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Summary

This paper anaiysed the heredity of apomixis in Panicum

/af

maximum, and the genetic structures of some’its populations. Natural
tetraploid plants were facultative apomict ( sexual rate about 3%).
Exceptional diploid sexual plants occured in central populations.
Hybridizations between tetraploid sexual plants and tetraploid apo-
mict plants gave % sexual hybrids and % apomict hybrids. The sexual
rate measured either by the off type rate or by the reduced embryo

sac rate is partialy under genetic control.

The natural populations of apomict plants were of a very
simple structure if they were marginal, and quite similar to popula-
tions of allogamous plants if they were in the central area. The
populations of diploid plants and tetraploid apomict plants in the
central area shew the same continuous and allogamous variability

type.

The genetic analysis of diploid plants and of tetraploid
hybrids between sexual tetraploid and apomict tetraploid plants de-
monstrated that there was a continuity of genoms from sexual diploid
to .apomict fetrap]oid plants although thare was a clear cut sepa-
ration between sexual and apomict natural plants because of the ploi-
dy Tevel.

Finaly the following gquestions arg asked : why were sexual
tetraploid in natural populations so rare that we never found one ?
Hhy were the sexual rate of natural apomict plants sc low and so
homogeneous although it could be variable ? Yhy looked the central
apomict populations like the central sexual populations although the
reproductive mode was so different ?
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Although Panicum maximum was named " guinea grass " its
origin center staid likely in East Africa. In KENYA and TANZANIA,
we found different other species from the " maximae " group. They

were Panicum infestum and Panicum trichocladum. Some natural occu-

ring phenotypes looked Tike interspecific hybrids between P.maximum .

-and P.infestum or P.trichociadum respectively. The " maximae"com-
plex is an agamic one, plants are generaly facultative apomict and
their chromosome number is 2n = 32(tetraploid plants). He found out
natural populations with 2n = 16 chromosomes plants, ( diploid plants
each of them were sexual ( D.COMBES and J.PERNES (1970 ).

The phenotype of these latter plants could not be distingui-
shed by external examination from the phenotype of the surrounding
tetraploid plants. '

We shall try to analyse the genetic determinisms of apomixis
versus sexuality. wWe shall examine also the relations between sexual
" and apomict genoms as they appear through natural populations and
experimental hybrids. '

A - Reproductive mode

I. Facultative_apomixis_in_patural_Panicum_maximum

Natural Panicum ( excepted diploids) gave their seeds by fa-
cultative apomixis. This reproductive mode can be described
either through the direct observation of the offsprings of a

plant, or through the analysis of the formation of the embryo
sacs.



The observation of an dpomict offspring family shows two

kinds of plants : a) plants which look like the mother plant
and to eggb other, b) plants with new phenotypes neither identi-
cal to the mother plant nor to each other ; these latter plants
are called off-types. The percent of off-type plants is the off-
type rate ( H.T.). .

" The table I gives different H.T. values which were obser-
ved by WARMKE (1954 ), BOGDAN (1963), COMBES (1972), PERNES and
COMBES (1970 ) '

Table I : off-type rates (H.T.) observed in natural varie-
ties of Panicum maximum

!
variety | authors number of .
g??eggi?ngs H.T. (%)

common guinea WARMKE ' 1,365 4,7
- WARMKE 1,106 2.6

- (267) {PERNES-COMBES 551 4,0
gramalote ; WARMKE 1,103 1.3

type 11 'PERNES-COMBES 291 3,1
309* 'PERNES-COMBES 220 1,4
T19* % | comses 1,008 3.9

T 25 |  COMBES 103 5,0

mean value |
of 9 varietes| BOGDAN 520 1.2
: |

% 309 is similar to Gramalote variety and G3, 57 and G23 varie-
ties which will be extensively used in the following experi-
ments

¥ ¥ T 19 1is a putative natura1>interspecific hybrid between
P.maximum and P.infestum.




In apomict plants, the observation of the ovaries shew
twe kinds of embryo sacs 4 nuclei embryo sacs and 8 nuclei sacs,
( WARMKE (1954), COMBES (1972) ). By eight nuclei embryo sac
rate (s) we mean the following ratio

number of ovaries with only one embryo sac, this one
S = being a 8 nuclei embryo sac
number of observed ovaries.

