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Introduction

The special studies of animal embryology and
animal geneties grew up independently, using different
organisms and with little reference to each other.
dmbryology was concerned with elucidating the develop-
méntal mechanisms by which an apparently simple egg
became transformed into a complex organism, and omitted
the equally important problem of how they came to be
repeated uniformly in each sonofation. Genetics, on
the other hand, follewing the lead of Mendel, was
establishing the basic riles of inheritance by concentrat-
ing upon characters which were clear-cut, and which showed
much inherited 01Ver31ty, such as the form and colour of

the skin and its derivatives,

As a result, it was comsonly charged against
nxﬂondelia- that it applied only to "superficial charactexst-
133'; and it was suggested that the genes blnyod no part

in fundamental developmental processes. More-over,

there was much confusion between "genes" and "characters",
s0 that it was frequently assumed that the relation

/between



between the two was both necessary and simple. The diff-
erence between this outlook and the one which has replaced
it has been well put by Sewall Wright: "Most people seem
to be borm preformationistis. They tend to take for granted
a separate heredity for each part of the adult organism,
Kven physiologists sometimes attribute a character partly

to physiological factors, partly to heredity, as if heredity
could gperate by some sort of sympathetic magic, independ-
ently of physiological channels. The attitude of physiol-
‘ozical genetics is that characters are determined 100 per
cent by physiological processes, but that genes are the
ultimate internal physiological agents." (Sewall Wright,
1945).

The term "physiological geneticd was used by Goldschmifit
(1938) as the title of a book in which he stated, for the
first time, some of the fundamental concepts of the subject.
The most imporsant of these were: 1) that genes act by
the production or regulation of enzymes, 2) that their
effects are frequently on the velocities of reactions, which
bring about gualitative differences by their relations te
various threshold situations. Further stages in the

development of the subject were marked by the publications

of Waddington (19404, and Sewall Wright (1945), and it is

/now



now established as one of the fields in which biological
research is most active, uniting embryological and genet-

ical work.

Genetical studies are made by comparing organisms
which differ with respect to certain chromosomal factors,
which may be point mutations of particular genes, chro-o;
somal rearrangements of various kinds, or deletions of
parts of chromosomes. Usually, one organism is a "normal"
with respect to a particular facteor, and the other is a
"matant", If the mutant factor affects a fundamental
developmental process, its effect is usually so drastic
that the organism dfes before reaching the adult stage;
consequently, most genetical work has been done with the
*superficial” mutants mentioned earlier. For physiolegical
genetics on the other hand, the "lethals®™ provide excellent
material, and developmental studies on such mutants have
' been made in all groups of animals in which genetical
techniques exist for maintaining lethal stecks., These
include the fowl (reviewed Waddington, 1952), the mouse
(reviewed Gluecksohn-Waelsch, 1951), and Drosophila
(reviewed Hadorn, 1951); & general review has been done

by Gluecksohn-Waelsch (1953).

lUrosophila has particular advantages for such werk:
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1) uuch research is done into the induction of mutations
in Drosephila by various mutagenic agents; almost all of
this work is on lethal mutants, which are therefore avail-
able in large numbers for developmental studies.

2) There is an enormous background of genetical knowledge
relating to Drosophila, into which the findings of physiol-
ogical genetics must be integrated.

3) There is a correspondingly large array of genetical
techniques, which may be drawn upon for the testing and |

extension of these findings.

Against these advantages on the genetical side must
be placed serious disadvantages on the physiological. All
physiolegical studies in insects lag behind those oen vert-
ebrates, and this is particularly the cese with their
embryology. At the deseriptive level it is extremely
complex, and no unifying principle has been found under-

- lying the great diversity of developmental patterns in thsa
different orders (reviewed Johannsen and Butt, 1941).

And experimental investigations have been hampered by the

recalcitrance of insect eggs to the standard techniques

of caussl embryology (rcvi§ved Richards and Miller, 1937),
so that the basic developmental mechanisms remain obscure.
In both these respeects, the Diptera is the most difficult

of all the insect orders.
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For this reason, comparatively little wotk has been
done on the Drosophila lethal mutants. A number of workers
have surveyed series of them, noting the stages at which
‘death occurred, but not doing developmental studies, in
order to find the relative numbers of embryonie, larval
and pupal lethals (Medvedev, 1939; Hadorn and Chen, 1952;
Oster, 1952 and 1954; Rizki, 1952). Several studies have
been made upon larval and pupal lethals (reviewed Hadorn,
1951)s Li (1927) found that deficiencies of the whole of
the X-chromosome or IVth chromosome caused death in the egg
stage, but did no developmental studies; he also found that
Minute-1] and Plexate deficiencies allowed complete embra
yoniec development, but that the larvae did not hatch.
Similar non-hatching larvae were formed in the case of
Star (8ivertzev-Dobzhansky, 1927), the X-chromosome
deficieney 260-2 (Kaliss, 1939), the IIIrd chromosome
deficiency Lyra (Counce, 1950), and scute deficiency (Poulson,
1940)s Other cases were found in which the larvae occasionaljy
emerged, but died in the lst instar; the ClB homozygote was

of this type (Brehme, 1937).

Most dominant lethals induced by X-irradiation of
sperm were found to act in the embryonic stage (Demerec and

Fano, 1941), and a cytological study by Sonnenblick (1940)
/showed



showed that this was due to early ecytological abnormalities
which affected the cleavage nuclei and prevented further
development. Barly cessation of development was found
also in the case of deficiencies of the whole, or either

of the halves, of the X-chromosome (Poulson, 1940), and

the female sterile mutant deep-orange (Counce, 1953).

The most interesting mutants from the developmental
point of view are those which permit extensive organization
and cellular differentiation, but disturb it in a pnrtic;
ular way. The best accounts of such lethals published
g0 far have come from Poulson (1940 and 1945), on the

 "liotgh"(facet) and white series of deficiencies. Gloor

(1950) did a study of the Kriippel mutant. Farnsworth

' (1951) and Bull (1952) studied a m;.x_g deficiency and
three vestigial deficiencies respectively, but hawe not
published detailed accoupts of their observations. Counce

(1953) has done #mtensive studies on the female sterile

mutants fugsed and rudimentary.

In the case of such lethals, where there is a
concatenation of abnormalities in the arrangement and

development of many structures, it is probable that in

each case they might be traced to a sing e primary
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abnormality. Such a programme has been largely success.
fully carried out in some organisms, particularly in

certain studies on rats and mice by Grlineberg (reviewed
Grlineberg, 1948)., But in the case of the embryonic lethals
of Drosophila it must be admitted that attempts te furnish
similar explanations have had a rather hollow sound. This
is undoubtedly due to the general absence of information
coneerning its normal developmental physiology. However,
the study of the abnormalities in itself contributes to the
normal embryology in two ways: 1) by requiring and making
a basis of comparison for a more careful enquiry inte normal
processes; 2) by furnishing a means of interfering with
development analogous to the classical techniques of causal

embryologye.

The work of Seidel on Platycnemis (reviewed Seidel,
1936), which has thrown much light on insect embryogenesis,
still gives little help when dipteran embryos are in
question. Experimental work on these has been retarded
by technical diffieculties caused by the small size of the
egg and its unusual development, Rather crude techniques
have had to be resorted to, including cauterization (Reith,
1925; Strasburger, 1934; Howland and Robertson, 1934),
centrifugation (Pauli, 1927; Howland, 1941) and ligaturing
(Pauli, 1927; Rostand, 1927), using variously Drosophila,
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and Calliphora. Comparatively little has emerged from
these experiments except that ombryos_aro completely
mosaic from a very early stage, with almost no capacity
for regulation. Rather more interesting results have
recently been obtained by using ultra-sonies (Selman and
Counce, 1953; Counce, 1953), which are referred to later

(page /90)«

The disturbances induced by lethal factors may be
regarded as experimental tools of much greater refinement
than any of the above, and much is to be hoped from their
use as such; but their usefulness is impaired by ignorance
&s to their nature. Consequently this sort of invest-
igation has to work from both ends, seeking to discover
the original gene action by observing its effects on
development, and elucidating its developmental mechanisms
by observing the effectsuof the factors upon them. Such
work is bound to consist largely of painstaking observations,
relieved by a number of guesses at interpretations. When
a sufficient number of lethals has been surveyed, general
principles regarding dipteran embryology may emerge, and
refined experimental techniques may be available for test-
ing them. It is as a contribution to such a survey that

the following study is intended.



Materials and Methods

Mutant stocks:
The mutants are all seX-linked recessive lethal

factors which have arisen in the mutation research of Dr
C.Auerbach and co-workers. They are maintained by Dr H.
Slizynska for cytological study, but only preliminary
investigations have been made on the mutants used in the
present work, so that it is not yet possible to say whether
they are point mutations, chromosomal rearrangements, ch

deficiencies,

They are maintained in Mliller-5 stocks, in which
the A-chromosome carrying the lethal factor is balanced
against another X-chromosome containing a double inversion,
so that crossing over is almost completely suppressed.
This chromosome usually carries a recessive marker,
apricet, and a dominant one, Bar, but in all the stéecks
used here except Lff 1l and LIff 16, Bar was replaced by
the recessive gut. The stocks are made up in each gen-
eration by selecting heterozygous females, and mating
them to the males, which are always hemizygous for the

Mliller-5 chromosome i%'fﬁ—&fmno X ‘:‘flulc )¢ The

progeny consists of 4 homozygous kliller-5 females, 4 hetero-

/ zygous
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heterozygous females, § hemizygous Mliller-5 males, and 4
: - = M5

hemizygous lethal males ( t%:%fc-aloa, *1otha1f°-‘1."

§!=2lulo|; ilﬂ&g!;lalo- )e The hemizygous lethal male

class is the only ene in which the lethal factor is not
masked by its normal allele; consequently, only one quarter
of the eggs produced are expected to show the lethal
abnormality in their development. The normal embryos
provide material for contrel studies on normal develeop-

ment. The stocks are kept at 18°C, and the embryos fer

study are reared at 25?0.

Egg collection:

Fcnalc;-trom which eggs were to be collected were
aged for three d-;g,é@llf culrgonc;;find given a good
supply of yoas;,-in';idtr to obtain the maximum number
of eggs. They 'ero'-iégd to an execess of males, in
order to reduce the number of unflertilized eggs. The
collections were made by putting the females, usually
sbout 50, in a cream jar which was inverted over an "agar
lid'; The latter consists of a watch glass containing
a gelled agar solution (100ces. water, Jececs. alcohol-
acetic acid, 3 rms. agar); more eggs were laid when the
smooth surface of the agar was scraped off. For devel-
opmental studies the lids were changed every hour; the

first hour's collection was always discarded, on account

/ot
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of it's consisting largely of eg.s which had been held
within the female, and whose developmental age would
therefore be unknown. The succeeding collections would
consist of newly fertilized wg.s, whose developmental

age could be reckoned from the time of laying.

Hatechability tests:
Preliminary tests for embryonic lethality were made

by counting the numbers of hatched eggs (the empty chorion
is easily seen) and unhatched eggs, either 30 or 48 hours
after col;oction. After 30 hours, unfertilized eggs

and some unhatched larvae are included among the unhatched
egu8; after 48 hours all the normal larvae are hatched,
and abnormal ege.s in which any cellular material heas
formed become brown, meking them distinguishable from

unfertilized eggs, which remain white,

Qbservations em living embryoss =«

The opeque chorion may be removed by scratching it
gently with a tungsten wire needle, and the embrye
observed through the transparent vitekline membrane.

The egg is placed in tap-water in a depression slide,
and in most cases development goes on to completion.
The main exterhal features of late embryos may be seen
fairly clearly, but the early events are difficult to

/follew
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follew by direct observation. On tyc other hand, time-
lapse cinéphotography gives a clear picture of develop-
mental events at all stages. A film of normal develop-
ment, "The Embryonic Development of Drosophila melanogaster",
has been made in connection with the present werk in
colliaboration with SJJCounce, with photography by E.C.A,
Lucey. The majority of the sequences in this film were
of embryes from the lethal stecks Lff 11 and X2, since
sequences of these mutants were alse required, and it was
impossible to tell whether any pattieulur egg set up for
yh;tegraphing was of a normal or a mutant embrye until

development was under way.

Sectioned mmterial:

When observations on the late mutant embryes showed
marked structural abnormalities, their developmental

history was studied by means of ;;:50 series of serial

"
sections, wade at all necessary sﬁlcpa.

-
- -~ B

Lges were fixed, dehydrated and embedded according
to Smith's method for eggs which require softening
(Darlington and La Cour, 1947). The fixative consists of
formaldehyde (6), aleohol (16), acetic aeid (1), plus
water (30)s Penetratiom of the vitelline membrane is
slow, so that each egg has to be pricked with a tungsten

‘/noedlo
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needle when it is put into the fixative. In dehydrating,
the eg.s are taken through mixtures of ethyl and butyl
alcohols up to pure butyl alcohol with 4% phenol. The
€se8 were embedded about six to a block, orientating them
by reference to the chorionic filaments. Sections were
cut at 5 microns, and stained with Heidenhain's irom haem-
atoxylin, counterstained with eosin, following the method

given by Pantin (Pantin, 1946).

Preliminary Survey of Lethal Stocks

The stecks investigated were of three sorts: 1)
mutants induced by feeding larvae formaldehyde in the
fopd; 2) mutants which arose spontaneously; 3) mutants
induced by X-irradiation of male parents. These gave
the following proportions of embryenic lethals: formal-
dehyde - 2 out of 25 examined, plus one egg/larval
boundary lethal; spontaneous - 2 c%ﬁ of 16; x;ray ; 8 out
of 29, plus 3 egg/larval boundary lethals; totfl - 12 out

of 70, plus 4 egy/larval boundar lethals.

- This ratie of embryonic to larval and pupal lethals

is similar to that found by othdr workers in Drosophila

melanogaster (Medvedev, 1939; ladorn and Chen, 1952; Oster,
1952 and 1954), and in Drogsephila willistoni (Rizki, 1952).
/8ix
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8ix of the embryonic lethals thus discovered (1 formal-
dehyde; 1 spontaneous; 4 X-ray) were found te complete
their embryonic development without any apparent structural
abnormality, but remained unhatched, presumably because of
some physielogical defect; these were not investigated
further. The other six showed marked developmental

abnormalities, and are dsscribed in detail below.
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In the accounts of the mutents which follow the
development of each is described by compering it '
stage by stege with that of the normal embryo. :
Details of the latter, inciuding original observitions
mude from serial sections or from the film "The
- ebbryonic development of Drosophila melanogaster”
are inserted as they are reguired in the elucidation
of the mutunt types. In the present gcction an outline
of the complete normal embryogenesis is given, following
the schematic division of the process which it hus :
been found convenlent o adopt in describing the mutants.
In geweral the account follows that of Sonmenblick
ard Poulson in their two chapters of "The Blology
of Drosophila" (Sonnenblick, 19503 Poulson, 1950).

The description is illustrated by a series of
photographs and diasgrams (pages 32 - §/ ) including:

l., Diasgrans of five developmental stages constructed

from serial sections (figs. 7-19),.
2+ Series of caemera lucida drawings made from the

film (figs. 9-14).

3. Corresponding series of still photographs from the

£ilm (figs. 1-8).

In the case of each drawing and photograph made

/from
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 from the film & time given in hours and minutes

| indicates the stage of development, These times

are accurate «ith respect Lo the intervals between

| successive frames of the film, but not to the begimnning

of development, This is d_ue to the editing and

cutting having been done before the anslysis reported

here was undertaken;y conseyuently, an spproximate

estimate of the time which had elapsed between the

beginning of each sequence and the stert of development

was made, and the intervals were added to that. |
In cdditiony the times of events in the film

do not always correspond with the times given in the

. description, usually lagging behind them, especially

in the later stages. There are two reasons for this,

Firstly, it was not possible to control the temper=

ature during filminé; usually it fluctuated between

21 and 23 degrees centigrade. The times given in

the description are for embryos at =0 degrees, at

which development is more rapid. Secondly, the

conditions under which the embryos were filmed were

. sbnormal, end probably deleteriousj several did

not complete their development. 5o it is most likely

that the particular conditions decressed the speed

of development in some cases, especially towards

its conclusion, The times given in Poulson's

/account
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account have been accepted here as standard, and
deviations from them in the illustrations may be
tauken as accounted for by these considerations,

The structure of the egg and the eariiest a‘vent;l
in development habe been long establ.shed (Huettner,
1923, 1924, 19¢7)s The egg is 400 to 500 microns
in length, and is about three times as long as wides
It is 4 |

#shaped, being more comvex ventrally then dorsally

and more pointed anteriorly than posteriorly. There

 is & thin vitelline membrane, and a lcose covering
membrane secreted by the follicle cells of the ovary,

| the chorion. Internally the cytoplasm is only clegr

at the periphery, where it is cualled the Keimhaute

| blestem. The inmer part of the egg is occupled

- ¢hiefly by the yolk, in the form of distinet granules

' which stain heavily with hsemstoxylin. There are many

¢ytoplasmic vacuoles, one surrounding esch yolk

| granule, and others which are emply, At the postdior

end is an ares of cytoplasm containing fine derkly |

| staining granules, called the polar plasm, There

is a space at either end between the egg material

and the vitelline membrane, which disappesrs when

- the blastoderm is formed., At the anterior tip is

/an
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|

en extension of the vitclline .embrene bearing the |
opening, the wlcropyle, throu,h which the sperum
enter =t fertilization, The ¢gg 18 in the uterus
when tihls occurs, and it is usually deposited
immediately sfterwards (Nonidez, 1920).  Between
five snd eight sperm enter, one of which forms the %ale

|
|
l
|
|

|
promucleus., The femule jronucleus lies in a clear|
grea of eytoplasm about one third of the wey back |
from the micropyles The details of the meiotic

divisions are irrelevant for the present jurpose; |
|

the jronuclei fuse, und cleavuge begins ot this
point,

(ma- 1’2’3.4’9). l
An early study of cleavage was mce by Huetiner

(Buettner, 1933), but prcblems concerned with it
have still et been set.led. The chief of these |
is that of the fute of the cleavuge nueclei, which
muclel, or yolk nuclei, Parks looked for & regular
pattern of cleavage, but concluded thot the fate

mey become variously blastoderm nuclei, pole celi :
|

of any incividusl nucleus was a mticr ol chance
(Purks ’ 1936) .
The main events of this pericd aere as followss '|

/The |
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|m dividing cleavafie nucléi m’zrate towarde the surLace
;of the egg. At 1> hours between three znd seven E
muclei are extruded at the posterior end, each one ]
‘surx‘ou.mie.a by &« portion of the polaur plasm. These

|

are the pole cells, which by civision give a cap of

g¢ells which remains outside of the blastoderm at the
posterior cnd of the eabryo (figl.l,4l, £.18), z.iosr.

of the other muclei reach the surface at 2 hours, [

yat the ninth cleavege, where they o«re evenly diat.rib*-
lutod to form a syncytial blastouerms The xeimhz\utbfl..stem
'deepens end the yolk is concentrated in the middle o:‘

imn: egge The mitotic divisiocus eve extmordinarﬂy;
%rap:ld, succeeding each other at ten minute 1nterwlef.
|The early cleavabes inciuding the first three at thb
1surface, occur synchronously, but when cell hounda.riba
;appcur in the blustoderm they becoue irregular, This

'hapvens at 2% hours, when furrows extend inwards fw» Iu

l

'the surface between the nmueclei, which are com: 1etely

isolated by the formation of & basal boundary alight?y
: later, ‘

| Sowe muclei remein behind in small cytoplasmic |
fisle.nds in the yolk, forming the yolk nuclei (Rabinowitz,
!lm‘n). Rebinowitz noted that sone of the yolk nueclel are
|fomed by the migrstion of some of the pole cells bark into
1 the yolk, He believes tht they degenerate later, b}at

' this is disputed by Poulson, who believes them to

|

| /form

|
|
|
|
|



 form the primitive mid-gut (Poulson, 1950). |
Further details of these events will be given |
' when the mutant 859 is discussed (page 225), The |
| essential feature of the embryo at 3 hours is the
presence of a blastoderm of deep columnar cells,
surrounding a cemtral yolk reserve, with a cap of

pole cells external to it at the posterior end,

Gestrulotion:

(Figs. 5,9,10, 11, 15). i

‘ Gastrulation occurs in three stages which follofw

each other rapidly. |
‘1. At 3.30 hours the ventral furrow is formed, Thip
is an ingagination along the mid-ventral line of
the cells which give rkse to the mesoderm. It
remains open only for & siort time, and Sowms
the mesederm cells thus cut off, with their |
underlying ectoderm, form the germ band, |
€« At 3.45 hours the cephalic furrow appears as &n
| oblijue groove on each side anteriorly. It

is discussed in deteil under mutant Lf7 11

(page 93 )4 ' |

‘3« Almost immediately afterwards the germ band ¥ |
its extension dorsally amd anteriorly, carrying

with it the pole cells, These are curried in
a pocket, the posterior mid-gut rudiment, wiich
|

/represents
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|
|
represents the pestoric: cuuoderm meterisl, When ;
‘ it hue reuched a polht just bebind the cephaidc }
| furrow it becanes inveginatsd into the imterior of |
% thc eulbryo. As it deepens, ectodermal material 13%&1&0
] inveginated, forming a proctodaeal imaginaj;i‘en whicih
is continuous with that of the pesterior mi'&»gut |
rudiments, This is now & backwardly direcicd sac,
centeining the pole cells., )

At about the game time, the anterior anéédem
is formed by the 1magim of a group of ip}alls |
antero~ventrally. The ectoderm soon closes &?ver thm,

and they form & muss of cells, the antericr miegut |
rudiment, which is carried inte the interior. q tho
enbryo at the tip of another invagination wmﬂ

srises imediavel; in front of thea, 4 the ectodbmai\

stomodaeun,

| ‘
| The extension cf the germ band, marldng thq\emi

| of this period, is completed at & hourse Tha t
:gam doyers have nmow been separated us follow.a. \
]’ls Ectoderm: This comelsts of the extermal layer of \i
: eellsg plus the proctedaeal and otcmodaaal \ *K
} invaginations. gl R \
i2¢ ilegoderms This forus a dyer of loose rotmmd oallr

: underlying the ectoderm of the germ band,

' 3. Endoderm: This exists as the twe rudiments of‘ihc

/aid=gut \ |
¥
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nid-gut, the anterior one «t the tip of the stomodaeah
invagination, the postorior one confiimgus with the pr‘eeto-
deeal invaginction,.

erentic ween 5 a 83
During this period, in which there c«re no maes
movemente ofthe embryo, the organ systems ure "roughed
out” by the following developments in the gemm layers.
le Ectoderm: Between 4 cnd 7 hours certain of the ectow
dermal cells of the gemm bam round off and rno\mE
internally to become neuroblasts, which produce
the nervous tissue. Details of this process sre
given when nutant X20 is considered (page 17%8).
The eells which remcin externally give rise o
the hypoderm. At about 7 hours a serdes of smaP.l
inveginotions appears ulong thie germ band, the tracheal
pits. The openings ;re transitory, and the material
which is inveginsted forms groups of cells which
later unite along ee.h side to produce the tracheal
gystem, At about ti.e same time a group of cellp
en each side in the ventro-lateral reglon thickens
end invaginates to give the rudiments of the salivary
glands, At eight hours the hypoderm is distinctly
aegnentod, The proctodacal and stomodaeal invagw
instions continue growing by cell division,
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Ee. rms The segmentel arrangement of the me
becomes apparent at about € hours; in the n

o hours a separation occurs between the somatie
mesoderm, which givee rise chiefly to the cscmatie
- museulsture, ond lhe splenchnic mesocerm, uiLich
| ’ ‘becomes attached to the radiments of thne gut

| which have already formsd, where it gives rice

|

: | to the visceral musculature cf the g'uf. vialle
13pm} At & hours the yolk is enclosed in a
' : - thin layer of cells, the primitive gut, which hus
! probably been formed by the migration to its
: | _ surface of the yolk celis, which there unite wiph
: | the thin layer of cytoplasm surrounding it
(Podeeg, 1260). !
1 The two rudiments of ihe mide-gut press against

!tﬂn primitive gut and, by rapid proliferction of therr

' cells, each beecomes Y-shaped, with tuo srus growing |
Imrt: arcund and uwnd.r the yolk. The .ams of the !
iaatezﬂ:lmr and pooterior mwu meat. on each side,
,Moraruy enclosing «n apo:ture through «hich the
| primitive gut extends backwards and iorwards. TbcsL
| extensions cen be seen in the film to be drawn into
| the madn bedy of ihe yolk, j0ssibly by contraction of
:thq walls of the ;rimitive gut., As they cre drawn !
v midegut wall becomes completed ventrally. |

/During




24

During this peried the pole cells emerge from
the yosterior midegut rudiment, but opinion is divi
az to how this happens «nd as to what becomes of th
Thie matter will be teken up when mutaent X27 is

discussed (page 153).

(Figse 647,8412,14,16,17,18),
At O hours a period of mass movements of the
eunbryonic muterial bDegiue. The movements muy be
c¢lussified, for the purpese cf deseription, ae
of shortening of the geru band, those of the inve
ution oi the head, and those of dorsal closure.

they oceur to scme extent simulbencously, and are

integrated sspects ol a general rearrangement oft.h+

cuibryonicmaicriale Shortening is coapleted in an
hour, &t the end of which the proctodasal opening
is at the josterior end of the embryo, und the y
is covered dorsully only by the thin cubryonic m
This is replaced by the extension of the luteral
body wells over the uvorscl cide,y .herc the ¢ cgaen
of eagh side meet snd unite medlully, This movem
is dorsal closure., At the sase time, the ecioder
of the heu¢ rec ion begins to uove inte Lhe embryo,
following up the previous imveginution of the
stonodseulty This is tuhe beginuing of heud involui

Jwhich

Talie.

bion,
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which @ ntinues up Lo 10 LouTs. Towards the cud of
| the jrocess the thoracic segments move ferwurds and

com letely enclose the head,

Qrign forauiien:
(ma. 6' 8’ 143’ 19)‘
From 10 bours the development of the various

or an systems may oe dgnsidéred sepurately.

21_5& gut H

During dorsel ciosure, the extension ol ihe
lateral body waells over the dorscl side is accompanied

by & corresponding enclosure c¢f the yolk by the

complietion ol the wall oi Jhe midegut dowsallye |
This is couplete at 12 hours ss a simple sac, ratheL
cenicul in shape, with ite broad end anteriorly.
The gut is now pres ol as a Lube running through

|
the whole body, and ite regions may be considered

serarately.

1. The fore=gut: The first puert ol the fore-gut is
the pherynx, which is formed from Lhe ectod
nctericl invaginated curing the invelution of |
the beed, The salivary glend meterial oﬁ each
side becomes differentiated inte duct and gland
cells at 11 hours, and &t 12 hours the glands

/Lecomne
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become filled with a substance which stuains 1ntensezi
with haenatoxylin; the duets fuse distul.y, «
the common opening is ca rried into Lhe pharynx
in invelution. Abové the (harynx a double serjes
of large museles forms the pharyngeal pump, which
‘is roofed by the foor of fromtel sac. This ie
a deep invaginution, also formed in the progess
of head inmbolution,  Further details of this .
process are given in the section on LIf 11 (page ¢ )e
The stomodaeum gives rise toihe oesophsgus, & |
nerrow tube connecting the phiiynx to the mid=gut.
Cuticle is lald down throughout the fore-gut from
13 hourss At the sides of the pharynx a heavily
cuticularized cephalovharyngesl ajperctus is
iormcd, aend just imside tbe moﬁﬁh openingrfﬁ |
are two mouth hooks znd & mediasitooth of cuticle.

