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Introduction 

The special studies of animal embryology and 

animal cenetioa  grew up independently, using different 

orbanisms and with little reference to each other. 

Abryoioy was concernea with elucidating the develop-

mental 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 beneration. 	Genetics, on 

the other hand, followine  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 ai'versity, such as the form and colour of 

the skin and its derivatives. 

An a result, it was Comonly charged against 

Merndeltsm that it applied only to "superficial charactet-

ice", and it was subb.sted that the genes played no part 

in fundamental developmental processes. 	More-over, 

there was much confusion between "enee' and "characters" 

so that it was frequently aesumec that the relation 
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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 seam 

to be born preformationists. 	They tend to take for granted 

a separate heredity for each part of the adult organism, 

ven physiologists sometimes attribute a character partly 

to physioloical factors, partly to heredity, as if heredity 

could ,perate by some sort of sympathetic magic, independ-

ently of physiological channels. 	The attitude of physiol- 

ogical 1enet ice is that characters are determined 100 per 

cent by physiological processes, but that enee are the 

ultimate internal physio1oica.l agents.N  (Sewall Wriá,ht, 

1945). 

The term "physio1oica1 6eneticf was used by Go1dschmit 

(1938) as the titie of a book in which he stated, for the 

first time, some of the fundamental concepts of the subject. 

The most important of these were: 1) that g.n.s act by 

the production or re0ulation of enzymes, 2) that their 

effects are frequently on the velocities of reactions, which 

brinb  about qualitative aifferenoes by their relations to 

various threshold situations. 	Further stages in the 

oevelopment of the subject were marked by the publications 

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

/now 



now established as one of the fields in which biolobical 

research is most active, uniting embryological and genet- 

ical work. 

Genetical studies are made by comparing or banisms 

which differ with respect to certain chromosomel factors, 

which may be point mutations of particular genes, chromo.-

some]. rearran0emente of various kinds, or deletions of 

parts of chromosomes. Usually, one orbaniem is a 'normal 

with respect to a particular factor, and the other is a 

"mutant, 	if the mutant factor affects a fundamental 

developmental process, its effect is usually so drastic 

that the oruniam ties before reaching the adult stag.; 

consequently, most b enetical work has been done with the 

"superficial" mutants mentioned earlier. For physiological 

enetics on the other hand, the'!Lethals' provide excellent 

material, and developmental studies on such mutants have 

un made in all groups of animals in which genetical 

techniques exist for maintaining lethal stocks. 	Theee 

include the fowl (reviewed Waddington, 1952), the mouse 

(reviewed Glu.ck.ohn-Waelsch, 1951), and Drosophila 

(reviewed liadorn, 191); a 4,eneral review has been done 

by .ulu•cksohn-Waelsch (193). 

i)roaophila has particular advantages for such work: 

/1) 
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Much research is aoae into the jnauction of mutations 

in Drosophila by various mutaenio agents; almost all of 

this work is on lethal mutants, which are therefore avail-

able in larbe numbers for developtentai. studies. 

There is an enormous back 0round of genetical knowledge 

relating to Drosophila, into which the findings of physiol-

oioal 6onstion must be interatd. 

There is a correspondinly large array of genetical 

techniques, which may be drawn upon for the testing and 

extension of these findings. 

Against these aavantaes on the benetical side must 

be placed serious disadvantages on the physiological. All 

physiological studies in insects lag behind those on vert-

ebrates, and this is particularly the came with their 

embryology. 	At the descriptive level it is extremely 

complex, and no unifying principle has been found under-

lying the breat civersity of developmental patterns in th 

different orders (reviewed Jokianneen and Butt, 19E1). 

And experimental investigations have been hampered by the 

recalcitrance of insect eggs to the standard techniques 

of causal embryology (reviewed Richards and Miller, 1937), 

so that the basic developmental mechanisms remain obscure. 

In both thee* respects, the Diptera is the most difficult 

of all the insect orders. 

/For 



Wor this reason, comparatively little wott has been 

done on the Drosophila lethal mutants. A number of workers 

have surveyed series of them, noting the stages at which 

ueth occurred, but not LOifl Qevelopmental studies, in 

order to finu the relative numbers of enbryonic, larval 

and pupal lethale (Uedvedev, 1939; i-iadorn and Chen, 1952; 

Oster, 1952 and 1954; Aizki, 1952). 	Several studies have 

been madc upon larval and pupal letbals (reviewed Hadorn, 

1951). 	L.i (1927) found that deficiencies of the whole of 

the 1.-chromosome or lVth chromosome caused death in the e 

stage, but cud no developmental studies; he also found that 

Minutej and Plexate ceficiencies allowed complete embr.-  - 

ionic development, but that the larvae did not hatch. 

Similar non-hatching larvae were formed in the case of 

Star (3ivertzev-Dobzhansk.j, 1927) 9  the 1-chromosome 

deficiency 260-2 (Kaliss, 1939), the lIIrd chromosome 

deficiency Lyra (Counce, 1950), and saute deficiency (Poulson, 

1940). 	Other cases were found in which the larvae occasional'y 

emerged, but died in the let inetar; the 013 homozyote was 

of this type (Brehm*, 1937). 

Most aominant lethals induced by 1-irradiation of 

sperm were found to act in the embryonic stage (Demereo and 

Iano, 1941), and a cytolobical study by Sonnenblictc (19404 
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showed that this was due to early cytological abnormalities 

which affected the cleavat• nuclei and prevented further 

development. 	carly cessation of development was found 

also in the case of deficiencies of the whole, or either 

of the halves, of the 1.-chromosome (Poulson, 1940), nnd 

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

The most interestinu mutants from the developmental 

point of view are thou, which permit extensive organization 

and cellular differentiation, but disturb it in a partic.. 

ular way. 	The best accounts of such l.thale published 

so far have come from Poulson (1940 and 194), on the 

'Notoh"(faoet) and white series of deficiencies. 	Gloor 

(1950) did S study of the zrt1ppe1 mutant. 	Farnsworth 

(1951) and Bull (1952) studied a Minute-IV deficiency and 

three vestigial deficiencies respectively, but have not 

published detailed accounts of their observations. Counce 

(1953) has done bmteneivi studies on the female sterile 

mutants Laged and rudimentary. 

In the case of such lethals, where there is a 

concatenation of abnormalities in the rranement and 

aevelopment of many structures, it is probable that in 

each case they mi0ht be traced to a single primary 

/abnormality 
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abnor'ta1ity. 	uch a. ror.rn:;e uas been lare1y success- 

fully carried out in some oraniszie, particularly in 

certain studies on rats and mice by UrUneberg (reviewed 

rUneber, 1946). 	but in the case of the embryonic letbale 

of Drosophila it must be admitted that attempts to furnish 

similar eiplanatione have had a rather hollow sound. This 

is unQoubtedly due to the 0eneral absence of information 

coneerning its normal aeveloprnental 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 into normal 

processes; 2) by furnishing a. means of interfering with 

development analogous to the classical techniques of caaea]. 

embryology. 

The work of Seidel on Platicnemis (reviewed Seidel, 

1936), which has thrown such li bht on insect eabryegenesl.e, 

still bivee little help when dipteran embryos are in 

question. 	ixperimental work on these has been retarded 

by technical difficulties caused by the small size of the 

eg and its unusual development. 	Rather crude techniques 

have had to be resorted to, including cauterization (Reith, 

192; dtrasbur4er, 1934; howiand and Hoberteon, 1934), 

centrifuation (Pauli, 1927; Howland, 1941) and liaturing 

(.ali, 1927; ktostand, 1927), using variously Drosophila, 

/Musge. 



8 

and Calliphora. 	Comparatively little has emerged from 

these experiments except that embryos are completely 

mosaic from a very early stage, with almost no capacity 

for regulation. Rather more interesting results have 

recently been obtained by using ultra-sonics (Selman and 

Counce, 193; Counce, 19), which are referred to later 

(page /9o). 

The disturbances induced by lethal factors may be 

rs0arded as experimental tools of much breater refinement 

than any of the above, and much is to be hoped from their 

use as such; but their usefulness is impaired by ignorance 

as to their nature. 	Consequently this sort of invest- 

iatiOri has to work from both ends, seeking to discover 

the oriinal gene action by observing its effects on 

development, and elucidatin8  its developmental mechanisms 

by observing the effect.nof the factors upon them. Such 

work is bound to consist lar.1y of painstaking observations, 

relievea by a number of 61&eeses 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-worker.. They are maintained by Dr H. 

Slizy-neka for cytoloica1 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, or 

deficiencies. 

Thei are maintained in MU11er-5 stocks, in which 

the !-chromosome carryin, the lethal factor is balanced 

aainst another X-chromosome containing a double inversion, 

so that crossing over is almost completely suppressed. 

This chromosome usually carries a recessive marker, 

apricot, and a dominant one, Bar, but in all the sticks 

uses here except £ff 11 and ..ff 16, our was replaced by 

the recessive cut. 	The stocks are made up in each 6.n- 

oration by selecting h.teroZyous females, and mating 

them to the males, which are always hemizrous for the 

,41ler-5 chromosome ( l 	female I 	5 ma1e ). me 

progeny consists of homozygous iMller-5 females, j hetero- 

/ zygous 
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kieterozy,ous females, J hemizy •ous MUller-S males, and 

h.mizy,1ous lethal males ( 4jfemai.s; *1females; 

j-oiales; 	k31•5 ). 	The hemizygous lethal male 

class is the only one in which the lethal factor is net 

maseci by its normal allele; consequently, only one quarter 

of the es produced are expected to show the lethal 

abnormality in their development. 	The normal embryos 

provide material for control studies on normal develop- 

ment. 	The stocks are kept at 1 0C, and the embryos for 

study are reared at 25°C. 

Agg  collection: 

Females from which •ö.5  were to be collected were 

aged for three days &4er emerbence, and given a good 

supply of yeast, in orc*er to obtain the maximum number 

of ee. 	They were aat•d to an excess of males, in 

order to reduce the number of unfertilized eggs. The 

coll.otions were made by pitting the female., usually 

about 50, in a cream jar which was inverted over an 'agar 

lid'. 	The latter consists of a watch glass containing 

a 4911od agar solution (1()Ocos. water, 3ccs. alcohol-

acetic acid, 3rma. aar); more eggs were laid when the 

smooth surface of the agar was scraped off. 	For devel- 

opmental studies the lid, were changed every hour; the 

first hour's collection was always discarded, on account 

/of 
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of it's consisting lar.ly of o5,9 which had been held 

within the female, and whose developmental age would 

therefore be unlcnowa. 	The •ucceedjnb collections would 

consist of newly fertilized •s, whose developmental 

as could be reckoned from the time of laying, 

hat ehabilty tests: 

Preliminary tests for embryonic lethality were made 

by counting the nmbera of hatched eggs (the empty chorion 

is easily seen) and unhatched •g,s, either 30 or 48 hours 

after collection. 	After 30 hours, unfertilized eggs 

and some unhatched larvae are included among the unhatched 

ebb s; after 48 hours all tLe normal larvae are hatched, 

and abnormal egs in which any cellular material has 

formed become brown, makino them distinguishable from 

unfertilized ee, which remain wnite. 

Observations on livin. embryop. 

The opaque chorion say be removed by scratching It 

.ntly with a tuneten wire needle, and the embryo 

observed through the transparent vitekline membrane. 

The e is placed in tap-water in a depression slide, 

and in most cases development boes on to completion. 

The main exteral features of late embryos may be seen 

fairly clearly, but the early events are difficult to 

/follow 
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follow by direct observation. 	On the other hand, time- 

laps. c.n&photoraphy ,iv.s a clear picture of develop-

mental event, at all stages. 	A film of normal develop.. 

want s  *The bryonio Development of Drosophila melanogaster", 

has been made in connection with the present work in 

collaboration with SJLCounce, with photography byE.C.A. 

Luo.y. 	The majority of the sequences in this film were 

of embryos from the lethal stocks A.ff 11 and 12 0  since 

sequences of thise mutants were also required, and it was 

impossible to tell whether any particular egg set up for 

photoraphing was of a normal or a mutant embryo until 

development was under way. 

b ectioneamaterial: 

When observations on the late mutant embryos showed 

marked structural abnormalities, their developmental 

history was studied by means of laro series of serial 
"• 

sections,, made at all necessary *9ges, 

igs were fixed, dehydrated and embedded according 

to Smith's method for •$ which require softening 

(J.iarlinton and La Caur, 1947). 	The fixative consists of 

formaldehyde (6), alcohol (16), acetic acid (1), plus 

water (30). 	Penetration of the vitelline membrane is 

slew, so that each •g has to be pricked with a tungsten 

/noodle 
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needle when it is put into the fixative. 	In dehydrating, 

the ea are taken throu6h mixtures of ethyl and butyl 

alcohols up to pure butyl alcohol with 4io phenol. 	The 

0bó5 were embedded about six to a block, orientating thee 

by reference to the chorionic filaments. 	Sections were 

cut at microns, and stained with kieidenhain'e iron has. 

ldtoxylin, counteretained with scam, following the method 

iven by iantin (antin, 1946). 

Preliminary Survy of Lethal Stocks 

The stocks investi batsd were of three sorts: 1) 

mutants induced by feedin o  larvae formaldehyde in the 

fopd; 2) mutants which arose spontaneously; 3) mutants 

induced by L..irradiat ion of male parents. 	These gave 

the following proportions of embryonic letha.].s: formal-

dehyde - 2 out of 25 examined, plus one e,/larval 

boundary lethal; spontaneous - 2 c.f of 16; X-ray - 8 out 

of 29, plus 3 e 64/larval boundary letha].s; total - 12 out 

of 70, plus 4 e60/larval boundar lethals. 

This ratio of embryonic to larval and pupal lethals 

Is similar to that found by other workers in Drosophila 

e1ano,aster (Medvedev, 1939; kiadorn and Chen, 1952; Oster, 

192 and 1954), and in Drosophila willistont (Rizki, 1952). 

/Six 
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Six of the embryonic lethals thus discovered (1 formal-

dehyde; 1 spontaneous; 4 -ray) were found to complete 

their embryonic development without anjr apparent structural 

abnormality, but remained unhatched, presumably because of 

some phyetelobica.1 defect; these were not Investigated 

further. The other six showed marked developmental 

abnormalities, and are described in detail below. 
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n 	of n.rnki. eVeloi.nnt 

In the iccounts of the mut&nts which follow the 

development of each is described by compbring it 

stage by stage -,AVE. that of the ncr.J. .ibryo. 

Details of the Ltter, inc..uding original obszvtions 

rr..de from seri1 sections or fran the film "The 

ebbryoni c dvc1opment of DrosopbiL. aelnost er" 

	

re inserted 	they are is ired in the elucithtion 

of the mutnt types. In the present ction tn outline 

01 e omplte zorm1 eabryoenesis is given, xolloiing 

t sche;,tic uiviaion of the 1.roce6s v,Lieh it hs 

been found convenient to adopt in describing the autanta. 

In general the account follo that of Sonnenblick 

Poulson in their two chapters of "The Biology 

of Di'osophil" (3onnenblick, 1950; 1Ou1son 1950). 

The usacription is illustrt. bj a sries of 

photobrapha bnci uiagrarna (pes 3Z - i ) including: 

Diagrams of five developmental atges constructed 

from serial ectiona (figs. 7-19). 

.)er1es of camera lucida drawings :and from the 

film (ilga. 9-14). 

Corporxiin seric of 3till otoruphs IroL 

film (figs. 1-8). 

In the case of each drawing and Lotograph m*tie 
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from the fI.LUL . time given in hours ufld minutes 

iicts tht ate of dve10 ient. These times 

re accurate .ith respect to the I txvb1s bct.en 

successive franies of te film, but not to the beginning 

of development. This is iue to t: editing and 

cutting having been done before the analysis reported 

Lere w1.a 	rtksn; consuuntly, zAn I .k roimate 

estimate oi' the ti..e which had 	psc1 beten the 

beginning of each sequence nd the &trt of 6eve1opmnt 

was mde t  ir t1: iuterv16 were dued to tht, 

In 	ition, the time u events in,  the Alm 

do no-. 41waya corre o 	ith the time given in the 

description, usually 1ag >ing behind them, esj cilly 

in the iter stages. There are to reasons for this. 

Firstly, It was not possible to control the tper-

ature during filn:iing; uuUy it 1uctutd bct.een 

21 And 3 degree centigrade. The tiaes given in 

t deariition e for embryos t 	degrees, it 

hich develoaerit is more rzid. 	coau1y, the 

conditions unour which the embryos were i1ied ere 

bnox1, nd probably deleterious; several id 

not complete their deve1onent. .o it is iot likely 

tL.t the p.rticuLr condition ccssd the Brued 

of deve1opriit in some cuses, epecially towards 

Its conclusion. The times given in Foulaofl's 

/account 
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account have been accepted hex as btndard. .,nd 

6eviationo iri them in the illustrations may be 

thken as accounted 1or by these considerations. 

The unfextiliod e aric iertilihtion: 

The strUcturQ of th e 	nLi te eriest events 

in development haie been long estubL.shed (Huettner, 

193 9  19.4 9  l9.'?). The eg6 is 400 to 500 microns 

in 	rxi L. about three times as long as ide. 

It is boat4shaped, being more convex ventrally than uorsLLj 

and more cinted anteriorly than osttriorly. There 

is 6 thin vitefline membrane, 61LAd a loose covering 

membrane secreted by the follicle cells of the ovary, 

the cLorion. Internally the cytopLAsm is only clear 

A the periphey, .,her it is cllu the Keiihaut-

blestem. The inner jart of the egg is occupied 

chiefly by the yolk, in the form of uistinct granules 

hich stain heavily with haemtoxylin. There are nny 

cytoplasmic vaCUOlt one eurroinding ech yolk 

granule, 1nd otrs adch art empty. At the potior 

end is n area of cytoplasm containing fine ckrkly 

sthining granules, called the polar 1-:lam. There 

is a ipae at either and between the eC6 material 

and the vitelline membrne, hich disappears when 

the bla.touerm is formed. At the nterior tip is 

'an 
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an extension o1 th 	L•L. 	fo1Ae bearing the 

L ...... 

enter .t IkIti1ih.tion. 	L.c 	is ill 	utr1s 

'then 	 Lthi jiktf i 	 dcjjOSitud 

immeitely tcrur (onide, 1920). 	otween 

forms the t1e 

iao 

w&y back 

meiotic 

urose; 

t this 

five i7.nd eight en enter,one of hicb 

pr0nu.i. 	fai1e ronieleus lies 

Lreu Of cytoki].- 	one tiiid cT th 

from the niicio 1 yle. The tJet:ils cf the 

divisions re in lv'it for the present 

the ronuclei I'u, rl begi s 

oint. 

it 	11s, &r.ci bL.toiI9 i'orti .Ion: 

An early LAudy cf clevage 	ie by Ttuettner 

(Huettner, l9), but, prc.blema ctncerned ;itt it 

ive t3tili nOt bri utici. 	The cbler of tte 

is tht c.I the fte of the cic*vge nuclei, bich 

my bcoue vrous1y bi todei nuclei, pcie cell 

nuclei, or yolk nuclei • Perks looked for s 

pt1.1ein of clev, but concluded th.t the ft 

of any iri&ividual nucleu ws a tt•..r of chnce 

(Prk, 1936). 

The rn&iln evnt cIL.O  

/The 
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The dividing clavae nucThi mrate towards the surface 

O 	t.-- 	•T, '  

nuclei 	truci ar the posterior end, each one 

8urrounc b rtion of thc jol;r i lam. Theee 

are the i-ole cells, ii1Ch by uiv1ion give t. Cap of 

celia which rina outside of the bla6todurm at the 

oteior 	d c_ he 	brjo (.. 	,Z,1.41 9  .18). 	1. oat 

of the otir zauci.ei :aci. d- e urree t 2 hours, 

t the ninth elav, here they Lxis evenly distrib-

ute6 	

distrib- 

ute tc. fc.rn ii ynytii b.L&atoex. 	TLe 

despecs and the yolk 18 eoncentrat. 	thou middle of 

the 	The .i totic div1sios are er&o1irr1ly 

rapid, aucceeding etAch other at ten minute intervai. 

The e i1; 	aves incudir tha Iir3t three &L the 

urIc, occur synchronously, but 	ell bounciries 

appe..r in the b.stoderut they becote irreu.thr. 	iis 

happex-ui at j hou 	•1hefl furrows exteid iiax 	ioi 

the urce bet-an the nuclei, bich are com.letely 

ioLted by the i'oriion 01 a basal boundary slightly 

later, 

oe nuclei remain Uiiinu Ili sriU cytopi:•stnic 

il.rIs in the yolk, forciin the yolk nuclei (Rabinowit, 

l4ib). Rabinowitz noted that o e of the yolk nuclei ai 

formed by the rnirt1on or oe of the ;ole cells back into 

ti-., e yolk. He believes tht they degenerate L.te:, but 

this i isjuted by Youlson, ;ho belivea tham to 

/foi 



form the primitive midut (Poulson, 1930). 

Further d(-tails o these eveLts wil'L be given 

hen the :utnt 39 is discussed (page). The 

essential feature of the erabryo at 3 hours is the 

presence of a blastodzii of deep columnar cells, 

surrounding a central yolk reserve s  with a cap of 

o1e cells extern1 to it at tin oitrior end, 

Gstru1..tion: 

(Figs. 5 1 9,10 9  11, la). 

Gastrulation occurs in three tge ;icfzi follow 

ch other rapidly. 

1. At 3.30  hours the ventral furrow is foxiied • 	ihi 

is on iragination along the niid-ventrl iinc. of 

the cells hich giv rise to the mesoderm. It 

remains open only icr a aicrt, time, and 

the xneso(:c 	cells thus cut oLf, 'ith tbeir 

underlying ectoderm, form the germ bund. 

At 3.45 hours tLe ceiholic furrow appears 	an 

obliue groove on each siu nterior1y. It 

is discussed in detail under mutant Lf U 

(PS4, e '13), 

3. Almost imraLdiately afterwards the germ band begins 
its extension dorsally and anerior1y, carrying 

with it the role cells, 	These 	c c. .rriec in 

a locket, t1 	cterior mid-gut rudiment, wich 

/represents 
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represents t 	 odei'ta t&tajI.i.hen 

it .. . 	 c. 	I'it ju3t b"ind t 

rurro.j it becomes ir 	int.d into ,be ±nteL'j. of 

t. ctryo. 	it aeeper, eeto.ierrjii aterL1 is &160 

invintc.c, for. -An6 a proctodi.,eal iaintion which 

is continuous b;itb th..t of the pcstrior ziici.-ut 

..i&iS LS flo.. . buck.arrii;' c'cL 	c, 

cntAin..ir te jole ceil&. 

At about the,  ne tL, the i.nterior enThdern 

1.6 xoiiaed by the i'iriton of a group of ç113 

ntero—vdn..1lj. 	The ecLoderm soon closes over thi, 

ar 	io 	. 	CL cells, t c .trior laut 

rudiment, uldch i cried into the interior o the 

embryo at tie ti- of notr invgintion ic1 

4ri$e I c1iie1 in 1'ront of them, the ctouer.aI 

stomodeu. 

The  

of this perI, I coLnletu 	t 5 loui.. • 	Thu tbree 

germ 1,y,.xs have ro been separated i fol.-Lo: \ 

1. •cto.irw: This ccnzists of the external L4yer of 

cLu3, plUs theirOctothl nd stomo.l 

invirtiori.. 

• +; .: Thi6 LI 	 01 lOOe I'OUIkled ceLLe 

uncerlying the ectoderm of the germ band. 

3. ncotcrn: VIliz eits  Lc: the two ruiment of the 
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mid-gut, the anterior one et the tip of the stunodaeal 

invugi:tion, t1 	ot rior one eontu*us  with the procto- 

uel iv --in. tion. 

DiffercLtL:Lion bet.- von 5 LIflU 9 '.,,ours: 

During this .eriod, in hich thee 	no mass 

movements ofthe embryo, the organ systems .re"roughed 

out" 	the folloing developments in the germ layers. 

1. 	o1erm: Between 4 	7 hours crthin of the ecto.'.' 

derml cells of ti.. erra brt1 round off' end uove 

internz.Uy to become neuroblastc, .hiCh produce 

the nervous tissue. Details of tb: rocess ire 

given when nutnt XO is considered (:e u 17F) 

The cells which rem.,in eterrUy ,ive ri to 

the hyodex.  At about 7 hours a serie5 of &iLl 

inv&gintions epears along the germ band, the tcheJ. 

;iti. 	T'.e openings ure transitory, -ind the 	.eril 

wLich 1.. invegiriuted forms groups 01 cells 1hich 

Liter unite "long ea..h side to roduce the tracheal 

e,istem. At about te sume time a group of ctlls 

on each side in the ventr-laeral region thickens 

ur.i invaginutes to give the rudiments of the salivary 

glands. :t eight hour3 the bypociim is distinctly 

semented, The proctoduesi and stomodaeal invag. 

ir tion 	cntinue ro.. in; by cell ciV13iOfl. 

/ 
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eouex; The aeLti rr..geiient of t 	oderw 

becomes 8pprent t L.bout 6 hours; in tL.. iext 

two hours 	ration occurs bt.oen the sotic 

hich givee rise chiefly to th 	tic 

musculature, .nu t.e plchnic esoern, _ieh 

becomes z,ttached to th rudi:nentL, of tr.e gut 

.,bich have already fci;i 	whei it giv.s ri 

to the vieerl muscuLature of the gut wll. 

i;rocei: t U hours the yolk i enclosed in a 

: 	thin layer of ce11g3, the . ilinitive gut, . hi ch ht 

robz.bly been fcrned by thu 	 tc its 

3urftee of th, yolk cells, hich there unite iith 

the thin layr of cyto lasm 3urrounding it 

(Poulson, 1950). 

fht two ruuiinerit 	iid-ut 

tie primitive gut iAml o  by rapid joli' tion ct their 

cells, eacb btcocs Y-ebped, itr, t-.o ti groin  

out arun rs. unCl r the yolk. The aims of the 

anterior Lnd io.terior rudiments meet-on etch aide, 

tn1 orrii/ eizclosin tn aperture t.roih ich the 

.ri*itivt gut e.tnds baCkwbt 	i 	 These 

et.ions cn be seen in the film to be urwn into 

the .iin body of tie yolk, oibly by contraction of 

the LLs oi 	rimitive gut. 	 : Jt drawn 

in the mid-gut . tJJ. becomes completed ventr..liy. 

/Durii 
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,OurirA6 tb.L 	riod the pole cells crrxz e fm 

the .oste.ior mid-gut ruditaent, out opinion is divied 

ac to bov,, this 1pen 	s to what becomes o1 them. 

.Li c V, ken 	en :riutnt X27 is 

( 

;bcteri. 1nvoiution_ 	 •i 	rsl c.Locure: 

(Fis. 

At 9 heur 	j,'jc 	 vnts ci the 

eibroiic iLteA Ici 	 • 	The u(V1eflt3 •.y b 

ci. ified, for the 1.urilose cf dc cription q  o., i those 

of 	rteiiii oi. the urci bd, t"1-400v. 01 the invol- 

ution oi the hd, 6ad those of dorsal c.osure. 	TTit 

they occur to scie xtnt siuitrouly, 	re 

intrtu i.spect of z enerl reirrananent oftbo 

	

oitenin. i CC 	 in Lin 

hour zA  T, th 	oi hicli tL .ro:tc-.i On1ng I 

Is at the 1. osterior encA of ti-,e 	 rid the yolk 

ib covered dors.liy only by the thin ubryonic aiecnbrr2e. 

	

s rs-jl., ced by th 	t-ici. or' the Lterl 

us ('Vi LrIC 	 - iu, 	.r. t 	giaent& 

of e2ch 6idd .iet ..nü unii.e ui.dLiiy. 	This movement 

i uoxl CiOSUPe. 	1t tl.e li k, e tie, the ectoderm 

of the h c x 	•':.8 to 	irrto L 	nbryo, 

rollowic ur the r evious inVintion of the 

CZ LA- 	 te btirti.ir oi. 	invclution, 

/which 
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,htth w tinu up to 1 our. 	oirds 	- u 

	

rocea the t.1ore.cic 	aent.:,ova fc'iue,rd  

cou lte.Ly enclose the hed, 

ri for -,  ~, tJLon;  

at 13 9  19). 

From 10 'oui thc vlorit of the V ". ZIOUS 

ox', *ri EiySt ims may ba Qonsiclured scç.ratcly. 

m 
tiu 	trt1 	o. the 

L. 	body 	11 ov r the :ora.1 iue is ccoij.nieci 

by ccrrspoiir'.g enclosure C 1' the yolk by the 

ccip1eticn o. ti 	.1I o 	id—iit crul1y. 

This is cc iplete t 	Loui - 	iij1e ..c, rthcr 

ccnicl in alkwp e , 	iti broad ri tiiorly. 

The gut JLb no jst 	 !"mill'6 throub 

the v,ijolfa  body, iid iU rgi 	iy bki ccnioered 

rte1y. 

1. The £oi jut: The first 	o.k. te ce—ut is 

th 	 ..ich i. o.uiiou iroii tL 	ctodx1 

n.teriel i .nted during the ivo1uticr: of 

the bed. The sziivry g.LnQ tri1 on each 

side beconus cifiereniieted iuto ouct and gland 

Cellb t3t U hours, und t 22 Lours the glands 

/1'e come 
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b,-co,-iie filled ith 	ubthr1c which at -ins inntly 

.ith hetoxylin; the duct iue cit.Ly, 

i.ne ccnon oMrJi: is c rrieci into the phrynx: 

in involution. 	OOVti th hrynx a double 	ies 

of lx 	auclv 	OLw l phiyriul pump, .Pich 

i roofd by th 	or of' frontbl SbC. This is 

deep irivginLicn, .t1so 1ormd in tht -,recess,  

of hd 	.ution. Further details of this 

process 	;ivn in th* bCt1difl on L3f .i.l (pag. 7q). 

The Sto;-OLIazUM Live-6 rie tc'.ai 00,80phagua l  a 

mrrovi tube connecti' the 	ynx to the rnidut. 

Cuticle is laid down throu;hout the fore-gut froa 

tte i"e6 oi i;iie harynx a hvily 

cuticuLriuc.i 	pie 	ryigi 	rLtu3 is 

rcitrieu, end just inic 	aottb oj 	.tbere 

	

o uou'th hook nci . 	tooth of cuticle. 

The oe&o hu jiIcre into the 

t of the 	 thc,  roventriculu, of 

Which it iorcab Ui v&sJ..ve. 	Inimeciiately behind 

the rovnriculu ?OLL1 .iä-ut ceci 	re formed, 

t 	et cAirg orrcis c . 	ic. 	The pro-. 

ventriculus appears 11xst at l= hours, s a bulge 

of th iidgut abet at i jurictien ..ith the 

i.t 13 appears 

in i.,he -Addle rtioIL cijvidin it irto io sections, 

/&aid 
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nd shortly ft 	ros another consrictin is £oxned 

round each of tiise, so producing a series of 

four canpressed chambers. 10 cell division 

occurs ufter lh hours, buc ch..nges in ceLL shape 

bring about an inciee in length of thi mid-but. 

The chambtrs buckle gain-it eeli other, Lm 

eventually lose their ccnjresseu shape, oseoming 

first 61obular, then tubuLr, so tt eventually 

tortuous arrangement of coiled gut fills the 

abdomen, Ihe posttrior part is the first to 

become tu..u.r; the anrrior part is more 

CupaCiOU&. 	hula the lumen, oi the gut crees, 

the mount of yolk becans stecily diminished, 

until at the end oi embonic dSVulQOieflt it h 

-"Y all 6one. UulpigiLn tubules 	.rly, 

before 	 L.t the junctiori of the rnid..gtit 

ric.,  the proctodaeu, 	four ruuiAi1%a1t.. 	These 

give rise to four elc ae tubules which under 

through the posterior 	of the bbdomirual cavity. 