WARMKE counted once 16 chromosoms in cells from a 8 nuclei
embryo sacs, and counted several times 32 chromosomes in cells
from a 4 nuclei embryo sac. 4 nuclei embryo sac have got only
one polar nucleus and no antipodial cells ; the 4 cells were
all together in the same part of the embryo sac. Different
technics could be used for the embryo sac studies. WARM KE(1954)
COMBES (1972) used cuts. Faster and safer observations could be
done now with the HERR'S technic ( 1571) ( squash and phase con-
trasf microscopy ). Because of no direct relation between H.T
and S some authors doubted if every 8 nuclei embryo sac was a
reduced one. However we shall show later there could be a simuyl-
taneous increasing of both rates.

Diploid sexual plants had always only one embryo sac per
ovary and this sac was a 8 nuclei one. Apomict plants had very
often several embfyo sacs per ovary.

. He do not know whether every 8 - nuclei embryo sac is a reduced
one, but what we can say is that every apomict plant shew some
4 - nuclei embryo sac. We shall call " sexual " a plant which
never had 4 - nuclei embryo sac and which shew character recom-
binations in its offspring plants.

The table II gives the S rates observed in natural apomict
plants.



The sexual diploid ( 2n.=
they formed natural populations in East Africa among tetraploid
apomict populations ( See part B ).

lie obtained tetraploid plants from sexual diploid plants
by colchicin treatment either of seeds ( S]T and SZT came from
seeds of the self pollinated diploid KI85 T ) or of buds (T34T,
T 35T, T 44 T, K188 T). Tetraploid plants thus obtained have
got only ovaries with only one 8 nuclei embryo sac. Their hete-
rogeneous offsprings confirmed that they were sexual.

16) plants were very un-common ;

Variety T authors . " mnumber of
. lobserved
ovaries S (%)
Common guinea | WARMKE(1954)cuts 111 27.9
- COMBES(1972)cuts 40 - 25.0
- SAVIDAN (this
paperysquash) 155 22.6
gramalote | WARMKE 57 0
6 3* SAVIDAN 119 0.8"
K 85 COMBES 16 5 12,5
K 76 i SAVIDAN 123. | 12.2
K 133 | SAVIDAL 119 § 3.4
K 77% * | SAVIDAN 145 | 7.6
P.infestum ?SAVIDAN 116 i 2.6
G 23 I SAVIDAN 133 | 4.5
Tgﬁgagglume | SAVIDAN 112 § 1.8
g |
G 41 ' SAVIDAH 76 g 26.3
average on i !
six varietes |JAVIER(1970) 387 ; 36,2

Table I1I

frequéncy‘of ovaries having 8 nuclei embryo

sac as single sac.
% variety similar to GRAMALOTE

x% putative natural
P.Infestum.

interspecific hybrid between P.maximum and

+ we found eight nuclei embryo sacs in ovaries with more than
1 embryo-sac ( 28,8enuclei embryo sacs among 249 observed

sacs).
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Because the pollen coming from apomict plants was efficient
.we studied hybrids botween sexual tetraploid females and apo-
mict males. The table III gives the number of hybrid plants
which wera apomict and sexual respectively

sexual female apomict male \ number of number ofw
i apomict hybrids sexual
. hybrids
K 185T 267 i ' 1
K 189T- G 23 X 4 5
K 189T G 3 14 14
S1 T ; G 3 3 4
T 44T 2 57 (v €3) 3 3
JPz(sexual '
] hybrid) 57 ! 40 34
o
apomict L sexual male |
female |
. ]
T 1%, 36-5 P, 5 4
_ |

Table III : number of sexual and apomict hybrids coming from
crosses between sexual and apomict tetraploid
plants. Results came from embryo sac analysis.

A sexual hybrid (P2) coming from the K 189T x G 23 cross
was also used as the female parentL«An apomict plant T 19,
36,5 coming from a selection ( through off-type generations)
for a high off-type réte was used as a female, the sexual hy-
brid P2 was the male parent.

At last, a sexual hybrid ofspring from the P2 X 57 cross .
was freely open pollinated by its full-sibs ( half of them
were sexual, half of them apomict and randomly distributed).
The progenies coming from this open pollination gave 12 apomid

plénts, 35 sexual plants ( i.e. %, % ).

Every result is in a good agreement with a %, % disjunction
in the ofsprings of the ( sexual apomict ) crosses. ke could
interpret results coming from open pollination in the follo-
wing way. Half of the pollens were issued from sexual plants
and shew no disjunction, half of the pollenswere issued from
aporiict hybrids and shew disjonction (%’ % ) for sexual versus

apomict genetic determinisms.