€. The midegut: The oesophagus protrudes into the
first pert of the mide-gut, the proventriculus, |of

which it forms the valve. Immediately behind
the provenuriculus four mide-gut cuecse ure f::jed,

two extending forvwards on each side, The p

ventriculus appears first &t 12 hours as & bulge
of the midegut sue, &t ius Jjuneticn with the
stomoGacumes At 13 hours « constricilon appears
in the niddle region dividing it into twe sections,

/and
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&nd shortly afterwards snother constricticn is fomij

sround each of these, so producing a series of
four campressed chasmbers. No cell division :
oceurs after 12 hours, but changes in cell shaplb.
bring about an incresge im length of the midegut.
The chembers buckle against e.ch other, and i
eventually lose their compressed shape, becmink
firet globular, then tubular, so that evcntuau&
& tortuous arrangement of coiled gut £ills the
abdomen, The posterior part is the first o !
become tubuler; the enterior part is more !
cepacious, @hile the lumen ol the gut decreasias,
the amount of yolk becomes steadily diminished,[
until at the end of ecubryonic develdpment it has
neerly all gome., HMulpigian tubules appesr ear:ﬂ.y, b
before shortening, at the junction of the midwgut
and the proctodaeum, «s four rucimentsc. ThesJ
give rise to four elongate tubules which meanddr
through the posterior per. of the abdominal eavjity.
3. The hindegut: After the change brought about in ]
its position by the shortening of the gem band
relatively little change is undergone by the |
proctodaeun in becoming the hindegut, It remains
as a nearly straight tube, urched over the coi‘ of
the mid-gut, to which it is united at & point

/&bout
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about mideway along the body. From 13 hours it
becomes lined by cuticles.
A1l perts of the ‘gut, with the exception of
the phorynx which has its own musculature, becoue

| ‘ £ g
invested with & thin layer of visceral muscle, i

|

|

 Zhe bedy wall:
This consists of the walls of the thoracie and
 ebdominal segments, which are essentially similar in

at;ue‘tm"e. The thoracic segments are more sharply |
| Gefimed than the ebdominal omes, esch overlspping the
| one in front, There is & single layer of h.vpodemE
i cells, which begins to secrete a cuticle at J.Blhourd.
: The intersegmental hy;,odom and cuticle forms the 1
|
I

| apodemes, to which the muscles become anchored.

! @gglea ere spindle shaped, each one formed by the i

fusion of seweral myoblast cells derived from the
somstic mesoderm, lMyofibrils sre visible in them |

| between 10 and 11 hours. The ventral anlerior ‘

: myscles which effect the ths and feeding movo-+

| memts of the larve are perticularly lurge. Between

. the museles and the hypoderm in each segment are a i

? nunber of emall unaltached cells. luscular acu.viff!y

| beging between 13 and 14 hours,

!
}
. /The ]
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From © hburs the neurcblast cells and their
derivetives become increasingly compuacted together,
@te form a distinet nervous systemy counsisting of a

;brain «nd a ventral nerve cord, connected by circums=
!

- oesophageal commissures. From 10 bours it is com= |

1pletely differentiated into ganglion cells and tibrnP.
' In the ventral cord the fibres are arranged in two
longitudinal strips, with a cross ccnnection in esch
segmeni, At the enc of shortening ihe ventral ncrvous
‘syatem is & disuincet umuss of tissue extending the
'whole length of the embryos At 14 hours it begins %o
 condense; its «nterior end «nd the Wiain move towards
' the middle of the body, coming L6 iie in the last

' thoracic and the first abdominal seguents, while &t

the same time the posterior end moves forwerds. 4l
the end of development the nervous system is extremaby
! |
compacie !
!
ibe tracheae:
The cell groups invaginated «e ihe tracheal |

 rudiments in euch segment unite along cach side of

| the embrye at about the time of shortenings The :

' trachese become visible at sbout 14 hours, when ﬂhei
:cuticular lining is laid down, There ure two aain!
longitudinal trunks, with an anterdor and & pestaril
| /segunent,
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 mitoses occur, 80 that finally there wre between 8

30 |

1
segment. At about 18 hours they becoue filled wiﬁl
gas, secreted internally; this is well shown in th
film,

It is generally thought that the germ cells are
formed from some oi uhe pole cells which emerge froul '
the posterior mid-gut rudiment (Poulson, 1947)s A
radicelly different opinion has been expressed recently
by poulson, who suggests thut they may arise from
thos¢ pole cells which migrate into ihe yolk before

the onset of gustrulution (Poulscny 1980), Whatever
thedr origing 4 to 12 germ cells becoue uggregated ;

in @ gonad on esch side in the 4th from last abdmiAaI
segment, with roughly equal numbers on each side,

Between 16 hours and the time of hatching one or two

and 38 germ cells in each gonads AU 14 hours a i ;
1s

- delicate gonad sheath is vieible around the germ ce

. and the gonad is embedded in the tissue of the fat

. body which extends for a few secgments in both directions.

| Both gonad sheath aud fat body wrose from the somat#c mesodeIm,

1'
|
These consist of the dorsul vessel and its alary

/muscles
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muscles, the pericardisl and paracardial cells, the
nephrocytes «nd the dorsczl diaphragms They are

developad from those parte of the somatie mesodern
of each side which are unfied me'dially ¢t dorsal

elosure at 1l hours. Their development is difficult
to follow in normal embryos, and virtuslly impeseible
~in the mo:t of the mutents, However, the dorsal
vessel often chows well, especiclly posteriorly, wh#m
its lumen is brosd. It is contractile at 16 hoursd










facing page 33

‘Fige<2. sxtrusion of the pole cells, and formation
of the posterior mid-gut rudiment; posterior region

of the egce






£

el

,-.Jv-- el e B *,I
.F-laa Ay S s

ki E 'l-gg = ( r .-!,,_.
-;I-,r— . e "n’ ‘? rgm"-T "

N fu‘ - -
4 A S
b ™
W v IJ
g = -—- i =
- . ”

- ) .'! i b
. ¥ - T

A

u
o f
g e
4 -



=l




ﬂ_»__.h-i e
o | l-‘ ‘1 ¥ "J“""' f

IW—F‘M U o
r"'."l._"‘ i-lm_

o+l

el D -

r..
} A"-')-_r




2.10

3.20







36




e it 4t gy e g A SR SN e T L e T e b s

-
e ¥
i = {
-0 i
e -
'. -
.

i ; 1

L r - -

= i - A e N g1 T
; r = - R LSt -]
ol -

A . (+95

B LF= - ) -
T I = P TS



37







38




facing page 39

Fig.8. Organogenesis: shortening of the germ band;
dorsal closure; involution of the head; sut formation;

segmentation; concentration of the nervous system.
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facing page 40

Fige9. ¥From fertilization to the beginning of
gastrulation.

For corresponding photographs see fig.4.

Key to figs,9-21,

A, anterior, mmg, middle mid-gut,
amg, anterior mid-gut mus, muscles.
rudiment. nt, malpighian tubules.
apd, apodeme, - nf, nerve fibres,
bn, blastoderm nuclei. oes, oesophagus.
br, brain. Py posterior,
chb, cell bonndariel. pc, pole cells,
ch, chorion, ph, pharynx,
chf, chorionic filaments pmg, posterior mid-gut
cf, cephalic furrow, rudiment,
dmus, dorsal muscles. pmus, pharyngeal muscles,
em, embryonic membrane. pr, proctodaeunm,
en, extensions from PV, proventriculus.
nuclei (see p.226). sg, salivary gllld.
fs, fromtal sac. 8P, spiracle,
&b, s8rm band, st, stomodaeuin,
&nso, sub-oesophageal , {8 boundary between head
ganglion. and thorax regions,
hg, hind-gut. vf, ventral furrow.
hy, hypodern. vll ventro-latersl lobe
ilb, dinner limit of of head,
blastoderm, vns, ventral nervous system.
ik, lateral lobe of
head.

ng, mid-gut,
mge, mid-_ut caecae,
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Fig.10. Gastrulation: invagination of the posteriot
mid-gut rudiment, and extension of the germ band.
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Matarials

Observations were made upon living material; twe

embryos were Tilmed, one of which completed the whole
of its development, while the olher died soon after
gag'irulation, Most information was obtaindd from

sectioned embryos, taken at sll developmental stages.

Preliminary data:

1. Feilure of eggs to hateh in a collection from mussed

Tanaless .
Eges laid Unhatched at @ hrse £ unbe.tched
: #88 280 29,09

2+ finalysis of sectioned ma.erials

Periofi Uniert- Unicent= Normals Iypicad th

ilized ifiable dutentg
O=5Shre. 4 7 158 g -
el 62 -1 304 29 6
B3=e6 % 3 12 34 3
Totals 67 21 481 151 9

In the sectioned materdiul, embryos iu the rr,reriod

none of the former have hutched. Not couating unfe
eggs, or uncertain cases, slmost exactly a 4ﬂl!®%*““
99 out of 403 = of the eubryos are mutents. /gnug

=13 heurs sre cdistinguished as normals or mutanis, and
]ttlisaa

i



' Thus the lethal factor 1s completely effective in the

53

' in which the ‘preportion of eggs failirg to hateh is

embryonic stage, This 1is shown also in the egg count

rather over £5§; the additicral 6% may be explained

as ccrsisting of unfertilizea eggs, plus the residue

' of failures in deve lopment which occurs in normal atockr.

Final appearance of the Embryo:

Mutant embryo never hatch, though at 22 hours,
when the normals are emerging, they may be seen moving
vigorously within the vitelline membrane, This
activity occurs in the posterior part of the body, and
involves the body wall, ard also the gut, which often |
jrotrudes through 1it, Segments, bearing chaetas, are |
pressrt, but are distorted, The anterior region is
grossly abnormal, and there is much undigested yolk,
not only within the gut, but distributed in masses
both inside and outside or the body, Some of these
features may be seen in the final photograph from the ,
|
‘

film (fig. 42 , 17.40). The muscular activity persists

for several hours, but ipksections of £5-26 hour embryos

many cells are seen to be depenerating (fig. 3¢ ).

Development ¢f the Embryo.

Events up to Gastrulation:

These first stages are undisturbad, occurring as

/deseribed
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described in the cutline of normal development, The |
similarity of the mutant and the normal deve lopment |
during this period is illustrated in the film aequanceai
up to about 4 hours (Normal: figs. 4 ard 9 , 3.57;
 Mutant: figs. 4 and 43, 5.48). These 1ilustrationu
‘show the pole cell cap formed posteriorly, and the
cephalic furrow anteriorly, 1.e. pastrulatior has begun,
The differences in their appearance lie orly in thelr
j photographic qualities, which differ even among normal
smbryos owing tc varlation in density, The sequences

. show that beyond this point the pattern of development

. of the mutant diverges markedly feem that of the normaﬂ.

!
. Gastrulation:

!
Gastrula tion in normal embryos: i
The normal process of gastrulaticr has not yet |
been adequately described, and probably will not be
until an adequate marking technique is devised which
will make it possible to follow the movements of apacii;’ic
regions of the blastoderm, A succssgful technigue |
has been used in studying spider embryos (Holm, 1952),
which micht be adapted to Drosophila work; but the
difficulty of penetrating the vitelline membrane with-

out damaging the embryo has so far discouraged attemptf

alorg these lines, The film sequences of the mcvemenfa

:

have been helpful, but only show the changes in the

i :
cutlire profile, rct the surface megrations, Con=-

|

tributions /tributions
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«tributions from this source, as well as from observations
\I 1
of living embryos ard secticns, supplement information

itakon from the existing literature in the following {

account, 4
| |
| >
i
i

|the lattokia cf a uniform thickness, and the yolk whichI

|

it encloses is similar in shape to the whole embryo,

At the time of completion of the cellular blaatoderm,

{The cell outlines radiate ocutwards, roushly at right
!angloa to the surface of the yolk, (Fig. 9 , 3.00).
'During the next half hour changes occup in the form of |

the blastoderm and pé its cells, and of the yolk, which
|

|

culminate in the invagination cf t @ ventral furrow,

These changes will be described in more detail elsowherd
1( page 225); for the presant it may bs noted that therel

is a withdrawal of blastoderm material from the oxtromo%iea

end & heaping of this material in the middle.- Th&yolk:
iundorgoes a corresponding changé, becoming slightly\
;contraotod medially (fig. 7 , 3.18), The withdrawal
¢f materlal from the posterior end is obscured by the
ibeginninga of the posterioi mid-gut iudimont, but at

i*he anterior end the blastoderm beccmes cuite thin,

!eapecially ventrally, This rearrangement cf the V
Eblastoderm materjal involves a change in the orient&t104

fof its ealls, whoss outer boundary remain more or less

T S

'stationary, while their innsr marfins follow the genera

movement, The dlrection of the latter is oonsequently{

|
|

/indicated |




| indicated by the direction taker upbty the blastoderm
| cells; the ventral cells at the anterior *ip point

almost horizontally backwards; those behinélbocomc

1noroﬁai gly upright; while the posterior cells point |
forwards, The junction of the two movements thus
indicated is not in the middle of the embryc, but about
a third of the distarce from the anterior end, 1.e, 2t

the positlion of the eephalic furwow,

During the later stages of these general movements
the ventral furrow 1s formed; they must contributs
to its formation, but the most direct movemert invelved
cannot be seen In the profile view, This 1s . the
movenent of the lateral material towards the ventral
midline, arnd its turning in at this point tc form
the long ventml: ! rurrow, In cross sectlons theras

1s to be sesn a contrast between this movement and that

¢l the rest o the blastoderm movaments; ir this 1t is

the irmer boundaries or the cell which move least, whil&
!

!
the cuter boundarles follow the peneral direction of ‘

movement, This sug ests thet this mobemar+ may crigins

v

ate in the blaatodo;n itgelf, whareas the other may be
caused by movements originating ir the yolk, This
point 1s taken up in the discussion. Ir the film the
formation of the vertrsl furrow a'ows first as &
disturbange of the clear cutline ol the blastoderm
ventrally (fig. 9 , 3.253,‘165%1-15). then of a heaping-
up of the cells in the middle region as the furrow cells

turn in (fig. 3, 3.22), and finally a spreading of

L

/the
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the furrow msaterial anteriorly and posteriorly (fig.
KR The opaning ¢f the ventral furrow to
the extsrior 1is transient; the cells turned in are
saparated from those remaining exterrally, and become
the mesoderm material, Together with the external

cells of the ventral surface, they form the germ hand,

Following quiekly upon these evants, the ccbhl lic |
: |
furrow 1s formed. This seems to appear first, in b(:ﬂ:lriI

the film and in sectioned material, as an inward
) i

movement of the nuclel, the inmar boundaries of cells
being unaffected, But very soon after, the cells

themselves press into the yolk, first laterally, and
then dorsally and ventrally, From the side the turroq‘
appears oblique, slanting lorwards ventrally (fig, 7 , ;
d.40),

Next follows the most spectacular of the movomentil
ol the embryo, that ¢f the extension of the germ band,
the formatlicn of the rosterlor mide-gut rudiment at
its hinder end, and the carrying of the pole cells,in
the rudiment, forwards over the dorsal sgide of the
embryo, and firal 'y backwaprds into the irterior,

The formatlon of the midegut rudiment involves
the ag regetion of &8 number of columnar calls of the
blastoderm urdern2ath the pole cell eap, ard their

/changing ‘
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chenging in shape as the migration begins, so as to |
form & pocket which catches up the pole eells into

itself as it moves over the.doraal slde in the van of
the extending germ band (fig, 2 , 5.41; fig, & , pago'
“36 ),

From the dorsal side the advancing posterior mid-
gut rudiment appears pear-shaped, the depression cone

|
taining the pole cells being deepsst and widest anter-j
lorly, with a heaping-up of cells at its edge, It |

is interesting that in living embryos it usually shows |
& slight assymetry in its positicn but that it moves

|

l
back tAFhe dorsal mide-line in the course of its rorwarq
movemenf. Ir front of the advancing rim the dorsal |
cells puckl ¢ slightly in about three tranverse rows :
behind the cephalic¢ rurrow, Like that of the caphalié
furrow, these bucklings at first affect only the nuclei;
they involve the complete blastoderm wall as they become
desper, and project intc the yolk, The folds are
quickly resclved into a single deep trarsverse buckling
fold, which itself disappears as the mid-gut rudiment
advances, These changes may be flglowed in the f11m
sequences (fig, 7 , 3.,33-3.40; fig, /0 , 3,45-4,00;
fig. 5 , 5.45-4,00), The films also 1llustrate the
formation of another buckling furrow, which remains

shallow, anterior to the cephaliec furrow, which 1is no%

|

.!

mantioned in the published accounts,

/When
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|

9

When t.e pusterior mid-gut rudiment reaches a
point about half-way aleng the dorssl side, ite cells |

begin to turn inwerds, and anterior to the cephalic

I R T \

=R

furrow the mide-gut rudiment is invegineted. becoming |
@ pouch-like pocket which turns posteriorly and carries
the pole cells deep into tne interior of the embryo !
(£ige / 4 4,01-6.,06; fig. 5 , 4,00 and 5.22), |
|
Thie stage of gastrulction is the most eritical j
in the-davelopnent of the mutent, end it is also omne
which has given much trouble to investigators. Untili
the appesrence of Poulson's lutest account (Poulson, |
1960), this invegination had not been recognized as
having a connection with the mide-gutj dinstead it had bae
been rgferred te w8 the proctodaesl, or proctodaecal- 2
amniotic, invaginstion. Poulson has explained that tﬁe
proctodaeal rudiment, though continuous with the -

|
|
|

posterior rediment, is distinet from it, and is only
inveginated after the latter, which it follows into |
the interior of the embryo. However, the distinction
between the two is still nct entirely clesr; even

less 80 is the place of origin in the blastoderm of th?

@ terial of which they cre composed. These points
are important in the present connection,

|
|
|
|
!
|

The proctodaeal invagination includes c¢s its

Janterior
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wnterior border & p.rt of the embryonic membranes,
which must be considered next. In faet tuere is

only one meubraene, which extends backwards as a fold,

and therefore <.z a double sheet, a short distance

over tie opening of the proctodaeal invagination. The -
dorsal jcrt of the fold is continuous with the thin lqlnr

of luteral cells which remein along the sides of the }

embryo «fter the bulk of the material has moved into |
tlhe germ band; the ventral port extends down into the |
proctodaeal imveginetion, there it becomes continuous

with the proctodaseum itself,

|
During these gastrulution movements the gemm bmnd’
has been clesrly demcreated. Starting with the |
invegination of the future mesoderm .ells. it is con- i
solideted by the compression together, in the midline,;
of most of the blastoderm celis, those remaining at th$
~ides becoming veiy thin, As the germ band becomes j
turned over upon itself, rather in the manner of an |
omelette, t. e yolk becomes fluttened in cross section
by compression between the dorssl and ventral regions,
The mesoderm cells are rounded and loosely arrangeds
they divide rapidly and spresd along the extending |
bands The mechanism of expansion of the external celLa
is not known, Sonnenblick (Sonnenblick, 1950) believ#s

thet repid cell division immedistely behind the post- |

l
erior midegut rudiment may provide tie force. But it
/may |
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mey be that these mitoses wmerely keep psce with the ‘
extension of the bandj the movement in the Iilm suggests

& rather sudden expansion due to physicul causes.

[
|
|
| |

As the inv.ginution becomes deeper, the cephalic |
furrow becomes shallower; ot € hours it is reduced, !
and at 7 hours only shaullow lateral depressions rema1n4
The ventral portion of it becomes indistinguishable fn&m
an intersegmental diviesion, most -likely thuet sepurating
' the he.d from the thorax. The dorsal poxrtion appe&rli
«t first to merge with the proctodaesl=-cmniotic in#qbiqation
but t.is is not the cuses closer investigation cf
sectioned embryos aiwaya reveals a small nick in the
 embryomic meabrane, which is the vestige of the dorsal&

- portion of the cephalic furrow,

;
This concludes t.e¢ gastrulation process in the [
. normcl embryo. The relation of the parts at this l
stuge «re chown in a sectioned embryo (iig. 27 , pege Ia%),
- disgramaticelly, ot a tather 1. ter stage (fig. /5 , pege
46 ), «nd the period of development is covered in the -
| £ilm sequence (fig. /| , 5.14=6.45; fig. 5 4 6.22 and

| 6462) 4

Blastoderm formction is guite normal in this

mutent, and so al.o are the first two s}ages of

gastrulation



- 8astrulation = the formstion of the ventrel furrow, an4
. the formation of the cephalic furrow. The third stage
| that of the extension of the germ band and the 1nvagina¥t10n
- of the posterior mid-gut rudiment, is extremely abnoma?.;
its effect on the structure of the embryo st the end of
gestrulation may be seen in figs. 2 znd 2% (page /03), ‘
which exhibit the two strikingly characteristic featureP
of the mutent, These are: ‘
1. The abnormal position of the opening leading to the |
Losterior mid-gut rudiment; instead of being
Just behind the cerhalic furrow it is at the
rosterior end,

2+ The deep constriction at the region of the cephalic |
| furrow, which separates, except for & narrow neek.

the enterior third from the Losterior two thirds f

of the body,.

The first festure is brought wbout by the mid-gut
rudiment turning into the embryo immediately, or shortly
‘sfter, the beginning of the extemsion of the germ band
80 that insteud of being carried dorsally over the uabrye
it moves entericrly inside of it. The slight asymotry
xwhich has been commented on in the normal embryo at tho
‘beginning of extension is often present in the mutant,
l.mf:d in this is cose is not corrected, so that the ger |
band becomes disjlaced to one side or the others The |
beginning of the movement is shown in the film (fig. 43

/3453
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 3463=4,06)s There is some varistion in the time &t
' which the mid-gut rudiment is turned iny in the other
film sequence (not illustreted) the germ bund travels |
& short distance along the dorsul side before it is

| inveginated. ‘

|
As the invegination extends ifurther anteriorly,
region. The laleral impushings of the cephalic furrow

it forces much of the yolk in front of it into the hee.d]

|
; |
- are turned forward by this pressure, \

| The origin of this feature appears to lie in ‘
| certein sbnormalities in the distribution cnd she_spe of L
1 the blastoderm cells, which precede the process of
} extension. In transverse sectionsof normel embryos !
the blestoderm ot this period is seen to consist of & |
- dorsal end ventral région of columnsr cells, with
. thinning leteral cells between the two regions, In the
mutant, there is ¢ thinning of the dorsal cells, which
become cuboidal, and a gradual increase in depth of the
cells towards the ventral side, where an apparently nox#nal B
germ band is Iforaed. 1

It seems likely that the "diving" of the gem band!
| beneasth the blustoderm cells in its extension may be du;e

/t.oi
|
1
|
\
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to this difference in ihe shape of the dorsal cells,
It has been noted above that, in nermel development,
the buckling wiich tekes place between the advancing

only the nmuclel., It is suggested thet tue thick

loyer of cytoplasm formed by inner portion of these
deep columnar cells serves es a stabilizing factor,
which allows a stecdy compression of this region, so

|
that the buckling furrows are concentrsted into a

|

|

|

|

:

|

|

|
midegut rudiment and the cephalic furrow at first iuvo%ves

\

|

|

|

single furrow «s the mid-gut rudiment presses up behind

|

its The cytoplasmic tails of the dorsal cells degenerate

a8 the moPement continues, and finelly the nuclei of

the furrow disappear (figs. 12 and 23, pagedl /vles& ),
|

In the mutant the dersal cells are cuboidal, with;
much less cytoplasm than in the normal; virtually, th]bn

this leyer corresponds te the layer of nuclei of the |
|
normal, without the stabilizing thickness of cytoplasm

(fig. 14 , page /92), When the germ band extends, it i&

a8 If pressure were to be exerted against a thin layer
of peper, which would "give", so tial the object applyd
the pressure would slip undermeath it; whereas the noa
condition would be represented by a thick layer of
cardboard, which the object pressing against it would
be wmable to cowpress, while continuing its direct

lng
rmal

/advance.

|
!
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|
|
{
| advance, The vitelline membrane prevents ‘he germ

band slipping ocutwards over the dorsal blastoderm

cells, &0 that it goes instead ingft the interior of
the embryo,

The second striking feature of the mutant = the
desp constriction anteriorly - appears to&e a modifi- |
cation of the cephalic furrow, which cannot be seen as

a separate structure. As the mid-gut invagination

advances through the embryo, the cephalie furrow becom@a

exaggerdted, As pagtrulation is completaed it does

rot tend to disappear, but becomes very much deeper,

In sne embryos it encircles the egg in a short spiral,
| 8o that sections cut it in two places on each aide§ |
Its anterior wall Becomes thin, while the postserior one
conslsts of rather deep columnar ecells which resémble
those of the proctodaeal 1nvagination§ The resemblance
to the proctodasal invagiration is inereased by the i

growth over it of a fold of the anterior wall, represente

ing the embryoniec membrane of the rormal embryo, though

it never extends back so far,

The invagination of the anterior endoderm is normal,
| It is invaginated as the anterior mid-gut rudiment, and
1s carried into the embryo at the tip of the stomodasum

which grows in rormally,
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This coneludes the peroid of gastrulation, Its

characteristdes are not very well shown in the film i
illustrated here (fig. 43, 4.10-4,.45; fig, 4/ , 4.45);}
in the other fllm sequence the deepening of the cepha1+c
Turrow shows more clsarly, but the embryo died shortly
after this stage,

L3

Dirrerentiatioﬁ between 5 and © hours;

Bcroderm: ; |
The ectoderm is now divided irto that part which
will give rise to the hypoderm and nervous tissue, and’
thag?gggl form the fore and hind gut i.,e, the stomodaeLm
and proctodasum, The stomodaeal invagination, and th?
anterior mide-gut rudiment which it carries in at its 1
tip are quite normal, and the usufl intense mitotic
activity is seen in both of them as they grow posteriorly,
They always grow through the neck of the constriction;t

in no embryo was this observed & hinder them (fig, 3¢ ).

The proctodaeum is abnormal, and it 1s difficult
to determine with certainty hew it develops, largely
because cf the difficulty of clearly distinguishing
the proctodaeum from the posterior mid-gut rudiment,
The posterior wall of t e furrow resembles that of the

/normal
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‘ normal proctodaeumy and in spite of the difficulty of
| ciistinguishbing it here, it miy be said that in some

 embryos the proctodaeum is absent between the posterior|

midegut invagination, or at any rate very short (fig, 24

the ectodermal one ard the endodermal one, may be

X

e
| This suggests that the material of the two 1nv3g1nationﬁ.

separated in wme lInstances, and invaginated at different

points, But in many embryos 1t is possible to distinguish

‘& well defined proctodaeum (fig, 2¥ ), and the posterior
'wall of the furrow in laber embryos is always found to

;have taken on the character of hypoderm, Probably

the proctodaeum is always present to some degree in its

rormal position betwsen the posterior mid-gut rudimsnt '

very much less extensive than normal,

The other part cof the ectoderm mdovelopa normally

ir the reglon anterior to the furrow, with a separation

taking place betwesn hypoderm and neuroblast cells,
The latter are seen in the usual dorsal positition :on
each side (fig, 25 ), where normally they would produce
the material of the brain,

’ Posteriorly there are important deviations from t
rormal course of events, The position of the ectoderm

 ©of *he germ band 1s unusual, as has besn described, and

o ) /1t

|
! .
|

ard the posterior end of the germ band, but is © metimes
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it becomes roofed over, as it moves through the smbryo,

by the cuboidal cells of the dorsal side of the embryo,

The invagination of the germ band from the posterior and
means that, not only will the position of the ectoderj

Oof the germ band be abnormally placed, being internal
instead of external, but it will form the floor of a

tube which 1s roofed over by the cuboidal dorsal cells
of the embryo, whiech have been turned in as the germ
band extends, The drawing in of these cells probablﬂ
accounts Ior the excessive thinness of the layer which now
encloses the embryo dorsally, This region row bears
& resemblance to the normal embryo, with i“s stretehed
smbtponle membrane, after shortening has bean completed

-

(compare figs, 25 and 30), A
The other important abnormality is the pracoclous
formation, in the mutant embryos, of the tracheal pit
invagina tions, In the normal embryo these appear
between 6 and 7 hours, showing-as a series of pits,
irn which the cells are undergoirg active mitéais, along
the sides of the germ band, They are segmentally

arranged, and are the first external signs of segment-

ation, In the mutant they appear betwsen 5 ard & ho 83
the most antericr of them occur within the walls of t:t
anterior cornstriction, the middle onss along the sides

/of
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‘which has been noted in the gastrulation process, l

€9

of the body, while the posterior ones occur in the
pcsterior invaginated'ootoderm. T™wo to three pairs oecur
in this position, showing that this number of segmants
is Included ir the invagination (fig, 24 ). The segments
themse lves boco;rxe apparent in the ventral germ band at

the end of this period.

