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( Genome A, which determines the sativa complex of Orimae, is
- represented in Africa by the species 0. longistaminata, 0. breviligulata
(now called O. barthii), 0. glaberrima and 0. sativa, which was probably

introduced more recéntly. (l).

In this complex, 0. longistaminata is & perennial allogamous,

rhizomatous species. The others are annual autogamous species.

) Figure 1 shows the distribution of the main endemic species
of Oryze in Africa and Madagascar (CHANG, 1975).

e

The following points will be treatéd :

'l - Observation of fhe existing populations.
2 —‘ﬁﬁgﬂy of reproductive barriers.

.3 - Analysis of emzjme variability.

4 —;Discussion and hypo%heseé:

(1) For ecasier reading, the terms O. longistaminata and 0. breviligulata
are used in this péper, even though they do not form part of a coherent

system.

(*) J.T. BOZZA : IRAT Agricultural Research Station BOUAKE (I¥ory Coast)

© @. BESANCON and G. SECOND : ORSTOM Centre in ADIOPODOUME (Ivory CoasH



1 = QObservation of the existing populations,

O. longistaminata is by far the most widespread of all the Oryzé gpecies

on the African continent (fige 1)

In West Africa, this species has fregquently been found by the authors
in Senegal, Gambia, Mali, Upper Volta and Ivory Coast, thai is to say from
the edge of the desert in the north (areas flooded by the<Niger at.Timbuktu)
down to the coastal areas in the south. It does not however occur in the
Basse C0te forest areas, although it is found around water holes in the

' coastal savanna alongside ‘the ocean in Ivory Coast (GUILLAUMET and
- ADJANOHOUN, 1971). In this coastal savanna, the degree of light is high
compared with the neighbouring forest areas and the available light intensity

' possibly actls as a determining factor in the distribution of the species.

Just like its area of distribution, the ecological sites of
Q, longistaminata are the most varied of the Oryza species‘iﬁ Africa.
Sémples of populatiops have in Tact been‘taken in the salt lagoons in the -
Casamance Delta as well as in the flooded areas (up to 4 m of water) in the
‘inland Niger dn]ta in Mali, énd also in dry, sandy rice fields in Senegal.
It is found in both runnlng ‘and stagnant water, in rivers vhat dry up during

‘the dry season’ and almost permunent ponds.

In comparison, the annual form, O. breviligulata, has much mofe_specific
ecclogical requirements. It is adapted to rivers in the savanna arease This
vﬁspecics seems to be found specmxlcally in rivers that are stirred up by cattle
ucom1ng to drlnke The fact that the soil is enriched in organic and mineral
elements and that seedg are trodden into the soil may be thought to play an
‘important part in the evolution and dissemination of the species whose
characterdstic features are high production of large seeds and very heavily
aristate splkelets. A weed form of O. breviligulata, which invades cultivated

ricey ds also found.

In thg rivers disturbed by cattle,; where O; longistaminata'and
0. breviligulata are sympatric, the two species seem to share the ground;
O; Tongistaminata grows in the‘deeper parts or is found as isolated plants.
. Bimilarly, in the Niger Delta, where the O; longistaminata‘populations can
cover several'square kilometers, it is mainly 0. breviligulata which invades
the rice fields during cultivation. Once the rice fields are free,
C. 1onglstam1natq takes over the ground again. The smnual form survives in

dense patches before disappearing completcly within a few years.

Although the two species are frequently found side by side, the annual
spe01es scems to have a selective advantage in habitats that are disturbed

and enriched.
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0. longistaminata has'a high fertility rate (2 50 %) in the large
populations in the Niger Delta where the grain is occasionally harvested
for consumption. In the isolated populations, however, the fertility rate
tends to drop. although exceptions must be mentioned, especially a homogeneous
population which invaded an. abandoned rice field in Senégal and had normally

fertile, smallesized plantse

Desfruction of &seed by a form of smut . further increases the sterility
of some populations which reproduce VGgetatively: All the plants observed
have r@izomes which seem capable of surviving in the soil during the dry
season, In the Niger Delta, the soil is tilled after the flood has subsided
in order to destroy them: The soil is ploughed up and then in the following
season the young plants- are cut: Most of the rhizomes are destroyed and the
young plants, that have grown after the first rains énd have been cut, are

