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Figure13(b) 
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consePGrinTUNTDrakka ATCTTTTTAC 
conSens?es?PGI ATCT°TTAC 

consePG?intUNTR113 ATCTTTTTAC 
consePGTintUNTBrapaA ATCTTTTTAC 
ConsePG?intUNTRRH? ATC"AC 
PG?Bo?EM:AE258277 ATCTTTTTAC 

?GTBra?EM:AF258278 ACCTTTTTAC 
consePGIintDNTBolera ATCT"TAC 
consePG?intUNTR2000 ATCTTT??AC AAACTGAA *T TTCTACCGGG TCTGATGTAC A ATGCTAGTC 

COnSenSUS atctttttac aaactgaa tt ttctaccggg tctgatgtac a atgctAGTC 

  























US2007/0256150A1 PatentAppication Publication Nov.1,2007 Sheet250f 25 

JBS 000110ov UIOg dq0LZnoqe TQue UOTIO3 

****************????? - ???.... ***:***********************………………..................***********============= ????? ::;…………………….................................... *?muu?????plaupeußplaugnuaumemouquº ::·……………………...................................... *?uàuombumu?upºmaunu?u?uà ?? ···············ag 

?:333e:Be:Papaceseeebereecoaeeee88aeepann? ????4444U939H-4p09-439999999999999399994839t 43H83903H333LIHO199849999Luggagg 
8? LT 3In?g 

Snsuasuoq Snsuasupá Snsuasupo Snsuasuoq 

  

  



US2007/0256150A1 

METHOD OF PRODUCING DOUBLE LOV 
RESTORER LINES OF BRASSICANAPUS HAVTNG 

AGOOD AGRONOMIC VALUE 

[0001] Theinvention relatesto a method ofproducinga 
double low restorer lines of Brassica napus for Ogura 
cytoplasmic male sterility(cms)presentinga radishintro 
gressioncarryingthe Rforestorergenes deletedoftheradish 
Pgi-2 alele and recombined with the Pgi-2gene from 
Brassica oleracea?and having a good agronomic value 
characterized byfemalefertility,agoodtransmissionrate of 
Rfoanda high vegetative vigour Theinventionrelatesalso 
to a method offorming Brassica napus hybrid Seed and 
progenythereofand to the use ofmarkersforselection, 
[0002] Breedingrestorerlinesforthe Ogu-INRACyto 
plasmic Male Sterility(cms)Systemin rapeseed(Brassica 
napus L)has been a major objective duringthe pastfew 
years. Extensive backcross and pedigree breeding were 
necessarytoimprovetheirfemalefertilityandtogetdouble 
lowrestorerlines.Theso-called<<double low>>Varieties 
arethoselowinerucic acidin the oiland lowinglucosi 
nolates in the Solid meal remaining after oilextraction, 
Howeversomedificultiescanstilbeencounteredin breed 
ingtheselines(introgression rearrangements,possiblelink 
age with negativetraits)duetothelargesize oftheradish 
introgression, 
[0003] Theinventorsthusassignedthemselvesthe objec 
tive ofprovidinganewimproved double lowrestorerline 
withagoodagronomic value, 
[0004] This objectiveis obtained by a new method of 
producinga recombined double lowrestorerline forthe 
Ogu-INRAcmsinrapeseed, 

[0005] Afrstobjectofthe presentinvention relatesto a 
nethod ofproducingdoublelowrestorerlines ofBrassica 
napusforOguracytoplasmic malesterility(cms)presenting 
radisintrogression carryingthe Rforestorergene deleted of 
theradish Pgi-2aleleandrecombinedwith the Pgi-2gene 
from Brassicaoleracea?and havingagoodagronomic value 
characterised byfemalefertility,agoodtransmissionrate of 
Rfoanda highVegetativevigour,Said methodincludingthe 
step of 

[0006] a)crossingdoublelowcmslinesofspringBrassica 
napus comprising a deleted radish insertion with the 
doublelowline ofspring Drakkarforforming heteroZy 
gous restored plants of Brassica napus, 

[0007] b)irradiating before meiosis the heteroZygous 
restored plants obtained in step a)with gamma ray 
irradiation, 

[0008] c)crossingpolenfromflowersobtainedinstep b) 
with the cms double lowspring Wesroonaline, 

[0009] d)testingthe progeny forvigour,femalefertility 
and transmission rate ofthe cmsgene, 

[0010] 
[0011] Inthepresentinvention?theterm“lines(s)”means 
a plant which is essentialy homoZygote and which is 
reproducible byauto-polination, 

e)Selectingprogenylines, 

[0012] Amethodaccordingto claim1,wherein theirra 
diation dosein step b)is65Gray during6mn… 
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[0013] Accordingto oneadvantageous form ofembodi 
ment ofthe methodaccordingtothe presentinvention,the 
double low cmsline ofspring Brassica napus ofstep a)is 
R211? 

[0014] 
[0015] 
[0016] 
[0017] Accordingto oneadvantageous form ofembodi 
ment ofthe methodaccordingtothe presentinvention,the 
testingisperformed with the combination offive markers 
selectedfrom PGIol,PGTUNT,PGIint?BolJonand CP418. 

