 

However, certain differences in the pattern 

of damage are also indicated. 

The pattern of abnormal segmentation and 

concomitants abnormality in bristle distribution was 

far lees marked in fu embryos and the degree to which 

involution of the head took place more consistently 

the same; however cellular degeneration in the gonads 

and salivary glands occurred in f 1  embryos much 

earlier and more frequently than in the other two 

grotps of embryos and there were also abnormalities in 

the formation and differentiation of the posterior 

regions of the main tracheal trunks. Differentiation 
ff of the midgut was usually normal in both = and £iE 

embryoa/- 



-129- 

embryos and most of the yolk in the gut was utilized. 

Development of lialpighian tubules was normal in ____ 

embryos, but was rarely normal in LE  embryos, wbere 

elongation of the posterior tubules only, took place 

in many embryos, while swelling of the tubules along 

a part of their length also occurred; some embryos 

were found in which both abnormalities were evident. 

No embryos of the f11ff  or LE genotypes were found in 
in which the Malpighian tubules were rudimentary or 

absent although some Ju embryos with these abnormali-
ties were found. 

Although there are obviously differences in 

the patterns of diur'see of the three alleles, it would 

be impossible to classify arw single embryo as being  

definitely one of the three by Its pattern of damape. 

This difficulty is intensified by the variations in 

manifestation of the pattern of damage within any one 

group. Any number of factors can influence the 

manifesttion of a gene, and the phase specificity of 

lethal action can be modified by several factors. 

Hadorn for example (1961) found that the time of 

lethal action of Curlj hoinozygot.es could be influenced 

by temperature, genetic milieu and age of the female 

(Hadorn and Zeller 1943). even after certain of the 

Curly lines were isogenised, variations were found 

which Hadorn attributed to.. the variability that Is 

presumably/- 
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presumably inherent to any developing system' (1951). 

Hadorn (1940) was also able by selection to separate 

two lines of the leth al giant larva stock, one in which 

the lethal action occurred during embryonic develop-

ment and in the other during the third larval inatar. 

The lethal effect of the mutant crvutoceDhal (Eadorn 
been 

and Gloor 1943; Gloor 1945) has/found to be affected 

by genotypic inulisu, sex of the individual, and 

breeding temperature. Mutants are known in other 

Drosophila species in which lethality is expressed 

only at certain temperattwes (Dobzhaneky 1946; 

Spencer 1942). 

One must take these factors into considera-

tior, if any really valid comparison of allelic systems 

of lethal genes is to be made, and this has not been 

done in this study. However, there is a definite 

indication that there may be allelic differences in 

patterns of damage just as there are allelic differen-

ces in visible phones. 

I. Other genetic factors with develormental effects 

similar to those of fused: 

Two other lethal factors have been des-

cribed in which the patterns of damage are similar 

in many respects to the pattern of damage found in fa 
embryos. Table IV gives a brief resume of the final 

patterns/i- 
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patterns of damage in these two genes and in the three 

LM alleles. 

Although the final effects of these genes 

are very mach alike, the developmental pictures seem 

to be quite different. 	The first indications of 

abnormal development in KDe1 (1ç,) (aloor 190) 

and Minute ji deficiency (4) (Farnsworth 1951) 

appear at about the 10th hour of development when 
external segmentation first becomes apparent; in the 
case of Ja embryos, development becomes abnormal and 

by six to seven hours of embryonic life, the abnormal 

embryos can be distinguished from normal embryos with 

ease. As the Malpighian tubules are always absent 

in homozygous 	embryos, it is rather surprising 

that the abnormal embryos cannot be distinguished 
earlier than the 10th hour because the anlagen of the 

Malpighian tubules becomes apparent at about seven 

hours. Farnsworth and Gloor both attribute the 

anomalies in development to a generalized retardation 
in development just before the defects become visible 
(10 hours). 

It is interesting to note that in U and Sm 
embryos there is at least a partial degeneration of 

the nervous system as well as abnormalities In aepmen-

tal organization. (fl,00r was unable to draw any 
conclusions regarding the relationship between 
organi zati on/- 
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organization of the nervous system and segmental 

organization but the concomitant occurrence of the two 

abnormalities in JX and Sa embryos is strikjn. At 
first glance, the data from ftf  embryos might seem 

to be contradictory however, although the normal 

number of segments was formed in half of these 

embryos, failure of involution (and/or incomplete 

anterior extension of the other segments) means that 

abnormal spatial relationships existed between the 

nervous system and other regions of the embryo and 

was exaggerated by failure of condensation of the 

nervous system in almost all embryos. The degenera-

tion of the nervous system in 	embryos may be 

related to the same type of abnormal relationships as 

those .existing in some fuff embryos. The three 

deficiencies studied by Bull (1952) seem to resemble 

these other lethal embryos in that involution of the 

head falls or is not completed; unfortunately, a 

detailed study was not made of the complete pattern of 

damage, and the published material consists of one 

abstract. It would be of interest to see if degenera-

tion of the nervous system occurred in these lethal 

embryos also. 

The absence of the proventriculue in 

hoinozygot.es would seem to indicate that not only the 

foregut is abnormal, but that there are also 

abnormalities/- 
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abnormalities in anterior midgut development. Develop-

nnt. of the gastric portion of the proventriculus is 

probably not dependent upon an inductive relationship 

from the foregut because even when There is no contact 

between the two, the gastric portion of the proventri. 

culus differentiates. 	This is true of Lia embryos and 

also of abnormal embryos produced by experimental 

means (see Part 11). 

In all of these embryos differentiation of 

the muscles of the body is Incomplete; in JLr. and SU 

embryos tie is at least In part responsible for the 

abnormalities in segmentation which have been observed, 

and also may cause abnormal segmentation In the adult 

heterozygote for the 	gene and in the females from 
matings of LL mothers to non-mutnt males. 

The mesodermal derivatives in 	embryos 

seem to be more severely affected than in the other 

mutants; no mention Is made of the gonad or gonad 

sheath but as the fat bodies are absent it would be 

rather surprising If development of the gonad sheath 
was normal. 	No explanation is given for the absence 
of the fat bodies which might be due to the absence of 
the original mesodermal tissue which should devdDp into 

fat bodies or abnormal differentiation of mesodermal 

tissue into body musculatèoe. 

Developments of the midgut is affected in k. 
11-4/ 
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JA, and IJL  embryos but not in the mutants I& and 

fu f . In all butt one of the lethala (=) little 

or no yolk is utilized by the developing embryo and 

the gut is packed with yolk even at fairly late stages, 

while in normal embryos most or all of the yolk is 

used prior to hatching. 	Presence of large amounts 

of yolk in the gut seems to be rather a general 

characteristic of lethal embryos; Kalias (1939) 

reported that large quantities of yolk were present 

in the lethal studied by him, and it is a characteris-

tic of all the r. alleles referred to later in this 
work; Ede (unpublished) reports that it is a general 

characteristic of several of the sex-linked lethals 

he has studied in which development is fairly 

complete. There are two possible explanations for 

this: one, that the animal metabolism is so impaired 
and 

that it is unable to use the yolk; /the second, that 

the activity level of the embryos is so much lower 

than that of normal embryos that the yolk is not 

needed. 	In . embryos at least activity is more 

restricted than In normal embryos. 

No satisfactory basis to explain the 

degeneration of certain tissues in these mutant embryos 

has been found. Grftneberg (1948) has pointed out 

that at least three different mechanisms can be dis-

tinguished by which degeneration may be brouaht about: 
1)/ 
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1) inadequate nutrition; 2) inability to withstand 

normal stimuli or 3) exposure to abnormal conditions 

(eg. toxic effects). 	Degeneration of one tissue 

might lead to the degeneration of other tissues in the 

organism by auto-toxicity. The absence of the dorsal 

vessel in I[4 and Ll lethals might result in abnormal 

nutrition because of the failure of circulation; 

however the dorsal vessel is normal in & embryos and 

in these too, the nervous system forms and than 

degenerates. Clearly the degeneration of the nervous 

system in all of these embryos 'which have so many 

characteristics in coon is an interesting problem 

which needs further elucidation. 	It is most unfor- 

tunate that no suitable techniques have been developed 

for the transplantation of embryonic tissues or for 

culturing embryonic tissues of insects as of 

vertebrates. 



KEY TO FIGURES 20 - 51 

( fused embryos ) 

A - anterior 
AMO - anterior midgut 
AN - anus 
APD - ap ad ems 

BR - brain 
BT - bristle 

CH - chorion 
CHF - chorionic filament 
01ff - chitin 
C!T - cytoplasm 

RC - ectoderm 
EM - embryonic membranes 
EPV - esoohageal portion, proventriculue 
ES - esoohagus 

YB - fat body 
FC - follicle cells 
FG - foregut 

o - gut 
GNC - ganglion cells, nervous system 
GO - gonad 
GPV - gastric portion, proventrioulue 

HG - hindgut 
HY - hypoderm 

INS - invaginations In roof of stomodaenm 

MCN - median cord, nervous system 
MG - midgut 
MR - mouth hook 
MI - micropyle 
!AMG - middle midgut 
Up - Malpighian tubules 
MS - mesoderm 
MSV - visceral musclature 
MUS - body musculature 

NBL - neuroblasts 
NCL - nurse cell 
NCN - nucleus, nurse cell 
NY - nerve fiber 
NUC - nucleus 

P - posterior 
PH - pharynx 
PUG - posterior midgut 
FMUS - oharyngeal musculature 
PR - proctodaeum 
PV - proventriculue 



SLD - duct of salivary gland 
SLO ( or SG) - salivary gland 
SPA - epiracular atrium 
ST - stotodaeum 

TR - trachea 
TRP - trachea). pit 

VU - 'vitelline membrane 
VNS - 'ventral nervous system 

1K—yolk 



Fig. 20. Wing of fu female showing typical fusion of veins III 
and IV. 

Fig. 21. Wing of fag female showing typical fusion of veins III 
and IV. 

Fig. 22. Wing of fuff female showing typical fusion of veins III 
and IV. 
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Fig. 23. Still from film of living fu embryo at the end of 
embryonic development. The extre shortening of the embryo 
is apparent as are the thickened ectodermal lips at the 
posterior end. Fig. 33 shows a section of an embryo in which 
the pattern of damage is very similar to that of the embryo 
shown here. X 200. 

Fig. 24. Diagrammatic representation of living fu embryo at the 
end of development. Abnormalities in eegmenti1on, bristle 
distribution and tracheal formation are obvious. Large areas 
of pigmented chitin appear on the anterior end as the result 
of failure of invagination of the frontal sac. 1 290. 

Fig. 2. Frontal section of an 8 hour embryo showing unilateral 
extension. The salivary glands are developing at slightly 
different levels. 1 230. 
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Fig. 26. Longitudinal section of 8 hour embryo showing the 
segmental nature of the mesoderm. Differentiation of the 
mesoderm into somatic and splanchnic portions is underway. 
Shortening of the germ band has begun and the posterior 
midgut rudiment in beginning to grow toward the anterior. 
The tracheal pits are still connected with the surface. 
X 1450. 

Fig. 27. longitudinal section of 18 hour embryo showing 
abnormalities in muscle differentiation. MUSa  shows the 
formation of clumps and partial elongation of fibers. VUSb 
shows the fan—shaped aggregation of fibers which is caused by 
partial fusion. At WUS partially elongated and fused cell 
may be seen as well as a large group of clumped cells. KTJS 
shows an aggregation of fibers which is transitional between 
the fan-shaped formation and the rosette type of aggregation. 
X 290. 
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Fig. 28. Longitudinal section of 22 hour embryo shoring the 
shortened appearance of the embryo. Abnormalities In segment-
ation are obvious, none having formed anteriorly, and those 
which have formed at the posterior end varying in width 
Differentiation of the midgut and hindgut is comparable to that 
in normal embryos at the same age. Formation of the provent-
riculue is very abnormal ( abnormal union of esonhageal and 
gastric portions; see E, Fig. 37). The course of the main 
tracheal branch is abnormal, running too near the ventral 
surface. Partial clumping of muscle cells may be observed in 
the ventral body musculature. The anterior end is foreshortened 
and differentiation of pharyngeal ectoderm has taken place on 
the ventral anterior surface. The pharyngeal musculature is 
very rudimentary. The gonad has formed too near the ventral 
surface. X 300. 

Fig. 29. Longitudinal section of 22 hour embryo in which the 
pattern of damage is similar to that of the embryo shown in 
Fig. 78. No head structures have formed. The nervous system 
is asymmetric and degeneration of fibers has begun. The gonad 
has formed in a relatively normal position. X 300. 
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Fig. 30. Longitudinal section of 15 hour embryo. Partial 
constriction of the midgut may be seen in the ventral region. 
The body musculature is segmentally arranged but has not 
elongted. There is little indication of external segmentation. 
The anterior end of the embryo is foreshortened, and little 
involution of the head segment has taken place. The ventral 
nervous system is asymmetrical. Variations in the thickness of 
the hypoderm are evident. X 220. 

