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ABSTRACT OF THESIS.

Game to K e n e s is  and F e r t i l i s a t io n  in  ce r t a i n  Mono c o ty le d o i i s >

A t th e  o u t s e t  o f  th e  i n v e s t i g a t i o n ,  i t  was hoped to  

e l u c i d a t e  d e t a i l s  o f  m e io s i s  and f e r t i l i s a t i o n  i n  d io e c io u s  

and m onoecious m o n o co ty led o n s , w i th  e s p e c i a l  r e f e r e n c e  to  

th e  p o s s i b l e  p re s e n c e  o f  sex  chromosomes. The chromosomes 

o f  th e  d io e c io u s  and m onoecious form s examined how ever, 

have n o t  l e n t  th e m se lv e s  to  such  a s tu d y ,  w hereas  th e  

chromosomes o f  th e  h e rm a p h ro d ite  S c i l l a  n o n s c r i p t a ,  have 

p ro v e d  e s p e c i a l l y  i n t e r e s t i n g .  T h is  p l a n t  h a s  t h e r e f o r e  

l a t t e r l y  b een  s tu d i e d  a lm o s t  to  th e  e x c lu s io n  o f  o t h e r s .  

S c i l l a  n o n sc r i p t a .

The chromosomes d u r in g  m i t o s i s  and m e io s is  a re  co n c e iv ed  

a s  a lw ays c o n s i s t i n g  o f  a t  l e a s t  two r e g u l a r l y  i n t e r t w i n e d  

s p i r a l  chrom onem ata. An a t te m p t  h as  been  made to  harm onise  

t h i s  c o n c e p t io n ,  a l r e a d y  h e ld  by many w r i t e r s  f o r  m i t o s i s ,  

w i th  th e  a p p e a ra n c e s  o b se rv e d  a t  m e io s i s .

At f e r t i l i s a t i o n ,  th e  egg n u c le u s  i s  u s u a l l y  r e s t i n g  

and th e  male n u c le u s  i s  i n  a  c o n d i t i o n  c o r re s p o n d in g  to  

l a t e  pro  p h a s e . The membrane betw een  th e  two n u c l e i  b r e a k s  

dovm and th e  r e t i c u lu m  from  th e  male n u c le u s  g r a d u a l l y  

s p re a d s  th ro u g h  th e  egg n u c l e u s .  The f u s io n  o f  th e  second  

male n u c le u s  w i th  th e  two p o la r  n u c l e i  i s  s i m i l a r .

I n  a l l  th e  d i v i s i o n s  o f  th e  endosperm n u c l e i  s tu d i e d ,  

th e  chromosome complements from  th e  male and p o la r  n u c l e i



rem ain  s e p a r a t e ,  b u t  a m in g l in g  o f  th e  two chromosome 

com plem ents in  th e  n u c le u s  o f  th e  embryo b e g in s  to  o c c u r  

a f t e r  th e  f i r s t  d i v i s i o n .

H y d ro c h a r is  m o r s u s - r a n a e .

The deve lopm en t o f  th e  f lo w e r  buds h as  b een  t r a c e d ,  to  

f i n d  i f  th e  r e p u te d  l a c k  o f  se e d s  i n  t h i s  c o u n t ry  i s  due 

to  any s t r u c t u r a l  p e c u l i a r i t y .  I n  th e  co u rse  o f  th e  

i n v e s t i g a t i o n ,  how ever, s e e d s  have b een  s e t  and th e  

s i g n i f i c a n c e  o f  t h i s  i s  d i s c u s s e d .  The p rob lem  o f  d io e c ism  

and monoecism in  th e  p l a n t  h a s  a l s o  b een  i n v e s t i g a t e d .

O th e r  M onoco ty ledons .

F iv e  o th e r  m onoco ty ledons  have b een  exam ined , b u t  have 

c o n t r i b u t e d  l i t t l e  o f  s p e c i a l  i n t e r e s t .
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GASiIETOGENESIS AND FERTILISATION IN CERTAIN MONOCOTYLEDONS .  

INTRODUCTION.

At th e  p r e s e n t  t im e ,  th e  s tu d y  o f  th e  f i n e r  d e t a i l s  o f  

chromosome s t r u c t u r e  and b e h a v io u r  h as  a ro u se d  th e  i n t e r e s t  

o f  a l a r g e  number o f  c y t o l e g i s t s  and i s  p ro v in g  o f  th e  g r e a t 

e s t  im p o rtan ce  i n  th e  p r o g r e s s  o f  p l a n t  b r e e d in g .  The 

p r e s e n t  i n v e s t i g a t i o n  was u n d e r ta k e n  in  th e  hope o f  c o n t r i 

b u t in g  a l i t t l e  to  t h i s  s u b j e c t .  I t  was a l s o  f e l t  t h a t  th e  

d e t a i l s  o f  f e r t i l i s a t i o n ,  e s p e c i a l l y  th e  b e h a v io u r  o f  th e  

chromosomes a t  t h a t  t im e ,  would w e l l  r e p a y  f u r t h e r  s tu d y .

I t  seemed p o s s i b l e  t h a t  th e  d io e c io u s  and m onoecious form s 

would be more i n t e r e s t i n g ,  as  th e y  m ig h t have sex  chromosomes, 

and a s tu d y  o f  th e  d e t a i l s  o f  t h e i r  b e h a v io u r  a t  m e io s is  and 

f e r t i l i s a t i o n ,  a  s u b j e c t  w hich h i t h e r t o  h as  b een  somewhat 

n e g l e c t e d ,  would be w e l l  w o rth  w h i le .  M onocotyledons were 

knovm to  a f f o r d  more p ro m is in g  m a t e r i a l  th a n  d i c o t y l e d o n s , 

as  so many o f  them have been  found to  p o s s e s s  l a r g e  and 

c h a r a c t e r i s t i c  chromosomes. A few d ic o ty le d o n s  v i z :  L au rus  

n o b i l i s ,  B ry o n ia  d i o i c a ,  M e r c u r i a l i s  p e r e n n i s ,  were however 

examined and l a t e r  d i s c a r d e d  on a c c o u n t  o f  t h e i r  s m a l l  and 

numerous chromosomes.

In  acco rd an ce  w i th  th e  above p l a n s ,  f i x a t i o n s  were made 

o f  f lo w e r s  o f  a number o f  m on o co ty led o n s , amongst w hich were 

Typha l a t i f o l i a ,  Sparganium  erec tu rn , Arum m aculatum ,

S a g i t t a r i a  s a g i t t i f o l i a ,  H y d ro c h a r is  m o r s u s - r a n a e , Tamus



communis and Ruseus a c u l e a t u s .  Of t h e s e ,  Typha l a t i f o l i a ,  

Sparganium  erec tu rn , and Tamus communis were d i s c a r d e d  on 

a c c o u n t  o f  t h e i r  s m a l l  and numerous chromosomes. S a g i t t a r i a  

s a g i t t i f o l i a  i s  p ro m is in g  m a t e r i a l ,  a s  i t  h as  l a r g e  c l e a r  

n u c l e i ,  b u t  i t  was n o t  a v a i l a b l e  i n  abundance and was 

f i n a l l y  g iv e n  up in  f a v o u r  o f  o th e r  fo rm s . A c o n s id e r a b le  

number o f  f i x a t i o n s  o f  Ruscus a c u l e a t u s  were made, b u t  th e  

m a t e r i a l  has  n o t  b een  th o ro u g h ly  worked o u t ,  p a r t l y  b ecau se  

much o f  th e  m a t e r i a l  u n e x p e c te d ly  p ro v ed  to  be h e rm a p h ro d ite  

and t h e r e f o r e  to  o f f e r  s m a ll  hope o f  d i s t i n c t i v e  sex  

chromosomes.

Much tim e  was s p e n t  i n  f i x i n g  a l l  s t a g e s  i n  th e  f l o w e r /  

buds o f  Arum m acula tum , from th e  developm ent o f  th e  a r c h e -  

sporium  b e fo re  m e io s i s  to  th e  fo rm a t io n  o f  young em bryos, 

and i n  exam ining  a g r e a t  d e a l  o f  t h i s  m a t e r i a l .  T h is  s tu d y ,  

how ever , h a s  p ro v id e d  l i t t l e  o f  s p e c i a l  i n t e r e s t ,  and th e  

chromosomes a re  f a i r l y  s m a l l ,  numerous and w i th o u t  d i s t i n c t i v e  

c h a r a c t e r i s t i c s  a

H y d ro c h a r is  m o rsu s - ra n a e  h a s  been  f i x e d  e x t e n s i v e l y  and 

h as  p ro v id e d  s e v e r a l  p o i n t s  o f  i n t e r e s t  i n  c o n n e c t io n  w i th  

se ed  p r o d u c t io n ,  b u t  i t s  n u c l e i  a re  s m a l l .

I n  A p r i l  1 9 ]2 ,  a f t e r  n e a r l y  a  y e a r  s p e n t  i n  an endeavour 

to  f i n d  s u i t a b l e  m a t e r i a l  among d io e c io u s  and m onoecious 

p l a n t s ,  a  r e - e x a m in a t io n  o f  m a t e r i a l  o f  S c i l l a  n o n s c r i p t a ,  

a h e rm a p h ro d ite  form p r e v io u s l y  f i x e d  i n  I 93I  f o r  c la s s w o rk ,  

r e v e a le d  chromosomes o f  such i n d i v i d u a l i t y  and d e t a i l e d



s t r u c t u r e  t h a t  i t  was c o n s id e r e d  w o rth  w h ile  to  u n d e r ta k e  a 

f u r t h e r  i n v e s t i g a t i o n  o f  th e  p l a n t .  I t  was th e n  j u s t  coining 

in to  f lo w e r ,  t h e r e f o r e  c a r e f u l  f i x a t i o n s  were made f o r  a  

s tu d y  o f  f e r t i l i s a t i o n .  I n  th e  autumn and s p r in g  o f  th e  

fo l lo w in g  y e a r ,  a d e t a i l e d  s tu d y  o f  th e  deve lopm ent o f  th e  

f lo w e r  hud was made, w i th  s p e c i a l  r e f e r e n c e  to  th e  s t r u c t u r e  

o f  th e  chromosomes a t  m e io s i s  and m i t o s i s .  The p l a n t  h as  

proved  o f  such i n t e r e s t  t h a t  th e  s tu d y  o f  d io e c io u s  and 

m onoecious form s h as  been  p r a c t i c a l l y  abandoned in  i t s  

f a v o u r .



A COldPARATIVE STUDY OF THE CHROMOSOMES OF SCILLA 

NON-SCRIPTA,EOFm . AND LINK, DURING SOMATIC AND-

MBIOTIC MITOSES.

HISTORI CAL REVIEW.

Chromosome s t r u c t u r e . The l a s t  f i f t y  y e a r s  have se e n  a  

g r e a t  in c r e a s e  in  o u r  knowledge o f  th e  p r o c e s s e s  in v o lv e d  in  

c e l l  d i v i s i o n ,  and a  g r e a t  many p a p e rs  have b een  w r i t t e n  on 

th e  s u b j e c t .  I n t e r e s t  h a s  b een  f u r t h e r  s t i m u la t e d  by th e  

th e o ry  -  f i r s t  s u g g e s te d  by S u t to n  in  1902  and s u b s e q u e n t ly  

su p p o r te d  by a  l a r g e  and s t i l l  a c c u m u la tin g  mass o f  e v id e n c e  -  

t h a t  th e  chromosomes a re  th e  b e a r e r s  o f  h e r e d i t a r y  c h a r a c t e r s .  

The mechanism o f  r e d u c t i o n  d i v i s i o n  h a s  n o t  o n ly  b een  found  

to  f i t  in  w i th  M e n d e l 's  Laws and th e  s u b se q u e n t  d i s c o v e r i e s  

o f  g e n e t i c a l  w o rk e rs ,  b u t  h as  f r e q u e n t l y  been  a b le  to  th row  

new l i g h t  upon th e  g e n e t i c a l  f a c t s  th u s  d i s c o v e r e d .  A f u r t h e r  

r e l a t i o n s h i p  betw een  chromosomes and h e r e d i t a r y  c h a r a c t e r s  

was p ro p o sed  by  J a n s s e n s  ( 1 9 0 9 ,  1 9 2 4 ) , who by  s u g g e s t in g  t h a t  

chromosomes may exchange p a r t n e r s  a t  th e  " c h ia sm a ta "  form ed 

d u r in g  th e  d ip lo t e n e  o f  m e io s i s ,  s u p p l i e d  a  c y t o l o g i c a l  b a s i s  

f o r  g e n e t i c a l  c r o s s i n g  o v e r .  T h is  id e a  h as  been  d e v e lo p e d ,  

m o d if ie d  and d i s p u t e d ,  and i s  h e ld  in  some form  o r  a n o th e r  by 

m ost c y t o l o g i s t s  a t  th e  p r e s e n t  t im e ,  i t s  a c c e p ta n c e  b e in g  

m a in ly  due to  th e  work o f  J a n s s e n s  ( I 9 0 9 ,  1 9 2 4 ) , W enrich 

( 1 9 1 6 ) ,  Morgan and h i s  c o l l a b o r a t o r s  ( I 9 1 9 ,  I 9 2 2 ,  1 92 5  e t  seq )



(RIS,
D a r l in g to n  and h i s  co -  w o rk e rs  ( 1929 , 1930 , 1931» 1 9 3 ^ ) ,  

B e l l i n g  1928 , 193I ) , B e la r  (1929) and many o t h e r s .

In  t h i s  way, e s p e c i a l l y  w i th in  th e  l a s t  f i f t e e n  y e a r s ,  

a g r e a t  mass o f  d a t a  h as  accum ula ted  w i th  r e g a r d  to  th e  v a r io u s  

s t a g e s  o f  m e i o s i s ,  i n c lu d in g  th e  c o n f i g u r a t i o n s  o f  th e  

chromosomes a t  m e io s i s  and th e  c o n d i t i o n s  o f  chromosome 

p a i r i n g ^  in  d i p l o i d s ,  h y b r id s  and p o ly p lo i d s  o f  e v e ry  

c o n c e iv a b le  form  and c o m p le x i ty .  Bound up w ith  t h i s  h a s  been  

th e  c o n t r o v e r s y  w hich h as  r a g e d  round  th e  p a r a s y n a p t i c  o r  

t e l o s y n a p t i c  i n t e r p r e t a t i o n s  o f  chromosome p a i r i n g .  A t th e  

same t im e ,  i n t e r e s t  h a s  g r a d u a l l y  been  more and more a ro u se d  

in  th e  s tu d y  o f  th e  i n t e r n a l  s t r u c t u r e  o f  th e  i n d i v i d u a l  

chromosome. B a ra n e ts k y  ( I 880 ) was th e  f i r s t  to  f i n d  a 

ch ro m a tic  s p i r a l  embedded i n  an a c h ro m a tic  m a t r ix  i n  th e  

chromosomes o f  l i v i n g  p o l l e n  m o the r  c e l l s  o f  T r a d e s c a n t i a .

H is  i n t e r p r e t a t i o n  was t e m p o r a r i ly  overshadow ed, b u t  was 

r e s t a t e d  l a t e r  by  Bonnevie ( I 908 , I 9I I ) , w ork ing  on b o th  

m i t o s i s  and m e io s is  i n  f i x e d  m a t e r i a l  o f  A lliu m  and A s c a r i s  

and h as  s u b s e q u e n t ly  b een  s u p p o r te d  by a number o f  w o rk e rs .  

Vejdowsky ( 19I I ,  S K )  announced th e  p re se n c e  o f  a s p i r a l  

f i l a m e n t  a t  c e r t a i n  s t a g e s  o f  m i t o s i s ,  to  w hich he f i r s t  gave 

th e  name "chromonema". S p i r a l  f i l a m e n t s  -  e i t h e r  s in g l e  o r  

d o ub le  -  i n  so m a tic  m i t o s i s  and m e io s is  have been  d e s c r i b e d ,  

to  g iv e  f u r t h e r  exam ples , by  Van Herwerden ( I 910) J a n s s e n s  

(1924) ,  Kuwada and Sugimoto ( I 926) , Kuwada ( I 926 , I 927) ,

Newton ( Hgbéy I 927) ,  Sakamura ( I 927) ,  Kaufmann ( I 926 , 1 9 3 1 ) ,



Sharp  (1929) ,  Maed a  ( I 9 2 8 , I 93O ) , Babcock and C lau sen  ( I 929) ,  

T e lezynsky  (1930^  i m ) »  Shinke (1 9 3 0 ) ,  Sax (1 9 3 W ,

H e d a y e tu l la h  ( 193I ) , T a y lo r  ( I 93I ) ,  de W in iw a r te r  ( I 93I ) ,

Tuan ( I 93I )»  H su -S iang  (1 9 3 2 ) ,  Smith (1 9 3 2 ) ,  D a r l in g to n  (1932) 

and P e r ry  ( I 932) .  I t  i s  e v i d e n t ,  t h e r e f o r e ,  t h a t  t h i s  con

c e p t io n  h a s  much s u p p o r t  a t  th e  p r e s e n t  t im e .

On th e  o t h e r  h an d , G ré g o ire  ( I 903 , I 906) , s u g g e s te d  

t h a t  th e  chromosomes were composed o f  a ch ro m a tic  su b s ta n c e  

im p re g n a t in g  an ac h ro m a tic  c o r e .  From te lo p h a s e  to  p ro p h ase  

o f  d i v i s i o n ,  th e  ch ro m a tin  was w ithdravm  more and more from  

c e r t a i n  p a r t s  o f  th e  ac h ro m a tic  c o r e ,  th u s  g iv in g  th e  

ap p earan ce  o f  a l v e o l a t i o n ,  u n t i l  th e  r e s u l t  i n  th e  r e s t i n g  

n u c le u s  was a netw ork  o f  f i n e  ch ro m a tic  f i l a m e n t s  on an 

ac h ro m a tic  g rounw ork. On t h i s  h y p o th e s i s  th e  s p i r a l s  o b se rv e d  

by o th e r  w o rk e rs  were i n t e r p r e t e d  by s t a t i n g  t h a t  th e  c h ro m a tic  

netw ork  m ig h t  som etim es (by chance) g iv e  th e  ap p earan ce  o f  a 

s p i r a l ,  b u t  t h i s  had  no s t r u c t u r a l  im portance  o r  autonomy. 

G ré g o ire  h e ld  t h a t  th e  a l v e o l a t e d  chromosomes th e m se lv e s  

fu s e d  in  th e  r e s t i n g  n u c l e u s ,  g iv in g  "un re^seau de r é s e a u x " .

The t h e o r y ,  o r  a v a r i a n t  o f  i t ,  was s u p p o r te d  by 

S t r a s b u r g e r  ( I 905) , F r a s e r  and S n e l l  ( I 9I I ) , M u lle r  ( 1912) , 

O verton  ( I 922) and Sharp in  h i s  e a r l i e r  work ( I 920) .  A 

m o d i f i c a t i o n  h as  r e c e n t l y  been  p u t  fo rw ard  by K o e rp e r ic h

( 1930) ,  who sa y s  t h a t  th e  te lo p h a s e  n u c le u s  form s a ne tw ork  

o f  c h ro m a tin  on an ac h ro m a tic  m a t r ix ;  th e  netw ork  p e r s i s t s  as 

such d u r in g  i n t e r p h a s e ,  b u t  condenses  in to  a  s p i t a l  a t  p ro p h a s e .



The id e a  o f  a r e t i c u lu m  i n  a  m a t r ix  a t  t e lo p h a s e  i s  t h e r e f o r e  

combined w i th  t h a t  o f  a  s p i r a l  f i l a m e n t  a t  p ro p h a s e .  T h is  i s  

s i m i l a r  to  th e  e a r l i e r  d e s c r i p t i o n s  o f  O verton  and S h arp .

B o l le s -L e e  ( I 925) combined th e  c o n c e p t io n  o f  a l v é o l i s 

a t i o n  w i th  th e  p re s e n c e  o f  a  s p i r a l  r id g e  ru n n in g  round  th e  

o u t s id e  o f  th e  chromosome c o r e .  The chromosome was s t a t e d  to  

c o n s i s t  o f  a c h ro m a tic  c y l i n d e r ,  w hich i s  a l v e o l a t e d  i n  

p l a n t s  and s o l i d  in  a n im a ls .  Around th e  a l v e o l a t e d  

ch rom oph ilous  a x i s  and fo rm in g  p a r t  o f  i t ,  i s  a p e r i - a x i a l  

s p i r a l ,  from  th e  t u r n s  o f  w hich p r o c e s s e s  ru n  ou tw ards 

th ro u g h  th e  wide c o l o u r l e s s  s h e a th  w hich he supposed  to  

su r ro u n d  th e  a x i s  i t s e l f .

M ^ e n s  ( 1922 , 1925) R e l ie v e d  in  an ac h ro m a tic

m a t r i x ,  on w hich  i s  a z ig z a g  ch ro m a tic  t h r e a d ,  n e i t h e r  s p i r a l  

n o r  c o n t in u o u s .  T h is  in v o lv e d  a  d i f f e r e n t  c o n c e p t io n  o f  th e  

method o f  chromosome d i v i s i o n  from t h a t  o f  m ost o th e r  w o rk e rs ,  

as i t  was n o t  c o n s id e r e d  as  a s im p le  l o n g i t u d i n a l  d i v i s i o n .

Sands (1923, 1925) common w ith  o th e r  w o rk e r s ,  b e l i e v e d  

t h a t  th e  chromosome c o n s i s t s  o f  an a c h ro m a tic  c o r e ,  on w h ich , 

th e  ch ro m a tic  p a r t  i s  d i s p o s e d  as g r a n u le s  o r  chromomeres.

These som etim es^(by  chance) assumed a s p i r a l  fo rm . The id e a  

o f  a row o f  g r a n u le s  i n  an a c h ro m a tic  groundwork was f i r s t  

p u t  fo rw ard  by  P f i t z n e r  (1 8 8 2 ) .  Vejdowsky th o u g h t  t h a t  th e  

chromonemata became s p l i t  up i n t o  chromomeres i n  l a t e  p ro p h a s e ,  

b u t  j o in e d  t o g e t h e r  a g a in  to  form a  chromonema a t  t e l o p l a s e .  

B o l le s -L e e  ( I 92&) d e n ie d  th e  e x i s t e n c e  o f  chromomeres.



s t a t i n g  t h a t  th e y  were due to  " i l l s e e n  and f a u l t i l y  i n t e r 

p r e t e d  images and t w i s t s  o f  th e  axes  o f  th e  chromosomes". 

Kaufmann ( I 93I ) » Smith (1932) and Maeda (1930) h o ld  s i m i l a r  

v ie w s , b u t  H e d a y e tu l la h  (1931) f i n d s  chromomeres i n  

p r a c t i c a l l y  a l l  s t a g e s  o f  d i v i s i o n  when M e rk e l 's  f l u i d  i s  

u se d  as  a f i x a t i v e .  Chromomeres have been  r e p o r t e d  m ost o f t e n  

i n  m e io s i s ,  e s p e c i a l l y  in  p ro p h ase  (W enrich I 916 , G e le i  1921; 

R e u te r  1930 e t c . ) ,  when each  chromosome c o n s i s t s  o f  a s e r i e s  

o f  chromomeres o f  d i f f e r e n t  s i z e s ,  c o n n ec te d  by a l e s s  d e e p ly  

s t a i n i n g  th r e a d .  They have been  m ost th o ro u g h ly  i n v e s t i g a t e d  

by  B e l l i n g ,  who h as  b een  a b le  to  c o u n t them f o r  L il iu m  and 

Aloe and h as  fo u n d  t h a t  t h e i r  number and l i n e a r  a rrangem en t 

i s  c o n s t a n t .  At zygo tene  th e y  p a i r  s p e c i f i c a l l y  and 

i d e n t i c a l l y ,  each  w i th  i t s  homologous p a r t n e r ,  b u t  i n  l a t e r  

s t a g e s  t h e i r  i n d i v i d u a l i t y  i s  h id d e n  by  e x t r a  ch ro m a tin  

which i s  p roduced  around  them. M ic r o d i s s e c t io n  o f  l i v i n g  

chromosomes h as  su p p o r te d  t h i s  h y p o th e s i s  (Cham bers).

The M a tr ix  o f  t he Chromosome. Most r e c e n t  w o rk ers  on

chromosome s t r u c t u r e  b e l i e v e  t h a t  th e  chromosome i s  composed

o f  two p a r t s  -  (1 ) ch ro m a tic  s p i r a l s ,  f i l a m e n t s ,  r e t i c u l a  o r

chrom om eres, ( 2 ) a  l e s s  ch ro m a tic  co re  in  which th e s e  a re  
embedded o r  on which th e y  a re  s u p p o r te d .  T h is  d u a l i t y  h as

been  co n f irm ed , f o r  exam ple , by B a ra n e ts k y ,  G ré g o i r e ,  O v e r to n ,

B onnev ie , M a r te n s ,  S ands , S h arp , H e d a y e tu l la h ,  Kaufmann,

T a y lo r  and H su -S ian g , a l th o u g h  th e s e  a u th o rs  d i f f e r  q u i t e

c o n s id e r a b ly  amongst th e m se lv es  on th e  i n t e r p r e t a t i o n  th e y



g iv e  to  th e  c h ro m a tic  c o n s t i t u e n t .  Most o f  them ^eem to  

r e g a r d  th e  m a t r ix  as  an autonomous u n i t  o f  some im p o r ta n c e , 

s p l i t t i n g  a t  a r e g u l a r  s ta g e  i n  th e  chromosome c y c l e :  u s u a l l y  

from l a t e  p ro p h ase  to  e a r l y  anaphase  o f  th e  d i v i s i o n  in  w hich 

th e  two h a lv e s  w i l l  s e p a r a t e .  D a r l i n g to n ,  how ever, d i s c o u n t s  

th e  m o rp h o lo g ic a l  e v id en c e  f o r  th e  p re se n c e  o f  c h ro m a tic  

and a c h ro m a tic  p a r t s ,  b u t  b e l i e v e s  in  th e  e x i s t e n c e  o f  a 

" p e l l i c l e "  f o r  r e a s o n s  deduced  from o t h e r  d a t a  (D a r l in g to n  

1932 , p . 269 ) .  P e r ry  does n o t  r e g a r d  th e  m a t r ix  as  a  mould 

l i m i t i n g  th e  chromosomes, b u t  as a f l u i d  su b s ta n c e  h e ld  

betw een  th e  t u r n s  o f  th e  s p i r a l .  The p re s e n c e  o f  an ac h ro m a tic  

co re  w i th  a c h ro m a tic  p e r ip h e r y  h as  b een  s u p p o r te d  by th e  

work o f  Sands ( I 925) / ,  Chambers and Sands ( I 923) and 

T e lezy n sk y  (1930) on l i v i n g  chromosomes, th e  fo rm e r  two 

u s in g  m ic r o d i s s e c t i o n  m e thods . The m a t r ix  a p p a r e n t ly  d i s a p p e a r s  

i n t o  th e  r e s t i n g  n u c l e u s ,  and i t  h as  t h e r e f o r e  o f t e n  been  

su g g e s te d  t h a t  i t  i s  t r a n s fo rm e d  e i t h e r  w h o lly  o r  i n  p a r t  

i n to  th e  Karyolymph o r  a p o r t i o n  o f  th e  Karyolymph (Kaufmann, 

S ian g ; T a y lo r ;  S h a rp ) ,  Where th e  new karyolym ph comes in t o  

c o n t a c t  w i th  th e  c y to p la sm , th e  n u c l e a r  membrane i s  fo rm ed .

The r e s t i n g  n u c l e u s . The s t r u c t u r e  o f  th e  r e s t i n g  

n u c le u s  h as  been  th e  s u b j e c t  o f  some c o n t r o v e r s y  i n  th e  p a s t ,  

c e r t a i n  i n v e s t i g a t o r s  b e l i e v i n g  t h a t  th e  e f f e c t s  o b se rv e d  

a f t e r  f i x a t i o n  c o r re sp o n d  to  a r e a l  s t r u c t u r e  p r e s e h t  i n  th e  

l i v i n g  c o n d i t i o n ,  w h i l s t  o t h e r s  b e l i e v e  t h a t  th e  r e t i c u lu m  

o b se rv e d  i s  p ro b a b ly  due to  th e  p r e c i p i t a t i o n  by  f i x a t i v e s



o f  a s t r u c t u r e l e s s  c o l l o i d .  A r e t i c u lu m  was found  i n  l i v i n g  

c e l l s  by M arten s  ( I 927) , Lundegardb ( I 912) and de L i t a r d i è r e  

( 1921) .  T e lezy n sk y  (1930) f i n d s  t h a t  th e  l i v i n g  n u c le u s  i s  

f i l l e d  w i th  p a r a l l e l  rows o f  g r a n u l e s ,  which he i n t e r p r e t s  

a s  o p t i c a l  s e c t i o n s  th ro u g h  s p i r a l  f i l a m e n t s .  Schaede
'  i ' . '

(1925» ^ ) ,  Chambers (1 9 2 4 ) ,  Lewis and Lewis (1924) and B e la r  

(1928) ,  on th e  o t h e r  h a n d , s t a t e  t h a t  th e  l i v i n g  n u c le u s  i s  

homogeneous, w i th  no v i s i b l e  o r  d e t e c t a b l e  i n t e r n a l  s t r u c t u r e  

and a r e t i c u lu m  o n ly  a p p e a rs  as  th e  r e s u l t  o f  e x p e r im e n ta l  

i n j u r y  o r  f i x a t i o n .  D i r e c t  m ethods a re  a t  p r e s e n t  in c o n 

c l u s iv e  f o r  e i t h e r  v iew . The perman^y o f  th e  chromosomes, 

how ever, h a s  been  i n d i s p u t a b l y  e s t a b l i s h e d  by  i n d i r e c t  

r e a s o n in g ,  and t h e r e f o r e  th e  e s s e n t i a l  p a r t s  o f  th e  chromo

somes m ust s t i l l  be p r e s e n t ,  even though  th e y  may som etim es 

be i n v i s i b l e .

The s p l i t  i n  th e  chromosome. One o f  th e  m ost 

c o n t r o v e r s i a l  q u e s t io n s  c o n n e c te d  w i th  chromosome s t r u c t u r e  

c e n t r e s  round  th e  tim e in  th e  n u c l e a r  c y c le  a t  w hich th e  

ch ro m a tic  p a r t  d i v i d e s ,  and i t s  r e l a t i o n  to  th e  chromosome 

s e p a r a t i o n .  The e a r l i e s t  c o n c e p t io n  was t h a t  o f  a s p l i t  i n  

th e  p ro p h ase  im m ed ia te ly  b e f o r e  th e  s e p a r a t i o n  o f  th e  

d a u g h te r  chromosomes. G r é g o i r e , -O v erto n , M arten s  and o t h e r s  

h e ld  t h i s  v iew , a l th o u g h  M arten s  d id  n o t  b e l i e v e  t h a t  th e  

ch ro m a tic  c o h s t i t u e n t  d iv id e d  l o n g i t u d i n a l l y .  D a r l in g to n  

(1932) s t a t e s  t h a t  i n  f a v o u ra b le  p r e p a r a t i o n s ,  th e  so m a tic  

chromosomes can be seen  to  be dojcble from th e  e a r l i e s t  s t a g e s



o f  p ro p h a s e .  He t h e r e f o r e  p ro p o s e s  a  d i v i s i o n  i n  th e  i n t e r -  

phase  im m e d ia te ly  p r e c e d in g  th e  an ap h ase  i n  w hich  th e  d a u g h te r  

chromosomes w i l l  s e p a r a t e .  H is  m ost c o g e n t  r e a s o n  f o r  d i s 

c o u n t in g  an e a r l i e r  d i v i s i o n  o f  th e  c h ro m a t ic  t h r e a d  i s  t h a t  

th e  l e p t o t e n e  t h r e a d s  a p p e a r in g  a t  th e  e a r l i e r  p ro p h a s e s  o f  

m e io s i s  a re  a lw ays s i n g l e ,  and no t r a c e  o f  a s p l i t  h a s  e v e r  

b een  s a t i s f a c t o r i l y  p ro v e d .  H is  v iew s w i l l  be d i s c u s s e d  l a t e r .

The a l v e o l a t i o n  o b se rv e d  a t  t e lo p h a s e  h as  been  su p p o sed  

in  th e  p a s t  to  be th e  cau se  o f  chromosome s p l i t t i n g :  th e  

a l v e o l e s  a lw ays b e in g  m edian  ( F r a s e r  and S n e l l  1911 ,^1914 ;

D igby 1919 ; G a r r u t h e r s  1 9 2 1 ) .  The s p l i t  m ig h t  even  be 

c a u sed  by  th e  p u l l  e x e r t e d  by  th e  an as to m o ses  be tw een  th e  

chromosomes ( F r a s e r  and S n e l l ) . T h is  v iew  was opposed  by  

o t h e r  w o rk e rs  ( G r é g o i r e ,  S h a rp ,  G a te s ,  O v e r to n )  on th e  

g ro u n d s  t h a t  th e  a l v e o l e s  were n o t  a lw ays m edian  i n  p o s i t i o n  

n o r  i n  a  s t r a i g h t  l i n e .

M eanw hile , o t h e r  i n v e s t i g a t o r s  had  s u g g e s te d  t h a t  th e  

doub le  n a t u r e  o f  th e  c h ro m a t ic  t h r e a d  was e v i d e n t  b e f o r e  t h i s .  

M errim an (1904) L undegardh  ( I 912 ) and S a r b a d h ik a r i  ( I 9 24 ) 

b e l i e v e d  t h a t  th e  s p l i t  r e v e a l e d  a t  t e lo p h a s e  was i n i t i a t e d  

a t  a n a p h a se .  G ra n ie r  and Boule ( I 9I I )  fo u n d  th e  d o u b le  

s t r u c t u r e  was e v i d e n t  a t  l a t e  m e ta p h a se ,  v fith  some i n d i c a t i o n s  

o f  i t  even  e a r l i e r .  The r e c e n t  s t u d i e s  o f  H e d a y e tu l l a h  and 

P e r r y  a l s o  s u g g e s t  a s p l i t  a t  m e ta p h a se .  O th e r  i n v e s t i g a t o r s  

have fo u n d  t h a t  th e  d i v i s i o n  o f  th e  c h ro m a t ic  f i l a m e n t  o c c u rs  

even  e a r l i e r ,  b e in g  f i r s t  e v i d e n t  a t  l a t e  p ro p h a se  (Kaufmann,



T e le z y n sk y , S h a rp , S m ith , H su -S ian g )  b u t  p ro b a b ly  a c t u a l l y  

t a k in g  p la c e  a t  some s t i l l  e a r l i e r  s t a g e .  T h is  means t h a t  f o r  

a s h o r t  p e r io d  i n  th e  n u c l e a r  c y c l e , ^ nam ely  from  l a t e  p ro p h a se  

( a t  l e a s t )  to  m e ta p h a se ,  th e  c h ro m a tic  complement i s  q u a d r u p le . 

T a y lo r  (and a l s o  de Home I 9I I )  even  f in d s  e v id e n c e s  o f  th e  

s p l i t  i n  th e  t e lo p h a s e  b e f o r e  t h i s  d i v i s i o n  ( i . e .  two 

d i v i s i o n s  b e f o r e  th e  c h ro m a tic  f i l a m e n t s  a c t u a l l y  s e p a r a t e  

to  o p p o s i t e  p o l e s ) .

A re v ie w  o f  th e  m ost r e c e n t  d e t a i l e d  work on m i t o s i s  i n  

f a v o u r a b le  m a t e r i a l  t h e r e f o r e  r e v e a l s  th e  f a c t  t h a t  th e  

m a j o r i t y  o f  ev id e n c e  s u p p o r t s  th e  e x i s t e n c e  o f  two chromo

nem ata  i n  each  d a u g h te r  chromosome by a t  l e a s t  e a r l y  m e ta p h a se .  