suffocated by the rapidly rising flood. ‘ A -

Although the rhizome character is consLantly found, many characters
have been observed to be highly variable. The anthocyanic colou¢ of some
<organ, such as the awns, pericarp, caryopsis and leaf uheaLh varies within
the same populatlono The intermingled clones show how extensive vegetative
V‘c»produc‘c::_on is. On the whole; a hlgh degree of intra- and inter-population
.varlablllty occurs in characters such as grain size; leaf width, pan¢c1§~

size, etlc,

At germlnatlon, alblno or weak 1b°rxant iypes oceur fairly frequearly,
which .indicates & heavy gene IOadm Many interspecific hyorﬂdp can also be

found in the progeny of sympatric populations.



2 « Study of reproductive barriers

Reproductive barriers which isolate Ol longistaminata fromAthe other
species of the sativa group with which they share genome A have already been
described (CHU, MORISHIMA end OKA 1969, CHU and OKA 1970a, 1970 b). After
recapitulaﬁimg the main elementsy we shall interpréet some field observations

onn these lines.

According to the authors mentioned, breakdown in the free movement of
genes between the autogamous and allogamcus sections of the sativa =zeries

cccurs at different levels, and in particular involves

- Deterioration of FlL albumen
- Veakness of Fl generations
= Sterility of Fl‘embryo~sacs and especially microspores,
Deterioration of albumen is only found in crosses involving
0. longistaminata. Weakness .of the Fl generations and gametophytic sterility,

on the other hand, occur in crosses involving Tthe different forms of 0. perennis.

Thesge reproductive barriers isolate the perennial forms from the annual

 forms much more effectively in Africa than in Asia. Intermediate forms between

0. Breviligulata and O. longistaminata have been?looked for but never found,
In Asia, however, (CHU and OKA, 1967) there is a continuous range. of variation

from the typicaliy perennial to the typically annual forms.

Deterioration of the albumen, which appears in crosses

with ..
O. longistaminata in fact results in the loss of at least 97 % of the embryos

foxme&; Of those that develop normally up to germination, sbout 50 %  produce

‘weak plants. A more or less high degree of gametic sterility then appears in

‘the Fl plants obtained; but it may drop in selfed or backcrossed progenye.

It has been established that introgression is possible between the autogamous
and allogemous sections, but the possible exchange rate seems to be very low

in Africa. Exchange seems to be easier between O, sativa and O, longistaeminata.

than between the latter and O. glaberrima.

‘ Deterioration of the aslbumen is controlled by a pair of complementary

- dominant lethal.genes that have hean caileé D1 and D2 by the above-mentioned

authorss This pair of genes acts differently in reciprocal crosses according

“to thelr respective dosage in the triploid albumen,

CHU and OKA (1$70 b) have shown that the O longistaminata populations

can be heterozygous for the two‘alléles of gene D1, Hybrids, called ''obakes',
heve been found with higher fertility than O, longistaminata in crosses with

the autogamous species. The Yobake' forms therefore represent Vinterspecific

“bridges'.
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In the light of these bibliographical data we turned our autentlon uO

the comp pluxlspec1¢3c ponulablonu in the field.

Many large masses of crosses between Oa breviligulata and O. glaberrima

have been observed, as well as many plants, both isolated and.in small groups,

-thought to be hybrids between O. saliva and O. glaberrima or O. breviligulata,

but only the crosses with O. longistaminata will be dealt with here.

In Senegal, samples have been taken of three complex plurispecific

‘ ponulatlon presumed to involve introgression by O. longistamindia into

cultlvated rices. Several isolated plants thought to be hybrids between

0. longistaminata and O:'sativa have also been found. One is fertile. Three
planfs that are a?parently hybrids between C. longistaminata and O. glaberrima
have so far been recorded in the progeny of O; longistaminéta collected from

the edges of rice fields. These plants are weak, without rhizomes and have

: very small panlcleo and very irregular-—sized sterllo pollen grains. The
‘presumed male parent has been determined from the acid phosphetase, percoxydase

“and’ esterase ZYMOGTans

ther cases can certainly be found among the plants collected and they
will be studied by electrophoresis analysis, examination of discriminating
rhenotypic characters and gametophytic fertility as well as in crosses. with

the different species studied, | , 3 "

Theoe populdtlonu that have been sampled confirm. uhao the introgression

‘ deSCflbed by.CHU and OKA exists in the field. Oocas¢onal 1nt;ogresslongwi

seems, as stated in the bibliographical data, to be more freguent with
0. sativa, which was introduced relatively recently, than with the annual

African forms.

