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J.*

I n t r o duc t i o n  * 

u e n e t i o a l  i n v e s t i g a t i o n s  i n  f e r n s  have oeen comp­

a r a t i v e l y  few in  t h e  p a . a t , t n e  o n ly  com prehens iv e  work 'bav ins 

oesm t h a t  c a r r i e d  o u t  by A n d e rsg o n -K o ttc  (1 9 3 8 ) .  She was* 

a b l e  t o  d e m o n s t r a te  m e n d e lla n  s e g r e g a t io n  and. r e c o m b in a t io n  i n  

P o l y g t i o hum a n g u ia :r e and F h y l l i t i s  S co lopendrinm  and a l s o  th e  

g e n e t i c  c o n t r o l  o f  c h ic ro p  l a s t  c h a r a c t e r s  i n  t h e s e  two p l a n t s  

a s  w e l l  a s  i n  Adi a nt  urn cun e a t  urn and La s t  r e a  a t  r a t  a , Lang ( iyob) 

f i r s t  found  m e n d e l ia n  s e g r e g a t i o n  i n  f e r n s  from n a t u r a l l y  

o c c u r r i n g  h e t e r o a y g o t e s  o f  ^ h y l x i t i s  S c o lo p e n d r  ium and th e  

e x t e n t  to  w h ich  h y b r i d i s a t i o n  t a k a s  p la .ce  i n  f e r n s  has been 

c l e a r l y  shown by  t h e  c y t o l o g i c a l  s t u d i e s  o f  c a n to n  (1950)*

Of g r e a t  a d v a n ta g e  i n  g e n e t i c a l  s t u d i e s  i n  

f e r n s  i s  t h e  f a c t  t n a t  t n e  in d e p e n d e n t  g am e to p n y tic  p h a se  o f  

t h e  l i f e - c y c l e  i s  c o m p a r a t iv e ly  w e l l  d e v e lo p e d  and may be 

v e g e t a t i v e l y  p r o p a g a te d  i n d e f i n i t e l y *  I t  i s  p o s s i b l e  to  

e s t a b l i s h  c lo n e s  o f  p r o t h a l l i  by r e g e n e r a t i o n  from c u t t i n g s  

( p r e s e n t  work) and  l a r g e  numbers o f  such  g e n e t i c a l l y  i d e n t i c a l  

i n d i v i d u a l s  have  osen  p ro d u c e d  and  have c o n s t i t u t e d  a  v a lu a b l e  

t o o l  i n  su b s e q u e n t  i n v e s t i g a t i o n s *  The m ain  d i s a d v a n ta g e  f o r  

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

g row ing  young: s p o ro p h y te s  which may t a k e  upwards o f  two y e a r s  

b e f o r e  s p o r u l a t i n g *

When t h e  p r e s e n t  work was u n d e r t a k e n ,  t n e  

aim was to  e x p lo r e  t h e  p o s s i b i l i t i e s  o f  g e n e t i c a l  a n a l y s i s  i n

F t e r i d i um a q u i l in u m  ^ o rack en )*  A s e a r c h  was s t a r t e d  i n  t n e



s ,

f i e l d  f o r  s p o ro p h y te s  snowing m o rp h o lo g ic a l  v a r i a t i o n  o f  a  

p o s s i b l e  g e n e t i c  o r i g i n .  In  tn e  l a b o r a t o r y  i t  was p ro p o se d  

t o  s tu d y  garne topny tea  i n  t n e  nope o f  f i n d i n g  g e n e t i c  v a r i a t ­

i o n  i n  m o r p h o lo g ic a l  and  n u t r i t i o n a l  p r o p e r t i e s .  P r e l im ­

i n a r y  work on tn e  b re e d in g  mechanism how ever, i n d i c a t e d  t h e  

p r e s e n c e  o f  i n c o m p a t i b i l i t y  and  su b s e q u e n t  work was c o n c e rn ­

ed  m o s t ly  w iun  a  d e t a i l e d  i n v e s t i g a t i o n  o f  t h i s  phenomenon*

i h e  d i s c o v e r y  o f  s e l f - i n c o m p a t i b i l i t y  i n  

P « a q u i l in u m  i s  t h e  f i r s t  exam ple o f  t n i s  s i t u a t i o n  i n
'■w  iimn niiiwi > <n in ii ii i ii— —

p t e r i d o p h y t e s  • I t  i s  a l s o  t h e  f i r s t  exam ple o f  in c o m p a t ib ­

i l i t y  a t  t h e  gam etophy te  l e v e l  i n  any  v a s c u l a r  p l a n t .



JL. M a t e r i a l ' a n d  c u l t u r a l  m ethods *

Spore  sam p le s  w ere  c o l l e c t e d  from d i f f e r e n t  p o p u l a t i o n s  o f  

b r a c k e n .  Of t n e  p o p u l a t i o n s  sam p led , one d i f f e r e d  m orpholog­

i c a l l y  from th e  o t h e r s  i n  t n a t  th e  a p i c e s  o f  t h e  p in n a e  

t e n d e d  to  b ra n c h  g iv in g  r i s e  oo t h e  s o - c a l l e d  ‘ c r e s t e d ' form 

common i n  c u l t i v a t e d  f e r n s ,  i n i s  fo rm , somewhat r a r e  i n  

b r a c k e n ,  was l i s t e n  oy Moore a s  f . va r ,  c r i s t a t a  

and  i s  i l l u s t r a t e d  i n  Lowers ‘Our N a t iv e  Ferns* ^1867)*

A lso  s p o r e s  o f  t h i s  v a r i e t y  w ere  v e ry  much d a rk e r  i n  c o lo u r  

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

Doth i n  t h e  mass and  u n d e r  t n e  m ic ro s c o p e ,  m e s e  d i f f e r e n c e s  

w ere  c o n s t a n t  o v e r  a  p e r i o d  o f  t h r e e  y e a r s ,  xhe l o c a t i o n  o f  

t h e  c r e s t e d  v a r i e t y  i s  a t  Mugdockbank n e a r  M i ln g a v ie ,  

D u m b a r to n s h i r e .

c u l t u r e  o f  p r o t h a l l i  was c a r r i e d  o u t m  

p e t r i - d i s h e s  i n  d a y l i g h t  on an  a g a r  medium c o n ta in i n g  

s t a n d a r d  Knopf s s o l u t i o n ,  where i t  was n e c e s s a r y  to  c o n t r o l  

t h e  number o f  s p o r e s  p i a t e a  i n  eacn  p e t r i - d i s h ,  t n e  d e n s i t y  

o f  s p o re  s u s p e n s io n s  was e s t im a t e d  from naem ocytom erer 

c o u n ts  and  -one a p p r o p r i a t e  volume o f  s u s p e n s io n  ad ae d  i n  

e a c h  c a s e ,  ih e  amount o f  c o n ra m in e n t  m ic ro o rg an ism s  in  t h e s e  

c u l t u r e s  v a r i e d  g r e a t l y ,  t h e  m ost t ro u b le so m e  b e in g  u n i c e l l ­

u l a r  a l g a e .  I t  was p o s s i b l e  to  get. r i d  o f  most c o n ta m in a n ts  

oy i n c u b a t i n g  a  s p o re  s u s p e n s tc n  o v e r n i g h t  i n  s t e r i l i s e d



d i s t i l l e d  w a t e r  a t .  # 4  C«, b ra c k e n  s p o re s  b e in g  u n a f f e c t e d  

by t h i s  t r e a t m e n t .

v je rm ina tion  o f  b ra c k e n  s p o re s  was g e n e r ­

a l l y  o f  t h e  o r d e r  o f  7 0 4 .

2 * s t e r i l e  c u l t u r e  o f  p r o t h a l l i .

10 i n v e s t i g a t e  tn e  p o s s i b l e  o c c u r r e n c e  i n  n a t u r e  o f  non~ 

a u to t r o p h d c  © t r a i n s ,  i t  was n e c e s s a r y  t o  grow p r o t h a l l i  

u n d e r  s t e r i l e  c o n d i t i o n s .  The developm ent o f  s t e r i l e  

t e c h n iq u e s  was a l s o  u n d e r t a k e n  w i th  a  view to w a rd s  th e  p r o d ­

u c t i o n  o f  n u t r i t i o n a l  m u ta n ts  among p r o t h a l l i  by t r e a tm e n t  

o f  s p o r e s  w i t h  m u ta g en ic  a g e n t s ,  t n e  w hole  p r o c e s s  b e in g  

s i m i l a r  t o  t h a t  c a r r i e d  o u t  i n  m ic ro o rg a n is m s .

■Various m ethods o f  s t e r i l i s i n g  ©pores were 

t r i e d  o u t ,  t h e  most s u i t a b l e  b e in g  a  m o d if ie d  v e r s i o n  o f  

t h a t  u s e d  by Knuds©n 1,1940) f o r  spore® o f  P o lypodium 

au reum . A s p o re  s u s p e n s io n  i n  s t e r i l i s e d  d i s t i l l e d  w a te r  

was i n c u b a te d  o v e r n ig h t  a t  <*4 °C . ih e  s p o re s  w ere  th e n  

c e n t r i f u g e d  and  t h e  s u p e r n a t a n t  d e c a n t e d ,  l o  t h e  s p o re s  was 

ad d ed  1m l.  o f  a  I f  b l e a c h in g  powder s o l u t i o n  f r e s h l y  made 

up and f i l t e r e d .  A f te r  one m in u te  t h e  c h l o r i n e  c o n s t i t u e n t  

was i n a c t i v a t e d  by  a d d i t i o n  o f  a  d rop  o f  a  weak p o ta s s iu m  

i o d i d e  s o l u t i o n ,  i h e  s p o r e s  w ere  th e n  im m e d ia te ly  t a k e n  up 

i n  a  p i p e t t e  and t r a n s f e r r e d  to  s t e r i l i s e d  d i s t i l l e d  w a t e r ,  

ih e  v i a b i l i t y  o f  t r e a t e d  s p o re s  was 4 0 $ o r  t h e r e a b o u t s ,  

and t h e  g e rm in a t io n  p e r i o d  was . in c re a s e d  from 3 -4  days t o  

b-7  d a y s .  Subsequent, g ro w th  o f  p r o t h a l l i  i n  s t e r i l e  c u l t u r e



was n o rm al i n  s p o re  sam ples  from two p o p u l a t i o n s  (one 

from B a l lo c h ra g g a n  n e a r  S t i r l i n g ,  t n e  o t n e r  n o m  K i l l e a r n  

n e a r  Loch nomond), b u t  w i th  s p o r e s  from t h e  c r e s t e d  

p o p u l a t i o n ,  a l th o u g h  g e rm in a t io n  to ok  p l a c e  t h e r e  was no 

s u b s e q u e n t  g row th  o f  g e rm -tu b es  beyond a  two o r  t h r e e -  

c e l l e d  c o n d i t i o n  i n  u n c o n ta m in a te d  p e t r i - d i a n e s « I f ,  

how ever, t h e s e  p l a t e s  were in o c u la te d ,  w i th  any one o f  a  

number o f  fu n g i  o r  b a c t e r i a ,  f u r t h e r  g row th  o f  g e ra - tu & e e  

p r o c e e d e d  and  gave r i s e  t o  p r o t h a l l i  a t j tn e  r e g io n  o f  

c o n t a m i n a t i o n .

On th e  a s su m p t io n  t h a t  a. s u b s ta n c e  (o r  

• u f e s t a n c e s ) n o t  p r e s e n t  i n  Knopfs a g a r  was r e q u i r e d  oy th e  

p r o t h a l l i  o f  tn e  c r e s t e a  p o p u l a t i o n  and was supp lied , by t h e  

c o n ta m i n a n t s ,  an a t  tempo was maae to  grow tn e  p r o t h a l l i  on 

a  c o n ta m i n a n t - f r e e  medium su p p lem en ted  by a  v a r i e t y  o f  g row th  

f a c t o r s ,  s i n g l y  and  i n  c o m b in a t io n s ,  v i t a m in s ,  d e x t r o s e ,  

h y d r o l i s e a  c a s e i n ,  h y d r o l i s e d  r i b o -  and d e s o x y r ib o n u c le ic  

a c i d ,  y e a s t  e x t r a c t  and R e i t s - f i l t e r e d  e x t r a c t s  o f  c o n ta m in ­

a t e d  m edia w ere  t r i e d  o u t .  E x p er im en ts  w ere  a l s o  c a r r i e d  

o u t  in  w hich  CO3 t e n s i o n  and ph  w ere v a r i e d  b u t  i n  no c a s e  

w ere  p r o t h a l l i  o f  t h e  c r e s t e a  p o p u l a t i o n  a b le  to  grow i n  

t h e  a b se n c e  o f  m ic ro o rg a n is m s .

M ic ro sc o p ic  e x a m in a t io n  o f  t n e  d e l i b e r a t e l y  

c o n ta m in a te d  p l a t e s  snowed t h a t ,  a s  a  f i l a m e n to u s  fun gus  

su c h  a s  P e n i c i I lium  o r  .A s p e rg i l lu s  s p r e a d  s io w lv  a c r o s s  th e  

a g a r ,  t h e  g e rm - tu b s s  c o n t in u e d  t h e i r  g row th  o n ly  a f t e r  th e



b *

n y p h a l  t i p s  had re a c h e d  tnam , I f  a  p i e c e  o f  a g a r  w ere  c u t  

o u t  b e f o r e  any  hyphae haa r e a d i e d  i t  and k e p t  s t e r i l e  m  » 

s e p a r a t e  d i s h ,  th e n  g e rra - tu o e s  on t h i s  a g a r  d id  n o t  dev e lo p  

i n t o  p r o t h a l l i  ou t rem a ined  i n  th e  two o r  t h r e e - c e l l e d  

c o n d i t i o n .

One p a r t i c u l a r  fungus was found  (an A c t in o -  

m yce te )  w h ich  was i n e f f e c t i v e  i n  e n a b l in g  t h e  p r o t h a l l i  to  

grow b u t  t h i s  was a  s i n g l e  e x c e p t io n  and  a l l  o t h e r  contam ­

i n a n t s  u s e d ,  w h e th e r  f u n g a l ,  b a c t e r i a l  o r  a l g a l  were 

e f f e c t i v e .

Oi s c u s s i  on*

In  t h i s  i n v e s t i g a t i o n  o f  th e  n u t r i t i o n a l  

r e q u i r e m e n ts  o f  p r o t h a l l i  o f  t n e  c r e s t e d  p o p u l a t i o n ,  th e  

e v id e n c e  s u g g e s t s  t h a t  t h e  c o n ta m in a n t  m ic ro o rg an ism s  

s u p p ly  th e  p r o t h a l l i  w i th  a  s u b s ta n c e  (o r  s u b s ta n c e s )  w h ich  

i s  v e ry  u n s t a b l e  and  w h ich  must oe t a k e n  up a s  soon as  

p r o d u c e d ,  D i f f u s i o n  o f  t n e  h y p o t h e t i c a l  s u b s ta n c e  a c r o s s  

t h e  a g a r  d o es  n o t  t a k e  p l a c e ,  th e  s t i m u l a t i n g  e f f e c t  on t h e  

p r o t h a l l i  b e in g  a p p a r e n t  o n ly  i n  th o s e  a r e a s  i n  w hich th e  

c o n ta m in a n t  i s  g ro w in g .

S t r a i n s  o f  p r o t h a l l i  r e q u i r i n g  t h i s  

ty p e  o f  n u t r i t i o n a l  a s s o c i a t i o n  w i t h  m ic ro o rg an ism s  may be 

w id e s p r e a d  i n  b r a c k e n  and p t e r i d o p h y t s s  g en e ra lA y  s in c e  i n  

n a t u r e  t h e r e  would be no s e l e c t i o n  a g a i n s t  t h i s  c o n d i t i o n ,  

m ic ro o rg a n ism s  b e in g  ab u n d an t  i n  most s o i l s .  In  e c o l o g i c a l



7 ,

s t u d i e s  t h e s e  f i n d i n g s  have some s i g n i f i c a n c e ,

HureX=~?y (1950) found abnorm al grow th  o f  

f e r n  p r o t h a l l i  i n  g -c e rn e  c u l t u r e  and showed t n a t  norm al 

g row th  was r e s t o r e d  by a d d i t i o n  o f  g lu c o s e  to  t h e  medium.

P r o t h a l l i  o f  Qgmunda oinamomea c u l t u r e d  

u n d e r  s t e r i l e  c o n d i t i o n s  (Morel and W etmore, 1951) gave 

r i s e  t o  u n d i f f e r e n t i a t e d  ‘c a l l u s *  o u tg ro w th s  which* when 

d e ta c h e d  r e q u i r e d  a  medium ̂ su pp lem en ted  by  v i ta m in s  o f  th e  

B l co m p lex .



3• M o rp h o lo g ic a l  v a r i a t i o n i n  t h e  p r o t h a l l u s  •

Accounta o f  th e  developm ent from t h e  sp o re  to  

t h e  t y p i o a l  h e a r t - s h a p e d  p r o t h a l l u s  a r e  g iv e n  i n  th e  

l i t e r a t u r e  f o r  many f e r n s  and  by  O rth  (193b) and  Oonway 

(1949) f o r  b r a c k e n .  The developm ent o f  an  a p i c a l  m er is tem  

i n  t h e  young p r o t h a l l u s  i s  a  n e c e s s a r y  p r e l i m i n a r y  t o  th e  

p r o d u c t i o n  o f  t h e  fem ale  r e p r o d u c t iv e  o rg a n ,  th e  archegonium  

The m e r i s t s m a t i o  c e l l®  i n  t h e  a p i c a l  n o tc h  a lo n e  a r e  c a p a b le  

o f  d i v i s i o n  i n  t h e  v e r t i c a l  p l a n e  to  g iv e  r i s e  t o  a  'c u s h i o n  

o f  t i s s u e  i n  w hich  t h e  a r c h e g o n ia  a r i s e .  In  b ra c k e n ,  th e  

m ale  o r g a n s  ( a n t h e r i d i a )  d ev e lo p  s im u l t a n e o u s ly  w i t h  th e  

a r c h e g o n i a  so t h a t  sperm and  egg a r e  m a tu re  a t  t h e  same t im e  

on one p r o t h a l l u s  ( F i g . l j i ) .  I f  a  m e r is te m  does n o t  d e v e lo p ,  

t h e  p r o t h a l l u s  rem a in s  a  p l a t e  o f  c e l l s  and g row th  i s  

g e n e r a l l y  a r r e s t e d  a t  t h e  3 0 -30  c e l l  s t a g e .  Numerous a n t h e r ­

i d i a  a r e  p ro d u c e d  on t h i s  a m e r i s t i c  p r o t h a l l u s  b u t  no 

a r c h e g o n ia  form  ( F i g . l B ) ,  Thus w i t h  t h e  a m e r i s t i c  and  tn e  

m e r i s t i c  p r o t h a l l u s  i s  a s s o c i a t e d  m a len e ss  on th e  one hand 

and  th e  h e rm a p h ro d i te  c o n d i t i o n  on t h e  o t h e r .

The o c c u r r e n c e  o f  t n e  s m a l l  m ale form was 

o f  r e l a t i v e l y  h ig h  f r e q u e n c y  i n  a l l  c u l t u r e s  ( F i g . 3) and 

h i g h e s t  i n  t h o s e  c u l t u r e s  w here  t n e r e  was a  v e ry  dense  

sow ing  o f  s p o r e s .

