
 1

SUPPLEMENTAL DATA 

 

Supplemental Figure S1. Growth Phenotype of tbr mutants 
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Supplemental Figure S2. Identification of TBR by recombinational mapping and cosmid 

complementation. 

 

(A) Representation of Arabidopsis 

chromosome 5 in the region between 

1.4 and 2.9 megabases (Mb), showing 

the positions of PCR-markers used for 

mapping. The number of recombination 

events (meiotic breakpoints) found for 

each marker in a total of 2496 examined 

chromosomes is given. Recombination 

events upstream or downstream of TBR 

are shown in the upper or lower row, 

respectively. (B) View of the mapping 

interval determined by flanking dCAPS 

marker mpi70 (CER482882) and SSLP 

marker mpi80 (CER482935). The 

positions of hybridization probes for cosmid library-screening are shown as asterisks. 

Complementing and non-complementing cosmid clones are depicted as bold and thin vertical 

lines, respectively, and labelled with A-E. Sequenced cosmid ends are indicated with triangles. 

(C) View of the ~5kb region responsible for complementation of the tbr phenotype. The structure 

of the one annotated gene (At5g06700) in that region is given. Exons are depicted as white boxes 

and untranslated regions of At5g06700 i.e. TBR as grey boxes. The arrow indicates the direction 

of transcription. (D) The tbr point mutation is detectable by PCR using a co-dominant CAPS 

marker that exploits a HpaII restriction site present in the wild-type (giving 265 and 65 bp 

fragments) but absent in the tbr gene sequence. Primary tbr transformants that received genomic 

wild-type cosmid clone B invariably show a heterozygous PCR genotype. CAPS marker primer 

sequences are underlined and exon sequence is shown in capital letters. The HpaII site is shown 

in bold and the tbr polymorphic nucleotide with black background. 



 3

Supplemental Figure S3. Complementation of tbr mutant by 35S::TBR. 

 

(A) Uniform growth aspect of wild-type Col-0 plants and (B) variable growth aspect of tbr 

mutants. (C, D) Wild type-like growth and trichome birefringence of tbr mutants transformed 

with a 35S::TBR construct. 
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Supplemental Figure S4. Structure and sequence alignment of DUF231 domain proteins 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A) Lengths and domain structure of TBR and a selection of seven additional Arabidopsis TBL 

proteins. Grey and fine crosshatched areas represent TBL and C-terminal DUF231 domains, 

respectively. Coarsely crosshatched areas depict putative transmembrane regions (TMH). 

Numbers below give the lengths in amino acids. (B) Partial protein sequence alignment of TBR 

and its closest grapevine (CAO23412), rice (BAD35885) and barrel medic (ABE91344) 

homologs. The alignment was created with ClustalW and Boxshade 3.21. Grey and hatched lines 

above the alignment represent TBL and DUF231 domains, respectively. Amino acids that are 

identical or similar in all four sequences are shaded. Amino acids that are 100% conserved in all 

46 Arabidopsis TBL sequences are shown in black font above the alignment. Positions with 

similar amino acids in all 46 Arabidopsis sequences are marked with grey font symbols: an 

amino acid letter is given if this amino acid is present in more than 80% of the sequences, 

otherwise + is shown. The glycine residue changed in the tbr mutant is marked with a star. 
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Supplemental Figure S5. Molecular Characterization of tbl3 T-DNA Insertion Mutants. 

 

(A) TBL3 (At5g01360) gene structure. Exons are depicted as white boxes and untranslated 

transcript regions as grey boxes. The arrow indicates the direction of transcription. The annotated 

T-DNA insertion site in SALK_065959 is shown as white triangle and primer pairs used for PCR 

amplifications are shown as grey and black triangles. (B) PCR amplification from (lane 1) wild-

type and (lane 2) tbl3 mutant cDNA with primers (grey triangles in (A) spanning the annotated 

insertion site. 35 PCR cycles were performed. The expected 461 bp product is amplified only 

from wild-type cDNA. A molecular weight marker (M) is shown to the left. (C) Quantitative RT-

PCR amplification from (1) wild-type or (2) tbl3 mutant cDNA with primers amplifying a 61 bp 

product located downstream of the T-DNA insertion site in the last exon. The expression level is 

given on a logarithmic scale expressed as 40-�CT, where �CT is the difference in qRT-PCR 

threshold cycle number between At5g01360 and the reference gene (UBQ10; At4g05320); 40 

therefore equals the expression level of UBQ10; the number 40 was chosen because the PCR run 

stops after 40 cycles. The fold difference in expression is 2��CT when product doubles in each 

cycle, e.g.: an ordinate value of 36 represents a ~1000-fold higher initial abundance than a value 

of 26. The results are the mean ± deviation of two biological replicates (pooled material from 

different growth experiments) with two technical replications for each. 
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Supplemental Figure S6. Growth Phenotype of tbl3 mutants 

 
 

 

 

 

 

 

 

 

 

 

Supplemental Table S1. Specifications and primer sequences of mapping markers and the tbr 

CAPS marker. 
Marker 
Name & 

Type 

Chr. 5 
Position 

(Mb) 
BAC Clone Polymorphism Primer Sequences (5’  3’) 

Product Length 
(bp) 

Col / Ler / tbr 

[Mg2+] (mM)
Ta (°C) 

ciw15 
SSLP 1.409 MUK11 INDEL55 TCCAAAGCTAAATCGCTAT 

CTCCGTCTATTCAAGATGC 177 / 122 2.0 / 55 

ciw18 
SSLP 1.531 K2A11 INDEL6 AACACAACATGGTTTCAGT 

GCCGTTTGTCTCTTCAC 135 / 129 2.0 / 53 

mpi100 1.577 K18I23 CER454290 
INDEL19 

AGAACTAAGAGTAGACACGCACT 
CTGATCCCAAGCCTGTATAT 175 / 156 2.5 / 55 

nga158 
SSLP 1.698 MJJ3 INDEL4 ACCTGAACCATCCTCCGTC 

TCATTTTGGCCGACTTAGC 108 / 104 2.5 / 55 

MHFD 
SSLP 1.899 MHF15 INDEL AAAAACCCAAACTTTCTATTTATAC

ACTTCGCTTCAAGTAAAGAGG 124 / ~114 2.5 / 55 

mpi50 
SSLP 1.968 MHF15 CER455774 

INDEL52 
CAACATCAATGGTCTTAGTC 
GATGCACAGAAAGGTCATG 429 / 377 2.5 / 55 

mpi70 
dCAPS 2.049 F15M7 CER482882 

SNP G/T (PdmI) 
ATTTTTGTTTGGCGATTGAG 
CAACTCTTTTCTGCAGAAAAGTTT 128, 20 / 148 2.5 / 52 

tbr 
CAPS 2.065 MPH15 tbr  

SNP G/A (HpaII) 
GGTTGGATTTGGTTGGGA 
GCCCCGAAAGAAAACGAG 265, 65 / 330 2.0 / 50 

mpi80 
SSLP 2.095 MPH15 CER482935 

INDEL12 
ACGCCTCATATGCACATTAAC 
AGCAACTAGTCGAATCGCTTAG 205 / 193 2.5 / 50 

ciw14 
SSLP 2.174 MOJ9 INDEL CATGATCCATCGTCTTAGT 

AATATCGCTTGTTTTTGC 179 / ~160 2.2 / 55 

mpi60 
CAPS 2.271 T28J14 CER476482 

SNP G/A (BstNI) 
GTGAACTGTGCAGGCATAAG 
CACAAGATTGCATCCTTTGAC 291, 163 / 454 2.0 / 50 

EMC 
SSLP 2.666 F8L15 INDEL4 AACAGATCGGAAAATCGTCG 

AATGACGACGAGACGCTCTT 131 / 135 2.5 / 50 

nga249 
SSLP 2.770 MAH20 INDEL10 GGATCCCTAACTGTAAAATCCC 

TACCGTCAATTTCATCGCC 125 / 115 2.5 / 50 

 

Mb: megabase; bp: base pair; Col: wild-type Columbia-0; Ler: wild-type Landsberg erecta; Ta: annealing 

temperature used for PCR amplification. Mismatched nucleotides in dCAPS marker primers are underlined. 
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Supplemental Table S2. Partial Alignment of the 46 Arabidopsis DUF231 proteins. 
 
