
AtGA2      28 TRANNVSFEQTKEKIRKMLEKVELSVSAYDTSWVAMVPSPSSQN--APLFPQCVKWLLDNQHEDGSWGLDNHDHQS---LKKDVLSSTLASILALKKWGIGERQINKGLQFIELNSALVTDETIQKPTGFDIIFPGMIKYARDLNLTIPLGSEVVDDMIRKRDLDLKCDSEKFSKGREAYLAYVLEGTR-NLKDWDLIV- 
CmKS-B     34 TKTGALHFEETKERIKKLFDKVELSVSAYDTAWVAMVPSPNSLN--QPLFPECINWVLDSQHADGSWGL-LHNDQL---LMKANLLSTLACVLTLKRWNIGHDHMSKALDFIKSNIASATDENQRSPVGFDIIFPGMIEYAKDLNLNLPLAPTNVDALVRKKELELR-SCRSNSEGGKAYLAYVSEGIG-KLQDWDMVM- 
SrKS       35 TNPTNLIIDTTKERIQKQFKNVEISVSSYDTAWVAMVPSPNSPK--SPCFPECLNWLINNQLNDGSWGLVNHTHNHNHPLLKDSLSSTLACIVALKRWNVGEDQINKGLSFIESNLASATEKSQPSPIGFDIIFPGLLEYAKNLDINLLSKQTDFSLMLHKRELEQK---RCHSNEMDGYLAYISEGLG-NLYDWNMVK- 
HvKS      101 ASLLDVHRKEREARIRKHLHKVELPPSPYDTAWVAMVPLQGSPH--TPCFPQCVEWILQNQHENGSWDIND-FGSS---ANKDILLSTLACVLALEKWNVGQGLIRRGLHFIGRNFSIVMDEEIPAPIGFNIIFPGMLSLAIGVGLQVPDRQTDIDGILHQWEMELKRQAEEKSYGREAYMAYVAEGLG-NMLDWNEVM- 
OsKSL4i    90 TSQINMGR---EARIRRHLENPEFLPSSYDIAWVAMVPLPGTDHLQAPCFPECVEWILQNQHSNGSWGVNE-FDSS---ASKDILLSTLACIIALEKWNVGSEQIRRGLHFIAKNFSIVIDDQIAAPIGFNLTFPAMVNLAIKMGLEFPASEISIDQILHLRDMELKRLSGEESLGKEAYFAYIAEGLEESMVDWSEVM- 
OsKS        1 ----MQHRKELQARTRDQLQTLELSTSLYDTAWVAMVPLRGSRQ--HPCFPQCVEWILQNQQDDGSWGTRG-FGVA---VTRDVLSSTLACVLALKRWNVGQEHIRRGLDFIGRNFSIAMDEQIAAPVGFNITFPGMLSLAMGMDLEFPVRQTDVDRLLHLREIELEREAGDHSYGRKAYMAYVTEGLG-NLLEWDEIM- 
OsKSL7i    78 ESLQATHRKELEASIRKQLQGVELSPSPYDTAWVAMVPLRGSSH--NPSFPQCVDWILENQWDDGSWSIDG-SIST---ANKDVLSSTLACVLALNKWNVGREHIRRGLSFIGRNFSIAMDDQAVAPIGFGITFPAMLTLANGSGLEVPVRQNDIDSLNHLREMKIQREAGNHSRGRKAYMAYLAEGFG-NLLEWDEIM- 
OsKSL10j   52 RSLQVMHSKELQAKIRKQLQRVELSPSLYDTAWVAMVPERSSSQ--APCYPQCIEWILQNQHDDGSWGINS-SSLS---VNKDILLSTLACVVALKKWNAGSYHIKRGLNFVGRNFSVAMDVQNIAPVGFNVTFSGLITLASGMGLQLPVWQTDIDEIFHLRKIELERDSGGTISARKAFMAYVAEGFG-SLQDWDQVM- 
OsKSL6j    54 GSQQGMHKNELHDKIRKQLRDVQLQPSSYDTAWVAMVPVQGSHQ--TPRFPQSIEWILQNQYDDGSWGTNL-PGLV---VNKDILLCTLACVVALKRWNTGRDHISRGPNFIGRNFSVAMDEQTVAPVGFNITFSGLLSLATRTGLELPVMQTDIDGIIHIRKIELERDAYGTASSRRAFMAYVSEGLG-NLQDWNQVM- 
OsKSL5j    52 GSQQGMQKNQLQDKIRKQLREVQLSPSSYDTAWVAMVPVQGSHQ--TPRFPQCIEWILQNQHDDGSWGTNL-PGSV---VNKDILLCTLACVVALKRWNTGRDHISRGLNFIGKNFWVAMDEQTIAPVGFNITFSGLLNLATGTGLEFPVMQTDIDGIFHMRKIELERDAYGTASSRRAFMAYVSEGLG-SLQDWDQVM- 
OsKSL11j   54 GTLQGMDIDELRVIVRKQLQGVELSPSSYDTAWVAMVPVQGSPQ--SPCFPQCVEWILQNQQEDGSWGHSAGPSGE---VNKDILLSTLACVLALNTWNVGQDHIRRGLSFIGRNFSVAIDGQCAAPVGFNITFSGMLHLAIGMGLKFPVMETDIDSIFRLREVEFERDAGGTASARKAFMAYVSEGLG-REQDWDHVM- 
OsKSL8j    52 GTLQGMDIDELRVIVRKQLQGVELSPSSYDTAWVAMVPVQGSRQ--SPCFPQCVEWILQNQQEDGSWGHSAGPSGE---VNKDILLSTLACVLALNIWNVGQDHIRRGLSFIGRNFSVAIDGQCAAPVGFNITFSGMLRLAIGMGLKFPVMETDIDSIFRLREVEFERDAGGTASARKAFMAYVSEGLG-REQDWDHVM- 
NtKSL       1 -------MEEAKERIRETFGKIELSPSSYDTAWVAMVPSRYSMN--QPCFPQCLDWILENQREDGSWGLNPSHPL----LVKDSLSSTLASLLALRKWRIGDNQVQRGLGFIETHGWAVDNKDQISPLGFEIIFPCMTNYAEKLNLDLPLDPNLVNMMLCERELTIERALKNEFEGNMANVEYFAEGLG-ESCHWKEMM- 
SBS        41 TPSSMNGFEDARDRIRESFGKVELSPSSYDTAWVAMVPSKHSLN--EPCFPQCLDWIIENQREDGSWGLNPSHPL----LLKDSLSSTLACLLALTKWRVGDEQIKRGLGFIETQSWAIDNKDQISPLGFEIIFPSMIKSAEKLNLNLAIN---------KRDSTIKRALQNEFT---RNIEYMSEGVG-ELCDWKEIIK 

