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INTRODUClION

The first cytoplasm'ic male steritity (OMS)
of the sunflower oniginated from 'the inter-
specifi'c cross between a Heli.anthus petiolaris
fôrm used as female and the sunflower (L e -
cJ.,ercq, 1969). As described by the author
the CMS form has been obtained in the BC1
generation. Since a lot of nuclear background
Éave been trransferred to LecLercq's CMS for'rns,
couples of lines carrying either the normaL
cytôplasm (H. annuus) or the CMS cytoplasm
are 

^available for a 'large s'cale hybrid seed
production .The major drawback to the use
àt this CMS in such a way is that it can
lead to a high degree of cytoplasmi'c genetic
unifonrnity wtticn in turn might rnake the
crops geneticalty susceptible to specific di-
seaies iuch as Helminthospori.um rnaEdis race
T on Texas rnaize cytoplasm (U 11 s t r u p,

1972). New CMS have been obtained !V 9."--
r i e y s in interspecifi'c crosses' one of which
using Heti unthui peti.olaris f al'lgy as f emale
p"""*ttt and the sun{lowor 'line CC 60 as male
parent (Serieys, 1986). We called it "f'allax
bMS" and it àppeared particularly fruit{ull
both for a practical use and f'or basic studies'
As already described by Serieys the CMS
was i'nduced as early as in the F1 $eneration'
Although the fertility of the cross- was very
low tw6 other F1 male fertile plants led no lon-
ger to female progenies. Thus only one plant
gave rise to the CMS called "fallax".

The empiric knowledge of the CMS genetic
mechanisrns ûs indeed a dis'advantage. A best
un-derstanding of this phenomenon will help
ir1 its use for plan! improvement. The nu-
clear-cytoplasmic 'de'terminism of CMS led us
to stuây ithe mitochondrial and the chloro-
nXasti,c bNes of both the wild forms' the
bMS ft"*s and their respective maintainer
forms. The Leclercq's CMS had been first
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investigated but as the wild species ecotyp-e- 
-ofthe i,nitial ,cr.oss h'as 'been lost and the CMS

tr,ait didn't appear at the F1 $eneration we
iooked more m,arkedly at fallax CMS wlrich
is an original system. In order to determine
the cytoplasmic divorsity we tested several He-
tianthus petzolaris ecotypes to check 'the i'den-
tification of potentially useful altern'ative cy-
toplasm sources.

The first step of our work had been to sei
up protocols for extracting mitochondrial and
chloroplaStic DNAs from green leaves of the
wild fôrms. These pre'papsfl6ns revealed more
difficulties than expected. So the mairn results
exposed below concenned first a metho'd to
obtain r.elatively well hydrolysable ct and mt
DNA from leaves rof sunflower and wùld spe-
cies. Then we determined that the ct DNA of
the Lectreraq's CMS fonms and th'eir respective
maintainers were not diff'erent for a't least
four restriction endoncleases. On an other hand
the fallax CMS form and the maintainer were
different. The unrestricted mt DNA displayed
a set of low m'olecular weight (LMW) mole-
cules in Leclercq's CMS maintainer lines that
is not detected in the CMS form. Furthermore
tlrte Heh.anthus petr'otaris mt DNA displayed
'another set ,of LMTV ,molecules and the failax
CMS had the same set while ther'e was no plas-
mid in the mainta'iner form. Concerning the
restriction mt DNA diagraros of the Lercl'ercq's
CMS and their maintainers no differenc€ or
an undecid,ed difference has been revealed by
ECO RI restriction end'onuclease while L e -
roy et aI. (1985) showed more differen'ces
using SAL I, XHO I and BGL I enzymes. Fo
the f=allax CMS and its maintainer the ECO RI
mt DNA diagrams were different. On the con-
trary we could not diStinguish b-etween the
wild f,orm from the fallax CMS whi'ch 1ôokecl

Iike similar.

MATERIATS AND METHODS

Seeds of the sunfl'ower line,s wene sown in
trays (L00 seeds per tray) and grokn ,tP jl.1
gréenhouse for 5 to 6 weeks (16 hours of light
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p€r day) at 20ôC until use. îhe plants werè
close-cut_ for the preparations of' organelles.
The seeds of the wit.d species were àwn by
S e_r i e y s in Montpellier ,in small rabble potî
and then transferred in large pots in Dijon.
The leaves of the plants weré picked up threeto {our times before they died.

