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Changes in DNA and RNA during Embryonic 
D e v e l o p m e n t  of  t h e  M e r o g o n i c  C o m b i n a t i o n  
Triton palmatus  (~) x Triton cristatus(~) ~ 

I n  a n u m b e r  of previous  s tudies  BALTZER 2-4 and  HA- 
DORN 6-~ inves t iga ted  in de ta i l  the  morphogene t i c  capac-  
it ies of t he  merogonic  combina t ion  Triton palmatus (~) x 
Triton cristatus ~;. Accord ing  to  these two authors ,  the  
(p)c merogone  develops  a t  best  to  an  ear ly  embryo  wi th  
neura l  t u b e  and eye vesicles, and  t h e n  dies wi th  a localized 
pycnosis  in t h e  head  mesenchyme.  W e  know, however ,  
v e r y  l i t t le  abou t  the  b iochemical  proper t ies  of  this a n d r e -  
genet ic  haplo id  hybr id .  ZELLER 8 carried ou t  an  ex tens ive  
s tudy  on the  synthesis  of r ibonucleic  acid (RNA) in t he  
(p)c embryos .  H e  showed t h a t  there  is a rapid  increase in 
R N A  dur ing  t h e  deve lopmen t  of the  merogone.  Obvious ly  
t he  cristatus nucleus  is able  to  synthesize  R N A ,  which,  
however ,  c anno t  be  ut i l ized by  the  palrnatus cytoplasm.  
Changes in desoxyr ibonucle ic  acid (DNA) were no t  in- 
ves t iga ted .  

Very  recent ly ,  by  using a modif ied  microchemica l  
me thod ,  CHEN 8 ana lyzed  t h e  synthesis  of b o t h  D N A  and  
R N A  dur ing  the  normal  embryon ic  d e v e l o p m e n t  of T. 
alpestris, T. palmatus, and T. cristatus. I n  general,  his 
results  revea led  t h a t  t he  D N A  con ten t  keeps a cons t an t  
va lue  unt i l  the  late  b las tu la  s tage and new synthesis  
begins shor t ly  before gas t ru la t ion ;  dur ing  gas t ru la t ion  
and  neurula t ion ,  t he  D N A  increase is especial ly  rapid.  
A s imilar  s i tua t ion  was found for R N A :  i ts  synthesis  does 
no t  t ake  place unt i l  the  end of b las tula t ion.  The  increase 
in R N A  dur ing  gas t ru la t ion  and neuru la t ion  is, however ,  
slow compared  to t h a t  in D N A .  

The  microchemica l  m e t h o d  descr ibed b y  CI4ENg is 
sensi t ive  enough  for es t imat ing  the  nucleic acids in half  an  
embryo .  The  procedure  involves  the  di f ferent ia l  ex t rac t ion  
of D N A  and R N A  by  perchloric  acid and the  con ten t s  
de te rmined  by  spec t ropho tome t ry  using mic ro -a t t ach-  
ments  for B e c k m a n  mode l  D U .  I t  would  be  of in te res t  to  
follow the  synthes is  of b o t h  nucleic  acids in t h e  (p)c 
merogones  by  using this  new method .  The  ma in  po in t  
here  is to find ou t  whe the r  t he  cristatus nucleus can  m a k e  
use of mater ia ls  in the  cy top l a sm of ano the r  species to  
fo rm new D N A  and R N A .  Since haplo id  hybr ids  which 
reach a d v a n c e d  stages are  v e r y  rare,  our  d a t a  are  l imited,  
and  t h e  p resen t  pape r  should be considered as a pre-  
l iminary  repor t  on this  problem.  

The  t echn ique  of ob ta in ing  merogonic  hybr ids  was 
s imilar  to t h a t  described by  previous  au thors  (BALTZER ~-4 
HADORN 5-v, and ZELLERS), excep t  t h a t  for enucleat ion,  
a f ine needle was inser ted in to  t h e  glass mic rop ipe t t e  so 
t h a t  t he  unfer t i l ized palmatus egg could  be pr icked and  
the  egg nucleus  r emoved  in the  same procedure  (Fig. 1). 
E m b r y o s  of desired s tages were cu t  in to  two equa l  
sagi t ta l  halves,  the  one half  being used for the  chemical  
analysis and  the  o the r  half  squashed on a slide and 
s ta ined wi th  orcein-acet ic  acid for count ing  the  chromo-  
somes. I n  add i t ion  to hyb r id  embryos  ident i f ied as haploid,  
indiv iduals  w i th  the  diploid n u m b e r  of chromosomes  were 
also found;  these  appa ren t ly  were due to an unsuccessful  
enucleat ion.  We  shall  refer  to  these  embryos  as opera ted  
diploid pc hybr ids  (op.pc), while those  which  had  no t  been 
sub jec ted  to  t h e  enuc lea t ion  procedure  will be t e rmed  
normal  diploid pc hybr ids  (nor.pc). B o t h  types  of embryos  
served as controls.  The  deve lopmen ta l  periods chosen for 
the  nucleic acid analysis were as follows: (1) la te  blas tula  
to ear ly  gas t ru la  aged abou t  25-34 h af ter  fert i l ization,  
(2) ear ly  to la te  neuru la  a t  60-78 h of  age and (3) ear ly  
embryo  wi th  neura l  t ube  and  eye  vesicles a t  85-98 h of  
age. W e  have  examined  a l toge ther  68 haploid  and diploid 

