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F.ditars’ Preface

‘mrects are G mast Hounshing group of organisms on eanth, The number of species
s reached mare than aoe il on, possitshy s s as 1en anllions, and 10 s esiimated

that the total insect popuistion 15 o hundred mithion nimes higher than the size ¢f man-
mand. This is the rcazon wiy the canh iz cailed a planet of inseers and why 1l imaee

wie m the focus of many ivestigations 10 a sizmilcant tsk 1o leam how msects lead

thetr fives and whal makes thern so successiul in colenizing nearly every corner nf the
cartt TUwe understand insects we can befter geasap our own posilion ir nalure and

handle environmental peobiems created by human expansion.

2088 W thewt saving thal =ome kinds of ins2cts are reganded as nuisanoes worde
culesninaton hecagse they .‘:11.‘:-‘1.» our food resowrces and rassnal discases Howew e
e i v T a0 et of mature”’arole thar we 'n"- -‘...\. O7] QurNeives '1"_-;-;:l~. ETE AR

ndispensable component ol mosl ecosyvelerns Some hecame pests, lrom our poiint o

43 ]

wigw svlicn mEn beean 0 pIow Somc C PIANIS N Lhhahera . "li_\',|‘. densities and 3 moae.
aitures and thereby est wh-. ned teal comdimons for these species 1o feed on such prans
Also, representative medical pest insects, such as mosquitoes. are considered 10 azc-
dentadly v buemas bomngs nstead of many ather arimal species m arder 10 obimn e
Riocd as ther digls seothat they Inemseives may survive

1 2 - S TP i\ e e aly o b1 o= el -
Suppess e all the LpeCits ol InsSects Innroug I 1- t“n.:u!"a..:ru.‘! frosm the cartg Mo

o! the Newenng plants would net be Terthzod, thas g 1o ear frulls and sesds

accompesition of crganic material, such as old l-**\' cs, would e hampered and sil
ertihiny would be lost s few _\--.‘.;‘.l:-‘- Many nmucroarganiams, such as hactes a and faep
Chich are rormally eaton by the insects, wold protfenate and some would prob:.b.ly
ceconie pathogenic 1o man Om ik tolhcr hand. thousards of amimals including many
tresdowaeter fisk searls all aroplebians, most reptifes and bisdswnd mos? small mam
mutls woeld lose their tood s net diltwult te tmazine that the entice Siosphere would
olippee and men could notl servive

Tae corcrbunon of most insecls o our hves s mmdimess. Tre usefulness :s nbvious
ardy e Tewe specios suen as 1 aones tee o the siloweim No one alse deohis the
contrization ol Qeccapiids mefanagaster lwwands I..nl‘cr“-l:l’li:!m_ YUIIOUS aspects af Dz
Cromctaaoasier s one ot e best examined orpanisims Tat s i ;mc.ﬂ:‘ et undersand
o'l mnsects on the Basis of this krowledge? In the prvlozenstic .ally s as tar lrom
An D as i orean | 'z-..:‘; alurd We mial obvioesiv study other species, i addition to
D melanngaster o comprenend insects. Forcrately, a great amount of knowledee an
Aombye oroe: has bees proed opoaa our coantey, whiaeh s leadmg the ficld of Sencultural
BCIENCes,

T prosent bonk erttled “ The Early Emboyonic Development of Borelye moori® 1
concentmated or the witrastructoral morpholegy of car'y embrvogernesis. It is publish
e Leghish o fact Sate 1he cpreading of keowledpe from J -apan o other countries S

the nucleotide sequennirz ef 1he genomes of severa! organisms has recent's D2exn fn.



2 Rdkors Predace

:::.-.v::_". IRyesticshions ure coming 1o the .'._--,-L__-.- of clarifvieg the 1oles of ndividus! genes
lo undoisuand the pene mterpiay inthe developmenal ‘“I_'L_“:i_ﬁ the formation ot ceils
NS TS Cunet Ity ng elernenis muss st be ok led by alizestiuciaral cudies The pro-
vess of carly ¢ erthnvagencais ia a |~.,-|,--_:-\: Hariy ‘_.meh' i e (R dey ciopmental
studies Several nevel approaches, which showld comelement the wrowledpe ebteied
v - melanogester ave sugy restesd in this book. A combination of the informaticn on the

embrvapenesis of the trL Ul ard the silkworn will facinate the enderstaradimg of
varly embryoyerciis in all insects
Dr Ketichiro Tvi':'.'l.i]‘h’a‘.c Lnvers:o Ereries Professer) is the aushority an It

2 L )

Embmooloey ard ‘.—1||t1|| plugy e plans 10 publish A Picturia! ¥ - Janatinfar S

worm Develepme "onsisine of three volumes enatles Larly Lobrvogenesss CCiamne
Toeness, ard f"l;.-,d“flﬂ(—l'l(‘ﬁl-'. Me o1 570! arwork on this monamenta, undenasing %hen
ratle 1o |1ul.h~-

mezhng Ur Miya op seversl ocessions sve conyinced B that inois e

doconde: 1203 VEIAIOn al his « ark as s0on as e seible, He agre ed 1o pre '.‘an— {nie b{)ﬂk

tu.:.] “WCTS F c.I.II"o ‘.."I}th -l-j_{-t‘::._;u. ‘.k._- e .1.‘_.7—',_:.-‘_-;_1 aw the invilation (o sabe or U ht Te-
sponstbiaty as the cdiors,
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Preface

A Pictorial Explanation of Silkworm Development
Early Embrvogenesis

Tha motive of my studies on the cmbn%r.-c- i3 of silkworms comes from a series

cf invastinations abou! hereditary characiers of the colers of silioworm eges, which wes

‘eid by Prof. Eisabu Kawaguchi in the Laboratary of Sericultural S¢iences, Faculty of
Agnicelage, Hokkaido Universioy o the [6th year of Showa {1941) Panicipating in the
project 28 & sruden r..;:'z'w bactielor’s cosmse at 1nzt time, | tooX charge of making sec-
vars of exgs Tom e deposttion 1o the libematirg stazs to compare and examine the
develarment of seT0sE pIgment granules, one o7 the ma;or &ctors dete*‘rn.:'.m-r 1he ¢caor
of ezgs in various silkkworm races. ARer the discovery of large size cells in the diapaus-
ing embryos, the clucidation of their onign and the charactenzatioe of their features
were regarded as 2 significant problem (o b¢ selved. This prompted me (o focus my
anention on 1his theme in my ressarch for graduation.

In those davs the major methed in cytology and _mhnoloﬁ was as follows: after «
sample is fixed with 2 vanery of lixatives, it 14 included in some ¢mbedding material,
cuch s paraffin, to make sections that are stained with dyves anc examined through 2
fght microscepe The observaticn was imited o exarmning structuza) featurss of cells
and companng morphelogical differences of embryos of various developmental stages,
The movements of 2 celi and the differentiaiion changes occuming with the hps: of
time had to be presumed only from structurs! differences detected in the pleral samples
Later, technical rnpcss in phase-contrast micrescopy made it possible to desenbe the
siructure of = living cell It was 20 amazing step thal revealed antifacis caused by the
fixation procedures.

Because the silkworm egg is enclosed by a thick, tough chorion that prevents rapid
penclration of fixatives, the fixation of cell organclles i1s often insufficient. Carnoy's
fuid and hematoxylin<osin staining were commonly used for the fixation and saining.
Due 10 the elution of lipds, howeser, the cells ofien contracied and this prevented
deiailed investigetions of structural processes during differentiation, Several kinds of
other fixatives were tested and compared with cach other. Finally, near satisfactery
dictinction of the hig cells in question was obtained with heated Allen-Bouin's fluid. Iy
wirs recognized that the big cells sepregate from 1he germband in a pamculur region
durng an carly stage of germband formution. Thos cells were proved te be primordial
germ cells by further examinat] ons {Kawaguchi and Miya, 1943,

Since the 22nd vear of Showa after the war {1947), investigaticns conceming germ
cell differentiation have been resumed, and the following phenomena were examined:
the movements of the primordial germ cel is the relationship betwesn these mevements
and the formation of ponad anlagen otipinating in the mesoderm, the morpholagics!
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differentiation of the male and female gonads, and so on A peneral description of the
cascadr of these processes was foomulzted (Miva, 1938, 195%a), however & proved
necestary 10 20 buck 10 the study of oopenesis in order o understend embryogenesis,
especiaily of the carly stage. Conseguently, we were obliged to exiead cur study 1o
gamelogeneas, including both the cogenesis and the spenmalogenesiz,

Al ther time, some amazing and cTective devices, wpather with reluted oytological
techrgues, were Sevelosed for practical use. The significance of gleciron mierotcopy
(canning and wansmission} und novel techniques of fixation, embedding, inin scction-
ng, und eleciron staning. €4, was tmmense, Also at twate University, advanced giec-
won microscapes and some devices arzached 1o them were mace avaidable 12 cur
myestigalons in the newly opened Laberatory of Elecizon bMicroscopy. Butat was niot
casy 1o Jearn 2 developing technique and 1o make the best use of the functions of the
new deviees. We met similar 4iflicuiues as did our predecessors whe leamned and de-
veloped 1he classical fixanhion staining technique at the end of ibe 191h century. A° the
beginning. we sometimes reached wronz conclusions due to poor techniguzs, bul vve
ame the methods of ¢lectron microscopy were developed 1o near perfection. Jast as the
Camoy’s fluid Dxation followsd by the hemaionylin-ea o Slaining wer reliably use

|

for hght microscapy, glutaraldehyde-osmium fixation, cpoxy-resin emoedding, 2nd ure-
nium-icad staining became sty standards in the electron microsenpy. We zpplicd
wirastructural investigations to varioos developmental SIREss, Tanzing from pumeinge-
arsic 1o embryogenesis {(he post-embryopencs:s is left aut because there 153 eolendid
work by Akzi {1976a.b)]. Occasional discrepancies in the resulls, reflecting the conai-
tions of fixanon and staining as well as the kinds of samples used in sach expenment
were insvaluble, ind they are cammented on in the descriptions of the respective fig-
urcs.

" 2ny morphological investination. the observation reveals orly the stalc al the

moment of fixaton. |1 s prediciabie that s living cell will react 1o 113 enveonment and
itz anomph will change all the time. Aceordingly. 1n the case of ultrastiwetura] morphol-
oy, s difficult to decide whether two adjacent oclis differing in their momphology
perform diffcrent functions or if they are of the sume kmdd and exhibit only chapges 1ha
clitmde wilh time. Notes gre added (o the figures in which this posaibility may apply
Maore than bwenty years have passed since | began 10 investigate plirastructural mor-
phology by clectron microscopy and | have managed o louch the processes from gume-
togenests to embrvogenesis There may be same rescarch arcas that have not been detailed
sansfacterily. [n other cases, 1 might have misunderstood a phencinenon because of g
lack of appropriate research dals [ am expressing my uncenaintics with as many gues-
toes 45 possible, and it will be highlv appreciated if you refer to them in vour mvestiga-
lions.

