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Origin of Complementary Incompatibility Systems in Flowering Plants 
K.K.  Pandey  
Gene t i c s  Unit ,  G r a s s l a n d s  Divis ion ,  D . S . I . R . ,  P a l m e r s t o n  North (New Zea land)  

S u m m a r y .  The c o m p l e m e n t a r y  incompa t ib i l i t y  s y s t e m ,  c h a r a c t e r i z e d  by c o - o p e r a t i v e  cont ro l  of a s ing le  S s p e -  
c i f ic i ty  by a l l e l e s  of two or  m o r e  d i s t inc t  S genes ,  has r a i s e d  i n t e r e s t i n g  ques t ions  r e g a r d i n g  the o r i g i n  and ev -  
o lu t iona ry  s ign i f i cance  of th is  s y s t e m .  What were  the fac to rs  which led  to the appea rance  of the c o m p l e m e n t a r y  
sys t em of s e l f - i n c o m p a t i b i l i t y .  Is c o m p l e m e n t a r y  incompa t ib i l i t y  a p r i m a r y  or  s e c onda r y  deve lopment?  

Lundqvist  and @sterbye have sugges ted  that the fundamenta l  c h a r a c t e r i s t i c  of this  s y s t e m  - lack of dominance  
and compe t i t i ve  i n t e r a c t i o n s  be tween a l l e l e s  of the s a m e  and di f ferent  s e r i e s  - developed once,  e a r l y  in  the ev -  
o lu t ion  of a n g i o s p e r m s ,  at a s tage  when s e l f - i n c o m p a t i b i l i t y  was con t ro l l ed  po lygen ica l ly .  In one l i ne  of develop-  
men t ,  where  two o r  m o r e  such incompa t ib i l i t y  genes  were  s t r eng thened  by speci f ic  mod i f i e r s  at the expense  of the 
r e s t ,  c o - o p e r a t i o n  among loci  was favoured  to p romote  i n c r e a s e d  i n t e rp l an t  compa t ib i l i t y  in  the populat ion.  In 
th is  evo lu t iona ry  l ine ,  a l l e l i c  o r  i n t e r g e n i c  i n t e r a c t i o n s  were  excluded.  In the o ther  l ine  of deve lopment ,  where  
only one i ncompa t ib i l i t y  locus  was s t r eng thened ,  t he r e  was no need for  such se l ec t ion  and a l l e l e s  of this  locus  r e -  
t a ined  the p r o p e r t y  of a l le l ic  i n t e r a c t i o n  in  the pol len .  

In this  a r t i c l e  an a l t e r n a t i v e  hypothes is  has been  p roposed  for the o r ig in  of c o m p l e m e n t a r y  incompa t ib i l i t y .  It 
i s  sugges ted  that  th is  type of incompa t ib i l i t y  s y s t e m ,  con fo rming  with g e n e r a l l y  held v iews on the evolut ion of 
s e l f - i n c o m p a t i b i l i t y  s y s t e m s ,  developed s e c o n d a r i l y ,  and polyphyle t ica l ly ,  a f ter  the breakdown of the o r ig ina l  
o n e - l o c u s ,  m u l t i a l l e l i c ,  gametophyt ic  s y s t e m .  In the r e - r e v o l u t i o n  of s e l f - i n c o m p a t i b i l i t y  through i n t r o g r e s s i o n  
with a r e l a t e d  s e l f - i n c o m p a t i b l e  taxon,  the e s sen t i a l  ac t ion  of the p r e s u m e d  phys io log ica l ly  i n t e g r a t e d  s e l f - c o m -  
pa t ib le  complex  led  to the eXclusion of a l l e l i c  or  i n t e r g e n i c  i n t e r a c t i o n  as a p r e r e q u i s i t e  for  evolu t ion  of c o m p l e -  
m e n t a r y  con t ro l .  Accord ing  to this  hypothes i s ,  b reakdown of the o r ig ina l  s e l f - i n c o m p a t i b i l i t y  and r e - e v o l u t i o n  
of s e l f - i n c o m p a t i b i l i t y ,  in  the m a n n e r  sugges ted  above,  could have o c c u r r e d  many  t i m e s  in the evolu t ion  of ang io-  
s p e r m s  and such s y s t e m s  might  t h e r e f o r e  be expected to occu r  s c a t t e r e d  among dif ferent  phylogenet ic  l i n e s .  

In t roduc t ion  

Breed ing  s y s t e m s  in  f lower ing  p lan ts  show phylogen-  

et ic  r e l a t i o n s h i p s  which can  be t r a c e d  f rom the mos t  

p r i m i t i v e  to the most  advanced  a n g i o s p e r m s .  Self -  

i ncompa t ib i l i t y  o c c u r s  widely and is  be l i eved  to have 

evolved v e r y  e a r l y ,  indeed at the v e r y  beginning ,  in  

the evolu t ion  of a n g i o s p e r m s  (Whi tehouse  1960: P a n -  

dey 1960a, 1969a; Crowe 1964; H e s l o p - H a r r i s o n  

1967).  

Among s e l f - i n c o m p a t i b l e  p lan ts  the o n e - l o c u s  (S) ,  

m u l t i a l l e l i c ,  gametophyt ic  s y s t e m  of s e l f - i n c o m p a t i -  

b i l i ty  is  c o n s i d e r e d  to be the mos t  p r i m i t i v e ,  and it 

o c c u r s  widely among homomorph ic  p lan t s .  There  a r e ,  

however ,  a n u m b e r  of spec i e s  where  s e l f - i n c o m p a t i -  

b i l i ty  is  c o n t r o l l e d  by two loc i .  There  is  c o n s i d e r a b l e  

ev idence  to sugges t  that the two- locus  s y s t e m s  a re  

s e c o n d a r y  d e r i v a t i v e s  of the o n e - l o c u s  s y s t e m  (Lewis 

1966; Lewis and Crowe 1958; Whitehouse 1960; P a n -  

dey 1956a, 1957a, 1960a, b, 1962a; Lundqvist  1954, 

1956 ; Da r l i ng ton  1963 ; C rowe 196 4 ) .  The second  locus  

may  a r i s e  through e i t he r  euploidy or  aneuploidy,  o r  

through a s t r u c t u r a l  change  in  the c h r o m o s o m e  which 

does not involve  v a r i a t i o n s  in  the o r ig ina l  c h r o m o -  

some  n u m b e r .  It may also occu r  through h y b r i d i z a -  

t ion .  Ev idence  sugges t ing  i n c o r p o r a t i o n  of one o r  m o r e  

_S-gene dupl ica t ions  in  the genome e a r l y  in  the h i s to ry  

of the va r i ous  phylogenet ic  b r a n c h e s  of a n g i o s p e r m s ,  

has  been  d i s c u s s e d  e l s e w he r e  (Pandey  1969b).  

