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Are shape and morphogenesis independent phenomena? 

J.  Herkovi t s  1, 2 

Laboratorio de !nvestigac{ones Embriologicas (CONICET) ,  Paraguay 2155, 2 ~ Piso, Buenos Aires (Argentina), 
27 September 1976 

Summary. Amphib ian  embryos  can develop inspite of d ramat ic  deformat ions  produced by  constraints  in the  sur- 
rounding medium,  and can even u l t imate ly  recover  a normal  morphology.  Consequently,  no sequent ial  change of 
shape is necessary for normal  morphogenesis  and the form of the  embryo  appears  to be de termined  by  cell act ivi t ies  
intrinsic to each stage. 

One of the  most  not iceable  phenomena  dur ing embryonic  
deve lopment  is the cont inuous  change of shape tha t  an 
organism exhibits  dur ing this t ime of its life. I t  is gener- 
al ly accepted tha t  the  sequence which permits  this de- 
ve lopmen t  begins wi th  the  es tabl ishment  of a well- 
defined po la r i ty ;  this results in a morphogenet ic  field, 
and f inal ly wi th in  this field pa t t e rn  format ion  occurs. 
There is some evidence tha t  the deve lopment  of pre- 
pa t te rns  in ve r t eb ra te  embryos  involves nei ther  cell 
counting3, 4 nor  the  cell cycle 5, bu t  the  es tabl i shment  of a 
'map '  of in format ion  which assigns to  certain regions the  
deve lopment  of specific differentiat ions by  cells wi th in  
them.  U n d o u b t e d l y  morphogeneis  is the  result  of a great  
number  of processes at  different  levels, bu t  a t  the  mor-  
phological  level, among  other  things, changes in cell shape 
and cell con tac t  p lay  an impor t an t  role s,~. F r o m  this 
perspective,  the sequent ia l  changes in cellular act ivi t ies  

coordinated in space and t ime, which the  embryo ex- 
hibits  dur ing its development ,  seem to be connected wi th  
the sequent ia l  shape changes. 

Recen t ly  normal  morphogenet ic  shape al terat ions have  
been considered ~co be direct ly  de te rmined  by  mechanica l  
stresses in cell layers in hydroids  s as well as amphibian  
embryos  9. These authors  suggested t h a t  a possible causal  
connect ion be tween the mechanica l  stresses and the sub- 
sequent  ac t iva t ion  of the  intracel lular  mechanochemica l  
machinery  could be in terpre ted  in terms of the  'posi t ional  
informat ion '  concept  10. 

The main  aim of this work  was to obta in  Bufo a renarum 
embryos  which develop in spite of dramat ic  deformat ions  
produced by  constraints  in the  surrounding medium and 
to show the  capac i ty  for shape regulat ion which those 
anomalous  embryos  exhibi t  later. 

Fig. 1. ]~xperimcntally deformed embryo (El)E). Co~ltrol embryo at tt/esamcstage (CI~Z) 
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Material and methods. The vitell ine m e m b r a n e  of Bufo 
a r ena rum  embryos  was r emoved  at  the  early ta i l -bud 
s tage (stage t7 according to Del Conte and Sir l inn)  wi th  
w a t c h m a k e r s '  forceps under  a dissect ing microscope.  
Abou t  120 embryos  were t h e n  embedded  in an agar  
m e d i u m  made  up wi th  isotonic salt  solut ion (Holtfreter)  
at  a concen t ra t ion  of 0.5% agar, and kep t  at  room tem-  
pera tu re  till the  control  embryos  reached stage 21 (figure 
1). The gelified agar provide  an isotonic and non- toxic  
med ium allowing r e l a t i v e l y  free exchange  of resp i ra to ry  
gases, even in higher  concen t ra t ions  t h a n  t h a t  used here, 
as was shown in growth- inh ib i t ion  experiments~2. In our 
exper iments ,  it  deforms the  embryo  and  p reven t s  ex- 
pans ive  g rowth  non-uni formly .  
At  the  end of th is  f irst  exper imenta l  phase,  the  embryos  
were freed f rom the  agar  and kep t  in Ho l t f r e t e r  solution.  
E m b r y o s  were selected for fu r ther  observat ion ,  which 
showed no t races  of damage  in the  ec toderm when  exa- 
mined  under  the  binocular  microscope.  Some embryos  
were fixed in Ancel and Vin temberge r  (1948) solut ion 
when they  were freed f rom the  agar gel, and some others  
af ter  t h e y  had  reached stage 24. Transverse  and  longi- 
tud ina l  serial sect ions (5 7 b~m) were s ta ined  wi th  haema-  
toxyl in  and eosin. For  Scanning electron microscopy 
(SEM) the  embryos  were fixed in 2.5% g lu ta ra ldehyde  in 
phospha t e  buffer,  r insed wi th  p h o s p h a t e  buffer,  dehy-  
d ra ted  th rough  an e thanol  series and dr ied according to 
the  crit ical po in t  technique.  The dried specimens  were 
coa ted  wi th  evapora ted  go ld-p la t inum and  observed in a 