My book consists of the following three volumes: |} Early Embryogenesis, [T} Ga-
metogenests and [11) Organogenesis. Yolume ! includes the ultrastructursl morphology
from the mature egp 10 the nitighicn of diapause, Volume 11 deals with the morphology
of both male and female ponads and the formanion of gametes Finaily, Volurme 1] s
ahout the mophological changes from diapause stage 1o larval haiching (hrough the
penod of organ anlage formation

It has heen over fifty years since 1 stariec working o the embryology af insecis,
chietly silkworms. | would like o express my grat:itude to the late Prof Eisaku
Kawaguchi, my teacher who gave me a great chance e study and guided me courte-
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ously until his last days 1 elsc wish to thars. the lzte Prof Tetsuo Inukai for his valuahis
aszistance and advice for my degree thesis, the late Profl Toicki Uchids, the late Prof.
Sajiro Makyne and lastly Prof Chihisa Watabane of Hokkaide University

Needless to say, suggestions and words of encouragement Tom my superiors and
toileaguss are indispensable (o continue and improve my investigations. 1 am very
gratefui to the jate Seinosuss Omurs {the Head of Sericuitural Experiment Siarion), the
late Prof. Hisac Aniga and the (ate Prof. Narum Yoshitzke {Teckyo University), the late
Dr. Takeo Taxam! [Sencultural Experiment Station) and Dr. Hiromu Akai (Tokyo Uni-
versity of Agricehure), Dv Yataro Tajima (nstitute of Sericuliers) and Emeritus Prof,
liiroshi Ando {Tsukudba University). Thanks mus: zlso be given i Emeritus Prof.
Morihisa Kurtharz and Prof Xoiche Suzuki {Iwate University) who assisted me s co-
aperative investigators duning the preject and the 1ate Mr. Tchiro Tanimurz who mede =
greal contnibulion by operaling electron microscopes and preparing & grear number of

samgles { Laboratory of Eleciron Microscopy, Iwate University).
June, 2002

Keiichira biya

Xawagishi, Moncka, Japan



Introduction

T2 eariy embrvagenesis of insects consisty af the eslahishment of @ buds ground

> D s = 3 I i
olan v nateread information thil Yas deen stered in the epg durim@ GuEcness & 4
e S at:al and wm pelel] '!’ AT 01 IR TR R S CORR FETERNT o) the ._,.r'.”..;‘; nu el e T 2IYE

mprtanee o thewe taan 1-'1 lears ane riodde of thegr elae nleracnion vary ao A deperd

e e spraies IR ane case, the bisa) o svatem i controlled ny maternal i finrprataan 1o

ETcat extenl, whereas in anather caze the matersal cnformaticn s not s edlecitye the

Clrnrragenras ol salvwosmm s closer | and maremnal delenninams
"F\ e - 5 <% y . g G = N o 1 -
appear crucial 9 ot mhishang the cop halocaudsl U S To) i1 PET oS S the dorsuvesliasg

the Commes monle

.

» ] Rl . - A e . -_. "~ =
STV, U ernbrv o mic versis ihe exiti-embr enic Tegions, as well as the arcas 94 5

A el Ta s P . - B W vihs g
sumpese coederm and micaodenm, W nile the di¥erentiazion af pa asondial geisn et 2
Lrigeied ¢

pa the maternal delerminaets he diflerentation o} gonads from
derm s comttzulled by pene exores

e e =

swa N the zygonc nucle: This 1o why 8o misd study
oopenesie in order to anderstand she cariv embryoeenesis The ooy ool the constdt
ve elements of 4 mature vpgr Bas not been deserbed suTiciently and fusthe r Dvestind
DOns on e thesioloica toles and (her relation (o *ae rr.:uer::.:).' ninmmnelinn e 3ia0
needed. The I‘“—"-L'u"- htmk 12 Lennted 1o the gltrastuctiure af the waltrs vl and the
vhanyes vccurnng m ety embryogensss

I A bricf history of embirvological investigation on the silkworm

I hanss Lo the techmical progress of hght rmcroscopy 0 tne late 191h certyms 108
ceas of inzects came 1o b regarded as 2 subject of study in embrvoicey  The DSl

mwvestipbiom oo sikwnrm embrengenes s was ciered ot by Dichomirodt £ TR He
made o "eper an the blastoderm formation, che ot erentiniion of sndoaderm and the
developrioent af vanous orpans such as the «ilk plands, rachere, setae and se on The
cellulomization ot dlostoderm was viewed G ppraenvsis within the egpe accuni.ng o
Weismann Th863F On the ather hand, Tichomired? objectea 1o Weismann s iterprets
hon of the tormation of the nrer germbang bw ecloderm nvagination §urner sludies

Jed Bim 1o the conclusion that mesedern: arptnates o cells separated froe the pony

Ive Eroeowe thitt apwsars ol the qaoaddle e of i e hry o anet n thye regoon af the twbular
Invagination (thatl aprears a0 the end of the alaslopare.

o shiee 13 & - 5 T T
In Japan, the Nirst research an silkworn N.:h_‘ SEenesTs was | pnoveted by levama

{1896) Wmile ne hiphly esteemed Tichomirofis inv esligaran, Tavama nolired sev-

) Ly V' DO 1 e
eral unsatisfctony potnis Hee specially focuned b altentior on the s e cs n the

d'-""]"‘i ment staping. which were cavsed by 1he variability of the caanmed sarmpivs,
He pomted out that the results wese nat prastieal I'hen he carried out a series of
mvc-t.u}a wons with tie lapse of ime I ventially he succeeded in derfinae all mupar

slages of embryopeness from the Cop arhiterture the formulon o) blasodesrn and
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permianc, the winter diapause, the pericd of embryogenesis resumption nex! Spring, up
10 ihe formanen of ergans, This Unportan woek, which azpeared in “The Bulieren of the
Callege of Agriculture, Tokye Imperial Uriversity " in 1902, is not only the first repon
covermg the whols silkworm embryogenssis, but it s alse evaluated a3 ong of the mzjor
papers in lepidepierclogy 1t s the first thorough cescription of sect smbryogencsis
seorldwide. The formation of mesoderm and endodenm, 3 difficult question in those
daye, 1s described in Zdetall The formation of mesaderm praceeds in 2 variety of pat-
terzs accordung 10 the germband region, The mesoderm 1s formed by deep wvagination
21 the front end of the blastapore, by an inward growih of the axial germband part in the
gnathal regron. In the ventral region the presumptive mescderm is tnternalized by being
avergrown by the ectode m. The paper includes many other important and interesting
views, for example: the endodenm (mid-intestine rudiment) of Silkworms differeniiates
from cells at the bottom of the stomodtzum acd the prociodeum, histolysis and subse-
quent changes of an oral cell mass, the differentiation of salivary gland and subtracheal
gland {prothoracic gland), the formation of an internal skeleton of 3 head, and s0 oo

These investigations by Tovams were collected into cne chaptes in 4 Textbook of (he
Sidbacrm Egg” in 1909 which was used as 2 manual by all who dealt with silkwerm
smbryogenesis. Later, tkeda (1910, 1512) examinced embrvogenesis from the blastz-
derm 1o dizpause sizpe | He reponed these results together with his subsequent obser-
vations on the process of organ fonnstion in the paper “Embrycnic Development ™
pub.ished as 4 chapter in Experiments on Anatomy end Phvstolagy of the Silkwaorm
{1213}

When the basis of stuging of silkworm embryogenesics became established, the at-
izniicn of researches rumed to (1) the developmene of practical technigque useful in the
meydticn of sslkworm egps. for example, sasy recogmition of the developmental staz=
of silkworm embryos Ancther task was (2) the reexamination of cach phenomenan
dunag embryagencsa: and coréction of the already deseribed facts: for example, Iwasaks
1930 1852) mude chyservatons of blastoderm cells, velk celle and blood cells His
repor shows that the membrane, which separates Sicavage nucled entering the penplasam,
originates by inwarc imvagination of the nan-structurs] membrane tha appeared on the
surface of the penplesm. The volk cell membrane produced by yolk cleavage is formed
by forther inveginations of the membrane produced during the blasiodenn formation
e insisted that all blood celis are derived from the cells released from the oral cell
mass at the mouth. Nakata (1935}, who investigated the Mzlpighizn tubules and the
development of the postersor portion of the midgut, opposed the idea of Toyama that
the midgut rudiment dificrentiates from the bottem of the prociodeum. He described
that during midput diffceentiation seme of the ectodermal cells near the rear end of the
caudal segment invaginate and begin to migrate mto the embrye interier. Kawaguchi
and Miyz aced back 10 1he penod of germband formation 1o ¢larify the ongin of pri-
mordial germ cells 1 another investigation {1943).

The study on embryegencsis around World War 11 was advanced enthusiastically by
lakami. He successfully accomplished several research projects, such as the first analysis
cf silkwerm embryogenesis by means of experimental smbryciogy, the observation of
wing yolk cells, and the techmcal development of the i vitro culture of embryas.
YWada (| 955ab) made detailed examinations on the accurrence of the subesophageal
50dy an relanon to the blood cells. and followed Toyama’s idea that the subesophageal
bady has its origin in the mesoderm and akes pant chicfly in the differentiation of blood
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cells Miva tied to tizce the fate of primordial germ cells and pursued probilzme of the

gorad {ormation with the a1d of cautenization (introduced by Tekami} as weli as with

merphological sbservations. Thase works on silkwonm embryogenes s were sollected

5y Xawana and Takam n the volume “Embrysfogy of (nverietrates conec by Kume
and Dan (1957). They represent impaortent contribution 10 mseet embryn gy on @ world
sale,

The ulastuctoral studles of silkworm stared in the later hal? of the } CoTa
Axan (1957, 1958) clanfied the ulmastnicturs of chorion and Akuisu and Yozhitake
{1574} subszquently examined the chorion of the “gray eggs”™ As o the inner fearurss
of vggs. Miva (1359b, 1960 observed the ulrastrucrure of seros2 and volk cells, and
Teker 2nd Nagashima (1975) compared e embrvonic development of drepause and
non-dizpause eggs. Unfortunately, their immatunty n the micrcssopy technigue (0 some
extent diavalued their effons

Altervards, with mprovea fixation procedures, tie arcniiecture of siixvwarm cg2s
and the ubrastructerel faarures of smbeyagenesis could be elucidared Obada{1972)
made abservations of the embryonic fine structures of the ¢ apasse and (e non-dia-
panse egps. He found tha several characteristic changes take place during the dis-
pause, sUCh as e vesicie- ke mitochondria or the concentric arrengsmer ©f L rough
enceplasmic reticulum GER). Then Miva ef of. {1972) made investinafions on the st~
rosa and yols cells and discoversd remarkable changes in the romphologizal snuchire
of mitechondria. Takesue o4 of, | 1976) compared Uie development &nd changes of yolk
granuics in the diapause cegs with the non-dizpause egge 1 he 2rehitecture of newliy

1C cggs, the changes precipitated by the sperm entry, the vitelling membrane, sndins
perinlasm were emphasized in Miva's report {1978); Kobavashi and Miya {1987) as-
sexsed ielationships between the embryon'c and the exera-smbryonic regions frem the
u.':ra.:,trumual difference of rER sttached 1o the periplasm of newly laid cpgs Lonserm-
ing the blastoderm and the germband foematicn, Takesue e ol (1977, 1980) anc Takssue
and Keine (1980 examired the relalion hehween migraticr of the cleavaps nuclei and
the microtubules, and insisted that the cytoplasmic membrare in the blastaderm cell
formation is formed not by the invaginaticn of colemms. but by the protrusion of cleav:
age nuclet toward the surface of pe:_i;ﬂ:nm. As for the organcgenesis, there arc 2 P
afreports by Miva aboul ponads { {975, alimentary canal and Malpighian wbules { 1976).
Hashimota and Miya (1987) compared the c'.cvc]:'mmcm of brain i the wild type and 2
‘ethal mutant (duplicate S1Ar-$pots),

Among examinations based on scanning electron microscopy, I wish to ."”'“““"."
reports on the pray epgs by Sakaguchs o7 ! {1973), oo the chorion by Ohtsuks and his
ce-investigators (1974, 1977, 1952) and on the changes of the c2g surface l:rom !.hc
ume of depositon 10 the slape 0f germbana formation by Keino and Takesue t,l\?ﬂ?—,)

The abave-mentioned “Embryology of frvertebraies” was later re-edited imto - 445
veriphrely Embryology Vol 1 & 1" edited by Dan, Sekiguchi, Ando snd‘Watanaye,

and the wvestipations of silkworms atter the dc;crip'ioni by Kuwana and Takami (] 957)
are presented by Ando (1988 (n the chapter “fasecis *in Mel 1

1 Considerations on the fixaticn and sizining method

Since the silkwerm egg 15 covered with 2 thick lough chorion hke most other insect
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egRs. wnich prevents rapid penctration of fixatives, it is necessary 1¢ search for the
moest appeopriz Xind of fixaticn. The penctiztion of osmium tetroxide is particularly
poor and requires remeval of the eggshel! and cutting of the embrye Before fertifiza-
tion, the silkworm egg is extremely viscese Ietween its chorion and the vitelline mem-
branc, and remeval of the cggshel! is impesable. Once the spg is fertilized, however,
the removal becomes possible becews the change of the viteliine membranc into the
“femilization membrane” is associated witn a reduction of viscosity. However, i lot of
practice und ume are reguired, Another chistacle is that the fixed yolk prevents penctra-
tion of ather liguids, such as the embedding media. Thercfore, mechanical separaticn
of the region 1o be examined znd the mest eppropriate arrangement of the size of see-
t'ons and the angle spains the vertica! pele of the ez are required 10 cbiain satisfactory
micrographs. In the case of stabbing, penetration is unsatisfactory except around the
stabbed spots

With the progrzss of development and during the formation of cuticles on the se-
rosa. the eggshell becomses easy 10 separzte, and the Nxaticn without choricn imervan-
tce in readily available. Morcover, 10 is possible te fix only the embrye separated from
the vo!lx when necessary.