In p lan ts  which have a newly acqu i r ed  dupl ica te  S 

locus  t h r e e  types  of r e l a t i onsh ip  be tween S a l l e l e s  

a r e  pos s ib l e  in  the pol len:  (a)  Compet i t ive  i n t e r a c t i o n  

between the two genes  so that ne i the r  is  ab l e to  e x p r e s s  

ful ly,  l ead ing  to breakdown of s e l f - i n c o m p a t i b i l i t y ;  

(b) Dominance  (o r  e p i s t a s i s )  of one gene over  the 

o ther  so that ,  in  effect ,  only one gene is  e x p r e s s e d  

( in  autopolyploids  the second  S locus  will u sua l ly  be 

an iden t ica l  dupl ica te  of the f i r s t ,  but in  a l loploids  the 

two genes  may or  may not be d i r ec t ly  homologous ;  

however ,  for  s i m p l i c i t y ,  the t e r m  "dominance"  will 

be u sed  to cove r  beth s i t ua t ions  in  this  a r t i c l e )  ; and 

(c)  Independent  act ion so that the ce l l  has the c o m -  

b ined  p r o p e r t i e s  of beth genes  (Lewis 1947, 1954).  
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Capaci ty  for  a l le l ic  i n t e r a c t i o n s  (dominance and c o m -  

pet i t ion)  or  independent  act ion in  pol len,  although mo-  

dif iable  by genet ic  background,  a re  inheren t  p r o p e r t i e s  

of genes  and speci f ic  to a l le l ic  p a i r s .  

In a gametophyt ica l ly  s e l f - i n c o m p a t i b l e  spec i e s  

dupl ica t ion  of the S locus  would often l ead  to b r e a k -  

down of s e l f - i n c o m p a t i b i l i t y ,  owing to compe t i t ive  i n -  

t e r a c t i o n  in  the pol len ( compe t i t ion  for s u b s t r a t e s  - 

Lewis 1947 ; o r  for r i b o s o m e s  - H e s l o p - H a r r i s o n  1967 ; 

Mackenzie  et al.  1967). However ,  if ou tb reed ing  con -  

t inued  to be advantageous  s e l f - i n c o m p a t i b i l i t y  would 

be favoured  and r e s t o r e d  in  va r i ous  ways .  F o u r  such 

m e c h a n i s m s  have been ident i f ied  so fa r :  - 

( i)  Mutat ion a n d / o r  l o s s  of funct ion at one locus  

In Tr / fo/ /um repens,  T. reed/urn (Pandey  1956b, 

1957a, 1969b) and in  a n u m b e r  of 5o/anum spec ies  

(Nath 1953; Pandey 1957b, 1960b) the second  locus  

is  be l ieved  to have muta ted  and lost  i t s  funct ion in  the 

b reed ing  s y s t e m ,  so that s e l f - i n c o m p a t i b i l i t y ,  for  all  

p rac t i ca l  pu rposes ,  has r e t u r n e d  to the o r ig ina l  one -  

locus  s y s t e m .  

( i i )  Incomple te  loss  of funct ion at one locus  but e l i -  

mina t ion  of compe t i t ion  between a l l e l e s  of the two loci  

In Solanum pinnatisectum and S. ehrenbergii (Pan- 

dey 1960b, 1962), the second locus has mutated, but 

retains two or a small number of mutant alleles with 

abnormal properties which still affect the breeding 

system. The two loci show dominance but competitive 

interaction has been eliminated. 

(iii) Two fully functional multiallelic S loci without 

compet i t ion  

In Physali8 ixocarpa (Pandey  1957a), the second  

locus  r e m a i n s  n o r m a l  and m u l t i a l l e l i c ,  but a l l e l e s  of 

both loci  showing compet i t ive  i n t e r a c t i o n  have been  

e l i m i n a t e d .  Se l f - i ncompa t ib i l i t y  is t he r e fo r e  con t ro l l ed  

by two m u l t i a l l e l i c  loc i ,  which as in  (2) show domi-  

nance  but no compe t i t i ve  i n t e r a c t i o n .  

( iv)  Two ful ly funct ional  m u l t i a l l e l i c  S loci without 

compe t i t ion  o r  dominance  but with c o - o p e r a t i o n  be t -  

ween loci  

In the G r a m i n e a e  di f ferent  a l l e l e s  of the two m u l t i -  

a l le l ic  loci ,  S and Z ,  a re  not only devoid of both c o m -  

pe t i t ion  and dominance  i n t e r a c t i o n s ,  but a re  c o m p l e -  

m e n t a r y  (Lundqvist  1956, 1964).  Any two a l l e l e s ,  

one of each locus ,  a re  able  to coopera te  to produce  

a unique spec i f i c i ty .  Recen t ly  Lundqvist  et al .  (1973) 

found a s i m i l a r  s y s t e m  in  two u n r e l a t e d  p lan t s ,  

Ranunculu8 acris (Ranunculaceae) and Beta vulgaris 

(Chenopodiaceae). 

What is  the o r i g i n  of c o - o p e r a t i o n  between loci? 

Hypothesis  

It is  p roposed  that c o m p l e m e n t a r y  incompa t ib i l i t y ,  

l ike many  other  genet ic  s y s t e m s  of s e l f - i n c o m p a t i -  

b i l i ty  in  a n g i o s p e r m s ,  developed s e c o n d a r i l y  and po-  

lyphyle t ica l ly .  The following s teps  a r e  be l i eved  to be 

involved in th is  evolut ion:  

(1) Breakdown of the o r ig ina l  s e l f - i n c o m p a t i b i l i t y ,  

and in t eg ra t i on  of the ~C gene complex  in the n o r m a l  

physiology of r ep roduc t ion .  

(2) I n t r o g r e s s i o n  with r e l a t e d  s e l f - i n c o m p a t i b l e  form 

or  spec ies  giving an SI_Sc hybr id .  

(3) Selec t ion for ou t c ro s s ing ,  while both the S I and 

-~C loci  r e m a i n  e s sen t i a l  for r ep roduc t ion .  

(4) Se lec t ion  agains t  dominance ,  e p i s t a s i s ,  or  any 

o ther  form of i n t e r ac t i on .  

(5) Acquis i t ion  of another ,  independent ly  ac t ing,  S I 

locus ,  e . g .  through c h r o m o s o m a l  r e a r r a n g e m e n t  or  

ploidy.  

(6) R e s t r i c t i o n  of me tabo l i t e s  in the pol len  leading  

to c o - o p e r a t i o n  be tween S loc i .  

Thus, h i s t o r i c a l l y ,  the c o m p l e m e n t a r y  sys t em 

would be a product  of s e l f - c o m p a t i b i l i t y ,  h y b r i d i z a -  

t ion  and r e - e v o l u t i o n  of s e l f - i n c o m p a t i b i l i t y ,  and could 

have a r i s e n  independent ly  in u n r e l a t e d  f lo ra .  