AtGA2     221 KYQRKNGSLFDSPATTAAAFT-QFGNDGCLRYLCSLLQKFEAAVPSVYPFDQYARLSIIVTLESLGIDRDFKTEIKSILDETYRYWLRGDEEICLDLATCALAFRLLLAHGYDVSYDPLKPFAEESGFSDTLEGYVKNTFSVLELFKAAQ--SYPH-ESALKKQCCWTK-QYLEMELSSWVKTSVR-DKYLKKEVEDALA 
CmKS-B    225 QYQRKNGSLFNSPSTTAAAFM-HRNDDGCFDYLRSLLQKFDGSVPTIYPLDIYARLHMVDSLQKFGIARHFKEEIRSVLDETYRCWMQGEENIFLDASTCAMAFRMLRVEGYDVSSDQLTQFSEDI-FPNCLGGYLKDFGASLELYKASQIITHPD-ESVLENINSWTS-RFLKHGLSSDSVWSDRTDSVVKQEAVNALE 
SrKS      228 KYQMKNGSVFNSPSATAAAFI-NHQNPGCLNYLNSLLDKFGNAVPTVYPHDLFIRLSMVDTIERLGISHHFRVEIKNVLDETYRCWVERDEQIFMDVVTCALAFRLLRINGYEVSPDPLAEITNEL--------ALKDEYAALETYHASHI-LYQE-DLSSGKQILKSA-DFLKEIISTD---SNRLSKLIHKEVENALK
HvKS      293 KFQRKNGSLFNSPSTTAAALV-HNYDDKALGYLDMLVSKFGGAVPTAYPLNMHCKLSMVDSLEKIGISQHFSSEIEGILDMAYSFWLQRDEEIMMDVATCAMAFRLLRMNGYDVSSDELSHLAEASSFHNSLQGYLNDTKSVLELFKASKVSVSEH-ELILDNIGHWSG-SLLSEKLCS----EGVQGLPIFGEMEYALK
OsKSL4i   282 KFQGKNGSLFNSPAATAAALV-HRYDDKALGYLYSVVNKFGGEVPTVYPLNIFSQLSMVDTLVNIGISRHFSSDIKRILDKTYILWSQRDEEVMLDLPTCAMAFRLLRMNGYGVSSDDLSHVAEASTFHNSVEGYLDDTKSLLELYKASKVSLSEN-EPILEKMGCWSG-SLLKEKLCS----DDIRGTPILGEVEYALK
OsKS      189 MFQRKNGSFFNCPSTTAATLV-NHYNDKALQYLNCLVSKFGSAVPTVYPLNIYCQLSWVDALEKMGISQYFVSEIKSILDTTYVSWLERDEEIMLDITTCAMAFRLLRMNGYHVSSVELSPVAEASSFRESLQGYLNDKKSLIELYKASKVSKSEN-ESILDSIGSWSG-SLLKESVCS----NGVKKAPIFEEMKYALK
OsKSL7i   270 MFQRKNGSLFNCPSSTAGALA-NYHDDKALQYLQSLVNKFDGVVPTLYPLNIYCQLSMVDALENMGISQYFASEIKSILDMTYSSWLGKDEEIMLDVTTCAMAFRLLRMNGYDVSSDELSHVAGASGFRDSLQGYLNDRKSVLEVYKTSKHSISEN-DLILDSIGSWSGGSLLKEMLSS----NG-KGTPGREEIEFALK