In rezacd (o the obstacles described above, most examinations of the carly embry-
onic development were done on specimens fixed with the asmium teraxide at the first
stape, and subsequently with the gluzraldehvde-asmium. The ege was typically cut and
washed 0 we-cold buffersd 2 5% glutaraldehyde solution (veronal buffer, pH 7.4) and
then fixed with ice-cold 1% asmium (veronz! or phosphate buffer, pH 7.4  fer 1 -2 hr
In some cases, e sgp was fixed in the former fixative for 1.5 - 2 hr and washed 1o the
buffer for 20 min, and then fixed in osmium teroxide solution for 2 hr. Subzeguently,
the epg was cleaned in the buffer 2gein and dehvdrated with ethanol series. The meth-
sy late resuy and Jater the epoxy resin (Epen 3127 were used for embedding The method
of urany -lead double stain was taken up Urany) acetats was followed by lead nitrate cr
lead cimate.

Although we paid much anention 1o the preparation of the samples, we have 1o
admit a certain discordance among the resulis because we started with comparatively
casy methods 1o cover a large range ef embnyegenesis. A notz on the methedology was
attachzd 1o the Deure descniplion whenever | deemed it important.



Chapter f Architecture of Matnre Fee

A mature ege ol the silkworm s normaily a depressed sphereid, approvmately 1.3
e dony, 1O ren wide and G 6 oo thick. Theae features, however vary accordiog 1o
races wnd biceding conditiens The mucropyiar channels open at the apical surtace an
une pule ofhe epp, where sperms epter imo the cey This pole o called the antenoer
peing distingeished it from the cpposite pole Lhat s called the posteniorn: the sice with 2
somew gt comves shape 15 called the ventral and ds opposite regien o called the comal
The formation of embryvonic anlage cccurs 1n the ventral region. The epe cell is en-
dowed by @ nonmal cell spemzrene. coveloped by an extracellula waicliine membrane,
and on the surfuce, profected oy athick touzh chorion ©he coplism can be dovided mito
a supeificial layer (the peripinsm) and the cenual pars wath 2 reircular structure {the
reticuioslas=l Most ol the vo ko ia centzoned i fee reticadoplanrs andbe cppnucieus
15 locaed at the dorsal side  ose 1o the macrops ar region

Freen an wloasiructural pont of view, the defininen of 2 “matire cpp™ has somewhar
delicate asprots In silkwormn epgs, the sperns mjectad ito the female copalatosy pouch
{bursa copulatrisd afler matic g migrate 1nle e senunal receptacle fspermatheca ) that
SUTVEs as il Aperrn Slorape anean Jarmg -.wl;:r"-l'-ic'-r' the spern s released fram the
receptacls into the oviduct to lertilize the descending ey drlore they are fnd from the
ewvipasidor The moment of laying 15 commaonly reparded as the bepinng of erhrva-

3t 13w ir,g 1%

EUNCSI5 AN 15 laken as Crriter esidis Ly 2T an Sapitpe sHuations when the v
:t":l-.a;‘-a:u:'. and thus the developmenl may start i the lerale body Inesvepbonal Ciaes,
morplo opical chanpes can ke place already during the cgg detacnment from the fol-
hicle eptbeliem, betore of hegins & descent thiroaph the ovicuct tovalations This hap-
proy when parthenogemc developinent s precocieusly induced, tor example o the
freatmen: with ho! water (Aslaurov, 19870 Accordingly, the comparisor of the gpp
wltiascroctuse hefore and aficr ovaelanon scems necessany, [n this book. however, '1(.
morphology of exgs descendicg oo tbe oviduct of premantng females s tahen as

baasis,
1.1 kgegshell

Phe eppshell consis of chorion and viteTline membraie, which we formeed ar the
firisl stitpe of oogenesis  Therr formatien will be discassed 1n the Chapler on aoeenesis
ol Ber l'llll_)L ey L i-l.’”t'l“j'.l'fl'.'.‘-l'-”
1.1.1  hormon

e charicn of stlkworms 18 the catermost eop envelope 1t is tarmed by elastic and

hard protems and mas a complicat=< structure that s compathle with phveic agecal
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functions such as the protection of an e cell, the provision for spesm entry, gasy change
and wales retentinn Uhe boundanes of fallicle cells are imprinted on the chanon sor-

Tuce in 2 charaaierislic pattem (egg patterns). Fig. | A represents a tyvpical surdace struc-
ture o the thornon. The paltems vary according o races and regions the boondanisy
sormetimes swell to sema- e clevat.ans 25 shows in the foure. In other charions the
houndarnes mav look like fine grocves Aggregtes of small callus- like piles of charon
mav appar within the feld defined by the Imprints of cell beundarnies. Several asropyie
mpen ut the IMEILAL SNCOpassing more than three follicle cells 0w speeific epy region
hisuki, 19789

Yhe chonon s composed of Threr layers, whose cross secthion s shows i Fig 138
Phe e layer consistss of owo thin granular sublayers ..i"x....l | g th.ck and a trabece-
fzr lavers, wilh numerous tp:la. es Detween the t“o g -°1&, 20 The muddle laver consisis of

i 5".']'..‘ of 30- 3% foae-fbhroas then ‘n....:.: ors 2t abaur 140-12 paiz shick {}-!E. 281 The outer
laner s compesed of 25-30 thin sublayers .tl::t,:.z! 4 theek anad very dense [ Marsasak,

Vo T

CaR.
The su-face of the m Cropy ar rey -m:‘, & comstderably different from the r:'ﬂ.‘:ining

vy surfuce us demonsirated 1 Fig 3A 1L shows a petal-like pattern (micrepylar ro

bRt

-

sctie) with a muacrepvlar opening {micropylar ondice tn the center. The nen nher af mi-
cropw e chanzels s nonnall =40 but m some samples 68 channels are recoenized
Hhmsula, 19TY Rawaguchs of ol | 2O0ET

Three Xinds of exils are invalved in the formatian of chorian o the mi crapvlar

.

regen micropy.ar chanoe b iurming cells. mucrupylar orifice-forming ceils znd petal-
like patiern ._ﬂ'il-.h.ll"'.l"‘l' rascrie-ierming colls 1Yamauch: and Yashitake, 19827 as rep-

resented in the d.“.st\'r:i_ of £ l;.j B F:,’_ A shoses that the oter and innes 4.1'_\L|~. are adal

detwcted in thin scenons of the stctopylar repion (ARa, 1058, Miya, [97S, 149840y

Fig 41 reveals tha! 1h-' lameilae of the middic laver, which is penetrated by micropyiar
channels made of the nueropsiar channel-forming cells, has an arrepular 2izanpesnem
A kuray and Y :_v_.!nl.:k:., j97a)

112 Vitelline memmbirane

Fhe vitellime meenbrane used 10 be considered ae o kand of ssmple noneelular mem

tienne foermead before the chonen fermation, However, recent ¢lectron MICTCSCORIC 025 er-
vations nave revealed that the viteliine membrane structure (s complex and mf"m. n

vatious insect species. The vitelhae membrane of silkworms 1s cormposed of u thun

"r\ er wdaiming the chenon and s'ﬂnwlng partly scanfied piies. a subsequent electron
ere laver about 0 28 wen thick, and a troad irner layer containing, abundan: elecrron
-JL‘!‘.?.‘\_‘ prepulariv-shaped granules scattered evenly amonp finer granules { Akutsu and
Yoeuhitake, IWYT . Miva, 19078, 19844) In some nhservations, the outer t5in Javer 1
vague duc 1o fixavon conditions or specitic teatures of the panicular silkworm race
(Fig 2831 In the micropnlar region. oath the outer and the inner lavers hecame thickes
and 1 thie 1mumediate viciney of the micropylar ¢hanne 1uhule, the outer lgver reaches
200 2% pmoan thickness {n this area. a wide space occurs in 1the outer laver, fiem he
end ¢ weneh a chanred tunele fadont 06 pmin dlameler ) cruoked soimtewhal and en
closed by a thin membrane (3tout 6 nm thick), penctrates the inner layver and acts closc
to thier ol e Dol erminat=s in ‘I ¢ mner laver without makng any contact with the

aoiemma {Fig. 5A and Fiz. TA}. The channel tbele contains many fine vesicles and
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granules, which are presumahbiy derved drom the com-like processes 0/ a8 lomuing
cells. These 4.I:uct:;1';n elemeris flow o the tnner layer fom the opsen of the Chan

nel lubule (g 713

1.2 Qaoplasm and volk system

As i moat msect epges, the soplasm of silkwormn epgs i divided nito the penpliam,
& superlicial laver that is free from the wolk spheres, and the endoplass or IRE
reticilaplam, which aecupics the conrral nan of ke epf The periplaan af silnwepns
s cumparatively thick. Particu'arly, the anenor r-,i_.-z-.m specified lor the speimm ety
posseases a conspieuous wltzasiuerure different from le ather repions The deternuns
non ¢f cermain blastoderm cells 1o the primordis] germ cells 1s thouphs w oo inthe
pale plissit 2 in Diptera However, unlike in Diglesa, the plasm i this v lowosm epp
dpes nos :?a;"ﬂ'm any spectal stractural {catures. 1ae ribosomes and o itesnondria arc

the mosl conspicuauns ooplasmiic arpanelles. Polvaonies are narmiaily no! lorhed 16
uﬂ!t‘l’?.lhrjr-:. =gps Instesd, sume part ¢f the rihosomes are bounad with an endcopasnii

"

reticulum 10 form a cristema-live or vesicular rewgh sndoplasmic reticslum which giees