A r g u m e n t s  Leading to the Hypothesis  

In the following d i s cus s ion ,  this  p roposed  s e r i e s  of 

events  leading  to the r i s e  of the c o m p l e m e n t a r y  s y s -  

t em of incompa t ib i l i t y  is  e luc ida ted .  

1. I n t r o g r e s s i o n  and Selec t ion  

Numerous cases have been reported in the genera 

Solarium, Oenothera, Nicotiana and Lycopersicon, in 

which the action of particular units, or a major part 

of the S complex, occurred precociously, leading to 

varying degrees of sporophytic determination (Nath 

1953; McGuire  and Rick 1954; Crowe 1955; Pandey 
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1957b, 1962, 1968, 1973a) .  This change  in the  t i m e  

of S gene  ac t ion  o c c u r r e d  in i n t r a -  o r  i n t e r - s p e c i f i c  

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

po l l en  p a r e n t  and a f e m a l e  p a r e n t  c a r r y i n g  a mutant  

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

OenoVhez'a ( C r o w e  1955; Pandey  1960a) the  ev idence  

s u g g e s t e d  that  the  S e l e m e n t s  c o n t r o l l i n g  p roduc t ion  

of the  p r e s u m e d  s p e c i f i c  po l l en  g rowth  s u b s t a n c e  

a c t e d  p r e c o c i o u s l y  ( s p o r o p h y t i c a l l y ) ,  but the  e l e -  

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

b i l i t y  p r e c u r s o r s  a c t e d  g a m e t o p h y t i c a l l y  as  u s u a l .  

Recen t  d i s c o v e r y  of the  two f o r m s  of S gene  (S  I and 

S_. C)  within the  p o l y m o r p h i c  s p e c i e s  Nieotiana glauaa 

has  l e d  to a b e t t e r  u n d e r s t a n d i n g  of th i s  b e h a v i o u r .  

In S_ISc h y b r i d s  be tween  s e l f - i n c o m p a t i b l e  (SI) and 

s e l f - c o m p a t i b l e  ( S c )  s t r a i n s ,  t h e r e  i s  ob l iga t e  i n d e -  

pendent  a c t i on  of S a l l e l e s ,  ~C ac t ing  s p o r o p h y t i c a l l y ,  

p r e s u m a b l y  in the  f l o r a l  p r i m o r d i a ,  and S I ac t ing  

g a m e t o p h y t i c a i l y  in  the  m i c r o s p o r e s  ( P a n d e y  1973a, 

1974) .  

O c c u r r e n c e  of a l o n g - e s t a b l i s h e d  s e l f - c o m p a t i b i l i t y  

a l l e l e  t o g e t h e r  with a s e l f - i n c o m p a t i b i l i t y  a l l e l e  in the  

s a m e  p lan t  g i v e s  r i s e  to an a n o m a l o u s  s i t ua t i on  with 

r e g a r d  to i n c o m p a t i b i l i t y  e x p r e s s i o n .  In the  p o l l e n  the  

two t y p e s  of gene  show ob l iga t e  i ndependence  at the  

" p r i m a r y  gene  ac t i on  p h a s e "  s i n c e  they  act  at d i f fe ren t  

d e v e l o p m e n t a l  s t a g e s  and in d i f f e ren t  c e l l s .  However ,  

they  m a y  show d o m i n a n c e  o r  c o m p e t i t i o n  as  a r e s u l t  of 

p roduc t  i n t e r a c t i o n  at the  " i n c o m p a t i b i l i t y  r e a c t i o n  

p h a s e "  when po l l en  and s t i g m a  a r e  brought  t o g e t h e r  

( P a n d e y  1973a) .  Depending on the a l l e l e s  invo lved ,  

c o m p e t i t i v e  i n t e r a c t i o n  o r  d o m i n a n c e  of ~C ( o r  Sf)  

o v e r  S I cou ld  l e a d  to b r e a k d o w n  of i n c o m p a t i b i l i t y .  In 

a phy logene t i c  l i ne  d e r i v e d  f rom such a h y b r i d i s a t i o n ,  

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

by s e l e c t i o n  of S I a l l e l e s  which showed  no c o m p e t i t i v e  

i n t e r a c t i o n  with s e l f - c o m p a t i b i l i t y  a l l e l e s ,  and which 

w e r e  a l so  dominan t  o v e r  t h e m .  

E v i d e n c e  has  been  g iven  e a r l i e r  to show that  m a i n -  

t e n a n c e  of s e l f - i n c o m p a t i b i l i t y  by s e l e c t i o n  aga ins t  

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

( P a n d e y  1957a, 1960b, 1962) .  

As  ou t l i ned  in the  In t roduc t ion ,  i t  i s  a p p a r e n t  that  

many  p l a n t s  with dup l i ca t e  funct ional  S loc i  had  t h e i r  

s e l f - i n c o m p a t i b i l i t y  r e s t o r e d  th rough  s e l e c t i o n  a ga in s t  

c o m p e t i t i o n  on ly ,  a l l  r e c o n s t i t u t e d  s e l f - i n c o m p a t i b i l i t y  

s y s t e m s  s t i l l  p o s s e s s i n g  d o m i n a n c e  i n t e r a c t i o n .  It i s  
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F i g .  1. P r o p o s e d  e v o l u t i o n a r y  even t s  in the  e x c l u s i o n  
of dominance  ( e p i s t a s i s )  i n t e r a c t i o n  be tween  S genes  

l i k e l y  that  the  p r e s e r v a t i o n  of dominance  had  an in -  

t r i n s i c  advan tage .  If p l an t s  l a c k e d  the  m e t a b o l i c  c a p a -  

c i ty  to p r o d u c e  two independent  s p e c i f i c i t i e s  in the  

m i c r o s p o r e ,  s e l e c t i o n  of a l l e l e s  c a p a b l e  of dominance  

i n t e r a c t i o n  would a l low one s p e c i f i c i t y  to be func t ion-  

a l ly  e x p r e s s e d ,  mak ing  r e s t o r a t i o n  of  s e l f - i n c o m p a t i -  

b i l i ty  p o s s i b l e .  

Dominance  i n t e r a c t i o n  t h e r e f o r e  p r o v i d e s  i n s u r a n c e  

aga ins t  m e t a b o l i c  de f i c i ency  in the  m i c r o s p o r e .  

However ,  under  s p e c i a l  cond i t i ons ,  s e l e c t i o n  fo r  

dominance  of s e l f - i n c o m p a t i b i l i t y  genes  o v e r  s e l f -  

c o m p a t i b i l i t y  genes  m a y  not be p o s s i b l e .  