The normal separation of the ectoderm cells of th
germ band irto hypoderm cells and neuroblast cells oce rs,
the latter coming te lie internally, However, the position
of the nervous system which forms from these cells rev?aln
that thers has been a general tendency to the rotation |
of the pcsterior part of the embryo, so that its ventrjl
surface comes to lie more or less laterally with respect
to the orientation of the chorion (fig, g). This

disorientation is possibly related to the agsymetry

In normals the'salivary glands make their first appear-
ance, as a palr of ventro-lateral thickened plates of ¢ells,
about a third of the distance from the anterior end of
the embryo, This is precisely the region which is modt
disturbsd in the mutant by the development of the antenior

constriction; -eonsequently the salivary glands are rever

well formed, and usually one 1§ absent completely (rigJ 33 ).
/This

'
|
|
?
:
|
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This may represent the fusion of material from both X

sides .

Jesoderms
The mesoderm cells betome yuite normally arranged

along the inside of the germ bund, Its divigion inté
' \

segmentcl mzsses is not eusy to see, owing to the
diéstortions of the embryo, but in view of the later
development there is no reason to auppc'se that it
does noct occur normally,. Separation between somatic @
and splanchnic regions occurs, the former chiefly
accumulating cgainst the body wall, while the latter
spreads along the anterior &nd pesterior parts of the
gut (fig. 23). | |

|
Endoderm; |
. The anterior endodern develiops normelly, as hes
been mentioned in comnection .ith the stomodaeum, The
posterior endoderm i.e. the posterior mid-gut rudimen#.
which invaginstes into the embryo -head of the gemm i
band, has been described <bove. As it approaches |
the region of the anterior constriction it turns pontf
eriorly, «s it does in th; normel embryo (ﬁgs. 25 and
27)e This turning is sometimes inhibited by the ;

disturbunce of the spacial reletions of the embryo. |
/Jlitotie
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Mitotic activity is very evident in the rudiment, and
i

it extends buck as & sacy contuining the pole celisy |
behind which the buds of the malpighisn tubules dwelpﬂ.
| (fige 26)s The fate of the pole cel s will be discussed
later, 1

It h.s been mentioned that the sbnormal gastrulation
usuelly hes the effect of forcing much more of the yollé
then normelly inte the cmterior regioms At about §
| nours this anterior yolk has been cut off as & separaile
i mass, while the yolk remaining posteriorly hus become eéncloé

enclosed in a primitive gut formed by the yolk cells.

It is at this period, frov. sbout © hours onwards,
thet the two primary disturbances alrezdy described
begin to produce secondary effects by interfering with

other processess They (o this purticularly where
there are lurge-scule movemenis, which ure yrevented

or distorted by the unusual srrangement of the perts.

Shortening:
Shortening is normaliy a process in which the
germ bend congcentretes into souething like half its
length, in the space of zbout an hour, so thet it
comes to lie wholly along the ventral side of the etnbryo.

/1%



It is a very smooth movement, as it is seen in the
speeded motion of the film, in which the gemm band
draws away from the vitelline membrane posteriorly;
perticularly noticeasble is the way in which the gut
plvots round as shortening goes on. The pivot is at

about the Jjunciion 6f t e proctodaeal invagination *

with the posterior mid-gut radiment; this remains

more or less in the same place. So the opening of the

|

proctodaeun i:to the mide-gut remains where it was,

.

while its opening to the exterior is carried os\lr'ér the
top, to eventually Aéi'i‘ivg_ «t the posterior end of the |
embryo. During this movement, the posterior mid-gut
rudiment on the other hand moves forwards, partly |
becasuse of the ahortening mevement, but lergely Ly gro?tx ’
whereas previously it was directed backwerds. These }
events ure sh wn in two film sequences (fig. 12, 9432+
10,25; figs 8 5 9.00=10,22), and the arrangement of
the purte of the embryo is shown diagramatically in
fige 6 « AL this time, the tip of the posterior mdigent
is open, und the pole cells move out of it. |

In the mutant shortening is interfered with, |
presumably by the disturbed relationships of the par::J,
though no clear reason can be given for it. Wahiev |
the reason, the germ bund remains inveginated dorsclliyl
though some degree of stortening - an "attemptMat it -

Joceurs.
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i

oceurs. This is seen in the film, where there is a |
concentration of the dorsal germ bend meterial towards 1
the posterior end, but it is névex_' cerried round to thog
ventral side (fig. 44, 8.56=0,45)s This abnormality
hus & striking effect upen the development of the gut, 1
for the pivoting movement of the proctodeeum ad the :
posterior midegut rudiment does not occur; instead ;
they proceed with thelr development cnteriorly, and |
within the growing extensions from the anterior mid-gut
rudiment (compare figs.%¥and33%), The effests of |
this upon the development of the gut will be described

laters

- Dorssl Closures P
The extent to which this is disturbed varies. Ix@
some cases the body wull comes Lo enclose the eubryo 1
completely dorselly (figs 33), while in others this
region remsins to & grester or lesser extent closed
only by the thin dorsal membrene. In this case the @t will
eventuslly bresk through it e&nd protrude dorselly, and

the development of those medial parts which are fomod;

from material brought up from each side is prevented

(£ige 35 )e |

nvelution of the 3
/Of



74 |

Of the three processes this is the most druatic;zlly
affeciteds It is disturbed in neurly all of the abnipml
developments described here, for one reason or an‘othl’gr-
Occurring ate in development, end invelving as it doi&a
so much of the embryonic material, it is almost |
inoviteble thet 4 should be affected by serious sbnormslitdes
in eny earlier stages of development., For this rea#on
‘& more detailea description of the inveimtion process
will be given here. It has not been clearly deascribed
in the litersture, end the exaet movementes have not
been cleai'ly followed, since before some zdeguate |
technigque is devised this is very difficult. The
film hae made possible a more careful analysis, but
even with its help the abs uce of any maris by which‘
different parts of the hypoderm can be distinguished ‘imakes
it'mpossible te do much more than describe the movo-'b-
ments of the surface outliness, The film shows that|
these sometimes change only slowly when there is very
active movement of the meilerial within them, ’
r
!
|

At the tine of shortening, the first head ssgment
is easlly distinguishable as & sharply pointed ragtoﬁ,
clearly demsrcated from those behind it (fige ¥ 4 94003
£4gs 7 5 94303 fige Iy 4 9430), The head segments
/oehind
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;behind it have characteristic lobes in the ventral
|

region (fig. 14 4 VIL); 4t is not easy, et this
stege, to pick out the boundary dividing the head

from t.e thorax umong the intersegmental divisions, i 1
‘but it becomes obvious Fater as the segmental structure
' of the head disappecars (fig. 149 T)s :
In the first hour of hesd involution, the outli
| of the tip cf%embryo changes a«s the material of j
“ the first head segment is withdrewn inte the embryo;g

it becomes blunter, «nd the clesr line merking it oﬁ

 from the succeeding reglons disappearss Material
elso moves in loterally and ﬁnmrauy, causing the

‘.hwd lobes to change their i‘om' the ventmlat.eral |
'ones are "swallowed", und Atersl ones come &rom |
‘,a boundery «t each side of ihe opening (figs g 9.0b—
104225 fige 7 ¢ 9380-11.27; Tige 14 5 9430-11.27)s
%While these movements are oc-urring in the head regﬂm
‘doraal clogure is completed in the trunk.

A ventrul movement begins at this time, which

l continues throughout the involution (rocess, bringin#
' the boundary between hesd and thorax (figs /44 T)

|

' anteriorly, o that the former is finally enclosed

' in the latters The movement of ventral material

1

into the embryo, where it forms the floor of the

pherynx, also curries the common duct of the aalivat#'
/glends |
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glands into this region, !

The ectoderm moved in figim the dorsal surface j
Torms the dersal wall of the phurynx, and the thick |
layer of mesoderm underlying it forms the pharyngeali
- musculature, The turning in of the pharyngeal ‘l
‘meterial results in an extréme thinning of the materﬁ.al
 remaining &t the surface (fig. 67 4, page /69)s The |
 invagination of the rharyngeal material causes the
anterior end of the embryo to become blunt, and
retracted from the vitelline membrane anteriorly |
(1ige B ¢ 13.13; fige 7y 13.02; Tige /4 4 11.35- {
f 313418) ¢ ;
| The next process is the formation of the frontalfl
sac. The deseription by Poulson (Poulson, 19503 |
does not meke it clear that the most conspicuous ' 1
' part in this process is played by the forward movement

of tne thorscic segménts dorsally, «nd thet it is i
 very cifferent from the invaginstion of the pharyng ’ - 4N
meterdal. The frontal sac is formed by tlie moveme j
of the thoracic body well over the dorsal head materdel
of which it is to be composed, At the edgos of ¢t
cGveneing thoracic material, head material is turn
' in, ¢nd the sec-like structure is achieved (fig.
page ; fige o page ; figs 4 14,055 fig, 1N
13,27+15,87)s At th#oncluaion of the process,

/pharynx




77 |
7
|

 pherynx end forntal sec open to the exterior by a |
' J

common "mouth®, The structure of the completely
' involuted head is shown dlagramatically in £ig. /17 , ;

[ |
page.50 . :
The end oif the involution process eemes with |

: |

« very vigorous sdvance of the thoracic and anterior

|
‘abdominal seguentay especially on the dorsal side,

80 thet the pharynx and frontal sac are @mpletely

;
|
;enclosed by these segments, which 1ilt forward and Z
form @ hood over the mouth opening. ;
:
 Involution in the mutent embryo:
| Thus, vormal imvolution of the heed is seen.toi
consist of tweo prineiple elements: i
1, The invagination of the pharyngeal materisl, whicr
involves only the head segments; ;
' 24 The formation of the frontal sac,y «nd the encloau#e
| of the gnclésure of the head within the thorax
which depend upon movements of the thoracic |
and abdominal regions.
In the matant, the movements of the first class are |
possible up to « point, but tﬁnee of the second clasP
a«re preeluded by the presence of the constriction,

|

which in fsct acts like & ligature tied round the

anterior psrt of the embryo, The usual result 1’.{

!

/111ustrateq
i
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illustrated in fig, 33. The jyharynx is not perfectly

|
|
|
|
|
' formed, but the material of its roof has mostly been

;imragineted, and "»..ue: pheryngeal muscles have developbd
;though there zre rather few of ‘hems The m;aterial !
of the floor of the phdvyynx is partly invaginated,
‘but much of it is still externsl, showing s a thick
évmll where there would normelly be a thin layerof
|sttenuated cells, The seeond clsss of movements
i‘m‘a been prevented; there is no frontael sac formed,

'end the head materdal remains isclated in front of

iu,e ccnawriction. The thoracic segments have advanced

zg far as possible, causing a further constriction

of this neck region, In most cuces there is a

|
| |
| |
Ecompressien of segments together &t this region. ’
!Throo embryos occurred in which the anterior furrow ‘
iwas much shallower than usual, end in these a rudimentery
!frontal sac was producedy end the head was partly Tﬂ
%enclosed in the thorax.

| Some of these evenis mey De followed in the
!fi]mod embryo (£ige 44)e At8,5656 the first head
gegment is visible; it is withdrawn in a sequence
of sbortive #mvolution movements. At 12,40 the head
'has retracted frou the unterior end, owing to the

| invagination of pharyngeal material, and there has

l
'been a corresponding thinning of more posterior

\ /tissue,
\

|
!
|
|

|
|
|
|
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|
tisgue, This has been inflated by the pressure of r
;the erbryonic hesmolymph to form &« protruberance, in!
'which locse yolk grenules uppears The tip of this ]
protuberunce appesrs Lo break off, but it is difficuit
to say how this cuan heve hgppened, The movement |
1
forward of the thorscic segments is deluyed, but :
their erowding behind thé constriction is evident |

in the finul photograph (19.20). |

n formetions
Ihe gubs

{ ¢ fore-yut

The Tore-gut does not develop fer beyond the

 extent described in the account of imvelution. 4
' cuticle is laid down in the lining of the pharynx 1
'but no cephalopharyngeal skeleton is formed; nor arp
the mouth hooks or the mefiian toothe I

The oesophagus develops nomally, as & narrow |
tube leading into the proventriculus, but its path i
| is deflecled by the disarrangesent of the parts of :
- the gut, |
24 The nideguts '
| The proventriculus is formed more or less no

and when dorsel closure has occurred its position 15,
/oot |
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|
| not greatly disturbed, Vhere closure has not occuﬂred,
 &nd there is no constricied neck of body wall at thJ
:furrow, it is often pressed forwsrd znteriorly cgaiJat ta
the head material, |

The rest of the mid-gut develops abnommally ¢
ibecomes very compliceted. The later stages of mid-gut
Tdevélopment. are difficult to follow even in the.norle,
 owing to the complex coiling which it undergoes.
| The colling of the abnormal gut of the mutant makes-
(dts dter stages almost impoesible to sort out, but
“tha mature of its early divergence from the normal
' eondition is clear, |
1 In the sccount of shortening it was described
'how the «rms of the snterior mid-gut rudiment grow
ibackwarda under the yolk in the normal way, while t
1the rroctodaseum, and often the pesterior mid-gut ent,y
%is pressed forwards into the yolk. = The yolk itselfl
‘mot including the mess which is often isolated in th'f;
' head region, is enclosed in & primitive gut (compare
£ige, 3/:nd 32),
] The growth of the cnterior endoderm rudiment
continues nomally, «nd soon afier dersal closure it
'has enclosed its part of the yolk dorsally. The do%p

| columnsr cells of the rudiment become cuboidal as they

'eome to form the wall of the gut,
/Owing

!
|
!
1
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Owing to its position, the josterior endoderm

|
|
|
|
.rud:hncnt cannot enclose its part of the yolk aomall*

,nor unite properly with the arms of ihe anterior mi

;gut rudiment (compare figs. 3/ and 32), The lerge célls whi
i\nh:lch are normally found at the tips of the growing
!posterior mid-gut rudiment, «nd which are incorporat

i:ln the middle part of the mid-gut, have not been clearly

isean in any of the mutant embryos; they are possibl#

ipresent in some (fig, 3 ), but definitely not in :nos*

‘cases. Poulson (Poulson, 1947) considers these to |

|
'be pole cells which do not become included in the

lgonads ss germ cells. Whether of not this is the |

’casa (for a further discussiony see puge /53), it is
:aifficult 10 sce why these particular midegut cells :
!should be sbeents The abnormal position of the ‘
i posterior mid-gut rudiment might enteil thet the pol.+ :
|cells should emerge from it in sueh & position that |
‘none could be included in the micmgut, In this case
!t‘ney might be included in the goneds us extra cells.
’But the gonads are usuelly formed normally. In some
gombryos only a single gomad is distinguishable, but
!m none are there noueuijﬁ Buge égnada which might |
;:lndicau the presence of[gem cells,
Some sort of union, usually only partial,is

;ostablished later between the unterior and posterier

/parts
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i

|

|
purte of the mide-gut, but some of the yolk usually
escapes imto the body cavity. The precise bucklingL
' and chenges of form of the normel midegut sac into
first two chumbers, then four which buckle and elongate
to form the complicaled but regular tengle of the

definitive midegut, ere never achieved. There cre |

cll grades of abnormality, depending upon ithe dugreJ
to which the original union of the two rudiments to

| form the sac~like early mid-gut has been disturbed. i
For instance, if the gut remains open along one side,
Lhe contraetion into half-clembers way occur on the |
ether,

Differentistion of the cells of the posterior

part of the midegut is nev.r complete, und Lhey
remein cuboidal, or even columar, rather then flatten~
ing end elongeting ws normel mide-gut cells doy - luch

yolk remains undigected in the lunen or ihe mide=guty
&s does that vwhich hes esczped into ihe body cavity

i The midegut caecse are variable in their developnonl,
; but their forwurd extension is slways prevented by
| the iresence of the furrow, ond usually they remuin
ghort, The melpighian tubules are foimed, but are
| sbnormel; ineiead of becoming extremely elongate

of'ten the lumen beccmes expended, and the walls

l

| tubes with & naprow lumen, they remasin short, and I
/attenuateds |

|

|

!



83

i‘ attenucted,

s _The hindeguts
| The Giffieulty of determining the extent of the
'hind gut haes been mentioned sbove, In mme anbryoﬂ
(it is distinguishable at the beginning of the gut

differentiation, but as meither its own cells,nor

i

!

those of the mide-gut with which it is continuous,
]d:lfferentiat.e into their charactersitic finsl fomms,

| the inereasing couplexity of the gut makes it more |
| difficult o identdfy in later stuges. At the end lof &
!

| the develoyment it lies among the complications of
' the midegut, instead of arching over it as in the ;
normel; iis walls remain thick, .nd do not acquire |
' the wavy margin which in the nurmel is formed by
‘the rrotruding inner marging of the fully-difterentipted
cells, |
The splanchnic¢c mesoderm sprewds over the walls

of the gut during ite developgent and forms & layer of

viscergl muscle,

Ihe yolk:

Thefalk or the yolk is included in the prin:lt:lvfp
‘gut and fs partly emelosed by the gut, 4s the
primitive gut is sbsorbed, the yolk escapes into me'

| /body

|
I
l
|
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| body cavity wherever the gut wall is defective, e

| grenules become distributed between the orgens in the

i R

‘ haemolyunph, & d are ingested by sanger.ng cells
j presumably phagocytic blood cells, The anterior mass
| of yolk which is usually isolated in the head regio
| remains unsbsorbeds  Often, yolk bresks out of the

£

| embrye &t the furrvow, ard cones to lie between it
- and the vitelline memnbrane (fige 3¢ ).

: The Dbody walls E
' Posteriorly to the furrow the body wall is
{ formed slmost normelly, where dorsal closure has i
been defective there is @ bresk in this region, but 5
¢lsewhere it resewbles the normel in essentials. |
Lxcept for the occurrence of this bresk in some

' ambz-yos, the hypoderm encloses the tissues campletely.

It is divided into sigments, though these are often

distorted owing to tle general disarrangement of th
embryo, There are inuvernal apodemes intersegmentalqu,
to which ere anchored the muscle fibres, which have
arisen quite normally (figs. 3/ 3and 36), Externally
there is a cuticle, with chaetae, The body wall
extends into the invaginated posterior tip.
Anterior tq&.he furrow the case is quite differj‘m.
- As explained above, little besides head muterial |
/gets
|




|
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gets irto this region, but the Lody wull often cxtT
he

im it elong one side, The remeining ticeues st
surfece comeist of so wuch of the phuaryngesl wall
8 hes not bect invaginuted, snd of nervous tiesus,
The nervous tissue ie not covered by hypoderm; it
hes nov eluply broken awey at this regicm, but has
aClually never been formed (Ligse 33and 36 )e

Ahe nervoup syglens

The chief pecullcriry of the nervous systen
in the unterior region has Just Deen mettioned,
namely, that in the formetdion of the brwin tissue
only nmbi.uzu.am thelr derivitiws are formed,
with no hypederm cells encloasing them (1dgs. 33 end .
in one instancey ihe seme was noticed of thel ' nerv
tissue posterior o the furrews Thut of the &
region does nct become i welleformed braim, and
connectlves with the ventral neive cord are “M
Geveloped., Genorelly tie nervous tissue fills the
spece not taken up by the phorynx or by the yolk
nees (fige 3 )

In the posterior region the nervous system is
reletively well formed, (fig,. 33), though the neave
cord ie disturbed by the distorticns of the body
sesmentetion, TIts rostitionm is ususlly lateral

Jwith

Je
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|

!with respect to‘fthe orientation of 1% chorion,
!1mio¢,ting the rotation which the posterior region
iof the embryo undergoes. Ganglion cells and fibres
Eare differentiuted, and tue disturbed arrangemoﬁt of
i‘ﬁbrﬂa reflects the distortions of the segmental
.amngement. 3
|

' length of the body, including the part which is

The nervous system is laid down along the whole

iimaginated posteriorly. Concentration of the

:nwoua system occurs, which often has the effect of
l"spilling“ the mervous tissue out aenteriorly, since |
;there is not an amterior wall at the furrow to hold
iback this accumudetion of nervius meterisl. Here, |
together with yolk granules which have also broken

;out, it fills up the space between the vitelline

membrane «nd the point at which the embryo is con~ |

l
strieted (fig. 36 ). :

The trachese: k
Thc disturbsnces of the other systems distert

finer branches probebly do not develop, but it would

\

|

|

l

: the distﬂbution of the tracheae very muchs Their
:

|

' in any case be difficult (@ detect them, The most
|

|

obvious feature of the tracheal system concerns the

] prosterior tracheal trunks, whici arelarger than
/normal

!
I
|
5
i
!

the
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|

!nomal, possibly becsuse the tracneal materdal is
inot distributed so widely as in the normel, They
SOpen internally 1ntofu’ne invaginated posterior end of

Hhe embryo (figs. 3/ end 36).

Ihe gopads:

gut. They are usually normal in appearance, and
occur in about their customary position, Some
embryos occur in whi h only one gonzd is present.,
All parts of the gonad are present; the germ cells
enclosed in & gonad sheath, which is embedded in

' the fat body tissue.

appear to be caused by Whe presence of the deep

furrow anteriorly, it was thought worth while ito
sttempt to imitete it experimentally, to see whethe

since many of the abnormelities described above

These have bédn @dscribed in the section on the mid-

are

any of the secondary sbnormalities would be reproduceds

A normal Oregon K stock wus taken, «nd embryos
were ligatured, with « fine nylen thread, at about
one thiré of the distance from the anterior end of

the embrye, between the 4th .nd 5th hours of dww

ment, i,es st the time and the place st which the
/furrow
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!
,
i
furrow becomes deep in the mutant embryos. They
were alloued to comtinue their development for approxe|
1mapely 24 hours, when they were fixed and sectioned, |
Only a smull-scale experiment was wmade, owing i
toitke technical agfficulty of ligeturing the embryos.

These have been described by Pauli (Pauli, 1927),

|
who ligatured Calliphora eggs shortly affter fertilizatgon

in order to test their capacity for fegulction,

| Their suall size made manipulation difficult, .nd tie hiehu

turger pressure within the egg usuully caused the ;

vitelline membrane to burst when the ligature was
tightened; only 18 out of 280 attempts were success-
fuls In the csee of Dresphils these difficulties sre
increased by the egg being only half the size of that
of Cedliphors, and in this study, cut of approximately
twenty attempts, only tweo embryos were constricted

aod brought to the completion of development, The

method used was to place the ¢ g on a emell piece of

food medium on & slide, with the nylon thread under-
neath it, Vhen the food had dried, &nd the chorion
stuck to it, the thread was knotted and pulled tight
&t the re uired region, It was possible to comnstrict
the embryos perceptibly before the bursting point wes
reached,

The results were g#milazr in both the succeasfully
/treated

|
|
|
l

thelp
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| trezted embryos, Development in the josterior region
| of the body was normel, except for disarrangement of

| the orgenss. In the snterior region invelution of the

|

head hed been prevented, and the pharynx region was
small and grossly disorientated; +the reet of the regic#
censisted of rervous tissue, with no covering of hy'podehn

(£ige 40). Unfortunately, some degeneraiion had takenl

’pluce here, end it is possible that the absence of hypo#

derm was cecondaly. f
| |
*  The ligatured d:bryoa reseuble the mutant ones in |

' t.hese two p,rticulars, the significance of this result
; is teken up in the discussion,

|

Qiher sbnormal eubryos:

| In tabular analysis of the sectioned moterial, it

| |
'was neoted thet nine embryos occurred which were abnoma*.

| but were not of the characteristic mutant type.

S8ix of these were embryos in which the central |
aterial was that of the unfertilized eggy but in which
| there was @lso & variable amount of cellular material, |
distributed unevenly, but chiefly at the two extremeties.
| This consisted of small, rounded, undifferentiated cells.
| In the other three eubryos, none of the msterial of the
f unfertilized egg remained; mmy consisted of partly

| @ifferentiated cells with no structursl organization,

| - /piscussion |




% Hone of the embryos wihiecn ere hemdzygous fowr tzﬁs
‘ factor survive beyond tie embryonie stege. The ;

 churacteristic ebnormelities in their GeVedopasnt ure
i well=a. riked, wiih reletively litule v.riéﬂéiou bstaw%a
{ indivicuclss ' The snuld proportion of ubnormsl ewbryos

' which does not it irto the gener.l |atvern show :
%dhturbamen et the ecridest stuge of developaent, 1|n
Jthe distribution of tie clewvage -nuclei, ond little lbz’
| a0 AL apdoAdation Beouse. aubssueniip: .  Betiar

! simdler disturbsnces result from the wbsence of tie ‘
inhole oF balf of t.e ¥echromosome (Poulson, 1940), ‘
Trom ullrssonic trectuent (Selmen und Counce, 1963) 4
iuna, in Guliichore, fewm cemtvifugstdon (Peuld, 1927).
xnhtlur cbnormel cublyos wice occur in most of the |

| olher mutent stocks in the present studys. It 1a *
'p%ubzmﬁ‘&m digsturbuness «re¢ ¢ uced by'
‘t.he LT 11 fector (the uestion of veristion in \ {
‘mms&im is clecussed later; pugel); but in f‘
thie ¢.se it is equally likely th.i they Lave nmsb
tm BOUS OthLer Culae, poaatbly from ancther 1 ‘
’faetor segregoting in the stock, of from occasio
}abmmauﬁu in the formastion of the egg in thg
femules Such & meternsl origin has been found

/mwhat\% |

|
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|

i
?somcwhatLgariylabnormalities in the deep orsnge mutant
(Counce, 1963),

91

Crra

The absenge of much veristion mekes this mutant a
favourable one for an analysis of the hierarchy of |
develojmental abnormalities which culminste in the |

final aggregetion of structural defects. The lutier

sre the end effects of the factor; they are cmused

by preceding intcrmediste effects, which in turm ere
caused by preceding primary effecis.
The relation ¢f the end effects tdthc intermediate

 effects has been sugzested above. Those in the

' anterior regicn probably are related to#he presencaf

of the deep constricting furrow; some experimenzaliaupport
for this is given by the result of the ligsturing

experiment, in which similer ebnormalities were

produced in normal embryos simply by mechanicel constrection,
The sbsence of hypoderm over the nervous system is not

easily explained, and will be discussed later, f

\
The end effects on the region posterior tqkho :

. furrow c.n be reluted to' the disturbance of shorton%ns

and sleo, in some cases to ihe failure of dorsal closure.
| |

These two processes sre closely integrited, and the

_abnormality may be considered one of the general

/surface
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. surface movements, of which the disturbance of shorj.ening
ic the most evident feature. |
There is no obvious reason for the particl fuiiure
| of chortening, but it is unlikely thct it should not
be cauBally related to the carlier development of the germ B
band, This occurs in its extension, when the postﬁ&'x-ior midh-
gut rudiment inveginates posteriorly, and t. e gem ‘
band is also invaginaeted so thet it comes to lie |
inside of the egg rather than «long its dorsal surface.
This abnormal postion uppears ;t.o prevent its prOpax'E
- withdrewsl luter, in shortening, pousibly becuuse of t.e
| displacement of the mid~gut rudiment end proct.oduewll
at ius tips |
Thus there are two abnormalities which mey be
- concidered the ppinciple intermediaste effects of the factor:
' 1) The precocious invagination of the posterior mid-fpgut
rudiment posteriorly, and the conseguent abnoimal
postion of the dorsal part of the germ bund |
2) Tue presence of the deep comstricting furrow,
The question arises as to whether these can be rela'(i.ad to

& comucn cause., !

|
o v [
abnormality in the invaginstion of the posterior mid-gut

It was suggested above (page ¢4 ), that the

- rudiment «nd the germ bund vas & mechenicel effect
of the sbnormal thinning of the dorsal region of the
\

/blastodern
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|
blastoderm «t the time of gastrulation. This is th%
first observsble effect of t e factor, and may be

; !
comsidered its primary effect, It remains to consider

'whether the furrow may also be related to it.