Cpartaee s arranyewaent o veeh sepion of the coplasm

1221 Perniplasim a2t the anterior TEZION

The wlszastrucrure al the antetior region 15 repaosented dizgrammatically i Fig &,
and i1s electrun mucrograph s i Fig & As discussed previously, the vitelline mems
hrane increases the thickness at the anterier region, and the colemma profrades big

vene-shaped processes inty the soner laver, frony which 3 great number of nny pros

cesses extend Around this wien, the rourh endoplssm o reticulum arranged n Slauk
parallel to the sotemma surtace develops remurkably A dense granule zony conmedts 1@

the periphers of the stacked siucture ot the FR (the zone of endoplasmic renculum in
Fig. OA). Ii.rrc are no other organelles but a small pumber of Golg) botws the rliK
cone o melochongiia are distmibuted there In the ooplasmic processes. there are me-
dium-dense minute vesicles, B wm o diarmeler, and @ monele '.':'.'.:c:r.:l:u rone ol tine
vacuoles (Fig. 93, which is also one of the most characteristic srructures hnmules 1o the
snterior region Al s few hpid dioplers and round pranales wath thick conex ither
semetimes sHOW convenine armmgements and ¢ ludes ¢ alcium phesphate, Mova RS R
are detecied in these processes

A reticular siractnre cunnects 1o the inside of the £ sone, where vnlk aphentles
fwehich are densely stamed with toluidime hlue and also huve many needle-me Sirud-
tures ), mitochondra, multivesicular budies, lipid droplets, vacooles of varos
and plycogen pranules are recapnized The valk sphesules are obvicwsly the stracncs
that Takesuc er w! (1976 -Jcac-rnhcd as Ye-d Their ultrastrociuce varnes as shown in
Fig.13-B. :

2 . wine nkxi . <
Between the ri'R sone af the anterior regian and 18 adjacent periplasm. there o4

P

some that contans cleeron-dense pranules, vesicles harboring these granules, and ahun-
dunt muechondria (the granule sone, Fip 9H) T hese remasrhad v feateres el the gran
ule zone can be presumed to have relation to the sperm entry. Tac sigmiticance of the
anlerivr region for the sperm entry and ats subscguent cale 1 em hevopgenesis st re
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L
Main w be solved i the future
1.2.2 Penplasm outside the anterar region

s meen seported that silbwor eez s sot completely eilipseidai tut I:uul-'n ol
O W S8 mire 15an on the olher: the chromophile propersties of the coplasm @ e afier
ovipasilion diversify according to the region. and the embryo Sevelops al the muore

corvex sule of the spp ¢ !;1-..1!1:-.'-

d Yapi, 19263 Frather mvestival nas revealed that

the chromaphilic cifferences cepend en the siruciure and the Censity ef prronine-posi-
iy e

gritnuies, whicn silaen o the TUrp s 1he "H"\I-Tﬂp'.-llt’ rn.lv‘-u'tl.. e e, ana
that 1pey 1eflect the range o7 the embrronic and extra-embryonic tll‘l'-‘-'—‘r'!'i Tegiens

Roobavash: and Miyva, 1987 [ 1]} rom the ulirastraciuzal point of view, the [yt
mine-poiitive sranules comespond to the structures with concentric amangement of the
stacks ol rogeh erdoplicmic retoalur As o the size and shape of the granales there

are regienal differences as shown n

land 12 When embrvogenesis slaris, the
paronine-pasitive aranules sces n the linht microscons dieawpc’r i paralie]l with the
Jsappearanoe oF e slached sirsciures ooserved in Uie slection microscape 1t renaties
1o be clanfed how much these structares pamicipate in the determination of the embry-
anw region and the architecturs ol embryonic anfagy
[ some Lepodoptera whose penplasm is comparatively hick, the perinlasm some-

tes DT rs e OF several ayess et can be :h\":n:' snbes by the distrboiion of e o

gancllies. For example. the pemplasm ot s m.“ Nectuidae and Torricidar s diviged e
sonter laver which incluzes bordered concav tes, vesicles, multivesicular badies.
Croler hodies, and cistermtae o vesicies with Serse prasules Funbeo the inney lzver

contams a great ameenl of muochondnis and stacks of rER arranged paralle! 10 the eop

seiface Croreabach el 1987 I some Acraeddae, an outer laver with meitivesiculs
Bodies ar u! Ny sescles of wlirssreciural granules g mmiddle laver whics consasts of
vk prancles and Lpid dropiets, and an inner layer contaming abundant miroctondria

ad ol W omre aetected (Babinssy SRR

Ir the st!-;'.-«':,s—.'*' ceg. e penplasm outsude the antenior exit region 15 composed of 5
wuperficial laver, in which shom rod-Uke ritochondr.a, lipid droplets, volk sphemles.
vacunies ang giveupen grancies are disiobated i coplasm e in ribosemes, ang an
adjacent subcortical faver, wiich contains multivesicnlar sodies, & little araer vacgoies
and C-vok spheres within the reticuiar eoplasm 1t is cleariy distinpuished Fom the
e vodk syvstern The ooleriena pratrades witk mans eacsov il into ke e laxer onf
the vitelline membrace, and e rER zone with arge conceniric arrangements, whick
contiects o ine suheorhicnl aver sdetected (Tig 1IA Beside this strocture, a remark
shie diference s the Samriboniea and mombolopical features of orpanc!e: and other
nclusions Detwern e presumplve emoryonic region ang the extra-emsryvens region,
1vonob ciscovered (Figs. 1) ang 121, C-volk spheres are the volk spheres ‘ormed at the
il stipe of socellopgenests Thes are observed only e the sehoonical laver and charac-
tentzed oy continning electron-dense -ﬁp.'wmi-:r oot structytes show maes vinietes
i somne cases, vesteles ana plveopen pranules are ohserved ( Takesue er of . 1976, This

ok

spherule s describec as Yz-2 0 Alse, there are many merphological varieties of v
pherales (g 131]
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1.2.3 Yolk syalein

Ine yoik system that occuples mes! o Vthe epe s composed vt the ietiruicplasm
With numeraes volk ipneres. lipid droplets and glycogen prasules. Free ribosomes
m:.;:;h ﬂtfili-:-p st rehwcu um and maochondra e scatiersd (o !'--;:;'-::1.-!‘11(‘ netwatk,
(4 ~.'.|'~-{:.‘:L‘ul'.l':.'l§l|-'

‘5 I8 ;-1,-\_‘]
i TAB). The A-

q

but no other structures are detectable Two types of yolk spheres a
murphoicgically, the A yolk spleres contain hommogeneoas Ane
t

and the B-yolk spheres contain numerous clectron-dense granules

volk sphieres are shundant in the peripheral regigs

1.3 Fgg nucleus

The egp nucleus is s tuated an the dorsal side of the egg at a short dostance from the
Moy i region. As unfersized e stups it cloavage curing the midile «ape ulihe
first matwration division. Fig. 1§ represents the structure at ths stage.
election-dense chramosomes in the eguatonial plane are bound by soric matenals of
middle eleciron densey Phese chremosomes come tom fhe senaploren st complex
(Rieanussen and Holm, 19825 which ma<e homolopous chromosomes Bin, and remain

-

whese reva s of

it the eguittorial plune durmg the later stape  There are muany stchs wf rF watls drrepu
farly comeentric wrangements, enclosing spind es thal consist o microtunules adjacent
o chromosomes Srall zones of dense fine panicies IrFR-associated roetios] anach 1o

RTEITETS CTTRE R { BT RTR1 b

the contrachle regions of staces that are s attered randormly oo e ]
occurs witk stache of tER at the mecrupylar regon Small sizes of Golg bodves are also

" . . . i . N L} .
seattered, hut no matochand:ia can be observed A lot of Lipid drop els enclosy the

stacks (kg 14
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< Figure 1> Chorion

The superficinl stricture of chorion

The sustiece of chorien s enpranted By e houndaries of foliicle celic that produced
1 and therehv shows a conspicuons patlern (the ceg patterns), [T figure t« g wanning
electron mecrograph (SEM) of the wpper contzal structure of an egn (Nich: 1480), The
nnpnnts of ine @nlliele coll boundaries arc clevated, clearly demarcating sma.l € nenion
Felds beses with petit callus-hke prles. Al the imprints of the boundarsy of mune than
thhee cells, acropyles apen

Arraw, aperopsle
{Modified oM Ohisusy 1979)

Fhe section of chormm

This s a crnss section af charwan in g latersl repion of an epe of the cammeroizl
i‘.:- Brrd [SYanrer \i..-\-.p,-:-..-) I e churion is vornpaosed ol thres 1.1\:-:'- the niner GLeeT
which consisie of 1wo thin ;-::mu ar sublayers and a trabecular porous laver, the thick
middle laver which displays a pile of abundant thin NHine-fibrous sublayvers with gram-
ke g ement, and the outer leyer iilisner thiss the midade layer) which -J‘.nu\. s ple
01 thin lavers with slightly high =iecizon density The thicknsss of chonion varies ac-
cordme to races The Furapesn races have the thickest charian, while the thickness s
Teduced nothe fapanese. Chinese-univoltine. and masximally in the Chinese-hivalnine
raccs. Even in the same cgg. there arc repwanal differences, for example its charion
Becumes the thickest ot the upper cennal region (Ohrsoki, 15979

C by, midadle laver of Chancn, C ho, oulicr Zl\f-‘l cfetonen, T, inne: I.l__vc; of Chorian, Vi,
\'lll'”'!'l.' e o braaswe

ihdadified from Miva, 1978

Mate  The guttaraldehyde osmum dogble Exatior s adopied unless o note ju acded 1o
1

alpere, The scale rpdreates | m wnless a numbar 1s added 10 the har
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< Figure 2> Choricn

Enlarged structure of chorion of the commercial kybrid { Shunre: x Shopeisp)

4. Enlarped microgreph of the auter Juyer #nd part of the middle layver

The cuter laver consists of a prle of compact sublayers ol a moderate election den-
sy, about © 2 pm thick. Sixtecn thin layers are observed o this figure Some dense
matenial 1= outvide the outer layer Clocadhesive matenal is secreted from the female
collaieszal (mucous) gland duning cgg laving. The spuaces between the outer sublayers,
whivh are regarced as the imprints of folhicle cell boundaries, and tubular structures
berween the thin sublavers of the muddle laver. are the aeropyles,

Ap, aciapyles. Chm, middle layer of chonon: Cho. outer laver of chorion

E Enlgrged micrograph of the middic lzyer of chorion

I'he muddie layer displays a pr'e of thin sublayers about L4 pm thick with Gine
filtrows gran-like arrangements This sample displays 40 sehlayers. Smal. iregular
spacey ure scattered among and wethin the sublayers thit are Jess compact thane the outer

laver

C. Enlurged nucrograph of the inney f2yer snd part of the middle dayer

The structure of the inner layer 15 very complex. There are two thin layers and a
ahecular J2ver nenwveen them The H‘l..-::’ﬁl"t*-’t thin layer is abaut 0.2 pm in tiickness
and canbinns ATy nm'\'l'ul y clistrbhyye ‘.-,_'-"‘ul ar porosines e middle trahecsiar e syer
15 ahout 0.4 um thick, and the outer layer is about 0.4 pm, conaning a lot of sponge-
like spaces. In some races, she oufer Jayer is vague in vertain chorion regions

It seems tar the inner laver has the closest reation with such physielegical hunc-
Hons of the epp seuh as hreathing (Flinten, 19469

Chm, midddle ayer of chanon, T1, snnes layer of chonon
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“ Figure 3= Chornion

A. Superficial styucture of chorion 8t the micropyler region

Thiz figure 15 an SEM at the micropylar region of chermon of Wicht 140, The surtace
of chonon displays a complets]y diffeeant patern, @ petal-like pattern {rosene), and ac
itn center the micropylar channels epen [nthis figere, & oritices of micropylsr chan-
nels are observed

1Madified from Clitsuba, 1979

B. A digprammancal drawing of the micropylar region of » mature epg

The three kinds of specialized fullicle cells, i ¢ the mmicropylar chinnel forming
cells, the micropylar enfice-torming cells and the petal- -like pattern (rosette)-formning
cells,are caacemed with the foemanion of charion at the micrapylar regian. 1% chernon
At the micropyvlar region lacks the auter and mner Lavers Uhe auhlavers of the madd]e
lawers show an arregular argungament