Fig. 1. Glass micropipette with a fixed fine needle for pricking the 
egg and removing the egg nucleus in the same procedure. The micro- 
pipette is fastened to a metallic holder (shown by the hatched part in 
the sketch) used in the transplantation technique for Drosophila. The 
holder is connected to a hypodermic syringe by a plastic capillary 
tubing (not shown in the Figure). The whole apparatus is filled with 
water during operation. By manipulating the syringe, the egg 
nucleus together with some cytoplasmic material can be sucked into 

the micropipette immediately after pricking. 
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Fig. 2. Pattern of DNA and RNA synthesis in haploid (p)c mere- 
genes (A), normal (O), and operated ( • ) diploid pc hybrids. Ordinate: 
nucleic acid content (~g/l]2 embryo). Abscissa: developmental age in 

h after fertilization at 18°C. 
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embryos .  A m o n g  these  o n l y  10 merogones ,  18 n o r m a l  a n d  
6 o p e r a t e d  pc  h y b r i d s  were found  to be  h e a l t h y  a n d  could  
be  used  for  e v a l u a t i o n  of t he  D N A  a n d  R N A  da t a .  The  
n u m b e r  of c h r o m o s o m e s  in  these  e m b r y o s  could  b e  
e s t i m a t e d  w i t h  c e r t a i n t y .  

Results. O u r  over-a l l  d a t a  on  D N A  a n d  R N A  are  pre-  
s e n t e d  in  t he  Tab le  a n d  t h e  ave r age  va lues  for  t h e  t h r e e  
d e v e l o p m e n t a l  per iods  m e n t i o n e d  in t h e  p rev ious  sec t ion  
a re  s u m m a r i z e d  in F igure  2. As c a n  be  seen f rom t h e  Tab le  
t h e r e  are  c e r t a i n  v a r i a t i o n s  in  t h e  nuc le ic  ac id  c o n t e n t s  in  
e m b r y o s  of a b o u t  t h e  s a m e  age, b u t  t h e  genera l  p a t t e r n  of 
D N A  a n d  R N A  increase  in t h e  t h r e e  t y p e s  of e m b r y o s  is 
ev iden t .  In  t he  n o r m a l  d ip lo id  pc  h y b r i d s  (nor.pc),  t h e r e  is 
a c o n t i n u o u s  increase  of D N A  f rom la t e  b l a s t u l a  u n t i l  t h e  
ea r ly  e m b r y o  s tage  (Fig. 2). Cons ide r ing  t h a t  t h e  deve lop -  
m e n t  of t h i s  h y b r i d  c o m b i n a t i o n  is no rma l ,  t h i s  increase  
is u n d e r s t a n d a b l e .  I n  t h e  p rev ious  s t u d y  of CHEN 9, i t  h a s  
been  s h o w n  t h a t  t he  D N A  c o n t e n t  of b o t h  p a r e n t a l  
species also r ises r a p i d l y  d u r i n g  t h e  s ame  d e v e l o p m e n t a l  
per iod.  T h e  o p e r a t e d  d ip lo id  pc  h y b r i d s  (op. pc) show t h e  
s a m e  p a t t e r n  of D N A  increase ,  a l t h o u g h  i ts  a b s o l u t e  
a m o u n t  is d i s t i n c t l y  lower t h a n  t h a t  in  t h e  n o r m a l  

Age, development and nucleic acid contents of haploid (p)e mero- 
gones, operated (op) and normal {nor) diploid pc hybrid embryos 

Embryo 
type 

(p)c 

pc(op.) 

pc(nor.) 