‘ - " » e N ll AO s 9
‘O, longistaminata also has another specific reproductive barrier, its

self incompatibility (CHU, MORISHIMA and OKA, 1969).

In experinments we have checked 1ts existence in the iield by bagging .
panlcleq after flowerlng. It seems to be the rule in some populations in the
Niger Delta which are otherwise fertile and have a high degree of intra-
population variability. On the contrary, some populations from Senegal show

average fertlllty when self fertilize d

Se1¢wldcompat1b113uy therefore seems to be counterselected in small

populations whereas it is the general rule in large populationse.

‘The cause of sterility in some popuiations would seenm rather to lie in

the absence of intercompatible lines in these vegetatively reproduoed

‘populations than in gametophytic sterility.



5 =~ Analysis of enzyme variability

Some populations of O¢ loagistamineta from the Mali and Senegaubian
centres have been analyzed by electrophoresis to compare.them with the
eutogamous species (SECOND, BEZANCON, TROUSLOT, in preparation). We shall
give. the main results concerning chiefly the qualitative aspect of enzyme
voriability. ' “ |

150 individuals of O: longistaminata have been studied, To compare
them with the Asian branch of O. perennis, a few representatives of the
perennial, inﬁermediate and annual forms of this species (W 036 = W 107 «
W 120 = W 133 = W 149 = W 157 = W 163 = W 630 = W 1183 « W 1185 - W 1236
W 1294) were analyzed, together with a few representatives of the intermediate
perennis-sativa forms from the JEYPORE area in India (samples kindly supplied
:by Dr. OKA). | |

\ a) Esterases : The esterase zymograms of O. longistaminata are
extremely compley. From one individual to another, many bands appear atl
~different mlgraclon distancess The probably high heteroczygosis further
dncreases the number of bands whlle at the same time reduc*ng e
‘01 soMme., Overlapp¢ng occurs frequently@ For all these reasonu, statistical

interpretation of zymograms in band frequency is difficult for esterases.

Fiéure 2 shows a few examples of the variability observed with the '
‘O« breviligulata (esterase A o type) and 0, sativa (estefaseAa‘ﬁgpe) cheéksa
The letters correspond to the different standard bands of O: breviligulata and
are uued as refeérences., The AymograM5 glven have been uhOSPﬂ to show the types
of varlablllty that existefor the main bands but the number of comblnailons

that can be observed is far higherc

The differences compared with the autogamous species involve the

*ollow1ng thiree cases @

. w band B : this is generally present at the same distance as in the
autogamous bPGCLES but it may appear at dlixerent distances and even disappealr

comple»elyo In all the autogamous lines it is a single band but it may

disappear in C. sativa.

- band E ¢ only one individual has been Tound to have this band at the
same dlstance as in the autoganous spec1es. it generally appears at different
dlstancesm In the autogamous species, it may occur at two different levclu

and may disappear.

- band D 3 this. one has never been found in O. longistaminataa A similar
band (a double red one) has however been observed in some individuals but at

% different

-t

much greater migration dlsfanceo (51m11ar to band K)o It OAlth at

but similar 16V€lo in O, brev1ngulaLa but disappears in O, uaLLVdo
. : ; !
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The Asian samples of O. perennis seem to be much closer to the autcgamous
species than O. longistaminata, except for N° W 1294 (perennial type from the

Philippines). Bands E and D are in fact frequently found in them.

Although, from the species standpoint, the variability of 0., longistaminata
is enormous compared with O. breviligulata, there are great differences in
individual richness in terms of the number of bands. O. breviligulata appears

to be moderately rich.

b « Peroxydases : Figure 3 shows the zymograms observed using young leaves.

For the fast anodic band, all the 0, longitaminata observed are seen to
be identvical to 0. sativa. Only O. breviligulata and O. glaberrima have
slightly slower bandse

Table I gives the distribution of the different types observed in 3

populations from the Niger Delta in Mali.

