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Summary — Twenty-two artificial populations composed of wild, interspecific and culti-
vated Helianthus genotypes were constructed in southern Europe. The long-term objective
was to develop a methodology for dynamic management of sunflower genetic resources.
Eight parental populations of 75 individuals each were analysed for agromorphological
traits. The genetic variability was very large. The wild and interspecific genotypes were
clearly differentiated from the cultivated ones. The first generation of offspring was ana-
lysed by isozyme characterisation (5 alleles) and restriction fragment length polymorphism
(RFLP) (using a ribosomal gene spacer probe discriminating several parental genotypes).
Differences in frequencies of isozyme alleles between parental and offspring samples were
consistent with the existence of intercrosses between wild, interspecific and cultivated
genotypes. Half the RFLP patterns in the offspring generations were similar to parental
patterns and the other half were new combinations of parental haplotypes. These patterns
could have resulted from intercrosses. Although genetic variability in the artificial popu-
lations may decrease over time, new genotypes can be generated through intercrosses and
will contribute to enlarge sunflower genetic resources.
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Résumé — Gestion dynamique des ressources génétiques : analyse des premiéres
générations dans des populations artificielles de tournesol. La gestion ex situ des
ressources génétiques utilise essentiellement des méthodes de conservation statique. Les
ressources génétiques disponibles sont exploitées dans des croisements entre lignées et
ressources originales qui se poursuivront par des programmes de sélection classique. Des
méthodologies de gestion dynamique des ressources génétiques ont été proposées dans les-
quelles les forces évolutives naturelles (dérive, sélection naturelle, flux géniques) sont uti-
lisées pour faire évoluer la variabilité génétique. En définissant une méthodologie de ges-
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tion dynamique des ressources génétiques pour le tournesol, des populations artificielles
ont été créées dans le but d’enrichir la variabilité génétique utilisable. Les populations ar-
tificielles sont constituées de 75 individus issus de 8 groupes de génotypes : les sauvages
(espéces annuelles du genre Helianthus), les interspécifiques (obtenus par croisements en-
tre espéces sauvages et lignées) et les cultivés. Les flux polliniques entre individus sont
non contréolés. Deuz traitements sont appliqués : un traitement contrdlé dans lequel les
conditions sont proches de celles rencontrées dans une culture classique; un traitement
non contrélé consistant en une intervention humaine minimum avec libre action de la
sélection naturelle. Les populations artificielles sont implantées dans 4 localités (Mont-
pellier, Valence, Toulouse, Cordoue-Espagne) avec 2 répétitions (soit 4 populations) par
localité. L’analyse discriminante des génotypes parentauz pour 7 caractéres quantitatifs
montre une différenciation nette entre le groupe des génotypes sauvages et celui des cul-
tivés. Les génotypes interspécifiques sont proches du groupe des sauvages. Une étude de
la variabilité génétique de la premiére génération de descendants, a été réalisée ¢ laide
de marqueurs RFLP (polymorphisme de longueur de fragment de restriction utilisant un
espaceur interne des génes nucléaires ribosomiques) et isoenzymatiques. La moitié des
profils RFLP dénombrés parmi les descendants sont nouveauz; ils correspondent d des
combinaisons simples entre haplotypes parentaux et peuvent étre considérés comme des
marqueurs d’introgression interspécifiques. Pour les isozymes, 5 alléles différencient les
génotypes sauvages, interspécifiques et cultivés. Leurs fréquences varient entre les échan-
tillons parentauz et ceux des descendants. Certains descendants de génotypes cultivés ont
des alléles qui n’étaient présents que chez les génotypes parentaur sauvages. Ces variations
de fréquences alléliques soutiennent également l’existence d’intercroisements. Ces résultats
montrent que le dispositif de populations artificielles mis en place peut permettre le bras-
sage de génes entre génotypes génétiquement éloignés, et pourra aboutir a l’enrichissement
des ressources initiales.
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INTRODUCTION

Plant breeders need genetic diversity to improve their material the face of new
objectives or new biotic threats. The problem of the loss of genetic variability due
to directional selection applies to a large number of crops. Thus, methodology for
genetic resource management has been the subject of extensive investigations. Plant
genetic resources are currently conserved using in situ or ex situ strategies: in situ
conservation involves the natural location of the species; ex situ approaches require
low-temperature conservation of seeds. Initial genetic variability is successfully
being maintained by ez situ methods. However, genetic drift and seed mortality
lead to significant loss of variability.

