Supplementary data

Supplementary Fig. S1. Opening flower morphology of the parent plants 181A and

H5 under relatively low temperature. A, the whole flowers of sterile parent 181A; B,
the sterile flower with petals and sepals peeled off; C, the whole flowers of fertile
parent H5; D, the fertile flower with petals and sepals peeled off. The petals of sterile

parent are shrinked (A) and the stamens of sterile parent are shorter than pistil (B).
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CTGGTACATACAGTATCAGTGTTAATGATGTCGTTCTAAAAACATTTGATGTTCATCAGAACATACCTTTCACAATCGAAATCATTGATG
ATAACCAGGTTTGTCTTTTTGTTCTGTGCGTGTATATTTTACTCTCTTTATTGAACTAGTCAATCATTTGTTAATATGCTTTCACAGATT
CCTCTTGCTGGTGAAAAATTAATTTTTGATAAGTCAGTGTCTATAGTCACTGATGGGGGACATGTTGTTTCTAAGGGTAAGAAAAATTGA
ACAACGATTTAGAATTTGTAATCAATTCTCAGTTCTCAATAGACTAATTACAACAACCTTTTGGTGCAGGTGTCATTAAGCTGCCATTTT
TAGGGAGAACGGACTAGATGCCATAGAGGTAAAAAGCTTACACGTAATCCAAGAGGTCTCCACAGATGTTAACAACCAGAAGAAATAATA
ATAATGTTTTGCCGTACTGGTTCAGTGTTTTTTGTTTCTGTAATGACTATCAACAAAACTTTTGTTAGACAAGCAATGAAAACGCAACGC
AGGTGAGGAGAGGCCATATATGGATCATAAGCTTAATTTCAAATGAATGATTTATGCAAGTGTTTTAATGTATTAGTCTTCGTTGTATAA
GAATATTTATCAAAAAAATTTGAAGTAGACTCATGTTTTGTTCCAGTAAGTTTTCTCTTAAACCAACTAAATATTTGTGTACAAAATTTA
CACGGCCAAAGAAAGATCAACTCAATACATAATTTAAGTTTGTATGGAAACAAACATTCATGCTTCAAGATACATAAATAAGCACGTTTA
TGTGTGTATATCAGTGAAATTGTCTTTTTCTATCGATGATCTTTTATCTCTCCTTCAATAGCTTTAGGAGATAAAGATGCATGATCATAA
TGGTCCACATATTAAAAAAAAACACAGTAAATATAAAATCCATAAGGCATTAAATAAAACATTGGTTAAAGTTCCTATAAACTCTCGAAC
TCAGTTTCTTACAACTTCAAGTCTCCATTTCTGTAGCACTTTCTTTGTGAACTTTACTGAATTGTGGACCACAAAAGTCACACTCCTTAT
ATATGAAAATGGCTTAAGATTGCTTTTTGGATTTTTGCTATGTTGATTACAATCGTTATCATGACGCTACCATGATTGGATAGTAAGAAC
AAAATTTAAGTGTATTTCTTTAAGTGAAGTTAAAAAGATACAAATCACTCATTTTGCAACTCTAAAAGTTATATCAAGAATCTCTACCAA
AATTTCTAAAGCATACTTGAAACCAGGATATTCTTTTGTGTTTCACAATATGATTAACACCGTGAGTTGCATTGAATTTCTTTAGCAAAT
AGATATGTAGGGGTAATGATGAATTTGAATTAGCGTTGTTTCTATGAAGCTTTAAGCAAACCGGAAATGATGGGGGTTAATAACCAAGAA
TGAGCATGAACCGGCCTTGAGGTGTGAATGATTTGATTGATCCCAATATAGTGATATTTAGTTCCTTAATGGAGCTGTCAACAAATTATA
AACTGAAATTGTGTAAAACAGAACTAAAATGAAATCGGACATGTTACTACGACATATCTCCTGTAATTATTAACATTGAAAATGAAATAA
ATAAATAAAAAAAAAAGAAAAAAAGAAATCGGACATGATATAACGCGGTCTGCTTTTATACAAACCAGATTCGTACCGCTTCTGAAACCA
AATTAGATTAATTTCAGAACCGAGACGTGATTTAAAAAAAAAAAAACAGATACAACACACTTTCCCTTGTCTTCTTCGTCGTGTTCTTGA
CCGGGATCTACAAAGTTAACGATGGAATGTTTCTGCTGTAGATAAAATTCGTCTGGTGGTGAAGATGTTTTTGTGGTGAAAGGCGAAGAA
TCATCAAAGTCAGTGAAGACGGGAGTGGAGTTGTTCTTCTTCTTCTAGGGGTTTTCCAGATTTGTAGATTTGAAGAAAAAAAAACAAACA