Table I ~ Frequencies oi peroxydase zymorrams in three populations
from Mali ‘ S

“Aymograms

X LI LIT LIIT LIV LV IvI VI
Populations ‘ - R . ‘

L9 15 6 3 5 - 1 -
LL10 11 11 3 14 6 3 1
L L 11 | 11 2 - 3 3 - -

C = Dehydrogenase malates. Figure 4 shows the different zymograms that

cah be observed in a single population of 0. longitaminata from the Niger
Delta, whereas for the 3 autogamdus species together there is only a siugle

zZymogram of medium complexity.

s

- Table II gives the ;requen01es of the different zymograms observed in
3 popdlations. The zymogram of the antogamous species is found to be by far
_the most frequent for O. longistaminata which seems to vary around this

average Iigure.

All the Asian samples of 0. perennis analyzed have zymogram 1, .

¢ab1° 1L - Frequencves of the ‘dehydrogenase malate uymograms in three
populaulons from Mali, ‘

Zymograms i I TTT W Vv VI ' VII VIII IX X XI Tota
Populations :

' L L9 o ‘1.3 6 9 , R 1 1 > 32

L L 10 g7 19 6 1 2 e o

- 11{ T " 5 1 P




d -~ Acid phosphatases

This enzyme has been studied by the method described by PAT, ENDO and
OKA (1975). We have used these authors' symbols to describe the variability

observed which is given in figure 5.
Group AMC

" The following different mobilities have been observed: 44, + 9y + 12,
hzbrid ¥ 4~and + 12, hybrid + 9 and + 12 i h frequencies of 0,30, 0.03, 0.09,
0,06 and 0,0L respectively (64 individuals

‘The + 4 individuals were then classified according to + 4 and + 6

mobility which forms a new category.

, It is v*th mentioning that + 9 wmobility which 15 a chareacteristic
feature of 0. breviligulata and the Japonica type of 0. sativa is rare for
0. longistaminata,

. Band Fa : ‘ | -

Oo breviligulata does not have this band. It is. only found in 50 % of the
O, longistaminata 1nd¢v1duals obuorved and hau slight mODLllEy differences:
a trcouontly occurrlng + 45.mm Lype, which is a characteristic feature of the

‘Ind1ca types of O, sativa, and a rare + 48 mm type.

Bands B amd b

‘ This band, which is a characteristic feature of O. longistaminata,; has
invariably been Found with 2 nmobilities: approximately « 21 and w“EE, with
1requenc¢es of 0, 91 and 0,02 reqnect;vely, the remalmder being hybrids of bne

two forums.

o

e = Amino-peptidase leucines (fig. 6).

This enzyme is extremely variable in O. 10ng1¢+aminata which has more
bands than the autogamous species with the same but often less intense bands.
It is strange to find that it is apparently the bands with average loads that

have been retained in the autogamous species.

‘f = Overall analysis and population structure

For band frequency, the enzyme variability of Ou‘longistaminata generally
seens %o be ce4+fcd around that of the autogamous spe01eow There are however
dlf:erences for the most variable enzyumes, partlicularly esterase for which the

Oc longistaminata variabilities do not cover those of the autcgamous species.

As for population. structure, a single Q. longistamihata population is seen
to contain a far higher degree of en nzyme varaibility than the three autoganmous
species together. This is mainly true for the large heterogenous populations
in the Niger Delta, since the small marginal populations naturally tend %o

be more homogenous,

—



Heterozygosis of individuals can be seen in zymograms with two allelic
bands but also when the progenies of the same plant are compared. These data

will have %to be assessed quantitatively when genetic determination of the

zymograms is belter understood.
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4 « Discussion and hypotheses

The high enzyme variability of the allogamous section of 0. longistaminata
compared with the lower convergent variability of the African and Asian
autogamous sections is linked with far greater tolerance of varied ecuvlogical
conditions., Adaptation to varied environmental factors can be demonstrated in
experiments on the sensitivity to heat of germinating seeds: O; longistaminata

has an intra-population variability which enables some individuals to develop

at extreme temperatures which are not supported so well by autogamous species

(unpublished preliminary data).