Jeol JSM-U3 Scanning electron microscope opera t ing  
at  5-25 kW. 
Results. During  the  f irs t  expe r imen ta l  per iod ( tha t  is, 
while being e m b e d d e d  in agar) the  g rowth  of the  embryos  
was severely d is tor ted ,  p a r t l y  as a result  of non-un i fo rm 
rest r ic t ion of expans ive  g rowth  and pa r t l y  because of the  
irregular  embryo-aga r  interface.  At  the  end of th is  period,  
the  embryos  showed di f ferent  types  and grades  of de- 
fo rmat ion  (figure 1). In  spi te  of the  severe deformat ions ,  
some dis t inc t  ex te rna l  features,  i.e. increase in the  n u m b e r  
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Fig. 2. Tail ~)f an experimentally deformed embryo. Apart from alterations in cell shape, the epidermis shows Hormal glandular ((;C) 
and ciliated cells (CC). x 1200. 
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of somites ,  a p p e a r a n c e  of gills, ca rd iovascu la r  ac t iv i ty ,  
g r o w t h  of t he  tail ,  etc. c lear ly  showed  t h a t  t he  e m b r y o s  
c o n t i n u e d  developing.  This  was conf i rmed  b y  his to logical  
analysis .  I n  spi te  of t he  de format ions ,  h is togenes is  as a 
whole seems normal .  E v e n  in s t r u c t u r e s  de fo rmed  f rom 
the  beg inn ing ,  such  as the  tail ,  SEM s t u d y  shows cy to-  
d i f f e ren t i a t ion  to be normal .  Moreover  the  p a t t e r n  of 
d i s t r i b u t i o n  of g l a n d u l a r  and  c i l ia ted  ceils is also normal ,  
i,e. c i l ia ted cells occur  s ingly (figure 2). 

Af te r  t he  end  of t he  f i rs t  e x p e r i m e n t a l  phase,  the  e m b r y o s  
g r adua l l y  and  h a r m o n i o u s l y  t e n d e d  to  recover  n o r m a l  
m o r p h o l o g y  while  c o n t i n u i n g  the i r  deve lopmen t .  F i l s t  t h e  
m o s t  conspicuous  d e f o r m a t i o n s  d isappeared .  The  va r ious  
c u r v a t u r e s  of the  axis  were cor rec ted  m u c h  more  s lowly 
a n d  g radua l ly  (figure 3). F ina l ly ,  a t  a b o u t  s tage 24, t h e  
e m b r y o s  w i t h  on ly  few excep t ions  b e c a m e  ind i s t ingu i sh-  
able  f rom the  controls .  The  his to logical  ana lys is  of t h e  
e m b r y o s  wh ich  h a d  recovered  n o r m a l  m o r p h o l o g y  showed 
t he  i n t e rna l  s t r u c t u r e s  also to  be  normal ,  while on t h e  
o t h e r  h a n d  SEM s t u d y  showed n o r m a l  d e v e l o p m e n t  of 
e c tode rm cells. L a r v a l  d e v e l o p m e n t  of these  e m b r y o s  was 
normal ,  and  m e t a m o r p h o s i s  occur red  w i t h o u t  diff icul ty,  
r e su l t ing  in n o r m a l  toads .  

Discussion.  Consider ing  t h a t  t he  p h e n o m e n o n  descr ibed  
is a p p a r e n t l y  m a i n l y  one of shape- recovery ,  let  me con-  
s ider  f i rs t  t he  fac tors  t h a t  seem to be  invo lved  in the  de-  
t e r m i n a t i o n  of the  shape  of a n  e m b r y o  or o rgan i sm a t  a n y  
one t ime :  a) t he  p a t t e r n  of associa t ion  b e t w e e n ' t h e  cells, 
a n d  b) the  shape  of t he  cells. 