2. Integration of the S Complex and Selection 

Against S Interaction 

In a taxon which has been well established as a self- 

compatible form or species - but in which the S ai- 

lele, although it has lost its self-incompatibility, is 

only partly eroded (Pandey 1969a, 1973a) - the bree- 

cling system is adjusted to the efficient functioning of 

the various components of the S complex. The S-ele- 

ments controlling the production of growth substances 

and enzymes involved in the normal complementary 

pollen-style physiology will still be functional even if 

those controlling the incompatibility specificities are 

lost or mutated. During evolution following change to 

self-compatibility, including subsequent S erosion and 

concomitant genetic adjustments, the complex may be 

physiologically integrated to the extent that it cannot 

be entirely replaced by a new S gene of a different 

gene t i c  a r c h i t e c t u r e ,  funct ioning  at a d i f f e ren t  s t a g e  

in d e v e l o p m e n t ,  without l o s s  of v i a b i l i t y  ( F i g .  1) .  
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Fig .  2. Limited metabol ic  r e s o u r c e s  of the m i c r o s p o r e  
as an in i t i a t ing  fac tor  in the o r ig in  of c o - o p e r a t i v e  ex-  
p r e s s i o n  of spec i f ic i ty  

The ex i s t ence  of such i n t eg ra t ed  s e l f - c o m p a t i b i l i t y  

genes  can  be v i s u a l i s e d  by cons ide r i ng  the two- locus  

sys t em of s e l f - i n c o m p a t i b i l i t y  in  S o l a n ~  ehrenberg~;i 

and S. pinnatisect~w (Pandey  1960b, 1962).  Here  the 

second  S locus  is  occupied by only two e roded  f o r m s  

with sporophyt ic  act ion,  while the ma in  mu l t i a l l e l i c  

_S I gene ac ts  gametophyt ica l ly .  Since th is  two- locus  

s y s t e m  apparen t ly  r e p r e s e n t s  a r educ t ion  in  the ef f i -  

c iency  of sexual  r ep roduc t ion ,  m a i n t e n a n c e  of the s e -  

cond locus  with i t s  two pa r t ly  de l e t e r ious  a l l e l e s  i m -  

p l ies  an i n t r i n s i c  advantage a s soc i a t ed  with i t s  ac t iv -  

i ty.  A sma l l  f u r t he r  l o s s  of r e s idua l  spec i f ic i ty  affec-  

t ing i n t r a spec i f i c  incompa t ib i l i t y  would r e v e r t  the spe -  

c ies  to a one - locus  incompa t ib i l i t y  s y s t e m  even though 

e x p r e s s i o n  of the e roded  S complex  might s t i l l  be 

ma in ta ined .  The ex i s t ence  of such a s y s t e m  is sug -  

ges ted  by o b s e r v a t i o n s  of Nath (1953) and Pandey 

(1957b) on Solan~ arac~-papa (S. spcmsipilum). In-  

t r a spec i f i c  c r o s s e s  r e v e a l e d  only a no rma l  one - l oc us  

gametophyt ic  incompa t ib i l i t y  s y s t e m .  C r o s s e s  with 

S. sub~ l iu s  (S. chacoense), however ,  ind ica ted  the 

p r e s e n c e  of a dupl icate  s e l f - c o m p a t i b i l i t y  gene (R) 

act ing sporophyt ica l ly  in  the pol len .  

In a taxon which had acqu i r ed  a new, mu l t i a l l e l i c ,  

n o r m a l ,  S I locus  whils t  s t i l l  r e t a in ing  i ts  e s sen t i a l  i n -  

t eg ra t ed  ~C complex  in  the background,  dominance  

( e p i s t a s i s )  of S I would lead  to s u p p r e s s i o n  of the i n -  

t e g r a t e d  s e l f - c o m p a t i b i l i t y  gene complex  and would 

t he r e fo r e  not be poss ib l e .  Se l f - incompa t ib i l i t y  might 

be r e s t o r e d ,  however ,  by s e l ec t i on  agains t  dominance  

as well  as compe t i t ive  i n t e r a c t i o n s  be tween the two 

loc i .  

Se lec t ion  for  comple te  independence  of va r i ous  S I 

and -~C f o r ms  (Pandey  1973a) could p r e s u m a b l y  be 

achieved only by comple te  l o s s  of the p rope r ty  of a l l e -  

l ic  i n t e r a c t i o n .  Selec ted  _S I a l l e l e s  would not only be 

incapable  of i n t e r a c t i ng  with the i n t eg ra t ed  ~C locus  

against  which they had been se lec ted ,  but would also 

show no i n t e r a c t i o n  among t h e m s e l v e s ,  a r e l a t i o n s h i p  

not sub jec ted  to d i r ec t  s e l ec t ion .  This view is  suppor ted  

by o b s e r v a t i o n s  in  Physa l i s  ixoaar~a ,  which has  a two- 

locus  incompa t ib i l i t y  s y s t e m  (Pandey  1957a).  In th is  

spec i e s ,  s e l ec t i on  aga ins t  i n t e r a c t i o n  between a l l e l e s  

of the two n o r m a l ,  m u l t i a l l e l i c ,  _S I loci  has e l i m i n a t e d  

the p rope r ty  of a l l e l i c  i n t e r a c t i o n  comple te ly ,  for i n -  

duced autopolyploidy fa i l s  to produce  compe t i t ive  i n -  

t e r a c t i o n  between a l l e l e s  of the s a m e  locus ,  and au-  

topolyploids  r e m a i n  s e l f - i n c o m p a t i b l e .  

3. Metabol ic  L imi ta t ion  in  the Young M i c r o s p o r e  and 

Select ion for  S C o - o p e r a t i o n  

In the absence  of S i n t e r ac t i on ,  s e l f - i n c o m p a t i b i l i t y  

could only be r e s t o r e d  (1) if the pol len  p o s s e s s e d  the 

metabol ic  r e s o u r c e s  for independent  ac t ion  of two 

genes ;  o r ,  if that  was not poss ib l e  (2) a m e c h a n i s m  

was adopted which al lowed coopera t ion  between the 

two genes  ve ry  e a r l y  in  t he i r  ac t iv i ty ,  pe rhaps  at the 

t r a n s c r i p t i o n  phase  (Pandey  1976), so that both genes  

could be e x p r e s s e d  with the m a x i m u m  metabol ic  eco-  

nomy of the cel l  (F ig .  2 ) .  