The adaptability of 0. longistaminata does not therefore seem to be limited
to spatial variations in the environment within the species! distribution area.

It may extend to time variations encountered by the species during its evolutiou.

The theory of fitness in a structured environment (LEVINS, 1965) explains

this heterozygosis in a heterogeneous environment. An allele may be dominant in

a population while at the same time allowing a greal deal of variation around

this optimum.

BRYANT (1974) also éhowsathat the temperature facfor may largely explain’
enzyme variability particularly 1n poikilothermal organisms. Experiments are
being undertaken to check whether tne heterogeneity of the O. longlstamlnata
populatlons with regard to their respon ses to temperature gradients;is due to

thelr enzyme Vd*lablll+V-‘

O longlstamxnata which hau, cften with high frequency, the. zymogram
bands observed in the autngaﬂous sections and linked w1uh wany variants, may be

thought to be the African pool of gcnome a varlablllty.

‘The fact that some of the zymogram bands of the autogamous species are no%

found in O, longistaminata may be explained By the exi%fence of reproductive

‘barrlers which isolate the allogamous uerjes in Africa. Pheoe reproductive

barriers have enabled O. breviligulata to oolonlze speulfwcal Ly habitats that
are dlsturbed and enriched by anlmals, whlle at the same time maintaining

occasional exchanges with O. longistaminata.

In Aqla, where introgres sion bc tween autogamous ‘and arlogamoﬁs species is
mbre frequent,; these zymogram bandss¢wnich are characteristic features of the
autogamous sections and do not occur in O. longistaminata, are apparently
sometimes found in fhe allogamous perennial forms. Qur data on this subject are
however restricted to a very small sammie wnlch nevertheless includes

intermediate, perennisl and annual formse.

The reproductive barriers descrloed may therefore be interpreted as

£¢lter of gene flows selected at adjusted levels by the species (FERNES,

SAVIDAN ang RENE-CHAUME, 1975), Due to the homozygosis of the autogameus
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-series, from the total variations in the pool, only the variations strictly
suited to their habitat conditions are retained; hence the convergence of
variability in the African and Asian autogamous series. This convergence

appears in wild populations of O. breviligulata and the intermediate O; perennis-
O. sativa forms in the JEYPORE ares in India. It increases during domestication
when they acquire stricter autogamy which is linked with a man-controlled

environment.

The acquired autogamy and domestication also result in very considerably

reduced enzyme variability.

The more advanced avolution towards cultivated types ié, ﬁhe'simpler the
zymograms seerl to be. Thus the evolutive differentiation of the O, sativa species
is mainly due to the loss of bands in one line or another rather than to differen
;band migration distances from one individual to another, Similarly, during the
evolution of O. glaberrima, the simplest esberdse zymograms of O, breviligulata
seem to have been retained. Nevertheless, O, glabervlma is still vclatlvely rlch

in isozymes compared with some O, sativa lines,

As a hypothesis, it is suggested that differentiation of rice into
ecotypes involves the loss of some isozymes. Isozymes that are useless :in a
given environment may be lost but complementary semi-lethal recessive genes

which favour genetic separation into two ecotypes may also be formed.: -~

This 1nterpretatlon concurs with the generally aCﬁepted gene tié causes of
Fl.pollen sterllmty and the breakdown of ¥2 struﬂtures' complementary. lenham
reéessivé genes (OKA, 1962 and 1974, This also explains the complementing
found in hjbridization between distant lines with returns fto ancestral

Uharactors' arlsta‘clons ceedwsheddlnw, cpening of paniclesy etc.

Another working hypoth651s is ihat there is a strong connection between

the ad&ptablllty of a line and its enzyme rlchness in individuals,.

The e 1otence of such a relab¢on would be extremely 1mportan» in researcn

into lines with good. adapiablllty.

MOQISHIMA and OKA (1975) have shown that the plastlcltj of the perennial
Types is very hlgh;Wlth regard to the sizes of d;fferent organs when compared
w1th the cultivars. Cultivars however seem to respond better to mineral

nutrition for the number of panicles per planf.