Age in h 
after fer- 
tilization 

25.5 
25.5 
27 
27 
27 
27 
34 
60 
60 
85 
33 
33 
60 
60 
98 
98 
25.5 
27 
27 
33 
33 
34 
34 
60 
60 
78 
78 
78 
78 
85 
85 
94 
98 
98 

Development* 

8 + / H / N  
8 + / H ( + ) / N  
8 +/H/N 
8 +/H(+)/N(=[=) 
8 + / H ( + ) / N  
8 + [H/N 
9 - 1 0 / H / N ( ~ )  
12c/H(+ )/S 
1 3 / H / N ( i )  
13/H/S 
l l a / D / N  
l l a ] D ] N ( ± )  
1 3 / D ( + ) / N ( + )  
1 3 / D ( -  )/N 
15/D/N 
2 1 / D ( + ) / N  
8 +/DIN 
8 + / D / N  
8 + / D / N  
9-10/D/N 
9-10/D/N 
l l b / D / N  
l lb /D/N 
15[D/N 
15/D/N 
15/D/N 
15/D/N 
15/DIN 
15/D/N 
23/D/N 
23/D/N 
21/D/N 
19/D/N 
19[D/N 

RNA DNA 
(~g/1/2 (~gll12 

embryo) embryo) 

0.85 0.39 
0.96 0.42 
0.76 0.12 
0.86 0.26 
0.80 0.24 
0.68 0.24 
0.88 0.12 
1.47 0.77 
1,59 1.01 
1.06 0.51 
1.23 0.35 
1.14 0.18 
1.63 0.92 
1.46 0.81 
1.31 1.28 
1.59 1.86 
1.26 0.72 
1.37 0.92 
1.10 0.43 
1,84 0.49 
1.88 0.65 
1.10 0.74 
1.28 0.69 
1.82 1.40 
2.04 1.25 
1.96 1.34 
1.96 1.33 
1.94 1.27 
2.I6 1.59 
2.52 2.22 
2.02 1.83 
1.73 1.81 
2.29 2.88 
1.73 1.72 

The numbers in this column refer to Harrison's develop- 
mental stages for Amblystoma punctatum. H and D indicate 
haploid and diploid number of chromosomes respectively. 
' + '  and ' - - '  show that small variations in the number of 
chromosomes were counted. N means that the develop- 
mental state of the embryo was normal, while S indicate 
that sticky, possibly degenerated, cell materials were ob- 
served in the inside of the embryo. 

hyb r id s .  I t  shou ld  be  m e n t i o n e d  t h a t  d u r i n g  e n u c l e a t i o n  a 
p a r t  of t he  egg c y t o p l a s m  was r emoved .  The  o p e r a t e d  
e m b r y o s  are  t h u s  smal le r  t h a n  t h e  n o n - o p e r a t e d  pc  con-  
trols.  Also, f r om ear l ie r  s tudies ,  i t  is k n o w n  t h a t  in  t h e  
a m p h i b i a n  egg t h e r e  is a la rge  c y t o p l a s m i c  s to re  of D N A  
(for l i t e r a tu re  see CHENg). Th i s  seems to  be  t h e  r e a s o n  
w h y  t he  abso lu t e  q u a n t i t y  of D N A  is lower  in  t h e  o p e r a t e d  
d ip lo id  hybr ids .  I n  t he  h y b r i d  merogones ,  t h e r e  is a 
d i s t i nc t  increase  of D N A  f rom la t e  b l a s t u l a  to  m i d - n e u r u l a  
s tage .  Howeve r ,  a f t e r  t h i s  s t age  t h e r e  seems  to  be  no  in-  
crease  in t h e  D N A  c o n t e n t .  To w h a t  e x t e n t  t h i s  is due  to  
cell degene ra t ion ,  d u r i n g  l a t e r  d e v e l o p m e n t ,  is u n c e r t a i n .  
As s h o w n  b y  t h e  c u r v e s  in  F igu re  2, d u r i n g  t h e  pe r iod  
f rom la t e  b l a s t u l a  to  m i d - n e u r u l a  t h e  hap lo id  (p)c mero-  
gones  h a v e  a b o u t  t h e  s ame  a m o u n t  of D N A  as t h e  o p e r a t e d  
d ip lo id  pc  hyb r id s .  Cons ide r ing  t h a t  t h e  nucle i  of t h e  
diploid  i nd iv idua l s  c o n t a i n  twice  t h e  n u m b e r  of ch romo-  
somes  as t h e  hap lo id  ones, t h i s  r e su l t  is n o t  to  be  expec ted .  
W e  h a v e  c o u n t e d  t h e  n u m b e r  of nuc le i  in  sec t ions  of 
one  pc  d ip lo id  a n d  one  (p)c merogon ic  e m b r y o .  T h i s  
showed  t h a t  these  a re  on  t h e  ave r age  4.94 nucle i  pe r  u n i t  
a rea  in  t h e  pc  con t ro l  a n d  8.43 in t he  (p)c merogone .  
A p p a r e n t l y  t h e r e  is a n  a d j u s t m e n t  in  nuc l ea r  n u m b e r ,  
c o m p e n s a t i n g  for t h e  decrease  in nuc l ea r  size. I n  a n u r a n s  
HERTWlG 1° found  twice  t h e  n o r m a l  cell n u m b e r  in  
hap lo id  gas t ru lae .  V e r y  recen t ly ,  s u c h  a r e g u l a t i o n  was  
also r ecorded  for  d ip lo id  a n d  t r ip lo id  i nd iv idua l s  of t he  
f ish Gasterosteus aculeatus (SWARUP 11). The  p r o b l e m  of t h e  
r e l a t i on  of cell n u m b e r  to  cell size ha s  been  discussed in  
de ta i l  b y  FANKHAUSER 12 