atgttgtgtcggagattggtgcttgtgtctcgtatcccecctgagtecctgttggtactecttgcaactcecctttgetctecttttatcagatee
M L ¢ R R L VL V S R I PL S PV GT L AT P L L S F I R S
tcatgcgaacgaggctactctggtctcggcagecgatagaaatctctcatcttacaaagagagactgagaagtggtctggtcgatatcaag
s ¢ E R G Y S G L G S D RNIL S S Y K ERULUR S G L V D I K
aagaaggatgctgtagctctgtttcagtccatgattaggtctcgtectcttecctacggtcatggatttcaataaactgtttagtgcagta
K K bAV AL F QS M I RS R P L P TV M DF N K L F S A V
gccagaacgaaacagtatgatctcgtgttggatctctgcaagcaaatggaactgcaagggattgcacatagcatttacacgctgagtatt
A R T K ©Q ¥y DL VL DL C K QM E L Q G I A H s I Y T L S I
atgatcaattgcttctgccgcectccagaaactecggttttgetttttctgtgatgggaaagatgttgaagecttgggtatgagecccgacaca
M I N CF C R L Q K L G F A F S VMG KMTU LI KL G Y E P D T
atcacattctcaactttgatcaacggtttatgtctggtgggtagagtttccaaagctgtggagttagttgatcatatggtagatatgaag
I T ¥ S T L I NG L C L V G R V S KAV E L V D HM V D M K
gttattccaaatctcatcatacttaacactattgtcaatgggctttgtctccaagatagactctctgaagcaatgtctttgatacatcga
v 1 Pp N L I I L N T I V N G L ¢C L Q DR L s E A M S L I H R
atgttggctaatgggtgccaacccgacgcagttacatatggtceggttttgaacagaatgtgtaagtcagggaacactgecteggecttyg
M L A N G C Q P DAV T Y G P V L N RMCI K S G N T A S A L
gatctcctcggaaagatggaacttagaaagatcaagcctcaagtagtcacatacaatatcatcattgacagtctttgcaaggatgggage
b . L G KM E L RK I K P QVVTY NI I I D S L C K D G S
ctcgaagatgcactctgceccttttcaatgaaatggaaaccaaaggaatcaaagcaaatgtcattacctacacctctctcataggaggettt
L £E b AL CL F NEMETI KGTI K ANV I T Y TS L I G G F
tgtagtgccggaagatgggatgatggtgcacagttgctgagggatatgattacaaggggagtcaccecctaacgttgtcactttcaatgcet
c s A G R WD D GAOQUL L R DMTITIRGV T PNV V T F N A
ttgattgatagttttgtgaaagaaggacagcttaccgaggctaaaaaattgtacaatgagatgatcacaagaggcacagatccaaatatc
L I b sS ¥ V K E GG L T EAI KK L Yy N EMTI TR G T D P N I
attacatataactctttgatatatgggatgtgcatggacaactgcctagatgaggccaaccagatgctggatatgatggttagcaaggga
I T Yy ~Nn S L I Y GGMCMUDNTCULDEA ANAOQMTLDMMMMU YV S K G
ttctatcctgatattgtgacgtttaatatccttatcaacggatactgtaaggctaaacaggtcgatgaaggtacgagacttttccgecaat
¥F vy p D I VvV T F N I L I N G Y C K A K Q v D E GG T R L F R N
atgtgtttaagaggagtggttgctgatacagtcacttataacactctcatccaagggttttgtcaatcgggaaaacttaatgttgccaaa
M ¢ L R GV V A DTV T Y N T L I Q G F C Q S G K L N V A K
gaactcttccaggagatggtctttgttggtgtgeccacccagtgttgtgacttatagtattttgectggatgggttgtgtgacaatggggaa
E L ¥F Q EMV F V GV P P SV V T Y s I L L DG L C D N G E
ctagaaaaggctttggaaatacttgatcaaatgctcaagagtaagatggaacttgacattggtatatatagtatcatcattcacgggatg
L £E XK A L E I L D M L K S KM E L D I G I Y s I I I H G M
tgcaatgctagtaagatcgatgatgcttgggatctattctgtagecctcecctctcaaaggagtgaagectgaagtcagaacatataatata
c N A S K I D DAMWDULF C S L P L K GV K P E V R T Y N I
atgattggaggattatgtaagaaaggctcgctgecctgaageggtcecttgttgtttagaaagatgggagaggectggggttgecgecaagcagt
M I 6 6 L ¢ K K GG s L P EAV L L F RKXKMGEAG V A P S S
ggtacatacaacacactaatacgagctcatctcagaggtggtgacttaacaaaatcagctgaacttatcgaagaaatgaagaggtgtggg
G T ¥y N T L I R A HL R G G DL T XK S A E L I E E M K R C G
ttctctgcagatgcttcaaccataaagattgttatggatatgttattggatggtagaatgaagaaaagctttctggatatgctttcttag
F s A D A S T I K I vM™M DMULL D GURMI K K S F L DML S *

