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SUMMARY

Sznﬁomrmxtodmdmalgenesoodmgforapocytochmub (CYB)andcy‘wchmmeoxidasess.tbwu.tII
(COXII) have been fully sequenced. The CYB gene is confinuous being constituted by an uninterrupted
readmgﬁemeoflep,mﬂqeconhayCO)ﬂIgeneappearstobedmomtmmus An intron inter— -
rupts two exons having 384 and 447 bp lenght respectively.

Mucleotide and amino acid sequences of coding regions of bo’mgenesarehlgmy homologous with the
correspondingsequencedsofarmoﬂqermg'terplanw. )

The intron present in the OOXII gene is wnique; 1t15ﬁ'1ef1mtmizmlocalyzedandseqmdm
theOOX[Igmofadmot plant and its structive results very similar to that of rice,

Comperative mapping studies of mitochondrial DNA (mDNA) in fertile andn'ele sterile line (Q¥S89) re
veal a rearrangement in the region bearing the CYB gene. :

INTRODUCTION

CO)GIandCYBgeneshavebecnseq:encedsofarinseveraldiffemntsystens maize (Fox and leaver ..
1081), (Dawson et al. 1984); vheat (Bonen et al. 1984) (Boer et al. 1985); cenothera (Hiesel and Bren
nicke 1983), (Schuster and Bremnicke 1985). In rice (Ko et al. 1984), pea (Moon et al. 1985) and soy
bean (Grabau 1987) only the COXII gene has been sequenced. In this Ilist: system an initiabor tRNA
has been localyzed at a distance of 194 bp far from the 5' termini of COXII gene.

In monocot plants this gene is discontinuous for the presence of an intron of 794 bp in maize (Fox
and Leaver 1981), 1,213 bp in vheat (Bonen et al. 1984) and 1,265 bp in rice (Keo et al. 1984) vhich
intermupts the coding region exactly at the same position. “
The CYB gene is a continuousreadihg frame of about 1,200 bp showing relevant nucleotide homology le-
vels at its 5' adjacent non coding regions. In the comparison vheat/oenothera this homology has an
extension of about 600 nucleotides. On the contrary mnmzeandoemmeraaG/Amch stretch of 75
bp is present in the same region.

In these systems a putative ribosome binding s:.te, fiftieen nucleotides far‘ from the initiation co-
dons, has been identified. This ribosome binding site (an octanuclectide having the sequence 5'-AGT
TGICA-3") is 68% complementary to a sequence located at the 3' termini of 185 mboscmal mitochondrial
RNA of maize and cenothera (Dawson et al. 1984).,

With the aim of better understanding the structure of both coding and regulatory regions of some mi-

" tochondrially coded pmtem genes in sunflower, we localyzed on different restriction fragments,COXII

(Perrotta et al. 1986) and CYB genes (Pacoda et al. 1987) and sequenced them and part of 5' and 3
adjacent non coding regions (Ceci et al. 1988),(Treglia et al. 1988),

Sequencing analysis of COXII gene confirmed our preliminar observation (Gallerani et al. 1987) demon
strating the presence of an intron having a lenght similar to those present in rice (Kso et al. 1984)
and wheat (Bonen et al. 1984). In sunflower indeed a 1,331 bp long intron intermupts the coding re-
gion after a serine and before a tyrosine residue as in monocot plants, maize, wheat and rice. Howe-
ver the insertion sequence of 505 bp in sunflower (Ceci et al. 1998), corresponding to the equ1va-
lent of 461 bp in rice (K=o et al. 1984) which shows all the pecullax‘ characteristics of a tr‘anspo—

+ seble element,does not show'the same properties owing to relevant dlf‘t‘erencxes of prurary structure
-at its 5' and 3' termini.

The sunflower CYB gene shows as initiation codon the unusual triplet GUG. Sequence horrologles both -




an andKomeh.ﬂ( (Knmelv.ﬂ( et al. 1985)

of nucleotldes and derlved amino acids of sequenced reg;Lon on sunflower mtDNA with those of other . -
CYBgenw sequenoedsofarmiugj'xerplants oonfmned its. 1dent1tyw1ﬁ'xthatofapocybochmrebge
ne. Further support to this conclusion wes given by high similarities between hydmpat}'w pnoﬁ le of .

dediced sunflower protein and that of beef apocytochrome b (Saraste 1984).