30  o f  t h e s e  s m a l l  m ales  were t r a n s p l a n t e d  

t o  f r e s h  medium and Kept u n d e r  o b s e r v a t i o n  ana  i t  was found



F i g . l  ' A. M e r i s t i o *  c o r d a t e  p r o t h a l l u s  w i t h  a n t h e r i d i a  
(<£) and  a r c h e g o n i a  ( # ) .

B. A m e r i s t i c  p r o t h a l l u s  w i th  a n t h e r i d i a  o n l y ,  

d ,  a n th e r id iu m  d e h i s c i n g .
Both  2C30.
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F i g .  2 P h o to m ic ro g ra p h  o f  a  young p r o t h a l l i a l  c u l t u r e  

on  a g a r  show ing a m e r i s t i c ,  m a le s  and  m e r i s t i c  

fo rm s .  x 3 0 .





1 1 ,

t h a t  a l l  e v e n t u a l l y  gave r i s e  t o  t h e  m e r i s t i c  form and 

p ro d u c e d  a ro h e g o n ia  ( F i g « 3 ) .  I n  t h i s  e x p e r im e n t  p r o t h a l l i  

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

I n  a n o th e r  e x p e r im e n t  i n  w hich  s p o r e s  o f  t h e  

K i l l e a r n  p o p u l a t i o n  (K) w ere  u s e d ,  s i n g l e  s p o r e s  w ere  p i c k e d  

up from a  d i l u t e  s u s p e n s io n  by  means o f  a  f i n e l y  d raw n-ou t 

p i p e t t e  and  s i n g l e - s p o r e  c u l t u r e s  s e t  u p , D evelop ing  

p r o t h a l l i  t h e n  had p re s u m a b ly ,  o p t im a l  c o n d i t i o n s  f o r  g ro w th ,  

t h e  o b j e c t  i n  mind b e in g  to  se e  i f  s m a l l  m ales  w ould  d ev e lo p  

u n d e r  su ch  c o n d i t i o n s .  T h is  ex p e r im e n t  was c a r r i e d  o u t  i n  

s t e r i l e  and  n o n - s t s r i l e  c u l t u r e  and  t h e  r e s u l t s  a r e  r e c o r d e d  

i n  t a b l e  l .

x a  o le  1 ,

i n c id e n c e  o f  m ale p r o t h a l l i  i n  s i n g l e - s p o r e  

c u l t u r e s  o f  p o p u l a t i o n  K.

C u l t u r a l
c o n d i t i o n s

No .o f  s p o r e s  
i s o l a t e d

No .w hich  
g e rm in a te d

NO .Of
h e rm a p h ro d i te

p r o t h a l l i

imQ .Of
m ale

p r o t h a l l i

S t e r i l e 40 31 jl9 13 j|

won-
s t e r i l e 40 36 31 15

in e s e  d a t a  f o r  one p o p u l a t i o n  show t h e  

i n c i d e n c e  o f  tn e  a m e r i s t i c  m ale form t o  os o f  t h e  o r d e r  o f  

4 0 b o t h  i n  s t e r i l e  and n o n - s t e r i l e  d i s h e s .



/

F i g . 3 P r o l i f e r a t i o n  o f  m a r g in a l  c e l l e  o f  s m a l l  m ale  

to  g iv e  c o r d a t e  fo rm s .  x 2 0 .



i p



i h e  i n c id e n c e  o f  m a les  u n d e r  v a r i o u s  c u l t u r a l  

c o n d it io n ®  i® g iv e n  i n  t a b l e  3 ,  a g a in  u s i n g  s p o r e s  o f  

p o p u l a t i o n  K.

T a b l e  3 •

I n c id e n c e  o f  m ale  p r o t h a l l i  u n d e r  d i f f e r e n t  

c u l t u r a l  c o n d i t i o n s  ( p o p u la t io n  K ) .

w o .o f  s p o r e s  
p e r  

p e t r i - d i s h

C u l t u r a l
c o n d i t i o n s

wo .o f  
p r o t h a l l i  

exam ined

wo . c f  
m ale  

p r o t h a l l i

m e  i  dene a 
o f  

m ales

5 >000
S t e r i l e

Non-
s t e r i l e ____  85

bO

......1 0 0 ..

ob

53

6 6$

60$

1 * 0 0 0
s t e r i l e

won-
s t e r i l e

37

33

54$

384

S t e r i l e 83 30 z H
500

won-
s t e r i l e 90 19 33$

I t  c a n  be s e e n  t n a t  t n e  i n c i d e n c e  v a r i e s  

c o n s i d e r a b l y ,  t h e  lo w e s t  b e in g  33$ i n  a  n o n - s r e r i l e  c u l t u r e  

w i t h  500 s p o re s  p e r  p e t r i - d i s h .

D i s c u s s io n .

M aleness  an d  f e m a le n s s s  i n  t h e  p r o t h a l l i  o f  

hom osporous f e r n s  was t h e  s u b j e c t  o f  much i n v e s t i g a t i o n  by  

e a r l y  b o t a n i s t s .  S t r a s b u r g e r  (1 8 7 3 ) ,  Bauke ( 1 8 7 3 ) ,  Jonkman



(1877) and  Kny (1880) among o t h e r s ,  e x p r e s s e d  t h e  o p in io n  

t h a t  r h e r e  was a  te n d e n c y  t o  d io e c ig m , ^ n e i r  c o n c lu s io n s  

may have oeen b ia s e d  i n  an  a t t e m p t  to  e s t a o i i e n  a  ± m k  

oetw een homogporoua and  h e te r o s p o r o u s  f e r n s  f o r  w hich  t n e r e  

was e x p e c t a t i o n  a t  t h e  t i m e .  P r a n t i  (1831) d i s a g r e e d  w i th  

t h e s e  a u th o r s  and  h e ld  t h a t  t h e  o c c u r r e n c e  o f  t n e  a m e r i s t i c  

m ale was due e n t i r e l y  t o  c u l t u r a l  c o n d i t i o n s  and t h a t  i f  

t h e  c o r r e c t  c u l t u r a l  c o n d i t i o n s  c o u ld  be s e t  up t h i s  form 

o f  p r o t h a l l u s  w ould  n e v e r  a r i s e ,  how ever, he h im s e l f  was 

u n a b le  t o  f i n d  such  i d e a l  c o n d i t i o n s  and  a lw ays had s m a l l  . .. 

m a le s  i n  h i s  c u l t u r e s .

numerous w o rk e rs  have c o l l e c t e d  

i n f o r m a t i o n  a s  to  t n e  i n f l u e n c e  o f  e x t e r n a l  c o n d i t i o n s  on 

t h e  d ev e lo p m en t and form o f  t h e  f e r n  p r o t n a i i u s .  P r a n t i  

(18.81) h a s  shown t h a t  t h e  developm ent o f  t n e  p r o t n a i i u s  may 

be a r r e s t e d  a t  t n e  s t a g e  o f  a  c e i l  p l a t e  w i th o u t  m er is tem  

by c u l t i v a t i o n  on a  s u b s t r a tu m  d e v o id  o f  n i t r a t e s .  A 

s i m i l a r  r e s u l t  was o b ta in e d  oy grow ing  p r o t n a i x i  u n d e r  

c o n d i t i o n s  o f  re d u c e d  l i g h t  i n t e n s i t y  (M ehra, 1933; P tephu n  

1 3 3 9 ) .  From such  i n v e s t i g a t i o n s  i t  a p p e a r s  t h a t  e a c n  

g row th  fo rm , i n  t n e  p r e s e n c e  o f  an  a d e q u a te  su p p ly  o f  

w a te r  and oxygen , i s  t h e  r e s u l t  o f  tn® i n * e ± a c t io n  o f  a. 

number o f  f a c t o r s  o f  w h ich  t h e  m ost s i g n i f i c a n t  a r e  tn e  

q u a n t i t a t i v e  and q u a l i t a t i v e  n a t u r e  o f  t n e  l i g h t ,  t h e  su p p ly  

o f  m in e r a l  s a l t s  and t e m p e r a t u r e ,  In e  n a t u r e  o f  t n e



mechanism in t e r v e n in g  between tn e  s t im u la t in g  f a c t o r s  and 

th e  resp on se  i s ,  however, e n t i r e l y  unknown.

in  tn e  p r e se n t  work an attempt has been 

made to  determ ine whether or not tn e  d i f f e r e n t  end produ cts  

(m e r i s t i c  v e r su s  a m e r i s t i c )  correspond to  a d i l i e r e n c e  in  

tn e  in t e r v e n in g  mechanism (tn e  a c t io n  o f  tn e  gen es)  or to  

d i f f e r e n c e s  i n  tn e  s t im u la t in g  f a c t o r s  ( th e  env iron m en t).

irrom tn e  r e s u l t s  o f  th e  experim ents d e s c r ib ­

ed i t  i s  o b v io u s  th a t  tne  problem i s  a complex one and 

would r e q u ir e  mucn more e x t e n s iv e  treatm en t than i t  has been 

g iv e n  h e r e .  I t  cou ld  oe tn e  c a s e  tn a t  g e n e t ic  f a c t o r s  c o n tr o l  

th e  tim e la g  in  th e  development o f  a. m eristem , tn e  p en e tra n ce  

o f  t n e s e  f a c t o r s  being r a is e d  oy c o n d i t io n s  o f  growth  

o th e r  than  o p t im a l ,  to t e s t  t n i s  H y p o th e s is ,  experim ents  

a lo n g  th e  fo l lo w in g  l i n e s  might oe c a r r ie d  o u t .

I s o la t e d  male p r o tn a x x i  a i t o x  p r o l i f e r a t i o n  

and th e  e s ta b l ish m e n t  o f  th e  hermaphrodite c o n d i t io n ,  

would be s e i f e d .  The sp orop hvtes so produced would be 

homozygous f o r  a l l  genes and tn e  sp ores  th e y  produced would 

a l l  be g e n e t i c a i i y _JLdentical. T h i s  proceedu re  w ith  male 

p r o t n a l i i  would a l s o  be c a r r ie d  out w ith  m e r i s t i c  p r o t h a l l i  

and i d e n t i c a l  sp o res  o b ta in ed  i n  thx© c a se  a l s o .

In experim en ts u s in g  homogeneous s p o r e s ,  

v a r i a b i l i t y  would be au« to  tn e  environment and cou ld  not  

oe a t t r i b u t e d  to  g e n e t i c  d i f f e r e n c e s  in  tn e  p r o t n a i x i .



In  t n i s  way a  co m p ariso n  c o u ld  be  made betw een tn e  

v a r i a t i o n  i n  c u l t u r e s  i n  w n icn  homogeneous s p o re s  were 

u s e d  and t h o s e  u s in g  h e te ro g e n e o u s  s p o r e s .  Any d i f f e r e n c e s  

betw een t n e  two would oe p re s u m a b ly ,  o f  g e n e t i c  o r i g i n .

I t  w ould  a l s o  be p o s s i b l e  i n  t n i s  way t o  e s t im a te  t n e  

p e n e t r a n c e  o f  t h e  h y p o t h e t i c a l  f a c t o r  c o n t r o l l i n g  t h e  

p r o d u c t i o n  o f  a  m eris«em .

w h a tev e r  t h e  mechanism c o n t r o l l i n g  tn e  

p r o d u c t i o n  o f  a  m erisbem , m  n a tu r e  t n e  o c c u r r e n c e  o f  t h e s e  

m a le s  would e n s u re  an  a d e q u a te  su p p ly  o f  sperms a t  a n  

t i m e s ,  i n i s  i s  im p o r ta n t  i n  view o f  t n e  f a c t  t n a t  p r o t n a i i i  

p ro d u c e  r e l a t i v e l y  few a rc n e g o m a  i r i t h e i r  l i f e t i m e .

i t  i s  o f  i n t e r e s t  i n  t h i s  c o n n e c t io n  to  

n o te  t h a t  r e c e n t  i n v e s t i g a t i o n s  o f  Q alan  ( d i s c u s s e d  by  lyratner, 

194y) show a  g e n e t i c  c o n t r o l  o f  a, p r o t a n d r o u s  c o n d i t i o n  

i n  t h e  c u c u r b i t o u s  p l a n t  E c b a l i iu m .



1? *

4« Summary *

X. S p o re s  w ere  c o l l e c t e d  from d i f f e r e n t  p o p u l a t i o n s  o f  

'b ra c k e n , one o f  t n e  p o p u l a t i o n s  b e in g  a  ’c r e s t e d *  

v a r i  e t  y .

3 .  t e c h n iq u e s  f o r  t h e  s t e r i l e  and  n o n - s t e r n e  c u l t u r e  o f  

p r o t n a i i i h a v e  been deve lop ed *

h* F r o t n a i x i  o f  tn e  Cxesu«u p o p u l a t i o n  w ere u n a b le  to  grow 

i n  s t e r i l e  c u l t u r e  and  m edia  had t o  be i n o c u l a t e d  w i th  

m ic ro o rg a n ism s  l o r  g row th  uo wa&e p x a c e . Media were 

su p p le m e n te d  w i t h  a  v a r i e t y  ox grow on s u b s ta n c e s  i n  an 

a t t e m p t  t o  f i n d  o u t t n e  g row th  re q u i r e m e n ts  o f  t n e  

p r o t n a x x i  b u t  w i th o u t  s u c c e s s  • i t  was cOiihrutteu t h a t  

a  l a b i l e  s u b s ta n c e  (.or s u b s ta n c e s )  was l i b e r a t e d  by tn e  

m ic ro o rg a n ism s  and  t a k e n  up by t n e  p r o t n a i i i  t h e r e b y  

e n a b l in g  tnem to  g row .

4 * two form s o f  p r o t n a i i i ,  one w i t h  and one w i tn o u t  a  

m e r is te m ,  w ere  o f  c o n s t a n t  o c c u r r e n c e  i n  a l l  c u l t u r e s  

and  u n d e r  a  w id e  v a r i e t y  o f  c u l t u r a l  c o n d i t i o n s *  

A m s r i s t i c  p r o t n a i i i  (w hich  d e v e lo p e d  o n ly  m ale o rg a n s )  

e v e n t u a l l y  became m e r i s t i c  a f t e r  a  p e r i o d  o f  c u l t i v a t i o n  

and i t  i s  p o s s i b l e  t h a t  t n e  d i f f e r e n c e  i n  t im e  i n  t n e  

developm ent o f  a  m er ie tem  i s  g e n e t i c a l l y  c o n t r o l l e d .
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P a x t  XX.

•rhe movementg o f  sp e rm ato zo a  o f  or a s h e n •

i h e  movement® o f  sp e rm ato zo a  m  t n e  v i c i n i t y  o f  

m a tu re  a r c n e g o m a  were xiivest igaueu.  i.u some d e r a i l  i n  

c o n n e c t i o n  w i t n  uu? f e r t i l i s a t i o n  s t u d i e s  d e s c r i b e d  l a t e r .  

The p a r t i c u l a r  p rob lem  ox w n e tn e r  sperm® a r e j c h e m o t a c t i c a l i y  

a t t r a c t e d  t o  m ature  a r c h e g o n i a  io rm ea  p a r t  o f  t h i s  

i n v e s t i g a t i o n  a n a  t n e  t e c n n is ja e s  employed a n a  t n e  r e s u l t s  

o b t a i n e d  i n  t u i s  p a r t  o f  t n e  worfc formed t n e  b a s i s  01  a  

p a p e r  now i n  one p r e s s  (E x p e r im e n ta l  O e i r  R e se a rch )  a n a  o f  

w h icn  t n e  f o l l o w i n g  i s  a  copy#



The Movement® o f  Sperm atozoa  o f  B racken  {p t e r i d l u a  

a.cflii l i n u m) *

In e  assumptiom has  been  made r e p e a t e d l y  i n  t n e  

l i t e r a t u r e  t h a t  t e r n  sp e rm a to zo a  a r e  o h e m o t a c t i c a l x y  

a t t r a c t e d  i#o m atu re  fem ale  organ® ( a r c n e g o n i a )  s i n c e  

( a )  sperms i n  a  s u s p e n s io n  a r e  s e e n  t o  acc u m u la te  a ro u n d  

t h e  neck® o f  m ature  a rcnegon ia , ;  (b )  sperm® a r e  a t t r a c t e d  

by c e r t a i n  o s g a n ic  s u b s t a n c e s ,  p a r t i c u l a r l y  m a l ic  a c i d  a® 

shown oy j p r e r f e r  ( o ) ,  Bruonmanu ( 1 ) ,  n o t h s c h i l d  (? )  and 

o ther®  and ( c ^  most t e x t  cook® ( e . g .  p r i t s c h  and S a l i s b u r y  

( 4 ) )  make tn e  s t a t e m e n t  t n a t  some o f  t n e s e  subs tance® a r e  

p r e s e n t  i n  a r c n e g o n i a .  A th o ro u g h  s e a r c h  o f  t h e  l i t e r a t u r e  

h a s  p r o v i d e d  no c l u e  a s  t o  where un is  s t a t e m e n t  o r i g i n a t e d .

I n s  a rchegonium o f  b r a c k e n  c o n s i s t®  o f  a  

v e n t r a l  p o r t i o n  embedded i n  t n e  p r o t n a i i u s *  and a  neck  

p o r t i o n .  The n e c k ,  which p r o j e c t s  above t n e  s u r f a c e  o f  t n e  

p r o t h a l i u s ,  c o n s i s t s  o f  a  w a l l  composed o f  f o u r  rows o f  

o e l l s |  i t  e n c l o s e s  a  s i n g l e  e lo n g a t e d  neck c a n a l - c e l l ,  i h e  

v e n t r a l  p o r t i o n  c o n t a i n s  a  l a r g e  e g g - c e i i  ana  a  v e n t r a l  c a n a l ­

c e l l  im m e d ia te ly  above i t . As th e  arcnegonium m a tu re s  oo th  

c a n a l - c e l l ®  become d i s o r g a n i s e d  and f i n  t h e  c a n a l  ,wi tn  a  

m u c i l a g in o u s  suD S tan ce .  i n i s  s w e l l s  on tn e  a d m is s io n  o f  

w a t e r  * a n d ,  r u p t u r i n g  t n e  n e cx  at# one a p ex ,  i s  d i s c h a r g e d  

from t h e  a rcnegonium  which  i s  now re a d y  f o r  f e r t i l i s a t i o n .  

H a n s t e i n  (5 )  was f i r s t  t o  r e p o r t  thaw sperms a c c u m u la te d  i n



t h i s  e x t r u d e d  m u c i lag e  and t h i s  u n d o u b te d ly  happens i n  

o racx en  ( F i g . 4 )*

as found a t  one su a ru  o f  t n e  p r e s e n t  work ,  

t h e  a c c u m u la t io n  o f  sperms i n  t n e  m u c i lag e  i s  due t o  t h e  

f a c t  t h a t  on e n t e r i n g  i t  tn©y s to p  swimming* T m s  Change 

i s  i r r e v e r s i b l e  s i n c e  such  spe rm s,  on removal  rrom t n e  

m u c i l a g e ,  n e v e r  r e c o v e r  t n e i r  o r b g i n a l  m o t i l i t y *  I n u s ,  

sperms w i l l  a ccu m u la te  i n  t n e  m u c i lag e  w i th o u t  t h e r e  oe ing  

an  a t t r a c t i o n  m  tn e  same way as  f l i e s  would a ccu m u la te  on 

a  f l y - p a p e r ,  in© o b j e c t  o f  t n s  p r e s e n t  i n v e s t i g a t i o n  uaa 

oeen  t o  f i n d  oy q u a n t i t a t i v e  methods w h e th e r  o r  n o t  t h e r e  i s  

an a t t r a c t i o n  o f  sperms t o  m atu re  fem ale  o r g a n s .