R211isan INRAspringrestorerline? 
Drakkarisa French Springregisteredvariety, 
WesroonaisanAustralianspringregisteredvariety, 

[0018] Anotherobjectofthe presentinvention relatesto 
double lowrestorerlines of Brassica napus for Ogura cms 
presentinga Rfoinsertion deleted oftheradish Pgi-2alele 
and recombined with the Pgi-2gene from Brassica olera 
cea?and havingagood agronomic value characterised by 
femalefertility,agood transmission rate of Rfoanda high 
vegetative vigour, 
[0019] Accordingto oneadvantageous form ofembodi 
ment,the double lowrestorerlines presenta unique com 
bination offve markers selected from PGIol,PGTUNT, 
PGIint?BolJonand CP418. 
[0020] Anotherobjectofthepresentinventionrelatestoa 
method offorming Brassica napus hybrid plantsand prog 
enythereofobtainedthough thesteps of 

[0021] a)providingarestorerlineproducedaccordingto 
claim1and bred to be homoZygous, 

[0022] b)usingsaid restorerlineina hybrid production 
fieldasthepolinator, 

[0023] c)usingcms sterile plantsina hybrid production 
fieldasthe hybrid Seed producingplant,and 

[0024] d)harvestingthe hybridseedfrom the malesterile 
plant, 

[0025] Anotherobjectofthe presentinvention relatesto 
seeds of Brassicaplantobtainedfrom themethodsaccord 
ingtothe presentinvention, 
[0026] Stilanotherobjectoftheinventionrelatestoseeds 
of Brassica napus deposited in NCIMB Limited,23 St 
MacharDrive?Aberdeen?Scotland?AB243RYUK,onJul, 
4?2003,underthereferencenumber NCIMB41183. 
[0027] Anotherobjectofthe presentinvention relatesto 
the use ofatleastfour markers PGlol?PGlnt?BolJon and 
CP418,or any portion of them comprisingat least one 
polymorphic site,for characterising recombined restorer 
lines of Brassica napus for Ogura ems presentinga Rfo 
insertion deleted oftheradish Pgi-2aleleandrecombined 
with the Pgi-2genefrom Brassica oleracea?and havinga 
good agronomic value characterised byfemalefertility,a 
good transmissionrate of Rfoanda high vegetativevigour, 
[0028] In a preferredembodiment,the combinationis of 
five markers PGIol,PGIUNT,PGInt?BolJonand CP418. 
[0029] Inthe presentinvention?the expression“anypor 
tion of them comprising at least One polymorphic site” 
meansanypartofthe Sequenceshowingatleasta diference 
between the B,oleracea type Sequence and B,rapa type 



US2007/0256150A1 

Sequence,Such markers are representedin the folowing 
fguresand sequencelistingforthe R2000line, 
[0030] Accordingto oneadvantageous form ofembodi 
ment,the presentinvention relatesto: 

[0031] The markerPGlolwhichisamplifiedusingthe 
primers:PGIol U and PGlol L(PGIol U? 
5TCATTTGATTGTTGCGCCTG3': PGIOL L: 
5TGTACATCAGACCCGGTAGAAAA3) 

[0032] The markerPGlintwhichisamplifiedusingthe 
primers:PGTint Uand PGIint L(PGTint U:5CAG 
CACTAATCTTGCGGTATG3': PGIint L: 
5CAATAACCCTAAAAGCACCTG3) 

[0033] The markerPGTUNTwhichisamplifiedusing 
the primers:PGlol U and PGTint L:(PGIol 
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U:5TCATTTGATTGTTGCGCCTG3': PGIint 
L5CAATAACCCTAAAAGCACCTG3) 

[0034] ThemarkerBolJonwhichisamplifiedusingthe 
primers BolJon U and BolJon L:(BolJon 
U:5GATCCGATTCTTCTCCTGTTG3': BolJon 
L5GCCTACTCCTCAAATCACTCT3) 

[0035] ThemarkerCP418whichisamplifiedusingthe 
primers:SG129UandpCP418L:(SG129UcfGian 
colaetal?2003Theor4/p/ Genet.(in press)pCP418 
L5AATTTCTCCATCACAAGGACC3) 

[0036] Anotherobjectofthe presentinvention relatesto 
the PGIol,PGTUNT,PGIint?BolJon and CP418 markers 
whose Sequencesfolow: 

PG?ol R2000 marker 
TCATTTGATT GTTGCGCCTG 

ACATGTGGTT AACTTAACAG 

AATCTTGCGG TATGAATTTG 

GTTTTCGTAC AATAAACCGA 

PG?UNT R2000 marker: 
TCATTTGATT GTTGCGCCTG 

ACATGTGGTT AACTTAACAG 

AATCTTGCGG TATGAATTTG 

GTTTTCGTAC AATAAACCGA 

ATGTACAATG CTAGTCTCC? 

ACAG?ACAGA AGAAAG?G? 

TCGGCATTGA TCCGAACAAT 

GTAAGTGCTT GTTTATTTGG 

AACTGAAATT CTTTTGCAGT 

GGCTTCTCTG TGGTTGAGAA 

CTTAGGCATA TTCTTTCTAT 

TTCCCGTTTT ATTTTCAAAA 

GATCCAGCTG ATATTCAGCC 

AGCATTGATA AGCATTTCC? 

AGTTGTGTGA TTATACAGTT 

TGAAGTTATT AGTGTAGTC? 