Restr:.ctlmanalysmofamgl.onofﬁ'senasterchmmsm\eofamﬂowermtDNAbearmgmeCYBgenerel

 veals mﬁ'xenalestemle 1me%89a12kbp:.rwexs1mneppmgclosetoﬁ1egene 'Ihlsrearrange—
'rrent however does not affect its’ u‘anscrlptlonal patbem

'IERIAI_SAI\IDNEH-KJ]B

The isolation’ of mtocl'x)ndrla and the extr‘actlm of mtDNA is repor'ted elseuhere (Oec1 et al 1988)
‘Restriction and hybridization: analys:ts Were carmed out by using maize COXII and CYB probes Hybri
“dization conditions were: &xSSC, 10,1% S0, 2xDenhardb's, 0,2 mg/ml carmer DNA, 65 °C. Restriction

enzyme digestions were carried out by using the conditions recommended by the suppliers (Boehringer

Mernheim) . Seqtm)cmgofﬂﬁegenesvasasreporbedbyldaxamandGllbert (MammandGllbert 1977) -

Apocy'bodmre b gene » i ) i : :
The region of sunflower mtDNA om‘ca:mng the CYB gene was omgmally 1dent1f1ed on two. dlfferent
SalTl and HindIII fragments by 1'1ybmd.1zatlon and restriction analysis (Paooda et'al. 1987), The preci

Vi semmmofﬁlegeneonmesefragrentswesdetenmnedbyallgmmtofﬂnelrsequenoesmmﬁao— :

seofoﬂ'xerCYBgexmreportedso far. Aomt:.rmasreadmgframe of 1,194 nucleotides wes identi—
fled, having very high homology (about 95%, see table I) mﬁqcorrespmd.mggemes seq.xenoed so far
mnmze,vheatandoemthera . . . . .

. ) TableI
) Seq;emehonologesofoodmgandS‘ adJacerltmnood::)gng.onsofCYBgenesofsmflower wheat
oa'nﬁ'xeraaxﬂnmzemlfoclxndma. F . . T

5' nmcodmgregxcms RS codingrrvegions o

Vsmr‘lcuer/vhéat s .
' enflower/meize - 47 ‘ s

The homology values of oodmg reg.ons nefer to sequeno% of the entlre gene..

The observed high mmology levels of coding reglons led also to the identification of‘ the- mt1a-
tion oodon (mble II). As it 1s possmle to see m table I the comparlson of sequenced reg:.ons on

L Table II » : :
- Ahgnment ‘of &' temum. and acl)aoent non codmg reglons of CYB genes of stmﬂower wheat oeno‘chera
* and maize nu.tochondma :

“ w0 -0 - d100 o

 snflover  GIGAGG GAACCTCAGT TCTCI‘I'ICFAAAAAA'ICAAA ATAAAAATAAGIG--—ACI‘ATAAGGAACCAA
‘. vwheat - MG - GAG GAAOGA G GAG S A = :

“ cenothera ¢ A G AGA G MGG - A cce

mize MG GG G MG G GG A ——

‘In ttus table 45 nucleotldes upstream the 5! tenmm. of four dlf‘ferent CYB genes and the flI'St

.18 (21 in cenothera) of coding regions, are reported. Only those nucleotides which differ from sun— K

flower gene are shown for vheat, ‘cenothera. and maize. Dashes indicate gaps necessary. to align: the
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the 5' site of the gen& allowed the estimation of a much lower homology level (45% vs. 95'%;). E\m—

thermore in sunflower, just before the initiation codn, a decanucleotide insertion was detected.
It contains two TAA stop codons separated by an AAA triplet, in register with the coding region.
The only part of the gene having slight differencies among those sequenced so far,concerns its 3' .
termini. The deduced protein results indeed, regarding to the shortest (maize, 388 residues)(Dew-
son et al. 1984), nine, eleven and six amino acids longer in sunflower (Treglia et al. 1988) wheat
(Boer et al. 1985) and ocenothera (Schuster and Brermicke 1985) respectively.