S t a t i s t i c a l  a p p r o a c h .

Tne method o f  i n v e s t i g a t i n g  tn© movements o f  

sp e rm a to z o a  m  t a p - w a t e r  was to  mark o u t  a  g r i d  on tu© s u r f a c e  

o f  a  g l a s s  s l i d e  u s i n g  a  diamond o b j e c t i v e  on a  m ic ro scop e  

f i t t e d  w i t h  m e c h a n ic a l  s t a g e ,  s q u a r e s  on t n s  g r i d  nad 0*5mm. 

s i d e s  a n a  one g r i d  was e u c i o s e d  oy s t r i p s  o f  g l a s s  c u t  from 

a  g l a s s  p l a t e  aoou t  1mm. t h i c k  and f a s t e n e d  t o  t n e  e n d e  

w i t h  wax ( F i g . 5 ) .  The sperm s u s p e n s io n  a t  1 8 0 O was i n to d u c e d  

i n t o  t u i s  compartment and  t n e  r e c t a n g u l a r  components x and y 

o f  t n e  d i s t a n c e  t r a v e l l e d  by a  sperm i n  a  g iv e n  t im e  

e s t i m a t e d  u n d e r  t h e  d i s s e c t i n g  m ic r o s c o p e ,  i n e  o b s e r v a t i o n s  

a r e  summarised i n  t a b l e  3 .  s i n c e  t n s  mean squar© d i s p l a c e -



F i g .  4*

A. P h o to m ic r o g r a p h  o f  s p h e r i c a l  mass o f  

s p e r m a to z o a  i n  t h e  m u c i l a g e  o f  a  m a tu re  

a r c h e g o n i u m ... xSO.

B. D iag ram m at ic  r e p r e s e n t a t i o n  o f  A.

.a, t h e  sperm mass .

m, open n eck  o f  m a tu re  a rc h e g o n iu m .  

i_, c l o s e d  n e c k s  o f  immature  a r c h e g o n i a .
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F i g . 5 .  S l i d e  w i t h  g r i d  e n c l o s e d  by g l a s s  s t r i p s .

Sperm s u s p e n s i o n s  a r e  i n t r o d u c e d  i n t o  t h i s  

compartment  and t h e  r e c t a n g u l a r  components  

o f  t h e  d i s t a n c e s  t r a v e l l e d  by sperms i n  

g iv e n  t i m e s  m easu red  on t h e  g r i d .





ment in  u n i t  t ime i s  c o n s ta n t  then  th e  movements o f  the  

sperm can he regarded as t r u l y  random and th e  behaviour o f  

a su sp en s io n  c h a r a c t e r i s e d  by a d i f f u s i o n  c o e f f e c i e n t

x* -f- y“ ,
D = 7 ( 3 , 3 )  . From t a b l e  3 ,  D averages  0 .00 5 5  (x and4t

y in  mm. ) .

Table 3 .

Movement o f  spermatozoa i n  tap water  a t  10°C .

^ime 
i n t e r v a l  

t  .

Mean and standard d e v i a t i o n  f o r  100 
measurements o f  c o - c r d s . o f  d isp lacem ent

Mean o f  
x* + y^

y tfy

5 se c  . 0 .3 3  0 .33 0 .4 1  0 .3 4 0 . 4 4 ~ 0 .0

10 s e c . 0 .5 3  0-40 0 .5 4  0 .37 o . s s t  0 . 0

30 s e c . 0 .7 3  0 .49 0 .73  0 .5 3 1.77 ^ 0 . 1

Suppose the i n i t i a l  c o n c e n tr a t io n o f  such a

su sp en s io n  i s  C0 (number per  u n i t  volume) and th a t  organisms  

a r r i v i n g  on a f i x e d  sphere  o f  radius  a are caught ,  then  at  

t im es  t- from the s t a r t  o f  the experiment the c o n c e n tr a t io n  

a t  a p o in t  £  away from the  c e n tr e  o f  the  sphere w i l l  have- 

f a l l e n  to a va lue  C bi v e n  oy
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And th e  number which has a r r iv e d  s in c e  time zero ( s t a r t  o f  tin 

experim ent)  w i l l  he

^ a J3 C o ( _ l  + a / toT)-

I f  in  an a c t u a l  experiment we f i n d  th a t  the  numbers o f  

sperms a r r i v i n g  on the  su r fa c e  o f  th e  muci lage  are g r e a t e r  

than t h i s  then  i t  can he taken that  th e re  i s  an a t t r a c t i o n .

In a f i r s t  experiment where t h * d e n s i t y  

o f  sperm su sp en s io n  was l O ^ 1 * ( e s t im a te d  from fcaemocytometer 

c o u n ts )  the  i n i t i a l  r a te  o f  a r r i v a l  a t  t h e  mucilage was 1 . 3 / s e  

i n c r e a s i n g  s t e a d i l y  to  a maximum o f  approxim ate ly  1 0 / s e c . ,  the 

t im e  tak e n  to  reach t h i s  maximum b e in g  about 5 minutes . 

Counting sperms at  t h i s  s ta g e  p r e s e n t e d  a d i f f i c u l t y  and the  

r a te  o f  10 / s e c . was a r r iv e d  a t  a f t e r  independent e s t im a t e s  war 

made oy c o l l e a g u e s .  This r a te  o f  a r r i v a l  was maintained for  a 

fu r t h e r  5 minutes and t h e r e a f t e r  s t e a d i l y  decreased  to a

,e . The mucila.: ~ was then f i l l - - : ,  w ith  srei . : i . i u u u 4 -F jl h i  JLO

anu i t  was at t . . i s  sta-



There was no fu r t h e r  i n c r e a s e  in  t h i s  mass o f  sperm s in c e

t h o s e  now arriving: move! o f f  a g a in .  The diameter o f  the  mass

then measured 0.5mm.

P u t t in g  in  numerical  v a lu e s  for  a ,  D, and CL

i n  th e  e x p r e s s io n  for  t h e  r a te  o f  a r r i v a l ,  we f in d  t h a t  the  
f

term may oe n e g l e c t e d  fo r  o b s e r v a t io n s  taken Tatar th

1 minute from th e  s t a r t  o f  the  experiment so that  the  ra te  

e x p e c ted  a f t e r  5 minutes (when a c t u a l  ra te  o f  a r r i v a l  was at 

maximum in  th e  experim ent)  can oe taken as l ^ n  oC~E> C0 .

In the  course  o f  t h e s e  exper im ents ,  samples o 

sperm su sp en s io n s  were withdrawn and d i f f u s i o n  c o e f f i c i e n t s  

c a lc u la t e d '  for  sperms in t h e s e  samples . These did net  d i f f e r  

s i g n i f i c a n t l y  from those  found fo r  sperms in  tap water  (Table 

It  may axgo be mentioned th a t  th e  number o f  sperms i n - t h e  

m uci lage  was sm al l  i n  comparison w ith  the  t o t a l  number o f  

sperms in  th e  su sp e n s io n ,  so that  the change in  the concentra  

o f  sperms i n  t h e  su sp en s io n -d u r in g  th e  experiment cou ld  oe 

n e g l e c t e d .  The r e s u l t s  o f  t h e s e  experiments are summarised 

i n  Table 4 .

These r e s u l t s  show that  sperms are a c t u a l l y  

a t t r a c t e d  to  mature a rch egon ia  s in c e  t h e i r  ra te  o f  accumulati

i n  the  mucilage  i s  much g r e a te r  than would be expected  on the  

b a s i s  o f  a f l y - c a t c h i n g  mechanism. They a l s o  i n d i c a t e  that  t

a t t r a c t i o n  o p e r a te s  on the  d i r e c t i o n  c-f motion ra th er  than on

i t s  v o l o c i + t v »c*' i Id f7 ) con.clo.ded that  the  e f f e c t
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and n o t  t o  i n c r e a s e  l t d  r a t e .

Q u a l i t a t i v e  appro a c h .

In a fu r t h e r  s e t  o f  experiments the apparatus used was 

t h a t  shown F i g . 6 .  Again s t r i p e  o f  g l a s s  were f a s t e n e d  to a g l a s s  

p l a t e  w i t h  wax. In compartment A was p la c e d  approximately  0 .5 m l .

o f  a sperm su sp en s io n  o f  d e n s i t y  10'"'/ml. shut o f f  from channel C3 

by a rudder s top per  at S. Compartments C and B and th e  connect in g  

channel  were f i l l e d  w ith  w a ter .  Into B was p la c e d  a p r o t h a l l u s  

w ith  a mature archegonium and i n t o  C a p r o t h a l l u s  with  immature 
a r c h e g o n ia .  These p r o t h a l l i  were p r e v i o u s l y  r in se d  in  s e v e r a l

changes o f  water  to r id  them o f  mature spermatozoa and a l s o  to  

examine them fo r  mature arch eg o n ia .  After  15 minutes (to a l low  

any d i f f u s i o n  g r a d ie n t s  to be s e t  up) the 3topper was removed.

The f low o f  water  was in  the d i r e c t i o n  o f  A, the l e v e l  o f  water  

i n  the  channel  CB oeing s l i g h t l y  h igher  than i n  AS. The f i e l d  o f  

the  microscope was then fo cu ssed  on the  area  at  the  ju n c t io n  o f  the  

two channels  i n d i c a t e d  oy a c i r c l e  in  the  diagram*. Of the f i r s t  

30 sperms o b ser v ed ,  2 moved in t o  the  channel  lea d in g  to  0 ,  the  

o t h e r s  having moved in  the  g e n e ra l  d i r e c t i o n  o f  the  r ig h t  hand 

c h a n n e l .  A f te r  5 minutes t h e r e  were about 100 sperms in  the  

r ig h t  hand channel  w h i le  10 were counted in  th e  l e f t  hand c h an n e l .  

A fte r  10 minutes a mass o f  sperms had b u i l t  up i n  th e  mucilage  

o f  th e  mature archegonium. At the  same time there  wer~ no sperms 

t o  be seen  in  compartment C and 8 were counted in  the  l e f t  hand

c r a u n s u .

d s  type o f  experiment was repeated  with  s e v e r a l



F i g . 5 G la s s  p l a t e  w i t h  channel® and  com par tm en ts  A>

B aiid C, e n c l o s e d  by g l a s s  s t r i p s .

. S ) xuod&x s t o p p e r  .

A epNerm s u s p e n s i o n  i s  i n t r o d u c e d  i n t o  compartment  

A and  w a t e r  i n t o  t h e  o t h e r s  . A p r o t h a l l u s  w i t h  

a  m a tu re  a rch eg on iu m  i s  p l a c e u  i n  B, ana one 

w i t h  immature  a r c h e g o n i a  in  C. The s t o p p e r  i s  

removed and t h e  movements o f  sperm s i n t o  B and  C 

n o t e d .





v a r i a t i o n s  out th e  f i n a l  r e s u l t  was t h e  same i n  t h a t  t h e  

overw helm ing  m a j o r i t y  o f  sperms swam to w a rd s  t h e  m ature  arcfcegonium

giving:  s t r o n g  e v id e n c e  o f  an a t t r a c t i o n  p re su m ab ly  o f  a 

c n e m o ta c t i c  n a t u r e  .

To i n v e s t i g a t e  th e  h y p o t h e s i s  o f  a  s u b s t a n c e  

r e l e a s e d  by th e  a rchegon ium  b e in g  r e s p o n s i b l e  f o r  t h i s  a t t r a c t i o n ,  

a  few p r o t h a l l i  were each  p l a c e d  in  1ml.  o f  w a t e r .  A f t e r  

15 m in u te s  t h e  w a t e r  was t a k e n  up i n  a  p i p e t t e  from one o f  t h e  

p r o t h a l l i  showing a  m atu re  a rchegon ium  and l e f t  f o r  about  2 hours  

so t h a t  any sperms p r e s e n t  would  have d i e d  o f f .  0 .1 m l .  o f  t h i s  

l i q u i d  was i n t r o d u c e d  i n t o  compartment  B, compartments  B and 0

h a v in g  been  p r e v i o u s l y  f i l l e d  w i t h  w a t e r  and A w i t h  a sperm 
su s p e n s io n ^  A f t e r  10 m in u te s  t h e  s t e p p e r  a t  8 was removed.

Sperms were a t t r a c t e d  to  t h e  s o l u t i o n ,  many more sperms moving

i n t o  B t h a n  i n t o  C. When t h e  e x p e r im e n t  was r e p e a t e d  w i t h  t h e

l i q u i d  d i l u t e d  t e n  t i m e s ,  d i d  n o t  show a  p r e f e r e n c e  f o r

compartment  B cu t  moved f r e e l y  be tw een  0 and  3 .  O b v io u s ly ,  t h e

c o n c e n t r a t i o n  o f  t h e  s t i m u l a t i n g  s u b s t a n c e  o r  s u b s t a n c e s  canno t

be much re d u c e d  ( s a y  by more t h a n  1 0 )  w i t h o u t  l o s i n g  i t s

a c t i v i t y .  T h is  f i n d s  a  p a r a l l e l  w i t h  P f e f f e r r s (S) e x p e r im e n t s

i n  w h ic h  sperms were  n o t  a t t r a c t e d  to  sodium m a ia te  s o l u t i o n s  

o f  l e s s  t h a n  0 .0 0 1  p e r  c e n t .

B e h av io u r  o f  sp e rm a to zo a  tow a rd s  r u p t u r e d  c e l l s  .

F o l lo w in g  t h e  chance  o b s e r v a t i o n  t h a t  sp e rm a to zo a  

a r e  a t t r a c t e d  to  t h e  b roken  c e l l s  o f  t h e  p r o t h a l l u s ,  a  s e r i e s  

o f  e x p e r im e n t s  was c a r r i e d  o u t . F i r s t  i t  was shown t h a t  a



s i n g l e  so m a t ic  c e l l  o f  t h e  p r o t h a l l u s  when p u n c t u r e d  w i t h  a  

n e e d l e ,  was e f f e c t i v e  i n  a t t r a c t i n g  sp e r m a to z o a .  Sperms were 

a l s o  shown t o  be a t t r a c t e d  t o  t h e  r u p t u r e d  c e l l s  o f  t h e  b r a c k e n  

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

c e l l s  o f  t h e  l e a v e s  o f  S en se io  v u l g a r i s . ,  Poa a n n u a , F u c h s i a , and 

T araxacum , a s  w e l l  as  f o r  t h e  c e l l s  o f  t h e  f r u i t  f l y  Pro sop hi. l a  

m e l a n o m a s t e r , an a n n e l i d  and a  m o l l u s c .

Thus t h e  a t t r a c t i o n  o f  sperms to  a r c h e g o n i a  i s  

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

a n i m a l s ,  p r o v i d e d  t h e s e  c e l l s  a r e  r u p t u r e d .  S in ce  $he archegonium 

i s  a b l e  to  b r i n g  a oo u t  t h e  d i s i n t e g r a t i o n  o f  t h e  neck  c e l l s ,  t h i s  

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

b e i n g  t h a t  sperms a r e  a t t r a c t e d  t o  a  s u b s t a n c e  o r  s u b s t a n c e s  

common t o  t h e  c e i l s  o f  p l a n t s ,  a n im a l s  and neck  c e l l s  o f

a r c h e g o n i a .  A s im p le  o r g a n i c  a c i d  would  be su c h  a s u b s t a n c e .  I t  

i s  a l s o  p o s s i b l e  t h a t  t h e  neck  c e l l s  o f  t h e  a rchegonium  c o n t a i n  

a  s p e c i f i c  s u b s t a n c e  w h ich  a t t r a c t s  sperms and  which  i s  n o t  to  be 

found  i n  o t h e r  c e l l s .  However, t h i s  l a t t e r  h y p o t h e s i s  i s  t h e  

more u n l i k e l y  o f  t h e  two .

D i s c u s s i o n .

R o t h s c h i l d  (7)  i n v e s t i g a t i n g  t h e  b lo c k  to  p o ly sp e rm y  

i n  s e a - u r c h i n  e g g s ,  e s t i m a t e d  t h e  number o f  sperm-egg c o l l i s i o n s  

by a ssum ing  t h a t  a  s u s p e n s io n  o f  sp e rm atozo a  c o u ld  os t r e a t e d  

a s  an a sse m b la g e  o f  gas m o le c u le s  i n  which  t h e  d i s p la c e m e n t  i s  

p r o p o r t i o n a l  t o  t i m e .  In  t h e  c a s e  o f  f e r n  s p e rm a to z o a ,  t h i s
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a s s u m p t io n  i s  e r ro n e o u s  (R o th sc h i ld  h im s e l f  e x p re s sed  doubt as  

t o  i t s  v a l i d i t y  ( 7 ) ) ,  t h e  square  o f  t h e  d i sp lac em e n t  be ing  

p r o p o r t i o n a l  to  t i m e .  However, i t  was h i s  q u a n t i t a t i v e  app ro ach  

to  t n e  p rob lem  which  s t i m u l a t e d  th e  p r e s e n t  i n v e s t i g a t i o n .

Both t h e  s imple  s t a t i s t i c a l  and e x p e r im e n ta l  

t e c h n i q u e s  which have been d e s c r i b e d  h e re  seem to  be a p p l i c a b l e  

t o  a n im a l  sp e rm s .

Summary.

1 .  The movements o f  b rack en  sperms i n  t a p  w a te r  i s  random, t h e

mean s q u a re  d isp lac em e n t  be ing  p r o p o r t i o n a l  to  th e  t i m e .

£ .  I t  i s  known t h a t  when sperms a r r i v e  a t  t h e  m uci lage  a t  t h e

n e c k s  o f  m atu re  a rc h e g o n ia ,  t h e y  become im m obi l i sed ;  i t

h a s  been  found i n  th e  p r e s e n t  work t h a t  t h i s  i m m o b i l i s a t io n

i s  i r r e v e r s i b l e .
3 .  Sperms a r e  a t t r a c t e d  to  mature  a r c h e g o n ia  s i n c e  th e  number

o f  sperms a r r i v i n g  i n  u n i t  t ime a t  t h e s e  a rc h e g d n ia  i s

enorm ous ly  g r e a t e r  th a n  t h e  number expec ted  to  a r r i v e  by

c h a n c e .  T h is  i n c r e a s e  i n  t h e  r a t e  o f  a r r i v a l  i s  n o t  due to

an  i n c r e a s e  i n  t h e  d i f f u s i v i t y  o u t ,  p resum ab ly ,  to  a

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

4* V^hen sperms a r e  p re sen te e ,  w i t h  two r o u t e s  a lon g  widen i»hey 

may swim, t h e y  t a k e  p r e f e r e n t i a l l y  t h a t  r o u t e  which reads  

to  a  m ature  archegonium , i n d i c a t i n g  t h a t  th ey  a r e  a t t r a c t e d  

i n  t h a t  d i r e c t i o n .  Sperms a r e  a l s o  a t t r a c t e d  to  th e  w a te r  

i n  w h ich  a  m atu re  archegonium has oeen p r e v i o u s l y  immersed.
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5 .  The a t t r a c t i o n  o f  sperms i s  no t  s p e c i f i c  f o r  mature

a r c h e g o n i a  s i n c e  sperms a re  a t t r a c t e d  t o  ru p tu r e d  c e l l s  o f  

p ro  o n a x l i  and s p o r o p h y t s s .  Ruptured c e l l s  o f  a  v a r i e t y  o f  

a n i m a l s  and p l a n t s  a r e  a l s o  e f f e c t i v e .