AT2G37720  CNLAKGEWVEDKK......RPLYSGFECKQ.WLSNIFSCRVMGRPDF.SFEGYRWQPEGCN..IPEFNRVNFL.RRMQNKTIAFIGDSLGREQFQSLMCMATGGKESPEVQNVGSEYGLVIPKGAPRPGGWAYRFPTTNTTVLSYWSASLTDLVPMNNTDPPH.......LIAMHLD....RPPAFIRNYLHRFHVLVLNTGHHWSRDKIEKNHWVMHVNG...T
AT5G64020  CNFAKGKWVEDRK......RPLYSGFECKQ.WLSSMWSCRIMGRPDF.SFEGYRWQPEGCN..MPQFDRFTFL.TRMQNKTIAFIGDSLGRQQFQSLMCMASGGEDSPEVQNVGWEYGLVKAKGALRPDGWAYRFPTTNTTILYYWSASLSDLVPMNNTDPPS.......LTAMHLD....RPPAFMRNYLHRFDVLVLNTGHHWNRGKIEGNHWVMHVNG...T
AT5G20680  CNYAKGKWVVDNH......RPLYSGSQCKQ.WLASMWACRLMQRTDF.AFESLRWQPKDCS..MEEFEGSKFL.RRMKNKTLAFVGDSLGRQQFQSMMCMISGGKERLDVLDVGPEFGFITPEGGARPGGWAYRFPETNTTVLYHWSSTLCDIEPLNITDPAT.......EHAMHLD....RPPAFLRQYLQKIDVLVMNTGHHWNRGKLNGNKWVMHVNG...V
AT4G25360  CDLYQGSWFYDPGG......PLYTNNSC.PVLTQM.QNCQGNGRPDKG.YENWRWKPSQCE..LPRFDARKFL.ELMKGKTLAFIGDSVARNQMESMLCLL.......WQVETPV....NRGSRKMQ....RWYFKQSSVMIARIWSSWLVH.QFNEKFDYAPEGVTK.....LKLDLPD....ERIMEAIPKFDVVVLSSGHWFAKQ..SVYILKEEIVGGQLW
AT5G51640  CDLYHGNWFYDPMG......PLYTNNSC.PLLTQM.QNCQGNGRPDKG.YENWRWKPSQCD..LPRFDAKKFL.ELMRGKTLAFIGDSVARNQMESMMCLL.......WQVETPV....NRGNRKMQ....RWYFRSSSVMIARMWSSWLVH.QFNEPFGFATDGVTK.....LKLDQPD....ERIIEALPNFDVVVLSSGHWFAKQ..SVYILNDQIVGGQLW
AT5G15890  CDLFTGEWVPNEEA......PYYTNTTC.WAIHE.HQNCMKYGRPDTG.FMRWRWKPESCD..LPIFDPQEFL.EMVRGKAMGFVGDSISRNQVQSLLCLL.......SRVEYPEDI.SPSPDTDFK....VWNYTSYNFTLHVMWSPFLVKATKPD...PKS.NFFS.....LYLDEYD....TKWTSQLDQLDYLVISSGHWFSRP..VIFYENQQISGCQ.Y
AT5G15900  CDIFSGEWVPNPEA......PYYTNTTC.WAIHE.HQNCMKFGRPDTD.FIKWKWKPYGCEDGLPVFDPVRFL.EIVRGKTMAFVGDSVSRNHMQSLICLL.......SQVEYPMDA.SVKNDDYFK....RWTYETYNFTIAAFWTPHLVKSKEPDQTQPKHIDIFD.....LYLDEAD....ESWTADIGDFDFVIISSGHWHYRP..SVYYENRTITGCH.Y
AT3G02440  CDIFSGEWIPNPKA......PYYTNTTC.RAIHE.HQNCIKYGRPDLG.FMKWRWKPKECD..LPLFDPYEFL.EIVRGTRMAFVGDSVSRNHVQSLICLL.......SRVEHPEGD.S.QQEFNFQ....RWKYKTYNFTIATFWTTHLVRAEETETGPTGPNSFYN.....LYLDEPD....PTWASQIGEFDYIIISSGQWFFRP..LFLFDKQKRIGCL.Y
AT4G11090  CDLFTGKWIKDPLG......PIYTNESC.GIVVDAHQNCITNGRPDSG.FLNWKWKPNDCS..LPRFDSLRFL.QLMRNKSWAIIGDSIARNHVESLLCML.......STVEKPVEVYHD.ENYRSK....RWHFPSYNFTVSNIWSPFLVQADIFEDSNGVSSAAVQ.....LHLDKLD....NTWTDLFPSLDYAIISSGEWFLKT..AVYHENANPVGCH.G
AT4G23790  CDLFAGKWIPDSVG......PIYTNKSC.GSLIDGHQNCITNGRPDLD.FLYWKWKPHDCL..LPRFDPRRFL.QLMRHKSWAFIGDSISRNHVESLLCML.......STIEEPVEVYHD.MEYKSK....RWHFPLHNLTVSNIWSPFLVQAAIFEDSNGVSTASVQ.....LHLDRLD....ETWTSLMPSFDYAIISTGKWFLKS..AIYHENAKLVGCH.N
AT1G01430  CDIFIGNWVPDPSG......PIYTNVSC.RHIQD.YQNCLKNGRPDVN.YLRWRWQPRDCD..LPRFNPEQFL.DNMRNKWLAFIGDSISRNHVQSLLCIL.......SQVEEVEDIFHD.KEYKSR....IWRFPSYNFTLSVIWSPFLVKAETFE..NGVPFSDIR.....VHLDKLD....QKWTDQYINFDYVVISGGKWFLKT..TIFHENNTVTGCH.Y
AT4G01080  CDLFTGDWIPDPTG......PLYTNVTC.RHIQD.FQNCLLNGRPDVN.YLFWRWKPRDCD..LPRFSPSQFL.ASVKNKWWAFIGDSIARNHVQSLICIL.......SQVEEVEEIYHD.KEFRSK....IWRFPSHNFTLSVIWSPFLLKSETSS..N....SDIQ.....LYLDQLD....HKWTVQYPKFDYVVISGGKWFLKT..TIFHENNVVTGCH.Y
AT1G70230  CDYTQGNWVRDEIG......PLYNGSTC.GTIKDG.QNCFRHGRPDSG.YLYWKWKPNECD..IPRFDSNRFL.DLMRDKHLAFIGDSMARNQLESLLCLL.......STVSSPDLVYRNGEDNKFR....RWRFESHNVTVSVYWSPFLVAG..LEKSGNLDHNV.......LHIDRVD....ERWGNDLERFDTVVVSVGHWFLHP..AVYYESGSVLGCH.S
AT3G28150  CDLFKGHWVPDKRG......SLYTNSSC.ATIPDS.KNCIKQGRPDKD.FLFWRWKPDGCD..LPRFNPKAFL.SMVRGKKMNFIGDSVARNHMESLLCLL.......SMEETPKDIYKDGED.RNR....IWYFPKHDFTLSTSWTKFLVEERERRDSNNTGTGLFD.....LDIGKID....EGWFNGLPNTDIAIVSAAHWFFRP..IFIHRGDETLGCI.Y
AT2G14530  CDFSEGSWIYDPNPRS....TRYTS.SCKEIF..KGWNCIRNNKTNGFEISNWRWKPKHCD..LPSFDPLKFLQ.SHRNTNIGFVGDSLNRNMFVSLFCMLKSVTGELKK.........WRPAGADR....GFTFSQYNLTIAYHRTNLLARYGRWSANAKGGELESLGFKEGYRVDV..DIPDSSWAKASSFHDILILNTGHWWWAPSKFDPVKSPML....FF