Cytochrome oxidase subunit IT gene

Sequencing analysis of HindITI insert of the recombinant plasmid pCP 798, perbofaSalIand!-h::dIII
library of sunflower mtDNA restriction fragrents (Perrotta el al. 1986) led to the identification of
2,165 nucleotides corresponding to the gene of cytochrome oxidase subunit IT of sunflower mitochon-
dria (Ceci et al. 1988). The structure of this gene, compared to the most similar (rice)ann')gﬁmo-
se‘sequ.medsofarinhigherplmm, is reported in figure 1.

The sunflower COXIT gene has a discontinuous orgenization revealed so far anly by the equivalent
genes in morocot plants. In the case of rice (Koo et al. 1984)andsmﬂo:.erinperticxﬂar,inﬁ1e
non coding part of the genes three different regions cen be detected. The first,flanking the 3' ter
mini of first exon and the 5' termini of second exon, is highly homologous to equivalent regions -
present’also in wheat (Bonen et al. 1984) and in maize (Fox and Leaver 1981)(dotted regions in figu
rel).'meseoom,omnmtorice,vheata'ﬁsmﬂomr,sl'm:sinthefirst'bmsystars’d’xemind;
recteristics of a transpossble element (dashed regions). The third is a smell insertion sequence
presmtaﬂymmoeardswﬂmmtzmhavugmboﬁlsystersﬂlesarelengbt(52bp,b1ackre—
gions).’ : /
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. Figre 1. Orgenization of sunflower and rice mitochondrial COXII genes.

E whlte regions correspond to the exons. The ‘arrows indicate the relative positions of di-
rect ( =) and inverted repeats ( —»). S (serine) and Y (tyrosine) md;ca’ceﬂ’xelastamnoac:.d
of first exen and the first of second exon.

Asfarasmecodmgreg;tonsarecomemed memstrelevantdmamsmmhﬁedmthebeefcyto—
chrome axidase subunit. II, according tothe models proposed by Capaldi (Capaldi et al. 1983) and
Holm (Holm et al 1987), are almost completely confirmed in the sunflower pmtem (Ce<:1 et al. 1988)

Restrlctlon analysis of CYB gene region in male sterile lines

In figure 2 the comparative restriction analysis of a 20kbp region of sunflower mtDNA, bofh from
fertile and sterile lines is reported. The results clearly show that the mep is coincident for the
first Bkbp wilst it results inverted for the remaining 12kbp. The end point of the inversion maps
2ikbp far from the CYB gene. ‘

DISCUSSION

The relevent differencies in the organization of §' non coding regicn of mitochondrial CYB gene in



' smflower. ompmedmmmeeqnnvalentofotbermlogmsgenessequemedsofar led us to consi-~
der other elements vhich could demonstrate that the sequence we cbtained corresponded to the CYB ge-
"ne. The most relevant cbservations are listed below. The high homology levels both for nucleotides
_and deduced amino acids of the region sequenced on sunflower mtDNA restriction fragnenm (table I)-
- (Treglia et al. 1988) s.ppm“tthe}wpoﬂuesmﬁnatﬁmesequmcesveobwmoomespmdtoﬂnseof
sunflower CYB gene. mtheotherhandﬂedetectlmofbmstopoodcmlocalyzedatﬁme 5! site of
GUG triplet ard in register mth 1t roules out the poss1b111ty that any other AUG upstream the deca‘ '
rucleotide 5'—ATAAAAATAA—3' could oodlfy the initiator methicnine. This cbservation also confirms -
the identification of GUG as the initiator codon. Finally, the hydropattw profile cbtained by using
ﬁ'xeKyteerthoollttleproceda.m (Kyte and Doolittle 1982) on deduced amino acid sequence of ‘sunflo
- wer protein resulted identical to that obtained in the case of beef (Sareste 1984) and maize apocy—
. tochrome b (Dawson et al. 1984). As in the case of these proteins the sunflower hydropathy profile
. ‘(Trwegllaetal. 1983) smnsnmehydmﬁnbmtrarsrmbranedmmnsmspmdmgto x-elix stru-
: mofmepmtemmdlshwldhemﬁﬁemmtodmdmalmarbmne ‘These results all toge-
: ﬂ’xeromﬁmﬁzatﬁxereglmveseqtmuoed;smdeedﬁaemtodnxdmalgeneforﬁmesmﬁlmerapccy—
fod’n‘one b ) .
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Flgute 2. Res‘cmchm mep of a 20kbp reglon of smﬂwer mtDNA of fer’dle and 0‘689 male stemle l:.-
ne bearmg the CYB gene.