OsKSL10j  244 AYQRKNGSLFNSPSTTAAAAI-HTFNDRTLNYLDSLTNKFGGPVPAMYPQNIYSQLCTVDALERTGISQKFAREIRDILDTTYRSWLHNEEEVMLDIPTCAMAFRLLRTHGYDITSDEMAHFSEQSSFDDSIHGYLNDTKTLLELFKTSQIRFSCE-DLVLENIGTWSA-KLLKQQLLS----NKLSTS-AQSEVEYVLK
OsKSL6j   246 AYQRKNGSIFNSPSATAATII-HGHNYSGLAYLDFVTSKFGGPVPVMYPQNAYSQLCMVDTLERMGISESFACEISDILDMTYRLWMHNEEELMLDMRTCAMAFRLLRMHGYDITSDGMAQFVEQSSFDDSIHGYLNDTKALLELYKSSQLRCLED-DLILEEIGSWSA-RVLLEKISS----KMIHIS-ELPEVEYALK
OsKSL5j   244 AYQRKNRSIFNSPSAAAATVI-HGHNDSALCYLDSLVSKLDGPVPVMYPQNAYSQLGMVDTLEKMGISNNFSCEISDILDMIYRLWIHNEEELMLDMGTCAMAFRLLRMHGYDISSDGMAQFVEQSSFDDSIHGYLNDTKALLELYRSSQIRCLED-DLILQDIGSWSA-RVLQEKISS----KMTHKS-EMLEVEYALK
OsKSL11j  247 AYQRKNGSLFNSPSTTAASAI-HSCNDRALDYLVSLTSKLGGPVPAIHPDKVYSQLCMVDTLEKMGISSDFACDIRDILDMTYSCWMQDEEEIMLDMATCAKAFRLLRMHGYDVSSEGMARFAERSSFDDSIHAYLNDTKPLLELYKSSQLHFLEE-DLILENISSWSA-KLLKQQLSS----NKIMKS-LMPEVEYALK
OsKSL8j   245 AYQRKNGSLFNSPSTTAASAI-HSCNDRALDYLVSLTSKLGGPVPAIYPDKVYSQLCMVDTLEKMGISSDFACDIRDILDMTYSCWMQDEEEIMLDMATCAKAFRLLRMHGYDVSSEGMARFAERSSFDDSIHAYLNDTKPLLELYKSSQVHFLEE-DFILENIGSWSA-KLLKQQLSF----NKISKS-LMPEVEYALK
NtKSL     186 LRQRHNGSLFDSPATTAAALIYHQYDEKCFGYLNSILKLHDNWVHTICPTKIHSNLFLVDALQNLGVDRYFKTEVKRVLDEIYRLWLEKNEEIFSDVAHCAMAFRLLRMNNYEVSSEELEGFVDQEHFFTTSSGKLMNHVAILELHRASQVAIHERKDHILDKISTWTR-NFMEQKLLD----KHIPDR-SKKEMEFAMR
SBS       222 LHQRQNGSLFDSPATTAAALIYHQHDKKCYEYLNSILQQHKNWVPTMYPTKIHSLLCLVDTLQNLGVHRHFKSEIKKALDEIYRLWQQKNEQIFSNVTHCAMAFRLLRMSYYDVSSDELAEFVDEEHFFATS-GKYTSHVEILELHKASQLAIDHEKDDILDKINNWTR-TFMEQKLLN----NGFIDRMSKKEVELALR  
                                                                                                                                        