3, Te hind-gut: .-fter the change broulit about in 

its cition by the shortenin6 oi the germ bard 

relatively ..ittle ehngs is urgone by the 

proctodaeum in becoming the hind-gut. It remains 

as a nearly straight tube, relied over the coils of 

the mid-gut, to which it is united at a point 

/about 
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about tnid-ay along the body. i'rom 13 hours it 

becomes lined by euticle. 

ALL prta of the ,ut, tith thiz axception of 

the Lrynx bicb has its own rnuscuLture, becaie 

invested itL a thin layer of visceral muscle. 

The body aLL: 

fli consists of the wiAI16 of the thoracic and 

atx2ominal segments, wbich are essentially siailar in 

st.ucture. The thoracic segments are more sharply 

defined than the abdominal ones, each overlapping the 

one in front. There is a sizgle layer of hyoei 

cUa, which begins to secrete a cuticle at 13 hours. 

The inteiseginental by odeim and cuticle form the 

ocomes, to hicL the muscles become onchored. The 

thuscies are s,,indle uhaped, ech cn formed by the 

fusion of vers1 myoblast Cells derived from the 

sociatic ueeoueim. 	Iyofibril& 	visible in them 

between 10 and 11 hours. The ventral anterior 

which effect the burrowing and feeding move- 

of the larva are particularly large. fletween 

tbe muscles .iid the hypoderm in each segment are a 

number oi all unattached cells, 11uscu1ur activity 

begins between 13 and 14 hours, 

/The 



Ilia  n1VOU 	ystaxi: 

From 9 hours the neurob1st cells am their 

derivatives become increasingly eot. ied together. 

to 1'onn a ctistinct nervous 	ursisting of 

br$n ..nd L. ventral neiv cord, coax,,-cted by circum-

oesophag1 eunuiisaures. From 10 hours it is coiii 

p3.et1y difierentiatidd ii&to ganglion c11s und fibres. 

In th vntr1 cord the fiorea ie rraned in two 

litUlflal ztriis l  ith cross ctnectioii in ech 

swent. At th 	of ortii 	vzmi1 iixvous 

sytetn is distinct &ss of tisut etiuizg the 

whole 1tngth of the embryo. At 14 ors it bCLi to 

CO(K ense; its ntricr 	<-nd the btuin :ive tords 

the miodle of the body, comin to ii in the let 

toracic fld the iüs•t bdouiin1 	 while ut 

the same time the poteicL en-L. cvs foiurds. 4 .t 

the nu of develo k  aL.rt the nervous system is extremely 

cOmI: Ct *  

The ircbee: 

The cell groups invinteci s the trches1 

ruiments in ech sent unite along each hide of 

the embryo at about th tiae of shorin. The 

trcheue beco:ie visible zt about 14 hou!,.,bun the 

cuticular lining i luid down. There 	to tnsin 1 

1onituine1 trurk, ..iti-- un an¼.trior nua posturior 

/segment. 
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segment. At about 18 hours they bco... 11114 ith 

gas, ecreted intrna11y; this is wLi ihon in the 

I jim. 

The cras 

It is genir1l, thought that The geri cells tre 

foamed from some c the .o1e c.1lswhich einexge from 

the .oterior mid-gut rudiment (Poulson, 1947). 

rwictUy citfrent opinion has oen 	sei rcntiy 

by iouison, .ho buggess tht they may arise from 

tnos .oi 	11s which iiigrote into Lhe yolk before 

the onset of astru1tion (PouiLIcn, 1930). 	Tevar 

their origin, 4 to 12 germ eLLs co:ie 	- gatud 

in L. gonad n ech side in the 4th fro:n last abcioiainLl 

segment, ith roughly equal numbers o each side. 

Between 16 hours and the tiut of hching one 01 to 

mitoses occur, so that Linally there re bet.ecn 8 

arx 38 germ Cells in each bonad. 	14 hours a 

deiicte gonad sheath is visible around the 6uix cells 

and the gonad is embedded In the tissue of the ft 

bouy 	xtCiu or L.A iaw srients in both directions. 

Both gonad htb U lat body rose from the somatic aaesoderm. 

CUir iesoeril ox.ns; 

se consist of the dorsal vessel 	its alary 

,1musclea 
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tusc1, tLe psrirdicd nd prcazdil c1i;, the 

nip.rocytes c.nu the der-,, ,.l izphrsn. 	They &re 

deve1oaci fr 	tho.,e 	of tht ccic :asoerna 

hic. 	untd aieu1Uy t uorslil 

closure t U hours. ihir cv.Lomt is 411ctUt 

to follow In ncrtn4.1 Lryos, arid virtu14 impossible 

in t.- :iio t of tb. 	 Poever, the Uor&1 

vessel often shows well, eseci11y 1 ,oateriorly, h4re 

its lumen is brci. It is ontracti1e at It, hours. 
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Fi.1. itrrival of the cleavage nuclei at the surface, 

and b1astoderi formation; anterior re gion of th. egg. 
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Fib.. j,xtrusion of the pole cells, and formation 

of the poterior mid- but rudiment; posterior re1on 

of the e. 
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kit;. 3. dlastoderm formation ana Invaginatton of the 

ventral furrow; miaale reion of the eg, anterior 

it the left. 
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Fi.4. From blastoderm formation to the beginning of 

b8St rulat ion. 
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1b.5. 	astru1&tion: invainat1on of the posterior 

mid-iit ruciment, and the extension of the germ band. 
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Fi6.6. Orbanobenesis: shortening of the germ band; 

dorsal closure; involution of the head; bUt formation; 

concentration of the nervous system, 
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Fig-7. Involution of the head. 
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1i.b. Qrmnooeneajs: shortening of the germ band; 

dorsal closure; involution of the bed; ,ut formation; 

sementatton; concentration of the nervous system. 



39 



facin1  pae 40 

Irom fertilization to the bejnnjng of 
0astrulation. 

For correspoflaiflo photorathe see I i.4. 

L_! _I jb8.92l. 

A s 	anterior. 
asig, anterior mid-but 

rudiment* 
apd, apodewe, 
bn, 	blaatoderm nuclei. 
br, 	brain. 
cb, 	cell boundaries. 
ch, 	choriono 
chf, chorionic filaments 
cf, 	cephalic furrowe 
dmue, dorsal muscles. 
em, 	embryonic membrane. 
en, 	extensions from 

nuclei (see p.226). 
Is, 	frontal sac. 

b, 	berm bana, 
bnso, suboesophaeal 

a.nlion. 
hb, 	hindbut. 
hy, 	hypoderm. 
ilb, inner limit of 

bias to d erm. 
11, 	lateral lobe of 

head. 
Iflb, 	midut. 
mbc, mid-ut caecae. 

mm, middle mid-gut, 
mus, muscles. 
mt, 	malpibhian tubules. 
nf, 	nerve fibres. 
008, oesophabus, 
P o 	posterior, 
pc, 	pole cells. 
ph, 	pharynx. 
pmg, posterior mid- but 

rudiment. 
pmus, pharynbeal muscles. 
pr, 	proctooaeum, 
pv, 	proventriculus, 
S60 	salivary bland. 
Ep, 	spiracle. 
Ot t 	Stomodaeut, 
T o 	boundary between head 

and thorax re4ons. 
VI, 	ventral furrow. 
vil, ventro-lateral lobe 

of head. 
vns, ventral nervous system. 
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1i.1O. Gastrulation: invabination of the posterior 

midut rudiment, and extension of the germ band. 

For corresponding photographs see I ig.. 



4/ 

) 

3.45 	 3.47 	 350 

5I11I1 	
347

IIIT  3.52 

9 ciii 3.46 	 3.48 	 3,53 

3-46 	 3.48 	

K) ç1L. 

C F 	PMG 	PC 	3-55 

sIii 	
3\ 	 3.57 

 

GS 

77  

3.47 	 3.48 	 358 

3.47
IIT' KJI 



faoinb, paba 42 

c• 1l. Completion of Qastrulation, 

br correspondin,, photoraphe see fig.. 
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Jib .l2. Or,anonoais: shorteninb of the germ  

band; se6nientation; involution of the head, bUt 

formation, 

For corresponding piiotobraphe see fig. 6. 
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Fi.13. Completion of orbanoeneeis: involution 

of the head; gut formation; concentration of the 

nervous system. 

For correepondinib  pkioto brap* see ui.6. 
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Fib.14. Involution of the head. 

.k'or correeponai'g p11otobr.phs see ft.1. 
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Pi.l,. structure of the embryo at 7 hours. 

Key to the shading  in f1s. 119. 

iJiaonal lines - yolk. 

Vertical lines - but and bUt diverticula. 

Stippling - nervous tissue. 

Dotted outlines - mesodermal tissues. 
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fig. 16, Structure of the embryo at 10 hours. 
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ii. 17. Structure of the embryo at 11 hours. 
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1i.18. Structure of the embryo at 12 hours. 
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Fi.19. Fully aeveloped embryo just prior to 

hatching - at aproximate1y 22 hours. 
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i6. 20. L.S. fully developed embryo just pripw to 

ktatchin, 22-23 hours. x325. 

Ft6.21. l.. the same embryo, throui the nervous 

system. x30. 
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1: 1: 

Co v tion& 	 On living :L 	L1; tWO 

ebryovtera fi1'neci one o .L' -,Ahi1 	 tLoa who1 

oi• 	-VtC 	:fl1, 	1ie ti 	died bOOTh .fter 

	

cru1 11,n, 	1ot infoinitio wars obtineci from 

ect1oned embryos, taken t 11 ve1ojritJ ste, 

ireui.ir a 

1. 	...re ti 	to h.ch l: 	olJ.ctic from 

L .ckJs: 

g.' Lic UrJ.t 	. 	tire, 	unhti.c 

WPA 

tu1i8 of eectioiu :fl 	iLl: 

t- 1Jn:c Lt— GX: 13 j 	.L; 1 L1: )1b 

ii1d ii:.b1 C1..L3 

C-5hre. 7 13S  

b-1 11 3(Xi. 

C. 1 3 19 34 3 

Tot1s 67 -1 481 151 9 

In the sectioned 	t€i.1 9  ribryo i. Uie 	iioc 

o-r-mitIs or mutns, 4nd 

none of the fom:er bve htched. Not counting -n-fertilized 

eggs, or uncrtir cse&,.1inoet exactly a uart.' - 

90 out of 40L - of the embryos &re utents. /Thus 
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Thus the lethal factor is completely efrectiv4, in the 

embryonic staçe. 	This is shown also in the egg count 

in which the p*eportlon of ergs faill'. to hatch is 

rather over 5:; the aditiral G%  may be explained 

as Ccr.Sistifl€ of unrertiuizea 5-s, plus the residue 

of failures in development which occurs in normal stocks. 

ir.al appearance or the mbryo: 

Iu'ant embryo never 	tch, though at 22 hours, 

when the rorma].s are emerging, they may 1e seen rnovir.g 

vigorously within the vite].lire membrane. 	This 

activity occurs in the posterior part or the body, and 

involves the body wall, and also the gut, .-:hich often 

rotruiea through it, 	Sepents, bearira chaetae, are 

prosert, but are distorted. 	The anterior reFlor. Is 

grossly abnormal, and -,Ijtora 15 much undigested yolk, 

rot only within the gut, but distributed in masses 

both inside and outside or the body. 	Some or these 

features may be seen in the final photograph from the 

rI].m (fIg. 42.. , 17.4C). 	muscular activity persists 

for several hours, but 10ectiona of 25-26 hour embryos 

rtary cells are seer to be degenerating (fig. 3 ). 

Development of the Embryo. 

vents U) to UastrulaIori: 

These first ati..es are undIs - urbed, occurring as 

/described 
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described in the outline or normal development. 	The 

similarity or the mutant and the normal development 

during this period is illustrated In the fIin sequences 

up to abcut 3j hours (Normal: five, 4 ard C? , 

rnutant: rigs. 41 and 43, .4b). 	These illustrations 

show the pole cell cap formed posteriorly, and the 

cephalic furrow anteriorly, i.e. astriLitior has beur. 

The differences in their appearance lie orly in their 

photographic qualities, vhich differ even among normal 

embryos owing to variation in density. 	The sequences 

show that beyond this point the pattern or development 

of the mutant divrgss markedly Im that of the normal. 

Gastrulatio n : 

Gastrulation in. normal embryos: 

The normal process or i. , astrulatior has :ot yet 

been adequately described, and probably will not be 

until an adequate rr.irkirr technique is devised which 

will make it possible to follow the movements of sp3cilic 

regions of the blastoderm. 	A successful technique 

has been used In gtudyir' spider embryos (Holm, 152), 

which might be adapted to Drosophila work; but the 

difficulty or enetratIn.g the vitellino membrane with-

out damaging the erbryo has so far discouraged attempts 

alorE these lines. 	The film sequences or the movements 

have been helpful, ut only show the charges In the 

outline profile, :c 	he surface $ricr.s, 	Cor- 

tributlons 	 /tributiors 
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-ributiona Lrorn ti-Is source, us well as from obaervatiora 

ci living embryos and sections, supplement inroiation 

taken troTr 	3 existir&. 1itr.Ature in th rc.11cwlnc- 

account. 

At the time ci ccpletion o1 tie cellular blastoderm, 

the latteis or a uniform thickness, and the yolk which 

it encloses is similar In shape to the whole embryo. 

The cell outlines radiate outwards, rowhly at rIiht 

'angles to the surface of the yolk. 	(Fl. q , 3.CO) 

 tL:tl 	cur 	 cc i 	: 	.VCT 01 

4. 	 its 	llo, 	.- 	cf 	yolk, 	iC 

cuLminate jr the irvination or t e ventral furrow, 

These changes will be described in more detail elsewere 

pie 22.5); br the present It may be roed that there 

is a withdrawal oj blastoaerm mtterIal from the extremetles 
I 

c.ni a heapIr. -' of 	is material In the middle. 	Thayolk 

undergoes a correspondIr&. charge, becoming s1ic*n+- ly 

contracted medially (ri g . 9 , , 15). 	The withdrawal 

of itrial from the rosterior and Is obscured by the 

be - IrnIns of the posterior rnid-,r. 	rudiment, but at 

the anterior and the blastoderm becámes yiite thir, 

especially ventrally. 	This rearranrement Cf the 

blastoderm material Involves a change In the orientation 

of Its c1ls, whose outer bourdirv remain more or less 

stationary, PJhIle thur Inner r  rg.s follow the reneral 

movement. 	The direction of tLc litter Is consequently 

/indicated 
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iLd1cteu y tho urectcr tuu.Y the t:Listoderm 	I  

cells; the ventral celia a the anterior 'Vip point 

almost horizontally backwards; ':ose behlrX become 

incremsi 1y upri-ht; while the posterior cells çcint 

Lorwrda. 	The junction cf the two movetyerts thus 

indicated is rot In the mldile of the enibryc, but about, 

a iird 
 

or the aistarco from the anterior end, I.e. at 

the ;osition of the cephalic rurow 

During the later staves cf these cereral overrts 

the ventral furrow is formed: they must contribute 

t its formation, but the most direct uoveme-t involved 

otrxot be seen in the •rofiie view. 	ThIs is the 

movement of the lateral material towards the vertral 

midline, and its trnir in ut this point to form 

the long von tru.L 	irrow 	in cross sections there 

is to be eer. -* ccrtraat between this movement and that, 

c.L the niat or the blastoderm 1tovemqnts 	r this it is 

the inner boundaries ox the call which rOve least, while 

the ouer boundaries .i'ollow the rereral direction of 

movement, 	This sup eats tet thIs rohemsr' may cniin- 

ate in the blatoderm i'sell, ahree.s the cther may be 

caused b-i ovementa cri!iratlrp Ir the yolk. 	This 

point is taken up in the discussion. 	Jr 'he f1bi the 

formation or the vetrl f'rrow n'owa first ft a a 

disturbance or the c1ir cttIre rx ti-vi1a o(]erm 

ventrally (iii. 9 , 3.25; fi.315.l6), then of a heaping 

up of the cells in the micidle rsbion as the furrow cells 

turn in (fig. 3, ).22), and finally a spreading of 
/the 



;L 	' miter 4 al 4ntericrly r4d puat'3riorly (i'i. 

The opring of the ventral £rrow t 

t 	.xterior is tran8iEnt; the cells tt*rr'dr. tre 

separated tror those remairir externally, and become 

the mesoderm matril, 	Together with the external 

cells of the ventral surface, they form the germ -ard 

1-bllowinF, quickly upon these events, the cephalic 

furrow is formed. 	This seems o appear first, in bot 

the film ad 1! z'ciored msterial, as an inward 

movement of the nuclei, the inner boundaries of cells 

beir1 un.treoted. 	But vary sor after,, 	e cells 

themselves press into the yolk, first 1.ral1y, and 

Then dorsally and ventrally. 	kVO7. the side the furrow 

appears obliçue, tilaritinj 1orwrds ventrally (ri - . 9 , 

..4C) 

Next follows the most Filectuciakir or the irovemerts 

01 the embryo, that cr The extension of the term bard, 

the forms - ion of the osterior mid-put rdirner:t at 

Its hinder end, and the crry1r of the pole oells,in 

the rudiment, for.ards over the ciorail side c;f the 

embryo, rd i1ral y backwards into the IrrIor,  

The £c 3a'Ion cf the mid-rut rudiment involves 

the a.regation Cr a number of col.snnr cells of the 

Lkistoderm urderr.ath the pole cell cap, a7d their 

/chaning 



58 

Ct1aninb in shape as the mibration beins, so as to 

.ocket wbich CtCh 	Up 	Ci3 cells i.rto 

itself as it moves over the dorsal side in t 	van of 

the exterding germ bard (il.Z , .41; rig. ç , page 

- 3 	). 

From t1 e dorsal side the advancing posterior mid-

Put rudiment appears pear-shaped, the depression con-

tainir.g the pole cells being deepest and idst arter- 

lorly, with a heaping-up of cells at its edr3. It 

Is intereatirg that in living embryos it usually shows 

a slight assynetry in Its position but that it moves 

back toth&e dorsal mid-line It the course of its forward 

moveler.t. 	In front of the advancing rim the dorsal 

cells bucki e slightly in about three tranverse rows 

behind the cephalic furrow • 	Like that of the ce pa lic 

furrow, these bucklirs at xirst affect only the nuclei; 

they involve the complete blastoderm wall as they become 

deeper, and project into the yolk. 	The folds are 

quickly resolved into a single deep trarsverse buckling 

told, which 1 -- self disappears as the mid-gut rudiment 

advances. 	Thsi charges may be flowed ii, the film 

seuercs (ri. 9 , Z.33-3.4O; i'ig, /0 , 3.45-4.00; 

fig. 5-  , .45-4.00). 	The films also 	 the 

rorr:aIcr. of another buckling furrow, which remains 

shallow, anterior o 4- he cephalic furrow, which Is rot 

ertIoned in the published accoits. 

/.hen 



U1ICT1 t. C 	itericr laid-gut rudiment reaches 

ioint bout h1f-ay LJork, Lhe dorsal .ide, its cells 

begin to turn inrd, end anterior to the cephliuic 

furrow Ll., e raid-cut rudiment is invginted becoaing 

L oueh-.Lik ocket v4hicb turns Io.Aijriorly 4nd carries 

the Ole cu 	Lito tne i.ntior of te embryo 

(rig. II , ':c.o.L-5.C. fig. c 
, 4.00 nd5.22). 

Th_s stage of gstruLtiori is the most critic..1 

in the development of the mutant, and it is also one 

.hich has L iven much trouble to invstitors, Until 

t-e pperence of Poulson's 1test account (Poulson, 

1950) 2  this invagintion hd not been recognized 36 

having 	oaiection Hith the mid-gut; instead it Lu be  

been referred to s the proctodl, or proctoual-

mnioti, invegintion. roulson hs expL.ined that the 

proctotel rudiment, though ontinLous vitb the 

osterior iudiaent, is cistinct irom it, and is only 

inv.gin.ted after the latter, hich it lollows into 

the interior of the embryo. However, the distinction 

between the to is 6till iAot entirely eier; even 

less so i the I.,lace of origin in the b1tistodeim of the 

!fl teril of vsrich they re compoed. 	These points 

re important in the present connection. 

The jroctode1 irzvgintion includes .s its 

/anterior 



aterior boer 	it o1 to irrjodc 	.ibrnes, 

i.ich must b. coniaered next. 	In fact t.ere is 

only one :neinbrane, .hich e...tenda bc1%.1rua as a fold, 

nd tefore 	a double sheet, short ciistance 

over t. e operuixg of the proctodaeal invinetion. The 

dorsal - it of the fold is continuous .ith tue t.'-in 1a3ter 

of 1tera1 cea which £tnoin a1oi the .ides of the 

embryo .fter the bulk of the zn..terial has moved into 

t.- .e L:eri1 band; the ventral prt e.;tend.., down into the 

proctouaeal i1vgin.tion t..exe it becoies continuous 

ith the i.roctodeuui itlf. 

During these gstruLtion movements the geirn bind 

has betn clerly dem...rcted. 	St..rUng with the 

invgintion of the future mesoderm .ells it is eOfl-

aolited by the conipresion together, in the midline, 

of .ost of the blastodeiin cal., t"06 ,;; remaining bt the 

idea becoming vey thin. 36 the germ band becomes 

turned over upon itlf, rather in the manner of an 

omelette, t e yolk becomes LLttened in cross section 

by coLnpreion beten the uorsal zznd ventral regions 

The mesoderm cells re rounded and loibely arranged; 

they ulvide ridly arid sred alone  the extending 

band. 	The mechanism of expansion c t: external eel.'-,S 

is not known. Sonneriblick (3onnenblick, 1950) believes 

th.t rid cell division immediately behind the post-

erior mid-gut rudiment may provide the force. But it 

/may 
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m..y be that these uitoes ilerely kj. pbce .ith the 

tnsion of the bbnu; t 	u1OVnflt in the .'ilm Liugets 

a rather 6u6cien éxpanLon üue to byaic.l  c.uss. 

As t.e invgintion bwco 	eper, tie chalic 

furl--ow becomes .lthllor; .t 6 houx- it is leuuceu l  

and at 7 hours only shl1ow lateral cj;reions ie;in. 

The ventral ioition of it becomes inisti ihbie from 

an intrseuentJ. division, most likely thtsap-rating 

the he ci frcm the thorax. 	The Loral j:oxticri appears 

t i'ist to merge with the ;ioCtodatal nllotic invinatioa 

but t. is s not the c.se: closer ivestiation 'f 

sectioned e.nLryos .1ways reveals a snll nick in the 

euibryoic meibrane, diich is the vestige of the dor8al 

portion of the cephalic £urro. 

This concludes t. 	tuktion 1roces in the 

norm-1 embryo. The relation of the p.at 	this 

stage 	hov.n in a sectioi..ed embryo ( i. 7 , page 103), 

diagramatically, t tathr 1 ter stage (fig. I, page 

46 ) 1  L.fld the I eriod of development  is covered in the 

.Lilm qunce (±1g. /1 , o.14-6.45; fig. 	, 5.22 and 

Gastrul.tion in the mutant: 

BLatoueim .orntion is uite norinl in this 

mutant, ncz L o I. o ar tL first two stages of 
/ 

struL4tion 



g&truL.tion the fornition of the ventral furrow, and 

the 1orin1tjon of the cephUc furrow • The third stage 

that of the extension c ti germ band iAnd the inginticn 

of t poterior mid-gut rudiment, is extremely abnormal; 

its effect on the structure of thQ euibryo at the end of 

gstrultion may be seen in figs. 2c rkd 2 (page /O), 

which exhibit the two strikingly charsctristic fe..tures 

of the mutLnt. These re: 

The abnormal position of the oening leading to the 

osterior mid-gut rudiment; instead of being 

just behind the ce.halic furrow it is at the 

oaterior end. 

The deep constriction at the legion of the cephalic 

furrow, which separ4tes, except for & narrow neck s  

the nterior third froii the L osterir two thirds 

of the body. 

The first fe;ture is brought bout by the mid-gut 

rudiment turnicg iito the embryo immediately, or shortly 

..fter, the beginning of t extension of the germ bnd 

so tht insteci of being cirried dorsily over the embryo 

it moves nterirly inide of it. The slight asymmetry 

hich hs been can zented on in the normal embryo at the 

beginning of extension is often present in the mutant, 

nd i this is CLSS is not corrected, so that the germ 

band becomes dislicd to one sie or the other. The 

beginning of the movement is shown in the Iilm (fig. 43 

/3.53 



3953-4.05). There is some veriti in the time iA 

whiCh the ui..i-ut uiineit is turned in; in the other 

film se quence (not illustrted) the germ bnd travels 

a short distance long the dcra.l site before it is 

invGgina ted. 

As the invainaticn exters 4.urther anteriorly, 

it forces much of the yolk in front of It into tU he 

region. The lateral irnushings cf tL cehaUc furrow 

are turned forward by this pressure. 

The origin cf this £ature apprs to lie in 

certin abnormalities in thu distribution id shae of 

the bk.stoderm cells, which prececie the 1roceas of 

extension. In transverse sectic. sof normal embryos 

t:e blaoderm 	this eiod is seen to consist of 

dorsal ri ventrl regio. of column..r cells, ith 

thinning L.tural ce..ls bet.een the two regions. In the 

mutant, there is . thinning of the Lorsal cells, hIch 

become cuboIai, and a gradual increase in depth of the 

cells towarcis the ventral SIde, here an a.arntly normal 

exia band is ored. 

It seems likely that the "diving" of tre germ band 

beneth the blastodern cells i. its extension may be due 

Ito 
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to this difference in ihe shape of th dorsal cells. 

It has been noted above that, in nc.il development, 

the buckling which tkes 1.1ace between the advancing 

mid-gut rudiment alAc the cehalic furrow at first involves 

only the nuclei. It is suggested that te thick 

L.yer of cytoplasm rornied by inner iortion of these 

dec: ccluinar-ells srve as a stabilizing factor, 

ich allows a steady compression of this region, so 

that the buckling furrows are concentrated into a 

single 1'urroi s the mid-cut rudiment presses up behind 

it. The cytoplanic tails of the dorsal cells c!egeneate 

the 	a.itent continues, and inafly the nuclei of 

the furrow disappear (figs. i. and 23, pe 162-0:r* ). 

In the .utant the oerl ceLa are cuboicial, 4th 

much les cytoplasm than in the noxml; virtually, then 

this Layer corresponds to the layer of nuclei of the 

normal, .ithout t.-.e stabilizing thickness of cytoplasm 

(fig. 14 , page (02), 	then the germ band extends, it is 

s if i.ressure .ere to bt exerted against a ti-in layer 

of japer ,hich would "dive", so t at the object applying 

the pressure would slip unQrneath it; whereas the normal 

condition i.,ould be represented by S thick layer of 

c.rdboard, which the object pressing against it would 

bo able to compress, bile continuing its direct 

/advance. 
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advance. 	The vitelline membrane prevents - he germ 

bard slipping outwards over the dorsal blastodez'm 

cells, so that It coes instead irb the interior of 

the embryo. 

The second striking £etture of the mutant - the 

deep constrict-ion anteriorly - appears toe a modifi-

cation of the cephalic furrow, which cannot be seen as  
a separate structure. 	As the mid-gut irvaginat10 	I  

advances through the embryo, the cephalic furrow becomes 

exaggerated. 	As gastrulation is completed it does 

not tend to disappear, but becomes very much deeper. 

In one embryos it encircles the egg in a short spiral, 

so that sections cut it in two places on each aide, 

Its anterior wall becomes thin, while the posterior one 

consists or rather deep colt.rrnar cells which rea4mble 

those of the proctodaeal irivagiriation. 	The resemblance 

to the proctodaea] Invagiratlon is increased by the 

growth over It of a fold of the anterior wall, represent-

ing the embryonic Tiei.nbrane of the normal embryo ., though 

It never extends back so far, 

The irivagIntIon or the anterior endoderm Is normal, 

It is invaginatecj as the anterior mid-put rudiment, and 

is carried Into the embryo at the tip or the atomodaei, 

which grows in normally. 
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This concludes the peroid of pastrulation. 	Its 

characteristics are rot very well shown in the £i] 

illustrated here (rig. 13 , 4.]C-4.45; fig. I./ , 4,4); 

In the other £13.m sequence the deeperiir or the cephalic 

r'rrow shows more clearly, but the embryo died shortly 

if'r tIa stale. 

Dirferertiaric,ri between 5 and P hours: 

E. c oderrn 

The ectoderm is now divided irto that part which 

will give rise to the hypoderm and nervous tissue, and 
w4ich 

that[ Iii form the fore and hind gut i.e, t' -'e sto"odaeun 

and :roctodae1mi, 	The stomodasal invagination, and th 

anterior mid-rut rudiment which it carries in at its 

tip are quite nornl, and the usual intense ioi-lc 
ft 

ac:ivity is seen In both of them as they grow posteriorly. 

They al -ways grow through the reck of t 	cor.stric1cn: 

in no embryo was this observed ted hinder them (rig, 

The proctodaetn is abnormal, and It is difficult 

to determine with certainty how it develops, largely 

because of the difficulty of clearly distinguishing 

the Proct- odaetan from the posterior mid-gut rudiment. 

The posterior wall of t e furrow resembles that or the 

/normal 
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normal proctodaetn; and in spite or the difficulty of 

4istinguishing it here, it may be said that in some 

embryos the proctodaetwi is absent between the posterior " 

mid-gut invagiratior,, or at any rate very short  

This suggests that the material of the two invaginatiors, 

the ectodermal one ad the erdodermal one, may be 

separated in gne instances, ard Irvaginated at different 

points. 	But in many embryos it 19 possible to distinguish 

a well deXined proctodaet (rig,), and the posterior 

wall of the furrow in ]aber embryos is always found to 

have taker or he character of bypoderr. 	probably 

the proc!:odaeum. is always present to some degree in is 

normal position between the pcsterior mid-gut rudiment 

and the pcstr1or end of the gerri band, but is aD metimea 

very much lees extensive than normal. 

The other part or the ectoderm develops rormally 

in the region anterior to the furrow, with a separation 

taking place between hypoderm and no4uroblast cells. 

The latter are ser in the usual dorsal positttiori on 

each side (lip, 	), where normally they would roduce 

the material c4 the brain. 

i-osteriorly there re 1rportant deviations from th 

normal course of ever s. 	position or the ectoderm 

-' 	rrn band is uriusial, as has beer described, and 

"it 



it becomes roofed over, as it moves through the embryo, 

by ie cuboidal c11s c.L 	Gri1 3 1 di of 	irrbryo. 

The 	vririor. ci 	r- r L.d 1'rc- t - 	os - 'r±cr and 

means that, not only will the position of the ectoderm 

or the germ band be abnormally placed, being internal 

instead or external, but it will form the floor or a 

tube which is roofed over by the cuboidal dorsal cells 

c.t. the embryo, which have been turned In as the germ 

band extenas. 	The drawing In of these cells probably 

accounts for the excessive thinness or the layer whio1 now 

encloses the embryo dorsally. 	Phis r--pion row bears 

a resexb1arce to t - e normal embryo, Ith is aretche 

embtori . 	brace, alter shortenir hai -r o'rpleted 

(compare 1'i s • 2--rd a). 