Fig. 31. Longitudinal section of 18 j hour embryo. The organ-
ization of the pharyngeal musculature is rudimentary-. The 
esothagus runs beneath the fibers of the nervous system which 
should encircle it, but the formation of the proventriculus Is 
nearly normal. Partial constriction of the midgut has taken 
place. The nervous system is asymmetrical and the segmentation 
of the embryo is abnormal. X 295. 

Fig. 32. Another section from the same embryo as in Fig. 31. 
Variations in the thickness of the hypoderm may be noted, 
especially In the anterior region where it is abnormally thick. 
At the anterior end a large muscle may be seen beneath the duct 
of the salivary gland (SID); this muscle rarely attaches to the 
surface at the anterior end and may be in part resoonsible for 
the abnormalities in head involution. Abnormal clumping of body-
muscles has occurred In the posterior ventral region. X 295. 
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Fig. 33. Longitudinal section of 21 hour embryo showing the 
shortened anearance of the embryo as well as its aonarent 
"fatness". At the nosterior end, the hynoderin is thickened, 
nrobably as a result of the failure of cellular regions which 
should be moved to the interior to do so. No constrictions 
have formed in the gut which remains full of yolk. Although 
segmental arrangement of body Muscles has occurred, there are 
no external indications of segmentation. The hynoderm is 
incomplete on the dorsal surface and the brain is exposed to 
the surface. No head structures have formed although there is 
some thickening of the hyoderm in the anterior region. The 
origin of the Malnighian tubules at the region of junction of 
the midgut and hindgut can be seen in this section. X 190. 

Fig. 31. Diagrammatic representation of 18 hour embryo in which 
the hynoder,n is incomplete and the nervous system and gut are 
exposed to the surface. X ca. 180. 

Fig. 35. Longitudinal section of 8 hour embryo showing abnormal 
angle of the stomodasal invagination and characteristic 
"blunting" of the anterior end. A large clump of yolk (YK) 
may be observed in the midventral region between the developing 
nervous system and the superficial ectoderm; such clumps of 
yolk may result in abnormalities in the structure of the 
hypoderm. X 230. 
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Fig. 36. Longitudinal section of anterior region of 8 hour embryo 
showing the formation of invaginations in the dorsal roof of 
the stomodaeuin. These are the rudiments of the stomodseal 
nervous system and of the corpora cardiaca, one of the components 
of the ring gland. The stomodaeum in this embryo does not 
extend as far posterior as it does in normal embryos at this 
age. At the extreme anterior end, a "tuft" of ectodersal tissue 
can be seen. I 10. 

Fig. 37. Diagrammatic representation of the abnormalities in 
proventricular structure found in fu embryos. A - normal 
structure; note the diffsi'ent1atiof esophageal cells to form 
the "press". B - differentiation of esoohageal cells to form 
the "press" has not occurred but the porventriculus is normal 
otherwis•. C - partial extension of esophageal portion into 
the gastric portion of the pro'vrentrioulus. D - no extension 
of the esophageal portion. E - abnormal union of the two 
portion.. F - failure of union of the proventrioular 
components. 

Fig. 38. Frontal section of 7 j hour embryo showing aeyietry of 
the nervous system which is pushed very '!moh to one side. The 
mesoderm is also a.ym*tric being mostly on the side oposite 
the nervous system. Large clumps of yolk may be observed which 
disrupt the nervous system in which differentiation of ganglion 
cells has begun. Tracheal pits have formed and invaginatlon of 
the salivary glands has begun. X 285. 
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Fig. 39. Longitudinal section of U hour embryo at the and of 
shortening of the germ band and of dorsal closure. The brain 
is too near the anterior end as a result of the general fore-
shortening in that area. Fusion of the midgut rudiments has 
occurred. Secretory activity of the salivary glands has begun 
an indicated by the presence in the gland of a substance which 
stains with iron hematoxylin. X 220. 

Fig. 40. Longitudinal section of 18 hour embryo showing failure 
of attachment at the anterior and of the large ventral anterior 
body muscle (iws). Variations in hypodermal thickness may also 
be seen. There has bean no union of gastric and esophageal 
portions of the proventrioulue. Larval differentiation of the 
cells of the foregut and hindgut has begun, but only partial 
elongation of the "alnighian - tubuies has taken place. The arrow 
points to the area damaged by fixation. X 210. 
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Fig. iii. Longitudinal section of lj hour embryo showing the 
extreme pattern of damage. Large non-cellular regions are 
present posteriorly and at the ventral anterior end. Van' 
nuclei (Nuc) have taken on an abnormal apoearanca similar to 
that which is evidenced by blaetoderfn nuclei which have been 
displaced by ultrasonic treatment ( see Part II ). The ohorion 
has been broken and dielaoed during staining. I 240. 

Fig. 42. Longitudinal section of 8 hour embryo showing extreme 
pattern of damage. The whole posterior end is a mass of non-
cellular cytoplasm and yolk, but the structure of the anterior 
end is very similar to that observed in other fu embryos ( of. 
Fig. 35 ). However the midgut is revreeented iy by the cTls 
of the anterior midgut rudiment and little organization of these 
cells has taken place. The hypoderm is incomplete and the whole 
posterior cellular region of the embryo consists almost entirely 
of nervous system. X 200. 

Fig. 43. Longitudinal section of 20 hour embryo showing extreme 
pattern of damage. No head structures are present but the gut 
Is fairly well formed. The posterior portion of the embryo 

consists entirely of nervous  tissue, with large clumps of yolk 
scattered throughout. No differentiation of mesodermal elements 
has taken place. 1 180. 
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Fig. 4li. Longitudinal section of yolkiess, bi—partite egg in 
which fertilization has been accomplished. Scattered through-
out the egg are many nuclei of different sizes and in various 
stages of iycnoeis. The differential staining reaction of the 
two halves is quite characteristic of such eggs • X 200. 

Fig. 45. Longitudinal section of abnormal egg containing whole 
nurse cells. In the nurse cell nucleus shown, condensation of 
the chromosomes has taken place. The yolk globules are small 
and restricted to limited areas. The general shape and structure 
of the egg are much distorted. X 230. 

Fig. 46. Longitudinal section of another egg of the same type as 
that shown in Fig. 45. Deteriorating follicle calls are still 
attached at the external surface of the ohorion. X 210. 
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Fig. 47. Median longitudinal section of 18 hir embryo showing 
the least extreme manifestation of the pattern of damage. 
Involution of the head has not been completed and Some 
abnormalities in differentiation of the body musculature and 
segmentation may be noted, but the embryo in fairly normal in 
all other respects. The nervous system is only slightly 
asymmetrical, but has not shortened. I 27. 

Fig. 48. Still of living embryo taken from film of develoment of 
fu mutant. The embryo is slightly younger than the embryo shown 
W Fig. 3, but the similarities in configuration are obvious #  
especially in the anterior end. The embryo is already somewhat 
shorter than normal embryos at the same stage of development. 
I 200. 

Fig. h9. Still of anterior and of living embryo taken from film 
"The Development of DrosoDhila", showing the characteristic 
shape of the head region of normal embryos at a slightly later 
stage in development than the embryo shown in Pig. 148 has 
reached, but differences in the configurations of the anterior 
ends of mutant and the normal embryo can be seen. X ca 1465. 
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Fig. 50. Still of mutant embryo ( same embryo as shown in Figs. 
23 and 18) at the and of shortening of the germ band. Dorsal 
closure has also occurred • At the posterior end, two eotodermal 
"lips" protrude. The embryo does not fill the vitelline 
membrane as completely as do normal embryos at the same stage 
In development. X 2000 

Fig. 51a Still of normal embryos from film " The Develovment of 
Drosophila znelanogaster", at approximately the same stage of 
devloninent as the embryo shown in Fig 50. At this stage, the 
normal embryo fills the vitelline membrane almost entirely. 
Differences in the general conformation of the normal embryos 
and of the mutant embryo shown in Fig. 50 are obvious. 
X 300. 
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The gene rtdimentary is located at 54.5 on 

the X chromosome. The main phenotypic effect of the 

gene is on the Wings which are obliquely truncate, 

frequently arc-like, and often blistered. The females 

are almost entirely sterile when mated to mutant males, 

but when crossed to non-mutant males produce datwhters, 

but very rarely, Sons. (Bridges and Brehme 1944). 

The sterility effect of the rudimentary 

gene was studied by Morgan as early as 1912. He 

found that when two mutants were mated to each other, 

no living offspring were produced; matings of mutant 

males to non-mutant females produced oil spring; 

mat inga of mutant females to non -mu kant males gave 

imagines of both sexes. However in the latter 
about 

matings males were extremely rare, tat/one male to 

every 300 females which emerged. In a later paper 

(1915 he reported certain matings between the 

mutant males and mutant females were successful. 

Lynch (1919) studied the sterility of £ 

and found that the influence towards sterility of the 

gene was not as great as that of fa, but pointed out 

that this might only be an indication that the 

injurious/- 
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injurious Influence of the , gene was not as extreme 

as that of IlL  and that it in no way contradicted the 

general principle that certain genes could affect the 

formation of the egg in stages prior to the maturation 

divisions. 

She also examined the data regarding the 

sterility effect in the two additional mutations to 

L which were known at that time. In a stock found 

by Sturtevant she reported that the sterility seemed 

more pronounced than in her stocks but thought that 

this might be attributed to environmental differences 

rather than a genuine difference in the expression 

of the gene. 	Differences in degree of sterility 

effect are to be found among the many £ alleles listed 

In Bridges and Brehme (1944) and differences between 

the alleles of the gene which were used in this study 

make it seen probable that the differences observed 

by Lynch between the stocks were genic in nature. 

have Since Lynch's study, frequent mutations 

to iloccurred  and over twenty alleles are listed in 

Bridges and Brehjae (1944). It has already been 

mentioned that . is the most frequent sex-linked 

visible mutation found by Dr. Auerbach in mutation 

experiments. 

Three alleles of the gene reported on here 

were obtained In mutation experiments, one, rH, in a 

mustard/- 
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mustard gas treatment, and the others,, 39 	41 
and L... 

from formalin feeding experiments. Mr. Ede kindly 

let me examine some sectioned embryos from the zaiant 

This does not seem to be the mutant z.. listed 

In Bridges and Brehm as Ede's females were sterile, 

and the gene listed in Bridges and Brehm* has no 

sterility effect. Unfortunately the origins of Ede's 

stock could not be traced, and the problem could be 

investigated no further because the stock was 

accidentally lost. 

No apparent phenotypic differences between 

the three alleles supplied by Dr. Auerbach could be 

found; combination heterozygotos of any two of the 

three exhibited the chracteristic X phenotype, and 

showed the same sterility characteristics; that is, 

a combination heterozygote mated to any of the three 

mutant males produced no living offspring. The effect 

of combination of alleles on certain other chracteria-

tictics which have been found to differ among the three 

was not tested. 

Females of all three alleles produced some 

sons in addition to daughters when mated to non-mutant 

males. 	The differences in number of sons produced 
were not significant 
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Numbers of eons produced by L  females when mated 
to non-, males 

Genotype 
No. No. 

female daughters eons Total Lies 

rH 447 13 460 3 

r39  1176 20 1196 2 

r' 955 14 969 1 

The egg production of fifteen young females 

of each genotype which had been outcroased to non-i 

males was recorded over the first three days of laying. 

The average egg production per female per day over 

this period was as follows: r - 19.1; r!! - 20.8; 

and r4l  -33.0. 

In the same series of experiments, certain 

other characteristics of the females were noted. 

All females of the r! genotype which pro- 

duced egRs, produced some which were very much smaller 

than normal eggs, and many of them were translucent. 

All eggs produced by one female were abnormal. One 

female of the fifteen tested failed to lay any eggs, 

and at the and of the three day period the ovaries 

were dissected out; they failed to show any 

differ entiati on/- 
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differentiation beyond that of a newly emerged female, 

although the female by this time was seven to nine 

days old. An earlier experiment of the same type 

with 	females had to be abandoned because most of 

the fems failed to produce eggs and mare' died before 

the experiment was concluded; it is possible that a 

similar defect in ovarian differentiation was in part, 

responsible for the failure of these females to 

produce eggs. 

Almost half of the females of the 

genotype which were tested failed to produce eggs 

egg production in those females which laid eggs was 

not significantly different from egg production in the 
41 line. 

All females of the 41  genotype used in 

the experiment pro 

number produced by 
on 

of 73 eggs one/ one 

tion of no eggs by 

three days. 

duced some eggs, although the 

individuals varied from a 'ir+ 

day by one female to the produc-

two of the fu.lea on one of the 

In another experiment the frequency of 

malformed and unfertilized eggs was recorded. The 

results are given below in tabular forsu 

TABLE VII,- 
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gs normal 
Total 	shape, 

Gene 	no@ eggs 	unfertilized 	Abnormal eggs 

163 	59 (36.0%) 	57 (35.5%) 

r39 	200 	39 (19.5%) 	36 (18.0%) 

190 	22 (11.5%) 	25 (13.0%) 

The differences between the three genotypes were 

significant (X2 is 31.4 with 2 degrees of freedom; 

P .01). 

The high proportion of abnormal and unfer-

tilized eggs in 	females combined with low egg 

production made it difficult to get enough embryos 

for the study of the effect of the gene on embryonic 

development, and most of the embryological work 

therefore was done with r 39  and j embryos. 