Several methods wer,e used to prepare either
chloroplasts or mitochondria fràm^sunflower
lines but for the wi'ld spe,cies the fresh weight
y"r .:,limiting that we prepared successivéIyïne chloroplasts, and then the mitochondria.
_ The techniques to isolate the organelles has
been-adapted from,Bookjans ét at. gSe+1
fol.thg_high ionic strength grinding mediumwith DNAs treatment for the miiochondria
and modified frorn Vedei et euetier(1976) for the DNA preparation. The Cesium
chloride gradient step was omitted and mostof the proteins were eliminated by SDS andpotassium acetate precipitation before phe_
nol-,chloroform treatment. A1I the materialsfor DNA restriction ,analysis were purchased
from Boehlinger or B.R.L.
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clear background: HA BgRESULTS AND DISCUSSION

Unrestrict,ed mitochondrial DNA run on
agarose horizontal gels resolved ,in a main
band of high molecular m.t DNA called maiormt DNA plus faint bands (or not) of low mo_
lecular weight ,mt DNAs. 

'We 
summarize in

Tab,le 1 the presence or the ,absence of these
LMV/ molecules.

. AIl th,e B type male fertile inbreds exhibited
tne same unrestricted rnt DNA profile whereas
the A type Leclercq's mâle ste.i'ie Ànàs did not
display any LMW DNA band. L e r o v et al.
showed f,or HABS that these 1.9 and t.0 kb
DNA species ,corresponded respectively to the
open-circle and the supercoriled form of a
1.45 kb mt DNA ,molecule. H. petiolaris dif_ferent ,subsp,ecies reve,aled different LMW
DNA profiles ; the sam,e set ,for the subspe_
cies 199 as ÉL ar.nruus B types, no LM'rÀ/ ior
the subspecies g1 and a new Àet-of three LMWDNA bands for ,the subspecies 200. Further_
more the f,allax CMS mt DNA disrrlayed the
same set of bands as 200 while its nHa ZZ+
maintainer had no LMW DNA bands. So we
,'could conclude that the set of LMW DNA mo_
lecules is m,atern.ally inharited. Thus it islikeiy that the H. peti:otaris 6J92 used by Le-
clercq for the cross by the su,nflower dù not
carry a,ny LMW mt DNA rmolecule.

The LMW mt DNA species are variable intheir absence or presence and in th"i;-;iru;.wnat does this situation rnean ? Is it ,related
!9. ""_y 

agronomic trait ? How did originallythis diversity appear and by which mecha_
nrsms rs rt maintained along the crosses ?Which nuclear or (and) mitùhondrial genesare involved ? We are presently unable to

IB

cc 60

CVH 11

CANP 3

0

0

0

0

3. Helianthus petiolaris spe-
cles
No 91 (Helianthus petio-
Iaris)
No 199 (Helianthus netio_
laris petioldris)
No 200 (Hetianthus aetio-
Iaris fallar)

-

4. Fallax MS cytgplasm
5. Maintainer of fallax CMS,on Leclercq's cytoplasm :

RHA 2?4

0

2

3

1 8/1.0 ND

answer _these questions but the LMW DNAsrevealed to be practical markers of the
cyroplasms.

, A1e t-he plasmid homologies a way to runder_
stand the.phylogeny of tÀe Hetiaithus petio_
,or?s species ? This way could 1ead to a firstestimation of the intraÀpecific cytoplasmic di_versity. Hybridization experiments^will bringmore details about the oiigins of these plasl
mid-like mole'cules. At pr.esàrt time, two situa_tions are observed in ,plants : first there is anhom.ology with the maln,rnt DNA so the srnallDNA rnolecules could originate from it by exci-sion or r.ecombination evlnts ; second there isno. homology and their origÉs become moreputative by total excision fro,m the main mtDNA or through an extramitochondria import.Tl" biological rol,e of the mitochondri,al
small DNA molecules remains unknown. Insunflower their participation in CMS me,cha_
nrs,m h,ad to be ruled out of the original me-
chanism of the CMS, In ;";; ;i;ilr,Ërgl,u-,
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sugârbeet, maize, homologies with mt mRNA
had been ,set up but no evidence for a protein
translation have been pointed out (for review
see Chase and Pring, 1985).
. Concerning the ECO RI restriction patterns
of mt DNA, rS€v€r B types of sunflower dis-
played the same restriction pattern (2603,
CANP3, C'C40, CIC61, CCM61, CVH11, CA4).
The prodile is complex with rmor'e than fifty
fragments some of whlch were not in the
same stoechiometry. The A types of sunflo-
wer (CANPSA, CC60A) exhibited an identic'al
diagram except for two ban'ds rvhich appeared
Iess intense as irn the B types. No marked
difference had been detected with the ECO RI
endonuclease.