	

The ohr Important &bflCp.Ii?v i (: 	; rfcocious 

formation,, in th mutant embryos, of the tracheal pit 

inivagiratlons, 	in the normal embryo these appear 

between 6 and 7 hours, showing- as a serIes of pits, 

In which the cells are urIderoiF: active mitosis, alon 

the aides of the germ bard. 	They are sepmentally 

arranged, and are the first external signs of segment- 

ation. 	In the mutant they appear betwr. 5 and t hours; 

the most anterior of them occur within the galls of the 

anterior constriction, the middle ores along the sides 

/of 
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of the body, while the posterior ores occur in the 

pcsterior irvaginated ectoderm 	Two to three pairs occur 

in this position, showing that ts r'uiiiber of segments 

is included in the irvaglraticrn (fir, g6 ). 	The segtrente 

themselves become apparent in the vortral rm bard at 

the end of this period. 

The normal separation or the ectoderm calls of the 

germ band into hypoderm cells and neuroblast cells occurs, 

the lat -er coming to lie internally. 	However, the position 

or the nervous system which forms from these cells reveals 

that there has been a general tendency to the rotation 

or the p sterlc•r part of the embryo, so that its ventral 

surface comes to lie more or loss la-qrl-'- with respect 
-25 

t the onirtatior of the chorlor (fir. 	) • 

disorientation is possibly related to 

thich has been noted in the gastrulation process, 

in normals the salivary wlands make their first appear-

ance, as a pair of ventro-lateral thickened plates of cells, 

about a third of the distance from the anterior end of 

the embryo. 	This is precisely the region which is most 

disturbed in the mutant by the development of the anterior 

constriction: consequently the salivary glands are never 

well rormed, and usually one is absent completely (rig. 33 ), 

/This 
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This may represent tLe fusion of matriJ. from both 

sides. 

ieodexns 

Th mesoderm cells become uite iOUc.J.l rged 

long the inside of the germ bnd. Its division into 

segmentl masses is not esy to iee owing to the 

distortions of the embryo, but in view of the lter 

development there is no r.son to suppose th.. t it 

c.Ioes nct occur norlly. Separation beteen somatic U 

(and sjl4nchnic regions occurs, the former chiefly 

ccumulting gLinst the body wall, hile the ltter 

reas ..long the nterior e.nd posterior prts of the 

gut (fig. 24?). 

iidoderci; 

The anterior endoderm deve_ops norm..11y, as h.s 

been mentioned in connection .ith the stoniocLeuin, The 

posterior endoderm i.e. the posterior mid-gut rudiment 

which iivginetes ito La.0 embryo hed of the germ 

b.nd, hs been described boys. As it approaches 

the region of the anterior constriction it turns post-

er.orly, s it does in the norm]. embryo (figs. 26 ard 

27). This turning is sometimes inhibited by the 

iturb..nce of ti.e spucil reLtion c. the embryo. 

flitotic 
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itotic c,ctivity is very evident in the rudiment, nd 

it etu b.ck 	sue, containing the L ole 

behind .hich the buds of the malpighin tubules cIevel9p. 

(fig. ac). The fate of the pole eel, s will be discussed 

Lt er. 

It h s been mentioned that tL Q bbnormiAl gastrulation 

usually h the effect of forcirg much :Tore of the yolk 

th.n normlly into the ntericr region. At about 5 

hours this anterior yolk has been cut off as a eprte 

mass, hile the yolk remaining iosterirly hs become encloU 

enclosed in 	rinitive t ut foiiec bj •tht yolk lls. 

3hortenir, Involution of the 	rid Dorsal Clo3ure: 

It is it this period, from. about 9 hours onrds, 

tht the two jximzxy disturbncs alredy, described 

begin to .roduce secondry effects by izitrferir with 

otbr 	cesae. They ttO this p ticuk.rly where 

there are r-cle movements, 'hich re :vented 

or distorted by the unusual ..rrangement of the parts. 

hoLt 1.L LT: 

Shortening is ormal.y a process in which the 

germ bnd concentrtes iito soething like half its 

length, in the space of about n hour, ;o t... ...t it 

cornea to lie wholl;: along the ventral side of the embryo. 

'It 
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It is a very smooth movement, as it is seen in the 

zi ceded motion of the film, in which the germ band 

draws away from tht vitelline membrane posteriorly; 

particularly noticeble is the way in €hich the gut 

pivots round as shortening goes on. The ivot is at 

about the junction of t e IroctodGeal inv.gin.tion 

with the posterior mid-gut rudiment; this remains 

more or less in the sine pL.ce. So the opening cf th 

proctooaeuzi i tc, the mid-gut xemains where it V8 

while its opening to the extrior is cariied over te 

top, to eventually arrivif t the posterior and of the 

embryo. During this movement, the posterior mid-gut 

rudiment on the other hand moves forwrds, partly 

because of the shortening iievement, but largely by rot , 

whereas reviously it was directed backwards. These 

events re 	wn in two film sequences (ri&. 12. 9  9.32- 

10.25; fig., 	, 9.00-10.22), and the arr.rigement of 

the I.rts of the embryo is shown digraraatic1ly in 

iig. 14 • 	t this time, the tip of the posterior rudLmant 

i& ujeza, and the pole cells move out of it. 

In the mutant shortening is interfered .ith, 

presumably by the disturbed relationships ut te j rts, 

though no clear reason can be iven for it. 1htever 

the reasons  the germ band remains invaginatcu dcrsl_y, 

though some degree of sortenin - an "attempt"at it - 

/OCCUP8. 
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occurs. 	This io sn Li tre liJin, ..Lx'e there lo 

concentration of the dorsal gein bnd mteril towrds 

the posterior era, bt it is never c.rried round to the 

ventral side (fig. 	, 8.55-9.45). This abnormality 

a striking ef±ect upon-the dvonent of the gut, 

for the Livoting ovement of the proctodbeum ad the 

posterior id-ut rudiment does not occur; instead 

they • rocci .i'LL tiir devlo;ment nteriorly, ind 

within 	6rv.iing exteions ±rc tha L.nterior mid-gut 

rudiment (compare ii . ' L :d 34Z) • 	The effects of 

this upon the development of the gut will be described 

later. 

Dorl Closure: 

The extent to which this is disturbed varies. In 

some caiaa the body ball co:aes to enclose t; eabryo 

completely dorsally (f4.  3 3), while in others this 

region remhina to a greater or lesser extent closed 

only by the tLin dorsal membrane. In this case the gut will 

eventually brek through it and rotrude dorsally, and 

the development of those medial parts which are ionned 

from mterial brought up from each side is prevented 

(fig, 3c), 

Involution of the Sd 

'of 
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uficCL66. 	It is disturbed in ncrl ll c± 141-Ae ibnoimal 

develonents described here, for oi.e reason or another. 

Occurring Atij in ueve1oert, i,nd involving us it does 

eo much oJ te ezbryoric material, it is uiinost 

invitble tht t oud be affected by serious abnoxlitLes 

in any earlier stages of deve3.oment. For this reason 

e more 6et4Aleu description o the invoition j..roCess 

will be given here. It has nct beCfl clearly thcribed 

in 	itur, 	the exact cvements have not 

been clearly followed, since bLfore some deuate 

techniue is devis.d this is very difficult. The 

film h :nde 1 oible a more careful nalysiz, but 

even 	i -L. hellL- ab nce of iy 	ij which 

diferent i.rte of the hypoderm can 1 6L.tin6uiGhed makes 

It impossible to co auch more than describe the move 

ents of the surface outlines. The film shows that 

these sometimes change only slo4.y when there is very 

active novement of the maLeri.l within thn. 

LivLuticn in t 	roiii. 	bro: 

At the tiie cf srLortmin the first head segment 

is easily Gitir ibable as a sharply pointed rion, 

clrly demarcat.d frcii thce bebin it , 

9.30; fig. iL 1  9.30), 	Ilia head 

/behind 
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behind ii. h-Vc 	4 	 lobe- L. th ventral 

region (fig. iLj , VLL); it is not 	sy, t this 

to pick out t1.t bcundry diviing the hud 

from t. .e thora.;, Li-ion6 the irterenental divi3ions, 

but it becomes obvious 	s the segmnt.l stnicture 

of t e head dispars (ii,. ' It , T). 

In t1e first hour of hecu involution, the outline 

of the ti: 	t 	.ibryO Chflg6 	the ratericl of 

the fL L, t £1 	eetaerit is vwitl4rwhn into the embryo; 

it becomes bluntr, Lnd the clear line nrking it off 

±rom the bucoeding regions isppeai 5. Material 

also moves in 1tra1ly 	entrally, csuzirxg the 

hid lobes to hsrige theixorn; the ventro2terul 

ones re "sw&lloed', Lr làter]. OfleS Cc;:1e ba form 

s boun&ry .t ch sidc Cl :e cn1ng (iig. 	9.0C 

ii. 7 , 	 .i, 14  

bile these ir iove~ients, ore oc urring in the he region 

dorsal closure is coipletei.i in the trunk* 

A ventrl movement begins ut tLis tLie, .hich 

continues t1Arouhout thv involution , rcccs, brining 

the boudry beteii huu and thorax (IiE. i, T) 

cnterior3.y, so tht the cuer 	finl enclosed 

ii the l tter. 'ihe movement of ventral at.erial 

into the embrjo, beo it forms the floor of the 

ph.ryxix, Lo cri the common duct ol the salivbry 

/glands 
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gL.UW into tL rion. 

The ectoderm moved in ±qx.ci the dorsal urfce 

Iorma tre dorsJ. wJ.1 of the - ryn, nd the thick 

Layer cf :iieoerm underlying,it forms the phar7nge1 

muc1ature. The turning in of the phaxrTgeal 

mter1a1 results in un extrène thinning of the mt.ria1 

remainiri t th surface (ii. 67 , page I9). 	The 

invgination of the .hr7ngea1 mnt.r1). cues the 

anterior end of the embryo to bcc:tie blunt, and 

retracted from the vitdfline menbre iAnteriorly 

(L. 	, 13.13; f1. 79 13.0; fig. /1, , 11.35- 

The next ;roceas i6 t iointior o the irontl 

sec. The description by Poulson (Poulson, 195 

does not MLke it clear that the most conspicuous 

I.,--.it in this process is pLi .d by the forward inovemet 

of tie tiorcic segmnts Qorsm11y, :d tht it is 

very c ifTerent from the iv.intion of the pbrynget]. 

rnteril. The front1 sac is formed by the movement 

c t.-.e thoracic body wall over the dorsal head metei.a1 

of hici it is to be corn; osed. At the edges of this 

cvanCi'g thoracic rnteri1, head rnteria1 is turned 

in, nd the sac-like structure is achieved (fig. 	, 

page 	; fig. 	, page 	; fg. 	, 14.05; f 1g. 

13.E7-15.37). ;t thonc1usion of the process, 

/pharynx 
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jrynx 	£c 	• 	tc 	Ltrior b 

common "aiouth". The structure of the coniiletely 

involUte1 	i.. shown i iiticlly in fib . 19 

O. 

TL .nu o.k. & 	involution 	oom1ith 

iA very vigorous dvnce of the thoracic . anterior 

bboinl 	uentøi especially on the dorsal side s  

o 	the i -,haryiz, ,nd frontal sz.,c ...re c.o mletely 

enclosed by these segments, which tilt forrd Lind 

foru a hooc over the mouth opening. 

Involution in Lli ;nutnt ecbryo: 

Thus, noxrnl involution cf the hed is aetn to 

consist of two Trinciple elements: 

1. The invgintion of the 	yrgeJ. matcril, ..Lich 

involveb onhi the head gients; 

, The foi'm. Lion ol the frontal 8c, n tIlL anc,-osure 

QV th 	losute of' the bead within the tor€x 

which depenc upon novtnentc cf the thoracic 

nd iabdominU regions. 

In the mut1t, the moveinents of the first class are 

po ible u to point, but tho.. 	t second is 

tire 	cluded b; ts 	reseuc ci ,  tt 	'ricticn, 

which in fct acts like a iig.tur tic ounU the 

ntei1or p.it of t.c ibryo. 	T 	usu;l result is 

/illustrated 
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iliustrLt..(. -- 1. :. 33 . 	 rynx is not 

foriec3, but the tiL of its root' has mostly betn 

rWiII 	 ..... hrl uubel€is h&v 	ve1oped 

thouh th•t - 	f 	of hew. 	The .n L.11L.l 

of the floor of the pharynx is partly invaginted, 

but much of it ib still external, showing us a thick 

wU here there would nozlly 	thin layerof 

i.ttflLctCd cells* 	The &SOOfld CLS Of .iIOVSElleflt8 

Dt8 b'cSfl prevented; there is no i'rontl 	C 

the besd niiil remains iscLted in front or 

u€ ccn Liction. Thw thoracic segments have dvarced 

a far as joible, csin 	further constriction 

of this ntck iegion. In most c -s there i 

compression of segriente together bt this region. 

Three embryos OCCUIIC1 in which the Anterior furrow 

was much shUoar than usual, nd in these a ruiimentry 

frontal sac 	jrodueed, ni the hd 	s r..rtly 

enelosei in the thor. 

some of these events mEAy be fUo 	in the 

filmed embryo (fie 	t8.55 the first head 

segment is visible; it is ithdrn in a seuenCe 

of abortive Involution movements. .t l..40 the head 

has .L-etracted fro t 	ntrior end, owing to the 

invtgination of pbaryngeal mttril, 	there hs 

been a corresponding thinning of 	osterior 

/tioaue. 
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tiasue.  

t 	ayonic hmoiyrnpb to form protruberance, in 

hicb loose yolk rnuls bppear, The tip of this 

protubrnce pe.rs to brk oft, but it is difficult 

to say how this cn have hippened. The movent 

foriard of the thoracic w6gmwants i tLyed, but 

their crowding behind tI'e constriction is evident 

in t1i firi.l lliotograph (19.20). 

Crf 	.ion: 

LUtZ 

L. TLe ort— ut; 

The fore-gut does not dve10 l'r beyond th 

extent described in the becount of involutions 11. 

cuticle i laid don in the lining of the yhrynx 

but no ceblopha17e1 skeleton ic. foxed; nor 3re 

the mouth hooks or the medi.n tooth. 

The oeso, hgua develops nonn11y, as s n.rrow 

tube 3e iAdin into th6 j,rovantriculu6 j  but its ph 

is 6eflectd by th uirr nt of the p,.rts of 

the Lut. 

Ti 	i-ut: 

	

TIe irovent 	 n rloulus is fori 	or 	no.mlly, 

.hen  dorstAl closure has occurred its 1ositicn is 

/not 



not 	.ti' .ittrbed. 	 iou_t 	:;' - . i. ccr 

..0 bere is no c ntricted neck of body wall -tit th 

furrow, it is often I.ressed fcrwrd .nteriorly girst 

the head teril. 

The rest of te id-ut develQ 	bnoxnt.Uy ...rid 

beco;s very cclicted. The ler stacs of mid-gut CA 

development z4re i f1cult to follow even in the noil, 

oing to the complex coiling ici it uncergots. 

The coiling of the abnorntl gut cf tbe :utnt 

its ä.t•.r st&ge6 almost iTxrcsible to sort out, but 

the vLture of ito 	c1vergence from the norrm1 

ccnuition is clear, 

In tt bceount of shortering it vs described 

how the is of the anterior mid-gut rudiment ,--row 

bckrds under the yolk 1i the noxnl y, !tile 

the 1roctodaeum, nd often the joaterior mid-gut ii.idtment, 

is pressed forwards into the yolk. The yolk itself 

not including the .!1S$ hich is often isolated in the 

hu rt.gion, is enclosed In 	rImitiv ut (cp.rt 

figs. 3Lnd 

The gro'. th o:L t:. 	ntri.r ericocein rucilnient 

continues noxmilly, 	soon after dorsal closure it 

hs &nclosQd its prt of tie yolk dors.11y. The deep 

columnar cells of the rudiment become cuboicil 	they 

come to foin the wall of the gut, 

lowing 
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Owing to 	.: IT.Jon,t! c 	( L1iOIc .fl.C.dffl1 

rudiment cannot enclose its part of the yolk normLily 

nor unite properly ith th zns of 	L.nterior mid- 

ut rudimtnt (compare figs. 3/ nu 31). 	The lrge cills 

hich tire nOrinL.11y i:ou.d et ti:e t.L 	of the growing 

posteiior mid-gut rudiment, . 	.. hich are incorporated 

ILl the mcdle part of the rrid-gut, have not bt.en clearly 

seen in uy of the mutcnt enbryoe they 	po.sibly 

present In .ome (fi. Si), but definitely not in most 

cases. Poulson (Poulson, 1i47) considers these to 

be 	ole cells 4,hich do riot become included In the 

gon;ds as germ cells, hether ot not this is the 

ebse (for b further discussiont see peiS), it i. 

aiflicult to 	e iy these . ticul;r :'4ñgut cells 

should be bent. The obnormal pOition of the 

hT:osterior mid-gut rudiment might entail tht the pole 

cells hould emerge from it In such 6 position that 

none could be included in the uiiu-ut. In this ce 

they might be included in the gonL.ds 	extra cells. 

But the gonads &rtz uully formed normUy. In some 

embryos only sIrle ond Is distinguishable, but 

in none are there noticeabl.,r &--,Ie gonads which miht 
L 

indicte the re&ence ofJer cells. 

Some sort of union, usuUy on.l: 1.rtil 

erblIshd liter between the .ntiior and osteior 

/pcirt1s 
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Lute 	 i 	J oL 	llj 

C4 	lflL the bocy cvitj. Th recise bucklins 

j;j IlL,  chi nges c1 form of thu nc:al mid-gut 	c into 

iirt two cmb, tien four vhieh buckle nd elongbte 

tO i.orra the oliced but re.julr t.Le cz 1 

c.finitivc aidut, Lre never tchived • 	There 

Ll 	uCic 01 atoxliy, dc zciii upon tte 

to 1.hicb the 	 unien o: thiLi teo rudiments to 

foi: -L -!.e cac—likeetrl mid-gut be 	)een u1stubed. 

or int.uice, if tire jTuT. rlildins open"long one 

rcti 	inte il-c .ber& :y occui ,  un the 

ether. 

Differenti...tion ct 	cells ef the pot. 

ri o Le iiu.-t i n - r ouplee, 	ey 

in cuboial, or even clanar, rather than f1tten-

in 	id elOngotiI16 Li, nori niu-t ci 	o, 	.ueh 

yolk reinins utidie.t.ed 1. the lua 	oi. -Ii 

as Cces tht .iiicli h. 	cE1€C into the body cvity. 

The 	cecLe art- variable in their development, 

but their 1'crd extension i 	 revented by 

re ..flCe o the lurrow, ru UUall tey reflfl 

hoL. The mlpihian tubules xe foued but re 

Lcncni..l; inEl.ead 01 btco.aivg extremely elongate 

tubes it1- 	nrow inen, they ra-in short, and 

oi 	t 	lumen become 	rLed, •ii tie lls 

/ttenuati. 
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ttenu tcA. 

3. The hind-ut; 

ihe iiculty ca.' etnining t 	_.tnt ii' 

hind ut Lia b4fl uientioned &bove. 	In ime eulbryo8 

it iS uitinguishable t te begixuthig of the gut 

cixierntiion, but L,6 melthta- it own cells,nor 

those of the uiu-ut ith wjhjch it is cGntinuout, 

CLIi!.. 	i. 	tir -I*,- -tic  

Ce 	 e L1..exty o. i.. 	bUt mi 	.t more 

dif:L iculT. i,o iusntify in 	ter sti.6os. 	j,t TLA 	ra oi 

Vie devionertt it 1ie 	ig the complictions of 

the 	instea 	& d of rchir ov it de in the 

normal; its weAlls reaiin thie, 	d do not tacquire 

the wLvy r,in hich in the xm]. ia formed by 

the irotrudinLr inne. 	 c th fu1idifferentited 

.Lhe spinchnic .eoru 	r 	over te Us 

o the L.,ut  óuri 	it uevelo; rent 	£cr.is 	l.yr of 

ViSCerLzl muscle, 

The yo.L': 

1k o. the yolk is included in the primitive 

gut e ru is p rtly €closed by the gut. 	iS tue 

primitive gut is bb6u.,'L?ad v  the yolk eCC8 into lii e 

/bouy 



b4 

LoL d 	Vi1Jy 	 t 'aLs. i uiectiVe. 	'I he 

ome 	 th orgulls in the  

he.eolyaph, a u 	iz6te by ndtrrag cilis 

prunably phagocytie blood ceLL& 	The ntericr mces 

of yolk i.Uch i usually isolated in the head region 

aiaius 

 

unabsorbed. Often, yolk brks out of th 

e.ibryo Lit t 	iurro1, rAI cuiles to .dt* bteen it 

afl the viteiline tforne (a:i. 3 ). 

Me  body 

1t1C'A'i/ tc 	iULTO t 	L)UU,/ 	 I Ci  

raed iaLzit06t &iozuLiy. 	,hu:r#it dorsal closure has 

been defective there i 	breik in this region, but 

it rbLe tht ncrni in esentils. 

ce,t for the ocurcence of this bre&k in some 

.ht hy, odexn encloses he tiue3 cailetely. 

It ii.. iVideu into SL '6Mt;'%IItki j  tuough these re often 

distorted oing to the gunercal ciarrangernent of th 

eaibryo. 	Thexe ..re inierni apod€nes interaeg!nenthfly, 

to .1Ci, ai anchored the muscle fibres, iich have 

rien quite noxanUy (figs. 31 ,3nd 36). 	ternUy 

tr i 	cLt1cle with ch&etae. The body aall 

extends into the invointed posterior tip. 

Anterior tqbe furrow the ca e is cuite different 

As exlained above, little besides head muterial 

/gets 
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gets i ito this x'eion, but the bo.ty wull often etes 

into it .long one iue, 	ie ruik.injn tjeues t ¶be 

aurruce consiot or so ;ivai, or th 	 wi.).1 

ba La s, not b. invaainte4, r4 of nervous tie;u. 

Tho nervoua tiaue is not covered ay bypodex; it 

hs not, alWPlY broken imuY at this rgicin, Lut bus 

never been foziauc.i (iL. 33 & 36). 

nii- , 	:i 	•: 

alb cbi 	couii.H j ci te 1'.QI VOLU system 

in the cmtc2ior regior, 	just been mettionud, 

namey, tot in t2lb roznLtLon of 'he b.-in Us,uu 

only neurobLte 	their a ~~rivlt*ja arid formed, 

with no ha.%i cells 6nc1ooin ?.bez U1je. 33 	3 ) 

In o 	IndtGriCia t  triC a 	rc.t ieeu i.' th* 	nrvcua 

tio.uu otiicr to te I'UrZ'eI. 	Tt of the .nterior 

rgioi, does not becone L well-formed brin, rd 

cciineatives with the ventr.l 	oord sz'e 

CIVOJ... 	 t. '. nervous tissue fill the  

5Ce Fit ten up by t 	hi'ynx or by the yolk 

moss (xis. 3k;- ), 

In th otaior reii: the nervous aysta is 

rulotivly v,02 oil, (ri::. 3), though  the nerve 

o2'a is disturbed b. , 	'$tortiona of the body 

7 )r;t ti or.  , 	Ita otition is UJ3U11y I. trfj1 

/with 



86 

ith ae t'ct totbe orientation o' 	chorion, 

inuic:.ting the rotation which the T.osterior ricn 

of the embryo unUeroes. Ganglion cell nd fibres 

ar ciifftrentiteci, tAnd tce disturbed armngenient of the 

fibres reflects the distortions of the segmental 

arrangement. 

The nervous system is laid down along the whole 

length of th body, including the part which is 

i -rvaginbted osteiioily. Concentration of the 

rvous system occurs, vihich often hao the effect of 

"spilling" the nnrous tissue out anteriorly, since 

there is not an anterior wall . the furiow to hold 

back this accrnuation of neivus iiiAeriU. iere, 

together iti; yolk grarL 	hich hve also broken 

out, it fills up the &r-ace between the vitelline 

meubrnt flL the joint at which the embryo is con- 

stricted (fit:. 3  ). 

The tracheae: 

The cisturbances of the other systems distort 

Vile distribution of the tracheae very much. Their 

finer branches probebly do not develop, but it would 

In any case L Ifficult ) detect them. The most 

obvious feature of the tracheal system concerns the 

oirior treeal trunks, 	:. 	erger tb 

/normal 



cibly 	 tril i 

not distributed so 	 in the .onnzl. They 

open internally intch 	wginated LotteriOr end o 

the embryo (fi • 3/ and 3). 

Me oici.: 

These have ber 4cribeQ in The; section on tho nid-

gut. They re 	normal in 	.rnCe, 	ci 

occur in about their customary osition. "ome 

embryos occur in 	h only one ond is .resent. 

All p;., j-+,,Ej  of the 6onad ara iesent; tie germ ce1.L 

enclosed in e gondoheath, obich is ambedded in 

the ft body tissue, 

The  effect of Cfl5tI.LCtii i 	ul e:iLjos; 

Since many of be abnormalities duecribed above 

appecr to be cj..ued by the presence of the deep 

$ furrow intericrly, it ws thought worth .hile to 

Lttt to iniit.te it 	ri :Llly, to see hethr 

cf the secondory abnormalities ould be reproduced. 

noil Oregon I stock waas taken, nd embryos 

ti ere ligtured, with fine nylon thread, t tbriltat 

one third of the uistance fros the wtrior nd f 

the embryo, between the 4th ...nd 5th hours of 

merit, i.e. t t.e time and the place at which the 

/furrow 
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iuriovi bccon.s deep in the niutnt uidbryos, 	They 

were 	.xi to continue their development icr approx- 

imte1y 24 hours, vhn they were fixed and sectioned. 

Only a:i1L-sc1e experirnnt 	made, owing 

to.the tecbrxicJ. difficulty 01 1ituring the embryos. 

iee hVe bn 	cibed by Pauli (Pu1i, 1927), 

io Ligtu4 	flipbo-. 	- ort..ç; L.Cter f tii . cicn 

in order to test t 	 ciL: 	 tiOL. 

Their sill size made ni:uk.tion difficult, o L  iuh 

turgor Ires3ui .ithin the gg usu11y cuc the 

vitelline meibrne to burst when the ligature was 

titened; cnly 18 out of 260 atteipts were success- 

ful. 	In the c&e of rcil.z.. these difficulties re 

increau by the egg bein6 only hi1i the size of that 

o ;.i1ior, d :L this study out ofpproximtely 

upts, only tvo eIbzos were constricted 

zAnci brought to the cipletion of development. 	The 

method used vzis to 1ce the t;g on ki ail1 jiece of 

fOcc medium on 	Ad,,; I  .ith the nylon thread under- 

nth it, 	hen the food bed dried, no the chorion 

stuck to it, the tread was knottei ..nd ufled tight 

.t the re uired region. It was i  ossible to constrict thee 

the embryos rcer;t1bly before the bursting roint as 

re&ched. 

The results ..eie 	rnii  

/treated 



tr.. eu emibryos, 	ev.oment in he , o.ttior rion 

ci the body 	 except for isrr genent of 

tne organs. In the Qnterior region involution of the 

head hd been ; rvented, a.6 the 1..Lzarynx region was 

sniU aod Lrossly disorientted; the rest of the eion 

consisted of rrvous tissue, with no covering of hrpoder 

*'). 	Uni.ortunately, some deienei'iion had taken 

pit.ce here, 	it i ossible tkt tL absence ol' hypo- 

derm was secondary. 

The ligatured ebbryos resaible the iiutnt ones in 

these two p.  rticulrs; the significance of this result 

ia taken up in the uiscusion. 

(JiL'I' bci 	tabryosa 

In tabular analysis of tie sectioned ratxi.1, it 

ws not,ed tn.t nine iatibryos occurred hicb 'ie.e c.b;crmaI 

but 'ee not of the characteristic mutant type. 

Six of these weac embios in hich the central 

tithl wbs that of the unf,.;rtilizad 	but in which 

there was also e., variable tuount of cellular mbtuz1al, 

distributed unevenly, but chiefly iA the two extremeties. 

This conisted of emU, rounded, udifferer.tiated cells. 

In the other three embryos, none of the uiteail or the 

unfertilIed egg remained; they consisted of partly 

difrerettited cells with no structural organization. 

/Discussion 
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LWAt. W. L. A L  

fctor curvivj byond te b - onic 	The 

cz'ctritic .bornt1iti in th4x uuv o,r4t uZ 

with rW1 .Ativ w1y ;.it"4$ vitiou 	A 

The 	i11,mloxtion cr abzwiI eabx'cs 

which Lorj ot lit i.to 	onerI-ttrn abow 

i&turbncea t t. is i r4 aNt itje cf vopent, th 

tz.e Li hitribution ciz t.e 	vge nucLei, nu litUa  

o Ufi erwnti4tion oecui' ub uintiy. 

i1i14r 	 i'eu1t trog tti iAboviico ct t.'i 

..hole QZ kklf cl,  t. 	000a (Pouon, 1(•), 

from u2tr&onic trtrt (3e.n fAnd CceuLce, 

nd, in C. 	 fwa c4ntrifug~,tion (IuIi, 1.' . 

,jLajk3 	. 	 O OeLf i. 1( ,. (. t 

&4..l, 	 6ttaUJ. 	i, iii 

o..eib1u .. 	 . .i&turb.nee 	u.d by 

t1its 14T U fctor (the 	otion i vzi.tion in 

taxl 	Lj, discusaad 2.tez' 	.I.Z); 	but in 

tide a. &e it is e.Uy .Uk.1j th t 	ye ru1te 

frva eo.ie otr ctue, jo&AiDly lroU z mthwr 1tL2 

.otor 	 in t1e stock, of trc*n oecoaio1 

t.ibnoz1itia 1 tie forbticr 	L. ,  ag in t\ 

fu1e. 	,ucb & ter1 oijin ha3 bn found 

/&iaiewbt 
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somewtb.brly bnorrni1ities in the deer or, r1ge rnuLnt 

(Counce, 1953). 

iysis ci t mut.nt cevelo nent; 

The absence of much vrition :mkes this mutnt a 

tvourab1e one icr an nlysis of' the hierarchy of 

develonentl abnor.aalitiesiioh culminate fl the  

iir1 eggregtion of structural defects. The lt.t Ger 

re the end effects of te factor; they Lre caused 

by preceding intrmedite effects, ;.hich in turn a re 

caused by 1receding jrixnry effects. 

The reLation .f the end effects tathe interuiedite 

effects ks been suested above. Those in the 

nteior region probably are reL.ted tothe ree.ce 

of the deep c. natricti:g furrow; sane experiinefltJ. su.port 

for this is iven by the result of the ligaturing 

iment, i . lch imiL4r bnonnalities were 

rouuceci in ..oitm1 enbr'os simply by rneehnicJ. con3trlictiofl. 

The absence of bjioderm over the nxvoue system is not 

easily eplined, and will be discussed Liter. 

The end effects on the region posterior tothe 

furrow c.n be .eL.ted to the disturbunce of sborteniig 

and .lso in some cases )  to the f.i1ure of dorsal closure. 

These to .rocesses re closely iter.td, and the 

4bncr1nality m.y b, 	nidered c 	f the genrc]. 

/surface 
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UIthCe ftoVInent, (,i .Lich the 	turb.nce i' shortening 

L. the most evident feture. 

There is no obvious reason for tLe pbrtiL £i1ure 

of bhortening, but it is unlikely tr.t it should not 

be c.liy related to the er1ier deve1oent of the cim 

b&n&. This occurs in its extension, when the potiicr in14 

ut ,uimtnt mv 	 .o.xiorly, 	 11n 

j 	LO iflV.1i.tec. 0 	U 	 tc Ac 

inside oi ti 	r&ther tLn on it. ucl urf4ce. 

This bnoruiJ. po&tion upper8 to prevent i ,-s iroper 

witbdrs]. Liter, in shortening, lotisibly because of t e 

uisplcernent of the mid-gut rudiment nd proeto&eua 

et is tip. 