£ gustrulations |

The invariable position of the comsirictionm, oné third
of the Uﬁbtunce from the snterior end of the eabryo,? |
'coincides with thet of the cephalic furrow. In mxné sensg
the mutant furrow appears to bes & modificution of thé
‘cephalic furrow, &nd if more were known about the
latter it would be easies to say what processes the @utant
fector had interfered with. But the cephalic furrow
is & transient structure, of unknown significance. 1
Poulson suggests thet 1t is "the definitive boumdar&
between the hesd and body regions", Sonnenblick thatiit

ngets «8 @ buffer during a period of extensive and vigorous
| cell movements" (Sonnenmblick, 1960). Both may be

{

right so fur as they o, but their suggesticnsaare

too imprecise to serve as explanations, Certainly'

the furrow is part of & couplicated rearrangement of

l
' the surface material, but whether it is a purel] ssﬁvo

result of other surface movements, und, if so, what
!
movements; or whether it initlates them; these

/cannot
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|
wechanics of t.e gastrulstion Process, }
Little is known ubout the forces involved in |
. early morphogenetic movements, even in amphibians, ;
- in which they are less complécated, and have been L

purticularly studied. In Drosophila, early studieé
| mechenics of gastrulation were only descriptive !

(Parks, 1935), und Rater .ork has resulted in a moré
&dequate description, but not an explonstion. Tha%

same is true for other in: ects. Some studies have}
| been made on the ferces involved in blastokinesis in

 sresehoppers (Andrewartha, 1943; HMatthee, 1961),

iwhich may be relevent, since it has been sugsested

| thet all the chunges in iength and the movements of

|
!
Jthe gera buand ere reluted to this rocess (Johannsen

'end Butt, 1941), In par.icular, sbnormulities in

]been tentatively connected with sbnommalities in the
‘accumulation of emniotic fluid, which is held to

initiate this process (Andrewartha, 1943),
\

E Considerations of gustrulation must therefore

connot be decided until much more is known wbout th?

|
ik;atatrcpsis, which may be related to shortening, hav%

|

l

on the

be entirely speculative., There seems no way in.whifh

the mutent furrow could be caused by the dersal

lthinning directly, but there are szt least two possible

;whya in uideh it could be relsted ot it indireetly,

/through |

i
|
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through the sbnormality of the posterior mid-gut 1
invaginetion, ;
The first of these is suggested by the appe—ara: ce
of the furrow when it begins to deepen. At this siage itk
resembles the proctodaeal invegination; «nterior: '
it is bounded by embryonic membrene, posteriorly J
its columnar cells have the appesrance of those of
 this siructure in the normal embryo. lHoreover, 1t.§
is often difficult to make out a distinct proctodaeu!\m
between the posterior mid-gut <« d the germ band in
the mutants These two pointé suggest that the
proctodaeal maleriel may normally be invaginated frt:.u..‘x the &
lateral blastodermy wnd that in the mutant, while ti%ze
: midegut rudiment is inveginated posteriorly,the |
. proctodaeal invaginution occurs separately at its t
| usual position just behind the cephaelic furrow. I
- I.clated from ite normul embryonic context, it mereir;/ becomes
| deep groove of inveginated materiul. However, :h‘h its laie

| leter development it clearly shows itself to have b?en
| :
!

become sttached, snd secreting cuticle. Since tuere is e

- derivec from jotentiszl hypoderm meterial, forming
trecheal pits, und later apodemes to which muscles

no evidence for the transformation of ;roctodaeal i

material into hypoderm, this explanation must be

abandoned. : r
This poses the problem vhy there should be an
Jinvegination
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invegination of metericl ot his yednt in the mutan@.
The inveginction of the muteriul of the posterdor 5
midegut o« ¢ of the proctodseum hes teken pluce postgriorly
end in Lhe noru-l the cephalic furrew is ot no tiae;nore
then & ghallow groove, A possible ex; lanation
suggests itself upon consideration of the probuble gature

|

of the gestrulotion process, i
The movement of @ ¢ mid=-gut rudiment over the-;

|

dorsal side of the e g to the oint of inveginaiion
| anteriorly ie very rapid, teuking about half an hour4
Sonnenblick suggests thet it is brought sbeout by th¢ rapid
- mitotie civision of the group of cells immedistely ;
behind the yudiment (Somnenmblick, 1950)s  But the |
movement seem in the fiim, even when allowcnece is

- made for the timeelapse magnification of the spead,1

suggests & sudden initiation of the movement, depen&ing

on physical forces rather then upon cell division, ,
loreover, in vertebruates, perficularly in studies o#
. amphibia, it hes been found that the early morpho= ;
| genetic movenents ere cdue to mass movements of the @gg

- resulting from its subunicr@ecopic structure and phy+1cal
properties, «nd that ite division into cells is irr*10Van&
| %o them (Waddington, 1940y foltfreter, 1943 wund xoéa).
Holtfreter showed thet a pseudo=-gastrulation oecurug

in unfertilized ugeing frogs' eggs, without their |
division into cells,

/The



2o Studies of the cifferentiation centre in Platycnemis

' 1. In meking ihe film, certuin of the egus set up did not
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The morphogenetic mcvements which comprise "gastrues

lation" in insects und "gastrulation" in vertebrates cre

probably sufficlently wnalogous to wurrent the suprositiem

that the mechinisms of each sre fundumentally similar,

«nd thet in insects ae in wmphibiens they are movements

of the whole egg muss. Three things support this

|
supposition: }

develop, and were presumed to be unfertilized. |
The film of these egus revesled uassive movements[
of their materizl, though there were no visible

developmental changes. i

(Ceidel, 1936) s..owed that messive movements do
ocecur in the yolk, contractions of wnich initiate
the development of the gemm band at a particul&r’
point,

3. In unfertilized eg s of Drogephilas the contents -
cytoplasm «nd yolk granules - coagulate after a flow
bours into large masses. In wany ol the unfert=
ilized eggs which occur .n the sectioned meterial
(30 cut of 67 in the present series) two main
mosses are formed, sepursted at about the region

of the cephalic and the mutunt furrows (fig.37 ).

This may be a« coincidence, jossibly caused by the

/presence

|
|
|
|



98

|
|

yresence of tre degenersting femule pronoclems in

this reglon scting ae a condensation centre for |
|
the anterior mass. But it ie also possible t’naq-

it results from a pseuco-gastrulation of the egg i
substance, similer to thet occurring in ageing fﬂngs'

eggso !
The film shows that in normal gastrulatlen, ourina

' the extension of the germ bend, there is not simply & i

|
|
followed by the germ band material; but there is a movenent
|

of material from both ends of the embryo, towards the

forward movement of the posterior midegut rudiment,

region of the cephalic fuwrow, where the two streans |
appear tc meet & d move inwards. If it is the cuse tﬂmt
there ure general movements ol the egg awterial :I.nvolve(a
this may represent an expansion of the surface materiai.
comparable to the epiboly of the animal pole tissue in
auphibiens, Only the gonaral direction of the uoveuent
¢on be seen in the film, not the dispositions ofﬂterial
before and after it hus taken place, The cephalic 1
furrow mey represent the first result of the meeting i
of the two streams, c¢nd the pronounced inward movement
nermally becomes coincident with the proctodael invag- |
jn.tion. As this deepens the furrow tends LO straighten
out, and almost merges with the atter dorsallye |
Whatever the details of the process, some such |
/mechanisa ,
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uechunlen = « muss movement of he surfuce weterisl, with
& predieposition to inveginotion «t this region = might
sccount, for tie autent furrow in tie following ways Tb?
rosterior nld-gut rudinent, the procteoducel muterdal,
nd toe germ bend are inv.ginated precociously, at the
costerdicr end, owing to ihe mechunical circumstunce of
the blastoderm thinnlig dorsullys This would ot int
fere with the tendency of egy weterdcl to dnveginute
anterdorly,; st the point where the rudiment of the p
deeum would norumelly be turned im; 4in their abeence
loveginution worely produces & supererogatory furrows

i

Shortening does net offect ity since it has no connection
with the germ bend, and it becoumvs deeper «s its celies
pro}iferctey with the consegue.ces thetl have Deen described,

It hos beon expledined thet iie primery effect of
the factor 1o Lo cuuse an Unusual vhinnlng or the doresld
part of the blustoderm iumnedistely jaior tc the forwerd
movement of t.¢ geim Dehd over Lhe dorsal side of the to

b ot weed gt At 6 L (' Edat e

/A sdmiler process occurs in those parie of the blestode

not incorporated in the embryo proper ot o slightly

later stagey to give the eubryonic membreness It is ...

iikely thet Lbe dorsel thinning in the sutant repre

& precocious formeidon of this meubrune meterdsly snd thet
/the
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the primary disturbance is of the time st which this {

|
process occurs, The precocious formation of tracheal |

pits shortly afterwards suggests that there is & generai

Pl =y

acceleration of tle development of the ectodeim,

In this mutsnt the qrganisation is disturbed but |

cell diffeientiation is relatively normal, The differ¢

entiation of the ectodermel materiecl of the head is an |

eéxception, for here nervous tissue is formed, but apparéntly

<
' little oX none of it gives rise to hypoderm and the

nervous material remains uncovered. The result of e

ligaturing experiment suggests that a similar disturbanﬁe

of differentiation cccurs when there is simply a mechanical
' |

 comstriction in this region, It is difficult to envisage

\
l

%it might restrict the supply of ¢ necessary substance,

how & ccnsiriction could have this result, though (ossibly

|

|
The balance between nervous tissue und hypoderm appearsj
to be a delicate ones In normal development the |
nesuroblasts of the brain are suid to differentiate at #ha
surface, and to be only lster covered by hypoderm

(Poulsony 1950), Similar failure of the hypoderm over neru

nervous tissue oceurs in other mutanis in this study,
and it is ¢« maejor element in the developmental pattern
of X20 (page /79)+

/Conclusions
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Conclusionsd

Lff 11 is a recessive lethal factor on the 1lst
chepomosome; its lethality is expressed in the embryon-
ic stege in all cases. Abnormalities appear early,
but the embryo survives through tpe whole of the
normal period of development, though it does not hatch.
It shows relaively few disturbances in the differentiat-
ion of cell types, but there &ape large disturbances in
its organisation. A variety of end effects is caused
by two principle intermediate effects: 1) the presence
anteriorly of a deep constric$ing furrow, 2) abnorm-
alities in the invagimtion of the posterior mid-gut
rudiment and in the extension of the germ band in
sastrulation. These intermediate effects are the
consequences of a single primary effect, a disturbance
in the time of formation of the embryonic membranes
which leads to an abnormal thinning of the dorsal

region of the blastoderm prior to gastrulation,
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blastoderm. sr, trachea.
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mutant constriction. uyk, unenclosed yolk.
mutant furrow. vm, vitelline membrane.
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Fig.44. Lff 11: film sequence, from 6 hours
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deterials |

| Observations weremsde upon living eubryos, &nd |
‘ong was fidmed., The description of development is
:baaed chiefly upon seetioned materiale.

The factor was induced by A~irrediation of
spermy «nd a preliminery salivary gland chrouosoue
; unalysis shows thal there is no l.rge resrrangement,
end that it is loccted near the forked locus (56.7)
(H.5lizyneka, unpublished).

Analysis of sectioned materials

ilized  ifisble
O=5hrss 10 17 97 14
| Be18 28 - 1956 €9
| 23e30 3 - - &3
Totals 41 17 22z 106

) In ihe period between & «nd 18 hours, when
mutents cre distinguishable and none of the nomals

| have huiched, 69 out of 264 fertile egge - approxi-
er = produced mutant embryos. The

| mately & quarter l
| /Lactor
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|
factor may therefore Le considered as Being expressed
completely in the ecmbryonic stage.

o mutant embryocs heteh, but they muj be seen
‘moving actively inside the vitelline membrane ot the
:timn when the normels are doing sos The embryo is

then st an advenced stage of develojment, with the |

cuticle «nd chaetae well developed on the aegments.'

But the latter are diserranged and the whole embryo |

' is distorted. The hypoderm is often incomplete,
anu the nervous tissue expoeed'in parts; parts of the
gut appecr externally st both ithe anterior and post~

i
erior ends; there are often accumulutions of undigested

!
yolk between the embryo and the vitelline membrane.

 Some of these featured may be seen .u the finul shot

J
from the film (fig. % 4 26.,00)s Cell degeneration

|

|
!
{

begins at about =5 hours.

In the majority of cases the development of the
 mutant appears not Q:Q differ from thet of the normal

/up
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up ﬁggtha tbme of gastrulation, The embryo which

was filmed shcwed completely normal blastoderm

formation (fig. 53 4 3,16, and compare fig. 55 ; 1.00=

54830 with figs 74 1,30=3,30)s But two sectioned

enbryes showed a siriking ébnormality which has not

occuTed elsewhere. In these & complete sgyncytial biastodaun

was formed, with the nuelei at the periphery as usuai;

but the nuclei were not uniform with respecet to size

or stage of mitosis. Over some areas the nuclel we?e

of normal size «nd in resting phase, .nd were erowdeé t

together so that they tended to buckle upon each-oth;r.

In other areas resting phase nuclei were only about |

Ehalf the size, and in other there were crowded mitot#c

figures (fige #5)s In one of these embryos pole ee?.la

occurred, but not in the other, ;
In the normal embryo mitoses are synchronous up;

‘to the formation of cell boundaries, In these

'abnormal cuses there must have been a disturbance of%

jtha factor controlling nuclear division, which probaﬁly

' occurred in some of the cleavage nuclei during their

lmigration to the periphery, 7This would account for

: \
!

the petchy dist¥ibution of the frregularities, each
putch representing the descendants of the early

'cleavage nucleus whose divisions hud got out of phasf.

|
i
1}

In several cther embryos there uppeared to be less
/etriking
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striking irregularities in the blestoderm, but it
wus not possible to clussify them a8 certainly ab- \
normal. Probebly disturbsnces iu theeontrol of nucflear
division rerresent the primary effect of the mutant
factor; but tke time at which the faclor Cwées iM

action varies. Uaually its effects are not apparent

&t thés stage, but in the two abnormalities describid

they appesar unusually early. |
S i |
There is no disturbsnce of the mesodexm in 1att
development which v.ould_ suggest thuat there is ever ‘
failure of the Tirst stoge of gasirul tion, in 'whiq’x
the mesoderm material is turned in «t the ventral |
furrov. In the filmed embryo the next slage, the ’
formotion of the cephalie furrow, is accomplished, I
and there is the buckling of the dorgal celis of t.hr
blastoderm which ncrmelly precooes the third stage,
the extension of the germ bands Bat the extension
iteelf does not take place (ifige 534 5450 sod 4,203

£is. 55 4 3:35=4420). swcqmo of mmJ

probebly occurs in most of the mutent embryos; in

soane the disturbance muy occur earlier, but in
does it occur later, then during the lael stage of
gastiuletlions :

/The



' tend to be cuboidal rather then columnar. Fole

- characterized at this time by whe appearance of &

117

The film shows the prosterdor mide-gut rudiment

|

@8 a shallow depressiony srrested in its forward ;
movement not far from the posterior end of the anbryio
(fige 534 4.20), OGections of other embryos show |

that its cells do not take on the elongate flask= |

shape notmally characteristic of it; dinstead the m;dment
Torms ss & depression of theé blestoderm, whose cells
|
cells are & parently often reduced in size wnd mmbdr
end it becomes difficult to follow them .n subse .uen:t.

- development,

In_stesd of the normel continuation of gastrulation
in ihe process of extension, the mutant embryo becm*ea

:

- number of deep furrowss These conslst of blastoderm mteid

' the most common is fane-wise from the dorsal cide, |

materisl, chiefly of the ectoderm germ band &nd its ‘
underlying mesoderm, :nd they extend deeply into thJ
interior of the egg. They vary in number; in sme {
cases only a single one hus been found to occur, but
in most cases thereare several, so that the egg b es
entirely disaected by them (fig. #6). There s. ams

te be no regular puticrn in thelr arrangement, but |
|

:
!
!
!
3

| They do not show well in the ;rofile view of the filmed

| cobryo until rather loter in development (fig., 56, 6.00).

The
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The inveginations which occur in mormal development —
O
the josterior mid-gut inveginaition, the proctodueully a-..A
the enterior midegut rudiment )either do not occur or

remszin shallow, The material which would ncrmally

be turned in cduring their formation remain? at the
surfece, . l
There are two principle abnormslities heres l
1. Thejfeilure of the imveginution of the ectodemal
mé endodermal material of the gut, :
2, The formatien of the furrows. 1
It is obvious that the presence of the furrows grea
incresses the surface ares of the egg, and hence the
amount of ectoderm, This cennot be accounted for &s
consisting pertly of the univeginated gut materialy
becsuse luter development shows that this is con;i:-t.

to the enterior and posterior ends, whereas the

are chiefly in the middle region, Nor cen it be said
that the germ bend, being prevented in some way
extending over the dorsal side, simply elongates &
puckles inwards; in other mutants (Lff 11, X27)
extension is inhibited, and the film of Lff 11 shows
@ elight buckiing of the germ band in consequence
(£ige 4/ 4 6400), but there is nothing corresponding
tothe fantastlc furrow development of the present
mutants It is very difficult to make accurate ccunts
/of
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of the cells ¢t this stage, but it iz evident that there ue
are many more than normally. This may probably be
accounted for by the disturbance inthe control of mit%sio
mentioned above, There it wes pointed out that in t.#do
embryos the blastoderm contalned areas in which mclei
were smeller «nd more numerous than usuale It is liLely
that in most of the wutents en sbnormel proliferation!
of cells occurs somewhet late during gastrulation rat#:er
than b) stoderm formation. It was further noted t.haft.
there was a tendengy for the cells to be crowded und to
buckle upon one sn-*her; this might initiate the bucﬁding
lecding to the formation of the furrows in late gastx-‘ﬁzla-
& tha
cells proliferate, but their formstion must be very Izid,
ht

tion . It is jossible th.t we grow inward
as sections rarely occur with shallow furrows which
be in the process of developinge It seems more likt%ly
thet an excessive proliferaticn of cells at an earliér
stege hus resulted in the germ band consisting of ms |

more celle than it normally doess It has been alr
sugzested (page 7% ) thet the extension of the gem Db

takes jlace t0® suddenly to be accounted for merely r
cell division. The expansion of 1nd1vidm1 cells

might plsy a considerable purt end if !.:t.his were so t
expansion of tm“y erowded cells in the mutant ryo ci

could very wolllfor the sudden appearance of the 8
/Sust |
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\
|
Just at the itime when the germ band would normally be[
extending, i
At the end of the gastrulation pexiod the embryo
presents an exiremely characterisiic appecrance; U
cephalic fufrow persists and deepens, contrituting wi
the other furrows tothe "dissected" appearsnce of th

This appearsnce is perticularly noticeable in the yo

cnbrygo.

which is ocupresged between the furrows. The postenior

midegut fnrsgination is rucimentary, =nd the pole cells are

frequently hiddea in the crevices preduced by furrow
posteriorly. There is no proctodacal inveginatlon, |
and there is at nost & small stomodaeal invegination
anteriorly. The dorsal loyer of cells becomes thin

forming the embryonic membrane over iLhe dorgal side of

Loe egg.

Lad

fferentiat Wee nd 9
tod
That part of the ectederm which gives the hypod
and nexvous tissue in the normal embryo differentia

in the same way in ‘he mutant, except that in many crs €8s

no hypoderm is dwdapw the differentiating

neurcblucts. The hypoderm becomes segmented hta:ikv'

Szlivary gland rudiments are formed, but their inv.

nation

is often prevented by the distortion of the surface in

/their
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their neighbourhoods Thacheal pits are also feormed,
in many ceses within the furrows. The cells of, tne
proctodaeun «nd the stoumodaeun undergo uii‘ferentiatioin
externally & the posterior and snterior ends of tle

embryo respectively,

Mesocerms

The mesocerm is difficult %;“tollow et this stagf, but

myoblact ¢211ls become visible towards the end of it,

Splanchnic mesoderm never becemes more than sparsely

visible, probably simply because of the absence of well-

formed gut to which it could attach itself,

Zncoderms
There is & great deal of mitotic activiiy at the
anterior und osterior emds of the embryo during this

peried. This is chiefly in the cells of the endodez
age

rudiments, which are either not invaginuted ai this

or are just inside the embryo. Hach forms & group
rounded, darkly staining cells. The yelk is split
by the furrows, andronnds off into masses which each
encloged by rrimitive gut cells. In most cases therle
is no connecticn with the endoderm,

In general the differentiaztion seems to lag behind

that of normal 2mbryos.

/Shortening,
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| rtend invelution of the hes nd do c g |
1 The distorti.on of the embryo i1s most marked in thei
Tper.‘md 5-9 hours, The great disturbances inthe arrangt‘-
ment of the tissues, and in the shape of the embryo,
‘neturally interfere profoundly with the genera]{masa nove=
' ments gqnsidered.here. But they are not prevented

'altogether, and have the effect of "straightening out”

3t.‘m;n embryo to o surprising extent, A slowing of the |
differe'rt.iatzon of cells wus mentloned above, und a ,
similar lagging cccurs in these movements, which even 115
!their modified form are considerably slowed down.
| Since there wes nc proper extension of the gem
there cannot be any shortening cf it in the strict sense.
But there is-a concentration of the material of the
ventral side, which has the ei‘_tect. ¢f compacting the
furrows oud meking them cifficult ot distinguish externs
]ally (figs #] and 4% ; £ig. 5% 4 11,256 end 13,05). Alao?
the yolk is often concentrated into a single mass, coveﬂwd
by embryonic membrane dors»lly. Yolk not concentirated
in this way is cistributed 1tfther parte of the embryo
or comes to lie outslde of it ageinst ithe vitelline
menbranes

Yolk which esca es usuclly does so before dorsal
closure.s The Btter is slways éccom;nshod, and encloses

any yolk which still remains in the embryo. A typical
/econdition
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‘condition after dorsal closure is shown in fig. 47 (detail,

1 :
fige 43 )s  The body walls of each side heve united ‘

‘dorsally, wheie segmentation is déstinct bpt very irrsg!#la’ Te
jFurrowa do not occur in this newl; femq“:::gion, but i
%they persist vemrallg. The vcsnt.rai nervous system is
inow distinct m th;#!i;;;!;cdom, znd both follow the lines

' of the furrows. ' Between the nervous eystem and the <o sal
' body well is a mass of yolk, unenclosed by endodermn. ?be :

f endoderm cells, and the ectoderm of tlhe fore and hind }

| guts, form o muss at cach end of the embryo, i

| Involution of the hewud is generslly entirely prevents=

|
' ed by the diserrangement of the parts invdved in it.

E The heuc*ut.erial is not sufficiently orgunized to zllow| of
| ite inveginotion, and ithe irregulerity of the Lody walll of
the middle region prevemts Lhe thoracic materisl from
enclosing the head.  However, in the filmed eubryo,

which is luess murkedly abnormal than umost, involution

movements of a sort can be ceen (fig. % glon =133 s A
firet a distinct anterior heud segment is visible; then

there is & rounding oif snd withdrawal of the he.d mterial
fpom the vitelline membrane (f£ige 56 4 13.058)s  The
forward movement of the thoracic segments appears to D
occuring ;as far os the gemeral disorgenization will &

it, This never results in the enclosure of the head, but

there is an cggregation of the segments behind it end
/consequently

:
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consejuently %o a constriciion of the embryo in this

region, . This is seen in the film (fig. y £6400),
snd in sectioned embryos (figs.47 457, %2). l

Orgen formations |

Ihe guts |
1s The jore=gub:

Up to the time of shortening the cells of ihe

stomodaeun are unifowm and rounded, forming a compact
group at the enterior tip oftthe enbryo. From 10 hourL

A_ |
they undergo differentiation, together with those of the:
1

pharyngeal m;;erial, but since no invagination occurs,

l
|

whe fojegut Gévelops "imsidemout, A typical eubryo L

is shown in fige #7; there is a very shsllow invegination

with oesophageéal material extending outside of dt. i

Beyond thut is the "dorsal" pharyngesl reg;tgu, with the pheryngeal
musclee sttached to it. There is 1o esugg,estion of &

frontel sac. One of the sallvary glsnds h_a“s develop

in & distorted way behind the fore-gul mate'rial, but

since involution hus not cceurred its auet has not be

carried forward. A cuticle is secreted by,lmp fore=-gut

cells, und there is sometimes & aclmusoé epoﬂ.ion
which represents un sbortive uphalopharyngm appara#n.-

£s The mid=gut: A
/Ths 74 \_.\
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The extent to which Lhe mide-gut develops varies
according tckhu degree to which embryos are divided by

the furrowus afber gastrulatiom. Where these wre very

!

extensive Lle “ roliferaticon of the cells c¢f the mid-gut‘
rudiments is restricted to the unterior end josterior
‘ends of the embryo, snd the yolk remains in the middle |
region without wiy mlimgut foruilng -round it. Uauanyi

?1n such cuses, scottered endoderm cells find trnelr way |

iint.o the middle region, but remein undifferentiated and

do not form any sort of widegut (fige 50). ;

More often, a faeir emount of endoderm material is |
|

jmoved inte the middle r:zion after the “etraightening '

|
' out" of the embryo which, &s mentioned above, tends to

occur during this process. It is mostly pos erior

midegut matericl, possibly because the foruation ﬂﬁt.

;w! [ CUreTah
h*?‘ i g

constriction behindthe head prevents any belated 1mrag- '

' inction of gut matericl such &s occurs posteriorly.

Those e¢ndoderm cells which reach the middle region spread
i over the yolk musses .nd form midegut walls around then;
| they ere very thin, since there ure insufficient cells

The nuclei are large, as

is character intic of the mida-gut cells, but the cytop

| connecting them is witenuateds The endoderm which r ns

! posteriorly differentiates externally, as can be geen

the Tilm (fige 54 4 13,056 end 25,0013fige4 y122 -2500) o

apparently into & coiled gut, even though no yolk is i
/present
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|

ipreaent (£dige 5/ )3 Dbut it is difficuli to oivtiufuL
| the mide=gut material from thut of the proctodaeum, !
| apd it is ;ossible thut the coila d@o developed represent
| hind-gut only. pefintde malpigbien tubules huve ndgu
been seen.