AtGA2     415 FPSYASLERSDHRRKILNGSA-----VENTRVTKTSYRLHNICTSDILKLAVDDFNFCQSIHREEMERLDRWIVENRLQELKFARQKLAYCYFSGAATLFSPELSDARISWAKGGVLTTVVDDFFDVG-GSKEELENLIHLVEKWDLNGVPEYSSEHVEIIFSVLRDTILETGDKAFTYQGRNVTHHIVKIWLDLLKSML
CmKS-B    421 FPYNATLERLISKRAMESYSG------DIVRISKSPYACLNFGHQDFLELAVEDFNTLQRIHLKELEELQRWVVENKLDELKFFRLHLGYCYFAAAATLTDPELHDARIAWAQNGVLTTVVDDFYDGG-GSEEELDNLIELVEKWDPDGEVGYCSKDVEIVFLALHSTVCEIGRRALVWQGRSVMRNVIDGWLALLKVMR 
SrKS      413 FPINTGLERINTRRNIQLYN------VDNTRILKTTYHSSNISNTDYLRLAVEDFYTCQSIYREELKGLERWVVENKLDQLKFARQKTAYCYFSVAATLSSPELSDARISWAKNGILTTVVDDFFDIG-GTIDELTNLIQCVEKWNVDVDKDCCSEHVRILFLALKDAICWIGDEAFKWQARDVTSHVIQTWLELMNSML
HvKS      486 FPFYTTLERLDHKRNIEHFD------ARGSHILKTQYLPYG-INEELLALAVEDFTFSQSIYQDELLHLDRWVKQNRLDQLQFARQKLTYCYLSAAATIFPPELSDARISWAKNGVLTTVVDDFFDVG-GSKEELENLIALVEKWDEHHEDDFYSEQVKIVFCAIYTTVNQLGSIASAVQNRDVKNHLIEVWLHLLRSMM
OsKSL4i   475 FPFYATLEPLDHKWNIENFD------ARAYQKIKTKNMPCH-VNEDLLALAAEDFSFCQSTYQNEIQHLESWEKENKLDQLEFTRKNLINSYLSAAATISPYELSDARIACAKSIALTLVADDFFDVG-SSKEEQENLISLVEKWDQYHKVEFYSENVKAVFFALYSTVNQLGAMASAVQNRDVTKYNVESWLDYLRSLA 
OsKS      382 FPFYTTLDRLDHKRNIERFD------AKDSQMLKTEYLLPH-ANQDILALAVEDFSSSQSIYQDELNYLECWVKDEKLDQLPFARQKLTYCYLSAAATIFPRELSEARIAWAKNGVLTTVVDDFFDLG-GSKEELENLIALVEKWDGH-QEEFYSEQVRIVFSAIYTTVNQLGAKASALQGRDVTKHLTEIWLCLMRSMM
OsKSL7i   463 YPFYSTLERLVHRKNIVLFD------AKGSQMLKTACMPVH-DSQDFLALAVDDFCISQSNYQNELNYLESWVKDNRLDQLHFARQKITYCYLSGAATTFRPEMGYARTSWARTAWLTAVIDDLFDVG-GLEQEQENLLALMEKWEEPGEDEYYSEDVKIVFQALYNTVNEIGAKASALQGHDVTKYLVDVWLHVVRCMK 
OsKSL10j  436 FPLHSTLDRLEHRRNIEQFK------VEGSKVLKSGYCGSH-SNEEILALAVDYFHSSQSVYQQELKYFESWVKQCRLDELKFARVMPLIVHFSSAATIFAPELADARMVLSQTCMLITVYDDFFDCPEISREEKENYIALIEKWDNHAEIGFCSKNVEIVFYAVYNTYKQIGEKAALKQNRSIMDQLVEDLVSSAKAMM
OsKSL6j   438 CPVYAILERLEQKRNIEQFKTKEQLKIEGFKLLKSGYRGVI-PNDEILALAVDEFHSSQSVYQQELQDLNSWVAHTRLDELKFARLMPSITYFSAAAVLLPSE--SARIAWTQNCILTTTVDDFFD-GEGSKEEMENLVKLIEKWDDHGEIGFSSECVEILFYAVYNTSKQIAEKAMPLQKRNAVDHIAESWWFTVRGML
OsKSL5j   436 FPVYATLERLEQKRNIEQFKTKEQLKIEGFKLLKSGYRGAI-THDEILALAVDEFHSSQSVYQQELQDLNSWVAQTRLDELKFARLMPSITYFSAAATMFPSELSEARIAWTQNCILTTTVDDFFD-GDGSKEEMENLVKLIEKWDGHGEIGFSSECVEILFYAIYNTSKQIAEKAVPLQKRNVVDHIAESWWFTVRGML
OsKSL11j  439 YPLYSTVDALEHRGNIERFN------VNGFQRPKSGYCGSG-ADKEILALAVDKFHYNQSVYQQELRYLESWVAEFGLDELKFARVIPLQSLLSALVPLFPAELSDARIAFSQNCMLTTMVDDFFD-GGGSMEEMVNFVALIDEWDNHGEIGFCSNNVEIMFNAIYNTTKRNCAKAALVQNRCVMDHIAKQWQVMVRAMK 
OsKSL8j   437 YPFYATVEVLEHKGNIERFN------VNGFQRLKSGYCGSG-ADKEILALAVNKFHYAQSVYQQELRYLESWVAEFRLDELKFARVIPLQSLLSAVVPLFPCELSDARIAWSQNAILTAVVDDLFD-GGGSMEEMLNLVALFDKWDDHGEIGFCSSNVEIMFNAVYNTTKRIGAKAALVQKRCVIDHIAEQWQVMVRAML
NtKSL     380 -KFYGTFDRVETRRYIESYK------MDSFKILKAAYRSSGINNIDLLKFSEHDFNLCQTRHKEELQQMKRWFTDCKLEQVGLSQQYLYTSYFIIAAILFEPEYADARLAYAKYAIIITAVDDFFDCF-ICKEELQNIIELVERWEGYSTVGFRSERVRIFFLALYKMVEEIAAKAETKQGRCVKDHLINLWIDMLKCML
SBS     416 -KFYTISDLAENRRCIKSYE------ENNFKILKAAYRSPNIYNKDLFIFSIRNFELCQAQHQEELQQFKRWFEDYRLDQLGIAERYIHDTYLCAVIVVPEPELSDARLLYAKYVLLLTIVDDQFDSF-ASTDECLNIIELVERWDDYASVGYKSEKVKVFFSTLYKSIEELVTIAEIKQGRSVKNHLLNLWLELVKLML