An experimental method of genetic resource management has been proposed by
Allard (Allard, 1988, 1990) in which resources are conserved in the usual environ-
ment. In this approach, the genetic variability is exposed to natural evolutionary
pressures (selection, mutation, drift, etc) and can evolve with its environment. This
methodology has been tested on few species. Allard analysed the evolution of gene-
tic variability in barley (Hordeum vulgare) (Allard, 1988). Starting from a synthetic
population of 28 barley varieties mixed in 1929 (Harlan and Martini, 1929), more
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than 50 generations were followed under natural evolutionary conditions. Measure-
ments of quantitative traits in these experimental populations of barley show that
a cumulative increase in reproductive capacity continued for many years (Allard,
1988). Similarly, there are significant changes in allelic frequencies of marker loci
(morphological traits, isozymes and rDNA). Fifty years of evolution of these popu-
lations results in “increased adaptedness to the local environment and... in striking
ecogenetic differentiation” (Allard, 1988). Similar experiments have been carried
out on lima bean (Phaseoulus lunatus L) (Allard and Workman, 1962) and wheat
(Triticum aestivum L) (David, 1992). The original methodology proposed by Allard
for barley was applied using one location and one species. The experimentation on
wheat also used one species but was multisite in order to diversify selection forces.

We have designed a similar methodology of dynamic resource management adap-
ted to sunflower (Helianthus annuus L). The genetic resources for sunflower include
almost all the Helianthus species, and thus an appropriate methodology would be
multisite and include numerous Helianthus species. Artificial populations including
wild, interspecies and cultivated genotypes, were constructed in 4 Mediterranean
locations. The parental population of 75 individuals was analysed for agromorpho-
logical traits. The first generation of offspring were analysed for RFLP (restriction
fragment length polymorphism), using the ribosomal spacer (rDNA) and isozyme
analysis. The long-term objectives of this experiment are to follow the genetic evo-
lution of these artificial populations and to detect potentially valuable genotypes
to enlarge sunflower genetic resources.

MATERIALS AND METHODS

Experimental design

The design consisted of 22 artificial populations, and 11 sites in 4 locations. Three
locations were in France, Montpellier (4 sites), Valence (2 sites), and Toulouse
(2 sites), and one was in Spain (Cordoba, 3 sites). Two populations were installed
per site and with 2 treatments in each: one was controlled (with irrigation, cleaning,
fungicide, etc) and one non-controlled (no irrigation, no cleaning, no tilling, etc).
Each controlled population was cultivated under an insect-proof cage with a beehive
inside. The non-controlled population was isolated by distance from other sunflower
fields and a beehive was maintained close to it.

Fifteen genotypes were chosen: 5 wild species; 5 interspecies hybrids; and 5 inbred
lines (table I). All the genotypes were diploid, annual, inter-fertile with the sunflower
when hand pollinated, and had non-sterilising cytoplasms. Each population was 75
plants: 5 plants of each of the 15 genotypes were planted randomly within a 7 m
square (50 m?).

The 2 groups of populations were perpetuated differently: for the non-controlled
populations, the number of heads per individual was scored and half of them
were harvested; thus one pool per population per generation was obtained for
further use as a reserve of seeds (for eventual new populations and for genetic
diversity analysis). The other half of the seeds were naturally disseminated, and
the populations were perpetuated by spontaneous seedlings. For the controlled
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Table I. Characteristics of the genetic material.