Thus t.er 	t10 no ijJ.ti wAch ry b 

con idered the principle intexeQite effect of tne f ctor: 

1) The precocious 1r1vhginstion of the posterior 1idut 

rudiment posttiorly,nd the consequent abnoxm.,l 

po6tion of the Qorsil rt of the germ band 

) The presence of the deep constricting furrow. 

The uestion arises 	o .hethr these can be rclted to 

comcn CiUse. 

It ws &ugested ubove (page 4), tht the 

boiiai.lity in -Lite inveginstion 	t.e posterior mid-gut 

ru4ment nd the germ band as a ;:lechenicL.l effect 

of the sbnorml thinning of the  dorsl region of the 

/blL todexin 
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bJ.toderm .t t.e time of gstru.Ltion. 	This i. ti.e 

first observb1e effect ci t e tctcr, .flu ry be 

considered its primary effect. It remains to consiier 

.hether the furrow rny also be reteci to it. 

The muLnt io' ie cth lie ful2ow, nu ti. 	schnicb 

truLtion: 

The invriib1e j.,oAtion of the cons tricticn, one third 

of the 	tnce frcrn the Lntarior and of the e.ibryo, 

coincides 4th tL.t of ti'e eephalie furrow. 	In sD Lae ns 

the mutant furrow appeiars to b 	ioi1ic.t1on of the 

cephalic furrow, .nd if -nore were known about the 

.wcer it wouLd be eaviek. to s..y ht roces 	the autnt 

£ctor had intrferu 4th. But t cehlic furrow 

is e 'transient L.tructure, of unknown signifience. 

Poulson suggests tht it is "the definitive boundary 

bt'een the he.d 	body regions", Sonnenblick that it 

"acts s a buffer duriig a pi'iOd of extensive rd viorou 

cell iiovtments (Sonnenbliek, 1950). Both may be 

riht so fr a they Igo, but thir 	etionare 

too imprecise to serve i exi].anitions. 	Certainly 

tie furrow is rt of i. co 4cted rearrnement of 

th urfce 	i. but whether A is i, purelyssive 

result of other surface movements, nd, if so hut 

movements; cr hether it initits them; these 

/cannot 
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c4.not b uciu 	uiuch Iiior i knon ubout te 

a .6ttatrul-L;tion 1;roCeso. 

Little is known Lbout te forces involved in 

ery morhjenetjc movements, even in UmIlhibians, 

iri Lich they re 	CCp1,ted, iid hve been 

p.rticu:Li1y studiec. 	ii Drosoihil, 	r1y ztudiu4 on thiz  
cnj or 	ti1tjon were only descriptiv e  

(Perks, 1935), cci Liter ..ork hts resulted in a more 

dejut c;e, cil. tion, 	but nct 	rt 1 ntiorL. The 

ame is true 	cr other ir acts. studies hf..ve 

beii 	th forces involved in bi toiiesi3 in 

hoppr. (irewthb, l93; iatthe, 1951), 

.hich may be r1evnt, Ance it has been ug;ested 

tht LL te eres in .ngth ianLi the movements of 

the Coxti bLfld rC 	L.teci tc this 	ce 	(Johnnsen 

Butt, 1941). 	in 	r icuLr, .bnor1ities in 

.hich 	be ltd to ..Lrtening, hve 

been Tentatively connected .ith c.bnoirnalitiea in the' 

ccumuLtjon of amniotic fluid, ,Qhich i. held to 

initiate this rocess (Andre.art1 - ., 1943), 

Conidertioris o gstru1tin Lnut 

be entirely specu1tive. There seems no y in hicb 

the rnutnt furrow could be caused by the 6orsal 

thinning directly, but there are t last two possible 

in ..1LICh it could be related ot it indirectly, 

/through 



through he abnoru1ity c the cttuior id-ut 

I n'inttion, 

The liret of thee 16 	 by tie appearnce 

of the furrow -"hen it begins to deepen. At this stage itb 

resembles the zo.todaeai invagintion; 	interiorly 

it is bounded by embryonic membranu posteriorly 

its columnr cL have the pperne e of those of 

ti-is sructure in the oi.l embryo. Moreover, it 

is often cthiicult to nke out a uitinct proctoduuum  

between Uie crior mid-gut d the 	band in 

the .iutnt. These to points 3uggest that the 

prococ..l 	ril ..y nor1Jklly be irvinted fr€•..i the 

itercl bLstouerm, rid ut in the .iutnt, hhile te 

.aiagut rudiment is invaginted ostriorly,th 

proctodaeal invagintion occurs separately t its 

uu.d oition just behin tLe cepholic i'urrov. 

I okted ir its ien&l embryonic context, it 	b,-comes 

a deep groove ot mv mated tril. 	I-ioever, in it& L 

ltr develoznent ii clearly shows itelf to have been 

derive, from otenti.l hyodrm 	iial, foir 

trcboal pi -L6, .iC1 Liter opode;zies to b1Ch iuscles 

b.--come attache, and sex -eting cuticle. 	ince tiere is e 

no ictence for tae transfontion of octodeeal 

interil into hypoderm, this expLnion must be 

ahaixioned. 

This ocs the robltn why there should be an 

/invgintion 
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invgintion of in. t i I t ..is cint in the nut.nt. 

Ti ir:t. 	ntior 	 i.rL1 c 'L 

rnidut 	of the roctodbeum hL, 6 tken jL..ce . cterior1j 

_.fl( 1.. 	 j 	 hLl±c furrow i. _t no ti . more 

than 	hallow groove. 	r; - ti  ex:  1nation 

suggests  ite1f upon consideration cf th 	c 	it.. ..: 

of i 	LULtion 

The moviiit c 	niu—ut uLi1nnt over the 

uors1 sice of te e g to tLs - oint of invginiion 

anteriorly is very rpid, t,-king about hlf Ln hour. 

3onnenblick su.ests tht It is brog1it about by the rid 

mitotic ivision of 'the group of cells immeditely 

behind ti rudiment (Eonnenblick, 1950) • 	But the 

novant seen ii., tL fI.i, even ..hen a11oenc is  

.de for the time-Li se mniiiction ci the s]eed 

suggests 	uoen initiation of the movement, de;enIng 

on jhybicul foi ces rtier tL.n upon cell "ivision. 

LIoreov, in vrtebrc.ts, prticu1rly in studies of 

inpbibi, it hs been found t•t th er1y rnorpho-

genetic ZiovLxaents arc oue to mass faovements of the gg 

resulting from its subli1ic2ccoic structure ;d phyic'l 

roperties, nd tht itz 74vi_Aon into cells is irrelevL4nt 

to tn.em (iwiuington, I9 	olti'reter, 1943 it 144). 

}loltfieter showed t-11 pseudo-cstrulction occurs 

in unfertilized 	f Cu 	 . - cut their 

iv;Ion into cells. 

/The 
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The morphogenctic 

Ltionu in insects rid 

probably sufficiently 

tiL.t tLc rii(. 1&fl 	31 

.nd tht in insects as 

of te 'hole egg mass. 

supo.it  ion: 

1. In ia1dng .,hu 11n, 

ich comprise gastru-

Uga struLtiontl in V tebrt 	re 

nlogcus to rr1rit the suproitiw1 

ch re rutknritLLy 3imiLr, 

in 4mapldiuizins they &Jt oVxnnts 

Three things suiport tLis 

rtin c--, the e,s bet up 11d not 

uevelop, anu re jruiieu to be untilie. 

The film of thee egs reveleu .asive ovents 

of thei.nctuiil, though there here no visible 

developwentl changes. 

... tudies of the uifferentition centre in ?ltycnc:is 

(eiuel, 

 

19) 	tht i..ive novemunts dc 

occur in the yolk, contractions of which initiate 

the development of the gia band at a particular 

Oiflt. 

3. In unfti_ieo c: oi iroohi te contents - 

cytoplasm L.nu yolk granules - coag'late 	a few 

hours into LLrge masses. In many Oi the uruLrt- 

ilied e,,gs which occur 	the sectioned utrial 

(30 out of 67 in the present series) two main 

masses 	formed, sep.rtd t about the region 

of the cephlic and the mut...nt furrows (fig. 3'7 ). 

This may be a coincidence, ossibly caused bj the 

/presence 
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resence c t. .e degnr..ting feuile rorioCle*8 in 

tLi region actinL as a condens..tion centre icr 

the anterior nss, But it is lo i ossible tn.t 

it results from a pseuuo-gstrL1LtiOfl cf the egg b 

subst.nce, simikr to 	t occuiing in geing frp' 

The film shows thct ii. noxnJ. gatrulction, ouring 

te extension of the germ bbnd j  there is not simply a 

forward movement of the obterior inid'..t rudiment, 

follo.ed by the germ bnd mbteril; but there 	c'ovnnt 

of miaterikal from both end. of the bryo, towards the 

region of the cephalic fuvrow, 'here the two strms 

pebr tc meet L ci move inwards. If it is the cse thut 

thereenerl movements o. tic egg mterial involved 

this my represent an ex1niofl of the surface t-iial 

oiiprable to he epiboly of t 	nial .ole tissue in 

jbibi..na. 	Only the general cirection of Uae iove.ieflt 

c.n be sefl in the film, not the disjositiofls oftriL.l 

before nd after it h ten • L..ce. 	The cepb.alic 

iurow ui..y rtpresent the iii.- result of the meeting 

of tLe two streams, 	the pronounced inward movament 

nr:iiJ beecaes coincident with thej,.ioctodael invag 

in.tion. As this deejens tie furM4 tends to straighten 

out, urd almost merges with the itter 6orsally. 

'ütever the details of the process, se such 

/mechanism 
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i 	.ition to jio 	 :4 

&ccount for t.. tint furrow in t I'o11o.in& 	y. Th 

l.ostarlor aiö-jut z'uiit, 	L octo..1 rat4zi1, 

t. e Zaim band re inv. inted ;recocioualy, t the 

cetiicr 	owing to the 	L1C 	4zcurat.nce or 
trie. b.L ttJdCZ3 ti4nuig 41oza1y. 	Thia waulc ..ot int'. 

'fare 	tt ten of 	 .s'ii to inv,tnte 

ntirior1y, zt te point wharia Tba rudiment cf the rccto.' 

d4s*LIn 	 or.11y be turned in; in their ..boenco th 

irNirtidn 	rouce . 	otozy A..r4ow 94.1  

ortiin 	ct iL,tivet it, binoe it ba no connectir 

4th thu germ Wnd s  ond it b ooanvo deoler .e ita ca 

it1 Ubo ccc tht bvv bth deac#beLo 

	

It 	un , iid tLt . 	izj effect of 

th itor le ,o ce oL %1nu&u1 irr.Lj 	the 

i.rt of te bLattxerrn 12 tte1yzior to the Loiz'd 

movmit of t. ia gviln bkatX oviir tL dc'ii1 c,ide of the e'. 
t , 	 (' 	

S.-- 	 I 

aidiz i-oce occurs in thonu purka of thu batodri 

not incoiVorutd in the embryo .roer ut J11bU.3J 

1.xr 	tc ive the embryonic mbrene. It IS  

Likely that the ..creil thinning in the utr.t iureoeuts 

precocious formation of tis mcnbrurio mat 	iid thit 

/the 
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the rry disturbnce i cl the t. 	..t :.ich ti 

process occurs. The precocious formation of tracheal 

pitb hort1y afterrus suts tjj L L tLre is a 6Qneral 

acceleration of te development of the ectocieim. 

The 	ci' h;, I  ocern over t.eivcu tisue Lntrior1y: 

In thi& aut,,nt thu orbniaticr, s i.tLrbed but 

ce1. 1ffe entiation ia rela 	normal. 	The dfffer 

entiation of the ectocermai matx'i..i 01' t 	d is an 

eCGption, !'or here nervous tisaue is formed, but apparently 
1•  

little OT none of it hives rise to hyjociex'm anw the 

nervous ALturitil remains uncovered. The result of e 

ligaturing exjerinient sugeests th.t a simiLar uiturbarice 

of uilfcrentiaticn occurs wben thiidru is simply a chanicl 

constriction in this region. It is difficult to envisage 

how a consricticn could 	tiis result, ti.ough .oibly 

it mitt restrict the supply of necessary substance. 

The balance between nervous tissue and peiiu appears 

to b a delice one. In noxinJ. development the 

neauroblasts f t.e brain are sid to difft.-rentiutits at the 

surface, bnd to be only kter covered by byoc'ex'm 

(Poulson, 1950). Similar f1ilure of the bypoderrn over neru 

nervous tissue occurs in Othe.i ,  nutans in this study, 

and it is rnjor element in the develoimentl 	tern 

of X20 (page 7?). 

/Conclusions 
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Conclusion 

Lff 11 is a recessive lethal factor on the 1st 

chromosome; its lethality is expressed in the embryon-

ic stage in all cases. 	Abnormalities appear early, 

but the embryo survives throuJi tt3e whole of the 

normal period of development, though it does not hatch. 

It shows relaively few disturbances in the diferentiat-

ion of cell types, but there Ui large disturbances in 

Its organisation. 	A variety of end effects is caused 

by two principle intermediate effects: 1) the presence 

anteriorly of a deep conatricing furrow, 2) abnorm-

alities in the invagiration of the posterior mid-gut 

rudiment and in the extension of the germ band in 

bstrulation. 	These intermediate effects are the 

consequences of a einle primary effect, a disturbance 

in the time of formation of the embryonic membranes 

which leads to an abnormal thinning of the dorsal 

re6ion of the blastoderm prior to gastrulation, 
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Vi.22. L.i. normal, 4- flours, z200. 

Fib. 23. L.S. normal, 4-2 hours, x320. 

Fib.24. L.S. £ff 11, 4-5 hours, x325. 

Key to I ib.22-44, 

A, anterior. nbl, neuroblaste. 
arnb, anterior mid-gut nea t  nuclear area* 

rudiment. nt, nervous tissue. 
bn, blatoderm nuclei* oes, oesophagus. 
br, brain. k, posterior. 
cl' 1  cephalic furrowe pc, pole cells. 
cki, chorion. ph, pharynxe 
chf, chorionic filament. pi, proctodseal invagin- 
em, embryonic membrane. ation. 
Is, frontal sac., pmg, posterior mid-,ut 
b b g  berm bande tndiment., 
tnso, sub-oesophaeal pmus, phitryn4,eal muscles. 

banbijono pr, proctodaeum, 
b 0 , conad. PT, proventriculus. 
he;,, hind-but. eg, salivary gland. 
hy, hypoderm. spm, eplanchnic mesoderm. 
lib, inner limit of et, stomodaeume 

blastoderm. tr, trachea. 
lii, position of lt,ature. trp, tracheal pit. 
mc, mutant constriction. uyk, unenclosed yolk. 
ml', mutant furrow. Tm, vitelline membrane. 
Mgt mid-gut. A, fixation puncture* 
mic, micropyles y, yolk branules. 
mm, middle mid-gut. yk, yolk. 
me, meeoder1 ykcy, yolk and cytoplasm. 
mt, malpihian tubule. 
mus t  muscles. 
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k.S. J41 11 0  )-6 hours, x300. 

i'i.2b.. i..., the same embryo, x320, 

ia., normal, 2-b flours, x320. 
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2 ib• 28 	L.S. ft 11, 9-10 

hours, 

iiib.29. i. normal, 	 Fig-30. L.S. normal, 

..9 hours, x320. 	 10_11 hours, x320. 



pr em mt 

\ 	/ 
11 

19 

l0I• 

5 	i ... 
i: 

,- 

A amg 	pmg spm 

em mt nbl pmg 

	

mL 	pr 

£9 	amç rn 
p A 	

mg pmg 

St 
	

em 

pr 	X 	PC 



facin pa0e 1 

Fi t,. 31. j•• .LJf 11, 12-13 hours, 

x)20. 

Flt.32. ti.o. normal, 10.-11 hours, 

x320. 
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facin6  page 106 

i,6.33. L.S. i,Iff 11, 14-15 

flours, x375. 

Fib. 34. 	normal, 12-13 

nours, x260. 

ki.. iff 11, 14-15 hours, 

z 260. 
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Fi.36. L.S. Lfr 11, 2-26. x300. 

Fig. 37. L.S. normal, fully developed 

embryo, x300. 
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Fig-38. L.S. Lff 11, 6-7 hours, x300. 

Fig.39. L.S. unfertilized e, 5-6 hours, 

X300. 

Fi.40. H.S. embryo 11atured at 4 hours, 

26-26 hours, z320. 
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2t.41. J1ff 11: film sequence, from 

the beeinnin e, of bastrulation to 6 hours. 
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1ff 11: film sequence, from 6 hours 

to the and of development. 
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f&Ciflb Paee 111 

Fib. 4). Lff I-L: film sequence, from 

fertilization to b hourso 

kor corresponoin b  photo0raphs Bee fi.41. 
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Fig. 44. LIf 11: xiw sequence, from 6 hours 

to the end of development. 

For correapond1n, photorapa see fi.42. 
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.utnt : 

Obsezv.tions 	de upon 1ivin 	ibryos, znd 

ona wab filmed. The 6escrijAion of dev1ojInnt is 

bed Ch1tf.LJ UjQn ectiond Lfl*tX'Lu1. 

•Fve 1 Lai nr dt; 

iSLe ictor wkA6 induced by I'A'"Wi rnciir.Aiun of 

arm, rd a prelimimxy 3k..LivIry 1rd CIT1rO1o8Ou1$ 

n1yis shows th L tlere ib no 	rtje rerra!e:1tnt, 

Ixi tbt it is 1octed near t 	 locus (6.7) 

(H. 1iynsk, un'.ub1ishcu). 

A1yi cf bC13.OliLU jLi: 

k '_vU 	Tan.. it,- 	Urint- 	 unts 

LLiu 	jfj.u.i.i 

O-hrs.. 	.LL 

 

14 

1Q 	 ICA  
.L) 	 - 

	

- 	 - 

Tot&1s 	 17 	 1O( 

In the period between 

rautints zra ditiiuis1b1e 

hve btched, k9 out of 
er - roduced 

ni te1 a 

5 A 13 Lours, '.hen 

and none of the aorae18 

fertile eggs - L proxi-
muttuit embryos. The 

/factor 
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fctor y tht fore 	 being exressed 

completely in the nrjonic st<e. 

Final Atpre.nce of ti inhryo 

io niutnt ibros hteh, bt r/ 	o 	n 

moving betively thoide he vitLLine m nbrun t the 

tine hen the narmls are doing so. Th embryo is 

then iA an z.4dvanced stge of clive1oment 1  ith the 

cuticle no chetee ll devtlopd on th segments, 

t the latter 	disrrangxi nd th vho.e embryo 

is uistorteci. 	The 	•or is oitn incomplete, 

nu thv. nervous tissue epoed in rts; parts o. 

ut pper e:txnlly t both j.he anterior and post-

erior ends; there tire often uccumul,.tiorw of undigested 

yolk beten the embryo nd the vitelline tismbrsne. 

ioie oi thte tture6 may b 	. 	i the uiiJ shot 

hots the film (i'L. 64, 	.OU). 	i3. degenertion 

beins L.t about ;..3 tours. 

viomm ci the 4byo 

u ; 	iruk.tion: 

In the jority of cases the development ci' the 

mutant pears not ot differ frcm th.t of the norui&l 
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up t9 the time of gastrulation. The embryo which 

filmed 	ed completely nonl bl stoueru 

1ozuijtion (fig. 63 , 3.16, 	Lore fig. 53 1  1.00- 

3,30 .dth fig, 9, 1.3O3.30). But two sectioned 

embryos showed 	triking abnormality viich hs it 

occurred elsewhere. 	In these tA coin1:1te syncyti1 bli.,..todemm  

was iormed, ..ith the nuclei at the periphery as usu1; 

but the nuclei re not uniform Ath respect to sixe 

or stage of mito4s. Over tiorae areas the nuclei were 

of normal size iAnd in resting phase, nd were croided t 

together so that they tended to buckle upon each other. 

In other areas resting phase nuclei were only about 

half the size, i,,nd in other there were cioded mitotic 

iigures (fig. fl. In one of these embryos pole cells 

occurred, but not in the other. 

In tiiu normal embryo mitoses re synchronous ui 

to 	i'ormtion of cell boun&rie,. In these 

bnormal cases there must htiv= been a disturbance of 

the fctor controlling nuclear division, ich probably 

occurred in some of the cleixaLe nuclei during their 

migration to the jeripbwy, fhis would account for 

the ptcby dist*ibution of the irregularities each 

ptcb representing the descexxlbnts of the early 

cicavge nucleus .hose divisions hd got out of phase. 

In several other embryos there :ppearec1 to be less 

/striking 
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.t it 

S not pCs&1b1' to cL.ii/ tlit 

non1. 	Yrot)ably 1istUrbdUC- LjA. thecoL.tro.L of nuclear 

division rcresent the lrim&VY ef1et 	t mutant 

factor; but the time at which the factor c.es into 

6ctlon vLrie. 	UulIy i; 	ect 	t 	; iflt 

t this stage, but in the to b3Aomiiti5 uec'ib.id 

they appear unu8utl.y 

er i ne uisttxbflCe ci '1 io 	ci in later 

eve..omeflt hich .o4d eugsst th.- i., 	i ever 

failure of the 111-5L ite oi 	tLiA tion, in .h1C1i 

the maoc1erm mziiaJ- i -L uj-jj od in L.L th vntrJ-

frro.. in the fijmed embryo the next stage, the 

fornktiOfl of the eeçhaLLiC furrow, is accomplished, 

awl the is the buckling of the orsl cells of the 

b2.ttoderrn hich nonll/ preeau- 66 the third stage, 

the extni°fl of the erra Danue 	iut the extension 

ii,sclL does not take place (118. 63  1 
z3.5C and 4.O; 

iA .55 	 : ;im Irse1uenCe 01 inis 

iobbly occurs in 	t ct te iiutnt embryos; in 

sane the cisturbnCe ray occur e4r1ier, but in none 

doe& it occur later 	during the laat stige of 

-LI uitiofl. 

/The 
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The fi1i 6ho the oti'rmid.-gut rudiznnt 

i 6hullovi de ,  ression, z.rrested 	it for-rd 

movement UOL 1r from th o.,tt1ior end of the embryo 

(fig. 	, 4.20)0 	.ctions of other embryos show 

tht i cells do not Uuku on the elongate flask- 

shape no1ne1ly chricteztic of it; instei.d the rudiment 

l'ornia s L uc iession ci .e bi toc.rm, hose cells 

terid to b cubo16.i. rtr thn coiumnr. 	Pole 

calla 1..re b pintly often reduced in size nd number 

nu it boons iificult to 1;UOW them n ubse uent 

dcv eloment. 

lift 	C;. 	1Oi'hJ. 	1iLiOfl C. 	t.LL±Ofl 

in Uie rooes of ext4nsion, the mutant embryo becomes 

chrcteried at this tiie by Uc i;pernce of 

nuuiber of d"-I. irrovi1. 	ihse ccnit of 	toueia tã 

chiefly of t'h ctodexi ge hand Lnd Its 

unurlyin aieodex, 	hey extend deeply into the 

interior of te eg. They vary in number; inrne 

only 	i1e ou Ii,L, ben found to occur, but 

in .iot ces there1re sveral, so tL t i.e e becomes 

entirely ditsected by them (fi. 46) e 	ihre a. zma 

to be no t*u.lr p...ttrn in their urrkAnbament, but 

the most cccinion is fn-ise from the dorsal side. 

They do not show well In the roi'ile view of the filmed 

nbryo until rather L.ter in development  

The 
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The inv;.~'Anz tion6 which occur in norrnI deve1opibent- 
') 1? 

the 1  osterio mid-,gut invr icn, t 	- ocUzfl 

the .nterior :iiu-gut uuient,Ather uO not 	or 

remin shallow. The mteriul which would nGrrnaily 

be turned in curing their tormation ranain:' zit the  

surface. 

There iL two princiLe abnor litiea hera: 

1. The4ktci1ure of the inv.gintion r th ectod(--rul 

xid endoderrnal rnteril of the but, 

. The ioxm•tion of the furrow. 

It ie obvious that t presence of the furro grt1y 

increases the ur1'ce brea of the e, rxJ hence the 

amount of ectoem1. 	This c..nnot bit ccuLnte i 

coneisting 	ztl' o.. the univintcd gut u1teri,1 9  

because lter wWelOrAflCrlt hOw tht this is confined 

to the Lnterior .nd postexiur ends, wherea& the furrows 

are chiefly in the niiadle region, Nor can It be said 

th the gain banu, being 1iuvented in sane way from 

extending ovcr the uorsL1 iee, simply elongates Lnd 

buckles inwards; in other mutants (LfI U, X27) 

extension is inhibited, anc the film of LfI ii shova 

e slight buckling of this 6crm band in consequence 

(fig, 4/ 9  u.00), but there is nothing correpcnth)g 

toth fn:tic furrow development of the present 

mutant. It 16 very difficult to :ruike accurate counts 

/of 



119 

of the cells t this st;e, but it i evident tht 

are many more than normally. This may probb1y be 

accounted for by the dicturbance inthe or  ntrol of mitosis 

mentioned above. There it was jointed out that in to 

embryos the blastodern contained areas in which nuclei 

lla zI more numerous th Usuel. 	1i, is likely 

tbt in moe', of the iutbnt6 an 6bnoi1al ro.i±,rticn 

of cells occurs sornewht late during gustrulation rather 

than bJ zitodeim formation. It was further noted that 

there was a tendency for the cells to be crowded tnd to 

buckle upon one azher; this might initiate the Uuck.lir3j 

lciri tc the formation Of the furros in L..te gatrula-

tion • 	It is ossibl tht thsurrows gro* in-,x' 	t.à 

cells proliferate, but their fcrtion must be Vei, r.:iic, 

as sections rarely occur ith sb,-llaw furrows vihich iight 

be in the process of developing. It seis more likely 

tht an excaive .roliferuticn 01 cells at an earlier 

ste has resulted in the ger b 	ccnsi3ting Of maxy 

more cells than it xoimally do. 	It hL.c, b ~,~;n already 

suggested (iae 9 ) 
t'nt the e,tenion of ti gelm bund 

ILJ 

takes 	tob auden.ly to be accounted for merely by 

cell division. The exansion of individual cells 

might pL.y a considerable 1.Lrt and if this were bo the 

expansion of the very erowcied cellc in the mutant embryo ci 

could very well)for the u. en a 	ranct of the furros 

/just 
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just t 	 b€ 	norraly be 

extending. 

At the riu 01 taegtr3. icn piiiod the riibryo 

presents .xi etrne.Ly c racteritic appe.riflCc; 	the 

cephlic furrow 1'•I- si3t3 and deel 	ccntP.utiflC .ith 

thzi other furrows toth... i&ected zpper..nce of t 	wbrpo. 

This eI.perflCe is pI'ticulLrly nviiceable in the yolk 

hich is oc..ipreed betweenthe furro. 	The po..eLor 

mid—gut Li.in..tion is ruciraentcry, jAro the pole eeUs bre 

fre.uently iduen in tXte cre4c. i x'oduced by furrowing 

j.orteriorly. 	There jh no 'rocto&el ir.v::' 

ti'e i..t .not u small stodel inv. ion 

nt.r1orly. The orsal L.yer of cells becomes thfl,  

forming the embryonic nciibrno ovr the uorsl .iue 01 

tne e;g. 

IJifrcntitiO it.tn 5 	9 our 

ctocirrn: 

Tht part of the todr1 a4,ich iv the hyodex'm 

.nc 

 

neivous tiue in the noimal embryo differentiates 

in t 	se 	 .. y in be mutrit, except thtt in rny cests 

no hycc.erfl1 is thve1opec1 pver the dii'i'ertntiatiflh. 

neurobl.sts. Tht byouez'm Ucoraes sernented lat3I'ally 

&..Livary gL,r4 rudiments kAre,  I'orca%auj  but t..eir invagination 

is often t revented Iij te aistoltion of te surface in 

/their 
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their neibhbourhood. Tbacheal pits 	a10 fvxnea, 

in iaan.y ca .itbi.n 	turous. 	The cells et 

rocto&eum 	th toun undergo LiiIrerItition 

e:trnaUy .t the :oaterior and anterior ends of the 

embryo respectively. 

ocenn: 

The &oem is cifiicu1t  t1p follow  Lt this 	but 

myob].ct c1s become visible tcrs the LflCI of it. 

SpinhniC me oocu rm never becce ao e than sprsly 

visible, probably simply because of the absence o ell 

foxia..0 8-ut to which it couii attach itself. 

IO(1fl 

There is a greut deal of mitotic activity ut the 

anterior .,nd osterior onus of the embryo during this 

perioG. This is chiefly in the cells of the endoderm 

ruairaents, ;hich are either not invinuted at this stage 

or are just inside the embl7o, 	ach i'orn 	group o 

rounded, c.arkly staining cells. The yolk is slit 

by the furrows, indfrouncis off into masses which each become 

enclosed by rirnitiv gut cells. in most Cases there 

is no coneCticn with the undoderm. 

In general the dffferentic.tion 3 0 ,am Z to 1 	1:ii 

tht of rorm]. bryos. 

/i.ortening, 
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:;hox-ten1n;, involutio ci' thc- I:u, nd ccraJ. ciouri: 

TL .itortion 	the anbryo 13 not rkeu in the 

riod 5-9 hour.. The great 	turbnces Inthe rrr*ge- 

inent of the tisus, 	in the shape of the embryo, 

n.. turiUy interfere t:rofouricfl.y with the genernss move-

rnnts on3ic.red here. But they are not prventeci 

ltogetber, and have the effect cf "straightening out 

the e"-br-io to :. .:urpri3ing extent, 	lowing of the 

differentition of cells s neritioned above, rid a 

&iiilar lagging occurs in these iovements, which even in 

their modified form are considerably olowed down. 

Since ther. w.e :e proper extension of the &uym band 

there cannot be j shortening cf it in the strict sense. 

But there is a concentration of the rnateri1 of the 

vntr,j sie, ich bs the effect of comscting the 

furrows 	iaking th cr1 difficult ot ciist1rgu1sh extern- 

ally (fib-o- 47xu #T; fig. 54i il.  

the yolk is often concentrat 

by embryonic membrane dors.11y. Yolk not concentratec' 

in this way i istributed irther parts of the embryo 

or comes to li outside of it against the vitelline 

meabra re. 

Yolk which esca, es usuliy 	o before dorsal 

closure. 	Itter is always accom; I shed, .id encloses 

any yolk :L.h still remains in the embryo. A typical 

/oiition 
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conciition eft.r oorstl closure is shown in rig. 47 (detuil, 

1. i6.  17). 	body w,lls of each iCc 	ic united 

dorsally, ... . 	grnentLiiofl is dtatinct bMt very irregular. 

Arrows do not occur in this nwl formi region, but 

they jraist vcntra1l. 	The vntru1 itrVC'U$ 'ew is 

now distinCt fran the hyue11fl, nd both fol1oi -Lje lines 

of the fui'ro'.. 	otween the nervous system rid the L0Zl 

body w&ll is 	of yolk, unenclosed by endoderfl. The 

endC'deIB cells, cAnd the ctodo.Tfl of Ille fore and hind 

 :Cora 	 i te rbryo.ts, 	nsa a  

Involution of the heu is erier..LL cntiL 	vnt- 

ed by the dLzxmIOU1eflt of the yLrts izWlJed in it. 