AGGTGCTTTA GGGTTATTG 

PG?int R2000 marker: 
CAGCACTAAT CTTGCGGTAT 

ATTGTTCGTT TTCGTACAAT 

TAITCAGACA GTACAGAAGA 

GAGAAGTTCG GCATTGATCC 

TCGCCTTGTT 

GGCTCCGGCT 

TGATTAAATT 

ATGTATAATC 

TCGCCTTGTT 

GGCTCCGGCT 

TGATTAAATT 

ATGTATAATC 

TGTTCTTGGG 

CAAAACTQTG 

GCATTTGCAT 

TTGTATAAAT 

TTGCAGTGCT 

GTACGGTACC 

TTTATTTCCC 

GTTGTTACTG 

TTTTTTAAAT 

GTCCACACCG 

TTCTTGTCTT 

ACGCATAGGG 

AAACCGAATG 

GTCTCCATGT 

AAGTG?CAA 

GTGTTATGAT 

TGTTTGTTTG 

TTTTTACAAA 

GTGTTATGAT 

TGTTTGTTTG 

TTTTTACAAC 

GATCATGATT 

GATGTTTTAA 

TTTGGGACTG 

TTCTCGTCCA 

GTTGGAGTCT 

TTCTACTTTA 

TCTTAATGAT 

TCTCTAAATC 

?GAGAAGA 

TTTGCTATGT 

AGAGGTGAT? 

TTAAATTTGT 

TATAATCTTT 

TCTTGGGGAT 

AACTCTGGAT 

TTTGCATTTT 

GAATGAACAG 

ACATGGTTGC 

TGACTCTTTC 

CTGAATTTTC 

GAATGAACAG 

ACATGGTTGC 

TGACTCTTTC 

TGAATTTTCT 

TATTTTCTAC 

TTTACAGTTA 

TTTCCGCTTG 

TACCATTGTC 

TCAGCCATCT 

TTCTTCTTTT 

AAGAAGAAAC 

GTTTTTAAAG 

ATATACCCGT 

CCATCAACAC 

GGTGACTTTT 

TTGTTTGTGA 

TACAAACTGA 

CATGATTTAT 

GTTTTAATTT 

CAGTCATTTA 

TGTCAGCACT 

TTCATTGTTC 

TACCGGGTCT 

CAGTCATTTA 

TGTCAGCACT 

TTCATTGTTC 

ACCGGGTCTG 

ATGTATTCAG 

GTGGAGAAG? 

AGGTACAGTG 

CTTAGTGTAT 

TCTACAGTAT 

CATAAAATG? 

TTTTATTGCA 

CTTCTTAGTA 

GGGAGC"CA 

GAGTTGCATT 

TAGAGA"CG 

GGACGATTTC 

CTCTTTCTTC 

ATTTTCTACC 

TTTCTACATG 

TGGTGGAAGG 

60 

l20 
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240 
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60 

l20 

180 

240 

300 
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ATTTCGACGA AGAGTGGAAG AGGAGAGGGT GGTGGATAAA CTCGCGTATG ATCAAGTTCG 600 

TCATCGTCCT GATTGCCGCC ATTTTTTTTG TCAGGGCGCT CTGTGGCTTA GAAGTTTCCG 660 

ATGTCAAIGA AC 

[0037] Intheannexeddrawingthatfollows?thefolowing 
abbreviationsare used: 

[0038] Dra 
[0039] Drakkar 
[0040] Rel-15-1?E38?R15 
[0041] R2000 
[0042] Hete?He1,R211Drakkar 
[0043] heterozygous R211*Drakkar, 
[0044] Darm 
[0045] Darmor 
[0046] Bol 
[0047] Brassica oleracea 
[0048] Bra,B rap: 
[0049] Brassicarapa 
[0050] GCPA18-A19?Wes?Aust 
[0051] Wesroona 
[0052] Sam?Sam1PGIolSunt5 
[0053] Samourai 
[0054] RRH1,ba2c 
[0055] RRH1 
[0056] rav,NWR 
[0057] Hybrid Brassica napus*wild Radish 
[0058] FIG.1illustrates Gammaray Iradiation and F2 
production, 

[0059] FIG.2ilustratesseed seton‘R211”and‘R2000” 
[0060] FIG.3ilustratesthenumber ofseedsperpod of 
diferentlines, 

[0061] FIG.4illustrates PGlolprimerlocalisation onthe 
segmentof PGIsequencefrom Data Base,Inthatfgure 

PG[ol: primerPGIol U(namedin SGAP:BnPGIch1U) 
primerPGIol L(namedin SGAP:Bn PGIch1 L) 

PG[nt: primerPGIntU 
primerPGTint L(isoutsidethe sequence)? 

[0062] FIG.5ilustrateselectrophoresisgelofPGI-2gene 
(PGIol)?PCRmarkerandSG34,aPCRmarkercloseto Rfo. 
[0063] FIG.6ilustratesPgi-2segmentofDNAamplified 
by PCRwith PGIolprimers, 
[0064] FIG.7ilustrates dgestion ofthe PCR product 
PGlolby Mse1… 

672 

[0065] 
[0066] Sam and Darm hasa75bp band, 
[0067] Drak,R211Dkand R2000showed a 70pb one 
(Acrylamide15%)? 

Inthatfgure 

[0068] 8 was similar to Samourai(75bp) mix with 
Drakkar(7Opb)italowedthevisualisationofthetwobands? 

[0069] FIG,8illustrates electrophoresis agarosegel of 
PGIUNT marker, 

[0070] 
[0071] PGTUNT band(about980bp)is presentin B 
oleracea,B,rapa cv Asko?maintainerand restored lines 
exceptin‘R211” 

Inthatfgure 

[0072] Thereisnoamplificationinradishand4rabidop 
sis, 

[0073] Invarious Brassicagenotypesonlyonebandwas 
amplified.Sizebandaresimilarbutsequencesarediferent? 