The Oryza genome A gene pool in Africa therefore seems to be divided into
two tvpes of sections according .to the 1ay»out and terminology defined by

PERNES, SAVIDAN and RENE~CHAUME (1975).

a = a pool section : Og longistaminata. The perennial and self-
incompatible characters, which are linked with vegetative reproduction, euable
it to bear a heavy gene load (alleles that are silent or have little adaptation

r_']



. value) in the present environment., The high degree of heterozygbsis preserves
many variants in addition to the best adapted dominant allele that is often
retained in the autogemous series. This pool section preserves the variability
left by the ancestral form before the break-up of the continents and the
yariability acquired since, This variabiiity enables it to survive slow
environmental variations but it develops best in an environmant free of sudden

changes: regularly flooded areas in the Niger Delta for exaumple,

b =~ colonization sections : the acquired autogamy leads them to
converge‘towards a lower degree of variubility suited to a particular
_‘envirOnmént. The resulting lighter gene load gives them a high reproduction
potential which cnables them to spread rapidly in a scattered migrant habitat.
With differentiation into ecotypes many silent alleles are fixed, which results
in poorer enzyme resources and reproductive barriers caused by the fbrmation‘of

vairs of complementary lethal genes.,

This brings up the question of fhe real significance of thils shedding

of active allelies: is it selection or drifting ?

The varisbility. of -these sections, which are isolated from-one another
by a reproductive barrier resulting from their relative differentiation, secems
to be due mainly to introgressions into the allogamous pool. Autogamy polarizes

this exchange towards the allogamous pool. and is a threat to itsyexistence.

In Africa, a "gene flow filter" seems to have been formed which has the

following two effects 3

- preservation o¢f high heterozygosis in' the allogamous pool.which makes

it possible to store a substantial degree of allele variability,

~ a tendency to reject O. longistaminata from the restricted ecological

site of O, breviligulata.

_These two sections therefore form two independent entities that are
nevertheless connected. The two together make up the overall pool of

variability for cultivars in Africa.

By studying populations where the iwo species exist-.side by side i? will
be. possible not only to sample their respective variability but also gain a
better understanding of how they are connected and observe any introgressions

that may occur.
S Nevertheless, to collect maximum allele variability, it is better to use
the large populations of 0., longistaminata which retain maximum heterozygosis.
Within this mechanical system, the value of going back to wild pools
seems obvious. Particular mention should be made of :

- repeating the domestication process in order to obtain transgressions

and colonize new ecological areas that can be cultivated; i



- acquiring sources of plasticity or resistance for the adaptability of

culilvated varieties;

~ introducing new characters in cultivated varieties: seli-incompatibility

for example.
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Fig. 1 = Bstérases: Différents zymogrammes observés parmi les espéces autogames : .

Q. glaberrima, Q. breviligulata et 0. sativa.
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Fige. 2 -ESTERASES : Quelques zymogrammes 4°0. longistaminata choisis pour représentex

la variabilité observée au niveau des bandes principales. Le ncmbrs
différents est beaucoup plus important. A_gauche du diagramme, on a

O. breviligulata (A3) et 0. sativa (2) et & droite, les zymogrammes

e zymogrames

d
placé 2 témoins:

observés parmi

un échantillonnage 4'0. perennis asiatique et de formes intermédiaires enire

0. verennis et 0. sativa.
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Fige 3= PEROXYDASES,; différents zymogrammes observés
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Fig. & - M[Ai.AfE DESHYDRQGENASES : Différents zymogrammes cﬂ?servés,.

par espéce.

’

O.longistaminaia

RS R T A A R IS R xmmzzw%_.x.w-f' RS RTTE: - RO ‘..-4:-:.:)
O.perennis {Asie) g
O.satliva ‘
O.glaberrima SR e,
C.breviligulata ‘ : - .
&3 £ =3 - ‘
£33 &3 e £73 -
| ET3 L ‘
63 =3 £33 &3 3 =3 3 £ i =3
1 i i VooV Ve vk vl X X X

e



. « » .
Fig. 5 -~ PHOSFHATASES ACIDES ¢ Variabilité observée au niveaun des différentes bandes, : - g
, . :

payr espéce (ftous les zymogrammes A'0. longistaminata observés ntont pas été

représentés). - o : . g
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Fige 6 - LEUCINE AMINO-PEPTIDASES : Différents zymogrammes observés par espice. -
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