Mol Gen Genet (1991) 227:369-376
002689259100185Z

MGG

© Springer-Verlag 1991

Cytoplasmic male sterility in sunflower is correlated with the
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Summary. The organization and expression of the mito-
chondrial (mt) genome of fertile, male-sterile and res-
tored lines of Helianthus annuus and of H. petiolaris were
compared to identify alterations which might lead to
cytoplasmic male sterility (CMS). The mtDNAs of fertile
and male-sterile lines differ by an 11 kb inversion and
a 5 kb insertion. The rearrangements seem to be the
result of recombination events within an inverted repeat
of 261 bp. Detectable alterations in the transcript pattern
of the rearranged mtDNA regions are restricted to the
atpA locus. The male-sterile line CMSBaso shows three
additional transcripts of the atpA locus of about 2500,
1200 and 250 nucleotides which are not detectable in
Baso. However, the coding sequences of the atp4 gene
are entirely identical in the fertile line Baso and the male-
sterile line CMSBaso. But a new open reading frame
(orfH322) of 522 nucleotides is co-transcribed with the
atpA gene as an additional larger transcript of about
2500 nucleotides in CMSBaso. orfH522 is also included
in a second additional transcript of about 1200 nucleo-
tides. The predicted translation product of orfHS522
might play a role in CMS in sunflower.
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Introduction

Cytoplasmic male sterility (CMS) is a maternally inherit-
ed trait'in which higher plants fail to produce functional
pollen but maintain female fertility. It is thought that
CMS arises from an incompatibility between nucleus
and cytoplasm (Hanson and Conde 1985). In several
species a correlation between CMS and rearrangements
in the mitochondrial DNA (mtDNA) has been observed
whereas the chloroplast DNA (cpDNA) was collinear
in male-fertile and male-sterile lines (Leaver and Gray
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1982; Clark et al. 1985). Rearrangements in the mtDNA
lead to CMS-specific alterations in transcription and/or
translation in mitochondria of maize (Dewey et al. 1986,
1988; Wise et al. 1987), Petunia (Rasmussen and Hanson
1989; Young and Hanson 1987; Nivison and Hanson
1989), radish (Makaroff et al. 1989), sorghum (Bailey-
Serres et al. 1986) and sunflower (Siculella and Palmer
1988).

CMS in sunflower (CMS889), originating from an in-
terspecific cross of Helianthus petiolaris Nutt. with H.
annuus L., was first described by Leclercq (1969). As
in all other species so far investigated, CMS in sunflower
is correlated with rearrangements in the mtDNA (Leroy
et al. 1985; Crouzillat et al. 1987; Siculella and Palmer
1988). Rearrangements in the isonuclear lines HA89 and
CMS89 are restricted to a mtDNA region of about
17 kb, whereas the remaining 94% of the mtDNAs are
collinear (Siculella and Palmer 1988).

To investigate the molecular origin of CMS in H.
annuus in more detail we examined the organization and
the transcription of the mtDNA of isonuclear fertile and
male-sterile lines, of corresponding fertility-restored
lines and of H. petiolaris. Despite the altered transcrip-
tional pattern of the atpA4 gene in Baso and CMSBaso,
the atpA coding region is entirely identical in both lines,
but due to rearrangements in the mtDNA a new open
reading frame, orfH522, is co-transcribed with the arpA
gene in male-sterile lines. The possible role of the tran-
scription of orfH522 in CMS in sunflower will be dis-
cussed.

