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Rana ,  s tage 18), t oge the r  w i th  typ ica l  Niss l -subs tance  in 
per iphera l  areas of the  neuron.  
The cy top l a sm of the  amph ib i an  RBCells  also possessed 
large lipid vacuoles  (2-15 ~xm in d iamete r ;  figure 5) and 
m a n y  yolk p la te le ts  (2-10 txm in d iamete r ;  figure 4). 
A h igh  c o n t e n t  of compac t  melanin  granules  (about  
0.5 [xm in diameter)  was observed especial ly in the  RBCells 
of R a n a  t empora r i a  (figure 5). The melanin  deposi ts  in the  
RBCells  of Tr i tu rus  helvet icus  were of more  complex  
charac ter ,  0.3-0.5 ~m in diameter ,  each consis t ing of 
several  granules  of abou t  0.05 ~m in d i ame te r  (figure 3). 
Subsurface c is terns  were found in all s tages  of fish and 
amph ib i an  RBCell  deve lopmen t  t h a t  were inves t iga ted  
- o f ten  a t  si tes of con tac t  be tween 2 ne ighbour ing  
RBCells. The cell m e m b r a n e  showed no adhe ren t  synap t ic  
e lements .  
Discussion. The u l t r a s t ruc tu ra l  deve lopmen t  of the  
pe r ika ryon  of the  RBCells of fishes and  amph ib ians  ob- 
v ious ly  parallels  t h a t  of o ther  neuroblas t s  in the  ver- 
t eb r a t e  cent ra l  nervous  sys tem 12-17. In  addi t ion,  the  
fully d i f fe ren t ia ted  RBCells of bo th  lower ve r t eb ra t e  
groups  inves t iga ted  were s t ruc tura l ly  similar to  the  
dorsal  cells of the  adul t  p e t r o m y z o n t  spinal  cord ls-2~ 
which  are regarded as pers i s ten t  RBCellsIT,2L This  
resemblance  be tween  b o t h  types  of in t r amedu l l a ry  
dorsal  neurons  suppor t s  the  view t h a t  t h e y  are homolog-  
ous features  wi th in  the  cent ra l  nervous  sys t em of lower 
ver tebra tes .  

Compar ison of the  ra te  of u l t r a s t ruc tu ra l  d e v e l o p m e n t  of 
fish and  amph ib i an  RBCells dur ing  the  h a t c h i n g  per iod 
revealed t h a t  s t ruc tu ra l  m a t u r i t y  occurs earl ier  in the  
RBCells of the  t r o u t  t h a n  in those  of t he  amphib ians .  
Corresponding  evidence on neuronal  func t ion ing  was 
ob ta ined  in enzyme-h i s tochemica l  inves t iga t ions ,  de- 
m o n s t r a t i n g  s t rong  enzyme act ivi t ies  in the  t r o u t  RBCells  
only  a t  ha tch ing ,  while the  amph ib i an  RBCells lack any  
paral lel  deve lopmen t  of enzyme reactions,  including the i r  
degenera t ive  per iod S . 
Considering these  results,  i t  m a y  be assumed t h a t  in 
amph ib i ans  the  p r i m a r y  reflex m a c h a n i s m  has  no im- 
p o r t a n t  biological meaning,  bu t  in oviparous  fishes, such 
as the  t rout ,  it  m a y  be invo lved  in the  contro l  of h a t ch ing  
movement s .  
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Summary. Vicia faba root  mer i s t em cells t r ea ted  for 24 h wi th  1.25 mM h y d r o x y u r e a  and then  X- i r r ad ia t ed  con- 
t a ined  a large n u m b e r  of cells wi th  b o t h  ch romosome  and ch roma t id  aberra t ions .  X- i r rad ia t ion  4 h af ter  release f rom 
the  h y d r o x y u r e a  block yielded cells wi th  a lmost  exclusively ch roma t id  aberra t ions .  