AT5G64470  CDLFSGRWVFNPETPK....PLYDE.TCPFHR..NAWNCLRNKRDNMDVINSWRWEPNGCG..LSRIDPTRFLG.MMRNKNVGFVGDSLNENFLVSFLCILRVADPSAIK.........WKKKKAWR....GAYFPKFNVTVAYHRAVLLAKY.QWQARS.SAEANQDGVKGTYRVDV..DVPANEWINVTSFYDVLIFNSGH.WWGYDKF.PKETPLV....FY
AT2G40320  CDVFSGKWVRD.....EVSRPLYEEWECP..YIQPQLTCQEHGRPDKD.YQFWRWQPNHCD..LPSFNASLML.ETLRGKRMMYVGDSLNRGMFVSMICLLHRLIPEDQKSI..K......TNGSLT....VFTAKEYNATIEFYWAPFLL.....ESNSDDAIVH.RISDRVVRKGSINKHGRH.WKGV....DIIIFNTYLWWMTGLKMNIL.QGSFD.....
AT3G11030  CDVFKGNWVKD.....WSTRPLYRESECP..YIQPQLTCRTHGRPDSD.YQSWRWRPDSCS..LPSFNATVML.ESLRGKKMMFVGDSLNRGMYVSLICLLHSQIPENSKSM..D......TFGSLT....VFSLKDYNATIEFYWAPFLL.....ESNSDNATVH.RVSDRIVRKGSINKHGRH.WRGA....DIVVFNTYLWWRTGFKMKIL.EGSFK.....
AT2G38320  CNLFEGKWVFD....N.VSYPLYKEEDCK..FMSDQLACEKFGRKDLS.YKFWRWQPHTCD..LPRFNGTKLL.ERLRNKRMVYVGDSLNRGQWVSMVCMVSSVITNPKAMYMHN......NGSNLI....TFKALEYNATIDYYWAPLLV.....ESNSDDPTNH.RFPDRIVRIQSIEKHARH.WTNS....DIIVFNSYLWWRMP.HIKSL.WGSFE.....
AT5G01620  CDVFSGKWVFD....NSSSYPLHKESQCP..YMSDQLACQKHGRKDLE.YQHWRWQPHACN..LKRWNAIEMW.EKLRGKRLMFVGDSLNRGQWISMVCLLQSVIPRDKQSMSPN........AHLT....IFRAEDYNATVEFLWAPLLV.....ESNSDDPVNH.RLSERIIRPDSVLKHASK.WQHA....DILIFNTYLWWRQD.SVKLR.WSSEE.....
AT2G40150  CDLFTGQWVFD....N.KTYPLYKEEECE..FLTEQVTCLRNGRKDSL.FQNWRWQPRDCS..LPKFNARVLL.EKLRNKRLMFVGDSLNRNQWESMVCLVQSVIPPGRKSL..N......QTGSLT....VFKIQDYNATVEFYWAPFLV.....ESNSDDPEKH.SIIDRIIMPESIEKHGVN.WIGV....DFLVFNSYIWWMNTVSIKVLR.GSFDD....
AT3G55990  CDLFTGEWVFD....N.ETHPLYKEDQCE..FLTAQVTCMRNGRRDSL.YQNWRWQPRDCS..LPKFKAKLLL.EKLRNKRMMFVGDSLNRNQWESMVCLVQSVVPPGRKSL..N......KTGSLS....VFRVEDYNATVEFYWAPFLV.....ESNSDDPNMH.SILNRIIMPESIEKHGVN.WKGV....DFLVFNTYIWWMNTFAMKVLR.GSFDK....
AT2G40160  CDVFTGKWVLD....N.VTHPLYKEDECE..FLSEWVACTRNGRPDSK.YQKWRWQPQDCS..LPRFDSKLLL.EKLRGKKLMFIGDSIHYNQWQSMVCMVQSVIPSGKKTL..K......HTAQMS....IFNIEEYNATISFYWAPFLV.....ESNADPPDKRDGKTDPVIIPNSISKHGEN.WKDA....DYLIFNTYIWWTRHSTIKVLKQESFNK....
AT1G73140  CNVFEGQWVWD....N.VSYPLYTEKSCP..YLVKQTTCQRNGRPDSY.YQNWRWKPSSCD..LPRFNALKLL.DVLRNKRLMFIGDSVQRSTFESMVCMVQSVIPEKKKSF..H......RIPPMK....IFKAEEYNASIEYYWAPFIV.....ESISDHATNHT.VHKRLVKLDAIEKHSKS.WEGV....DVLVFESYVWWMHQPKINATLEGKLIRICRY
AT5G01360  CNVAAGKWVYN....S.SIEPLYTDRSCP..YIDRQFSCMKNGQPETD.YLRWEWQPDDCT..IPRFSPKLAM.NKLRGKRLLFVGDSLQRSQWESFVCLVESIIPEGEKSM..K......RSQKYF....VFKAKEYNATIEFYWAPYIV.....ESNTDIPVISD.PKKRIVKVDSVKDRAKF.WEGA....DILVFNTYVWWMSGLRMKA.LWGS......F
AT3G12060  CEFFEGDWVK.....DDSY.PLYKPGSCN..LIDEQFNCISNGRPDVD.FQKLKWKPKQCS..LPRLNGGKLL.EMIRGRRLVFVGDSLNRNMWESLVCILKGSVKDESQVFEAHGRH.QFRWEAEY....SFVFKDYNCTVEFFASPFLV.....QE.WEVTEKNGTK.KETLRLDLVGKS.SEQYKGA....DILVFNTGHWWTH.EK.......TSKGEDYY
AT5G06700  CEFFDGEWIK.....DDSY.PLYKPGSCN..LIDEQFNCITNGRPDKD.FQKLKWKPKKCS..LPRLNGAILL.EMLRGRRLVFVGDSLNRNMWESLVCILKGSVKDETKVYEARGRH.HFRGEAEY....SFVFQDYNCTVEFFVSPFLV.....QE.WEIVDKKGTK.KETLRLDLVGKS.SEQYKGA....DVIVFNTGHWWTH.EK.......TSKGEDYY
AT1G60790  CDIYDGSWVRAD...DETM.PYYPPGSCP..YIDRDFNCHANGRPDDA.YVKWRWQPNGCD..IPRLNGTDFL.EKLRGKKLVFVGDSINRNMWESLICILRHSLKDKKRVYEISGRR.EFKKKGFY....AFRFEDYNCTVDFVGSPFFV.....RE.SSFKGVNGTT.LETLRLDMMDKT.TSMYRDA....DILIFNTGHWWTH.DK.......TKLGENYY
AT5G49340  CDIFDGTWV..F...DDSE.PVYLPGYCP..FVEDKFNCFKNGRPDSG.FLRHRWQPHGCS..IPRFDGKKML.KMLRGKRVVFVGDSLNRNMWESLVCSLRSTLEDKNRVSKIIGKQSNLPNEGFY....GFRFNDFECSIDFIKSPFLV.....QE.SEVVDVYGKR.RETLRLDMIQRSMTKIYKNA....DIVIFNTGHWWTH.QK.......TYEGKGYY
AT3G62390  CDVTKGKWVY.....DSDY.PLYTNASCP..FIDEGFGCQSNGRLDLN.YMNWRWEPQDCH..APRFNATKML.EMIRGKRLVFVGDSINRNQWESMLCLLFQAVKDPKRVYETHNRRIT.KEKGNY....SFRFVDYKCTVEFYVTHFLV.....RE.G.RARIGKKR.RETLRIDAMDRTSSR.WKGA....NILVFNTAHWWSH.YK.......TKSGVNYY
AT5G20590  CDLYKGSWVKG....DDEY.PLYQPGSCP..YVDDAFDCQRNGRRDSD.YLNWRWKPDGCD..LPRFNATDFL.VKLRGKSLMLVGDSMNRNQFESMLCVLREGLSDKSRMYEVHGHNIT.KGRGYF....VFKFEDYNCTVEFVRSHFLV.....RE.GVRANAQGNT.NPTLSIDRIDKSHAK.WKRA....DILVFNTGHWWVH.GK.......TARGKNYY