Materials and methods

Plant material. The lines Baso, HAS89, CMSBaso,
CMS89, RHB4 and RHBS of H. annuus L. were pro-
vided by Prof. W. Friedt (Institut fir Pflanzenziichtung,
Justus-Liebig Universitdt, 6300 Giessen, FRG) and H.
petiolaris Nutt. (INRA code: 199) by Dr. Serieys (INRA
breeding station, Chemin de Mezouls, 34130 Mauguio,
France). The genetic constitution of the lines investigat-
ed is illustrated in Table 1. CM SBaso, which was derived
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Hesults
Chrganization of the sntDN& and of the stpA locus of
sufiower : '
The minNA orgamzanon of lertie (A ASY, Base), male-
sierne (CAAEY, A S Based and restored lines (B4,
REBS) of H. gy and ol H. petiolurky were compared
hy restriction fragment length g}ﬁiV‘z'ﬁﬁ;}%‘gﬁ%}éﬂ‘iﬁi-{fﬁ?&}}
and Southern blot analvsis to dentily ditlerences which
meghtl o correiated with OUMS. The mutDNA arrange-
ment of all bnes of . onnaws investigated depends ﬁ}zzi
o the ovioplasmeoand s mdependentof thenuciesr back-
ground, The fertie bnes M4V and Buve, cardving the
u.j;fi;a;h)g_‘.ai.;;mm of H. anmuus, show identical poiDNA organi-
251008, ﬁ;“w the lipes of H. e containing the cyto-
prasin of M. periolaris® (CMSER, TM S Base; RH B4 and
REBS) seem 1o be identical in attDNA organization.
Fertility-restoration does not change the mtDMNA ar-
iR iRt tin ity

Pow differences

norestrction {ragment pattern can
be detected between fer

ritde and male-steriie nes, South-
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Fig. I. Comparison of the rearranged mitochondrial {mi}) DINA
region of sunflower. The mIDNA of the fertile line Baso (F) and
the male-sterile ine CM SBase (S) differ in an 11 kb inversion [ -
rowhcads) and a 3 kb insertion. The rearranged miDNA FEZION
is flanked by an inverted repeat {(sedid arrows) of 261 nucleotides.
The small arreves above the arp4 gene. the cof gene and arfHI22

ern blot analysis with different heterologous mitochon-
drial gene probes only show differences in the signal
pattern of male-sterile and fertile lines when probed with
atpA (Schuster and Brennicke 1986) or cob (Schuster
and Brennicke 1985) gene sequences {unpublished re-
sulis}.

the mtDNA orgamzation of the lines investigated
seems (o be identical in restriction fragment pattern and
southern blot analysis to those Hnes described by Leroy
et al. (1983), Crouzillat et al. (1987), and Siculella and
Palmer (1988). According to Siculella and Palmer {1988).
rearrangements 1n the mtDNA of the sunflower lines
HA89 and CMS89 are restricled to a region of about
17 kb the ends of which are defined by the arpA and
cobr genes, We cloned the mtDNA of etiolated seedlings
of Baso and CM SBuso using the restriction enzvmes Safi
and Asp718 and compared the structures of the rear-
ranged mtDNA region, including the ¢ipA and the cob
gene scquences, by gene walking and restriction mapping
(Fig. 1).

The miDNA of Buso and CM SBaso differinan 11 kb
inversion and a 5 kb insertion/deletion. Southern hy-
bridization experiments using mtDNA fragments from
the 5 kb insertion/deletion indicate that this sequence
18 absent from the mtDNA of fertile lines of H. annuus
and from H. petiofaris {data not shown). Weak hybrid-
tzation signals which are detectable in all lines might
be due to short repeated sequences. The 5 kb region
1s an msertion of unknown origin because it is absent
in the mtDNA of both parental lnes. Also, the mtDNA
organization ol H. petiolaris and of the [ertile lines of
H. annuus seems to be collinear for at least 7 kb in the
5 and the 3' flanking regions of the aip4 gene {data
nat shownb.

The upstream region of the ampd gene is collin-
ear for at least 7kb in all lnes investigated of H.
antiius and in H. petiolaris (data not shown). Up 10
at least %00 bp of the 5 flanking sequences and the en-
tire coding scquences of the aipA4 gene are identical in
the ferule line Baso and the male-sterile line CMSBaso

{open boxes) indicate their direction of transeription. There are
no transeripts of orf H873 detectable. Below the miDNA the origin
of the gene probes 1-14 used for Northern hybridization to
miRNA and to total RNA {sedid boxes) or to tolal RNA {open
boxes) of etiolated seedlings is mndicated

(data not shown}. The aipd gene includes 1530 nucleo-
tides encoding a polypeptide with a molecular mass pre-
dicted from the DNA sequence of about 55474 Da
(Kohler et al. 1990; EMBL accession number X53537
and X535963).