Supplementary Fig. S2. The putative promoter region and coding sequence of Rfn

and its deduced amino acids from the restorer line H5.
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atgttgtgtcggagattggtgcttgtgtctcgtatcccecctgagtecctgttggtactcttgcaactecctttgetetettttatcagatce
M L ¢C R R L VL V SR I P L s P V T L AT P L L S F I R S
tcatgcgaacgaggctactctggtctcggcagcgatagaaatctctcatcttacaaagagagactgagaagtggtctggtcgatatcaag
s ¢ E R G Y S G L G S DI RNILS S Y K ERL R S G L V D I K
aagaaggatgctgtagctctgtttcagtccatgattaggtctcgtecctcecttecctacggtcatggatttcaataaactgtttagtgcagta
K K bAaAaV AL F Q S M IR S R P L P TV M D F N K L F S A V
gccagaacgaaacagtatgatctcgtgttggatctctgcaagcaaatggaactgcaagggattgcacatagcatttacacgctgagtatt
A R T K Q Y DL VL D L C K QM E L Q G I A H S I Y T L s I
atgatcaattgcttctgccgtctgecgggaactecggttttgetttttectgtgatgggtaagatgttgaggettgggtatgagectgacaca
M I N C F C R L R E L GF AVF S VMG KMULRUL G Y E P D T
atcacattctcaactttgatcaacggtttatgtctggtgggtagagtttccgaagectgtggagttagttgatcgtatggtggaaatggag
I T ¥ s T 9L I N G L C L V G RV S E AV E L V D R M V E M E
gttataccaaatctcatcacgctcaacactattgtcaatggactttgtctccaaggtgaagtgtctgaggcaatggctttgatcgatcga
v Ii p N L I T L N T I V N GG L ¢C L Q G E V S E A M A L I D R
atgatggataatggatgccaacccaatgaacgtacctatggtccggttttgaacagaatgtgcaagtcaggtaacactgeccttggecttyg
M M D N G CQ P N E R T Y G P VL N RMCI K S G N T A L A L
gatctgctcagaaagatggaacacagaaagatcaagctcgatgcagtcacatacaatttcatcattgacagtctttgcaaagatgggage
p .. L. R K M EHRK I KL DAV T Y N ¥ I I D S L C K D G S
ctcgaagatgcactcagccttttcaatgaaatggaaaccaaaggtatcaaaccaaatgtctttacctacaactctctcattagaggcecttce
L E DAL S L F NEMETZKGI K P NV F T Y N S L I R G F
tgtagtgctggaagatgggatgatggtgcaccgttgctgagggatatgatcacaaggggaatcaccecccaccgtcatcactttcaattet
c s A G RWDDGAU?P L L R DMTI T RGTI TP T V I T F N S
ttgattgatagttttgtgaaagtgggaaagcttactgaggctcaagatttgtacaacgagatgatcacaagaggcacatatcctgatatc
L 1 b s ¥ V KV G K L TEA DL Y NEMTI TR G T Y P D I
attacatataactctatgataaatgggctgtgcaatgaaaaacgcttagatgaagccaaccagatgctggatctgatggttagcaaggaa
I T Yy Nns M I N G L C N E K R L D EAN QML D L M V S K E
tgcgatcctgatatcgtgacttataatacccttataaatggatactgtaaggctaaacgagttgatgaaggtatgagacatttccgcaaa
c b pp D I V T Y N T L I N G Y C KA KRV D E G M R H F R K
atgtctgtcaaaggagtggttgccaatacagtcacttataacactctcatccaagggttttgtcaatcaggaaaacttaatgttgccaaa
M s VvV K GV Vv A N T V TY N T L I Q9 G F C Q S G K L N V A K
gaactcttccaggagatggtctctcaaggtgttcatecctgatattataacctacaaaattttgectggatggattgtgtgacaatggagaa
E L F Q EMV S 0 GV H P DI I T Y K I L L DG L C D N G E
gtagaagaggctttgggaatacttgatcaaatgcacaagagtaacatggaacttgatattggtttatataatatcatcattcacgggatyg
vV E E A L G I L D QM HK S NME L DI G L Y N I I I H G M
tgcaatgcaaataaggtcgatgatgcttggagtttgttctgtagectacgttcgaaaggagtgaaaccagacgtcaagacatatactaca
¢ N A NK VD DAW S L F C S L R S K GV K P D V K T Y T T
atgattggaggattgtgtaagaaaggatcgctgtctgaagcgggcatgttatgtaagaagatggaagaggatgggattgecgeccaaatgat
M I 6 66 L ¢C K K 66 S L s EA GG M L C K KM EE D G I A P N D
tgtacatacaacactcttatcagggcacatctccgagatggtgacttaacaaaatcagcaaaacttatcgaagaaatgaagaggtgtggg
c T Yy N~ T L I R A HL R D GD L T K S A K L I E E M K R C
ttctctgcagatgcttcaaccataaagattgttatggatatgttatcggatggtagaatgaagaaaagctttctggatatgctttcttag
¥F s A D AS T I K I V™M DMUL S DG RMI K K S F L DM L S *

