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G.  Besançon,  J.Z. Boaaa and  G. Second ( * )  

Genome A ,  which  d e t e r m i n e s  t h e  e a t i v a  complex of O r i z a e ,  i s  

r e p r e s e n t e d  i n  A f r i c a .  by  t h e  s p e c i e s  O .  Z o n g i s t a m i n a t a ,  O .  b r e v i l i g u l a t a  

(now c a l l e d  O .  b a r t h i i )  , O .  g l a b e r r i m a  and O .  sa t iva ,  which w a s  p r o b a b l y  

i n t r o d u c e d  more recently. (1). 

I n  t h i s  complex,  O .  l o n g i s t a m i n a t a  i s  a p e r e n n i a l  a l l o g a m o u s  , 
r h i z o m a t o u s  s p e c i e s .  T h e  o t h e r s  a r e  a n n u a l  a,utogamous 

F i g u r e  1 s h o w s  t h e  d i s t r i b u t i o n  of t h e  main 

of O r y ~ a ,  i n  Africa axid Plladagascar (C€ïAMG, 1975). 

T h e  f o l l o w i n g  p o i n t s  w i l l  b e  t r e a t e d  : 

1 - \Observ.a,t ion of t h e  e x i s t i n g  p o p u l a t i o n s .  

2 - 3 3 d y  of r e p r o d u c t i v e  b a r r i e r s .  

3 - A n a l y s i s  of ensyme v a r i a b i l i t y .  

4 - , D i s c u s s i o n  and  h y p o t h e s e s .  

s p e c i e s .  

endemic s p e c i e s  

(1) F o r  e a s i e r  r e a d i n g ,  t h e  t e r m s  O ,  longistaminata arid O .  b r e v i l i g u l a t z  

a r e  used  i n  this p a p e r ,  e v e n  t h o u g h  t h e y  do n o t  form p a r t  o f  a. c o h e r e n t  

sys t em.  

.--- 
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1 - Observa-tioa of  t h e  e x i s t i n g  popula t ions  ,, 

Om l ong i s t amjna ta  is  by f a r  t he  most, widespread of a l 1  t h e  Oryza s p e c i e s  

on t h e  3Ifrican con t inen t  (fig. 11. 
I n  \&Jest A f r i c a ,  t h i s  s p e c i e s  has  frequen:tly been found by t h e  a u t h o r s  

i n  Seizegal, Sambia, Mali, Upper Volta  and Ivo ry  Coast ,  t h a k  is  to s a y  from 
‘che edge of ‘che d e s e r t  iri t h e  n o r t h  (areas flooded by t h e  Niger ak:‘l‘imbulrtu) 

down t o  t h e  c o a s t a l  a r e a s  i n  t h e  south,  It does not  however occur i n  t h e  

Basse Côte f o r e s t  areas, a l though i t  i s  founci around water  h o l e s  i n  t h e  

c o a s t a l  Savaana a longs ide  t h e  ocGan Ln I v o r y  Coast (GUILUUMET a d  

ADJANOI-IOIJ” l97l). I n  t h i s  coas- ta ï  savanna, t h e  degree o f  l i g h t  i s  h i g h  

compared wi th  t h e  neighbouring f o r e s t  Ereas  and t h e  a v a i l a b l e  l i g h t  i nCens i ty  

possi-01.y acts as a deterniinililg f a c k o r  5-n tile d i s t r 5 h u t i o u  OZ t h a  s p e c i e s o  

J u s t  l i k e  i t s  a r e a  o f  d i s t r i b u t i o n ,  t h e  ecolog-ical  s i t e s  o f  

O, longis tamina ta  a se  t h e  most var i ed  o f  t h e  Oryza s p e c i e s  i n  A f r i c a ,  
, Samples of popula t ions  have i n  f ac t  been .t;akeE i a  t h e  s a l t  lagoons i n  t h e  

Casamance D e l t a  as w s l l  as i n  t h e  flooded a r e a s  (up to 11- M. of wa te r )  in t h e  

inland. Niger d e l t a  i n  Mali, and also i n  d ry ,  sandy r i c e  f i e l d s  i n  Senegal.  

1% i s  found i n  bokh running and s tagnant  water, i n  r i v e r s  t h a t  d r y  ilp during 
t h e  d r y  season and almost permûnent poncis. 

I n  comparieon, t h e  annua l  form,  O. b r e v i l i g u l a t a ,  has  much more s p e c i f i c  

e c o l o g i c a l  requirements ,  It i s  ada.pted t o  r i v e r s  5-12 t h e  savanna areaso Th i s  

s p e c i e s  seemi t o  be found s p e c i f i c a l l y  in r i v e r s  that are  s t i r r e d  u.p by c a t t l e  

coming t o  d r i n k ,  The f a c t  t h a t  the s o i l  i s  enriched i n  organic  and niineral  

clenlents and t h a t  seeds are trodden i n t o  t h e  s o i l  may be thought 2;o play an 

important  part i n  t h e  evo lu t ion  and disseminat ion  of  t h e  s p e c i e s  whose 

c h a r a c t e r i s t i c  f e a t u r e s  a r e  h igh  product ion of  l a r g e  seeds  ancl v e r g  Ineavj-ly 

a r i s t a t e  s p i k e l e t s .  A weed form of O. b r e v i l i g u l a t a ,  vdxlich invades  cv. l t ivated 

r i c e ,  5-s a l s o  found., ----- 
’ I n  t h e  r i v e r s  d i s t u r b e d  by c a t t l e ,  where O, l ong i s t amina ta ’  and 

O, b r e v i l i g u l a t a  a r e  syrapa.tric, t he  two s p e c i e s  seem t o  share  t h e  ground; 

O, l ong i s t amina ta  grows 5.n ‘che d-eeper p a r t s  o r  i s  found as i so l . a t ed  p l a n t s .  