AT3G11570  CDYSYGRWVRRRRDVDET...SYYGEECR..FLDPGFRCLNNGRKDSG.FRQWRWQPHGCD..LPRFNASDFL.ERSRNGRIVFVGDSIGRNQWESLLCMLSQAVSNKSEIYEVNGNPIS.KHKGFL....SMRFPEQNLTVEYHRTPFLV.....VV.GRPPENSPVDVKMTVRVDEFNWQ.SKKWVGS....DVLVFNTGHWWNE.DK.......TFIAGCYF
AT5G06230  CDYSKGKWVRRASSSSSSVNGLFYGEECR..FLDSGFRCHKHGRKDSG.YLDWRWQPHGCD..LPRFNASDLL.ERSRNGRIVFVGDSIGRNQWESLMCMLSQAIPNKSEIYEVNGNPIT.KHKGFL....SMRFPRENLTVEYHRSPFLV.....VI.GRPPDKSPKEIKTTVRVDEFNWQ.SKRWVGS....DVLVFNSGHWWNE.DK.......TVLTGCYF
AT3G06080  CDVFDGDWV.....WDESY.PLYQSKDCR..FLDEGFRCSDFGRSDLF.YTQWRWQPRHCN..LPRFDAKLML.EKLRDKRLVFVGDSIGRNQWESLLCLLSSAVKNESLIYEINGSPIT.KHKGFL....VFKFEEYNCTVEYYRSPFLV.....PQ.SRPPIGSPGKVKTSLKLDTMDWT.SSKWRDA....DVLVLNTGHWWNE.GK.......TTRTGCYF
AT5G19160  CDLFNGKWV.....WDESY.PLYQSKDCT..FIDEGFRCTEFGRPDLF.YTKWRWQPNHCD..LPRFDAKLML.EKLRNKRLVFVGDSIGRNQWESLLCMLASAISNKNLVYEVNNRPIT.KHMGFF....VFRFHDYNCTVEYYRAPFLV.....LQ.SRPPEGSPEKVKTTLKLETMEWT.ADKWRDA....DILVFNTGHWWNY.EK.......TIRGGCYF
AT1G48880  CDIFDGNWV.....VDDNY.PLYNASECP..FVEKGFNCLGNGRGHDE.YLKWRWKPKHCT..VPRFEVRDVL.KRLRGKRIVFVGDSMSRTQWESLICMLMTGLEDKRSVYEVNGNNIT.KRIRFL....GVRFSSYNFTVEFYRSVFLV.....QP.GRLRWHAPKRVKSTLKLDVLDVI.NHEWSSA....DFLIFNTGQWWVP.GK.......LFETGCYF
AT2G30010  CDLFAGEWVR.....DE.TYPLYRSKECGRGIIDPGFDCQTYGRPDSD.YLKFRWKPFNCN..VPRFNGVKFLQE.MRDKTIMFVGDSLGRNQWESLICMISSSAPSIN.THIIHEDPLS...........TFKILDYNVKVSFYRAPYLV.....DI.......DKINGKTTLKLDEISVDASNAWRTA....DVLLFNTGHWWSHTGS........LRGWEQM
AT5G58600  CSLFLGTWVR.....DN.SYPLYKPADC.PGVVEPEFDCQMYGRPDSD.YLKYRWQPQNCN..LPTFNGAQFLLK.MKGKTIMFAGDSLGKNQWESLICLIVSSAPSTR.TEMTRGLPLS...........TFRFLDYGITMSFYKAPFLV.....DI.......DAVQGKRVLKLDEISGNA.NAWHDA....DLLIFNTGHWWSHTGS........MQGWDLI
AT1G29050  CNLFQGRWVF.....D.ASYPFYDSSKCP..FIDGEFDCLKFGRPDKQ.FLKYSWQPESCT..IPRFDGGAFL.RKYRGKRVMFVGDSLSLNMWESLACMIHASVPNAKTTFLKR.TPLS...........TLTFQEYGVTLYLYRTPYIV.....DI.SK....ERV.G.RVLNLGAIE.GGADAWKNM....DVLVFNSWHWWTHKG........QSQGWDYI
AT2G34070  CNLFQGRWVF.....D.ASYPFYDSSTCP..FIDGEFDCLKFGRPDKQ.FLKYSWQPDSCT..VPRFDGEAFL.KKWRGKRVMFVGDSLSLNMWESLACMIHSSVPNTKTTFLKR.TPLS...........SLTFQEYDVTLFLYRTPYLV.....DI.SK....ESV.G.RVLNLGAIE.DGADAWKNM....DLLVFNSWHWWTHTGV.......QSQGWDFI
AT2G31110  CNLARGKWVY.....D.SSYPLYSAFSCP..FIDSEFNCQKAGRPDTN.YQHFRWQPFSCP..LPRFDGANFM.RRMRGKKIMMVGDSLSLNMFESLACLLHASLPNAKYSLRRS.QPLT...........SLTFQDYGVTINLYRTQFLV.....DV.VQ....EKA.G.RVLVLDSIK.QA.DAWLGM....DVLIFNSWHWWTHT.S.......GLQPWDYM
AT2G42570  CNWFRGNWVY.....D.VKYPLYDPYKCP..FIDPQFNCKKYGRPDNA.YLKYRWQPSSCS..LPRFNGLYFL.RRMRGKKIMFVGDSLSTNMWQSLACLIHSWVPNTRYTLIRQ.KGLA...........SLTFEEYGVTLLLYRTQFLV.....DL.NV....EKV.G.RVLKLDSIK.QG.NMWRGM....DVLIFNSWHWWTHT.E.......HIQPWDYM
AT3G14850  CDMFTGRWVK.....D.DSYPLYNSSTCP..FIRHEFSCQRNGRPDLD.YSTFRWQPLSCK..LARFNGLQFL.KKNKGKKIMFVGDSLSLNQWQSLACMLHSSVPNSTYTLTTQ.GSIS...........TYTFKEYGLELKLDRNVYLV.....DI.VR....EKI.G.RVLKLDSIN.DGKN.WVEM....DTLIFNTWHWWSRRGP........AQPWDLI
AT1G78710  CNIYQGRWIY.....DNSSNPLYGTSTCP..FI..GLDCQKFGRPDKN.YLHYRWQPTGCD..IPRFNGRDFLTR.FKGKKILFVGDSLSNNMWVSLSCMLHAAVPNAKYTFQLN.KGLS...........TFTIPEYGISVNFLKNGFLV.....DL.VS....DKTRG.LILKLDSIS.RG.NQWLGS....DVAIFNTFHWWSHTG........RAKTWDYF
AT2G30900  CNIYQGSWVY.....D.KSYPLYDSKNCP..FIERQFNCKSNGRPDSE.YLKYRWQPSGCN..LPRFNGLDFLGRIMKGKKLMFVGDSLSLNQWQSLTCLLHNAAPKANSTSTRSPSGLS...........VFSFPAYNSSIMFSRNAFLV.....DI.VG....APPK..RVMKLDSIS.SG.SLWKTA....DVLVFNSWHWWLHTD........RKQPWDAI
AT3G54260  CDYSVGKWTF.....DE.TYPLYDSS.CP..YLSSALSCQRNGRPDSY.YQKWRWIPKACS..LPRFDALKFLGK.MRGKRIMLVGDSMMRNQWESLVCLVQSVLPTHRKKLTYNG.PTM...........SFHSLDFETSIEFCWAPLLV.....EL..K....RGVDRKRVLHLDSIEDNAR.YWRGV....DVLVFDSAHWWTHS.Q.......RWSSWDYY
 