The X- i r rad ia t ion  of eukaryot ic  in te rphase  cells yields 2 
major  types  of ch romosomal  aber ra t ions :  early and mid 
G 1 produce  ch romosome  aber ra t ions  while S and G 2 pro-  
duce ch roma t id  aberra t ions .  The t r ans i t ion  f rom chromo-  
some to ch roma t id  aber ra t ions  occurs in late G 1, b u t  be- 
fore S 3-5. Wolff* has repor ted  t h a t  inhibi tors  of DNA and 
pro te in  syn theses  do no t  p r even t  this  t ransi t ion.  How-  
ever,  the  presence  of ch romosome  and ch roma t id  aberra-  
t ions  wi th in  the  same cell is a r a the r  in f requen t  even t  a t  
var ious  t r e a t m e n t s  4. 
We repor t  here  t h a t  when  Vicia faba root  t ips  were 
X- i r r ad ia t ed  immedia te ly  af ter  h y d r o x y u r e a  (HU) syn- 
chroniza t ion  and  the  mer i s t emat ic  mi to t ic  cells scored for 
ch romosomal  anomal ies  a ve ry  large p ropor t ion  ( ~ 4 0 % )  
of cells con ta in ing  b o t h  chromosome and  ch roma t id  aber- 
ra t ions  was observed.  
Seeds of Vicia faba (Kellogg Seed Company,  Ventura ,  CA) 
were soaked ove rn igh t  in runn ing  t ap  water ,  t h e n  p l an t ed  
in mois t  vermicul i te  and grown in the  da rk  for 5 days  a t  
19 =k 1 ~ The seedlings, wi th  p lumules  and seed coats  
removed,  were t hen  t rans fe r red  to a t a n k  conta in ing  
ae ra ted  V o t h  and  Hawne r ' s  7 No. 5 nu r t i en t  solut ion 
(19 • 1~ for 48 h, then  to a t a n k  conta in ing  nu t r i en t  
solut ion plus 1.25 mM H U  for a per iod of 24 h, and sub- 
sequen t ly  r e tu rned  to the  cul ture  t a n k  con ta in ing  only 

n u t r i en t  solution.  At  var ious  t imes  af ter  r emova l  f rom 
H U  roots  were pulse labeled (30 min) w i t h  1 fxCi/ml 3H- 
t h y m i d i n e  E6.7 Ci/mM, spec. act@ Roots  were X-i r ra-  
d ia ted  wi th  400 R (150 R/rain) immed ia t e ly  or a t  4 h 
af ter  the  H U  t r e a t m e n t .  At  d i f ferent  t ime  in terva ls  af ter  
removal  f rom the  H U  solut ion some roots  were soaked 
for 2-3 h in ae ra ted  0.04% colchicine, b u t  all were f ixed 
in 3 : 1 alcohol:  acetic acid. Roo t  mer i s tems  were Feulgen  
s ta ined,  squashed  onto  microscope slides, and  adhered  by  
the  m e t h o d  of Conger and  Fairchi ld  s. Au to rad iographs  
were p repa red  by  d ipping  the  slides in K o d a k  NTB-3 
l iquid emulsion,  drying,  and  s tor ing the  slides in the  da rk  
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Frequencies and aH-thymidine labeling patterns of radiation induced chromosome and chromatid aberrations from different 1.35 mM 
hydroxyurea regimens 

Number with chromosomal aberrations 
(% of mitotic cells in parentheses) 

Regimen Approximate fixation Total number  of Total Only Both chromosome Only 
times (h) post HU mitotic cells observed chromosome and chromatid chromatid** 

24 h HU 9-17 390 25 11" 0 14 
(6.4) (2.8) (3.6) 

24 h HU 4- 400 R 38-71 232 171 45* 96* 30 
(73.7) (19.4) (41.4) (12.9) 

24 h HU 4- 4 h H20 4- 400 R 5-27 147 146 3* 0 143 
(99.3) (2.0) (97.3) 

Label pat tern:  * unlabeled metaphase,  ** approximately 60% 3 H-labeled. 