,W s)ff:!:T ;l,w;) '1') *L.i 

It has already been stated that the lethality 

manifests itself in the late embryonic stage or first 

larval inatar. All larvae which emerge, however, are 

extremely sluggish, soon become flaccid, and die with-

out moving far from the egg membranes from which 

they have emerged. 



Living embryos embryos appear very much like normal 

embryos with these exceptionas the tracheal branches 

rarely fill with air; and in some embryos abnormalities 

in segmentation are apparent. The movements of the 

lethal embryos are not as vigorous as those of normal 

embryos of the same age. 

A detailed study of early embryonic stages 

was not carried out as it became apparent that the 

embryos were normal up to the period of cellular 

differentiation which occurs between the 13th and 

16th hours of development. 	In other words, early 

embryogenesls, gastrulation, histogenesis, and primary 

organogenesia took place in these embryos as In normal 

embryos. However those processes of cellular differen-

tiation which take place after this period rarely, if ever, 

occur in L  embryos and certain other processes of 

differentiation which occur after 16 hours, such as 

pigmentation of cuticular structures, are delayed. A 

brief description of the development of various systems 

in the embryos after 20 hours follows; the same 

general outline will be used as In the proceeding 

section. 

The embryos on which the following discussion 

is based consisted of 24 	embryos and 35 r! embryos 

between the ages of 20 and 24 hours. In addition 

16/ 
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14 	embryos 26 or more hours of age were studied; 

only 4 	embryos in the 20-24 hour group were available 

for study and therefore no valid conclusions may be 

drawn concerning the effect of this gene on embryonic 

development. However, these four embryos and several 

which were younger did not differ in any major respects 

from other £ embryos and we may aaazie that its effect 

on development is very like that observed in r 39  and 

41 embryos, 

Differentiation of the body musculature Is 

affected in embryos of all four genotypes. In all 

but a few embryos, clumps of undifferentiated muscle 

cells are found, especially in the posterior regions. 

These clumps are similar to those found in Ju embryos 
but usually are not as large. 

Although cellular differentiation of the body 

musculature bins between 11 and 12 hours it is not 

completed until about 14 hours; however this clumping 

may indicate a slowing down of differentiation pro-

cesses in the embryo prior to the period of major 

effect. 	In some embryos less body musculature also 

seems to form than in normal embryos. 

The/- 



The visceral musculature seems to be less 

affected as far as its differentiation is concerned 

however, in some embryos in which gut differentiation 

does not take place, certain regional failures of 

differentiation of visceral musculature may be observed. 

Differentiation of ft bodies is much re- 
7 

tarded in 	embryos at 20 hours of age but by 221 

hours differentiation is normal. A slight indication 
41  of retardation is found in j= embryos but is not as 

marked as in r embryos. By the 24th hour of develop-

ment, sine of nuclear degeneration accompanied by 

abnormal vacuolization of the cytoplasm are found in 

many of the cells of the fat body. In the r-9  embryos, 
all of which were 25-30 hours of age or older, degenera-

tion of the fat bodies was more marked. 

The dorsal vesseL apparently is formed in L 

embryos; again the retardation of development in r 39  
embryos is marked, the dorsal vessel In a 20 hour 

embryo resembling more nearly the dorsal vessel of a 

normal embryo at 16 hours of development, but by 22* 

hours, larval differentiation has occurred. 	The ex- 
treme degeneration which is apparent in all ! embryos 

studied made it Impossible to identify the dorsal 

vessel; if it had formed, as seems probable. It may 

be one of the first organs to undergo degeneration. 
Certainly/- 



-145 

Certainly, pycnotic cells have been found in the dorsal 
41 vessel in embryos of rE and zi  genotypes by the 24th 

hour of development. 

2. flie gut: 

In all £ embryos, larval cellular differentia-

tion of the midgut fails completely; in addition 

development of the gut is abnormal in about one third 
39 	41 of the embryos from r_ and L.Z matings. The percentage 

of gut abnormalities is higher In z -9  embryos, over 

half of the sixteen embryos studied showing abnormali-

ties in gut formation, 

Major differentiation of the gut begins with 

the formation of a constriction In the middle of the 

aac4lke gut at about 13 hours, followed shortly by 

two others; subsequent changes in cell shape are 

largely responsible for the increase In length. In 

r41  embryos, constrictions of the gut are formed more 

or lees completely; in r39  embryos on the other hand, 

formation of the constrictions usually fails or are 

only partially completed. 

The abnormalities in put formation in 

and r41  embryos are the result of failure of the primary 

gut cells to migrate to their definitive positions with 
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the result that the gut wail is cpoaed of thin walled 

sections in the anterior end probably as the result 

of regulation, and thick walled sections in other 

regions. 

The midgut remains packed with yolk, little 

or none being utilized. This has been noted in 

embryos and other lethal mutants, but in this case it 

is much exaggerated. 

Differentiation is at least delayed and in 
only 

most cases does not occur normally; /about a quarter 

of the embryos had normal Malpighian tubules. In the 

remainder, elongation does not occur beyond the stage 

reached by normal embryos at about 12-14 hours of 

development. Swollen Malpiphian tubules were observed 

in some of the oldest embryos; in these the nuclei 

had become pycnotic, and the cells extremely flattened 

as a result of the increase in diameter of the lumen. 

Larval differentiation of the hindgut rarely 

takes place. In a few embryos, there Is some 

differentiation after 22* hours of development, but 

thiei'- 
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this is usually restricted to a short region of the 

hindgut extending from the anus to about the region of 

the anterior and of the seventh abdominal segment. 

The transition to the wider lumen of the undifferent-

iated hindgut is abrupt and gives the appearance of a 

constriction in the region. No reason for this 

Partial differentiation is apparent. 
•- 	 - 

For,  wut 

The foregut seems to be slightly less 

affected than the hindgut. Larval differentiation 

was retarded in about half of the 20 hour embryos 

of the 	genotype. However, about two-thirds of 

the embryos in both groups were normally differentiated 

between 22* and 24 hours. 

Differentiation of the esophageal portion 

of the proventriculus is retarded but otherwise 

normal. Abnormalities in formation of the gastric 

portion result in non-union or abnormal union of the 

proventricular components in about one-third of the 

III embryos and in about one-sixth of the £ embryos. 



Secretory activity of the aalivry glands 

is prolonged two to three hours in T, embryos, and 

in same embryos, the basal vacuole which is character-

istic of the cells during their secretory activity 

is still present in embryos at 22* hours although in 

normal embryos the glands cease the secretion of the 

iron-homatoxylin positive substance at about The 18th 

or 19th hour of development. 

In se of the oldest embryos the nuclei 

of the cells of the salivary gland taivaon an appearance 

like those of the glands of first instar larvae, 

indicating that their powers of further differentiation 

are not impaired. 

It is probably significant that certain 

stages of differentiation which occur late in embryon-

ic development or early in larval life take place in 

, embryos; examples of this are the appearance of 

muscle striations, polytene nuclei in the salivary 

glands, and differentiation of those cells of the 

proventricular region of the esophagus which act q,e 

a "press" during. formation of the peritrophic 

membrane. 
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Cellular differentiation of the nervous 

system is apparently normal which Is to be expected 

as it takes place before the period during which 

processes of differentiation are impaired. However, 

there seems to be an affect at the physiological 

level as necrosis of the nervous system occurred in 

all r39  embryos between 22* and 24 hours of develop-

ment and in over half of the r 41' embryos in the same 

period. The nervous system was necrotic in al.i L. 

embryos and in 3 of the 4 Z embryos, all of which 
were 22 hours of age or older. 

The presence of large numbers of yolk 

grnulea in the nervous system may also contribute 

to its degeneration, although yolk granules have 

been observed included in the nervous s3tsten of 

normal embryos to a lesser degree and apparently 

have no deleterious effect. 

Condensation is allghtly retarded in 

embryos and this may also be a contributing factor 

to the degeneration of the nervous system in light 

of the necrosis of the nervous system in several 

lethal genotypes in which the spatial relationships 

have been disturbed (. Section IV (I), Part I of 

this paper). 
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In none of the embryos examined was develop-

ment of the tracheal system normal. Development 

is normal until fusion of the branches and formation 

of the posterior spiracles is completed movement, 

of the branches to their definitive position near 

the dorsal surface is accomplished, but in about 20-

30 percent of the embryos it too Is affected, as 

evidenced by the rather twisted course of the main 

trunks. 

As a result of The cessation of different1ia-

tion, the main trunks are much narrower than in normal 

embryos, and the posterior apiracular chamber is 

exceedingly narrow. Posterior spiracular development 

is also rudimentary, its characteristic ohitinous 

structures being only partially developed. 

Cells of the posterior region show signs 

of degeneration by the 24 hour stage. 

The cells of the hypodermis in the posterior 

region remain cuboidal Instead of becoming flattened 

in half of the r embryos and in a few (b out of 35) 

r4]  embryos. 

Bristle differentiation is affected in 

embryos only; in six of the embryos, few or no 

bristles were formed. 
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Involution of the head and the subsequent 

formation of the chitinous structures characteristic 

of that region is normal in most L  embryos. Five 

cases of partial involution were found, two of which 

were inembryos and three in r!? embryos. 

Pigmentation of chitin is delayed, but by 

22* hours, all chitinous structures In the head 

region are fully pigmented. 

Segmentation is usually abnormal, being 

only weakly expressed in the posterior region, 

possibly as a result of abnormal muscular differentia-

ti on. 	Anterior extension of the segments following 

involution of the head does not always occur to the 

extent it does in normal embryos. 

Gonad formation apparently takes place in 

almost all . embryos, although it is possible that 

in a few i4l  embryos no gonad was formed. In the 

case of the latter, no gonads could be identified in 

ten of the oldest embryos but in these the fat bodies 

were very darkly staining so it was not possible to 

make out cell structure and the gonads could have 

been overlooked. 



-1b2- 

The gonads evidence in many cases, the same 

general delay in differentiation shown by other 

systems. In normal embryos, there is a mitotic 

division of the germ cells in the gonads at about 

the 16th hour of development; this division has not 
39 taken place in most 	embryos by 20 hours, and has 

also not occurred in a few z embryos of the same age. 

By 22f hours, however, the cells have divided. 

nbryoe Which are 24 hours of age or older 

frequently show signs of cellular degeneration in 

the gonads. 

It is interesting to note that the effect 

of the allele r41' on embryonic development is of the 

same kind, but less severe in general, than the effect 

of r39  (and probably of Z also); this is true of 

all, the various aspects of the action of the gene such 

as egg production, abnormal eggs, etc. which were 

found to differ among the three genotypes. In every 

instance, the differences seem to be quantitative 

rather than qualitative. 

C. 	The possible mode of action of the gene: 

The lethal effect of the L  gene seems to be 

related,'- 



-1b3- 

related to a general disturbance of processes of 

cellular differentiation during a limited period of 

time, rather than a primary effect on a tissue or group 

of tissues with secondary effects on other developmen-

tal processes. 	In the sense that only those tissues 

which undergo cellular differentiation during the 

period which is affected by the action of the gene are 

primarily involved, the gene does have a specific 

effect on a group of tissues. 

The result of this generalized disturbance 

is a retardation or cessation of larval cellular 

differentiation. 	In some cases, normal larval 

differentiation occurs although at a much later time 

than in normal embryos; examples of organs or tissues 

which react in this manner are the salivary glands, 

the germ cells and pigment formation in chitinized 

areas. Other organs are capable of partial differ-

entiation; namely, the tracheal system, esophagus, 

hindgut and hypodermis, while cellular differentiation 

of the midgut never occurs. 

The occurrence of some abnormal embryos in 

which the effect of the gene seems to have begun 

earlier and others in which the action of the gene 

seems less severe, may indicate that the system 

involved by the action of the gene is capable of some 

functional/- 
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functional activity but at such a low level that a 

required Threshold value is not reached or maintained. 

One must bear in mind however that these variations 

in pattern may be due to extrinsic factors. It is 

possible that respiratory studies of the type done 

by Poulson (1945) and Bull (personal communication) 

would give more information about the mode of action 

of the gene. It is obvious from the large amounts 

of yolk present in the embryo that metbolic processes 

are affected. 

Other lethal factors in flroaohila have 

been described in which general developmental dynamics 

have been affected. Kalias (1939) attributed the 

lethal effect of the deficiency of flf 260-2 to a 

generally low metabolic rate; there was also an 

indication that the larval cuticle of the mutant 

embryo remained semi-permeable to water. It is 

probable that the lethal effect of the HI chromosome 

deficiency J,yra, an autosomal dominant and which is 

lethal when homozygous, is due to some disturbance 

of metabolic processes. Studies on the living embryo 

(Counce 1950) and later studies of sectioned material 

have failed to give any indications of structural 

abnormalities. 