AT2G37720  RVEGGYFKNVENAKIF..TIHSLVKWLDAQLPLHPRLKAFFTTISPRHEK...................CNN.TIPLSRGSKITGEGGSL..............DTIVESAVNGTRVKILDITALSKLRDEAHIAGCKL...KPKKASNVTSAPTFNDCLHWCLPGIPDTWNELLIAQL*~~~~~~~~~~~~~~~~~~~~~~~~
AT5G64020  QVEGEYLKDIRNAKDF..TIHSVAKWLDAQLPLHPRLKAFFRTISPRHFKNGDWNTGG..........NCNN.TVPLSRGSEITGDDGSI..............DATVESAVNGTRIKILDITALSELRDEAHISGSKLKPRKPKKASNVTSTPTINDCLHWCLPGIPDTWNELFIAQI*~~~~~~~~~~~~~~~~~~~~~~~~
AT5G20680  PNTNRKLAALGNAKNF..TIHSTVSWVNSQLPLHPGLKAFYRSLSPRHFVGGEWNTGG..........SCNN.TTPMSIGKEVLQEESS...............DYSAGRAVKGTGVKLLDITALSHIRDEGHIS...........RFSISASRGVQDCLHWCLPGVPDTWNEILFAMI*~~~~~~~~~~~~~~~~~~~~~~~~
AT4G25360  WPDKSKPMKVNNVDAFGISVETILKSMATHPNYSG..LTIVRTFSPDHYEGGAWNTGGS..........CTGKEEPILPGKLVK.NGFTEIMHEKQATGYNQAV..DKVAENLKLKLKLMDITEAFGYRHDGHPGPFRSPDPNKITKRGPDGRPPPQDCLHWCMPGPVDTWNEMVLELIRRD...RKSS.ST*~~~~~~~~~~~
AT5G51640  WPDKSKPEKINNVEAFGISVETIIKAMAKHPNYTG..LTILRTWSPDHYEGGAWNTGGS..........CTGKVEPLPPGNLVT.NGFTEIMHEKQATGFHRAVADDKLGNRSK.KLKLMDITEAFGYRHDGHPGPYRSPDPKKITKRGPDGQPPPQDCLHWCMPGPVDTWNEMVLEIIRRDFEGRQSSPSS*~~~~~~~~~~~
AT5G15890  CA.LPNTTELPLTYGYRKALRISLKAII..ENFKG..LAFLRSFSPQHFEGGAWNEGGD..........CV.RTQPYRRNET..IPEADLKVHDIQREEFRAAEEDGM..KKSGLRLKLMDTTQAMLLRPDGHPGRYGH.......LQNPNVT.LRNDCIHWCLPGPIDTLNDILLQMMKTDN*~~~~~~~~~~~~~~~~~~~~
AT5G15900  CQ.LPNITDLTMFYGYRKAFRTAFKAILDSESFKG..VMYLRSFAPSHFEGGLWNEGGD..........CL.RKQPYRSNET..QDETTMKLHKIQLEEFWRAEEEA...KKKGKRLRLLDTTQAMWLRPDGHPSRYGH.......IPEANVT.LYNDCVHWCLPGPIDNLNDFLLAMLKREEDKGFLAQVRKMLS*~~~~~~~
AT3G02440  CY.IPGVRNVGAHFAYRRALRTTFKTILGLENFKG..EVFLRTFAPSHFEGGEWDKGGN..........CL.KTRPYRSNET.ELDGMNLETHSIQLDEFRIANRDKN..RNDGLNLRLLDVTQMMLLRPDGHPSRFGH.......KREDKVI.LYNDCVHWCLPGPIDSWNDFLLDMLKNRDLKRLKY*~~~~~~~~~~~~~~
AT4G11090  CPESSNMTDLGFDYAYNTSLRHVMDFI.AKSKTKG..MIFFRTSIPDHFEDGEWHNGGT..........CK.KTEPVGE.EAVEMKVLNKILRDVEINQFERVVTE.M..GQESENLKLLDFAGMLLTRPDGHPGPYREFRPFDKDKN...AT.VQNDCLHWCLPGPIDHLNDVILEIIVNGRTGK*~~~~~~~~~~~~~~~~~
AT4G23790  CQEKPHIEELGFDYAYNASLHNVMDFLAAEDNSKG..TVFFRTSTPDHFQNGEWHSGGT..........CK.QTEPVSD.EEIEIKDVHKILKDIEIDQFKRAVREKT..NQDGGNLKLLDFTRMLLTRPDGHPGEYRQFRPFDKDKN...AK.VQNDCLHWCLPGPFDYLNDVILETIVNG*~~~~~~~~~~~~~~~~~~~~~
AT1G01430  CQGKNNMTELGYLYSYRKVLHLVLDFV.AEPNHKA..QVLFRTTTPDHFENGEWDSGGF..........CN.RTMPFTEGSEGEMKSEDVSMRDIELEEFYKTTTTQQ..EGSNSNIVLLDTTSMSLLRPDGHPGPYRYPNPFAGLKNKELNQ.VQNDCLHWCLPGPIDSWNDLMVEVMLNRERQRRE*~~~~~~~~~~~~~~~
AT4G01080  CQGRNNLTDLGYDYSYRKTLNLLRDFV.LNSTHKP..LVLFRTTTPDHFENGEWNTGGY..........CN.RTMPFKEG.QANMKTVDDVMRDVELEVFQK..FGKG..FGLGSNIRLLDTTGMSLLRPDGHPGPYRHPNPFAGVKNK..SN.VQNDCLHWCLPGPIDSWNDVMVETTLNRERELYDLTG*~~~~~~~~~~~~
AT1G70230  C.ETSNCTEVGFYDVFRKAIRTTLRAVAGSGRE.....VILTTFSPSHFEGRPWDSLGA..........CN.MTKPY.EGKVLEGLDLD..MRKIEIEEYTAAAAEV........RLEVLDVTAMSVLRPDGHPGPYMYADPF...KNGVPER.IPNDCLHWCLPGPVDTWNEIMIEMLRRWKV*~~~~~~~~~~~~~~~~~~~
AT3G28150  C.NLPNMTQISPEEGFKLVYSAVLRQINECEMCKKDLVTVLRTISPAHFENGTWDTGGT..........CS.RTSPFGENK.IDLQSNEMKIRKSQIEQLEGIT..KR..GNKAKKFAVLDVTRVMQMRPDGHPNGYWGNKWMKG..........YNDCVHWCLPGPIDAWNDFLMAIIRQLR*~~~~~~~~~~~~~~~~~~~~
AT2G14530  EGGRPILPPIPPATGLDRVLNNMVNFVEKTK..RPGGIIFFRTQSPRHFEGGDWDQGGTCQRL...........QPL.LPGKVEEFFSV..GNNGTNVEVRLVNQHLYNSLKSRSAFHVLDITRMSEYRADAHPAAAGGK........NH......DDCMHWCLPGLTDTWNDLFVATLHT.IKAL*~~~~~~~~~~~~~~~~~
AT5G64470  RKGKPINPPLDILPGFELVLQNMVSYIQREV..PAKTLKFWRLQSPRHFYGGDWNQNGSCLLD...........KPL.EENQLDLWFDP..RNNGVNKEARKINQIIKNELQT.TKIKLLDLTHLSEFRADAHPAIWLGK........QDAVAIWGQDCMHWCLPGVPDTWVDILAELILTNLKTE*~~~~~~~~~~~~~~~~~
AT2G40320  .DKEKNIVEVSTEDAYRMGMKSMLRWVKNNMD.RKKTRVFFTSMSPTHAKGIDWG........GEPGQNCYNQTTLI.EDPS.......YWGSDCRKSIMKVIGEVFG.RSKT..PITLLNITQMSNYRKDAHTSIY.KKQWSPLTAEQLENPTSYADCVHWCLPGLQDTWNELLFAKLFYT*~~~~~~~~~~~~~~~~~~~~~
AT3G11030  .DEKKRIVEMESEDAYRMALKTMVKWVKKNMD.PLKTRVFFATMSPTHYKGEDWG........GEQGKNCYNQTTPI.QDMN.......HWPSDCSKTLMKVIGEELDQRAEF..PVTVLNITQLSGYRKDAHTSIY.KKQWSPLTKEQLANPASYSDCIHWCLPGLQDTWNELFFAKLFYP*~~~~~~~~~~~~~~~~~~~~~
AT2G38320  .KLDGIYKEVEMVRVYEMALQTLSQWLEVHVN.PNITKLFFMSMSPTHERAEEWG........GILNQNCYGEASLI.DKEG.......YTGRGSDPKMMRVLENVLDGLKNRGLNMQMINITQLSEYRKEGHPSIY.RKQWGTVKENEISNPSSNADCIHWCLPGVPDVWNELLYAYILDHHSS*~~~~~~~~~~~~~~~~~~
AT5G01620  .K..GSCEEVKSAEGMEMAMDSWGDWVANNVD.PNKKRVFFVTMSPTHQWSREWN........PGSEGNCYGEKKPI.EEES.......YWGSGSDIPTMRMVKRVLERL...GPKVSVINITQLSEYRKDGHPSVY.RKFWEPLNEDRLKNPASYSDCTHWCVPGVPDVWNQLLFHFL*~~~~~~~~~~~~~~~~~~~~~~~~
AT2G40150  GD.T.EYDEIKRPIAYERVLRTLGDWVDHNID.PLSTTVFFMSMSPLHIKSSDWA........NPEGIRCALETTPI.LNMSFNVAYGQFSAVGTDYRLFPVAENVT...QSLKVPIHFLNITALSEYRKDAHTSVYTIKQGKLLTREQQNDPANFADCIHWCLPGLPDTWNEFLYTHIISRR*~~~~~~~~~~~~~~~~~~~~
AT3G55990  GD.T.EYEEIERPVAYRRVMRTWGDWVERNID.PLRTTVFFASMSPLHIKSLDWE........NPDGIKCALETTPI.LNMSM.....PFS.VGTDYRLFSVAENVT...HSLNVPVYFLNITKLSEYRKDAHTSVHTIRQGKMLTPEQQADPNTYADCIHWCLPGLPDTWNEFLYTRIISRS*~~~~~~~~~~~~~~~~~~~~
AT2G40160  GD.SKEYNEIGIYIVYKQVLSTWTKWLEQNIN.PSQTSIFFSSMSPTHIRSSDWG........FNEGSKCEKETEPI.LNMSKPI......NVGTNRRLYEIALNAT...KSTKVPIHFLNITTMSEYRKDGHTSFYGSINGKLMTPEQKLDPRTFADCYHWCLPGLPDSWNELLSLYIIYKI*~~~~~~~~~~~~~~~~~~~~