a t  4 ~  for  3 w e e k s  b e f o r e  d e v e l o p m e n t .  T h e  s l ides  we re  
s c o r e d  for  3 H - l a b e l i n g  i n d e x ,  m i t o t i c  i n d e x ,  a n d  c h r o m o -  
s o m a l  a n o m a l i e s .  
T h e  f igure ,  s i m i l a r  t o  t h a t  o b t a i n e d  b y  H a l l  e t  al.% s h o w s  
t h e  3 H - l a b e l i n g  a n d  m i t o t i c  i n d i c e s  a t  d i f f e r e n t  t i m e s  a f t e r  
r e m o v a l  of  t h e  s e e d l i n g s  f r o m  t h e  24 h H U  t r e a t m e n t .  
T h e  H U  t r e a t m e n t  d i d  n o t  c o m p l e t e l y  a r r e s t  D N A  s y n -  
t h e s i s  as  e v i d e n c e d  b y  t h e  p r e s e n c e  of  3 H - l a b e l e d  n u c l e i  
i m m e d i a t e l y  a t  t h e  e n d  of  t h e  H U  t r e a t m e n t ;  t h e  0 h 
l a b e l i n g  i n d e x  w a s  o b t a i n e d  b y  m a i n t a i n i n g  t h e  r o o t s  in  
H U  for  231/~ h a n d  t h e n  a f u r t h e r  1/2 h in  H U  p l u s  
a H - T d R .  T h e r e  w e r e  n o  cel ls  in  m i t o s i s  u n t i l  t h e  5 - 9  h 
i n t e r v a l s ;  a f t e r  w h i c h  t h e  m i t o t i c  i n d e x  ro se  s t e e p l y  to  a 
p e a k  ( ~ 4 0 % )  a t  1 1 - 1 3  h a n d  t h e n  g r a d u a l l y  d e c l i n e d .  
T h e  e f f ec t  of  24 h H U  a l o n e  o n  t h e  p r o d u c t i o n  of  c h r o m o -  
s o m e  a n d  c h r o m a t i d  a b e r r a t i o n s  w a s  s l i gh t .  T h e  m a j o r i t y  
o f  t h e  cel ls  (94%)  h a d  no  c h r o m o s o m a l  a n o m a l y ;  t h e  re-  
m a i n i n g  cel ls  c o n t a i n e d  c h r o m a t i d  e x c h a n g e s ,  c h r o m o -  
s o m e  d e l e t i o n s  a n d  s o m e  g a p s  ( tab le) .  T h e  r a d i a t i o n  reg i -  
m e n s  p r o d u c e d  c o n s i d e r a b l e  d e l a y s  in  t h e  o n s e t  of  m i t o s i s  ; 
fo r  e x a m p l e ,  fo r  t h e  24 h H U  + 400 R r e g i m e n  m i t o t i c  
cel ls  we re  o b t a i n e d  f r o m  2 h c o l c h i c i n e  co l l e c t i on  i n t e r v a l s  
b e g i n n i n g  a t  38 h p o s t - H U  t r e a t m e n t  a n d  e x t e n d i n g  
t h r o u g h  71 h. F o r  t h e s e  l o n g  i n t e r v a l s  o v e r  w h i c h  f i xa -  
t i o n s  w e r e  a c c o m p l i s h e d  t h e  m i t o t i c  i n d e x  w a s  v e r y  low 
a n d  m a n y  r o o t s  a n d  i n t e r v a l s  w e r e  n e e d e d  t o  o b t a i n  cel ls  
for  s co r ing .  W i t h i n  r e g i m e n s  t h e r e  w a s  n o t  a n  a p p a r e n t  
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Mitotic and 8 H-thymidine label indexes with time after removal from 
a 24 h exposure to hydroxyurea (HU); 3 slides per point, 1000 cells 
per slide. 