It did not lTook like as if sexual hybrids kept a memory of
its apomict origin, concerning this disjunction.

4

II1 - Variations of H.T. and_S. in apomict_plants.

The table I shew the homogeneous values of H.T. ( between
1% and 5%) in natural apomict plants ; the table II shew S
values all below 40%.

Thése results were non longer true when we considered ei-
ther some apomict plants coming from off-types, or apomict
hybrids coming from ( sexual x apomict ) crosses. The table-
IV gives various H.T. values so obtained.

The highest c¢cff-type rate was obtained when observed off-
springs came from isolating plOts where T 19, 36,5 was polli-
nated by sexual tetraploids of a quite different phenotype.
We found two kinds of off types : first those we used to find
from self pollination or from open pollination with the same
phenotypes, second hybrid off-types. Results are given in
table V.



| variety ? number of
' ’ i observed plants H.T. %
: hexaploid off-types 138 13,9
Hy
from commonguinea
H8 238 19,6
cff-types from
T 19 37,1 84 4,0
i 35,9 98 19,0
| .
g 36,5 104 44,0
; 36,10 96 38,0
off-types from 8,10 100 44,6
T19, 36-5 7,8 100 4648
10,2 100 24,0
5,10 100 - 13,0
off-types from‘
T19, 36-5, 7-8 '
1 apomict hybrids
coming from P? 140 25,3
K184T x G23 cross °
Py 150 24,7
P6 206 3761
P2¥8} awd WIRST X 63 1466 S.%

Table IV : off-type rates coming from either apomict off-types
or apomict hybrids after either self-pollination or
open pollination by full sib plants.



pollinator Enumber of . off-type rate hybride
observed : of same type off-type
plants lH.T.total i plants’ rate
K189 T 216 56,9 30,1 . 26,8
P 2 101 6643 25,7 40,6
T35 T 176 6144 . 37,5 23,9
S2 T 206 - 54;4 . 2547 28,6

Table V : off-type rates of T 19,36-5 when pollinated, in
isolated plots, by 4 different sexual tetraploid
plants.

Thus the off-type rate was under genetic control ( increa-
sing and perpetuating through successive generations of off-
types ) and depended on pollinators. It was high enough (30% )
in the first generation of apomict hybrids.

~ The S rate was studied in different off-types and hybrids.
These values are given in table VI.

variety ‘ number of _
observed ovaries S %
T19, 36-5 275 77 .5 -

apomict hybrids issued
as off-types of T19,36-5
pollinated by sexual te-
traploid plants

T19, 36,5 x T35 T 30 96,7
T19, 36-5 x P2 (1) 35 74,3
- (2) 29 ' 72.4

apomict hybrids from
sexual x apomict crosses

K 189 T x 267 14 28 ,6
K189 T x G 3 224 23,2
P2 x 57 (3way hybrid) 744 16,4
(P2 x57) x(P, x57)' full- | _
sib cross segual apomict 273 10,6

Table VI :© rate aof avarieg with R niuneladi amhwrva car ac
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The increasing of H.T. in T19, 36-5 came with an increasing
of S. In hybrid off-types of T19, 36-5, S was still high and
increased near 100 %. This latter plant is still a facultative
apomict one but we need a numerous analysis to detect its apo- .
mixis. On the confrary S values .in apomict hybrids were not
higher to those of natural‘apomicts. It Tocked 1ike if S dcrea-
sed as the number of back-crossing on apomict parent (G 3 or
57 ) increased ( last part of table VI). G 3 or 57 ( Gramalote
varieties ) had very small s rate ( table II).x

There "could 'bé some relation between H.T. and S*bat™this

"could be dimed because plants with equa]“S'gavg.diffefént H.T.
depending on their coff-type viabilities. Apomict.hybridQ (becau-
se of hybridity ) could exprass better their potentiel off-type
rate which could be near S.

B - Structures of naturel populations.

The natural populations of Panicum maximum were either small

isolates of some thousand square meters, or linear colonies of seve-
ral kilometers along to roads and rivers, or actual Tlarge savannahs.
In the marginal area of East Africa and in other African countries
where Panicum could be more recently introduced, populations looked
Tike only one clone compounded. Sometimes several quite different
clones could be counted, but they were not very numerous ( never
more than 10.-). On the contrary, in the central area, a more confu-
sed variability appeared, built with numerous different, but not
well distinguished , menotypes. A11, but one, of the 275 pTants

that we sampled in East Africa were apomict tetraploid ( HT 3% ).
The excepted plant (N° K 189 ) was a sexual diploid one. Thus, with
the same reproductive mode quite different structures of variabili-
‘ties were associated.