[0074] FIG.9ilustrateselectrophoresisgelofPGTintPCR 
marker, 

[0075] Inthatfgure PGTintofradish line7is ofabout 
950bp.Thisbandisthesameasintherestored RRH1and 
R113.Itisnotfoundin R211.Itisnoteitherin R2000. 

[0076] Howeverthe PGIintbandis ofasimilarsize of 
about87Obpinthevarious Brassicaspecies,butsequences 
are diferent, 

[0077] FIG.10ilustrates electrophoresisagarosegel of 
BolJon PCR marker, 

[0078] FIG.11illustrateselectrophoresisagarosegel of 
CP418 marker, 

[0079] Inthatfgure,the CP418band(ofabout670bp)is 
Specifictothe B.oleraceagenome.ltis presentin B ol,B, 
napus(Samourai?Drakkar,Pactoland the herteroZygous 
R2111*Dk),Itisabsentfrom therestoredrapeseed(RRH, 
R113and R211),Itis presentin the homoZygous R2000? 
[0080] FIG.12illustratessummary markerstable? 

[0081] FIG,13(13(a)?13(b)ilustrates PGIol marker 
Sequencealignmentbetween4rabidopsis?Radish,B,rapa, 
B.oleracea and R2000 

[0082] FIG.14(14(a)?14(b)?14(c)?14(d)ilustratesthe 
PGlint-UNTmarkersequencealignmentbetween4rabidop 
sis?Radish,B,rapa,B.oleracea and R2000 

[0083] FIG.15(15(a)?15(b)?15(c))ilustratestheCP418L 
markersequencealignmentbetween4rabidopsis?Radish,B, 
rapa,B,oleracea and R2000, 
[0084] FIG.16(16et16bis)ilustrates4rabidopsis?Rad 
ishand B rapa BolJon markers. 
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[0085] Therearealignedwith DBsequencesof4rabidop 
sis(AC007190end-AC011000beginning)?the B oleracea 
EMBH959102endand EMBH448336beginingandrepre 
sentativeconsensussequences ofthe SG129markersband1 
and2in B,napus(in Drakkarand Samourairespectively) 
[0086] From the point836bp?AC07190-AC11000 and 
GCPATpBOJsequencesarenolongerclosely homologous 
to the Brassica Sequences, 
[0087] Theradishand B.rapa(GCPconsenRsRfBOJand 
BR)Sequencesarestil closey homologoustothe B napus 
one,from 858bppointtothe900bpand981points respec 
tively 
[0088] In radish,only partial homologyis found on the 
Brassica Sequencefurther down, 
[0089] In B rapa speciescvAsko?theleft ofits BolJon 
Sequence can bealignedagain,aftera 78bp deletion?with 
those of B,oleracea and B,rapa in B,napus from the 
1057bppointtothe BolJon Lprimer 

[0090] FIG.17(17et17bis)ilustratesthelocalisation of 
Pgi-2primerson the4rabidopsisth MJB21.12sequence. 
[0091] FIG.18ilustratesthe BolJonprimerslocalisation 
on the mipsAtl62850 gene and overlapping area of 
AC007190andAC0110004rabidopsisth clones, 
[0092] Alignmentwiththe4rabidopsis BolJon PCRprod 
uct(74Obp)ispresented, 

[0093] It should be understood,however,that the 
examplesaregivensoleybyway ofilustrationoftheobject 
of the invention?of which they in no way constitute a 
limitation, 

Example L 

[0094] method ofproducingadoublelowrestorerline of 
Brassica napus for Ogura cytoplasmic malesterility(cms) 
presentingaradishintrogression?carryingthe Rforestorer 
gene deleted oftheradish Pgi-2aleleandrecombinedwith 
the Pgi-2genefrom Brassica oleracea?and havingagood 
agronomic value characterised by femalefertility,agood 
transmission rate of Rfo anda high vegetative vigour, 
Materialsand Methods: 

[0095] Genotypes:The“R211”linewitha deletedradish 
insertion was crossed to the Spring low GLS rapeseed 
‘Drakkar”toproduceaF1progeny(‘R211*Dk”).Thespring 
lowGLScmsline“Wesroona”(australian origin)wasused 
forfollowing crosses.Were used as controlin molecular 
analyses:Winter restored lines derived from“Samourai” 
carrying the complete(“RRH1”)orincomplete(“R113”) 
introgression as wel as European radish line7,Asiatic 
restored radish D81?hybrid Brasica napus* wild radish, 
Brassica oleracea,and B,rapa cv Asko,4rabidopsis 
thaliana? 

[0096] Gamma rayirradiation:Whole flowering plants 
were treated with gamma rays from a Co60 Source in a 
controledarea.Subletaldosefo65Graywasappliedbefore 
meioses? 