Genotype number Origin Type

376 H annuus Wild
585 H argophylius Wild
218 H debilis cucumerifolius Wild
197 H niveus canescens Wild
200 H petiolaris fallax Wild

11 H argophyllus X WG Interspecific
12 H neglectus X MH Interspecific
I3 H petiolaris p X RHA 274 Interspecific
14 H petiolaris p X RHA 27/ Interspecific
I5 H praecor praecor X WG Interspecific
89B1 H annuus Cultivated
89HR3 H annuus Cultivated
AL5.4 H annuus Cultivated
HA89 H annuus Cultivated
RHA265 H annuus Cultivated

populations, all the seeds were harvested and counted for each plant. Seventy-
five offspring were required for the next generation since the initial row and plant
spacing were maintained. The simplest way of sampling would have been to take a
number of offspring per genotype, estimated linearly from the seeds produced by
this genotype. However, this would have resulted in offspring of only the 2 or 3
genotypes which were most abundant producers (such as wild Helianthus annuus).
To minimise this bias, the number of offspring to be planted (O) was calculated as
a logarithmic function of the seeds produced (S):

O =75 x Log(S)/X(Log(S))

Thus, genotypes that produced few seeds had some chance of being represented
in the next generation.

Characterisation of parental populations

Quantitative traits were measured on each individual of the artificial populations.
We present an analysis of 8 populations from Montpellier. Seven traits were scored:
height at maturity, mean head diameter, head number, seed number and weight,
flowering duration, and blooming date.

Analysis of variance was performed for each of the 3 classes of genotypes (wild,
interspecies and lines). A general model in which the 3 classes were mixed or hiera-
chized was not possible because the homogeneity and normality of variances were
not respected for all variables except height at maturity. Therefore, the following
fixed model was used: Pijp = p+Si + G+ T + (S X G)ij + (S X Tk + (G X T
+ (8 x G x T)ijx + Eijk1, where p is the grand mean, S; (i = 1-4) the site effect of
the ith site, G; (j = 1-5) the genotype effect of the jth genotype, Tj (k = 1-2) the
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treatment effect of the kth treatment, E;jx; (I = 1-5) the residual variation, and
(S % G)ij, (S X T)ik, (G x T)xj, and (S x G x T);j the interactions between effects.
To visualise the genetic variability of the material, factorial discriminant analysis
was used on those variables. The Mahalanobis distances were calculated to estimate
distances between classes, taking into account the within-class variations.

First generation analysis

The first generation offspring of a non-controlled population were studied for
molecular and isozyme markers. RFLP analysis were carried out using the EcoRI-
BamHI fragment of the nuclear ribosomal spacer (R3) isolated from sunflower
(Choumane and Heizmann, 1988). DNA was extracted from 1 g of fresh leaves using
the procedure of Dellaporta et al (1983). Southern blotting on nylon membrane
(Amersham N+) and 32P random priming hybridisation (Pharmacia kit) were done
according to the suppliers’ instructions.

The RFLP patterns of the ribosomal loci of 10 individuals per ecotype were
analysed to screen for variability within each genotype. The R3/BamHI patterns
of each spontaneous offspring.growing in the population were determined.

One-day-old seedlings were used for isozyme analysis following the procedure
described in Quillet et al (1992). Three loci which differentiated some of the parental
genotypes were analysed: PGI3, SDH1 and SDH2. Samples of parental ecotypes and
offspring of each parent of the controlled population were analysed. The sample
sizes (given below in table V) were smaller for parental cultivated genotypes (with
a minimum of 25 individuals) than for the wild type, since fixed lines are genetically
homogeneous.

RESULTS

Characterisation of parental populations

The analysis of variance of the 7 traits scored was highly significant for the model
for all variables for wild and interspecies genotypes (table II). For lines, this was
the case only for height at maturity and flowering duration. The effect of treatment
was significant for 3 classes simultaneously only for the height at maturity, and
did not influence the seed numbers. The wild species H annuus produced about 10
times more akens than the other genotypes. The genotype effect was significant in
wild and interspecies classes for all traits, illustrating the high variability of all the
traits scored in the populations.

This variability was further illustrated with a factorial discriminant analysis
(fig 1). The wide variability within single wild genotypes was illustrated by the
large distribution they covered. Interspecies genotypes were distributed close to wild
genotypes. Lines were relatively closely grouped for the flowering and head diameter
axis (axis 2) and more scattered along the yield component axis (axis 1). Wild
genotypes were distributed twice as widely. Overall, the characteristics of lines were
distinct from those of interspecies and wild genotypes: the Mahalanobis distances or
D? (which allows us to calculate distance between classes while taking into account
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Table II. Analysis of variance of 7 morphological traits of parental populations.