It is Interesting to note that in a study 

of,"- 



Of r12  (Dobzhanaky and Duncan 1933) the gene was 

found to affect also the embryological development 

in viable homo- and hemizygotsa (i.e. those which are 

produced from a mating of a female heterozygote to a 

mutant male). From the time of emergence the first 

instar larvae may be distinguished from non-mutant 

larvae by form differences. 
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Each of the three genes studied affects 

embryonic development at a different time. One (g) 

*ay actually have an effect before the fusion of gamete 

nuclei, while another () does not have any appreciable 

effect on development of the embryo until larval 

differentiation of embryonic organs is under way. The 

action of jg first becomes evident at the end of 

gastrulation, by which time signs of disintegration 

have already become apparent in 9Z embryos, and long 

before any deviation from normal development is 

obvious in embryos. Development of Ju embryos 
continues for some time, and an embryo which has many 

larval characteristics is produced. 	These embryos, 

which are often grotesque monsters, are frequently 

still living long after the time at which normal 

embryos emerge from the embryonic envelopes. Death 

of Ig and r. embryos occurs at about the same time, 
although some of the £. embryos do emerge from the 

embryonic envelopes. 

Although the time at which the effects of 

the genes on development appear, and the rays In which 

the effects are manifested are very different, there 

is some indication of similarity in the underlying 

causes. 
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Both la and £ seem to have generalized effects; that 

is, each seems to cause some over-all process to go 

awry. The most probable explanation for the action 

of Lu is that it restricts or slows down growth rates, 

perhaps through an inhibitory effect on mitotic rate, 

althoh there is no real proof of this. Eudimentary 

causes the complete cessation of all differentiation 

of organs and tissues during a restricted period of 

time, those processes in differentiation which occur 

before and after this period being little affected. 

It is not possible to speak of a generalized effect 

of .= because the effects of its action become obvious 

so early in development. At the time it becomes 

visibly active, it can affect only one of two things - 

the processes of maturation and fertilization or the 

cytoplasm and deutoplaam. In the case of , it is 

most probable that the effect is expressed initially 

on the cytoplasm, but it has been shown that an effect 

iszoureseed of the gene on the cytoplasm may lead 

secondarily to aberrations in the processes of 

maturation and fertilization. 

The embryonic patterns in Type II matings 

(mutant f1e to non-natant male) were of special 

interest because of the possibility of discovering 

interactions between the egg cytoplasm and euperninuary 

sperm. 	The work of Lynch (1919) had clearly shown 

that/a. 
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that in crosses of this type, there was an effect of 

the presence of a normal I in the zygote nucleus. 

In the instance of r., the presence of some males among 
the offspring of Type II matings is proof that there 

can be a positive effect of the normal I in the cyto-

plasm of the egg, for there is no other basis for a 

difference in lethality between males in matings of 

Type I and Type II. Although no major differences 

appear between lethal embryos in crosses I and II 

involving LL, there are indications of quantitative 

differences between the patterns of damage, the male 

embryos whose fathers are non-mutant showing less 

extreme manifestations of abnormality generally, than 

males whose fathers are mutants. There are very 

definite differences in the expression of lethality 

among lethal offspring in the two crosses involving 

g females. 	In both crosses, there is a dichoton' 

of lethal classes, one class ceasing development prior 

to blastoderm formation ("early lethals'), and the 

other ceasing development at a later stage, although 
onward 

all processes from blastoderm formation /are abnormal 

("late lothals"). 	The ratio of early to late lethal- 

ity is reversed in the two crosses. The interpretation 

of this difference is not simple. No sexual differen-

ces were found in the expression of pattern of damage in 

j, or embryos where the sex of the embryo could 

easily/- 
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easily be determined by gonad size. However, the 

possibility of the existence of such a difference 

cannot be ruled out for g,, and the evidence which is 

accumulating strongly points to a sexual difference 

in manifestation. This means that the difference 

in the number of earlys*  to  WlateeR  is probably 

not due to an alleviating affect of the normal I sperm 

in Type II crosses, but to a difference in expression 

of pattern of damage which is related to the sex of 

the embryo in Type I crosses. 

In addition to the effects on the pattern 

of damage in lethal male embryos which have been 

observed in matings of mutant females to non-mutant 

males, some abnormalities in develoznent have been 

noted in the females in such crosses. 	In these crosses, 

disintegration of pole cells occurs in gr embryos 

which have proceeded farther in normal development 

than lethal embryos, and in which no other abnormali-

ties are apparent. This destruction of presumptive 

germ cells is of interest because of the reduced 

size of the ovary which forms in homozygous 	females 

(and in many other female-sterile females as well). 

No studies on the development of the homozygous mutants 

(in Type III matings) have been made, and this possible 

relationship between gene action on pole cells and 

reducti one'- 
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reduction in ovary else Is conjectural. 	It is 

possible that the disintegration of pole coils I. 

purely a maternal effect, related to the general 

cytoplasmic abnormality which seems to exist in the 

ega of 

No observations have been made on the 

fecundity or fertility of heterozygous females In 

this work, but Lynch (1919) reported that there 

appeared to be a tendency toward lowered fecundity in 

heterozygous females. Beatty (unpublished) has 

subjected to statistical teats the figures given 

by Lynch for numbers of flies produced by normal and 

heterozygote females and has found the differences 

were not statistically significant. 	Lynch did not 

mention whether the heterozygous females used had 

mutant or non-mutant mothers. In the light of 

information presented here about the many effects of a 

maternal nature exhibited by all the genes studied, 

such a difference might be of considerable importance. 

It Is not at all unlikely that a detailed examination 

of heterozygous females from mutant and non-mutant 

mothers would brir€ to light many differences. 

While there was no experimental evidence 

in the case of.= that there was a maternal effect 

on the heterozygous females, proof of such an effect 

was found in IM. In examining embryos from Type II 

crosses/-  
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crosses, abnormalities in muscle differentiation were 

noted in anbryoa which were apparently normal in all 

other respects, and which were classified as females 

on the basis of gonad size. On examining females which 

emerged as adults from such crosses, the incidence of 

abnormal segmentation was found to be very high while 

the incidence of abnormalities in abdominal segmentat-

ion in the reciprocal cross was well within the range 

of the incidence in the Oregon IC stock used. This 

maternal effect on segmentation is extremely interest-

ing in that Ulrich (communications during discussions 

at the XX Genetics Congress) has succeeded in inducing 

abnorual abdominal senentation as a phenocopy by 

treating eggs prior to fertilization. Redfield 

(1926) also reported abnormalities in fusion of 

tergites in a sex-limited lethal in which lethality 

was dependent not only on the sex of the zygote, but 

on the genotype of the female which produced the egg. 

The case reported by Redfield resembles in many 

respects the genes which have been studied here, in-

cluding embryonic expression of lethality, but the 

gene is not sex-linked. 

In addition to these effects which have 

been mentioned, each of three genes also affects the 

formation and structure of the aggs In.= this is 

expressed by a general paucity of yolk and cytoplasm. 
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Both JU and r. females produce eggs which are entirely 

devoid of yolk granules, but genetic differences 

are evidenced in the type of yolkless fwps which are 

produced. Only IQ females produced bi-partite 

yolkiesa eggs, and the appearance of the cytoplasm 

of yolkiess eggs in sectioned material is very 

different in eggs produced by L  females and those 

prodted by Zia  females. 

Briefly the following points have been 

made regarding differences and similarities in the 

three genes: 

i. Each affects development at a different 

time and with different results, but in each instance, 

the effect may possibly be related to a disturbance 

in general processes and the embryo as a whole is 

affected. 

2. Differences are observed In lethal 

phenotypes when the father is mutant and when the 

father is non-mutant. These differences vary in 

the degree to which they are expressed. In rp the 

difference is sufficient to cause the appearance of 

males, while the effect in Lia  is not marked. It is 

possible that there is no effect on lethal phenotypes 

in = when the father is non-mutant, but that the 

differences observed are due to sexual differences 

in the manifestation of lethal pattern. 
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Abnormalities are also observed in the 

hoterozygous females from crosses of mutant female to 

non-iziatant male. In the case of Ju, these embryonic 

abnormalities are correlated with the phenotypic 

appearance of the adult heterozygote females. 

Abnormalities are also observed In e 

structure. These abnormal eggs account in part for 

the lowered rate of adults which emerge in crosses of 

mutant females to non-mutant niales. Genetic differen-

ces have been observed in the typos of abnormality In 

egg structure. 

In the light of our increasing knowledge 

about the genetic potential. of The cytoplasm (reviewed 

most recently in Ephrussi 1963) the situation in 

these three female-steriles is significant. We are 

dealing here with maternal, and therefore presumably 

largely cytoplasmic effects which are sensitive to a 

gene-cytoplasm Interaction.. Furthermore, not only 

is there evidence of gone-cytoplasm interaction, but a 

very definite indication of some interaction involving 

the presence in the cytoplasm of supernumary sperm. 

It is obvious that many schemes of interaction can be 

devised from such a situation, but none of them are 

completely satisfactory. Because most of our 

information about gene-cytoplasm interaction is based 

On/I. 
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on work with unicellular organisms, the existence in 

Drosophila of systems which seem to parallel the 

situation in these forms seems worthy of more detailed 

investigation. 

The possible significance of the positive 

effect on development of supernumry sperm for 

interpreting 'penetrancew and wexpressivity*  should 

not be overlooked. 
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VII. SUMMARY 

The effects of three genes on embryonic 

develoçrnit have been studied. 

Females homozygous for any of these 

three genes - deaD orange (L), fused (), and 

rudimenarj (i) are completely sterile when mated to 

males of their own genotype, but when mated to males 

of other genotypes, produce some offspring, usually 

females (. females produce a few males). It has 

been found that the sterility is evidenced because 

of death of offspring during the aga stage. The genes 

themselves are not lethal, for homozygous females and 

hemizygous males are produced in crosses of heterozy-

gous females to mutant males, 

In matings of g females to SM males, 

over half of the embryos die during maturation divi-

sions or early cleavage. A blastoderm forms in the 

remaining embryos but it is not normal and all subse-

quent development is abnormal. Cellular degeneration 

begins before the completion of gastrulation, and by 

sixteen hours, the embryo has almost completely dis-

integrated. 

The patterns of damage in embryos from 

matings of = females to non-aX males are in general 

like those observed in matings of mutant to mutant, 
but/- 
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but the ratio of embryos which die early to those 

which die late is exactly reversed in the two crosses. 

This differences in probably related to a sexual 

difference in manifestation of pattern of damage in 

crosses of mutant to mutnt. 

The abnormalities which have been 

observed in development, are in all probability related 

to primary abnormalities in the cytoplasm. 

Some of the presumptive germ cells 

disintegrate in embryos from crosses of 2L females 

to non-Q males. These embryos are normal in all 

other respects and are probably heterozygous females. 

This is assumed to be a maternal effect, although 

there is no experimental proof. 

The effect of IM first becomes obvious 
on development at the end of gastrulation, abnormali-

ties are observed in certain morphogenetic movements 

which take place at this time. These result in the 

establishment of a general asymmetry in germ layers, 

which is never overcome and which is responsible for 

many of the ensuing abnormalities in development. 

Eventually, an embryo is produced which resembles in 

many respects a fully differentiated larva. In all 

embryos, Involution of the head is abnormal. No 

eibryos ever emerge from the embryonic envelopes. 

Some embryos are found in which the 

pattern of damage Is far more severe than In most 

embryos. 
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This extreme manifestation has been related to abnor. 

malit,iee in the structure of some of the ow produced 
by JA females. 

The pattern of dam age in male embryos 

from crosses of JU females to non-LL males is similar 

to that observed in crosses of mutant to mutant., but 

is generally lees severe. This has been attributed to 

an "alleviating effect, when the father is non-mutant, 

of. the presence in the cytoplasm of supernumary sperm 

carrying the normal I chromosomes. 

A primary effect of the gene LL on 
growth processes is postulated. This is expressed as 

a restriction of growth, perhaps by affecting the rate 

of mitosis. 

II. Heterozygous fnn1ea from crosses of 

La females to non-;W males exhibit abnormalities in 

differentiation of the segmental musculature. This 

has been correlated with the hiph incidence of abdominal 

segmentation in the female imagines in such crosses. 

The effect is an entirely maternal one, for the inci-

dence of abnormal segmentation in the reciprocal cross 

is well within the limits of abnormal segmentation 

observed in Oregon X stocks. 

12. The patterns of damage in two alleles 

of the Ju gene - fused-glider () and fuse-forxnalin 
food (fu) - are generally the same as the pattern 
in/- 
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in ha,  although there are definite indications of 

allelic differences in the manifestation of gene 

action. A maternal effect on abdominal segmentation 

has also been established for fu. 

Abnormalities in egv structure are 

found in .produced by bi females. Yolkiess &a 

are frequently formed, some of which are bi-partite. 

Whole nurse cells nuclei have been found in-two eggs 

laid by JU females. 

Development in £ embryos is normal 

until primary organogenesie is completed. Between 

the thirteenth and sixteenth hours of devopment, 

no cellular differentiation takes place. Differentia-

tion which normally occurs after this period is delayed 

but eventually takes place. Some embryos emerge 

from the embryonic envelopes but die soon after their 

emergence. 

lb. The effect of the gene on develonent 

results in the cessation of all processes of differen-

tiation during a limited period. 

Abnormal yolkless eggs are frequently 

produced by females. 

Quantitative differences are observed 

in the patterns of damage produced by three r alleles 

studied. These reflect, in direction of degree, 

quantitative/- 
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quantitative differences which have been observed 

among the three in such characteristics as erg 

production and percentage of abnormal and unfertilized 

epa produced. 