AtGA2     609 REAEWSSDKSTP-SLEDYMENAYISFALGPIVLPATYLIGPPLPEKTVDSHQYNQLYKLVSTMGRLLNDIQGFKRESAEGKL-NAVSLHM--------KHERDN-------RSKEVIIESMKGLAERKREELHKLVLEEKGS----VVPRECKEAFLKMSKVLNL-FYRKDDGF-TSNDLMSLVKSVIYEPVSLQKESLT 
CmKS-B    614 KEAEWSTNKVVP-SMGEYMEQAHVSFALGPIILPMLFFVGPKLSEEMIGSCEYQKLYKLMSTAGRLKNDIRSYDRECKEGKL-NILSLWM--------IDGGGN-------VTKEEAIEAIKGDFERAIRELLGLVLQEN-T----TIPRACKDLFWKLMSIVNL-FYMEDDGY-TSNRLMNTVKAMFEQPMDLDALLNK 
SrKS      606 REAIWTRDAYVP-TLNEYMENAYVSFALGPIVKPAIYFVGPKLSEEIVESSEYHNLFKLMSTQGRLLNDIHSFKREFKEGKL-NAVALHL--------SNGESG-------KVEEEVVEEMMMMIKNKRKELMKLIFEENGS----IVPRACKDAFWNMCHVLNF-FYANDDGF-TGNTILDTVKDIIYNPLVLVNENEE 
HvKS      678 TEAEWQRSQYVP-TMEEYMTNGVVSFALGPIVLPALYFVGEKLLGFVVKDQEYSELFRLMSTCGRLLNDSQGFEREGSEGKL-NSVSLLV--------LHSGGS-------LSIEAAKNAIQKSIVASRRDLLRLVLKEG-T----GVPGACKELFWKMCKILHL-FYFRTDGFSSPKEMASAVNAVINEPLRLSS---- 
OsKSL4i   667 TDAEWQRSKYVP-TMEEYMKNSIVTFALGPTILIALYFMGQNLWEDIVKNAEYDELFRLMNTCGRLQNDIQSFERECKDGKL-NSVSLLV--------LDSKDV-------MSVEEAKEAINESISSCRRELLRLVVRED-G----VIPKSCKEMFWNLYKTSHV-FYSQADGFSSPKEMMGAMNGVIFEPLKTRGN--- 
OsKS      573 TEAEWQRTKYVP-TMEEYMANAVVSFALGPIVLPTLYFVGPKLQEDVVRDHEYNELFRLMSTCGRLLNDSQGFERESLEGKL-NSVSLLV--------HHSGGS-------ISIDEAKMKAQKSIDTSRRNLLRLVLGEQ-G----AVPRPCKQLFWKMCKIVHM-FYSRTDGFSSPKEMVSAVNAVVKEPLKLKVSDPY 
OsKSL7i   655 VEAEWQRSQHLP-TFEEYMESGMVSLGQGCTVMSALFLIGEKLPEGIVELEEYDELFRLMGTCGRLLNDIRGIEREESDGKMTNGVSLLV--------HASGGS-------MSVDEAKTEVMKRIDASRRKLLSLVVSEQEG----PIPRPCKQLFWKMCKILHL-FYYQTDGFSSPKEMVSAVDAVINEPLQLRLL--- 
OsKSL10j  629 VEADWTATKYIPATMEEYMSNAEVSGAFASFVCPPLYFLGLKLSEEDVKSHEYTQLLKLTNVIGRLQNDSQTYRKEILAGKV-NSV-LLRAL------TDSGNT--SP--E-SIEAAKEIVNRDAESSMVEMRSLVFSEGG-----PIPRPCKDRFWEMCKIVFY-FYSEDDAYRTPKETMSSARAVILDPLRLIPPPSC 
OsKSL6j   634 TEAEWRMDKYVPTTVEEYMSAAVDSFAVGPIITSAALFVGPELSEEVFRSEEYIHLMNLANTIGRLLNDMQTYEKEIKMGKV-NSV-MLHAL------SHSGGGRGSP--EASMEEAKREMRRVLQGCRFELLGLVTRDAG-----VVPPPCRKLFWLMSKVLHF-VYMEKDRYFTAEGMMASANAVILDPLQVTLPPSD 
OsKSL5j   634 TEAEWRMDKYVPTTVEEYMSAAVDSFALGPTITSAALFVGPELSEEVFRSKEYIHLMNLANTIGRLLNDMQTYEKEIKMGKV-NSV-MLHAL------SHSGGGRGSP--EASMEEAKREMRRVLQGSRCDLLRLVTRDGG-----VVPPPCRKLFWFMSKVLHF-VYMEKDGYFTADGMMASANAVILDPLQVTLLPSG 
OsKSL11j  631 TEAEWAASRHIPATMEEYMSVGEPSFALGPIVPLSAYLLGEELPEEAVRSPEYGQLLRHASAVGRLLNDVMTYEKEVLTWTP-NSV-LLQALAA----ARGGGESPTPPSPACAEAARGEVRRAIQASWRDLHRLVFRDDDGSS--IVPRACRELFWGTAKVANV-FYQEVDGY-TPKAMRGMANAVILDPLHLQQ---- 
OsKSL8j   629 TEAEWAAGKHIPATMGEYMSVAEPSFALGPIVPVSAYLLGEELPEEAVRSPEYGRLLGLASAVGRLLNDVMTYEKEMGTGKL-NSVVLLQPLAAGGAASRGGGGAPAP-APASVEAARAEVRRAIQASWRDLHGLVFGSGGGSSSSIIPRPCREVFWHTGKVASV-FYQEGDGY-ARKAMRSMANAVILEPLHLQE---- 
NtKSL     572 VELDLWKIKSTTPSIEEYLSVACVTIGVPCFVLTSLYLLGPKLSKDVIESSEVSALCNCTAAVARLINDIHSYKREQAESST-NMVSILI--------TQSQGT-------ISEEEAIRQIKEMMESKRRELLGMVL-QNKES---QLPQVCKDLFWTTINAAAYSIHTHGRWVSLPRGIQEPYQRCNLQTTQSIFPIIC 
SBS       608 MERVEWFSGKTIPSIEEYLYVTSITFGARLIPLTTQYFLGIKISEDILESDEIYGLCNCTGRVLRILNDLQDSKKEQKEDSV-TIVTLLM--------K----S-------MSEEEAIMKIKEILEMNRRELLKMVLVQKKGS---QLPQICKDIFWRTSNWADF-IYLQTDGYRIAEEMKNHIDEVFYKPLNH------ 