An e x a m in a t io n  o f  th e  m a j o r i t y  o f  p a p e rs  on m e io s i s ,  how ever, 

r e v e a l s  a w id e ly  d i v e r g e n t  v iew . F or exam ple , th e  t h r e a d s  a t  

l e p to t e n e  a re  s t a t e d  to  be s i n g l e  by  Newton ( I 927) , Babcock 

and C lausen  ( I 929) ,  B e l l i n g  ( I 928 , 1 9 3 D » Kuwada (1927)»

Shinke ( I 930) , D a r l in g to n  and h i s  f e l lo w  w o rk e rs  ( I 929 , 1930» 

1931 , 1932) and many o t h e r s .  I n  f a c t ,  so f a r  th e r e  h as  b een  

no s a t i s f a c t o r y  e v id en ce  t h a t  th e  chromosomes which p a i r  i n  

zygo tene  a re  e v e r  d o u b le ,  a l th o u g h  th e y  have b een  c a r e f u l l y  

exam ined by h u n d red s  o f  i n v e s t i g a t o r s .  Kaufmann (193D  

s t a t e s  t h a t  he f i n d s  ev id en ce  o f  a s p l i t  i n  l e p t o t e n e ,  b u t  

so f a r  he h a s  g iv e n  no d e t a i l e d  d e s c r i p t i o n s  o r  i l l u s t r a t i o n s  

i n  s u p p o r t  o f  h i s  s t a t e m e n t .  The f i r s t  i n d i c a t i o n  o f  a  s p l i t  

-  g iv in g  th e  t e t r a d  c o n d i t io n  -  h a s  been  r e p o r t e d  i n  p a c h y te n e  

( B e l l in g  ^1931» D a r l in g to n  1932) and h a s  b een  o b se rv e d  i n



d i p l o t e n e  by many i n v e s t i g a t o r s  ( J a n s s e n s  Newton 3^927;

Babcock and C la u se n ;  Shinlce ; T a y lo r  e t c . ) .  From t h i s  s t a g e  

onw ards, e v id e n c e  o f  th e  d o u b le  n a t u r e  o f  th e  two chromosomes 

becomes i n c r e a s i n g l y  e v i d e n t ,  u n t i l  t h e y  s e p a r a t e  a t  a n a p h a s e .  

I n  some m a t e r i a l ,  a t e t r a d  may n e v e r  be s e e n ,  b u t  modern work 

i n d i c a t e s  t h a t  i t  i s  r e a l l y  p r e s e n t ,  a l th o u g h  o b sc u re d  from  

v iew .

P a r a s y n a u s i s  v .  Tel o s y n a p s i s . A g r e a t  c o n t r o v e r s y  h a s  

r a g e d  in  p a s t  y e a r s  a round  th e  t e l o s y n a p t i c  and p a r a s y n a p t i c  

i n t e r p r e t a t i o n s  o f  chromosome p a i r i n g  a t  m e i o s i s ,  t h a t  i s ,  

w h e th e r  th e  homologous chromosome p a i r  end to  en d , o r  s id e  

by  s i d e .  The t e l o s y n a p t i c  v iew  was f i r s t  s u g g e s te d  by 

H aecker ( I 892) , who assumed t h a t  th e  t h i c k  d o u b le  t h r e a d s  

se en  a t  th e  p ro p h a se  o f  m e io s i s  (p a c h y te n e )  a r e  i d e n t i c a l  

g e n e t i c a l l y  w i th  th e  d oub le  t h r e a d s  o b se rv e d  a t  th e  p ro p h a se  

o f  m i t o s i s  -  i . e  th e y  a re  h a l f  chromosomes. The chromosomes 

a t  t h i s  tim e were supposed  to  be u n i t e d  a t  p ro p h a se  in t o  a 

" c o n t in u o u s  s p i r e m e " ,  and t h i s  "segm ented"  i n t o  th e  d i p l o i d  

number o f  chromosomes a t  m i t o s i s  i n  th e  s p o ro p h y te  and i n t o  

th e  h a p l o id  number o f  chromosomes a t  m e i o s i s .  T h is  h y p o th e s i s  

was worked i n t o  a  v ig o ro u s  th e o r y  by Farm er and Moore ( I 9 0 3 , 

1905) ,  D igby ( 1910 , 1 9 1 2 , 1 9 1 4 , 1919)» M o t t i e r  (1 9 0 7 » 1909» 

1914) ,  F r a s e r  (1 9 1 4 ) ,  G a te s  ( l ÿ l l , I 9 2 1 , 1924 e t  s e q ) ,

S a n to s  ( 1 9 2 3 , 1924) ,  L a t t e r  ( I 926) and o t h e r s .  The th e o r y  

was m o d if ie d  by  th e  l a t e r  w o rk e rs  a s  new f a c t s  were b r o u g h t  to  

l i g h t ,  and i t  was s a i d  t h a t  th e  p a i r e d  chromosomes t w i s t e d



ro u n d  each  o t h e r  a t  th e  " seco n d  c o n t r a c t i o n "  o r  "brochonem a" 

( L a t t e r ) ,  so t h a t  t h e y  were b ro u g h t  s id e  by  s i d e ,  and m ig h t  

n o t  rem a in  c o n n e c te d  by  th e  o r i g i n a l  p o i n t  o f  u n io n .  T h is  

e x p la in e d  th e  o b se rv e d  p re s e n c e  o f  a " t e t r a d  s t r u c t u r e "  -  

f o u r  c h ro m a tid s  -  a t  d i p l o t e n e .

The a l t e r n a t i v e  th e o r y  o f  p a r a s y n a p s i s  was p u t  fo rw a rd  

by  de W in iw a r te r  ( I 9OO). On t h i s  i n t e r p r e t a t i o n ,  th e  d o u b le  

t h r e a d s  se e n  a t  p a c h y te n e  a re  whole hom ologous chromosomes 

w hich p a i r  s id e  by  s id e  a lo n g  t h e i r  l e n g t h .  L a t e r  th e y  f a l l  

a p a r t ,  b o th  t e r m i n a l l y  and i n t e r s t i t i a l l y ,  and i t  i s  th e n  

e v i d e n t  t h a t  each  chromosome h a s  i t s e l f  d iv id e d  l o n g i t u d i n a l l y ,  

so t h a t  a t e t r a d  s t r u c t u r e  i s  fo rm ed . T h is  th e o r y  h as  b e e n  

s u p p o r te d  by  J a n s s e n s ,  G r é g o i r e ,  W enrich , R o b e r t s o n ,  W ilso n ,  

G e l e i ,  B ou in , S t r a s b u r g e r ,  Yamanouchi, Babcock and C la u se n ,  

B e l l i n g ,  B e l a r ,  D a r l in g to n  and th e  m a j o r i t y  o f  w o rk e rs  on 

m e io s is  a t  th e  p r e s e n t  t im e .

The in c r e a s e d  f a v o u r  i n  w hich t h i s  l a s t  th e o r y  i s  h e ld  

i s  m a in ly  due to  th e  fo l lo w in g  f a c t s

1 . The c o u n t in g  o f  th e  t h r e a d s  b e f o r e  and a f t e r  zygo tene  

p a i r i n g  h a s  shown t h a t  th e  s i n g l e  th r e a d s  a re  r e a l l y  whole 

so m a tic  chromosomes (G e le i  I 92I ;  J a n s s e n s  1924; Newton and 

D a r l in g to n  I 929 ; M o f f e t t  1 9 3 2 ) .

2 . I n  some a n im a ls ,  th e  homologous p a i r s  o f  chromosomes 

a re  h e te r o m o r p h ic , showing a  c o n s t a n t  d i f f e r e n c e  i n  l e n g t h ,  

which would n o t  be found in  th e  h a lv e s  o f  a s p l i t  chromosome. 

These h e te ro m o rp h ic  t h r e a d s  p a i r  s id e  by  s id e  i n  z y g o te n e .



t h e r e f o r e  h e r e  p a r a s y n a p s i s  e v i d e n t l y  o c c u rs  (I 

G e le i  192I ;  W enrich  I 916) .

3 . A c o n t in u o u s  sp irem e can  no lo n g e r  be found  i n  

f a v o u r a b le  m a t e r i a l ,  and t h e r e  i s  ev id e n c e  t h a t  th e  ab sen ce  

o f  ends  i n  th e  r e t i c u L jm  a t  p ro p h a se  i s  a t  l e a s t  p a r t i a l l y  

due to  t h e i r  c o l l a p s e  a g a i n s t  o t h e r  t h r e a d s ^  th e  n u c l e o lu s  

and th e  n u c l e a r  membrane, u n d e r  th e  i n f lu e n c e  o f  th e  f i x i n g  

f l u i d s .  (M artens 1 9 ^ »  F i k r y  I 93O; T a y lo r  1931$ D a r l i n g to n  

1932) .  W ith some f i x a t i v e s ,  t o o ,  th e  p a i r e d  chromosomes 

a p p e a r  a lm o s t  c o m p le te ly  f u s e d ,  and t h i s  h a s  f a v o u re d  th e  

t e l o s y n a p t i c  i n t e r p r e t a t i o n  i n  th e  p a s t  (G a tes  1931$ L a t t e r

I 9 3 I ) .

4 . C a r e f u l  o b s e r v a t io n s  on th e  b e h a v io u r  o f  h y b r id  p o l y ; ^ i d s  

show t h a t  th e  t h r e a d s  a s s o c i a t e  i n  t h r e e s  and f o u r s  e t c .  a t  

z y g o te n e , anÿ two o f  them p a i r i n g  a t  random a lo n g  th e  t h r e a d s .  

T h is  can o n ly  be i n t e r p r e t e d  from  th e  p a r a s y n a p t i c  s t a n d p o i n t .  

( B e l l in g  19^7 » 1928; Newton and D a r l i n g to n  1929$ D a r l i n g to n  

193I ;  C a tc h e s id e  1931 . )

5 . Newton ( I 927 on T u l ip )  and o t h e r s  have t r a c e d  th e  d e 

ve lopm en t o f  th e  b i v a l e n t s  from  th e  s t a g e  where th e  two t h r e a d s  

a s s o c i a t e  a t  zy g o te n e ^  up to  d i a l i i n e s i s ,  and have shown how 

th e  second  s p l i t  a r i s e s  i n  th e  p a i r e d  chromosomes th e m s e lv e s ,  

and n o t  by  f o l d i n g  o v e r .  The s p l i t s  a s  th e y  a p p e a r  have b een  

c a r e f u l l y  i n v e s t i g a t e d  by  b e l i e v e r s  i n  th e  ch iasm a ty p e

t h e o r y  ( J a n s s e n s  1924; B e l l i n g  1930$ D a r l in g to n  1932) who 

have shovm t h a t  th e  c o i l e d  t h r e a d s  o f  s t r e p s i t e n e  a re  r e a l l y



i d e n t i c a l  w i th  th e  lo o p e d  th r e a d s  o f  d i p l o t e n e .

The s t r o n g e s t  ca se  f o r  th e  t e l o s y n a p t i c  i n t e r p r e t a t i o n  

h a s  been  o b ta in e d  from  th e  s tu d y  o f  O en o th e ra  and i t s  m u ta n t s .  

Here th e  chromosomes a re  a t t a c h e d  end to  e n d  i n  d i a k i n e s i s ,  

and th e  o b v io u s  e x p l a n a t io n  i s  t h a t  t h i s  c o n f i g u r a t i o n  a r i s e s  

from  t e l o s y n a p t i c  p a i r i n g .  R e c e n t ly ,  D a r l i n g t o n  (1 9 3 D  h as  

p u t  fo rw a rd  an a l t e r n a t i v e  e x p la n a t io n  o f  th e  phenomenon 

b a s e d  upon th e  s u g g e s t io n  t h a t  th e  end o f  one chromosome i s  

homologous w i th  th e  end o f  a n o th e r  and t h e r e f o r e  p a i r s  w i th  

i t .  The r i n g  f o rm a t io n  i s  u l t i m a t e l y  p ro d u ced  by 

t e r m i n a l i s a t i o n  o f  th e  c h ia s rn a ta .  T h is  e x p l a n a t io n  h as  b een  

v e r i f i e d  f o r  Rhoeo, Pisum and a few o th e r  fo rm s w i th  c h a in s  

o f  chromosomes a t  d i a k i n e s i s .  F u r t h e r  ev id e n c e  f o r  th e  

e s s e n t i a l  c o r r e c t n e s s  o f  th e  th e o r y  f o r  O e n o th e ra  h a s  r e c e n t l y  

been  o b ta in e d  by  C a tc h e s id e  (1931) and by  G a te s  (1 9 3 D ?  Ü 

one o f  th e  p io n e e r  w o rk e rs  on O en o th e ra  from  th e  t e l o s y n a p t i c  

p o i n t  o f  v ie w . I t  i s  e v i d e n t ,  t h e r e f o r e ,  t h a t  t e l o s y n a p s i s  

i s  becom ing l e s s  and l e s s  a d e q u a te  to  f i t  th e  f a c t s  r e v e a l e d  

by im prov ing  t e c h n iq u e .  P a r a s y n a p s i s  i s  a l s o  much more 

c o m p a tib le  w i th  th e  th e o r y  o f  l i n e a r  d i f f e r e n t i a t i o n  o f  th e  

chromosome, as  u p h e ld  by g e n e t i c a l  w o rk e rs .

The ch iasm a ty p y  t h e o r y . When th e  two homologous chromo

somes f a l l  a p a r t  a t  d i p l o t e n e ,  th e y  form  r i n g s  and c r o s s e s  

w i th  one a n o t h e r ,  and in  f a v o u r a b le  m a t e r i a l  i t  may a c t u a l l y  

be se en  where th e  two chromosomes c r o s s ,  a h a l f  chromosome 

(c h ro m a tid )  from  one chromosome h as  c r o s s e d  o v e r  to  ta k e  th e



p la c e  o f  a c h ro m a tid  b e lo n g in g  to  th e  hom ologous p a r t n e r ,  and 

v ic e  v e r s a .  I t  h a s  now been  p ro v ed  by  g e n e t i c a l  work ( se e  

P lo u g h , Morgan, S t u r t e v a n t  e t c . )  t h a t  c r o s s i n g  o v e r  o f  g e n e t 

i c a l  c h a r a c t e r s  does  a c t u a l l y  o cc u r  d u r in g  m e i o s i s .  S in ce  

th e  chromosomes a re  now r e g a r d e d  as  th e  main b e a r e r s  o f  h e r e 

d i t a r y  c h a r a c t e r s ,  i t  i s  e v i d e n t  t h a t  th e s e  g e n e t i c a l  c r o s s 

o v e rs  m ust be c o r r e l a t e d  w i th  a c t u a l  c r o s s i n g  o v e r  be tw een  

homologous chromosomes. The c r o s s - o v e r s  o b se rv e d  a t  d i p l o t e n e  

t h e r e f o r e  p ro v id e  th e  m ost o b v io u s  mechanism to  c o r r o b a te  

g e n e t i c a l  e v id e n c e .  The id e a  v/as s u g g e s te d  by  R u c k e r t  ( I 8 92) 

t h a t  th e  chromosomes exchanged  m a t e r i a l  a t  th e s e  p o i n t s ,

-  now known a s  c h ia s m a ta  -  b u t  th e  h y p o th e s i s  was a t  f i r s t  

overshadowed by th e  c o n c e p t io n  o f  chromosome perm anency.

Meanwhile J a n s s e n s  ( I 909 ; 1924) p u t  fo rw a rd  h i s  

"ch ia sm a ty p y  th e o ry "  as  th e  r e s u l t  o f  o u t s t a n d in g  c a r e f u l  

work on th e  d e t a i l s  o f  m e io s i s  i n  c e r t a i n  i n s e c t â .  J a n s s e n s  

c o n s id e r e d  t h a t  a ch iasm a m ig h t  a r i s e  i n  t h r e e  ways : -

1 . By c r o s s i n g  o v e r  o c c u r r in g  ''^before th e  d i v i s i o n  o f  th e  

chromosomes i n t o  f o u r  chromatids'"^, so t h a t  a l l  th e  f o u r

• c h ro m a tid s  o f  a  t e t r a d  c r o s s  o v e r  a t  a ch ia sm a . T h is  i s  

" t o t a l  c h ia s m a ty p y " .

2 . By o n ly  two o f  th e  f o u r  c h ro m a tid s  form ed a f t e r  d i v i s i o n  

exch an g in g  p a r t n e r s  a t  th e  p o i n t  o f  c r o s s i n g .  T h is  i s

" p a r t i a l  c h ia s m a ty p y " .

3 . T̂ vo o f  th e  f o u r  c h ro m a t id s  m ig h t b re a k  and r e u n i t e  i n  

such  a way a s  to  le a v e  no exchange o f  p a r t n e r .



I n  a l l  o f  th e s e  a l t e r n a t i v e  c o n c e p t io n s ,  J a n s s e n s  assumed 

t h a t  th e  s i s t e r  c h ro m a tid s  a re  a lw ays h e ld  t o g e t h e r ,  and th e  

p a r t n e r  c h ro m a t id s  r e p e l l e d  a t  th e  d i p l o t e n e  l o o p s .  A l l  th e  

lo o p s  may t h e r e f o r e  be s a i d  to  be r e d u c t i o n a l .  T h is  v iew  i s  

i n  c o n t r a s t  to  th e  a l t e r n a t i v e  th e o r y  o f  W enrich  ( I 916) who 

th o u g h t  t h a t  no c r o s s i n g  o v e r  o c c u r s ,  b u t  t h a t  a  ch iasm a i s  

due to  th e  m e e t in g  o f  lo o p s  s e p a r a t i n g  th e  c h ro m a t id s  

e q u a t i o n a l l y  and r e d u c t i o n a l l y .  T h is  i s  g e n e r a l l y  known as  

th e  " c l a s s i c a l  t h e o r y " .

Ghodat ( 1925) and Maeda (1930) suppose t h a t  c h ia s m a ta  

a r i s e  th ro u g h  th e  op en in g  o f  r e d u c t i o n a l  and e q u a t i o n a l  l o o p s ,  

as W enrich s u g g e s te d ,  b u t  as  th^chrom osom es b e g in  to  s e p a r a t e  

a t  a n a p h a se ,  th e y  b r e a k  and r e u n i t e  i n  such  a way t h a t  th e  

c h ro m a tid s  i n  th e  arms d i s t a l  to  th e  ch iasm a n eed  n o t  p u l l  

a p a r t .

D a r l i n g to n  ( I 929) o r i g i n a l l y  th o u g h t  i t  p o s s i b l e  t h a t  

th e  c h ia s m a ta  a ro s e  by  th e  m e e t in g  o f  r e d u c t i o n a l  and e q u a t io n 

a l  lo o p s  w i th o u t  c r o s s i n g  o v e r .  They th e n  b roke  and r e u n i t e d  

a t  d ip l o t e n e  in  such  a  way a s  to  r e s o lv e  th e  c h ia s m a ta .  T h is  

th e o r y  h as  nov/ b een  d i s c a r d e d  by  D a r l ib g to n  as u n te n a b le  i n  

th e  f a c e  o f  new f a c t s .

Sax (1930) a l s o  b e l i e v e s  in  a s i m i l a r  r e s o l u t i o n  o f  th e  

c h ia sm a ta  a t  d i p l o t e n e .  The c h ia s m a ta  a re  p o i n t s  o f  i n t e r 

change o f  p a r t n e r s  among p a i r e d  c h ro m a tid s  (a s  in  th e  c l a s s i c a l  

t h e o r y ) .  S t r a i n s  on them , how ever, a re  l i a b l e  to  cause  

b r e a k s  a t  th e  p o i n t s  o f  c o n t a c t .  The s t r a i n s  a re  ca u se d  by



th e  i n t e r n o d e s  w id e n in g ,  and th e  chromonemata t w i s t i n g  and 

c o n t r a c t i n g  u n e q u a l ly .  S u b s e q u e n t ly  th e  b ro k e n  ends o f  th e  

c h ro m a tid s  r e u n i t e ,  w i th  exchange o f  p a r t n e r s ,  so t h a t  th e  

c h ia s m a ta  a re  r e s o l v e d .  Some o f  them s t i l l  rem a in  u n b ro k e n ,  

how ever, and th e y  a re  th e n  p u l l e d  a p a r t  a t  anaphase  w i th  no 

exchange o f  p a r t n e r s .

D a r l i n g to n  (1930-32) now r e g a r d s  th e  c h ia s m a ta  a t  

d ip lo t e n e  as  i n d i c a t i n g  th e  p o i n t s  where exchange o f  p a r t n e r s  

be tw een  two c h ro m a tid s  haiie a l r e a d y  o c c u r r e d  a t  p a c h y te n e .

The lo o p s  a t  d ip lo t e n e  a re  a lw ays r e d u c t i o n a l  and hence h a  

h a s  ad o p te d  and e x te h d e d  th e  o r i g i n a l  " p a r t i a l  c h ia s m a ty p y " .  

t h e o r y  o f  J a n s s e n s ,  d i s c a r d i n g  th e  o t h e r  a l t e r n a t i v e s  as  

in a d e q u a te .  B e l l i n g  ( I 9 2 7 , 1928) h as  a l s o  a d o p te d  t h i s  p o i n t  

o f  v iew .

I t  i s  n o t  w i t h i n  th e  scope o f  t h i s  p a p e r  to  a n a ly s e  th e  

r e l a t i v e  w e ig h t  o f  th e  r e a s o n s  g iv e n  i n  f a v o u r  o f  th e  v a r io u s  

h y p o th e s e s  enum era ted  above . These a r e  m a in ly  g e n e t i c a l  and 

a re  re v ie w e d  by  C a tc h e s id e  ( 193D  and D a r l in g to n  ( I 93I» 1 9 3 2 ) .  

As C a tc h e s id e  sa y s  "Most a re  a g re e d  t h a t  th e  p o i n t  o f  exchange 

o f  c h ro m a tid  segm ents i s  a c t u a l l y  a t  th e  c h ia sm a " .  G e n e t i c a l  

e v id en c e  d e r iv e d  from  work on D ro s o p h i la  d e s t r o y s  J a n s s e n ' s  

th e o ry  o f  t o t a l  c h ia sm a ty p y . The o c c u r re n c e  o f  t e r m i n a l i s a t i o n  

c a n n o t  be e x p la in e d  s a t i s f a c t o r i l y  on S a x 's  h y p o t h e s i s ,  and 

th e  f i g u r e s  o f  i n t e r l o c k i n g  t h a t  sh o u ld  be e x p e c te d  from  i t  

in  c e r t a i n  h y b r id s  have n e v e r  been  o b ta in e d *  ( D a r l in g to n  

19 3 2 , p .  258) .  G e n e t i c a l  and c y t o l o g i c a l  d a t a  (B r id g e s  and



A nderson 1925? D a r l in g to n  1930? C a tc h e s id e  193^) show t h a t  

c r o s s i n g  o v er  o c c u rs  i n  th e  p a c h y te n e  s t a g e .  I t  i s  t h e r e f o r e  

p ro b a b le  t h a t  th e  " c h ia sm a ty p y  h y p o th e s i s "  a s  advanced  by  

D a r l in g to n  and B e l l i n g  i s  s u b s t a n t i a l l y  c o r r e c t . ^

C o r r e l a t e d  w i th  th e  ch ia sm a ty p y  h y p o th e s i s  o f  D a r l in g to n  

i s  h i s  c o n c e p t io n  o f  th e  t e r m i n a l i s a t i o n  o f  c h ia s m a ta  i n  

c e r t a i n  p l a n t s .  The p o i n t s  o f  c r o s s i n g  o f  th e  a l r e a d y  

in te r c h a n g e d  p a r t n e r s  o f  th e  c h ro m a tid s  s l i p  to w ard s  th e  

ends  o f  th e  chromosomes, w i th  th e  r e s u l t  t h a t  th e  number o f  

c h ia s m a ta  se e n  b e tw een  d i p lo t e n e  and m etaphase  i s  p r o g r e s s i v e l y  

r e d u c e d .  T e r m i n a l i s a t i o n  may be e i t h e r  a b s e n t ,  p a r t i a l  o r  

com ple te  i n  d i f f e r e n t  s o e c i e s  o f  p l a n t s  and a n im a l s .

THE SCOPS OF THE PRESENT WORK.

On exam in ing  th e  mass o f  r a t h e r  co n fu se d  and c o n f l i c t i n g  

d a t a  th u s  p r e s e n t e d  to  o u r  v ie w , th e  f a c t  em erges t h a t  fevf 

co m p ara tiv e  s t u d i e s  o f  m e io s i s  and m i t o s i s  have y e t  been  

made, and even th e s e  make l i t t l e  e f f o r t  to  d i s c u s s  o r  

c o r r e l a t e  th e  modern p o i n t  o f  v iew . On one h a n d , th e  

i n v e s t i g a t o r s  o f  so m a tic  m i to s e s  a re  moving to w ard s  

u n a n im i ty  c o n c e rn in g  th e  p re s e n c e  o f  tyo  chrom onem ata, 

p ro b a b ly  su r ro u n d e d  by  a common m a t r i x ,  w i th in ^ e a c h  d a u g h te r  

chromosome, g iv in g  a  q u a d ru p le  s t r u c t u r e  by  a t  l e a s t  th e  

b e g in n in g  o f  m e ta p h a s e . On th e  o t h e r  h an d , th e  mass o f  work 

done on l a r g e  chromosomes a t  m e io s i s  assumes th e  e x i s t e n c e  o f



s i n g l e  t h r e a d s  a t  l e p t o t e n e ,  p a i r i n g  a t  z y g o te n e ,  and each  d i 

v id in g  f o r  th e  f i r s t  tim e a t  p a c h y te n e .  T h e o r ie s  o f  c r o s s i n g  

o v e r  have been  fo u n d ed  o n , o r  s t r o n g l y  s u p p o r te d  b y ,  t h i s  

p o i n t  o f  v iew  ( B e l l i n g ,  1Q28, 1931; D a r l i n g to n  193^; 1 9 3 2 ) .

Such co m p ara tiv e  a c c o u n ts  o f  m e io s i s  and m i t o s i s  a s  have 

b een  e n c o u n te re d  d u r in g  th e  s tu d y  o f  th e  l i t e r a t u r e  (e g .

Smith 1932) have ig n o re d  th e  p o i n t  o f  view  o f  a l a r g e  body 

o f  i n v e s t i g a t o r s  o f  m e io s i s .  D a r l i n g to n  (1932) d i s c u s s e s  

m i t o s i s  i n  r e l a t i o n  to  m e i o s i s ,  b u t  d i s m is s e s  a s  in a d e q u a te  

o r  f a u l t i l y  i n t e r p r e t e d  th e  p o i n t  o f  view  o f  th e  m ost c a r e f u l  

s t u d e n t s  o f  m i t o s i s ,  a d i s m i s s a l  w hich seems to  th e  v / r i t e r  

to  be u n w a rra n te d  i n  th e  f a c e  o f  th e  mass o f  d e t a i l e d  in fo rm 

a t i o n  th u s  a c q u i r e d .

I t  seem s , t h e r e f o r e , t h a t  a co m p ara tiv e  a c c o u n t  o f  so m a tic  

and m e io t i c  m i t o s e s ,  w i th  s p e c i a l  r e f e r e n c e  to  chromosome 

s t r u c t u r e  i s  u r g e n t l y  needed  a t  t | i e  p r e s e n t  t i m e . Even i f  th e  

p rob lem s . r a i s e d  a re  n o t  im m ed ia te ly  s o lv e d ,  t h e i r  d i s c u s s i o n  

may s t m u l a t e  an e n q u i ry  amongst o t h e r  m a t e r i a l ,  w hich  may 

p rove  more d e c i s i v e  and may h e lp  to  remove some o f  th e  

in c o n s is te n c ie s  w i th  w hich  c y t o l e g i s t s  a re  a t  p r e s e n t  c o n f r o n te d ,

MATSRI.AL A m  3VI5 THODS.

I n  th e  autumn o f  1930-31? young f lo w e r  buds o f  S c i l l a  

n o n - s c r i p t a  were c u t  and s t a i n e d ,  f o r  a c l a s s  s tu d y  i n  

c y t o l o g i c a l  t e c h n iq u e .  The m a t e r i a l  was f i x e d  i n  Carnoy^s 

f l u i d ,  o r  i n  a m o d i f i c a t i o n  o f  Carnoy c o n ta in in g  l e s s  

a b s o lu te  a l c o h o l .  I n  th e  co u rse  o f  exam ining  t h i s  m a t e r i a l



i t  was d i s c o v e r e d  t h a t  th e  so m a tic  chromosomes showed v e r y  

c l e a r  doub le  s p i r a l  chromonemata i n  th e  m e tap h ase  and an ap h ase  

s t a g e s  o f  d i v i s i o n .  The s tu d y  o f  th e s e  i n t e r e s t i n g  s t r u c t u r e s ,  

how ever, was n o t  resum ed u n t i l  th e  autumn o f  1 9 3 2 .

■ The p l a n t s  u se d  were m a in ly  th o s e  o f  S c i l l a  n o n s c r i p t a ,  

th e  common b l u e b e l l ,  o b ta in e d  e i t h e r  sem i-v /i ld  in  th e  g ro u n d s  

o f  R o y a l H ollow ay C o l le g e  o r  from  th e  C o lle g e  b o t a n i c a l  

g a rd e n .  The w ild  and g a rd e n  p l a n t s  w ere k e p t  s e p a r a t e ,  b u t  

no d i f f e r e n c e  was found  i n  t h e i r  n u c l e a r  c o n s t i t u t i o n .  They 

were a l s o  compared o c c a s i o n a l l y  v fith  f lo w e r s  o f  S c i l l a  

cam p an u la ta  (Hoffm. and L in k . )  a l s o  grovm i n  th e  C o l le g e  

g a r d e n ,  b u t  th e  n u c l e i  o f  th e  l a t t e r  p l a n t s  seemed i d e n t i c a l  

in  a l l  r e s p e c t s  w i th  th o s e  o f  S c i l l a  n o n s c r i p t a .

S ta g e s  o f  m e io s i s  in  th e  a n t h e r s  were m a in ly  s t u d i e d  

by means o f  p o l l e n  sm e a rs ,  b u t  th e y  were su p p lem en ted  by  m a te r 

i a l  f i x e d  by  o r d in a r y  m e th o d s , and s e c t i o n e d  i n  p a r a f f i n .  Suit* 

a b le  s t a g e s ,  b o th  f o r  sm earing  and f i x i n g ,  were f i r s t  

i d e n t i f i e d  w ith  th e  a i d  o f  te m p o ra ry  i r o n  a c e to -c a rm in e  

sm e a rs ,  as  recommended by  B e l l i n g  ( I 92I ) . P erm anen t p o l l e n  

sm ears were made by  a m o d i f i c a t i o n  o f  T a y lo r* s  smear m ethod^  

g iv e n  by  La Cour (193D « P o l l e n  m o the r  c e l l s  were t e a s e d  

o u t  on to  a  g l a s s  s l i d e ,  f l a t t e n e d  a lo n g  i t  by  one smooth 

even s t r o k e  o f  a c l e a n  s c a l p e l ,  and th e n  i n v e r t e d  im m ed ia te ly , 

f a c e  dovmwards, i n  a  d i s h  o f  f i x a t i v e .  The d i s h e s  u se d  had  

two p a r a l l e l  r i b s  a c ro s s  th e  b o t to m , w hich p r e v e n te d  th e  smear 

ed s u r f a c e  o f  th e  s l i d e  from  coming in t o  c o n t a c t  w i th  th e



r e s t  o f  th e  d i s h .  The sm ears  were l e f t  i n  th e  f i x a t i v e  

from  two to  t h r e e  h o u r s ,  a f t e r  w h ich  th e y  were washed i n  

r u n n in g  w a te r  f o r  an h o u r ,  th e n  b le a c h e d  i n  an aqueous 

s o l u t i o n  o f  h y d ro g en  p e r o x id e  i n  w a te r  (one volume h y d ro g e n  

p e r o x id e  ; two volum es o f  w a te r )  f o r  a b o u t  h a l f  an h o u r ,  

th e  s l i d e s  b e in g  i l l u m i n a t e d  th e  w h i le  w i t h  b r i g h t  e l e c t r i c  

l i g h t  to  h a s t e n  th e  r e a c t i o n .  ( % e r e  n o n -o sm ic  f i x a t i v e s  

were u s e d ,  i t  was s t i l l  fo u n d  a d v i s a b l e  i n  g e n e r a l  to  b l e a c h  

th e  s l i d e s  f o r  a b r i e f  p e r i o d  to  r i d  them o f  o t h e r  

p r e c i p i t a t e s .  C l e a r e r  p r e p a r a t i o n s  w ere o b ta in e d  i n  t h i s  

way. T h is  s t a t e m e n t  a l s o  a p p l i e s  to  p a r a f f i n  s e c t i o n s .  )

From t h i s  th e  s l i d e s  were r i n s e d  in  w a t e r ,  and th u s  e a s i l y  

t r a n s f e r r e d  to  an aqueous s t a i n .  A v a r i e t y  o f  f i x a t i v e s  were 

em ployed , i n c lu d i n g  th e  La Cour m o d i f i c a t i o n s  o f  F lem m ing^s 

s o l u t i o n  (2BE and 2BD), Flemming^ s s o l u t i o n s  w eak^ medium 

and s t r o n g ,  B e n d a 's  f l u i d ,  H avaschin* s s o l u t i o n  ( L a n g l e t ' s  

m o d i f i c a t i o n ) ,  A l l e n ' s  m o d i f i c a t i o n  o f  B o u i n 's  f l u i d  ( i n  

t h i s  c a se  th e  sm ears were f i x e d  i n  a d i s h  o f  th e  f l u i d  on 

th e  to p  o f  a  warm oven and washed a c c o rd in g  to  s c h e d u le  

i n  a l c o h o l  b e f o r e  s t a i n i n g ) ,  M e r k e l 's  f l u i d ,  B o u i n 's  

s o l u t i o n  e t c . ^  Of t h e s e ,  th e  osmic f i x a t i v e s  and H a v a s c h in 's  

f l u i d  p ro v e d  by  f a r  th e  b e s t  f o r  m e io s i s  i n  t h i s  m a t e r i a l ,  

th e  f a v o u r i t e  osm ic f i x a t i v e s  b e in g  ( i n  o r d e r  o f  m e r i t )  2BE, 

F lem m in g 's  weak s o l u t i o n  and 2BD. 2BE seemed s l i g h t l y  b e t t e r  

f o r  chromosome s t r u c t u r e  and gave v e r y  p r e t t y  p r e p a r a t i o n s ,  

b u t  F lem m in g 's  weak s o l u t i o n  was a lm o s t  as  good i n  m ost c a s e s .



H a v a s c h in 's  f l u i d  was a l s o  fo u n d  to  be e x c e l l e n t  f o r  chromo

some s t r u e  l u r e , e s p e c i a l l y  i n  th e  l a t e r  s t a g e s  o f  m e i o s i s ,  

and som etim es gave  a b e t t e r  e f f e c t  th a n  th e  2BE, a s  th e  

component p a r t s  o f  th e  chromosomes were more c l e a r l y  

d i f f e r e n t i a t e d .  2BE and F lem m in g 's  w eak, h o w ev er , were b e t t e r  

f o r  th e  p ro p h a se  s t a g e s  o f  th e  f i r s t  d i v i s i o n ,  and 2BE gave 

more c r i t i c a l  p r e p a r a t i o n s  o f  th e  seco n d  d i v i s i o n  o f  m e i o s i s .  

The 2BD f i x a t i v e  was n o t  q u i t e  so good f o r  sm e a rs ,  y e t  i t s  

m e r i t s  were n o t  g r e a t l y  belov/ th e  o t h e r  t h r e e  f i x a t i v e s .  