Phys ica l  i so l a t i on  of the haploid m i c r o s p o r e  f rom 

the m a t e r n a l  sporophyte  and the p roba le  wholesa le  r e -  

p l acemen t  of the cel l  ' s me tabo l i c  m a c h i n e r y  at the 

d ip lo id-haplo id  phase  change undoubtedly c r e a t e s  a 

heavy demand  on the l i m i t e d  r e s o u r c e s  of the m i c r o -  

spo re  ( H e s l o p - H a r r i s o n  1967; Mackenzie ,  Hes lop-  

H a r r i s o n  and Dickinson  1967; Pandey  1973b).  Hence,  

with con t inued  se l ec t i on  for s e l f - i n c o m p a t i b i l i t y ,  a 

s i tua t ion  l ike ly  to produce  c o - o p e r a t i o n  be tween two 

incompa t ib i l i t y  loci  would inc lude :  - 

( i )  lack of dominance  i n t e r a c t i o n  so that one S gene 

could not be e x p r e s s e d  a lone;  

( i i )  lack of suff ic ient  S - s p e c i f i c  me tabo l i t e s  in  the 

m i c r o s p o r e ,  so that full independent  e x p r e s s i o n  of 

both genes  would not be pos s i b l e ;  a n d / o r  

( i i i )  an i n c r e a s e d  s e l e c t i ve  p r e m i u m  on the evolut ion 

of c o m p l e m e n t a r y  i n t e r a c t i o n  be tween S genes  to lower  
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Fig .  3. Suggested s e l ec t i ve  f ac to r s  involved  in the o r i -  
gin of c o m p l e m e n t a r y  i ncompa t ib i l i t y  

the level  of c r o s s - i n c o m p a t i b i l i t y  (Lundqvist  1975).  

An i n c r e a s e  in  the n u m b e r  of c r o s s - c o m p a t i b l e  geno-  

types  would be p a r t i c u l a r l y  favoured  in  a r e s t r i c t e d  

popula t ion  with few a l l e l e s  at each locus .  

The r e l a t i o n s h i p s  among the above fac to r s  a re  i l -  

l u s t r a t e d  in  F i g .  3. 

4. Or ig in  of the " C o m p l e m e n t a r y  Incompat ib i l i ty  

Sys tem" 

The s y s t e m  in  G r a m i n e a e  

Once h y b r i d i s a t i o n  and s e l ec t i on  had p roduced  a one -  

locus  gametophyt ic  incompa t ib i l i t y  s y s t e m  lack ing  

the capac i ty  for  a i l e l i c  i n t e r a c t i o n ,  dupl ica t ion  of the 

S I locus  would not b reak  down incompa t ib i l i t y  by c o m -  

pe t i t ive  i n t e r a c t i o n .  However ,  s ince  full o r  pa r t i a l  

dupl ica t ion  of such a genome c a r r y i n g  a background  

s e l f - c o m p a t i b i l i t y  locus  would n e c e s s i t a t e  e x p r e s s i o n  

of, not two, but t h r e e  or  four ,  S loci  in  the pol len,  

i ncompa t ib i l i t y  might  s i l l  b reak  down in  p lants  with 

insuf f ic ien t  S - s p e c i f i c  me tabo l i t e s  in  the m i c r o s p o r e  

for  full e x p r e s s i o n  of mu l t ip l e  S genes .  In such c a s e s ,  

poss ib ly  the only m e a n s  of r e s t o r i n g  s e l f - i n c o m p a t i -  

b i l i ty  would be for  two or  m o r e  independen t ly  func-  

t ionai  S I genes  to c o - o p e r a t e  in  the e x p r e s s i o n  of 

i ncompa t ib i l i t y  wi thin  the me tabo l i c  l i m i t s  of the m i -  

c r o s p o r e .  In addi t ion,  the actual  events  of h y b r i d i -  

za t ion  and genomic  r e s t r u c t u r i n g ,  inc luding  poly-  

ploidy,  would be l ike ly  to g e n e r a t e  s m a l l ,  gene t i ca l ly  

i so la ted  popula t ions  c a r r y i n g  few a l l e l e s  at each S 

locus .  Selec t ion for  a h igher  degree  of c r o s s - c o m p a -  

t ib i l i ty  wi thin  such a populat ion would also favour  

c o m p l e m e n t a r y  e x p r e s s i o n  of S genes .  The c o m p l e -  

m e n t a r y  s e l f - i n c o m p a t i b i l i t y  s y s t e m  of the G r a m i n e a e  

may have a r i s e n  in  this  way. 

Impl i ca t ions  of the Hypothesis  

1. Lack of Al le l i c  In t e rac t ion  in  Tradescantia paludosa 

In a phylogenet ic  l ine  where  incompa t ib i l i t y  was r e -  

s t o r ed  by se l ec t ion  agains t  i n t e r a c t i o n ,  s e l ec t ion  

aga ins t  the background  s e l f - c o m p a t i b i l i t y  locus  would 

m a i n t a i n  independent ly  act ing S I a l l e l e s  in  a diploid 

spec i e s  with a funct ional ly  n o r m a l  one - l oc us  i n c o m -  

pa t ib i l i ty  s y s t e m .  Owing to the absence  of potent ia l ly  

i n t e r ac t i ng  a l l e l e s ,  t he r e  would be no breakdown of 

s e l f - i n c o m p a t i b i l i t y  fol lowing autopolyploidy.  Tra-  

descantia paludosa may be such  a spec i e s .  It has a 

n o r m a l  o n e - l o c u s ,  m u l t i a l l e l i c ,  gametophyt ic  s y s t e m ,  

but i nves t iga t ions  of n u m e r o u s  autopolyploids  have 

r e v e a l e d  a total  absence  of a l l e l i c  i n t e r a c t i o n  (An-  

ne r s t ed t  and Lundqvist  1967).  

T. paludosa belongs  to the fami ly  C o m m e l i n a c e a e ,  

which is  r e l a t e d  to the G r a m i n e a e  but is  m o r e  p r i m i -  

t ive .  There  is  a lso ev idence  sugges t ing  a lack of a l -  

l e l ic  i n t e r a c t i o n  in the fami ly  B r o m e l i a c e a e  ( K e r n s  

and Co l l ins  1947), a s i s t e r  fami ly  of the C o m m e -  

l i n a c e a e  in the o r d e r  C o m m e l i n a l e s .  Based  on these  

r e l a t i o n s h i p s ,  Anne r s t ed t  and Lundqvist  (1967) have 

sugges ted  that lack of a l le l ic  i n t e r a c t i o n  in  the G r a -  

mineae  may have had an e a r l i e r  o r ig in  in the evo lu-  

t i ona r y  l ine  c o m m o n  to all these  taxa .  