Similar l -y  , i n  t he  Niger D e l t a ,  wb,ere the  O, longis taminata-  popu la t ions  can 
cover several.  square k i lome te r s  

t h e  r i c e  f i e l d s  du r ing  c u l t i v a t i o n ,  *Once t h e  rice f i e l d s  a r e  f r e e ,  

O. l o o g i s t a a i n a t a  takes over  t’ne ground a g a i n u  The  srlanual form s u r v i v e s  i n  
dense pa t ches  before  d i sappea r ing  conipletcLg w i t h i n  a few years .  

5.t i s  m a f n l y  O, b r e v i l i g u l a t a  which iinvades 

Although t h e  t w o  s p e c i e s  a r e  f r equen t ly  found s i d e  by sid-e,  t h e  annua l  

spec ie s  s e e m  t o  have a s e l e s t i v e  advantage i.il h a b i t a k  that a r e  d i s t u r b e d  

and enr iched ,  
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O. l ong i s t amina ta  has  a h igh  f e r t i l i t y  r a t e  (2 50 %> i n  t h e  l a r g e  

popu la t ions  i n  t h e  Niger D e l t a  where t h e  grain i s  occas5.onally ha rves t ed  
f o r  consumption. I n  t h e  i s o l a k e d  popula t ions ,  however, t h e  f e r t i l i t y  r a t e  

tend-s t o  d r o p ,  a l though except. ions must be xsnt ioned ,  e s p e c i a l l y  a homgeneous 

popula t ion  which invaded an abandoned r i c e  f i e l d  i n  Senegal  and had noma1l.y 

Î c r t i . l o ,  smal l -s ized p l a n t s .  
- 

Des'lxuction of seed  by a. form of smut . f u r t h e r  Lncreases '  t h e  s - t e r i l i t y  

Of some popula t ions  which reproduce vege ta t ive ly .  All t h e  p l a n t s  observed 

have rhizomes which seem capa.ble of  su rv iv ing  în t h e  soil duri-iig t h e  d r g  

seasón,  I n  'che Niger D e l t a ,  the s o i l  i s ä  t i l l e d  a f t e r  t h e  f lood  has subs ided  

Ln order  t o  des t roy  them, The s o i l  I 

i s  ploughed u.p and  then  i n  t h e  following 

season t h e  young p l a n t s  a r e  c u t e  Most of t h e  rhizomes a r e  destroyed and t h e  

young p l a n t s ,  t h a t  liave grown a f t e r  t h e  f i r s t  r a i n s  and have been c u t ,  a r e  

su f foca ted  by t h e  r a p i d l y  r i s i n g  f lood.  

- 

Although t h e  rhj-zome c h a r a c t e r  Is cans*bantly found, many c h a r a c t e r s  

have been observed to be h i g h l y  v a r i a b l e ,  The anthocganic  colouì? G f  some 
organs such as the  awns, p e r i c a r p ,  caryops is  and l e a f  shea-l;h v a r i e s  ~ i t h 5 . n  
t h e  same popula t ion  T h e  in te rmingled  cloiies show how e::-Lei?sive vegcta-Lj.v e 

reproduct ion  ise On t h e  whole, a h igh  degree of intra- aind Lnter-popu3.a.@olz 

v a r i a b i l i t y  occurs  i n  c h a r a c t e r s  guch as g r a i n  s i z e ,  l e a f  width,  p a n i c l e  

si.z,e * etc* 

A t  germinat ion,  a l b i n o  o r  weak a b e r r a n t  t y p e s  occur Eai s ly  f r e q m n t l y  

whLclz i n d i c a t e s  a heavy gene l o a d ,  Many i n t e r s p e c i f i c  h y b r i d s  can a l s o  be  

found i n  t h e  progeny o Î  sympatr ic  populat ions.  

.- 
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2 Q Study of r ep roduc t ive  b a r r i e r s  

ReprodustLve b a r r i e r s  which î s o l a t e  O u  l ong i s t amina ta  from t he  o t h e r  
_ .  

s p e c i e s  0:1' %he s a t i v a  group with which they sha re  genome A have a l r e a d y  been 

desc r ibed  (CHU, MOEISI-IIMA and GKA 1969, @ZU and OKA 197Ga, 1370 b ) .  kf-ter 

recap5:l;ula-i;'ng -the niain eleinen.i;s , we shall  i n t e r p r e t  some fLeld obse rva t ions  
on t h e s e  l i n e s e  

According t o  t h e  au tho r s  mentioned, 'breakdown i n  t h e  free novenieat of 

genes between t h e  autogamous aiid a l l o g a m u s  s e c t i o n s  of t h e  m t i v a  series 
occur s  a t  d i f  f c r e n t  l e v e l s  and i n  p a r t i c u l a r  i n v o l v e s  : 

.. D e t e r i o r a t i o n  o f  FI- albumen 

- Wealaess o f  F1 gen.era.tions 

- Ster iLi l ;y  o f  FI- embryo-sacs and e s p e c i a l l y  microspores, 

D e t e r i o r a t i o n  of al-bulnen i s  only found i n  crosses ~ n v o ~ l v ~ g  

0, longistaraina'ta. Weakness of t h e  P'I gene ra t ions  and gamctophytic s t e z - i l i t y ,  