F lem m in g 's  s t r o n g  s o l u t i o n  a p p e a re d  to  c o a g u la t e  th e  r e t i c u l u m  

and c a n n o t  be recommended f o r  t h i s  p l a n t ,  v f h i l s t  F lem m in g 's  

medium s o l u t i o n  was n o t  much b e t t e r .  B e n d a 's  f l u i d  was n o t  

e x t e n s i v e l y  u se d  f o r  sm e a rs ,  as  a g a in  a r a g g e d  e f f e c t  was 

p ro d u ced  i n  th e  n u c l e u s . ,  and chrom osom ey^structure was 

o b s c u re d .  A l l e n ' s  m o d i f i c a t i o n  o f  B o u in 's  f l u i d  o r  M e r k e l 's  

f l u i d  gave c l e a r  p r e p a r a t i o n s ,  b u t  a g a in  chromosome s t r u c t u r e  

was l e s s  e v i d e n t ,  a l th o u g h  i n d i c a t e d  i n  f a v o u r a b le  s l i d e s .  

B o u in 's  s o l u t i o n ,  medium c h ro m -a c e t ic  s o l u t i o n  e t c .  gave v e ry  

p o o r  f i x a t i o n .

E x p e r im e n ts  w i th  v a r y in g  p r o p o r t i o n s  o f  th e  c o n s t i t u e n t s  

o f  F lem m in g 's  and La C o u r 's  f i x a t i v e s ,  m ix tu r e s  o f  t h e s e  

f l u i d s  e t c .  gave  m o d e ra te ly  good r e s u l t s ,  b u t  none were so 

good as  th e  s t a n d a r d  s o l u t i o n s .  Such e x p e r im e n ts  ho w ev er , 

were n o t  s y s t e m a t i c a l l y  c a r r i e d  o u t .

P erm an en t a c e to  ca rm ine  sm ears  were m ade, u s in g  S t e e r e ' s

( 1931) m o d i f i c a t i o n  o f  B e l l i n g ' s  te m p o ra ry  s t a i n .  S l i d e s  can



be made and m ounted by  t h i s  m ethod in  tw e n ty  to  t h i r t y  

m in u te s  ( o r  l e s s  w i th  p r a c t i c e ) .  F o r  d e t a i l e d  s t r u c t u r e ,  

h ow ever, th e  s t a i n  p ro v e d  d i s a p p o i n t i n g ,  a s  d i f f e r e n t i a t i o n  

was n o t  s u f f i c i e n t l y  d i s t i n c t  be tw een  chromosomes and 

c y to p la s m ,  and f i x a t i o n  was i n f e r i o r  to  t h a t  o b t a in e d  by  

o r d i n a r y  sm ear m e th o d s .  I t s  u se  was t h e r e f o r e  d i s c o n t i n u e d ,  

e s p e c i a l l y  a s  th e  o r d i n a r y  smear m ethods were co m p le ted  i n  

f o u r  h o u rs  i f  n e c e s s a r y ,  and t h i s  l e n g t h  o f  tim e d i d  n o t  

p rove  i n c o n v e n i e n t l y  p r o t r a c t e d .

S ta g e s  o f  m e io s i s  and th e  d ev e lo p m en t o f  th e  g am etophy te  

in  th e  o v a r y ,  a l s o  c o m p a ra t iv e  s t a g e s  o f  m e io s i s  i n  th e  a n t h e r s  

were p ade  by  means o f  f i x i n g  whole buds o r  o v a r i e s .  I n  some 

c a s e s ,  p i e c e s  o f  a n t h e r s  and o v a r i e s  v/ere p u t  i n t o  th e  f i x a 

t i v e  and a pump u s e d  to  s in k  them i n  th e  l i q u i d .  I n  g e n e r a l ,  

how ever, th e  m ethod f i r s t  s u g g e s te d  by  K ih a ra  ( 1924) o r  a  

m o d i f i c a t i o n  o f  i t y  was u s e d ,  ( s e e  a l s o  Maeda 1930 ; Babcock 

and C la u se n  1929; La Cour 1931 e t c . )  T h is  c o n s i s t e d  i n  

d ro p p in g  whole buds -  o r  p r e f e r a b l y  o v a r i e s  f o r  th e  s tu d y  

o f  m e io s i s  i n  th e  m egaspore  m o th e r  c e l l s  -  i n t o  C a m o y 's  

f l u i d  f o r  from  f i f t e e n  se co n d s  to  one m in u te ,  and th e n  

r a p i d l y  t r a n s f e r r i n g  them to  a n o th e r  f i x a t i v e  f o r  ab o u t  

tw e n ty  f o u r  h o u r s .  F i x a t i o n  by  t h i s  method seemed as  good 

o r  b e t t e r  th a n  when C a rn o y 's  f l u i d  was n o t  u s e d ,  and th e  

l a b o r i o u s  and p o s s i b l y  i n j u r i o u s  u se  o f  th e  pump was a v o id e d .  

They were th e n  washed i n  w a te r  f o r  t h r e e  to  f o u r  h o u rs  on to p  

o f  a  warm o v en , c h a n g in g  th e  w a te r  a b o u t  e v e ry  h a l f  h o u r .



(La Cour-). A f t e r  t h i s ,  th e y  were t a k e n  up th e  a l c o h o l s  and 

embedded in  p a r a f f i n  wax a c c o rd in g  to  th e  s c h e d u le  recommended 

b y  La C our, u s in g  c h lo ro fo rm  as  th e  s o l v e n t  f o r  th e  p a r a f f i n .  

I n  g e n e r a l ,  a b o u t  t h r e e  to  f o u r  d ay s  on and i n  th e  oven  

s u f f i c e d  f o r  a d e q u a te  i n f i l t r a t i o n  o f  th e  wax, b u t  th e  r a t e  

o f  i n f i l t r a t i o n  m u st n e c e s s a r i l y  depend  on th e  ty p e  o f  

m a t e r i a l ,  i t s  s i z e  and i t s  s t a g e  o f  d e v e lo p m e n t.  The 

f i x a t i v e s  u se d  were v e r y  v a r i e d ,  and once more H a v a s c h in 's  

f l u i d ,  2BE, 2BD and F len im ing 's  weak s o l u t i o n s  were th e  f o u r  

b e s t  f l u i d s ,  b e in g  a l l  more o r  l e s s  e q u a l l y  s u i t a b l e  and 

e q u a l l y  u se d  f o r  s t a g e s  i n  m e i o s i s .  F o r  s o m a tic  s t r u c t u r e ,  

H a v a s c h in 's  f l u i d  was th e  c l e a r e s t ,  b u t  was c l o s e l y  r i v a l l e d  

i n  e f f e c t  by  2BE. The e f f e c t  o f  o t h e r  f i x a t i v e s  was s i m i l a r  

to  t h a t  d e s c r i b e d  f o r  sm ear p r e p a r a t i o n s ,  M e r k e l 's  f l u i d  

r a n k in g  as  th e  n e x t  b e s t  f i x a t i v e .

S e c t io n s  w ere c u t  from  l 6 -  l 8/ i .  T h is  t h i c k n e s s  was 

c h o s e n ,  a f t e r  e x p e r i m e n t a t i o n , as  th e  one w hich  gave whole 

n u c l e i  f a i r l y  e a s i l y  i n  f a v o u r a b le  s e c t i o n s ,  and y e t  d id  n o t  

o b sc u re  th e  s t r u c t u r e  o f  i n d i v i d u a l  n u c l e i  by  c a u s in g  o t h e r s  

to  l i e  u n d e r  them o r  on to p  o f  them to  to o  g r e a t  an e x t e n t .

S om atic  s t r u c t u r e  was d e te rm in e d  a lm o s t  e n t i r e l y  from  

n u c l e a r  d i v i s i o n s  i n  th e  n u c l e u s  o r  w a l l s  o f  th e  o v a ry  and 

a n t h e r s .  A fev; c o m p a ra t iv e  s t u d i e s  were made from  r o o t  t i p s  

f i x e d  i n  v a r io u s  f i x a t i v e s ,  b u t  i n  g e n e r a l ,  chromosome 

s t r u c t u r e  was n o t  so c l e a r l y  shown i n  t h e s e ,  th o u g h  i t  was 

o b v io u s ly  s i m i l a r  i n  t y p e .  A d d i t i o n a l  t r e a t m e n t  c o n s i s t e d



o f  f i x i n g  r o o t  t i p s  f o r  a  s h o r t  t im e  (2 -  ^ m in u te s )  i n  b o i l i n g  

w a te r  (Sakam ura 192? ) ,  T h i s ,  h o w ev er , as  S harp  re m a rk s  ( I9 2 9 )  

d i s s o l v e s  th e  chromosomes i n  l a t e r  s t a g e s  o f  d i v i s i o n ,  so t h a t  

o n ly  e a r l y  p ro p h a se  s t a g e s  a r e  shown and th e s e  a re  somevfhat 

c o n t o r t e d .  E x p e r im e n ts  w i th  s h o r t e r  p e r i o d s  o f  t r e a t m e n t  

V7i t h  b o i l i n g  w a te r  w ere n o t  c a r r i e d  o u t ,  owing to  l a c k  o f  

t im e ,  b u t  i t  w ould be w o r th  w h i le  s t r i v i n g  to  i m i t a t e  

Sakam ura*s b e a u t i f u l  p r e p a r a t i o n s .

Of th e  s t a i n s  u s e d ,  N ew to n 's  m o d i f i c a t i o n  o f  G e n t ia n  

V i o l e t  -  i o d in e  p ro v e d  by  f a r  th e  m o st u s e f u l ,  and i t  was 

f i n a l l y  a d o p te d  a lm o s t  e x c l u s i v e l y .  I t  gave b e a u t i f u l l y  

t r a n s p a r e n t  sm ear p r e p a r a t i o n s ,  i n  w hich  th e  chromosomes 

s to o d  o u t  c l e a r l y  d e f i n e d  and v^ell d i f f e r e n t i a t e d  i n t e r n a l l y .  

H ae m a to x y lin  was fo u n d  to  be g r e a t l y  i n f e r i o r  f o r  sm e a rs ,  

f o r  n o t  o n ly  were th e  c y to p la sm  and n u c l e i  l e s s  c l e a r l y  

c o n t r a s t e d ,  b u t  th e  n o n - t r a n s p a r e n t  s t a i n  f r e q u e n t l y  o b s c u re d  

th e  n u c l e i  by  c l i n g i n g  to  th e  m u c ila g e  and d i s o r g a n i s e d  

t a p e t a l  c e l l s  w i th  w hich  th e  p o l l e n  m o th e r  c e l l s  were 

n e c e s s a r i l y  s u r ro u n d e d ,  and by  a c c e n t u a t i n g  th e  o v e r l y i n g  

clum ps i n  v^hich th e  p o l l e n  m o th e r  c e l l s  th e m s e lv e s  were 

o f t e n  fo u n d .  S a f r a n  in  and l i g h t  g r e e n  were t r i e d ,  b u t  were 

fo u n d  a v e ry  p o o r  c o m b in a t io n  f o r  d e t a i l s  o f  n u c l e a r  

s t r u c t u r e .  S i m i l a r l y  i n  s e c t i o n s  o f  th e  t h i c k n e s s  c h o s e n ,  

g e n t i a n  v i o l e t  was u n e q u a l le d  i n  e v e ry  way f o r  t r a n s p a r e n c y ,  

c l e a r n e s s  and d e l i c a t e  c o n t r a s t  o f  p a r t s .  I t  was som etim es 

u se d  w i th  a  c o u n t e r s t a i n  o f  o ran g e  G, l i g h t  g r e e n ,  o r



e r y t h r o s i n  in  c lo v e  o i l  ( g e n e r a l l y  th e  f i r s t ) ,  b u t  was 

u s u a l l y  p r e f e r r e d  v f i th o u t  a  c o u n t e r s t a i n ,  a s  t h i s  o f t e n  

seemed to  o b sc u re  r a t h e r  th a n  c l a r i f y  d e t a i l e d  s t r u c t u r e .  

H ae m a to x y lin  was t r i e d ,  and was fo u n d  to  be s u c c e s s f u l  i n  

show ing up s t r u c t u r e ,  e s p e c i a l l y  when u se d  a c c o r d in g  to  th e  

s h o r t  s c h e d u le s  recommended by  Kaufmann ( I9 2 6 )  and 

H a d a y e tu l l a h  ( I 9 3 0 ) . Such s l i d e s  v/ere m a in ly  u s e d  m e re ly  

f o r  c o m p a r iso n ,  as  th e y  were much l e s s  c l e a r  i n  d e t a i l  th a n  

th e  g e n t i a n  v i o l e t  p r e p a r a t i o n s .
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A COMPARATIVE STUDY OF THE CHROMOSOMES OF
SCIL.LA NONSCRIPTA

DURING SOMATIC AND MEIOTIC MITOSIS

IN T R O D U C T IO N ,

Scilla nonscripta, although one o f the commonest flowers o f the English wood
land in Spring, seems to have been curiously neglected by cytologists. This is espe
cially surprising, as it is a member of the Liliaceae family, members o f which have 
yielded such a rich harvest o f information with regard to details of chromosome 
structure and the mechanism of division. M e K e n n e y  (1898) mentioned that in Scilla 
hyacinthoides and S. ’ campanula the sixteen chromosomes are reduced to eight in 
meiosis, but he did not describe any details of the division. S c h n i e w i n d - T h ie s  (1901) 
recorded a similar observation, and mentioned that the chromosomes at the meta
phase o f the first division of meiosis may be shaped like loops or crosses.

In 1911, a brief note appeared by G r a n ie r  & B o u l e  on the somatic divisions 
in the root tips o f Endymion nutans ( =  Scilla nonscripta). They stated that the chro
mosomes were already double by the end of the metaphase preceding that at which 
the halves would separate, and that this doubleness remained evident until the end 
of the telophase. This was followed in the same year by a note on meiosis by these 
two authors. The threads seen at prophase were described as quadri-partite, due to 
the pairing of the two double chromosomes. The double nature was seen occasionally, 
where the gemini were further apart. Eight paired chromosomes were counted. Neither 
of these notes were accompanied by drawings.

D a r l in g t o n  (1926) investigated the chromosome types o f Scilla nutans ( =  S. 
nonscripta) by means o f sections through root tips, and smears showing stages of 
pollen grain division. He distinguished eight types o f chromosome, which are more 
or less the same in both diploid and haploid mitosis. Some variations in the occu
rence o f chromosome constrictions were noted and the occasional appearance of 
satellites was described.

SCOPE OF T H E  PRESEN T W ORK.

On reviewing the number o f papers which have been published in recent 
years on the structure o f the chromosome during somatic and meiotic mitosis, the 
fact emerges that few comparative studies o f meiosis and mitosis have yet been made, 
and even these make little effort to discuss or correlate the modern point o f view. 
On one hand, the investigators of somatic mitosis are moving towards unanimity
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concerning the presence of two chromonemata, probably within a common matrix, 
in each daughter chromosome, giving a quadruple structure by at least the beginning 
of metaphase : K a u f m a n n  (1926, 1931), S h a r p  (1929), T e l e z y n s k y  (1930), H e d a y e - 

TULLAH (1931), P e r r y  (1932), S m it h  (1932), H s u -S ia n g  (1932). On the other hand, 
the mass of work done on large chromosomes at meiosis assumes the existence of 
single threads at leptotene, pairing at zygotene, and division for the first time at 
pachytene : N e w t o n  (1927), K u w a d a  (1926, 1927), B e l l in g  (1928, 1931), B a b c o c k  

& C l a u s e n  (1929), S h in k e  (1930), D a r l in g t o n  and his fellow workers (1928, 1929, 
1930, 1931, 1932). Theories o f crossing over have been founded on, or strongly 
supported by, this point o f view : B e l l in g  (1928, 1931), D a r l in g t o n  (1931, 1932). 
Such comparative accounts o f meiosis and mitosis as have been encountered during 
a study of the literature (eg. S m it h , 1932) have ignored the point of view of a large 
body of investigators o f meiosis. D a r l in g t o n  (1932) discusses mitosis in relation to 
meiosis, but dismisses as inadequate or faultily interpreted the point o f view of many 
students of mitosis, a dismissal which seems to the writer to be unwarranted in the 
face of the mass of detailed information thus acquired.

It seems, therefore, that a comparative account o f somatic and meiotic mitosis, 
with special reference to chromosome structure is urgently needed at the present 
time. Even if  the problems raised are not immediately solved, their discussion may 
stimulate an enquiry amongst other material, which may prove more decisive and may 
help to remove some of the inconsistencies, with which cytologists are at present 
confronted.

M A TE R IA L  A N D  M E T H O D S.

In the autumn o f 1930-31, young flower buds o f Scilla nonscripta were cut 
and stained for a class study in cytological technique. In the course o f examining 
this material, it was discovered that the somatic chromosomes showed very clear 
double spiral chromonemata in the metaphase and anaphase stages o f division. The  
study o f these interesting structures, however, was not resumed until the autumn 
of 1932.

The plants used were mainly those o f Scilla nonscripta, the common bluebell, 
obtained either sem i-wild in the grounds of Royal Holloway College or from the 
College botanical garden. The wild and garden plants were kept separate, but no 
difference was found in their nuclear constitution.

Stages o f meiosis in the anthers were mainly studied by means o f pollen smears, 
but they were supplemented by material fixed by ordinary methods, and sectioned in 
paraffin. Suitable stages, both for smearing and fixing, were first identified with the 
aid o f temporary iron aceto-carmine smears, as recommended by B e l l i n g .  Perma
nent pollen smears were made by a modification o f T a y l o r ’s (1924) smear method, 
given by L a  G o u r  (1931). A  variety o f fixatives were employed, including the 'L a  

CouR modifications o f F le m m in g ’s solution (2 BE and 2 BD) ; F le m m in g ’s solutions 
weak, medium and strong ; B e n d a ’s fluid ; N a v a s c h in ’s solution ( L a n g l e t ’s  modi
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fication) ; M e r k e l ’s fluid ; Bourn’s solution ; A l l e n ’s modification o f Bourn’s fluid. 
In this last case the smears were fixed in a dish of the fluid on the top of a warm 
oven and washed according to schedule in alcohol before staining. O f these, ' the 
osmic fixatives and N a v a s c h in ’s fluid p ro v ed  by far the best for meiosis in this ma
terial, the favourite osmic fixatives being (in order of merit) 2 BE, F l e m m in g ’s weak 
solution and 2 BD.

Stages of meiosis and the development of the gametophyte in the ovary, also 
comparative stages o f meiosis in the anthers, were obtained by means o f fixing whole 
buds or ovaries. In some cases, pieces of anthers and ovaries were put into the 
fixative and a pump used to sink them in the liquid. In general, however, the method 
first suggested by K ih a r a  (1924) or a modification of it, was used (see also M a e d a ,  

1930 ; B a b c o c k  & C la u s e n ,  1929 ; L a C o u r , 1931, etc.). This consisted of dropping 
whole buds —  or preferably ovaries —  to be used for the study of meiosis in the 
megaspore mother cells, into C a r n o y ’s fluid for from fifteen seconds to one minute, 
and then rapidly transferring them to another fixative for about twenty four hours. 
Fixation by this method seemed as good or better than when C a r n o y ’s fluid was not 
used, and the laborious and possibly injurious use o f the pump was avoided. They  
were then washed, taken up through the alcohols and embedded in paraffin wax 
according to the schedule recommended by L a C o u r , using chloroform as the solvent 
for the paraffin. The fixatives used were very varied, and once more N a v a s c h in ’s 

fluid, 2 BE, 2 BD and F le m m in g ’s weak solutions were the best.
Sections were cut from 16-18 This thickness was chosen, after some expe

rimentation, as the one which gave whole nuclei fairly easily in favourable sections, 
and yet did not obscure the structure o f individual nuclei by including others, to 
too great an extent, either below or above them.

Somatic structure was determined almost entirely from nuclear divisions in the 
nucellus or walls o f the ovary and anthers. A  few comparative studies were made 
from root tips fixed in various fixatives, but in general, chromosome structure was 
not so clearly shown in these, though it is obviously similar in type.

O f the stains used, N e w t o n ’s modification of the gentian violet-iodine method 
proved by far the most useful, and it was finally adopted almost exclusively. It 
gave beautifully transparent smear preparations, in which the chromosomes stood out 
clearly defined and well differentiated internally.

It was sometimes used with a counterstain of orange C, light green, or erythro- 
sin in clove oil (generally the first), but was usually preferred without a counterstain, 
as this often seemed to obscure rather than clarify detailed structure. Haematoxylin 
was tried, and was found to be successful in showing up structure, especially when 
used according to the short schedules recommended by K a u fm a n n  (1926) and H e - 

DAYETULLAH (1930). Such slides were mainly used merely for comparison, as they 
were much less clear in detail than the gentian violet preparations.
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O B S E R V A T I O N S .

I. SOMATIC MITOSIS.

§ 1. Anaphase, telophase and resting stage.

The usual custom of describing the anaphase first will be followed in this 
paper, thus avoiding the difficulties o f interpretation encountered by beginning with 
the early prophase stages.

Sixteen chromosomes pass to each pole from the metaphase plate. T hey fall 
into eight types, which are represented in the accompanying diagram, lettered in order 
of size ( T e x t  f ig . 1). They have been described for the species by D a r l in g t o n  

(1926). Their shapes, which are constant for each chromosome, vary with the position 
of the attachment constriction. A  has a subterminal attachment constriction. B and 
C are roughly equal in size and also have a subterminal constriction, their arms 
being still more unequal in length than those o f A  ; C may frequently be distin
guished from B by the presence o f a pronounced secondary constriction in the longer 
arm. The attachment constriction o f D  seems to vary in position, apparently being 
either terminal or slightly subterminal, or the constriction may be drawn out to give

A B C  D E F  G H
TEX T  FIGURE 1. Diagram of the eight characteristic chromosome types o f Scilla nonscripta,

lettered in order of size.

a satellite at the end. E has a median attachment constriction, whilst that o f F is 
slightly submedian in position. G shows the same variation as has been described 
for D. H has a submedian attachment constriction. All may be characterised in pro
phase by the presence o f marked secondary constrictions at intervals along their length, 
but these become obscured at metaphase. The chromosome types may be most clearly 
discerned during the second division o f meiosis and the division of the gametophytic 
nuclei, when each chromosome type is represented only once in the dividing nucleus.

During anaphase, the internal structure o f each chromosome is revealed with  
great distinctness ( F i g . 10 ). Each chromosome appears to be made up o f two spiral 
chromonemata, twisted round a lightly staining region which may represent a less 
chromatic matrix. It is not possible to be certain whether these spirals are invariably 
intertwined round one another, as the points where they cross are not usually in a 
sufficiently different focus for the upper thread of each cross to be determined with 
certainty. Occasionally an overlying thread stands out with great clearness. Assuming 
that the appearance is due to the presence o f two spiral threads, two alternatives
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present themselves to account for the configuration at this stage. Either the spiral 
chromonemata turn in the same direction, and therefore intertwine at every turn, or 
they turn in opposite directions but again with the same degree o f twist so that they 
interlock rather than intertwine. K u w a d a ’s (1927) su g g e s t io n  that the two threads 
spiral together ar random, and therefore sometimes intertwine and sometimes do not, 
would not produce the regular curves and crossings found invariably in this material. 
The twining is very regular, often giving the superficial appearance of a chromatic 
matrix with a median row of a lv e o le s , but in favourable material the turns of the 
two spiral threads seem to be clearly defined. The number of turns of the spiral, 
as counted by the number o f spaces between the crossing threads, varies from about 
four in the smallest chromo- some to nine in the largest one, and these numbers remain 
remarkably constant when corresponding chromosomes from different nuclei are com
pared. The ends o f the spirals are often rather indistinct, probably owing to the 
fact that the end of one spiral may curl round and run beside the end of the other,
but it is quite common to find a horned tip to the chromosome, the horns being
presumably the ends o f the two spirals.

Sometimes as the chromosomes 'pass towards the poles, they turn their ends 
at right angles to the rest o f their length. Looking down on to the end, as it were 
through the length of the chromosomes, it can be seen that each chromosome is
roughly circular in end view, with one or two projections standing out from the cir
cumference, indicating the position of the ends o f the spirals. If these ends are care
fully focussed, and the thread continuing downards from them is followed by mani
pulating the micrometer screw, the turns of the spirals can be traced, curling around 
below. Figure 9, which represents half chromosomes in early metaphase, shows a 
very similar structure.

T he position o f the attachment constriction is frequently marked by the chro
matin spirals being drawn out into a finer thread at this point. A t other times it 
is distinguished by a darker staining piece o f chromatin. According to D a r l in g t o n  

(1932) the spiralling o f the chromosome probably starts with the attachment constric
tion as a pivot, and therefore the spirals on either side should be reversed. It is 
impossible to ascertain this for Scilla nonscripta however, since —  as described 
above —  the direction of turn is difficult to determine.

T he chromosomes pass to the poles without apparent shortening in length or 
alteration of the angle between the spirals. The latter still seem to be very clearly 
shown ( 1 ).

(1) A t the poles, the chrcmoscmes often seem to clump together to give the « tassement po
laire ». This feature o f mitosis was first described by G r é g o ir e , and has since been found to a greater 
or less extent by a number o f workers ( T e l e z y n s k i , K a u f m a n n , M a r t e n s , S h a r p , H e d a y e t u l l a h , 

H s u -S ia n g ). O v e r t o n , however, regards it as a fixation artefact, and finds no clumping in material 
fixed with M e r k e l ’s fluid. The consensus o f opinion seems to be that a certain drawing together o f the 
chromosomes at this stage is actually present but is exaggerated by fixation. The boundaries o f the 
chromosomes are therefore not lost, as certain poorer preparations would suggest ; but their indivi
duality is kept, although they are often pressed closely together. Structure is generally obscured on 
the whole, but individuals showing spirals may sometimes still be distinguished by means o f their
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After a period of close polar clumping, the chromosomes loosen slightly, but 
still remain very close together and deeply chromatic. They seem to be shorter and 
thinner, but their proportions and the number o f spiral turns o f the chromonemata 
still remain more or less constant (F ig .  11). A  number o f delicate anastomoses are 
seen between them for the first time, but they grow more pronounced as the nucleus 
passes more and more into resting stage ( 1 ).

W hen the chromosomes first loosen from the tassement polaire, the spiral 
chromonemata seem to be exceptionally clear and frequently appear to be really 
intertwined, a fact which could not be ascertained with certainty in earlier stages. 
Sometimes the two ends of the spirals are very evident, being more pulled out from 
the rest o f the chromosome than they have been hitherto. The « achromatic matrix » 
is sometimes still distinguishable, but there is very little difference between the colour
ableness o f the spaces between the chromonemata and the spaces between the chro
mosomes at this stage. The nuclear membrane is well marked by now, having ap
peared towards the end o f the tassement polaire.

In certain chromosomes at this stage, the two spirals are no longer regularly 
intertwined, but give the appearance of single spirals at certain points ( F i g . 11).
If the chromonemata are really intertwined, this can be explained as due to the
rotation o f the spirals towards each other (or of one of the spirals through an angle
of ninety degrees) until they lie parallel. There is no need for them to untwist to

projecting ends, which may show entwined chromonemata persisting unchanged (K a u f m a n n , S ia n g , 

etc.). This point o f view is supported by the present investigation, for varying degrees o f « clumping » 
have frequently been found at telophase, even in material fixed with M e r k e l 's fluid (cf. O v e r t o n ) .  

All stages have been found from those in which structure was obscured to those in which the chro
mosome boundaries can still be distinguished and entwined chromonemata are visible at their projecting 
ends. The observed presence o f a slight tassement polaire in all fixatives and, in an incomplete form, 
in living nuclei ( M a r t e n s , T e l e z y n s k i) would seem to indicate its occurrence in nature, although doubt
less in a less exaggerated form than is usually found in fixed material.

(1) These anastomoses have been variously described as parts pulled from the surface o f the 
chromosomes by their mutual contact during tassement polaire ( G r é g o ir e ) or as active outgrowths from 
the chromosome threads, which ultimately join together (S a r b a d h ik a r i , K a u f m a n n , S m it h ). P e r r y  further 
states that anastomoses appear between chromosomes which could not have touched each other during 
clumping. M a r t e n s  and T e l e z y n s k i  have described anastomoses between the chromosomes o f living 
material. Passing reference may be made to the view o f F r a s e r  and S n e l l  that these anastomoses 
actually pull the chromosomes apart and cause their split for the next division. It seems to the 
writer that since certain of the anastomoses appear immediately after the tassement polaire^ it is pro
bable that they have been caused by the close approximation o f sticky chromatin, as G r é g o ir e  sug
gests. It seems improbable, however, that any essential parts o f the chromosomes are pulled out in 
this way. Furthermore, in certain diplotene and diakinesis stages o f meiosis, when the chromatids are 
fine and delicate, exactly the same phenomena o f anastomosis and outgrowths from the surfaces o f the 
chromosomes have been recorded in less adequately fixed material o f Scilla nonscripta. In this case, 
the outgrowths are plainly artefacts. It therefore seems probable that some at least o f the outgrowths 
in late telophase may be regarded as artefacts o f a similar nature —  perhaps due to currents o f stain- 
able material passing between the chromosomes, or perhaps merely due to the contortion o f the threads 
during fixation, owing to their highly sensitive and delicate state at this stage. This suggestion is sup
ported by their comparative absence in M e r k e l ’s fluid.
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become parallel, as H e d a y e t u l l a h  would suggest at this stage. Chromosomes are 
frequently found in which parts show an apparently single spiral whilst other parts 
show the two spirals still distinct ( F i g . 12). T he closer association of the chromo
nemata may be due to a greater attraction between them at this stage, and it is of 
special interest in view of the appearance of the nucleus in prophase. The approxi
mation o f the two spirals in this way has also been commented on by S h a r p  (1929), 
This behaviour, however, is complicated by the increasing evidence arid distinctnes 
of the anastomoses and by threads running across the chromosomes themselves, and 
the curves o f the spirals tend to appear more angular ( F i g . 13). Finally, individual 
chromosomes can only be distinguished with difficulty, and the nucleus enters into 
the resting condition. It then appears to be made up o f a mass of fine threads, 
whose curves give the nucleus a granular appearance. Sometimes the resting nucleus 
seems to be made up o f very fine, tightly curled spirals. W hilst the structures ob
served in the resting nucleus correspond to the chromonemata and make up the per
manent parts o f the chromosome, it is probable that the chromatin threads are in 
a highly sensitive state at this time and are therefore much more liable to injury 
from the action o f fixatives than many observers have supposed. Therefore too much 
emphasis should not be placed upon all the structures observed at this time.

§ 2. Prophase and metaphase.

The first indication o f the beginning o f prophase is given by the condensation 
of the reticulum into thin, apparently single, spiral threads ( F i g . 1). These, in well 
fixed material, give no indication of anastomoses between them. The spirals thicken 
and pull out slightly ( F ig s . 2, 3), and then splits are seen at intervals along them  
( F i g . 4). These may be considered at first as due to one of two causes : either the 
two half chromosomes have separated during resting stage and come together during 
early prophase ; or the split evident in the preceding telophase has been hidden in
early prophase and is now reappearing. A  study o f the prophase stages supports
the latter view. There is never any sign of an intermediate stage showing the two 
halves coming together, and a split does not become evident throughout their length
until later in the prophase, as shown by the relative thickness at this stage of the
two component threads. There are all grades between threads which are apparently 
single ; slightly thicker threads which show faint indications of duality ; and still 
thicker threads with the split well marked. The apparently single loops seen here 
and there in telophase also support the view that the spirals at least partially appro
ximate in interphase.

T he two threads thus revealed at early prophase are entwined round each 
other, at first lying closely upon each other but later becoming more and more 
widely separated between the points where they cross ( F i g . 5). Parallel with this 
increasing evidence o f the split is the gradual thickening and straightening of the 
tight little spirals seen at earlier prophase ( F i g . 6). The tightness of the spirals seems 
to vary within certain limits with the fixative employed, although regular spirals are

2
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always found in early prophase, even when M e r k e l ’s fluid is used. Hence, such 
spirals are probably produced naturally along the thread at this stage, although their 
closeness of coiling may be exaggerated by the use of a fixative. As the threads thicken, 
they straighten until no trace o f their spirals remains.

w (S) (d) (e)
TEX T  FIGURE 2.

Two pieces o f modelling wax can be made into two spiral threads, twisting 
in the same direction and intertwining at every turn, to resemble the configuration 
seen in the telophase chromosomes [ T e x t  f i g u r e  2 , (a)]. If they are then twisted  
towards each other, the two spirals will run parallel, and can be approximated so 
that evidence o f duality is more or less lost, and the effect a single spiral is produced 
[ T e x t  f i g u r e  2 , (b)]. If this common spiral is then stretched out from either end, 
the threads will be seen still twisted around each other, once for every half turn 
of the original spiral [ T e x t  f i g u r e  2 , (c)]. T his rope-like double thread can be made 
into a new spiral, when the distinctness o f the two halves composing the thread 
will be still further obscured [ T e x t  f i g u r e  2 , (d)]. U pon pulling this spiral out 
again, the original twists will reappear in the straightened double thread, and they 
can be loosened so that the duality o f the double thread will become more evident 
[ T e x t  f i g u r e  2 , (e)]. The number of turns about each other will still be twice the 
number of whole turns o f the original spirals at the telophase configuration. This 
is apparently what is happening from telophase to prophase of mitosis, although at 
prophase, the closeness o f approximation o f the two halves and the degree o f tight
ness o f coiling in the new secondary spiral may both be exaggerated by fixation. The  
configurations of the spirals are also influenced by a lengthwise stretching o f each half 
chromosome thread itself during interphase (such as would be given by a piece of 
elastic) and its gradual contraction during prophase. T he stretching would help to 
obscure the duality o f the double thread, and this contraction would reveal it. A n  
increase or decrease in the number of original twists about each other of the telo
phase spirals may be expected to occur during resting stage and early prophase. The  
number seen at early prophase, however, seems to approximate more or less to the 
number o f turns expected from the frequency o f intertwining- in the telophase chro
mosomes.

The succeeding stages o f the prophase consist mainly in a gradual thickening, 
intertwining and contraction o f the double threads. Colourless portions in them, 
representing the positions o f constrictions (both primary and secondary) can sometimes 
be seen along the threads. A t later stages, however, these generally become more and
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more obscured. Favourable preparations during early middle prophase show a markedly 
beaded appearance but this is obscured again as the threads thicken still further.

Chromomeres are never very evident in this material, even when fixed in M e r 

k e l ’s fluid : cf. H e d a y e t u l l a h  on Narcissus ; but irregular thickenings have frequently 
been seen along the threads at p r o p h a se , and may be explained as due to con
torted aggregations of chromomeric swellings. The increased beadiness o f the middle 
prophase chromosomes has been noted by several observers eg. K a u fm a n n , P e r r y .  

They are supposed by the former to be the centres of internal differentiation 
of two new chromonemata. In view of the sudden appearance of these chromonemata 
at a slightly later stage, the writer also believes that they may be connected with  
them in some way, but o f this then%is no proof. The subject will be discussed later.