In order to compare the H. petzolaris fallat
spe.cies, its 'CMS form and its RHA 274 back-
cross parent we hydr.olysed the respective mi-
tochondrial DNAs with ECO RI. We pointed
out that P,H.A274 rnt DNA was different for
several mt DNA fragments from the faliax
CMS mt DNA. Unfortunately we failed to
obtain a well restricted mt DNA of H. petio-
taris fallar and rough comparison with the
fallax CMS mt DNA did not displayed dif-
ference. Further s'tudies are in progress to
look for any diff'erence with other restriction
endonuclease.s.

The ct DNA of different isogenic couples (A
and B types) have been compared after hy-
drolysis by ECO RI, XHO I, Bam Hl and Pst 1

restriction endonucleases. These four enzymes
failed to detect diff erences between the H.
annuus cytoplasm and the Leclercq's one. At
present time other restriction enzymes are
being tried.

For Helianthus petiolaris ct DNA studies
most of the preparations were unrestrictable
so we had to overcome a 1ot of difficulties
to obtain fine preparation of that DNA. The
comparison of ECO RI restricted ct DNA of
Helianthus petiotaris fallar and the sunflower
pointed out two 'differences : the pres'e'nce of
a 6.8 kb fragm'ent for the wild species instead
of a 6.2 kb one for the sunftrower and a new
fr.agment of 3.8 kb for Helianthus petzolcris

fallar. The ct DNA profile o'f the fa1lax CMS
form displayed differences in regard to the
wild ,species whereas it looked like the H' an-
nuus cytoplasm ct DNA diagram. By analysing
several preparations of these DNA forms we
o'bserved that the concerni,ng fragments were
more oï less intense or even absent dep'ending
on the preparation. Other Heh,anthus pettolaris
ecotypes have been investigated. In spite of
the fact that the restricted ct DNA profiles
were not ,as suitable as we hoped they permit-
ted us to recognize differences between the
diffenent e,cotypes. In regard to that first re-

sults the situ'ation of the fallax CMS was at-
tractive since we could identify the mt and
the ct DNA of the wild species of the cross
and the CMS maintainer. So in order to study
-more precisely .the differences we isolat'ed and
then ô1oned the concerni.ng fragments. Now
we try to identify the fragment of 6.8 kb as

this of 3.8 kb. We su,ppose they could ibe con-
taminant nuclear DNA which we have to cha-
racterize further.

CONCLUSIONS

The sunflower mt DNA app'eared stable since
all the B forms of isogenic coup1es did not dif-
fer with ECO RI endonuclease. Moreover since
the ECO RI mt DNA profiles of the A and the
B lines are very similar tlr'e Heliq'nthus a.n'
nuus sp'ecies and the H. petiolari's species are
closely related. The A type rnt DNA did not
display LMW DNA species so it is likely -the
H.-peizotaris form used by Leclercq was lac-
king these small DNA molecules. Since the on-
ginà1 cross the lines used as rha{e parent have
àot transmitted their own LMW DNA species.

To detect possible mt DNA differences other
restriction enzymes have to be assayed.

TLre Heti.anthus pett'oloris species dispiay a

cytoplasmic diversity for the LMW mt DNA
mo1ôcu1es while this variability is not observed
for the cultivated forms of the H. annuus
species.