The presence of some males in crosses 

of i. females to non-r.males has been interpreted as 

proof of a positive effect on development of super" 

flnnry sperm in the cytoplasm, for no other basis 

exists for different.ial lel*ality in ni.lea in the 

two types of crosses involving mutant females. 

The effects of the three genes on  

develoment are compared and contrasted. 

In the light of our Increasing know-

ledge of the genetic potential of the cytoplasm, the 

significance of the nuclear-cytoplasmic interactions 

which have been observed in the present study is 

pointed out. 

An explanation for the phenomena of 

'penetranco' and wexpressivityhe, based on an effect 

on development of serrnary sperm, is briefly 

presented. 
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PART II 

THE EFFECTS OF ULTRASONIC TREATMFRT ON 12ThRYONIC 



PHEFACE 

This section of the thesis deals with work 

which was originally suggested by Professor Waddington 

and carried out in collaboration with Dr. G.G. Selman 

of the Institute of Animal Genetics, as part of a 

larger project dealing with the effects of ultrasonic 

treatment on embryonic development. 

Dr. Selman was responsible for the construc-

tion. of all equipment and for treatment of all eggs; 

he also determined the lethality of different intensi-

ties of the waves used as well as the lethality for 

treatment at different embryonic stages. Some of the 

observations made on living embryos during treatment 

were made by him. 

All developmental studies were made by the 

author. As it seemed wise to record the results in 

a more detailed form than the preliminary note which 

has appeared (Selman and Qounce 1953) it was decided 

to incorporate the embryological work as part of this 

thesis. 
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xperlmental methods used to such great 

advantage In studies of vertebrate development cannot 

be used in studying the insect egg, as in turgor 

pressure and fluidity of the eg contents make 

tr.neplantation studies and the culturing of embryonic 

tissues in vitro impossible. However, many alterna-

tive techniques have been devised for studying by 

experimental methods embryological processes in 

insects (for reviews see Richards and Miller 1937; 

Krause 1939). 

The work of Seidel and his school (reviewed 

Seidel 1935) demonstrated that many kinds of develop-

ment are found within the class Insecta, ranging from 

indeterminate (regulative) development in the Odonat,a 

to completely determinate (mosaic) development in the 

Diptera. Between these two extremtare other insects 

in which the developmental fate of the egg is not 

determined at the time of fertilization, but which 

becomes determined at varyirg times thereafter. 

Actually the scale is a relative one, for development 

eventually becomes completely determined in the Odonata, 

and there is experirent. evidence (Rowland and 

Sonrienblick 1936) which suggests there Is some regula-

tive power in the Dipteran eg prior to fusion of the 

gamete nuclei. 



This paper Will be limited to a discussion 

of experimental studies made of mosaic development in 

insects. Many workers have studied the effects of 

treatment during the egg stage* on later developmental 

stages; for example, Rowland and Child (193) and 

Howland and Sormenblick (1936) studied the effects of 

embryonic punctures on development of structures in 

the adult, and Geiv (1931a), the effects of treatment 

with ultraviolet irradiation during the eg stage on 

imaginal structures. Waddington (1942a) has pointed 

out the dangers of using defect experiments as a means 

of discovering developmental potentials, and his work 

(1942a, b) on the time of determination of the imaginal 

discs in 1osohU, clearly indicates how misleading 

the results of defect experiments can be. Waddirjgton 

showed that the imaginal discs are not definitely 

determined until a much later stage than had been 

supposed on the basis of defect experiments. 	There 

appeared to be a great deal of regulatory power in the 

imaginal discs of the mid-larval stages, indicating 

that there was more plasticity in development than had 

been supposed, and, not even all phases of development 

in 1osophila were mosaic. 

* The term --- stage is used to designate tha period 

of embryonic development, as compared to larval 

stage, _DuDal stage, etc. 
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Experimental methods for which the effects of 

treatment on embryonic development have been studied 

includes 

Cauterization (Reith 1925 - Muaca; 

Straaburger 1934 - Qa1li1hora; Howland and Robertson 

1934 - Th'oaophila). 

Irradiation with ultraviolet 1iht 

(Geir 1931b - Drosophila; Aboini 1945 - DrosoDhila; 

&iU (unpublished) Drosophila). 

Constriction (Pauli 1927 Calliohora 

and Musca; Rostand 1927 - Calliphora; Ede (unpublish-

ed) 	osohi1a). 

Centrifugation (Pauli 1927 - Callichora 

and Muaca; Howland 1941 - Drosoühila). 

X-rays (Sonnenblick 1940 - DrosoDhilal 

Sonnenbliok and Renshaw 1941 - Drosophila). 

,Although these methods have given us much 

valuable information about embryonic development in 

the Dipt.era (especially the experiments of Reit,h and 

Pauli which demonstrated the mosaic nature of develop-

ment, the totipot.ency of cleavage nuclei, and the 

importance of the périplasm in determining the fate 

of nuciei which enter various regions of it) none of 

them are completely satisfactory tools. Microcautery 

and irradiation treatments result in the destruction 

off- 
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of regions of the egg; the chromosomes are also 

affected by the use of ionizing radiations. Constric-

tion experiments are tedious and difficult because of 

the size of the egg, and are rarely successful; 

Pauli, for example, constricted over 263 epgs of 

CallLihDra which are almost twice the size of Drosophila 

eggs, and only 18 of her attempts were successful. 

Centrifugation experiments require treatment of the 

developing egg for relatively long periods of time 

even at high speeds to shift the periplasxn. 

Studies of the effects of ultrasonic waves 

on living material have been made by several authors 

(reviewed in Selman 1950) and include observations on 

single cells, unicellular organisms, eggs of Arbacia, 

and leaves of Elodea. More recently Fritz-Nipgli 

(193, 1951) has studied the effects of ult,rreonic 

waves on development of Drosophila; although all 

developmental stages have been t.reated, her histologi- cal 
 studies have been confined to prepupal, pupal and 

adult stages. Beesler (1952) investigated the effects 

of ultrasonic treatment on embryos of Triton alimstrjj.. 

Various authors (Hersh, Karrer and Loomis 1930; 

Wallace, Bushnell and Newcomer 1948;Fritz-Nigli 

1950) have attempted to increase mutation rate In 

Drosoihila by ultrasonic treatment, but the results 

are/-  
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are rather contradictory, only Wallace 11 &1 reporting 

success in the induction of cy togenetic changes by 

treatment. 

Selman and Wilkins (1949) developed an 

apparatus for treating biological specimens with 

ultrasonic waves under controlled conditions. Their 

methods have been applied here to developing 

frosphila embryos. It was found that ultrasonic 

waves, at intensities low enough to obviate the 

danger of cavitation d 	or chemical changes, 

applied for short periods of time at certain 

developmental stages, were capable of producing 

changes in the processes of embryonic development. 

A preliminary report of some of these investigations 

has been published (Selman and Counce 1953). 



I. 

Fggs were collected at half hour intervals 

from Ckagon K flies which were laying rapidly. After 

the eggs had been collected, they were placed in the 

center of thin agar discs whic' fitted into the 

treatment vessel (see Fig. 1) and kept at 250C until 

treatment. 

The following developmental stages were 

treated: fertilization or early cleavage (ininediately 

after collection); late cleavage (one hour); and 

syncytial blastoderm stage (two hours). Several 

intensities were used: 0.06, 0.1, 0.3 0  0.5 and 1.2 

Watts/cm2 . All eggs were treated under controlled 

conditions of uniform ultrasonic intensity at a 

frequency of 1 Mc/sec for thirty seconds at room 

temperature. 

The treatment vessel is shown in a simple 

diagram (Fig. 1). The apparatus Is fully described 

in the paper by Haskell and Selma (1950). Details 

of the oscillator circuit and measurement of ultra-

sonic intensities may be found in the paper by 

Selman and Wilkins (19491. 
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DIAGRAM OF ULTRASONIC TREATMENT VESSEL 

Following treatment eggs were placed in 

Petri dishes containing moist filter paper and retur-

ned to the 26 0C incubator until they were needed for 

fixation. Many •s were treated at one time so 

that eggs from the same batch could be fixed at 

several intervals • 	Table I shows the number of es 
the 

treated at each devslomental stage and with/several 

intensities, and their condition of development at 

the time of fixation. 

It was considered desireable to observe 

directly the effects of treatment on the livinr eg%r. 

For,'- 
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PA1T I, Nubers of eggs fixed after treatment at different intensities, 



For this purpose, Dr. Selman constructed an ultrasonic 

stage generator similar to that used by Harvey, Harvey 

and Looipie (1928) for observing the whirling of 

chioroplasts in leaves of Elodea by ultrasonics. 

With t,1,js  apparatus however, it was not possible to 

determine the intensity of the ultrasonic waves which 

were applied, nor was there any temperature control. 

Although those epgs which were to be 

observed under the microscope during the application 

of treatment had to be dechorionated. It was found 

that the chorion apparently did not affect the treat-

ment Itself, and was not removed for treatment. This 

proved to be fortunate, for the spatial relationships 

in some embryos were so distorted it would have been 

impossible to determine their orientation without the 

chorionic filaments as a guide. 

The techniques of fixation, embedding and 

staining used were identical to those described in 

Part I of this paper. 
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III REULTB 

It was found that intensities lower than 

0.1 Watt,s/cm2  had little or no effect on embryonic 

development. For any given intensity, maximum 

lethality was obtained by treatment at the time of 

migration of nuclei to the periphery and the formation 

of the syncytial blastoderui. (Table II). 

IL 

Prior to the formation of the blastoderm, 

the ege when observed under the microscope appears 

semi-opaque with the yolk granules appearing slightly 

brighter than the cytoplasm. When the ultrasonic 

waves are applied, there is a slow, circular movement 

of large areas in the central region, but the periplasm 

is apprently resistant for its position is not altered. 

If treatment is stopped temporarily and then applied 

again, a higher Intensity is required to set the 

central area in motion ones more. 

When es treated at this stage are observed 

under a dissecting microscope by reflected light, this 

central region, because of its greater opacity appears 

whiter than the peripheral portions of the egg. 



LETHALITY OF TREATMENT 

so 

oX 
TREATMENT STAGE TN HOURS 

o 04 Watt. 1C,' — 30 no 00.04 on numb., Of flit, 

+ - I waist/cm2  for 30 toe bond on egg - botching 

Control toted to tumbn of tilt. 

Table II. Percentage lethality obtained by treating various 
developmental stages with ultrasonic waves. 

tOO7 
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Figures 2 and 3 are of eggs treated during 

preblastodermal stages and fixed immediately after 

treatment. The large circular areas are very 

obvious. The staining reactions of the various 

regions of the cytoplasm differ, those parts which 

have been moved staining more lightly than the adjacent 

regions of the cytoplasm; they also tend to be free 

of yolk granules at their periphery. The cytoplasm 

of the egg is more vacuolar than normal. There is a 

gradual merging of the circular areas with the other 

contents of the egg. 

Treatment prior to blastoderm formation 

usually has one of two results: either the oplaamic 

contents are so deranged that reconstitution is not 

possible and death results without further development, 

or reconstitution occurs and development is normal 

but slightly delayed (see Table fl. 	It is possible 

that death of some ambryos in which development ceases 

immediately after treatment is related to abnormalities 

in mitosis. 

Although too few eggs were examined after 

treatment at this stage to make valid any compariscnis 

between the various intensities, t!ose eggs which were 

treated with an intensity of 1.2 tta/cm2  usually 

c eas ed/ - 
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ceased development immediately after treatment. The 

one embryo treated at this intensity in which abnormal 

organceneaie was observed (Table I) was in all probab-

ility at a somewhat later stage of development than 

the other eggs treated at this time. Iggs collected 

from rapidly laying females are usually at the same 

stage of development at the time of deposition (pre-

fusion of gamete nuclei); however, eggs may occasion-

ally be retained in the uterus of the female for varying 

periods of time following fertilization. 	The develop- 

ment of such eggs continues in the uterus, and they 

may even be deposited just before the emergence of 

the larva. 

The slight abnormalities which are observed 

in embryos in which organogenesie has been completed, 

are usually related to abnormal distribution of yolk 

granules. These may be found in the proventriculus, 

although they do not normally occur there; in other 

instances, abnormally large quantities of yolk are 

included in the nervous system. Some abnormalities 

In external segmentation are also observed. 

It Is not certain whether these embryos which 

show slight abnormalities will develop into adult flies. 

It is possible that embryos of this sort account in part 

for the delayed mortality observed by Fritz-Niggli 

(19b0/- 
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(19b0, 1951) and which has been confirmed by us during 

the course of this work. Such embryos may emerge from 

the embryonic membrnea only to die at a later stage 

in development, but there is no proof of this. 