S .  I t  i s  s u g g e s t e d  t h a t , s i n c e  t h e  m a t u r a t i o n  o f  t h e  archegonium 

i n v o l v e s  t h e  r u p t u r e  o f  two neck c e l l s ,  t h i s  p r o c e s s  a lo n e  

m ig h t  a c c o u n t  f o r  th e  a t t r a c t i o n .
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Part I I I .

Incompatibility in brackan

1 • Introduction.

A r e s u l t  o f  s e x u a l  r e p r o d u c t io n  i n  l i v i n g  

o r g a n i s m s  i s  to  recombine i n  t h e  o f f s p r i n g  h e r e d i t a r y  

d i f f e r e n c e s  o f  t h e  p a r e n t s .  Such recom bina t ion  i s  o f  

p r i m a r y  im p o r ta n c e  i n  e v o l u t i o n .  Recombination i s  i n ­

c r e a s e d  i n  g e n e t i c  systems i n  which o u tb re e d in g  i s  

p r e v a l e n t ,  t h a t  i s ,  when mating t a k e s  p l a c e  more o f t e n  

be tw een  u n r e l a t e d  t h a n  between r e l a t e d  i n d i v i d u a l s  o f  a 

s p e c i e s .

In  n e a r l y  a l l  a n im a l s ,  c r o s s - f e r t i l i s a t i o n  i s  

t h e  r u l e  s i n c e  th e  sexes  a r e  g e n e r a l l y  s e p a r a t e .  I n  p l a n t s ,  

on  t h e  o t h e r  hand, th e  hermaphrodite  c o n d i t i o n  i s  th e  

u s u a l  one and s p e c i e s  'which a re  s e l f - f e r t i l e  a r e  n o t  u n ­

common. T h is  i s  p a r t i c u l a r l y  t r u e  o f  th e  g ras s  f a m i ly  in  

w h ic h  a  r e l a t i v e l y  l a r g e  number o f  s p e c i e s  have been  s t u d i e d  

g e n e t i c a l l y  (Seddows, 1931; Je n k in ,  1931, 1933; N i l s s o n ,  

1933 and  o t h e r s ) .  3ut  s p e c i e s  which r e g u l a r l y  f e r t i l i s e  

t h e m s e lv e s  form a  m in o r i t y  ( S te b b in s ,  1S50) and a l th o u g h  

t h e r e  seems t o  be no i l l - e f f e c t s  from co n t in u ed  c lo s e  

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

g e n e t i c  v a r i a b i l i t y  i s  o e l i e v e d  t o  oe a  s e r i o u s  d i s a d v a n ta g e  

from t h e  p o i n t  o f  view o f  e v o l u t i o n .  Mechanisms prom oting



. i t b r e e d i n g  i n  p l a n t s  a r e  i n  f a c t  w idespread  and t h e i r  mode 

o f  a c t i o n  has  been th e  s u o je c t  o f  much i n v e s t i g a t i o n  

p a r t i c u l a r l y  i n  t h e  f lo w er in g  p l a n t s  and i n  th e  fung i  .

Many p l a n t s  have developed m orp ho lo g ica l  

b a r r i e r s  t o  3 e l f - f e r t i l i s a t i o n  and t h e s e  i n c lu d e  such  

d e v i c e s  a s  p r o t a n d r y ,  pro togyny  and t h e  extreme c a s e  o f  

c o m p le te  s e p a r a t i o n  o f  t h e  sexes as  seen  f o r  example i n  t h e  

d i o e c i o u s  members o f  t h e  L ah ia ta e  and C a r io p h y l l a c e a e  among 

t h e  f l o w e r i n g  p l a n t s .  I n  n e a r l y  a l l  o t h e r  c a se s  t h e  h a r r i e r  

i s  a  p h y s i o l o g i c a l  one and t h e  term s e l f - i n c o m p a t i b i l i t y  

l ias oeen a p p l i e d  to  b a r r i e r s  o f  t h i s  k in d .

The g e n e t i c s  o f  i n c o m p a t i b i l i t y  i n  angiosperm s 

h a s  been  w i d e ly  i n v e s t i g a t e d ,  t h e  c o n t r o l  o f  m at ing  between 

p o l l e n  and  egg o f  t h e  same p l a n t  b e in g  ach iev e d  by t h e  

i n t e r v e n t i o n  o f  som atic  s t y l a r  t i s s u e .  This  t i s s u e ,  a c t i n g  

a s  ev s i e v e ,  g e n e r a l l y  i n h i b i t s  t h e  growth o f  p o l l e n  t u b e s  

o f  s i m i l a r  g e n e t i c  c o n s t i t u t i o n  w h i le  p e r m i t t i n g  o t h e r s  to  

grow s u c c e s s f u l l y .  Where t h i s  r e a c t i o n  depends on t h e  

g e n o ty p e  o f  t h e  p o l l e n ,  t h e  system may be termed h a p l o - d i p l o i d  

(M a th e r ,  1944) a s  f o r  example i n  N io o t la n a  (East  and 

M a n g e l s d o r f ,  1935) and n e n o th e ra  (Emerson, 1933; Lewis,  1943) .  

When t h e  a c t i o n  o f  t h e  p o l l e n  i s  t h a t  im pressed  on i t  by t h e  

d i p l o i d  t i s s u e  from which i t  came, t h e  term dip  lo  -dip_lo id  

may be a p p l i e d  as  f o r  example i n  Linum & rand i  f  lo rum (Lewis, 

1943) and  E o r s y t h i a  i n t e r m e d i a  (Moewus, 1950) .  The d i p l o -
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d i p l o i d  sys tem  o ccu rs  g e n e r a l l y  i n  h e t e r o s t y l e d  p l a n t s  

a n d  t h e  hap l o - d i p l o i d  r e l a t i o n s h i p  i n  homostyled p l a n t s .  

T h i s  d i s t i n c t i o n  formed th e  b a s i s  o f  a  c l a s s i f i c a t i o n  o f  

i n c o m p a t i b i l i t y  i n  angiospsrms put  forward  by Lewis (1944) 

an d  w h ic h  may be summarised a s  f o l lo w s .

I .  gomostyl&d p l a n t s ,  (w i th  th e  e x c e p t io n  o f  c a p s e l l a )

1 .  One gene w i t h  m u l t i p l e  a l l e l e s .

3 .  Independen t  gene a c t i o n  i n  t h e  s t y l e  bu t  n o t  i n  

t h e  p o l l e n .

3 .  Haplo id  c o n t r o l  o f  t h e  p o l l e n .

4 .  No dominance.

I I .  n e t e r o s t y l e d  p l a n t s  . (I n c lu d in g  c a p s e l l a ) ♦

1 .  One o r  two genes w i th  two a l l e l e s .

3 .  C o - o r d in a t e d  gene a c t i o n  i n  s t y l e  and p o l l e n .

3 .  D i p l o i d  p o l l e n  c o n t r o l .

4 • Dominance.

A n o v e l  i n c o m p a t i b i l i t y  system combining 

f e a t u r e s  o f  b o th  t h e s e  c l a s s e s  has been d e s c r i b e d  r e c e n t l y  

f o r  two s p e c i e s  o f  Composite®, C rsp is  f o e t i d a  (Hughes and 

Babcock ,  sys tem s^are  c la im ed  by Bateman

(1353)  t o  e x i s t  among t h e  C r u c i f e r a e .  This  a u t h o r  has 

p r o p o s e d  a  t h i r d  c l a s s i f i c a t i o n  d i v i d i n g  a l l  known 

i n c o m p a t i b i l i t y  sys tems i n  t h e  p l a n t  kingdom i n t o  two 

c a t e g o r i e s :  1 .  complementary t y p e s ,  i n  which t h e r e  i s
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s t i m u l a t i o n  o f  u n l i k e  geno ty p es ,  and 3 ,  o p p o s i t i o n a l  ty p e s  

i n  w h ic h  t h e r e  i s  i n h i b i t i o n  o f  l i k e  geno ty p es ,  t h i s  second 

c a t e g o r y  i n c l u d i n g  n e a r l y  a l l  systems found i n  t h e  an ed o -  

sperms .

In  t h e  f u n g i ,  h a r r i e r s  to  s e l f - f e r t i l i s ­

a t i o n  a r e  s e e n  i n  t h o s e  case s  where s e x u a l  r e p r o d u c t io n  

t a k e s  p l a c e  on ly  between two d i f f e r i n g  t h a l l i  ( h e t e r o t h a l l i s m )  

S in c e  t h e  r e a c t i o n  i s  between two h a p lo id  t h a l l i ,  the  

sy s te m  may be c l a s s e d  as  a  h a p lo - h a p lo id  type  o f  incom pat ­

i b i l i t y  (M ather ,  1944)*

Some h e t e r o t h & l l i c  s p e c i e s  show sex 

d i f f e r e n t i a t i o n  ostween t h a l l i ,  i . e . ,  t h a l l i  a r e  e i t h e r  male 

o r  fem a le  a s  f o r  example i n  Dic tyuchus monosporus 

(Couch, 1898) and Achlya b i s e x u a l i s  (Raper, 19 36 ) .  These 

may be  s a i d  t o  show m orp h o lo g ica l  h e t e r o t h a l l i s m . To t h o s e  

s p e c i e s  i n  which  t h e r e  i s  no m orpho log ica l  d i f f e r e n c e  

b e tw ee n  m a t in g  t h a l l i ,  t h e  term p h y s i o l o g i c a l  h e t e r o t h a l l i s m

may be a p p l i e d  (W hitehouse,  1948).

G e n e t i c a l  a n a l y s i s  o f  s p e c i e s  w i t h

p h y s i o l o g i c a l  h e t e r o t h a l l i s m  lias shown t h e  f o l lo w in g  systems 

t o  be i n  o p e r a t i o n :

1 .  One gen e ,  two a l l e l e s  ( o f t e n  r e f e r r e d  to  a s  p l u s  and 

m in u s ) ,  e . g .  f lscobolus m ag n i f icus  (Gwynn-Vaughan and 

W i l l i a m s o n ,  1333) ,  and Nurospora s i t o p h y l a  (Shear  and 

Dodge, 1927) .
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2 .  One g e n e ,  m u l t i p l e  a l l e l e s  ( th e  Dipolar t y p e ) ,  

e *S* Gopr inus  r o s t r u p i a n u a  (Newton, 1 3 3 3 ) .

3 .  Two g e n e s ,  m u l t i p l e  a l l e l e s  ( t h e  t e t r a p o l a r  t y p e )

®*S- Copr inug  f i m e t a r i u s  (Brunsw ick ,  19 34 ) .

S p e c ie s  have been  d e s c r i b e d  which a r e  no t  

t y p i c a l l y  h o m o th a l i i c  o r  h e t s r o t h a l l i c  bu t  i n t e r m e d i a t e  

be tw een  t h e  two and t h e s e  a r e  s a i d  t o  show p a r t i a l  h e t e r o -  

t h a l l i s r a .  I n  t h e  h o m o th a l i i c  Ascomycete A s p e r g i l l u s  

n l d u l a n s , s t r a i n s  e x i s t  w h ich  a r e  s e l f - f e r t i l e ,  b u t  w h ich  

when c r o s s e d  may p r o d u c e  (1)  o n ly  c r o s s e d  a s c i , (3)  a  

m i x t u r e  *of s e l f e d  and c r o s s e d  a s c i ,  and t h e  t y p e  o f  a s c i  

p r o d u c e d  seems t o  depend e n t i r e l y  on which  s t r a i n s  a r e  

c r o s s e d  ( P o n te c o r v o ,  1 9 5 3 ) .  T h is  s i t u a t i o n  ( te rm ed  

’ r e l a t i v e  h e t e r o t h a l l i s m 1) i s  more s u b t l e  t h a n  any o f  t h o s e  

c o n s i d e r e d  p r e v i o u s l y -  I t s  mechanism i s  a t  p r e s e n t  unknown.

I n  t h e  P t e r i d o p h y t a ,  i n c o m p a t i b i l i t y  has  

n o t  b e e n  d e m o n s t r a t e d  a l t h o u g h  i t s  e x i s t e n c e  was s u s p e d te d  

by C z a ja  (1321) i n  some s p e c i e s  o f  f e r n s .  His i n a b i l i t y  

t o  d e m o n s t r a t e  t h e  phenomenon may have been  due t o  t h e  

i n a d e q u a t e  t e c h n i q u e s  w h ic h  , i n  t h e  a u t h o r ’ s o p i n i o n ,  he 

em ployed .  M o r p h o lo g ic a l  b a r r i e r s  to  s e l f - f e r t i l i s a t i o n  

h ow ever ,  a r e  w i d e s p r e a d ,  t h e  m a j o r i t y  o f  f e r n s  showing a  

vke j.x — f i n e u  p r o t a n d r o u s  c o n u i tx o n  i n  t h e  g am etophy te .  The



f e r n s  i n v e s t i g a t e d  by A n d e rsso n -K o t to  f o r  example ,  a l l  

showed t h i s  t y p e  o f  o u t - b r e e d i n g  mechanism (IS 3 8 and 

p e r s o n a l  com m unica t ion )  and i n  t h e s e  c a s e s  i t  was o n ly  a f t e  

p r c l o n g e d  c u l t i v a t i o n  o f  p r o t h a l l i  t h a t  t h e  s im u l t a n e o u s  

p r e s e n c e  o f  m a tu re  a n t h e r i d i a  and a r c h e g o n i a  on t h e  same 

p r o t h a l l u s  was b r o u g h t  a b o u t . One would n o t  e x p ec t  t o  f i n d  

i n c o m p a t i b i l i t y  i n  f e r n s  w i t h  a  m o r p h o lo g ic a l  b a r r i e r  to  

s e l f - f e r t i l i s a t i o n  s i n c e  e ac h  i s  an  o u t b r e e d i n g  mechanism 

and  a  c o m b in a t io n  o f  t h e  two would n o t  i n c r e a s e  t h e  

e f f i c i e n c y  o f  o u t b r e e d i n g .

In  b r a c k e n ,  on  t h e  o t h e r  hand,  s e x u a l  

o r g a n s  d e y e lo p  a t  t h e  same t im e  and no c a s e  has  b e en  s e en  

by  t h e  a u t h o r  where  a r c h e g o n i a  r e a c h e d  m a t u r i t y  w i t h o u t  

t h e r e  b e i n g  m a tu re  sperms a v a i l a b l e  on t h e  same p r o t h a l l u s .  

Thus t h e r e  would  a p p e a r  t o  be ample scope  f o r  s e l f - f e r t i l ­

i s a t i o n .  P r e l i m i n a r y  t e s t s ,  however,  s u g g e s t e d  t h a t  an 

i n c o m p a t i b i l i t y  sys tem  was i n  o p e r a t i o n  and th e  e x p e r im e n t s  

and  t e c h n i q u e s  o u t l i n e d  below were  d e v i s e d  to  e s t a b l i s h  

t h e  e x i s t e n c e  o f  i n c o m p a t i b i l i t y  and  t o  e l u c i d a t e  i t s  

mechanism.



3 . T e s t s  f o r  I n c o m p a t i b i l i t y  .

( a )  P r e l i m i n a r y  t e s t s .

I n  p r i l i m i n a r y  e x p e r im e n t s  s p o r e s  u s e d  were  

t a k e n  from a  s i n g l e  f r o n d  o f  t h e  c r e s t e d  (C) p o p u l a t i o n .

From a  p e t r i - d i s h  c u l t u r e  on  Knop*s a g a r ,  a  random sample  

o f  young p r o t h a l l i ,  b e f o r e  deve lopm ent  o f  s e x u a l  o r g a n s ,  were 

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

a  p l a t i n u m  w i r e  u n d e r  t h e  d i s s e c t i n g  m ic r o s c o p e .  A f t e r  a 

few weeks t h e  i s o l a t e d  p r o t h a l l i  were  examined u n d e r  t h e  

m ic ro sc o p e  and  t h o s e  t h a t  were  s e x u a l l y  m ature  ( i . e .  had 

d e v e lo p e d  b o t h  s e x u a l  o r g a n s )  w ere  f l o o d e d  w i t h  w a t e r .  At 

t h e  same t im e  t h o s e  p r o t h a l l i  r e m a in in g  i n  t h e  p e t r i - d i s h  

from w h ic h  t h e  i s o l a t e s  w ere  t a k e n ,  w^ere a l s o  f l o o d e d  and 

t h e s e  numbered s e v e r a l  h u n d re d .  F lo o d in g  o f  t h e  i s o l a t e d  

and massed p r o t h a l l i  was r e p e a t e d  e v e ry  t h r e e  days  u n t i l  

s p o r o p h y t e s  began  to  a p p e a r  when f l o o d i n g  was d i s c o n t i n u e d .  

The numbers o f  p r o t h a l l i  t e s t e d  i n  t h i s  e x p e r im en t  and  t h e  . 

r e s u l t s  o b t a i n e d  a r e  g iv e n  i n  t a b l e  5 .



4* .

T ab le  5 ♦

R e s u l t s  o f  s im u l t a n e o u s  f l o o d i n g  o f  i s o l a t e d  and 

massed p r o t h a l l i  o f  p o p u l a t i o n  C w i t h  w a t e r .

Ho . o f  p r o t h a l l i ho . o f  p r o t h a l l i T o t a l
f e r t i l i s e d n o t  f e r t i l i s e d

I s o l a t e d
p r o t h a l l i 9 85 94

Massed
p r o t h a l l i 1SS 11 300

I n  a  seoond  e x p e r im e n t  young p r o t h a l l i  

were, a g a i n  i s o l a t e d ,  t h i s  t im e  i n  p a i r s  a s  w e l l  a s  s i n g l y .  

At m a t u r i t y  f l o o d i n g  w i t h  w a t e r  was c a r r i e d  o u t  a s  i n  t h e  

f i r s t  e x p e r i m e n t .  The r e s u l t s  a r e  r e c o r d e d  i n  t a b l e  3 .

T a b le  6 .

R e s u l t s  o f  f l o o d i n g  p a i r e d  and i s o l a t e d  p r o t h a l l i  

o f  p o p u l a t i o n  C w i t h  w a t e r .