The  p a t t e r n  of R N A  s y n t h e s i s  for  t h e  t h r e e  t y p e s  of 
h y b r i d s  is also s h o w n  in F igure  2. I n  t h e  n o r m a l  pc  
h y b r i d s  (nor.pc),  t h e r e  is a g r a d u a l  increase  of R N A  f rom 
la te  b l a s t u l a  to  e m b r y o  w i t h  eye vesicles.  However ,  t h e  
m a g n i t u d e  of inc rease  is less c o m p a r e d  w i t h  t h a t  of DNA,  
espec ia l ly  a t  l a t e r  s tages .  T h i s  d i f ference  was  also f o u n d  
for t h e  two  p a r e n t a l  species (CHENg). I n  a s imi la r  w a y  t he  
o p e r a t e d  pc  h y b r i d s  show a s t e a d y  increase  in RNA,  b u t  
t he  t o t a l  q u a n t i t i e s  are  a g a i n  m a r k e d l y  lower  t h a n  those  
of t h e  n o r m a l  d ip lo id  pc  h y b r i d s  a t  c o r r e s p o n d i n g  s tages ,  
a p p a r e n t l y  a g a i n  due  to  r e m o v a l  of egg c y t o p l a s m  d u r i n g  
enuc lea t ion .  I n  t h e  h y b r i d  merogones  we o b s e r v e d  a 
def in i t e  increase  of R N A  d u r i n g  g a s t r u l a t i o n  a n d  n e u r u -  
la t ion.  Our  d a t a  i nd i ca t e  t h a t  a t  t h e  m i d n e u r u l a  s tage  t he  
(p)c e m b r y o s  are  a t  l eas t  as  r i ch  in R N A  as t h e  o p e r a t e d  
pc  ind iv idua ls .  Th i s  r e su l t  con f i rms  t h e  ear l ie r  f ind ings  of 
ZELLER $ t h a t  ac t ive  s y n t h e s i s  of R N A  t a k e s  place  d u r i n g  
t he  ea r ly  d e v e l o p m e n t  of t h e  hap lo id  a n d r o g e n e t i c  h y b r i d .  
On ly  a t  a b o u t  90 h of age, i ts  R N A  c o n t e n t  seems to  be  
lower.  F u r t h e r  work  is needed  to  a s c e r t a i n  h o w  fa r  t h e  
i n h i b i t i o n  of R N A  f o r m a t i o n  a t  such  a l a t e r  s tage  is due  to  
a genera l  i m p a i r m e n t  of m o r p h o g e n e t i c  d e v e l o p m e n t  of 
t h i s  merogon ic  c o m b i n a t i o n .  

The  p r e s e n t  s t u d y  d e m o n s t r a t e s  t h a t ,  a t  leas t  u p  to  t h e  
m i d n e u r u l a  s tage,  t h e  cristatus nuc leus  is ab le  to  ut i l ize  
p recurso r s  in  t h e  palmatus c y t o p l a s m  to  s y n t h e s i z e  b o t h  
D N A  a n d  R N A .  

Zusammen/assung. Der  G e h a l t  a n  R N S  u n d  D N S  f r i iher  
E n t w i c k l u n g s s t a d i e n  des B a s t a r d m e r o g o n s  Triton palma- 
tus (~) x Triton cristatus ~ w u r d e  gemessen.  E s  zeigt  sich,  
dass  t r o t z  de r  K e r n - P l a s m a d i s h a r m o n i e  diese l e ta le  K o m -  
b i n a t i o n  in de r  Lage  ist ,  be ide  N u k l e i n s ~ u r e n  zu s y n t h e t i -  

sieren.  P . S .  CHEN a n d  CH. ZELLER 
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