The homology between the utpd loci of Base and
C M5 Baso stops 194 nucleotides downstream of the atp 4
stop codon. The sequence homology ends with a region
that 1s homologous to the first 30 nucleotides ol orfB
of Oenothera (Hiesel et al. 1987; Fig. 2). In CMSBuso
the homology to orfB is extended to 57 bp.

Different open reading frames start with the region
of homology to orfB in Baso and CMSBuso. In Buso,
an open reading frame of 873 nucleotides {orfH873 in
Fig. 1, nucleotides 1698-2570 in Fig. 2) begins down-
stream of the arpA gene. In CMSBaso, orfH873 is locat-
ed 659 nucleotides downstream of the cob gene. Hybrid-
1zation to total RNA or mtRNA of etiolated seedlings.
using a probe containing nucleotides 1794-2197 of the
open reading frame {Fig. 1, probe no. 1), failed to detect
any transcript corresponding to orfH873. Due to rear-
rangements downstream of the a/p4 gene a new open
reaching frame of 322 nucleotides (orfH322, Figs. 1, 2)
15 present 1n the male-sterile line CMSBaso. The [irst
57 bp of orfH322 are homologous 1o erfB of Oenothera.
All following sequences of orfH522 show no homology
o sequences m the EMBO data library, however, 11
nuclectides downstream of orfH322 a sequence of 45
nucleotides 1s homologous to the beginning of the aip9
gene of suntlower (Recipon 1990).

An mperfect inverted repeat of 25 nucleotides, which
could form a stem-loop structure, is present downstream
of the atp4 gene of the fertile line Baso, but is missing
i the male-sterile line. The cob gene and its 5 flanking
region are collinear for at least 6 kb in Base and
CMSBaso. The homology ends 688 bp downstream of
the cob gene with a region that represents an inversion
of the 3’ region of the atp4 locus. This inveried repeat
(IR) of 261 bp flanks the rearranged mtDNA region in
both fines {F1g. 1 nucleotides 1467-1727 in Fig. 2). The
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Fig. 2. Comparison of the nucieolide seguence of the 3 Hanking siream of the cof gene o both lnes but with av inverted oreniation
sequences of the aipA locus. Ahgnment of the ¥ flanking sequences {inveried repeat, {R} Reglons of homoelogy to the orfB from Oen-
of the atpA locus of the fertle line Bause (top kine} and 1he male- pthera or the gip¥ genc of sunHower are marked with dotted finey
sterile Hne CAM SBuvo {bottom line} The numbering of the nucieo- above or with sefid finer beneath the sequences. An lncomplete
tides starts from the predicled translaiion start of the apd gene IR of 25 nucleotides located downstream of the wipd goene of the
Seguence homologies belween the two lings are indweated by asrer fertile bne s averfined with horizonial arrews. The amino acid se-
isks. The bold framed region at the beginning represents the end guence of an open reading [rame of 322 nucteotides {orfH 322},
of the coding sequences of the aipd gene. The fight framed box which s only present in the male-stevile Hne, 15 indicated below
marks a sequence of 261 nuclectides that 15 alse present down- the coding remon




IR contams the last 64 nucleotides of the aipd4 coding
reglon and its downstream sequences. The last 36 nucle-
otides of the IR are homologous 1o orfB of Oenothera.
The IR s also tound upstream of the coxdi7 geng n
the hybrid seed hine H. asnmuusy Gloriasel {Quagliarielio
el al. 19900

franscript analvsis of the regrranged wiHPNA region
Northern biols with probes covering the insertion and
Hanking regions of the rearranged miDNA of Baso and
CMS Baxe were perlormed 1o investigate whether there
are differences in franscript pattern befween the fertle
and the male-sterile lines which could be responsibie oy
CMbS m sunflower. The origin of the probes, which were
used for hvbndization o mtRNA and/or total RNA
of etiolaled seechngs, s dlustrated in Mg | below the
mibNAS.