The h 	teri..l is  not sufiicientlY orgunized to .11o o 

its irrvgin,.tionj anz the irregu1ritY of the ;oiy wU of 

tLe midcle region prevents he thoracic iaateril from 

enclosing the head. However, 	the filmed eabryo, 

Which i less MarkedlY abnormal than :iiost i vclutiofl 

movements of a sort can be 	en (i 1 • 	,/0./v - 

first a distinct anterior he---d 	i visible; then 

there is . rouzir oii. 4-.nd ithdral of the .e,..d trial 

friA the vitelline 	ne (ii.. 5 , 13.05). 	ha 

forwarU uiovmiit 01' 'the thoracic st epents appears to b 

occuring as far s the gener]. 42isorgronization All .11oi 

it. This never reultc 	the enclosure of the head, but 

- 	 t,iOn 01 t. 	nt& behind it ..rid 

/conseuentlY 
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conO).WfltlY l 	ccnstricti. o-,  -.. t: ---t7abryo in 

'e,ion. 	i1ii is 5EeI1 in the film (fig. 	, L5.00), 

-ad in ectioned embryos 01 .4 960 

1 or 1iofl 

i::hi; 

1. 	cne-gut: 

Up to hu time of .,,hortaiiiAg the ce11 of the 

stoaodi.&eU . 	uiføua u. rounded, iornLng compact 

group t the ntcrior tip ofthe aaabryo. From 10 hours 

they undergo difiere;tiitiOfl, together viith those of the 
& 	 0 

I ph yn 	1 L91L, orr 	no iflVi1tkit1Ofl occurs, 

the £ogut dve1ops nsidw-oUt" • jt t:ic1 embryo 

J.9 shown in fib . 	the is vxy 3b1lOW invintion 

,ith oesohige-1 . cril Q^telildir4g otsic of it. 

Beyond th.t is the "doise1 1  p ryngel region, itA. 	. ijreal 

muscles attached tu it. 	There is no &ugstiOfl oi_ 

(e o 	e ssiV 	Lnd3 hs developed fiont1 sue. 	 g  

in a itort 	y behind the tca-gut mte!il but 

since involution hk.& not occuried its duct bs not bten 

cITied forwru. A juticle is secreted by , -the tore-gut 

ra the L. 	 oaetii1e 	scierotiedpOItiOfl 

wnich represents .n iabcrtiva cephlofll appsrtU. 

The :cijU.t 
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The extent to which 	i-gut develops vri.es 

cc'iir tc2. 	tc 	.i.r/os 

the furro 	gter gstru.ltion. 	:ire these e very 

eiv 	 rticn o t cL ci the iiid-ut 

rudiments is restricte(. to t.e nterior .nd otior 

ends oz the embryo, 	the yolk rer&.ii iri t.e middle 

region .ithout 	iL-gut for-,U%; rond it. 	sully, 

in such 	 tt ed endodeim celL find tlieir way 

into the iaidLla rgion, but rcin 	 nd 

do not form 	ort of :iidgut  

More often, 	fair anount of tfldOd 	irii1 i; 

moved into 	middle r ,iou fter the "etrightening 

out" of the embryo ....ich, as tnentionet bov, tends to 

occur uurii this pzocess. 	It is 'nostly L 05 erior 

tuid.gut r&teii.l, posibi beuse the I'oitin CLthe&. nt 

cLnstriction b.himthe Leu irtvents any belteu invL. 

 of gut ateri.l such 	ocurs ostriorly. 

Those endodern cells J;ich i'e.ch the mile ieion sjreid 

over the yolk irisses nd form mid-gut wialls around them; 

thcy L.re very thin, ince thei e ie insiticiflt cells 

to cover thyolk roptrly. The nuclei are 	as 

ic charctistic of the mid-gut cells, but the cytoplasm 

connecting thrm is 	tenutt.. 	'i:e endouerm hich ra.ina 

I;oteri0rly 4fferentites ti.11y, as c be seen in 

te ii]n (fig. 6 	13.05 nd 25.0 	 iZr 	022-28)9 

ppaiently into L. coilec gut, even though no yolk i 

/present 
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preen 	5/); 	bi 	- 	culL 
.. 

	c. '.1. •i. 

uie dci-gut itirL1 from zhat, 	 roctod,EU11, 

,.r 	 i) 

	

it is o8i.L tb..t th cci 	uo aevelo!Ted rresent 

hinu-Ut only. 	DefintC liLiI1 tubules 'iv mt 

be-en 

AntriOrli 	..roventricUlU' i 	u.1ly formed 

but, bejn6 unablu 	 ihe rt-StriCt6l spCe 

avd1b1e, it 	ii 	C0 CSCC1 structurE ,with 

wll of' rl&tivElY unifererititU cell  

-. 

11OetCUbtZL UUci-J-Y
begins to extend Into 

the embryo 	ubout 12. hou i jA s it ee11 t begin 

;ut itsforjrd 	f,rjjCfl i; 	 reet . 
iff 

trict, 	 in 	of its cells re.Lt 

not often i. h 'O1 	11 CI 

iuCu izbii11y to icrae in 'ength has been 

for y .n incrL.3e in breU1.h  

Cell iifieretiatiOfl i not accoullished sufi,ic1J 

to 	it oeible to d1 	iib te hind-gut fr 

tiie .ui,.-,Ut with crtiflti. 

Ti viscer.-. rnubcle i very .00rly developed 

probb1Y 	 raesoderm ce11, i:indi no 

gUt rUI1Cfltb o -shic- to ttch thejnlves, Simply 

jr&ist •s undifferentiited CLI1S in the miedle 

/region. 
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region. 

The yolk; 

hethr or not t:c yolk i 	os by Mid- ut 

cells, it uiminihes in tb course of devololiflent 

so that finally 68 little reaiins undigestea s in 

normal ezbryos. 

The boc.yy 

The 	 ll is formed in the aidle re;ion of 

the embr 1 o, but not *. th e.tretaiti&S, '..here the 

gut il VaIOP6 In the midle 

region it is complete LOIS fly, but it i often 

bsent ventrelly, 	hypo 	i 	file to 	.1er 

under t1 rrvous sy3ten. 	.re it occur: the 

tissues of the body wj All 	differentited oxlly, 

but the rran,eflisnt of thei is ntur&lly isturbed 

by the bnorm&iL ientioneu, 	eentiOfl is 

clearly 4pparcrit s  but irreguLr, Lmu the seIneflt3 are 

crowded to,ether (figs. 	5Z). This crowdinj 

ceuse L 	:irversegtnentJ civicic-- to 	de er 

tifl rorllytheY 	aui te muscles icb re 

attached to th 	OcieLfle&, 	extenc betwe tzem, 

hang loosely inste.- d of beir46 stretched taut (fit. 5d). 

The euients are freuentl: so cAsturbed by the 

/furrow lug 
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IL C .1fl, t. 	tT1;'J 	 tt• 	tt 

j;OcemOG t cte ana., but not :t the other, so that 

groups of muscles form fin-shepec1 bunches., attached toti.e 

hyccervn A only one oint (fig. 67 ). here the 

I 

 

of bypocienu is very much reduct b i'8 flure to 

develor under nervous tissue, the - muscles become 

crowded together on such 1iyodei s is available 

in the ors.l reion. 	This phenoreriori is 	nai.ierd 

further in the section on mutant X20(p. 

Cuticle is secreted by tLe 	oueri celli. 

Ganglion cells 	fibres frrtizt nd 

become Wapb ied into a distinct nervous systeu, which 

is however ros.y disorriarkred by the ener.3. spAial 

discrnizition. The brain tissue is £cined s 

sb:eless *ass in the 	ie1on, and is included 

ithin the bocy ll. The ventral nervous systani  

is laic uOwn along the lines cf the furziws  

but as it ccncntrate3 in later develol.intnt the 

furrows tnu to bti obliterated, ond iriturned hyoden 

to be compressed n&to degenerate(ilL:.  

expluined above, the dffferentiution o 	e neurobLsts 

fruently tes 11505 ihout riy corresonciin; 

6if-ferien.tiatic ,-n of hyouerm cells in t1 same region, 
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30 th.. t th n,.;rvuu.5 tj6u3 is ex 17 

ced (fl . 2). 

The tcLeae 

'.ne rou.,3 of trche-1 ceJi.& come together to 

1ox' the 	truchel truI, which bbe their 

cuticular lining is secretcd becoule viiblc .s 

tortuously twisted aorsO1t€X'h1 tube. Their 

openins at the oteilor 	,re\iuterfered with 

by the di6turb1flC 	in this re4.c.n, L.nd the rpV. irCe6 

h.ve not been 1oufl. 

The ona4.: 	 7 

ole cells 	jf2iCult to txuc even i 

the c.rly stages, 	it i n T, c 	t :pens \ \ 

to Ulm,Th ft of the .ole ceLLo is obsCUre 

in normbl nbr!yos, -iu to trLeu them in such . 

clly disturbed crnitiOU s Lt JeL3ent on 

even r1or LjfiCUlt. 	In one of tL. enbrjo8 it1 

ciisturbed blstoder:i formation thea 	Lre no 

cells, but no oth*i mbryo . 	found inhich 

they were absent 3.thoub their nmbeis mibt b 

educed. The Ole cells di&bpjeor ro view h1A. 

i'urrowa Gr'- formec, robbly becoming bidLcfl in 

the rosterior ones. In 	embryos they bre 

sometimes visible ;,b isolated 	and in GO 

/case 

¶ 	

I 



130 

-••-- 	
.k, 	 so;; 

biiive flVurOXX. 	In wist *bz'yo& t.e i cl 

b44Lrent1f booizis lo6t in thu cQuL1cfl  Of .ut tie.uø 

t t(C t teiiO 

Th eqzieiou Qt ,  tz&a tctor varies sli&tLl 

in dagrev,, btt vj i.itt i. it 	VL1O1LL1 

th*: C UI tyl'ub tr 

ii 	tboub citorttd, 

but U1 	tl&i tubzo t tH 	o 1  G vtLO" 

L1nt L41 inv01vu in 4 x'oes g.rMn3. iOi$tiOT. 

The pu3ticU1r 1tw.8 o .hie zrey bw cUea th i*1 

k1l:itlata of Vaj ito or, ila th it 

sOwfl that ull of iiij11, ith the i oibLe ooi tion 

ai. tzx èzb8Cu of bocwzIA in V16cclu, Qould be ex'ibd 

to diallacemenU of the organ forxir 	t1riJ.3, ..nd 

uitzbanc 	.Z& their buU4ae.,u6nt VO1?iabt, brout 

bout by Ud et.ii 4id c1uiou3. o1ition3, iiiYaé 

UkArlrW ULwrrul,,tion* 

Thubo coniiitioi xau.lt iroa too thing8s 

.rtiul orJf "iltuv of the two( ,.. era 3iieflte 

routodeikUr utK the $tO(AOd1øZ11 to 

iINitb, 

Ar 

	 bi)C ol 	 CNtX .i 	.hc1 Ci 

/the nbro. 
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the embryo, 

The&e . the intermediate effecta of tb. f.ctor. 

They iare not obviously relhted; there is no direct 

reon for titz fu ri-ov~ s ,reventig the invgintiona 

thouh they noulu iu.vita.b1y ciistort then. 	The 

uestion ths as to hether ty repr3ent differnt sect , , 

cf one effect, or zxise from a coion cue. 

If simil ix tibnoxmalities u re .ought for in 

othr or, ni3, 	ogtrL.l .tion Inorne14 in 

qhibins and in echinodezs nci uoilu$es suet tse1vea, 

or ii .tiiii1 hicb is norna.LLJr invir tu in 

oiL.. 	to attempt" to turn owdwards ixte of in 

inrds, the vitelline aernb ne ou4 prevent its 

bu14,yiw .nd this might result in u buckling of other 

to fox,,a tLe e xtra £urrou. 	It 12s bn 

sujestud recently that in Lirnea, -here e;o.tru1ae 

cn be induced by trOatment ith lithium ch1ori, 

tht tiiu 	 tion is tcrti.ry effect cued 

by a di trbince of the resiratory iecrnim; the 

L.tter bsig e secondary effect h1i4 rebults f;oii 

the rrlmary 	ci of lithium on the sutxnicroopiO 

structu.v.e (Raven, l4) • 	this is the sort of hi&rr 

rchy o1 even 	i.ieh in ht 1co bv expicted in the 

case of genetic abnozlities, 	in fact di&turbanCe 

f respiratory metabolism have been demonstrated in 

/embyos 
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et~fbryotq uiieint, ic t 	XcI o.oiome (Eofl 	ou,lsoU 

139; 

 

Poulson, 1945; j oulson,ad iL1l 1  1944* Wt 

the h1Lc. baginnix 	of inv.iztions inaids occur 

.nd reasons hcx4 been given i%bove , in the deacription 

of the development of this rnwL1n, for believing' that 

the relationship between the furroi nc fi1ur of 

inv;irition is not uL . siui..l one; the r&texil 

turned in in the furrows arj,ea froni t,he presence of 

n abncrmL11 high number of cell5 in thc 6enm 

II this is The 	the fui'roing u1i.nt b the e.riier 

eflect, wicb disturba the ener surface movaents 

of 	tn.L. t.ion.in  some wy whih inhibite the proper 

I invnation. 	It is extremely robablv, tt the two 

'trulitie r Lted, iut again absence of ftnd' 

intbl k.now1eue of the mechics ol. the gtruLtion 

pDOCe5 7recludes an exp1ntion. 

- way in Jic1i th iUI0 	W t 
	

t1OIrA .11 

ecesive number of cell in t 
	 been 

aest- above, nd also -Lbe • ossibi, ilty tT4.t this in 

turn arises from a itLrbahce ci the rie 1f cell 

division. 	c 'itotic 	i. resuraobly 	•. .' .etic 

control; growth ia.e c-.tt.4iniy 	but 	.Ua11 

difficult to ay 	1ar zo.th de enus ujón 

I  division. 	One of the fa.. establibed cases ift dnimals 

I In rabtits, I i.ib it .s c -.own tbt the dve1opiflg 

N 

H 
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1- 1 :J fd £C 	ic.e 	CL OU 	tcre& 

tn 	of L,  8rn11 rce t the same period of 

	

aint (C&tle und Giegory, l99). 	The prim..ry 

etc 	e fetui 	uu 	to incrt. 	- ,ho 

01 cl1 ivibion in the 	bnc, loiic tomi 

ecesbive number of c113 in thi6 rc&ion, t nd  t. 

buckling iu.ris on their e .nion, as aLmint, this 

to oecX, in th lt u t&6e of 	T.rUlLtiOfl. 

On. objection to thib i thLt the r..te of itoi, 

durin, the erly olvøe divisions, .hen it cn be 

t 	ii vy LiIA (ozmenbiick, ii). 

An incie&e n such rate would :irc tht La 

thn ten r:in'utts &hold ekps ~ btn e ,~A ch divi8ion 

ieL1,ou.lü Lc unlike onytLiflg no ..i kflO..i.. 

It i a.lo Ci , ficult to 	 the ce Q1,  

the to embryos j .  hich the bncilit/ appe a red in 

the b1toeIii1 btge ..'t y all the nuclei id not 

c.iivide 	tl s .e it 	en if ti,±, 	are rjid 

than uul. 	It is etb-ibh 'tLt the cv4.c 

nue1i in 	 ..re i iicJ. 	u tliut t.kAi 

iIInee Ilk 	ititc x, oue to d.it'1C1'eflCC 

residing in the cozticl c)topk. 	(.i he egg (L;&' el l 

1932). 	uch exrric1ents as bve been dor4e sUgg6t tUtt  

the 3r 	is true for the Dipter (.eith, l9b 
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1/), 	the ob vtjon8 Lf 1-;Axka on LrosophLL .Ld 

to tht s.rue conclusion (Fr1.s, 	 50 the.t if the 

£ctc.r 	 -iVi:Ao1., j  it 6iioul,. a?.eCt 

the nuclei in the 

In these two embryos, not simply the rbte of 

division ib affected; t obs v.bli effect is upon 

its synchrony. 	J.thouh 	ir b1stocierus are Litill 
S 

syncyti1, synchroxiou 	ve Lox 	.4iUiin groups 

of nuclei. 	vient1y, thever fcor io re, on8ible 

for tUC usUl iitegrtiOfl of the cleavage, it is over-

ridcen by the :nut&nt facor. - synchrolV was found 

to ccur in ibxo Ltni 	LL;. of X-'ayed adilt flies 

(onnnblick, 14C), but there wre üso ny L!1hr 

irr,u1uriti 	iLtois, such as 	'.nrntric&J. ui- 

tribution of cbroinosotnes to thuter nuclei, multipolar  

spirid1 	irtions .Eu chroaosor1 c1umjn. 

lLr bnoa1itis l-.avebn tcund in uwj d turnce Of 

devloj.1nnt: iu -ceficitnt euibr'o& (Poulson, DSkU), 

in ethr tre.tc nbyo (Coriian, 1944), in utr...-sonic 

trted embryos (ernn and Counce, 1953), and in tiie 

fern...le ti1 aut..nt deer 	(Ccnce, 1953). 	But 

all  the ,je .iI'cteu the citribution of Aie cleVe 

nuclei ..Jo, xx t fiore bltoderm foruition. In 

the reerit case s  the iturbr.ce ci synchrony 	heI 

only iturbnco observed. The priznry effect of the 

/factor 
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factor therefore aiu...t be reg.rded as not well 

but ts rtbbly 1.ctin the r te of cU division in 

the 1oxm Lion of the germ b.nd. 

Conclusions 

X i.. . ic&ive L.thl f...ctor on t 	tirst 

chrono8otA1e, not ttribtbl t ny large crcnoson.l 

rerre'atnt, 	loc.t.ci  c-oic. to Tbe 	locus 

(5617). 	its 1Ltbit' is lways enpresc- 	in the 

brjonic 

 

Stage. 	veoptient oceeds through the 

whole ci. 	e 	.mal ;erio., .. nrL ther€ ie no ±undaxnenta 

d±turb. :icc of diffrentition. 	ThetarrnJement of1t'n 

or-g,-.-n 	hc.. ever is quite z.,bnormal , flu the organ 

theinse.i.v 	liToriec. 	The mc&t distinctive end 

efiect o' the 	ctc. ii., tne bbsnce 01 gtt in the aidule 

region f t embl7o, 	its abortive Lnd p&rtly exteinl ceve 

devclopoent at the 	 and rosterior e,tremeties. 

The end effeCts r directly trce&L'.e to atti].  d 

mechl.nicLl iturbnc 	tUed by two inti-rneciite 

cf1ect c, 	 ut gctruLtion: 

1s 	rudiments of t1e ut fail to invjinate iroperly, 

20 	,number 01' dee frro olvide th egy. 

The rimar efict of t.e ctcr is not certainly 

est1..Uithed, but it i likel:, tht dieturbce in tI 

te :f' cell 1 1mision ramilltr in t. 	i band eontainin 

Ian 



136 

an 	e.ve ubr oi 	 U1t th4.t 

in gA..3tru1ution a geren.1 buck1ir6 occurs in it instead 

01 t1 normci dors1 hfld anteiior extension. 
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11b• 4 • j.. A2, posterior region, 

3-4 hours, A3JQ. 

146. 46. 1.3. 12, -6 hours, x300. 

Key tøfi1s. 4-6. 

A, anterior. 
amb, anterior mid-6ut mma l  

rudiment. mus, 
bin, blastoaerm nuclei. nt, 

biastoderm nuclei. 
cb, cell boundaries. PC. 
ci', cephalic furrows phl 
cn, cflorion. phmt, 
chf, chorionic filamento 
cyt, cytoplasms peus, 
ect, ectocierme pr, 
em, embryonic membranes 
en, extensions from smo 

nuclei (see page 22b). tr, 
,on, bonad. yk, 
h, hind-but. vmI 
hy, hypoderm. vna, 
iib, inner limit of 

blastoderm. 
is,, irreu1ar ykjj  
mes, mesoderm. 
mf, mutant furrow. 

aijd-ut. 
middle mid-gut* 
muscles, 
nervous tissues 
post crior. 
pole cells. 
pharynx. 
pharyngeal material 
posterior mid-Gut. 
pharyngeal muscles. 
proetodaeum. 
salivary gland. 
segmentation. 
trachea, 
unenclosec yolk. 
viteiline membrane. 
ventral nervous 
system, 
yolk. 

yolk granules. 
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Fig. 47. J... 12, 10-11 hours, x300. 

ii,. 48. ihe same section; detail of 

anterior rebion, x30. 
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1 tb• 49. i... L2, 11-12 hours, x20. 

L.S. 12, middle region, 

1-16 hours, x350. 
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Fig. 51. L.S. 12, 23-24 9  x300. 

A?1.2. L.S. 	, late embryo, z320. 
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1i. i. A2: film sequences 6astrulation. 
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A2: film sequence, continued from 

fj.3 to the end of development. 
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12: film sequence, from fertiliz-

ation to bastrulation. 

For correspondinb  photoraphe see fig. 53. 
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A2: film sequence, from bastrul-

ation to the erid of development. 

1Eor corresponding pnotoraphs see fig. 54. 
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:utn - 

mbryo 	ctioneu t all CLEV610 , :atJ. stages 

rvvided most ci the infointicr.. Living enbryos 

wore lco  

- 	LL1 	j 

i. 	ctor w 	irzciuceá by -irrcition of ti1 

-rlirninry genetic n1yi6 has shown it oT, be  

1oc.t€d to he right of the cr.tion locus (.a), at 

about 63.4 (H. 31iynsk4 unpubiahe). 

fliC.13 of tectioid 	t ial: 

e.icxi 	Le1— U.iuert- 	 Lt.L 	Ctix' 

iiizeu ifibie 	 Lu.1&b 

	

1'2. 	i2 	134 	1 

a 	134 	67 	35 

	

S 	 - 

	

30 	 ::68 	1C4 	45 

The e. 1esE:±or. L. the 1eth1 ictq: 

:o ui&tiflct ort ol tbrior1 eribryos occur in 

ogg frcri this tcck: the 'ttricl mutants" ind the 

"other abnormuls" • The 1ttcr are characterize( by 

ro1ifer-'i'-"- of embryonic ce113, 4thout aoco1ByiU 

/iifferenti.ti on 
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to the 	 o. tL 	, 	tL 	-ividQ to tzp IV  .:.. 

of 	 .. UL Qncro1:. upon t yolk, 

iD 3dt.O 	to 	 lit!:. QfltjXbC Ø 	"I'he cU.c ,.re 

quite wurolml 8xCtspt 1.0i i6b:it CCW:tx-- c .. flunQ? Q 

ze.t' cn, .Lici 	o1yioi.. (1'L. E7)9 

The question ori.o o& to hthei botb 	Of 

brwn11Qmbrjc O  or only or, 	ouoc by to tcetor 

Ufluet 	 .ioii. 	It is oe1b3. ioz' 

At'." rumt O2 O1 u rio (Uid on 

21 74, 	..fl ti3 . .- 1 1 L . . 1kty :. t 	"other 

1" rauLt r1...! .- 	 • :.;tor 

8atin4 in t-I 	tOCA.. 	 . 	.( 	( 	(2VLO ..flt 

10 Lour,  

4uite cler1y 	 icia io&1 crAs# 67 c'.L 4 
23 f,1-tilt; ve ty4c1 i.t1it 	 Thi 

i ct 	 c.ift 	 et 1th1 

frction of 	 • Including the "cUa' brczin1e 

1O 'ut or 6, 	r 	 ctor 

LO c%.iu-iu#wret, to 	 4.1I1flly nd 

I  cinp3.ute1v in tl 	nLzyonie 	 otr abrwmA 

*ibxyoe 	rt. cowiUeeo f'ux'tntr. 

rt 	 . 	- 
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_i 	41OX'fO 1 £J.VL 	tL 	 .re 

1ktC'fl±fl, but it e..L1bit3 very Attle novnient becue 

the u1ucu.&r 3ytem is ext nel"' oorly o1 loped. 	Th 

gener4.1 £tuies of a ty ic.J. l.te 4nbryo LIL 

dramL.tie1ly ia fit. 74, Thu hy; o(erai is con lete, 

nd iL. Th 	. eticle, but 1.t is u. -seL-,mei-itedo TLe 

mucuL.T.,Lre 4.11. 	 L..tLI 	 1., 	 oni 

ll 	 nO 	of i..n 	.rynec.J. 

pump. The ore-Ut is rLtiVc.l. noiuil, bu 	th 	iiiu- 

gut i c.-like, ni ortins much unUgeetd yolk; 	LLe 

hind-'gut h .e 1 —  ray fail'd to ± ugifl.t(, arid o erie 

Qorsl1y. 	The nervt..us sysn i irgulz'ly developed 

I an th 'rtlz: .v cord is ir r.tcc in thu reiOfl 

of tie l, e lu-Ut. 	ie racii yst1 ±3 r td 

only by &ort 1 cltd lenghs ' t 	LrcheLl trunks. 

Cell deenertifl begins at about 25 hours. 

lii.k )eVe.-oiAflit c 	t: 	J'O 

i1; toUt ifor1.i0fl s normal; zubaequent events 

auget ti.&t irregulGritiv..- 

 

ii j 	he cLiuLr .ietz.il of 

the blto. er.n 	nd the yoL.. nuclei iight be shown by 

furth-r j:ctitiOfl, but tt:.e jo no L.j.JturbUncb c.. 

LhG C11Il ftture6. 

/G. struitiCfl 
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-. 
- 

i±L i 	 1i 	 cf the 

it'ct autrit 	1$S oWiOUG tLn Inthe two precedli z 0 

o; 	,huboernnlitt 	C.r.;8t -3 1L' 	i3tUbiflCW8 

of ui1uir 	 1e 	to 

o11o. i e..r1; cCli3V.t. 	Qaatru.ticn is uiturbId 

frCn Iti d1it4t t41 	 to chLmcuirlatic b 

cif tt 	c 	tz'tion  

O. 

	

	 . 1turL 

t. 

•010 :,  tri1tin ;titJ- 	U?baFGt is 

,ct 	... 	I. 	.tion, muoh 

- 

Ta1it.L4 • 	b4 

icn of tL 	ljo (co 

• 6/ 	 : 	ir. •:': 	te - ;oet.i 

I 

reniLin1 uninvO,in.t4c, 	Thu ru'. -; o 	b 

of U 	it bxz 	z. n venuLLi, .h.re 

' 	rt,i.i furroi rc1aifl%, 1on 	ft'r It : 	aa1.t1y 

rd J to nor.1 enbryo(&of L:.O ti• 72. 

Tha oli3tuilbunca 01 	 1.0 b* 

or 	Of 

•. 

 

Va. J.: 	 vurtrei irrow 	t. 	iinttion 

of 	vntrl cu11r is incc:i1tc, 	t ' 

/tcoornte 
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CCOUf1b fl L ' 11t 	£1i 	 e 	 Lt 

is extre.ly likely tht tbese inhibit 1t3 -roper 

extetThn 	ls't stage ot . trulution (compare 

i.Ll be er.iàter, its shortr 

ing 	Iii 	ill..r nub.r of 	ses, extension it  

revented. 

111j 	i'O I 	 .L 11" (ti_. 72). 

The  eqlrticn .ug:.stU f01 -tha abnonmll de. 

this Iurro in rnutnt Lff 11 9  coineetiog it Lth T.iAe 

preocious invugirk.tiofl of the OttiiOi 1U—U 1'Lti4at, 

tha 	iiiL..x' COflSe!Ufit 

abnoxm.lity in this mutant, -.. -heile ivzin. i'n of the 

mi-gut rudiment is L150 ;:ccterior to its nrii.l , oiton. 

In fact, 	rb1er1t eontriciL.-.i L 	tn obrvd 

in tLi 	g!on in L, fwi, ebryoa, out in t 	ajority 

of eec the cerh1iC furxo\J isppers nolly l t. 

The resbk.oe to t 	i urbnee in L1.' U. is cibi 

quice 	L. iicLl, 

pt fro-:I it iv. ntin 	oie o 	iorlyLhan 

usubl, TLla j ostux-jor udc-.gut rudimenL ia ncrmL, 

contk4na ti ole 	 ursui 	itiu .ceb 

the yolk nti iorly,r conseuently Lie yo"-  a1.p 8a1's 

7Z). 

:Lv 

..lrecciy beii 	rAtior. 	The gera bend remains 

/ther 
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iLnti 	 rnUy. 

. 	 L C11 

itrtiiion beeo..i* L iot, i.ich cnxiot d irectly 

be ctuibtt, 1 	 b.noi Of utU..LtiOfl. 

A.- . 	 .. 

in 	 (: 	 L4. .fl 	J.0 	flOA..1 

o4txryo 	.y 	 A L.ribut. ov 	t1.s. brdn z'e,iØn 

iibjo, but WwVollly 	tx', 

-..tt. 	r. 	t..ii -it 	(;t 

Ito 

I. 	• 	 '3J.L 	J1t%3 LCt 	( 	'ift\ 

O. 	L.LiJ L iu 	 .L, 	c-v 

O, to 	i 'tu. its 

•p1ts 

• 	.• 	•.- 	..-., --•. 	 •-•. 	 - 

/ditortd 
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UjLt(tu 	iVxj 	Loru. 

Th too.e1 inv:intion develol 

The CLi..3 Ci' t 	rOCtOdUUII1 	tifltL to c1€Ve1Op in 

 vc 

ve.v 	o rLn: t 	 't G i6. 73 ), 

a 

trikin, ftui  

vi:tuJ. b3ne of the orntic uu8cuLtur. 	This, 

tother I . t 	bnora1ity 	tL 	 ±urow, 

sust 	!t t 	icouei i1 tn. rii ...y rc i.. bvt 

been inv,.itd. 	ThIs i ii t t.- L 	8 e; at 1t 

some, - - :obb1y Li of tne ci1 	Iiieh give rise 

ueso..iezI i'a ir gint, ..nd £u.sti& u 1,.y 	but. ocn t.i 	ut 

ni the hyodeii. 	But they re dilTicult to c1t-I4?UiGh 

bec ~,usc their icrl oignitit r. into see.fwnt4AI 

nd t 	ubUiviion ci 	into cuitic Lilxi 

prt&, CO flCt 0CCt3. 	ey irnpJ 1voduce, by civiion, 

ThyTne 

 

of n...l1 ccund c11 9  ... 	 jority o ..icb 

beco 	ttichud to tie rukiiflts oZ tfl&1 tl ut 

(figs. CO 

Yolk,ncok- 	o1 ..c1l; 

w emurked .bove tt.c yolk is rouncd ia  

cro 	otion, re.ther t.an fLtteneI as in ni'inL 

/embryos 



72-. 	iuo, 

ofltains fbr more oIi 	 than U8Util. 

OCCUiC iv, be .• lls of thu , riftiU.ve 

and of s I.ZU1b ion, :.rd wa eci1ly ijG th nte4cr 

ottericr endc, where the yolk rrge8 with cel1 1dch 

rv not ebr.y 	 ri 	.1 th. 	od 

(x 	 v: . 	l±r in _.. 73). 	it 	X'6 

! 

it orijin in LiL3t,urbance. in 1J.&8tO4 Ot1 .iciiition, 

these srne iturbnceB uity 	riuLtJ ii ui -u 

alaawiju nuollwi thr4 uuuk 	 in tklle Interior 

as yolk nuclei. The Yolk rrnti16 very 1 .rgly unil t. 

iuch 	i 	 .rii4tiv 

tLen i e  

prticul.rly axovg t iriwul 	 ° 

nrvour tiu. 	.h 	ule 	 iy 

ti 

' 

uii).'ut z irent it mot.ifio by tLu bo 	Ue of 

th yoli. ThL i; o 	 t.h 	 of 

the ux1ocera rudimevto are unible t grc vat aki 

it 	 '..ii.  iG BhOwfl cii 	tic fly i; tie. 