Dotted areas cormpond to the CYB gene 'Ihe opposme omen’cztlm of 121d:>p reg;.ons is de—
monstrated by the inverted relative positions of restriction sites. A nore detalled mep of the sa~
© me region is mpor’bed elsevhere (S:.culella and Palmer 1988).

~ The analysis of sequencing data regarcung the snﬂower OO)C[I gene revealed a characterlstlc featu~
reofﬁnsgaqe It has, as reported in figure 1, adlsoontmxms or@mzatlmverysmlarto’chat
of rice. As 1tv.asnent1medbefore, the mt’onpresentm’dus gene contains a 461 bp insertion
elenent flanked by direct and inverted repeats and hence it has the characteristics of a transposa—
ble element. In sunflower the regions corresponding to the inverted and direct repeats ‘of rice in-
tron appear altered by nucleotide insertions or deletians of different lenght. In table III the com
'pamsmofpmrraryshucb.xes of the mﬂonofﬁaeabovenentlmedmglmsarereported (0n the ba—
sis of these observations we oonclude that in sunﬁcwer an insertion sequence highly hmologous to
the eqm.valent region of rice intron is present I-bwever in smﬂowr this element has not the same
characteristics of moblllty as in rice.
The observation that in the sunflower male sterile lme oMs89 a mde region ﬂankmg the CYB gene .
is inverted,. suggested ﬁne possibility that this inversion could affect somehow the gene. transcri~
ption. 'I‘r'anscmpt ana]ys:Ls ‘(Siculella and Palmer 1988) carried out by using spec1f1c probes contai—
ning the 12kbp J.nverslon or part of it and/or the CYB gene showed for thls r'egxon an 1dent1cal tran—- -
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. ‘ Table III
Aligmént of sequences of sunflower COXII gene intron corresponding to regions of direct and inver\-
ted repeats in rice. ’

1050 1060 1070
rice - AAGGGTGACTCAAAGAAA— e et TTGGGEGTGGGA-CC
670 680 690 700 710 720 .
Snflover TCTTTTTCTGAAAAAAAAAGAAGAAGGGTGACTCAA-m—mm CTTCTCAGCTAGAGTTGGGGGTGGGATCC
1520 1530 1540 1550
rice o7 Yo A — GGGGTCTTACGGTCTCATAGAGGGGGGAGAACTACCTAACTAAAG
‘ 1200 1210 1220 1230
aunflower CCCCTTACTCATAAAGGGGTCTTACGGTC GGTA-CTAACTAAAG

The numbering of sunflower gene is as reported by Ceci et al. (Ceci et al. 1988); that of rice
gene is according to Keo et al. (Keo et al. 1984). '

scriptional pattern both in mele sterile and fertile lines. These observations denmstr‘ate the 12 -
kbp inversion does not affect the transcription of CYB gene.

CONCLUSIONS

Sequencing analysis of CYB and COXII genes of sunflower mtDNA revealed interesting features for
both of them. The sunflower CYB gene shows a characteristic structure at its 5 rxnoodmgreg;on
and the uwsual GUG as initiabor codon.
'Iif:esequmcmgofoo}ﬁlgenemvealsforﬁwefnsthmﬂ’:epraenceofanmtrmmﬁusgeneof
a dicot plant. The intron structure appears very similar to that of monocot rice. However in sun—
flower, part of the intrm,equivalmt to the transposeble element of rice gene, has not the same
characteristics of mobility. .
AJZd)pmvermmdqaractemzesﬂ)eorgamzahmofamgmﬂanlﬂngmeCYBgenemaswﬁlower
mele sterile line. This inversion however does not affect the transcriptional pattern of CYB gene.
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