Supplementary Fig. S3. Nucleotide sequence of recessive rfn allele from 181A and

the deduced amino acids. The mutations are indicated by red.



RFL2 MVKL—-MIRRLSSQVSKFVQPRLLETGTLRIALINCPNELSFCCERGFSAFSD—-R-NLS 55

REN [ e —— RLVLVSRIPLSPVGTLAT——-PLLSFIRSSCERGYSGLGSDRNLSS 47

RFP MVLRTQRWNRLTTLRLVHLR——STETGTLRNAAFFQSPYEFFFCVQGFSGLTSDRKMSS 57
* ok * ok ok * %

RFL2 YRERLRSGLVDIKADDAIDLFRDMIHSRPLPTVIDESRLFSATAKTKQYDLVLALCKQME 115

RFN YKERLRSGLVDIKKKDAVALFQSMIRSRPLPTVMDENKLFSAVARTKQYDLVLDLCKQME 107

RFP YKERLRSGLVDIKKDDAVALFQSMLRSRPLPTV IDENRLFGLLARTKQYDLVLALCKQME 117
* oclkokiololodok ok kk ok skpkiolokk ok kel ok skelokeoloiolok kefolokolok

RFL2 LKGIAHNLYTLSIMINCFCRCRKLCLAFSAMGKT IKLGYEPNTITFSTLINGLCLEGRVS 175

RFN LQGTAHSTYTLSIMINCFCRLQKLGFAFSVMGKMLKLGYEPDTITFSTLINGLCLVGRVS 167

RFP LKGIAYDLYTLNIMINCFCRRRKLGFAFSAMGKIFKLGYEPNTVTENTLLNGLCLEGRVFE 177
sk skeksk sekok solsloksioksksk skek skelok skekek skelelksiolsk sk skek sk Sieskeielkek sfekek