Towards the end of prophase, the chromosomes begin to arrange themselves 
in a more definite manner, so that they gradually become more or less parallel with  
one another, and their ends point towards one or the other of two opposite poles. 
( F ig . 1). The two halves o f each chromosome are now twisted around each other 
only from two to four times, and sixteen pairs of half chromosomes can easily 
be counted. The nuclear membrane gradually disappears and the ends o f the chro
mosomes are drawn towards the equator. During all this time, the thickening daughter 
chromosomes remain chromatic and uniformly stained, and all endeavours to discern 
any convincing internal structure have failed. Now, however, as the chromosomes 
move towards the equator each daughter chromosome suddenly reveals that it is itself ap
parently double, and seems to be composed of two spiral intertwined chromonemata 
with lighter sp a c e s  between them ( F i g . 8 .)  The construction o f the two daughter 
chromosomes is in fact identical in every way with that which they will have when  
they pass to the poles at anaphase. The chromonemata are regularly intertwined, 
with about the same number o f median spaces between the twists as have been 
described for anaphase chromosomes. W hen the daughter chromosomes are seen in 
end view they appear more or less circular, with the spirals curling behind them  
from the two projecting ends, just as they appear at anaphase. ( F i g . 9 .)  After their 
sudden appearance in early metaphase the two new chromonemata in each chro
mosome remain apparently unchanged throughout metaphase and anaphase until 
late telophase. T he metaphase changes consist in the completion of the untwisting 
of the now loosely intertwined daughter chromosomes, and their close approximation 
at full metaphase, followed by their separation from each other —  beginning at the 
attachment constriction —  and their progress towards opposite poles. This brings us 
to the anaphase of the nuclear cycle with which we commenced our description.

II. THE LAST ARCHESPORIAL MITOSIS.

The archesporial mitoses in the anthers of Scilla nonscripta were carefully 
investigated from sections o f young flower buds. It was extremely difficult, however, 
to be certain that the divisions found were actually the last divisions before meiosis. 
Divisions occurring in cells scattered amongst obvious pollen mother cells were pro-
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bably tapetal, and in younger buds the size o f the anther or o f the archesporium  
was not a sufficient criterion for determining the exact stage reached. The arche
sporial tissue o f a large number of buds was examined, especially from buds which 
although in the same inflorescence as buds which contained young pollen mother cells 
were situated immediately above them on the flower stalk. In no case was there the 
slightest indication that the mitoses in this tissue differed in any way from normal 
somatic mitoses. D ig b y  (1919) and others have noted this absence of any peculia
rity in the last division before meiosis, although she also confesses her inability to 
be certain whether she could identify the last division in all cases. There is no evi
dence, however, that the last archesporial mitosis is in any way different from that 
occurring in ordinary somatic cells. Therefore in the telophase, each chromosome 
probably consists of two spirally intertwined chromonemata as described above.

III. MEIOTIC MITOSIS.

§ 1. First division.

After the last archesporial mitosis, the nuclei o f the pollen mother cells rest 
for a short time, but this stage passes almost imperceptibly into early prophase, or 
leptotene. ^The nuclei have meanwhile enlarged quite considerably, and each is filled 
with a number of very fine threads, in the meshes of which one to six nucleoli are 
embedded. These threads presumably correspond to the apparently single spirals seen 
in the early prophase o f mitosis and therefore are probably really double in nature, being 
composed o f two closely approximated chromonemata, although all signs o f duality 
are hidden. In this way, they agree with other descriptions o f leptotene given by 
previous writers. In Scilla nonscripta however, the relationship o f the leptotene threads 
to those of the early prophase of somatic mitosis does not seem difficult of inter
pretation. T he nuclei o f the pollen mother cells have increased in volume, and there
fore the leptotene threads are much thinner and more drawn out than are the cor
responding threads o f a somatic mitosis. Hence, if  the duality o f the prophase thread 
is temporarily hidden in somatic mitosis, it will necessarily be much more so 
in these thinner threads. It is also quite possible that the temporary attraction be
tween the two component halves may be greater at this stage than at any other. 
T he question will be discussed in a later section.

A t leptotene, then, the nucleus is filled with these apparently single but pro
bably double threads. T hey are very finely beaded along their length, the beads 
no doubt representing chromomeres. Leptotene is o f  comparatively short duration, 
and soon it is seen that some of the threads are beginning to run parallel to one 
another along certain portions of their length, pairing closely with each other here 
and there. ( F ig s . 14, 15.) This is zygotene, in which homologous chromosomes are 
pairing side by side. In some cases, the threads seem to twist round each other 
as they pair. It could not be ascertained in this material whether the chromomeres 
pair specifically, as they are so small and fine in Scilla nonscripta, but it is probable
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from B e l l in g ’s and D a r l in g t o n ’s work that they actually do so . Pairing takes place 
very rapidly when once it is initiated, and soon it is complete along all the threads 
in the nucleus. ( F ig s  16, 1 7 .)  This is pachytene.

Contact is very close between the two pairing homologues, so that they often 
together give the appearance of a single beaded structure. Careful examination, how
ever, reveals the presence o f tiny spaces between the two homologous chromosomes, 
and occasionally free ends are found with the two chromosomes plainly separate. 
Especially clear cases of this have been seen during pachytene in megaspore mother 
cells. ( F i g . 1 7 .)  The paired chromosomes frequently give the appearance o f a tightly 
twisted double spiral. They are arranged at random through the nucleus, no trace 
of a « hollow spireme >> ever being found in smear preparations. The chromosomes 
have now thickened and contracted and free ends are distinguished with ease, al
though it is not yet possible to distinguish the limits o f the chromosomes. Pachytene 
is of considerable duration, being in fact more prolonged than any other stage of 
meiosis in this material (1 ).

After some weeks spent in this condition, the spaces between the chromosomes 
become more evident, and the threads fall apart from each other at certain places. 
(F ig s . 18 , 19, 2 0 .)  A s this happens, it can be seen very clearly that each of the 
apparently single threads which paired at zygotene is now double in itself, so that 
a tetrad o f half chromosomes can be distinguished for the first time. The half chro
mosomes will be called chromatids, adopting the term first given to them by M e C l u n g  

(1900) and now widely used. The splits therefore separate pairs of chromatids. Where 
these pairs meet, it can often be seen that they have exchanged partners, thus for
ming a chiasma. That the exchange has really occurred, however, becomes more 
evident in Scilla nonscripta at late diakinesis and metaphase. Each chromatid appears 
to consist o f a single spiral, which is either intertwined with, or fitted into, the spiral 
of its partner.

Further contraction and the widened curves of the diplotene loops have now  
allowed eight chromosome pairs to be distinguished. These are graded in size and 
may be roughly classified as three large pairs, three medium sized ones, and two 
much smaller ones. A  description of the eight types of chromosome has already 
been given. These bivalent chromosomes shorten and thicken still more, until the 
diakinesis stage is reached. ( F ig s . 2 1 , 2 2 .)  The chromosomes are still distributed at 
random through the nucleus, never being found exclusively at the periphery as some 
accounts o f meiosis in other plants suggest. The spiral structure of the chromosomes

(1) N ote on Pollen Smears. It is a fact o f some significance that there is no « contraction » 
or « synizesis » stage found in pollen smears o f Scilla nonscripta although a slight contraction of the 
chromosomes towards one side of the nucleus is sometimes found during early diplotene in material which has 
been sectioned from paraffin. This seems to support the contention put forward by D a r l in g t o n  (1932) 
that synizesis or contraction during meiosis is not a natural phenomenon, but is produced by the action 
of a fixative upon the chromatin threads o f the nucleus, which are peculiarly sensitive at this stage. 
There is no doubt, however, that the collapse o f the nuclear threads shows much more readily in the 
nuclei o f some species than it does in • others under the same conditions, and the nucleus o f Scilla 

nonscripta does not seem to be as susceptible as many others in this respect.
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now becomes very evident, and increasingly so as the metaphase stage approaches. 
The nuclear membrane then breaks down, and the chromosome pairs are drawn on 
to the equator of the spindle. Each chromatid is an unmistakable spiral, but it is 
uncertain whether it is intertwined with or fitted into the spiral o f its partner. 
(F ig s . 23-27.)

At this stage, too, the fact that an actual exchange o f partner has occurred 
at a chiasma can be clearly seen. Especially clear cases o f this have been found in 
a metaphase plate o f a megaspore mother cell. ( F i g . 24.) Here, in each of the three 
chromosomes marked C, E and F, a thread from one pair o f chromatids can be 
seen distinctly as passing over into the other pair o f chromatids at the chiasma.
Figure 24 is also particularily interesting as it illustrates the first clear case o f cros
sing over o f chromatids at a chiasma formed during meiosis in the megaspore mother 
cell of any plant. Hitherto, such crossing over has only been demonstrated in pollen 
mother cells. It also represents the first record o f a definite spiral structure of the 
chromosomes in the megaspore mother cell or female gametophyte o f any plant. It 
is satisfactory to have a clear demonstration o f the fact that the details of meiosis 
and chromosome structure are the same in the megaspore mother cell as in the pollen 
mother cell of a plant, a correspondence which could hitherto only be inferred from 
the similarity o f their less delicate nuclear structures.

The chromosomes now begin to separate to opposite poles, beginning at the 
attachment constriction, the position of which determines the shape which each chro
mosome will assume. ( F i g s . 28-32.) The relationship of the attachment constriction 
to the chiasmata seems to be such that the half chromosomes with terminal and
subterminal attachment constrictions which pass together to the same poles are mainly 
composed o f homologous chromatids, and show single spirals. They are shaped like 
two inverted J's placed shoulder to shoulder. The half chromosomes with median
attachment constrictions, however, pass to the poles mainly as sister chromatids, 
with the spirals still unseparated except at the ends. The position and behaviour of 
the chiasmata will be described later.

As the chromosomes separate at anaphase, the spirals are somewhat pulled 
out, but they still remain very evident, even at telophase. ( F i g . 34.) T he chromo
somes collect together as a bunch at the poles, corresponding to the « tassement 
polaire ». They then loosen, and the threads gradually become pulled out, until finally 
the spirals can only be traced here and there. ( F ig s . 35, 36.) A  membrane has mean
while appeared around the nucleus. The threads twine among each other, giving 
almost the appearance o f a network, but there are never anastomoses between them  
at this stage. The daughter nuclei never enter into a true resting stage, but remain 
for a brief time in an early interphase condition. ( F i g . 36.)

§ 2. Second division.

The first evidence o f the prophase o f the next division is a shortening and 
thickening of the chromosome threads. In favourable preparations, it can be seen that
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the paired chromatids are still widely separated, but are attached at the constriction, 
so that they more or less retain the configuration with which they went into the 
preceding telophase. In early prophase, very slight evidences o f a split may be seen 
in each chromatid thread in suitable preparations (F ig .  37), but in later prophases, 
the chromatids once more appear as homologous chromatic rods. In early metaphase, 
there are eight pairs o f chromatids in the nucleus, which are side by side and ap
parently no longer attached together at the constriction. Each of the chromatids is 
now revealed as apparently double in itself, consisting o f two spiral chromonemata 
entwined together, and showing less deeply stained spaces between them. ( F ig .  38.) 
The configuration and approximate number o f the spirals and their time o f appearance 
are very similar to the behaviour o f the spirals in the chromosomes of a somatic 
mitosis. The short arms of the chromosomes with subterminal constrictions often stain 
homogeneously as dark heads at the tops o f the double spirals o f te long arms. 
Crescent shaped tips to the half chromosomes, and free ends may be readily distin
guished in certain nuclei. The characteristic chromosome types A -H  are also easily 
identifiable at this stage (F ig s .  39-41.) The chromatids separate to opposite poles, but 
the spirals remain more or less unchanged from the moment o f their appearance until 
early telophase. (F ig s .  42-44.) The chromosomes then clump at the poles and occa
sionally, as they loosen, a few fine anastomoses may be seen between them ( F ig .  

45.) The spirals remain evident for some time, but gradually pass into the resting stage. 
All these stages o f this division are very like the corresponding ones o f a somatic mitosis.

IV. BEHAVIOUR OF CHIASMATA.

The chromatids fall apart in pairs at diplotene, but the two pairs on either 
side of the loops meet at intervals along the thread and exchange partners at these 
chiasmata. T he chiasmata in each o f the eight chromosomes o f the nuclear complement 
of Scilla nonscripta have been counted for a number o f nuclei, at diplotene, diakinesis 
and metaphase. From these data have been computed (a) the average number of 
chiasmata for each chromosome at these three stages, (b) the number o f chiasmata 
which are terminalised. The results are given in the following table, the chromosomes 
being lettered in order o f size ;

i No. o f  chiasmata per bivalent. No. o f  chiasmata terminalised.

A . B. C. D . E. F. G. H. A . B. C. D . E. F. G. H.

Diplotene 4 ^  2 2 2.0 1.8 1.5 0.8 1.0 0.8. 0.7 1.3 1.0 0,5 0,5

Diakinesis 2.5 2.3 2.1 1.9 2.1 1.7 1.5 1.3 0.8 1.0 1.0 1.0 1.3 0,8 0,8 0.4

M etaphase 2 5  2 2  2 2  2 0  2H 1.5 1.6 1.1 0.8 1.0 1.0 .8 1.1 0.5 0.8 0.1
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§ 1. Diplotene.

This table shows that the number of chiasmata decreases more or less propor
tionally with the size of the chromosome, the relationship being especially clear in 
diplotene. This agrees with the quantitative records made by S t o n e  and M a t h e r  

(1932). It illustrates the fact that the occurrence o f one chiasma tends to prevent the 
occurrence o f another in the same pair o f chromosomes, a phenomenon known as 
cytological interference. ( D a r l in g t o n , 1932.) The number of terminal chiasmata which  
occur in each chromosome pair (averaging one or less), bears no relation to the size 
of the chromosome, except that where only one chiasma is found in a bivalent 
it is invariably interstitial. The inference is, that when the chiasmata are first formed, 
they are not at random to one another, but are at random in respect o f the exact 
part o f the chromosome at which they may appear. The very small number of ter
minal chiasmata at diplotene, however, and the interstitial position assumed by a 
chiasma when it is the only one in a bivalent, indicate that chiasmata rarely (and 
probably never in the first instance) arise at the ends of the chromosomes, although 
this position may be adopted at a later stage. Chiasmata arising strictly terminally at 
pachytene would be incompatible with the hypothesis of partial chiasmatypy. ( D ar 

l i n g t o n , 1932, p. 313.)

§ 2. Diakinesis.

From diplotene to diakinesis, a slight amount of terminalisation occurs, so that 
here the average number o f chiasmata for all the chromosomes in a nucleus falls to 
between three and one. At the same time the number o f chiasmata terminalised rises 
very slightly. It is noticable, however, that the average number o f terminal chiasmata 
in a chromosome is still one or less, so that there is seldom a terminal chiasma at 
each end of a chromosome. Chromosomes A  and B, which show the greatest decrease 
in the number of chiasmata, show no perceptible increase whatsoever in the number 
terminalised. This means that terminalisation occurs much more readily towards one 
end, and it can be seen by a study of the chromosomes at metaphase that this is 
always the end away from the attachment constriction. This is readily understandable 
on the assumption that chiasmata will be less likely to form in a short arm than in 
a long arm of a chromosome, the chance of their formation being proportional to 
the respective lengths of the arms. Hence, in a chromosome with a subterminal or 
almost terminal attachment constriction, there is usually no chiasma formed between 
the point o f attachment and the end of the short arm, and since in any case during 
terminalisation movement is away from the attachment constriction ( D a r l in g t o n ), 

the short arm of the chromosome will show no terminal chiasma. The chiasmata 
o f the chromosomes with median or submedian attachment (E and F) may be loca
lised in origin nearer one end than the other for some reason, but it is significant 
that the average number terminalised for chromosome E is higher than that o f any 
chromosome in the complement.
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§ 3. Metaphase.

The configurations seen at diakinesis remain more or less unchanged until 
metaphase. Since most o f the chromosomes have a subterminal or almost terminal 
attachment, and the chiasmata are mainly localised between the attachment constric
tion and the end of the long arm of each, it follows that the two chromatids which  
pass to the poles at anaphase will be widely separated from each other, and each 
will show a single spiral through most of its length. But the three chromosomes 
that pass to the poles at anaphase with median or submedian attachment constric
tions, will each remain with their spirals intertwined for a short part o f their length 
on either side of the constriction, until their separation at a chiasma pulls them  
apart. In general these chromosomes at anaphase appear with a central portion show
ing entwined spirals and two free ends either, side of it. The behaviour o f the 
chromosomes during meiosis in Scilla nonscripta is therefore compatible with the chias
matypy hypothesis. A  slight terminalisation occurs, the movement being away from 
the attachment constriction, to give the configurations observed at diakinesis and 
metaphase. ^

V. COMPARISON OF MEIOSIS IN THE POLLEN MOTHER CELL 
AND MEGASPORE MOTHER CELL.

A  comparison o f the corresponding stages of meiosis in the megaspore mother 
cell and pollen mother cell is best made by means of drawings, when the close sim il
arity in the two mother cells becomes immediately evident. (See F ig s .  14-24 for a 
comparison o f the prophase stages and metaphase of the first division.) T he early 
prophases correspond in every way, but diakinesis obtained in the megaspore mother 
cell does not show the spiral chromatids very clearly, although there are indications 
in many of the chromosomes that they are really present. A t metaphase beatifully 
clear spirals have been seen in the megaspore mother cell, which are obviously of 
the same type as those which are found in the pollen mother cell at this phase. 
( F ig s .  23, 24.) The demonstration in this plant, apparently for the first time in 
plants, o f spiral chromatids and chiasmata in the megaspore mother cell during the 
first division o f meiosis, has already been noted in an earlier section. The number 
of chiasmata present in each chromosome at metaphase of the megaspore mother cell 
has been estimated in the same way as has been described above for the pollen 
mother cells. The average number of chiasmata and amount of terminalisation has 
been found to be approximately the same in both the pollen mother cell and mega
spore mother cell nuclei at this phase. The average number o f chiasmata and the 
number o f these which are terminalised at diplotene and diakinesis also apparently 
correspond, although too few counts have been made during these stages in the 
megaspore mother cell to permit a really representative average to be calculated.

T he chromosomes of the pollen mother cells show clear spirals during anaphase 
and early telophase, but they have not been demonstrated so far in the megaspore

3
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mother cells at these phases. Late telophases, however, show them very clearly once 
more in both pollen mother cells and megaspore mother cells. ( F ig s .  34-36.)

The account given o f chromosome structure during the second division of 
meiosis has been obtained exclusively from the pollen mother cells, as only uni
formly stained chromosomes have been found in the megaspore mother cells. In 
late telophase, however, two apparently intertwined spirals in each chromosome are 
seen clearly in the tetrad of megaspores which have been produced, and these 
structures correspond to the double spirals in the telophase chromosomes in the 
tetrad o f newly formed pollen grains. It is therefore probable that the details of 
chromosome structure in this division are essentially the same in both megaspore 
mother cells and pollen mother cells. Chromosome structure in the megaspore mother 
cell, however, must necessarily be more difficult o f demonstration, for its deep-seated 
position in the nucellus makes good fixation difficult, and its study must be undertaken 
by means o f paraffin sections, which usually show the finer details of chromosome 
structure less clearly than pollen smears.

VI. DIVISION IN THE POLLEN GRAIN.

After a certain period o f rest, the nucleus o f each pollen grain enters into the 
prophase of division. The prophase threads unlike the chromosomes in the early 
prophase o f somatic mitosis reveal their duality from their earliest appearance, and 
at later stages they separate very widely from each other, except at the points where 
they are still intertwined. They are markedly beaded throughout early and middle 
prophases, but become more uniformly cylindrical at late prophase. N o  spiral chro
monemata have been observed in the chromosomes during this division, although 
there are occasional indications of lighter areas in the centre o f certain chromosomes 
which suggest that chromonemata may be really present, though obscured. The ab
sence o f visible structure in the chromosomes is probably due to the presence of the 
thick pollen grain wall, which would make it difficult for fixatives to penetrate rapidly.

Eight chromosomes pass to each pole at anaphase. T hey correspond with the 
types already described. Secondary constrictions are often marked along their length, 
and chromosomes D  and G frequently show a satellite on the end nearest the attach
ment constriction.

VII. ENDOSPERM DIVISION.

Some very clear cases o f chromosomes showing an apparent by spiral structure 
were observed in certain endosperm nuclei o f Scilla nonscripta. In these, two inter
twined spirals were seen in each chromosome from late prophase to telophase, and 
the division stages resembled those o f a normal mitosis. The demonstration of spiral 
chromonemata in endosperm tissue has not hitherto been recorded for any plant.
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VIII. THE NUCLEOLUS.

The behaviour of the nucleolus during meiosis has presented several points 
of interest. It buds vigorously throughout early prophase and resting stages, and 
it does not entirely disappear during metaphase and anaphase, as the nucleoli of
most plants seem to do. Tim e has not permitted the various stages to be studied
in detail nor can their significance be adequately computed. A  brief description of 
the nucleolar behaviour, however, will be given.

The nucleoli are first observed in meiosis of the pollen mother cell during
leptotene and zygotene, when they are apparently budding vigorously. Their behaviour 
can be seen most clearly when they are stained with haematoxylin.
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T EX T  FIGURE 3. Stages o f nucleolar budding during zygotene.

The large nucleoli are irregularly spherical with two darkly stained - portions 
on either hand and with a lighter patch in the centre. ( T e x t  f i g . 3a et b). Other 
nucleoli are "elongated and narrower, with the lighter patch rather more drawn out. 
A series can be ai'ranged to show an apparent sequence - from the elongation of a 
nucleolus, the drawing out of the lighter patch, and the final separation of the nu
cleolus into two parts along the centre o f the lighter stained bridge. ( T e x t  f i g . 3a-d). 
One part thus newly separated off from the original nucleolus is usually much larger 
than the other part, which forms a kind o f « bud » ( T e x t  f i g . 3 d - / ) .  A  portion 
of the lighter bridge usually remains either in one or both o f the daughter nucleoli 
thus formed ( T e x t  f i g . 4 e). There are usually three to eight nucleoli of varying 
sizes in the zygotene nucleus. In the cytoplasm around the nucleus are numerous ' 
faintly staining bodies, which greatly resemble the nucleolar buds. They have been 
found just against the nuclear membrane both in the nucleus and immediately 
outside it, but have never been observed actually to penetrate the membrane. It seems 
probable, however, that the buds extruded from the larger nucleoli pass into the 
cytoplasm, where they gradually grow smaller and stain more faintly until they can 
no longer be distinguished. Other small nucleoli seem to fade into the karyolymph, 
for tiny faint fragments, similar to those in the cytoplasm, may be seen amongst
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the chromatin threads. A  similar nucleolar budding has been described for these 
phases by others workers. It seems difficult to interpret the buds as the result o f  
fixation ( Z i r k l e ,  1928 ; F ik r y ,  1930) for they have been found both in osm ic fixa
tives and in N a v a s c h i n ’s  fluid.

A s prophase advances, the nucleoli bud less actively, and the number o f nu 
cleoli in each nucleus grows progressively smaller. Fragm ents may still be seen in 
the cytoplasm at metaphase. T he large nucleoli becom e smaller and fainter in late 
prophase, until at metaphase only one or two small pale ones remain. T hese pass 
to the side o f the metaphase plate, or into the cytoplasm near it ( F i g . 27.) A s the 
chromosomes move to the poles, the nucleoli m ove to the centre or to the side at 
the equator ( F i g s . 29, 3 0 - 3 3 ) ,  and by this tim e there is usually only one nucleolus 
(sometimes two) in each dividing nucleus. W here there is one, it moves towards one 
o f the daughter nuclei now formed ( F i g . 34 ) ,  but where there are two they usually 

m ove to opposite poles. There is a little evidence in som e nuclei that the single 
nucleolus may divide and the halves pass to opposite poles at this stage, but this 
does not often occur. T he daughter nuclei form nuclear membranes but remain either 
w ithout nucleoli or with only small ones. T he persistent nucleoli m ove very close to 
the nuclear membranes, but no conclusive evidence has been obtained to prove 
that they actually pass through, although their appearance is som etim es suggestive 
o f this. ( F i g . 3 6 . )  T he next stage, however, shows the daughter nuclei with one to 
three large nucleoli —  usually one o f  these nuclei has a m uch larger nucleolus than  
the other, whilst the cytoplasm shows only small or faint nucleolar bodies dying away 
in the cytoplasm. There is thus the possibility that the persistent nucleolus from the 
metaphase o f m eiosis may pass into one o f the daughter nuclei, but there is also 
evidence that at least some o f the nucleolar material is formed de novo in the newly  
formed nuclei.

T he nucleoli now bud vigorously once more through interphase and into the 
prophase o f the second division, the buds passing as a rule into the cytoplasm. 
O ne or two persistent nucleoli remain at the equator o f the spindle as in the previous 
division, and migrate towards the poles at telophase. O ne o f the nuclei o f the tetrad 
frequently shows a m uch larger nucleolus than the other three, which is again sug
gestive o f the fact that it may have received the original persistent nucleolus o f the 
first m eiotic metaphase, w hich has remained fundam entally unchanged even though  
it has budded many pieces from its surface.

T he nucleoli in the nuclei o f the tetrads o f pollen grains now proceed to 
‘bud extremely vigorously and material is apparently exuded with great activity into 
the cytoplasm. T he cytoplasm around these nuclei is therefore filled with these chro
matic bodies, som e o f them  being quite large and deeply coloured. ( F i g . 4 5 . )  Similar 
bodies are still found during the division o f the pollen grain, but the behaviour o f  
the nucleolus during m itosis has not been followed. Occasionally, a persistent nucleolus 

at a metaphase plate has been noted, so that apparently a similar persistence and 
behaviour may also be seen in diploid and haploid m itosis as is found in meiosis. 
T he behaviour o f the nucleolus has been observed during m eiosis in the megaspore
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mother cell, and is found to be similar in all essentials to that in the pollen mother 
cell.

Persistent nucleoli are rare in higher plants, except in certain hybrids, when  
they are probably abnormal. A  few animals are reported to have nucleoli which persist 
and may even divide and re-enter the daughter nuclei. There seem to be no other 
records of a similar behaviour in higher plants. It is difficult to estimate its impor
tance in Scilla nonscripta, since the observations are unsupported by microchemical 
tests or comparative staining reactions. It seems probable that the nucleolus is a store 
of ergastic material (as F ik r y  suggests) or that it is the centre from which such 
material is differentiated. It is unlikely that it represents any special store of chromatin 
as some workers suggest, for Z i r k l e  has found by microchemical tests that it is not 
composed o f chromatin, and a direct contact between it and the chromosomes is no 
longer considered likely, in the absence o f a continuous spireme. The persistence of 
the nucleolus through metaphase and anaphase in Scilla nonscripta is probably due 
merely to the relative conditions of viscosity o f the cytoplasm and the nucleolus or 
to some similar physical cause. A  further study o f such persistent nucleoli, however, 
may throw some light on the behaviour of the nucleoli o f other plants, in which  
they become invisible or used up in some way during the metaphase, anaphase and 
telophase o f division.

D I S C U S S I O N  O F  R E S U L T S .

I. THE CHROMOSOME THROUGHOUT THE PHASES OF MITOSIS.
AND MEIOSIS.

The chromosomes o f Scilla nonscripta have been traced through all the suces- 
sive phases of mitosis and meiosis, and spiral chromonemata or chromatids have been 
described as constantly recurring features. A t metaphase and anaphase of a somatic 
mitosis, each chromosome appears to consist of two spiral filaments coiled round a 
lighter coloured core which may or may not exist as such. These are conceived to 
be true spirals because of their appearance both in side and in end view, and they 
have been demonstrated with varying degrees of clarity in a great variety of fixatives. 
They persist more or less unchanged until late telophase. After this they apparently 
approximate closely to one another, so that in early prophase they appear as single 
threads but they gradually separate at a slightly later stage.

In fact, the split which earlier investigators have observed at prophase is pro
bably not a new division of the formerly single chromosome, but an old split 
which dates from at least the preceding early metaphase, and is now reappearing 
after a short period o f obscurity. The closing together o f the two chromonemata, 
so that they appear as a single spiral in early prophase, has been reported by other 
investigators (S h a r p , S m ith ) .  It is difficult to understand why they should suddenly 
approximate as they do in Scilla nonscripta, after remaining at such a constant distance 
apart from one another through so many phases o f division. Throughout prophase.
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the wide double spiral o f metaphase and anaphase is never regained, although the 
two sister chromonemata, are still twisted round each other. T he two chromonemata 
may repel each other from metaphase to telophase, and may therefore spiral apart 
from each other as w idely as possible. If in this case, they are prevented from inde
finite expansion, as though held in a cylindrical membrane o f constant diameter, and 
are intertwined about each other, they will take up a position giving the configuration 
seen in a somatic chromosome, and will never touch each other at any point along 
their length. If this repulsion is gradually replaced by an attraction towards each other, 
the two spirals w ill tw ist until they lie parallel, and will give the effect o f a single 
spiral such as is seen during early prophase. T his approximation will be further as
sisted if  a lengthwise stretching o f the two spirals is presumed to occur at the same 
time, as seems probable. T he attraction between the two chromonemata may now  
be gradually overcome, when the original split will appear. Their shortening and thicke
ning, an increasing repulsion between them, and a dim inution o f the tension which  
has kept them  twisted until now, will all tend to the gradual untwisting o f the two  
chromonemata (now known as daughter chrom osomes). Finally, under conditions o f  
maximum repulsion, they will separate and pass to the poles. It is possible that 
some such alternation o f attraction and repulsion may cause the m ovem ents o f the 
chromonemata during nuclear division.

T he new pair o f chromonemata seen to make their first appearance in the 
daughter chrom osom es at very late prophase, and this tim e o f appearance coincides 
with that noted by m ost recent observers. It is true that workers appear to differ 
in opinion as to where the split first appears : K a u f m a n n ,  T e l e z y n s k y ,  S h a r p , T a y l o r ,  

T u a n ,  S m i t h  and S ia n g  describe it as occurring in late prophase ; H e d a y e t u l l a h  

and P e r r y  in early metaphase : but is not this difference apparent rather than real, 
since these phases grade into one another ? In Scilla nonscripta the nuclear membrane, 
has disappeared before the new chromonemata are visible in the daughter chrom o
somes, but the chrom osomes are not yet com pletely arranged on the equatorial plate, 
and the daughter chrom osomes are still twisted round each other. W hether this stage 
is called late prophase or early metaphase depends upon the lim its placed upon the 
respective stages. T he newly visible spirals, however, are so regularly arranged that 
it is difficult to believe that they have only just formed, unless the repulsion between them  
develops very suddenly. T he actual division may have been initiated a little earlier 
in prophase, in which case the markedly beaded appearance noted by many observers 
( K a u f m a n n ,  P e r r y )  at m iddle prophase may be connected with the gradual separation 
o f the two spirals ( K a u f m a n n )  or it may be the stage in w hich the longitudinal 
split is actually occurring. A s yet, however, there is no direct evidence that the split 
occurs earlier than late prophase.

Assum ing that the chromonemata are com posed o f  chromomeres, arranged 
like beads on a string and bound together by accessory chromatin, three ways o f  
splitting the thread are possible.

1 ° T he beads may split longitudinally and in the same plane, thus producing two 
straight chromonemata. T hese m ust then twist round each other, possibly to relieve



23 C h r o m o s o m e s  o f  s c i l l a  d u r i n g  m i t o s i s  a n d  m e i o s i s  27

the tension set up by their division, to form the intertwined spirals observed at a 
later stage.

2 ° The beads may split longitudinally, but not in the same plane, so that two
irregular zigzag threads are produced ( E a r l ,  1927). These must become regularly
intertwined spirals by further twisting.

3° The beads may split longitudinally and in different planes, and the split
itself, together with the adjacent splits, may actually form a spiral. In this case, the
new chromonemata have formed regularly intertwined spirals from their first incep
tion, and need only to separate from each other to give the appearances seen at 
late prophase in Scilla nonscripta.

The alternatives 1 ° and 3" seem to provide the most adequate explanations of 
the appearances seen in Scilla nonscripta, but it is impossible to decide between them ; 
although the lack o f an intermediate stage between the presence o f a single chromo- 
nema and its division into two regularly intertwined daughter chromonemata may 
indicate that the third suggestion is the more probable one.

It is evident, however, from the foregoing account, that each telophase chro
mosome may be conceived as consisting of two chromonemata. The last archesporial 
mitosis is apparently similar in all respects to a normal mitosis, therefore each chro
mosome is probably made up o f two chromonemata when it enters the resting stage. 
The apparently single threads appearing at leptotene are in consequence also double. 
The threads, however, have never been observed to show their double nature, except 
by K a u f m a n n  (1931), who reports double threads at leptotene in his material, but 
has so far given no figures in support o f his brief statement. M ost workers describe 
them as single. In Scilla nonscripta however, the somatic chromosomes are also ap
parently single in early prophase, although they are really double ; hence, it is not 
difficult to conclude that the leptotene threads are double, but that the doubleness 
is hidden by the extreme thinness and stretched condition o f the strands at this 
phase and perhaps also by a great attraction between the two component halves.

It is therefore probable that the two chromosomes which pair at zygotene are 
double themselves, so that the tetrad condition o f four half chromosomes is produced 
at this phase. It is not revealed, however, until the following late pachytene or 
diplotene.

D a r l i n g t o n  in his « precocity theory » has recently denied this interpretation. 
According to this theory the chromosome divides during the interphase of mitosis, 
so that it is double from the earliest prophase. T he prophase o f meiosis, however, 
is precocious, therefore the chromosome is still single when it appears at leptotene. 
Chromosome threads, are constructed so that they feel an attraction for each other 
in pairs, and hence the leptotene threads pair with their homologues. « T he attraction 
of the single threads is unsatisfied. They pair with homologues as far as they can ». 
The theory offers a superficial explanation o f why meiosis occurs. Similarly, D a r 

l i n g t o n  explains the repulsion of the pairs o f chromatids at diplotene by assuming 
that the paired chromosomes divide at pachytene, «the temporary equilibrium is upset 
and they fall apart again into pairs o f threads, being held together only by exchanges
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o f partner am on gst‘the pairs». T his and other corollaries o f the assumed attraction
in pairs amongst the chrom osome threads do not seem  to the writer to provide an 
adequate explanation o f all the phenom ena observed, especially during somatic mitosis.

It w ill be supposed therefore, that the chromosomes pair at zygotene owing to 
some unknown attraction between them, and remain closely paired until diplotene. 
A t diplotene, the chromosomes repel each other for some reason, and fall apart in

pairs o f half chromosomes, being held together only by the chiasmata where they have
exchanged partners. In the description o f m eiosis the half chromosomes have been  
referred to as chromatids, following the general term inology em ployed, but in Scilla 
nonscripta, they correspond in appearance to the chromonemata o f the somatic mitosis, 
except that they actually originated one division earlier. From  diplotene onwards, the spiral 
crhomatids becom e more obvious and at metaphase are very clear. T hey differ from the 
chromonemata o f a somatic m itosis only in being less regularly intertwined with wider 
spiral turns, and the body o f the chromatid is thicker. Such differences however, are 
not fundamental, and are correlated w ith the greater degree o f lengthwise contraction  
which occurs in the m eiotic chrom osomes. D uring the anaphase o f meiosis, the pre
sence o f chiasmata causes the two chromatids passing to each pole to be widely  
separated for at least part o f  their length, and they are pulled out o f their m eta
phase configurations. In m itosis, they remain unchanged at anaphase. H ence, in inter
phase they are usually w ide apart after the first m eiotic division, and are close to 
gether in mitosis. T he closeness o f the spiral threads is associated in some way with  
the presence o f anastomoses in the interphase nucleus, for they are absent in the 

interphase o f m eiosis, and present in all other interphases.
T he second division o f m eiosis resembles a normal m itosis except that the 

half chrom osomes in prophase are w ide apart, as they are in the preceding telophase, 
instead o f being intertwined. A t the end o f prophase, as in m itosis, two new chrom o
nemata are observed suddenly in each half chrom osome at the end o f prophase giving 
a quadruple condition for a brief period. T he two intertwined chromonemata seen 
in each chrom osome then pass unchanged to the poles, and the resting nucleus is 
constituted as in a normal mitosis.