Effects Model

S G T SxG SxT TxG SxGxT

Wild genotypes

Height at maturity Aok kK Aok k ok k ok * %k *k kK NS NS ok ok ok
Mean head diameter NS **** **** NS NS * NS ek
Head number NS **** *** NS NS NS NS ok
Aken number ¥HOOWEREONS M NS NS NS A
Aken weight ¥t NS v NS NS NS ek
Flowering duration ** o w* NS * NS NS * e
Blooming date NS **** NS *** NS NS NS s
Interspecific genotypes

Height at aturity ¥rak kwxk o xx NS > NS NS ek
Mean head diameter NS **** NS NS NS NS NS ewx
Head number NS ¥ * NS NS > NS **
Aken number * * NS NS NS NS NS *
Aken weight ¥rx ek NS NS o NS * ok
Flowering duration * ** * NS NS NS NS *
Blooming date * ¥ NS NS NS NS NS ok
Lines

Height at maturity Yrwx waws xexx NS * NS NS ok
Mean head diameter * > > NS NS NS NS NS
Head number - - - - - - -

Aken number NS NS NS NS * NS NS NS
Aken weight NS NS * NS * NS NS NS
Flowering duration oraw ¥ NS wx e NS NS e
Blooming date NS NS NS NS NS NS NS NS

Fixed model: Pjpy = p+ S;+ Gj + T + (S X G)ij + (S x T + (G X T)jx +
(8 x G x T)iji, + Ejjp1 where u is the grand mean, S;(i = 1,2,...4) the site effect of
the ith site, G;(j = 1,2,...,5) the genotypic effect of the jth genotype, Ty(k = 1,2) the
treatment effect of the kth treatment, E;jr(1 = 1,2,...,5) the residual variation, and
(8 X G)ij, (8 x T)ik, (G X T)jx, (S X G x T);;i the interactions between effects. * P < 0.05;
**P < 0.01; ***P < 0.001; ****P < 0.0001; NS: not significant.

the within-class variations) were 25.3 and 26.9 respectively and interspecies and
wild classes were much closer (D? = 1.8).

First generation analysis

The RFLP marker used (R3) could discriminate between half of the wild species
when hybridised on BamHI Southern blots (fig 2). The ribosomal BamHI patterns
did not distinguish H petiolaris, H niveus, H neglectus and H praecoz, species which
are closely related (Heiser et al, 1969). The pattern of these 4 species was designed
‘NP’. The 10 individuals analysed from each species were identical.
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Fig 1. Factorial discriminant analysis of 7 quantitative traits in the parental genotype of
the artificial populations. W: Wild genotypes; I: interspecies genotypes; L: lines. Axis 1 is
a yield component axis and axis 2 is a flowering and head diameter axis.

In the first generation, 52 offspring in the non-controlled and 67 in the controlled
population were analysed (fig 3). The RFLP patterns at the ribosomal loci for
all offspring were determined and the frequency of each pattern was calculated
(table III). The frequencies for each sample (parental and controlled and non-
controlled offspring) were highly significantly different (P < 0.001). A total of
13 different patterns were detected of which 7 were not present in the parental
generation. These last patterns could be combinations of parental haplotypes
(haploid RFLP patterns). For example, offspring n°21 (fig 3) had a B/NP pattern.
Furthermore, a new haplotype named ‘X’, which could not have resulted from
recombination of parental types, was found for 2 offspring (table III). This haplotype
presents 2 bands, at 4.1 kb and 2.8 kb.

The haplotype frequencies of the offspring from the controlled population were
not significantly different from those of the parents (table IV; x2 = 7.9; P < 0.1).
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Fig 2. BamHI RFLP patterns with the nuclear ribosomal spacer probe of the parental
genotypes. Sizes are given in kilobases. (see table I for genotype number codification).
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Fig 3. BamHI RFLP patterns with the nuclear ribosomal spacer probe of 28 offspring of
the non-controlled population. Sizes are given in kilobases.
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Table III. Frequencies of the RFLP types in parental and offspring generations.