[0097] Testcrosses and F2 production:Irradiated plants 
weretransferredinaninsectproofgreenhouseafterremov 
ingflowerbudslargerthan2mm.Theirradiated F1progeny 
was used to handpollinate the cms“Wesroona”line?The 
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restored derived F1”plants were alowed to produce F2 
familiesharvestedindividualyandpreciselysowninafeld 
assayalongwith nonirradiated controls(FIG.1) 
[0098] Phenotypic selection:Threevisual criteria were 
Scored(on a 1to 5Scale)Over2yearsinfieldassayS?On 
1200F2ofspringsplus44controls(82330quoted plants): 

[0099] 
[0100] 2.Normality oftheratiooffertile/sterileplantsin 
the F2Segregation?and 

1.Vegetative vigour, 

[0101] 3.Femalefertility(poddevelopmentandseedset) 
[0102] Advancedselfedgenerationsoftheselectedfami 
lieswereobtainedeitherinfieldorgreenhouseandproduced 
homoZygouslines(F4)forfurtheranalysis? 
[0103] IsoZymeanalysiswasperformedasin(Delourme 
R.andEberF1992.7heor4pp/Genet85:222-228)?marker 
developmentfrom(Fourmann Metal2002,7heor 4pp/ 
Genet 105:1196-1206):PCR products are validated by 
Sequencing.Alignmentsweremadeusing BlastNcbiand Uk 
Crop NetBrassica DBandthe Multialinsoftware INRA 
Toulouse. 

Method: 

[0104] We choose one low GLS spring homoZygous 
restorer line,‘R211”?already exhibiting deletionsin the 
introgression(Delourme R.and Eber F,1992,7heor4pp/ 
Genet 85:222-228. Delourme Retal1998,Theor4ppl 
Genet 97:129-134,Delourme R,etal 1999,10" Int 
Rapeseed Congress,Canberra)?Several molecularmarkers 
are missing on either side of Rfo?such as spATCHLA 
(Fourmann Metal2002,Theor4ppl Genet,105:1196 
1206),spSG91(GiancolaSetal2003Theor4zpl Genet.(in 
press)?“R211”1ost theisoZyme expression of the Pgi-2 
alele oftheradishgenebutalsothe one of Pgi-2allele of 
B,oleracea genome(1.2),Moreover,the homoZygous 
‘R211”showslinkednegativetraitssuchaslowvigourand 
verypoorseed set.We hypothesisedthattheseplantlacka 
rapeseed chromosomal segment?The fertile ratio in F2 
progenies derivedfrom this materialislowerthanexpected 
(64%instead of75%)?Weinitiated the program from this 
‘R211”lineandtriedtoforcerecombinationbetweenthe Rfo 
carryingintrogression from this deleted line and therape 
Seed homologouschromosomefroma doublelow B,napus 
line, 

[0105] Ionisingirradiationis known toinduce chromo 
somalrearrangementsbydoublestrand breaksfolowedby 
aberrantrejoining ofthe ends.Gamma-rayirradiation was 
usedona heteroZygous F1 derivedfrom the“R211”lineto 
inducechromosomebreaks,justbefore meiosis?aimingata 
recombination of the deleted radish introgression in the 
rapeseedgenome, 
Results: 

[0106] Veryfewfamilieswereatthe bestscoreforthe 
three criteria outof1200 F2familiestested, 

[0107] Only one?“R2000”?proved toproduceanormal 
ratio offertile plants per selfed progeny with a stable 
recovery ofgoodagronomic traits Such asagood female 
fertility,withanormalseedsetcomparedto‘R211”(FIG.2 
and3),Thisfamilywas obtainedfrom a 6mnirradiation 
treatmentata doseflow of65Grayper hour, 
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[0108] Glucosinolateanalysisconfrmedits lowcontent? 

[0109] InFIG.2(Seedseton“R211”and‘R2000°)R2000 
showednormalinflorescences?withanormallookingarchi 
teCtUre? 

[0110] In FIG.3(Numberofseedsperpod)?weobserve 

[0111] onthebest‘R2000”F4familiesinselfpolina 
tion(Selfings)andintestcrosses 

[0112] on“Pactol”cms line on rapeseed and“R211” 
controls, 

Example II 

Selection of Markersinthe Pgi-2Gene 

[0113] PGI isoenzyme analysis:‘R2000”progeny 
expressed the rapeseed Pgi-2 alele from B,oleracea 
genome?Originalylostin“R211” 

[0114] Three PCR markers were defined to characterise 
the R2000familycompared tothe knownrestorerrapeseed 
RRH1and R113. 

[0115] 1)PGIolmarkerwas developedfrom the Bras 
sica DB sequences to be specific to the Brassica 
genome?There is no amplification in radish norin 
4rabidopsisth?butonlyin Brassica?withone248bp 
band, 

[0116] 2)PGIintmarkeramplifiedalongerpartofthe 
Pgi-2gene,alowing clear distinction between the 
varioustested Species Brassica,Raphanus and4rabi 
dopsis.The Species B,rapa and B,oleracea werenot 
distinguished bythe band size onagarosegel?but by 
theirPGINTband sequence? 

[0117] 3)PGTUntmarker,a combination ofthe PGIol 
Uand PGIint Lprimers.This marker hadthe speci 
ficity ofthe PGlolmarkerbutamplifyingalongerpart 
asfor PGlintone, 

I.1 PGlolmarker 

[0118] With the PGIolprimers?the“R211”parentalline 
showed no amplification,while the Spring tested lines 
showeda248bp band.Its DNAsequenceis homologousto 
the PGI-2sequencesfrom the Crop NetUKDBin Brassica 
Speciesandfrompreviousworkinourgroup(namedSGAP 
sequences)(Localisation ofthe primersSG PGIchou?FIG. 
4) 

[0119] Itwas ortholog ofthe clone MJB21-12,on the 
chromosomeV(34543bp)in4rabidopsis(NCBIDB) 