T he main differences between the two divisions, which are suggested in the 
text figure 4, are as follows :

1 . T h e chrom osomes at m itosis probably divide during prophase to give four 
chromonemata. T his split is suppressed in meiosis, being replaced by an earlier pair
ing o f whole hom ologous chrom osom es, w hich are double in them selves. Therefore a 
quadruple condition is obtained at meiosis, but by the pairing o f two sets o f half 
chrom osomes (chromatids) rather than by the presence o f four quarter chrom osomes 
( chromonemata).

2 . T he quadruple condition is not observed until very late prophase o f mitosis, 
but is visible at m iddle prophase (late pachytene to diplotene) o f meiosis. It is pro
bable that the pairing o f whole chrom osomes at zygotene gives a precocious quadruple 
condition, and this may suppress the occurrence o f  the normal division o f the daughter 
chromosomes. In this case, the split giving four chromatids cannot have been initia
ted before zygotene, and therefore the corresponding split cannot have occurred in m itosis
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before early prophase (unless it is suppressed fore some reason in meiosis). It may 
therefore be supposed that the split giving the four chromonemata in mitosis pro
bably occurs at some time between early and late prophase.
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T EX T  FIG U R E 4

3. The spiral chromatids passing to the poles at the first division o f meiosis 
are widely separated, whereas the chromonemata at the anaphase of mitosis are seen 
to be closely intertwined. This difference is probably due to the presence o f chias
mata at earlier stages o f meiosis. In the second division of meiosis therefore, the two 
half chromosomes never approximate and appear single in early prophase as they 
do at mitosis, but remain widely separated. The gradual untwining o f the two halves 
during prophase o f mitosis is also generally absent in the prophase o f the second 
division o f meiosis. Later stages o f the division, however, show identical spiral struc
tures, the only difference being that the chromosome complement of the second di
vision o f meiosis has been halved.

4
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M eiosis may therefore be derived in theory from mitosis by the supposition  
o f a sudden attraction between the hom ologous chromosomes, which causes them  to pair. 
T his pairing may then suppress the next division o f the chrom o- nemata.

II. THE SPIRAL STRUCTURE OF THE CHROMOSOME.

T he details o f  spiral structure during m eiosis and m itosis have been a little 
difficult to interpret in Scilla nonscripta. T w o alternative hypothesis present them selves 
to account for the appearances observed :

1 . T he pairs o f spiral chromonemata associated together may be twining in 
opposite directions, with the same number o f turns, so that the two spirals are mirror 
images. Such spirals would fit into one another to give the configurations seen during 
diakinesis and metaphase o f m eiosis and from early metaphase to telophase o f mitosis. 
In face view they would give regularly crossing spirals like those which are so fre
quently seen, and in side view they would give the apparently single spirals which  
are often encountered during diakinesis and metaphase o f meiosis, if  it is supposed  
that the thread underneath is hidden or does not stain in these cases. A t anaphase 
the chromatids would easily separate unchanged, for they would not be intertwined, 
and would therefore come apart without difficulty.

2 . T he pairs o f chromonemata associated together may twine in the same direc
tion, and therefore intertwine at every turn. T hese spirals would also give the con
figurations observed from early metaphase to telophase o f m itosis and during diakinesis 
and metaphase o f meiosis. T he apparently single threads often observed during dia
kinesis and metaphase o f m eiosis could be explained as due to the parallel approxi
mation o f the two spiral chromonemata at these points. (It may be noted that the 
double spirals discussed by K u w a d a , which twine in the same direction as one another 
but are only znter-twined for a certain random number o f twists would not give the 
regular spaces and crosses observed in an optical view  o f the chrom osomes o f Scilla 
nonscripta, and need not be considered further in this discussion.)

T he first hypothesis was at first considered the more probable. It accounted  
quite w ell for the structures seen from late prophase to telophase o f meiosis, and it 
was hoped to extend it to the spirals seen at mitosis. In attempting to correlate 
m itosis with meiosis, however, the following difficulties arose :

1 . T he threads which enter the prophase o f m eiosis are those which w ent into 
the telophase o f  the last somatic mitosis. Each o f the telophase chrom osomes had 
apparently provided tw o o f these threads, which were first observed as spiral chro
monemata in the preceding late prophase. It is difficult to imagine, however, how two 
chromonemata w ith oppositely twined and interlocked spirals could be derived from the 
single chromonema of earlier prophase, unless the thread first split, the halves sepa
rated, spiralled apart from each other, and them  came together again and fitted into 
each other’s spirals. There is no evidence that such a process occurs. Intertwined 
spirals, on the other hand, can easily be produced from a single thread, Even if  it
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is supposed that the chromonemata are intertwined during mitosis, but straighten 
out in the interphase before meiosis and then fit into each other during meiosis, the- 
two spiral threads twining in opposite directions would still need to be pulled apart 
and spiralled separately at some stage between zygotene and pachytene and there is . 
never the slightest evidence for such a separation.

2 . If the chromonemata are interlocked at mitosis, why does the characteristic 
side view never appear during metaphase, anaphase and early telophase ? W here a 
structure shows at all, the spirals always appear to be very regularly twisted during 
these stages. This agrees with the theory that they are intertwined in which case the 
spirals would give the same appearance in all side views o f the chromosome.

It therefore seems that the second hypothesis viz : that the two chromonemata 
are intertwined, is the more adequate one to fit the facts observed. Some workers 
have found it difficult to imagine how the intertwined spirals can separate (eg. B a b 

c o c k  & C la u s e n ) .  T hey can do so quite easily, however, as long as they can slip 
past each other witnout sticking, and are not pulled out sideways at more than one
point at a time. The attachment constriction is situated at one point only in each
daughter chromosome, and the ends o f these daughter chromosomes are pulled from  
each other in a lengthwise direction, towards opposite poles. The chromone
mata are probably not very sticky at this stage, otherwise the half chromosomes would 
be likely to pull pieces from each other’s surface when they press closely against 
each other at full metaphase. Hence, wherever the position of the attachment con
striction, intertwined chromonemata can pull apart from each other without diffi
culty at anaphase.

The chromosomes which pass to the poles at the anaphase of the first division 
of meiosis show clear spirals, the chromatids usually being widely separated. The
spirals are almost more evident at this stage than they are at any other period of
the nuclear cycle. They sometimes give the appearance o f being slightly pulled out, 
but this can easily be accounted for by the resistance to separation offered at the 
chiasmata. Such comparatively undisturbed spirals are expected if the two spirals 
at metaphase are fitted into one another, but if they are intertwined, their separation 
presents a little difficulty. Intertwined spirals, if  they are pulled apart by two forces
each moving in a straight line, will untwist in order to separate, therefore the chro
matids at anaphase should be straight. T he only way in which such spirals would
be left undisturbed is by the forces which pull the chromosomes to the poles also
rotating in a spiral path, with the same width of twist and direction of tu rn . as the 
intertwined spirals have at metaphase. In this case, the two spiral chromonemata 
will slip past each other and emerge at anaphase each with the same spiral formation 
as they had at metaphase. It is difficult to state, however, whether such a rotation 
can actually occur in nature.

The formation o f chiasmata in pachytene has been regarded hitherto as facili
tated by the division o f the previously unsplit paired chromosomes at this stage. 
B e l l i n g  ( 1931) suggests that the paired chromosomes twist half round each other at 
certain random points along their length. The chromomeres, which constitute the
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essential parts o f  the chromosomes, then divide, and new « fibres » grow between the 
■half chrom osomes thus formed, so that four chromatids are produced in the place o f 
two chromosomes. W here a twist occurs, however, the new « fibres » will take the 
shortest distance between the chromomeres, and in this way crossing over will occur 
between two o f the four chromatids at a twist. It w ill be a matter o f chance which  

two o f the four chromatids cross over, and this agrees with genetical observations. 
T he theory as it stands, however, does not seem to take account o f the phenom enon  
o f interference. D a r l i n g t o n  also supports the view that the division o f two rela
tively thick chrom osomes into four thin strands, coupled with a torsion set up b e
tween the four chromatids is responsible for breaks occurring and giving chiasmata. 
« If breakage amongst the four threads associated at the end o f pachytene is caused 
by torsion, reunion amongst the broken ends is m ost likely to occur in such a way 
as to relieve the strain. T he occurrence o f  one break will therefore reduce the chance 
o f another break in the neighbourhood. T he interference observed is therefore expected  
on the theory o f torsion ».

It is probable that torsion o f this kind is responsible for the breaks in the 
'threads at pachytene, but it does not seem  necessary to suppose that these breaks 
are dependent on a new division occurring in the chrom osomes at this stage. If 

each chrom osome consists o f  two intertwined chromatids, and is at the same time 
twisted round its hom ologous partner (it may be recalled that the paired pachytene 
threads often give the appearance o f a two-stranded rope) it is easy to conceive o f  
breaks occurring in the doubly twisted threads, and these would probably be mended  
in such a way as to relieve the strain o f torsion. O ne break will reduce the chance 
o f another break occurring near it, therefore « interference » will be expected. Four 
parallel threads all twisted equally together (as the chromatids would presumably 
be on D a r l i n g t o n ’s hypothesis) would probably all break at once, as they are sub
jected to equal strain ; whereas four chromatids entwined first in pairs and then the 
pairs round each other would be more likely to feel the strain o f tw isting unequally 
and give the crossing over in pairs which occurs. W hether this is the mechanism  
which produces chiasmata or not, it remains evident that the division o f the chrom o
somes at pachytene need not be a necessary part o f an explanation o f how chiasmata 
are formed.

III. THE MATRIX.

T he chromonemata appearing in the fully formed chrom osomes at m itosis and 
m eiosis have been described in the foregoing account as probably forming intertwining 
spirals between which is a lighter coloured core. T h is shows between the spirals 
on their inner surface, but never extends beyond them , therefore the spirals would  
seem  to be arranged on its periphery. It appears to be coloured by the same stain 
as the chromonemata, but more faintly. T h is tint, however, may be due to the re
flection through it o f the coloured spirals rather than to any stained material in the 
« matrix » itself. A  « matrix », or lighter coloured centre, appears in the daughter chro
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mosomes at late prophase, at the same time as the new spiral chromonemata become 
visible. It persists until the « tassement polaire », when it disappears until the follow
ing late prophase, at which stage two new « matrices » appear in the half chromo
somes. This description of the behaviour of the « matrix » at mitosis agrees with  
K a u fm a n n ’s observations. A t meiosis, two spiral chromatids are associated togeth er  

in a common « matrix » from diplotene to metaphase, so that there are as many 
« matrices » as there are whole chromosomes. A t anaphase, if the chromatic spirals 
separate, the single spirals observed are each accompanied by a « matrix », so that 
presumably the common « matrix » has divided at this stage. W here double inter
twined spirals still persist at anaphase, however, the « matrix » does not divide. It 
disappears into early telophase and does not reappear again until the two spiral chro
monemata become visible in the half chromosomes at late prophase, when a « matrix » 
is found between the two spirals.

A  matrix has been described in the chromosome by a number of investigators. 
A  su rvey  of the behaviour of the « matrix » in Scilla 7ionscripta, however, does not 
suggest an autonomous unit, and it disappears completely between late telophase and 
middle to late prophase. It is suggested that the « matrix » is part o f the karyo- 
lymph, which is perhaps altered in some way by its close contact with the spiral 
chromonemata, and is held inside them by surface tension. W hen the spirals loosen 
out, the tension is overcome, and the « matrix » passes back again into the karyo- 
lymph —  which is itself only the product of an interaction between the chromosomes 
and cytoplasm. A t anaphase of meiosis, the « matrix » divides into two parts if  the 
chromonemata are separated, but not otherwise, therefore it is entirely dependent 
upon the behaviour o f the chromonemata, which form the essential parts of the 
chromosome. P e r r y ’s statement is supported, that the « matrix » is a fluid substance 
held within the turns o f the chromonemata, but not binding them in any way.

D a r l i n g t o n  has given several reasons which indirectly support the existence 
of a « pellicle » around the outside o f the chromosome. It may be this which limits 
the size of the spiral turns assumed by the chromonemata and therefore determines 
the width of the chromosome. N o visible external pellicle has been observed round 
the chromosomes o f Scilla nonscripta, however, and the reasons for its existence can 
only be deduced indirectly from other data.

C O N C L U SIO N .

W hatever the exact nature of the matrix may be, it has been shown that 
each chromosome of Scilla nonscripta probably always consists of at least two chro
matic threads, and may even be quadruple for a brief period ; each chromosome, 
therefore may be considered as inherently dual in structure. The two threads usually 
appear as spirals, each presumably being intertwined with the spiral of its partner. 
One or more spiral filaments have been found in the chromosome by the great ma
jority o f recent cytological workers, and in this investigation they are reported for
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yet another plant. T he suggestion may therefore be put forward with renewed con
fidence that spiral chromatic threads are probably universally present in dividing 
nuclei and form the permanent parts o f the chromosome. T he observations o f G r é 

g o i r e ,  O v e r t o n ,  B o l l e s  L e e  and other workers who obtained alveoles, d iscontinuous 

filaments, or any structure other than spiral chrom osomes or chromonemata are therefore 
probably faulty interpretations o f the true nature o f the chromosome. T he division  
which gives the two chromonemata in a somatic m itosis has been placed earlier and 
earlier in the chromosome cycle as technique has improved, and many recent observers 
now suggest that it occurs in the late prophase or metaphase o f the division which  
precedes their separation. D ivision  at this stage has been reported by K a u f m a n n ,  

S h a r p , T a y l o r ,  H e d a y e t u l l a h ,  P e r r y ,  S m it h  and S ia n g .  It may occur universally 
at this time, and may possibly be found wherever structure can be clearly distinguished  
in chromosomes.

It has been necessary to correlate these conclusions w ith the conflicting ones 
current among students o f meiosis. It has been shown that the absence o f a visible 
duality at leptotene is no proof o f its non-existence (on the analogy o f the behaviour 
at prophase o f m itosis) and m eiosis has been described on the hypothesis that two  
already double chrom osomes pair side by side, to give a tetrad structure at zygo
tene. T his may suppress a further split in the half chrom osomes at late prophase* 
T he appearances seen at m eiosis have been found on this interpretation to har
m onise with those w hich are so frequently described at mitosis. T he conception o f 

.the permanent duality o f the chromatic constituents o f a chrom osome at m itosis has 
been extended to meiosis, where there are always at least two chromatic threads 
associated together, and four are present during the greater part o f prophase and 
metaphase o f the first division.

SU M M A R Y .

1 . T he chrom osomes o f Scilla nonscripta during m eiosis and m itosis are conceived  
as always consisting o f at least tw o regularly intertwined spiral chromonemata, which  
may be coiled within a lightly staining matrix.

2 . Mitosis. T he chromonemata are first observed when late prophase is passing 
into early metaphase, the new chromonemata formed being those w hich will separate 
as chromosomes at anaphase o f the next division.

3. T he two chromonemata o f each chrom osome pass to the poles as intertwined  
spirals. During late telophase and interphase they apparently approximate to one another, 
so that at early prophase they appear as a single thread. Their duality reappears in later 
prophase, after w hich they gradually untwist from one another, in readiness for their 
separation at anaphase.

4. T he last archesporial m itosis resembles a normal m itosis in all respects.
5. Meiosis. T he chromosomes pairing at zygotene are therefore probably 

each made up o f two chromonemata (chromatids), although this duality is obscured  
until diplotene. T he pairing o f the hom ologous chromosomes at zygotene seem s to
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suppress the split which becomes visible at early metaphase in mitosis. Spiral chroma
tids are first distinguished at diplotene.

6 . The second division of meiosis resembles a normal mitosis except that the 
number o f chromosomes is halved, and the chromatids are generally more widely 
separated from each other during prophase. Chromonemata appear in these chromatids 
for the first time at early metaphase.

7. The number and behaviour of the chiasmata are described for the eight 
chromosome bivalents at meiosis, and are found to agree with the chiasmatypy hypo
thesis. A  torsion of the pachytene threads is suggested as a possible cause of chiasma 
formation.

8 . The eight chromosome types are described, with special reference to the 
position of their attachment constrictions.

9. M eiosis in the pollen mother cell is compared with meiosis in the mega
spore mother cell, and is found to be identical, even to the finer details o f chromo
some structure. This is the first time for any angiosperm that (a) intertwined spiral 
chromatids and (b) chiasmata have been described in the megaspore mother cell.

1 0 . The spiral nature and the behaviour of the chromonemata in mitosis are 
compared with the corresponding phenomena in meiosis, and are interpreted as similar 
in many essentials. The apparent differences are enumerated and discussed.

1 1 . Spiral chromonemata are described in the nuclei of the endosperm tissue 
for the first time for any angiosperm.

1 2 . Stages in the budding o f the nucleoli during meiosis in Scilla nonscripta 
are described and discussed. T he nucleoli persist in the cytoplasm during metaphase, 
anaphase and telophase o f division, and may possibly re-enter the two new daughter 
nuclei which are formed.

The author wishes to express her sincere thanks to the Department o f Scien
tific and Industrial Research for the provision o f a grant which has made this 
investigation possible, and for permission to publish the results.
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E X P L A N A T I O N  O F  P L A T E S .

All drawings were made with the aid of a camera lucida, using a Z e is s  2  mm. 

apochromatic objective N. A.  1.4 and compensating oculars K  12 ( X 1 5 ), or ( x  30) 
Magnification ; X 1 8 0 0  or X 3 6 0 0 .

PL A T E  I.

FIGS. 1-13 .  Portions of nuclei in somatic mitosis : 1-7 in prophase, 8  and 
9 in early metaphase, 10-13 in telophase.

FIG. 1. Very early prophase. X 1800.
FIG. 2 . A  later stage : chromosome spirals apparently single, but really 

double. X 3600.
FIG. 3. A  later stage : spirals very evident, still apparently single. X 3600.
FIG. 4. A  later stage : duality o f spirals apparent in certain parts o f the 

chromosomes. X 3 6 0 0 .

FIG. 5. M id prophase : each chromosome showing two intertwined spiral 
chromonemata. X 3600.

FIG . 6 . A  later stage : chromosomes clearly double throughout their length. 
X 3600.

FIG. 7. Late prophase ; chromonemata have gradually untwisted from each 
other and have shortened and thickened. X 3600.

FIG. 8 . Late prophase to early metaphase : five pairs o f half chromosomes 
incompletely shown. Two intertwined chromonemata have now formed in each half 
chromosome. X 3600.

FIG. 9. The same : polar view of one pair of half chromosomes, showing 
spiral structure. X 3600.

FIG. 1 0 . Late anaphase : chromosomes passing to the poles (seven only 
shown), each one with two intertwined chromonemata. X 3600.

FIG. 1 1 . M id telophase : chromosomes now connected by a few anastomoses.
Spiral chromonemata are still visible, the two spirals appearing as one in the chro
mosome on the left. X 3600.

FIG. 1 2 . The same : part of one chromosome, in which two spirals are
apparent at one end, but only one at the other end. X 3 6 0 0 .

FIG. 13. Late telophase : double spirals still evident in most places. Chro
monemata are thinner and less easily distinguishable from the increasingly evident 
anastomoses. X 3600.

FIGS. 14-36. Nuclei in first division o f meiosis.

FIGS. 14-24. A  comparison o f the nucleus in the pollen mother cell (p. m. c.) 
and the megaspore mother cell (m. m. c.).
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FIG S. 14. (p. m. c.) and 15 (m. m. c.). Early zygotene : chromosomes
beginning to pair. X 1800.

FIGS. 16  (p. m. c.) and 17  (m. m. c.). Pachytene : chrom osomes closely
paired. T he individual members o f each pair are more evident in m. m. c. X 1 8 0 0 .

FIGS. 1 8  and 19 (p. m. c.) and 2 0  (m. m. c.). D ip lotene : the members o f  
each pair now very distinct and clearly double in them selves. In FIG . 2 0  one b i
valent has been displaced by the m icrotom e knife. In FIG . 19 a selected bivalent 
from a p. m. c. shows clearly the spiral form assumed by each chromatid. X 1800.

FIGS. 2 1  (p. m. c.) and 2 2  (m. m. c.). D iakinesis : the eight bivalents show
the spiral structure o f the chromatids in the p. m. c. but not in the m. m. c. X 1800.

FIGS. 23 (p. m. c.) and 24 (m. m. c.). M etaphase : eight bivalents, A -H ,
each chrom osome o f the pair with two spirally intertwined chromatids. Chiasmata
are very evident in the bivalents C, E and F o f the m. m. c. X 3600.

FIGS. 25 and 26. M etaphase in p. m. c. : three bivalents from one nucleus 
and two from another, selected for their very evident spiral structure. X 3600.

P L A T E  II.

FIG . 27 .  T he same : the eight bivalents slightly spread out in smearing.
T he four spiral chromatids in each bivalent are clearly shown. A  nucleolus persists 

on the left o f the drawing. X 1800.
FIG . 2 8 .  Early anaphase in p. m. c. : seven bivalents drawn spread out for 

clearness sake, and the eighth om itted. X 1800.
FIG . 29. T he same : six o f the eight bivalents shown in position. T w o per

sistent nucleoli lie on either hand. X 1800.
FIG . 30. T he same : seven bivalents shown, and two persistent nucleoli.

X 1800.

FIG . 3 1 . Late anaphase in p. m. c. : spiral chromatids still clearly distinct.
N ote the influence o f the attachment constriction on the shape o f the chromosome.
N ucleolus shown on right. X 1800.

FIG . 3 2 .  T he same : spiral chromatids not shown. T he characteristic shapes
o f the individual chrom osomes are very distinct. N ucleolus shown on left. X 1800.

FIG . 3 3 .  Early telophase in p. m. c. : spiral chromatids not shown One 

nucleolus. X 1800.
FIG . 3 4 .  M id telophase in p. m. c. : spiral chromatids clearly shown. One

nucleolus. X 1800.
FIG . 35 .  Late telophase in m. m. c. : spiral chromatids shown. A  wall has

been formed between the two daughter nuclei. X 1800.
FIG . 3 6 .  Interphase in m. m. c. : spiral chromatids still distinct, though less 

evident. T he nucleolus on the left is apparently just piercing the nuclear membrane. 
T he nucleolus on the right is still outside the nucleus. X 1800.
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FIGS. 37-45. Nuclei in second division o f meiosis.

FIG. 37. Early prophase in p. m. c. : spiral nature of chromatids more
or less obscured. Along some of the threads there is slight evidence of the new split.
A  wall has been formed between the two daughter nuclei. X 1800.

FIG. 38. Late prophase to early metaphase in p. m. c. : six half chromosomes
(chromatids) selected from one nucleus to show that two intertwined spiral chromo
nemata have now been formed in each. X 3 6 0 0 .

FIGS. 39 (p. m. c.) and 40 (m. m. c.). Metaphase : spiral chromonemata
obscured. The eight chromosome types A -H  are more clearly shown in p. m. c.

X 1800.
FIG. 41. Anaphase in m. m. c. : spiral chromonemata obscured. The chromo

some types are clearly shown. X 1800.
FIG. 42. Early telophase in p. m. c. Some of the chromosomes have been

selected, to show that each has two intertwined spiral chromonemata. X 3600.
FIG. 43. Telophase in p. m. c. : four chromosomes drawn to show spiral

chromonemata still distinct in each. X 1800.
FIG. 44. Telophase in p. m. c., showing the four nuclei. A ll the chromo

somes are not drawn. They are still distinct from one another, and each has two 
spiral chromonemata. X 1800.

FIG. 45. Tetrad o f young pollen grains : nuclei in late telophase. T he chro
mosomes are beginning to show anastomoses, but the two spiral chromonemata are 
still fairly distinct in each. The nucleoli are apparently budding with great vigour, 
and pieces o f nucleolar material are seen in the cytoplasm. X 1800.
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GAMETOGENESIS AND FERTILISATION

IN

SCILLA NONSCRIPTA h o f f m .  &  l i n k .

SUMMARY OF PREVIOUS WORK AND SCOPE OF THE 
PRESENT INVESTIGATION.

There are surprisingly few recorded investigations o f embryo sac development 
and fertilisation in Scilla species, considering that the genus offers peculiarly convenient 
and promising material.

T he earliest record o f embryo sac development was made by J. V e s q u e  (1878), 
which account however, has been corrected by later workers. T he first accurate ac
count o f embryo sac development in Scilla was given by T r e u b  & M e l l i n k  (1880) 
for Agraphis patula { =  Scilla hispanica). T he production o f two binucleate cells from  
the « embryo sac mother cell » was described. These cells are at first o f equal size. 
T he upper cell then gradually enlarges, and its nuclei divide twice, producing eight 
nuclei, o f which four are at the base o f the sac and four at the top. T he upper 
nuclei form the synergids and egg, the lower nuclei sometimes form antipodal cells, 
but usually stay free. M eanwhile the lower cell o f the original binucleate pair remains 
approximately the same size, but is later found constantly with four nuclei.

T his account was briefly confirmed by G u ig n a r d  (1882) for Agraphis ( =  Scilla) 
campanulata, and his work is cited by O v e r t o n  (1893). T he next description was 
by M e K e n n e y  (1898) for Scilla hyacinthoides and Scilla campanulata. T he hypo- 
dermal cell o f a young ovule was said to divide into two, o f which the upper one 
is tapetal and divides again into two, whilst the lower one also divides into two, 
the upper cell o f  which degenerates later on ; hence, a row of four cells is obtained, 
of which the lowest one becomes the megaspore mother cell. T he reduction o f six
teen chromosomes to eight is briefly noted in anaphase and ' telophase o f meiosis. 
The upper cell from this heterotype division becomes the embryo sac. T he succeeding 
stages o f development in the female gametophyte were outlined and were found to 
be as described by T r e u b  & M e l l i n k .  M e K e n n e y  stated that the lower quadrinucleate 
cell gradually degenerates, the degeneration being complete at about the period o f 
fertilisation.

In 1901, S c h n i e w i n d - T h i e s  described the development o f the embryo sac in 
Scilla sibirica. T he origin and development o f the embryo sac were outlined, the 
description agreeing with the foregoing accounts. The chromosomes o f the nucleus 
were found to vary from eight to sixteen. Their behaviour at meiosis was briefly 
described, it being stated that they may form hooplike figures or crosses and are 
frequently bent at the ends. Tw o nuclear divisions were stated to occur in the pollen 
grain, but this statement cannot be confirmed.
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A  brief account of fertilisation in Scilla was given by G u ig n a r d  (1891 and 
1899) for Agraphis cernua and Endymion mutans (== Scilla nonscripta). The two polar 
nuclei unite before the penetration o f the pollen tube, but they do not fuse. Ferti
lisation occurs very rapidly, the male nucleus which unites with the egg being smaller 
than the one which fuses with the polar nuclei. The male nucleus often remains dis
tinct within the paired polar nuclei for some time, but the fusion o f the egg and 
« antherozoid » is quite rapid. The male nuclei are always smaller and more chromatic 
than those o f the egg and polars, and usually possess one to three nucleoli.

A n examination o f these accounts reveals several gaps in our knowledge o f the 
plant. The development o f the male gametophyte and the germination o f the pollen 
tubes in the style have not been traced. Fertilisation stages are scanty, details of 
fusion and the subsequent nuclear divisions being entirely absent. The accounts of 
development and fertilisation which do exist are made without a knowledge o f modern 
technique, descriptions o f division stages are few and are obscured by obsolete ter
minology. It therefore seemed worth while to work on gametogenesis and fertilisation 
in Scilla nonscripta, especially as the large nuclei are such favourable material for 
detailed study o f nuclear structure.

METHODS ADOPTED IN THE PRESENT INVESTIGATION.

The development o f the pollen grain until the time o f its germination was 
studied by means o f pollen smears. Stages in the development o f the female gameto
phyte, the growth o f the pollen tube, fertilisation and the development o f the embryo 
and endosperm were obtained from paraffin sections. The principle fixatives used 
were F le m m in g ’s fluid weak. L a C o u r ’s 2 BD and 2 BE ( L a C o u r , 1931) and N a - 

v a s c h i n ’s fluid. Gentian violet was the stain usually employed and with it a counter
stain (Orange G or erythrosin) was often used, especially for the fertilisation stages. 
M ethods adopted in smearing, fixing and embedding were similar to those recommen
ded by L a C o u r . Sections were cut from 18 i-»- to 2 0  p., in thickness.

Note. The superiority o f the smear method is revealed by the fact that the 
contraction formerly known as « synizesis » does not appear in smear preparations. 
T he nuclear membrane is much less distinct, so that its limits are frequently dif
ficult to discern, and there is never any sign o f spindle fibres in the cell during 
metaphase and anaphase. A ll these structures are emphasised by inferior fixation, and 
their lack o f definition in smears, points to the greater efficiency o f fixation obtained 
by this method.

OBSERVATIONS. 

§ 1. Formation and development of the microsporangium.
Buds cut during early October show that next year’s stamens are already 

formed, but are extremely small, the whole o f each being composed o f a uniform  
tissue o f active, dividing cells, with no archesporium as yet discernible. Later in
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the month, a definite archesporium is differentiated, and it is distinguished from the 
surrounding tissue by its larger cells, each with a large nucleus and dense cytoplasm. 
The archesporial cells divide actively during November and December, but pollen 
mother cells have begun to form in some buds by the beginning o f December, their 
nuclei passing fairly rapidly into pachytene. In anthers examined at the beginning of 
January the nuclei o f the pollen mother cells are almost invariably in pachytene, 
and this condition persists until the end of January. D iplotene and later stages then  
begin to be fairly common, the subsequent stages of meiosis following one another 
in rapid succession, so that all stages frequently may be found together in the 
same bud. Such stages o f meiosis can be procured from suitable buds until about 
the end o f February. This time schedule has proved remarkably constant during the 
three years o f observation, 1930-33.

After the first division o f meiosis a wall is invariably laid down between the 
two daughter nuclei. T he spindles o f the second division may be at any angle to 
this wall, but are usually more or less parallel with it, and therefore parallel with  
one another. About 5-10 % o f the dividing pollen has the two spindles at right 
angles to one another. Further walls are formed delimiting the four pollen grains. 
T he shape o f the tetrad varies with the angle previously assumed by the spindles, 
and is therefore usually cruciform, with all four nuclei more or less in one plane, 
but all grades may be found between this and a roughly tetrahedral shape.

T he pollen grains gradually loosen from their tetrad condition, until they are 
quite separate from one another. Each is then roughly pyriform, with a single resting 
nucleus. T he grains remain in the anther for some weeks in this condition.

§ 2. Nuclear division in the pollen grain.
After a time the nucleus o f each grain enters into prophase and divides ( F ig s .  

6 - 1 0 ). T he two daughter nuclei are at first very much alike ( F ig .  1 0 ), but soon the 
one nearest the pointed end of the pyriform grain seems to be slightly smaller and 
more chromatic than the other. This difference becomes more and more marked, as 
the nucleus in the centre o f the grain (the tube nucleus) enlarges and passes into 
the resting stage, whilst the smaller one (the generative nucleus) develops a thick 
chromatic reticulum. T he generative nucleus remains in the pointed tip o f the grain, 
and is surrounded by a small quantity o f dense cytoplasm. This is separated from 
the cytoplasm o f the tube nucleus by a clear concave space ; that is, two separate 
cells have been differentiated. The nucleus o f the generative cell gradually elongates 
until it has assumed a characteristic vermiform shape, often coiling round somewhat 
in the cytoplasm, and the thick bands o f chromatin give it a striped appearance. The 
tube nucleus, by contrast, is large and spherical, with very diffuse and scarcely 
stainable chromatin ( F ig .  11). In this condition the pollen grain remains until it is 
shed.

§ 3. Development of the megasporangium and the embryo sac.
T he early development o f the megaspore mother cell is parallel in time with  

that o f the pollen mother cell and both nuclei reach leptotene by about the end o f
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December. The nucleus o f the megaspore mother cell remains in this phase however, 
until the pollen mother cells have completed meiosis and formed tetrads o f pollen 
grains. It then passes into diplotene and ultimately divides, a wall being formed be
tween the two daughter nuclei. T he position taken up by this wall varies considerably, 
and is not always strictly at right angles to a plane through the micropyle. The 
second division o f meiosis now occurs, the angle between the two spindles again 
showing considerable variation. A s a consequence the tetrad o f nuclei formed is rarely 
of the regular linear type so characteristic o f m egasp ores in most angiosperms. A  wall 
is never laid down between the daughter nuclei formed by this second division, so 
that two binucleate cells are produced ( F ig .  1).

The nuclei now rest until after the first nuclear division in the pollen grain. 
T he two cells are at first of equal size, but the upper one gradually increases and 
elongates towards the micropyle, whilst the lower one (the « antigone » o f T r e u b  

& M e l l i n k  and of G u ig n a r d )  remains constant. The upper cell always becomes 
the embryo sac in Scilla nonscripta. Its two nuclei pass to opposite ends and a va
cuole appears between them. They then divide, and at the same time the two nuclei 
of the « antigone » also divide, so that two 4-nucleate cells are produced ( F ig s .  2  

AND 3). The nuclei o f the « antigone », however, never divide again ; those o f the 
embryo sac enter into a second division ( F ig .  4 ). T he embryo sac then contains eight 
nuclei (four at each end) whilst the « antigone » has only four, which show no pola
risation ( F ig .  5 ). A  nucleus from each end of the embryo sac migrates towards the 
centre, and the two nuclei unite without fusing, to form the « paired polar nuclei ». The  
common membrane between them always remains intact so that the outlines o f the 
two component nuclei are never lost, and each retains its own nucleolus and chromatic 
reticulum. T he three nuclei at the micropylar end are now organised into cells, —  
the two synergids having vacuoles at their base and a fairly well defined filiform 
apparatus, whilst the egg is between them with a large vacuole in the upper part 
of the cytoplasm. The three nuclei at the antipodal end are not organised into cells 
as a general rule. T hey usually appear very active, but occasionally may degenerate. 
Below the embryo sac is the relatively small « antigone », containing four apparently 
active looking nuclei, which usually persist until after fertilisation. M e  K e n n e y  found 
that they gradually degenerate, and some evidence of a tendency towards degeneration 
of the antigone has been found in the present investigation. In one preparation the 
embryo sac contains two nuclei which are in the metaphase o f division and the « anti
gone » contains thirty-two chromosomes in a common mass, probably the result of 
a fusion o f two nuclei in metaphase. Another slide shows four nuclei in metaphase 
in the embryo sac, and a mass o f thirty-two chromosomes in the « antigone ».

In one preparation a vertical wall shows at the base o f the antigone, partially 
dividing it into two binucleate portions, but it grows fainter and fades away nearer 
the embryo sac end. T he production o f a vertical wall as a rare occurrence in the 
(( antigone » was noted by G u ig n a r d .

It is interesting to note the regular alternation in time o f nuclear divisions in 
Scilla nonscripta. T hey are summarised in the following table ; the periods o f active 

division being in italics.
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Development o f  microsporanghim, Development o f  megasporangium

pollen grains and pollen tubes and embryo sac.

December-January Meiosis. Leptotene —  pachytene Meiosis. Leptotene —  pachytene.
February Meiosis. Diplotene —  tetrads o f pollen 

grains.

Meiosis. Leptotene —  pachytene.

February-March Tetrads and pollen grains formed. Meiosis. Diplotene - -  tetrads o f mega

spores.
March-April Division o f pollen grain nucleus. Enlargement o f potential embryo sac.
April Binucleate pollen grains. Division in embryo sac, producing eight 

nuclei.
May Shedding o f pollen grains. 

Germination o f pollen tubes.
D ivision o f generative nucleus in the 

pollen tube.

8-nucleate sac organised.

S a r g a n t  (1896) recorded that meiosis in the megaspore mother cell lags behind 
that o f the pollen mother cell in Lilium Martagon, and is not completed in this 
plant until after the division o f the pollen grain nucleus.