Only the wrpd locus and the downstream region of

the cof gene show differences i fransenpt pattern be-
tween Huaso and CMSBawe, Both probes covering the

Fig, 3. Transenpt analvsss of the apd locus, BURNA (2 uad from
chiolated seedbings of the lerule Ine Base () and the majc-swenle
e M SBase {5y were hvbrdized to probes covering differem
parts of the aipd gene and s upsiresm and dowWnsiream regions,
The location of probes 3 7, 8 and 9 on the miDNA of the male-
sterile hime CAM S Bare (5 is shown below the Morthern Blot and
m e boA probe of 2.9 kb {agp¥) meluding the aip? sene of (obac
co (Brand of al. 19861 was used 1o check the ornigin of the additional
transenipis which are visible with probe 2 The bands af the top

of all blots are due to contamination with miDNAL Tragsorip
iengths are designaied m nucleotdes

-
-
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downstream region of the cob gene {probes 3 and 13
i Fig. Ty contain the IR of 261 bp. Cross-hybridization
of the IR to the transcripts of the apd gene leads to
the same dilfereaces i transcript pattern as observed
tor the aipd gene (data not shown). Using as probe
the cob gene ol Oenothera, which maps upstream of the
1E, all ines show only one transcript of abour 2200
nucicotides (data not shown). Using probes covering the
downstream region of the IR {probes T and 21 Fig. b
no transenpts are detectable at all
The arp4 locus 13 the only other region which shows
chilerences 1n the transcript pattern between Baseo and
CMSBaso within the miDNMNA regions investigated. In
ctiolated seedlings of the maie-fertile line Baso only one
transcript of the aipd gene of abouwt 1700 nucleotides
15 getectable (Fig. 31 In contrast, the male-sterile line
CAM SBaso shows three additional transeripts of the wip 4
iocus besides the transeript of aboul 1700 nucleotdes,
An addivonal larger transeript of about 2500 nucleotides
5 ovisibie 1 the male-sterie ne when probes nos. 5 (nu-
cleotides — 296 to 4), & (3431289 7 {(1466-1754), 8
(104721910, or 9 {2215-2576) are used. A second addw-
tonat transenpt of abouwt 1200 nucigotides hvbridizes
i probes coverimg the IR or the downstream region
of the aipAd gene of the male-stenle hine {probes 7, 8
or 93 The third additional transcript of about 230 nucle-
ofdes s onty detectable with a probe located down-
stream of o/ HE22 iprobe 93 The transeripts of ahout
SHMY nucieotides and of about 30 nucieotides, which
can be observed in both lines with probe no. 9, seem
o be the result of cross-hybridization to the transenpts
of the grp¥ gene, A region of 43 nucleotdes of the probe
1s homologous 1o the ap¥ gene of sunflower,

A probe covenng the 5 tlanking region of the qip 4
gene from nucleotides — 290 1o ~ 700 (probe 410 Fig. 1)

¥

or probes located downsiream of nucleoude 2576
(probes T 11 and 12 m kg 1) fadl to detect any tran-
seripis of Base or CMSBaso. Also, transcrints are not
detectabie with a8 probe of the ferile line Baso covering
tne downstream region of the gipd zene {probe 1 in
Fig. 1, nugieotdes 1794-2197 1n Fig. 2

GriFistl iy co-franseribed in OMSBaso

Hybndizauon with simgle-stranded DNA probes re-
vealed that the additionasl transcripts of the male-sterile
ine UAMSHase are transcribed from the same DNA
strand as the aip 4 gene. Transceript analyses using dilfer-
ent probes of the aipd locus showed that orfH322 5
co-transcribed with the aipAd gene m CM S HBase (g, 3)
Al probes, inciuding parts of the afpd gene and a probe
contaimng the last 10 bp ol or/H322 and s downstream
sequences {probe ¥, nucleotdes 221525763, byvbridize
to the larger transenpt of the aip4 gene of about 2500
nucleotides i UM 5Beso. In addition, the complete
ori H322 seems [0 be present on a transenpt of abow
1200 nucieotides. With probes covering the upstream
or the downstream region of or/H322 (probes 7 and
“y a transcrpt of about 1200 nucleonides 1 deteciable
i M S Base,
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Comparison of the mranscript paiiern of e 4
of CMSBaso and its parental hnes