c h a n g e  in  t h e  f r e q u e n c y  or  t y p e  of  c h r o m o s o m a l  a n o m a -  
l ies w i t h  f i x a t i o n  i n t e r v a l s .  
S l i g h t l y  m o r e  t h a n  4 0 %  of  t h e  m i t o t i c  cel ls  f r o m  t h e  
24 h H U  -- 400 R r e g i m e n  h a d  c h r o m o s o m e  a n d  c h r o -  
m a t i d  a b e r r a t i o n s  w i t h i n  t h e  s a m e  cell ;  a l l  we re  u n l a b e l e d ,  
a s  w e r e  a n y  ceils  w i t h  so l e ly  c h r o m o s o m a l  a b e r r a t i o n s ,  
t h u s  i n d i c a t i n g  t h e y  w e r e  in G 1 a t  t h e  t i m e  of  X - i r r a d i a -  
t ion .  W h e n  t h e  r o o t s  w e r e  r e l e a s e d  f r o m  t h e  24 h H U  
t r e a t m e n t  for  o n l y  4 h v e r y  f e w  c h r o m o s o m e  a b e r r a t i o n s  
were  s co red ,  a n d  n o  cei ls  w e r e  o b s e r v e d  c o n t a i n i n g  b o t h  
c h r o m a t i d  a n d  c h r o m o s o m e  a b e r r a t i o n s .  
T h e  t r a n s i t i o n  f r o m  c h r o m o s o m e  to  c h r o m a t i d  a b e r r a -  
t i o n s  o c c u r s  a) in  a s h o r t  p e r i o d  o f  t i m e  10 in  c o m p a r i s o n  t o  
a D N A  s y n t h e t i c  p e r i o d  (S) o f  6 h in  V ic i a  n ,  a n d  b) a t  t h e  
e n d  o f  G~ b u t  b e f o r e  S a-6,12-14. T h e  t r a n s i t i o n  d o e s  n o t  
a p p e a r  to  be  t h e  r e s u l t  of  s e p a r a t i o n  o f  t h e  D N A  d o u b l e  
he l i x  i n t o  2 s ing le  s t r a n d s  15. 
A u t o r a d i o g r a p h i c  s t u d i e s  h a v e  d e m o n s t r a t e d  t h a t  D N A  
s y n t h e s i s  in e u k a r y o t i c  cel ls  o f t e n  d o e s  n o t  o c c u r  s y n -  
c h r o n o u s l y  in  a l l  c h r o m o s o m e s  o f  a c o m p l e m e n t ;  t h e  
c h r o m o s o m e s  do  e i t h e r  n o t  i n i t i a t e ,  o r  t e r m i n a t e  D N A  
s y n t h e s i s  a t  t h e  s a m e  t i m e ,  o r  b o t h  1.-19. T h u s ,  o n  a n  
i n d i v i d u a l  c h r o m o s o m a l  D N A  s y n t h e s i s  b a s i s  t he  t r a n s i -  
t i o n  f r o m  G 1 to S m a y  be  v a r i a b l e .  L i n  a n d  D a v i d s o n  ~~ 
h a v e  f u r t h e r  s u g g e s t e d  t h a t  t h e  t i m i n g  of  t e r m i n a l  D N A  
r e p l i c a t i o n  is d e t e r m i n e d  i n d e p e n d e n t l y  in  e a c h  c h r o m o -  
s o m e .  T h e  t r a n s i t i o n  f r o m  c h r o m o s o m e n e s s  t o  c h r o m a t i d -  
n e s s  o c c u r s  be fo r e  t h e  o n s e t  of  D N A  s y n t h e s i s ,  i.e., in  
l a te  G~. O u r  d a t a  s u g g e s t  t h a t  a) t h e r e  is a s u b s t a n t i a l  
s u b p o p u l a t i o n  ( ~ 4 0 % )  of  ce l ls  w h i c h  a p p e a r  w i t h  a 24 h 
H U  t r e a t m e n t  w h o s e  c h r o m o s o m e s  a r e  in  a s t a t e  of  t r a n -  
s i t i o n  f r o m  c h r o m o s o m e n e s s  to  c h r o m a t i d n e s s ,  a n d  b) 
t h e s e  cel ls  c a n  be  r e s o l v e d  b y  t h e  a p p l i c a t i o n  of  X - r a y s .  
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