The mucropyla channel tebu es pencuate the middie fayer of charion w:h the help
el some CyToplasmic provessey of the mvcropylar l‘hill‘-nﬂ""ftllfmﬂb cells 1 he chanrel
tubules penetrate the vitelltne memtrane oo, but do ndt reach the onlemma. The end af
ihe channel mibele apens withie the viellne -nembrane

L., middle layer of chonon, MO nuaopylar channel, MO, nucropylar opesting fonlicel,
ST, petal fihe pudtesn cmnciopslar rasetie ) £, ouler fayer of chorien; Ol onfemma;

T, inner laver of chornan; Y M vtelline membring

iModilied rem Yamacehs and Yoslilake, {984






14 Archiwcture of Mature Dzg
- Figure 4 = Chorion

A, Stresfere ol choron ! the muers p}-iar and mijacen: rcgions

The structure of chorion at the nuctopyliar and adjacent regions 1s sShCwn In an egy
of the Daizo. As the outer layer comes up 1o the micropylar region, 1t becomes thinser

arsd thinner and it comploely disappears at the micropyiar region At tirst the number
of sunlavers forming the ovter layes 15 % n ths figure The cuter laver hecomes thinner
and at the sarme time the number af thin sublavers reduces

Alter the ceplum o 1 the trabecsliar layer that occupies the central pan of the aner
jawver dicappears, 2 sencs of perosities 2re produced. and they become granular vesicle
Uhey wall, however disappeisr comphielely at the rmicropylar fegion

Wnile 2E subluyers of the nuddie leyer are asvanged e make a stuck parallel to the
suiface of 1he cpyp, the arranpencen ;;-'-»-f. out nf order 2t the micropylar region, and

THany zpuves are s AUPTEL HITOT g e \l_,t\,w--rs

Chm, nuddic laver of chonon, (Do, oot laver af choran, T muer laver of charnon

B, Frnlsrged hgure nf chonon at the mucropy lur regiun

An cnlarged micropsiar region of chonot of & l"‘.ﬂfu epg 18 showar The stacks of
suhiavers of the middle taver are completely disturbed . There sre vanous sizes of spaces
at the vrntral part The right side of the figure shows a slant secnan of @ micropylas
channel, wnose mner wa’l s peneirated with many oucrasilli, and @ lot of fine pasticlas
are v.‘;l“.r:-. ed withinthe channel Such structures will diseppeis after sperm goes through

the channe.

Chm_myddle aver of cherien; Mp, micrepylar channel
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L8 Azchitsciure of Mature gy
b

< Figpure 5§ = Vitelline membrane

A, Architecture of vitelline memnhrane at the micmpylar rcgiun

e archiechne of vitellhine membrane of Daizo at the micropy lar region is shown,
In this san :r le. en extreniely thirn membrane sheat 3 nn thick 15 observed cutside the
cuter layer of vitelline membrane, 10 which dense materialy altach in various arezs
Brcause some space 15 detecled belwreen the outer laver and the membrane at this pos:-

cthe matenials seene 1o be the same as the material thal composes the oules lave

cATIA), The outer laver is rather thick at the micropylar zegion, and the thickest part
reaches 2 am Many different izes of dense granules are scattersd from this past of the
lawer into the (aner laver Howeves, the boundiry between the two layers s not clear.
A _nwdu- aly. it zeems possible 10 divide the architecture of the vilelhne membrany into
the fallowing three 'i"o‘qﬁl @ thin weiter e brane, 3 central stack of sublayers of dease
rrandles and an n"u layer that cortamns irregular sizes of granules

l he end of the rmcropy lar channel which penetrates the chorion is connected by @
':L;-,';l-.:-llkc- '...'.trJ ¢ 16--18 pm or Ttngfl", ard this nehule stiehs 1o the vitelline membrane
tAbal, 18987 'R58Y The rehele is a thin tube that consists of elastic chorion material
ind opens clote 1o the ocleinna, buf s not in contagt with o This chirnel tebalz s alse
cinnpased nf evinplasimc processes af mucrepylar channel-forming cells. Afier iis foi-
mutton s cempleted, pranules and vesseles that seem o be constitutive elemerts of the
cwtoplasm stll remuir and protrmiee into the nner layer of the vitelhine membrane vin
the channel whule.

Arvew, tnin membrane at cutermest vilelline membrans, Ct, micrepylar channel 1ebule;

Vomi, tnnee leyer of sitelhine membrane, Vo, outet layer nf vitelline membrane

Ho Dnliryed micrograph of the vateihene membrane in anather region

The structure at the lateral regian of e vitelline membrane of @ commerc:al hybrid
thunrey 1 Shogetsa) s sftown Jn thas sarnple, the outermost than membrine v nut
detected. maybe due to vsmium tetronde fixation, The ‘amellar electron-dense outer
yayer 15 atout D41 pmin thickness, which i much thinner than in the micropylar region,
and 15 eas by distinguished from .hr mner laver wath the imegular shaped graneles Wihie
the e eyer One particies are disoibuned evenly, and smierminple with the zahove-
ment.oned pranulcs

Yonl, inner taves of vitelhine membrane. Yoo, outer layer «f viteiline membrane






2u Archulediure of Malare Egg

< Figure 6> A disgrammatic drawing of ultrastructure at the anterior
regicn

Fhe antenar pernplasm weepon af the silawornn epp exlibits quie dificrent stnuctures
trom other regions becausy of various phenomena conceming sperm recephion  Kelat
iy 1 e periplasm structures that play a significam role in the sperm entry. an expla-
natien has been made 1o this f1gere. The chonor lacks its tnner l2ver 10 Lhe micropy lar
repion. and the micrepylar channels that penetrate the middle [ayer protrude inwiard
Hoth ke outer and inner lavers af the ¥itelline memarane are thicker in the micropylar
repion Lhan in any other egg regon bBspecially. at the spot pierced with the micrupylar
channcl tubule, the culter laver gains its thickness of 2.0 -2.5 pm. [n this arca. a wide
spacy aecers an the oater layer From the end of the space, 2 channel wbulc {ibour O 6
pm 0 Srameter] croosed somewhisl and enclosed by a thin membrane (sbout 6 amon
thichness), penetrates the inner layer to reach almaos: the surdace of the salemma.

1ne ;:cr'pl;-.'_;rn ui the n':'_n.-;':.';n rq:t_'inn shows o 'cl.‘:l:»rl", thack l;t:.‘ur o unpl..:-‘»m
that terminates in a series of small com-like processes, from which short microvilii-like
provessed protrode nin the wener layer of the satelline membrane. In the peniplaim,
slacks of rough endoplasmic reticuium bave developed parailel 1o the colemma. Ts
architccture of larmcllar stacks s one of the mast conspicuous feartuices tha: can be ah-

erved unly at the periplasm of the nmporoapylar region. With:n the ooplusm, outsule ol
1ne stack. there are @ greal number ot vesicles of vartous sizes and also aggregates of
ranule wesicles, about 80 nmin diameier. whach contain less-dense maierials. Such a
strictere is paniculu o the micropyias region called e “minite vesicle rone”, Withir
the stack e of rough endoplissmee retiwulum cilied the ER zone, there are noe mitochon-
dna. but some cocur under the stacks. ER-assocated rasentes made of electan-dense
privnules in o proop shick o b end of the stacks At the cutsiée of the ER zone. there is
an arca where a ot of vesicles that contain dense granuies and a lor of filiform mio-
chaondra are alen poesent (he pranule sone).
Phe renwalopiasm Des adjacent 1o the peniplasm This veplasmic network centinms
multivesicuiar bodies, a large size of vacueles and a laver (seheorical laver) enclazing
volk sprlieres that consist of trenslocent malenals and electron dense spheruies The
iaboormical luyer appears thicser at the antenior region and has [ess C-yolk spheres than
anv other region of the epp

C1, macrepy g channel twhule, Be, rbfoasiocialed rosene; ER, zone ol endeplasmic reton-
o, G, glecopen granule: Gol. Golgt body; GR, grasule zone, Lap, lipid dioalet. Mo
mulhivesoudar body lige vevctere, M noiochondnen; My, manule vesicle zone: Rg. 1hick-
cortex roeed pranule, rER ough sndoplasmic seticolum, Ve, vaceole, ¥m, vitelline mem
hriane, Ye, Coynlk sphere; Ws, vo'k sphenale






22 Aschitecrure of Mature Egp

< Fipure T > Vitelline membrane at the micropylar region

A Wirelling membrane at the micropylar region

The srmuctuze af the vitelline membrane of Daizo at the mucropylas region s shown,
ihe mucropylar chimnel crooks and penetrates the midille Javer of chiorinn and the ouie
laver of vitelline membrane. The outer laver is compased ot the outermost thin faver
and electron-dense sublawers. A1 the stabbing spot ol mecropylar chiannels, the outer
Prver renarkably incresses the 1thickness and produces a wide space. Micropylar chan-
nel tubeies ron through thes space, The inner Laver s aiso theck, and i encloses scat-

tered irrepelar-shaped dense grancles. The micropylar chinnel tubule epens within the

.t laver geas the aclenmne Fice particles and minute vesicles are gbserved in the

et laver around the opening

1. micropy lar channel tutule; My, minuis vesicle, Ol volemma: rER. rougn endoeplazmic
reticulum, Vima, anner layor of viselline mrembrane; Vmao, aater faver al vilelline membrane

E. Enlarged miciogreph of the mucropyiar channcl tubule

an enlarged macrerrapk of the micropylar channe! tubule of Darzo ts shown. The
sner laver of the vitelline membrance 5 1ightly packed with large clectron-dense gran-
dlimn il e prens Close 10 the cuter layer Hath the siee and Hhe tin‘.hf.i[)

tovward the oolemma.

aredunlly degrease

a5

The micropylar chasnel rohale runs ubliquely thzaugh the innzr laver of (e vile liine

membrane but dows ot reach the velemma Instead 1 epens around the wea. The chan-
=l rubule conamns many minute vesicles and fine particles, which are prescmied to be
deposated by the cora hke processes of the foontinge celis. A pasr of these vesicles and

pattictes v trcueh the chennel tshule into e imeer laver of the vitelhine membrare

Cromcrunylar chaneel tubhale: Fp, group of Dne particles and rronuts vesicles reivased
5

from the channel tubule inmo the inner faver of Vmz Vmi. inner laver of ¥itelline membrane
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i Maure Ege

- Figure % = Ooplasm at the micrapylar region

The fipure shows the junction of the ER zone and the granuic zanc of the peripiasm
ut the micropylar vu---um of a Daign sgg 1 he periplasm al 1he ﬂii{;n,:p}‘l;:r l't::.:_:,i\')n thin-
plavs serial o s of cone-hike aoplasmic processes, fom which microvilli promrude into
the mner layer ©f the vitelline membrane
In the ER zane, stacks af rouph endoplasmic reticslunm parailel to the surface of the

take pricriy, and ER-gssociated rosciles consistung of groups of electron-dense
fine paricles antach 1o the end of the stacks. ODutaide the stacks, there are numerous
minute vesiwles, o few Lipad droplets, and reond grancles with a thack cortex Inside the
icular body-like structures, vanous sizes of vacuoics, lipid dreplets and

glycogen granules are present The ooplasm that flls the space contains a lot of shor
r-:.\d-lil' * mitochondria