-+ - ? . pmy - an
a.g.’-?ﬁg i 1o bim

CAMESG, Trom whieh CAMAYBaso o "‘é ginaied, arose rom
47 miﬂiagam%;m cross of H. peticlaris valh H. asnnus.
To determine whether the co-transenpton ol onfH32
iospeeific for the male-stentle lines or whetner 11 18 &
feature of the ovtoplasm of H. periofaris, we compared
the transcript patierns in callus from CM b5 Base, Bueso
and H periplaris, (Fig. 4). Both male-fertle parental
hnes, M. opetioloris with the ovioplasm of M. peiiolaris
and Auso with the cvioplasm o A anppur, show Cly
one transcript of the aipd gene of ;-'ﬂ:}s:ﬂ_z%; PO nucieo-
iides. Therelore, the af;a’;}u%;i":r;mﬂzaf*“:ﬁgﬁmﬂ 0 g;s-f.f.fh 22 seems
net 1o be a feature of the ovioplasm of #. peticluris
g‘%i asm of the male-

.,.r

itself. It might be specilic for t? Cyt

stertle Lings,

Fig, 4. Compenson of the ramsenpt pattern of the wipd gene of

the line CAMSBuse and s parental Bnes. Total BNA of oallas
of Helianthus petioleris {p. feruie) and of the bnes Baso o], erule)
ard CATSBass (s, male-steniey of M. oy were hybradized 1o
1’}}*.'{;:-%}%:5 fé;*;r Ehi‘f’ f;- 4 gene £f“'ti Ly ;-;-rﬁ?-f T*,E.'.':* £33 Tiﬂ: prtgin ol probes

deetee

Fig, &, Trassenpt peilern of
the azp 4 pene of ferishitv-ro-
stored Dnes, BUIRNA of ehio-
fated seadbings of Huae (T4
CAM S Base (sy and of the Torith-
iﬁ%’“?hhii_ﬁibﬁj aiﬂ‘t.;.’“: i st iT'ﬁ'é}
grd KHAY {r3 wore probed
with a 3*3}1@11& nt inlernad o the
aipd coding region {probe & 1o
Fros, 1, 4 oG iy bridizating
to mtiaNA Is the cause of the
coniaminaiion in lane 04, jran-
seript fengihs are speaibed m
nucinoiies

2500~
1700-

Framsorips putiern of the WipA gene of Jertilisy-restored
[y

The feruinv-restored haes RAHBL and BHEBY of H. an-
nedy contain dominant nuclear genes that restore tertility
of plants carrving the H. petiplaris® oytoplasm, Ferulity
restnralion seems 10 have no mbfluence on the co-tran-
seription of erfH322 (Fig. 5). The addinonal larger tran-
seript of the aipd gene of UMY Base, which coplains
orf H312, 15 also detectable in atiolated spedimgs of the
fertilstv-restored lnes RAAY and RKEHEY

Phscussion

Ornir results indicate that OMS in sunllower 1s correlated
with the co-transeription ol a new open reading Dame,
arf 322, wm male-sterie ines.