a) The  specific reassoc ia t ion  p a t t e r n s  s h o w n  b y  cells dis- 
socia ted f rom d i f fe ren t  e m b r y o n i c  t issues,  an d  even  f rom 
d i f fe ren t  species 13-16, c o n s t i t u t e  i m m e d i a t e  ev idence :  t he  
cells f o rm  a n  a s sembly  t h a t  is s imi lar  to  an  o rgan i sm b y  
jo in ing  in a h igh ly  specific way.  There  is also ev idence  
t h a t  t h e  t r an s mi s s i o n  of m o r p h o g e n e t i c  s ignals  b e t w een  
e m b r y o n i c  cells ( t h a t  is a special  fo rm of in te rce l lu la r  
c o m m u n i c a t i o n )  m a y  of ten  invo lve  specific in te rce l lu la r  
con t ac t s  17-20. U n d o u b t e d l y  th i s  specif ic i ty  is m a i n t a i n e d  
insp i te  of de format ions ,  as the  his to logical  s t u d y  an d  t he  
d e v e l o p m e n t  of t h e  e x p e r i m e n t a l  e m b r y o s  shows. So 
far, on ly  v e r y  l i t t le  ev idence  for a l t e r a t i on  of in te rce l lu la r  
j u n c t i o n s  in  t h e  de fo rmed  e m b r y o s  was found  ~l. b) The  
shape  of t h e  cells is u n d o u b t e d l y  re la ted  to the  specific 
p a t t e r n  of cell associat ion,  while  on the  o t h e r  h a n d  cyto-  
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Fig. 3. Experimentally deformed embryo during recovering phase (RE). Control embryo at the same stage (CE). 
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plasmic orgalxelles as micro tubules  are also involved 2e, ca. 
The SEM s t u d y  alone provides  good evidence for cell 
shape  a l tera t ions  in the  exper imenta l  embryos .  However ,  
these  cell de fo rmat ions  do no t  seem to affect  cell differ- 
en t i a t ion  or fu r ther  cell deve lopment ,  because the  cells 
g radua l ly  reach the i r  no rmal  shape  and cont inue  to be 
normal  as SEM analysis  shows. On the  o ther  hand,  a t  the  
supracel lular  level there  is evidence t h a t  the  d i f ferent  
amph ib i an  embryor ic  layers as a whole are cons iderably  
af fec ted  by  the  sur rounding  tissuesg. These au thors  con- 
sider t h a t  morphogene t ic  shape  change is d i rec t ly  deter-  
mined  by  mechanica l  stresses in cell layers which occur 
as a consequence  of the i r  con t rac t ion  capaci ty .  Such 
stresses seem to p lay  an i m p o r t a n t  role also in t he  re- 
cover ing  p h e n o m e n o n  observed in exper imen ta l ly  de- 
formed embryos .  

The first  conclusion f rom the  resul ts  p re sen ted  here is 
t h a t  an embryo  can develop inspire of d rama t i c  defor-  
ma t ions  ( tha t  is changes  in the  spat ia l  conformat ion)  and 
can even u l t ima te ly  recover  a normal  morphology.  A 
more  general  conclusion is tha t ,  wi th in  wide limits, no 
sequent ia l  change  of overall  shape  is necessary  for normal  
morphogenes i s  and p a t t e r n  format ion .  Consequent ly ,  the  
form of the  embryo  appears  to be de t e rmined  by  cell 
act ivi t ies  intr insic  to each stage. 
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Chiasmate  m e i o s i s  in roaches .  II. Meios i s  in Blatella supe l lec t i l ium Serv.  
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Summary .  In  the  cockroach,  Blat te l la  supellect i l ium Serv., meiosis in the  male is of a normal ,  ch iasmat ic  type,  wi th  
an average ch iasma f requency  of 1.3 per  b iva len t  (2n = 22 + XO). 

Unt i l  recently,  the  occurrence of ch i a sma ta  in cock- 
roaches  was a cont rovers ia l  mat te r .  The opinion of 
M a t t h e y  3, John  and  Lewis 4-6 and Sha rma  7, t h a t  meiosis 
in these  insects  is of ' non-ch iasmate '  type  was general ly  
accepted .  Subsequen t ly  in the  l ight of the  works of 
Suomala inen  s, J o h n  and Quaraishi  9, and R a j a s e k h a r s e t t y  
and  R a m a m u r t h y  10, the  val id i ty  of such a view was 
doub ted .  Still the  ' non-ch iasmate  meiosis '  hypo thes i s  
f irst  p roposed  by  J o h n  and Lewis is re ta ined  in the  
l i terature.  This was po in ted  out  recent ly  by  the p resen t  
au tho r  (Desai)11 who descr ibed clear ch ia smata  in the  
roach N a u p h o e t a  cinerea Oliv. In  the  same article it was 
proposed  t h a t  o ther  genera  and species of roaches should 
be examined.  This repor t  concerns Blat te l la  supellec- 
t i l ium Serv., a species in which male meiosis appears  to 
be qui te  normal .  
Over  100 males of th is  insect  species were collected f rom 
di f ferent  localities in and a round  Dharwar .  The observa-  
t ions  are based on aceto-orcein squash  p repara t ions  of 
testes.  Spermatogonia l  me taphases  show a diploid chro-  
mosome n u m b e r  of 23 (22A + XO). Of the  11 pairs  of 
autosomes,  8 pairs  are me tacen t r i c  and 3 submetacen t r i c .  

The X - c h r o m o s o m e  is also submetacen t r i c .  Dur ing  
meiosis pair ing is in t imate .  The crossing over  involves 
in ters t i t ia l  as well as distal  segments .  This s i tua t ion  is 
qui te  unlike t h a t  found in Pe r ip l ane t a  amer icana  where in  
ch i a sma ta  are res t r ic ted  to the  dis ta l  segments  only  
( John  and Lewis ' ,  5 and J o h n  and Quaraishig).  During 
the  early d ip lo tene  stage, 3-4 ch i a sma ta  are seen in some 
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Camera lucida drawings from aceto-orcein squash preparations of testes. • 1500. A 11 bivalents and a univalent X at early diplotene. B Late 
diplotene with advanced terminalization of ehiasmata. C Late diakinesis. Most chiasmata are terminalized. D Metaphase I. 