An extensive characterizatio-n of the ct DNA
and mt DNA of the wild fonms of H. peti'olart's
remains to be done. On the same way the cha-
racterization of the ct DNA and the mt DNA
of the sunflower is now more developped'

The model of CMS induction is very unique'
We are preparing the molecular tools for fol-
lowing Uôttr ttre ct DNA and mt DNA through
the inlerspecific cross leading to the 'cytoplas-
mic,male-steril.e PhenotYPe.
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APPROCHE MOLÉCULAIRE
DE LA STERILITÉ MÂLE CYTOPLASMIQUEt"'" 

"'oul,TllNESoL

La 1ère SMC du tournesol a été obtenue dans un
croisement interspécifique (Leclercq, 1969) dontla forme sauvage a été perdue. D'auties SMC ont
depuis été obtenues. L'une d'entre elles (S e r i e y s,
1986) peut servir comme modèle d,étude pour com-prendre le mécanisme d'induction de la SMC et enparticulier si les ADN cytoplasmiques peuvent être
modifiés lors du croisement.

La première étape de notre travail a éte demettre au point des protocoles pour extraire lesADN chloroplastiques et mitochondriaux des feuilles
adultes des formes sauvages. Ces préparations se
sont révélées beaucoup plus difficiles à 

-réaliser 
que

prévu. Ainsi les résultats exposés concernent d'abôrd
une méthode pour obtenir des ADN mt et ct bien
d,igérables à rpartir de feuilles des espèces sauvages.
Ensuite nous avons déterminé que I'ADN ct âes
lignées SMC (L e c I e r c q) et de leurs mainteneurs
respectifs ne sont pas différents pour au moins 4
endonucléases de restriction différentes. par ail-leurs, la forme SMC fallax et le mainteneur sontdifférents. L'ADN mt non hydrolysé rnontre un
ensemble de molécules de faibles poids molecu_
laires, pour les lignées mainteneuses àu cytoplasme
L e c I e r c q, qui ne sont pas détectées dans ia for-
me SMC. De plus, I'ADN mt de H. petiolaris fallaæmontre un âutre ensemble de moléeules de faibles
P.M. tandis qu'aucune molécule n'est détectée pour
le mainteneur RHA 2?4.

, En ce qui concerne les diagrammes de digestion
de IADN rnt par Eco RI, ils ne semblent pas dif-
férents_ pour les couples SMC Leclercq, mainte-
neur alors que le mâle-stérile fallax et son mainte-
neur sont différents. En revanche, nous ne pouvons
pas encore conclure entre la forme. sauvage et le
mâle-stérile fallax qui de toute façon se resÀemblent
beaucoup.

ENFOQUE MOLECULAR
DE LA ANDROES"ERILIDAD CITOPLASMATICA

DEL GIRASOL

Resû"men

La primera androesterilidad citoplasmâtica €MS)del girasol se ha obtenido en un cruce interspeci-fico (L e,c I e r c q, 1969) cuya forma silvestre sè haperdido. Otras CMS se han obtenido desde enton-
ces.- IJna,de ellas (Serieys, 1986) puede servir demodelo de estudio para comprender el mecanismo
de inducciôn de la CMS y en particular si los ADN
citoplasmâticos pueden ser modificados durante el
cruce.

,-_La primera etapa de nostro trabajo consistio en
éllevar a su punto protocolos para eitraer los ADN
cloroplâsticos (ct) y mitocondriales (mt) de las ho-jas adultas de las formas silvestres. Estas prepara-
ciones se revelaron mr.lcho mâs dificiles de reàlizarque previsto. Asi los resultados exp,uestos concier_
nen ante todo un método para obtener ADN mt y
ct- bien digeribles a partir de las hojas de especies
silvestres. Luego hemos determinado que eI aDN ctde los linajes CMS (Leclercq) y sus mantene_
dores respectivos no son diferentes al menos para
4 endonuclealas de restriccion distintas. por btraparte, la forma CMS fallax y el mantenedor son
diferentes. El ADN mt no hidrolizado presenta unconjunto de moleculas de reducido pM, para loslinajes mantenedores del citoplasma Leclercq,que no se han hallado en la forma CMS. Ademâi,el ADN mt de H. petiotaris fallaæ presentera un
cunjunto de moleculas de reducido pM mienrras no
se ha hallado molécula alguna en eI mantenedor
P'H'A 274.

En lo que concierne los diagramas de digesti6n
del ADN mt por Eco R l, no parecen diferentes en
las parejas CMS Leclercq mantenedor mientras
el androestéril fallax y su mantenedor son diferen-
tes. En cambio, todavfa no podemos concluir entrela forma silvestre y el androesteril que de todos
modos se parecen mucho.