RFLP types Parents Offspring of the Offspring of the
controlled population non-controlled population
AA 0.40 (30) 0.22 (15) 0.08 (4)
BB 0.07 (5) 0.03 (2) 0.08 (4)
DD 007 (5 0.03 (2) 0.02 (1)
NP NP 0.13 (10) 0.06 (4) 0.50 (26)
AB 0.07 (5) 0.24 (16) 0.15 8)
A NP 0.27 (20) 0.09 (6) 0.06 (3)
BD 0 0) 0.01 (1) 0 (0)
B NP 0 (0) 0.01 (1) 0.08 (4)
D NP 0 (0) 0.10 (7) 0 (0)
X NP 0 (0) 0.01 (1) 0 (0)
XD 0 (0) 0.01 (1) 0 (0)
(ANP) B 0 0) 0.13 9) 0.04 2)
(ANP)D O (0) 0.03 (2) 0 (0)

A = H annuus; B = H argophyllus; D = H debilis ¢c; NP = H niveus ¢ = H petiolaris sp
= H praecox = H neglectus. X = new pattern. Sample sizes are given in brackets.

However, the haplotype frequencies of the non-controlled offspring were significantly
different from their parents (x? = 23.1; P < 0.001). The haplotype frequencies of
the controlled and non-controlled offspring were also highly significantly different
(x? = 21.1; P < 0.001).

Table IV. Frequencies of the 5 haplotypes in parental and offspring generations. Sample
sizes are given in brackets (symbols as in table III).

Haplotypes Parents Offspring of the Offspring of the
controlled population non-controlled population

A 0.57  (43) 0.43 (29) 0.19 (10)

B 010  (7) 0.23 (15) 0.21 (11)

D 0.07  (5) 0.11 (8) 0.02 (1)

NP 0.27 (20) 0.21 (14) 0.58 (30)

X 0.00 (0) 0.02 (1) 0.00 (0)

Isozyme analyses of 3 loci identified 5 alleles which were absent in at least one
genotype class (table V). In the parental genotypes, PGI3-e, SDH1-e and SDH2-b
were present only in wild genotypes, while PGI3-h was only found in interspecies
genotypes. SDH1-b was not found in the cultivated genotypes. Allele frequencies
were different in parental and offspring samples. In the offspring samples, some
alleles appeared in classes from which they were absent in the parental generation.
For example, 15% and 6% of the offspring of the interspecies and cultivated classes
respectively, possessed the SDH2-b allele whereas this allele was only present in
the wild parent class. The frequency differences between the parental and the
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offspring samples were highly significant (x? = 29.4; P < 0.001). The frequency
of allele SDH1-b in the line class increased significantly from 0 to 6% (x? = 21.4;
P < 0.001) from parental to offspring generation. For the 3 other alleles, the
frequency differences between generations were not significant.

Table V. Allele frequencies of parental and offspring samples for the 3 genotypic classes
(sample sizes in backets).

Alleles Parental samples Offspring samples
Wilds Hybrids Lines Wilds Hybrids Lines
PG13-e 0.06 0 0 0.01 0.02 0
(170) (135) (29) (131) (128) (152)
PG13-h 0 0.05 0 0.01 0.02 0
(170) (135) (29) (131) (128) (152)
SDH1-b 0.01 0.26 0 0.05 0.18 0.06
(159) (131) (25) (139) (86) (145)
SDH1-e 0.13 0 0 0.10 0.05 0
(159) (131) (25) (139) (86) (145)
SDH2-b 0.08 0 0 0.03 0.15 0.06
(167) (129) (25) (128) (77) (145)
DISCUSSION

The study of the parental and first generation of artificial populations of sunflower
in south Europe allows a general description of the initial artificial population.
In the parental generation the 7 agromorphological characters were very variable.
This variability was dependent on the genotype, but not on the treatment (table IT).
This is probably due to the absence of drought and the low level of biotic aggression
during the first year. One wild genotype (H annuus) was much more vigorous (as
assessed from height and seed production) than the other genotypes. The interaction
between site and genotype were almost never significant for interspecies and line
material. For wild species, the site effect on genotype behaviour was significant
for all variables except for head diameter and head number. In contrast, the
treatment/genotype interaction was almost never significant. In other words, good
genotypes remain good whatever the treatment. However, as the differences between
the treatments were small this year, the analysis should be continued for several
years.