Anteriorly a proventriculus is ususlly formed
. but, being unable 0 expand in ihe regtricted space |
. gvailable, it reuslns & cbmpréased structurey with

3\

. walls of relatively unéifferentiatec cells (£ige5! }e

| "
| 2s She hind-gut: [ |

| The proctouaeum usuully h@ﬂins to extend into

| the embrye irom aboul 12! hours, as its cells begin

| oY cifferentiate. - But its forward extension is alLa{E
i stricted, and the change in sh;pe of its cells resuhts
| mest often in .he formation of Giluted hind~guty

gince its inubility o increaae in length has been _
compenssted for by <m increcse in bresdth (fig. 53)‘\k

Cell differeuntiation is not accomplishsd gsufficie
. 4o make it possible to distingnish the hindpgﬁx fr
the mid-gut with certeinty. | 273k
The visceral muscle is very poordy de7tlopod,
probebly the splenchnic mesodern cells, finding
gut rudiments Lo which to attech themseclves, silply
! persiat as undifferentiated cells in the middle \

| ' | /rasioult |
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r‘gion.

d 1
- Ihe yolks: \

l
Whether or not the yolk is enclosed by mj.d.gd\g,;
cells, it diminishes in the course of deévelopment W

go that finally s little remains undigested as in \

"
|
|
il
R

The body=-wall is formed in the middle region o;f

L

noimal enbIryos.

the embryo, bui not av the extremities, where the
gut muterial develops oxternally. In the midé’le ‘M{:
region it is complete dorsclly, but it is often _‘.
absent ventrelly, where Lypoderm has failed to Mpg:m-
under the nervous system. Whers it occurs the | 0 g

tissues of the body wall are differemtiated normully,
but the crrangement of them is nuiurally uisturbed ;

by the abnormeciiiies mentioned. Seguentution is g
clesrly apparent, but irregulsr, wnd the se@nénta gLro
erowded together (figs. 504 5/ 4 52)s This crowdh‘g
causes Lhe intersegmental divieicne to be deeper
then normellythey sre, and the muscles which are
attached Lo the apodemes, and extend between them,

heng loosely inste-d of being stretched taut (£fige 39 )e
The segments are frequently so disturbed by the :
/furrowing '



128

furrowing thet the muscles heve become zttached %
apodemes &t one end, but not at the other, so that

groups of muscles form fanesheped bunches. attached

hypederm et only onme point @fig. 57 ). Where the wrea

of hypoderm is very much reduced by iis fullure 1o
develop vunder nervous tissue, the muscles become

erowded together on such hypoderm «s is available

in the corsal region. Y¥his phencmenocn is opnsider&d

further in the seetion on mutant X20(page 57).
Cuticle is secreted by the hypoderm cells.

g nervous :

Ganglion cells and fibres differentiate and

tothe

become compa ted inte & distinct nervous systen, which

iz however groesliy disarranged by the i_;euex'al. spati
gisergenization, The bfain tissue is formed us &
shapeless gass in the head region, and is inclﬁded
within the body well., The veniral nervous sy«.étgm
is laid down along the lines cf the furrdws (fig. 4%
but as it concentrates in later development tm

furrows tend to be oblitersted, end inturned fhyépée;m

1o be compressed «ndto degenerate (fig, % )s ' 4s

1

e

explained above, the differentiation of the noui'ob#m

fre uently tekes place without any corresronding

difTerentiation of hypoderm cells in Lhe same P@GT,

A
/80"
1
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so thet the nervous tissue is exposed (£ige 52)
The trachege: | \ |
The groups of trachezl cells come t,oget.he;.' to
wher t.he:lr
cuticular lining is secreted be e vieible &8

form the muin tracheal trunks, whic

tortucusly twisted dorso=lateral \Vt.ubes. Theu\ \
openings at the posterior end | \are\interforod with ‘f
by the disturbanccs in thie reg on, and the spira%“’
heve not been founds \ 1

. / Y \  \ '\
The pole cells are uif‘.cieult to trace
the ccrly stuges, and it is x‘z' clesy wha€ haép
e eells S,i mm

in normel embryos, &nd 1o trace them in such &

to them, The fatc of the p

cully disturbed organix.atien as ..he present one &\
w ' .

even more difficult. in one of trq un’bryoe wi
disturbed blastoderm formation therc \qRI'O no pél

cd.ls, but no other embryos were fouaﬂ mwhiuh
they were sbsent, although their umhexs night r- 4
yeduceds The pole cells disappeur forp view whgh
iurrows are formed, probably beeoning’hj.ﬁdcn in § -
the posterior ones. In late embryos @ey 'are
sometimes visible us isolsted cells, snd in & [\ B
/eand !\ ¢
1
!
\
|
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ceses ¢ single norumel goned is formed (fige 50 )y v
gonuds have mvwzgund. in wost eubryos the pele
syperently become lost in the coniueicn of gut tl
et the posterior ends

dscurgion
The expression of this Tactor vaeries slightly

in degree, but very iittle in ite develojmentol
pettern, - Most of the cell types ere aifferentistody
wnd Lhe orgsn systems, though distorted, axe formedy
but all perts of the eabryo ¢t the end of its Gevelopw
ment s3¢ invelved in & gross gemersl disorganiszati
The purticuler features ol ihis muy be cadled the ¢
e¢ifects of the fuc.or, end in the deseription it

shoen that sll of them, with the joseible execep tion
of Lhe absence of hypoderm in places, could be a
to ¢isplacements of the orgon forming moteriels, «
cisturbences in their subse uent developaent, '
about by the spetiel snd wechenical comdivions,

These conditiops result from two things:

1o The o rtdal of|fuilure of the endodern rediments |
std the yrociodecus and Lhe stomodasun YO
lswvaglinetey

Le The presence of deep extya Turrows over the who:l.* ol
/the enbIyoe
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the embryos ;
These «:e the intermediate effects of the factors |
. They are not oivieusly related; there iz no direct ‘
reason for the furrows preventing the imaginotiom‘
' though they would inevitably diaQort them. The
- question arises s to whether thax represent diffarfnt aspects
¢f one effect, or arisc from a common causes ‘
If similar ebnormaliities a:fe sought for in .k‘.

(4
other or;anisms, the exogactrul.tion phenomena in

. amphibiens snd in echinoderms a:fti molluses sugsest 4b‘:}a\emsalvea,

for if waterial whieh is normull,,r invegineted dn' | e
Drosophils were to “"attempt" to t.urn ouwsrda inst.ol:d of in

| inwards, the vitelline membrune would prevent. ita .' .
. bulging ¢nd this might result 1n a buckling of &.m »
| mterial to fora the e xtra furrows, It has been’ |
| suggested recently that in Limnaea, where CMgu&tMGG
can be induced by Matmont with lithium ahloridey
that the uobumt.rulotion is & t.erusry eftoct ca od
by a disturbance of the respirstory mechanism; tho
latter being a seecndary effeet which results f
the primarxy eflect of diithium on the suhma.msé‘ Lo
structure (Haven, 1954). This is the sort of hi‘
archy of events which m ght also be expected in um
case of genetic abnormalities, and in fact dist : *\ _
of respiratory metabolism have been demomstrated in | 3
/embﬁos |
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| embryos deficient for the Xechromosome (Boell and Poulsen

|
| 19393 Poulson, 1945; FPoulson «nd Boell, 1346)s But
i the shallow beginnings of invaeginations inwards occur
i and ressons have been given above, in the description
of the development of this mutant, for believing that
ihe relstionship between ihe furrows and failures of
inveginetion is not such & simple one; 'the materdal
tufned in in the furrows srices from thélpresence of
an abnermzlly high number of cells in tﬁe perm band.
If thie is the czase, the furrowing might;bﬁ‘the esrliex
effeet, which disturbe the genersl surfgé?f?cvements
of gastrulction.in some way which inhibitsfthe proper
invaginations. It is extremely probable thav the two
ebnormalities are related, but again abseqee qt fundae
mental knowledge of the mechanics of the gaaqwﬁ;ation
procese precludes an explanation, vgiW

A way in which the furrows might arisé‘%QOm wn
excessive number of cells in the germ banﬁ 4&; been
suggest.u above, and alse ilhe pcssfbility t_vt this in
turn eriges from a clsturbance of the raze 'f ceil

. diviqion. The mitotie rate is prcoundhty LeTe

difficult to say how far growth depends upbn &
division, One of the few astabuahed*cuu in enimals
;s in rabbits, in which it weus shown that the aeveloping

: o
N
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eggs ol & lerge race were mace up of more blastoueres
than egse of a smell race ot the same pericd of ‘
develoment (Castle and Gregory, 1929). The primury
effect of the factor could be to inerecse the rute

of cell division in the germ band, leading tocan
excessive number of cells in this regiom, &nd &
buckling lowerds on their expansion, assuming this

to occur, in the last stage ol gestrulation,

Onc objeetion to this is that the rate of mitosisy
during the early eleavage diwisions, when it can be
measured, ot least, is very high (Somnemblick, 1947).
An increase in such & rate would reqguire thet less
then ten minutes should elapse between each division
which would be unlike anything now known.

It is slso difficult to emplain, in the case of
the two embryos ir which the sbnormelity appeared in
the blestoderm stage, wiy all the nuclei did noi
divide ut the saie rule, &en if this were more rapid
than usual. It le estab.ished that the cleavage
nuelel in Flaiycns are ideniicel anu ilhat the
differences in their fate are Jdue to differences
residing in the cortical cytoplasm of the egg (Seidel
1932), ©Such experiments as baVe been done suggest

the sume is true for the Diptera (Heith, 1925j rauld,
/1927)




- its synchrony, Although their blagloderms are still
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1
1927), end the cbservations of Farks on Lrosophila le&‘}d
to the scme conclusion (Parks, 1936)3 so0 that if t.hei
chrouosonsl factor affeets civision, it should agfeet
the nuc!lei in the same waye. '
In these two embryos, not simply the rate of
division is agfected; tihe obsefwgble effect is upon

U
syncytial, synchronous cieavage Lonly within groups
of nuclei, ZSvidently, whatever facior is responsible

for the usuul lntegration of the cleavages, it is overs

ridéen by the :nutaht factors A_synchrony was found
to cccur in embryos fuam gametes of X-rayed adﬂt. flies
(Somnenblick, 1240), but there were also many other
irregularities in mitosls, such as asymmetrical dis-

tribution of chromosecmes to daughter nuclei, multipola
spindle configurations end chromosoual cl‘mpiizg.' Cimde
lar cbnormalities havebeen found in mamy dlsturbances ¢F
develo;,ment: in X=deficient embryos (Poulson, .5.940),
in ether trested embryos (Cormmen, 1944), in u#tru-sonilo
treated embryoe (Selman and Counce, 1953), and in the
female sterile mutant deep grange (Counce, 195?&3). Bu
all these affected the distribution of the clr;ayase

muclel «lso, wnd thereiore blcstoderm fomat:ibn. in

=

the resent case, the listurbance of synchrony wag the
only disturbance observed, The primary effect of the
/factor
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. factor therefore must be regerded as not well estcblished
| but as probebly affecting the r.te of cell division in
the icmmaction of the germ band,

Conc o
X2 is a reccsslve lethal fuctor on the first
chromogouwe, not atiributuble te wny large chromosomsl
| rearrvangement, end loc.ted close to the forked locus
| (8647)s  Its luthality is dlways empressed in the
embryonic stage. Develop;nent proceeds through the

| whole of ihe nommal period, &nd thers is no 1‘undament.a]}
disturbince of differentiction. ngtgrramgement o?th

orgen systems houever is quite abnormal, and the orga

themselives are meiformed. The most distinctive end

effect of the facte: is the sbsence of gut in the middle

region of the embryo, znd its abo!r_b;tve end partly external deved

development at the unterioe and resterior extremeties.

The end effecte ure dipectly truceable to spetdal and

mechanicel disturbsnces cauvsed by two intermediate

effeets which appear ut gastrulation:

1, The rudiments of the gut fail to inveginate properly,

2e ifmmber of deep furrows divide the egge.

The primary effect of the factor is not certainly

established, but it is likely thut 2 disturbance in the

pate of cell division results in the germ band containing

/an
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an excessive number of cells, with the consequence that

| in gustrulation & general buckling occurs in it instead

of the normsl dorsel and snterior extension.
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cb,
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ch,
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cyt,
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em,
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hy,
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Fig.45. L.8. A2, posterior region,

3=4 hours, X350.

1"16. 46. L. S. 12. 9-6 hOurB, x)oo.

Ke to f ¢ 45-56,

-

anterior. ng, mid-gut.

anterior mid-gut mmg, middle mid-gut.
rudiment. mus, muscles.
blastoderm nuclel. nt, nervous tissue.
blastoderm nuclei. P, posterior.

cell boundaries. pe, pole cells.
cephalic furrow. ph, pharynx.

chorion. phmt, pharyngeal material
chorionic filament. pmg, posterior mid-gut.
cytoplasm, pmus, pharyngeal muscles.
ectoderm. pr, proctodaeum.
embryonic membrane. S8, salivary gland.
extensions from sm, segmentation.
nuclei (see page 226)« tr, trachea.

sonad. uyk, unenclosec yolk.
hind-gut. vm, vitelline membrane.
hypoderm. vns, ventral nervous
inner limit of system,

blastoderm. vk, yolk.

irregular '°5m°"t°t1°n'yk5 yolk granules,
mesoderm. :

mutant furrow.
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Fig.54. X2: film sequence, continued from
fig.53 to the end of development.
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Mg&an& 521

| Katerials

dmbryos sectioned at all develor mental stages

. provided mest of the information. ILiving embryos

were also examined,

Preiiminasiy Gata:

The Factor wes induced by Xeirradiation of spem
.nd & preliminery genetic unalysis has shown it ov be
located to t he right of the carnation locus (62.:5), at
about 6344 (H. 5lizynsked unpubzishec).
malysis of sectioned m terials

_Period Unjert- Unddent- Nesmals Ivpdcel —Quber

ilized ifisble Mutunts ALROYTaLS
O=1Chrs 14 42 134 15 o
10=19 dd 8 134 &7 30
A= 30 5 3 - =2 4
Totals 30 53 268 104 45

Tywo distinet sorts of sbnorial enbryes occur in
ecgs from this stock: the "typical mutants" and the
stgther sbnoymale"”, The latter are characterized by
rrolifer tion of embryenie cells, without acconyp

/éifferentiution




| dorger ones, which ave polyploda (flg. 57).
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ddflerentictlon, Clecvage mucled are formed which nigrate
tothe surface of the egy, where they civide to give a
nase of small cells «hich encromches upen the yolke

Mnall&.‘ the cells occupy moat of the ogye end the yolk
iz reduced to « sphere in the mﬁ The cells are
quite unifoim, except for the cccurivnce of ¢ nuser of

The question arisce as te whether both coris of
abnoimal eubyyo, o only ong, sre couced by the fector|
under comsdderctiions It is joueible for a elngle fuctor
te hove ddfferent fomus of exprecsion (discussed on
puge 1), but in this cuce it 1o idkely thet the "c?.bef
abnormals® result from scme ctier Lactor which i
se reguting in the stock. n the peried of developaent
between 10 und 19 houre, when sbrovmal embryos can be
quite clearly aistinguished form moymsl omes, 67 out of
236 fertile egus geve “typdcel mutant” esbryos. This
is not significently different from the expected 1
fruoction of 26§ Including the "other abnormsls® gl
102 cut of 236, which fer exceeds St, ke Tector K27 may
therofore Le congidered to sxpress liself unijoraly
completely in the enbryonic slegee The otbher
eubryos ure nol cousidesed further,
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The edbryo is living at the tiue when normals a&re {
| hatehing, but it exhibits very i1ittle movement because
| the musculer system is extremely poorly developed.
generuzl features of a typical lote embryo «re shown
| diegremsticelly in fige 74. The hypoderm is complete,
. «nd there is a cuticle, but it is ursegmented, Tue
| musculoture of the body well is scunlyy end the ondy
i well developed muscles «i¢ those of the phoryngeal
- pumpe The fore-gut is relatively normal, but the mid=
i gut is sue=like, und contains much undigested yolk; tlhe
| hind-gut heos portly failed to invaginaie, and opens
| dorsally. The nervous system is irregulsrly developed
and the ventral nerve cord is interrupted in the region
of the dir_ ¢ midegut., The tracheal sysiem 1 represented
only by short isolsted lengihs of the tracheal trunks.
Cell degenerstion begine at about 25 bhours.

The eiopment of the Zib
Bvents up 1o gosirulations
Bl. stoderm formation is normal; subsejuent event*
suggest that irregularities in the cellular detuil of
the blustodern «nd the yolk nuclei might be shown by
further investigstion, but there is no disturbanee of

ithe general features.

S tions
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Sustsulationt
sputdel discrrangeanents in thc develo ment of the

present sutant sre less obvious than 1!1*!.110 two prﬂd&t o
ones; Lhe sbnormalities consist es much in disturbuncé
of ceuniur di ffenentistion, whichbre less casy to
follow in eurly develoyment. Gastrulction 1s dls
from ite esyiicet stuges, 1»% to uhm@t&rhu:::zw
maldtice of the ocotegustrulstion stege cibryo (£igs.

584 60)s The mest striking nistelogicel £ &
,t\m}mat irregularity in thickness of Lhe germ band
(£42¢ 60 )3 the most striking sputial désturbance 1s
iz the position of the xmtodau"‘l inwviginution, much

posterier to ite normal ome (Lige. (v vud F2)e
These ubnormalfities are shown in & LraIVerss
gagtion of the middle re don of the enbryo (coupure
figse 6/ snd £2)s The opening ¢f the ;roctotaeal
inveginetion is distortid, snd some of Lty mais b 7% §
remcing undnveginated, The nature of ‘he dlsturbenee
of the germ band is shown ventrally, where o vesiige |
wavmmnmm,w?mnbna coapletely
disappeared in the mormal cnbryo(ses =156 Tig. 120
The m of ihe M band awl 0 be

the primery mm of the factor. The “mism Q‘J

& vestige of ibe ventral Turrow chows thel ile mqgntun
of ihe ventiml eells is incempléte, nnd 1t iz this the

Jeccounts




- extension in the lest stage of gestrulation (compare
figss 69 und 55 ), endy s will be secnlater, its shorten-

| accounts for tue irregularities in the germ band,s It

| is extrencly likely thot theessinhibit its proper

The explanction suggested for the abnormal decpening of

149

ing =lso, In &« smaller number of cuses, extension is
complete, but shortening is prevented.

The cerhalic furrow is forued uormelly (fig.72).

thie furrow in mutent LEE 11, connecting it with the
precocious inveginution cf the osterior mid-gut rudimdlnt,
suggeste tha possibility of a similsr consequent
abnormality in this mutant, where invagination of the
mid-gut rudiment is slso pesterioer to itls ncrmel poeition.
In fact, » persistent comstriciicn hes been obgerved
1@1.1;%13 region in a few esmbryes, but im ihe aajority
of cuses the cerhalic furrow visappesrs normelly luter,
The rec-ublange o the cisturbence in LIT 11 is possibly
gqulte supeid iedicl, ; '
Apart from its inv.gineting more posicriorly than
usuel, the posterior mid-gut rudiment is nermal, «id
contains the pole cells. Ite unususl jositicn sorces
the yolk amteriorly,and consequently Lhe yolk ubpoafrs
rounded in irenverse scctions (figs 72)s The pariiul

failure of inve inatiom of the proctodagsi rudiment ha
clrescy been mentioneds The germ bend remains ext,amil;

/there
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therc ie mever sny covering of 1t cuch s occurs in LPE 11,
; The enverior midegut rudiment and Lhe gtomocacal
Liwegination de.alepy entirely normslly.

During this peidod suny cisturbances of cell
difrerentdatiion become naniiest, widich cunnol Gireetly
be eliributed te tue diztuabenges of gustrulotions

The drregulsritdes iu e geam Pand ave reilected
ia the develojmdut of Whé nEEblsslss In the normed
eabrye Lhey wie evenly disuributed over the brain regian
of the head ond the whols of dhe ventrel sice of vhe
eubryo, but iaihis ubant LLey eie unevenly sestieredy |
in clumps,y precunably DeGuuss «f the clavrreigemsnt of
vhe w terdel of chis Yeglen by ihs dlsturbence of the venuwrad
furrow inveginations ‘

The pert oif 'he ectoderm wi igh ressine external -
the hyjouerm, itsell shows defeets af differanticilons
The most striking of these 1 its fuilure, cumplele oF|
vesy nesady 8o, Lo beoume seguented, Truchesl pits
are often rot formed, urd Bever to the nermul eytunte
The suldvery gland pleies clso chow o peridal of ccuplete
foilure to invaginote, ard often there 1is ondly ote

/distorted
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distorted salivary gland formed,

The stomodseal invagination develors normallys
The cells of the proctodaeum continue to develop in
the abnormel situstion, s0 thai it cvcmes 1o heve a

very lorge opening et the dorsacl side (fig.73 ).

desccerins

A striking festure of ihe lute embryo is the
virtual abscnee of the somatic musculature., This,
together i'h the sbnormality in the veniral furrow,
suggests thut the mesoderiaal meierial vay not have
been inve inated, This ic nct tue -.-...sé; at lcast

gome, .r¢ probably &ll of the cells which give rise iothe

mesoderm ure invaginated, «nd form u luyer betigen Lu

snd ithe hypoderm. But they sre difficuli to dieti
because their normal orgenizetion into seguental mcss
and the subdivision of thuge into scmatic and np;anc
perts, does not occur, They simply produce, by civi
a mesenchyme of smell vound cells, & majority of wilch
appesr Lo become cttached to ihe rudiments of the gut
(figs. 60 end 6/ ),

L5 was remarked sbove, the yolk is rounded ia
eross section, rather than flattened as in ncrmel
/embryos




enbryos (compare figee s «nd 72)e Alsoy it weuently

contains far more celluler materdel then usual. This
occure in the wulls of the rimitive gut, fomed at
end of reetrulation, arnd es;eedzlly at the snterior
jostericr ends, where the yolk mergee with cells whi
are not aharply distinguiched fyron those of the mesode
{rerresonted by heavy stippling dn fige 73)e IV ap
likely thotn if the drvegulerily of the gem Land Las
its origin in disturbances in blastodesw loruaiicn,
these some disturbuances mey hove resulted in acre

gleavege muelei then ususl remeining in the interder

a8 yolk muclei., The yolk remeins very l.rgely undiaﬁsted.

ach more of it escapes foiw the primitive midegut
tlien inthe nommal, ond the free gremiles ure lound
portd avong the irreguler clumps of ventral
nervoeus usm.ﬂsawh grinule becvave engulied Uy &
phugocytdc celi, in the nertel enbrios

The development of the spterior end posiericr

thtaWWﬁemuﬁuot

the yolke This is so cumbrous they the prolifereti
it normelly, Thie io shown dlagramaticclly in Tig.
73,wmthowuuutmmuwmmm
putanwmumtmﬁ.watﬂh
but pertly owing Lo the shape and slze of the yelk,
| Jund

of

m }Q l.»..r
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| and pertly owing te its own displacement by the abnor-
'mality in gectrulction, it is situated entirely to one
side of the yolk muss. However, the endoderm rud:l.montg
always do unite evenvuuslly, snd form a ®mplete mid-gut
sacC,

The embrye shown in this disgram is interésting
; becsuse the displacement of the posterior mid-gut
. rudiment makes possible an observation beuring on the
| problem of the fate of tue yole cells, is mentioned previously,
j the role of the pole cells which are inveginated in
the posterior mid-gut rudiment is a matter of dispute.
The most generazlly aceipted explanztiom is that afier
gustrulotion sone of them migrate out of the rudiment
between the endoderm eelle, and eventually become
incorporsted in the gonads zs the germ cells) otners
remain in the rudiment, und come 1o form the middle
part of the mid-gut, whose cells are distinguishable
| by their larger size end cuboldal shape from the other
cells of the mid-gut (Poulson, 1947), Foulson has
more reeently suggested that gll of the pole cells in
the midegut envaginotion become incorporated istne guty
and that the germ cells arise from pole cells which
migrate back into the interdor of the embryo befove
the endoderm rocket is formed (Poulson, 1950).  another
older exrlanstion, which it is still thought may De

/eorrect




| celis ere simply specleliy differentiated colls srdsing
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correct (Counce, 1963), holds thet the uiddle midegut

1ros the posterior midegut rudiment, wnd that all of
the jole eells sscape iuto iLhe bLody cuvity Lo give the
gernm celles In this purticuler vobryo (Ligs 73) the
midoie midegut cells are euslly distimguishable st the
tip 4 the envdeern rudiment, end they wre cléarly
ddentical with the pole cells, roraing & continuous
group with those of i Jdetier which have not yet
anerged foru Lhe rTudiment, Yhis supvorte the first
exyienction, an¢ doce not Cipcount lhe segond; it would

geen Lo dawalidcate Lle losle

ire drregulerity of the geu e always prevents
shortening teking pleces In the mejority of =mbiyos,
where exteusion wee also lntericied withy thiv lewves
the proclodassl opening dorsed, wut still posterior,
In & cosdder nugbor of enbryes, z',hereA the procicdaeal
opening ic cemried emterdorly, it remoins In this
cositdon, ant diffurnetiution of Whe Lem bend 4oes on)
both dorselly und ventrslly (fige 45)e

The fallure ¢f stcrtening rurely interforcs with
Gorsel celisure, which wes Iound not '_!m;hsv‘e occurred
in only twe IDIY0Ge

/I




| in which the heud resion is constricted off fwem the
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Tt hes been menticned thet scme eabryos &rce found

rest of the eanbryos In these, involution of the head
is :rovented, and its develdpment is similer to that inm
LEf 11, But in most embryes the first stuges of i~
volution is normal, so that most of the pharyngeal
material becomes invoaginated; the ¢istorted salivery
glanos, however, never cose Lo open internally. <he
second stage of involution., in which the heud becomeb
enclosed in the thorsx, and in which the frontal sac
ie formed, ia prevented. | Thie muy possibly be dum
to the absence of segiert.ticn in the body well, or of
the musculature, or both, Somciimes the shellow
beginning of & frontal sac occurs, but the movement is

never completeds.

Janl 10 Lions

The guts
1s The foregutbs
fxeept in the few embryos i hich the ‘,regiuﬂ
| s the B

is coapletely disturued, the develepment 6( he fore
gut is reletively normsle The position of the | na
is vsuelly disturbed (fige /#), und the feontal sac
is usuaclly challow or absent; but the pharyngeal
muscles are well developed, even though the musculsture
/et
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{ot the body well is quite W 218. 67 )
l Chitirdzation occure to & VLrying extent, sometinmes

t with the forasiion of ihe cepliciojburyngeal appuratuse
| Tie oesophugus develops norullye
l Sonilig Bddeguks
| The midegut rescine s ssoelike siructdre, enclosing
! the Lorge mess of undigested yolke It is often almost
[ spbericel (fige ¢3), Lut thers wuy be sose elongetion
| and coiling (fige € )e  The ciflerertistion of the nide
| gut cells, which in nordels distingulshes lhe posterior
tubiulay coils of u.‘e gut from the wore distended anterig
pasbe, occurs 1n Lhe wulunt vhery there le soue elonge
(£ige 70)y o sven aoaeumi whuii the gut reasins
spherical, the |osterder cells becoulng relutively hlﬁu’
and cubcidale

The proventriculus storts its development st Uhe
snterder end of the widegut, but Lhe finel differentisilon
of itc strusturs 1 mot uchieved (figs ¢ Je  Widegut
caecee are not rormeds The Mme_ot the malypd |
tubules appe.r et tie Junetion of the mtwtwdw
rudiment .o the proctocadal inveginstlonm et the emd
of castrulsidon, but they redein short .nd undevelopedy

3s. The Finoeiuts
/m




' no chenge in its positicn, It is very distorted, and
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The hind-gut is fowrmed from the proctodaeum with

 its uninvaginntuﬂhatarial forms a broad opening which extends

| protrubercnt inner borders which are characteristic of

| the normal hind=gut,

' the viscerel musculature does appesr to develop and

| to invest all parts of toe guts

over & comparatively wide area of the postero=dorsal

surface of the embryo. Its cells do not develop the

Though 4t ie difficult to sce it in many cases,

The body walls

The hypederm is complete ovsr ithe whole ombryoj
in meny its thickness vardcs from pluce Lo placey
seeming 6%) indicate, even in the finul enbDIyYOy & relic
of the orisineil irregulerity in the thickness of the
gemm bend, A cutiele is seereted, There is mever 0e
a feint trace of segmentation, .nd often nohe at alls
Apodemes sre nol developed.