Rearrangements, M;m; are possibly the vesult of re-
combination within an inverted repeat of 261 bp, lead
roan T kb inversion zm-ﬁ 1S %&Z%} nseriion i the milMNA
ot the maia sterile bne CM Y Bave compared to the male-
fertidle hines Hase ;;;mi H. peticlaris. Within the entue
rearranged miDMNA region only the aipd locus sDoOws
a;aﬁﬁ"éiﬁfaﬂmm in Lranser m g’m%ﬁmﬂ %@ﬂm 1 é?msif s
mg;a 1t Of :m uf;’?é ﬂﬁm o %ha %’ma::% H %ﬁsﬂf m‘;ai { %f%%‘ﬂ
of sunilower differs in two mulations which iead to one
conservative alteration w the amino acd composition,
Mowsver, the L“{}{Elﬁﬂ BEQUENTES of the aipd gene and
s 8 flanking sequences for ;i"' least 900 bp are entirely
identical in the lines Baso and CMSBaso of muﬁm&w
(data not shown). In addition, no difference s detect i?‘siﬂ
m moelecuiar weight, soeleciric point or peplide patier

Vthe B -AT Pase subunit z hetwesn eliolated awdémm
;ai %‘aﬂi‘*ﬁ?ﬂ male-sterile and restored lines of sunilower
(Horn et al. 199711 Therefore it seems unlikely that the
1_’3“’3@_5? oo subunit o plavs a role 1o OMS 1 sunflower,
However, we cannot exclude tssue-speciiic alterations
i the ?E‘ﬂ%iﬂﬂ‘ﬁﬁii{}ﬁ or franslavon of the apd gone
caused by the additional wanscripts of the male-stenle
lines.

The arpd Jocus of the maele-stentle hine CAMABuse
shosvs three sdditional transerints of ghowt 2500, 1200



and 250 nucleotides. Both male-fertile parental lines, H.
petivlaris with the cytoplasm of H. petiolaris and Baso
with the cytoplasm of H. anruus, show only one fran-
script of the afpAd locus of about 1700 nucleotides.
Theretore, the additiohal transcripts of CM SBaso seem
to be a feature of the cytoplasm of CASBaso. This is
m accordance with the observation that the miDNA
organization of the atp4 locus of AH. peticlaris and Baso
are colinear, but differ from that of CA7SBaso.

The three additional transcripts of CAMSBaso could
be the result of three different transcription initiation
processes. However, it seems more likely that the addi-
tional smaller transcripts of about 1200 and 230 nucleg-
tides, which-seemr to be less abundant, are the result
of exfensive processing of the larger transcript of about
2500 nucleotides.” The transcript of the azpA gene of
CMSBaso of about 1700 nucleotides might also be a
product of processing, but it could also be that incom-
piete termination of transcription leads to the two tran-
scripts of the -atp4 gene of CMSBaso of about 1700
and 2500 Aucleotides.

An mmperfect inverted repeat of 25 nucleotides is lo-
cated -downstream of the afpd gene in the fertile line
Baso which could form a stem-loop struciure. Compara-
ble mverted repeats are found downstream of several
plant mitochondrial genes (Schuster et al. 1986). Their
function 18 not yet clear, but they could play a role in
termination, Pprocessing, or transcript stability. Due to
the rearrangements downstream of the aip4 gene the

mverted- repeat is absent in €M SRBaso. This could be

involved in producing the differences in franscript pat-
tern between Baso and CALSBaso.

In the male-sterile line CA/SBaso a new open reading
frame, orfH522, is located downstream of the aip 4 gene.
orfH S22 is co-transcribed with the aipd gene on a poly-
cystronic transcript.of about 23500 nucleotides in the
male-sterile line’ CMSBaso. In Qenothera, maize, and to-
bacco there is-evidence for polycistronic mitochondrial
messengers (Hiesel and Brennicke 1985; Bland et al.
1986 Wissinget et al. 1988). In addition, co-transcrp-
tion of the CMS-associated pef gene with the nad3 gene
and the rps?2 gene has been described for Petunia (Ras-
mussen and Hanson 1989). orfH322 315 also inciuded in
a second additional transcript of CAMSBase of about
1200 nucleotides: Translation from a polveystronic mes-
senger seems therefore not to be necessary for the expres-
sion of orfH522 as a polvpeptide,

The & flanking sequences of orfH322 show homology
to the ¥ flanking sequences of several mutochondrisl
genes as described by Pruiit and Hanson {1989) for the
coxil gene of Petunig. The function of these conserved
non-coding sequences. in plant mitochondria is not
known. In association with the rearrangements in the
mtDNA they might participate in generation of the dif-
[erent transcripts of the aipA4 locus.