Factorial discriminant analysis revealed large between- and within-group genetic
variability (fig 1). This could be due to the dominant effects of wild over cultivated
traits. Such dominant effects have been observed in artificial interspecies hybrids,
for several characters such as yield, branching, and oil content where hybrids exhibit
wild traits (Heiser et al, 1969; Serieys, personal communication).

The study of the rDNA patterns of the first generation offspring in controlled
and non-controlled populations detected new types of patterns not present in the
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parental generation (fig 3; table IIT). Of the 13 patterns observed in the offspring
generations, only 6 were present in the parental generation. The 7 new patterns
were simple combinations of parental haplotypes, and thus argue for the existence
of inter-crosses within artificial populations. The most frequent inter-crosses seemed
to occur between H argophyllus (haplotype B) or H annuus (haplotype A) and NP
wild or interspecies genotypes (table III).

A new haplotype (X) detected in the offspring of the controlled population was
clearly not a simple recombination of parental haplotypes. The construction of a
restriction map would help to determine whether it appeared through mutation or
some insertion/deletion. It would be also interesting to follow its frequency over
several generations.

The distribution of haplotypes in the offspring was significantly different from
that of the parents. In the offspring of the controlled population, the frequency
of H argophyllus (B) haplotype was double that in the parent population. This
was also the case in the non-controlled population for H argophyllus and NP
haplotypes (table IV), whereas the frequency of H annuus (A) decreased by more
than half. Assuming that the ribosomal marker correctly reflects inter-crosses, the
H argophyllus genes are wildely disseminated in the first generation; the frequency of
‘AB’ RFLP type in the offspring generations increased 2-fold in the non-controlled
population and 3-fold in the controlled one, as compared to the parental population.
This species is well known to be drought tolerant. However, these results could also
be explained by genetic drift since the effective sizes of the populations are small.

It could be argued that the introgression observed involved only the rDNA and
did not correctly reflect the whole genome. However, this probe has been widely
used to identify species or genera of different plant families and the phylogenic
trees obtained are comparable to trees based on other characters (Choumane
and Heizmann, 1988; Zimmer et al, 1988; Springer et al, 1989; Cordesse et al,
1990; Delseny et al, 1990; Glaszmann et al, 1990; Rieseberg et al, 1990). For the
artificial populations, botanical observations of spontaneous offspring reveal some
potential hybrid plants with intermediate traits, consistent with the existence of
introgressions in the first generation (results not shown). In the literature, crosses
between annual Helianthus species have frequently been reported (see, for example,
Heiser et al, 1969). The hybrids obtained can be viable and fertile. Several in
situ introgressions have also been identified on the basis of molecular inferences
(Rieseberg et al, 1990; Dorado et al, 1992).

All species of the Helianthus genus are insect pollinated. Introgressions could be
disadvantaged if pollinators were specific for a single species. However, experiments
of artificial interspecies crosses that were carried out in our laboratory, show that
introgressions are more successful with insects (bees, bumblebees) in cages than
manual crosses (Meynie, personal communication). In the artificial population
experiments described, a beehive was installed close to each population.

The isozymic analysis also supports the existence of exchanges between classes
of genotypes. Some exclusive alleles were detected in certain offspring classes from
which they were absent in the parental classes (table V). Such exchanges were
preferentially observed between wild and interspecies genotypes.
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CONCLUSION

High genetic variability of starting artificial populations is an important criteria
for dynamic resource management (Allard, 1988; David, 1992). Natural selection
has been reported after several generations in artificial populations of barley for
the mating system (Kahler et al, 1975) and of wheat for disease resistance (Henry
et al, 1991). The genetic variability of artificial sunflower populations was large.
RFLP and isozyme analysis of the first generation in controlled and non-controlled
populations show large changes in frequencies as compared to parental generation.
New types appeared which were presumably inter-crosses between wild, interspecies
and cultivated parental genotypes.

The evolution of the populations will probably result in a loss of genetic
variability due to drift and/or selection. To document this process, it would be
interesting to follow the evolution of the markers used in this experiment and
to increase the number of markers followed. It will also be important to sample
some of the genotypes that appear in the populations if they present potentially
valuable agromorphological traits. Such genotypes will be evaluated and added to
the collection in Montpellier to enlarge the genetic resources of sunflower.
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