In ader to obtain an objective, clear cut representation of
these different structures, we shall exhibit different classifica-
tions of phenotypes sampled in a définite area. We used different
% and different series of measures

( quantitative characters ) and notations ( qualitative characters).

algorithms of classification

% The different schemes-of classification were derived from methods
described in SOKAL and SHEATH (1959)' s book.
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Every observation came from either vegetative multiplication or
apomict seedlings of the sampled plants ; all of them were in the
same environment at the same time. Il we obtained the same classi-
fication of a set of plants through different algorithms and diffe-
rent series of observations, that meant that the observed phenoty-
pes are. well defined entities. On the contrary, if we could not

have stable groups that meant that the characters could be undefini-
tely distributed among various phenotypes and that the associations
of phenotypes were depending on recombinations of the various obser-
ved characters.

The case of maralal populations shew that the same structu-
re could be read as well from a series of measures ( 12 quantita-
tive characters, (fig.1) as from a-séries of 50 different quali-

" tative characters ( fig.2). THOMSON'S FALLS and MARALAL are two
countries distant of about 200 kilometers from each other. Popu-
lations were 5amp1ed between these two points.

In MGWAKAETHE area a polymorphic popu]ation was observed.
There were only about 5 well different phenotypes. One of them
was a P.infestum, an other one looked like an interspecifif hy-
brid between P.infestum and an other P.maximum phenotype ( we
called this last hybrid C type ; T19 coming from an other area
was a C type too). The same sets of phenotypes were identified
through the different classifications shown in figures 3,4 and5.

In KORCGWE area, where we fortuituous]y* found out the di-
ploid plant (N°K189Y), the classifications lost their well defi-
ned structures and their reliabilities (fig.6 and 7 ). The nodal
method which ought to allow closed groups of phenotypes comple-
tely failed in showing such a structure.

A more detailed prospection allowed us to study the varia-
bility of diploid plants in the central populations of KOROGHE.
e did it by refering either to tetraploid plants coming from.

% We said fortvituously because nothing in its phenotype shew_it
was so different with its surrounding tetraploid plants.
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DENDROGRAM OF THE PHENOTYPES FROM MARALAL THOMSON'S FALL'S



, maximum maximum

maximum ;
L4 " ‘E L4 WE ’ '\E
= = horsP Z
I harsP - ors @
harsP B A cC & A cC 8 B A c <2
7 ~ /7 N /N e T N N /SN E R £
EREERIZLERRRI RRIegorRRRAEZ s 8 SRIJzrensg
o X X X X X X M X X M 3 3 X X X X X X X X X ¥ ox X X X X X X X ¥ x 2,
100 LT T I.Tl ['J " I L_I
90 v\
80 !
70 .
- : ]
60
50
40
30
20

Fig. 3 : Fig. 4 ‘ . Fig. 5

Two series of quantitative characters gualitative charactsis
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A,B.C: indices for the different categories of phenotypes
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Quantitative characters
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Qualitative characters

NO CLOSED GROUP RESULTS FROM THESE CLASSIFICATIONS WHICH LOOK DIFFERENT

THE DIPLOID K 189 WAS NOT {SOLATED
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the same areé or from plants situated a bit out of there. The
figure N°8, using the nodal method of classification shew how

were expressed the different variabilities.

Both T26 and T25 plants came from a population(BAGANMOYO)
whith were very far from the central area. In that population,
these - two very similar phenotypes were associated, althocugh they

were diploid and tetraploid respectively. The table VII gives

the distances between and within groups obtained from observa-
tions of 50 different qua]itativé characters. In this table we
~arbitrarily put together(group IV)the 3 tetraploids ' which

were sampled out of the KOROGOUE area ; in fact the analysis iso-
lated each of them.

group I group II group III group 1V
diploids tetraploids plants from tetraploids
coming from coming from BAGAMOYO out of KOROGHE
KOROLWE - KORGGHE-V UGIRI area but not [
VUGIRI too far
group I 0.234 0.427 0.465 0.471
group II 0.278 0.581 0.456
group II 0.125 0.453
group IV 0.4G0

Table VII : within and between group distances in nodal

analysis of diploid and tetraploid populations
from KOROGWE.