OB Lhe o t h e r  han.d, occur i n  c r o s s e s  invo lv ing  t h e  d i f f e r e n t  forma of O. p e r e n n i s ,  

These reproduct ive  b a r r i e r s  i s o l a t e  tñe  pererznial forms  from the  annual  

f o ~ m s  much rfiore e f f e c t i v e l y  in. Afri-ca khan &i A s i a ,  I n t e rmed ia t e  f w m s  be%t\ree_n_ 

0. Brev i l igu la t a  and O. l ong i s t amina ta  have been Looked %or  but, never  foundo 

Ixì A s i a ,  however, (CHU and OKA., 1967) t h e r e  i s  a cont inuous range QY v a r i a t i o n  
f rom the  typically p e r e n n i a l  t o  t he  t y p i c a l l y  annual  formw, 

Deterioration o f  t h e  albumea, which appears  i n  c r o s s e s  w i t h  

3, Longistamina%a i n  f a c t  r e s u l t s  in t h e  loss of a t  l e a s t  97 ?4 of  t h e  embryos 

formedo Of those t h a t  develop normally up t o  germinat ion,  abou.t 50 % producc 

weak  p l a n t s .  A more or  l e s a  h igh  degree o f  gametic s t e r i l i t y  t hen  apyea r s  Ln 

the F1 plants ohtafined, b u t  i t  may drop i n  s e l f e d  o r  backcrossed progeny, 

It ha.s been e s t a b l i s h e d  t h a t  i n t r o g r e s s i o n  is poss ib l e  between t h e  autogamous 
and allogamous s e c t i o n s ,  b u t  t h e  p o s s i b l e  exchange r a t e  seems t o  _- be very %ot7 

in Africa.  Exchange seems t o  be e a s i e r  between O. s a t i v a  and O, l o n g i s t a m i n a t a  

than Between the  l a t t e r  and. O, glnberrima. 

l De'c.eriorati,on of t b e  albumen i s  contrr1l-ed b 7  a pâb?  or" COmplementarg 

-.Y 

dominant l e t h a l  genes that have been c a l l e d  DI .  and. D2 by t h e  above-Lzeritioncd 

authcmso Th i s  p a i r  of genes  a c t s  d i f f e r e n t l y  in reciprocal-  c rosses  a.ccording 

L o  t h e i r  r e s p e c t i v e  dosage i n  the  t r i p l o i d  a lbmen.  

CIIIT and OIL/!! (2970 b )  have sbom Lha% t h e  i), l ong i s t amina ta  popu la t ions  

caa be heterozygous for t h e  t w o  alleles of geoe Dl, Hybrids,  c a l l e d  flobalzesil, 
ha.ve been found wS.th hi.gher f e r t i l i t y  than O, l ong i s t amina ta  fin. c r o s s e s  with 
the a,~togamo.us spec ie s  u The  "obakeff forms t h e r e f o r e  r ep?esen t  " i n t e r s p e c i f i c  

. brridlgestf 
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I n  t h e  l i g h t  of t h e s e  bibEiographica1 d a t a  we turned  our a t t e n t i o n  t o  

the complex p l i n i s p e c i f i c  popu la t ions  i n  t h e  f i e l d .  

Many ï a r g e  masses of  c r o s s e s  betweer O, b r e v i l i g u l a t a  and O,  g ïaber r ima 

have been observed, as well as many p l a n t s ,  bo th  i s o l a t e d  aEd i n  s m a l l  groups,  

thought t o  be hybr ids  between O ,  s a l i v a  an3 O. g laber r ima ar O. b r e v i l i g u l a t a ,  

b u t  only t h e  crosses  with  O e  longis tamina ta  w i l l  be  d e a l t  With here .  

1x1 Senegal ,  sainples have been taken of t h r e e  complex p l u r i s p e c i f i c  

popu la t ions  presumed t o  involve  in t rogi -ess ion  by 0 long:.is-tmi.n&i;a i n t o  

c u l t i v a t e d  r i c e s  Several. i s o i a t e d  p l a n t s  tliouglit t o  be hybr ids  between 

(le Xongistaminata and O,  s a t i v a  have al.so been found, One i s  2erti.J.e. Three 

p l a t s  t h a t  ase appa ren t ly  hybr ids  between O e longis taminata .  and O, glaberr i rna 

have s o  f a r  been recorded i n  t h e  progeny of O,  l ong i s t amina ta  c o l l e c t e d  from 
t he  edges o f  r i c e  f i e l d s .  These p l a n t s  a r e  weak, without  rhizomes and have 

very small p a n i c l e s  and very  i r r e g u l a r - s i z e d  s t e r i l e  p o l l e n  g r a i n s .  The 
presurted male pa ren t  h a s  been determined from t h e  a c i d  phosphetase peroxydase 

and e s t e r a s e  zymograms o 

Other cases  can certaaj;ily be found among t h e  p:Lants c o l l e c t e 6  and they 
w 5 l . l  be s t i idied by e l e c t r o p h o r e s i s  a n a l y s i s  I examination of  d i s c r i m i n a t i n g  

phenotypic c h a r a c t e r s  and gametophytic f e r t i l i t y  as w e l l  as in c r o s s e s ,  w i th  
t h e  d i f f e ren t ;  s p e c i e s  s t u d i e d ,  