W^TE (1929) claims a similar alternation o f a « male » and « female » stage in  
Ranunculus acris. Here meiosis does not occur in the megaspore mother cells until 
it has been completed in the pollen mother cells, and pollen grains have been formed. 
H e finds that unless this lagging occurs, normal hermaphrodite flowers cannot be 
produced.

§ 4. Germination of the pollen grain. Fertilisation.
Stages o f pollen tube growth and fertilisation were obtained by pollinating 

flowers by hand. Anthers were removed from buds which were on the point of 
opening, and the buds were then enveloped in muslin bags, to protect them from stray 
pollen. A t intervals after pollination, the ovaries were removed from a few flowers» 
and were fixed, embedded in paraffin and cut.

Pollen grains were also germinated artificially in sugar, and were then either 
embedded, or stained with iron aceto-carmine, but the best stages of pollen tube 
growth were obtained from styles which had been embedded and cut.

T he embryo sac is organised and ready for fertilisation some weeks before the 
flower opens. T he pollen grains germinate on the stigma, and a tube from each grows 
down through the tissues o f the style. T he tube and generative nuclei pass into it̂  
the tube nucleus either preceding or following the generative nucleus. T he tube nu
cleus is still only slightly chromatic, but the generative nucleus is already in fairly 
late prophase o f division, with thick chromatic strands running through it ( F i g . 1 2 ).  

As it passes downwards through the style, it elongates considerably, and the prophase 
threads begin to show their double nature. T he amount o f stylar tissue traversed by  
the generative nucleus before it divides varies considerably, but is usually from a half 
to a third o f the total length. T he division differs somewhat from a normal mitosis, 
for the chromosomes remain long and closely pressed together in the confinement
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o f the pollen tube ; they may double back on themselves or twist among each other 
( F i g . 1 3 ). The chromosomes are never all in one plane at the equator at metaphase, 
again because o f the restriction placed Upon them by the width o f the tube, but 
their ends approximate to the centre o f the nucleus before the daughter halves finally 
separate to opposite poles ( F i g . 1 4 ). Spindle fibres have not been seen, but they 
are frequently not clearly defined even in a normal mitosis in this material, the 
distinctness o f the spindle varying with the type o f fixative employed and inversely 
with the rapidity o f its penetration.

The two male nuclei are now organised. T hey separate rather widely from each 
other at telophase, since they lie freely in the pollen tube. W hen they are first 
formed, they elongate slightly lengthwise and the chromosomes become drawn out 
into finer threads ( F i g . 15 ). T hey never pass into resting stage, however, and soon 
contract again somewhat and the threads thicken once more ( F i g . 1 6 ). In favourable 
cases, it can be seen that they are surrounded by a small amount o f their own  
cytoplasm, so that two male cells have been produced. Each nucleus is still slightly 
elongated, and o f the vermiform shape so characteristic o f male nuclei. It is made 
up o f thick chromatic threads, which have the appearance of chromosomes in mid 
prophase. Usually both nuclei o f a pair are about the same size and are pointed a 
little, either at one or at both ends. W hen a slight difference in size can be seen, 
the larger one seems to be in front, as found for Fritillaria pudica (S a x , 1916), 
but not for Lilium ( W e l s f o r d , 1914). T hey follow closely behind each other down 
the pollen tubes in the tissues o f the style. It is uncertain at late stages whether 
they are still surrounded by their own cytoplasm, but it is probable that they remain 
as organised cells until they are discharged into the embryo sac. A t this stage, they 
are always revealed as naked nuclei. The tube nucleus meanwhile shows increasing
signs o f degeneration, stains deeply and uniformly and sometimes appears to have
broken up into two or three pieces. After the three nuclei have passed through, 
callose plugs are formed in the pollen tubes behind them, but no encysted nuclei 
have been observed within the plugs, as in Elodea canadensis ( W y l i e , 1904).

Having reached the base o f the style, the pollen tube grows along the surface 
of the axile placenta, until it reaches an ovule. It then grows along the surface of 
the funiculus and enters the micropyle o f the ovule. It penetrates the embryo sac, 
almost invariably disorganising one synergid as it passes inwards, although a few  
fertilised sacs have been found with both synergids intact. T he two nuclei are then 
discharged into the embryo sac. T he disorganised synergid finally contains very dense 
cytoplasm, and one to three dark, degenerating bodies o f varying size. These are
probably the tube nucleus, the nucleus o f the synergid, and perhaps the darkened 
remains o f some o f the cytoplasm which ensheathed the male nuclei. T he second 
synergid remains intact with an active nucleus for a considerable time.

T he two male nuclei are evidently ejected with some considerable force, so 
that they are thrown into the cytoplasm o f the embryo sac a little distance below  
the egg ( F i g . 1 7 ). In the example figured the lower one is very slightly larger than 
the upper one, and will probably be the one which will fuse with the polar nuclei.
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Hence, when a difference in size exists between the two nuclei, the larger one is
the leading one in the pollen tube, and its weight will probably cause it to be ejected
further into the embryo sac. It will therefore probably be the one which will fuse
with the polar nuclei. T his agrees with G u ig n a r d ’s findings for Lilium, but W e l s 

fo r d  states that in her material the first nucleus to be ejected fertilises the egg. A  
comparision o f figures illustrating the male nuclei fusing with the egg and polar 
nuclei respectively shows that the one concerned with triple fusion is slightly the 
larger, but a sufficient number o f triple fusions have not been obtained to allow 
o f any generalisation with regard to a constant difference in size at this stage. 
G u ig n a r d  (1899), however, states definitely that in Scilla the male nucleus that fuses 
with the egg is always smaller than the one that fuses with the polars.

It seems probable, as G u ig n a r d  supposes, that the passage o f the first male 
nucleus through the cytoplasm, and its fusion with the polar nuclei occur very ra
pidly, for only a few rare instances have been obtained among the hundreds o f
embryo sacs examined. The fusion o f the egg and second male nucleus is also pro
bably fairly rapid, but is slower than the triple fusion. Instances have been found
where the membranes between the egg and male nucleus are still intact, yet in the 
same embryo sac triple fusion is already completed.

The vermiform shape assumed by the male nuclei is suggestive o f independent 
movement through the cytoplasm, but this shape would also be the one which would  
offer the least resistance to its carriage by cytoplasmic currents. A s the sperm applies 
itself to the egg nucleus, it coils closely round it, and thus again suggests some 
independent motion. It might equally well be explained, however, as the result of 
chromatic attraction along all its length. T he two pieces o f evidence considered to 
gether do, however, indicate a possible active movement o f the male nucleus, though  
they are by no means conclusive.

The male nucleus penetrates the cytoplasm of the egg and becomes closely 
pressed against the nuclear membrane ( F i g . 18). T he nucleus o f the egg is either 
in a resting state, or in very early prophase, and a finely chromatic and slightly 
granular reticulum can be seen in it, within which is the single nucleolus. The 
male nucleus, on the other hand, is very much smaller, often less than one quarter 
the size o f the egg nucleus, but is deeply chromatic, the thickness o f its chromatic 
threads corresponding to those in middle prophase o f mitosis. A  nucleolus is either 
absent or hidden within the chromatic reticulum, more probably the latter, for one 
becomes evident at a later stage. After a short period in contact with each other, 
the membranes o f the two nuclei begin to break down at the point of contact ( F ig s . 

19 AND 20). T he chromosome threads o f the male nucleus are then seen massed upon  
the side of the egg nucleus, and perfectly distinct from it. T hey gradually spread 
out among the reticulum of the egg nucleus, and the fusion nucleus becomes more 
or less spherical, although a slight bulge at the point o f entry o f the male nucleus 
can frequently be distinguished, after all trace o f the distinction between the two 
nuclei has been lost. T he male chromatic threads can at first be readily distinguished, 
owing to their greater thickness and more abundant chromatin ( F i g . 2 1 );  but they

37
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gradually become longer, thinner and less chromatic until they can be distinguished  
only with difficulty from the reticulum of the egg (F i g . 2 2 ). Finally all distinction is 
lost and the fusion nucleus rests for some time. The time taken for complete fusion 
apparently varies from 35 to 74 hours after pollination.

Soon after the entry o f the male nucleus, a large and a small nucleolus can 
be clearly distinguished in the fertilised egg, the small one having presumably been 
contributed by the male nucleus. These two nucleoli sometimes fuse, but they often
remain separate, keeping their characteristic difference in size. The presence o f a
large and a small nucleolus, however, as E r n s t  (1 9 0 2 )  points out, is no absolute 
criterion that fertilisation has occurred, for unfertilised eggs have been found to 
possess them in some cases and fertilised eggs may frequently have only one large
nucleolus, the product o f fusion between the original two.

Meanwhile the second male nucleus has penetrated the cytoplasm around the 
paired polars, and has applied itself to one o f the polar nuclei, coiling round it in 
the same manner as has been described for the male nucleus fusing with the egg ( F i g . 23). 
G u ig n a r d  states that the male nucleus applies itself to the common membrane be
tween the two polar nuclei, but this has not been found in the present investigation.
An even greater difference in size exists between the male nucleus and the polars 
than between the male nucleus and that o f the egg, and the polars resemble the egg 
nucleus in being in resting stage, each with a faintly chromatic and granular reti
culum, and a single large nucleolus. The male nucleus is filled with thick chromatic 
bands corresponding to middle prophase o f division, and no nucleolus is visible. The  
membranes between the male nucleus and one polar nucleus break down, and the 
chromatic threads o f the male enter the polar nucleus until practically all trace of
their point o f entry is lost ( F i g . 24). T he thick threads of the male nucleus, however,
remain distinct from the thin threads of the polar nucleus, in exactly the same way 
as has been described for the fertilised egg ( F i g . 25), until they elongate, become 
thinner and paler, and finally can no longer be distinguished. T he fertilised polars 
are now in a resting condition.

After the entry o f the male nucleus, a large and a small nucleolus can be 
distinguished in the polar nucleus which has been fertilised. T he small nucleolus 
probably belongs to the male nucleus, and sometimes fuses with the nucleolus o f the 
polar nucleus but often remains distinct. In this case, the unfertilised polar has a 
single large nucleolus and the fertilised polar has one large nucleolus and one small 
one. A s in the case o f the fertilised egg, however, the number o f nucleoli cannot 
be taken as an absolute criterion that the entrance o f the male nucleus has occurred.

§ 5. Free nuclear division of the endosperm.
The fertilised polars rest for a brief period, but within a few hours they begin 

to pass into prophase of division. Both o f the polar nuclei then form distinct chro
matic threads. A t the side o f the polar nucleus which has fused with the male nucleus 
a group of threads now appears, these being thicker and more deeply stained than 
the threads in the rest o f the nucleus. This distinction still remains at late prophase,
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the darker group probably, representing the chromosomes o f the male nucleus, which  
are still separate from those o f the polar ( F i g . 2 6 ) .  Individual chromosomes begin  
to be distinguishable, the presence o f secondary constrictions along them being very 
evident at this stage. T he wall between the two polar nuclei now at last breaks down, 
and the chromosomes from both are drawn on to a common spindle. Unfortunately, 
no uncut examples o f this first metaphase have been obtained. There is no visible 
evidence o f grouping in the cut nuclei which have been examined, but a study of 
the chromosome types suggests that the eight chromosomes from each nucleus remain 
in separate groups even at this stage. Uncut nuclei o f later stages o f endosperm  
division have been obtained and confirm this idea. Figure 2 7  represents a nucleus 
from a sac which contained about eight endosperm nuclei. Sixteen o f the chromosomes 
are pointing towards one pole and eight towards the other. T he sixteen chromosomes 
on one side o f the equator can be clearly distinguished as two sets o f eight.

Figure 28 represents a nucleus from a sac containing about 128 nuclei ; and 
has been selected from a number o f examples at this stage. T he metaphase plate is 
seen in polar view, and the three groups o f eight chromosomes can be clearly iden
tified, each set o f eight being made up o f the chromosomes (A -H ) characteristic of 
Scilla nonscripta ( D a r l in g t o n , 1926). Therefore even at the seventh division, the 
three groups have not yet mingled.

Nuclei in prophase have been seen in which the separation o f the three groups 
is evident in that the nucleus has a three-lobed configuration, but later on, the groups 
can be recognised only by means o f their chromosome types. Resting nuclei too are 
often three-lobed, and as a general rule possess either two large nucleoli and one small 
one, or one much larger nucleolus and one small one, as if  two nucleoli had fused  
together. These configurations obtained from different stages o f nuclear division, and 
from endosperm containing from two to two hundred nuclei, suggest that the three 
chromosome groups contributed by the nuclei which fuse in triple fusion may never 
mingle together at any stage in the production o f endosperm nuclei. T he fact that the 
groups are still distinct at the seventh division has not hitherto been ascertained by 
previous investigators.

§ 6. Early divisions in the embryo.
As the endosperm nucleus divides for the first time, that o f the fertilised egg 

enters into early prophase o f the first division, but it. does not reach metaphase until 
eight or sixteen endosperm nuclei have been formed. During early prophase, a group 
of more deeply staining chromatin threads can be distinguished at one side o f  the 
nucleus, corresponding to the group seen in the division o f the endosperm nucleus. 
A t the last prophase, this can still be made out, the chromosomes being slightly 
shorter and thicker than those in the rest o f the nucleus. A n uncut nucleus stained 
at this stage has allowed the chromosome types to be indentified and counted, showing 
that eight chromosomes can be distinguished as belonging to the female nucleus, and 
eight thicker ones, more closely arranged, as belonging to the male nucleus ( F i g . 2 9 ). 

In this nucleus at least, the male and female chromosomes had not mingled.
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The nuclear membrane now breaks down and the chromosomes are arranged 
on a spindle. Once more, however, no uncut metaphase plate has been obtained, in 
spite o f the fact that sections o f 18-20 y- were cut. A  cut nucleus in metaphase, 
however, had two sets o f eight chromosomes in slightly different planes, and the razor, 
by a lucky chance, passed between them. A  composite drawing has therefore been 
made with comparative ease from the two sections, and the chances are that the re
lative positions o f the chromosomes have not been greatly disturbed by the knife 
( F i g . 30). Once more it is evident that the two groups o f chromosomes have not 
yet mingled. Uncut telophase nuclei have been obtained however, and in . these the 
distinction is no longer maintained. T he two groups are still more or less separate, 
but during their progress to the poles some o f the chromosomes o f one group have 
mingled with the chromosomes o f the other group, so that it is no longer possible 
to draw a straight line o f demarcation between them ( F i g . 31).

Later stages in the development o f the embryo have not been extensively 
obtained in this material. Late prophases and telophases o f the second division have 
been examined, however, and no evidence o f chromosome groups has been found, the 
chromosomes apparently being arranged more or less at random.

Thus there is evidence in Scilla nonscripta that although the two sets o f chro
mosomes contributed by the male and female nuclei in fertilisation remain separate 
until the metaphase o f the first division, yet the grouping is gradually lost after this, 
until little or no trace o f it remains in the second division o f the embryo. The 
chromosomes are then arranged more or less at random on the metaphase plate.

The early segmentation o f the embryo follows a regular sequence. It has not 
been described before and is sufficiently distinct from the type cited by C o u l t e r  

(1912, p. 193) as probably characteristic o f the Liliaceae family, to merit a brief 
description. The first division o f the egg is transverse, resulting in two equal cells. 
T he upper one o f these divides again transversely, so that a row o f three cells is 
formed. T he apical cell, that is the one furthest away from the micropyle, now divides 
longitudinally, after which the two other cells o f the original row o f three divide 
longitudinally. Subsequent divisions have not been followed.

DISCUSSION OF RESULTS AND HISTORICAL REVIEW 
OF FORMER WORK. 

§ 1. Development of the embryo sac.
The account of the development o f the embryo sac given above has been found  

to agree in all essential ■ details with that given by T r e u b  & M e l l in k , G u ig n a r d  ̂

M e  K e n n e y  and S c h n i e w i n d - T h i e s . T he first fact o f importance is that only one 
wall is formed during the two divisions o f meiosis, so that two potential megaspores 
take part in the development o f the embryo sac. T he sac is therefore « bisporic ». 
A n additional peculiarity o f Scilla nonscripta is the development o f a quadrinucleate 
« antigone », as a kind o f abortive embryo sac below the functional eight-nucleate sac. 
It is probable that the « antigone » assists in passing nutriment to the embryo sac
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itself, for its nuclei have been found still in an active condition when the dividing 
endosperm of the functioning embryo sac has produced as many as thirty two or 
more nuclei, and its four nuclei are often arranged in a line with the antipodals, 
as though they were associated together for some purpose.

§ 2. Formation of the generative and male cells.
T he formation o f the tube and generative cells, and the division o f the latter

into two male cells in the pollen tube agrees more or less with the detailed accounts 
given by W e l s f o r d  (1913) and others, for Ltlium and other plants. A s in Lilium, 
the generative cell is always in middle to late prophase when it enters the pollen tube. 
It never divides in the pollen grain. T he male nuclei formed as the result o f this 
division never pass into a complete resting stage, but retain a thick chromatic reti
culum characteristic o f middle prophase ( W e l s f o r d ) or o f telophase ( N a v a s c h in ,

1910). T he male nuclei are apparently organised into cells in the pollen tubes, as 
in Lilium ( W e l s f o r d ) but are discharged into the embryo sac as naked nuclei. T he  
presence o f male nuclei, and not cells, in the embryo sac appears to be characteristic 
o f angiosperms ( G u ig n a r d , 1891, 1899 et seq. ; M o t t ie r , 1898, 1904; N a v a s c h in , 

1899, 1910; S t r a s b u r g e r , 1900; S a x , 1916; N o t h n a g e l , 1918, etc.) but male cells 
have been found in the embryo sac in Vallisneria ( W y l i e , 1923), Pinus ( F e r g u s o n , 

1901), Cypripedium (P a c e , 1907), Asclepias ( F i n n , 1925) and a few other forms. N o  
male cytoplasm has been seen definitely entering the egg cytoplasm, although W y l ie  

considers it possible that some or all o f it does so in Vallisneria. In Scilla nonscripta 
the male nuclei are apparently com pletely naked at the time o f fusion.

§ 3. Fertilisation and triple fusion.
There have been very few detailed accounts o f fertilisation since the burst 

of enthusiastic research which followed N a v a s c h in ’s (1898) and G u ig n a r d ’s (1899) 
reports on the occurrence o f double fertilisation in angiosperms, and which appeared 
to end abruptly in 1918. Later papers published by W y l ie  (1923) and F i n n  (1925) 
are concerned mainly with the organisation o f male cells, and either merely outline 
or omit the problems o f fertilisation. In spite o f this cessation o f interest, there still 
remain several gaps in our knowledge o f fertilisation and the subsequent divisions. 
As S h a r p  (1926 p. 321) points out, meiosis and syngamy are the two crises in the life o f  
a plant. M eiosis has deservedly attracted a great deal o f detailed investigation, and it 
is probable that fertilisation would also repay a little close study with modern tech
nique.

Tw o main problems confront the student o f the details o f fertilisation :
1 ° the exact processes involved in the nuclear fusion : 2 ° the stages passed 

through in the nuclei during nuclear division in the embryo and endosperm. These 
two problems necessarily overlap if  a true resting stage does not occur between fusion  
and division, for in this case the chromosomes entering into the fusion nucleus prepare 
immediately for the following division.

T he first accounts o f fertilisation in angiosperms stated that the male and 
female nuclei both entered into fusion in the resting condition. T he membrane
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between them broke down, and their contents mingled together in a common mass 
( G u ig n a r d , 1891; N a v a s c h in , .1898, 1899; E r n s t , 1902; M o t t ie r , 1904, etc.).
In 1899, G u ig n a r d  figured the reticulum of the male nucleus o f Scilla as a deeper
staining mass just inside the membrane o f the egg nucleus, but he does not stress 
its importance. The first paper to arouse interest in the finer details o f fusion and 
subsequent division was on Pinus strobus by F e r g u s o n  (1901, 1904). This paper re
mained as a classic, referred to by most subsequent workers on fertilisation. The  
male nucleus applies itself to the female nucleus and loses its dense structure, passing 
into resting stage. T he egg is also in resting stage. T he two nuclei do not fuse, 
however, but each passes into early prophase, and it is not until late prophase that 
the membranes between them break down. Fusion and division therefore overlap in 
this plant.

P a c e  (1907) stated that although in Cypripedium fusion in the resting stage is 
usual, it is not uncommon to find separate « spiremes » already well advanced before 
the membrane between the fusing nuclei breaks down. She finds that this is true in 
this plant not only o f the fusion between the egg and sperm, but also o f triple fusion. 
In one preparation she found that the « spiremes » o f the male and female nuclei
had almost formed distinct chromosomes before they came into contact with one
another. She presumed that they then pass immediately into metaphase. S a x  (1916, 
1918) finds similar stages to these in Fritillaria.

B l a c k m a n  and W e l sf o r d  (1914), in describing the fertilisation o f Lilium 
stated that the sperm is in a condition corresponding to prophase and the egg nucleus 
is usually resting, but that occasionally the latter may pass into a very early prophase 
stage before fusion. N o t h n a g e l  (1918) and W e n ig e r  (1^18) confirm this for Lilium. 
During triple fusion in Trillium N o t h n a g e l  finds that the three nuclei are resting 
when they come into contact, but usually form separate spiremes before the nuclear 
membranes between them break down.

In Triticum, S a x  (1 9 1 8 )  finds that the male nucleus is in prophase of division 
when it fuses with the egg, appearing as a dark homogeneous body against the m em 
brane o f the egg, which is in a resting condition. After fusion, the male nucleus 
increases in size, and forms a distinct compact « spireme » inside the nuclear m em 
brane (cf. Scilla). M eanwhile the egg nucleus enters into early prophase, and the 
two nuclear « spiremes » ultimately divide. The sperm therefore never rests after its 
fusion with the egg. Triple fusion is essentially similar in its stages.

In all these cases cited above, the male nucleus either fuses with the egg in 
resting stage, or one or both of them are in prophase o f division. In the latter case 
they pass directly into the succeeding division stages, with no intervening resting 
period. M a d g e  (1929), however, in a paper on fertilisation in the cleistogamous flower 
o f Viola, reports several interesting divergences from the normal procedure. The male 
nucleus is in « spireme » when it comes into contact with the resting egg nucleus. 
As it enters the egg the spireme gradually loosens and spreads through the egg nu
cleus, at the same time staining more and more faintly. Finally, all distinction be
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tween the male and female chromatin is lost, and the fertilised egg rests for a time. 
A  similar sequence is found during triple fusion. M ost previous investigators have 
reported a rapid fusion of all three nuclei into a common endosperm nucleus (either 
the sperm nucleus and one polar fusing first, and then fusing with the second polar 
—  e.g. in Lilium as reported by W elsfo rd  —  or else all three nuclei fusing to 
gether —  as S a x  described for Fritillaria). In Viola, on the other hand, the male 
nucleus and one polar fuse and rest, whilst the second polar nucleus may still remain 
quite distinct, pressed against the other two but not fused with them. A  definite 
membrane, however, is not found between the two polar nuclei at this stage, and 
their fusion occurs very early in the prophase o f division.

This report agrees in most essentials with that recorded for Scilla nonscripta. 
In this plant at the time o f fertilisation, the male nucleus is in a stage corresponding 
to middle prophase in the thickness o f its chromatin threads, whilst the egg is in 
resting condition. T he male reticulum remains perfectly distinct inside the membrane 
o f the egg nucleus, but gradually loosens and spreads out. A t the same time its 
threads become thinner until they finally approximate in appearance to those o f the 
female nucleus, and distinction between the two is lost. T he fertilised egg then rests 
before entering into the prophase o f division. Since no true resting stage was formed 
after the division o f the generative cell in the pollen tube, the male nuclei may be 
said to correspond to telophase nuclei, their resting stage having been postponed  
until after fertilisation has occurred.

T he second male nucleus and one polar pass through similar stages o f fusion 
as do the male and egg nuclei, and finally rest. T he second polar, however, although 
united with the fertilised polar nucleus, remains perfectly distinct from it until the 
late prophase o f the ensuing division, a definite nuclear membrane being readily 
distinguishable between them. This is very similar to M a d g e ’s findings for Viola, 
but the line o f demarcation between the two polars after fertilisation is even greater, 
and this common membrane between them does not break down until a considerably 
later stage o f division. It is interesting, however, that such a similarity in essentials 
should be found in two such totally unrelated plants, and indicates that other plants 
will probably reveal similar stages. The postponement o f actual fusion between the 
three nuclei involved in the production o f endosperm, until late in their prophase o f  
division, is o f significance in any theoretical discussion on the nature o f triple fusion.

§ 4. Early nuclear divisions of the embryo and endosperm.
T he changes involved during the early division o f the fertilised egg and polars 

are also o f considerable interest. In 1891, G u ig n a r d  described the early prophase o f a 
fertilised egg as showing distinct male and female « spiremes », which later « seg
mented » into two groups, each containing twelve chromosomes. Tw elve were on the 
upper side o f the equator o f the spindle, and twelve on the lower side, and G u ig n a r d  

supposed from a study o f earlier stages, that the upper group represented the maternal 
chromosomes whilst the lower ones were contributed by the male. This early account, 
however, was unaccompanied by illustrations, and was overshadowed by the investi-
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g âtion s o f  later w orkers. N ava sc h in  (1898, 1899), E rn st  and M o tt ie r , all su p p o sed  

that th e  m ale and  fem ale  ch rom atin  m in g led  and fu sed  co m p lete ly , so  that n o  p a 

rental grou p s cou ld  b e d istin g u ish ed  in  th e  fo llo w in g  p rop hase.

Meanwhile, workers on animals, and on groups o f plants other than angio
sperms, were reporting the separate entity o f the male and female chromosome sets 
during prophase o f the first division. Such reports were made by K ruch  (1891) 
for Riella ; R uckert  (1895) for Cyclops ; H aecker  (1896) for Cyclops ; C o n k l in  (1901) 
for Crepidula ; B lackm an  (1898) for Pinus; C h a m b e r l a in  (1899) for Pinus; M urrill  

(1900) for Tsuga ; N o r e n  (1907) for Juniperus, and many other investigators suppor
ted them. The most stimulating publication was by F erg uso n  on Pinus, already
referred to in the preceding section. The male nucleus in Pinus remains in contact 
with the female nucleus without fusing, and later they each form their separate 
« spiremes ». The membrane between them does not break down until late prophase, 
and the two groups o f chromosomes remain separate until they are drawn on to 
the metaphase spindle. After this, the male and female chromosomes can no longer 
be distinguished, but the two groups reappear once more in the following prophase. 
It is therefore probable that they remain separate although they are not visibly ar
ranged into two groups between metaphase and telophase, (cf. Scilla).

In 1915 H u t c h in s o n  put forward a very different conception o f the division 
following fertilisation. According to his account o f fertilisation in Abies balsamea, the hom o
logous chromosomes from the male and female nuclei paired at the metaphase o f the 
first division, twisted round each other, and segmented transversely at anaphase, so 
that paired halves passed to each pole. In 1916, C h a m b e r l a in  reported a similar 
pairing in Stangeria paradoxa, but he does not explicitly state that there is a trans
verse segmentation during the first division. W e n ig e r  (1918) put forward the same 
idea for Lilium. It may safely be stated at the present time, however, that the con
ception o f transverse splitting o f the chromosomes is contrary to all cytological and 
genetical work, and may be discarded. Single chromosomes possessing median con
strictions were probably confused with pairs o f whole ones. It is still uncertain, 
however, whether the pairing o f homologous chromosomes may not sometimes occur 
at this stage, and the subject is worthy o f fresh investigation. N o trace o f such pai
ring has ever been found in Scilla, and longitudinal splitting o f individual chromo
somes most certainly occurs.

Sax  (1918) investigated Fritillaria and Triticum w ith special reference to the 
behaviour o f the chromosomes after fertilisation. In Fritillaria the chromosomes show  
no indication o f grouping during prophase or subsequent stages, either in the early 
nuclear divisions o f the embryo or o f the endosperm. In Triticum, however, the 
male nucleus forms a compact spireme inside the egg nucleus, and the latter sub
sequently also enters into prophase. T he two separate groups are finally drawn on 
to the metaphase plate, where all distinction between them is lost. During triple 
fusion, three separate spiremes are produced and the three groups (in contrast with  
the chromosomes in the division o f the embryo) remain distinct even at metaphase. 
Later division stages of the embryo and endosperm were unfortunately not investi

gated.
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N o th n a g e l  (191.8) gave a careful account o f chromosome behaviour after 
fertilisation in Trillium and Lilium, In the first division o f the endosperm three se
parate spiremes can be clearly distinguished, and have frequently begun to appear 
even before the breaking down o f the nuclear naembranes between the three fusing 
nuclei. A  tripolar spindle is formed, which later becomes bipolar, and as this occurs, 
the chromosomes from the third arm are gradually pulled into line with the other 
two groups. T he three groups o f chromosomes are no longer visibly separate at 
metaphase, and their arrangement on the spindle is uncertain. The same grouping 
reappears in the prophase o f the next division, however, and again at the third divi
sion o f the endosperm o f Trillium, N o later stages were obtained.

Similarly, in the first division o f the embryo, two separate thick spiremes 
are formed, giving an appearance very like that found in Scilla. T he two sets o f  
chromosomes are still separate after the disappearance of the nuclear membrane. A  
spindle is apparently formed about one group and the other one is pulled on to 
it, but the arrangement o f the chromosomes at metaphase was not determined, nor 
were later stages in the division o f the embryo investigated.

M adge  (1929) finds in Viola that the first division o f the endosperm shows 
two separate « spiremes », and not three as other investigators have described. T he  
chromosomes then collect on the spindle in two groups, which are side by side and 
at right angles to each other. T he diploid number o f chromosomes is present in 
one group, and the haploid number in the other, and the two sets remain distinct 
throughout telophase. Suggestions o f two groups o f chromosomes are seen for the 
first few divisions o f the endosperm and as a correlated phenomenon, the resting 
nuclei show either one large nucleolus and one small one, or three spherical nucleoli 
o f equal size. T his is the first description o f two groups o f chromosomes in the 
early nuclear divisions o f endosperm formation, and suggests that the fusion between 
the male nucleus and the first polar nucleus must be an extremely close one. The 
relation o f the number o f nucleoli to the separate chromosome groups is similar to 
that found in Scilla, where either three single nucleoli are formed in one endosperm  
nucleus, or one large nucleolus and one small one. It suggests a direct relationship 
between the nucleoli and the chromosomes, but the nature o f this is difficult to de
cide, and is probably merely nutritive ( F ik r y , 1930).

It is clear therefore that most o f the investigated cases show a grouping for 
at least the first nuclear division o f the endosperm and fertilised egg, but the total 
mass o f our knowledge remains extremely scanty. Sa x , N o t h n a g e l , W e n ig e r  and 
M a d g e  all find that in the first division o f the endosperm nucleus separate spiremes 
are formed. Sa x , N o th n a g e l  and W e n ig e r  finding three haploid groups and M adge 

finding one diploid and one haploid group. A t metaphase, the grouping may remain 
visibly distinct (Sa x , M a d g e) or may apparently be lost ( N o t h n a g e l , W e n ig e r ). 

A  lack o f visible distinction, however, need not necessarily mean a complete mingling 
o f the chromosome sets, for N o th n a g e l  finds that the three groups reappear once 
more in the prophase o f the second and third endosperm divisions o f Trillium, There
fore the three sets are still distinct in the third division here, and there are indica-

38



284 G V. HOARE 18

tions that the grouping still remains for the first few divisions o f Viola. Sax and W e 

n ig e r  do not follow the problem in their material beyond the first metaphase. There 
are indications, however, from these incomplete accounts that the groups o f chromo
somes combining at triple fusion may frequently not intermingle until at least several 
divisions have elapsed. This surmise has been confirmed for Scilla. The three sets 
can still be identified on the metaphase plate (although at first sight each group as 
such cannot be distinguished from the mass) even when the dividing endosperm has 
produced 128 nuclei or more. It therefore seems probable that in this plant the 
chromosomes o f the three component groups never intermingle in the endosperm tissue. 
It would be interesting to obtain comparable data from other plants.

Two distinct chromosome groups at the prophase o f the first division o f the 
embryo have been identified by G u ig n a r d , P a c e , Sa x , N o th na g el  and W e n ig e r , 

and are presumably derived from the maternal and paternal nuclei after their fusion. 
None o f these investigators, however, pursue the subject beyond the metaphase of 
the first division, by which time all obvious grouping has been lost. It may be re
called, however, that F erg uso n  lost all evidence o f separate male and female sets 
o f chromosomes at the metaphase o f the first division in the embryo of Pinus, yet 
in the second division o f the embryo they reappeared. A  lack of grouping which is 
visible to the casual glance is therefore no criterion that the chromosome sets have 
intermingled. This can only be determined by a study o f the relative positions of 
the chromosome types which make up the haploid complement. Adopting this method  
for Scilla nonscripta, it has been found that the chromosomes remain in two distinct 
groups on the metaphase plate o f the first division, but that at telophase, an inter
mingling has begun to occur and the chromosomes contributed by one nucleus at 
fertilisation cannot readily be separated by a single bounding line, from those contri
buted by the other nucleus. A t the second division o f the embryo, no evidence o f  
grouping has been found, but a sufficient number o f convincing examples have not 
been procured to permit o f a dogmatic generalisation on this subject. It is probable 
that in Scilla intermingling begins to occur after the first metaphase, but it is un
likely that it will begin at exactly the same time, or continue at the same rate in  
all young Scilla embryos. T he number o f chromosomes crossing over into another 
group will probably depend on a chance arrangement o f the spindle fibres. F erg uso n  

believes that the chromosome sets probably remain permanently separate in Pinus. 
It would be very interesting to discover what is the usual rate o f intermingling o f  
chromosomes in plants, and whether the two haploid sets are ever separate throughout 
the somatic divisions. In Scilla they are apparently associated at random in all divi
sions after the first.

It is curious that although intermingling occurs among the chromosomes o f  
the embryo, the three haploid sets always apparently remain separate in the division 
o f the endosperm. T he fact that the three groups are not visibly distinct as such 
at metaphase indicates that there is probably no actual repulsion between them. 
Perhaps the spindle fibres belonging to the individual sets can never mingle for 
some reason —  but this cannot be decided by ordinary cytological methods. The
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fact that wherever the divisions o f the endosperm have been studied in detail 
(Triticum, Viola, Scilla) separate grouping has been found, makes it seem probable 
that it often occurs.

Further investigations are much needed on this subject. A t the moment gene
ralisations are difficult and theorising a little premature, with such a limited number 
o f facts at our disposal.

SUM M AR Y.

1 . T he development o f the microsporangium and megasporangium is described, 
also the nuclear division in, and the germination of, the pollen grain, the development 
o f the embryo sac, fertilisation and the early divisions o f the embryo and endosperm  
tissue.