The four identified groups were aproximately equidistant

(fig.8).
Group I

Group I1I
Group III

Group IV

They were
: the set of diploids from KCROGWE- VUGIRI, sampled in

three different stations.

the set of tetraploids sampled in two stations among
the.fhree where the diploids came from.

both plants from BAGANMOYO ( one diploid, one tetra-
ploid )

this was not a closed group. These 3 plants came from
one pupu]atﬁons and they were distant of only a few
meters from each of them, the environment seemed
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NODAL ANALYSIS .UF DIPLOID = AND TETRAPLUID POPULATIONS FROM KOROGWE
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highly homogeneous. This population was not verx.far
from KOROGWE center ( about 40 km), but it was ctear-
ly out of this area.

The within group distances gave the fol-
lowing evidences. ‘ ' ‘

1. The group III was highly homogeneous, although there we-
re two ploidy levels. Both plants came from a marsh, this was
an exceptional environment for the P.maximum in East Africa.

2. The diploid and tetraploid éoming from KCROGWE-~
VUGIRI ( the same environments ) : .~ shew a similar varia-
bility.

3. The group IV was heterogeneous, with three different phe~
notypes. They exhibited a Targe differenciation higher than tho-
se of diploids and tetraploids from KOROGWE. However the geogfan
phical area occupied by the plants in this group IV was very
small aqd very much more homogeneous than KOROGWE-VUGIRI area.

Generaly speaking, the ciassification of these phenotypes’
was well definite, in good agreement with the geographical and
biological caracteristics. Let us note the foliowing facts

1. The variability of sexual diploids was clear but
maintained into a well established type.

2. The variability of apomict tetraploids from the
same area was similar and of a same size.

3. The popuiation out of the diploid aera vas compoun-
ded with very different piants.

The integrated variability of the diploid population was
such that we shouid expect from a sexual population in a varied
environment. The variability of the neighbor tetraploids sligh-
tly differed from that of diploids, but it kept the same struc-
ture.

On the contrary the facultative apomixis worked, out  of this
area,appaﬁently without storing a memory of an ancient alloga-
mous structure. Here the variability was built with a discrete
polymorphism.
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Thus we could explain that the samples coming from the
neighborhood of KOROGWE were a mixture of numerous individua-
lised phenotypes, not a simple polymorphism like those of the
marginal populations. A moure detailed analysis of the. natural
populations of P.maximum could be read in PERNES and CGHMBES
( 1970 ) and PERRNES (1872 ).

The aim of the following anaTysis is the examination of
the genetic characteristics which could allow for the similari-
ties of. the variability organisations in central populations
( sexual diploid as well as apomict tetraploid ).

Genetical analysis of sexual and apomict plants

1. The_effects_of_tetraploidisation_on_phenotypes

-~ e e A A e s e R e e e e ee LR L R - = -

The effect of chromosom doubling was studied by comparing
the vegetative multiplications of 5 diploids to their isogenic -
tetraploids obtained by colchicine treatment. The table VIII
gives the analysis of variance for 10 characters. Let us add
the results concerning two other characters : flowering time is

lTater in tetraploid plants, no difference for the number of
tillers.

In the whole the chromosome doubling had very small effects
on the phenotypes and we do not necd to imagine any secondary
adaptation to the environment to explain the similarities bet-
ween tetraploids and diploids. A graphical representation (fig.8)
by mean of principal components analysis shew the small depla-

cements obtained with the most tetraploidisation sensitive cha-
racters.
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. -Characters Mean square |mean square |mean square - residual
" séries 1 : variety polyploidy |variety x mean square
; effect effect polyploidy |
! interaction |
effect

degree of freedom 4 -1 4 45
MV 7,773%* 31,828%% 9,224*% 1,239

1% us 2,835 0,028 4,366%% 1.446
M ST 0.426%% 1.542%% 0,528*% 0,064
Characters
séries 2
( inflorescence) _
degree of freedom 4 1 4 360
L 1275,414%% 3,780 259,056%% 54,918
1 590 ,598*¥ 22,080 40,685 21,969
F 985 .824**% |  g8g,058 276,780%% 97,732
1.1 500,649** | 189,343*%% | 53,337 27 (472
G 470,778** | 26,124 29,610 18,833
L 3629,682%% | 637,812% [322,056%*% 149,140
n 58,842%% 2,268 12,642%% 3,343