No .o f  p h i a l s  
w i t h  s p o r o p h y te s

No .w i th o u t  
sp o r o p h y te s

T o t a l

P a i r e d
p r o t h a l l i

9
(b o th  members o f  p a i r '

9 18

S i n g l e
p r o t h a l l i

1 18 19

Thus h a l f  o f  t h e  p a i r s  o f  p r o t h a l l i  produci&d 

s p o r o p h y t e s .  In th e  nine- p a i r s  which p ro d u c e d  s p o r o p h y t e s ,



b o th  p r o t h a l l i  o f  each  p a i r  d id  s o .  Only one o u t  o f  

n i n e t e e n  s i n g l e  p r o t h a l l i  p ro d u c e d  a  s p o r o p h y te .  These 

r e s u l t s  axe  s u g g e s t iv e  o f  a  s im p le  p l u s  and  minus 

i n c o m p a t i b i l i t y  sy s tem  a s  s e e n  i n  c e r t a i n  fu n g i  w here  50$ 

o f  random p a i r s  w ould  be c o m p a t ib l e .

(b )  P r o d u c t io n  o f  c lo n e s  and  t h e i r  u s e .

C lo n es  o f  p r o t h a l l i  w ere  p ro d u c e d  by s e c t i o n i n g  

i n d i v i d u a l  p r o t h a l l i  o f  p o p u l a t i o n  C. I t  was found t h a t  

r e g e n e r a t i o n  o f  num erous new p r o t h a l l i  to o k  p l a c e  from th e  

edges  o f  segm ents  c u t  from p a r e n t  p r o t h a l l i  ( F i g . 7 ) .  

P r o l i f e r a t i o n  o f  t h i s  k in d  has  been  r e p o r t e d  f o r  o t h e r  f e r n s  

(Albaum, 1 9 3 6 ) .  These new p r o t h a l l i  w ^re  d e ta c h e d ,  e ac h  

one i n t o  a  s e p a r a t e  p h i a l  and i n  t h i s  way c lo n e s  were b u i l t  

u p .  The number o f  in d iv id u a l©  i n  t h e  c lo n e s  c o u ld  be 

augm ented i n d e f i n i t e l y  by r e p e a t i n g  t h e  s e g m e n ta t io n  p r o c e s s .  

F i f t e e n  c lo n e s  o f  p ox ^u la tion  C were e s t a b l i s h e d  i n  t h i s  way, 

each  o r i g i n a t e d  from a  s i n g l e  p r o t h a l l u s  and  t h e r e f o r e  

from  a  d i f f e r e n t  p r o d u c t  o f  m e i o s i s .

I n  t h e  f i r s t  ex p e r im e n t  w i th  t h e s e  c l o n e s ,  

t h e  i s o l a t e d  p r o t h a l l i  o f  one c lo n e  w ere  t e s t e d  a g a i n s t  

sperm s u s p e n s io n s  from each  o f  f o u r  o t h e r  c lo n e s  and a g a i n s t  

a s u s p e n s io n  o f  ’m ixed1 sp e rm s . To o b t a i n  a  s u s p e n s io n  o f  

'm ix e d 1 sp e rm s ,  a  p e t r i - d i s h  c u l t u r e  c o n ta in i n g  a  l a r g e  

number o f  m atu re  p r o t h a l l i  was f lo o d e d  w i th  w a t e r .  Each



P i g , 7 .  P r o l i f e r a t i o n  from  a  segm ent o f  a  p r o t la a l lu s .
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p r o t h a l l u s  i n  t h e  c u l t u r e  had o r i g i n a t e d  from a  s i n g l e  

s p o r e ,  th e  s p o r e s  b e in g  t a k e n  from th e  same sp o re  sample 

a s  th e  c lo n e s  u n d e r  t e a t .

I n  t h e s e  t e s t s  a  d e p a r t u r e  was mads from th e  

p ro c e d u r e  o u t l i n e d  in  t h e  p r e l i m i n a r y  t e s t s .  I n s t e a d  o f  

p e r i o d i c  f l o o d i n g ,  p r o t h a l l i  wore f lo o d e d  once w i th  t h e  

a p p r o p r i a t e  sperm s u s p e n s io n  and p l a c e d  u n d e r  t h e  d i s s e c t i n g  

m ic ro s c o p e .  Only t h o s e  show ing m a tu re  a rc h e g o n ia  were 

t a k e n  i n t o  a c c o u n t ,  th e  c r i t e r i o n  f o r  m a t u r i t y  o f  a rc h e g o n ia  

b e in g  t h e  m ass in g  o f  sperm s in  th e  m u c i la g e  a s  d e s c r i b e d  

b e f o r e .  T h is  was th o u g h t  n e c e s s a r y  i n  view  o f  th e  number 

o f  s e l f - f e r t i l i s a t i o n s  w hich  to o k  p l a c e  i n  t h e  p r e l i m i n a r y  

t e s t s . ,  t h e  number o f  su c h  s e l f i n g s  o b v io u s ly  d e p en d in g  on 

th e  number o f  t im e s  p r o t h a l l i  were f lo o d e d  w i th  t h e i r  own 

sp e rm s .  T h is  p ro c e d u r e  has been  a d o p te d  i n  a l l  t h e  t e s t s  

w h ich  fo l lo w  so t h a t  a l l  p r o t h a l l i  l i s t e d  i n  t h e  t a b l e s  

w ere  f lo o d e d  once and a t  t h i s  f lo o d in g  have shown a t  l e a s t  

one m atu re  a rc h eg o n iu m . I n  a  few c a s e s  more th a n  one 

f l o o d in g  was r e q u i r e d  to  o b t a i n  c o n c lu s iv e  r e s u l t s  and  t h e s e  

c a s e s  a r e  c l e a r l y  i n d i c a t e d  a s  s u c h .

The r e s u l t s  o f  t h e  f i r s t  ex p er im en t  a r e  

r e c o r d e d  i n  t a b l e  7 .



R e s u l t s  o f  f l o o d in g  i s o l a t e d  p r o t h a l l i  o f  one c lo n e  

w i t h  sperm s u s p e n s io n s  from f o u r  o t h e r  c lo n e s  o f  

p o u l a t i o n  C w i th  a p p r o p r i a t e  c o n t r o l s .

No .o f  p r o t h a l l i  
f e r t i l i s e d

No .no t  
f e r t i l i s e d

T o ta l

C lone 1C sperm 1 23 24

SC it 1 20 21
P r o t h a l l i

M 3C it 2 22 24
o f I.U 4C n 1 25 26

c lo n e  1C
»» 5C H 0 21 31

m ixed «! IS --------------------------4------------------- 22

A l l  t h e  p r o t h a l l i  i n  t h e  t o t a l s  

column w ere  f lo o d e d  w i t h  t h e  a p p r o p r i a t e  sperm s u s p e n s io n  

once  and showed m a tu re  a r c h e g o n i a .  P r o t h a l l i  w ere th e n  

k e p t  u n d e r  o b s e r v a t i o n  u n t i l  t h e  s p o ro p h y te s  l i s t e d  had  

d e v e lo p e d .  The t a b l e  was com piled  when i t  was a p p a re n t  t h a t  

no more s p o ro p h y te s  w ere  g o in g  to  he p ro d u c e d .

From t h e  r e s u l t s  o b ta in e d  i t  w ould a p p e a r  

t h a t  c lo n e s  2C, 3C, 4C and 5C w ere  in c o m p a t ib le  w i th  

c lo n e  1C.

P r o t h a l l i  o f  th e  re m a in in g  t e n  c lo n e s  

were u se d  i n  th e  n e x t  e x p e r im e n t  and t e s t e d  a g a i n s t  sperm



s u s p e n s io n s  from c lo n e  1C. The r e s u l t s  o b t a in e d  and th e  

c o n t r o l s  u s e d  a r e  g iv e n  i n  t a b l e  3 .

T ab le  3 .

T e a ts  o f  c lo n e  1C sperm s a g a i n s t  p r o t h a l l i  o f  t e n  o t h e r  
c lo n e s  a l s o  o f  p o p u l a t i o n  C.

No .o f  p r o t h a l l i  
f e r t i l i s e d

Notnot
f e r t i l i s e d

Tot a l

I C lone 1C sperm 12 1 “ 13"
I C lone SC << SC it 1 15 13
p r o t h a l l i m ixed »» 15 2 17

Clone 1C sperm 1 11 13
iClone 7C 7C 0 15 15
] p r o t h a l l i mixed if 3 2 10

Clone 1C sperm 1 17 13
■ C lone 8C 8C * 1 3 7p r o t h a l l i m ixed v 15 3 18

Clone 1C sperm 0 9 9
C lone 9C » 9C 1 15 18
p r o t h a l l i m ixed „ 8 1

| C lone 1C sperm 11 1 12
Clone 100 U 10C M 1 8 9
p r o t h a l l i m ixed v 9 1 10

Clone 1C sperm 0 30 30
C lone 1IC V l i e 0 6 S
p r o t h a l l i mixed H 9 3 13

Clone 1C sperm 8 1 9
Clone 13C « 12C 1 9 10
p r o t h a l l i mixed............. . 14 3 17

Clone 1C sperm 10 0 10
C lone 13C 15 13 C * 0 8 8
p r o t h a l l i m ixed « 8 1 9

C ions 1C sperm 1 10 11
C lone I 4 C I 4C * 0 8 8
p r o t h a l l i m ixed < 9 0 9

Clone 1C sperm 11 2 13
C lone 15C « 15C 1 1 14 15
n r o t h a l l i i m ixed ., " 7 _____ ....
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These r e s u l t s  i n d i c a t e  t h a t  when c lo n e s  SC -  15C 

a r e  u s e d  a s  fem a le  and  c io n s  1C a s  m a le ,  c lo n e s  3C, IOC,

13C, I 3 C and  15C a r e  c o m p a t ib le  and  c lo n e s  7C, SC, SC, 11C 

and  I 4 C in c o m p a t ib le  w i th  c lo n e  1C .

T hese  t e s t s  were r e p e a t e d  w i t h  sev en  o u t  o f  t h e  

f i f t e e n  c lo n e s  o f  p o p u l a t i o n  C but w i t h  t h e  o r d e r  o f  t h e  se x e s  

c h an g e d . The r e s u l t s  a r e  r e c o r d e d  i n  t a b l e  S .

T ab le  3 .

T e s t s  o f  c lo n e  1C p r o t h a l l i  a g a i n s t  sperm s u s p e n s io n s  

from  s i x  o t h e r  c lo n e s  o f  p o p u l a t i o n  C, t h e  p r o t h a l l i  

o f  w h ich  were p r e v i o u s l y  t e s t e d  w i t h  c lo n e  1C sp e rm s .

! No .o f  p r o t h a l l i  
f e r t i l i s e d

No .n o t  
f e r t i l i s e d

T o ta l

C lone 1C sperm 3 17 19

'» 6C <( 9 2 11
P r o t h a l l i * 7C »< 0 10 10

o f C
D

O « 1 9 10

M IOC « 11 2 13
c lo n e  1C ff 1 1c f» 1 10 11

■« 12C M 15 1 18

m ixed i f
rrmwiirfirrw»«nriifiitfi rnn rnif-i^nrim— n— r f T ' t r - r ^ i r ---- r— -** JS ,15

Thus c lo n e s  SC, IOC and ISC a r e  c o m p a tib le



4 r 'w  •

w i t h  c lo n e  10 when u s e d  e i t h e r  a s  m ala o r  fem ale  p a r e n t , 

o-uQiic>c ?\ j  y SO a n a  xnccmpnoi o le  .

I n  a  f i n a l  e x p e r im e n t  w i t h  c lo n e s  o f  

p o p u l a t i o n  C, two c lo n e s  c o m p a t ib le  and  two in c o m p a t ib le  

w i t h  c lo n e  10 wer-e t e s t e d  a g a i n s t  one a n o th e r  a l th o u g h  n o t  

i n  a l l  p o s s i b l e  c o m b in a t io n s . The r e s u l t s  a r e  g iv en  i n  t h e  

n e x t  t a b l e  ( t a b l e  1 0 ) .

T ab le  10 .

R e s u l t s  o f  t e s t i n g  f o u r  c lo n e s  o f  p o p u l a t i o n  0 a g a i n s t  

e ach  o t h e r  i n  v a r i o u s  c o m b in a t io n s ,  two o f  t h e  c lo n e s  

b e in g  c o m p a t ib le  and  two in c o m p a t ib le  w i th  d o n e  10

No .o f  p r o t h a l l i No .no t T o ta l
f e r t i l i s e d f e r t i l i s e d

Clone 90 O lone 90 sperm 1 10 11
.. n o  " 1 17 18

p r o t h a l l i ** 130 ft 18 1 17

C lone 110 Clone 90 sperm 0 15 15
p r o t h a l l i " 110 3 14 IS

C lone 60 Clone SC sperm 1 12 13
p r o t h a l l i 130 « 1 16 17

These r e s u l t s  show t h a t  c lo n e s  60 and ISC 

w h ic h  axe  c o m p a t ib le  w i t h  c lo n e  10 , a r e  in c o m p a t ib le  when 

t e s t e d  a g a i n s t  each  o t h e r .



30 .

C lones SC and UC w hich  a r e  in c o m p a t ib le  w i th  c lo n e  10 

a r e  a l3 o  in c o m p a t ib le  when t e s t e d  a g a i n s t  each  o t h e r .

C lone 9 0 , c o m p a t ib le  w i t h  c lo n e  1C, and c lo n e  13C, 

in c o m p a t ib le  w i t h  c lo n e  1C, a r e  c o m p a t ib le  when t e s t e d  

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

A summary o f  th e  r e s u l t s  o b t a in e d  i n  t e s t s  o f  

c lo n e  1C a g a i n s t  t h e  o t h e r  c lo n e s  o f  p o p u l a t i o n  C i s  g iv e n  

i n  t a b l e  1 1 .

T ab le  1 1 .

Summary o f  r e s u l t s  o f  t e s t s  w i th  c lo n e  1C a g a i n s t  

t h e  o t h e r  c lo n e s  o f  p o p u l a t i o n  C.

> Clone 1C a s  
<P

Clone 1C a s  
9

C lone 20 —

3C —

4C

5C —

SC +• +
70 -T —

80 —

9C --- . —

10C +
11C ---

ISC +

13C +■

140 —

15C +■
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Thus f i v e  c lo n e s  w ere c o m p a tib le  w i th  

c lo n e  10 and  n in e  w ere i n c o m p a t ib le .

These f i n d i n g s ,  t o g e t h e r  w i th  th e  r e s u l t s  

from p a i r e d  p r o t h a l l i ,  a r e  n o t  i n c o n s i s t e n t  w i th  a  o n e - l o c u s ,  

t w o - a l l e l e  sys tem  o f  i n c o m p a t i b i l i t y  com parab le  to  t h e  

p l u s  and m inus s i t u a t i o n  i n  c e r t a i n  fu n g i  . The f a c t  t h a t  

t h e  s p o re s  u s e d  w ere  t a k e n  from a  s i n g l e  f r o n d ,  how ever, 

w ould  p r e c l u d e  t h e  p o s s i b i l i t y  o f  f i n d i n g  more t h a n  two 

a l l e l e s  a t  t h a t  lo c u s  •

From t h e  r e l a t i v e l y  h ig h  f re q u e n c y  o f  s e l f i n g  

and  o f  c r o s s i n g  be tw een  in c o m p a t ib le  ty p e s  i n  t h e s e  e x p e r im ­

e n t s ,  w i th  t h e  cneteted p o p u l a t i o n  (a  summary o f  w hich  i s  

g iv e n  i n  t a b l e  1 2 ) ,  i t  would  a p p e a r  t h a t  th e  b lo c k  to  

s e l f - f e r t i l i s a t i o n  i s  n o t  v e ry  s t r o n g .

T ab le  1 2 .

The number o f  sp o ro p h y te s  p ro d u c e d  by s e l f i n g  as  

a g a i n s t  t h o s e  p ro d u c e d  by c r o s s i n g  i n  p o p u l a t i o n  C.

P r o t h a l l i  f lo o d e d  w i th  
c o m p a t ib le  sperm

P r o t h a l l i  f lo o d e d  w i t h  
own sp e rm . j

T o ta l H o . f e r t i l i s e d T o ta l H o . f e r t i l i s e d

457 412 (9C%) 397 22 (74)  j

S e l f i g g  th e n  i s  o f  th e  o r d e r  o f  8$ . 

S in c e ,  i n  n e a r l y  a l l  c a s e s ,  t h e  f e r t i l i s a t i o n s  l i s t e d  i n
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t h e  t a b l e s  w ere  o b t a i n e d  a f t e r  a  s i n g l e  f l o o d in g ,  i t  i s  

a p p a re n t  t h a t  c o n t in u o u s  s e l f i n g  o f  p r o t h a l l i  w ould g ive  

r i s e  t o  a h ig h  p r o p o r t i o n  o f  s e l f - f e r t i l i s a t i o n s .

In  t h e s e  e x p e r im e n ts  where sperm s u s p e n s io n s  

w ere  u s e d ,  t h e  sperm d e n s i t y ,  a s c e r t a i n e d  by haem ocytom eter 

c o u n t s ,  was s t a n d a r d i s e d  so t h a t  a l l  p r o t h a l l i  i n  t h e  t e s t s  

w ere  p r e s e n t e d  w i th  a p p ro x im a te ly  t h e  same number o f  sperms 

t h e r e b y  e l i m i n a t i n g  a  p o s s i b l e  so u rc e  o f  e r r o r  i n  t h e  

r e e u l t s  o b t a i n e d .  However, an  ex p e r im e n t  was c a r r i e d  o u t  

u s i n g  t h e  p r o t h a l l i  o f  one o f  th e  c lo n e s  o f  p o p u l a t i o n  C 

a g a i n s t  s u s p e n s io n s  o f  m ixed sperm s ( o b ta in e d  a s  i n d i c a t e d  

p r e v i o u s l y  by f l o o d in g  a  p e t r i - d i s h  c u l t u r e  c o n ta in in g  

many p r o t h a l l i  grown from a  random, sam ple o f  s p o r e s )  a l s o  

from t h e  c r e s t e d  p o p u l a t i o n  and r a n g in g  i n  d e n s i t y  from 

104 / m l . to  5 0 /m l . ,  w i t  hout any d i f f e r e n c e  i n  t h e  x m a l  

r e s u l t s .

( c )  T e s ts  o f  i n c o m p a t i b i l i t y  i n  th e  B a l lo c h ra g g a n  

(B) and K i l l s a r n  (K) p o p u l a t i o n s .

The t e s t s  c a r r i e d  o u t  so f a r  w ere  c o n f in e d  t o  p r o t h a l l i  

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

i n v e s t i g a t i o n  o f  i n c o m p a t i b i l i t y  was e x te n d e d  to  two e t h e r  

p o p u l a t i o n s  (3 and K r e s p e c t i v e l y ) .  The g e o g ra p h ic a l  

l o c a t i o n  o f  t h e s e  p o p u l a t i o n s  i s  m en tio n ed  i n  an  e a r l i e r  

p a r t  o f  t h e  work and a l s o  m en tio n ed  i s  t h e  f a c t  t h a t  t h e



m orphology o f  t h e  f ro n d s  was no rm al f o r  Doth u n l i k e  th e  

f ro n d s  o f  p o p u l a t i o n  C. A gain  t h e  s p o r e s  u se d  i n  t h e  t e s t s  

w ere  t a k e n  from a  s i n g l e  f r o n d  in  each  o f  t h e  p o p u l a t i o n s .  