2 . N ew  facts, and facts o f especial interest gleaned during the investigation 
are the following :

a) T he megaspore mother cell divides into two cells, the upper o f which  
becomes the embryo sac whilst the lower one becomes an « antigone ». T he upper 
cell ultimately contains eight nuclei and the lower one four, these latter remaining 
active in appearance until after fertilisation.

b) T he nuclear divisions in the male and female gametophytes show a regular 
alternation in time, the female generally lagging behind the male.

c) A t fertilisation, the egg nucleus is spherical and either resting or in early 
prophase ; the male nucleus is vermiform, much smaller than the egg nucleus and in 
a condition corresponding to late prophase, but which is in reality the previous 
early telophase. T he membrane between the two nuclei breaks down and the reti
culum from the male nucleus gradually spreads through the egg nucleus. T he chro
mosome threads from the male nucleus are at first quite distinct, but they gradually 
become thinner and fainter until all distinction between the male and female nuclei 
is lost, and the fusion nucleus rests for a time.

d) T he two polar nuclei unite but do not fuse. The second male nucleus 
fuses with one polar nucleus, the stages o f fusion resembling those which occur
during the fertilisation o f the egg.

e) After a short period o f rest, the fertilised polars pass into the prophase 
o f division, each polar nucleus forming distinct chromatic threads. A  thicker and more 
deeply stained group o f threads appears towards the side o f one polar nucleus, and 
represents the chromosomes o f the male nucleus. T he wall between the two polar 
nuclei breaks down for the first time in late prophase, but the three chromosome
groups remain separate throughout this and subsequent nuclear divisions, and are
still distinct from one another even at the seventh division. It is therefore presumed 
that they never mingle at any time during the nuclear divisions o f the endosperm. 
There is no evidence o f grouping, as such, on the metaphase plates, but the three 
chromosome groups are identifiable through the eight types o f chromosome which  

make up the haploid complement.
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/ )  During the division o f the fertilised egg, the chromosomes o f the male 
nucleus are at first distinct from those o f the egg, but during the first telophase the 
two groups begin to mingle together. N o evidence o f grouping has been found in  
the second nuclear division o f the young embryo or at later stages o f development. 
It is therefore presumed that the chromosomes contributed by the female and male 
nuclei at fertilisation mingle at random after the first division o f the embryo.

3. The relation o f this work to that o f other investigators is discussed.

The author wishes to express her sincere thanks to the Department o f Scien
tific and Industrial Research for the provision o f a grant which has made this investi
gation possible.
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E X P L A N A T I O N  O F  P L A T E S .

All drawings were made with the aid of a camera lucida, using a Z e is s  2  mm. 

apochromatic objective N. A .  1 .4  and compensating oculars K4  ( x  5 ), KS  ( x  1 0 ), or 

K12  ( X 1 5 ). Magnification : X 1 8 0 0 , except fig. 12  ( X  1 2 0 0 ), figs. 3 and 5 ( X  6 0 0 ) .

PLATE I.

FIGS. 1-5. Developm ent o f embryo sac.
FIG. 1. Longitudinal section o f 2 -nucleate embryo sac with smaller 2 -nucleate 

antigone at chalazal end, showing telophase o f second meiotic division o f megaspore 
mother cell. T he cell wall between embryo sac and antigone was formed after the 
first meiotic division.

FIG. 2 . T he same, showing metaphase o f first division after meiosis.
FIG. 3. Embryo sac and antigone each 4-nucleate. Embryo sac much enlarged.

The fourth nucleus o f the antigone is in the next section. The nuclei o f the embryo 
sac have been cut through by the microtome knife.

FIG. 4. Cross section through chalazal pair o f nuclei in 4-nucleate embryo
sac, showing telophase o f the next division.

FIG . 5. 8 -nucleate sac with polar nuclei approaching one another : egg appa
ratus not yet organised. T he 4 -nucleate antigone develops no further.

FIGS. 6-16. Nuclear division in pollen grain and pollen tube.
FIG . 6 . Young pollen grain with single nucleus resting and showing nucleolar

budding.
FIG. 7 . T he same, with nucleus in early prophase o f first division after meiosis.
FIG . 8 . T he same in metaphase, showing the eight characteristic chromosomes A -H .
FIG. 9. T he same in telophase.
FIG . 1 0 . Pollen grain with tube nucleus and smaller generative nucleus.
FIG. 11. The same, with tube nucleus spherical and lightly stained, and gene

rative nucleus elongated and deeply stained.
FIG. 1 2 . Germination of pollen grain : generative nucleus in early prophase,

tube nucleus not shown.
FIG . 13. Pollen tube in the style : generative nucleus in late prophase.
FIG. 14. T he same : generative nucleus in early anaphase.
FIG. 15. T he same : generative nucleus in telophase.
FIG . 16. The same : w ith two male nuclei formed.

PLATE II.

FIGS. 17-22. Fertilisation.
FIG. 17. Egg nucleus and two male nuclei in embryo sac.
FIG . 18. Male nucleus coiled about egg nucleus : egg nucleus in resting stage; 

male nucleus in stage which is either late telophase or early prophase (there is no 
resting stage).
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FIG . 19. Micropylar end o f embryo sac showing one synergid, and the egg 
at the beginning o f fusion with a sperm : membrane between egg and sperm breaking 
down.

FIG. 2 0 . Fusion : membrane broken down.
FIG . 2 1 . Fusion : male reticulum mingling with female reticulum but still

clearly distinct.
FIG . 2 2 . Fusion : male reticulum less distinct from that o f female.

FIGS. 23-25. Triple fusion.
FIG . 23. Male nucleus coiled about one o f the polar nuclei. (Other polar 

not shown.)
FIG. 24. A  later stage : male reticulum distinct.
FIG . 25. A  later stage : male reticulum less distinct. (Second polar in next

section.)

FIGS. 26-28. Developm ent o f endosperm.
FIG . 26. Late prophase o f first division o f the triple fusion nucleus : m em 

brane between the two polars just breaking down (shown at m.). T he chromosomes 
shown crowded at the centre o f the figure are the male chromosomes.

FIG . 27. An early metaphase of the fourth division, showing three distinctly 
recognisable groups o f chromosomes A -H , A '-H ', A"-H"'.

FIG . 28. A  metaphase plate o f the seventh division drawn from an embryo 
sac containing about 128 endosperm nuclei : the three groups o f chromosomes still 
distinct.

FIGS. 29-31. Developm ent o f embryo.
FIG . 29. Early prophase o f first division o f fertilised egg : showing two 

distinctly recognisable groups o f chromosomes A -H , A '-H '.
FIG . 30. Metaphase o f same division : the two groups o f chromosomes still 

distinct.
FIG . 31. Telophase o f same division : the two groups o f chromosomes b e

ginning to mingle.
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SEED PRODUCTION IN HYDROGHARIS  M0R3US-RMAS. 

INTRODUCTION.

A lth o u g h  H y d ro c h a r is  m o r s u s - ra n a e  i s  n o t  uncommon i n  

th e  ponds and d i t c h e s  o f  B r i t a i n ,  t h e r e  have b ee n  few 

e x t e n s iv e  i n v e s t i g a t i o n s  i n t o  i t s  l i f e  h i s t o r y ,  and two 

p ro b lem s i n  p a r t i c u l a r  s t a n d  o u t  a s  w o r th y  o f  f u r t h e r  s tu d y :  

( i )  th e  r e p u t e d  r a r i t y  o f  s e e d  p r o d u c t i o n ,  (2) th e  d i o e c i o u s  

o r  m on o ec io u s  h a b i t .

I t  i s  commonly s t a t e d  t h a t  H y d ro c h a r i s  m o r s u s - r a n a e  d o es  

n o t  s e t  s e e d  i n  E n g la n d .  H ooker (1884 p . 382) w r i t e s :

" F r u i t s  I  have  n o t  s e e n " .  M rs .A rb e r  (1 9 2 0 , p . 46 ) s t a t e s  t h a t  

" th o u g h  th e  f lo w e r s  o f  F r o g b i t  a re  n o t  uncoimnon, se e d  i s  

h a r d l y  e v e r  s e t  i n  t h i s  c o u n t r y .  The r i p e n e d  s e e d  sbg 

v e s s e l s  a r e  to  be found , h o w e v e r , i n  C o n t i n e n t a l  s t a t i o n s " ^  

She h e r s e l f  h a s  n e v e r  fo u n d  f r u i t s  i n  E n g la n d .  The B r i t i s h  

Museum, h o w ev e r,  h ad  i n  1931 f o u r  s e e d s  i n  i t s  p o s s e s s i o n ,  

s e n t  from  G la s to n b u r y  i n  1926 , so t h a t  i t  i s  a p p a r e n t  t h a t  

s e e d s  a re  som etim es s e t  u n d e r  c e r t a i n  g iv e n  c o n d i t i o n s .

I t  i s  s t i l l  u n c e r t a i n  w h e th e r  th e  p l a n t  i s  m onoecious 

o r  d i o e c i o u s .  I t  a p p e a r s  s u p e r f i c i a l l y  to  be d i o e c i o u s  and 

h a s  b e e n  d e s c r i b e d  a s  su ch  in  many o f  th e  s t a n d a r d  f l o r a s  

and t e x tb o o k s  (H ooker, 1884 ; E n g le r  and P r a n t l  I8895 

Warming 1095 ; W i l l i s  I 9 1 9 , ) One o f  th e  f i r s t  i n v e s t i g a t o r s  

to  th ro w  d o u b t  upon i t s  d io e c is m  was L in d b e rg  ( I8 7 3 )  who 

s u g g e s te d  t h a t  i n  r e a l i t y  th e  p l a n t  i s  e i t h e r  m onoecious  o r



monoico -  f e m a le ,  and fo u n d  t h a t  i f  he rem oved th e  m ale and 

f e m a l e " p l a n t s "  from  th e  w a te r  w i th o u t  b r e a k i n g  th e  s t o l o n s  

c o n n e c t in g  them , t h e y  p ro v e d  to  be s h o o ts  b e lo n g in g  to  th e  

same b r a n c h in g  v e g e t a t i v e  sy s tem  and were n o t  s e p a r a t e  

i n d i v i d u a l s .  S i m i l a r l y  T u sc h n ja k o v a  ( I9 2 9 )  s t a t e s  t h a t  th e  

p l a n t s  she s t u d i e d  were m o n o e c io u s ,  b u t  she a l s o  n o t e s  t h a t  

d io e c i o u s  fo rm s do e x i s t  i n  th e  Moscow B o ta n ic  G a rd e n s .  

N a v a sc h in  h a s  fo u n d  s e p a r a t e  p a t c h e s  o f  m ale and fem a le  

p l a n t s  i n  Soujth R u s s i a ,  from  w h ich  i t  may be i n f e r r e d  t h a t  

t h e y  a re  p r o b a b ly  d i o e c io u s  t h e r e .  I t  i s  i n t e r e s t i n g  i n  

t h i s  c o n n e c t io n  to  n o te  t h a t  t h e r e  i s  i n  th e  B r i t i s h  Museum 

a spec im en  o f  H y d ro c h a r i s  C h e v a l i e r i ,  An A f r i c a n  s p e c i e s ,  

w i th  two " p l a n t s " ,  b e a r i n g  a  m ale f lo w e r  and a  f r u i t  

r e s p e c t i v e l y ,  c o n n e c te d  t o g e t h e r  by  a r u n n e r .  T h is  s p e c i e s  

i s  o b v io u s ly  m onoecious  and i t  i s  s a i d  t h a t  c e r t a i n  A m erican  

s p e c i e s  a r e  a l s o  m o n o e c io u s .  Such f a c t s  l e n d  a d d i t i o n a l  

w e ig h t  to  th e  r e p u t e d  monoecism o f  H y d ro c h a r i s  m o r s u s - r a n a e . 

I t  i s  e v i d e n t  t h e r e f o r e  from  t h i s  r e v ie w  t h a t  th e  d io e c is m  

o r  monoecism o f  H. m o r s u s - r a n a e  i s  by  no means c o n c l u s i v e l y  

e s t a b l i s h e d ,  and may p o s s i b l y  v a r y  from  one l o c a l i t y  to  

a n o t h e r ,

THE PRESENT STUDY.

P l a n t s  o f  H y d ro c h a r is  m o r s u s - r a n a e  have b e e n  exam ined 

b o th  i n  th e  hope o f  th ro w in g  some l i g h t  on th e  p ro b lem  o f

^  I n  th e  H erb a r iu m  o f  th e  B r i t i s h  Museum: H y d ro c h a r i s  

C h e v a l i e r i  (De W ild ) Dandy, T r o p i c a l  A f r i c a ,  Cameroons, 

B a te s  960.



t h e i r  d io e c i s m ,  and o f  a s c e r t a i n i n g  w h e th e r  th e  l a c k  o f  

s e e d  can  be c o r r e l a t e d  w i th  any a b n o r m a l i t i e s  i n  th e  

d ev e lo p m e n t o f  th e  p o l l e n  g r a i n  o r  embryo s a c .  An u n e x p e c te d  

and  i n t e r e s t i n g  f e a t u r e  o f  th e  r e s e a r c h ,  h o w ev e r ,  h a s  b e e n  

th e  p r o d u c t io n  o f  r i p e  f r u i t s  and se e d s  i n  b o th  y e a r s  i n  

w h ich  s y s t e m a t i c  i n v e s t i g a t i o n ; ^  h a s  b ee n  made,

MATERIAL AND kiSTHODS •

P l a n t s  o f  H y d ro c h a r i s  m o r s u s - ra n a e  grow i n  a  s e m i-w i ld  

c o n d i t i o n  i n  th e  B o ta n ic  G arden  o f  R o y a l H o llow ay  C o l l e g e ,  

and f lo w e r  p l e n t i f u l l y  each  y e a r .  The f i r s t  m a t e r i a l  

o b t a in e d  was c o l l e c t e d  and f i x e d  ro u g h ly  i n  A ugust 19 jO . 

F u r t h e r  c o l l e c t i o n s  were made i n  th e  summers o f  1931 , 1932 

and 1933 sind f i x e d  i n  a  v a r i e t y  o f  w ays.

The m ethods o f  f i x i n g  and s t a i n i n g  em ployed w ere 

s i m i l a r  to  th o s e  a l r e a d y  d e s c r i b e d  f o r  S c i l l a  n o n s c r i p t a .  

S ta g e s  o f  m e io s i s  i n  th e  p o l l e n  m o th e r  c e l l s  w ere s t u d i e d  

p a r t l y  by  means o f  p o l l e n  sm e a rs .  I t  h a s  b e e n  fo u n d ,  

h o w ev e r , t h a t  th e  s m a l l  s i z e  o f  th e  a r c h e s p o r iu m , th e  s m a l l  

s i z e  and d e l i c a t e  n a t u r e  o f  th e  p o l l e n  m o th e r  c e l l s  and th e  

t e n a c i t y  w i th  w h ich  th e s e  c l i n g  t o g e t h e r ,  do n o t  l e n d  t h e m - - 

s e l v e s  v e r y  r e a d i l y  to  th e  sm ear m e thod , w h ich  was t h e r e f o r e  

su p p le m en te d  by  f i x i n g  whole b u d s ,  and th e n  em bedding and 

c u t t i n g  them i n  th e  u s u a l  way. S e c t io n s  w ere c u t  from  12-  

l6yLL , t h i s  b e in g  th e  minimum, t h i c k n e s s  w hich  p e r m i t s  th e  

p r e s e r v a t i o n  o f  whole n u c l e i .  N u c le a r  d i v i s i o n s  i n  th e  

p o l l e n  g r a i n s  w ere s t u d i e d  m a in ly  by  th e  sm ear m e th o d ,



w hich p ro v ed  p r a c t i c a b l e  a t  t h i s  s t a g e .

OBSERVATIONS.

Som a t ic  m i t o s i s .

R oot t i p s  were c u t  and th e  m etaphase  p l a t e s  exam ined .

The chromosome ty p e s  a p p a r e n t ly  a g re e  w i th  th e  a c c o u n t  o f  

them g iv e n  by  T u sch n jak o v a , There a re  f o u r t e e n  p a i r s  o f  

chromosomes in  th e  d i p l o i d  so m a tic  com plem ent. Of t h e s e ,  

one p a i r  i s  l a r g e  v / i th  s u b te r m in a l  a t ta c h m e n t  c o n s t r i c t i o n s ,  

and a re  t h e r e f o r e  J  -  shaped  as  th e y  p a s s  to  th e  p o l e s ;  

th o s e  o f  a n o th e r  p a i r  a re  l a r g e  w i th  m edian a t ta c h m e n t  

c o n s t r i c t i o n s , ,  so t h a t  th e y  a re  U -  shaped  a t  anaphase  ; 

w h i l s t  th e  o t h e r  chromosomes a re  s m a l l e r ,  and assume 

a p p ro x im a te ly  U o r  J  s h a p e s ,  a c c o rd in g  to  th e  p o s i t i o n  o f  

th e  a t ta c h m e n t  c o n s t r i c t i o n .

D evelopm ent o f  th e  p o l l e n  m o ther  c e l l s  and pol l e n  g r a i n s .

The a r c h e spo rium  i s  a l r e a d y  d i f f e r e n t i a t e d  when th e  

f lo w e r  buds a re  s t i l l  e x t re m e ly  s m a l l .  L e p to te n e  and 

zyg o ten e  a re  n e se ed  th ro u g h  f a i r l y  r a p i d l y ,  b u t  p a c h y te n e  i s  

o f  c o n s id e r a b ly  d u r a t i o n ,  and i s  f r e q u e n t l y  accom panied  by  

a w e l l  -  marked " c o n t r a c t i o n " .  From zygo tene  to  p ac h y ten e  

th e  n u c le u s  a p p e a rs  to  "bud" v ig o r o u s ly  i n t o  th e  c y to p la sm , 

a g r e e in g  in  t h i s  w i th  th e  s i m i l a r  phenomenon fo u n d  in  e a r l y  

p ro p h a s e s  o f  S c i l l a  n o n s c r i p t a .  I t  i s  p o s s i b l e  t h a t  n u c l e o l a r  

b u d d in g  a t  p ro p h ase  i s  more w id e s p re a d  th a n  h a s  b ee n  commonly 

su p p o se d ,  b u t  th e  cau se  o f  such b u d d in g  re m a in s  o b s c u re .  The



n u c l e o l i  do n o t  p e r s i s t  beyond d i a k i n e s i s  ( c f  * a g a in  S c i l l a  

n o n s c r i p t a . )  From d i p l o t e n e  to  m etaphase  th e  s t a g e s  a re  

p a s s e d  th ro u g h  w i th o u t  any f e a t u r e  o f  s p e c i a l  i n t e r e s t .

Sex chromosomes have been  so u g h t  f o r ,  b u t  have n o t  been  

i d e n t i f i e d .  The chromosomes a re  to o  s m a l l  and condensed  a t  

t h e s e  s t a g e s  f o r  t h e . ty p e s  o f  c h ia s m a ta  f o rm a t io n  to  be 

c l e a r l y  d i s t i n g u i s h e d ,  b u t  th e  number o f  c h ia s m a ta  form ed 

v a r i e s  as  a r u l e  betv /een  one and t h r e e  and i s  r a r e l y  f o u r  

i n  th e  two l a r g e  p a i r s .  Where t h e r e  i s  one ch iasm a i t  i s  

i n t e r s t i t i a l  and th e  b i v a l e n t s  a re  c r o s s  -  shaped  a t  

m e ta p h a se .  Wliere t h e r e  a re  two o r  more c h ia s m a ta  fo rm ed , 

th e y  u s u a l l y  seem to  be t e r m i n a l i s e d  a t  m e ta p h a s e , so t h a t  

r i n g  s h (^ e d  b i v a l e n t s  a re  p ro d u c e d . Anaphase and t e lo p h a s e  

f o l lo w  th e  no rm al sequence  and a w a l l  i s  l a i d  do^/m betw een  

th e  two d a u g h te r  n u c l e i  fo rm ed . The second  d i v i s i o n  o f  

m e i o s i s ,  w hich  g iv e s  f o u r  p o l l e n  g r a i n s ,  th e n  o c c u r s ,  th e  

a n g le  a d o p te d  by th e  s p i n d l e s  show ing g r e a t  v a r i a t i o n  as  i n  

S c i l l a  n o n s c r i p t a .

The young p o l l e n  g r a i n s  round  o f f  from  one a n o th e r  and 

t h e i r  n u c l e i  r e s t  f o r  a  c o m p a r a t iv e ly  s h o r t  p e r i o d .  They 

th e n  e n t e r  i n t o  a f a i r l y  l e n g th y  p ro p h ase  o f  d i v i s i o n .  The 

n u c l e i  a re  v e r y  c l e a r  d u r in g  t h i s  and th e  e n s u in g  d i v i s i o n ,  

and th e  chromosome ty p e s  may be more e a s i l y  d i s t i n g u i s h e d .

A tu b e  and a g e n e r a t i v e  n u c le u s  a re  p roduced  and t h e i r  c e l l s  

a re  s e p a r a t e d  by a t h i n  membrane. The d i v i s i o n  o f  th e  

g e n e r a t i v e  n u c le u s  th e n  f o l lo w s  r a p i d l y ,  so t h a t  a n t h e r s  have



been  found  w hich in c lu d e d  p o l l e n  g r a i n s  a t  b o th  d i v i s i o n  

s t a g e s .  The two male n u c l e i  p roduced  a re  s m a l l  and d e e p ly  

s t a i n a b l e . They rem a in  more o r  l e s s  s p h e r i c a l  o r  s l i g h t l y  

o v a l  and a re  a p p a r e n t ly  n o t  o r g a n is e d  i n t o  c e l l s .  The tu b e  

n u c le u s  becomes s p h e r i c a l ,  s t a i n s  l i g h t l y ,  and r e s t s  

c o m p le te ly .  The p o l l e n  g r a i n  i s  shed  i n  t h i s  t h r e e - n u d e  a t e  

c o n d i t i o n .

The m a j o r i t y  o f  th e  n o l i e n  g r a i n s  f o l lo w  th e  above 

sequence  o f  d i v i s i o n ,  b u t  i t  i s  w o rth  r e c o r d in g  t h a t  a b o u t  

10% o f  th e  p o l l e n  seems to  be d e f e c t i v e ,  and s t a i n s  d e e p ly  

and u n i f o r m ly .  Such d e f e c t i v e n e s s  i s  u s u a l l y  c o n f in e d  to  

one whole an+her o r  to  a l l  th e  a n t h e r s  o f  a s i n g l e  f lo w e r ,  

o th e r  f lo w e r s  b e in g  p e r f e c t l y  h e a l t h y , ^  and i t  may show 

i t s e l f  e i t h e r  a t  th e  p o l l e n  m o the r  c e l l  s ta g e  o r  n o t  u n t i l  

th e  p o l l e n  g r a i n s  have b een  fo rm ed . Even th e  a p p a r e n t l y  

h e a l t h y  p o l l e n  g r a i n s  show a m ost u n u s u a l  v a r i a t i o n  i n  s i z e ,  

some b e in g  ab o u t tw ic e  t h e i r  no rm al s i z e  and o v a l  i n  sh a p e ,  

as  i f  m e io s i s  had  f a i l e d  and l e f t  d i p l o i d  n u c l e i .  These 

l a r g e  g r a i n s  have n o t  b een  found  c o n t a in i n g  chromosomes, 

how ever, t h e r e f o r e  th e  h y p o th e s i s  c a n n o t  be v e r i f i e d .  

D evelopme n t  of  th e  m egasporangium  and embryo s a c ,

The m egaspore m o th e r  c e l l  i s  u s u a l l y  two o r  t h r e e  l a y e r s  

deep  in  th e  n u c ê l l u s .  I t  i s  an i n t e r e s t i n g  p e c u l i a r i t y  

o f  th e  p l a n t  t h a t  in  a  l a r g e  number o f  o v u le s  -  a b o u t  jO -  

40% o f  th e  o v u le s  s t u d i e d  -  more th a n  one m egaspore m o th e r  

c e l l  i s  d i f f e r e n t i a t e d  i n  th e  n u c e l l u s  and e n t e r s  i n t o  th e



p ro p h ase  o f  m e io s i s .  U s u a l ly  two  m egaspore m other  c e l l s  a re  

th u s  p ro d u ced  in  th e  same o v u le ,  b u t  r a r e l y  t h e r e  may be 

th r e e  o r  even m ore. T h e i r  n u c l e i  d e v e lo p  as  f a r  as  p ac h y te n e  

a f t e r  w hich  th e  c h a l a z a l  one ( b u t  o c c a s i o n a l l y  th e  

m ic ro p y la r  one i n s t e a d )  co m p le te s  th e  m e io t ic  d i v i s i o n s  

and th e  o t h e r s  rem a in  i n  p a c h y te n e . The dorm ant m egaspore 

m o th e r  c e l l s  may p e r s i s t  unchanged u n t i l  th e  d e v e lo p in g  

one h as  com ple ted  m e io s i s  and t h r e e  m egaspores  have d e g e n e r 

a t e d ,  o r  th e y  may d e g e n e r a te  e a r l i e r .  I n  any c a se  th e y  

f i n a l l y  d e g e n e r a te  i n  t h e i r  t u r n .  L ess  commonly, more th a n  

one m egaspore m o th e r  c e l l  i n  an ov u le  may d e v e lo p  to  a

c e r t a i n  e x t e n t .  Where m e io s i s  o c c u rs  in  b o th  c e l l s  o f  a 
t w i n

" t n m " ,  one i s  u s u a l l y  s l i g h t l y  ahead  o f  th e  o t h e r  i n  

d ev e lo p m en t:  f o r  ex a m p le , one o v u le  exam ined showed th e  

m egaspore m o th e r  c e l l  n e a r e s t  th e  m ic ro p y le  i n  th e  anaphase  

o f  th e  f i r s t  d i v i s i o n ,  w h ile  th e  c h a l a z a l  one was i n  

m e ta p h a se .  "Tvfin" embryo s a c s  have a l s o  b een  fo u n d ,  each  

w ith  a row o f  d e g e n e r a t i n g  m egaspo res  ab o v e /th e m , and them 

s e l v e s  i n  v a r io u s  s t a g e s  o f  d ev e lo p m e n t.  A jtu r th e r  example 

o f  t h i s  i n t e r e s t i n g  te n d e n c y  tow ards  d u p l i c a t i o n  i n  t h i s  

p l c n t  i s  shown in  th e  d o u b le  o v u le s  w hich  have o c c a s i o n a l l y  

b een  d i s c o v e r e d .

Each m egaspore m o th e r  c e l l  p a s s e s  r a p i d l y  th ro u g h  

l e p t o t e n e  and z y g o te n e , b u t  th e  p a c h y te n e  s ta g e  i s  o f  

c o n s id e r a b le  d u r a t i o n  and h e re  to o  n u c l e o l a r  b u d d in g  i s  v e ry  

m arked . F^orther p h a s e s  from  d i p l o t e n e  to  th e  t e lo p h a s e  o f



th e  f i r s t  d i v i s i o n  f o l lo w  th e  norm al se q u en c e .  Ghiasma 

fo rm a t io n  i s  a g a in  d i f f i c u l t  t o /  i n t e r p r e t ^  b u t  i s  s i m i l a r  

in  ty v e  to  t h a t  o b se rv e d  in  th e  p o l l e n  m o ther  c e l l .  The 

w a l l  l a i d  down be tw een  th e  two d a u g h te r  c e l l s  i s  n o t  a lw ays 

a t  r i g h t  a n g le s  to  th e  p la n e  th ro u g h  th e  m ic ro p y le  and th e  

an g le  ad o p ted  by th e  s p i n d l e s  d u r in g  th e  second  d i v i s i o n  o f  

m e io s is  a l s o  shows g r e a t  v a r i a t i o n .  Hence^ a l i n e a r  row o f  

r e g c s p o r e s  i s / t h e  e x c e p t io n  r a t h e r  th a n  th e  r u l e .  F re q u e n t  

d e g e n e r a t i o n ,  o r  a te n d e n c y  to w ard s  d e g e n e r a t io n  h a s  been  

n o te d  i n  th e  m ic ro p y la r  d a u g h te r  n u c l e u s / o f  th e  f i r s t  

d i v i s i o n .  I t  i s  o f t e n  s m a l l e r  and d e e p ly  s t a i n a b l e  and in  

some c a s e s  may n e v e r  d iv id e  a g a in  so t h a t  a row o f  f o u r  

m egaspores  i s  n o t  th e n  p ro d u c e d .  In  o t h e r  c a s e s  i t  d i v i d e s ,  

b u t  a p p e a rs  to  be d e g e n e r a t i n g  even as  i t  d o es  so .  The 

c h a l a z a l  n u c le u s  does d iv id e  a g a in ,  a f t e r  w hich  a l l  e x c e p t  

th e  m egaspore a t  th e  c h a l a z a l  end r a p i d l y  d e g e n e r a t e , o f t e n  

fo rm in g  a d e e p ly  s t a i n a b l e  cap  a t  th e  to p  o f  th e  young 

embryo s a c .  To th e  cap above th e  embryo sac  th e  d e g e n e r a t i n g  

^^tvfin" m egaspore  m o the r  c e l l ,  i f  p r e s e n t  i n  th e  o v m le , 

u s u a l l y  c o n t r i b u t e s .  The cap may p e r s i s t s  u n t i l  th e  embryo 

sac  h a s  p ro d u ced  two o r  even more n u c l e i .

The embryo sac  now e n l a r g e s ,  and i t s  n u c le u s  r e s t s  f o r  

a s h o r t  t im e .  I t  t^ e n  p r e p a r e s  to  d i v i d e ,  and t h r e e  n u c l e a r  

d i v i s i o n s  in  th e  embryo sac  f o l lo w  each  o t h e r  r a p i d l y .  E ig h t  

n u c l e i  a re  th u s  p ro d u ced  a f t e r  w hich in  some s a c s  th e  two 

p o l a r  n u c l e i  come t o g e t h e r  and f u s e ,  so t h a t  th e  u s u a l



F lo w ers  have been  p o l l i n a t e d  a r t i f i c i a l l y  and s u b s e q u e n t ly  

f i x e d  and exam ined . W ith e red  and w i t h e r in g  f lo w e r s  from th e  

ponds have a l s o  been  f i x e d  and exam ined. P o l l e n  tu b e s  have 

been  o b se rv e d  e n t e r i n g  th e  embryo sac  and d i s c h a r g in g  th e  

male n u c l e i ,  b u t  a c t u a l  s t a g e s  o f  f e r t i l i s a t i o n  have n o t  

been  s e e n ,  a l th o u g h  th e y  have b een  e x t e n s i v e l y  so u g h t  f o r .

I t  i s  p resum ed t h a t  th e  p r o c e s s  o f  f e r t i l i s a t i o n  i s  p a s s e d  

th ro u g h  v e ry  r a p i d l y ,  b u t  t h e r e  i s  l i t t l e  d o u b t  t h a t  n o rm al 

f e r t i l i s a t i o n  does o cc u r  and a p p a r e n t ly  t a k e s  p la c e  a b o u t  

20 - 30 h o u rs  a f t e r  p o l l i n a t i o n .  One s y n e r g id  i s  u s u a l l y  

b ro k e n  dovm by th e  p o l l e n  tu b e  as i t  e n t e r s .

D evelopm ent o f  th e  young embryo and endosperm..
!■■■ — ■ .«L. ,w  m i .  11 1 » iiii   1 IBi wnn ■ 1 1 11 i . i  11 i . i — w.—

The f e r t i l i s e d  egg c e l l  r e s t s  f o r  a tim e and th e n  

d i v i d e s  by  means o f  a t r a n s v e r s e  w a l l  to  form  a two c e l l e d  

p ro -e m b ry o , The c e l l  n e a r e s t  th e  m ic ro p y le  e n l a r g e s  a g r e a t  

d e a l  and becomes th e  b a s a l  c e l l ,  and th e  o t h e r  c e l l  a g a in
ed

d i v i d e s  t r a n s v e r s e l y . A t h r e e  c e 13̂  p ro-em bryo  i s  t h e r e f o r e  

fo rm ed . F u r t h e r  d i v i s i o n s  a re  r a t h e r  i r r e g u l a r ,  b u t  a g re e  

more o r  l e s s  w i th  th e  s t a g e s  f i g u r e d  f o r  S a g i t t a r i a  ( C o u l te r  

and C h a m b er la in ,  p . l 8 8 ) .  The r e s u l t i n g  young pro-em bryo 

h a s  a v e ry  l a r g e  b a s a l  c e l l ,  a s h o r t  s u s p e n s o r  o f  two o r  

t h r e e  c e l l s  and a b a l l o o n  shaped  embryo o f  many c e l l s .

The embryo sac  i s  c h a r a c t e r i s e d  m eanwhile by a re m a rk a b le  

s c a r c i t y  o f  endosperm . The f e r t i l i s e d  egg f r e q u e n t l y  

d i v i d e s  b e f o r e  th e  f e r t i l i s e d  p o l a r s ,  a l th o u g h  o c c a s i o n a l l y  

th e r e  a re  2-4  endosperm  n u c l e i  form ed a t  t h i s  s t a g e . When



th e  embryo h a s  form ed t h r e e  c e l l s ,  t h e r e  a re  u s u a l l y  a b o u t 

4-8  endosperm  n u c l e i  i n  th e  s a c ,  and s a c s  w i th  q u i t e  l a r g e  

embryos show o n ly  a b o u t  16-24 endosperm  n u c l e i  c l u s t e r e d  

a round  th e  embryo a t  th e  to p  o f  th e  s a c .  O th e r  s a c s  a p p a r e n t 

l y  form  l i t t l e  o r  no endosperm  The a n t i p o d a l s  p e r s i s t  a t  

th e  b a se  o f  th e  sac  f o r  cjtim e  and th e n  g r a d u a l l y  d e g e n e r a t e ,  

by  w hich  tim e th e  u n in ju r e d  s y n e rg id  h as  a l r e a d y  d e g e n e r a te d .

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  o n ly  one o r  two  o v u le s  

o u t  o f  th e  many form ed in  th e  o v a ry  p roduce  em bryos. The 

o t h e r s  do n o t  seem to  be f e r t i l i s e d ,  and g r a d u a l l y  d e g e n e r 

a t e  as  th e  f e r t i l i s e d  ones grow . Some o f  th e s e  u n f e r t i l i s e d
Uo.\JC ç j

o v u le s  m ay ^ co n ta ii^  th e  abnorm al embryo s a c s  a l r e a d y  n o te d .

The f o rm a t io n  and d e h i s cence o f  r i p e  f r u i t s .

I n  Septem ber I9 3 2 ,  r i p e  f r u i t s  were found  in  th e  ponds 

o f  R oya l H ollow ay C o l le g e .  These f r u i t s  a re  ab o u t  § "  x  , 

w i th  a  smooth s h in in g  g r e e n  s u r f a c e  and a somewhat woody 

t e x t u r e . They a re  on lo n g  s t a l k s  which cu rv e  s l i g h t l y  to  

c a r r y  th e  f r u i t s  u n d e r  th e  s u r f a c e  o f  th e  w a t e r .  The c a p s u le s  

were b ro u g h t  i n t o  th e  l a b o r a t o r y  and k e p t  i n  g l a s s  v e s s e l s ,  

i n  w hich  th e y  b u r s t .  D eh iscen c e  o c c u rs  i r r e g u l a r l y  l e n g t h 

w ise  down one s id e  o f  each  c a p s u le  and th e  s e e d s  a re  l i b e r a t e d  

i n  a mass o f  m u c i la g e .  From two to  s i x  s e e d s  and inn u m erab le  

u n f e r t i l i s e d  o v u le s  a re  s e t  f r e e  from  each  c a p s u le .  Each 

se e d  i s  s m a l l ,  l i g h t  b r o m  and su r ro u n d e d  by  a l a y e r  o f  

e n la r g e d  c e l l s ,  th e  w a l l s  o f  w hich a re  th ic k e n e d  s p i r a l l y .  

A cc o rd in g  to  G oebe l ( I 8 9 I ) 5 i t  i s  from  th e s e  e n l a r g e d  c e l l s



t h a t  th e  ab u n d an t m u c ilag e  i s  p ro d u ced  in  w hich  th e  se e d s  

a re  embedded. S ix  s e e d s ,  chosen  a t  random from  d i f f e r e n t  

c a p s u l e s ,  were d r i e d .  Of th e s e  s i x  f i v e  s h r i v e l l e d  and 

were o b v io u s ly  n o n - v ia b le  and o n ly  one rem a in ed  i n  good 

c o n d i t i o n .  H ence, i t  seems t h a t  o f  th e  s e e d s  s e t ,  o n ly  a 

sm a l l  p e r c e n ta g e  i s  v i a b l e .