2. Mono- or  Polyphyle t ic  Or ig in  

A r e c e n t  s tudy has sugges ted  that  the incompa t ib i l i t y  

s y s t e m s  in  two diploid dicot spec i e s ,  Ranwnoulu8 acres 

(Ranuncu laceae )  and Beta vulga~s (Chenopod iaceae ) ,  

a r e  s i m i l a r  to that found in  the G r a m i n e a e  ( Lundqvist  

et a l .  1973).  Both have m o r e  than one incompa t ib i l i t y  

locus  - R. azr~s,  a m i n i m u m  of t h r e e ;  B. uulgar~s, 
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a m i n i m u m  of four  - a l l e l e s  of which c o - o p e r a t e  to 

produce  one unique spec i f ic i ty .  Lundqvist  et al .  (1973) 

have sugges ted  that the c o m p l e m e n t a r y  s y s t e m  of in -  

compat ib i l i ty  evolved monophyle t ica l ly  " f rom a c o m -  

mon ances t r a l  gametophyt ic  S - l ocus  lacking a l le l ic  

i n t e r a c t i o n . "  The dicot f ami l i e s  Chenopodiaceae  and 

Ranuncu laceae  a re  c o n s i d e r e d  to be de r ived  f rom a 

common  evo lu t ionary  b ranch  (Takhta j ian  1969) which 

is  a lso be l i eved  to be a n c e s t r a l  to the monocoty ledons  

(von Wet t s t e in  1935). 

Accord ing  to the p r e sen t  hypothes i s ,  a monophy-  

le t ic  o r ig in  for  the c o m p l e m e n t a r y  sys t em imp l i e s  

breakdown of a n c e s t r a l  s e l f - i n c o m p a t i b i l i t y ,  followed 

by i n t eg ra t i on  of a s e l f - c o m p a t i b i l i t y  locus ,  in  the 

common  p rogen i t o r s  of a l a rge  body of lower ing  p lan ts ,  

including the monocot  group as a whole. T e m p o r a r y  

loss  of s e l f - i n c o m p a t i b i l i t y  may in i t se l f  have been a 

s igni f icant  fac tor  in  the explos ive  evolut ion of th is  

l ine  of descent ,  p e r m i t t i n g  r ap id  f ixat ion of success fu l  

c h a r a c t e r i s t i c s  followed by a r e t u r n  to ou tbreed ing  in  

r e s p o n s e  to c ruc ia l  evo lu t iona ry  p r e s s u r e s .  A poss ib le  

example  of the s t ab i l i za t ion  of p r i m i t i v e  c h a r a c t e r i s -  

t i cs  caused  by an ea r l y  breakdown in  incompa t ib i l i t y  

may be found in the Magnol ia les ,  supposedly  the most  

p r i m i t i v e  l iv ing  a n g i o s p e r m s .  The only r e c o r d e d  oc-  

c u r r e n c e  of s e l f - i n c o m p a t i b i l i t y  in  this  o r d e r  is  in  the 

Anonaceae (Brewbaker 1957). 

However, while complementary incompatibility in 

the monocots and certain related dicots may have a 

monophyletic basis, the alternative possibility that 

this system may have been derived polyphyletically 

in response to common causal conditions must not be 

ignored. Indeed, two major factors in the present 

hypothesis, hybridisation and the restoration of self- 

i ncompa t ib i l i t y  af ter  t e m p o r a r y  s e l f - c o m p a t i b i l i t y ,  

mus t  be r e g a r d e d  as r e c u r r e n t  r e s p o n s e s  to changing 

evo lu t ionary  condi t ions  throughout  the f lower ing  p lants  

(Darwin  1859; Dar l ing ton  1940, 1963; Stebbins  1959; 

Pandey 1968, 1969a; Grant  1971).  

3. C o m p l e m e n t a r y  Incompat ib i l i ty  - P r i m i t i v e  or  

Der ived?  

Evidence  that c o m p l e m e n t a r y  incompa t ib i l i t y  may 

have evolved ea r l y  in  the ance s t r a l  l ine  c o m m o n  to 

monocots  and a r e l a t e d  evo lu t iona ry  b ranch  of dicots  

led Lundqvist (1975) to specu la te  that the c o m p l e m e n -  

t a ry  mul t i locus  s y s t e m  might be the p r i m i t i ve  form 

of incompa t ib i l i t y  f rom which the more  c o m m o n  s ing le  

locus  s y s t e m  was s e c onda r i l y  der ived .  E labora t ing  on 

this  t heme ,  and on e a r l i e r  sugges t ions  of Ba teman  

(1952) and Pandey (1959) ,  ~ s t e r b y e  ( i975)  proposed  

that the most  p r i m i t i v e  type of incompa t ib i l i t y  was a 

gametophyt ic ,  po lygen ica l ly  con t ro l l ed  s y s t e m  which 

developed once,  ea r ly  in  the phylogenet ic  h i s to ry  of 

the a n g i o s p e r m s .  Subsequent ly ,  speci f ic  modf i e r s  i n -  

c r e a s e d  the e f fec t iveness  of e i the r  a s ing le  S locus  

or  a few loci at the expense  of the r e s t .  Thus, e a r l y  

in  evolut ion t he r e  e m e r g e d  two dis t inc t  l i nes  of deve l -  

opment .  In one,  where  m o r e  than  one _S locus  was 

s t r eng thened  by mod i f i e r s ,  in  o r d e r  to p r e s e r v e  s e l f -  

i ncompa t ib i l i t y  and at the s a m e  t ime  fac i l i t a te  the 

widest  poss ib le  c r o s s - c o m p a t i b i l i t y ,  a l l e l e s  of the dif-  

fe rent  loci  were  "enforced  to evolve p r o p e r t i e s  coun-  

t e r a c t i ng  a l le l ic  compet i t ion"  (and d o m i n a n c e ) .  In the 

o ther  l ine ,  where  only one S locus  was s t r eng thened  

by mod i f i e r s ,  t he re  was "no need,  nor  any oppor tuni ty ,  

of evolving the abi l i ty  of coun te r ac t i ng  this  compet i t ion"  

(and  d o m i n a n c e ) .  Cs t e rbye  pointed out, as a lso  sug-  

ges ted  by Hayman (~ 956),  "that the abi l i ty  to funct ion 

unde r  coex i s t ence  may be a r a t h e r  fundamenta l  qual i ty ,  

developed at the s a m e  t ime ,  or  in  connec t ion  with, an 

i n c r e a s i n g  e f fec t iveness  of the _S loci in  ques t ion" .  

The elegant  L u n d q v i s t - r  hypothes is  d i f fers  

f rom the o lder  and widely accepted  view that the c o m -  

mon o n e - l o c u s ,  gametophyt ic ,  mu l t i a l l e l i c  s y s t e m  of 

incompa t ib i l i t y  is  the p r i m i t i v e  one, and that all o ther  

s y s t e m s  a r o s e  e i the r  d i rec t ly  f rom it,  or  were  s e c o n -  

dary  deve lopments  af ter  the breakdown of this  s y s t e m .  