These popula t ions  t h a t  have been sampled confi.rm t h a t  t h e  i n t r o g r e s s i c n  

descr ibed  by CFlU and OKA e x i s t s  i n  "the f i e l d .  Occasional  LntrogressSon) a l s o  

seems, as s t a t e d  in t h e  b i b l i o g r a p h i c a l  d a t a ,  t o  be more f r equen t  wi th  

O. s a t l v a ,  which was in t roduced  r e l a t i v e l y  r e c e n t l y ,  ",han wi th  the a n u a l  

Afr ican  f orins e 

- 
O e  l ong i s t amina ta  also h a s  another  specil"5.c r ep roduc t ive  b a r r i e r ,  i t s  

s e l f  incrompat ïoi l i ty  (CHU, MORISHIW!! and OKA, 1969) e 

Zn experiments we have checked i t s  e x i s t e n c e  i n  'che f i e l d  by bagging 
I 

p a x i c l e s  a f t e r  f lowering,  It seems t o  be t h e  r u l e  in some popu la t ions  i n  t h e  

Niger  Delta. vhiclz a r e  otherwise f e r t i l e  and have a h igh  degree of iutra- 

popul.ation v a r i a b i l i t y .  On t h e  con t r a ry ,  some popu la t ions  from Senegal  show 

average f e r t i l i t y  when s e l f  f e r t i l . i z e d ,  

Se l f - i a c  ompat i h  i l i t y  tlzer e f o r  e s e  ems t o  be  count e r  s e l e c t  ed 5-n sma-l l  

pop.ccl-a-tL.ons whereas i t  is t h e  g e n e r a l  r u l e  i n  l a r g e  popu la t ions  

The cause of s t e r i l i t y  2-31 sbme popula t ions  would seem r a t h e r  t o  l i e  i n  

t h e  absence o f  - interco~1$afible  l i n e s  i n  these  v e g e t a t i v e l y  reproclu.ced 

popu la t ions  than  i n  gametophytic s t e r i l i t y o  



3 )I Analysis of enzyme variability 

Some populations of O* longistaminata from the Xali and Senegamoian 
centres have boen analysed by electrophor csis to compare.them with the 
autogamous species (SXQXTD, REZAPTCOI\T, TROUSLCT, 5-n preparation), We shall 
give. the main results concerning chiefly tche qualitative aspect of enzyme 
variability. 

IL50 zi.ndiv%duals of 0, I.ongi.staminata have been studied* To compare 
them with the Asian branch of O.‘perennis, a few representatLves of the 
perennial, intermediate and annual forms of this species (W 036 w W 107 - 
w izo - w 1.33 ..t w a&g - w 157 w w 163 w. I; 630 . IL! 1183 us w 1185 -- w 1'36 - 

W 2.294) 'were analyzed,' together with a few representatives of,the Intermediate 
perennlu '--sativa'forms from the JEYPORE area in India (samples kindly supp1ied 

'by Dr. OKA), 
_- 

- a> Esterases : The esterase zymograms of.0, longistaminata are 
extremely complex. From one indrividual to another, many bands appear at 
different m5gration distances, The probably high heterozygosis further 
inoreases the number of bands tjhile at the same time,reducing the gctivity -,- 
of some.. Overlapping occurs frequently, For'all these reasons) statzkstical 

interpretation of zymograms i& band frequency is diffj,cult foresterases, 

Figure 2 shows a few examples of the variability observed w%-Lh the 

0, brevilj..Eula-t;rSr~iguLata (esterase A ' - type) and 0, sativa (esterase- 2. 'type) checks. 2 
The letters cdrrespond,to the different standard bands of On brevk$+gulata and 
ake used as re'fekencesO The eymograms given have been chosen to show the types 

of variability that exist"for the main bands but the number of combinations - 
that can be observed is far higher, 

The differences compared with the autogamous speci.es involve the 

follor&ng three' cases : 

. ; band B : this is gellerally present at the same distance as in the 

autogamous species but it may ap.pear at different distances and even disappear 
_. 

oompletelyo In al1 the ati-togarnous X&es 2.t is a single band but it may 

dj,sappear in '0, sativa, 

- bind E : only one individual. has been 'found to have this band at the 

same distance as in the autogamous species: it generally appears at different 

distances, In the autogamous species, it may accur at two different 'leve2.s~ I 
$nd may disappear. 

_" 
. . band D : this.one has never been found in 0. longistaminata, A similar 

,, /,,, band (a double red one) has however been observed in some ind.Lviduals but at .-. 
much greater m5.gratLon distances (simzilar to band IS), It exists at 3 different 
but sLmilnr levels in 0, breviL&ulata bu,b;:disappears in 0, Gal;iy’ap : 

., ::” :’ :. > /’ ! 
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The Asian samples of Ou perennis  seem t o  be auch c l o s e r  t o  tlae autogamous 

specries -than O, lon.gis taminata ,  except f o r  F0 W 3294 (pe re rmia l  type f rom t h e  

Phi lFppines) ,  I3a.nd.s E and D a s e  in f a c t  f r e q u e n t l y  found Ln them, 

Although, f rom the  s p e c i e s  s t andpo in t ,  t h e  v a r i a b i l i t y  02 O. lozgLstaminnta 

i s  enormous compared .with O ,  b r e v i l i g u - l a t a ,  t h e r e  a r e  great  d i f f e r e n c e s  ja 

i n d i v i d u a l  r i c h n e s s  in terms of t h e  number o f  bands. O, b r e v i l i & a l a t a  appears  

t o  be moderatel-y r i c h .  

h - Peroxydases : lT5ppre 3 s h w s  t h e  zymograms observed using young l e a v e s ,  