I n i t i a l  t e s t s  w ere  c a r r i e d  ou t  w i t h  p r o t h a l l i  i s o l a t e d  a t  

an  e a r l y  stag©  i n  developm ent from mass c u l t u r e s  i n  p e t r i -  

d i s h e s . The r e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  r e c o rd e d  i n  

t a b l e  1 3 .  A3 i n  t h e  e x p e r im e n ts  w i t h  p o p u l a t i o n  0 ,  th e  

t e rm  fm ixed sperm* d e n o te s  a  sperm s u s p e n s io n  o b ta in e d  by 

f l o o d in g  a  random sam ple  o f  p r o t h a l l i  i n  a  p e t r i - d i s h ,  t h e s e  

p r o t h a l l i  h a v in g  b e en  grown from s p o r e s  t a k e n  from t h e  same 

s p o re  sam ple  a s  t h e  p r o t h a l l i  u n d e r  t e s t ,  i . e .  from a  s i n g l e  

f r o n d .

T ab le  13 .

R e s u l t s  o f  f l o o d in g  i s o l a t e d  p r o t h a l l i  o f  p o p u l a t i o n s  

B and  K w i th  w a te r  and  w i t h  s u s p e n s io n s  o f  mixed 

s p e rm .

, P o p u la t io nf T rea tm en t o f No . Ho .not T o ta l
i s o l a t e d  p r o t h a l l i f e r t i l i s e d f e r t i l i s e d

F looded  w i t h  w ^ a te r 8 46 54
B mixed

,f * sperm 40 8 48

F looded  w i t h  w a te r 7 44 51
K: m ixed s

sperm 41 8

As i n  t h e  t e s t s  w i th  p o p u l a t i o n  C,



p r o t h a l l i  w ere f lo o d e d  once and o b s e rv e d  und er  t h e  m ic ro sco p e  

f o r  m a tu re  a r c h e g o n i a .  Those w i t h  m a tu re  a r c h e g o n ia  were 

p u t  a s i d e  and k e p t  u n d e r  o b s e r v a t i o n  and t h e  number which 

u l t i m a t e l y  p ro d u c e d  sp o ro p h y te s  r e c o r d e d  i n  th e  t a b l e .  In  

t h e  v a r i o u s  t a b l e s  o f  r e s u l t s  t h a t  f o l lo w ,  a g a in  th o s e  

c a s e s  r e q u i r i n g  more t h a n  a  s i n g l e  f l o o d in g  f o r  c o n c lu s iv e  

r e s u l t s ,  w i l l  be i n d i c a t e d  a s  s u c h .

The r e s u l t s  o f  t h e  p r e l i m i n a r y  t e s t s  ( t a b l e  13) 

c l e a r l y  i n d i c a t e  t h a t  p r o t h a l l i  have a  p r e f e r e n c e  f o r  

sperm  o t h e r  t h a n  t h e i r  own.

I n  t h e  n e x t  ex p e r im e n t  w i t h  p o p u l a t i o n s  B 

and  K, p r o t h a l l i  w ere  i s o l a t e d  i n  p a i r s  and  f l o o d in g  w i th  

w a te r  carrfcfcd o u t  when p r o t h a l l i  r e a c h e d  m a t u r i t y .  Each 

p a i r  was f lo o d e d  onoe and  o b s e rv e d  u n d e r  t h e  m ic ro sc o p e  and 

o n ly  t h o s e  c a s e s  i n  w hich  b o th  members o f  a  p a i r  showed t h e  

s im u l ta n e o u s  p r e s e n c e  o f  m a tu re  a r c h e g o n ia  w ere  t a k e n  in to  

a c c o u n t .  These w ere  p u t  a s i d e  and  t h e  number o f  sp o ro p h y te s  

p ro d u c e d  w ere  r e c o r d e d  ( t a b l e  1 4 ) .

T ab le  1 4 .

R e s u l t s  o f  f l o o d in g  i s o l a t e d  p a i r s  o f  p r o t h a l l i  o f  

p o p u l a t i o n s  B and  K w i t h  w a t e r .

P o p u l a t i o n Ho .0 f  
c o m p a tib le  

p a i r s

N o .o f  
in c o m p a t ib le  

p a i r s

No .o f  s i n g l e  
f e r t i l i s a t i o n s

T o ta l  
No .o f  
p a i r s

B 17 8 /*■»& 27

K............... i . . . .  IS 1 12 ....... ......3 ... ........__ 34



In  t h o s e  c a s e s  w here  o n ly  one o f  t h e  members o f  a  p a i r  

p ro d u c e d  a  s p o ro p h y te ,  i t  was c o n c lu d e d  t h a t  t h e  c o m b in a t io n  

was i n c o m p a t i b l e .  Thus i n  p o p u l a t i o n  B> 17 p a i r s  w ere 

c o m p a t ib le ,  e a c h  member o f  a  p a i r  h a v in g  p ro d u c e d  a  spo rophy  

an d  10 in c o m p a t ib le  . I n  p o p u l a t i o n  K, IS p a i r s  were 

c o m p a t ib le  and  15 p a i r s  i n c o m p a t ib le .

I n  a  s i n g l e  g e n e ,  t w o - a l l e l e  sy s tem  o f  

i n c o m p a t i b i l i t y ,  h a l f  o f  t h e  p a i r s  i s o l a t e d  a t  random would 

be  c o m p a t ib l e .  The d e v i a t i o n s  from a  1 :1  r a t i o  o f  c o m p a tib i  

to  in c o m p a t ib le  p a i r s  found  h e re  a r e  n o t  s i g n i f i c a n t  .

C lones  were p ro d u c e d  from p r o t h a l l i  o f  

p o p u l a t i o n s  B and  K by t h e  m ethod o u t l i n e d  f o r  t h e  c r e s t e d  

p o p u l a t i o n  and  u se d  i n  t e s t s  s i m i l a r  t o  th o s e  p r e v i o u s l y  

d e s c r i b e d .  Nine c lo n e s  were p ro d u c e d  i n  p o p u l a t i o n  K, and 

sev en  i n  p o p u l a t i o n  B.

The f i r s t  e x p e r im e n t  was c a r r i e d  ou t w i th  

c lo n e s  o f  p o p u l a t i o n  K i n  w hich  p r o t h a l l i  o f  e ig h t  o f  t h e  

n in e  c lo n e s  w ere t e s t e d  a g a i n s t  sperms o f  t h e  re m a in in g  

c l o n e .  The r e s u l t s  a r e  r e c o rd e d  i n  tab le '*  15 .

I n  t h e s e  t e s t s  th e  numbers o f  f e r t i l i s a t i o n s  

l i s t e d  were o b t a i n e d  a f t e r  a  s i n g l e  f l o o d in g  w i th  t h e  

e x c e p t io n  o f  t h e  t e s t  w i t h  c lo n e  9K, In  t h i s  t e s t  t h e  

s p o ro p h y te s  p ro d u c e d  from a  s i n g l e  f l o o d in g  were a s  f o l lo w s :  

4 c u t  o f  16 p r o t h a l l i  o f  c lo n e  SK p ro d u ce d  s p o ro p h y te s  a f t e r  

a  s i n g l e  f l o o d in g  w i th  sperm s from c lo n e  IK 

1 o u t  o f  19 p r o t h a l l i  p ro d u c e d  a  sp o ro p h y te  a f t e r  a  s i n g l e



f l o o d in g  w i th  c lo n e  SIC sperms ( s e l f i n g )  .

On th e  se co n d  f l o o d in g  th e  number o f  s e l f - f e r t i l i s a t i o n s  

r o s e  from 1 to  2 and  o f  c x o c c - f e r t i l i s a t i o n s  from 4 to  13 .

T ab le  1 5 .

R e s u l t s  o f  f lo o d in g  p r o t h a l l i  o f  c lo n e s  2K-SIC w i th  

t h e i r  own sperm , w i t h  sperm o f ' c l o n e  1IC and  w i th

mixed sperm .

No .o f  p r o t h a l l i No .no t Total!
f e r t i l i s e d f e r t i l i s e d

p r o t h a l l i C lone IK sperm 15 2 17
o f * 3K /, 1 10 11

c lo n e  2K m ixed u 10 2 12

P r o t h a l l i Clone IK sperm 17 1 18
o f " 3K * 2 10 12

c lo n e  3K m ixed H 3 4 13

P r o t h a l l i Clone IK sperm 1 18 IS
o f 4K 2 10 12

c lo n e  4K m ixed » 12 1 13

Clone SIC Clone IK sperm 13 2 15
p r o t h a l l i « 5K v 0 8 8

Clone 8K Clone IK sperm 1 12 13
p r o t h a l l i o 6K ,, 4 10 14

Clone 7K Clone IK sperm 9 1 10
p r o t h a l l i „ 7K , 1 12 1-3

Clone SK Clone IK sperm 0 17 17
p r o t h a l l i K 8K »f *-\ 12 14

Clone 9K 'v*cn5 j-K sperm 13 3
p r o t h a l l i *• 9K ■/ 2 17 l c«*■ V

From th e  r e s u l t s  r e c d rd e d  i n  t a b l e  15 , 

c lo n e s  4K, 8K and 8K a r e  in c o m p a t ib le  w i t h  c lo n e  IK, and
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c lo n e s  3K, 3K^ 5K, 7K and $K a r e  c o m p a t ib le .

In  t h e  n e x t  s e r i e s  o f  t e s t s ,  f o u r  o f  t h e  

n in e  c lo n e s  o f  p o p u l a t i o n  K w ere  a g a in  t e s t e d  a g a i n s t  

c lo n e  IK h u t  w i t h  t h e  o r d e r  o f  t h e  s e x e s  changed i . e .  w i th  

c lo n e  IK a s  f e m a le .  The e x p e c te d  r e s u l t s  were o b t a in e d  

( t a b l e  13) .

T ab le  I S .

R e s u l t s  o f  f l o o d in g  p r o t h a l l i  o f  c lo n e  IK w i th  sperms 

from f o u r  o t h e r  c lo n e s  o f  p o p u l a t i o n  K.

i

ho .o f  p r o t h a l l i  
f e r t i l i s e d

K o.not 
f e r t i l i s e d

T o ta l

C lone IK sperm 3 14 1 6

P r o t h a l l i It 3K n 10 1 11

o f M 3K »t 15 3 17

c lo n e  IK t| 4K i i 1 14 15

W SK it 1 13 13

Thus c lo n e s  3K and 3K a r e  c o m p a t ib le  w i th  

c lo n e  IK and  c lo n e s  4K and  3K in c o m p a t ib le  when u s e d  e i t h e r  

a s  m ale  o r  fem ale  p a r e n t .

In  a  f u r t h e r  e x p e r im e n t ,  c lo n e s  3K and 

3K (c o m p a t ib le  w i th  c lo n e  IK) and  c lo n e s  8K and 8K



( in c o m p a t ib le  w i th  c lo n e  IK ) w ere  t e s t e d  a g a i n s t  c lo n e  4 K

( in c o m p a t ib le  w i th  c lo n e  I K ) .  The r s s u l f r s  o b t a i n e d  (tab le-

17) v/ere a3 e x p e c te d  a l th o u g h  th e  number o f  4K p r o t h a l l i

f e r t i l i s e d  by SK sperm was r a t h e r  h i g h .  In  a  p r e v io u s

t e s t  ( t a b l e  1 5 ) ,  s e l f i n g  o f  6K p r o t h a l l i  was a l s o  h ig h e r  

t h a n  e x p e c te d ,  ( s e e  a l s o  f u r t h e r  e x p e r im e n ts  w i t h  c lo n e  SK 

b e lo w ) .

T a b le  1 7 .

R e s u l t s  o f  t e s t i n g  c lo n e  4 K p r o t h a l l i  ( in c o m p a t ib le  

w i t h  c lo n e  IK) a g a i n s t  sperm 3 from c lo n e s  2K, 3K, SK 

and 8K (3K and  3K c o m p a t ib le ,  SK and  SK in c o m p a t ib le  

w i th  c lo n e  I K ) .

No . o f  p r o t h a l l i  
f e r t i l i s e d

No .no t  
f e r t i l i s e d

T o ta l

Clone 2K sp errn 14 2 16

P r o t h a l l i 3K M 10 5 15

o f * 8K M 10 12 22

c lo n e  4K M 8K If 1 13 14

M 4K a 12 14

Thus two c l o n e s ,  b o th  c o m p a tib le  w i t h  a 

t h i r d  c lo n e ,  a r e  i n c o m p a t ib le  when t e s t e d  a g a i n s t  each  o th e

Two c l o n e s ,  one c o m p a t ib le ,  t h e  o t h e r  in c o m p a t ib le  w i th  a

t h i r d  c l o n e ,  a r e  c o m p a t ib le  when t e s t e d  a g a i n s t  each  o t h e r .

As a l r e a d y  p o i n t e d  o u t ,  o n ly  th e  r e s u l t  o f  c lo n e  4K v e r s u s



c lo n e  SK ig  o f  a  d o u b t f u l  n a t u r e .  S in c e  b o th  c lo n e s  w ere  

in c o m p a t ib le  w i th  c lo n e  IK , th e y  would be e x p e c te d  to  be 

in c o m p a t ib le  when t e s t e d  a g a i n s t  e a c h  o t h e r ,  w hereas  i n  a 

s i n g l e  f l o o d i n g  10 p r o t h a l l i  o f  done 4K were f e r t i l i s e d  ou t 

o f  a  t o t a l  o f  2 2 .

C lones  4K and  SK w ere  t e s t e d  a g a i n s t  each  

o t h e r  i n  a  f a r t h e r  e x p e r im e n t  w i t h  t h e  r e s u l t s  a s  shown 

i n  t a b l e  1 8 .

T a b le  1 8 .

R e s u l t s  o f  t e s t s  o f  c lo n e  4K a g a i n s t  c lo n e  SK, b o th  

c lo n e s  b e in g  in c o m p a t ib le  w i t h  c lo n e  IK .

No .o f  p r o t h a l l i  
f e  r t i l i s e d

No .n d t  
f e r t i l i s e d

T o ta l

P r o t h a l l i C lone 4K sperm 1 14 15

Of * 8K l( 10 S 19

c lo n e  4K m ixed t| 12 2
i u

P r o t h a l l i C lone SK sperm 7 12 ! 19

o f u 4K »( 2 13 15

c lo n e  SK m ixed f 8 2 10

I t  a p p e a r s  t h a t  t h e  mechanism o f  

i n c o m p a t i b i l i t y  has  b ro k e n  down t o  a  l a r g e  e x te n t  i n  t h e

sperm s o f  c lo n e  SK s i n e s  a  h ig h  p r o p o r t i o n  b o th  o f  s e l f i n g  

a n d  o f  c r o s s i n g  w i th  an in c o m p a t ib le  c lo n e  i s  a b le  to  t a k e



30 .

p l a c e .  However, when c lo n e  SK i s  u s e d  a s  fem a le  a g a i n s t  

sperm s o f  c lo n e  4K> t h e r e  i s  i n c o m p a t i b i l i t y .

Most o f  t h e  s p o ro p h y te s  p ro d u c e d  i n  t h e s e  t e s t s  

w i th  c lo n e  SIC w ere exam ined c y t o l o g i c a l l y  ( se e  he low i n  t h e  

c h a p t e r  on  c y to lo g y )  and  a l l  w ere d i p l o i d  and  o f  norm al 

m orp h o lo g y . I t  may be assum ed, t h e n ,  t h a t  t h e y  w ere formed 

a s  a  r e s u l t  o f  s e x u a l  f u s i o n  and  n o t  due to  any a b n o rm a l i ty  

i n  t h e  l i f e - c y c l e .

The se v en  c lo n e s  o f  p o p u l a t i o n  B were 

n e x t  u s e d  i n  a  s e r i e s  o f  t e s t s ,  . t h e  f i r s t  o f  t h e s e  b e in g  to ­

t e  s t  s i x  c lo n e s  a g a i n s t  t h e  sperm s o f  t h e  re m a in in g  c lo n e  w i t  

t h e  r e s u l t s  a s  shown i n  t a b l e  19 .

T ab le  I S .

R e s u l t s  o f  t e s t i n g  p r o t h a l l i  o f  s i x  c lo n e s  a g a i n s t  sperm 

o f  a  s e v e n th  c lo n e  a i l  o f  p o p u l a t i o n  B. ■

ho . o f  p r o t h a l l i  
f e r t i l i s e d

H o.not 
f e r t i l i s e d

T o ta l

P r o t h a l l i Clone 13 sperm 24 3 27
o f  

c lo n e  22 SB 2 19 21

P r o t h a l l i Clone IB sperm 2 21 33
o f

c lo n e  33 u 3B o 3 SO S3

P r o t h a l l i C lone 13 sp erm 18 3 21 1
o f  

c lo n e  43 4B n 3 12 15 j
P r o t h a l l i Clone 13 sperm 14 2 13 |

o f  
c lo n e  5B V 5B i  ! 14 15 i---------- 1



T ab le  15 ( c o n t d . ) .

{ho . o f  p r o t h a l l i  
| f e r t i l i s e d

Ho .no t  
f e r t i l i s e d

jub nX'J L-&X

P r o t h a l l i C lone 13 sperm 13 4 *? <"» i.O
o f

c lo n e  3£ ft SB 1 13 . 13 ...

P r o t h a l l i Clone 13 sperm 3 IS 30
o f

1 c lo n e  73 m 73  " o 14 17

T hus, c lo n e s  3 3 ,  4B, 5B and  8B were 

c o m p a t ib le  and  c lo n e s  33 a n d  73 in c o m p a t ib le  w i th  c lo n e  1 3 .

Some o f  t h e s e  t e s t s  were r e p e a t e d  t h i s  

t im e  u s i n g  c lo n e  13 p r o t h a l l i  a g a i n s t  sperm s from f o u r  e t h e r  

c l o n e s ,  two o f  w h ich  w ere c o m p a t ib le  and  two in c o m p a t ib le  

w i t h  c lo n e  IB when t e s t e d  w i t h  sperm s from t h i s  c lo n e .  The 

r e s u l t s  w h ich  a r e  g iv e n  i n  t a b l e  30 w ere  a s  e x p e c te d .

T ab le  3 0 .

R e s u l t s  o f  t e s t i n g  p r o t h a l l i  o f  c lo n e s  3 3 ,  5 3 , 43 and 

73 a g a i n s t  sperm s from c lo n e  IB .

No .o f  p r o t h a l l i  
f e r t i l i s e d

No .n o t  
f e r t i l i s e d

T o ta l

Clone IB sperm 3 14 13

P r o t h a l l i 33 13 3 14

o f 3B 1 13 •*>4

V U M 4*3 43 13 4 17

1 73 3 13 15



w i th  c lo n e  13) w ere  t e s t e d  a g a i n s t  sperm s from c lo n e  43 

( a l s o  c o m p a t ib le  w i th  c lo n e  I B ) ,  and  a l s o  a g a i n s t  sperms 

from c lo n e s  3B and 7B (b o th  in c o m p a t ib le  w i t h  c lo n e  13) 

w i t h  t h e  r e s u l t s  a s  shown i n  t a b l e  3 1 .