9W1'1+WoTM-TMW#1_TT.T  MT 	 1 1 17 COTWO5773- 47,71-011  

Figures 4, 6 and 6 are of normal living,  

embryos at the biastoderm stage. The nuclei are at 

the surface bordered internally by a wide cytpplasmic 

band, while the yolk is concentrated centr:i1y. 	At 

the posterior pole, (Fig. b) the pole cells have by 

this time budded off completely from the main body 

of the egg and are visible as a email clump of cells 

at the posterior end, slightly nearer the dorsal 

surface than the ventral. When ultrasonic waves are 

applied, the pole coils, being free and less resistant 

to being set in motion than the semi-rigid blastoderin, 

begin to rotate rapidly. 	As they continue to spin, 

they create a vortex into which cytoplasm, yolk and 

blastoderin nuclei from The area adjacent to the region 

are drawn (Fig. 7). There is a slow and obvious 

progression of the blastoderm nuclei and some of the 

cytoplasm toward the area of disturbance. 

In some instances, air bubbles at the surface 

of/- 
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of the embryo are made to vibrate by the ultrasonics 

and create secondary disturbed areas; ruptures are 

formed in the blastoderm wall through which yolk, 

cytoplasm and some blaatoderm nuclei flow to the 

surface of the egg. 

•i 

When it became obvious early in the course 

of the experiments that treatment at the syncytial 

blaet,oderm stage produced more abnormalities in 

esnbryogeneuia than treatment at earlier stages, 

efforts were concentrated on this stage. In order 

to follow more exactly the course of embryogeneais, 

eggs were fixed at several intervals. It also became 

apparent that the beat results, from the point of view 

of producing many embryos which showed abnormal devel-

opment, could be obtained with intensities of 03 to 

0.5 Watts/cm2. Lethality for any given intensity of 

ultrasonic waves is at its maxizaam at this period 

(of. Table II), and almost 80 percent of the embryos 

which were examined in sectioned material showed some 

kind of abornm.l development. 

The description of the abnormalities observed 

in sectioned material will be given in developmental 

sequence. 

a. Syncytial blastoderm stage - embryos 

fixed immediately after treatment. 
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Figure 7 shows a blastoderm in which the 

pole cell vortex has just formed at the and of treat-

ment. Figures 8 and 9 show the more typical appear-

ance of eggs which are fixed immediately after treat-

moot at the syncytial blastoderm stage. The area 

in which the disturbance has been set up Is a mixture 

of cytoplasm, yolk granules, pole cell nuclei and 

blastoderm nuclei which have been drawn into the area. 

Frequently irregular darkly staining masses such as 

that shown in figures 8 and 9 are found within the 

abnormal region, although they are not always formed. 

They are probably the result of fragmentation of yolk 

granules. 

The size of the abnormal area varies, probably 

as a result of the length of time the pole cells re-

volve, as well as the speed with which they rotate. 

It is also possible that the blastoderm itself may be 

more resisLnt as the nwsber of cells making up the 

blastoderm increases and the period of cell wall forma". 
such 

tion approaches; Ws/variations could also affect the 

size of the disturbed area. 

If subsidiary disturbances have been set up 

in other regions of the aW. the break In the blasto' 

derm is accompanied by the movement of cytoplasm, yolk 

and blastoderm nuclei onto the surface of the embryo. 

If the break in the blastoderm is small, only yolk 

olobulee may move to the surface of the 	r (cf. Fig. 
irk' 



In a few embryos vertical clefts also formed in the 

cytoplasm, probably indicating rupture produced as a 

result of strain, and nuclei lined up along these 

(Fig. 11). 

b. Cellular blastoderm, gastrulation and 

histogenesie (3*-10 hours). 

In undamaged regions, the cells which form 

are typicd, elongate bastoderm cells. 

Many kinds of abnormalities occurred in 

gastrulation, depending upon the position and extent 

of the original disturbed area. In those embryos 

in which the damaged area was large, no gastrular 

movements of any kind occurred, although cellular 

proliferation and rarely some differentiation of cell 

types took place. 

Same, as those shown in Figs. 12 and 13, 

showed some slight indication of gastrular differen-

tiation, such as the formation of the germ band in 

undisturbed areas. Later, invagination of the 

anterior midgut rudiment took place in embryos in 

which the area of damage was at the posterior end. 

In other embryos at this stage, more 

complete gastrular movements occurred, but various 

abnormalities in the processes of gastrulation could 

be/- 
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be observed. The cephalic furrow did not form in 

some. 	In others although it formed, it was incom- 

plete, or the orientation of the cleft was abnormal. 

In still other embryos, the cleft remained a conspicu-

ous feature long after it ceased to be obvious in 

normal embryos at the same developmental stage. 

Abnormalities were also observed in the formation of 

the posterior midgut Invagination; in those embryos 

in which the damage at the posterior pole was coneld- 

erable, the posterior invagination did not form. 	In 

other instances, the invaginat.ion formed but elongation 

took place from the posterior pole or the ventral 

surface. In some embryos, the posterior invagination 

formed and moved anteriorly but the pole cells were 

not included within it. When this happened, the 

shape of the posterior invagination was affected, the 

walls of the invagination being ppoaed throughout 

their length, instead of assuming a sac-like shape. 

The germ band was asymmetrical in those embryos in 

which the d&'ng& region extended further along one 

side than the other. 

Later, the anterior midgut might not form, 

or it formed on one side only. Formation of the 

stomodaeum was frequently affected; it usually failed 

to invaginate. However, in other embryos it formed, 
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but in an abnormal position. 

The presence of free yolk on the surface 

caused the shape of the embryo to be distorted. 

By six hours, cells which were in, or 

bordering on, the abnormal region became very large 

(cf. Fig. 13) with some clumping of chromatin. 	It 

is most probable that these nuclei increase in size 

by ondomitosis as no mitotic figures have been found. 

The pole cells which remained in abnormal regions 

retained, in some instances, their distinctive cyto-

logical characteristics for several hours. 

In some embryos, the only differentiation 

which was obvious was the formation of the primitive 

ut; in many others, small cells which were In 

appearance very like ganglion cells were present. In 

even the most abnormal embryos, mitotic activity 

continued for some time. 

During histogenesis, many of the abnormali-

ties which become conspicuous later in development 

can already be discerned. 	Particularly obvious at 

this time are abnormalities in hypodermal differentia-

tion and in development of organs which originate from 

the superficial ectoderm. 

Abnormalities were frequently observed in 

the orientation of ganglion cells and the neuroblast 

cells/- 
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cells from which they formed. In normal embryos, 

division of the neuroblast,s is in a plane perpendicu-

lar to the ventral surface, and is unequal, the small 

cell which becomes a ganglion cell budding off at 

the end nearest the center of the egg (Poulson 1960). 

In treated embryos, divisions of neuroblasts may be 

in the awne plane as the ventral surface, and the 

position of the ganglion cell to the neuroblast cell 

may also vary. 

d. )rganogenesis (12-20 hours). 

The embryos in this group are those in which 

the and results of treatment become apparent. The 

expression of abnormality varies, depending upon which 

areas have been affected during earlier periods and 

the extent to which they are affected. The abnormal 

embryos can roughly be classified into five different 

groups: 

1) No development after treatment (7 

embryos): 

With one exception, those embryos which 

ceased development at the time of treatment or shortly 

thereafter were apparently in some stage of mitotic 

division; the remnants of spindles were found, and 

in one or two instances, it appeared that spindle 

formation was not normal, but the disintegration of 

the/u. 
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the spindles was so advanced it could not be definite-

ly determined. In an exceptional embryo, the nuclei 

were very large, with cltiped chromatin. but they were 

arranged at the periphery as are normal nuclei at the 

syncytial blastoderm stage. The abnormal nuclei 

resembled most closely those that developed in regions 

which had been directly affected at the time of 

treatment. 

Proliferation without differentiation 

(11 embryos): 

In these embryos (Fig. 14) cellular prolif-

eration without differentiation of the various types 

of tissues characteristic of the embryo occurred. 
was 

The disturbed region/always very large in these embryos. 

Differentiation without organization 

(20 embryos): 

The shape of embryos in which there was 

differentiation without organization was usually 

reminiscent of gaatrular form; however, in some 

(cf. Fig. 15) this resemblance was obscured by the 

extent of the damaged areas. Differentiation of the 

nervous system into ganglion cells and fibers always 

occurred in these embryos, although the fibers were 

not well organized, and might be only slightly in 

evidence. Mesoderm was present in such embryos, and 

might.,'- 
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might or might not differentiate into elongate cells; 

elongation of cells however, was never followed by 

fusion, and no ua.aciea were formed. The gut might 

or might not be represented; often the calls were 

clumped and disorganized, but tubular portions some-

times appeared, usually in the anterior end. These 

embryos were no doubt those in which early gastrula-

tion processes had been very abnormal. 

4) Abnormal organization (27 embryos): 

Abnormal organization was expressed in sev-

eral ways; spatial relationships were distorted; 

certain organs and tissues showed abnormal differentia-

tion; and some organs and tissues were Incomplete 

or lacking. Various combinations of these abnormali-

ties were found (cf. Figs. 17-26). 

A commonly found abnormality was the 

differentiation of the posterior spiracles and poster-

ior spiracular atrium at the dorsal surface near the 

middle of the embryo, with the anus also being in 

the dorsal midline (Figs. 18, 19). 	In one embryo 

(Figs. 21-23) the posterior spiracles developed in 

the posterior region, but with the openinr of the 

spiracles deep in the interior of the embryo. 	It 

was almost as though the posterior end of the embryo 

had been pushed in like a hollow ball to which 

pressure is applied with the thumbs. In this embryo, 

the anus opened at the posterior end. 



-2]. 

Abnormalities in the formation of the pro-

ventriculus as a result of the disturbed spatial 

relationships between the esophageal and gastric 

portions of the structure were frequently found. The 

development of the two portions seems quite indepen-

dent, for in embryos in which the esophageal component 

was lacking or not in contact with the gastric 

portions, the gastric portion differentiated and the 

peritrophic membrane was sometimes secreted. Gastric 

differentiation has also been found to be independent 

of the presence of esophageal portions in JA embryos 
(see Part U. 

Various abnormalities in the spatial relat-

ionships of the salivary glands have been noted. 

In one embryo (Fig. 24) the glands were on the same 

side of the embryo; in another, the distal and of 

one of the glands was directed toward the anterior, 

rather than the posterior end as in normal embryos. 

The presence in the glands of a staining substance 

indicated that the secretory function of the glands 

was not impaired. 

Involution of the head rarely took place, 

and the shape and position of the cephalopharyngeal 

apparatus and mouth hooks were abnormal in the three 

embryos in which there had been some involution (cf. 

Figs, 19, 20, 21 and 23). 
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The most spectacular of the abnormal spatial 

relationships was the formation in two embryos of the 

gonads at the anterior and near the region of the 

mouth parts (see Fig. 26). 

Differentiation of organs and tissues was 

abnormal in many embryos. In only one of the embryos 

examined did normal gut differentiation occur; diff-

erentiation of the visceral musculature was also 

rudimentary. Clumping of muscle cells was frequently 

observed. In one embryo (Fig. 24) no organs or 

tissues derived from the mesoderm were formed, 

although undifferentiated mesoderm cells were present. 

The incomplete formation or absence of organs 

and tissues occurred in every embryo in which organo-

genesis was abnormal. Some of these, such as the 

failure of the tracheal branches to unite, were purely 

mechanical in nature. Mechanical abnormalities also 

account for the absence of the posterior gut rudiment, 

foregut and atomodaeum, as well as absence of gonads. 

In almost half of the embryos in which organization 

was aberrant, the salivary glands were lacking; this 

was related to abnormalities in the differentiation 

of the superficial ectoderm. 

The hypodermia was incomplete in all 

treated embryos and was totally lacking in one (Fig. 

25). 
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Those portions of the embryo which develop from the 

frontal sac (which moves superficial ectoderm from 

the surface to the interior by invagination) were 

lacking in all but three embryos. The mesoderm and 

nervous tissue were present in all embryos showing 

abnormal organogenesia, and at least some portions of 

gut, although the latter might oonsist only of clumps 

of cells. 

Segmitation was abnormal In all these 

embryos. This was in part due to the absence of 

hypodermia and abnormal differentiation of muscles, 

but free yolk at the surface also resulted In exagger-

ated segmentation (Figs. 18, 21, 23). 

5) Slight abnormalities (13 embryos.) 

The most frequent abnormalities observed 

were the absence of gonads or alight abnormalities 

in segmentation. 	In a few embryos, there was ab- 

normal distribution of yolk granules, either in tissues 

or in regions of the gut where yolk is normally not 

found. 	In one embryo, some muscle cells which had 

undergone elongation and partial fusion were complete-

ly enclosed by the nervous system. 

Twenty-seven of the treated embryos examined 

in this ago group were apparently normal in all 

respects. 
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RIMERWRIPMOREMNIMOtRIfI t,) 

In many of the eggs treated at preblasto-

derinal stages, reconstitution of the o6plasmic contents 

followed, and development continued normally. Pauli 

(1927) obtained similar results by centrifugation of 

Calliphorp es prior to blastoderm formation; the 

stratification of oplawnlc contents following centri-

fugation, however. Is not similar to the redistribution 

of the egg contents as a result of u.1tr sonic treatment. 

Pauli also found that In some eggs which had been 

centrifuged, reconstitution of the contents was only 

partial, and abnormal development ensued. Partial 

reorganization was never observed in egts which had 

been subjected to ultrasonic treatment at this stage. 