[0120] PGlolplusSG34tosetan HomoZygocitytest 

[0121] The combineduse oftwosets ofprimersina mix 
PCR?PGlolmarlingthe Pgi-2geneabsentinthe homozy 
gote restored plant and SG34(from S. Giancola et al, 
GiancolaSetal2003Theor4zpl Genet.(inpress)?avery 
close markerto the Rfogene,was set Up to discriminate 
homoZygous from heteroZygous plant among the fertile 
plantsSegregatingin F2progenies derivedfrom‘R211”?In 
place ofusingSG34,itispossibleto useanyothermarker 
closeto Orin the Rfogene, 
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[0122] Only one family R2000 showed no diference 
between homoZygoteand heteroZygote ofsprings: 
[0123] The Pgi-2geneis presentin the R2000 homozy 
gote,whichis notthe case forthe parental homoZygous 
R211? 

[0124] In FIG.5(PGIolandSG34PCRmarkers) 
[0125] Thehomozygous‘R2000”familyhasrecoveredthe 
PGlol band, 

[0126] DNAsequence ofthe band confrmedthe homol 
ogy with the known 4rabidopsis and Brassica Pgi-2 
Sequence.Controlgenotypes(Drakkar,Pactol?and,Samou 
rai?Darmor)hadthesame pattern on thegel,Sequence of 
thiscommon bandalowed toconfrm their high homology 
astheywere quasisimilarexceptone base substitution, 
[0127] Thehomozygous‘R2000”familyhasrecoveredthe 
PGlolband ofthe Brassica oleraceatype?Itwas distinct 
from the known restorer ofthe Samouraigroup. 
[0128] Thisamplified partofthe Pgi-2isveryconserved 
and hardyany diferences wereshown amongthe various 
genotypes.Alongerpart of Pgi-2genewasinvestigated, 
I.2 PGIUNTand PGIint Markers 

[0129] Electrophoresis PatternsofPCRProducts: 
[0130] PGTUNTmarker:Asecondreverseprimer,PGIint 
L,wasdesignedfurtherdownthe Pgi-2Sequence,toamplify 
aswelconservedandasvariableregionsofthegene.When 
usedwiththePGlolUprimer,itamplifiesa980bpbandonly 
in Brassicagenomes. 
[0131] R211 didn”t show any band?The homoZygous 
‘R2000”showedthePGTUNTbandasintheDrakkarparent, 

[0132] In FIG.8(PGTUNTMarker) 
[0133] PGTintmarkeramplifieda segment ofPGTUNT 
The upper primer PGIintallows the amplification in all 
tested Species?alowinga cleardistinction between4rabi 
dopsis?Radishand Brassica,B,rapa and B oleracea were 
not distinguished bythe band size on agarosegel,but by 
theirPGIintsequence.Altestedrestoredgenotypes,butthe 
‘R211”line,exhibited the European radish band and one 
Brassica band,homologousto the B,rapa one, 
[0134] The homozygous“R2000”didn”tshowtheradish 
PGlint band?as in the deleted“R211”parental line,but 
showed one Brassica band?homologoustothe B,oleracea 
Q]é? 

[0135] Electrophoresis ofPGIintmarkerisrepresentedin 
FIG,9. 

[0136] SequenceAnalysis: 
[0137] Comparison ofthe PGIsequences from the data 
bases? 

[0138] APGIsegmentofabout490bpis known? 
[0139] Sequences of a segment of about490bp from 
diferentgenotypes(B,oleracea,B,rapa,B,napus)have 
been studiedin ourlaboratorygroup and Some Sequences 
weregivento BrassicaCrop NetDB:EMAF25875to25788 
by MFouramnn(4)These Sequencesarevery conserved, 
[0140] Comparison ofthe B rapa et B.oleraceaspecies 
PGIsequences(FIGS.13and14):Comparisonbetween PGL 
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Sequenceswehave obtainedfromthetestedgenotypes ofB 
oleracea and B.rapaspecies,showedthattheyweredistinct 
by21 base substitutions,Theses substitutions allowed to 
distinguish PGlint Sequences from the othertestedgeno 
types ofrapeseed,homologous to either B rapa cv Asko 
(RRH1and R113)or B.oleracea(Drakkar,R211*DKbut 
also R2000) 

Example II 

Selection of Markerina Region Closeto Rfo 
[0141] Markers surroundingthe Rfogene in theradish 
insertionweredeterminedinordertofacilitatethe Rfogene 
cloning(DesloiresSetal2003EMBOreports4,6:588-594) 
One ofthese?theSG129PCRmarkerwaslocatedveryclose 
to Rfo(GiancolaSetal20037heor4ppl Genet.(inpress) 
it co-amplifed distinct bandsin B,oleracea and B,rapa 
genomes ofB.napus?buttheradish bandwasverydificult 
to See Onanagarosegel 
[0142] ThetargetSG129sequencewasorthologofaclone 
(ACO11000?atthelocus F16P17)in4rabidopsis thahana? 
Thisclone overlappedan4rabidopsisadjacentcontigclone 
(AC07190) 
[0143] Fromthe Brassica Crop NetDB?wefoundone B 
oleracea clone?(EMBH448336?764bp)blastingwith the 
begining oftheA011000?anda second B.oleracea clone 
(EMBH53971),distantfromabout300bp onthe4rabidop 
sismap,thatblastedwith theend ofACO7190 
[0144] We designedanew PCRmarker,BolJon?between 
the two B,oleracea clones. We verified thatitallowed 
amplification ofaspecific PCRbandsinthe diferentgeno 
types compared here. 
[0145] In FIG,16(electrophoresisgel of BolJon PCR 
products) 