The only well developed muscles in ihe body ure
those of the pheryngesl pumps those of the body wall
are not developed at w11, except for the occasional
occurrence of clumps of myoblasts attached to widely
scatiered points on the hypoderm (figs. 47 and 70 )« |
In © ne ebryes the soustic yesoderm remains as &

/mesencliyme

re than
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vuenelyme of sucll rounded cells digtributed through the
I, cavity (Lige 65)s In mout cuses, very litile

j:wiam appesis et all in the finul embryo, snd it
& presumsbly deguenercted duriyg its develco mente

e
The early cifrereantistion ol the nervous gysten
us described cbove, the chilefl jeculicrity lying in the
tiered ovlewribution of Lie neurcblasts in the 5ez".n:;i;
3y Gppea: 0 fois elunps which Mde .Lomwl;'( in the v body
vity, for vhey wre Gispleted by the yolkedistended midm
Wt sac; - conseyuently, when Lhe ganglis and fibres

flhe veniral navous cord wre loruddy the cord not
refleets i irrezulazity of the distribution of
the criginel neurcbiesies but it 1s w.iso interrupted
n the aiddle reglon (T4gse 63 4 68 4 74#)e Tha duemni?uon
£ the newvous tissue ususlly extends u%.m t of the

in v Whe circuumouasplingesl comnuvetivess

The doo claus’
ihese are Very pooriy developedy wid ouly traces of
the trachesl truske occur in the final cabryo(fige 74 )s

- ] = ‘ . )
Thé gonads wr¢ rerely bYoik found, though in zome

/ong
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| one of them is present, complete with the gonad shiesth,

| but net cmbedded in fat. body. In most embrvos the gonuds

eppear to be absent, in soney free¢ cells which look

like pBle cells have been vbserved, snd it is possible

"‘*:'_Ly they degenerate belors the gonads are f"”‘?ﬂ'

Discusgion

Certain feautureg.of this mutant mey be explained
a8 arieing "E*hrzugh & f‘s;e.,uenc& ¢f events widceh has its
corigin in the first stages of gastrulotion ot latest
and possibly in ezrlier blastoderm formation, These
relste verticularly te the hind-gut, and to e nervous
system.

In the deserirtion of developgent, tie cistortion

to shorten, and tc the incumplete inveginstion of the

proctoducal materdel; it was suggcsted thid the cause
of these ebnormalities was she irregularity of the germ

ation of the ventral furrow, The disturbances et the |

night have their orizin in unﬂ?eud duamngenmu in
the cells of the blastoderm,

band, «nd tha this was due'to abnormalities in the for?-

of the hindegut was traced to the fallure of the geiu bLnd

furrow

was alsc traced to the sume source. The irregulariii
/in

The characteristic disturbence of the nervous sys:fn

|
|
i
|
|



pressure ¢f the sbnormaelly large mide-gut, which forces

' may be rezsonably explained as primarily mechanical

| primary effect of the lethel factor in this sequence ol
’ aali’u.ea-
| But the other cffects are abmormalities of cydl r
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in the germ band were envisaged cg resulting in &
s-attered distribution of the ncuroblastsg ¥hich would
explain the disorganization of the ventrl nervous
system, In this case &no.».her factor enters; the

distribution of the neuroblausts is ulso affected by thej

thenm untericrly cnd pesteriorly, so ihat the nervous

system becomes interrupted in this region.

These two end eflects reacuble most of the terminal

abnormalities in the mutants LIF 11 cnd X2g in that the

' comsequences crising fweam disturbancee of esrly embryouic

movements, Both are traced totln sume basic aufect,

an sbnormaliity in venural furrow Iormation, WhiCh#ﬁ?}He

<

- d@fferentiation, sud cannot be traced Lo ey structural

disturbence, Somewhat dmilar abnormelities heve bee
deseribed by Peulson as occurring in the developaent o
embryos of three stocks, each of which was deficiemt
for & cection of the first chromesome containing tue
shite locus (Poulson, 1945). He Ffound the cndederm

aend the mesoderm both to be abnormal, the former giving |

rise to a sac=like gut, =nd the latter degeneraiing
/before

abnor-=
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‘before wre formation of any muscles, either somatic

‘or visceral. The ectoderm is stated ot develop normallyy

:but an secompanying photograph suggests thot 1t is not
segmented, and thet the cubryo regenbles thoet of X297
very closely at least in the condition of the hypocdem,
‘mnsculgturgy and gute No detalls are given which woulc
& closer coempurison possible, and it is steted that the
abnormalities co not become ayperent until 10 hours.

This suggests thet the white delieieneles reseuble

the X27 lethals in the disturbences of Cifferentiction,
but not in the mechanical disturbances of gastrulation,
?The factors are not identical cytologicully, as ihey

are located at oprosite ends ol the Chromosoms.

i make

roulson concludes thet a gene or genes in the regibn

of the white locus is concermed in iLhe gevelopment and

differentistion oi mesodern snd endoderm,  Apart foom .

the faet thet it is likely that the ectoderm should :
elso have been mentioned, this sort of staleaeni, while
teo genera; to¢ be gontradieted, is ul the seune tiane 10O
vague Lo be uceful, Here explieit suy,cstions ;ﬁh%thq
mechenisms involved wre required, whi-h have 1z them

the possibiliiy of being tested in the event of p:acti%dbl.

experimental methods belng devised.
/
A very low intensity of gemeral wetabolism inthe
eabryo ls reilected in the uonmabscrpition ol Loe &elk,

Jwnieh
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which may be & cecondary effect of ithe low level of

differentiation setivity in he cells, the reserve amlerial

 simply not being required. Alternciively, fdilure

of yolk metebelism may inhibit celluler differentiatie
The mere mchanicul presence of the jersisting yolk miss
may account for the ssce=like naturc of the mid-gut,
whose form may be lorgely determined by the shupe of
the yolk mases which it h.oa Lo enclose.

The question ariscs ss 1o whether the sbnormalitl
in the other two geim layersare simply parsllel munifei
ations of a general mebabolie disturbaace, or whether
disturbances in one result in seconduery disturbances
in the other,

roulson has suggested, in connection wiih z,bnemaﬂ-
ities in Hoteh deficiencies, thet the mesoderm exerts
an inductive setion upon the¢ ectoderm with respect to
differentietion of the neivous system (Poulsol, 18940,
1945). Thies ic highly speculutive, and evideuce in

. other incects suggests thut eny inducilons ihat occeur

are in the other direetlon, of ectodeln upon WesCueIm,
It was noticed several ycers sgo thut in Fleris
(Lepicdoptera) segmentatlon appswered in the ectoderm

before appearing in the mesoderm (Zasthem, 1830), suggest=

ing o primscy in differentistion, More recently, clear
experimental evidence has shown that in Chrysors
/(Neuroptexa)
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(Neuroptera) the ectodera is & selfedifferentiating

gysten, and thet i% bas an inductive action iﬁ»anganizﬁng
((M

the mesoderm (Seidel, Bock, and Krause, 1940). | It ie

therefore likely thut if there is any inductive mechanism

in Drosophila, the organization of ihe mesoderm should

be effected by that of Lhe ectoderm rather then vice veérsae

It is striking that Lhe defeects in the ecloderumal

differentiation chiefly involve processes of lavaginution,

with the exception oi the sicncGaeun, which develops
normally, structures formed in this way - the ventral
furrow, the proctedaeum, ih< trachesl pits, and the
salivary glends ~ all Tedl 0 Gevelop properiye. It
might also ue sugeested Lhet the sefmcatation of the
ectoderm comes cbout by the turning in of the hy oderm
st the iniersegmental regionsj in fact, that it is
a type of invagination, It is possible then, that
there is some general factor imhibiting cellulay ine
vaginztion.

The absence of intersegmental regions, und there=

fore of the spodemes to vhich museles awre noimally

Ltiached, may account fox the failure of the muscula
of tihe body wall Lo cevelop, lo myoblusts are ever
differentiaste intc musclie cellis without atuaciment to

en to

an apodeme, at least at one end; and where the apodﬂl.c

oré absent, it is rcasonable Lo suppose thel the myo=

/wliaste
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blaste i1l simply degenerste on this account, It is
strdlking thit well developed muscles occur in the pharypxs
pragumebly, 4 thls interpretation 1s corredt,; Because

the setodermel sterial of the pherynx ls soracily J::i:‘n‘
end provides on oiganising centre for myoblast difd fatd

Aguin, visceral musculature 1u present, yrosusably

| because, uith respest to its cerving &8 & base for the
differontiation of the splanchuie nesoderu, the gut 1s
sufficiintly well developed. PFurbher relctions betw

the sey entotion of the hypederm snd the development o
the somctic wusculsture ore mentionad under mutant X20

(poiegg)e

Sonviusions

X287 1s o recesvive -10%1 faover lacgtgd on. the
first chromesons ot sbout | 63,44 Its lethalitvy 1s
slways expressed iu the wabryonic stuge. The eabayo
lives throu . the whole of tha nox¥mel mbz-yenu m
mswxuuwmmxmwwpm
tiosuos, MMO ol m;mmm
NeIvous a&ﬂdf | M ert'glmt’s at the ﬁ.:mi. stage of o
‘autmlntion in ammuum in ,ba vertral ﬂm« '
Other diatnrbmu nault “""‘@9 partisl railure of

,,,,,

differentation in cerkain tissues; in v rticul r, the
/hypodera
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hypod.rm does not become segmented, and mesoderm does
not form segmentul muscles, It is rossible that the
failure of the mesodemm is & direct, though an inductox »/
mechanism, of the fallur< in the hypoderm. Thus a g
single primary effect is indicated for the structural
defects, but these cannot, from the present study, be
relzted th the defects in cellular differentation,
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dutant 220 \

Materials

Secticns wele made of embryos et all stages after
6 hours, which was the eecrliest ot which useful informe
ation could be obilained. Living cmbryvos were also
examined,

Preliminary dats:

' 2¢ The factor was induced by X-irredlaticn of sperm,

and ¢ preliminary genetice smalysis hus shown it
to be located near the ggeute locus (C,0) (H.3lizype
i ska, unpublished),

; 2¢ Analysis of sectionedmaterial:

Pexiod Unfert- Uniden- Jommele  Abrormals

ilized iified AR R C S
G=10hrs o4 £0 402 G e S 8
1018 58 68 318 43 23 10 1
1833 - 1C 3 8 = 1 =
Totels 122 38 723 67 26 18 A8

L)

- females:

|
|
|
F 3, Failure f eggs to hutch in a collection from massed
|
| (Eggs which could be recognized as unfertilized were

. not counted, «nd eggs containing active normal larvae
| Juere
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|

wera counted as'hetched®).

Eage laid  Unhetehed gt 30 hrs. umhotched
’m!‘ 56 30,60

gxprasgion oithe leth 5CLOYT'S

Four distinct types of sbnormal embryo are found
;in this stock, All four are clearly recognizable
 between 10 «nd 18 hours; i this period thelr relative
?numbers are: itype I - 43 type II - 235 type III - 13
;type IV - 1, Types I and II are tﬁa most mmerous and
- characteristic abnommal formg, ead will be deseribed
{1n detail later. Types 111 «nd IV are described belawh
Se 1
| The blzstoderm is malformed, and the germ band is
extremely liregular, geatrulation occuisy but little
| further development ensues, in form or in cellular

differentiation (fiz. 39 )«

No blastedera is formed, znd tlcre 1s no cellular
differenti-tions A verying number of siall undiffer-
entiited cells is produc'd, chiefly at the anteirior
ené of the egg, less triquenxly at the poeterior end
. alsoy ard sometimes scuttered between,

a
y
1
;

* In the period 10-18 hours, the fraction of all the

| abnormal types teken together over the total fertiliz
/end



| individual femsles, Male embryoes in each batch there=

 significantly different from 256j%; nory in the hatchabil

 the cbnomel types cve empressions of the same factor.

176

and identifiable eggs is 87 out of 405, which is not

test, is the fraction of unhatched eggs over the total

laid., Therefore, it is reasonsble to suppose that all

Further evidence for the supposition wus obtained Ifrom
a study of batches of egys collected sepurately from

fore carried identical X~chromosomes. - All four types
of embryos were Tfound among the ;rogeny of each female
showing that the varisbility is not caused by the
presence of different sex~linked factors in the stock,
guch variability in expression is considered further
under mutant A0 (poge 212). In cne or other of these
ways, the lethality is expressed completely in the
embryonic stage.

There is an extremnely high pupal lethality in the
sgock, At least 50% of the pupae becone bright pink
a few duys sfter forming, end do nol develop further,
The expiression of the factor under consideration is s
fully accounted for in the embryoniec stige, and Tel'e=
over the pupsal lethnlity is far too high to represent
that of o sex-linked recessive lethal factor, It vill
ther«fore mot be considered further,

Lity
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Finul Appésrance of es I u
Exsuinations of l:l.v:l.gg embryos showed that in both
| types much yolk remains undigested, but that it is sll

enclosed .n & gut, In type I the gut protrudes ventrally

for in tihis regicn no hypocermm is developed, The hyp
I‘of the dersel regiom is present, and extremely deeply
segmented; attached to it is a wellwdeveloped muscula
fth:l.ch is active at this stage. The venirul nervous

| @ystem is formed nomally, but is displaced o one side

}by the SUT.
: in type II the gut is wholly internal, wnd the hyp

is complete; the head 1ls never imvagineted, and the

J
| nerveus syectem is almest entivelv cor totoully absent,

The strikingly contrasted characteristics of these

eim

pderm

| of both together, The early stages of the cbnormaliti
are not easy to detect, and the difficulty ie inc?eased
bpcause ezch type is to be expected in only & small

perceniage oi embryos. However, the main outlines of

developuent ere clear,

8 up to the end of g n:
These appecr Lo Le entirely normal, In contrast

/o

two types makes it interesting to describe the develo;m[z:t.



- movements of this sgsge are uncdigturbed. An exception

| e Lhds wes found in four type II embiycs, which are

 them, They then undergo & number of mitotie émiouﬁ,

178

%0 sli of the previous mutants, the general embryonie

described later,

Q_ﬂ_.;‘;‘g.rentiugon betwesn § gnd 2—.0 gggﬁs

Diffeventdstion in normel enbryos:

Cmitting the stomodaeum and proctodaeun from
consiceration, the nost important events in the develope
ment of the ectoderm are:
de The differentiation between hypoderm and nervous

‘ Lissue, '
2e¢ The appesrance of segmentation,

The nervous system is formed {rom neuroblast cellsy
which arise from the ectederm of the ventral and head
regions vetween 4 and 7 hours. A complete account is
given in "The Bbiology of Drosophila® (reoulsen, 195Q),
Theﬁasential events are the enlargement of certain of
the ectoderm cells, their becuming flask-shaped, with
the neck perdpherally and the lurger pert internclly,
ung thedr rounding off so that they are entirely cut
ofi frem the auzmey hypoderm cclls which replace

in which the spindle is orientated of right szngles to
/the
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| the surface of the embryeo, and in which the innemost
YGaughter cell is congiderebly smcller than the outermest
'one, The former, after another division, give the
ganglion cells. The larger daughter ¢ells continue
'as neurcblasts and produce more gunglion cells in the
}aame way, leater, soon after shortening, nerve fibres
iare produced as outgrowths froa the gunglion cells,

|
 Some of the neuroblastis i%z%;he brain region ars unusual

¥

' in rounding off ut the sﬁxféée, end becoming covered by
?hypodexm cells only later, during shortening,

' The Lypoderm urices from the dermatoblast cells,
which derive from the columnar cells of the Llaatéderm.
As they rroliferate they beconc uwie cuboidal, and the
final hypocerm cells are extremely %ttened. The ine

turnings at the intersegmental divisions appear &t avoul

| eight hours, cnd are deep by the time of shortening,

| They are not present ventrally, where the hypodemm
underlying the nervous system is exiranely flattensd
(fig, 4(7)e The literal hypoderm of both sides is

- brought together in the medicn dorsal lin: &t dorsal
closure, The corresponding se.mental regions of euch
| OMC unite so that the intersegmentcl divisions become
contimious dorsally.




| the nepeappesrance of hypoderm in the region of the

| (Tdgs 77)0

“peurcblasts, but they do not -prcduée genglion cells,

18¢

The chief szbnormality in ewrly ciiierenticiion is

diffeventisting veniral nervous tissue. At first the diffa e

from whe mormal lies only in the rounding off of neuros

blusts =t the surface, dabber than their migrating

imwards (compare figs.75 end 2/). Later, there is seep

to be a complete ebesence of hypoceram cells (conpare ii

7% end 30)y while in other respecis the enbryo is no

18 LAl

Here almost the direcu contrary occurs in differ=

-

entiationy the hy;cuerm not only evelops on the ventral

side, but it becomes dee;ly segmented, though im the

normul eubryo segmentation mever sppeers 1o this regid
(compere figs. P4 anc (7)e  HNervous tissue, on the oth
hand, does not develops The lurge gcells which occur

"nt "‘ PL

between the intersegmental divisions are presumably

and probably degenerate lsier.

ueao%:;a formed in the nommcl way, but its

gubse uent develorm
in the two types, and will be described later,

PRETHEE

ent into the musculaiure ig cifferent
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&ndedequs

The differentation of the snverior end posterdor

midegut rudiments, «nd their union to form the mid-gut

is perfectly normal in both types.

Sho enin involution of the. head

Type It

Shortening and dorsal closure are always accompl#shp

ed, und 8o also, in many ccses, is inveluticn of the
head (fig. g3). In others the hesd resion is very disturbeds
Fig.s0 illustrutes an embryc in which ihe proventriculus

has been displaced anterior to the pharyngeal pump,
which hac buen forced posteriorlys. Often the hoad
region resevbles thot of Lff 11 embryos, in which mucl?
pharyngeslmterial remalns uninvaginated, the nervous
tiscue uncoveéred by hypoderm, and the thoracke segments

.....

constricting it oif behind instead of enelosing it
(£ige 3/ Je

Agein, shortening and dorssl closure are normals
Involution of the hesad, on the d@@er hand, never oOcCurs.
The pharyngeal material rensins uninveginated, and thie
thoracic segments do not move forward to enclose the
head,

/Four
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Four of the type ;1 embryos were found to differ from
the others in that shortening hud not occurred, in
these the proctodaesl oreni g is dorsal and anterier
(figs ¥8)3 most of the yolk, enclosed in the mide-gut
45 posterior. The hyvoderm foliows the turn of the
proctodaeun to sone éxtenty so thet the embryos aprear

to he doulled baek?upon themselves, This shaping of

| the Iyroderm must heve come sbout Ly an ingrowth rather

| like thet of the sbnormel furrew in LY 1l, and in fa
. such furrows are found in a few of the type TIT embry
j (fig. gq ir this emhmmgre isc alsc an ext.m

" if-‘-x

| ventru.l furrou, sugc,e..,t.ing the abnormality of ;q#).
| Probubly then, this "Coubled-back" iype of embryb res
| the occurrence of an abnormal deep furrow just q}ﬂoﬂ

| end sone formetion round it of the widegut; &t thé\

| posterior end, is slso shown in a type III embryo,\iu
which little exeept nervous tissue hus aifrs erant:la /
W g )+« In this enbryo such mid-gut cells as
are grwm towerds the posterior mesg of yol'kb
here wlso tbere appears to be & furrow creatin‘;
ndoubledeback" effect,

s ._‘»‘.\“‘0-

Orgen formstions AW /g
The guts f
/1. 4 . .—ﬁii‘

- 1y

ted form

to the proctodaesl opening, The aceumulation o{,f the yolk,
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The d¢istortions of the head which sometimes occur,
olving displacements of the pharynx, pharyngeal

| s wrd oésoyhagus, welre described under the involutiop
of the heud, The structures themselves ave norumelly iormed

|
at*d cutidulorization occurs, with the fommation, usually,

of the ceplelopharyngeal apparalus. In the other cases,;
‘ ‘ @
the fore=gul is quite normal.

sinee the pharyngeal materdl is noi ivaginated,
ecbadermal part of it is external (Lig. ?5)‘; the
pharyngeal musculeture is well developed on ite inmer .
slde. There is no front:l sac. Cuticularization
curs =8 if ihe pharyngeal ectoderm were part of the
yroderm. The oesophagus is developed ncimaliye

rvary glends zre formed, but retein lhelr own independs

|

o Ihe nid-guls
This iz developed to exactily ilhe same extent in

openings to the exterior.

L types, buk in type I it cisplaces Lhe nervous
‘jystem to ome side snd protrudes ventraelly, The division
f the midegut saec inte chambers occurs, followed by the

/Tirsi
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irst atag in ite dcvaioy-acnt into o eonveluted tube

4 Ee 74). No further differentiation éc:ure, and 1t
J'enuins digtended with undigesied yolk, ";mteriorly

he preoventriculus is well &e\rblopecx (figb. g0 and %),
l?u't. the mid-gut caecae are not formed, The malpighian
’q.ubuw i€ Foruud normally, |

| In the “doubledmback" t;pe of II, thaznid-gut is
4uite sbnormel, being Fornéd zs;mund the uzis_‘:': of yolk

3

Which occurs ot the vosterdor end (fig, 2 ). The

gmbryo illustrated shows very clesrly how the yolk
serves us o mould around which the midegut fomie, The
proventriculus is formed snteriorly, then a section of
degut around a small miss of yolk: there Tollows a
arrow solid section where there is o yolk, whic}i"then

:
LY

gprecds arcund the posterior yolk muss,.

This is developed normally in both types. :sll 1
parts of the gut are invéat.éd by wvisceral mumle';“ |23 ',

I \

Since no hypoderm is preodueced under the ventrai* M
gystem, the bedy wall is 1imited to the unterior, dorsul’ |
ind luteral purts of the enbryo (figs.%0 4 3/, ?‘?,‘ %3 ;?jf).
/Sometimnes
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S‘unet:tmes it is alse «beent in the head region, The

lTrpodem ig normal in strueture, snd is seguented, with
efctmcly ceep intersegmentel divisions (fige.go and 3/)e

A normal cuticle ia formed, .

| Tn nommel embryos the musculsture of the bedy wall
ai}riaea from the ventrolaiteral parts of the somatic '
I soderm, The cells ef this tissue ere suall and
ied v first, but elongate and fuse when the inter- |
egnentcl apodemeg @ppesr. The muscles thus formed |
e attached 1o t,he':ug,odemes, stretching the length
a segméent from cne to ihe next. Between 10 and 11
nyofibrils become vigible in seetions, and the
eles ere functionul -t 156 hours, In sections, a
Kber of cnall cells sre seen in each sezment belween
the muscle w«nd the hypodemn wiich are not referred vo in
litersture, These are not oenowytes = they are far
numerous = but ere probebly potential muscle cells
which have not been used in muscle Tormations
In type I the musculature is well cdeveloped, and

the muscles are far nore crosded on the apouemes tLhwn

the normal embrye, Wwhere there is normully only
single strand of muscle between apodmed, here there
y be up to six (compare figs. gy and V).
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|

4

In this type the Lypoderm is complete ov.: ihe whold
p !

|

of tie embryo, and the intersegmental divisions are of

&\ nomisl depth (£15.%% ). Apparintly the deep inters

segmental divislons seen eorlier in the ventr.{l hypoderm
aLre reduced by its expansion in dorssl closure} = The
msculg.ture ic Geveloped over the whole dnner a.rea of

|
t.}be hypoderm, «nd the muscles dre _,“‘?‘:r-': .-,;

The development of the nervous system may be foliow#d
| £igs, g0 4 8/ and 923 1te clesr dsumarcation from the! |
egions where body wall i@ formed is seen cleurly 1n |
sontal sections (figs, 78 «nd /%) . It is Juiw' }
ormal,y except vherc the whole head rezicn is distun\?ed k!
2 which case the brain is distorted (figs §/)e Tt
goes not become concentrated at the rosterior end, ‘d‘v.ou.gl
2 brain relrests normally during heud irvolutien, | Thd
posterior end reasins o the posterior tip; 4t fo |
e curve of the embrye dorsally «nd often the body wall

=

gloses under it here (fig. £3). The movements of the c‘!ri oiopiw
midegut displace it slightly to onc side,

—_

e
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Dype 1Lk
‘ sometimes the nervous system appears to be entire#y
absent, In other coses very snall potches of nervous

tissue cccur, usually wnveriorly (fig, %5 ).

These are developed mermally in both types.

Discussion

Unlike the previous mutants there is in this one

no primary structural defeet which nmay be regzrded as Basie

to the rest, The vardubility in the expression of th
factor nes been discussed above, buil esch of the cifferent
types represents @ grester or lesser alsturbenge of

differentiation; the bavie meorphogenetic movements und distrdd
ution of ecmbryonic materials «re unaifeeted, There ar
gome excepiions to thiss in the “doubledeback" type

ef type II embryos ithere is, us sug ested above, «n &
furrow, wmd o failure of choriening, i’ha gume
urciion oceurs in some type III embryos, without ¢
differentiztion, In types III end IV development is |
irterrupted eerly, and there is little to say sbout thems
The discussion which follows concerns types I «nd Il

In perticular the disturbence in these ic in the
/diffarentiatifn
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gifferentistion of he sctoderm. The modifications of
the mesodern ean be easlly explained as resulting
fron the ectodermal sbnormalities. Th&;develo;menx
of tke¢ endoderm is not 80 much abnoimal s stopped
phort before the final structure of tte;mid-éut is
nehieved; the non-uibeuticn of much of the yolk within
it sugiests & genevul _Lowing of metgbolium.
The most striking abnormality in the devalopment
of the ectodera ic ln the reddtionship between the
hyproderm «nd the nervous tissue.‘ Consider;tion of
‘ Putants Lff 11 and X2, and of tue ligaturing exlarzment
fione 1n connection with thie firsty hes Sugée&tﬁd that
there is & dellecats bolance between the tendencies
of the ectoderm to produce one or the olhor, and trat
this balance is cusily upset. The remérkahlé feuture
| in this mutent is thau the pg%$§ce is casily upseyan
two conmtrary @irections, Zither, as in type I, &
complete nervous bysiem ;a produced without wny cﬁﬁ?&iﬂg
of hypederm overlying it, or else, &s in tyre II, a.;
complete hypodem is produced,. mﬁ [ot & nervous € 'm&\ _
This situstion is Gifficult to explsin, i ﬁzpp \ {
is no question 01 an orgeniser disturbance bm%mwﬂ#ﬁ' f}" ¥
gbout by the absence of a rerticular structure. @;,aﬁt

f

suggests that theze is competitien for a aubatan@n \

whieh is in adheﬁ@%y necessary in ihe Iorm~tio¢ of \i

/’bgth N

- 4
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1

boLh hypodem and nervous t&.euo, and of which there
:lis normally sufficient for each. I1n this muiant
fhure would be only ahough to allow ithe development

i x.ithe- hypoderm or Hervous tissue, but not bothe

chuver of the two was successful in cornering the
$upy1y would Gepend upen whichever was first to start
sing it in development, and this wight involve & very
t!wx'r‘ow difference in time, co thel chance veriubles
would determine which tissue this happencd 10 be,
The finsl differences in the m,uasculam.ra, of the
body wall of the two types may be explained as a result
of the ciffevence in the extent of the hypodcrm, It
was poticed in mutant . thel & diminisbment in Lhe
area of the hypoderm led to &n exagger.tion of the
lintersegnental divieions, eimply because tbe sume cegree of

folding wios concentreited imto a saller sreaj Lurthep

the muscles Decame coneeu’or&t.ed in this area, ay ps.am_

developing wherever stiachment 1¢ apocemes was pcasibli
The same thing eccurs in type I of X20, but more cles
agince the 1imited aresa of hypoderm is betier defp.mﬁ. 14
Myoblaste which wo.ld normally foim the vant.roldt.ml |
muscles in this cese contribote 1o the dorsolateral |
mugeulsture, which is consequenily exaggerated.