Death of embryos either occurred iuniediately after 

treatment, or embryos which were normal in almost 

every respect developed; slight abnormalities were 

observed in some. Centrifugation sometimes resulted 

in the shifting of the periplaam, but the perlplasm 

was never moved in eggs exposed to ultrasonic treatment 

at the same stage in development. 

It in possible that interference with 

mitosis is responsible for some of the early deaths 

in eggs treated with ultr.aonice. 	It has already 

been mentioned that there Is evidence to indicate that 

the physical nature of the cytoplasm is altered during 
treatment. 
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A change in the physical state of The cytoplasm might 

well be sufficient to cause abnormalities In spindle 

formation and function. Rowland (1941) frequently 

obtained abnormal spindle configurations after centri- 

fuging early egg stages of Drollo phill, and these were 

probably related in part to changes in the physical 

nature of the egg cytoplasm. In our material, there 

is also some indication of an effect of u1traronic 

treatment on cuntriolea. In an early series of 

experiments, the results of which have not been 

Included here, among embryos which were treated at 

an intensity of 1.2 Watts/cm2 , two were found in which 

cytological abnormalites were associated with abnor-

malities in the centriolee. 	In one, a spindle formed 

which had two centrioles at one end, and one at the 

other pole, the spindle being ,dlo1ar at the and at 

which there were two oentriolee. In the other embryo, 

a spindle was formed which contained no chromosomal 

elements. However, at the side of the spindle was a 

nucleus in early prophase which lacked centrioles. 

It 18 possible that the centriolea, which are always 

outside the nuclear membrane in lirosoohila, were 

moved away from the nucleus by the treatment. Unfor-

tunately most of the material was not suitable for 

detailed cytological study as the eggs treated at 

this/- 
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this stage were fixed at infrequent intervals after 

treatments, and degeneration of es in which death 

had occurred soon after treatment made an analysis 

of cytological details impossible. 	& series of 

experiments has since been done, treating early stages 

at the same high intensity (1.2 Watts/cm) and fixing 

at several intervals shortly after treatment • The 

results, however, have not yet been analysed. 

The results obtained by various investiga-

tors studying the effects of ultrasonic treatment on 

nuclear phenomena are 'very contradictory. Bessler 

(1952) has reported abnormalities in mitosis following 

ultrasonic treatment of newt embryos for short periods 

with ultrasonic intensities low enough to obviate the 

effects of cavitation or chemical change. The 

effects of mitotic phenomena were said to be comparable 

to those obtained by 1-radiation. Newcomer and 

Wallace (1949) also claimed to have induced genetically 

significant chromosomal aberrations In roots of plant 

material. Selman (1952) has criticized their findings 

as there appeared to have been no attempt to allow the 

material to grow following the treatment, nor to in-

vestigate subsequent mitoses. In Selman's experience 

with similar material, the results obtained were due to 

cavitation darnge, which was so severe that the 

affected cells died, and this author concluded therefore 

that/- 
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that the treatment was without genetic significance. 

Yaauzui and Kondo (1951) have reported a rather 

unusual effect on treating salivary glands of 

DrosoDhila larvae with ultrasonics in that the I 

chromosome was preferentially extended by the treat- 

merit. 	Selman (1952) investigated the effects of ultra- 

sonic treatment on root tips, chick tissue cultures, 

and pollen tubes; beyond chromosome fragmentation 

caused by cavitation dame which resulted in the 

death of the affected cell, he was able to find no 

effects of ultrasonic treatment on mitosis beyond 

"sticky" chromosomes and the resultant formation of 

chromosome bridges due to the failure of chromatids 

to disjoin normally. 

Wallace, Bushnell and Newcomer (1948) repor-

ted that cytogenetic variations had been induced in 

Drosoohila by ultrasonic treatment, but Hersh, ICerrer 

and Loomis (1930), Fritz-Niggli (19b)) and I. Stroemness 

(personal con,m.inication) have found no definite indi-

cation of cytogenetic variations following ultrasonic 

treatment. 	We have made no attempt to study the 

genetic effects of treatment on those flies which 

emerged from treated eggs. 

Both Pauli (1927) and Howland (1941) found 

that •entrifugation of the egg produced little 

abnormality after the migration of nuclei into the 

peripheral regions and the establishment of the 

syncytial blaatoderm. 
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Rowland suggested that this was due to the fact that 

an interaction between the cortical layer and the 

cleavage nuclei had resulted in the formation of a 

visco"elast.ic surface layer which was resistant to 

centriiugd forces. 

It Is probably coincidence that the period 

of aiaximum lethality for ultrasonic treatment and 

various other treatments such as X-radiation (Packard 

1926, 1936) and susceptibility to alpha-radiation 

(Hanson and Heys 1933) are the same. It is not 

surprising that the nuclei are highly susceptible to 

the effects of radiation at this time for they are 

almost at the outer surface of the egg (cf. Fig. 4) 

with very little cytoplasm and no cell walls to 

protect then, and are also undergoing rapid division. 

The lethal effects of ultrasonic treatment at this 

time may rarely be related to nuclear abnormalities 

(see below) but more frequently they are caused by 

the changes in the blastoderni which occur as a result 

of the rotation of the pole cells, the formation of 

the vortex and concomitant displacement of the eg 

constitutents. 

None of the experimental methods which have 

been applied to insect eggs are comparable in their 

effects to those obtained by ultrasonic treatment. 

Centrifugation, which results in the shifting of 

contents/- 



contents of The egg as does ultrasonic treatment, is 

not able to cause a shift in the blastoderizi once it 

has been established (Pauli 1927, Howland 1941). 

The other methods are dependent upon the removal of 

restricted regions of the egg, without altering the 

positions of nuclei. 	In eggs subjected to ultra- 

sonic treatment, as a result of the progression of 

the blaatodermal cells towards the region of distur- 

bance, the spatial relationships within the blastoderm 

are altered. 	In addition to the change in position 

of nuclei which are supposedly "determined* when they 

enter the peripheral cytoplasm, there is in all 

probability a movement of the innermost regions of 

the cytoplasm quite independent of nuclear movements, 

so that the cytoplasmic environment of nuclei may be 

substantially different than in normal embryos. 

Although the abnormalities in gastrulation 

which occur following treatment are interesting, they 

are easily explained by considering the mechanical 

difficulties which arise as a result of the presence 

in the embryo of abnormal regions caused by the pro-

duction of areas of disturbance at the time of treat-

ment. Furthermore some abnormalities are caused by 

changes in the position of blastodermal nuclei, so 

that the cells which form the stomodaeum for instance, 

may be more ventral than in normal embryos. 
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Failure of shortening during the middle 

period of embryogenesis caused the posterior tracheal 

regions and the anus to occupy very abnormal positions. 

Other morphogenetic movements which occur at this 

same period such as head involution and dorsal closure 

were also affected. 

The end results of treatment are of more 

interest. The death of embryos immediately following 

treatment at this stare in most instances is probably 

related to abnormalities in nuclear processes. 	It is 

not possible to determine whether these abnormalities 

are chromosomal in origin or whether They are the 

result of abnormalities in other constituents of 

the mitotic figure, such as the centrioles or spindles. 

In some embryos, considerable proliferation 

of cells took place, although there was no cellular 

differentiation. Pauli (1927) has described embryos 

which developed from eggs which had been centrifuged 

in which there was a multiplication of cells without 

differentiation; these had all developed from eggs 

which had been centrifuged for long periods of time 

wit) the result that the o5plaamic contents had become 
very 

/disorg.nized. 	Sonnenblick (1940; Sonnenblick and 

Henahaw 1941)   found many embryos showing this phenomenon 

after one parent had been treated with I-rays; 

frequently/- 
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frequently part of the cytoplasm in these embryos 

remained non-cellular and took on a deep stain (cf. 

Figs. 12 & 14). 	In the cases described by Pauli 

cytoplasmic factors were probably involved and it 

is not improbable that the underlyizr cause of the 

abnormality produced by ultrasonic treatments is refer-

able to similar causes. 	It Is not impossible however 

that chromosomal factors may cause the abnormality as 

they most probably do in dominant lethala which are 

induced by X-rays (Sonnenblick 1940). 

Differentiation of tissues without organo-

genesis, in embryos after ultrasonic treatment at the 

syncytial blastoderm stage, seems to be related to 

failure of normal gastrulation. 	All these embryos 

retain an outline which is very much like that of 

early gastrular stages; in some the extent of damage 

obscures the outlines considerably. It would seem 

that even In eggs which show mosaic development certain 

morphogenetic movements must take place before orano-

genesis occurs, even in regions such as the foreut 

and stoznodaeum which develop *in place* after they 

form. It is also interesting to note that a1thouh 

the nervous system in these embryos showed typical 

differentiation into nerve fibers and gnglion cells, 

no other evidence of differentiation of ect.odermal 

tissues was found. Mesoderm and some gut cells were 

present/-  
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present, but differentiation was alight. 

The most interesting embryos, from the point 

of view of information about factors in differentiation 

and organization are those in which a considerable 

degree of organization has occurred, but In which 

there are also mwV abnormalities. 

The simplest abnormality to explain is the 

distortion of spatial relationships within the eithryo. 

It has already been stated that mechanical difficulties 

which prevent the shortening of the embryo result in 

the differentiation of the posterior spiracles In a 

position which they do not normally Occupy in the 

embryo at this stage of development. The movements 

of whole cellular areas during treatment also results 

in invagination of organ rudiments in abnormal positions. 

A shifting in cellular areas may also be the cause for 

abnormalities in the position of the aalivry glands 

which have been observed in some embryos (e.g. such 

as the embryo shown in Fig. 24). Another factor 

which may be partially responsible for abnormal spatial 

relationships is the development of one organ in an 

abnormal position with the result that organs which 

develop later are forced into positions which they 

do not normally occupy. 

ebnormalitiea in cellular differentiation 

are/- 
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are more difficult to explain satisfactorily, especially 

the high degree of involvement of the hypodermis, which 

was affected in every embryo in which organisation had 

taken place. It is improbable that during treatment, 

cells from which the superficial ectoderm will differ-

entiate are preferentially destroyed, for the action 

of the ultrasonics is such that all cells in a particu-

lar region are involved. It is also highly unlikely 

that the superficial ectoderm develops entirely from 

cells at the posterior end. There seem to be at least 

two alternative explanations, neither of which can be 

proved because our knowledge of processes of differen-

tiation in mosaic eggs Is so scanty. One explanation 

is that there is an inductive relationship Involved 

in the differentiation of the hypodermis. Poulson 

(1945) has suggested, on the basis of abnormal differ-

entiation In embryos which are deficient for the facet 

region of the I chromosome, that there is possibly an 

inductive relationship between the mesoderm and ecto-

derm. 	If such an inductive relationship does exist, 

the abnormalities in spatial relationship between tissues 

which develop following ultrasonic treatment may cause 

it to function abnormally. 	It is likely that in these 

embryos, there has been an excessive formation of neuro-

blast cells with the result that too few cells are left 

to form the hypodermis. 	The other possible explanation 

for the/ 



-'34-' 

the abnormal differentiation which is observed is that 

some cytoplasmic factor or cellular structure which 

is necessary for the differentiation of hypodermal 

cells is destroyed or altered at the time of treatment. 

This would result in the failure of hypodermal cells 

to differentiate at a later time in development. 	If 

an inductive relationship of the type proposed by 

Poulson does exist between the mesoderm and the ecto-

derm, it is not dependent upon differentiation of the 

mesodermal layer, for in one embryo (Fig. 24) the 

mesodermal elements were completely disorganized al-

though the hypodermis was better developed than in any 

other embryo studied. 
not 

It has/been possible to determine, in the 

case of the hypodermis, whether the abnormalities 

observed were related to the failure of an inductive 

relationship, or to abnormalities on a submicroscopic 

level which affected only certain cells, and resulted 

in abnormalities because of the mosaic nature of devel-

opment. However some indication of other inductive 

relationships in froaoihila embryos has been obtained 

in these experiments. 

In two embryos, one of which is shown in 

Fig. 25, the gonads formed in the anterior region just 

behind the mouth parts. 	In both instances, although 

the germ cells had migrated into regions of the mesoderm 

with,'- 
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with which they are not normally associated, the gonad 

sheath and interstitial elements of the gonads, which 

are formed from mesodermal cells, wire well differen-

tiated. This would seem to Indicate that the fate 

of some mesodermal cells Is not completely determined. 

Aboim (1945) reported the formation of 

the mesodermal elements of the gonadis in embryos in 

which the pole cells had been destroyed by ultraviolet 

radiation. 	In all the figures which he shows, however, 

there are germ cells in the gonad, although they are 

dead and disintegrating. This then Is not a true 

indication that certain cells of the mesoderm will 

differentiate into the mesodermal elements of the 

gonads without some external, stimulus. The work of 

experimental embryologists, notably Waddirgton and D. 

Needham (reviewed In Needham 1942) has shown that dead 

tissues as well as foreign substances can give rise to 

inductive reactions in the Amphibian embryo. 

The possibility that a great shift In cellu-

lar areas of the blastoderm has occurred during treat-

ment cannot be ruled out entirely in the case of one 

of these embryos, for other organs in the embryo which 

should be in the anterior are at the posterior region. 