I For Lhe P a s t  anodic band, 3.1.1. t h e  O,  Iongî tamixa ta  observed a r e  seen t o  - 
be  I d e n t i c a l  t o  O,  s a t i v a .  Only O, b r e v i i i g u l a t a  and O ,  glaberrima have 
s l i g h t l y  slower bands e 

Table I g i v e s  t h e  d i s t r i b u t i o n  o f  t h e  d i f f e r e n t  t y p e s  observed i a  3 
popu la t ions  f rom t h e  Niger D e l t a  2x1 Mali, 

- T a b l e  I I Frequencies  o f  peroxydase zymograms in t h r e e  popu la t ions  
f r o m  €{ali 
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c - Dehydrogenase mala tes .  F igure  rt shows t h e  d i f f e r e n t  zynlograns Yla t  

can be observed .Ln a s i n g l e  popLiLation of O. l ong i t amina ta  from t h e  Niger 

D e l t a ,  whereas %or t h e  3 autogamous .-_ s p e c i e s  t o g e t h e r  t h e r e  i s  only  a sivlgle 

zymogram of  medium complexity. 
”-- 

- Table II g ives  t h e  f r equenc ie s  of t h e  d i f f e r e n t  zymograms bbserved i n  

3 popula t ions ,  The zymogram o Î  t h e  autogamous speci.es is found t o  be hy far 

the  most f r e q u e n t  f o r  O, l o n g i s t a m h a t a  wlîlch seems t o  vary around t h i s  

average f i g u r e ,  

- 

- 

- 
AlJ .  t h e  A s i a n  samples of O. pe renn i s  analyzed. have zy laogra  1, 

Table 1:i .. Frequencies  0% t he  -dehyd-rogenase malate zymograms b t h r e e  
I_.mI 

popu la t ions  fr om M a X i  o 

- I__.-- 
-19 - 
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d -. A c. i d  ph o s pliat a c e s 

Th5.s enzyme has  been s t u d i e d  by the  method descr ibed  by PAI3 ENDO and 

OIL4 (1975). Ire have used t h e s e  ~ u t h ~ r s ~  symbols t o  desc r ibe  t h e  v a r i a b i l i t y  

observed which is  given i n  figure 5. 
_ -  

Group ANC 

' The fo l lowing  d i f f e r e n t  m o b i l i t i e s  have been observed: -t-ks + 9.? -c 12, 
- .  

hybr id  4 4 and + 12, h.ybrid i. 9 a-rid + 12 wikh f r equenc ie s  of O"80, @*03, 0,09, 

0,06 and 0.01. r e s p e c t i v e l y  (64 individL~-a.lsj e 

. _  

The i- 4. i n d i v i d u a l s  were then  c l a s s i f i e d  accord ing  to +- 4 and 4 6 
mob i l i t y  which f o r m  a new category.  

1% 5 s  w o ~ t h  mentioning t h a t  + 9 ixobl l i ty  which i s  a c h a , r a c t e r i s t i c  - 
f e a t u r e  of O, b r e v i l i g u l n t a  and t h e  Ja.ponica type o f  O. s a t i v a  i s  r a r e  f o r  

O longis tamina ta .  

Band Fa 

O, brevili.@;crlata does n o t  have t h i s  band, It i s  only found i n  50 96 OP -the 

.. 

O CL 2ongistarninata i n d i v i d u a l s  observed and hac s l i g h t  mob i l i t y  d i f f e r e n c e s :  

a frequen"o1y occurr ing  +- lt5 rm type ,  which i s  a chara.cteri .si ; ic fea.turc of  t h e  
I n d i c a  types  o f  O. sat iva,  sad a rare  + 40 mi type.  

Bands B and b 

This  band, which i s  E c h a r a c t e r i s t i c  f e a t u r e  of O, longis-kaminata,  has 

---- 

i n v a r i a b l y  been found, kJikh 2 m o b i l i t i e s :  approxhaCe1-y - 2 1  and 0' 26, with .  

f r equenc ie s  o f  0.91 and 0,02 r e s p e c t i v e l y ,  t h e  renïaiitder be ing  hy'baids of %he 

 WO ~ ' O Y ' B I S ~  
o ..." 

e - A&.no-peptidase l e u c i n e s  ( f i g ,  6 1 . 
Tais enzyme i s  extrellzeljr v a r i a b l e  5.n O. longis tauì i rmta which has more 

I 

b m c k  than _*-- t h e  au-togamous s p e c i e s  wi th  t h e  same bzlt o f t e n  l e s s  intense bands,  
It Es , & + r a n g e  t o  f5nd t h a t  i t  is  appa ren t ly  t h e  bands wi th  average Loads %ha% 

have been r e t a b e d  i n  t h e  autogamous spec ie s .  

'f - Overa l l  a n a l y s i s  aid popula t ion  s i r i l c h n e  

For  hand frequency t h e  enzyme v a r i a b i l i % y  of O. l o n g i s t a i n a t a  -. g e n e r a l l g  

Seems to be ceutyed around t h a t  of t h e  autogamous s p e c i e s "  There are however 

d i f f e r e n c e s  f o r  t h e  most v a r i a b l e  enz,ymes, p a r t b u l a r l y  e s t e r a s e s  f o r  which t h e  

O, l ong i s t amina ta  variabilities do n o t  cover those  o f  t h e  autogamous s p e c i e s a  
_ _  

As f o r  p o p u l a t i m  s t r u c t t r r e  a single O, l ong i s t amina ta  popu la t ion  3.s seen  

t o  conta in  a far  h igher  degree o f  Etfizyme v a r a i b i l i t y  than  the  t h r e e  autogamous 

s p e c i e s  t o g e t h e r ,  This  i s  ma.iyl.ly t i u e  f o r  t h e  Zarge heterogenaus popu la t ions  

i n  t h e  Wigcr De l t a ,  s i n c e  t h e  small marginal  popula t ions  n a t u r a l l y  tend tc: 
be niore homogenous 

. .  