%% 1% significative F

Table VIII

% 5% significative F

: analysis of variance of the polyploidy

effect and the interaction variety x

polyploidy ef

fect.
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The table IX shew, on the average, that the variance of an
offspring of an entirely sexual plant was higher than the varian-
ce between off~types of an apomict hybrid. This latter variance

" was higher to that of a strictly apomict offspring ( variance

between non off type plants ). However there could be some excep-
tions and it often occured that environmental variance was so
large that the genetic effect did not appear. The variance btet-
ween off-types hybrids cominé from T19, 36,5 was particularly
strong. That could be a consequence of the measting of gengtica]y
very distant genoms.

Thus the apomict hybrids with their high off-types rates
{ 30%) could still yield a fresh variability.

characters [mean of mean of mean of variances mean of variances
variances variances between non off- between off-types
of offs- between off types from apomict| from T15, 36.5
prings offi types from hybrids ¢
sexual apomict n qud I hvbrid
hybrids ! —hybrids - ybrids 1 hybrids
number of
measured y '
plants 300 105 380 290 ] 20
sheath
length . i . :
G 304,19 ) 20,41 16,900 31,05 68,36
inflores-
cence lemth + i
1 §2,26 41,74 38,66 72,07 } 204,03
Fresh mat-~ 1
terweight T
MV 161,47 78,94 64,16 31,88 1 210,58

Table IX : average of variances between sexual and apomict plants

for three characterss chosen for their different degrees
of sensitivity to the environment.



Fig.9 Two main principal componenis graph.

Dots representative of hybrids are two parent symbols composed

#7135 OT140 *T41 * 144 & K189

T35, T41, T44 parents (only one symbol ) are located at the
barycenfer of their hybrids. First component :(II+G+F)+';2Td -1,
Second component: t +d-1F~2(G+Il)
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This analysis.used diallel crosses. This allowed us to mea-
sure : general and specific combining abilities for different
characters, heritabilities and maternel effects. Some of these
results should be compared to the genetic data obtained at the
tetraploid level by thé way of analysing hybrids between sexual
and apomict plants. Twa series of diallel crosses were observed
the first one with 5 parents without reéiproca] crosses and
self-fertilization, the second one was a complete 4 x 4 diallel.

There was a high within-family variability, that shew a
high heterozygosity.of the diploid plants. In spite of this high
residual variance we found strong heritabilities and high com-
bining abilities for the fellowing characters : number of til-
lers, date of heading, leaf characteristics ( sheath and leaf
sizes ), virus sensitivity. The figure S shew the distribution
* of the hybrids in a description by mean of & principal compo-
nents analysis of the between cross’ mean square matrix. The cha-
racters with high heritability were chosen. The following pa-
rents ( T41, T35, T44) had high general combining abilities and
they shifted the representative poihts of hybrids towards spe-
cific positions on the graph. From the fig.8 we saw that these
3 dipioids were a good sample of diploid phenotypic variability.
© He observed maternal effects for the number of tillers and the
seed germination. The sexual diploids gave results like those
from an allogamous plant. The variability could be widely avai-
lable by the plant breeders.

Two interésting characteristics were studied. First we com-
pared apomict hybrids to sexual hybrids which were full sibs.
This was to analyse if apomixis or sexuality was associated
with a decrease of vigor. Two series of fresh weigh analysis
did not show any difference.

Second, we analysed several families having the same apo-
mict male parent and different sexual tetraploid female parent

( K189T, s],T,s T, T 44T and P2 a sexual hybrid ). This was
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to se2 if the meeting of sexual and ‘apomict genoms lead to any
disequilibrium or genetic anomé]y. We used six randomly chosen
plants in every family. The vegetative multiplication of these
plants allowed a hierarchal analysis of variance of variations
between and within familices ( table X ). Variations within fa-
milies are very much higher than variations between families.
This demonstrated that the heterozygosity,of the parents was the
major source of variability. The constant parent regressions;
reckoned on family means, indicated there was however a defini-
te between family genetic variation, with every character (ta-
ble XI). The most particular family was that with P2 female
parent. Because it was a sexual hybrid between K 185 T and G 23
this fact shew the importance of the apomict G 23 which was not
coming from KOROGHE. The analysis with several characters, by
mean of principal components of between plants matrix put the
family means nearby the mia parents.