Lgtes

stacks, muliives

The grunule cone 1+ chuructenzed By o Jack of rkR and presence al many shom rod-

ke mitoc r.r-u drin and small vesicies with election-dense pranules, In ths arca of the
1l

e opre alue smany yolk sphernles, melbvesicular budv-like wime-
'ur-—:-. vacucirs nl diverse sizes, 1pid droplets, C-volk spheres, and glycogen granules
Uke granu’e zonce accupics the boundary bebween the antericr region af the
and the aihe: regions of an epp

subearticn Tuyer,

pefplasm

Ch,clirnien Ba B ogssaeiaived sesette, B R, sane of endoplasmg retclamg CF, piyengnen
o 1) |

aranule . Col, Calg body, GR, granule rone; Gr, electron-dense granule; Lip, Tpid drop-

let: Wb, mullivesicular bade-like stmicture, Mg, mitachondrian, My, iminuie vesele, rEK,

raugh cndonlacpe reaculum, Vm, vitelline membrare, ¥s, yolk spheruis
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26 Auchiocture af Marere Eeo
< Figure S = Ooplasm at the micropylar region

A, Erlirged micrograph of the EX zone

A0 endurged microy *1ph oi the IR zone, wiich is the major arce of the periplasm it
the rticrapylar repion of 2 Daiza e, is shown. Its conspicucas feature is that ever ten
dacke of lamellar structure of 11 R are dwinbuted on its supesficial area. While this
lamellar stricture is usually arranged (o make a stack parallel 1o the epg surface, some-
e

mres 1l oroiredes o h o arl ine mne cnne |1pq’d c -'lu|;11~.mn provesses i Moassn
ciated rosettes that are composce of clectran-dense fine aranules connect with the end

uf the stack strucinre and there exivis 2 *._ic‘-lgl body Wothin the ooplasene cone shaped
nrocesces, there are a lot of vesicles 2= well as a zone of minuce vesicles which contain
sorte malenl Gf less electran-density and are ahout R0 nmon diameter The FR zone

cems te be related with sperm receplion and torms the star-like ooplasm that encloses
':!“.‘ ":a‘.*.-.! area of the apern sejpepated fronn the 1zl h..p W

Ihemv are varions spzes of vacus vs, meltvesteulas Sudy-like structures. hipid drop-
lets and vl rl"r"‘u les underncath the tTER. Among these elements a lot of short rexd-
ik mtoehondria aze obsereed Sone vacua'es inclede vesicles and 1‘:\*---'11 u.'_‘j. CORen
(WA ' IL

Fa ol F-assoaated mosecte; Gl glveegen granule: Gol. Golg body; Lip, lipid droplet Mb,
Snbtvveaculan bodv-hike structure, Mir, nntechondeion, My, mnute vesacle, TER, roush

TR IR Lel |

enduplasnnie reticulum, Yo, vacuale: Vm, viselline n'L"r'hr..r. Y, volk \|ﬂ vrude

B Enlurped pranule zone

An enlarged nucropraph of the granule zone adjacent o the ER zonce ot a Daiao epn
s presenied This aren s charactesized by vesieles comtaiming eleciron dense granules
ard many rod-hke mmtecaondna, The mitechandria possess electron-dense matrices,
hut therr Cimtervae wre indistiner The other stoactuse] elements mclude mullvesicular
structures, hipid droplets and vo k spaerules. Tae volk spherules have many siructural
variclics, soime have needle-like ermpty spaces within matrices. and others have vesicu-
Jar ortchalar spaces within less eleciron-dense matniges

Newher the tunct:ons ol the pranule zone nor the nutural teatures of the dense gran-
Lles have ro heen investigated sufticienty vel

In this Yigure, structeral elements *n both the granule zone and the LR zone are
psed with vach piher The R 2one ows imo the foomer and mitcehondi ia into the
later

Fa f Honssocinted rosente G, vese les conlaimmng electron dense gricles; Lip, pid drop.
et ML, nulisves cslar bodue-like siructure. Mi mitachondrion, My, minuie vesicle, rER.
rirueh tndonlasmic rete .ulu'n Yoino vilelhne memnbrane . Y volk snherule



#

_. _.w_ i :‘.._.,.;.‘r




28 Agchiedture of Mature Cgp

L L L

< Fippre 10 = Diagrmmmatce] drawings uiwv\mg the presumptive embry-
nnic and extra-embryonic regions

A FPrecymptive embryvonie and sxirz-embryenic regions 1n the mature egg
Frese dusgrams itlusiiare the distsibution of ;'n;:‘l‘rnin!."-st‘:“.il.\.'l:‘ rEnUIcs 1A mature

cen, Frgure A flett ane nightd shovwss a {rontal cection and a cross section, respeclive v

In the frontal section, abyious perenine-positive granules are bm.rxt only at the lat-

eral sides of the ¢EE. but nol i als antenior and posterior regions. The following values
s 10 the ranges without piaanine-pasitve granules were available: 20 3 = 1 7% on the

whole circumnference of the ege at the anterjor region: 16.8 ! (.8% at the posterior
TERIOn

mertioned pyronine-positive pranules are seen in the

1< R128 O praniies as sptaller in the ventral repion and ne
granuies can pe observed in the dorsal region. The range without the granules at the
sl repion was measured and the pained value 1s 15 6 © 1L.&% on the whole ciscum-

Ap.anienior pole; Pp. postericr pole, Ly, Interal side. Ve venirl cidde. By, dorsal side: N,

cundieronce of an ege in case of a frontal section; me, range with no granules at
I anfertor megonr ] nc, mange will o granules at the posterior region; Lo, whote circumier-

Fan egz in case of & Cross secuion: be, range with no aranules al the darsal repia

It

Lmbryonic and exira embryonie regions during the Turmation of embryvonic
anlage
i

eembiyome and extta-embnvonic regions are depicted during the formarion of

tre etbry omi anbspe inthe Bontal Uefi an Ogore B and eross sections (right in figure
B, respectively E.Z."P-hr-'u:m i an e 15 well developed an bath sides of the Tateral region
except on the antenor and pasienior cep poles

e Tange o ealry empryonic TEEWN

with cefls destined 10 lorm the serosa encompasses 21 8 ¢ 5.7 %o of the egg circumfer-
cnce i e anteriorn, and ld 4 = 3.7 %

Z 5 T % an the posterion rr_',.-i-;‘:ol'lﬂ [ a cross section, the

Tuner O exira emvoveai blastedenn oovy o] (00 I8 M B2k ) at the U T smtersnoe

These vatues are consisient with the data on the dist -.b'_m-.\n of the pyropne-positive
pravles faee abave) The ase af pyrenine-positive ganules as an indicator of the pre
suriplive embryvemie regien can br spgeesied As crr.t*'\-curru:ys cantinues on, how-

ESe1, Tl

wie pranules pradually dizappear, Therefare, we have net reached & conclusinn
hat tnese granules are Jdelinte s the faclor to Jetermmine the embryonic region |rom an
altrearactua morphological poinr of vicw, pyianine positive granules correspond w s
large concentric arrangement of tER and its enclosing structural elements. But agairn,
fructure cotlapsas with the propress of development Investigation on this poml
ould be conh !‘ul:,'d ek lurther

GTLR

Ap. antenor pole: Pp, postenor pele; Ly, bterit s de; Vi, ventral side Dy, dorsal side. Nh,
wiole cncumforerce of an epg 10 case of a fronte Lection, mb, extza-cinboy onic ranee al
the anlerior repian, nh extrne embreomie ange &) the postenier repaon: L, whole circum.
fetence of an egg in case of a cross sectian, Ih, exird-embayonic sange at the dessal repion

(Muoditizd rom KeRayashi and Moya, 1987
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Srehitpctire af Mutere g
< Figure 11 = Periplasm

Thic s

. the strusture af periplasm at the lateroventral regron of a Dajes epg. The
vitelline memurane s mech thnner than i the micrapylas repion In this Higuere, the
nuer laver of the viteiline membrane 11 0.14-0.28 pm and the inner ayer s aboul 2 aem
shick 1 he oolenims |1rr,'-11.:=...-". eyl e ta thie innet :;'I',S‘J,

O the surface of pcnp?"""-m a lot ef yolk spherules, small hipid droplets, shont rod
hke reitochondnia, multivesicular siruciures and glycogen granules are diwlnizeied In

vl s phern ey srme varienies an respect to clectron-density or (s inner struclures arc
ohsery o0

Pape C-ya’k spheres {which include clectron-dense fine granules) and big vacuoles
i seriplasim surface In the space herween them, there 35 3 suhenntical

eticular plasm, i which rod Like movhondru, Unes corles round
granoics, hipio draplets and ghveopen granules are scattered. The C-volk sphere 1s the
ol it fosn we final stape of vitellogenesis, and it exisis anly o a subcanical
layer itz characterized by o less electron-dense matrix cootaimng high electron-dense

1 e
tne granug es B alaa shows somie variation, for example, i possesses vesicles and gly-

welall Y

wl

jarkable features of the periplasm at the lateroventral region is the

il P -'!::‘nl";‘~2“,ill‘.\".‘ Brame oS, as

explatned o the previous Nigure From ar
ultmistructural pont of view, these grunules seem (o correspond 104 large conceninge
arrangement of rER and the structural r:lr'nr-nr that surrounds the arangement. This

srpctare = distobated adjacent o the sulscommeal laver, A detailed explasation will be
made i g, 15A

Ch. chorun G g yoogen granule: Lip, fpid dropiet. Mb, mulivesicular buodverke stmag

e, Mig manchondnon, rtERC rough cn..c-p-hﬁmi: reticulum; Re, thick-carex round gran-

e Ve, vicno ¢ Ven, siethine reermbrare, Yoo C-volk sohers: Y, vols snhierule






12 Acomitecture of Marvie kge
<~ Figure 12 > Feriplasm

Liis mueroeraph shows the strpcture uf periplasm m e dorsal repion of a2 Daizo

cgp. The vitelhine membrane is about the same as n the lleroventral regron, Seing
arner than in the imciopylas region, The onlemma protrudes the miczovilli into
nner fayer of vitellin® membrane.

'
In

ML |:

the

1he apival aree of the peviplasm, there are 2 ot of velk spherules, small ipid
droplets, short rod-lise milochondna and multivesicular structures, Among these ¢le-
Vol paces where glyeopen granules are diawibuted, 1n yole spheruics
many vanelies are recopniced Just as in the cases at the lateroventral region

Ti jacent tothe apical ares of peaplasm is occupied with larpe
O yolk «pheres and -.".-_:'w..:--'.-.-:. The C-volk in thes Qgure appears full of nygredients,
c.eciron-dense granules, their enclosing vesicles. fine granules about U 3um in diam-

vall vacunles are detected.