The orientation (anterior and posterior) of this embryo 

however could be determined by the position of the 

chorionic filaments. There is also a characteristic 

thickened region at the posterior end of the chorion 
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which may be used as an additional guide in orientat-

ion. 	This excludes almost completely the possibility 

of an error in interpretation as to the anterior and 

posterior ends of embryos. 	In the other embryo, 

however, the other organs developed in positions which 

were quite normal; in fact, it was this embryo in 

which the most normal spatial relationships of organs 

in the anterior end, including the cephalopharyngeal 

apparatus and the ehitinized structures of the anter-

ior region, were found. 

The absence of organs and tissues other than 

the hypodermia is easily understood. The gonads were 

absent in many embryos, usually because the pole cells 

were "trapped" in an abnormal region at the posterior 

end, making it impossible for them to be carried Into 

the interior of the embryo to form the gonads. In 

some embryos in which the area of damage at the pos- 

terior and was large, the cells which form the primordium 

of the posterior midgut were affected so that no 

invagination was formed by which the pole cells could 

be carried to the interior. 	It is not likely that 

this would have any affect, for in such embryos, the 

pole cells are so surrounded by the abnormal areas 

that, any movement of them seems unlikely. 

The abnormalities in tracheal formation and 

sal ivary/- 
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salivary glands may be explained on the basis of 

abnormalities in the separation of cells of the super-

ficial ectoderm, for both develop from cells of the 

superficial ectoderm which begin to invaginate at 

about the seventh hour of embryonic life. The failure 

of head structures to develop can also be related to 

abnormalities in ectodermal differentiation, because 

the frontal sac from which the chitinized structures 

of the head are derived, first forms as an invagination 

of superficial ectodermal cells in the anterior and 

of the embryo. 

The slight abnormalities in organogenesia 

which were observed are also quite easily explained. 

The absence of gor 4$ may be due to the failure of 

pole cells to be carried into the Interior because of 

their displacement during treatment. Abnormal 

distribution of yolk Is also responsible for some of 

the abnormalities in segmentation which have been ob-

served, while slight abnormalities in muscle differen-

tiation or apodemal attachment account £ or otbers. 

The presence of a small clump of muscle cells In the 

nervous system of one embryo may be the result of the 

inclusion of determined cells within an area destined 

to become something else. The cells subsequently 

developed Independently into muscle cells, although 

they were completely surrounded by nervous tissue. 



The results obtained in treating different 

embryonic stages with ultrasonics seems to justify the 

further use of ultrasonics as a tool in experimental 

embryolor. Although no very fundamental results 

have come from this series of experiments, there qre 

indications that further work along these lines might 

reveal valuable information concerning the possibility 

of the existence of inductive relationships in 

Iosoiihi1a embryos. 

It might also be possible to use ultrasonic 

treatment as a tool in solving the problem of the 

fate of the pole cells in the embryo. It is known 

that some of the pole cells form the gonads, but the 

fate of the other pole cells is not known. 	It in 

also a matter of conjecture whether the pole cells 

w4ch enter the embryo before the formation of the 

ventral furrow, form yolk cells as suggested by 

Rabinowitz (1941), or form the gonads as Poulson (1950) 

has proposed. Poulson further suggests that the pole 

cells which are moved to the interior in the posterior 

midgut invaginatlon take part In the formation of the 

midgut only. Between the third and fourth hours of 

development, the pole cells lie in a shallow concavity 

formed by the cells of the posterior midgut anlagen. 

It might  be possible, by treating embryos at thi8 
stag 
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stage with ultrasonics, to move the pole cells out of 

the concavity and prevent them from entering the 

embryo. If those pole cells which have migrated 

previously are those which form the gonad, and the 

others are part of the midgut anlagen as Poulson 

eueata, then the majority of embryos treated at 

this stage should have normal gonads, but formation 

of the gut should be affected. 

The possible use of ultrasonics for the 

study of cytological phenomena has already been dis-

cussed. 

The treatment with ultrasonics of other 

insect embryos in which development is less determinate, 

but in which determination Is a cytoplasmic function 

such as in the ant, CamQonotus, which was studied by 

Reit,h (1931), might give very Interesting developmental 
results. 



The use of ultrasonics as a tool for 

the experimental study of embryonic processes in 

Drosophila has been investigated. 

It has been found that developmental 

changes can be induced by the application of ultra-

sonic waves of intensities sufficiently low to obviate 

the possibility of cavitation damage or chemical 

changes. 

The effects of ultrasonic waves of 

various intensities on different developmental stages 

have been studied by direct observation during treat-

ment and in sectioned material of subsequent develop-

mental stages. 

Treatment of preblastodermal stages is 

usually followed by readjustment and normal but delayed 

development; in other cases, death ensues without 

further development. 

b. Treatment at the ayncyt.ial blastoderm 

stage results in the production of developmental 

abnormalities which can be classified into five diff-

erent categories: a death without further develop-

ment; b, proliferation of cells without differentia-

tion; c.) differentiation without organisation; d) 

abnormal organization and e) slight abnormalities in 

organization. 



-41- 

The possible causes of the different 

types of abnormalities in development after treatment 

of embryos with ultraeonics are considered and are 

discussed in relation to abnormalities in ernbryogene-

sis which have been produced in Dipteran embryos by 

other means. 

Further applications of the method to 

developmental studies are eugeeted. 
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KEY TO FIGURES: 

A - anterior 
AMG - anterior midgut 

BLD - blastoderm 
- blastoderm nuclei 

BR - brain 
BT - bristle 

CH - ohorion 
CHF - chorionic filament 
CHT - chitin 
CLN - cleavage nuclei 
crr - cytotiasm 

DBN - displaced blastoderm nuclei 

ES - esophagus 

G - gut 
OR - germ band 
00 - gonad 

NEC - head ectoderm 
HG - hindgut 
HY - hypodertnis 

MO - midgut 
MI - microryle 
MI' - Malpighian tubule 
MS - riesode 
ISV - visceral musculature 
MUS - bod:; musculature 

NP - nerve fiber 
NS - nervous tissue 
N1JC - nuclei 

P - posterior 
PC - pole cells 
PC'! - pole cell vortex 
PH - pharynx 
PMG - posterior midgut 
WUS - pharyngeal muscle 
PV - proventriculue 

SLG - salivary- gland 
SP - spiracle 
SPA - epiracular atrium 

TR - trachea 

VAC - vacuole 
VII - vitefline membrane 
VNS - ventral nervous system 

YK - yolk 



Fig. 2. Longitudinal section of an egg treated one hour after 
deposition and fixed imrnediately, showing formation of 
circular areas. Cleavage nuclei are present. Note the absence 
of yolk granules at the periphery,  of the disturbed area. 
X 200. 

Fig. 3. Longitudinal section of an egg treated one hour after 
deposition and fixed immediately after treatment. Cleavage 
nuclei are in metaphase. Note the vacuoles at the periphery. 
The disturbed area is larger than those formed in the embryo 
shown in Fig. 2. 1 175 . 
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Fig. I&. Formation of pole cells shown in living embryo, in stills 
taken from the film "The Development of Drosophila". x a 1800 

ia. Pole cell, shortly after formation,  and before cleavage. 

lab. Pole cells at a later stage in development after they 
have undergone cleavage and increased in mather. The posterior 
midgut invagination has just formed. 

Fig. 5. Frame from film " The Development of Drosophila" 
showing the living egg , anterior end, at the time of the 
arrival of nuclei at the surface. X ca 1800 
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Fig. 6. Frame 
showing the 
X ca 600. 

from the film " The Development of Drosophila" 
living egg at the time of blastoderm formation. 

Fig. 7. Frontal section of embryo treated at syncytial blasto-
derm stage and fixed immediately after treatment • The poie 
cell vortex is clearly shown. X 00. 

Fig, 8. Frontal section of an embryo treated at syncytial blasto-
derm stage and fixed immediately after treatment, showing the 
typical appearance -  of the disturbed area. X 210. 
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Fig. 9. Enlargement of the posterior regioh of the egg shown in 
Fig. 8. Note the irregular dark body, probably formed of 
fragmented yolk globules. X 800. 

Fig. 10. Anterior region of embryo treated at syncytial blasto-
derm stage and fixed immediately after treatment. A disturbed 
region has formed at the anterior end, and yolk has flowed out 
of a small gap on the dorsal surface, distorting the shape of 
the embryo. The nuclei and cytoplasm in the disturbed region 
are in abnormal positions. X 350. 

Fig. U. Formation of cleft in the blastoderm wall as a result of 
treatment. Blastoderm nuclei have lined up along the cleft. 
x 850. 
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Fig. 12. Longitudinal section of embryo treated at syncytial 
blastoderm stage. Age at time of fixation - 6 hours. Dis-
turbed regions have formed at both ends and gastrulation has 
besn very abnormal. 1 200. 

,fig. 13. Longitudinal section of embryo treated at syncytial 
blastoderm stage. Age at time of fixation - 6 hours. Only 
rudimentary gastrulation has taken place. The abnormal nuclei 
which form in disturbed areas are clearly shown ( NtJC ). Nets 
the separation of yolk and cytoplasm in the abnormal region. 
1 2(X). 

Fig. lii. Semi-longitudinal section of embryo treated at syncytial 
blastoderm stage. Age at time of fixation - 19 1  hours. The 
anterior end is a cellular mass in which no differentiation has 
taken place. The abnormal region occupies almost the entire 
posterior halt. 1 200. 
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Fig. 15. Longitudinal section of embryo treated at eynoytial 
blastoderm stage. Age at time of fixation - 19 hours. 
Differentiation of tissues, but no organization, has taken 
place. X 200. 

Fig. 16. Median longitudinal section of normal embryo showing 
normal organizations Age at time of fixation - 19 hours. 
I 165. 

Fig. 17. Longitudinal section of embryo treated at syncytial 
blastoderm stage. Age at time of fixation - 12 hours. A large 
mass of yolk on the ventral surface has distorted the shape of 
the embryo. The differentiation of the uidgvt and visceral 
musculature is rudimentary, but the hindgut is well formed. 
The hypoderm is incoeplete at the anterior end. I 2h0. 
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Pig. 18. Longitudinal section of embryo treated at syncytial 
blastoderm stage • Age at time of fixation - 19 hours • The 
exaggeration in segmentation at the dorsal surface is obvious. 
No hynoderm is present ventrally. The atrium of the posterior 
spiracle is on the mid-dorsal surface, which indicates that 
shortening of the germ band has not occurred* The central 
region is a mixture of calls of the midgut and muscle cells. 
X 170. 

Fig. 19. Median longitudinal section of the embryo shown in Fig. 
18. The mixture of muscle cell., tracheal fragments and gut 
cells in the central region is conspicuous. Involution of the 
head segment is abnormal, but there has been some organisation 
of pharyngeal musculature. X 170. 

Fig. 20. Lateral longitudinal section of embryo shown in Figs. 
18 and 19. On this side, there is no segmentation obvious, and 
the embryo consists almost entirely of nervous system. The 
fibers of the nervous system are not organized but are scattered 
throughout the system. A misshapen proventriculue is present 
at the anterior end. X 170. 
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Fig. 21. Median longitudinal section of embryo treated at 
synoytial blastoderin stage. Age at time of fixation - 20 hours. 
Segmentation is present only in the dorsal posterior region. 
The anterior dorsal region and the ventral region are composed 
almost entirely of nervous tissue. The head segment has formed 
too far posteriorly, but the pharyngeal musculature is quite 
well organized. At the posterior end, the embryo appears to 
have been pushed in like a hollow ball to which localized 
pressure has been aptiled ( see arrow ). The posterior 
spiracles and spiraci1ar atria may be seen in the interior. 
X 180. 

Fig. 22. Enlargement of posterior region of the embryo shown in 
Fig. 21, showing the structure of the posterior anircles. 
The structure of the hypodermal elements may also be clearly 
seen. X 70. 

Fig. 23. Section of maze smbryo as in Figs. 21 and 22 1, showing 
the abnormal position of the proventricu1u, which is too 
near the surface and which extends too far anteriorly. The 
gut is quite well formed. X 180. 
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Fig. 2, Longitudinal section of embryo treated at syncytial 
blastoden stage. Age at time of fixation - IF hours. The 
mesoderm iw completely disorganized. No differentiation of the 
gut from a primitive stage has occurred, and the esophagus and 
eroventriculus ( not shown ) are very abnormal. Differentiation 
of the hypoderm is quite good, with the exception of the dorsal 
surface where it is lacking in the midline ( failure of dorsal 
closure ? ). The salivary glands are displaced, and lie on the 
same side of the embryo, one more dorsally than the other. The 
presence of staining material in the lumen of the gland indicates 
that the functional activity has not been impaired. No mouth 
parts have formed, but the hypoderm is thickened in the 
anterior region. No true segments have formed. X 220. 

Fig. 25. Semi-longitudinal section of embryo treated at 
syncytial blastodere stage • Age at time of fixation - 19 hours. 
The hypoderm is completely lacking. The gonad has formed in 
the anterior region. Differentiation of the gut and of the 
visceral musculature is almost normal. X 200. 
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