Heterozygosis of ind iv5dua l s  can be seen i n  zymograms wi th  two a l l e l i c  

ban.ds but also  en t h e  progenies  of the same p l a n k  iire compared. These data 

w i l l  have "io $e assessed quarit i ta. t ; ively when gene t i c  de te rmina t ion  o f  %he 
zyniog_raiïs is b e t t e r  und.era'cood. 

i . ..- 

. ,  
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4 - Discussion and hypotheses 

The high enzyme v a r i a b i l i t y  o f  ti?e a1logamor.i~ s e c t i o n  o f  O. longiisl ;a%inab- 

compared wi th  t h e  lower convergent var5.abill.tg of the  Af r i can  and.  As fa r ;  

autogamous s e c t i o n s  i s .  l i n k e d  wi th  far g r e a t e r  t o l e r a c e  o f  varied. ecologica:!- 

cond j t ions .  Adaptatioi;, %o v a r i e d  environmental  f a c t o r s  can be demonstrated i n  

experiments on t h e  s e n s i t i v i - t y  to 1iea.t o$ germinat5a.g seeds  : O, 3.0n@s~tamina.-E;a 

has  an in t r a -popu la t ion  v a r i a b i l i t y  which enab le s  some indi.vid.uals Do develop 

a- t  extreme tempera tures  which a r e  n o t  supported- s o  w e l l  by ~ u t o g z m o ~ 3  s p e c i e s  
(unpublished p re l imina ry  d a t a ) .  

I 

' The a d a p t a b i l i t y  of O, l o n g i s t a m h a t a  does not  t h e r e f o r e  seem to be l i m i t e d  

t o  spa tLa1  v a r i a t i o n s  i n  t h e  environment wi th in  t h e  spec ins '  d i s t r i b u t i o n  a rea .  
%t mag extend t o  t i m e .  v a r i a t i o n s  encountered by t h e  s p e c i e s  duririg i t s  evolu t ion .  

The theory  o f  f i t n e s s  i n  a s t r u c t u r e d  environment (LXVINX,  1965) e x p l a i n s  

t h i s  he t e rozygos i s  in a heterogeneous environment,. Au a l l e l e  may b e  dominant ia 
CL popula t ion  while a t  t h e  same tirne al lowing a great d e a l  o f  v a r i a t i o n  around 
t h i s  optiiiium. 

PJRPAWI! (1974) a l s o  shows t h a t  t h e  temperature €ac to r  may la - rge ly  expla in  

enzyme v a r i a b i l i t y  p a r t i c u l a r l y  i n  poik5-l.othermal organ$-sms . Experlments are 
being  under-kaken t o  check whether t h e  he t e rogene i ty  o f  %Ire O o l ong i s t an i ina t a  

popu la t ions  wi th  r ega rd  t o  t h e i r  responses  t o  tenlperatu.re grad ien te :  is  due t o  

t h e i r  enzyme v a r i a b i l i t y  . 
O o Zongistaminata which h a s ,  c f t e n  with h igh  frequency,  t he  eymogrs..m 

bands observed i n  t h e  autogamous s e c t i o n s  an& linked with many variants ,  mag be 

though% to be t h e  Afr ican  pool  of genome A v a r i a b i l i t y ,  

.The f a c t  that some o f  t h e  zymogram bands of the  autogamous s p e c i e s  are n o t  - 
foand i n  O, l ong i s t amina ta  may be explained by t h e  exristence I of r ep roduc t ive  

b a r r i e r s  w h i - s h  i s o l a t e  t h e  - allogamous ser i -es  i n  Af r i ca ,  These r ep roduc t ive  

b a r r i e ~ s  have enabled O. b r e v i l i g u l a t a  t o  co lon ize  s p e c i f i c a l l y  h . a b i t a t s  t h a t  

a r e  d i s t u r b e d  and enr iched  by a r i i aa l s ,  while  a t  t h e  same t i m e  ma in ta in ing  

occas iona l  exchanges wi th  O, longis tamina ta .  

/- 

I n  A s i a ,  where i n t r o g r e s s i o n  betweerr a u t o g a o u s  a n d  allogauloue s p e c i e s  i s  
mare f r equen t ,  Ynese zymogram bands 

autogamous s e c t i o n s  and do ~ . o %  occur - i ~  O. longis tzmina-ta ,  a r e  appa ren t ly  

sometiaes  found i n  the aflogaJl?ous ue renn ia l  formsn Our d a t a  on. thLs su5jecf;  a r e  

however r e s t r i c t e d  'io a very s i n a l l  sample w1ii.ch n e v e r t h e l e s s  i n c l u d e s  

in t e rmed ia t e ,  p e r e n n i a l  azd aanuxl  forms, 

which -- a r e  c h a r a c t e r i s t i c  f e a t u r e s  of  t h e  

The r ep roduc t ive  b a r r j e r s  descr ibed  may t h e r e f o r e  be i n t e r p r e t e d  a.S 

f i l t e r s  of  gene f l o w s  s e l e c t e d  a t  ad jus t ed  l e v e l s  by the s p e c i e s  (PEBHES, 