The ventral aves of hypoderm is nerm.lly deveid

of muscles, the region being occupiec by the nervous

/systen
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gystems 1in type ITI, wh i:.. the ncivous systed is wbsent
the myoblasts distribute vtﬁl mselves over thls crea in
addition to rest of the hyI orierm. Consequently, the
musculature appecrs less rob\i-»\, than nornally, bécause

A L
| the same number of museled) ?p (Cigtriduted over & wider

«Pet. rFurthermore, the ‘u';'il"seé L-oi",gnt.i..l auscle cells

noted in the normals apzyebr to be abéent, which mey me
that this reserve is usca itl t.hes\.\xbmmgl circumstances,
There ie no ebvious| exp];ak‘wtior\.tor the invariabl
feilure of imbolution of t.he iecd by Se I, It is
possible however, thet t.he litﬁa S\m(mibn of ite material
depenxis upon ithe jresence pf m‘wéw@ tigsue in .u*:le
rqion; It may be that somel khm i\,ternal bage! ie*
required on which force. ean: ‘be‘ ugxexi-t}ed, or &&m:ym
anchored, and the &nt erior ]Zq i .”‘Qf e nervous sy st.au
is inceed the only larse ﬁm!block\at‘ tissue in m pegion.
An interssting oox:m oa may bﬁ \Hade bet\.een ‘\ ; _
'd thoz:,a produced by L& B

the effects of this mt.unf
" ‘t.raeahcax at an earl,y N

subjecting normal mbrycn~
st.ge of their amlopmenﬁ el n end Counee, 19633
Counce, 1963). Counce s thet in wcditien ‘f“ |
erbryos whose development wls stopped eompleuly,mhd
those in whiclk only shight Fr no effects were iz
three categories of abnomgﬂ bmbryos occurred, ¢
ized by: ,4" ; v

/1, /[‘-‘ 5 {5 / ?\ S
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1. Froiiferaziion without differentistion,
% 2, Differentation vithout organizstion (late gastrulation
configuration vae reuched, «nd there was souetimfl
a2 pergistent cerhslilc furrow),
3, Abnoimsl organization.
Tuese categories correspond fairly closely to types
IV, III, and I respectively in mutent X2C.

The embrye in the photograph illustrating the
cetegory in uhic: there iz cbnormal organization
(Selman and Counce, 1953) is indistinguishable from
& typical type I embryo, with the exaggeratedly sezmented
dorsal hypoderm, cnt the uncovered ventrul nervous .
system. In Tact, the ulirasonics treastment Ireguently
results in the predueticn of what are, in effect,
phenocopies of this mutant, It 1s reportea (Counce,

19563) that the hypecerm, in eubryos of this categorys

is never ccmplete, and thuat head involition is affect
Hervous tissue was alwoys present, asnd it is clear th;
type II embryes were not rroduced. If the Jdevelopm
mechanism of the sbnormality is the seme iz the mutam
ag in the phenocopy, onc if the balanﬁe betueen eabry
of type I and tyre II is &s delicste ce the présent
suggests, 1t is surpeising that this should - 904
However, only 23 of these abnormally organizec eubry
vere produced, and embryos of type II might be Tound
& larger number was studded. It would slso be int
/ing



' dmg to vary the times o¥i whieh rhe wreastaent was bivenq
in cuee the treatment &l a siightly different time
| shoull upset the balance .4 }hu opposite direction,
giving type IT enbryos. .{

| Tha rroduction of thes ¢ phenocoples suggesis @ co#sidoratten
b&r the Jrimary effect of m& fuctor., The categories
df ultrisonics Lreated endﬂyos in which ‘here is no
differentlution, or else Jo organization, may correspe
to types IV and IIX hithdttltudlr degveloriental meghu
iews being identicul, si%ceﬂthc effects ure rather
génerul. on the othes huﬁd,tne case ior @ close
similarity in the mechéhibﬁs'iroducing the particular
effecie of type I ia fhiﬂ&y Etrong. In the treated
embryos it seems clear tmh Jtﬂu erisinal ddsturbance
must be « chemicul one, inﬁuceﬁ by the ulixascnic
irradiction at a sub-miuaoécopic level, possibly cisturbe

%

ing an c¢nzyme system invtlveu in Lhe ectotermal differv
eatiation, A simdilar ca-mié¢l diswrbunce aust be
assumed as thé vrimery d#ﬂ‘Qt of the mutaent faciors . The
fact thet tLJ ultraaontcﬁ treatmanm was given st wbout
2 hours, &t ’é,‘ae Mﬂ]g ‘?hlustodem stage, estab.u.shu&
that the prme}ry effect of ‘ihe mutant factor muy also
goue inte 118* at this 1dr10d; glight veriaticns in
the degree ofltne effect at this ewrly period might
account lor tie wide range-of variubility in its

3

expressions BN
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szo is & recessive lephqé factor located on Lhe

;fir%t chromosome at about 0. Ite lethality is alwayr
ex@vesséd in the uﬂbryon19'¥t&ge, but within this there
: ii.a't:ons%iuer;ble vuriation, ‘

3
)

-;,embryoa oeccur: I =nd II,\in which there are certaln

Pour types of ebncymal

¥bp@rmulities in various brgan systems; IIXI, in which
th@xe is un irre udr blaqtoqcrm, and no development
at%er gustrolationy und IV, in which eell proliferstion

ccurq but not oifferenﬁiation. In tyr2s I and II,
the qungrmuiities.may be traced to disturbances in the
differentiction of the ectoderm, but the disturbanees
in the differaptiition of ihe actoderm are of conirary
kinds&} The gbnormal QMbryos of type I are identical
wiih aams which nreviouﬂ workers have obtained by truuqing
normal evbryos with ultnesonics., The rimury effect
of the fbé;cr éuat be uﬁon & chemical system involved
.ﬂugnariy cifferentiation,
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FigeT5¢ LaSe X20 type 1. 9-10

hours, x500.

FigeT76e LeSe %20 typeil, 10-11

PigeTTe LeBs X20 type I, 11-12

hours, x400.

Key to figs. 75-90.

anterior. mus ,
anterior mid-gut. nbl,
rudiment. nt,
blastoderm, oes,
brain. o
dorsal hypoderms Pe,
embryonic membrane. ph,
furrow. PDg,
frontal sac.

sut cells. pmus,
sub-oesorheageal pv,
sa8nglion. Bg,
gonad, sti,
hind-gut.

opening of hind-gut. ¢tr,
hypoderm. uyk,
mid-gut. vns,
midale mid-gut. . vshy,

mesodermal mesenchyme.

muscles.
neuroblasts.
nervous tissue.
oesophagus.
posterior.

pole cells.
pharynx.

posterior mid-gut
ruadiment,
pharyngeal muscles.
proventriculus,
salivary gland.
stomodaeal invagin-
ation.

trachea,
unenclosed yolk.
ventral nervous system,
ventral segmented
hypoderm.

fixation puncture.
yolk.
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Mutant X10

Material:
Embryos were sectioned at all stages after L

hours, Living embryos were also examined,

Preliminary data:

1. The factor was induced by X-irradiation of
sperm, and has been tentatively located, by genetic
tests, close to the scute locus (0.0) (H, Slizynska,
unpublished).

!

2. Analysis of sectioned material:

‘gggigg Unfert- TUnident Normals Abnormals

- 1lized. =ified, : b e
; =12 25 6 107 9 6 3
;12-15 3% 13 i R | SR | 10
117-20 12 1 Wy 28 3. 20
122-30 51 1 2y 185 9 30

Totals 123 3l 362 6y 19 63
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The exvression of the lethal factor:

Three types of abnormal embryos, described
'balow, are found in this stock, Types I and II can
be recognized in all the sectioned stages, and type
III from 12 hours onwards. All types have been
found in batches of eggs collected from single fe-
males, in which, therefore, embryos of each batch
lwere identical with respect to their X-chromosomes,
'This shows that the presence of distinct abnormal-
‘1tles does not result from a mixture of sex-linked
factors in the stock, but probably arises from

differences in expression of a single factor.
4

The tabular analysis of the sectioned material‘

suggests that the relative numbers in the different
types are not constant, Moreover, the proportion
' of eggs which produce abnormal embryos, of any sort,

appears to vary.

The first observations to be made were upon

embryos in the groups 17-20 and 22-30 hours, In

' the first of these, in which normal embryos are

still unhatched and represented, the fraction of

abnormal embryos 1is 48 out of 151 fertilized and

1fiab ¢ This 1 t ifienantl
jdentifiable eggs s 1s not significa dia}orsnt

|
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different from 25%, In hatechabllity tests, also,
about 25% of eggs failed to hateh, It appeered
that the lethality was expressed completely in the
embryonic stage.

Approximately six months later embryos in the
groups l}-l? and 12-15 hours were studied, in order to
trace the development of the abnormalities. In the |
group 12-15, the lethal fraction was now signifi-
cantly less than 25%; in the group l~12 it could not
be estimated because type III was unclassifiable,
‘but the numbers of type I were considerably roduced.:
‘Hatchability tests were made upon twelve groups of
females constituting the Fl generations from single
lpair matings; in these the proportion of unhatched
joggs, discounting apparently unfertilized ones,
‘varied from 6,37 to 18,5%, with an average of 13%, |
It is possible that some lethal embryos were mis- |
3elassifiod as unfertilized eggs, but it appears from:
‘these tests, and from the sectioned material, that |
:tho factor was sometimes not lethal in the embryoniec

fstago.

These considerations suggest that the effect
of the factor varies in its embryonic expression ?

between the three types I, II, and III, and that in
/some
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some cases the lethal effect does not occur in the
embryonic stage at all, No red-eyed males, i.e.
males carrying the chromosome with the lethal raotor;
have been found, and no abnormal pupal lethality hau:
been observed; 1t is probable, therefore, that in
such cases the lethality is expressed in the larval
atage. There appears to have been a change, occur-
ring between the earlier and the later series of
observations, in the relative numbers of embryos
falling into the various categories of expression
of the factor, with a greater proportion of larval |
lethality in the later ones, This will be con- |
sidered further in the discussion,

!
J Bmbryos of Type I )
[
|

The development of these embryos is abnormal
from the time of cleavage, and there is no cellular
differentiation or organization, The cleavage
;nucloi, with few exceptions, remain in the anterior
region of the egg. They migrate to the periphery,
jbut instead of forming a single layer, an irregular

accumulation of nuclei is produced (fig. 91). Cells

‘are formed by the division of the cytoplasm around
these nuclei, which proliferate to form & cap of

amall undifferentiated cells which fills the ‘
/anterior
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anterior third of the egg. The remaining two thirds
is occupied by yolk and cytoplasmic material, with |
a few scattered nuclei at the periphery. 'Occasionali
nuclel in both regions are polyploid, and may be
recognized by their large size as well as by their
high chromosome complement (figs, 91 and 92), Most
of the cells are usually limited to the anterior

cap, but in some cases there 1s a posterior cap

also, usually linked to the anterior one by a

perivheral strip of cells.

Similar pre-blastoderm disturbances of the |
cleavage nuclei have 2lready been mentioned in
Lff 11 and 1in type IV of X20. 1In both of these,
;howovar, the cells are less definitely limited to
‘the anterior cap, and tend to be scattered ir-
regularly through the egg. On the other hand, eggs
deficient for the whole of the X-chromosome

(Poulson, 1940), appear to be identiecal with this |

‘type.

One embryo was found in which the cap of un-

differentiated cells was formed anteriorly, but in

which ecells at the posterior end had become 4iff-
erentiated and organized to form gut materisl (fig,
93).
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Embryos of Type II

In these embryos the disturbance again appears |
before the blastoderm stage, leading to an 1rregular;
distribution of the cleavage nuclei., These do not |
become aggregated at the anterior end, but produce

scattered groups of cells. In some, pole cells |
are differentiated (fig. 94); in a few cases an
irregular blastoderm is formed, and there is a very
small degree of differentiation (fig. 95); but most
often, no blastoderm is formed, and the cells diff-
erentiate entirely into clumps of nervous tissue,
‘with genglion cells and fibres, while the remainder
‘of the egg is partly filled with yolk granules and
:undifferentiatod cytoplasm (fig. 96). Occasionally j
'a type occurs which may be transitional to type III;§
'in this there is a high degree of differentiation
'and organization, but there is an excess of nervous |

'tissue, which takes the place of hypoderm over a

llarge part of the embryo.

‘ t

‘ Eﬂrﬁ_yﬂ 31 Jype iz . '
!
1

Final Appearance of the Embryo

B P T, e Sl o], X Ga, T& Qb —

Living mutant embryos are not easily dist-

pa

inguishable from normal ones. The hypoderm is
/usually
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usually complete, and segmentation is present,
though irregular. Internally, all the organ systemai
are present, and are abnormal chiefly in their

cellular differentiation, The differences will be
deseribed in the account of the devolopment of the
embryo., Cellular degeneration begins at about 25

hours.

Development of the Embryo

Early development:
The early developmental stages, including

blastoderm formation and gdstrulation, are normal,
!Tho differentiation which normally follows between
T; and 9 hours also occurs, but it is retarded., Up
:to approximately 10 hours the cells remain relative-
'1y uniform, and are not separated into distinect
tissues, This is particularly evident ventrally,
‘where hypoderm, nervous tissue, and mesoderm
;oonstituto a single mass of cells (fig. 97); the
Tintorsegmentnl divisions appear ventrally as well

‘as laterally.

Separation into tissues has occurred by 12

hours, but differentiation in the form of the co}}a
is
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is far less advanced than normally. This is
particularly evident in the gut, where the stomo-

daeum is still a simple tube of undifferentiated

cells, and the endoderm rudiments are only beginning

to surround the primitive gut (figs. 98 and 99).
This may be compared with the normal embryo at this
stage, the fore-gut is differentiated into pharynx
‘and oesophagus, the proventriculus rudiment h#s
formed, and the first constriction has appeared in

the mid-gut saec (fig. 100).

The general embryoniec movements of the next
:period are also slowed down, Shortening and dorsal
‘elosure always take place, but are not completed
iuntil approximately 14 hours., Involution of the
:hoad is never completed; the pharyngeal material 1is
only partly invaginated, and the frontal sac remains

;shallow.
\

Organ formation:
|
. The gut:

1, The fore-gut: Owing to the incompleteness of
:head involution, the pharynx is small, Some
pharyngeal material remaines externally; but the

pharyngeal muscles are attached to the 1nterna1/part
of
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of it, and extend between this and the material of
the frontal sac, which is unenclosed. The oeso-
phagus is displaced, but is otherwise normal, A
chitinous lining is secreted, but not cephalo-
pharyngeal bars, The sallivary glands are small,

and open separately and externally.

2, The mid-gut: The endoderm rudiments come to
enclose the yolk completely, and the mid-gut sac
thus formed undergoes some of the changes in shape
‘which oecur in the normal embryo. But it does not
ibocome coiled or tubular, and mid-gut caecae and
Imnlpighian tubules are not developed; a pro-
ventriculus is recognizable, but undergoes none of
'1ts characteristic cellular differentiation, The
'cells of the mid-gut wall remain cuboldal (rig. 101)?

A number of cells, some of which are probably pole

' cells, remain in the yolk,

3, The hind-gut: This 1s displaced, and its cells
| |
' are poorly differentiated, but its external opening

'1s in the normal place.

|

|

|

The gut is invested with visceral muscle cells,

but they remain spherical and isolated instead of |

. spreading over the gut wall.
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The body wall:

In some cases there is no hypoderm formed over |

parts of the nervous system, especially anteriorly:;
but in general the hypoderm is complete, and a
euticle is formed., It is segmented, but the seg-

ental divisions are irregular, and there is much
uckling of the hypoderm within the segments, This

hppoara to result from the abnormalities in the
%uscular system, In normal embryos the muscles are
}apindle shaped, and extend from one apodeme to the
}next; in this mutant the muscles are rounded, and
are attached to the apodemes only at one end, so
#hat they become arranged in clusters (fig. 102),
Each muscle consists of a spherical cytoplasmic
!body, containing several nuclei, and fhope are no

\
;oontraotile fibrils., Sometimes there are short

contractile filaments between apodemes, which are
1solated from the musecle clusters (fig. 101)., The
shortness of these filaments, and the absence of
tone resulting from the non-attacﬁment of the
museles at one end, appears to be the cause of the
coneertinaring of the hypoderm (compare figs., 102

and 79).

|
|

. The nervous system:

The nepvous tissue of the brain region 1is

‘often not covered by hypoderm (fig. 101), but the
| /ventral
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'ventral nervous system always is. Ganglion cells
|

and fibres are differentiated in the latter, but
'its form 1is irregular, and it lies deeper than in

'the normal embryo, with the intersegmental div-

isions ahd the abnormal museulature of the body wall

‘extending under it.

The tTracheae:

These are well developed, but the course of
'the mein trunks is twisted by the concertinaring
of the body wall (fig. 102).

The gonads:

i This mutant provides some evidence concerning |

'the relation of the pole cells to 1) the germ cells,
'and 2) the middle mid-gut cells, previously dis-
‘eunssed on page 208.

1) No gonads are formed, and the pole cells may

iuaually be found remaining inside the mid-gut.

'arise from those pole cells which are carried in

This strongly suggests that the germ cells normally

'with the posterior mid-gut rudiment, and that in
' this case they are simply unable to migrate out of
‘1t into the body cavity.
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2) In one embryo a number of cells, dist-
inguishable by their large nuclei as pole cells,
are partly incorporated in the gut wall, while
others are free in the yolk (fig. 101). Those in
;the gut wall obviously correspond to the middle
‘mid-gut celle, and are identical with the ones in
:the yolk, This supports the conclusion that the
middle mid-gut cells are also derived from the pole

‘colla.
Discussion

| Types I and II involve disturbances of the
'mechanism of the distribution of the cleavage
lnuclol. All three types involve disturbances, in
 warying degrees, of cellular differentiation,
;Whero the later morphogenetic movements occur at
iall, i.e. in type III, they are undisturbed. No
'hierarchical sequence of mechanical defects 1s
Iround, except for the minor deformations of the
body wall in type III, which are caused by the

!
' abnormalities of the musculer system, In addition

Hto these three types it was suggested above that
- some "1ethal" embryos develop normally and survive

into the larval stage,

If it is the case thet each of these types
represents
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irepresonts a different manifestation of a single
charscter, it is not easy to envisage what genie
?acticn may be basie to all four, or what determines
\which of the types will appear in a particular
?embryo. The same problem arises in the mutants X20

'and 89 in this study.

The manifestation of the effects of lethal

' factors at specific periods in development has been |

termed by Hadorn "phase specificity” (Hadorn, 1948
'and 1951), The majority of Drosophila lethals so

' far investigated have been shown to cause the death |

lof the organism at a single phase of its life-
‘history - in the embryo, the larva, or the pupsa,
:and usuelly even more specifically within these
5periods (Hadorn and Chen, 1952; Rizki, 1952; Oster,
1952 and 195l), However, numerous exceptions to

' this rule do occur. For example, six 2nd-chromo=-

' some mutants have been found in which both early

|

} and late embryonic lethality occurs (Brody, 1940).

| The mutant tronslucida causes death elther in an

i early or a late pupal stage (Hadorn, 1949); other

[ mutants are lethal in both embryonic and late
larval stages, and others in both embryonic and

' pupal stages (Hadorn and Chen, 1952). Similarly

' in the fowl, embryos which are homozygous for
/ereeper

|
|

|
|
|

!
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creeper usually die on the 3rd-lth day, but some

' survive this stage and die at the end of incubation

(Landauer, 1933).

In some cases it has been shown that the time

' of effect is determined by environmental conditions,

' A factor was found in Drosophila pseudoobscurs

which was a complete lethal at 253°C, semi-lethal

at 21°C, and viable at 163°C (Dobzhansky end

Spassky, 19lli). A maternal effect acting through

' the egg cytoplasm has been shown to determine the
ftime of effect of three 2nd chromosome lethals;

' whether the organism dies in the late larval stage
' or in the pupal stage depends upon the age of the

' mother (Hadorn and Zeller, 19L3).

The time of action of lethal factors is also |

. affected by their genetic background. The mutant

lethal giant larve (1gl) usually causes death in

' the larval stage, but a strain has been isolated in |

.~ which it occurs in the embryo (Hadorn, 1940). Agai#,

a number of stocks carrylng the cryptocephal mutant‘
have been isolated and selected for varying pene- i
trance and expressivity; in "strong" stocks, 2ll die

as pupae, while "weak" stocks produce high
/percentage
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percentage of adults (Hadorn and Gloor, 1943).
' Temperature also affects the expression of this

mutant (Gloor, 1945),

Hadorn terms the individuals which escape the
lethal effect in its earlier period of action
"break-throughs" (Hadorn, 1948), The mechanism which
produces such divergence must reside in the vari-
ability in expression and penetrance which is well-
known to occur in viable mutants, in conjunction
‘with developmental thresholds, It must be supposed
that if the activity of the mutant gene is
‘aufficiontly great, a partigular lethal disturbance
' is triggered off in development; on the other hand,
if the gene sctivity falls below this particular
threshold, the development proceeds normally until
the next period in which its effect may be lethal.

This type of mechanism may well occur within
the embryonic period, In the mutant X10 the firat
lethal period is at the tiﬁa of migration of the
cleavage nucleil, when the effect of the factor may
stop further develooment completely (type I).
Break-throughs occur in which, though migration 1is

still disturbedi, some differentiation, particu}prly
into
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‘into nervous tissue, occurs (type II). Other
embryos escape this disturbance, and are break-
‘throughs to the third period, in which the lethal
effect of the gene is to slow down and modify cell-
ular differentiation (type III). It is probsble
‘that some embryos escape this last embryonic dist-
‘urbance, and become break-throughs to the larval
lstago, The environmental conditions in which
embryonic development occurs vary very little, and
which type of sbnormality appears probably depends
upon the uncontrolled genetic background. The |
changes which may have occurred in this could account
for the discrepancy in the relative numbers in each
‘of the differont types between the earlier and the

'later observations.

Conclusions

X10 is a recessive lethal factor located on
jtho first ehromosome at about 0,0, It is usually
'lethal in the embryoniec period, but it 1is variable
;in expression, and probsbly some embryos survive
ginto the larval stage. Those which die as embryos
are of three types: In type I an anterior cap of
undifferentiated cells is formed. In type II there

is no organization, but there is some cellular
/differentiation
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differentiation, usually entirely into nervous
tlssue. In type III all the essential develop-
‘mental events occur, the morphogenetiec movements
are undisturbed, and a highly organized embryo is
‘produced, But cellular differentiation 1s retarded,i
'and many of the final cell types are abnormal. The |
‘muscles of the body wall are particularly malformed,
and cause a general disturbance of the hypoderm |
and its segmentation, No single primary effect is
found which 1is besic to the terminal abnormalities;
the effect of the gene must be upon the gon;ral
‘mstabolium of the developmental processes rather

Ithan upon the formation of any particular atructuroJ
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F t‘a 91ls el m type 1, anterior
region, 4-5 hours, x500.
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KQ! to fi-!o 21-1020

anterior. nt, nervous tissue.
anterior mid-gut. oes, oesophagus.
brain. - posterior.
cleavage nuclei. pe, pole cells.
cytoplasm, ph,  pharynx.
cytoplasm with nuclei. pmg, posterior mid-gut
sub-oesophageal rudiment.,
s@nglion. Ppn, polyploid nucleus.
gut. PV, proventriculus.,
hind-gut. 8g, salivary gland.
hypoderm., st, stomodaeum.
mid-gut. tr, trachea.

mid-gut constriction. ude, undifferentiated cells.
middle mid-gut cells. vem, ventral ectoderm and

muscles. mesoderm.
muscle cells. vns, ventral nervous
system.

Yk, yolk,
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Mutant 89

Material:

Sections were made of embryes at all develepmental
stages after two hours, and living embryos were alseo

examined.

Freliminary data:

l. This factor arose spontaneously, and has been approx-
imately located, by genetic tests, close to the centromere,

to the right of carnatiom (62.5) (H.Slizynska, unpublished).

2. When the stock was first tested, 60 out of 162 eggs
(37%) failed te hateh, suggesting that it caused complete
embryomic lethality. Subsequent tests and observations
revealed a much more complex situation, which still r‘quirqs

further investigation.

Later hatchability to-t: showed a variable, but always low,
proportion of eggs not hatching, anf the steck showed a

high pupal lethality. Some of the full-grown larvae would
remain uncontracted, forming elongate pupae which died soon

/afterwards
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afterwards. A number of single-pair matings were made,

in order to determine whether the embryonic and pupal
lethalities might arise from separate X-chromosome facters
which had become mixed in the stock. However, with few
exceptions, both embryoniec and pupal lethality eoccurred in
the progeny of each female; in the case of the exceptions,
where one or other appeared to be absent, it occurred in the
next generation. The duality of the lethal effeet is net,

‘thoroforo. simply due to a mixture of X-.duromosome factors.

The summed figures from these matings gave a fraction
of 72 out of 587 (12i) embryonie, and 60 out of 671 (7%)
pupal lethality. This falls short of the expected 25
total lethality expected by §#, suggesting that death may

also eccur in the larval stage.

5. Analysis of sectioned mate :

The first series of sections was made from the
original stock. The second series, constituting the
majority of the sections, was made from a strain "f"
{erigiunsing from one of the single-pair matings. The
progeny of the pair had shown a high embryenic lethality
(14/54) and ne pupal letrality (0/56); but these charac-
teristies were not maintained in subsegquent generationms.

/S8train
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Strain Period Unfert- Unident- Normals Abnormals
ilized ifiable

Original 8-20hrs. 30 “ 90 9
Original 25-30 4 28 16 58
o 2-14 196 45 747 27

' 25-30 16 8__ 20 18
Totals 246 &3 903 172

The expression of the lethal factor:

The proportion of abnormal embryos in the seotiqnod
mat erial is extremely low: 9 out of 99 fertilized and
identifiable eggs (9.1») in the period 8-20 hours for the
original stock, and 27 out of 774 (3.5 ) in the period
2-14 for the #f" strain.. idt is possible that in the last
case several mutants were misclassified as unfertilized,
but it is c¢lear that the embryonic lethal fractiom is not
stable, ané that the expression -of the lethal faecter qQos
net necessarily invelve the embryonic stage. This question
'is taken up in the discussion. The ibnor-al OlbryOl'lhOI
a considerable range of variatien; but they are net separable

into distinet types, and conform to the same sinoral

developmental patterm.

Final Appearance of the wmbryo

The degree to which organisation and cellular differ-

/entiation
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entiation occurs varies geatly, and on this the final
appearance of the embryo depends. But almost every one
is character ized by the presence of a certain amount of
undigested yolk between itself and the vitekline membrane,
especially at the anterior end. The embryo is extesmely

deformed, particularly in this region (fig.!0).

The Development of the kEmbryeo

svents up to gastrulationm:

In this mutant the final abnormalities have their
origin in disturbancua.ef the earliest developmental events,
j.e. in the distribution of the cleavage nuclei and in
blastoderm formation. There is little to add to whaﬁ has
been said above about the cleavage nuclei in the nermal
embryo, but it is necessary in the present connection teo
describe more fully the normal formation of the blastoderm,
and the changes whiech occur in it. A number of origimal
observations are included in thiu account, derived from

‘sectioned material and from the film.