Both the L u n d q v i s t - ~ s t e r b y e  hypothes is  and the hy-  

pothes is  ou t l ined  in  th is  paper  r e c ogn l s e  the lack of 

a l le l ic  i n t e r ac t i on  as a fundamenta l  p rope r ty  in the 

gene ra t i on  of c o m p l e m e n t a r y  incompa t ib i l i t y .  However ,  

in the L u n d q v i s t - r  hypothes is  the loss  of a l -  

l e l ic  i n t e r a c t i o n  is  an ind i r ec t  r e s u l t  of the act ion of 

" mod i f i e r s "  on mul t ip le  S loci  dur ing  a unique per iod  

of development  which oc c u r e d  only once dur ing  the 

evolut ion of the a n g i o s p e r m s .  In the c u r r e n t  hypothe-  

s i s ,  on the o ther  hand,  loss  of a l l e l i c  i n t e r a c t i o n  is  

the r e su l t  of the p r e s e n c e  in the genome of a concea led  

~C locus  ( e s s e n t i a l l y  also a " m o d i f i e r " ) .  The b r e a k -  

down of incompa t ib i l i t y  to g e n e r a t e  such ~C a l l e l e s  has 

apparen t ly  o c c u r r e d  independent ly  at many  t i m e s  in  
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the evolu t ion  of the a n g i o s p e r m s .  The b r ing ing  together  

of S loci ,  r e s u l t i n g  f i r s t l y  in  modi f i ca t ion  of the p rop -  

e r ty  of a l l e l i c  i n t e r a c t i o n  and secondly  in  deve lopment  

of the m u l t i a l l e l i c  s y s t e m s ,  depends on the p r o c e s s  of 

hyb r id i za t i on  and polyploidy which a re  also r e c u r r e n t  

t h e m e s  throughout  a n g i o s p e r m  evolut ion.  

The two hypotheses  l ead  to qui te  d i f ferent  t h e o r e -  

t ica i  evo lu t iona ry  p a t t e r n s  of incompa t ib i l i t y  and should 

be r ead i ly  d i s t ingu i shab le  with fu r t he r  r e s e a r c h  into 

the genet ic  s t r u c t u r e  of incompa t ib i l i t y  s y s t e m s  th rough-  

out the a n g i o s p e r m s :  

( I )  The d i s t r i b u t i o n  of c o m p l e m e n t a r y  mul t i l ocus  s y s -  

t e m s  is  monophyle t ic  in  the L u n d q v i s t - r  hypo-  

t h e s i s .  There fo re  such s y s t e m s  would not be expected  

to occur  in  f a m i l i e s  u n r e l a t e d  to the m o n o c o t - R a n u n -  

c u l a c e a e - C h e n o p o d i a c e a e  l ine  of descen t .  Sys t ems  

without a l l e l i c  i n t e r a c t i o n  ( inc lud ing  c o m p l e m e n t a r y  

s y s t e m s )  would not be expected  to occu r  in  l i nes  which 

also showed a l l e l i c  i n t e r ac t i on .  More spec i f i c i a l ly ,  

c o m p l e m e n t a r y  incompa t ib i l i t y  could not a r i s e  f rom 

a n c e s t r a l  l i ne s  p o s s e s s i n g  one-  or  two- locus  i n t e r a c -  

t ing s y s t e m s .  F u r t h e r m o r e ,  although the poss ib i l i t y  

has been  c o n s i d e r e d  by ~ s t e r b y e  (1975, F ig .  17),  it 

s e e m s  un l ike ly  that a one - locus  n o n - i n t e r a c t i n g  s y s t e m  

could a r i s e  f rom an a n c e s t r a l  l ine  with a one -  o r  two- 

locus  i n t e r a c t i n g  s y s t e m .  

In the p r e s e n t  hypothes i s ,  however ,  s y s t e m s  with-  

out a l le l ic  i n t e r a c t i o n ,  inc lud ing  c o m p l e m e n t a r y  s y s -  

t e m s ,  a re  qui te  l ike ly  to have a r i s e n  m o r e  than once  

dur ing  evolu t ion  and to occu r  in  a s c a t t e r e d  fashion  

among the a n g i o s p e r m s .  In t e r ac t i ng  and n o n - i n t e r a c -  

t ing s i n g l e -  o r  m u l t i p l e - l o c u s  s y s t e m s  might ve ry  

well occu r  in the s a m e  l ine  of descen t .  (This is  not 

to deny a poss ib l e  d i rec t  r e l a t i o n s h i p  among the c o m -  

p l e m e n t a r y  s y s t e m s  of the monocots ,  Ranunc u l a c e a e  

and Chenopodiaceae  as d i s c u s s e d  in  the p reced ing  s e c -  

t ion .  ) 

(2) N u m b e r s  of S loci in  n o n - i n t e r a c t i n g  mul t ip l e  s y s -  

t e m s  would be expec ted to  be h igher  among the m o r e  p r i -  

mi t ive  taxa  accord ing  to the L u n d q v i s t - r  hypo-  

thes i s  in which the p r i m i t i v e  s y s t e m  was polygenic .  

In the c u r r e n t  hypothes i s ,  however ,  in  which the 

s ing le  locus ,  gametophyt ic ,  s y s t e m  is c o n s i d e r e d  p r i -  

mi t ive ,  mul t ip le  n o n - i n t e r a c t i n g  s y s t e m s  would be ex-  

pec ted  to be found p r e d o m i n a n t l y  amongs t  the m o r e  

de r ived  taxa.  

Should f u r t he r  r e s e a r c h  revea l  s c a t t e r e d  o c c u r -  

r e n c e  of n o n - i n t e r a c t i n g  s y s t e m s  throughout  the angio-  

s p e r m s ,  and a p r e v a l e n c e  of h igher  mul t ip le  s y s t e m s  

amongs t  c o m p a r a t i v e l y  evolved taxa,  this  would s e e m  

to r e n d e r  the L u n d q v i s t - r  hypothes is  u n t e n -  

able,  and would favour  the a l t e r na t i ve  hypothes is  p r e -  

sen ted  he r e .  That i s ,  lack of a l le l ic  i n t e r a c t i o n  l e a -  

ding to c o m p l e m e n t a r y  incompa t ib i l i t y  s y s t e m s  evolved 

s e c onda r i l y  and polyphyle t ica l ly  through hybr id i za t ion  

and se l ec t ion ,  f rom plants  which o r ig ina l ly  had the 

o n e - l o c u s ,  i n t e r ac t ing ,  mu l t i a l l e l i c ,  gametophyt ic  s y s -  

t em.  

Further, in discussing the probable absence of 

sporophytic incompatibility among the monocots and 

certain relaied dicot lines which show multilocus com- 

plementary incompatibility, ~sterbye suggested that 

in the course of evolution of these systems the S genes 

may have achieved "a specialization which makes them 

unfit for the development of a sporophytic system". 

In fact, since sporophy~ic incompatibility is character- 

ised by dominance interaction between pairs of alleles 

in diploid tissue, the loss of allelic interaction alone 

is a sufficient "specialization" to preclude sporophytic 

incompatibility in lines with non-interacting S genes. 