AT1G73140  GD.TSEVREYNVTTAYKMALETWAKWFKTKIN.SEKQKVFFTSMSPTHLWSWEWN........PGSDGTCYDELYPI.DKRS.......YWGTGSNQEIMKIVGDVL...SRVGENVTFLNITQLSEYRKDGHTTVYGERRGKLLTKEQRADPKNYGDCIHWCLPGVPDTWNEILYAYLLRSHRNFF*~~~~~~~~~~~~~~~~
AT5G01360  GNGESGAEALDTQVAYRLGLKTWANWVDSTVD.PNKTRVFFTTMSPTHTRSADWG........KPNGTKCFNETKPI.KDKK.......FWGTGSNKQMMKVVSSVI...KHMTTHVTVINITQLSEYRIDAHTSVYTETGGKILTAEQRADPMHHADCIHWCLPGLPDTWNRILLAHL*~~~~~~~~~~~~~~~~~~~~~~~~
AT3G12060  QEGSTVHPKLDVDEAFRKALTTWGRWVDKNVN.PKKSLVFFRGYSPSHFSGGQWNAGG..........ACDDETEPI.KNETY.LTPYML.KMEILERVLR..G.M.......KTPVTYLNITRLTDYRKDAHPSIYR.KQK..LSAEESKSPLLYQDCSHWCLPGVPDSWNEIFYAELLVKLDQLGGKRRRKALKDHRS*~~~
AT5G06700  QEGSNVYHELAVLEAFRKALTTWGRWVEKNVN.PAKSLVFFRGYSASHFSGGQWNSGG..........ACDSETEPI.KNDTY.LTPYPS.KMKVLEKVLR..G.M.......KTPVTYLNITRLTDYRKDGHPSVYR.KQS..LSEKEKKSPLLYQDCSHWCLPGVPDSWNEILYAELIVKLNQLSQTQRKT*~~~~~~~~~~
AT1G60790  QEGNVVYPRLKVLEAYKRALITWAKWVDKNID.RSQTHIVFRGYSVTHFRGGPWNSGG..........QCHKETEPI.FNTSY.LAKYPS.KMKALEYILR..DTM.......KTPVIYMNISRLTDFRKDGHPSIYR.MVY..RTEKEKREAVSHQDCSHWCLPGVPDTWNQLLYVSLL.KAGLASKW*~~~~~~~~~~~~~~
AT5G49340  QEGNRVYERLEVKEAYTKAIHTWADWVDSNIN.STKTRVFFVGYSSSHFRKGAWNSGG..........QCDGETRPI.QNETY.TGVYPW.MMKVVESVI...SEM.......KTPVFYMNITKMTWYRTDGHPSVYR.QPA..DPRGTSPAAGMYQDCSHWCLPGVPDSWNQLLYATLLVSHGSLPDKSLGSLL*~~~~~~~~
AT3G62390  QEGDLIHPKLDVSTAFKKALQTWSSWVDKNVD.PKKTRVFFRSAAPSHFSGGEWNSGG..........HCREANMPL.NQ.TF.KPSYSS.KKSIVEDVLK...QM.......RTPVTLLNVSGLSQYRIDAHPSIYG..TK....PENRR.SRAVQDCSHWCLPGVPDTWNHFLYLHLLHKR*~~~~~~~~~~~~~~~~~~~~
AT5G20590  KEGDYIYPKFDATEAYRRSLKTWAKWIDQNVN.PKKQLVFYRGYSSAHFRGGEWDSGG..........SCNGEVEPV.KKGSI.IDSYPL.KMKIVQEAIK...EM.......QVPVILLNVTKLTNFRKDGHPSIYG.KTN....TDGKKVSTRRQDCSHWCLPGVPDVWNHLIYASLLLQPHS*~~~~~~~~~~~~~~~~~~
AT3G11570  QEGGKLNKTMGVMEGFEKSLKTWKSWVLERLD.SERSHVFFRSFSPVHYRNGTWNLGG..........LCDADTEPE.TDMKK.MEPDP.IHNNYISQAIQ..EMRYEHS.....KVKFLNITYLTEFRKDAHPSRYR.EPG..TPED...AP...QDCSHWCLPGVPDTWNEILYAQLLAMNYRTK*~~~~~~~~~~~~~~~~
AT5G06230  EEGRKVNKTMGVMEAFGKSLKTWKSWVLEKLD.PDKSYVFFRSYSPVHYRNGTWNTGG..........LCDAEIEPE.TDKRK.LEPDA.SHNEYIYKVIE..EMRYRHS.....KVKFLNITYLTEFRKDGHISRYR.EQG..TSVD...VP...QDCSHWCLPGVPDTWNEILYAQLLSMNYRTK*~~~~~~~~~~~~~~~~
AT3G06080  QEGEEVKLKMNVDDAYKRALNTVVKWIHTELD.SNKTQVFFRTFAPVHFRGGDWKTGG..........TCHMETLPE.IGTSL.ASSETWEQLKILRDVLS.....HNSNRSETVKVKLLNITAMAAQRKDGHPSLY..YLG..PHGP...APLHRQDCSHWCLPGVPDTWNELFYALFMKQEAPSSSKRVEEANSTGNVTMS*
AT5G19160  QEGEKVRMRMKIEHAYRRAMKTVMKWIQEEVD.ANKTQVFFRTFAPVHFRGGDWRTGG..........TCHMETLPD.FGASL.VPAETWDHIKLLQDVLS..SSLYYSNISETVKLKVLNITAMAAQRNDGHPSLY..YLG..LAGP...APFHRQDCSHWCLPGVPDSWNELLYALFLKHEGYSSPR..SNNSDTDNFT*~~
AT1G48880  QVGNSLRLGMSIPAAYRVALETWASWIESTVD.PNKTRVLFRTFEPSH.....WSDHR..........SCNVTKYPA.PDTE...GRDKSIFSEMIKEVVK..NM........TIPVSILDVTSMSAFRSDGH.......VG..LWSD...NPL.VPDCSHWCLPGVPDIWNEILLFFLFRQPVQ*~~~~~~~~~~~~~~~~~~
AT2G30010  ETGGRYYGDMDRLVALRKGLGTWSSWVLRYIN.SPLTRVFFLSVSPTHYNPNEWTSRSKTSTITQGGKSCYGQTTPF.SGTTYPTSSYVNQ.KKVIDDVVK..EM........KSHVSLMDITMLSALRVDGHPSIYSGDLN..PSLKRNP..DRSSDCSHWCLPGLPDTWNQLFYAALLY*~~~~~~~~~~~~~~~~~~~~~~
AT5G58600  QSGNSYYQDMDRFVAMEKALRTWAYWVETHVD.RSRTQVLFLSISPTHDNPSDWAASS.....SSGSKNCYGETEPI.TGTAYPVSSYTDQLRSVIVEVLH..GM........HNPAFLLDITLLSSLRKDGHPSVYSGLIS..GSQRSRP..DQSADCSHWCLPGLPDTWNQLLYTLLIY*~~~~~~~~~~~~~~~~~~~~~~
AT1G29050  RDGSSLVRDMNRLDAFYKGLSTWARWVDQNVD.TAKTRVFFQGISPTHYEGREWNE.......P..RKTCSGQMQPL.GGSSYPSGQPPSSG..VVSKVLS..SM........KKPVTLLDITTLSQLRKDAHPSSY...........GGD..G.GTDCSHWCLPGLPDTWNQLLYAALTM*~~~~~~~~~~~~~~~~~~~~~~
AT2G34070  RDGSSLMRDMDRLDAFNKGLTTWGQWVDQNVN.VSQTRVFFQGISPTHYMGREWNE.......P..RKTCNGQMQPL.TGSTYPGGSLPAAS..IVSRVLS..TM........RTPVYLLDITTLSQLRKDAHPSTY...........GGD..G.GTDCSHWCLPGLPDTWNQLLYAALSM*~~~~~~~~~~~~~~~~~~~~~~
AT2G31110  REGNQLYKDMNRLVAYYKGLNTWARWINNNIV.PSRTQVFFQGVSPVHYDGREWNE.......P..LKSCNGQTQPF.MGQRYPGGLPLGWV..VVNKVLS..RI........RKPVHLLDLTTLSEYRKDAHPSLY...........NGI..SKDLDCSHWCLPGLPDTWNLLLYSSLTS*~~~~~~~~~~~~~~~~~~~~~~
AT2G42570  EDGNRLYKDMNRLVAFYKGMTTWARWVNAYVD.PSKTKVFFNGVSPTHYEGKDWGE.......P..MNSCRSQTQPF.YGRKYPGGTPMAWV..ILNKVMR..RL........KKPVHWLDITGLSQLRKDAHPSAF...........SGN..HPGNDCSHWCLPGLPDTWNLLFYSTLFSS*~~~~~~~~~~~~~~~~~~~~~
AT3G14850  QIGTNVTKDMDRVAAFEIALGTWGKWVDTVLN.TKKTRVFFQGISPSHYKGVLWGE.......P.AAKSCVGQKEPL.LGTKYPGGLPAEVG..VLKRALG..KI........SKPVTLLDITMLSLLRKDAHPSVYGL.........GGR..NSSGDCSHWCLSGVPDTWNEILYNYMVE*~~~~~~~~~~~~~~~~~~~~~~
AT1G78710  QTGDKIVKEMNRMEAFKIALTTWSKWIDHNID.PSKTRVFYQGVSPVHLNGGEWGK.......PG..KTCLGETVPV.QGPSYPGRPNEGEA..IVKSVIG..RM........AKPVELLDVTAMTEMRKDGHPSIYAG.........GGD..RLN.DCSHWCLPGVPDAWNQLLYTALLSH*~~~~~~~~~~~~~~~~~~~~~
AT2G30900  MSGNVTVKDMDRLVAYEKAMMTWAKWIDQNID.PSKTKVFFQGISPDHGRAREWSK.......QGGKGSCIGETKPI.MGSSYLAGPHAAEM..VVAKVIK..TM........KNQARLMDVTLMSQLRKDGHPSVYGF.........GGH..RMA.DCSHWCLSGVPDSWNQLLYSELFHS*~~~~~~~~~~~~~~~~~~~~~
AT3G54260  MDGNKIFKAMDPMVAYERGLTTWAKWVEINLD.PSKTKVIFRTVSPRE.................SGQMCYNQKHPL.PSLSSSTKPHVPQQSRVLNKVLR..TM........KYRVYLYDITTMSAYRRDGHPSVFKRAMH..EEEKHHRIAGPSSDCSHWCLPGVPDIWNEMLSSIILTNAV*~~~~~~~~~~~~~~~~~~~