AtGA2     786 -------- 
CmKS-B    790 -------- 
SrKS      783 QR------ 
HvKS          -------- 
OsKSL4i       -------- 
OsKS      750 GSILSGN- 
OsKSL7i       -------- 
OsKSL10j  810 PETLSS-- 
OsKSL6j   818 SGTL---- 
OsKSL5j   818 LGTL---- 
OsKSL11j      -------- 
OsKSL8j       -------- 
NtKSL     752 LKSFTICY 
SBS           -------- 

Supplemental Figure 1: SBS homology with proteins of the kaurene synthase-like family. Amino acids were aligned with the Clustal W
program. Identical residues are shaded in black, similar residues are shaded in grey. Dashes are gaps introduced to maximize alignment. A
black horizontal bar shows the position of the conserved catalytic site motif DDXXD. The sequences are derived from Arabidopsis thaliana
(At), Cucurbita maxima (Cm), Hordeum vulgare (Hv), Oryza sativa (Os), Nicotiana tabacum (Nt), Stevia rebaudiana (Sr), Solanum
habrochaites (Sh). KS, ent-kaurene synthase; KSL, kaurene synthase-like. 

Supplemental Data. Sallaud et al. 2009. A Novel Pathway for Sesquiterpene Biosynthesis from Z,Z-Farnesyl Pyrophosphate in the Wild Tomato Solanum habrochaites.



8A

8B

8D

8E

8C

8F

8G

8H

TA 517 SBS / zFPS

Chr 8

IL
8-

1-
5

IL
8-

1

IL
8-

1-
1

IL
8-

2

IL
8-

2-
1

IL
8-

3

IL
8-

3-
1

Supplemental Figure 2. Chromosome localization of the SBS and zFPS genes on the tomato IL map.  
The schematic tomato chromosome 8 map is from Pan et al. (2000). Bins (grey bars) are designated by 
the chromosome number followed by a capital letter and indicate the unique area of introgression 
overlap. TA517 is a near-isogenic line carrying a small chromosome 8 introgression from S. 
habrochaites LA1777 and producing class II sesquiterpenes (Van der Hoeven et al., 2000). The black 
circle indicates the result of RFLP mapping with the SBS and zFPS genes.  