S A V I D ~  and RZI\TG-C€J.AU.NI 'I 1975) e Due t o  the,.,homoeygosis OS tlie autogmlous 

. _ _  -~~ . -I , ,  ,* 
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s e r i e s ,  from the  t o t a l  v a r i a t i o n s  i n  t h e  p o o l ,  onlg t h e  v a r i a t i o n s  s t r i c t l y  

sui ted.  . t o  t h e i r  h a b i t a t  cond i t ions  a r e  r e t a i n e d ;  hence t h e  convergence of 

v a r i a b i l i  by ir1 .the Afr ican and Asian autogamous s e r i e s o  T h i s  convergence 

appears  i n  w i l d  popula t ions  of O. b r e v i l i g u l a t a  and t h e  i n t e r m e d i a t e  O. perennis-  

O. s a t i v a  forms i n  t h e  JEYPORE a._rea in I n d i a ,  11; i n c r e a s e s  d u r i n g  domest ica t ion  

when t h e y  acqui re  s t r i c t e r  autogamy whixh i e  linked. w i t h  a mar-control led 
eiivir  onmeii t 

- 

.. 

The acqui red  autogamy and domest icat ion a l s o  r e s u l t  ill very  consid.erably 
reduced erizgne v a r i a b i l i t y  . 

The more advanced avo lu t ion  towards c u l t i v a t e d  t y p e s  is t h e  simaler t h e  

zymograms seem t o  be. Thus t h e  evo lu t ive  d i f f e r e n t i a t i o n  o f  t h e  O, satriva s p e c i e s  

is mainly due to t h e  l o s s  of bands i n  one I i n e  o r  ano the r  r a t h e r  than * t o  d i f f e r e n  
band migra t ion  d is ta i ices  from one i n d i v i d u a l  t o  another  o S i m i l a r l y ,  during t h e  

evo lu t ion  of 0. glaberr ima,  t h e  s in ip les t  e s t e r a s e  zymograms o f  O, b r e v i l i g u l a t a  

seem t o  have been. r e t a ined .  Never%heless ,  0. glaberr ima i s  s t i l l  r e l a t i v e l y  r i c h  

5x1. boeymes  compared wi th  SQme O, s a t i v a  l i n e s ,  

As a hypothes is ,  i t  i s  suggested that d i f f e r e n t i a t i o n  of r i c e  i a t o  

eco types  invo lves  th.e loss of  some isozymes. Isoayi~les t h a t  a r e  u s e l e s s  i n  a 

given environmen& may be l o s t  b u t  complementary semL-letlial r e c e s s i v e  genes 

which favour g e n e t i c  s e p a r a t i o n  i n t o  two ecotypes  may a l s o  b e  formeda 

Th5.s i n t e r p r e t a t i o n  concurs  wi th  the  g e n e r a l l y  accepted  g e n e t i c  O ~ U S E G  of  

FI p o l l e n  s t e r i l i t y  and t h e  breakdowa of 3'2 s t r u c t n r e s  : complementary 1etlia.l; 

r e c e s s i v e  genes (OKA,  1962 and 1974) a T h i s  also exp la ins  t h e  complementing 

f o u r d  i m  h y b r i d i z a t i o n  between d i s t a n t  lines wi th  r e t u r n s  t o  m c e s t r a l  

cha rac t e rc :  a r i s t a t i o n ,  seed-shedding, opening o f  p a i e l e s  e t c .  

Another workiEg hypothes is  is  tha t  t h e r e  i s  a s t r o n g  connect ion between 

t h e  a d a p t a b i l i t y  o f  a l i n e  a2d i t s  enzyme r i c h n e s s  5.n i n d i v i d u a l s .  
_-.c 

The ex i s t ence  or" such a r e l a t i o n  would be extremely importank i n  r e s e a r c h  

i z t o  l b i e s  wi th  good a d a p t a b i l i t y .  

I4ORISHIMA and OIGA (1.975) nave Shown t h a t  t h e  p l a s t i c i t y  of t h e  p e r e n n i a l  

t ypes  i s  very h igh  with r ega rd  t o  t h e  s j z e s  o f  d i f f e r e n t  organs when compared 

Kith t h e  c u l t i v a r s l ,  C u l t i v a r s  boweaer seem t o  respond b e t t e r  t o  mine ra l  

n u t r i t i o n  f o r  Mie number of pauicl .es  per  p l a n t .  

_. 

The Oryza genome A gene poo l  in Afr i ca  t h e r e f o r e  seems .to be  d iv ided  i x t o  

two t y p e s  of s e c t i o n s  accord ing  t o  t h e  - lay-out  and terminologg def ined  by 
PENqES SAVïDMT and BETJE-G€IAU?4X (19'75) 

- 1  

a - a p o o l  s e c t i o n  : O, l ong i s t amina ta ,  The p e r e n n i a l  and s e l f -  

inco!zpati.bl.e charackers ,  which a r o  l i nked  wi th  v e g e t a t i v e  r ep roduc t ion  $ eaab le  

it .t;o bear  a heavy gene s o a d  ( a l l e J -e s  t h a t  a r e  s i l e n t  01" have 1 i k t x C  E i d a p . ~ a ~ ~ ~ . o ~  
, .  - 1  
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v a l u e )  i n  t h e  p r e s e n t  environmento The h igh  degree of he t e rozygos i s  p r e s e r v e s  

many v a r i a n t s  5.n a d d i t i o n  t o  t h e  b e s t  adapted dominant a l l e l e  t h a t  i s  o f t e n  

r e t a i n e d  in t h e  autogaaous s e r i e s  o Thiõ p o o l  sect.i.cn p r e s e r v e s  t h e  v a r i a b i l i t y  

. 