Although such a lurge concentne arrungement o tER as ebserved at the laterovenural
region, can nat be observed among, the ooplaamic
v ocecupied wish stacks of rER
mitochondria, l g l."!'i"-g'fl‘t'Z:"

ey There are al

L} %3

he subcortical laye

€.

erer, as well ag amn

network struetune, there v a wade

ternylory that is

In other coplasmic networks, rac-lise
nd thick-corntex round pranales ars ohierved

Ch, tharian: G), phvengen granale; Lip, lip d deoplet; Mb, multivesicular pody-line swruc-
lure, .‘\hl. mitochaondnon, rER, ropgh endoplasmic retealum, Ry, thies-cortes round yrun
e, Ve, vaeuale, Yo vitelhine

ne membrane; Yo, Coyolk sphere; Yy, volk sphergle
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< Figure 13 > Periplasm

A. Enlarged micrograph of an concenirie urrangement of rER

This o o mocrerraph of @ arge conteninge arangemen! o rER :i;'ij:z;:cn': to the auh-
cermical periplasm laves in the laterosventral ropion of 2 Daizo epg. The entire strucure
resents & thape of o star and contions slacks of TER with concentrie armmpements
(7 wne approsimatels Theee are no other orpanclies inside, but only rod-like
weehondri smd Hpid dropless are distinbaed around this struclure

-

T I 5 & 3 ol e =T
Lhe star-lixe ooplasm is sunmounded by large

Tep
ey I}

17

“volk spheres, vacuoles. hipid drop-
wls and ['.Iir COn e .'._-3-;,_;1.]'.,:‘;“ Wwhnal s oherrverdaz a l'.'-"."_:c Pyt e p.’ﬂh T :,:-_73:-: wle fl'lr"‘_')\_l;:'j';

hight oucroscepe i the Camoy's finalion is considered Lo be a slacked group ot these
oipanelloes

0L

Gl gheepen pranuie; Lip, lipid doopler. Mit

sutechandrsie, Yo, vacuole, Ye, Ul gplicre

B. Enlerged micrograph of volk spherules

Structure o volk spoeriles ol the apical area of the peripliosm i the dorsil regron of
4 Diizo egp s shown, There we abundant and somewhat vanable vols sphenules in this
arca As s

basic architecture, needle ke strrucieres and light vesieula or simall tehualar
siruviures are scattered in a igh electron-denss matnix, and they display a variety of
pantems. The Censity ot the Iine naqtuces that build the mmatris is low and some of them
have Tess elcscon density as o whowe A thick secnon of the sample ived with
e osminm lixatien s stained deep blue with 1oluidine blue.

gultaraldehy

Gl ehveogen poanote, Lig, Thnd diaples, Mt mneschondnian
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< Figure 14 > Yalk system

A A-valk sphere

The structure of an A-valk splicee ia the volk svatem of 3@ Daiza cpp i represented.
1 3l socupies mesl of the nner epz consists of the reticuioplasm that
encloses proteid volk spheres. lipid droplets and ghycogen granuics.

The structure ¢an e morpho ocally Classifed tntwo fypes inthe A wolk spheres,
fine pranules are evenly scatiered, and us granule density determines the entire ¢lec-
an-density of the sphere A-vali spheres are present mainly arouad the valk svitem.
Withan thes reteuloplesm e groend sussiance nc’uding nibosemes and short rod-
ke muechondria are onserved

Uhe yolk swvst

Gl plycugen granule, Lip, hignd crople, Mit mblechondrion Rp, reticulaplasne. Ya, A-
vilk sphere

8. B-valk sphere

The struciure of a B-yolk sphere in the volk svstem of a Daizo ega is shown, I s the
anme samnple as

Figure A abave B-valk splees mainly accupy the central part of the
2 A cvonspivuoas featere o) e Bovoly spheres 15 thiad they contawn numerous ¢lec-

ron-dense granules within the evenly distnibured fine manulous ground schatance

t

inthe |l"oi‘;.'..“".‘-}‘-;1_‘-l'll_ e groued subslanee g hh,h."i‘-_'_ ribosomes g% well us shon rod-

hke mitochondnia ure ubserved, Sometimes voly sphe

nerules are distributed.

Gl plyvopen grunule, Lip, hipd dtroplel, Mt mtochondnn, Rp, retienlopingm; Yh, 13-
velh sphere; Y, volk sphargle
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< Figure 15> kgg nucieus

The nucizus of an unfertilized (no sperm-cntryl s:lkworm egg stops dividing in the
meaddl= of the firs spaturation Sivisinn and resnmes meaioss after 1135 sctivated his
fiaure snows the ssructurs of a nucleus of a Daizo egg dissectled from the oviduct Dur-
ng the svpotens stage of the meiotic praphase, hnmelopous chiromasames are bownd
by 1he synmapionemal complex {Rasmussen and Helm, 1982) and are arranged in the
equatorial glane as in the metaphase The eleciran-dense striciere tn the fipure repre-
Lenls cuch homologous chromusenme and the less electron dense maderial that connects

the T structares represents the synaptonemal complex.

Euch pair of chromozumes 15 attached to spindle fibers that are made up of fine
tuhular swructaes and abundant fine granules. The spindle 1§ surcaunded by the fine
vestculs o7 tubulias rough endoplestme reticutum. part of which boilds stacked stroc-

tres. No other arpanclics or inclusions are prescnt.

Chy. chromosome. vER, -cueh endoplasmic reticulum: So. denvative from 1a¢ synaptone-
mal complex, Sp. spindle fibe
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< Figure 16 > Fgg nuciens

This figare chowe the structure af ooplasm around the nuciens in a Daza epg. 1 s
posiiened domsadly inthe micropylir segion, As shown in the previous ligure, an unfer
tlized (no spemn-catry ) silvworm ega staps s divisien during the metaphase of the
Gt maturation division, and sacks of rBER sceumulite within the ooplasm around the
spindle. Only the rER-2s5001ated rosettes and the Golgi bodics can be detected, whiie
ne organs . des ke mitochondria were foum! However, these are abundant within the
reticulopiaem adjacent te the popiasm that encloses the nueleus.

Also, as one of the most significant features of this structure, a lot of lipid droplets

s

umroend the farpe star-like ooplasm around the g nucicus.

Ea, rER-associated racetie, Gol, Golgi bady, Lip, Hipid droplet, Mit. mitochandtion, rER.
rough endaplismec reticulum; Ye, C-yolk sphere
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Chapter 2 Stages of Embryogeoesis

Zypose nu Ie:m {swnharyon: formed by the fusion of the male and female pronuclea
Llans ..:..hrn renesis swith continuowsly repeated mitotic divisions. Taking its marphe-
logreal features inte vons derntion, the whele process is classified as several develup-
mental stages, In the case of sihwoerm, with the exception of its multivelting and bivoltine
1aces, 1lie cmbrvopenesis stops abligatodly in 2 camparatively early stapge and the em-
meos enter diapacse Numerous invest gahions impertant for practical senculiure, have
been made aa 1ne handling of dizpanaing “oppe’ and the methods of antiticial diapause
lermminatton Daram {1968 divided the development of silkworns into the foliowing
sin stapes ¢ 1) pre-duapause, (2) diazause. (3 ) hibemation. (4} entical stage. (5) forma-

tian of orpans, .::-.:! (63 complennn of larva, Subsequently, they were specified into 30

o

slages 1 he pre-diapause includes 7 stages: fertihzalion, t.lc.w.q,c germaniage forma-
ton, volk cleavage, pynform-shaped stape, Actesan (China-spoon like -shaped seape
and Cherncal spatnlacshaped stage The Iwo stages of diapause are diapause | and
drapause 11, The hibemnating penad has 4 stages: the pre A, A, B-A and the B-B. The
eritical s1ape has the C-A and the C-B. The stages of organ formation are divided into
1O the 1Y A T3 B, appearance of labial appendages, shostening vage, cephalothomeic
sepmentation, blastokinesis, completion of blastokinesis, appearance of trichogen cells.

apprasesce of sotae and the appesrance of racheal enidia, The complenen of jarvs
moludes S stares: the head prgnentauen [ head pigmentation . body pigmentation |,

body pigmeniation 11 and the :'I&Ei'l‘-ll';.'.

| ater, ODhtsuki {1979) 'c"*'!.‘n'r\‘: COMIE ERPrEsIons ke AL H and C wirth others, and
added some correchions to reclassily the development into \0 stages (Ref Yamashita
and "..u‘::a.;u:' Lo PR T 1 follow hie classidication tut a fow carrections have heen added
e accentuate the witrastructunal pont of view ‘The development alter diapause will be

Vol T "Orpanopenesis™, Tach stape of embryopenesis is characterized in

descntwed 1n
Fips |17 and 1 3

2.1 Stage of ferhbization

Phe sy poie nacleos oynkaryen) s fommed by fusion of the male and female pronu-

clel about two naowurs after pern eatnv

2.2 Cleavape slage

Syucnrenous mudolc divisions produce & lot of cleavage nucler that mipsate towigd
the periphery ang bc":' ‘o peneitale the periplasm beginning abowt 10 Er atler oviposi-

ton. Fiom this stage to just before the diapause stage, some corrections are added,
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bascd on ultrasouciural obserysations

13 Stage of blastaederm and germanlage formation

he menticned later. <icavage nucler of the siikwoerm do not reach and pen-

Ao
aver the eep but do 5o Dirsl only in s anterior-

etrate the periplasen ssmultansously all

hat. The cell membranes are formed soon aller the nucler have reached the penplasin,
and a distinehion between the synostal and the cellular bastodern 18 difficult. Fusther-
more at the advanced stape when the cleavape nuclet accupy the whole surface of the
ege, the germanlage can alreads be distinguished from the extra embryonic segion by
higher cell density. Hence. in the cilioworm there is no clear “blastoderm”™ as in some
Gther msects  lakaerd narne! e Cesoribend Gape Cpesmanlape formation”, while Ohizuk

za led o “blastoderm format:on™

1.4 Stage of germbaod formation

The cxpressions of "germanlags™ and “zermband™ in silkworm embryogenesis do
nut correspond 1o those used io recent gencral descriptions of inscct embryvology For
nample, avcording to Sander o ol {1985 ¢ ;.::frt1::n*:i.:{_r" means g monocellular ems
brwes afler serosa segregates fiom the blasioderm and “germband™ means the subses
yuen! embryonic stage until pastralation and segmentatinn. In my weatise, however,
‘germaniage’” 15 defined as an embryo which s sepiarated clearly frinn the exira-embrys

onic region and is still situated a2 the surface of an cppe “permband’ indicates an embryo
frombe AlE 0 of segrepatin fram the suTace and sinking incn the cpee, Nuough At
letion and segmentation, up 10 just before the diapacse stage. Therefore, the stage ol

1w more slapcs

peanhband formalion can be divided inlo 2

240 Complation of serosa

The cells in the extra embryonic region gradoally become tlatiened and migrale
toward the [ateral folds of germanlage that has sepregated from the egop surface and
Vhe extra-embrvonic cells form a mem:

hegins 10 sink inio the mrer part of the epg
I'he germband at 1this stage 15 wide and

hrane (serosa) which encloses the whole epg
exiends symmelricully in a saddle bke arrongement on both sides of the venlral median

line.

2.4.2 Initiation of yolk cleavage

The hroad germband prows anteriorly and posterioriy, and a1 the same time 135 wadth

hegins 10 decreazse. From ths sizagr, the yolk constitusn®s start 1o be rearranged Lipd

dropiets gather around the nucler, which were lefl within the yolk mass dunng the blas-

wdern formation This stage precedes the phenomenon of yolk cleavage when yolk

cells are formed around the valx nucler. A remarkable phenomenon of this siape is the
exilusion of a part of cytoplasm al the antenor and posterior edges of the germband.
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243 pDfYerentmtion of profocephalon and profororm |'p}-rifurm-shnpcd stape)

The brouad germband keeps grwmr-c anteniar v and posierioriy, and simultanecush
heoomes DUIToWwes 1N TNE Center DEM. AS a resuit, i assumics 3 pyriform shape and it
B urries s e 10 distingeisk the protog ephalon f=um the protecoenn Ammien anlage
cells di “v""":[ ate at 1he peripheny of the germband and become flattened as thev extend
Uivesr S5

wedral teran Y fonm the second srmbisone L'l‘!\l..‘-ipe. Larnniond
2.4.4 Sponon-shaped stuege

e to the growth of the penn and, the prowcephaion wd protoconn become dis
u:'-.c-_l-_-. \,m-w-t haned, and the antenor and pusterior ends of the germband curve nto
he aaner part of the egg. The amnwn s completed, and the yolk cleavage pr.’-du*'u a
voik ayalem consisitng u‘ purnersas volk cells Gaaralanon, which scours by pnmitbve
roove ewvapanation, slans from the center of the protoceghalon

2.4.5 Telson differcatiation

st

he permband s long and s comnposed of sgloderm and mesoderm The primitive
cepments, which eriginate trom the mesoderm segmentation. hecome distinct. The pos- x
tes o end s recoprized as the te sor, and also 8 inward mvagmation is advanrced
Vole crlls are ohserved betwerr e seross and the ammon Inthe duapituse epgs, of Stkes
ahawt A% hr to reach this stage itter ovIpOSILION.