[0146] In4rabidopsis,aBolJon815bpbandwasampli 
fied,homologue to the overlapping Segment of the 
contigs, 

[0147] In Brassiceae dploid species?BolJon marker 
showeddistinctbands:one of950bpin B.oleraceaand 
one of87Obp in B rapa?Itshowed thatthetwo B 
oleraceaclones(EMBH53971and EMBH448336)are 
in Sequence continuityin Brassicagenomeasitisfor 
the orthologsequencesin4rabidopsis, 

[0148] In B.napus,thesetwobandsareco-amplifiedinthe 
maintainerlines?Samouraior Drakkar 

[0149] In radishline7,one BolJon bandwasamplified 
ofabout630bplong.Theband oftherestoredradish 
cmsRd81wasslightlysmaler 

[0150] In al the restored rapeseed lines?one of the 
BolJon bandswas ofthesamesizeastheradishline7. 
BolJonisa marker oftheradishintrogression, 

[0151] The homoZygous restored rapeseed lines, 
“RRH1”?“R113”andalso‘R211”?onlyshowedthe B 
rapa bandandthe630bpradishbandbpsuggestingthe 
B.oleracea orthologofthetargetgeneisabsentorhas 
beenmodifiedwhentheradishsegmentofchromosome 
wasinsertedintotherapeseed B oleracea constitutive 
genOme, 
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[0152]“R2000”homozygoteplants showedradish PCR 
BolJon,plusthetwo Brassica BolJon bands?again having 
recovered the B,oleracea one?lostin“R211”and other 
restorerlines, 

[0153] Wedesignedaprimer,pCP418L?specificofthe B 
oleraceagenomein thetested species,With the SG129U 
primeritamplified only one PCR band(670bp)inthe B 
oleraceaspecies.(FIG.17) 
[0154] Therewas noamplificationin B rapa,inradish, 
norin4rabidopsis?buttherewasa clearCP418bandin B 
napus maintainerlines.lts Sequencewas strictly homolo 
goustothe EMBH448336sequence.This markerwasina 
very conserved DNASequence alowingnopolymorphism 
betweengenotypes exceptby presence/absence. 

[0155] In RRH1?R113andin R211therewasnoCP418 
band?indicatingaspreviouslythatthe B.oleracea ortholog 
ofthetargetgeneisabsentor has been modifiedfolowing 
theradishinsertion, 

[0156]“R2000”homozygoteplants showed CP418band, 
again havingrecovered the Specific B oleracea One, 
[0157] In the presentinvention,a new recombined low 
GLS restorerline has been selected with agood female 
fertility.Thepoorvalue ofline“R211”alowed selectionin 
thefeldforararerecombinationeventandcharacterisation 
the‘R2000”family 
[0158] The homoZygous“R2000”presentsa uniquecom 
bination ofthe PGlol,PGIUNT,PGlintand BolJon markers 
when compared with the rapeseed restorer analysed yet 
PGlinTmarkershowedthatthe homoZygousrestoredrape 
seedlines?RRH1and R113presentedthe Europeanradish 
band plus One Brassica band,homologous to B,rapa 
genome.“R2000”shows no radish band?1ost as in its 
parental deleted line R211,butshowed one Brassica band 
homologousto B.oleracea.TheorthologPGlintsequencein 
its B.rapagenomeisnotamplifiedwiththismarkerin R211 
and Drakkargenetic background, 
[0159] PGlolmarkerand PGTUNT markersequencesin 
restoredlines RRH1and R113were homologoustothe B 
rapa cv Asko one,In“R2000”?PGIUNT sequence is 
homologousto B.oleracea.TheorthologPGIUntsequence 
inits B,rapagenomeis notamplified with this markerin 
R211and Drakkargenetic background, 
[0160] BolJon marker showed that the homoZygous 
restored rapeseed lines?including“R211”presented the 
European radish band plus onlythe Brapa one.“R2000” 
shows the two bands of“R211”plus the recovered B 
oleracea BolJon band, 

[0161] CP418markershowedthat‘R2000”recoveredthis 
conserved B oleracea Segment? 
[0162] Ourhypothesisisthatarecombinationeventtook 
placein thepollen mothercellwhichgaveriseto“R2000” 
plants.The deletedradishintrogressionwasthenintegrated 
to the normal homologous chromosome Segment?carrying 
the B.oleraceatype Pgi-2geneand BolJontargetSequence, 
characterisedbythesemarkers?probablyfrom the Drakkar 
“00”genome present in the irradiated heteroZygous 
“R211*DK”? 