Supplemental Figure 3. PCR polymorphism of the SBS and zFPS genes. 
A. Genomic polymorphism of the zFPS gene. PCR was performed with primers 9I01 and 9I02 on 
genomic DNA of the following plant species and lines: 1, Solanum lycopersicum E6203; 2; 
Solanum habrochaites LA1777; 3, Introgression line TA517 which is homozygous for the Sst2 
allele from S. habrochaites; 4, Solanum pennellii; 5, Introgression line TA1316 which does not 
carry the Sst2 locus; 6, Introgression line TA1548 which is heterozygous for the Sst2 allele from S. 
habrochaites; 7, no DNA control. M, DNA molecular weight markers (Smart Ladder, Eurogentec); 
kb, size in kilobases. 
B. Genomic polymorphism of the SBS gene. PCR was performed with primers genomic DNA 
8D08 and 8G01 on genomic DNA of the following plant species: 1, S. habrochaites LA1777; 2, S. 
lycopersicum E6203; 3, no DNA control. M, DNA molecular weight markers (Smart Ladder, 
Eurogentec); kb, size in kilobases.  
The sequence of the primers is available in Supplemental Table 4 online.  
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Supplemental Figure 4. 1H/1H NMR 2D-NOESY spectrum of Z,Z-farnesol. Peaks that support the 
Z,Z configuration are shown. 
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Supplemental Figure 5. GC-MS comparison of a leaf exudate extract from S. habrochaites and 
Santalum album essential oil.  
(A, B) GC-MS Chromatograms of S. habrochaites leaf extract and Santalum album essential oil on 
non-chiral (A) or chiral (B) columns.The numbers (1 through 6) in black indicate the peaks of S. 
habrochaites and the numbers in red (7 through 10), those of S. album. Sesquiterpene olefinic 
compounds from sandalwood oil were identified on the basis of their mass spectra, matches in the 
NIST database, and comparison with the ISO standards description (reference ISO 3518:2002). (C
through H). Mass spectra of the peaks common to S. habrochaites and S. album. Peaks are as 



follows: (1), (-)-exo-α-bergamotene; (2) and (7), (+)-α-santalene; (3) and (8), 
(-)-endo-α-bergamotene; (4), (-)-epi-β-santalene; (5), (+)-endo-β-bergamotene, (6), unknown 
sesquiterpene from S. habrochaites which is not a product of SBS activity; (9), (+)-epi-β-santalene; 
(10), β-santalene.  
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Supplemental Figure 6. Quantification of SBS transgene expression in tobacco. Real-time 
RT-PCR was done in duplex using a SBS-specific FAM probe and an Actin-specific VIC probe. 
The expression ratio was calculated as 2(CtActin-CtSBS), where CtActin and CtSBS represent the 
cycle threshold (Ct) average of triplicates of the Actin and SBS signals respectively. The 
expression was measured on primary transformants. The orange bars correspond to single copy 
T-DNA transformants and the blue bars to multicopy T-DNA transformants. The highest 
expressing single-copy lines were selected for volatile analysis. Line 6009 analyzed in Figure 6 is 
a homozygous progeny of line 3912 



Supplemental Table 1: Complete 1H and 13C NMR assignments for Z,Z-farnesol and 

correlation table (CDCl3).

a) Values were recorded at 500 MHz, s, singlet; brs, broad singlet, d, doublet, tq, triplet 

quadruplet; m, multiplet. (J in Hz). b) Values were recorded at 125 MHz. 

* 13C quaternary signal too weak to be assigned 

Atom δδδδ1Η1Η1Η1Η (ppm)a NOESY δδδδ13C-HMQC (ppm)b 

1 4.07, d, (7.1) 4 58.8 
2 5.43, tq, (7.3, 1.0) 3 124.3 
3 - - -* 
4 1, 15 32.1 
5 

2.08, m 
6, 8 26.1 

6 5.09, m 5, 14 124.7 
7 - - -* 
8 6, 14 31.8 
9 

2.01, m 
10, 13 26.3 

10 5.09, m 9, 12 124.7 
11 - - -* 
12 1.67, brs 10 25.6 
13 1.59, s 9 17.5 
14 1.67, brs 6, 8 23.1 
15 1.73, d, (1.0) 2, 4 23.3 



Supplemental Table 2. Arabidopsis genes and proteins presenting similarity to Z-IPPS. 
The colors indicate genes which are associated in gene clusters on the Arabidopsis genome.  