73 , 	t 	Wt..iCZ r iL1n*, i& ay.aT1LiCL, 

ruti_: Le not abraii U--.e yolk 

but 1t4t17 o.ing tO the Bhbpe and size 01 tt: 
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n.i 	rLly owiig to i. owr.. dispL..cmei1t by tii  

mality i 	tri. Lion, it is ø1tUtt 	ti.ely to one 

side oi e yoLk 	:Iowevr, ti 	ndodeun rudimntb 

*1Vys c' unite eveI:tu.ily, 	o ori . rinlate mid-gut 

sac  
Ti.e ibrjo cLo;n in this i-i i int. r*stin.: 

becuaa the dij lacement of the oierio1 :iid-gut 

rudiient makes .osible -n obsxVtiOn bring on the 

iobln : the fete of the ole celloe 	entioid prtiously, 

the role c1 tie :ole cells which are ivgited in 

the foStr1or mid-gut rudiment is 	ittr of dispute. 

The most ener;l? cci;'ted elufltiofl is tht ftcr 

mid- gastri.tion 	: of Lm 	t  or th rudini:n 

beteerA the encocier cells, and eveuli/ b*cone 

e gonads 	tamincororted 	 ;  Others 

rcin in the ru1:1ont, :J come to foxi th cn1dle 

part Of Lhe 	 hos. cel1 re iistinguihable 

by their L.rr ie and cuhoidal 	pe fi'om the other 

cells ci the mid-gut (Poulson, 1i47). 	culson has 

more cently suggested th:t 11 of the mole cUs in 

the :nid-Ut envgin- t.ion beco: irior.orated iith 

am th.t the ein cell arise from role cells iihicb 

migrtc back int: t 	Lr.t.nioi of Ue eabryo befole 

the encocex'1 ocket is ioimd (Poulson, 150). 	othr 

ol(.r ' L.ntiofl, 

 

1-. ich it is still thoht 	be 

/corract 
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c 	 - 

	

.;lldlY a, 	Aii 

1r&... U 	trior ic4l. ut rudiments th.t 1i of 

Ui 	O)t Ct..1.L8 	 L4Q At ')O4j 	VitY t 	V: thU 

dam. 	 7) th 

- 	 - 	 t 

	

1  Lhu e.odotrn sudLaupnt , 	tLLL 	c1tir1y 

2'it 	t1 	 £1iiL 	c 1-titOU8 

ve nct yet 

	

t 	iAt. 	aj6 bU OtG the firast 

t. 

o ivit 	t. 

. 	" 	 ' 	 ..L.-y8 ).ZVUflt8 

LJY¼ 	1d& 	 6iitY of 	zic, 

1U'¼ 	tl4iOIA 	aO it1.z 	½ ith1  thh . u,.Vs 

LO1eJ. 	t t1i1 ;usUriors 

In 	L- abi- o 	 her. ç:.j 

- 	iL% 	sLi1/ 	.t 	. in 

• 	 . 	1 tLL 	 L. • . ri brt 	on 

bo. rLj 	vt1j (..L. 

	

t. b('- 	 •t'- 	.'3th 

CIthUX, Lici 4% .OLflc tot M b'i c wrcd 

In ci; 	 .. 

'It, 
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t 	 C 

in iich L1 ld 	icn i • L.n3triCtci Oil 	tLlu 

rt of the a.ribr-yo* 	In 	ic1ution .: ti 

- ' vdnte., 	its dieicpieflt is ini1.r to th.t in 

Lfi i. But in moit ebryos the fit st.ges of ii 

lJdutiOfl i norint1, o tit most Of t.e 'ryr1 

bei 	 be itorteö 

iovr, nvUr c()-. ,.e to O1:fl 	tIi1Ly. 	.'.he 

seconI tge of involutiOfl, in hich t!.e heu bacomes  

ene1ostd in tbd thorax, Lrjrj in which the frcntL &tAc 

i•' 18 -rvnt-. T1ii 1ALy oibiy 

U, t. ,.; Lbceace cf sec, er.t.-tifl in thc oody wells or f 

th.. mu&cu1tu'e, cr both. 	.oraiuies the ilUo 

beinriing of front1 c oecu, but th :.ovuit is 

nev-- 	I 

_.iJLOfl 

.xcept in the fv nbryoa irhich the bap region 

i ca 1tLy Uiturue, tIi deviopeflt 4 ul.a for -

but i 1-L.tivt1y nori. 1. 	The j.oAtion c 

i s  t11y itrbud (fig. 74') 	nu tL tr:Tt_ 	C 

i uu ily h110 or absent; but th 1hx'ynea1 

mU-c1 ;e .aU iv1oped, ever though the musculature 

/of 
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Citr.tiQn 	t 

dth 	rcrtion of i 	ce1.z101 h1 t*ppr&tUa. I  

(àViiQJ,i8 

. -u 	 "1i 	truct4re, tt&C,1OiYI 

:. L. often 	Aot 

I rtLl ciU 	(11. 1 ) • 	 t_i. 	tht.iu ol' th Li 

gut 	.1uc in noJ.s j3t 	iEhu t 

tub 	;c.i : of tL ;ut frc;ll t... LC 	dit icc. ntzior 

U.LOTkbtiOfl 

U. .. :70 ,; 1-. 	 ti 	t FujL 

?: :rc ntxc1u sLrt 	 ..%,hb I 

. 	 ut 2 	I 

of  

	

• 	.. 

L. 	.- 

riflt 	 I r...izL.t.ion  

of 	 but, 	• - r 	-uifl 	OFt 	LV..1O: t-.. 

H 

/The 
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TW 	inc-,Ut i 1ori ..roi 	j:roctuuLiuiL1 .iti; 

no har 	in it. o:1tien. 	It is very tistorted, and 

its 	gint - teria)- foiss L4 broad opening h1ch extends 

oVc 	rt.ivc1y widt ..*reL. '.1 i1 	ot..io-.-0rsLi1 

BLJ--,,aej 01 ti 	JDryO. 	Its c11 	c iot tv10j the 

prot1ru7ur - t iinr boci 	ric.. r€ cLCtriStiC of 

the noi1 hinu-ut. 

TlTLi 

 

it i oifflcUlt to 	it in .ny 

the vibc...rl LaUUCU1LtUre doa pje;..r to covelop iiu 

to .invet ll pirt3 of 	6-ut. 

.1i11  is c..lete ov 	,hoL ..Tbryo 

in tiic.flY ii.,t t'iekfleS6 vbri 	frca 	1,0 .LCe, 

senin 	1nu1e..te ever in 	i±;- .l 1070 	J.ic 

of t..e 0rfl&i in 	u1nity jjj the ticii.ie& of -4ho.  

gin L. i • 	cuticle is secrated. 	There is nevt1 	than 

a fint tice of eget. tLcn 	t. :.Crri ionc Lit U. 

Apodeifl 	ic not 	ve1ored. 

Tie only el1 	i1oped nuci.e' in t. 	bo' are  

thorie U -' the 	zngl puiiip; 	tiOIC 01 t 	bouy •J 

ane not ve1op@ t il, xcet for ti Iz  occsional 

occurience of c1i 	c1 :fiyobL.3t3 ttchcd to .iJa1y 

sctter'.c' points oi the 	c..'.-Lil  

In x e !br'O8 1)je o tie 	0ue.Ld 	 - 

Mesencjn11 
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sao 	 L. j.L .n th. jnul ambryo, bIIC it 

	

bIkOU1)f 	fl4aL.tUA.L 	 i 	VLO 

AU 	 • C. 	 ZVCU 	t 

utov, , cu.ii. nt; 1in in t,be 

illoy thi:. 	 in t1¼ vuntml b0.Ly 

Vity, 	i 	 i 	o4 bj ti 	 .J. - 

gut *be 	ts 	z,,nd :ibr3 

ft.4 VidIALPell 4-14QVGLUA .A)U. 	 c- tL. - . OO( not 

A.,.fXuata v,4 irr 	1i 	o 	e (Aitriiticn of 

Of tx 	

3 , 	7't , 	 -izorganl~tion  

t: iuJVOUø tLi,3U UULj 	 t Of tie 

min 	o 	 4tivo. 

v4y 	 V.t)U 	-.LLJ. 	 Cf 

th tCJ. tZ"Utkt) OCC.J  

/on 
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OLe ci  

but not iibewi. In ft body. 	In most ribryo tL.te oida 

appear to 	absent; in some, f:e cefl5 hicz look 

like LeLLc have been obe 	vd , 7,nd it 16 possible  

th..t tzt- l-:i 	th.y dagenzr,,te beor3 the gorgd& forea. 

ion 

Cert, n i tUreo of th.1 iuint m 	cx Lined 

e riin troth c. s,uno <1 events 	r. 	.te 

orIn 	iir,t LA4geui of gust .ton t Jtt 

ri 	 ui 	rlier bltoeerm foraitIon. 	Thi 

re1te ' r't1cuL-.rl' to th H.no-:ut, t :n. to . 

systc. 

In hc deceri tion of dcve1o4ent, 	LIJtcrtion 

of the hind-.ut 	c ti.cä to the fAlure of tne gii bt.r 

to SLiCrtefl, 	to tflL inC.flp1Ct1 iV1flti0fl 0± the 

procto&o.i r&ti1; 	It •.s 	..te Lh.t tie c..u2e 

of te 	oxm1ities s the irregularity o th 

t. -. 	 iue to onocinJ.iti 	In  Lona- 

ation L 	 ui'o.. • 	..hc dist..urbrces oi 	e urrow 
te 

might h&;•, their origin In un/c':n. dl rrgeaiett lii 

the cell," cf te b1. tcxerrn. 

The c rctorItIc itur-r:ce cI tt n,rvous 	tera 

ws also traced to th. 	source • 	The irre6pu1ri.tieb 
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in the germ 	 nvis...ci 	ecu1ting in 

8 ttered di;tribution of the nLurobl ts 1 ..iich would 

exj.kiin tle disorganization 0± the vnt1 nrvou 

system. 	In this cu &noJiar ctor c:ters; 	the 

distribution of the neurob1ts iz L230 .f1 cted by the 

preurc of the abnorrz11y 1.rge mid-cut, which forces 

them Lntcricr2,y ..rid potriorly, .o ti-- t the nervous 

system bccones interru , td In tis a o;ion. 

These two '.r:c. ef cts r3bi most c' tL  

abncrm:1ities in the utznt L::I. 11 	X4 i 

may be rconb1y exLincd as primari1y achnicu1 

consequences riin fvcm i urbncc&i 01 	ny ebryo.uic 

movements. Both ure traced tou -. ue basic aofect, 

n abnormz.1ity in ven'trl furio. 	 ici 	the 

primary effect ol the ieth1 factor in this se -A. 
uence oi bnor-

rn1ities. 

ut the other ±iect re abnornliii8 of cJ.1u1r 

fferentiticri, 	u ccnnot be tr8ceu  to y structrA1 

diturbnce. 	3o1n.t sL mIL.r Lb:iorcuuiitits hvt D een 

desc ibeu by Pot.lson as o-cu-- J-1116 in the covlo : QLt 0 

embryos of three stocks, each 1 4.ich w, 6s deficient 

for 	ecticc CI 	ir&t Cou205On 	 it I  

Lt locus (Poulson, 1945). 	} found the tflode111 

. trt :eSCaer both to 	bnor'rna1, the forrei iv:Lng 

rise to z, sac-like gut, nd the latter degenering 

/before 
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before 	:Vn.ioz 0.1 I- n.Y muc1e, .ither aaitic 

or vce.1. The ecUderw is atat,d ot uvelop noUy, 

but in coapanying photograb 3t g3ts ti, c it is not 

aeiented, anci-rb,tL aib'yo reseauld6 th.t of X27 

very c1oi1yit leut in the eon4tior ci: the hypoeIm,H 

inuscuL:ure, ::. 	t. 	No etil re • iven which wou1 mbke 

closer co:np.r1son pcaibit-, 	it is ttcd th-t the 

abnonn.Uties GG not become 'rent Until 10 hours. 

This 8ugget8 t1t tiie, i.t 	 ieiib1e 

the 7 Ltho1G in th i wbnce of Ciffrzti.tiofl, 

bt not in tr:e ciichnicJ- 	 of 	truization.z.  

The factors 	not identicl cytoloielly, s they 

ore 10ted at oflosite encs c:. th&. clIoosO:, 

culson conclude tL 	rLe or ,enea ir TI., Q I L,6iC)n 

of t,h .hite locus is ccncernc in 	v1cij.nint ;,nd. 

ujfterenti..tiOfl ol neouera uu 	iuii. 	.4 ,,at fra 

the fact thai it is likisly ti.,  thu ectoleim hu1d 

1so have bei 	ntioned, this sorts of ttnnt, 

too 	rAer1 t. kje C t CiCtCL 	 •L 	 t,00 

VagUL- Lc U u-eI... 	..cr' elicii 	u...stior-; 

meinismS ir.vo1v 	 9 wi.-h hFe 

the osibilit of be"-rx6 testea in t.i ev.nt of mcticab1e 

I  exeriuefltel etbods beir.; dev'i3et. 

A 	
i t i very 10 intensity of gener2. ,c.t5bOjrtbe 

bryo .L rc1cct' 	.i.i 	 cn—bc i.,ioi; .:i 	... rclk, 

/whiciL 
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which may be 	.ecenry iict of Jie 10 lt.Vel of 

dif±'erenttiori ctivity in he celie, the reserve 	ii.a1 

simply nct 1,ein reiuir1. A1terntively 9  f&ilur 

of yolk metzboliz.a :y inU.bit cl1uLr differeratiion. 

The mere iechnicl 	 o 	eraitirig ,yolk 	a 

may c:ctant for th sc-like natu.t of tL 'id-,ut, 

'whose form may he I- 	L.eteruined by hc ehpe of 

the yolk =83 which it L. 	o nc108e. 

The question iis.s 	o j.hetlier 	bnornAlitiS 

in the other tvo gin 	 Liijly parallel mnnifet- 

atiori of 	 Metatclic i!sturb*nce, or •heter 

ciziu-10cnces in one ieUlt ill eec'nury di6tLrbanc 

in the other, 

oulz3Ofl i..: sugeteU, in conmc.iofl .i L 

ities in Notch eficiencie, tht th 	1oiein 

an inductive ict1on upon th ectoc.eirn it zetj;ct to 

direrer.ti.-tich o t 	ivou 3ystenl (iou1sou, 194C, 

1945). 	ThiC iLi hih1y pecuL.tiVe, :.c'. eVic3.i.Ce in 

other insects 3u - est th..t uy inuctions tit our 

are in the othez dirctior, of ectouru upon 

It 1i notid vr1 yar 	o tt in ii 

(Lecico;tera) segnant.tion ppreu .i.fl the ectc>cerfl 

before 	Lr .- ; ti 	*L1 ( 	
iLO) suggest 

in 	imacy 	: 	rer.t_.: L: 1. 	::o.:L: icent1 , clear 

ex t erirnental evidence hs shown tit in Cbx'yo a 

IC Neuroptz) 
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(Neuotero) the 

L3y&ttL, 	tit ii, 	n iuLutjvC ction ia urijniz4rig 

I 

 t:e 	sodoii (cide1, Bock, .nd Krause, 1940). 	It is 

thrifore 1i11r th, t i r.iie4e iL,. any iwueti1R '.ecn1n 

in ij4L, the orgnihi.icn oi. ' t 	soc'm should 

be i 	cted 6j tha,6 ut 	nt ctodern rather then vice VeI.. 

It ia 6fLkifl t,Lt 	e uetects in the ectodruia1 

uiJr.atiaLLOfl 

 

Chit-fly j..volve ro: 	of .v,intion. 

,1t1L t,L1. tXe k t.Ofl O. t. 	 Ve1Op8 

nOi'fli11y, sLrucwr(8 form2 L 	 - t' -, U vcntr.1 

furo, the ;.roetodeun, th 	reel .;its 	Le 

1Lv.a'y 	- fl i.i1 i 	u. ie.Q 1 . .;roir.a.y. 	It 

Wight jA lao 	 eoiittion of the 

ectoiierrvl cOe3 .boLt by the turnin, in c th hy .  OicIi '  

t tb i iaaenta). regions in fact, th.t i Ic 

typ 01 iflVia1flOti0fl. 	It is poii.1 i.in, th.t 

some generi 	irikibitin cellular in- 

vgink t,ion. 

'Ane ubsc'; 	intsejint...l 

foi o. ti 	o.r'is to ,.hich 11u3c1. 	i 	ily 

tthed, y ccount io' 	 of t.e ucu1iture 

of tii,4 bod5, wall to uevelop. 	io :jobkta 	 set--n to 

Uac. 	cL±..s 	thot tt:LLflt to 

fl upOdt)U4 .t it 	t C 	fl(; ihexC t1ie aPOUem3 

r LO Uj Ob. 
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t 	i 	vo'd 	 t 

itfk.b1r, If 	intu1 	LEO.. 14 vurrct., bcue 

t -t. •et 2.. 	 el t. 	 .z iiy utve1. pd 

Ouii cnre r rnje 	z &iifmtition. 

Aj1n, vicr). f..t1L uxu ii.. 

I bcus, .4th ;- ot to 411. .xvin as u baze for the 

d1ffvrutLtofl c4' 	ap"- nchx4u 	 le 

swi.ici t1y ;il v1otc. Fu?thr r,Ltion between  

th 	; 	c thu y;ct. 	. the ev1cpnt of  

t : 	tc 	cu1t.a - 	enU.omc.i urccr 	nt XQ 

— --- 	L.. 

:? 

 

is .. 'tc AveieUial 	10e..t 	;ri thQ  

t.i'tt 	Itj  

.... t 	tboL' 	 ilh 	4jo 

2JIVen t1'OLJ.. 	 ..i 	 .nbyonic 

L4 12 

tt3ZUc, 	: i.11 tho; 

nzvou& 	 •1 icc 	t 	1f 	Ctf 

g.tru tIon in brori..Utiu& -..n he vartri1 r. 

Otttu' 	turb"ncar, 	tfrva a p. tLl .:.U;r c 

diffiitior i. 	Uuet 	in  

/1rpodr 
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bypo_ rii does not become sigiented, 	-ie3oieri uoes 

not :fcnegintz1 	 It jo osib1e tb the 

1'11u!e of the raeooderm is v. direct, tvt 	an Inciucto 

mccLni, of t.e 141ur .r 	 Thus c. 

single ;rirry efiect is ixdic..ted for t tructur&1 

de±;cts, but these cnnot, from the yresent study, be 

relEted to the cieects in ctL1u1..r differcnt;tion. 



facin page 166 

Pi.57. L.S. 127, abnormal embryo, 

1..14 hours, x460. 

Fib* 56 o  L.a. 127 1, '-6 hours, x460. 

Wi.59. L.S. normal, 5-6 hours, x380. 

Key 	s._57-74. 

A, anterior. rat, malpihian tubule. a, anterior mid-gut mus, muscle., 
ruaiment. myb, myoblasts. 

apci, apodeme, nt, nervous tissue. bnb, brain neuroblasts, ace, oesophagus *  br, brain. P, posterior. 
of, cephalic furrow. pe, pole cells. 
Ch o  chorion. ph, pharynx, 
chf, chorionic filament. pm, posterior mid-gut set, edtoderm, rudiment. 
em, embryonic membrane. praus, pharynea1 muscles. Is, frontal sac. pr, protodaeum. 
nso, eub-oesGphaeal pro, proctodasal openinb# 

banlion, pv, proventricujus. 
b0 , 
h,6 0  

tona4d, 
hind-,uto 

yf, persistent ventral 

hbo, hind-but openingo sgi, 
furrow. 
salivary gland inn- fly, 11ypoderm, ination, ibb, irrebular berm band* st, stoiuodaeum o  men, median cells of tr, trachea. 

nervous system, udc, undifferentiated cells. mes, mesoderm, vf, ventral furrow. m,, 
mm, 

mid-but, 
midcle mid_b-ut. 

ms, 
ik, 

ventral nervous system. 
yolk. man, mesoaermaj. mesenchyme. 
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7i.60. L.S. 127, 10-11 hours, x360. 

Fi.61. T.S. middle rebion 	F ig. 62. T.S. salivary 

A27, 7-8 hours, x380. 	 gland rebion normal, 

7-8 hours, x380. 
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1i.6). L.S. A27, miia1e region, 11-12 

lours, z4. 

Fib. t4. L.S. norm1, anterior region, 

12-13 hours, x50(J. 

Fige 65., T.S. inithxle region 

K27, 13-14 hours, x460. 
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ki6.6b. L.a. 127, 11-12 hours,  

x180. 

j•• ..,.,. normal, 11-12 hours, 

x200. 

1b' 68 . i..3. A21, 1-31 hours, 

x200. 
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7i.69. i.. 1.27, late embryo, 

3(160. 

1i.70. ii.. 127, 	 Fig.71. HIS. normal, 

posterior region, lb-li 	posterior region, 16-17 

hours, x460. 	 hours, 3(500, 
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1'i.72. 6tructure of typical 127 embryo 

at approximately 1 hours. 

(ey to skLadininfi. 72-74. 

Dia6onal lines - yolk. 

Vertical lines - but and but diverticula. 

£iht stippling - nervous tissue. 

kieavy stipplinc,, - mixed yolk and cellular 

mat eri al. 

Dotted outlines - mesodermal tissues. 
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Fi6.73. Structure Of typical 127 embryo 

at approximately 10 hours. 
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1i6.74. 6trueture of typical A27 embryo 

at approximately 13 1ours. 
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Ci 	 ct c-liluil-  o6 ci 	 after 

6 hours, 	ic . 	th 	xiist EA 	Icli u6eful infor- 

tion CC'LJ.Ll 	 Ljvh. 	.Tjac. 

11Ui.i* J 	t.; 

The 	tor 	inciuci by 	1iT. iticu o' 

and r1itr.inary genetic .n1y8is hs shown it 

to be icc. iocua (C.C) (TI. I1L.yi- 

6r. , unub1i6bu), 

n1:•si cf secticnateri1; 

r.oc TTAf.iL— 	n- - ,onI bora. 

j11. 	t11'! £1 	ill TJ 

6-10hrs €4 	20 402 2 5 I 

10.-18 68 	58 318 •2 	.3 10 11 

18-33 - 	 10 3 a 	- 1 

Totals 122 	38 723 37 	25  

!.'"ilura f eggs to batch in a cc.Uetion tom muLzed 

fen&le; 

(I;& Lich couc1 be ecognized 	unfcrtiiized 

not cout, nd 	ccntaininL active ncim1 1azza 

/were 
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wi 	 ehed) 

Lii 	Uni.tchu  at C Lill 3 	unh. t.cd 

56 	 3C.O 

Th 	.'uion oitL 1etn1 i:cor; 

distinct 	oi bnorn1 embryo €r found 

in this stock. 	.11 i'ox' are cicr1y conizb1e 

btetx. 10 	1 hours; iva thi 	iod Lh4r re1tiv 

numrs are: type i 	; type II 
- ; 	ype III 1; 

type IV - 1. 	i1yps I .nu II re ti za mo s t rramrous ndI 

chirctsristic abnon&1 fc.rrn, •d .•.i1i be ecxibd 

in ueti.L 	 Lype.6 1:11 nu IV 	useribed oJ.ow: 

e hi +-tocerm is iii'orrneu, i ,  i 	C, rid i 

eXtini1y lA1.LLcI. 	. tru1ion occus, but 1itt1 

further c ve1opmint 	ir 	 i1.•J x 

dittition (ii 
. 

¶LyeaIV: 

£O 	tQCt..J1d .................. . 	 . 	 . 	 r. 	c]j_u,j,.r 

d1fi'e;ti:tion, 	. v;ryin nu;btr 	 unc±Lf±er- 

entiteci cells is rouced, chi.eily &i the ...nteior 

e 	of tje  egg, less fri6AkjLvl;.tlY Lt the posterior and 

1so, L , I xa 80~;Jetimessc.tteri 	L 

In t 	;:triod 10-18 hours, th i'r:o: i 	the 

&tbnozmal typea taken together over the tot.l f v rtilized 

lend 
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i1-ie -.Aifiztb1,zes ia 67 out of 406, which i$ not 

signifiently diC.erent from &;; nor, in 	.tchbility 

test, is thQ frctici of nhthd es over the totJ. 

laid. Therefore, it 16 rtonble to ejuppo6a thet Ul 

the b oxtil 	 pr€iona of the ezne f.ctor. 

arther evidence foi the u:osition ws obtained from 

a 3tucIy of bLtcileD of eggs coLlected sepLr3teJ.y from 

ifldiVidUl frnale. 	Il elithryoB in ecii bL.tch there, 

fore cz.riied idcnticLl 	 11 four types 

of embrjoo ere feunc.1 z.mong tie sc .ny Of each fern1e 

shovj -.Lrk.  th the vri.Jiility i not caused by the 

prerce i i1Terent x-lirjke i"actora in tht, stock. 

Such vribiiity in cx ...eiori i considered further 

under iziutant ;ac (i . 	2). 	In one or cthr c.± these 

tht lethaJ.ftj 13 iL,ed co:riletLy in the 

nbi', onie 

There is 	extreuly hih 	Lh.iity 1.. the 

stock. 	t 1t 5G of the upe bcc. bright 'ink 

Ej  f 	fci 	 tnc do not develop furth±r. 

The 	c1on of the factor under ccnider. tion in 

fuLLy .countd tor i,:A 	ebio4c stage, and rere- 

over tL 	lethL1lit is Isr too hi,h to represent 

that ci sex-linked reccive lethal factor. 	It .ill 

the x-fore not t 	rti 	further. 

/rirl 1:P'aflCC c 	jrs I ni 
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n1 1 	rnc o11 -. 	I 	II 

intion •i living enbryoe snutie ,,i 	i both 

type tnutth yolk renAns uri1i;estd, but ti t it is eU 

nc.Loaed n c.  gut. In type I the gut protrudes ventrally 

for in - th reL ion no hyporrn i ev1oied. 	The 1ypo4ienn 

of the uc,rs.l rogion i present, 	extrmoiy deeply 

ecien.&id; attuched to it is a wel1-devIopd :uscu1tre, 

thicb i. active at this te • The Ventral Iiexvous 

system ia foiiued xioiin.iy, but . ui. 1cd to one hide 

by the cut. 

In tye II the gut it 	o11y intrn1, 	t1 by 1 uexm 

ic Caripltfte; YLe Ld is never invjiritic, iU t 

nervcu :itern i J.most entirc.)v .r tot.ily heent, 

.L)evLoent of 	I P II 

Th strikii&1y contrted 	r.cti of te 

two types makes it inte. resting to ce4crib t: vc-1oinent 

of both togetbr, 	jhe er1y stagea of t 	bnoiJtia 

,re not ey tc aetect, 	to dLi1u1ty is ineresed 

becai tb tfpe is to be ex ected in :i1y 

perente Cf 	 ..oever, the :in outline o 

deve1oiiont are C1±. 

VCIhi3 u 	o 	nd OtrULLJ.orL: 

- 	t.O L.  

/to 
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o the previous mutants, tL 	nrI Thryonic 

niovnnts of this age are uid.icturbed. 	;n ecetio 

rouni in icur type II zfyc8, ,LLc1 

described iter. 

.nton betvu n 	 I  

-4-- - 

in n'rebrjo; 

Craitting 	c 	 x1 rrocto IuiT1 from 

ciertion, the ost iutortz.rit events in te develop-

ment of thc detadeim arc: 

i... c4liwrentiation betv.:' hyocii 	nivous 

-e 	:rLtc. 

The niavous systru is for.i 	uuroLLt 1L;, 

which arise from ths ectoOex of t? 	ntr1 ind 1wed 

roks,"Lorui kt 	4 orci 7 hour. 	;. coiriplete accullt is 

jv in "The hio1oy of Droso±iL' (:oulson, 

Thee8Biti1 events are the en remnt of certi. 

the ectocieiin ct11s 7  their beec.aing f1k—shpeci, 4th 

the n.ck 	 bnd thu 1,.r6er p.:r  

bi' rourA i oil &o ntt they 	enire1y eut 

o1 fvv 	urace by hypoderm c,.:Ils vhicb x'epLcc 

thern, 	Th' then undergo a in 	o .;itotic diViione, 

in 6bich the spiUe is orientated 4. right &- : T4 -,io3 to 

Abs 
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the eurfce of the einbrjo, iid in ;hici the inno.tost 

daughter cell is corsierl -j .11er thr the outer.noc 

OflC. 	Lh foxner, ...ttcr iunother division, give the 

ganlion coils. The l..rer 	htcr cells continue 

62 neurcb1tz and 1 - roduce more 6urClion Cells in the 

Same 'wy. 	 oo'i ..fter sl:orttnirij, nerve I three 

are proc.uced 	cutrcths fro tht. L. nglicn Cells. 

3omo 01 t.e nurobl.. tc intho brain rioi.. ar uriusul 

in rounding oil' .t the sLrce, nd beccning ccvered by 

hypoderm ce113 only Lte, during shorterLinj, 

The liyoeen .rius iroci the ezntobLst cells, 

which (i.rive frc: the columnar cells of the LLtô:ierm. 

As the-i rol1ferte tey bcco. 	e cutoidi., 4rxi the 

final rJEcc:em ceLLs re 	tre..Ly i'ttnecI. 	The in- 

turnings t th. iersient]. divi&iofls appear t 

eight hours, 	 ec by tc t:. e Cf -ortnir. 

They LL not eent vcntrll:r, here 

underlying th nervous system 	etnely fltten4d 

(tig. 7). 	The L. Zural hy1odeui of 1)0th bides i 

brou)it to.:ethr 	the .iiui.n LQVSl lin._:o at cor&L 

closure. The ccrrospondig oi rrtnta.l regions of' e.ch 

side unite so tL.t the in'&eg-ent.J. divioions becore 

continuous dorsz..Uy. 

Type I: 

/The 
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The chief abnoxmzliT,,y in .rIy iiirentition is 

the 	ppuz.x'&nce of riytoori1 i:. the ieiofl c: the 

ifleiitiin izitra1 nervous tisuc. 	•.t first tne diffWwe 

from th oz.1 1is only in the onc.L 	of neuro-  

L1Et.: 	u 	•i'; itAbcr 	 Lr mireting 

d 71 	29. • 	 tht1 is 3Z1 

:;1ct' 	c 	. cUs (co:.pre iijs. 

	

3 , 	ile n other r 	ets t e.ibryo is normal 

77). 

•1JL. 4 

ere 	1ost ;ur 

entLtion; 	the hy,  c..exn not cn1y 	velopz on the mre4l 

side, but it beeoa eiy intec, though i L laa 

nom-1 ub -. c ion nevr 	in iiofl 

(compare 	. q). . 

be, .  k:ie  

between t it 	'erfcl .jJ1jOfl3 .rL jrurnaL1y  :  

neurob1zts, but they do not roiuCe n4,-1iofl cell 

mi probiy uegenarzAte Li.er. 

Leoc 	i ioined in the noi.-1 	but its  

&bCflt thNe1omeLt into the u6c1tuI is jfeiebt 

in te t..o tes, £.flC ::ill be described 
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Ti; i: c1 	ti(Jh C1 ta- 	i 	• 

mid-ut rudLenti 	their union to form the i-ut 

is r et1y norrn•1 in both typeL. 

	

horni'j invoiuicn 01 thec 	aorrgal cicu; 

TeI: 

Shorin 	ri1 	ccure AT iyi 	cornp1ish- 

ed, ri s' 10 in :16r.y 	 is involution of tic 

hcd ( - i., 3j. 	In others the 	la re ,.ion is vry iturbed. 

FL.) il1uetrz.te 	eabro in .hich the :roventriCLiUS 

h. 	is'Lceu anterior to the 	rrig&J. ;uiIp, 

i.U.ch be..toLcu ;o_.ior1y. 	teri theh- 

rtiO11 	b1es tLt of L:.L U _:LrC), Ir ,:biCfl much 

ryr1natrL1 	1na u inv1ri-. LJ, ti 	VCU 

tisuc; unc Vi1 L :rçoder!n, nc the thcx.ctc se.nts 

cOn5triCti% it of behind i:.tead 01 enc1osin it 

LYPU ::: 

.i±in, sborteflin tnd iiorc. 1 closure &r tor:i.l. 