Alignments are shown for the C-terminal part of the proteins starting with the TBL domain. 
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Supplemental Table S3. Genes co-expressed with TBR or TBL3 

Genes co-expressed with TBR, ranked by r-value (>0.7) a

Rank Arabidopsis Gene ID Description
1 At1g05850 chitinase-like protein 1 (CTL1)
2 At5g09870 CESA5
3 At3g49220 pectinesterase family protein
4 At3g23820 NAD-dependent epimerase/dehydratase
5 At5g52060 BAG domain-containing protein
6 At3g02250 expressed protein
7 At5g64740 CESA6 (PRC)
8 At3g23050 auxin-responsive protein (IAA7)
9 At1g12500 phosphate translocator-related
10 At5g60920 COBRA phytochelatin synthetase
11 At5g05170 CESA3 (IXR1)
12 At1g72180 LRR transmembrane protein kinase
13 At1g29670 GDSL-motif lipase/hydrolase family protein
14 At2g35860 fasciclin domain-containing protein
15 At4g27430 CIP7
16 At2g39010 putative plasma membrane aquaporin
Genes co-expressed with TBL3, ranked by r-value (>0.75) a

1 At5g40020 pathogenesis-related thaumatin family protein
2 At5g54690 GAUT12, IRX8
3 At3g16920 chitinase-like glycoside hydrolase family 19 protein 
4 At3g62020 germin-like protein (GLP10)
5 At5g17420 CESA7 (IRX3)
6 At5g60720 expressed protein, contains DUF547
7 At1g27380 RIC2
8 At5g44030 CESA4 (IRX5)
9 At4g18780 CESA8 (IRX1)
10 At5g15630 IRX6, COBL4 phytochelatin synthetase
11 At2g38080 IRX12, LAC4
12 At5g01190 similar to laccase
13 At4g08160 glycosyl hydrolase family 10 protein
14 At5g03170 FLA11
15 At2g37090 IRX9, GT43 glycosyltransferase-like
16 At5g60020 LAC17
17 At3g18660 glycogenin glucosyltransferase (glycogenin)-related 
18 At3g50220 expressed protein, contains DUF579
19 At1g58370 similar to (1,4)-beta-xylan endohydrolase (GH10) 
20 At1g79620 LRR transmembrane protein kinase, putative
21 At2g41610 expressed protein
22 At4g27435 expressed protein
23 At5g45970 Rac-like GTP-binding protein (ARAC2)
(a) Results and r-values were obtained from GeneCAT (Mutwil et al., 2008). 
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Protocol S1: Positional cloning of the tbr locus 

To obtain a high-resolution map position for the TBR locus, 96 tbr mutant plants were selected 

from the F2 progeny of a cross of the tbr mutant and the Landsberg erecta ecotype, and a mixed 

DNA sample from these tbr mutant F2 plants was prepared and scored with a series of co-

dominant PCR-based markers (Lukowitz et al., 2000). This bulked segregant analysis placed the 

tbr mutation on the top of chromosome 5 between simple sequence length polymorphism (SSLP) 

markers ciw13 (@ 1.00 Mb) and nga249 (@ 2.77 Mb) (Fig. S2). More than 1200 individual DNA 

samples from homozygous tbr mutant plants from the segregating F2 mapping population were 

subsequently scored for recombination events between markers ciw15 and nga249, resulting in 

the identification of 40 lines with a recombination event between ciw15 and tbr and 31 lines with 

a recombination event between tbr and nga249 (Fig. S2). By analyzing ten additional SSLP, 

cleaved amplified polymorphic sequence (CAPS) and derived CAPS (dCAPS) markers (Table 

S1), the interval containing the TBR locus was narrowed to a 46 kb genomic region between 

markers mpi70 and mpi80 (Fig. S2). A set of five cosmid clones (named A-E in Fig. S2) covering 

the 46 kb interval was identified from a genomic Col-0 cosmid library constructed in the binary 

vector pBIC20 (Meyer et al., 1994) using colony hybridization with four sequence-specific DNA 

probes (the positions are marked with asterisks in Fig. S2), and multiplex PCR. The five cosmid 

clones were individually introduced into tbr mutants via Agrobacterium tumefaciens–mediated 

transformation. Kanamycin-resistant progeny of tbr mutants transformed with cosmid clone B 

were complemented for the tbr trichome birefringence and growth phenotypes, as judged by the 

occurrence of bright birefringence and the wild-type growth aspect in 3/4 of the T2 plants. By 

contrast, the progeny of tbr mutants transformed with cosmid clones A, C, D or E still had the 

typical tbr-like dark trichomes under polarized light and retained their mutant growth aspect in 

the T2 generation, implying that these cosmid clones do not contain the wild-type TBR gene and 

hence cannot complement the tbr mutation. 

 

Genetic mapping of the tbr locus 

Linkage of the TBR locus to the top of chromosome 5, between simple sequence length 

polymorphism (SSLP) markers ciw13 and nga249, was established by bulked segregant analysis 

according to Lukowitz et al. (2000). Over 1200 tbr mutant-like plants were subsequently 

identified from the tbr x Landsberg erecta F2 mapping population, and for each plant, a DNA 

sample was prepared from inflorescence or leaf tissue using a quick alkaline-lysis protocol 
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(Lukowitz et al., 2000). Co-dominant PCR markers used for fine mapping were identified (ciw14, 

ciw15, ciw18, mhfD, EMC, nga249) from the genetic maps provided by the Arabidopsis 

Information Resource (http://www.arabidopsis.org) or designed (mpi50, mpi60, mpi70, mpi80, 

mpi100) using the CEREON Genomics database of Col-0/Landsberg polymorphisms and dCAPS 

finder 2.0 (Neff et al., 2002). Detailed information for the new markers is available in 

Supplemental Table S1. PCR conditions for SSLP markers were 50 mM KCl, 10 mM Tris-HCl, 

pH 9.0, at 25°C, 0.1% Triton X-100, 200 µM each of dATP, dGTP, dTTP, and dCTP, 10 pmol of 

each primer, 2.0 to 2.5 mM MgCl2, 1 unit of Taq polymerase (Promega, Madison, WI), and 10 to 

50 ng of genomic DNA, to a final volume of 22 µL. The PCR program was as follows: 1 min at 

94°C; 40 cycles of 20 s at 94°C, 20 s at 50 to 55°C, and 30 s at 72°C; and 2 min at 72°C. Four 

percent agarose gels (3:1 HR agarose; Amresco, Solon, OH) were used to resolve SSLP markers 

for mapping. 

Cosmid isolation and tbr mutant complementation 

Using colony hybridization, according to Roche's DIG application manual (http://www.roche-

applied-science.com), with four sequence-specific, digoxigenin-11-dUTP–labeled 301- to 505-bp 

DNA probes (the positions are marked with asterisks in Fig. S2), multiple clones corresponding 

to the 46kb TBR-containing mapping interval were isolated from a genomic Col-0 cosmid library 

constructed in the binary vector pBIC20 (Meyer et al., 1994). A minimal set of five overlapping 

clones, covering the interval, was identified by multiplex PCR using the same primer pairs 

(sequences available on request) that amplified the hybridization probes. Mutant tbr plants were 

transformed by Agrobacterium tumefaciens (GV3101) carrying the various cosmid clones 

according to Clough and Bent (1998), and T1 transformants were selected on half-strength 

Murashige & Skoog agar plates containing kanamycin (50 µg/mL). Trichome birefringence of 

adult T1 transformants was analyzed as described above. Complementation was also achieved by 

PCR-amplifying a 2.45 kb genomic fragment comprising the entire TBR coding region with 

primers 5’–CAATGGATCCCAACCCTAAAACCACTCGTC-3’ and 5’–

CAATGTCGACAACCTCTCTTTGGAGCTAAAT-3’, then inserting the fragment into the 

BamHI / SalI restriction sites of pBinAR (Bevan, 1984) followed by Agrobacterium tumefaciens 

(GV3101) mediated transformation of tbr plants, and kanamycin-selection of transformants. 