Finally, the apparently anomalous relationships 

between the incompatibility system and pollen cytology 

among the monocots and related dicots with comple- 

mentary incompatibility may, in fact, be logical on 

the basis that sporophytic incompatibility is precluded 

in these lines. During evolution there has been a ten- 

dency for the sporophyte to support or actually take 

over the physiological functions of the increasingly 

reduced male gametophyte. In lines where S genes 

retained the property of allelic interaction, not only 

was it possible for the second pollen mitosis to occur 

early in contact with the sporophyte, but earlier S 

gene action in diploid tissue could give rise to a func- 

tional sporophytic incompatibility. This would lead to 

the observed correlation between sporophytic incom- 

patibility and trinucleate pollen. However, in lines 

without allelic interaction, although an early second 

pollen mitosis might still be possible, earlier S gene 

action would seriously impair the efficiency of incom- 

patibility owing to increased cross-incompatibility. 

Thus, selection may have maintained gametophytic in- 

compatibility in non-interacting lines, in spite of a 
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F i g .  4. P o s s i b l e  phy logene t i c  c o r r e l a t i o n  be tween  in -  
c o m p a t i b i l i t y  s y s t e m s  and po l l en  cy to logy  in l i ne s  
with n o n - i n t e r a c t i n g  S g e n e s .  ~ A change  to s p o r o -  
phyt ic  i n c o m p a t i b i l i t y  cou ld  have  o c c u r r e d  at t h e s e  
po in ts  in evolu t ion  if the  i n c o m p a t i b i l i t y  s y s t e m s  had  
been  c a p a b l e  of a l l e l i c  i n t e r a c t i o n  ( s e e  t ex t )  

g e n e r a l  t endency  fo r  e a r l i e r  c o m p l e t i o n  of g a m e t o p h y -  

t i c  phys io logy  ( F i g .  4) .  

4. Mul t ip l i c i t y  of the  S Loci 

In the  o n e - l o c u s ,  g a m e t o p h y t i c  i n c o m p a t i b i l i t y  s y s t e m  

m a x i m u m  c r o s s - c o m p a t i b i l i t y  i s  a c h i e v e d  th rough  

c r e a t i o n  of a l a r g e  n u m b e r  of a l l e l e s ,  each  having a 

unique s p e c i f i c i t y .  With  two c o m p l e m e n t a r y  l o c i ,  

whe re  any two a l l e l e s  of d i f fe ren t  loc i  comb ine  to 

p r o d u c e  a unique s p e c i f i c i t y ,  a l a r g e  n u m b e r  of c o m -  

pos i t e  s p e c i f i c i t i e s  a r e  p o s s i b l e  even  with a s m a l l  

n u m b e r  of a l l e l e s  at each  l ocus .  Thus the  c o m p l e m e n -  

t a r y  s y s t e m  is  f u r n i s h e d  with an e v o l u t i o n a r y  a l t e r -  

na t ive  fo r  mu l t i p ly ing  s p e c i f i c i t i e s :  an i n c r e a s e  in the  

number  of l o c i ,  each  with a r e l a t i v e l y  s m a l l  n u m b e r  

of a l l e l e s ,  a s  o p p o s e d  to an i n c r e a s e  in the  n u m b e r  of 

a l l e l e s  at few ind iv idua l  l o c i .  

As  d i s c u s s e d  e a r l i e r ,  in a t axon  the  n u m b e r  of S 

loc i  m a y  i n c r e a s e  only wi thin  the  s t r i c t  m e t a b o l i c  l i -  

m i t a t i o n s  of the  m i c r o s p o r e .  The s t r u c t u r e  of  the  S 

c o m p l e x ,  and i t s  a s s o c i a t e d  gene t i c  e n v i r o n m e n t ,  

may  be such  tha t  only  a r e l a t i v e l y  l i m i t e d  n u m b e r  of 

a l l e l e s  c a p a b l e  of c o m p l e m e n t a r y  ac t ion  i s  p o s s i b l e  

at a p a r t i c u l a r  l o c u s .  Hence ,  unde r  cont inuing r e s -  

t r i c t i o n  of i n b r e e d i n g ,  l i m i t e d  m u l t i p l i c a t i o n  of S 

l oc i ,  each  p r e s u m a b l y  with a r e l a t i v e l y  s m a l l ,  but 

p o s s i b l y  v a r y i n g ,  n u m b e r  of a l l e l e s ,  m a y  be t h e m o s t  

s u i t a b l e  me thod  fo r  i n c r e a s i n g  s p e c i f i c i t i e s  in the  

c o m p l e m e n t a r y  s y s t e m .  R ~ u n c u l ~  acres (3 loc i )  

and Beta ~ lgar~s  (4 l oc i )  m a y  r e p r e s e n t  p r o d u c t s  

of such  a p r o c e s s .  

In conc lus ion ,  the  p r e s e n t  hypo the s i s  i s  c o n s i s t e n t  

with the  l a r g e  body of o b s e r v a t i o n s  r e c o r d e d  so  f a r  

in the  f lower ing  p l a n t s .  The e v o l u t i o n a r y  i m p l i c a t i o n s  

of th i s  hypo the s i s  d i f fe r  s i gn i f i c a n t l y  f rom those  of 

the  L u n d q v i s t - r  h y p o t h e s i s .  F u r t h e r  r e s e a r c h  

shou ld  be i l l umina t i ng .  

B a s e d  on a l e c t u r e  g iven  at a jo int  mee t ing  of  the  
Mende l i an  Soc ie ty  of Lund and the Ins t i t u t e  of G e n e t i c s ,  
Lund, on 6th Oc tobe r ,  1975. The au thor  i s  g ra t e fu l  to 

P r o f .  A.  Muntzing,  P r o f .  A.  G u s t a f s s o n  and P r o f .  A.  
Lundqvist  for  the  inv i t a t ion ,  and fo r  the  k i n d n e s s  and 
h o s p i t a l i t y  shown to h im dur ing  h is  b r i e f  v i s i t  to Lund. 
This l e c t u r e  f o r m e d  a pa r t  of a l e c t u r e  t ou r  of E u r o p e  
o r g a n i z e d  unde r  the  a u s p i c e s  of the  C o m m i s s i o n  of 
E u r o p e a n  C o m m u n i t i e s ,  B r u s s e l s ,  and A s s o c i a t i o n  
EURATOM-ITAL, Wagenin~en .  The au thor  i s  g ra te fu l  
to Dr .  D. de Ne t t ancour t  ~E.C.  ) a n d D r .  D. d e Z e e u w  
(E .  I.  ) fo r  the  k ind  inv i t a t ion  and f inanc ia l  suppor t  
which made  th i s  m e m o r a b l e  v i s i t  p o s s i b l e .  
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