Involution of the rcd, on -f,he obt,r hand, never occurs. 

The 	 reains un.1nv.giflat&c, ana tue 

tborcic ettt ;0 tot cvc fo 4.rc to ecloce t(-: 

be-. 

/i'our 

181 
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• f the type L*. ehlbryo8 -;ere found to 

t 	ot1- ri in tht lo' eaLn 	flCi, QCUXT,L. 	In 

-: 	.roctoel 0 eL 	i3 dorsal and antericr 

1ut of the yolk, closd in the nid-gut 

is poattarlor. 	he by-poder!.A foLLows the turn of the 

roctciiuu t(; 	i.ttiiL, o tLT. tL 	byo up.e.ar 

tc 	coublec bck uron  therrielve. 	Thi46 	of 

the 1'i ou.erni nuat hve coui buut j n ±jrowth rtheX 

)ik. tilt of the i.iónaal furrow in LII U, u In fact 

I  suc' furrows i' 'o=vd ü . few o± tbe. typo III enbx'yoa 

i. 	ti ibry 	t;rc Ic 	lco an extr 

vont:L±  

Frot - •b].y 	tii 	.ubledbck ty 	oi 	resulted fox:i 

the oecwence of t tbnorm..il deep furrow just 

to i.,1.e i'oetocel oeninr. 	The ccnul.. 	the yolk, 

o ie fortion roui it of the xi&.ut; ttñ 	I  

potteior e, is biSO shown in a type 111 &fci,ryo, In 

. i:i.c little cept nervcu tissue hs uiz. erntiatd 

ff.9O ). 	.n t1ic e.Iro uct id-ut 

 

cell., 	ocr 

iofl 	 ci-i 	of olk 	xd 

here lao there &I--pears to he furrow crc tIne th 

"oubleca.bock" efiect. 

Lion: 

Ti:e jt: 

/1. 	
9 
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L. The 

YP 12 

L 	.1tOit1Ofl5 C. 	 --. -•--. 	 CtLJ. 

i1wo1vinL diLceraent3 of ti prynx, p1a7nl 

ptap, id o ophatus, ci e diiCtj1D.I 	 irVJ.d.iOfl 

of the 	Th 	cti 	 AL/ ornd 

and cutiUIibet]-Ofl occurc, ith t 	 uL..y, 

Of t eepophrYflgezJ. L)rtus. 	in t 	otr cs, 

the fore—gut is uite normal. 

:Li.s- ; tLt 

ucuL.tur is all developed on it ixraer 

Sid, e. 	flru is no front. 1 ,e. 	Cut1cularitiOfl 

if tL phI)i 	 rt 01 

iYIOCeTfl1. 	iL OhU5 is uV..iOU 	i.LLy. 

a1ivr' 	L,re brined 1  but retin their 

tflt OflIflL. t' t 	tLrior. 

Th:3. c 1: . .welopI tc. 	ciiy 	at 	iii 

boti t;'ec, i:•ut ir 	'jt I it 	 Li 	xvous 

I ,  jrot%i 	vL.1iy. 	 U1V11OU 

of 	 c irto 	rs oc.ui, i1io. 	by ht 

/first 
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(fib. .'4 . 	 t1r 	f- . ntition c:: 

J.-1 	i 	(: J'. ''O 

but 	 C 	 •: 	 1 	 Thjfl 

in 

... 	i 

jut tbnoi3., birg for-id -,rorriCl. 	 of yolk 

'b±ch ccc;urs 	te 'o6t€xior end. (fI  

ibiyo ilti.ud 	c. 	vry cJ r.L, h 	i., 	yolk 

	

;ould runc1 whiclh the t—t 	 The 

roveIIii.euLu3 i.L 1oruhU zflte iorJy, then 	uecior. of 

UkJ. t 	of yolk: tht 	ollowo a 

ra-o.solid 	ct.on wItere t1-rc i.. •o ;olk, 	Li t1tn 

4eQs iiICUfl(.L te pcbtE10 yolk n. 

01 	 - 	
. .---- 	 -4- 

	

.L. L.vlopod nor:lly in both trpeE. 	.11 

rt oi t 	ut are invtd by vicrJ. :iucie, 

flo ioj 

,iflC lit) 	is iroducd Under 	 rvous 

i 	body 	11 1- i:i1ted  

tad itrl jrts of t - 	bryo (fi.9V , 	, Z,73 

/Sometimes 
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3oi.ti 	it i, t1io 	in the 1eaci region, 	The 

brpoueti 16 nr.i in 	 . 	_'ci, .ith 

e.teiy cip 	 uivit!iolla (fig.' 

A nor1 cuticle :La fozt.ie&.. 

In noiin1 ebryoa the muic i.'tur 	bc:; 	1L 

arises £rni tl vntr.i,ra1 :rts of the somatic 

rmoerm. 	The colls 01 LCIL- 	 i 	t51i .A1 

rounded . firtit 1.t iorLgte und fuse Aien tLa inter-

sej.rrc...1 apodeaes a 	• 	 u formod 

are 	 to 	 th 

cf a aegnt frora one to t nt. 	Deten .1L , 	ii 

hours myofibxIL3 beco visible in 	 and ti 

muac1ec re functioi1 -.t 15 hour., 	Ln 

number of .. i1 c11s crie,een i 	ch egment bL:een 

the tauccie znd the hypodeam i:iCh %re riot 	rrx. tc Lt 

trit 1iter.tuie. 	ax,erot oeno.ytea 	they . 

too rAmcrous - bu :. trobb.Ly iotritiL muscle cLia 

Lich have not been tsed in xtuscle formation. 

In type I te mut3culotuVe iE,  w11 	 w 

the muscles re f.r :ore croaed n tne . !..c)ueme i.hn 

ji - 	or the n i.i 	bryo. 	shX'E t;rC .L nori ly only 

a sinjle strand of causcle bcveI1 ; o 	i€ L.re 

my bi, u1 to :i 	optre I±.;. 72 	" • 

'In 
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Of t. u 	 tI 	..aaentJ. oivicion 	cf 

tL (i. 	 : 	t].y t 	inter- 

segrnert..1 	 i... .r1ic' 	vcrit 1 	oti' 

.1 

 

area 0: 

tbe h)c. 	. 	. 	 1'iiy draw'ar 

There i ;r to 	none ' 	otentiJ unu€x, muscle 

cells bt.een t. 1yTo:errn .nc tne rnuc1e sbet (couire 

fig8.5 

cu 

T; 	I 

Lo 

in 	 S/ 	?; 	i'. 	 c tion :i. 	the. 

i'ormc is eeri dc ny in 

hori1cntJ. 	'LLoi (fi,7 . 	 Ii. L 

normL, 	t 	th 	,ho.L.. e. 	r. icr i âir,tu!kod 

in 	 e the brri i ctod (fi . 	• it 

dOeS liot bcota* 	ncntr4..t 	u t.e mti -ior an6 j  ti Oui 

the biia r& 	ts or1_y during head irivoli.tion, 	L 11.4 

pobtt.iior nt.. ii.in 	tb 	ot 	.or ti'.; it iofloi. 

the CUFVC 01 tJ eiibryO cr: iJy 'o often the body 

co: na it 	(!i.• 3 • 	The Movements of te dve1opthg 

mid—ut diipii2ce it siihtI 	OZ:. G1ce. 

IT 	II: 
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.lo . ~iCtimez the nrvous tiy stam pevirs to De e.tire.y 

IL 

ti. 	c••., 	 ioii 	. TS 

t.L. 	 YL 

:iiLLy in botn types. 

I scua si on 

Unlike ti,_a Vjou 	 i. 	 ii, trJ one 

no rixy Gtrutur1 Lcfec 'Ic. 'y be regrde & basic 

to 	re;t. 	be vrLbi1ity in t expiesin c th 

factoz 	bei icussed abov i. , LUT eCh of taa irie ent 

types 	t,.148 v g _t 	 i 

	

ti;..ion; 11 	ic ur.io.eiC :11T;:it 	ZL istri1 

ution of eiaioiuc materie, 18 re uric,  ffact'Gd 	Th_,re are  

some oxc ions to thA44. in the t COUb1 bc. Ckh type 

of type II embryos taci i6 l  i,s 	 abov e ,, n extra 

furrow, n& 	1ilure ol' Forienin. 	:4iie cu'i* 

ui.. Lion ocur2. 	,om 	111 enbryoE, :iut c31iuLr 

di±f ere ratL.ti:. 	tyji III and IV 6eVeiOT11Oflt is 

ir.triujtcci 	r1y, :u the isjitt.Lu to BCy about than. 

The öiscusion .h±u roi10 concrrs typos I 	II. 

In -,.dc rticulra the i3tLrbanc in thesc i ir, the 

/cliIT i i ,il atiation 
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1ifferentiion 01 	ctxiexm. The rnouifictions of 

ca be ei1y 	 r3uItin; 

rru th 	toet]. Abrri1z±iti. 	.e clevelo rnt 

Df 	rcoderm is i1ot LP nuh bnc.LzaJ. s 

iort before t.n ii..J. truetu. 	cx L,.c  

chived; ther n-t.ict1cn 01 :iuch o.i til,;oik within 

.t 	t 	gen€rL Lowiii of iaatzboli3m. 

The iot striking bnoiniity in Li1e dev.1oinnt 

tii 	cocer i: 	reItionhip 

"IT oderm 	the rrvous ti=. 	LO3ICr'..ticfl of 

Lff U aud 	:d c 	ii turin 	riicnt 

incnrA..L,ion 1 	ti(J( 	J14-.3 	h. 3U 	.LeQ Lt 

Ic 	 b 1nc bet.een t.  

th 	tooerin tc ro-uce one or tQ 	 t.t 

Chia bLuc i 	. i1y upt. 	th. retrkJLte,.Iure 

ii this utnt is tt. th bnc is Juii 1T U 

to c)ntrry i1'eciiOd3. 	 ' I, 

	

late neivous ytifl £ -, roueu ..icu 	.y cotcring 

hycexii overlyin: it er c1, 	 II, a 

OT1(tE ilyO1 '  rOcuca, bt flCi 	 iStl. 

This .1t,utit:. i 	i1icuit. ti uxLi.. 

is iic question oi n o,&ni.er ui8tLrb..nce brouht 

bout by 	.uce o . 	1icuLr 	 ' 
eStSt1 	t1 	lb coizitition or a ubtarc.e 

Ii'IiCh is lu some .y ncsr 11. 	Lcr 	of 

/bot'A 
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°iyp0e1T1 arxi nervous tissue, id of 

1s oim1ly üff1c1it . 	 u' 

ou1u be on.ç' ehough 

ca tither bioüeI1fl 	;I-V0LILi 	 ict both. 

bIhtver of the to was uc 	LuJ in "I  

uet11d upcn .hjTAeV.' 	fi.ct to txt 

it in 	veio1irtt, 	id t1i.i 	iit invo.Lv 	very 

p.rCiw !itLrflCt in 	 hric vrib1eS 

ou1C 	tire 	ii tissue t1ii 	 c be. 

Tht £in1 ii rncn 	iucuJatt.re 0 1 the 

octy w11 o' tiv t.o typs 	y be 	 .. reu1t 

I tC jitenL 	o1 t 	rodn. 	It 

noticed in utrtt . thL 	iifliTL1flI1t i .. 

ur ,  the hy.00eflU Led to .n 	ion o 

	

oivieions, inhi4y bueu 	t 	.egree of 

x'oiciin i. 	coneertr 	 -, ther 

the  nu&clCc oecae ct ac ttai ± 	 rit1y 

devLopiflwherever Gttnchnflt i.e 	 ia 	oib]-e. 

Th* sare tiiin ocuur8 in ty 	I o... 	C, 	ior c1r1y 

• since the 	 ri of hyodi i 	tex' 	find. 

L tr 	 .r±1y io; t 

T"" ... 	Se coIr1bdte ic t 	CIC.L- 

UCUL.1.Ur€, 	iCii i8 consequently 

The vuni.1 re o. hyp 	11I1o. 	.16
r 	 c'1ii iroid 

of .;iu&c1e 9  the 	• ior'4 hei 	oecuji- by the nervous 

/3yt 
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i 	tye i:i:, 	•... 	.-. 	4-.; 

tbe yoblast 	istributc. t - 	--(.Ver ov:r t; 1: 	In 

to  	the 

zaJ -"Ul e -11 horn. 11y 9  because 

e svie numb of atEc1;. i 	jtr1butU ov er wider 

• 	zti1Or, t 	 outi .1 	cells 

noted i the oinit p 1er to. b b€rt, 'J L 	y mean 

Lhs rsrve Is us 	in. thes bnT!nL ircurtaflCe8. 

TlAre I no OL)va.ous 	 or the inv. i ;le 

'i ).flVOlUtOi cL tre 	.0 t., 	Ii.  

pocrIble 	 L 	 . 	
, i1tn .2 itt; iii.eriul 

derencls ttion 	 01 yIVOU tI8LUC i' LLIB 

region.  

C., T*. L( 	te 	( 	triLOrA 

aic1t.orei, nd the nerir 	L tc ;fvL3f v stein 

ilr-; 1io!Ock\of t182ue 	t18 region. 

i iLrLnCO tiso   iruy  

the fiects c this 	 the . 	oduced br 

ubjctiflt noriil eiiibryos • 	u1trL3o1ic3 at c,n 

e 	 _veiu 	 n ,tit ounce, 1953; 

Concc, 19531. 	oune r-; .011ts that ii. .e±tLon to 

bjo& 	vloi1eflt 	:: torr- co:nlete, .rid 

those r: .he. crLLy §4ght tt no eiieet :ere 	cd 

c t ozIe. 01 bnoxil ibr:os ccc, 	1ct 

j..eu'; 
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1. rc1i1er. ion 'atiout ifit.vntiEt.ion, 

. ierentticn-it-out crriition (Lt 	3tItL1tion 

	

1 	 nci tre was otires 

rsistent c Gv 	rrrow), 

3, .-i.iroimz1 orgsnizaticn. 

TLese C?Aegor-Jes corte;ond fairly closely TO LJ ; 

IV, III, ;ncI 1 respectively in ;a, -tLnt XC. 

The eribrjo in the .hotorQph il-LustrutinLj the 

c t.egory 	''c. ere 1 	bnormi. 	 zLj 

(Ei1fl1n .'ounce,196;) i3 iritinguihab1e from 

r jical type I embryo, x..Lth 	 irted 

orr.J. 	; CJC1 )  i U:t :;overed vrtr1 ;FVOuS 

system. 	In ict t. 	ultonics trt:.i. ir :uently 

eu1' 	Jr t€ rouict,ic c. ;iht are, ir efiect, 

pnrioeo:i&i o this quLnt. 	It ij report 	(Counce, 

19b) that thL. ypoeni, Lu e.4bryoa of this c.Loir, 

is never ceet, nd th..t hea invol..tion i.? v fl etd. 

•rvou3 tiu vs E1ys jreierit, : 	it 1,: cieir thit 

II ecthryos 'v:ere ot roIucd. 	If thc. eveloi'nental 

iiechnisrn of the -bnozii1ity is t 	ihe r.iutnt 

ir tc 	noto', 	. if th bLice bo.en embryos 

of type X n ty;e II 1  as 1ite 	tht prtaent study 

ri 	t.. 	th1 	houi 	.. .o4 

ly or n1Ze. 

T'C 	 :.L 	 LO fl if 

& larger number was studid. 	It .oulci 	 interest- 

/irig 
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iu 	ivn    

4ht1y c1'er3nt ti 

abouL. u ;t t 	 . ic 	 4rction, 

g±V...rA ... 	II 	bZ'jOb. 

Thi i rociution of the-,d :.heno.op1s uci . cozideition 
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L. S . .420 type I, 9-10 

hours, x500. 

Wi.7b. L. i6. A20 typ. I, 10-11 

hours, xe000 

.Lib.77. £... 120 type I, 11-12 

hours, x40U. 

ey 

A, 	anterior, 
a.m, anterior mjabut. 

rudiment. 
bi, 	blastoQernl. 
br, 	brain, 
ahy, corsal hypothrm. 
em o 	embryonic membrane. 
f t 	furrow. 
18, 	frontal sac. 

'but cells. 
,nso, sub-oesopha e ea1 

oanblion. 
oon, e,onad, 
h, 	hind-but. 
heO, openinb of hind-but* 
by, 	hypoderm. 
mb, 	mid but. 
mmb, middle mid-but. 
man, mesodermal mesenchyines 

mus t  muscles. 
nbl, neuroblasts. 
nt, 	nervous tissue. 
oes, oesophagus. 
I,  , 	posterior. 
pc 	pole cells. 
ph, 	phe.rynx. 
pins, posterior mid-gut 

rudiment. 
paus, pharyngeal muscles, 
pv, 	proventriculus. 
st,, 	salivary j$land. 
sti, stomodneal 1nvain-

at ion. 
tr, 	trachea. 
tyk, unenclosed yolk. 
vna, ventral nervous system, 
vehy, vntra1 segmented 

hypoderm. 
A t 	fixation puncture. 
yk, 	yolk. 
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Fig. 78. ki.S. 120 type I, 

Posterior rebion, 12-13 

hours, xOO. 

P1.78a. H.S. X20 

type I, posterior region, 

12-13 hours, x400. 

)i.79. 	5. normal, 

posterior region, 12-13 

hours, x500. 
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Fi.80. L.a. 420 type I, late 

embryo, x130. 

31 6• 81 • i.S. 120 tyje I anterior 

reion, 16-17 hours, x500. 

Fig. 82. ia.s 120 type I, posterior 

reb ton, 1.-14 hours, xQO. 
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1i6.83. H.S. 12U tjpe 
	

Fi.84. The same embryo; 

I, 118 hours, x200. 	a more ventral section. 

Fig. 85. X2u typ II, 

16-18 hours, xO 
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Fig . b6. L.a. 120 type IL, 

10_11 hours, xbOQ. 

Pig.87. £.S. A2U type ii, 

11-12 hours, x400. 
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L.6. X20 tjpe 11, lb-18 

hours, x200. 

Pi.89. i.,. A20 t1pe III, b-i 

hours, x200. 

Fig. 90. 	A20 type lii, 14-15 

hours, x200. 
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Mutant Xl0 

Material: 

Embryos were sectioned at all stages after 

hours. Living embryos were also examined. 

Preliminary data: 

The factor was induced by X-irradiation of 

s'oer!n, and has been tentatively located, by genetic 

testa, close to the acute locus (0.0) (H. Slizynaka, 

unmibli shed). 

 Analysis of sectioned material: 

Period Unfert- Unident Normals Abnormals 
ilized. -ifiei. I II 111 

4-12 25 6 107 9 6 3 

12-1 35 13 128 15 1 10 

17-20 12 14 103 25 3 20 

22-30 51 1 24 15 9 30 

Totals 123 34 362 64 19 63 
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The oxoression of the lethal factor: 

Three types of abnormal embryos, described 

below, 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 

were identical with respect to their X-chromosomes. 

This shows that the presence of distinct abnormal-

ities does not result from a mixture of sex-linked 

factors in the stock, but probably arises from 

differences in expression of a single factor. 

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, 

aooears 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 

abnorm1 embryos is 48 out or 11 fertilized and 

identifiable eggs. This is not signific7tl 
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different from 2. In hatchability tests, also, 

about 251  of eggs failed to hatch. It appeared 

that the lethality was expressed completely in the 

embryonic stage. 

Approximately six months later embryos in the 

groups 14-12 and 12-15 hours were Etudied, in order to 

trace the development of the abnormalities. In the 

group 12-1, the lethal fraction was now signifi-

cantly less than 25;  in the group 4-12 it could not 

be estimated because type III was unclassifiable, 

but the numbers of type I were considerably reduced. 

Hatchability tests we-9 made upon twelve groups of 

feriales constituting the P1  generations from single 

pair matings: in these the proportion of unhatched 

eggs, discounting apparently unfertilized ones, 

varied from 6.3' to i6., with an average of 13g. 

It is possible that some lethal embryos were mis-

classified as unfertilized eggs, but it appears from 

these tests, and from the sectioned material, that 

the factor was sometimes not lethal in the embryonic 

stage. 

These considerations suggest that the effect 

of the factor varies in its embryonic expression 

between the three types I t  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 factor, 

have been found, and no abnormal pupal lethality has  

been observed; It is probable, therefore, that In 

such cases the lethality is expressed in the larval 

stage. There appears to have been a change, occur-

ring between the earlier and the later series of 

observntions, In the relative numbers of embryos 

Thiling 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. 

nbryos of Type I 

The development of t)ese embryos is abnormal 

from the time of cleavage, and there Is no cellular 

diffrntiation or organization. The cleavage 

nuclei, with few exceptions, remain In the anterior 

rgion of the egg. They migrate to the periphery, 

but 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 a cap of 

smell 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. Occasiona1 

nuclei in both regions are polyploid, and may be 

recognized by their large size as well as by their 

high chromosome comt'lement (rigs. 91 and 92). Most 

of the cells are usually limited to the anterior 

cap, but in some cases there is a posterior cap 

also, usually linked to the anterior one by a 

periDheral strip of cells. 

Similar pre-blaRtoderrn listurbances of the 

cleavage nuclei have already boen mentioned in 

LiT 11 and in type IV of X20. In both of these, 

however, 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 identical with this 

type. 

One embryo was found in which the cap of un-

differentiated cells was formed anteriorly, but in 

which cells at the posterior end had become diff-

erentiated and organized to form gut material (fig. 

93). 
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Embryos of Type II 

In these embryos the disturbance again appears 

before the blastoderm stage, leading to an irregular 

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. 9); but most 

often, no blastoderm is formed, and the cells diff-

erentiate entirely into clumps of nervous tissue, 

with ganglion cells and fibres, while the remainder 

of the egg is partly filled with yolk granules and 

unlifferentiated cytoplasm (fig. 96). Occasionally 

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 

large part of the embryo. 

T 
Final Appearance of the Embryo 

Living mutant embryos are not easily dist- 

inguishable from normal ones. The hypoderm is 
/Usually 
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usually complete, and segmentation is present, 

though irregular. Internally, all the organ systems 

are present, and are abnormal chiefly in their 

cellular differentiation. The differences will be 

described in the account of the development of the 

embryo. Cellular degeneration begins at about $ 

"hours. 

Development of the Embryo 

Early development: 

The early developmental stages, including 

blastoderm formation and gstrulation, are normal. 

The differentiation which normally follows between 

¶ and 9 hours also occurs, but it is retarded. Up 

to approximately 10 hours the cells remain relt1ve-

ly uniform, and are not separated into distinct 

tissues. This is particularly evident ventrally, 

were hypoderm, nervous tissue, and mesoderm 

constitute a single mass of cells (fig. 97); the 

intersegmental divisions apoear ventrally as well 

as laterally. 

Separation into tissues has occurred by 12 

hours, but differentiation in the form of the cells 
/is 



207 

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 normsl embryo at this 

stage, the fore-gut is differentiated into pharynx 

and oesophagus, the proventriculus rudiment has 

formed, and the first constriction has appeared in 

the mid-gut sac (fig. 100). 

The general embryonic movements of the next 

period are also slowed down. Shortening and dorsal 

closure always take place, but are not completed 

until approximately lii. hours. Involution of the 

head is never completed; the oharyneal material is 

only partly invaginated, and the frontal sac remains 

shallow. 

Organ formation: 

The gut: 

1. The fre-gut: Owing to the ncoipleteness of 

head involution, the pharynx is small. Some 

pharyngeal material remains externally, but the 

pharyngeal muscles are attached to the internalpsrt 
/of 
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of it anH extend between this anti thi 

Vie frontal sac, which Is unenclosed. 

phague is displaced, but is otherwise 

chitinoup lining is secreted, but not 

pharyngeal bars. The salivary glands 

and open separately and externally. 

material of 

The oeso-

normal. A 

cephalo- 

are small, 

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 occur in the normal embryo. But it does not 

become coiled or tubular, and mid-gut caecae and 

nlpighinn tubules are not developed; a pro-

ventriculus is recognizable, but undergoes none of 

its characteristic cellular differentiation. The 

cells of the mid-gut wall remain cuboldal (fig. 101). 

A number of cells, some of which are probably pole 

cells, remain in the yolk. 

The hind-gut: This is displaced, and its cells 

are poorly differentiated, but its external opening 

is in the normal place. 

The gut is invested with visceral muscle cells, 

but they remain spherical an-I isoltd instead of 

spreadtng 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 

oticle is formed. It is segmented, but the seg-

mental divisions are irregular, and there Is much 

buckling of the hypoderm within the segments. This 

appears to result from the abnormalities in the 

muscular system. In normal embryos the muscles are 

spindle 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 

that they become arranged in clusters (fig. 102). 

Each muscle consists of a spherical cytoplasmic 

body, containing several nuclei, and there Pro no 

contractile fibrils. Sometimes there are short 

contractile filaments between apodemes, which are 

Isolated from the muscle clusters (fig. 101). The 

ahortness of these filaments, and the absence of 

tone resulting from the non-attachment of the 

muscles at one end, appears to be the cause of the 

concertinaring of the hypoderm (compare figs. 102 

and 79). 

The nervous system: 

The nervous tissue of the brain region is 

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 is irregular, and it lies deeper than in 

the normal embryo, with the intersegmental div- 

isions and the abnormal musculature of the body wall 

extbnding under it. 

The tracheae: 

These are well developed, but the course of 

the main trunks is twisted by the concertlnaring 

of the body wall (fig. 102). 

The gonads: 

This iutant provides some evidence concerning 

the relation of the pole cello to 1) the germ cells, 

and 2) the middle mid-gut cells, previously dis-

cussed on page 208. 

1) No gonads are formed, and the pole cells may 

usually be found remaining inside the mid-gut. 

This strongly suggests that the germ cells normally 

arise from those pole cells which are carried in 

with the posterior mid-gut rudiment, and that in 

this case they are simply unable to migrate out of 

it 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 

i1-gut celir, and are Identical with the ones in 

the yolk. This supports the conclusion that the 

rniiile mid-gut cells are also derived from the pole 

cells. 

Discussion 

Types I and II involve disturbances of the 

mechanism of the 'ietribution of the cleavage 

nuclei. All three types involve disturbances, in 

vrying degrees, of cellular differentiation. 

Where the later norphogenetic movements occur at 

all, i.e. in type III, they are undisturbed. No 

hierarchical sequence of mechanical defects is 

found, except for the minor deformations of the 

body wall in type III, which are caused by the 

abnormalities of the muscular system. In addition 

to these three types it was suggested above that 

some "lethal" embryos develop normally and survive 

Into the larval stage. 

If it is the case that each of these types 
/represents 
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represents a different manifestation of a single 

character, it is not easy to envisage what genic 

action may be basic to all four, or what determines 

which of the types will appear in a particular 

embryo. The same problem Prises in the mutants X20 

and 59 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 

of the organism at a single phase of its life-

history - in the embryo, the larva, or the pupa, 

and usuelly even more specifically within these 

periods (Hadorn and Chen, l9'2; Rizki, 1952 ; Oster, 

192 and 194). 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, 190). 

The mutant tr-nslucida causes death either in an 

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, 192). Similarly 

in the fowl, embryos which are homozygous for 
/creeper 
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creeper usually die on the 3rd-4th day, but some 

survive this stage and die at the and of incubation 

(Landauer, 1033), 

In some cases it has been shown that the time 

of effect is detdrmine4 by environmental conditions. 

A factor was foun'1 in Drosophila pseucloobscura 

which was a complete lethal at 25 ° C, semi-lethal 

at 210C, and viable at lô*°C  (Dobzhansky and 

Spasaky, 1944). A maternal effect acting through 

the egg cytoplasm has been shown to determine the 

time 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, 1943). 

The time of action of lethal factors is also 

affected by their genetic background. The mutant 

lethal giant lRrva ( ig  usually causes death in 

the larval stage, but a strain has been isolated in 

which ¶t occurs in the embryo (Hadorn, 1940). Agin, 

a number of stocks carrying the cryptocephal mutant 

have been isolated and selected for varying pens-

trance and exressivitY in "strong" stocks, all die 

as pupae, while "weak" stocks produce high 
/percentage 
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percentage of adults (Hadorn and Gloor, 19143). 

Temperature also affects the expression of this 

mutant (Gloor, 1945). 

}Tadorn terms the individuals which escape the 

lethal effect in its earlier period of action 

"break-throughs" (Hadorn, 1918). 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 

sufficiently great, a particular lethal disturbance 

Is triggered off in development; on the other hand, 

if the gene activity falls below this particular 

threshold, the development proceeds normally until 

t'-'e next period in which Its effect may be lethal. 

This type of mechanism may well occur within 

the embryonic priod. In the mutant X10 the first 

lethal period is at the time of migration of the 

cleavage nuclei, when the effect of the factor may 

stop further development completely (type V. 

Break-througha occur in which, though migration is 

still disturbel, so-me differentiation, particularly 
unto 
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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 lifforentiation (type III). It Is probable 

that some embryos escape this last embryonic dist-

urbance, and become break-throughs to the larval 

stage. The environmental conditions In which 

embryonic development occurs vary very little, and 

which type of abnormality appears probably depends 

upon the uncontrolled genetic background. The 

changes wM&'i may have occurred in this could account 

for the discrepancy in the relative numbers in each 

of the d1ffernt types between the earlier and the 

later observations. 

Conclusions 

X].O is a recessive lethal factor located on 

the first chromosome at about 0.0. It Is usually 

lethal in the embryonic period, but It is variable 

in expression, and probably some embryos survive 

into 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 organIat1on, but there is some cellular 
/differentiation 



216 

differentiation, usually entirely into nervous 

tissue. In type III all the essential develop-

mental events occur, the morphogenetic movements 

are undisturbed, and a highly organized embryo is 

produced. But cellular differentiation is retarded, 

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 is basic to the terminal abnormalities 

the effect of the gene must be upon the general 

metabolism of the developmental processes rather 

than upon the formation of any particular structure. 
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Fi6.91. Aa.z. AlO type 1, anterior 

re0ion, 4-5 hours, zOU. 

Fie,. 92. £.. AJ.Q type 1, 15-16 

hours, x200. 

Fi.93. L.S. 110 type 1 9  12-13 

flours, x400. 

rjeyti o_fi,s. 1_10 

A, anterior. 
amg, anterior mid- but. Oes, 
br, brain. 
cm, cleavab e nc1i. PC, 
cyt, cytoplasm. ph, 
cytn, cytoplasm with nuclei. pm, 
b 50 , sub-oesophabeal 

anblion. ppn, 
bt, e;ut, pv, 
hb, hind-ut. 860 
hy, hypoderm. at, 
rn, midóut. tr, 
m6c, mid-gut constriction. UaC, 

mmc, middle mid-but cells. Tern, 
mus, muscles. 
muse, muscle cell. vns, 

nervous tissue. 
oesophagus. 
posterior. 
pole cells. 
pharynx. 
posterior mid-gut 
ru6i1Tent. - 
polyploid nucleus. 
provent riculus. 
salivary land. 
stomodaeum. 
trachea. 
Anaifferentiatecj cells. 
ventral ectoderm and 
mesoderm, 
ventral nervous 
system. 
yolk. 
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Fi.94. L.S. flu type XI, -6 hours, 

z340. 

1tb•95• L.S. fl.0 type 11 9  27-29 

hours, x340. 

Fig. 96. L.S. AlO type II, 27-29 

hours x34u. 
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Fit,. 97. ia.b. AlO tpe III, 

10-11 hours, xX0. 