T a o x e S l •

R e s u l t s  o f  t e s t i n g  p r o t h a l l i  o f  c lo n e  33 a g a i n s t  sperm 

from c lo n e s  33 , 43 and  7 3 ,  c lo n e s  23 and 43 b e in g  

c o m p a t ib le  w i th  c lo n e  IB , and  3B and  73 in c o m p a t ib le .

No .o f  p r o t h a l l i  
f e r t i l i s e d

No .no t
f e r t i l i s e d

T o ta l

C lone 33 sperm 2 r2 14

P r o t h a l l i 33 10 2 13

o f 43 1 12 13

c lo n e  23 73 7 5 12

m ixed 9 4 13

A gain  t h e  e x p e c te d  r e s u l t s  have  been

o b t a i n e d .

I n  a  f i n a l  t e s t  t h e  two c lo n e s  w h ich  w ere  

fo u n d  t o  be  in c o m p a t ib le  w i th  c lo n e  13 ( i . e .  33 and 73) w ere  

t e s t e d  a g a i n s t  e ac h  o t h e r  and once  more t h e  e x p e c te d  r e s u l t s  

w ere  o b t a i n e d  ( t a b l e



wo •

Table #3.

R e s u l t s  o f  t e s t i n g  two c lo n e s  a g a i n s t  e ach  e t h e r ,  

b o th  o f  w h ich  w ere  in c o m p a t ib le  w i t h  a  t h i r d  c lo n e  

( p o p u l a t io n  B ) .

No .o f  p r o t h a l l i  
f e r t i l i s e d

No .no t  
f e r t i l i s e d

T o ta l

P r o t h a l l i C lone SB sperm 2 11 13
o f

c lo n e  3B 1/ 7B »* 18 4 32

The f l o o d in g  o f  p r o t h a l l i  w i th  th e  

a p p r o p r i a t e  sperm s u s p e n s io n s  had t o  be c a r r i e d  o u t  tw ic e  

b e f o r e  t h e  num bers o f  f e r t i l i s a t i o n s  l i s t e d  i n  t a b l e  32 w ere  

o b t a i n e d .

From t h e  r e s u l t s  r e c o r d e d  i n  t a b l e s  22 and  

3 1 ,  i t  c an  be  se e n  t h a t

(1 )  two c l o n e s ,  b o th  c o m p a t ib le  w i th  a  t h i r d  c lo n e ,  a r e  
in c o m p a t ib le  when t e s t e d  a g a i n s t  each  o t h e r ,

(2 )  two c l o n e s ,  b o th  in c o m p a t ib le  w i t h  a  t h i r d  c lo n e ,  a r e  

a l s o  in c o m p a t ib le  when t e s t e d  a g a i n s t  each  o t h e r ,  and

(3) two c l o n e s ,  one c o m p a t ib le ,  t h e  o t h e r  in c o m p a t ib le  w i t h  

a  t h i r d  c r o n e , a r e  c o n ip a t io le  when c e s r e a  a g a i n s t  e a c h  

o t h e r .

From t h e s e  and  p r e v io u s  d a t a ,  t h e  e x i s t e n c e  

o f  two m a t in g  ty p e s  can  be  p o s t u l a t e d  f o r  t h e  p r o t h a l l i  o f  

p o p u l a t i o n  B. I t  must be b o rn e  i n  m ind , how ever, t h a t  t h e s e



p r o t h a l l i  o r i g i n a t e d  from s p o re s  t a k e n  from a  s i n g l e  f ro n d  

o f  t h i s  p o p u l a t i o n .

In  p o p u l a t i o n s  K and  3 ,  th e  mechanism o f  

i n c o m p a t i b i l i t y  a p p e a r s  to  be  even  l e s s  r i g i d  t h a n  i n  th e  

c r e s t e d  p o p u l a t i o n  from t h e  amount o f  s e l f i n g  w hich  has 

t a k e n  p l a c e .  The in c i d e n c e  o f  s e l f i n g  i n  p o p u l a t i o n s  3 and  

i n  t h e  v a r i o u s  t e s t s  d e s c r i b e d  a r e  sum m arised i n  t a b l e  83 

a n d  a r e  com pared w i t h  s e l f i n g  i n  t h e  c r e s t e d  p o p u l a t i o n .

T ab le  3 3 .

Com parison  o f  t h e  number o f  s p o ro p h y te s  p ro d u c e d  by 

s e l f i n g  w i t h  t h e  number o b t a i n e d  from c o m p a tib le  

c r o s s e s  i n  p o p u l a t i o n s  0 ,  B and  K.

P o p u l a t i o n

P r o t h a l l i  f lo o d e d  w i th  
c o m p a t ib le  sperm

P r o t h a l l i  f lo o d e d  w i th  
t h e i r  own sperm .

T o ta l Ho . f e r t i l i s e d T o ta l Ho . f e r t i l i s e d

B 195 160 (83$) 188 35 (1 Z i )

K 846 808 (85$) 818 33 (151)

C 457 413 (90$) 897 23 (71)

I f  t h e  numbers o f  f e r t i l i s a t i o n s  o b t a i n s  

w i t h  c o m p a t ib le  sperm a r e  t a k e n  a s  t h e  maximum p o s s i b l e  

u n d e r  t h e  e x p e r im e n ta l  c o n d i t i o n s  u s e d ,  t h e n  th e  f r e q u e n c y  

o f  s e l f i n g  i s  o f  t h e  o r d e r  o f  10$ i n  p o p u l a t i o n  B, 17$ i n  

p o p u l a t i o n  K and  8$ in^the c r e s t e d  p o p u l a t i o n .



(&) T e s t s  f o r  c o m p a t i b i l i t y  “betw een m a t in g  ty p e s  

o f  p o p u l a t i o n s  B, C, and  K.

Two m a t in g  ty p e s  have been  d i s t i n g u i s h e d  

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

t w o - a l l e l e  sy s tem  o f  i n c o m p a t i b i l i t y  i s  p o s t u l a t e d  i n  each  

c a s e .  A s i n g l e  g e n e ,  m u l t i p l e - a l l e l e  system  c o u ld  be i n  

o p e r a t i o n  i n  each  c a se  b u t  t h e  f a c t  t h a t  sp o re s  were t a k e n  

from  one f r o n d  i n  eac h  p o p u l a t i o n ,  w ould  a l lo w  f o r  t h e  

d e t e c t i o n  o f  o n ly  two a l l e l e s  and  hence  o f  o n ly  two m a tin g  

t y p e s  i n  e a c h  c a s e .

To d e te rm in e  w h e th e r  ox n o t  t h e s e  two

a l l e l e s  w ere  t h e  same i n  a l l  t h r e e  p o p u l a t i o n s ,  c lo n e s  o f

e a c h  m a t in g  ty p e  i n  t h e  p o p u l a t i o n s  w ere  t e s t e d  a g a i n s t

e a c h  o t h e r .  The f i r s t  o f  th eH se  t e s t s  in v o lv e d  two c o m p a t ib le  
c lo n e s  o f  p o p u l a t i o n  K an d  two o f  t h e  c r e s t e d  p o p u l a t i o n

w i t h  t h e  r e s u l t s  g iv e n  i n  t a b l e  3 4 .

I n  t h i s  e x p e r im e n t ,  t h e  p r o t k a l l i  o f  

c lo n e  3X w ere  f lo o d e d  tw ic e  w i th  t h e  a p p r o p r i a t e  sperm 

s u s p e n s io n s  b e f o r e  t h e  r e s u l t s  r e c o rd e d  i n  t h e  t a b l e  were 

o b t a i n e d .

From t h e s e  r e s u l t s ,  t h e r e  seems to  be 

c o m p le te  c r o s s - f e r t i l i t y  be tw een  t h e  two m a tin g  ty p e s  o f  

p o p u l a t i o n  K (3K and 4*0 and t h o s e  o f  t h e  c r e s t e d  p o p u l a t i o n  

(4 C and S C ) .



r e s u l t s  o f  t e s t e  be tw een  t h e  m a t in g  t y p e s  o f  p o p u l a t i o n s  

- C and  K.

Ho . o f  p r o t h a l l i  
f e r t i l i s e d

Ho .no t 
f e r t i l i s e d

T o ta l]

P r o t h a l l i C lone 3K sperm 5 17 22

o f 4C «» 21 2 23

c lo n e  3K M 8C « 24 1 35

P r o t h a l l i C lone 4K sperm 3 11 13

o f u 40 19 1 30

c lo n e  4K 60 « 17 2 19

P r o t h a l l i  o f  two c o m p a t ib le  c lo n e s  o f  p o p u l a t i o n  

B ( 3B and  4B) w ere  n e x t  t e s t e d  a g a i n s t  sperms from e a c h  o f  t h e  

two m a t in g  t y p e s  o f  p o p u l a t i o n s  0 and K, w i t h  th e  r e s u l t s  as  

shown i n  t a b l e  2 5 .  From t h e s e  r e s u l t s ,  t h e  t h r e e  p o p u l a t i o n s  

a r e  G ro s s ^ c o m p a t ib le  i n  a l l  c o m b in a t io n s .

I f  i n c o m p a t i b i l t y  i s  c o n t r o l l e d  by a  s i n g l e  gene 

a s  a p p e a r s  t o  be t h e  c a s e ,  t h e r e  must be m u l t i p l e  a l l e l e s  and 

e a c h  o f  t h e  t h r e e  p o p u l a t i o n s  c a r r i e s  a t  l e a s t  two a l l e l e s  and 

t h e s e  a r e  d i f f e r e n t  from t h o s e  c a r r i e d  by t h e  o t h e r  two 

p o p u l a t i o n s .



67.

T ab le  3 5 .

R e s u l t s  o f  t e s t i n g  p r o t h a l l i  o f  t h e  two m a tin g  ty p e s  o f  

p o p u l a t i o n  B a g a i n s t  sperm s o f  t h e  m a t in g  t y p e s  o f  

p o p u l a t i o n s  0 and  K.

Ho .o f  p r o t h a l l i  
f e r t i l i s e d

Ho .no t 
f e r t i l i s e d

T o ta l

C lone 3B sperm 2 9 11

P r o t h a l l i 4C w 9 2 11

o f ’1 SC M 8 3 10

c lo n e  3B 3K M 1 0 5 15

M 4& l l 11 3 14

Clone 43 sperm 2 10 13

P r o t h a l l i n 4C H 13 2 14

o f  • 60 I t 7 3 10

c lo n e  4B SK M 9 1 10

4K 1 8 3



D e v e lo p ing  s p o r a n g i a  on t h e  f r o n d s  o f  p o p u l a t i o n s  

B, C and  K w ere  examined c y t o l o g i c a l l y . S e c t i o n s  o f  

s p o r a n g i a  ( F i g . 8) showed t h e  chromosomes i n  m e i o t i c  d i v i s i o n  

i n  w h ic h  p a i r i n g  and  d i s j u n c t i o n  a p p e a r e d  t o  he n o rm a l .

The chromosomes o f  t h e  gametophyte  were  s t u d i e d  

i n  d i v i d i n g  a n t h e r i d i a ,  and  t h o s e  o f  young s p o r o p h y te s  

p r o d u c e d  i n  mass c u l t u r e ,  i n  r o o t  t i p s  and  f ro n d  a p i c e s .

I n  a l l  t h r e e  p o p u l a t i o n s ,  a  r e g u l a r  a l t e r n a t i o n  o f  t h e  n 

( - 5 2 )  and  2n number o f  chromosomes t o o k  p l a c e  (F ig s  .9 ,  10,  

a n d  11) i n d i c a t i n g  a  no rm al  s e x u a l  c y c l e .  Manton (1950) 

a l s o  l i s t s  b r a c k e n  a s  h a v in g  n * 5 2  from h e r  s t u d i e s  o f  

d e v e l o p i n g  s p o r a n g i a .

The s p o r o p h y te s  p ro d u ce d  a s  a  r e s u l t  o f  

s s l f i n g  i n  p o p u l a t i o n s  B and K w ere  a l l  o f  norm al  m orpho logy .  

N e a r ly  a l l  were  examined c y t o l o g i c a l l y  and had t h e  d i p l o i d  

number o f  chrom osomes. U n l ik e  p o p u l a t i o n s  B and K, s e l f -  

f e r t i l i s a t i o n  i n  t h e  c r e s t e d  p o p u l a t i o n  gave r i s e  t o  

s p o r o p h y t e s  a l l  o f  w h ich  w ere  w e a k l i n g s  t o  a  g r e a t e r  o r  

l e s s e r  d e g r e e . Two d i s t i n c t l y  abnorm al  forms o c c u r r e d  and 

w ere  t h e  s u b j e c t  o f  s p e c i a l  s t u d y .

One o f  t h e s e  forms ( F i g . l 2 B )  was c o n f i n e d  

t o  a  s i n g l e  c lo n e  and 3 e l f i n g  i n  t h i s  c lo n e  p ro d u c e d  o n l y  

t h i s  form o f  s p o r o p h y t e .  These s p o r o p h y te s  d i d  n e t  d eve lop  

f r o n d s  h u t  p ro d u c e d  a c y l i n d r i c a l  shoo t  v a r i o u s l y  b r a n c h e d .



F ig ,8 . Meiosis in sporangia of

A, population K,
c

B, the crested variety.

Sections stained with Feulgen, Both x60Q approx.



89 .



F ig .9 A, squash preparation o f  developing antheridium with 
nuolei showing the haploid number o f chromosomes.

3 , dividing nuoleus in a squash preparation o f a 
frond apex showing the d ip loid  number.

Both population C, and both x3000 approx.

1
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1

Fig. 10 Squash preparations o f
(a ) , developing antheridium with nuolei showing

the haploid number o f chromosomes.
(b), d iploid  o e l l  o f a frond apex.

Both population K and 1600 approx.



7 1 .

(b) .



ft

F ig .11 Squash preparation* o f

(&)> haploid nucleus o f  an antheridium,
(h)i d ip lo id  nuoleus in the apex o f a frond. 

Both population B and xlSOO approx.





73 .

The b r a n c h e s  d i d  n o t  haye- a p i c a l  m e r i s t e m s  but  a  v a s c u l a r  

sy s tem  was p r e s e n t .  The r o o t  sy s te m ,  on th e  e t h e r  hand ,  

was no rm al  and  v;© 11 - d e v 3 l o p e d . D i f f i c u l t y  was e x p e r i e n c e d

i n  k e e p in g  t h e s e  forms a l i v e  and t h e  m a t e r i a l  a v a i l a b l e

f o r  c y t o l o g i c a l  s t u d y  was l i m i t e d .  The few s u c c e s s f u l  

p r e p a r a t i o n s  t h a t  were  o b t a i n e d  showed t h e s e  t o  be d i p l o i d  

( F i g . 1 2 C ) .
I t  was c o n c lu d ed  t h a t  p r o t h a l l i  o f  t h i s  

c lo n e  c a r r i e d  one o r  more- r e c e s s i v e  genes  w h ich  a c t e d  o n ly  

i n  t h e  s p o r o p h y te  and  when i n  t h e  homozygous s t a t e  r e s u l t e d  
i n  a  s e m i - l e t h a l  c o n d i t i o n .

Abnormal s p o r o p h y te s  have been  d e s c r i b e d  

i n  o t h e r  f e r n s  bu t  have a lw ays  a s s o c i a t e d  w i t h  t h e  phenom­

enon o f  apogamy (Lang, 1888;  S t e i l / 1 9 3 9 ;  Manton, 1 3 5 0 ) .

These  apogamously  p ro d u c e d  s p o r o p h y te s  d i f f e r e d  from t h o s e  

d e s c r i b e d  h e r e  i n  h a v in g  no r o o t s  a t  a l l  o r  a t  b e s t ,  an 

i l l - d e v e l o p e d  sy s te m .

The o t h e r  abnorm al  form o f  qporo p hy te

was n o t  c o n f i n e d  t o  a  s i n g l e  c lo n e  b u t  o c c u r r e d  i n  s e v e r a l .  
The c l o n e s  w h ich  p ro d u c e d  t h i s  form a l s o  p ro d u c e d  on s e l f i m g ,

s p o r o p h y t e s ,  w h ic h ,  th o u g h  s t u n t e d  t o  v a r y i n g  d e g r e e s ,  were  

o f  no rm al  morphology and had t h e  d i p l o i d  number o f  

chromosomes.  In  t h i s  seco n d  abnorm al  form, r o o t d  d i d  n o t  

d e v e lo p  and t h e  a p i c e s  o f  t h e  young s h o o t ,  i n s t e a d  o f  g i v i n g  

r i s e  t o  f r o n d s  a s  i n -F ig . I S A ,  d e v e lo p e d  p r o t h a l l i a l  t i s s u e  

w i t h  sex  o r g a n s  ( F i g . l 3 A ) .  D eve lop ing  a n t h e r i d i a  on t h e s e



F i g . 12

I

A. Normal sporophyte with fronds aged about 
six  weeks. x6

B. Abnormal sporophyte with branched shoot (s)
and w ell developed root (r) ,  aged about three 
months (the result o f s e l f - f e r t i l i s a t io n  in  

one particu lar clone o f population C). xS

C. Bquash preparation of root-tip  o f B showing 

a d ip loid  c e l l .  xlCOO approx.

*





Fig. 13 A. Abnormal eporbphyte producing p ro th a llia l

t is su e  (produced, occasionally  on se lf in g  in
the crested v a r ie ty ) . x4-

B. Haploid nuclei and spermatocytes in  antheridia  
o f A. Squash preparation x!600 approx.
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p r o t h a l l i a l  o u tg r o w th s  and t h e  a p i c e s  o f  t h e  young s h o o t s  

were i n v e s t i g a t e d  and t h e  h a p l o i d  number o f  chromosomes 

was se en  i n  b o t h  ( F i g . 1-33). I t  was c o n c lu d e d  t h a t  t h i s  t y p e  

o f  abnorm al  3 p o ro p h y t s  was o f  apogamous o r i g i n .

Apogamy i s  a  pe rm anen t  f e a t u r e  i n  t h e  l i f e -  

h i s t o r y  o f  some f e r n s  and  t h e  e l i m i n a t i o n  o f  n u c l e a r  change 

i n  t h e s e  c a s e s  i s  a c h i e v e d  i n  one o f  two w a y s .  Apogamy 

may be  f o l l o w e d  by a p o sp o ry  a s  s e e n  forjexample i n  t h e  

w e l l -know n  c a s e  o f  A so Ionium F l l i x - f o e m i n a  v a r  . c l a r i s s i m a  

and i n  t h e  p r e s e n t  i n v e s t i g a t i o n ;  o r  u n re d u c e d  s p o r e s  may 

be  p r o d u c e d  a s  i n  P t e r i s  c r e t i c a  and Cyrtomium f a l c a tu m  

(Manton,  I S 50) f o r  ex am ple .  Apogamy h as  a l s o  been  p ro d u ce d  

i n  some f e r n s  by p r e v e n t i n g  f e r t i l i s a t i o n  (Lang, 1939;

Duncan, 1941) b u t  f e r t i l i s a t i o n  was n o t  p r e v e n t e d  i n  t h e  

p r e s e n t  c a s e  s i n c e  p r o t h a l l i  were  f l o o d e d  w i t h  w a t e r  a t  

l e a s t  o n c e .

O y t o l o g i c a l  t e c h n i q u e s .