The abowe-mentoned perieds constitute the pre-dizpzuse stuge. 1 ollow Ohtuski's
Classiticaten and characterication of subseguent stages rarging frum diapause 10 eclo-

¢ fthe expressions in parentheses show classification by Takam:).

-

2.5 Diapausc stage |

The emshrve mugrates tom the cutermaost egie surlace e the mner part Arsurd the
center, soaces without yelb cells car be observed.

2.6 Diapause stage 11

Ihe spaces that aecnpy the ool pan of the ey become lazper. Free valx cells are

weateely detecred

2.7 Hibernating stape | {stage pre-A)

19 _; ausiny, ey is hept at 2 low- 'cmrrr ature (afround 5O similar o natural
wirter condit:ons, 1 gradeally termimates the s.lmpau.,c and stars s dcwlonrnrntwntn
th= ;'.;‘-l'!r:tlt.'l:l'.;‘ 1-.'!::;t'.:|.31U!‘;‘ tahog 28 l. pis repained. The sape is called "the hihernat-
ing stape”, which e divadesd inlo 4 stages Inthes stapge 15%age pre A by Lasami), the egs
buas oo completely tlerminated the Clapaus and a long tme elapses o rllOS: 7w hen it




transienied 16 2570 The developmien: af cpps wihin

2.8 Hibernating stage 11 (stage A)

Ihe cgg almost complelely tenminates the diapause

2.% Hibernatiop stage I11 (stage B-4)

The agpregates of yolk cells zegin 10 be separated

210 Hibernatiog stape IV (stuge B B}

4 1ol 1 o g o !: > a -li‘l e
The mesoderm at the Ihu.-.c-.,... egrnent becurnes considershly lasger, anc L5t Snes
goles of the yolk celis are mostly scparated

2.11 Critics] stupe | {siugpe € -4)

[1hie arpah

1o Ve bepinining,
b segsnent

Fhis tndicales the perioa! frosn the end of hohenation
mrmation. 14 an emnryo dunng this stape. the mass of mesoderm ceils

i e

Lonspivieesy exlends 1o both sides

212 Critical stage 1) {stage (-H)

i

1 N - - _— o il H T i
the protocephalon of 1he cmbryo sufficiently spreads This stape OCours jus sl

the apprarance of the neural proove

Ne remarkable changes in embovo morphology are recognized from the an
tuned diapacse, bat uhtrastructurally, morphiological changes of the nrpan: 1)ess 2L Lfi.Lf-
acreristic duning these stages. There are a report on embryomc cells by Okada (1979)
and also ore on seresa cells and volh cells by Miva et of (1972). These repon
descrined in anather book, Yo' 13 "f.‘rrgann,ngc-no-:ns '

we-rmen-

Wy ! ‘) l'ﬂ:

2.12 Stage of appearance of neuryl proove (stape i)-A)

The embrye begins to extend. and a neural groove appears along s ventral median

hine. The mass ul mescderm cells i each segrmens is divided into the niglt anc lef}
Suies.
< _ ) : :
2.14 Stage af appearance of shdominal appendages (stage D-H)
dinply at the

Appendages appeas atthe gnathal and tharacic caments, and SUCCerCing
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abdomina;

:vpments The lengeh of embrye intbis stage s lonpest during all the stages

umic e nlastolinesis

205 Stwge of pppenracoce of processes of labrum

-

S opar of calbus- ke provesses of lTabrum appewrs o the front end of the protocephalon.

2.16 Shertening stage

I e smbovo shortens, and spiracular and sitk gland invaginations necus

2.07 Stage of cepbalothoracic segmentation

Ihe chortening of the smbryve advances mare, and gnathal sepments unite, sesulling

VClear atstinctos aof the future head from the thorax

218 Blastokioesis fembryonic revolution)
The venstal past of emibrvo faces the ventral region of the egg. A sipmoid movement

b gom Teoen the vapdal end of the emnbryvo that s gradually pushed with its dorsal side 10
the dorsal sidte of the eeg. The blasterninesis 13 accomphbshed in a short timie, but can be

Jrvided e tirer phases, hecause i3 pasttional ehanpes are elearly deecied

219 Swwge of completion of blastokinesis

Whern blastokinesis ends, the embrve starts prowing again. The formation of the
duesal inteppnien makes LT, and the d‘ll‘l'l'.'l'!iil‘)' canaly are {;ompkh‘d,

2.20 Stape of appearunce of trichogen cells

m the sortace of the embrve, small masses of inchogen cells wre formed

b2

21 Stage of appearance of setac
It chepen colls produce selar. whith cover the surface of the embryve. Ocell begin

10 be pmprnenicd

Stage of appearance of taepidia
Taemidia are tormed in the traches Duning this stage, mandibles stant to be pig-

+a
T
- T



- C Rt
nevEdchia =4

Glapes of Bmnovog

mented, and the [ormaten of larval organs s complicied

2,23 Nisgce of head pigmentation |

Y 1 oy Bt S - o Al headicre make TGRICES (O
Afler she completion of larva! orpans, mementation of badics maxes pragi
IEE F -
] i o coryert el Wil
reach hatching This pigmentation 15 divided into 4 stoges. A head 1y pigmeniee

bross

2.24 Stage of head pigmentation |

: | i 5 e nrs the apicide. Ex-
The séraca is swallowed, and the pigmented bead lcoks blue from the auiside. |

.

cxpl tor the head, no other regiun has been pivmened yet

225 Stege of body pirmcotation ]

naer fegens wlart 1o b '.-._.-"!1':'1'.9‘{: L1 addition e the ﬁrr_di

2.26 Siage of bady pigmentation 11

he whane embuyo i pivmcntcd and looks blue

2.27 Stage of hatching

When the larval body is compieted. the voung larva catz and breahs he
arvund the mncropylar region 1o haich
In non-dsapause eggs, the diapause stage, hibemating stage and critieal shipe 3

ahaem

ad
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Stapes af | mnmvrpenests

- Figure 17 = Developmental stages of embrvas (Part 1)

J5

entilization 13 lonpirudinal section). There are ane 7ypote nucleus (synkanon) and
1l'rr:r politr busdy nucle

‘..
K

lcavage 1a longitudingl section) The number of cleavape neclei increascs by syn-

chronces mutohic divisions, and e Cleavage nucles Segin 10 nugrale 1owand the
peripnery.

Hlastoderm and permanlage Tornulion (a vngihndingl secton): The clesvagze ny-
Cler gragua Dy reach the vgg surtace begineing from the anterior region. Rapid Yor-
matien of the cell membranes masies o difficol 1o disnnpuish the syneynial lasiodenn
fzumn the celiclar blastoderm . The cieavage nucler which remain within the egyr will
differentiate 1o the valk nuclel.
Germband formation | (complenon of serosa) (a lateral view all figures beiow are
lareral views 3 The germaniape separates from the 1:['_;_" suiface and hepins 10 wnk
nio the inside The dlastoderm cells of the extricemBrvonic region Matten and pen-
cirale inte the space where the germanlages had bc:r. present. [he cellulur mem-

ane (seinsas which coveis the whole enr iz comgslersd
eermharmd fhrmation (1 (difaeniiation ;_;1';1;,11|_1t l-';*]'.ih'-n and ;:mhn‘m-n,py:%ft*rm-

snaped stige ) As g result el elengation and & decrease in width, the germband
acyguires @ vpyvedorme-shape”, and protocephalon and protocorm are 1ecnpnized.
Uermband fermation 11 (spoon-shaped stager By continuous extension of the
permmand, the protocepnialon and the pretocorm become obvious, The amaion and
e yolk cleavape are compleled

sermmband formation IV (teson ditlerentialion) 1he permband ¢longates anid the

nvagination of gactral groove (gastrulanon) leads to the formation of separate ec-
todern mod mesoderm Promiive segments become l!l‘ill\}'lllﬁ!ldt‘!l. due 10 meso-
derm segmentalion, and e postenor end of the embryu 15 recugrized s the telsun
IMapausc stage 1: The .nh:*_.c tinks into the tnner pan of the vaolk mass, in the
center of the epy, 'p aces without velbh cells can Be ebaerved
Dapause stage 11 The spaces in the central part reach their larges! size,
Fhoemmelieg stapge U The embryo gradually rerminates the diapause ueder low-tem-
perature in the winter. It resumes its develupment in the appropriale lemperatiure
parcund 25707 only slowly beeause the diapacse has not been complezely termi-
minfed
Hibernating stage I istage A} The embryvo almost completely terminates the dia-
pitnse, Bl s des vloprment o suppressed under aatual wanter cncumsiances such
as low temperatures
Hibermnanng stage 11 (stage B-A) Yolk ce s begin o Be separwted ever a1 2 low.
femperaruse
Hibernating stuge RY o M Mot of the \:O“. colls are sepaated.
(Critic al sta_y_:: I A mies of mesoderm cons preuously extends lo both the right and
[e 1t wrdes
Critical stage 11 The protocephalon of the ¢mbryo sufficiently spreads
Appearance of neural groove: The embryo begins to extend, and the mesoderm is

divjdect Ity the :1;'_}'.E and left v e ™ P the m..n’ll\dllun uf the neural PEDOVE.
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< Figure 18 = Dovelopmental stages of embryos (Part 2

!

wrd

M

L

Appearance of abdomina: appendages: Appendapes appear on the grathal and tho-
raciy segments. and susseguently on the sbdominal segments
Appearznce of prucesses of labnumn: A pair of calius-like processes af 'abrum ap-
;w.na 2 the front end ef the pretovephalun

vhomening stage: The shermening of emtry o progresses, and spiracuiar imvagina-
nons develop

if‘:-,'uh:ulr:‘."u.*r.wi-: sepmentation: The shaniening of the embryo advances. The pnathal

segITients unile. ting 10 the distinction of the Tuture head from the 1hurax
Farly slape of h,u.lnk.:.'v.s.:s.. The cmnr_-ca is mitially farmed with its vestrum faciag,
vl 1

the vemival site of the egyr, Later. witha srEmotd movement from the cacdal el the

emono changed its positen and moves to the dorsal side This moyemen: 1s called
Blastoh imes e sombrvonie revolutiont amd 2 Gnishes iy a shon tine 11w divided inmo

1the three slayes

Middie stape ot blasioknesis: The embryo shows a sigmoid position.

Final stare of mastekness: The revolution of the tail pan is complesed
Comoletion of Blesokinesiss When B gslokimesss ends, the embryo sharts growang,
apain The dorsal imtepument tormation is completed. except for part of the tharuy
Appearianee aftrichogen cells Small masses of trichagen cells tha are geing Lo
produce selue are tormed on the embryo curfuce,

Aappearzice of setae Hunches of setae are formed by the wrichapen cells
Appeiaramee of eodiam As laendia are formed within the tachea, '}-.r Lavouw of
the trocneal system is visible from the outs'de The formation of ‘arval oreans 15
C .'v-‘;eff:'.c.:

Pead pimentation ! "‘:.' Fead o the contrve w pipmented 1o @ brows onlon

l'. ad pipmentation [ The pigmentation of the head 15 tompl:lcd

Fady prepmenttion b Other bady repions start 1o he pipmented

Body prementation 1. The whole embryo 1s prigmented and appears blue
Flatching When the laval dody s compleced, the larva eats and breaks the chorion
(n the macropviar region 1o hatch

!"-'iudlﬁtd ..f".:‘i‘\ (J ll‘\.u. f‘; “I
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