Fi6.96. £... 11O type III, 

13-14 hours, x)UU. 
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b• 9 9 	AlU type III, 

anterior re,ion, 12-13 hours, 

X5000 

.ig.luO. H.S. normal, 

anterior re bion, 12-13 hours, 

X500. 
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facing page 221 

i.101. L.S. AlO type LIZ, 

anterior rebion. 19-20 hours, 

x500. 

1i.102. I.S. AlO type ill, 

posterior re0ion, 19-20 hours, 

xU0. 
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Mutant 39 

Material: 

Sections were made of embryos at all develspaental 

stag.s after two hours, and livin 5, embryos were also 

exainet 

kreliinthary data: 

This factor arose spontaneously, and has been approx-

imately located, by enetic tests, close to the centresiere, 

to the right if carnat 	(62.5) (LSlizyneka, unpublished). 

When the stock was first tested, 60 out of 162 eggs 

7o) failed to hatch, sueating that it caused complete 

embryonic lethality* 	subsequent tests and observations 

revealed a much more complex situation, which still requires 

further investigation. 

Later hatchability tests showed a variable, but always low, 

proportion of 	not hatching, and the stock avowed  a 

huh *pal lethality. Some of the full-grown larvae would 

remain uncontracted, forminá elongate pupae which died soon 

/afterwards 
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afterwards. 	A number of sinle-pair matings were made, 

in order to determine whether the embryonic and pupal 

lethalities might arise from separate 1.-chromosome factors 

which had become mixed in the stock. However, with few 

exceptions, both embryonic and pupal lethality occurred 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 beneration. 	The duality of the lethal effect is net, 

therefore, simply due to a mixture of L-thromoeome factors. 

The summed figures from these matings gave a fraction 

of 72 out of 587 (l) embryonic, and 60 out of 671 (1) 

pupal lethality. This fells short of the expected 2 

total lethality expected by Øo, eug .sting  that death may 

also occur in the larval stage. 

3. Analysis of seationed. material: 

The first series of sections was made from the 

oriins3. stock. 	The second series, constituting the 

mtiority of the sections, was made from a strain "f" 

oriiruittng from one of the single-pair matings. 	The 

progeny of the pair had shown a high embryonic lethality 

(14/4) and no pupal lethality (0/6); but theee charac-

teristics were net maintained in subsequent generations. 

/Strain 
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strain 	Period Unfert- Unide - Normals Abnormals 
ilized ifiable 

Ori,inal 8-20hrs, 30 	4 	90 	9 

0riinal 	25-30 4 28 16 58 

2-14 196 43 747 27 

Of 	25-30 1 6  - 50 78 

Totals 246 &3 9u3 172 

The expression .f_j1etha1 factor: 

The proportion of abnormal embryos in the sectioned 

material is extremely low: 9 out of 99 fertilized and 

identifiable ea (9.1o) in the period 6-20 hours for the  

oriinal stock, and 27 out of 774 ().5e) in the period 

2-14 for the Nfr strain. 	it is possible that in the last 

case several mutants were misclassified as unfertilized, 

out it is clear that the embryonic lethal fraction is not 

stable, and that the expression of the lethal facter does 

net necessarily involve the embryonic stage. 	This question 

is taken up in the discussion. The abnormal embryos show 

a considerable rane of vayiatlen, but they are not separable 

into distinct tipes, and conform to the sane leneral 

developmental pattern. 

Final Appearance of the embryo 

The deree to which orbanisati.n and cellular differ- 

/entiation 
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entiatiom OCOUT8 varies eatly, and on this the final 

appearance of the embryo depends. 	But almost every one 

is charactized by the presence of a certain amount of 

unaiested yolk between itself anti the viteline membrane, 

especially at the anterior end. 	The embryo is extasmely 

aeformec, particularly in this region (fig. 1 10). 

The .ueTelo.!nt of the iftbry o  

'ventsjp_to bast&ti9 

In this mutant the final abnormalities have their 

oriin in aisturbanous of the earliest developmental events, 

i.e. in the distribution of the cleavage nuclei and in 

biastoaerm formation. There is little to add to what has 

been said above about the cleavage nuclei In the normal 

embryo, but it is necessary in the present connection to 

describe more fully the normal formation of the blatodarm, 

and the chanee which occur in it. A number of original 

observations are included in this account, derived from 

sectioned material and from the film. 

The biaoderm in the normal embryo: 

ue cleavage nuclei arrive at the periphery of the 

.ê 
at about 2 hours, and form a. syncytial blastoderm 

(fi1.3, 2.30-2.37; fi6,.4 1 2.10; fi b.9, 2.10). 	At about 

/2,30 
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2.30, furrows brow in from thesurface between the nuclei 

and into the cytoplasm beneath them, so that the blatoderm 

becomes a layer of columnar cells (fig-3, 2.50; fig9 0  

2.35). 	The films shows something occurring shortly after 

this which is difficult to interpret. 	The inner border 

of each blastodera nucleus apears to become detached and 

move rapidly towards the centre of the egg; the effect of 

thin occurring in all the nuclei simultaneously is of a 

line of write dote moving inwards (fig.), 2.53-3.09; 

fi.9, 3.15_3.20). 	The line does net advance quite to the 

inner border of the i(eiakiautblastem, and it appears to 

coincide with the inner coil boundaries. 	Whether this 

phenomenon is in fact connected with the formation of the 

latter, or whether it is an epticaç effect produced by layers 

of cells moving over each other durin o  the general 

blastodermal rearranementa, is not certain. 

When the cellular blastoderm is first formed, it 

is uniform inthicknees; all the cells are columnar, and 

are at right angles to the surface of the eg (fig.9, 2.45). 

Towards the end of the events described above, changes 

occur in the fermoef the blastoderm, and corresponding 

ones take place in the yolk. 	The latter contracts in the 

middle reion, and the blastodera becomes correspondingly 

tticKer at this point (fi.4, 3.20-3.30; fig.9, 3.15). 

/m. 
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The non-cellular iseimhautblaatem becomes heapea up here 

also. On the other hand, the blastoderm at either end 

becomes such thinner, especially at the anterior tip on 

the ventral side (fi.i, 2.40-3.13; tg•4,, 3.30; fig.9 9  

3.30). lhe 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 heapini, up which occurs medially when the ventral 

furrow is formed; the film shows a strong contraction of 

the whole ventral area towards the centre durin e, this 

process (fi.3, 3.18-3.22). 	This is quickly followed 

by a ieneral dorsal and lateral cortaction, with itfocus 

on the point at which the cephalic furrow is formed, i.e. 

one third the length of the embryo from the anterior end. 

The cells of the lateral and dorsal regions become orientated 

towards this point; as remarked above (page5), it appears 

likely that contractions of the yolk are responsible for 

these chanes in the blastoderm fi.4, 3.30). 	These 

are the first movements of aastrulation, whose more active 

later phases have a]r.aay been described. 

The blastoderm in the 59 embryo: 

aiisturbances appear in blatoderm formation; either 

the distribution of the cleavage nuclei is irregular, so 

that they do not arrive at the periphery simultaneously 

/(fig. 
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(fio.1 03), or they cia arrive to 8ethor, but divide at 

different rates, 80 that an irregular blastoderm is formed, 

resembling that found occaseionally in 12 	 This 

variability is reflected in the blatod.rie at a later stage, 

when cell walls have appeared. 	In those cases where the 

nuclear distribution was disturbed, the b1atoderm is 

extremely irregular, with some areas devoid of nuclei, 

and many nuclei remainins in the yolk (fig./o4. 	In the 

cases where the synoytial blastoderm was formed before 

disturbances apear.d, the chief abnormalities are the 

abnormal thinness of the blastoderm in some regions, and 

the irreoularity of the Keimhautbtem (fi.IO5). 	In 

both cases the blastedorm is most disturbed at the anterior 

end. 	As described above, it becomes thinner in this region, 

just before 0astrulation, in normal embryos; in this 

mutant, the defective blastodera apparently cannot take 

the strain durino this movement, and the yolk breaks 

throu,n it* 	as a result, a certain amount of yolk is 

unenclosec by the embryo, and usually remains in the 

anterior re.ion throunout, where it distorts the develop- 

ment of the head (fis.JO,IO),IOand/,o). 	Sometimes yolk 

breaks throujh at the pbsterlor end, which also becomes thir 

in the normal embryo. 

iubseguent development: 

'In 
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In addition to this initial disturbance, subsequent 

ifferentiation is affected to varying degrees, the 

extent of the .bnormality probably being correlated with 

th, extent to which the blaatoderm is abnormal. 	The 

range of variability, teethsr with the shortage of 

mutant embryos, made it impc.ible 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 movements have 

been disturbeo. 	In some oases gastrulation is prevented, 

and the resulting embryo Consists SI a disoranise 

collection of partl5 differentiated tissues, in which 

nervous tissue predominates (I 11.!o6). 	Usually gastr- 

ulation ooee occur, but it is very often the last embryonic 

movement to do so; many embryos show a high degree of 

differentiation of the body wall, with hypoderm, cuticle, 

ebwental aivisions 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 ifastrulation. 	In such embryos there is often 

extremely littie development of the gut, so that the 

yoi.k remains in a mass in the midale of the embryo. 

'In 
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In other cases the ut develops, but quite abnormally; 

fjg tO? shows an eabryo in which the body wall and the 

ventral nervous system have differentiated relatively 

normally, but in the gastrulation configuration, whil* 

the gut has 1 rown back from the proctodaeal invagination 

as a flask-shaped ec, cith par) of its wall protruding 

into itself. 

In other cases shortenin o  occura, but in only a 

few cases is there complete dorsal closure; consequently 

the but, when formed, is often exposed (11g./b). 

Involution of the head never oea further than the 

invagination of some of tne pharyngeal material, but even 

this, with the partly developed pharyneal muscles 

&ttacfleu to its inner surface, sometimes remains facing 

externally (fig. to). 	The frontal sac is never formed. 

iven in the embryos in which these general move-

ments do scour to some extent, resulting in the form-

ation of an embryo which is basically normal in the 

arranement of its parts, the gut is always poorly devel-

oped. 	in some cases the wall of the midule re bion is 

almost absent (f1.07), and it is always shapeless, 

containina, much undieateQ yolk and undifferentiated 

/cellular 
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cellular material (fi0s.10) and lo?). 	The proventriculus, 

and mid- but caccac and malpi,hian tubules, are not forn.d. 

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. 	bibflS Of segmentation 

sometimes occur, but it is always extremely irregular. 

The disturbances of the musculature varies in extent; 

sometime it is relatively normally developed (ft. ); 

in other cases the spindle-shaped muscles are only partly 

formed (figs. o)and 1O); while in some the muscles take the 

form of unattached spherical, bodies without contractile 

fibrils, similar to those in AlO type Iii (fig.I/1). 

£he nervous system is least disturbed In those 

embryos which remain in the 0astrulation configuration 

(f 1,6. I1). 	In others it is distorted, and not covered 

by hypoderm in many places (figs. Ii'7 and /1/). 	No embryos 

have been found in which a tracheal system is developed, 

or with gonads. 

Lia cuss ion 

The abnormalities described above are all the result 

of a primary disturbance in blastoderm formation, in 

conjunction with subsóquent defects in the general eiibryon- 

ic movements and cellular differentiation. 	It is not 
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possible to say what the relation is between the bladerm 

disturbances and the later defects. 	Certainly the extent 

to which the blastoderm is deformed plays a part in 

determining the deereo of abnormality in the later embryo* 

ut there may also be a •ensral effect an cellular 

iifxerentiation, similar to that in 10.0 type III. 

Very similar Ailturbances of the cleavage nuclei 

and the blastoderm have been reported in the female sterile 

mutant deep-oran wh•rhoutozrous females are mated to 

hemizyoua males (Counce, 13). 	In progeny from such 

matings, 65J of the embryos succumb to abnormalities in 

very early cleavae, but those which survive this period 

show the same sort of abnormalities in blastocerm form-

ation, and proceed with a relatively normal •strulation. 

however, the resemblance ends here, for there-fter 

cellular degeneration sets in, and there is no further 

differentiation or development of any kind. 

The instability of expression of the factor cannot 

be explained on the present evidence. 	It is possible 

tnat the situation is similar to that postulated for the 

10 factor, in which it was suested that the various 

types of abnormal embryo resulted from variations in its 

/expression 
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expression, with some embryos escaping the first lethal 

phase, and oin on to the next, or the next again, as 

"break-thro%zhs". 	on  similar hypothesis in S9, some 

embryos would succumb in the embryonic phase of lethality, 

others would not die until the pupal phase, and possibly 

some would die as larvae. 	The 0enetic background 

determining the phase in which lethality occurs may have 

ohanea coraiderably 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 pupal 

lethality and the embryonic iethality are not caused by 

the same factor. 	The resemblance between the early 

eibryonic disturbances and those occurring in the de•-

oran,e mutant Sube CStB that the embryonic mortality may 

be oa.d by a. female sterile ibens, acting when homozygous 

in the female parent. 	out in this case the single-pair 

matins would have 0iven an all or nothing embryonic 

lethb.lity; since this was not the can, lethality must 

have arisen from a factor actinb  when h.aizyous in aalo 

embryos, as in the other mutants that have been discussed. 

The sirible-pair matinós also established that the embryoniw 

lethality and the pupal lethality are not caused by 

different 1-chromosome factors, so that it they do arise 

/f rom 
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from separate factors one of then must be autosomal. 

LonClU8 ions 

89 is & recessive lethal factor, probably located 

on trie first chromosome close to the cer,tromere. 	Its 

expression van..; pupal as well as embryonic lethality 

occurs, and probably larval also. 	The abnormal embryos 

all follow the ease 0.neral pattern of cevelopment, but 

there is a considerable ran* of variation. 	Disturbances 

appear early, aurin 0  the uistribution of the cleavae 

nuclei or during blastouerm formation. 	Their most 

important consequence is tk. malformation of the blastoderm, 

and in particular its fraility ut the anterior end, 

here much of the yolk escapes and interferes with the 

subsequent development of the head reion. 	Later 

development is disturbed both in Its morphoenetic 

movements and in its cellular aifferentiation. 
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11 b. 1 )). L.S.. 	$9 9  2-3 hours, 

x)40. 

1, i.iU4. L.S. $9, 3-4 hours, 

X1 50. 

pi.105. L.S. $9, anterior region, 

3-4 hours, x340. 

Key to fios. 103-111. 

A, 	anterior. 
bl, 	blastoderin. 
br, 	brain. 
cm, c1eavae nuclei. 
f go, fore-but openinbo 
b tc, bUt cells. 
hb, 	hind-but. 
hy, 	hjpoarm. 
icyt, irre 0ular cytoplasm. 
khb, Keimhautblastm. 
mo , 	midut, 
men, mesodermal inesen-

chyme, 
mus t  muscles, 

muec, muscle cells. 
nt, 	nervous tissue. 
oes, oesophaus. 
k, 	posterior. 
phm, pharyneal material. 
pmus, pharyn6eal muscles. 
pmusc, pharyneal muscle 

cells. 
pv, 	proventriculus. 
uyk, unenclosed yolk. 
vns, ventral nervous 

system* 
ylc, 	yolk, 
ykn, nuclei remaining in 

yolk. 
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Fi.106. Lea. 9, 6..9 hours,  

x 300. 

xi. 107. L.S. 59, anterior 

reion, 1)-14 hours, x380. 

1ib.1O8. L.S. i9 9  anterior 

rebion, 1-19 hours, x380. 
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ii.109. L.S. 39, 18-19 hours, 

12U0. 

Fib. 110. L.. S9, 2-29 hours, 

x2U0. 

Fi.111. L.S. S9 j  anterior 

rebion, 25-29 hours, x460. 
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en.ral Disculsion_and Conclusions 

The action of lethal factors: 

1-atterns of development in lethal embryos fail 

into three broad catcoories: 

.6ar1y developmental disturbances, followed by littie 

or no cellular differentiation or oraniaation: 120, 

types 111 and IV; 110, tiDes  I and II; nulla- and half-

I (Poulson, 1940); the female sterile d ! 

eounoe, 19). 

Complete embryonic development, with the formation 

of a larva which does not hatch: six were found in the 

present study; other cases have been ilited in the 

introduction. 

Considerable cellular difAerentiation and oraniea.t-

ion, but the development is disturbed in a variety of 

ways: Lff 11; 12; 127; 120 9  types I and II; 110, type 

ii; 9; Notch and !hit! deficiencies (Poulson, 1940 and 

194); Krtlppel (1oor, 190); Minute-4 deficiency 

(arngworth, 191); the female eterilee fused and 

Euaiaentar (Counce, 193). 

/ Dome roe 
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Demerec has shown that, in the epidermis of the 

adult, many homozyjous deficiencies have a direct lethal 

effect even on single cells containing them (Demerec, 1934 

and 1936), and it is possible that such a direct gone-cell 

effect occurs in some embryonic lethaig. It certainly 

does in a. number of larval and pupal lethale, where it is 

possible to test the capacity of tissues to survive when 

transplanted to normal larvae (reviewed kladorn, 1951). 

Unfortunately 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 

in the course of development. It does in the case of all 

those in cateory "a ll , and is reported to occur in some 

tissues in fused and rudimentary. Probably it occurs to 

some extent in all those in which there is apparently a 

eners1 retardation or disturbance of growth processes, 

such as has been reorted in the last two mutants, and 

in rije1 and i4inift-4 deficiency. 	liowe', in others, 

while there are 6roes disturbances in their organisation, 

the cells and tissues appear to be quite viable; e.g. 

.ff 11 and 12. In other cases, such as Notch and !hite 

deficiencies, and 120, types I and LI, cellular different-

iation is abnormal in that certain types of cells appear 

at the expense of others, but in themselves they are 

viable. 	In many cases then, death occurs not because 

lot 
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of a direct affect of the factors on the cells containing 

them, but because of cevelopmental disturbances whose 

lethal effect is on the oranisa as a whole. 

The localiz.tion of -..ono effects: 

Whore there are specific structural effects one of 

the aims of developmental studies is to distinguish those 

which are close to the oriinal bone action from those 

which are remote. 	4rUneberi states the methodological 

approach as foliows: "in aevolpmental 6enstice, a 

beneralized effect is more likely to be fundamental than 

local one, and &n early effect is likely to be closer 

to the primary eene action than rn late on&' (urUneberg, 

19)). tn example from these embryonic lothale is the 

frequent failure of the involution of the head; since 

this is a local and a late effect, which may be caused by 

a breat variety of anteceQent disturbances in the embry- 

onic orbanisation, it cannot be considered an a fundamental 

on.. 

The question arises as to how, it the primary effect 

is a general ens, it can brin,, about specific localized 

structural effects. in principle the solution is clearly 

that the effects arise as a result, not simply of any 

effect of the factor under consideration, but of its 

interaction with the uevelopmental pattern as a whole. 

/As 
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e Sevall Wright has pat it: "The apparent extreme 

localization of the effects of particular genes in 

certain cases turns out to be a matter of thresholds in 

the erbanisa - not of preformed rudiments in the germ 

plaza. 	Genes and environmant are aliice modifiers of a 

pattern residing in the whole** taewall Wright, 1945). 

And the pattern in the whole is oetsrained by the whole 

complement of genes, in conjunction with the pattern 

imposed by the cytoplasmic oranisation of the egg, which 

is under genetic control in the previous generation. 

The manner in which this interaction of mutant 

factors with the normal developmental pattern has been 

described, as far as possible, in the six lethals described 

In this works 	it is clearest in these in which there is 

a disturbance of early aorpkioenetic movements, wktch 

brinb  about a number of subsidiary effects, e.g. Lff 11, 

A2 A21. The subsidiary effects are chiefly what would 

be expected from the early displacement of materials in 

mosaic e. - the differentiation of tissues without 

relation to each other, resulting in the formation of 

tereto1oical embryos whion are incapable of further 

development. 

The displacement of tissues relative to one another 

/wpuld 
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would lead to interestin results in organisms where 

or,aniser phenomena were important, and would provide 

evidence for such phenomena if they played a part in the 

development of Drosophila embryos. In an analogous way 

Haven has shorn that although the main lines of develop.. 

neat in Limna.a are determined by the mosaic development of 

,differentiated rebions of the •g cytoplasm, contact 

iniuctions do play  a part in arbano,eneeie (Raven, 1950). 

however, veIl little evidence of such industive mechanisms 

has appeared. 	Nothinb in the present wotk supports 

loulson's auestion that the nervous system has an 

inductive action upon the hypodera (Poulson, 1940), but 

there are, on the other hand, stron a, indications that the 

degree to which the muscular sytea is developed is deter-

mined by the prior differentiation of the hypoderm (eec the 

discussions of IL20 and A27). 

L-hasespecificity: 

The localization of the expression of gene effeote 

to particWlar structures implies a corresponding restrict-

ion with respect to the period of development at which 

these effects become apparent. 	This is related to the 

"phase specificity" which kiadorn has emphasized as a 

characteristic of lethal mutants, which refers to the time 

/at 
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at which death occurs (kiadorn, 1948). 

Many visible mutants show a beneral weakness and a 

lwer.d viability in ontoeny, and a similar sensitivity 

has been found in some larval and pupal lethal, which 

have a kiiher embryonic and larval mortality than normal 

controls (iadorn, 191). 	But all work on lethal mutants 

confirms that in 0eneral death occurs at a specific period 

for a particular mutant. There may b. as in 110, 120 

and 89 in the present studies, several lethal periods in 

each, owin to "breakthrou0hs" from one to the other, 

but they are still distinct; nowhere is there a beneral 

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 

(kiadorn, 1948). 	In the embryo these are the "first 

sensitive phase", which includes fertilization, cleavage, 

blastoderm formation ana primary eranoenesis, and the 

"second sensitive phase", which is the time of normal 

hatchin, in which the important factors are the forces 

reuirec 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 included in csteoory $&U  ao not develop beyond 

the first sensitive phase, while those in categories NbW 

and C' die at the second sensitive stage. 	But the 

classification is a very rou0h one; the first phase 

includes many different sta.a of development, and the 

second does not áistinbuish those embryos which produce 

larvae which are apparently normal except in not being 

able to hatch, and those in which there is a complete 

disor0aniaation brouht about by a very early develop- 

mental djsturbanc•, 	.ere lare-scale surveys of Is tha].s 

are concerned it is scarcely possible to do more than 

classify embryos in this way; but detailed developmental 

studies such as the present one 6ive much more information 

about the time of action of the factors, as opposed to 

the times at which death results. 

Thoun kiadorn points out that these are not 

synonymous, his own scheme emphasizes the one which is 

least important for an un*isrstanain, of developmental 

mechanisms. 	In particular, the clustering of so many 

isthale as resultlnb in deatn at the second sensitive 

phase shows little more than that the mechanical difficult-

ies of hatching are decisive factors in preventing the 

further aevelopmsnt of wirmal embryos; it reveals 

/their 
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unfitness as orbanisme, but nothing about the reaction of 

the developmental pattern to ,.netie factors, 

pibenetic crises in development: 

A more useful scheme for the present purpose is that 

developeci by Waddinton in connection with developmental 

studies on various tones affecting adult structures, such 

as the eyes and winee 	in the following quotation the 

terms "epienotic crisis' and "quiescent interphas." recall 

kiadorn's "sensitive phase" and "insensitive interphas.", 

but they have a clearer relation to characteristics of the 

developmental mechanism; 	"..we can perhaps take it as a 

fairly beneral pattern...that there is an alternation of 

phases of epion.tic crisis, at which the predominant 

factor operating is often an evocator stimulus, with more 

quiescent periods curing which a comparatively large 

number of miner eienetic processes are governing a whole 

host of small adjustments, on whose overall effect the 

character of the next crisis will depend." (Waddington, 

1948b). 

Une example biven is the effect, in combination, of 

certain mutant bones upon the ,rowth of the imaginal buds 

durinb  the larval period, this results in a gross 

abnornality of the folain, of the imainal tissue into the 

buds at the time of pupation, and there are in consequence 

Is 
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a number of disturbances in evocation of adult organs, 

thou1h the genes themselves probably affected only the 

browth and thus the mechanical folding in the buds. 

this is precisely comparable to some of the defects 

which in the present stuay have been found to occur in 

astrulation, especially in i1ff 11 0  12 and 127, though the 

ensuinb  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 .equencs of much more obscure 

minor abnormalities which have only become drastic in 

their effects at the focal point represented by this 

epienetic crisis. 

.uilibrium in develment: 

Considering the complexity of movements involved in 

astrulation, and the minuteness with which they must be 

intebrated 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 uisrupting the co-ordination 

in time. 	Comparable oisturbances have been found to 

occur in hybrid trout embryos (Rubaschev, 1937), and it is 

probable that processes invOlvinG the integration of 

/complex 
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complex cell movements are likely to be epigerie crises. 

This exanpie illustrates the balance which normally 

exists between the factors involved in development, and 

their equilibrium until it is disturbed by the effects 

of a mutant factor. 	*&dainton points out that this 

balance in developmental processes results in an important 

characteristic of differentiation - its "canalization", 

so that one or other t.pe of tissue may be form.ä, but 

very rarely an intermediate type: "..there is a. strong 

tendency for the end-result to be a typical representat-

ive of a repertoiro of definite and &stinct organs or 

tissues." (*addinton, 1948a). 

ahe example biven is the range of potentialities 

whicn exist in the early vertebrate ectoderm, which, 

havina, been started on one path or another according to 

the evocator stimulus it receives, continues to different-

iate inexorably into one particular type of tissue. 

And it is pointed out in another connection that "genes 

act in a, way formally like that of evocators, in that 

thei controt the choice of alternative" (WadQinton, 1940b). 

This principle is well illustrated by the present 

studies, especially with respect to the differentiation 

/of 
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of the ectoderm. 	In this the delicate balance which 

exists between the tendency to give rise to hypodera, and 

the tendency to jive rise to nervous tissue, has frequently 

been referred to. The case of 420 is prticularly 

strikin, where in type I the ventral nervous sytem 

develops norxnaliy, but with no hypoderm over it, while 

in type II there is a complete hypoderm, but no nervous 

tissue is aevelop.d, ixore the normal action of the gene 

controllin4 the choice of alternatives has been disturbed, 

and differentiation of the ventral hypoderm is canalized 

into one or other of thise contrary directions. 	The 

self-reinforcing nature of the differentiation process is 

well shown in ilO, type 11, where frequently the entire 

mass of dtfferentiatini calls $vss rise to nervous 

tissue, somewhat analogous to evocation without individ-

utton as it sometimes occurs in aaphibiane. 

Variation and buff.ri; 	- 

i3iozetrical studies have shown that email variations 

in development occur even when the environmental and 

bSflitiC variables are reduc.c to a minimum; such variation 

has been provisionally ascribed, in these studios, to 

"'intanible' accidents of development" (Robertson and 

Re,ve, 192). 	dut such accidents are usually controlled 

by the equilibrium and balance mentioned above, as 

1adainton has pointed out in his explanation of the way 

in which normal development is MbufferedI  (Waddington, 
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1942b)* 	in mutants however the buffering mechabism is 

upset, and the variation found even in visible mutants is 

much more extensive than in normals; alight initial 

dc tatione will tend to lead to greater divergence, inead 

of bei adjusted. 	in the mutants described here the 

variation between individual embryos 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 A10, type III. Where 

there is a specific structural effect, as In Lff 31 and 

12, the variation is lees. 39 is interesting in this 

connection, for there is an initial structural defect of 

the blastoderm, which is subject to relatively little 

variation, and subsequent general effects on cellular 

differentiation, in which there is much mere. 

alight initial deviations will therefore often 

operate as *switch* mechanisms, being followed by 

canalization of the ci'v.lopm.nt into a particular path. 

Some such mechanism must account for the large proport-

ion of the mutants which show a number of distinct types 

of expression in embryonic development (A20 and AlO), 

or in which 	 occur to another stage of 

ucvelozient (39). 

/ Evolution 



.A'volut ion: 

The relevance of these studies to two re1d larber 

problems may be briefly noted. These are those of the 

comparative embryolo.y of insects, and of the evolution 

of hikier cat eoriee than species. 

in the first place, the comparative embryology of 

insects lacks any unif1in 0  jrinciple relating the very 

diflerdnt t 1 pea of development in the various orders 

(Joiannsen and Butt, 1941 0  passim), In the second, a 

number of bio1oiets .uest that the current nsa-Darwin-

ian explanations of the mechanism of evolution fail with 

respect to the emerencs of supra-specific categories 

(lalcq, 1949; (eolcieshzaidt, 1940 and 192). 	Qoldschmidt 

in particular has suested that their evolution has 

come about, not by thi accumulation of small mutations, 

out by 1are macro-autattpns* 	These would cause early 

lsturbances, but the or.*kisM would be viable, jiTing,, 

as he puts it, a "hopeful monster", which miht survive 

as a pro0enitor of a croup of or0anisms of a new type of 

oranisat ion. 

The present studies show that early disturbances 

arisina from mutations can cause drastic modifications 

of developmental pattern, while the oranism as a whole 

/may 
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may survive until its inadequacy as a functional oraniem 

leads to its death at abou the time of hatching. .ore-

over, those which are most etrikin in this respect - the 

lethals which cause disturbances in gastrulation - bring 

about modifications in the relative lenth of the term 

band, extent of the embryonic membranes, alterations in 

movements, etc., of the type which is invoLved in the 

aifierancea between the embryonic or banisation of one 

roup of insects and another. 	And it has been stressed 

that these chanea are probably brou 0kit about by 

alterations in the rates of normal processes, which is 

well known to be a common mechanism in evolutionary 

chane (de Beer, 1940). 	In Drosophila there is no 

reaulatien in embryonic development following these 

disturbances, and the reaultin 1, monsters would be hope-

ful indeed if they expected to contribute to evoltionary 

advance. But in ancestral insects, as in many existing 

ortsra, a •reater capacity for regulation might have 

made promising material for natural selection out of 

such mutants. 
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in rosophila techniques exist for naintaintn 0  stocks which carry 

CSflStiO lethal factors; mreover, iare numbers of them are produced 

in the course of research into the induction of mutations, so that 

there is an abundant supply of material, it is known that many 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 ionetical knowledge relatin b  to Drosophila, comparative 

Ly little is known about its normal developmental mechanisms. Therefore 
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development, both by studying normal embryos and by noting the reaction 

Of the developmental processes to disturbances caused by lethil factors, 

in addition to investiatin the mechanism of gene action in development. 

Twelve factor, were selected which caused death in the 
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iroduced fuIly-aevelop.d embryos which were unable b hatch. The other 

six caused disturbances in development which led to the production of 

extremely abnormal embryos. These were studied in detail by means of 
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serial sictions, preparec at all stages, and in some cues by time-. 

lapse cin&-.stuajes, in Seneralthe complicated final array of abnoraalitj.i 

characterizjn each mutant could be traced back to the effects of 

simpler earlier structural effects, which were considered to be the 

primary effects of the benetic factors* 1he primary effects occurred 

at specific times in development, and in three cases involved the 

*aatrulation 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 cleavagi 

nuclei. in some case there also occurred apparently unrelated 

disturbances in cellular ciifx'.rentiation, ana in one case these occurrdd 

in the absence of any primary structural abnormality. ilTects upon the 

differontiatloo p1 the ectoderm were particularly striking, and showed 

that a delicate balance exists between the tendency to become hypoderm, 

and the tendency to become nervous tissue, which is under oenetic control.s 

Little evidence for the existence of incuotion mechanisms was found, btt 

the degree to which the hypoderm is developed does appear to affect the 

a.velopment of the somatic mesoclera* there is much individual variation 

in the expression of the factors, and in some mutants several distinct 

types of embryo were found. These I inain6s are discussed in relation 

to general embryo1oica]. concepts, in particular to those of qilibriva 

and canalization. 