L e f t  by t h e  a n c e s t r a l  form b e f o r e  t h e  break-up of  t h e  c o n t i n e n t s  and t h e  
v a r i a b i l i t y  acqu i r ed  s i n c e  I Thi.s v a r i a b i . l i t y  enables  it t o  su rv ive  s l o w  

environmental  -JaïS.ations bu t  i t  develops $ e s t  in an environmant f r e e  of sudden 

changes: regul -a r lg  flooded. a r e a s  5-n the fl iger De l t a  f o r  example, 
_ .  

b - co lo r i za t9 ion  s e c t i o n s  : t h e  acqui red  autogamy leads them t o  

converge -I;owards a lower  degreg 02 v a r i a b i l i t y  gu i t ed  t o  a pa r  t i c u l a r  

. environment. The r e s u l t i n g  l i g h t e r  gene l o a d  g ives  them a. h igh r ep roduc t ion  
po ten t j - a l  which enab le s  them t o  s p e a d  r z p i d l g  i n  a s c a t t e r e d  : n i g a n t  h a b i t a t .  

With d i f f e r e n t i a t i o n  i n t o  ecotypes  m a i i g  s i l e n t  a l l e l e s  a r e  f i x e d ,  which r e s u l t s  

i n  poorer  enzyme resources  and r ep roduc t ive  b a r r i e r s  caused. by t h e  formation of 

p a i r s  of complementary l e t h a l  genes. , 

This  b r i n g s  up t he  ques t ion  of t h e  real si .gmificance of t h i s  shedding 

of a c t i v e  a l l e l e s :  i s  i$ s e l e c t i o n  o r  d r i f k i n g  ? 

The v a r i a b i l i t y  o f  t h e s e  s e c t i o n s  wh.ich are i so l -a ted  from one ano the r  

by a r ep roduc t ive  b a r r i e r  r e s u l t i n g  from their r e l a t i v e  d i f f e r e n t i a t i o n ,  seems 

t o  be due mainly t o  i n t r o g r e s s i o n s  i n t o  t h e  allogamous p o o l ,  ALitogamy polarizes 
t h i s  exchange towards t h e  al.1ogamous yoolD and i s  a t h r e a t  t o  i t s  ;:existence. 

Xn Af r i ca ,  a “gene f l o w  f i l t e r r 1  seems t o  have been formed w@.cli h a s  t h e  

following two e f f e c t s  : 

- p r e s e r v a t i o n  o f  h igh  he te rozygos i s  Ln t h e  a a l l o g a a o u s  p o o l  which m&X?s 

it p o s s i b l e  t o  s t o r e  a s u b s t a n t i a l  degree of a l l e l e  v a r i a b i l i t y ,  

.- a tendency t o  r e j e c k  O. l oag i s t amina ta  from t h e  r e s t r i c t e d  e c o l o g i c a l  

s i t e  of O. b r ev i l - igu la t a .  

These two s e c t i o n s  t h e r e f o r e  f orri, two independent e n t i - t i e s  t h a t  a r e  

n e v e r t h e l e s s  connecteda The two toge the r  malre u,p t h e  overa.l.1 poo l  of 
v a r i a b i l i t y  for c u l t i v a r s  i n  Af r i ca ,  

I 

Bx s tudy ing  popula t ions  where t h e  ’;wo s.pecies e x i s t - s i d e  by s i d e  i t  ~7511 
be  possible n o t  only t o  sample t h e i r  respecti.cre v a r i a b i l i t y  b u t  a l s o  ga in  a 

b e t t e r  unders tanding  of how they  a r e  connected a d  observe a ~ y  i n t r o g r e s s i o n s  
t h a t  Kay occur . 

Never the less ,  t o  c o l l e c t  maxinuln a l l e l e  v a r i a b i l i t y ,  it is  b e t t e r  t o  use  

t h e  l a r g e  popu la t ions  o f  O. Longistarninata which r e t a i n  max5-z” he te rozygos i s .  

Within t h i s  mechanical system, t h e  v a l u e  of going back t o  w i ld  p ~ o l s  
-. 

s e e m  obv50use P a r t i c u l a r  mention should  be mad-e o f  : 

- r e p e a t i n g  t h e  domesLication p rocess  in o r d e r  to obtairi  t r a n s g r e s s i o n s  
” 8  I.. and colon.ize n,ew ecological-  areas tha$ c ~ n .  be cv.2tivated; 



- a c q u i r i n g  sou.rces o f  p l - a s t i c i t y  o r  r e s i s t a n c e  Î o r  t h e  ada-g.tabiïi.ty o f  

culkivaked v a r i e t i e s ;  

- introdL!cing new c h a r a c t e r s  in c u l t i v a t e d  v a r i e t i e s  : self- . jncorn,r)xtibiï i ty 
for example 
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Figs 2 -ESTE R A S E S  : Quelques zymogrammes d '0. Lon,gjstaminata - choisis potw repsksenter 

la v a r i a b i l i t i  ossemée au niveau dea bandes p r i n c i p a l e s  

d i f f & s e n t s  e s t  beaucoup p3.ct.ç impor tan t .  k;.gmche du diagramme, on a pb.cQ 2 t6moios: 
O, b r e v i l i g u l a t a  CA 1 et O., sativa. (2) et & d r o i t e ,  les zymogrammes olsservga parmi 3 
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