RFL2 EALELVDRMVEMGHKPDLITINTLVNGLCLSGKEAEAMLLIDKMVEYGCQPNAVTYGPVL 235

RFN KAVELVDHMVDMKV IPNLTILNTIVNGLCLQDRLSEAMSL THRMLANGCQPDAVTYGPVL 227

REP EAVELVDCMVLSQHVPDLITLNTIVNGLCLKDRVSEAVDLIARMMANGCQPNQFTYGPIL 237
* sdokdok ok * ockk ok sekokekok kk ook ok okbokk kol %

RFL2 NVMCKSGQTALAMELLRKMEERNIKLDAVKYSITIDGLCKHGSLDNAFNLFNEMEMKGIT 295

RFN NRMCKSGNTASALDLLGKMELRKIKPQVVTYNITIDSLCKDGSLEDALCLFNEMETKGIK 287

RFP NRMCKSGNTASALDLLRKMEHRKIKPHVVTYTI I IDNLCKDGRLDDALSFEFSEMETKGIK 297
Kk ockekskrsk skek sk skek kel sk skek kok kekkek skkek kok 3k sk ckeksk skeksk

RFL2 TNIITYNILIGGFCNAGRWDDGAKLLRDMIKRKINPNVVTFSVLIDSFVKEGKLREAEEL 355

REN ANVITYTSLIGGFCSAGRWDDGAQLLRDMITRGVTPNVVTENALIDSFVKEGQLTEAKKL 347

RFP ANVETYNSLIGSFCSFGRWDDGAQLLRDMITRKITPNVVTESALIDSLVKEGKLTEAKDL 357
¥ okk kkk ok * sokdok skklok ok ckk X

RFL2 HKEMIHRGIAPDTITYTSLIDGFCKENHLDKANQMVDLMVSKGCDPNIRTENILINGYCK 415

RFN YNEMITRGTDPNIITYNSLIYGMCMDNCLDEANQMLDMMVSKGFYPDIVTENILINGYCK 407

RFP YNEMITRGIEPNTITYNSLIYGLCNDKRLDEANQMMDLMVSKGCDPDIWTYNILINGFCK 417
sk ok ok slokk dokk ok ok sk sktolok ok kool ok sk ok sollolokk ok

RFL2 ANRIDDGLELFRKMSLRGVVADTVTYNTLIQGFCELGKLNVAKELFQEMVSRKVPPNIVT 475

RFN AKQVDEGTRLFRNMCLRGVVADTVTYNTLIQGFCQSGKLNVAKELFQEMVEVGVPPSVVT 467

RFP AKQVDDGMRLFRKMSLRGMIADTVTYSTLIQGFCQSRKLIVAKKVFQEMVSQGVHPGIMT 477
* kock sksker sk osleksk siekeielelek Sskeleleleieker sk ckskek skelokskek k% *

RFL2 YKILLDGLCDNGESEKALEIFEKIEKSKMELDIGIYNIITHGMCNASKVDDAWDLECSLP 535

RFN YSILLDGLCDNGELEKALETLDQMLKSKMELDIGIYSITTHGMCNASKIDDAWDLECSLP 527

REP YAILLDGLCDNGELEEALGILDQMHKCKMELDIGIYNITTHGMCNANKVDDAWSLECSLS 537
* sokokoksolokdok ok ok ok * * sdoktok sfokdokok

RFL2 LKGVKPGVKTYNIMIGGLCKKGPLSEAELLFRKMEEDGHAPDGWTYNTLTRAHLGDGDAT 595

RFN LKGVKPEVRTYNIMIGGLCKKGSLPEAVLLFRKMGEAGVAPSSGTYNTLIRAHLRGGDLT 587

RFP LKGVKRDIQSYNIMLSGLCKRSSLSEADALFRKMKEDGYEPDGCTYNTLIRAHLRGNDIT 597
skekskoksk sk sokskok ok kekskeksk skosk ok seksk skekskekskok * sk

RFL2 KSVKLIEELKRCGFSVDASTIKMV IDMLSDGRLKKSFLDMLS ===~ 637

REN KSAELTEEMKRCGFSADASTIKIVMDMLLDGRMKKSFLDMLS ===~ 629

RFP TSVQLIEEMKRCGFSSDASTVKIVMDMLSSGELDKSFLNMLSGPFGDKSSSLD 650

k0 ks kokekskeksk skkeksk ko sk keksk ok kkoksk skoksk

Supplementary Fig. S4. Alignment of the amino acids sequences of RFN, RFP and
their homologous protein RFL2 in Arabidopsis. The PPR repeats are highlighted by

red and blue. The predicted mitochondrial signals are underline.
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Supplementary Fig. S5. GUS assay from different tissues of Progrsm: GUS introduced
Arabidopsis plants. A, seedling after two weeks screened by hygromycin; B-F,
staining of the stem and leaf (B), inflorescence (C), flower (D) and silique (E) from
reproductive stage. F-J, staining of the corresponding tissues from wild-type plants.