The co-transcription of orfH322 is the only detectable
difference m transcript pattern of Baso and CMSBaso
within the 5 kb insertion and the flanking sequences of
the rearranged mtDNA regions. We cannot exclude the
possibility of low abundance franscripts which may not
be detectable by Northern hybndization (Finnigan and
Brown 1590}
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Transcrpl analysis of the sunflower lines HAS89 and
CMEYY using miRNA revealed only one major alter-
ation in transcript pattern {Siculella and Palmer 1988).
Using clones covering 82% of the CMS mitochondrial
genome and heterologous clones of several mitochondri-
al genes (¢oxI, coxil, coxIII, cob, 26SRNA, IS8SRNA,
atpA, arp9; atpb, rspi3, ndhi) only differences in the
transcript pattern of the azp.d gene were observed. Ac-
cording to restriction fragment pattern, Southern analy-
sis and to the organization of the rearranged mtDNA
region, the lines A 489 and CALS89 described by Siculel-
la and Palmer (1988) seem to be collinear with the lines
we invesiigated; additionally, the transeript pattern of
the atpA gene seems io be identical (Horn et al. 1991).
In contrast to thewrr results, we found another region
downsiream of the cob gens which shows differences
i Northern hybridization between the lines Base and
CASRaso, however, this difference is due to cross-hy-
bridization with the aipd transcripts. Nevertheless, it
is likely that the lines described by Siculelia and Palmer
(1988) and the lines we investigated are identical in their
mtDNA organization and that the co-transcription of
orfH522 15 the only difference in transcription between
male-sterile and male-fertile lines of sunflower.

Restoration of fertility seems to have no influence
on the co-transcription of orfH522 with the arpA gene.
Etiolated seedlings of fertility-restored lines (RHB4 and
RHRB2) show the same transcript pattern as CMSBuaso.
An additionat transcript of about 2500 nucleotides is
also detectable in fertility-restored lines which derive
from crosses of CAMSE9 with different restorer lines
(Horn et al. 1991). However, there might be an influence
of fertility restoration on the additional transcripts of
about 1200 and 250 nucleotides, of the atpd locus of
the male sterile hine CMSBaso.

It the predicted polypeptide pmduct of c:rerj 22 pldys
a role in CMS in sunflower, lertility restoration could
work by modifyving ihe transcriptiﬂn of these smaller
transcripts or by post-transcriptional regulation. For the
pef gene product of Petunia (Rasmussen and Hanson
1989) a post-transcriptional regulation has.- been  as-
sumed, whersas fertility restoration in .maize T-cvto-
plasm 1s reguiated at the transcript level (Dewey- et al.
1986). Because all investigations were made with etiolat-
ed seedlings or callus we cannot exclude a tisstie-specific
regulation of restoration. In. Pefunia the fused. mitochon-
drial gene associated with CMS is developmentally regu-
lated (Young and Hanson 198?} A 4- 1o 5-4old increase

of the pef hamn;npt I comparison to c}ther tfaﬂﬂﬂl‘lpib
15 observed 1n anthers.

The polypeptide product of 'ﬂFfH.?ZQ: has a deduced
molecular weight of about 19.5kDa or of about
14.5 kIDa +f the single internal start codon is used and
no KNA editing is assumed (Gualberto et al. 1989 Cov-
cHo and Gray 1989). In view of this molecular weight,
the possible polypeptide product of orfH522 could be
identical with a 16 kDa pelypeptide which Is expressed
i mitochondria of male-sterile and restored lines of #.
annuus but 1s absent in male-fertile Hnes of H. annzis
and 1 H. petiofaris (Horn et al. 1991).

CMS in sunflower could be the result of the co-tran-
scription of orfH522 in male-sterile lines. It remains to
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be shown how the transcription of the afpd locus is
regulated in sunflower and whether the 16 kDa polypep-
tide is mdeead the franslation produet of orfH522.
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