I n  p r e p a r i n g  s q u a s h e s ,  m a t e r i a l  was t r e a t e d  

w i t h  a  s a t u r a t e d  s o l u t i o n  o f  S - o x y q u i n o l in e  (T j io  and 

Levan,  1950) f o r  f o u r  h o u r s  a t  18^C t h e n  f i x e d  i n  a c e t i c -

o r c e i n  (3# o r c e i n  i n  45$ a c e t i c  a c i d )  . Normal h y d r o c h l o r i c  

a c i d  was ad d ed ,  t h e  f i n a l  m ix t u r e  b e i n g  o f  t h e  c o m p o s i t io n  

1HC1 : 9 a c e t i c - o r c e i n . H e a t in g  and c o o l i n g  was c a r r i e d  o u t  

t h r e e  o r  f o u r  t im e s  i n  a  w a tc h  g l a s s  a f t e r ,  w h ich  t h e  m a t e r i a l  

was mounted i n  45$ a c e t i c  a c i d  and s q u a s h e d .

The g e n e r a l  e f f e c t  o f  t h e  p r e t r e a t m e n t
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w i t h  o x y q u i n o l i n e  was t o  s h o r t e n  and t h i c k e n  t h e  chromosomes 

and  a l s o  to  i n c r e a s e  t h e  i n t e n s i t y  o f  s t a i n i n g .  P r e p a r a t i o n s  

o b t a i n e d  i n  t h i s  way w ere  v e r y  much b e t t e r  t h a n  t h o s e  o f  

u n t r e a t e d  m a t e r i a l ,  p a r t i c u l a r l y  i n  t h e  c a s e  o f  d e v e lo p in g  

a n t h e r i d i a .



D i s c u s s i o n .

The r e s u l t s  o b t a i n e d  from t h e  i n c o m p a t i b i l i t y  

t e s t s  i n  t h e  t h r e e  p o p u l a t i o n s  s u g g e s t  a s i n g l e  gene ,  

m u l t i p l e - a l l e l e  sys tem  to  be i n  o p e r a t i o n  s i m i l a r  to  t h a t  

o f  t h e  b i p o l a r  f u n g i .  To be c o m p le t e ,  t h e  i n v e s t i g a t i o n  

would  r e q u i r e  t h e  u s e  o f  g e n e t i c  m ark e r s  s e g r e g a t i n g  and 

r e c o m b in in g  w i t h  t h e  i n c o m p a t i b i l t y  a l l e l e s  p o s t u l a t e d  h e r e .  

However, i t  has  n o t  b e e n  p o s s i b l e  i n  t h e  t im e  a v a i l a b l e  

e i t h e r  t o  o b t a i n  marked s t r a i n s  o r  t o  r a i s e  sp o ro p h y te a  t o  

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

Due to  t h e  r e l a t i v e l y  h i g h  f r e q u e n c y  
o f  s e l f i n g  w h ic h  t a k e s  p l a c e ,  t h e  i n c o m p a t i b i l i t y  system

w ould  a p p e a r  to  be a  weak o n e .  A3 p o i n t e d  o u t  by Bateman 

(1953)  one w ould  e x p e c t  t o  f i n d  i n  n a t u r e  i n c o m p a t i b i l i t y  

sy s te m s  c o n t i n u a l l y  a r i s i n g  and i n  a l l  s t a g e s  o f  e v o l u t i o n .

I n  sys tem s  too weak f o r  t h e  r e q u i r e m e n t s  o f  a  s p e c i e s ,  

s e l e c t i o n  would  a c t  t o  i n c r e a s e  t h e  e f f e c t i v e n e s s  o f  t h e  

mechanism and t h e r e f o r e  a c t  on  i t s  g e n e t i c  b a s i s .  An 

example o f  s e l e c t i o n  f o r  o u t c r o s s i n g  ( th o u g h  n o t  f o r  

p r e v e n t i o n  o f  s e l f i n g )  i s  s e e n  i n  t h e  s t u d i e s  o f  P o n te co rv o  

(1S53) and  h i s  c o -w o rk e rs  on t h e  g e n e t i c s  o f  t h e  h o m o th a l l i c  

Asccmycets  A s p e r g i l l u s  n i d u l a n s . The o r i g i n a l  s t r a i n s  o f  t h i s  

fungus  were  c o m p le t e ly  s e l f - c o m p a t i b l e ,  mixed i n o c u l i  o f  

two s t r a i n s  g i v i n g  c r o s s e d  a s c i  and s e l f e d  a s c i  i n  p r o p o r t i o n s

u s u a l l y  w e l l  below t h e  t h e o r e t i c a l  maximum f o r  random 

k&ryogamy ( i . e .  1 : 1 ) .  M utan ts  were  u t i l i s e d  i n  numerous



79 .

c r o s s e s  and new recom binan t  s t r a i n s  s e l e c t e d .  By c o n t i n u o u s

s e l e c t i o n  o f  r e c o m b in a n t s ,  a l l e l e s  f a v o u r i n g  o u t c r o s s i n g

(w h e th e r  p r e s e n t  i n  t h e  o r i g i n a l  s t r a i n s  o r  a r i s e n  by

m u t a t i o n )  were  a u t o m a t i c a l l y  s e l e c t e d .  S t r a i n s  o f  A s p e r g i l l u s

n i d u l a n s  now e x i s t  w h ic h ,  th o u g h  s e l f - f e r t i l e ,  w i l l  g ive

IOCyfo c r o s s e d  a s c i  when combined w i t h  c e r t a i n  o t h e r  s t r a i n s .

T h is  b e h a v i o u r ,  t e rm ed  by P o n t s c o r v o  (1953) 1 r e l a t i v e

h e t e r o t h a l i i s m 1, i n d i c a t e s  t h e  e x i s t e n c e  o f  p o s i t i v e

i n c o m p a t i b i l i t y  i . e .  mechanisms o f  p r e f e r e n t i a l  f e r t i l i s a t i o n

n o t  b a s e d  on th e  p r e v e n t i o n  o f  s e l f i n g  ( 'com plem enta ry*

sy s te m s  i n  B a te m a n 's  t e r m i n o l o g y ) .  I t  h a s  to  be n o t e d ,

ho w ev er ,  t h a t  t h e  mechanisms o f  i n c o m p a t i b i l i t y  i n  fu n g i

o p e r a t e  a t  a  l e v e l  a l t o g e t h e r  d i f f e r e n t  from t h o s e  i n

h i g h e r  p l a n t s  ( i n c l u d i n g  p t e r i d o p h y t e s  a s  shewn h e r e ) .  They

o p e r a t e  a t  t h e  l e v e l  o f  karyogamy be tw een  n u c l e i  i n  a common 
c y to p l a s m .

The c o n d i t i o n  o f  p a r t i a l  i n c o m p a t i b i l i t y  

s e e n  i n  b r a c k e n  may be a d e q u a te  i n  m a i n t a i n i n g  t h e  n e c e s s a r y  

i n t e r c h a n g e  o f  g enes  and t h e  sys tem  become s t a b i l i s e d  a t  

t h e  p r e s e n t  e v o l u t i o n a r y  l e v e l .  P a r t i a l  s e l f - i n c o m p a t i b i l i t y  

o f  t h i s  t y p e  may be d i d e s p r e a d  i n  f e r n s  where s e x u a l  o rg a n s  

d e v e lo p  s i m u l t a n e o u s l y ,  b u t  to  d e t e c t  i t ,  c r i t i c a l  t e s t s  o f  

t h e  k i n d  d e s c r i b e d  h e re  would have t o  be c a r r i e d  o u t .

The movements o f  sperms i n  t h e  v i c i n i t y  o f  

m a tu re  a r c h e g c n i a  were  i n v e s t i g a t e d  to  f i n d  o u t  w h e th e r



c o m p a t i b l e  sperms behaved  d i f f e r e n t l y  from i n c o m p a t i b l e  s p e r m s .

As no su ch  d i f f e r e n c e  c o u ld  be d e t e c t e d ,  t h e  i n c o m p a t i b i l i t y  

mechanism a p p e a r s  to  a c t  somewhere a f t e r  t h e  t im e  o f  e n t r y  o f

sperms i n t o  t h e  m u c i l a g e .  That  i t  a c t s  i n  t h e  z y g o te  i s  
u n l i k e l y  s i n c e  too  many s p o r o p h y te s  a r i s e  on s e l f i n g  w hich  a r e  

p e r f e c t l y  h e a l t h y  and o f  no rm al  a p p e a ra n c e  ( a t  l e a s t  i n  

p o p u l a t i o n s  B and  H) f o r  t h e  h y p o t h e s i s  o f  a  l e t h a l  c o n d i t i o n

i n  t h e  z y g o te  to  be t e n a b l e .  I t  may be t h a t  t h e  b a r r i e r  a r i s e s  

d u r i n g  t h e  movements c f  t h e  sperms down t h r o u g h  t h e  m u c i lag e  

i n  t h e  a r c h e ^ o n i a l  neck  i n  a n a lo g y  to  t h e  s i t u a t i o n  i n  

an g io  spe rm s ,  sperms h a v in g  t o  make t h e i r  way th r o u g h  t h e  

m u c i l a g e ,  p o l l e n  t u b e s  t h r o u g h  t h e  s t y l a r  t i s s u e .  Lewis (1952) 

h a s  shown i n  O eno the r a  t h a t  i n c o m p a t i b l e  p o l l e n  t u b e s  c a r r y  an  

a n t i g e n  t h e  a n t i b o d y  to  w h ic h  i s  p r o d u c e d  i n  t h e  s t y l e  so t h a t  

p o l l e n - t u b e  g row th  i s  i n h i b i t e d .  S i m i l a r l y  i t  i s  p o s s i b l e  t h a t  

i n c o m p a t i b l e  sperms c a r r y  an  a n t i g e n  t h e  a n t i b o d y  t o  w h ich  i s  

p r e s e n t  i n  the- m u c i l a g e .  A v e r y  marked change i n  t h e  m o b i l i t y  

o f  sperms t a k e s  p l a c e  i n  t h e  m u c i l a g e  and i t  i s  f e a s i b l e  t h a t  

i n c o m p a t i b i l i t y  o p e r a t e s  a t  t h i s  l e v e l .  Of some s i g n i f i c a n c e

i n  t h i s  c o n n e c t i o n  i s  t h e  work o f  Hoyt (1910) who showed t h a t  
c r o s s e s  be tween c l o s e l y  r e l a t e d  s p e c i e s  o f  f e r n s  d i d  no t  t a k e P ^ ac

due t o  t h e  i n a b i l i t y  o f  t h e  f o r e i g n  sperm t o  r e a c h  t h e  egg,  

a l t h o u g h  many sperms e n t e r e d  t h e  a r c h e g o n i a l  n e c k s .
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The e c o l o g i c a l  s i g n i f i c a n c e  o f  t h e s e  f i n d i n g s  .

S i n c e ,  i n  f e r n s ,  t h e  h a p l o i d  g e n e r a t i o n  has  an

in d e p e n d e n t  e x i s t e n c e  and  t h e r e f o r e  i s  exposed  t o  s e l e c t i o n ,

t h e  p o s s i b i l i t i e s  o f  a d a p t a t i o n  o fit he s p o ro p h y te  depend on t h e

a c t i o n  o f  e v e r y  gene b e i n g  r e s t r i c t e d  w i t h  p r e c i s i o n  to  e i t h e r

p a r t  o f  t h e  i i f e - c y c l e .  I n  b r a c k e n ,  p r o t h a l l i  and  sp c ro p h y te g

r e a c t  v e r y  d i f f e r e n t l y  t o  s i m i l a r  e n v i ro n m en ts  and t h e

c o n d i t i o n s  so o b v i o u s l y  e n jo y e d  by t h e  sp o ro p h y te  a r e  no t

s u i t a b l e  f o r  t h e  g row th  o f  p r o t h a l l i .  Thus t h e r e  3eems to  be 

a  l a c k  o f  c o - o r d i n a t i o n  i n  t h e  r e q u i r e m e n t s  o f  t h e  two p h a s e s

o f t  he l i f e - c y c l e . '

Records  o f  t h e  o c c u r r e n c e  o f  p r o t h a l l i  and 

young s p o r e l i n g s  are- r a r e  (Conway, 1953) and p r o t h a l l i  i n  

f a i r l y  l a r g e  numbers  have been  s e e n  o n l y  i n  r e c e n t  y e a r s  on 

t h e  r u b b l e  o f  b u i l d i n g s  damaged i n  World War I I  ( L o u s e l e y , 1 9 4 3 ) . 

S p o r c p h y t e s ,  on t h e  o t h e r  hand ,  o c c u r  i n  a  v a r i e t y  o f  h a b i t a t s  

and t h e i r  r a p i d  s p r e a d  i s  a  s e r i o u s  p rob lem  i n  a g r i c u l t u r e  

i n  S c o t l a n d .  I n  n a t u r e ,  a  p r o t h a l l u s  i s  much more d i f f i c u l t  

t o  d e t e c t  t h a n  a  young s p o r o p h y te  and i t  i s  p r o b a b l e  t h a t  

numerous i s o l a t e d  p r o t h a l l i  become e s t a b l i s h e d  each  y e a r .  The 

f a c t  t h a t  new s p o r c p h y t e s  a r e  t a r e  can be a t t r i b u t e d  to  a  

c o m b i n a t i o n  o f  i n c o m p a t i b i l i t y  and p o o r  a d a p t a b i l i t y  o f  

p r o t h a l l i .  The chances  o f  an  i s o l a t e d  p r o t h a l l u s  s u r v i v i n g  

lo n g  enough t o  p r o d u c e  a  s p o r o p h y te  a r e  a l i g h t  and t h e  p r o d u c t i o n  

o f  new s p o r c p h y t e s  would r e q u i r e  t h e  e s t a b l i s h m e n t  o f  a  numoer

o f  p r o t h a l l i  i n  c l o s e  p r o x i m i t y  to  e ac h  o t h e r  o t h e r w i s e  sperms



oy 'being c h e m o t a c t i c a l l y  a t t r a c t e d  t q  one o r  o t h e r  o f  t h e  

o r g a n i c  s u b s t a n c e s  i n  t h e  s o i l  humus. However, t h e  f a c t  t h a t  

b r a c k e n  i s  w i d e s p r e a d  a n d ,  p r e s u m a b ly ,  ha s  b e en  so o v e r  long  

p e r i o d s ,  s u g g e s t s  t h a t  i t s  g e n e t i c  sys tem  i s  a  s u c c e s s f u l  o n e .  

I t  i s  c l e a r  t h a t  t h i s  g e n e t i c  sys tem  h a s  i n  s t o r e  a  w e a l t h  o f  

i n t e r e s t i n g  p ro b le m s  open t o  i n v e s t i g a t i o n .

Summary.

1 .  Methods o f  t e s t i n g  f o r  i n c o m p a t i b i l i t y  a r e  d e s c r i b e d  and 

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

o f  p r o t h a l l i .

3 . I n c o m p a t i b i l i t y  i s  d e m o n s t r a t e d  f o r  t h r e e  p o p u l a t i o n s  o f  

b r a c k e n .

3 . Two m a t in g  t y p e s  have  been  d e t e c t e d  i n  e a c h  o f  t h e

p o p u l a t i o n s ,  s p o r e s  o e in g  t a k e n  from a  s i n g l e  p l a n t  i n  

e a c h  c a s e .

4 - The t h r e e  p o p u l a t i o n s  w ere  c r o s s - c o m p a t i b l e  i n  a l l

c o m b in a t io n s  o f  m a t in g  t y p e s  and a  s i n g l e  g e n e ,  m u l t i p l e -  

a l l e l a  sys tem  o f  i n c o m p a t i b i l i t y  i s  p o s t u l a t e d .

5 .  I n c o m p a t i b i l i t y  a p p e a r s  t o  o p e r a t e  be tw een  t h e  t im e  o f

e n t r y  o f  sperms i n t o  t h e  m u c i l a g e  o f  m a tu re  a r c h e g o n i a  and 

t h e i r  a r r i v a l  a t  t h e  egg s u r f a c e ,  s i n c e  t h e r e  was no 

d i f f e r e n c e  i n  t h e  movements o f  d i f f e r e n t  sperm t y p e s  up to  

t h e  p o i n t  o f  e n t r y  i n t o  t h e  m u c i l a g e .  I n c o m p a t i b i l i t y  

a c t i n g  i n  t h e  z y g o te  i s  c o n s i d e r e d  u n l i k e l y .



6 . I n c o m p a t i b i l i t y  a l l e l e s  a p p e a r  t o  be r e l a t i v e l y  weak i n

t h e i r  a c t i o n  s i n c e  s e l f i n g  was 8$ ,  18$ and  17$ r e s p e c t i v e l y  

i n  t h e  t h r e e  p o p u l a t i o n s  (G, 3 and  X) t e s t e d .

7 .  The c y t o l o g y  o f  s p o r a n g i a  o f  t h e  t h r e e  p o p u l a t i o n s  was 

i n v e s t i g a t e d  a s  w e l l  a s  a n t h e r i d i a  o f  p r o t h a l l i  and 

me r i  s tems o f  young sp o r o p h y te  a p ro d u c e d  i n  mass c u l t u r e .

Each p o p u l a t i o n  showed a  r e g u l a r  a l t e r n a t i o n  o f  t h e  h a p l o i d  

(n»53) and d i p l o i d  numoers o f  chromosomes i n d i c a t i n g  a  

n o rm al  s e x u a l  c y c l e .

8 * S p o ro p h y te s  p r o d u c e d  on s e l f i n g  i n  p o p u l a t i o n s  B and X 

were  d i p l o i d  and  o f  no rm al  m orpho logy .

9 .  S e l f i n g  i n  p o p u l a t i o n  C (a  ‘c r e s t e d f v a r i e t y )  gave r i s e  t o  

s p o r o p h y t e s  a l l  o f  w h ich  were  w e a k l i n g s . t o  a  g r e a t e r  o r  

l e s s e r  d e g r e e .  Two d i s t i n c t l y  abnorm al  forms were a p p a r e n t .  

One o f  t h e s e  forms was c o n f i n e d  t o  a  s i n g l e  c lo n e  and 

c o n s t a n t l y  a p p e a r e d  on s e l f i n g  i n  t h a t  c l o n e .  C e l l s  o f  t h e  

r o o t - t i p  o f  t h i s  form had t h e  d i p l o i d  number o f  chromosomes 

and  i t  was c o n c lu d e d  t h a t  p r o t h a l l i  o f  t h i s  c lo n e  c a r r i e d  

d e l e t e r i o u s  r e c s s e i v e  genes  w h ich  a c t e d  o n l y  i n  t h e  

s p o r o p h y t e .

The second  abnorm al  form o c c u r r e d  i n  more t h a n  

one c lo n e  and s i n c e  t h e  c e l l s  o f  t h i s  form c a r r i e d  t h e  

h a p l o i d  number o f  chromosomes,  i t  was c o n c lu ded  t h a t  t h e s e

s p o r o p h y t e s  w ere  o f  apogamoua o r i g i n .

10 .  I t  i s  s u g g e s t e d  t h a t  i n c o m p a t i b i l i t y  may be a  f a c t o r  

c o n t r i b u t i n g  t o  t h e  r a r e  o c c u r r e n c e  o f  new p o p u l a t i o n s  o f  

b r a c k e n  i n  n a t u r e .
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