Thus, there was neither genetic impediment nor functional
anomaly when hybridizations between sexual and apomict tetra-
ploids occured. However we did not chosse phenotypes which could
be to much distant from each other. But, what we wanted to tell
was there was not any barrier to the gene flow which could be-
allowable, at the tetraploid level, to any fundamental structu-
ral particularity bound to either apomixﬁs or sexuality.

Origin of Il degrees ofii mean squares for characters
variation iy . ) . ‘ ;
| freedom & 1.1, n L1 1
| A I—
between family | 4 1105.0 3.987 [180.75 !1688.1 745.¢
within family | 25 472.97% | 2.82777 29;1ﬁ*l41o.1+* 268.8%"
residual | 870 % 15.6 0.102 0.25 | 20.1 11.0
% significative F 4,25 at 5% ++ significative F 25,870 at 1%

*% significative F 4,25 at 1%

Table X : variations within and between families in a constant
parent regression G3 apomict male parent ; K189T,.
S1T, S2T, P2; T 44T sexual tetraploid females.
Residual variances came from vegetative multiplica-
tion of every hybrid. '



. S1T
% K189 o

S2T

#*P2

Fig.10 Principa! componenis representation (5 characters)

Average of the hybrid families and average of the parents
(circled) {uncircled)

(5 different sexual tetraploid mother plants and one common

apomict male parent (G3) )
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1 Characters Correlation regression
coefficients coefficients
G 0.985 0.37
1.1. 0.770 0.28
n 0.970 0.65
Li 0.958 0.46
1 0.989 0.42

Table XI : correlation and regression coefficients of the
constant parent regression on family means
( 5 degrees of freedom )

D - Discussion

Apomixsseemed a source of discontinuity in nature. The ob-
servations of marginal populations of Panicum maximum agreed with
this opinion. The heredity of apomixis versus sexuality, by the ve-
ry clear cut disjunctions %, % was in good agreement too. We could
admit there was a simple genetic control of the ability to give on-

ly ovaries with 8 nuclei embryo sacs as single sac. Even if we had

to find other disjunction ratios by using different apomict parents
we could expect they ought-to be something like simple mendelian
ratios in genetics of tetraploids. Such simple determinisms were
reported else where in other apomict plants ( BURTON and FORBES
(1960) , HARLAN and al.(1964), READ and BASHAW (1968), TALIAFERO and
BASHAW (1566), VOIGT and BASHAW (1572 ). '

However this discontinuity disappearad with more detailed
analysis. The sexual rate ( measured either by H.T. or by S ) Tloo-
ked variable, although results from natural populations were very
regular. This sexual rate was geneticaly controled but it depended
also on pollinators and it could be sensitive to photoperiod ( see
KNOX and HESLOP-HARRISON on apomict Andropogonae ). Thus the apomi-
xis varied from quasi-absolute to values so small that a potentia-
ly apomict plant could be hardly distinguished from a sexual one
through the observation of its o6ffsprings. ‘
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The discontinuity disappeared also when we studied central
populations ; we found the same variability in sexual dipioid and
apomict tetraploid populations. The analysis of tetraploid hybrids
between sexual and apomict plants failed to give evidence of any
difference of genetic organisation between sexual and épomict groups
There was not barrier to the free integration of gancs coming from
apomict plants into -the sexual tetraploid plants. The sexual hy-
brids wuere not at disadvantage in comparison with apomict hybrids.

Thus there cas not any actual break between the sexual and
the apomict status ; sexuality was not incompatible with tetraploi-
dy although every natural tetraploids were apomict.*

This biological analysis was useful to'prOpound a plant
breeding program of Panicum maximum ( PERNES and al1.1973).However
it asked some unsolved questions. Why every natural tetraploid was
apomict ? Why sexual rate of these apomict plants were so uniformly
low 7 How could the apomixis keep allogamous like polymorphic struc-
ture uyp, in central populations ?

Some tentative answers could be find by studying the evo-
Tutionary consequences of apomixis by the way of population gene-
tics models. That was we tricd to start in an associated paper
( PERHKES 1973 ).

% The ontrary could be faise : it could there was something wrong
"with the apomixis at the diploid level, every dihaploid ( poten-
tialy apomict from embryo sac study ) were sterile. DE WET and

HARLAM found . -the same thing in BOTRIOCHLOA-DICHANTIUM.
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