The blagederm in the normal embrye:

The cleavage nuclei arrive at the periphery of the

esce &t about 2 hours, and form a syncytial blastoderm

(fi‘o), 2.}0-20)7; fi‘o"2o1°; fi‘.g, 2.10)0 At about

1

“./ i /2'30
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2,30, furrows grow in from thesurface betwecn the nuclei
and into the cytoplasm beneath thgg, 1§Tthat the blastoderm
becomes a layer of columnar colls}iiig;ﬁ. 2. 50; fig.9,
2¢35). The films shows something occurring shortly after
this which is difficult to interpret. The inner border

of each blastoderm nucleus appears to become detaehod‘nnd
meve rapidly towards the centre of the egg; the effect of
this occurring in all the nuclei simultaneously is of a
line of white dots moving inwards (fig.3, 2.53-3.09;

£1ge9, 3.415-3.20). The line does not advance quite to the
inner border of the Keimhautblastem, and it appears teo
coincide with the inner cell boundaries. Whether this
Phenomenon is in fact connected with the formation of the
latter, or whether it is an optiaii effect produced by layers

of cells moving over each other during the general

blastodermal rearrangements, is not certain.

Wnen the cellular blastoderm is first formed, it
is uniform inthickness; all the cells are columnar, nnﬁ
are at right angles to the surface of the egg (fig.9, 2.45).
Towards the end of the events described above, changes
occur in the formoof the blastoderm, and corrospondind
ones take place in the yolk. The latter contracts in the
middle region, and the blastoderm becomes correspondingly
thicker at this point (fig.4, 3.20-3.30; fig.9, 3.15).

/The



227

The non-cellular Aeimhautblastem becomes heaped up here
also. On the other hand, the blastoderm at either end
_beeo-es much thinner, especially at the anterior tip on

the ventral side (fig.l, 2.40-3.13; fig.4, 3.30; fig.9,
3.30)s The changes in thickness are accompanied by changes
in the orientation of the cells. The withdrawal from the
anterior and posterior ends ventrally is connected with

the heaping up which occurs medially when the ventral

furrew is formed; the film shows a strong contraction of

the whole ventral area towards the centre during this
process (fige3, 3.18-3.22). This is quickly followed

by & general dorsal and lateral cormkmctiom, with itsfocus
on the point at which the cephalie furrow is formed, 1.e.
one third the length of the embryo from the anterior end.
fhe cells of the lateral and dorsal regions beeoie orientated
towards this point; as remarked above (page’s), it appears
likely that contractions of éﬁo yolk are responsible for
these changes in the blastoderm (fig.4, 5.30). These

are the first movements of gastrulation, whose more active

later phases have alpeady been described.

The blastoderm in the S9 embrye:
Disturbances appear in blastoderm formation; either
the distribution of the cleavage nuclei is irregular, so

that they do not arrive at the periphery simultaneously
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(fig.123), or they do arrive together, but divide at

different rates, so that an irregular blastoderm is formed, =
resembling that found occassionally in X2 (fis.égs. This
variability is reflected in the blstoderm at a later stage,
when cell walls have appeared. In those cases where the
‘nuclear distribution was disturbed, the blastoderm is
extremely irregular, with some areas devoid of nuclei,

and many nuclei remaining in the yolk (fig.ky). In the
cases where the syncytial blastoderm was formed before
disturbances appeared, the chief abnormalities are the
abnormal thinness of the blastoderm in some regions, and

the irregularity of the Keimhautbimtem (fig./s5). In

both cases the blastederm is most disturbed at the anterier
end. As described above, it becomes thinner in thie region,
Just before gastrulation, in normal embryes; in this

mutant, the defective blastoderm apparently cannot take

the strain during this movement, and the yolk breaks

through it. As a result, a certain amount of yelk is
unenclosed by the embrye, and usually remaims in the
.untorior region throughout, where it distorts the devpldp-
ment of the head (figs./0(,/0],/Rand //0)e Sometimes yolk
breaks through at the pésterior end, which also becomes thimmssr

in the normal embrye.

Subsequent development:

/In
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In addition te this initial disturbance, subsequent
aifferentiation is affected to varying degrees, the
extent of the ebnormality probably being correlated with
the extent to which the blastoderm is abnormal, The
range of variability, together with the shortage of
mutant embryos, made it impossible to obtain material
for a stage by stage analysis of the development, and

the following general remarks are given instead.

The general form of the body depends upon the
extent to which the various embryonic movemmmts have
been disturbed. In some cases gastrulation is prevented,
and the resulting embryo consists ef a disorganised
collection of plrtiy differentiated tissues, in which
nervous tissue predominates (fig./og). Usually gastr-
ulation does occur, but it is very oftem the last embryeniec
movement to do se; many embryos show a high degree of
differentiation of the body wall, with hypederm, cuticle,

segmental divisions and musculature, but shortening does

not take place, and the embryo remains doubled back upon

itself, remaining in the configuration it is in at the
end of gastrulation. In such embryos there is often
extremely little development of the gut, so that the

yolk remains in a mass in the middle of the embryo.

/In



230

In other cases the gut develops, but quite abnormally;
fig. 17 shows an embrye in which the bedy wall and the
ventral nervous system have differentiated relatively
normally, but in the gastrulatiom configuration, while
‘tho gut has grown back from the proctodaeal invagination
as a flask-shaped sac, with pary of its wall protruding

into itself.

In other cases shortening occurs, but in only a
few cases is there complete dorsal closure; consequently
the gut, when formed, is often exposed (fig.//0).
Invelution of the head never goes further than the
‘1nvagiattiou of some of the pharyngeal material, but even
this, with the partly develeped pharyngeal muscles
attached te its inner surface, sometimes remains facing

externally (fig.'o3). The frongal sac is never formed,

Lven in the embryos in which these general move-
ments do eccur to some extent, resulting in the form-
ation of an embrye which is basicslly normal in the
arrangement of its parts, the gut is always poorly devel-
oped. In some cases the wall of the midcle region is

almost absent (fig.lo7), and it is always shapeless,

containing much undigested yolk and undifferentiated

/eellular
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cellular material (figs.l/and 10F). The proventriculus,

and mid-gut caecae and malpighian tubules, are not formed.

The body wall is usually incomplete owing to the
failure of the dorsal closure, and the absence of hypoderm
over parts of the nervous system. signs of segmentation
sometimes occur, but it is always extremely irregular.

The disturbances of the musculature varies in extent;
powetimes it is relatively normally developed (fig. );

in other ceses the spindle-shaped muscles are only partly
forncd (figs. lojand 108 ); while in some the muscles take the
forl of unattached spherical bodies without contractile

fibrils, similar to theose in 410 type III (fig.!!).

The nervous system is least disturbed in those
embryos which remain in the gastrulation configuratioﬁ
(fige /97)s In others it is distorted, and not covered
by hypoderm in many places (figs./2/ and ///)., No embryos
havo been found in which & tracheal system is dovolopid.

or with gonads.
Uiscussion

The abnormalities deseribed above are all the result

of & primary disturbance in blastoderm formationm, in
conjunction with subséquent defects in the general embryon-

ic movements and cellular differentiation. It is not
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poseible to say what the relation is between the blasgederm
disturbances and the later defects. Certainly the extent
to which the blastoderm is deformed plays a part in
détermining the degree of abnormality in the later embryo.
sut there may also be a general effect on cellular

differentiation, similar to that in X10 type III.

Very similar didturbances of the cleavage nuclei
and the blastoderm have been reported in the female sterile
mutant deep-orange 'hcdholo&ygous females are mated to
hemizygous males (Counce, 1953). In progeny from such
matings, 654 of the embryos succumb to abnormalities im
%ory early cleavage, but those which survive this periocd
show the same sort of abnormalities in blastoderm form-
ation, and proceed with a relatively normal @ strulation.
lHowever, the resemblance ends here, for there-after
cellular degeneration sets in, and there is no further

differentiation or development of any kind.

; . The instability of expression of the factor canﬁot
bo explained on the present evidence, It is possible
that the situation is similar to that_poltulatod for tho
X10 factor, in which it was sug.ested that the various
types of abnormal embrye resulted from variations in its

/expression
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expression, with some embryos escaping the first lethal
phase, and going on to the next, or the next again, as
"break-throughs", Un a similar hypothesis in 59, some
‘embryes would succumb in the embryonic phase of lothuiity,
others would not die until the pupal phase, and possibly
some would die as larvae. The genetic background
determining the phase in which lethality occurs may have
changed considerably since the stock was first picked out,
thus accounting for the apparent reduction in the

embryonic lethality.

On the other hand, it is possible that the pnpui
lethality and the embryonic lethality are not caused éy
{the same factor. The resemblance between the earky
embryonic disturbances and those occurring in the deep-
1“52253 mutant suggests that the embryonic mortality may
be caused by a female sterile gene, acting when helezjgoua
in the female parent. But in this case the uinglc—p;ir
;n;tinga would have given an all or nothing embryonic |
!lothality; since this was not the casg¢ lethality lust'
1havo arisen from a factor acting when hemizygous in -ﬁlo
‘embryos, as in the other mutants that have been discussed.
The single-pair matings also established that the embryoniw
lethality and the pupal lethality are net caused by

gifferent X-chromosome factors, so that if they do arise

/from
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from separate factors one of them must be autosomal.
Conclusions

89 is a recessive lethal factor, probably located
Bn tne first chromosome close to the centromere. its
expression varies; pupal as well as embryonic lethality
eccurs, and probably larval also. The abnormal embryos
all follow the same general pattern of cevelopment, but
there is a considerable range of variationm. Disturbances
appear early, during the distribution of the cleavage
nuelei or during blastoderm formation. Their most
importent conseguence is tie. malformation of the blastoderm,
and in particular its fragility at the anterior end. |
@ere much of the yolk escapes and interferes with the
%oubsoquont development of the head region. Later
}dovoloynont is disturbed both in its morphogenetie

movements and in its cellular differentiation.




facing page 235

Figslud. L.8. 89, 2-3 hours,

%540,

Fig.lu4. L.S. 89, 3-4 hcnr‘.

x1 560

Fig.105. L.S. 89, anterior region,

3=4 hours, x340.

Key to figs., 103-111,

anterior.
blastoderm.
brain.

cleavage nuclei.
fore-gut opening.
eut cells.
hind-gut.

hypo derme.
irregular cytoplasm.
Keimhautblastem.
mid-gut, -~
mesodermal mesen-
ch)'l!..

muscles.

muse,
nt,
oes,
¥,
phm,

muscle cells.
nervous tissue.
oesophagus.
posterior.
pharyngeal material.

pmus, pharyngeal muscles.
pmusc, pharyngeal muscle

Py,
uyk,
vns,

vk,
ykn,

cells.
proventriculus.
unenclosed yolk.
ventral nervous
system,.

yolk,

nuclei remaining in
yolk.



235

cln khb




== e 'l

et el r—'A-




236

pmus br mg P




by

) Bt
{

T .-'-r“r-n-

d o
1 St~ i < apib ol

T et TR
,.T ‘-"ur
l-lﬁ

s .,Jl:-r\..---r--‘hﬁq-b-h --q=-—- B

"

[ .--.1-.---

e

T r:f’?"ﬁﬁ

ATl o e e "-h-hﬂ'l .ﬁ-nﬂ_ o ek — v e e TN e Sy ﬁ"ﬁ

- 7
'

4, "“ T " bt .’
i 'Al & d I_ o = 3 'I
e = ) b s . - - - - e -
' L . . R T e it ® Ty DY L PR 3 o X p -
= L U _"_'r’"—|r -t B T gy g = ey e halt = '-l'ﬁ'—‘- ln‘-lA - i e TR

'.C Lo p s =

WA " =




237

Sn

m

musc

gtc



238

General Discussion and Conclusions

Ihe sction of lethal factors:

Fatterns of development in lethal embryos fall

| inte three broad categories:

a) Larly developmental disturbances, followed by little
or no cellular differentiation or organisation: X20,
3typol 111 and IV; X10, types 1 and 1I; nullp- and half-
X (Poulsen, 1940); the female sterile deep-orange
- (Counce, 1953).
[b) Complete embryonic development, with the formation
lof & larva which does not hatch: six were found in the
ipresonx study; other cases have been lidted in the
~introcduction.
;c) Considerable cellular differentiation and organisat-
ii..' but the development is disturbed in a variety of
ill’l: LEff 11; X2; X27; X420, types I and 1I1; X10, typq
' 11; 89; Notch and white deficiencies (Poulson, 1940 and
‘1945); Kriippel (Gloor, 1950); Minute-4 deficiency
(Farnsworth, 1951); the female steriles fused and
rudimentary (Counce, 1953).

/Demerec
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Demerec has shown that, in the epidermis of the
adult, many homozygous deficiencies have a direct lethal
effect even on single cells containing them (Demeree, 1934
and 1936), and it is possible that such a direet gene-cell
effect occurs in some embryonic lethals. It certainly
does in a number of larval and pupal lethals, where it is
possible to test the capacity of tissues to survive when
transplanted to normal larvae (reviewed Hadorm, 1951).
‘Unfortunataly it is technically impossible to do such
experiments with embryos, and the best that can be done is
‘to observe whether or not cellular degeneration occurs
‘1n the course of development. It does in the case of all
those in category "a®, and is reperted to occur in some

tissues in fused and rudimentary. Probably it eccurs te
seme extent in all those in which there is apparently a

general retardation or disturbance of growth processes,

' such as has been reported in the last two mutants, and

in Krlppel and iinde-4 deficiency., However, in others,
‘nhxlo there are gross disturbances in their organisation,
the eslls and tissues appear to be quite viable; e.g.

Lff 11 and X2. In other cases, such as Notch and white
deficiencies, and X20, types I and 11, cellular different-
iation is abnermal in that certain types of cells appear
at the ixponso of others, but in themselves they are
viable. In many cases then, death occurs net because

/ot
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of a direct effect of the factors on the cells containing
them, but because of developmental disturbances whese

lethal effect is on the organism as a2 whole.

The localization of cene effects:

Where there are specific structural effects one of
the aims of developmental studies is to distinguish those
which are close to the original gene action from those
which are remote. Grineberg states the methodological
approach as follews: "lIn developmental genetics, a
&eneralized effect is more likely to be fundamental than
& local one, and an early effect is likely to be closer
to the primary gene action tham a late ona" (Griineberg,
1953). An example from these embryomic lethals is the
frequent failure of the involution of the head; since
this is & local and a late effect, which may be caused by
a great variety of antecedent disturbances in the embry-
onic organisation, it cannet be considered am a fundamental

The question arises as to how, if the primary effect
is a general ome, it can bring about specific localized
structural effects. In principle the solution is clearly
that the effects arise as & result, not simply of any
effect of the factor under consideration, but of its

interaction with the developmental pattern as a whole.

/As
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As Sewall Wright has put it: "The apparent extreme
localization of the effects of particular genes in
certain cases turns out to be a matter of thresholds in
the organism - not of preformed rudiments in the germ
plasm,. Genes and environment are alike modifiers of a
pattern residing in the whole.®™ (Sewall Wright, 1945).
And the patterm in the whole is determined by the whole
complement of genes, in conjunction with the pattern
imposed by the cytoplasnic organisation of the egg, which

is under genetic contrel im the previous generation.,

The manner in which this interaction of mutant
factors with the normal developmental pattern has been
deseribed, as far as possible, in the six lethals deseribed
in this work. It is clearest in these in which there is
a disturbance of early morphogenetic movements, which
bring about a number of subsidiary effects, e.g. Lff 11,
A2, X27. The subsidiary effects are chiefly what would
be expected from the early displacement of materials in
mosaic egys - the differentiation of tissues without
relation to each other, resulting in the formation of
teratological embryos which are incapable of further

development.

The displacement of tissues relative to one another

/would
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would lead to interesting results in organisms where
Organiser phenomena were important, and would provide
evidence for such phenomena if they played a part in the
development of Drosophila embryes. In»an analogous way
Haven has shown that although the main lines of develop-
ment in Limnaea are determined by the mosaic development of
differentiated regions of the eg. eytoplasm, contact
inductions do play a part in oerganogenesis (Raven, 1950).
Hiowever, very little evidence of such industive mechanisms
has appeared. Nothing in the present wotk supports
Foulson's sug.estion that the nervous system has an
inductive action upon the hypoderm (Poulson, 1§40). but
there are, on the ether hand, stromng indications that the
dogrco to whieh the muscular sytem is developed is deter-
mined by the prior differentiation of the hypoderm (see the

discussions of X20 and X27).

Fhagse specificity:

The localization of the expression of gene effects
to particylar structures implies a co:ro-pondtng restrict-
ion with respect to the period of development at which
these effects become apparent. This is related to the
"phase specificity” which Hadorn has emphasized as a

characteristic of lethal mutants, which refers to the time

/at
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at which death occurs (Hadorn, 1948).

Many visible mutants show a g eneral weakness and a
lowered viability in ontogeny, and a similar sensitivity
pls been found in some larval and pupal lethalg, which
havo & higher embryonic and larval mortality than normel
controls (ladorm, 1951). But 21l work on lethal mutants
confirms that in general death occurs at a specifiec period
for a particular mutant. There may be, as in X10, X20
and 89 in the present studies, several lethal perieds in
each, owing to "break-throughs®™ from one to the other,
but they are still di:tiaci; nowhere is there a general

distribution of deaths through the whole ontogeny.

Hadorn points out that when large numbers of lethals
are considered, the periods at which death occurs are
clearly clustered at particular developmental stages
(Hadorm, 1948). In the embryo these are the "first
sensitive phase”, which includes fertilization, cleavage,
blastederm formation and primary erganogenesis, and the
"second sensitive phase®, which is the time of normal
hatching, in which the important factors are the forces
required for the hatching movement. Between them is an
"insensitive interphase" in which death is rarely found
to occur.

/This
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This is confirmed by the present study; those
mutants irnd uded in category "a" do not develop beyond
the first sensitive phase, while these in categories "b"
and "c" die at the second sensitive stage. But the
classification is a very rough one; the first phase
' includes many different stages of develeopment, and the
second does not distinguish those embryes which prodﬁco
larvae which are apparently normal except in not being
 able to hatch, and those in which there is a compleste
disorganisation brought about by a very early develop-
mental disturbance. Lhere large-scale surveys of le thals
are concerned it is scareoly‘possiblo to do more than
classify embryes in this way; but detailed developmental
studies such as the present one 8175 much more information
about the time of action of the factors, as opposed to

the times at which death results.

Though Hadorn points out that these are not
synonymous, his own scheme emphasizes the one which is
- least impertant for am understanding of developmental

mechanisms. In particular, the clustering of so many
\

| lethals as resulting in death at the second sensitive |
phase shows little more than:that the mechanical difficult-
ies of hatching are decisive factors in preventing the
further development of abnormal embryos; it reveals

/their
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unfitness as organisms, but nething about the reaction of

the developmental pattern to genetic factors.

spigenetic crises in development:

A more useful scheme for the present purpose is that
developec by Waddington in connection with developmental
studies on various genes affecting adult structures, such
as the eyes and wings. In the following éuotation the
terms "epigenetic crisis® and "quiescent interphase" recall
fiadorn's "sensitive phase" and "insersitive interphase",
but they have a clearer relation te characteristies of the
@ovolopnontal mechanism; "..we can perhaps take it as e
fairly general pattern...that there is an alternation of
phases of epigenetic crisis, at which the predominant
factor opereting is often an evocator stimulus, with more
quiescent periods cduring which a comparatively large
number of miner epigenetic processes are governing a whele
host of small adjustments, on whose overall effeet the
character of the next crisis will depend.” (Waddington,

1948b).

Une example given is the effect, in combination, of
certain mutant genes upon the growth of the imaginal buds
during the larval period. 7This results in a gross
abnormality of the folding of the imaginal tissue into the
buds at the time of pupation, and there are in consequence

o
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& number of disturbances in evocation of adult organs,
though the genes themselves probably affected only the

erowth and thus the mechanical folding in the buds.

§his is precisely comparable to some of the defects
which in the present study have been found to eccur in
gastrulation, especially in Lff 11, X2 and X27, though the
ensuing evocation phenomena are less clear, if present at
all, In each of these cases the disturbances appearing
in gastrulation are spectacular and clear-cut, but they
have been preceded by a -.équence of much more obscure
minor abnormalities, which have only become drastié in
‘their effects at the focal point represented by this

epigenetice crisis.

dguilibrium in development:

Considering the complexity of movements involved in
gastrulation, and the minuteness with which they must be
integrated in the normal process, it is not surprising
that it should be disturbed by many different mutant
factors, which may act by altering slightly the speed of‘
one component process, thus disrupting the co-ordination
in time. Comparable disturbances have been found to
occur in hybrid trout embryes (Rubaschev, 1937), and it is
probable that processes invelving the integration of

/eomplex
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complex cell movements are likely to be epigermtie crises.

This example illustrates the balance which nermally
gxists between the factors involved in development, and
their equilibrium until it is disturbed by the effects
- of a mutant facter. Waddington points out that this
balance in developmental processes results in an important
characteristic of differentiation - its "canalization®,

80 that one or other tppe of tissue may be formed, but
very rarely an intermediate type: ".,.there is a strong
tendency for the end-result to be = typical representat-
ive of a repertoire of definite and di stinet organs or

tissues.” (Waddingten, 1948a).

The example given i=s the range of potentialities
which exist in the early vertebrate ectoderm, which,
having been started on one path or another according to
the evocator stimulus it receives, continues to different-
iate inexorably into ome particular type of tissue.

And it is pointed out in another connection ;hat "genes
act in a way formally like that of evocators, in that

they control the choice of alternative" (Waddingten, 1940b).

This prineiple is well illustrated by the present

studies, especially with respect to the differentiation

Jof
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of the ectoderm, In this the delicate balanece which
exists between the tendency to give rise to hypoderm, and
the tendenecy to give rise to nervous tissue, has frequently
been referred to. The case of X20 is particularly
striking, where in type 1 the ventral nervous sytem
develops normally, but with ne hypoderm over it, while

in type 11 there is a complete hypoderm, but ne nervous
tissue is developed. iiere the normal action of the gene
controlling the choice of alternatives has been disturbed,
and differentiation of the ventral hypoderm is canslized
into one or other of these contrary directions. The
self-reinforecing nature of the differentiation process is
well showa in X10, type 11, where frequently the entire
‘mass of differentiating cells gives rise teo nervous

' tissue, somewhat analogous to evecation without individ-

uation as it sometimes occurs in amphibians,

Variation and buffering: %
Biometrical studies have shown that small variations

in development occur even when the environmental and
genetic variables are reduced to a minimum; such variation
has besn provisionally ascribed, in these studies, to
"tintangible' accidents of development" (Robertsom and
Resve, 1952). But such accidents are usually controlled
by the equilibrium and balance mentioned above, as
Waddington has pointed out in his explanation of the way

in which normal develeopment is "buffered” (Waddingten,
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1942%). In mutants however the buffering mechabism is
upset, and the variation found even in visible mutants is
much more extensive than in normals; slight initial

de 'iations will tend to lead te greater divergence, indead
of being adjusted. in the mutants described here the
variation between individual embryes is very large, and
in fact is one of the chief difficulties in such work.

It is most marked where the disturbances are of general

. differentiation processes, as in X10, type 11I. TWhere
there is a specifie structural effect, as in Lff 11 and
X2, the variation is less. 89 is interesting in this
connection, for there is an initial structural defect of
the blastoderm, which is subject te relatively little
variation, and subsequent general effects on cellular

differentiation, in which there is much mere.

5light initial deviations will therefore often
operate as "switeh" mechanisms, being followed by
canalization of the dcvelopment inte a particular path,
Some such mechanism must account for the large proport-
ion ef the nutints which show a number of distinet types
of expression in embryonic development (X20 and X10),
or in whiech "bresk-throughs® occur to another stage of

development (S9).
/Evolution
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fvolution:

The relevance of these studies to two relied larger
problems may be briefly noted. These are those of the
comparative embryology of insects, and of the evolution

‘of higher categories than species.

In the first place, the comparative embryology of
insects lacks any unifying principle relating the very
difierent types of development in the various orders
(Johannsen and Butt, 1941, passim). In the second, a
number of biologists sug_est that the current neo-larwin-
ian explanations of the mechanism of evolution fail with
respect to the cmergence of supra-specific categories
(Laleq, 1949; Goldsehmidt, 1940 and 1952). Goldschmidt
in particular has sﬁg?gstgd that their evolution has
come about, not by the accumulation of small mutatienms,
but by large macro-mutatipns. These would cause early
disturbances, but the or;gﬁis- would be viable, giving,
as he puts it, a 'hopcfullloastor', which might survive
as a progenitor of a group of orgsaiQ-l of a new type off

organisation.

The present studies show that early disturbances
arising from mutations can cause drastic modifications

of developmental pattern, while the organism as a whole

/may
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may survive until its inadequacy as a functional organism
leads to its death at abou the time of hatching. lore-
over, those which are most striking in this respect - the
lethals which cause disturbances in gastrulation - bring
about modifications in the relative length of the germ
band, extent of the embryonic membranes, alterations in
movements, etec., of the type which is invelved in the
dififerences between the embryonic organisation of one
eroup of insects and another. And it has been stressed
that these changes are probably brought about by
alterations in the rates of normal processes, which is
well known to be & common mechanism in evolutionary
change (de Beer, 1940). In Drosophila there is ne
regulatien in embryonic development following these
disturbances, and the resulting monsters would be hope-
ful indeed if they expected to contribute to evolkionary
advance. But in ancestral inseets, as in many existing
. ordars, a gr;ator capacity for regulation might have
i‘lgde promising material for natural selection out of

such -htantl. e
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effects of genetic lethal factors on embryonic development,

The studies of embryology and genetics grew up sepamately,.
but in recent years great interest has arisen in the study of physiol-
osicil genetics, which aims at discovering the relations between them,
énd in particular the way in which genes act in controlling development.
Une difficulty in its study is that genetic mutants which affect
fundamental developmental processes usually cause the death of the
organism, and are therefore imposgible to keep in most animals. However,
in Drosophila techniques exist for maintaining stocks which carry
eenetic lethal factors; more-over, large numbers of them are prodngcd
in the course of research into the induction of mutations, so that
~ there is an abundant supply of material. 1t is known that l;ny of these
factors produce their lethal effect by disturbing embryonic development,
but few detailed studies have been done on the exact way in which this
occurs. An obstacle in the way of such studies is that whereas there
is an abundance of genetical knowledge relating to Drosophila, comparative
ly little is known about its normal developmental mechanisms. Therefore
the pres-nt study aimed at contrzbutiné to knowlecdge of normal embryonic
development, both by studying normal embryos and by noting the reaction
of the developmental processes to disturbances caused by lethal factors,
in addition to investigating the mechanism of gene action in development.

Iwelve factors were selected which caused death in the
émbryonic stage. Six of them had no apparent structural effects, but
produced fukly-developed embryos which were unable ® hatch. The other

8ix caused disturbances in development which led to the production of

e;@gemo}x abnormal embryos. These were studied in detail by means of

Use other side if necessary.



serial sections, preparec at all stages, and in some cases by tli.#

lapse cind-studies. In generalthe complicated final array of abnormalitie
characterizing each mutant could be traced back to the offects of

simpler earlier structural effects, which were considered to be the
primary effects of the genetic factors. The primary effects occurred

at specific times in development, and in three cases involved the
gastrulation process, which they were believed to affect by disturbing

the time relations of its component events. One mutant caused an

earlier disturbance, in affecting the distribution of the cleavage

nuelei. In some cases there also occurred apparently nurol+tod
disturbances in cellular differentiation, and in one case thiuo occurred
in the absence of any primary structural abnormelity. Erfpo upon the
difrerentiatioy pf the ectoderm were particularly striking, 'h.ll‘:
that & delicate balance exists betweon the tendency to become hypoderm,
and the tendency to become nervous tissue, which is under ge | ie oiﬂﬁii§§
Little evidence for the existence of incuction mechanisms va:y:nun‘@;]ihf}
the degree to which the hypoderm is developed does appear to tncti;ipi?f-
cdevelopment of the somatic mesoderm. There is much indivi "’*_i'bi$

distinet
types of embryo were found. These findings are discussed 1n\rllhtila-

in the expression of the factors, and in some mutants several

to gemeral: embryological concepts, in particular to those of ‘!ﬂllblili
and canalization. |