These o b s e r v a t io n s  were p u b l i s h e d  in  b r i e f  form a f t e r  

th e  s e e d s  were o b ta in e d  in  1932, and i n  th e  f o l lo w in g  y e a r
j /

a f u r t h e r  n o te  was p u b l i s h e d  when more s e e d s  were o b t a in e d .

The re m a in in g  se e d s  from  th e  c a p s u le s  were sown i n  mud 

from  th e  pond in  which th e  f r u i t s  were p ro d u ced  and c o v e re d  

by pond w a te r .  They were l e f t  in  t h i s  d u r in g  th e  f o l lo w in g  

y e a r ,  th e  w a te r  b e in g  k e p t  up to  i t s  o r i g i n a l  l e v e l  by  th e  

r e g u la n  a d d i t i o n s !  o f  d i s t i l l e d  w a te r ,  and th e  v e s s e l

c o n t a in i n g  them b e in g  l e f t  o u t  o f  d o o rs  i n  th e  su n ,  u n d e r  

a s  n a t u r a l  c o n d i t i o n s  a s  p o s s i b l e .  I t  was hoped by th e s e  

means to  in d u ce  th e  s e e d s  to  g e r m in a te ,  b u t  a l l  e f f e r t s  

f a i l e d .

^  l^^N ature" , November 1932 , i n  ’̂ News and Views"

2"N o rth  W este rn  N a t u r a l i s t " ,  December 1932 , P*315« 

3" N a tu r e " , O c to b e r  1933? in  "News and V iew s".



Ripe f r u i t s  and se e d s  were a g a in  form ed i n  th e  autumn 

o f  1933 and were a g a in  c o l l e c t e d .  The se ed s  v/ere p u t  i n t o  

a d i a l y s e r  i n  th e  pond i n  w hich  th e y  were p ro d u c e d ,  w h i l s t  

o t h e r  se ed s  were s e n t  to  Kew to  see  i f  th e y  c o u ld  be 

g e rm in a te d  t h e r e .  The r e s u l t s  o f  th e s e  e x p e r im e n ts ,  how ever, 

w i l l  n o t  be known u n t i l  a t  l e a s t  th e  summer o f  193^* Even 

i f  g e r m in a t io n  th e n  f a i l s ,  i t  may be b ec au se  th e  s e e d s  

r e q u i r e  more th a n  one y e a r^ s  r e s t  b e f o r e  th e y  can  be in d u c ed  

to  grow . T h e re fo re  i t  h a s  n o t  y e t  been  p o s s i b l e  to  show 

w hat p e r c e n ta g e  o f  se e d s  a r e  v i a b l e ,  a l th o u g h  from  th e  number 

v/hich s h r i v e l l e d  on d ry in g  i t  i s  p o s s i b l e  t h a t  q u i t e  a 

number o f  them may be in c a p a b le  o f  g e r m in a t io n .

DISCUSSION ON THE CAUSES OF SEED PRODUCTION.

The s t a g e s  i n  th e  deve lopm en t o f  th e  gam etes  have b ee n  

i n v e s t i g a t e d  w i th  a view  to  d i s c o v e r  w h e th e r  any a b n o r m a l i t i e s  

o c c u r r e d  in  t h e i r  p r o d u c t io n  w hich would h in d e r  th e  d e v e lo p 

ment o f  s e e d s .  The work was begun on th e  a s su m p tio n  t h a t  

s e e d s  a re  r a r e l y  or n e v e r  s e t  i n  E n g la n d ,  b u t  has l e d  to  

th e  d i s c o v e r y  t h a t  s e e d s  have b een  s e t  i n  b o th  y e a r s  i n  w hich 

th e y  have been  so u g h t  f o r .  Embryos were found  in  f e r t i l i s e d  

o v u le s  even in  th e  y e a r  b e f o r e ,  when a c t u a l  f r u i t s  were n o t  

lo o k e d  f o r  i n  th e  autum n, so t h a t  i t  i s  p ro b a b le  t h a t  some 

f r u i t s  v/ere form ed ëven  i n  t h a t  y e a r .  I t  a p p e a rs  t h e r e f o r e  

t h a t  th e  p r o d u c t io n  o f  s e e d s  by H y d ro c h a r is  m o rs u s - ra n a e  i s  

n o t  a s  r a r e  a s  i s  commonly assum ed. On th e  o t h e r  h an d , th e  

summers o f  1932 and 1933 were b o th  e x t re m e ly  h o t  o n e s ,  and



th e  young embryos fo u n d  in  1931 were c o l l e c t e d  and f i x e d  

d u r in g  a h e a t  wave in  J u l y .  S i m i l a r l y ,  i t  was d u r in g  th e  

h o t  summer o f  1926 t h a t  s e e d s  were s e n t  from  G la s to n b u ry  

to  th e  B r i t i s h  Museum, th e s e  b e in g  th e  o n ly  se ed s  o f  

H y droC hari8 m o rsu s - ra n a e  th e n  in  th e  p o s s e s s io n  o f  th e  

Museum. I t  would be i n t e r e s t i n g  to  d i s c o v e r  i f  f r u i t s  and 

se e d s  were s t i l l  p ro d u ced  i n  a c o ld  summer. S e v e r a l  

p e c u l i a r i t i e s  have emerged from  t h i s  s tu d y ,  w hich  may th ro w  

some l i g h t  on th e  a l l e g e d  la c k  o f  se e d  p r o d u c t io n .  The 

p o l l e n  c o n t a in s  a f a i r  p e r c e n ta g e  o f  a b o r t i v e  g r a i n s , 

w hich  a re  c o n f in e d  to  th e  a n th e r s  o f  c e r t a i n  f l o w e r s .  I t  

i s  c o n c e iv a b le  t h a t  t h i s  p e r c e n ta g e  may be in c r e a s e d  d u r in g  

c o l d e r  summers. A g a in , t h e r e  a re  a c o n s id e r a b le  number o f  

abnorm al embryo s a c s ,  w hich  p resu m ab ly  would be in c a p a b le  

o f  no rm al f e r t i l i s a t i o n  and th e  p r o d u c t io n  o f  em bryos. The 

p e r c e n ta g e  o f  th e s e  was h ig h e r  in  1931 (a  c o o le r  summer) 

th a n  in  1932 and 1933- I t  i s  t h e r e f o r e  p ro b a b le  t h a t  th e  

fo rm a t io n  o f  no rm al embryo s a c s  may be a f f e c t e d  a d v e r s e ly  

in  some way by th e  c o l d .  I f  c o ld  i s  r e s p o n s i b l e  f o r  an 

i n c r e a s e  in^these a b n o r m a l i t i e s ,  i t  would e x p l a in  why f r u i t s  

and se e d s  have r e a d i l y  b een  g a th e r e d  i n  warmer E uropean

s t a t i o n s ,  b u t  a re  r e p u te d  to  be r a r e  i n  E n g l^an d .

S in ce  embryos have b een  found  in  so many s e e d s ,  and

p o l l é n  tu b e s  have b een  se e n  d i s c h a r g in g  th e  male n u c l e i

i n t o  th e  embryo s a c ,  i t  i s  e v i d e n t  t h a t  f e r t i l i s a t i o n  can  

o c c u r  i n  p r o p e r l y  form ed embryo s a c s .  I t  i s  p o s s i b l e .



how ever, t h a t  a c o l d e r  summer may cause  a d e a r t h  o f  th e  

s m a l l  f l i e s  w hich ap p e a r  to  p o l l i n a t e  th e  f lo w e r s  and t h i s  

may be an a d d i t i o n a l  cause  o f  th e  l a c k  o f  s e e d s  i n  such  

s e a s o n s .

T here i s  an a l t e r n a t i v e  e x p la n a t io n  t h a t  th e  f r u i t s  

and se e d s  may be form ed e v e ry  y e a r  b u t  have b een  o v e r lo o k e d  

as th e y  bend  u n d e r  w a te r  to  d e h i s c e .  I t  i s  d i f f i c u l t  to  

b e l i e v e ,  how ever, t h a t  so em inen t a  n a t u r a l i s t  a s  H ooker, 

i n  c o r re sp o n d e n c e  w i th  o t h e r  n a t u r a l i s t s  a l l  o v e r  E n g la n d ,  

c o u ld  have m is se d  them in  t h i s  way. The th e o r y  t h a t  h e a t  

i s  n eed ed  f o r  t h e i r  p r o d u c t io n  i s  f a r  more p r o b a b le ,  b u t  

can  o n ly  be t e s t e d  i n  th e  n e x t  c o ld  E n g l i s h  summer.

STUDIES ON THE DIOECI ^  OF HYDROCHARIS MORSUS-RANAE.

The p l a n t s  have been  removed from  th e  w a te r  a s  c a r e f u l l y  

as p o s s i b l e ,  so t h a t  th e  r u n n e r s  have n o t  been  b ro k e n ,  b u t  

a l l  th e  p l a n t s  c o n n e c te d  t o g e t h e r  have p ro v ed  to  be e i t h e r  

a l l  m ale o r  a l l  f e m a le .  T h is  seems to  i n d i c a t e  t h a t  th e  

v a r i e t y  u n d e r  o b s e r v a t io n  may be d i o e c i o u s .  I n  th e  autumn 

o f  1932, p l a n t s  were p ic k e d  o u t  which b o re  f r u i t s ,  and th e  

t u r i o n s  form ed on them were rem oved. T u r io n s  on p l a n t s  

b e a r i n g  m ale f lo w e r s  were removed i n  a s i m i l a r  way. The two 

s e t s  o f  t u r i o n s  were p u t  i n  s e p a r a te  b u c k e ts  o f  pond w a t e r ,  

w hich were sunk in  th e  g ro u n d  n e a r  th e  p o n d s . I n  th e  summer 

o f  1933) th e  t u r i o n s  r o s e  to  th e  s u r f a c e  and began  to  grov/. 

They seemed q u i t e  h e a l t h y  f o r  some t im e ,  b u t  l a t e r  on th e  

l e a v e s  t u r n e d  browm and th e  p l a n t s  lo o k ed  u n h e a l th y .  They



were removed to  wooden t u b s ,  and as  th e s e  f a i l e d  to  r e s t o r e  

t h e i r  h e a l t h y  a p p e a ra n c e ,  th e y  were p u t  i n t o  n e ig h b o u r in g  

p o n d s , b u t  a l l  e f f o r t s  p ro v ed  u s e l e s s  and f i n a l l y  th e y  d i e d .  

B e fo re  th e y  d i e d ,  how ever, th e  p l a n t s  form ed from  th e  

t u r i o n s  o f  th e " m a le " p l a n t s  had p roduced  f l o w e r s ,  and theyX  

a l l  p ro v ed  to  be m a le .  Those from  th e  " fem a le"  p l a n t s  had  

n o t  form ed f lo w e r s  a t  a l l .  (The fem ale  f lo w e r s  alw ays seem 

to  come s l i g h t l y  l a t e r  th a n  th e  e a r l i e s t  male f l o w e r s . )

These in c o m p le te  e x p e r im e n ts  seem t h e r e f o r e  to  show t h a t  th e  

p l a n t s  u n d e r  o b s e r v a t io n  a re  t r u l y  d i o e c i o u s .

I t  was hoped t h a t  th e  s e e d s  m ig h t  g e rm in a te  and p roduce  

p l a n t s ,  and t h a t  th e s e  m ig h t  p ro v id e  more c o n c lu s iv e  

e v id e n ce  in  f a v o u r  o f  d io e c is m  o r  m onoecism , b u t  t h i s  hope

h as  n o t  b een  f u l f i l l e d .  The f a c t s  so f a r  o b ta in e d  seem to  

i n d i c a t e  t h a t  th e  v a r i e t y  o f  H y d ro c h a r is  m o rsu s - ra n a e  i n  th e  

g ro u n d s  o f  R o y a l H ollow ay C o l le g e  i s  p ro b a b ly  d i o e c i o u s .  

T h i s ,  c o n s id e r e d  i n  r e l a t i o n  to  th e  f i n d i n g s  o f  o th e r  

i n v e s t i g a t o r s ,  would seem to  show t h a t  th e  p l a n t  may be 

m onoecious i n  some d i s t r i c t s  and d io e c io u s  i n  o t h e r s ,  b u t  

w h e th e r  t h i s  i s  r e a l l y  so rem a in s  to  be d e te rm in e d .



SUMMARY.

A. Seed f o rm a t io n  i n  H y d ro c h a r is  mor s u s - r a n a e .

1 . The d ev e lo p m en t o f  th e  m icro  sporang ium  and m egasporangium , 

n u c l e a r  d i v i s i o n  i n  th e  p o l l e n  g r a i n  and th e  deve lopm en t o f  

th e  embryo sac  have b een  i n v e s t i g a t e d  i n  an  an d eav o u r  to  

f i n d  th e  cau se  o f  th e  commonly r e p o r t e d  l a c k  in  E ng land  o f  

f r u i t s  and s e e d s .  The d i v i s i o n s  are  found  to  be n o rm al i n  

a l l  r e s p e c t s  and to  f o l lo w  th e  u s u a l  s e q u e n c e .  I n t e r e s t i n g  

d e v i a t i o n s  from  n o rm al deve lopm en t a re  as f o l lo w s  ;

a ) .  The g e n e r a t i v e  n u c le u s  d i v i d e s  i n t o  two male n u c l e i  

i n s i d e  th e  g r a i n ,  w hich  i s  t h e r e f o r e  shed  i n  a

3- n u d e a t e  c o n d i t i o n .

b ) .  I n  a b o u t  30 -  40% o f  th e  o v u le s  exam ined , two o r  

more m egaspore m o th e r  c e l l s  a re  p ro d u ced  in  th e  

young n u c e l l u s  and e n t e r  i n t o  th e  p ro p h ase  o f  m e io s i s  

t o g e t h e r .  They r e a c h  p a c h y te n e ,  and th e n  a l l  e x c e p t  

one u s u a l l y  d e g e n e r a te  a t  t h i s  s t a g e ,  w h i l s t  one 

c o m p le te s  th e  m e io t i c  d i v i s i o n s .

c ) .  The m a j o r i t y  o f  th e  embryo s a c s  exam ined p a s s  th ro u g h  

th e  no rm al s t a g e s  o f  d ev e lo p m e n t,  b u t  a g r e a t  number 

o f  s a c s  show i r r e g u l a r  numbers o f  n u c l e i  i n s t e a d  o f  

th e  u s u a l  seven  o r  e i g h t  e x p e c te d ,  and th e y  a re  

a r r a n g e d  in  g ro u p s  o f  t h r e e ,  f o u r  o r  f i v e  i n s t e a d  o f  

i n  n o rm al o r d e r .  I t  i s  presum ed t h a t  th e s e  would 

p ro b a b ly  n o t  p roduce  em bryos. The p e r c e n ta g e  o f  such  

s a c s  was p a r t i c u l a r l y  h ig h  i n  1931, when i t  was a s



much a s  $0 -  6o%, and i t  i s  s u g g e s te d  t h a t  i t  may

be i n c r e a s e d  d u r in g  c o l d e r  summers. T h is  may h e lp  

to  a c c o u n t  f o r  th e  a l l e g e d  la c k  o f  se e d  p r o d u c t io n  

i n  th e s e  s e a s o n s ,

d ) .  About 10% o f  th e  p o l l e n  i s  d e f e c t i v e ,  and i t  i s

s u g g e s te d  t h a t  t h i s  p e r c e n ta g e  may a l s o  be i n c r e a s e d  

d u r in g  c o l d e r  summers.

2 . P o l l e n  tu b e s  have been  se e n  g row ing  th ro u g h  th e  m ic ro p y le  

and d i s c h a r g i n g  m ale n u c l e i ,  t h e r e f o r e  a l th o u g h  f e r t i l i s a t i o n  

h as  n o t  b ee n  s e e n ,  i t  i s  presum ed t h a t  i t  o c c u rs  n o rm a l ly  i n  

p r o p e r ly  d e v e lo p e d  s a c s .

3 . Young embryos were found  in  th e  autumn o f  1931 and 1932 

and th e  s t a g e s  i n  t h e i r  d ev e lo p m en t a r e  d e s c r i b e d .  R ipe 

f r u i t s  and se ed s  were o b ta in e d  in  1932 and 1933? i n  c o n t r a s t  

w i th  th e  u s u a l  r e p o r t s  o f  t h e i r  r a r i t y .  Of th e  s e e d s  

p ro d u c e d ,  how ever, a  l a r g e  p e r c e n ta g e  ap p e a r  to  be n o n - v i a b l e ,  

as  th e y  s h r i v e l  on d r y in g ,  a l th o u g h  c o n c lu s iv e  t e s t s  have n o t  

y e t  b een  made. I t  i s  s u g g e s te d  t h a t  se ed s  a re  s e t  i n  E ng land  

d u r in g  v e ry  h o t  summers b u t  n o t  i n  c o l d e r  o n e s ,  when th e  

n o rm al p r o d u c t io n  o f  p o l l e n  and embryo s a c s  may be i n t e r f e r e d  

w i th .

B . The d io e c io u s  o r  m onoecious h a b i t  o f  H y d ro c h a r is  m o rsu s-  

r a n a e  .

V a r io u s  i n v e s t i g a t o r s  have d e s c r ib e d  th e  p l a n t  as 

d io e c io u s  o r  m o n o ec io u s . I n  th e  v a r i e t y  u n d e r  o b s e r v a t i o n ,  

m ale and fem a le  p l a n t s  have n e v e r  b een  found  co n n e c te d



t o g e t h e r ,  w hich  i n d i c a t e s  t h a t  i t  i s  d i o e c i o u s .  E x p e r im e n ts ,  

w hich  a re  u n f o r t u n a t e l y  in c o m p le te , s u p p o r t  t h i s  v iew .

I t  i s  p o s s i b l e  t h a t  H y d ro c h a r is  m o rs u s - ra n a e  may be d io e c io u s  

i n  c e r t a i n  d i s t r i c t s  b u t  m onoecious i n  o t h e r s .
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OBSERVATIONS ON ARUM MACULATUM.

T h is  p l a n t  was ch o sen  f o r  i n v e s t i g a t i o n  as  i t  i s  

m onoecious and th e  s p ik e  o f  d o  s e -g ro w in g  f lo w e r s  p r o v id e s  

c o n v e n ie n t  m a t e r i a l  f o r  i n v e s t i g a t i o n .  A s u rv e y  o f  th e  

l i t e r a t u r e  r e v e a l s  th e  f a c t  t h a t  i t  h a s  n e v e r  been  s t u d i e d  

in  d e t a i l ,  a l th o u g h  o t h e r  members o f  th e  A raceae f a m i ly  

have r e c e i v e d  c lo s e  a t t e n t i o n .  Arum sp p . a r e  b r i e f l y  

r e f e r r e d  to  by H o f ta e is te r  ( I 8 6 I ) ,  b u t  n e i t h e r  Cam pbell 

(1900) n o r  Gow ( I9 0 8 )  i n  t h e i r  s tu d y  o f  th e  A raceae  f a m i ly  

d e s c r i b e  Arum i t s e l f .

MATERIAL AHD METHODS.

A bundant m a t e r i a l  i s  a lw ays a v a i l a b l e  in  th e  g ro u n d s  

o f  R oya l H ollow ay C o lle g e  and th e  s u r ro u n d in g  n e ig h b o u rh o o d , 

and f i x a t i o n s  were made a t  f r e q u e n t  i n t e r v a l s  from  O cto b e r  

1931 to  June 1932, and d u r in g  A p r i l  and May 1933- T h e re fo re  

a l l  s t a g e s  have b een  o b ta in e d ,  from  th e  deve lopm en t o f  th e  

a r c h e sporium  i n  th e  a n t h e r s  and o v u le s  to  th e  f o rm a t io n  o f  

f a i r l y  l a r g e  em bryos. I t  h as  been  im p o s s ib le ,  how ever, 

d u r in g  th e s e  y e a r s  to  c u t  and examine even h a l f  o f  t h i s  

m a t e r i a l .  The g r e a t e r  p a r t  o f  th e  tim e  h as  been  g iv e n  up 

to  S c i l l a  n o n s c r i p t a  and H y d ro c h a r is  m o r s u s - r a n a e ,  as  th e s e  

p ro v ed  more i n t e r e s t i n g  s u b j e c t s .

The f i x a t i v e s  and s t a i n s  u se d  and th e  m ethods employed 

w ere s i m i l a r  to  th o s e  d e s c r ib e d  f o r  S c i l l a  n o n s c r i p t a .  The 

s t a g e s  o f  m e io s i s  in  th e  p o l l e n  m o th e r  c e l l s  and th e



d i v i s i o n s  i n  th e  p o l l e n  g r a i n  were s t u d i e d  by  means o f  

p o l l e n  sm e a rs ,  su p p lem en ted  by  p a r a f f i n  s e c t i o n s .  M e io s is  

i n  th e  m egaspore m o th e r  c e l l s  and th e  deve lopm en t o f  th e  

embryo sac  and embryo have b een  s t u d i e d  from p a r a f f i n  s e c t i o n s ,  

o b ta in e d  by em bedding and c u t t i n g  s m a l l  p i e c e s  o f  th e  

f lo w e r in g  s p ik e .  S e c t io n s  were c u t  from  l6  -  l8 /t , th e  m ost 

c o n v e n ie n t  t h i c k n e s s  f o r  th e  e x a m in a t io n  o f  n u c l e i .  

OBSERVATIONS.

Somat i c  m i t o s i s .

M etaphase p l a t e s  have b een  exam ined i n  s e c t i o n s  o f  r o o t  

t i p s .  There a re  t h i r t y - t w o  s m a l l  chromosomes, w i th  e i t h e r  

t e r m i n a l ,  s u b te r m in a l  o r  m edian a t ta c h m e n t  c o n s t r i c t i o n s , 

b u t  w i th  no o u t s t a n d i n g l y  c h a r a c t e r i s t i c  s h a p e s .

D eveloom ent o f  th e  p o l l e n  m o the r  c e l l s  and p o l l e n  g r a i n s .
— —  m . i  I ,  > ^  . —  w  I .        II II ■  ■■ m , W  IM . I  M-I ■ I W - ' M   *  ■ » V A l . . . l  ■ ■ ! ! ■■

The a r c h e sporium  in  th e  a n t h e r  i s  w e l l  d e f in e d  a t  th e  

b e g in n in g  o f  O c to b e r .  S ta g e s  o f  m e io s i s  have b ee n  o b ta in e d  

from  J a n u a r y  to  M arch, th e  s ta g e  r e a c h e d  in  d i f f e r e n t  f lo w e r  

s p ik e s  v a ry in g  q u i t e  c o n s id e r a b ly  on th e  same d a y .  A l l  

s t a g e s  have b een  o b ta in e d  o f  th e  f i r s t  and second  d i v i s i o n s  

o f  m e io s i s  and th e y  f o l lo w  th e  u s u a l  s e q u e n c e ,  b u t  d e t a i l s  

o f  ch iasm a f o rm a t io n  a re  d i f f i c u l t  to  i n t e r p r e t .  A p p a re n t ly  

one o r  two c h ia s m a ta  a re  form ed i n  each  b i v a l e n t .  I n  

c o n t r a s t  t o  S c i l l a  n o n s c r i p t a  and H y d ro c h a r is  m o r s u s - r a n a e ,  

n u c l e o l a r  b u d d in g  h a s  n o t  b een  found  in  t h i s  p l a n t .  W alls  

a re  l a i d  dovm b e tw een  th e  n u c l e i  a f t e r  th e  f i r s t  and second  

d i v i s i o n s ,  and th e  a n g le s  assumed by them a re  i r r e g u l a r ,  as



i n  S c i l l a  n o n s c r i p t a  and H y d ro c h a r is  m o r s u s - r a n a e .

The p o l l e n  g r a i n s  th u s  fo rm ed , g r a d u a l l y  round  o f f  from  

one a n o th e r  and r e s t  f o r  a  few weeks i n  a u n in u c l e a t e  

c o n d i t i o n .  The n u c le u s  o f  each  g r a i n  th e n  d i v i d e s  tw ic e  i n  

f a i r l y  r a p i d  s u c c e s s io n ,  th e  chromosomes b e in g  more e a s i l y  

d i s t i n g u i s h e d  in  th e s e  h a p l o id  n u c l e i .  The f i r s t  d i v i s i o n  

r e s u l t s  in  th e  f o rm a t io n  o f  a l a r g e r  tu b e  n u c le u s  w hich  

s t a i n s  l i g h t l y  and a s m a l l e r  g e n e r a t i v e  n u c le u s  v/hich s t a i n s  

d e e p ly .  The two n u c l e i  a re  i n  s e p a r a t e  c e l l s ,  w i th  a 

d e l i c a t e  membrane be tw een  them . The g e n e r a t i v e  n u c le u s  

th e n  d i v i d e s  a g a in  i n t o  two s m a l l  c h ro m a tic  male n u c l e i ,  

as  i n  H y d ro c h a r is  m o r s u s - r a n a e . I n  t h i s  j - n u d e a t e  

c o n d i t i o n ,  th e  g r a i n  i s  sh e d .

D evelopm ent o f  th e  m egaspore m o th e r  c e l l  and embryo s a c .

An a l t e r n a t i o n  in  th e  tim e o f  a c t i v e  d i v i s i o n  s t a g e s  i n  

th e  n u c l e i  o f  th e  p o l l e n  m o th e r  c e l l  and m egaspore m o th e r  c e l l  

h a s  b een  o b se rv e d  in  t h i s  p l a n t ,  a s  i n  S c i l l a  n o n s c r i p t a .  The 

n u c le u s  o f  th e  p o l l e n  m o the r  c e l l  r e a c h e s  p ac h y ten e  a t  th e  

same tim e as  th e  m egaspore m o th e r  c e l l  n u c l e u s ,  b u t  i t  th e n  

c o m p le te s  th e  two d i v i s i o n s  o f  m e i o s i s ,  w h i l s t  th e  n u c le u s  

o f  th e  m egaspore  m o th e r  c e l l  rem a in s  i n  p a c h y te n e .  When 

p o l l e n  g r a i n s  have been  fo rm ed , m e io s i s  i s  t h e n  com ple ted  i n  

th e  o v u le .  T h is  a l t e r n a t i o n  i n  t i m e , how ever, i s  n o t  such  

an i n v a r i a b l e  f e a t u r e  i n  A. m aculatum  as  i t  i s  i n  S . non

s c r i p t a ,  f o r  s p ik e s  o f  Arum have o c c a s i o n a l l y  been  c u t  w i th  

b o th  th e  m egaspore m o th e r  c e l l s  and p o l l e n  m o th e r  c e l l s  i n



a c t i v e  s t a g e s  o f  m e io t i c  d i v i s i o n  a t  th e  same t im e .  S i m i l a r l y  

th e  n u c l e a r  d i v i s i o n s  i n  th e  p o l l e n  g r a i n  may som etim es 

p re c e d e  th e  d i v i s i o n  in  th e  embryo s a c ,  b u t  many c a s e s  have 

b een  found  i n  w hich such  p rec e d e n c e  i s  n o t  show n.'

S ta g e s  o f  m e io s i s  i n  th e  m egaspore m o th e r  c e l l  f o l lo w  

th e  no rm al sequence  and a l i n e a r  row o f  f o u r  m egaspores  i s  

p ro d u c e d ,  o f  w hich  th e  one f u r t h e s t  from  th e  m ic ro p y le  

a lw ays becomes th e  embryo s a c ,  w h i l s t  th e  o t h e r  th r e e  

d e g e n e r a te  f a i r l y  r a p i d l y ,  l e a v in g  a cap  f o r  a  s h o r t  tim e 

upon th e  young embryo s a c .

The n u c le u s  i n  th e  embryo sac  now d iv id e d  t h r e e  t im e s  

in  f a i r l y  r a p i d  s u c c e s s io n ,  and th e  t y p i c a l  p o l a r i s e d  8 -  

n u c l e a t e  sac  i s  th u s  o b ta in e d .  A 7- n u d e a t e  sa c  f o l lo w s  

upon th e  f u s i o n  o f  th e  two p o l a r s ,  th e  f u s i o n  o c c u r r in g  

s l i g h t l y  to w ard s  th e  m ic ro p y la r  end o f  th e  s a c .

Germina t i o n  o f  th e  p o l l e n  g r a i n  and f e r t i l i s a t i o n .

The s p a th e s  o f  c e r t a i n  f lo w e r  buds have b een  c a r e f u l l y  

s l i t  open , th e  to p  o f  th e  s p i k e ,  i n c lu d in g  th e  s ta m e n s , 

removed and th e  o v a r i e s  p o l l i n a t e d  a r t i f i c i a l l y .  They have 

th e n  b ee n  t i e d  up i n  m u s l in  b ag s  and f i x e d  a t  c e r t a i n  

i n t e r v a l s  o f  t i m e . O th e r  o v a r i e s  from  w i th e r e d  and w i th e r in g  

f lo w e r s  have a l s o  been  f i x e d  and s u b s e q u e n t ly  exam ined . The 

p o l l e n  g r a i n s  g e rm in a te  on th e  h a i r y  s t ig m a  and th e  p o l l e n  

tu b e s  grow down th e  s h o r t  s t y l e  to  th e  o v u le ,  ^,vhere th e y  p a s s  

th ro u g h  th e  m ic r o p y l e . The two s m a l l  and d e e p ly  s t a i n a b l e  

male n u c l e i  p a s s  more o r  l e s s  unchanged  down th e  tu b e



a l th o u g h  th e y  become r a t h e r  more o v a l  i n  sh a p e .  The tu b e  

n u c le u s  accom panies  them . They a re  th e n  d i s c h a r g e d  i n t o  th e  

embryo sa c  th ro u g h  one o f  th e  s y n e r g id s .  A few d o u b t f u l  

c a s e s  o f  f e r t i l i s a t i o n  have been  fo u n d , b u t  have n o t  been  

s tu d i e d  i n  d e t a i l ,  e s p e c i a l l y  as  i n  th e  l a r g e r  embryo s a c s  

i t  i s  e x t re m e ly  d i f f i c u l t  to  o b t a i n  a good f i x a t i o n .

M ucilage  i s  p ro d u ced  and seems to  i n t e r f e r e  w i th  th e  p e n e t r a 

t i o n  o f  th e  f i x a t i v e .  The f e r t i l i s e d  egg and t r i p l e  f u s i o n  

n u c le u s  r e s t  f o r  a  t im e .

D evelopm ent o f  th e  endosperm  and embryo.

The t r i p l e  f u s i o n  n u c le u s  d i v i d e s  and p ro d u c e s  from 

e i g h t  to  s i x t e e n  endosperm  n u c l e i  b e f o r e  th e  f e r t i l i s e d  egg 

d i v i d e d ,  b u t  i t  h as  n o t  been  p o s s i b l e  w i th  th e s e  sm a l l  

n u c l e i  to  see w h e th e r  th e  n u c l e a r  com plem ents c o n t r i b u t e d  

by  th e  m ale and p o l a r  n u c l e i  m a in ta in  t h e i r  s e p a r a te  

i d e n t i t y ,  a s  th e y  do i n  S c i l l a  n o n s c r i p t a .  I t  i s  s t a t e d  by 

Cam pbell f o r  o t h e r  members o f  th e  A raceae  f a m i ly  and by 

H o fm e is te r  f o r  Arum sp p . t h a t  th e  endosperm  i s  c e l l u l a r ,  

b u t  i t  d o es  n o t  seem to  be th e  c a se  in  t h i s  m a t e r i a l  o f  

Arum m acu la tum , th ough  th e  f i x a t i v e  o f t e n  c a u se s  th e  c y to p la sm  

to  c o l l e c t  i n t o  s t r i p s ,  w hich  g iv e  th e  s u p e r f i c i a l  ap p e a ran ce  

o f  c e l l  m em branes. The embryo re se m b le s  t h a t  o f  o th e r  members 

o f  th e  A raceae  f a m i ly  (C am pbell) in  i t s  m ass iv e  c h a r a c t e r  

and l a c k  o f  s u s p e n s o r .  The l a c k  o f  s u s p e n s o r  i s  supposed  by 

Cam pbell to  be due to  th e  f a c t  t h a t  th e  endosperm  i s  form ed 

m a in ly  a t  th e  to p  o f  th e  s a c ,  so t h a t  th e  young embryo i s



a l r e a d y  in  c lo s e  c o n t a c t  w i th  i t s  food  s u p p ly .  A 

c h a r a c t e r i s t i c  f e a t u r e  o f  th e  embryo sac  o f  Arum m a c u la tu a  

a f t e r  f e r t i l i s a t i o n  i s  th e  p ro lo n g e d  p e r s i s t e n c e  o f  one 

s y n e r g id ,  w hich  becomes e n l a r g e d ,  h a s  a v e ry  a c t i v e  a p p e a ran ce  

and may be co n c e rn e d  in  some way w i th  th e  p a s s in g  o f  food  to  

th e  young embryo.
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S a g i t t a r i a  s a g i t t i f o l i a .

The p l a n t  i s  m o n o e c io u s .  The c e l l s  have l a r g e  c l e a r  

n u c l e i ,  and l a r g e  c h a r a c t e r i s t i c  chrom osom es. I t  i s  

t h e r e f o r e  a p ro m is in g  s p e c i e s  f o r  i n v e s t i g a t i o n  b u t  work 

on i t  h a s  b e e n  abandoned  owing to  l a c k  o f  m a t e r i a l  and tim e*

I n  th e  p o l l e n  m o th e r  c e l l s  s t a g e s  o f  m e io s i s  from  

p a c h y te n e  to  d i a k i n e s i s  have b e e n  o b t a i n e d .  A few s t a g e s  

o f  n u c l e a r  d i v i s i o n  i n  th e  p o l l e n  g r a i n  have b ee n  found  

and 2 -  n u c l e a t e  p o l l e n  g r a i n s  have b e e n  shown to  e x h i b i t  

a c h a r a c t e r i s t i c  d i f f e r e n c e  i n  s i z e  and s t a i n i n g  power o f  

th e  tu b e  and g e n e r a t i v e  n u c l e i .  The p o l l e n  g r a i n  i s  shed  

in  th e  2 -  n u c l e a t e  c o n d i t i o n .

8 -  n u c l e a t e  embryo s a c s  have b een  c u t ,  and s a c s  show ing 

s t a g e s  i n  th e  f u s i o n  o f  th e  two p o l a r  n u c l e i .  D ouble embryo 

s a c s  have b een  fo u n d .

Y ounger o v u le s  have  b e e n  f i x e d ,  b u t  have n o t  b een  

ex am in ed .

R u scu s a c u l e a t u s .

F lov /e rs  o f  t h i s  p l a n t  a p p a r e n t l y  v a ry  from  th e  

h e rm a p h ro d i te  to  th e  d i o e c i o u s  c o n d i t i o n .  The s i x t e e n  

chromosomes a re  l a r g e  and c h a r a c t e r i s t i c ,  b u t  have  n o t  

b e e n  s t u d i e d  i n  d e t a i l .

S ta g e s  i n  th e  f i r s t  d i v i s i o n  o f  m e io s i s  o f  th e  p o l l e n



m o th e r  c e l l  have been  o b ta in e d ,  t o g e t h e r  w i th  a l l  s t a g e s  o f  

p o l l e n  g r a i n  d i v i s i o n .  A l l  s t a g e s  i n  th e  deve lopm en t o f  

th e  m ic ro sp o ran g iu m  and m egasporangium , p o l l e n  g r a i n  and 

embryo sac  have been  f i x e d ,  b u t  have n o t  been  exam ined .

Sparganium  r amosum and Typha l a t i f o l i a .

_ F low er buds o f  th e s e  p l a n t s  have been  c u t  and exam ined , 

b u t  th e  chromosomes p roved  so numerous, and s m a l l  t h a t  th e  

m a t e r i a l  was d i s c a r d e d  as u n s u i t a b l e  f o r  f u r t h e r  i n v e s t i g a t i o n .