[0163] Thepatternobservedfor BolJon suggests thatthe 
recombination event resulted in a particular duplicated 
region,onefromradishandone B.oleracea?inthe‘R2000” 
family 
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SEQUENCE:9 

caataaccct aaaagcacct g 

SEQ ?D NO 10 
LENGTH:20 
TYPE:DNA 

ORGANTSM:artificial sequence 
FEATURE2 

OTHER TNFORMAT?ON:PG?ol U primer 

SEQUENCE:10 

tcatttgatt gttgcgcctg 

SEQ ?D NO 11 
LENGTH:21 
TYPE:DNA 

ORGANTSM:artificial sequence 
FEATURE2 

OTHER TNFORMAT?ON:PG?int L primer 

SEQUENCE:11 

caataaccct aaaagcacct g 

SEQ ?D NO 12 
LENGTH:21 
TYPE:DNA 

ORGANTSM:artificial sequence 
FEATURE2 

OTHER TNFORMAT?ON:BolJon U primer 

SEQUENCE:12 

gatccgattc ttctcctgtt g 

SEQ ?D NO 13 
LENGTH:21 
TYPE:DNA 

ORGANTSM:artificial sequence 
FEATURE2 

OTHER TNFORMAT?ON:BolJon L primer 

SEQUENCE:13 

gcctactcct caaatcactc t 

SEQ TD NO 14 
LENGTH:21 
TYPE:DNA 

ORGANTSM:artificial sequence 
FEATURE2 
OTHER TNFORMAT?ON:pCP418 L primer 

SEQUENCE:14 

aatttctcca tcacaaggac c 

1-18.(canceled) 
19.Amethod ofproducingdouble lowrestorerlines of comprisinga deletedradishinsertion with the double 

Brassica napus for Ogura cytoplasmic malesterility(cms) low line of Spring Drakkarforforming heteroZygous 
presenting radish introgression carrying the Rfo restorer restored plants of Brassica napus? 
gene deleted oftheradish Pgi-2aleleandrecombinedwith 
the Pgi-2genefrom Brassica oleracea?and havingagood 
agronomic value characterised by femalefertility,agood 
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11 

?Continued 

21 

20 

21 

21 

21 

21 

a)crossingdoublelowcmslines ofspringBrassica napus 

b)irradiating before meiosis the heteroZygous restored 
plants obtainedin stepa)withgammarayirradiation? 

transmission rate of Rfo and a high vegetative vigour, c)crossingpolenfromflowersobtainedin step b)with 
comprising the cms double lowspringWesroonaline? 
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d)testing the progeny for vigour,female fertility and 
transmission rate ofthe cmsgene and 

e)Selectingprogenylines? 
20.Themethodofclaim 19,whereinsaidirradiationdose 

in step b)is65Gray during6mn? 
21.The method ofclaim 19wherein the double lowcms 

line ofspring Brassica napus ofstep a)is R211… 
22,The method of claim 19 wherein said testingis 

performed with the combination offive markers selected 
fromthegroup consistingofPGlol,PGTUNT,PGIint,Bol 
Jonand CP418. 

23.DoublelowrestorerlinesofBrassicanapusforOgura 
cytoplasmic malesterility(cms)presentingan Rfoinsertion 
deleted oftheradish Pgi-2aleleandrecombinedwith the 
Pgi-2gene from Brassica oleracea,and having a good 
agronomic value characterised by femalefertility,agood 
transmission rate of Rfo anda high vegetative vigour, 
24.The double lowrestorerlines of claim 23,wherein 

Said lines presenta Unique combination offive markers 
selected from the group consisting of PGlol,PGIUNT, 
PGIint?BolJonand CP418. 
25.Amethod ofproducing Brassica napus hybridplants 

and progenythereof comprising? 
a)providingarestorerline produced bythe method of 
claim19and bred tobe homoZygous; 

b)usingsaidrestorerlineina hybrid productionfieldas 
thepolinator? 

c)usingcms sterileplantsina hybrid productionfieldas 
the hybrid Seed producingplant and 

d)harvestingthe hybridseedfrom themalesterileplant? 
26.Seeds ofBrassicaplant developedfrom the Brassica 

line obtained bythe method ofclaim 19. 
27.Seeds of Brassica napus obtained bythe method of 

claim 25. 
28.Seeds of Brassica napus obtained bythe method of 

claim 19 depositedin NCIMB Limited,under reference 
number NCIMB41183, 
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29.Amethodforcharacterisingrecombinedrestorerlines 
ofBrassica napusforOgura cmspresentinga Rfoinsertion 
deleted oftheradish Pgi-2aleleandrecombinedwith the 
Pgi-2gene from Brassica oleracea,and having a good 
agronomic value characterised by femalefertility,agood 
transmission rate of Rfo and a high vegetative vigour, 
comprisingthe use ofatleastfourmarkers?PGlol?PGIint, 
BolJon and CP418,orany portion of them containingat 
leastonepolymorphic site? 
30.The method ofclaim29wherein the combination of 

narkersfurthercomprises PGIUNT 
31.The method of claim30,wherein? 

themarkerPGlolisamplifiedusingtheprimers:PGlolU, 
comprising SEQ ID NO:6 and PGlol L?comprising 
SEQIDNO7? 

the markerPGlintisamplifiedusingtheprimers:PGIint 
U,comprisingSEQIDNO:8and PGlint L,comprising 
SEQIDNO9: 

themarkerBolJonisamplifiedusingtheprimers:BolJon 
U,comprisingSEQID NO:12and BolJon L?compris 
ingSEQTDNO:13: 

the markerCP418isamplified usingtheprimers:SG129 
U,andpCP418L?comprisingSEQID NO:14: 

themarkerPGTUNTisamplifiedusingtheprimers:PGlol 
U,comprisingSEQIDNO:6and PGlint L,comprising 
SEQIDNO9? 

32.APGlolmarkercomprisingSEQIDNO:1? 
33.APGTUNTmarkercomprisingSEQID NO2? 
34.APGTintmarkercomprisingSEQID NO3? 
35.ABolJon markercomprisingSEQID NO:4? 
36.ACP418markercomprisingSEQID NO:5? 