Scale bars: A-C, E-H, J, 2 mm; D, I, 500 pm.




Supplementary Table S1. The primers used in this study. Underlines indicate the

restriction sites.

Prime name Primer sequence (5’-3) Purpose

BnSR02-F CTCTTCTACGGTCAGTGGCA Fine mapping
BnSR02-R GAGATTGAGGATTGGGGTTG

BnSR28-F TTTGGAAAGAGCGGTTATGA Fine mapping
BnSR28-R ACATGCTCGATCGTGCTTAT

BnSR33-F GCTTGGTATCGTTCTCCGTC Fine mapping
BnSR33-R TCTGGCTTGTTACTCAAGCG

BrSC64-F CTGCTGCGAGTTACTTGAAGC Fine mapping and BAC
BrSC64-R AGGATTCTGCTTTTGTGGTTTC screening

BrSC65-F ATAGCAGAAGCAGCATTGAAAG Fine mapping and BAC
BrSC65-R GCCTGGAGTGAVAAGAAGACG screening

BriP77-F TGACGTGAGGGCGATTCTTG Fine mapping
BriP77-R TAATGGACCAGGCGGTGATG

BriP81-F TCGCTCCACCAACAATAAAC Fine mapping
BriP81-R TCAGTCCATGAGATCAAGACG

ORF2-F CGQaattcGTCCAACCACAATGGCTTTAAC Binary construct of Rfn
ORF2-R CGggatccATTGCTAAGGCGAATCCGGTTG

Rfn-F GTTCTTGCTGTAAAGCGTTGT Transgenic plants
Rfn-R GTTGCGTTTTCATTGCTTGTC detection

RfnRT-F CTTGCAGAGATCCAACACGAGAT gRT-PCR of Rfn or rfn
RfnRT-R CAAAACCGAGTTTCTGGAGGC

Pro-F CCittaattaaGTCCAACCACAATGGCTTTAAC GUS-fusion

Pro-R AggcgcgccTGTTTGTTTTTTTTTCTTCAAATCTAC

Rfn-Xba-F GCtctagaATGTTGTGTCGGAGATTGGT GFP-fusion
Rfn-Xba-R GCtctagaATTTCTATCGCTGCCGAGAC

insitu-F ATGTAAGAAAGGCTCGCTGC RNAin situ

insitu-R TAAGTCACCACCTCTGAGATGAG hybridization



orf222-F
orf222-R
orf139-F
orf139-R
BnActin-F
BnActin-R

TGGTGGAAAAGATCGTACAAGT
AAGACCCGGAAGTGGTGATC
CGATCCACAAACTGACGCAT
TTGTGCCGAGTCAAATCTGC
CCCTGGAATTGCTGACCGTA
TGGAAAGTGCTGAGGGATGC

RNA gel blot

RNA gel blot

gRT-PCR (control)

Supplementary Table S2. Fertility of T, progeny derived from five independent Ty

transgenic plants by selfing and test-cross.



No. Source Total Fertile Sterile Expected % value

plants plants plants ratio 2
T1-04  selfing 61 47 14 3:1 0.05
T:-20  selfing 96 70 26 3:1 0.13
T1-21  selfing 132 125 7 15:1 0.07
T1-29  selfing 122 111 11 15:1 1.16
T1-46  selfing 99 91 8 15:1 0.30
T1-04  test-cross 65 32 33 1:1 0
T1-20 test-cross 88 51 37 1:1 1.92
T1-21 test-cross 82 55 27 3:1 2.34
T1-29 test-cross 78 60 18 3:1 0.07
T1-46 test-cross 84 62 22 3:1 0.02

252 (0.05, 1) = 3.84
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