Furthermore, complementation of tbr mutants could also be largely achieved with a genomic 

PCR-fragment harboring the TBL1 (At3g12060) gene driven by a 1.64 kb TBR promoter 

sequence (results not shown). The TBL1 fragment was amplified with primers 5’ –
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GGAGATAGAACCATGGCGTTGGACTCCGTTA-3’ and 5’–

CAAGAAAGCTGGGTCTTAACTCCTATGATCTTTTAGG-3’, inserted into pDONR207 

(Invitrogen) before recombination with a pMDC32-derived GATEWAY™ destination vector 

(Curtis and Grossniklaus, 2003), named pVolki, in which the 2x 35S promoter was replaced by 

1.64kb of TBR promoter sequences. The construct was transferred into tbr mutant plants by 

Agrobacterium mediated transformation (Clough and Bent, 1998), and transgenic plants were 

selected on hygromycin and analyzed for complementation by assessing tbr trichome 

birefringence. 

DNA sequencing 

Genomic DNA was prepared using a cetyl-trimethylammonium bromide-detergent extraction 

method (Lukowitz et al., 2000) from Col-0 wild-type and tbr mutant plants. A 2.83-kb fragment 

encompassing the TBR (At5g06700) gene sequence, 172 bp 3’-UTR, the 151 bp 5’-UTR and 332 

bp promoter region was amplified independently by PCR three times from each genotype using 

the primers 5'-ATTTCCGGATAATTTAGTTAGA-3' and 5'-ATATTGTATTCGTCGTGACA-3' 

and a mixture of Taq and proofreading Pfu polymerases (Promega). Cycle sequencing of both 

strands of the PCR products was performed by MWG Biotech (Ebersberg, Germany) with a set 

of eight additional primers (sequences available on request). 

 

Protocol S2: Biochemical analyses of tbr and tbl3 cell walls 

Wild-type Col-0 and tbr mutant plants were grown on soil for five weeks. Trichomes were 

harvested from mature rosette leaves as described by Zhang and Oppenheimer (2004, crystalline 

cellulose measurement), or by shaving them from deep frozen leaves using a razor blade (HPLC 

analysis). Stems of wild-type Col-0 and tbl3 mutant plants were harvested 10, 15 and 20 days 

after bolting. Crude cell wall extracts were prepared as described (Reiter et al., 1993) with minor 

adaptations. Stem material from wild-type and tbl3 mutants harvested between the first and 

second node. Plant material was harvested by snap freezing in liquid nitrogen, and then incubated 

twice during 60 min at 70°C in 70% ethanol. Pellets were suspended with chloroform:methanol 

(v/v; 1:1), washed in acetone for 2 min and vacuum-dried. Following suspension in 0.25 M 

sodium acetate-buffer (pH 4.0), samples were heated (20 min at 80°C) and then chilled on ice. 

After adjusting the pH to 5.0 with 1M sodium hydroxide, residual starch was removed by 

incubating the samples overnight at 37°C in 0.01% sodium azide containing amylase (50 µg / ml; 
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SIGMA, Germany) and pullanase (SIGMA, Germany). Samples were then boiled for 10 min, 

washed until no reducing sugars could be detected with anthrone reagent, and vacuum-dried. 

The dry CW pellet was weighed into a 2 mL screw capped reaction tube suspended with 

50 µg of myo-Inositol (internal standard) and hydrolized in 250 µL 2 M TFA at 121°C for 1 h. 

After allowing to cool down, the samples were diluted with 300 µL of 2-propanol and dried 

under a stream of nitrogen. The procedure was repeated three times. Adding 200 µL ddH2O, the 

samples were vortexed vigorously, sonicated for 10 min and centrifuged to remove residual TFA-

hydrolyzed material. The supernatant was carefully separated from the pellet. 50 µL of the 

supernatant was reduced in 250 µL of reduction reagent (sodium borohydrate in 1 M ammonium 

hydroxide) at RT for 1 h. Reduction was terminated by adding  20 µL glacial acetic acid. The 

reduced samples were suspended with 250 µL of glacial acetic acid:methyl alcohol (v/v; 1:9) and 

dried under a nitrogen stream. The procedure was repeated three times followed by four 

evaporations with 250 µL of methyl alcohol. For acetylation, the reduced samples were 

suspended in 50 µL acetic anhydride and 50 µL pyridine and were incubated at 121°C for 20 

min. Adding twice 200 µL of toluene the samples were evaporated, were suspended in 500 µL 

ddH2O and 500 µL methylene chloride and vortexed. The organic phase (containing per-O-

acetylated alditols) was transferred to a new 2 mL reaction tube. The solution was evaporated 

shortly, suspended with 100 to 300 µL acetone and analyzed using a Agilent 6890 Series GC 

system equipped with a 5975B inert XL MSD and an SP-2380 fused silica capillary column (30 

m 3 0.25 mm i.d. x 20 mm film thickness; Supelco). 

50 µL of the TFA hydrolysis supernatant was used to determine uronic acid by a 

carbazole assay in which sulfamate and m-hydroxydiphenyl were used to completely eliminate 

interference by neutral sugars (Filisetti-Cozzi and Carpita, 1991). The absorbance was analyzed 

at 540 nm (Anthros Reader HT II, Eugendorf, Austria). 

For the determination of crystalline cellulose, the insoluble TFA pellets (or crude CW 

material) were suspended with 1.5 mL Updegraff reagent (acetic acid:nitric acid:water; 8:1:2; 

v/v) and further incubated in a boiling water bath for 30 min. Crystalline cellulose was 

determined as described (Updegraff,1969; Scott and Melvin, 1953). Absorbance was determined 

at 620 nm (Anthos Reader HT II, Eugendorf, Austria). 

 

Monosaccharides extracted from trichome cell walls by TFA (2M) hydrolysis were determined 

by high performance anionen exchange chromatography (HPAEC) as described in Neumetzler 
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(2010). Trichomes were harvested by leaf hair depilation (LHD) following the protocol described 

in Ebert et al. (2010). HPAEC of monosaccharides was performed on a DX 500 system (Dionex, 

Sunnyvale, CA, USA) equipped with a GP 50 gradient pump, a CarboPac PA20 Guard column (3 

mm ID x 30 mm L) Dionex, Sunnyvale, CA, USA) and a subsequent CarboPac PA20 column (3 

mm ID x 150 mm L) both from Dionex (Sunnyvale, CA, USA). Detection was carried out using a 

pulsed amperometric detector (PAD, Dionex, Sunnyvale, CA, USA). In brief, after equilibration 

neutral sugars were separated by an isocratic flow (0.15 ml/min) using 5 mM NaOH (solvent A) 

for 30 min. After raising the proportion of solvent B (800 mM NaOH) from 0% to 35% between 

40 min and 50 min, it was further increased up to 100% from 50 min to 60 min before an 

isocratic flow of 100% solvent B from 60 min to 70 min were kept to separate uronic acids. The 

column was re-equilibrated by ramping solvent A from 0% to 100% between 70 min and 80 min. 

Afterwards a constant isocratic flow of 100% solvent A was kept until 100 min and before new 

samples were loaded. Assignments of all peaks were carried out according to retention times of 

pure standards.  

 

Protocol S3: Pectin methylesterase (PME) extraction and activity assay. 

Etiolated seedlings were snap-frozen in liquid nitrogen and homogenized to fine powder using a 

ball mill (1 min, 30 Hz, Retsch, Germany). PMEs were extracted by incubating the plant powder 

for 1h at 4°C and at constant shaking (600 rpm, Thermomixer comfort, Eppendorf, Germany) in 

50mM Na2HPO4 extraction buffer (pH7) supplemented with 12mM citric acid, 1M NaCl, 0.01% 

(v:v) Tween20, 0.2% (w:v) polyvinylpyrrolidon (PVPP) and 5µl EDTA free protease inhibitor 

cocktail per 1ml extraction buffer.  

The PME activity was assayed by the measurement of the released methanol. Therefore 10µl of 

the samples protein extract were added to 75µl Na-phosphate buffer (50mM, pH 7.5), 5µl 

Alcohol Oxidase (5U/ml, Pichia pastoris, Sigma, A2404), 10µl pectin (20 mg/ml solved in 50 

mM Na-phosphate buffer, pH 7.5) containing either 34%, 65% or 89% of methylesters (Sigma: 

P-9311, P-9436, P-9561) and incubated for 20 min at 28°C (600 rpm, Thermomixer comfort, 

Eppendorf, Germany). The reaction was stopped by adding 100µl revelation buffer (2M 

ammonium acetate, 0.28% (v:v) acetic acid, 0.2% (v:v) 2,4-pentandione) and incubation for 10 

min at 67°C. Absorbance was read at 420 nm and methanol release was calculated as in parallel a 

standard curve was performed using 0-20 mg/L methanol as sample. All measurements were 

performed in technical duplicates and indicated numbers of biological replicates. 
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