Arabidopsis 
locus

Genbank 
protein ID

Protein 
symbol

Length 
(aa)

Predicted cell 
compartment*

Function references

At2g17570 NP_565420 DDPS6 295 Mito Unknown
At2g23400 NP_179921 None 253 Other Unknown

At2g23410 NP_565551 ACPT/DDPS 303 Secreted
polyprenyl 

pyrophosphate 
synthase

Oh et al. 
(2000); 
Cunillera et 
al. (2000)

At5g58770 NP_200685 DDPS2 310 Mito Unknown
At5g58780 NP_568882 DDPS3 302 Secreted Unknown
At5g58782 NP_568883 DDPS4 289 Secreted Unknown
At5g58784 NP_568884 DDPS5 302 Other Unknown
At5g60500 NP_200858 DDPS7 271 Other Unknown
At5g60510 NP_200859 DDPS8 271 Other Unknown

*according to TargetP software



Supplemental Table 3: List of plant terpene synthases used to generate the phylogenetic tree 
in Figure 2. GI number: protein identification number in Genbank. Full name: includes the 
function and the species name in brackets. Short name is the abbreviated name appearing on 
Figure 2. Tps group: corresponds to the nomenclature of plant terpene synthases described by 
Bohlmann et al. (1998) and updated in Martin et al. (2004). 

GI number Full name [species] Short name (on Figure 2) Tps group
2754818 (E)-B-farnesene synthase [Mentha x piperita] Mp (E)-B-farnesene syn a
7381217 amorpha-4,11-diene synthase [Artemisia annua] Aa amorphadiene syn a
14134188 (E)-beta-farnesene synthase [Citrus junos] Cj (E)-beta-farnesene syn a
29468410 beta-caryophyllene/alpha-humulene synthase [Arabidopsis thaliana] At beta-caryophyllene/alpha-humulene syn a
28380030 Casbene synthase, chloroplast precursor [Ricinus communis] Rc casbene syn a
3687297 5-epi-aristolochene synthase [Capsicum annuum var. annuum] Ca 5-epi-aristolochene syn a
505588 5-epi-aristolochene synthase [Nicotiana tabacum] Nt 5-epi-aristolochene syn a
8389329 (+)-delta-cadinene synthase [Gossypium hirsutum] Gh (+)-delta-cadinene syn a
14279758 (-)-beta-pinene synthase [Artemisia annua] Aa (-)-beta-pinene syn b
21435703 (+)-limonene synthase 1 [Citrus limon] Cl (+)-limonene syn b
82408415 trans-alpha-bergamotene synthase [Lavandula angustifolia] La trans-alpha-bergamotene syn b
22900832 linalool synthase [Mentha aquatica] Ma linalool syn b
3309121 (+)-sabinene synthase [Salvia officinalis] So (+)-sabinene syn b
410230 4S-limonene synthase [Mentha spicata] Ms 4S-limonene syn b
9957293 myrcene/ocimene synthase [Arabidopsis thaliana] At myrcene/ocimene syn b
32265058 (E,E)-alpha-farnesene synthase [Malus x domestica] Md (E,E)-alpha-farnesene syn b
29468398 linalool synthase [Arabidopsis thaliana] At linalool syn b
30349142 myrcene synthase [Antirrhinum majus] Am myrcene syn b
15235504 ent-copalyl diphosphate synthase [Arabidopsis thaliana] At ent-copalyl diP syn c
2642661 copalyl pyrophosphate synthase [Stevia rebaudiana] Sr copalyl diP syn c
6009478 copalyl diphosphate synthase [Solanum lycopersicum] Sl copalyl diP syn c
1477584 abietadiene cyclase [Abies grandis] Ag abietadiene cyclase d
44804521 levopimaradiene/abietadiene synthase [Picea abies] Pa levopimaradiene/abietadiene syn d
77546864 isopimaradiene synthase [Picea abies] Pa isopimaradiene syn d
15865605 levopimaradiene synthase [Ginkgo biloba] Gb levopimaradiene syn d
2961462 gamma-humulene synthase [Abies grandis] Ag gamma-humulene syn d
44804575 longifolene synthase [Picea abies] Pa longifolene syn d
28558360 Taxadiene synthase (Taxa-4(5),11(12)-diene synthase) [Taxus brevifolia] Tb taxadiene syn d
3252840 E-alpha-bisabolene synthase [Abies grandis] Ag E-alpha-bisabolene syn d
44804486 E-alpha-bisabolene synthase [Picea abies] Pa E-alpha-bisabolene syn d
2411481 myrcene synthase [Abies grandis] Ag myrcene syn d
44804558 (-)-limonene synthase [Picea abies] Pa (-)-limonene syn d
2429145 (-)-4S-limonene synthase [Abies grandis] Ag (-)-4S-limonene syn d
2411483 pinene synthase [Abies grandis] Ag pinene syn d
44804535 (-)-alpha/beta-pinene synthase [Picea abies] Pa (-)-alpha/beta-pinene syn d
Submitted Santalene and bergamotene synthase [Solanum habrochaites] SBS e
111607670 iso kaurene synthase [Oryza sativa] Os iso kaurene synthase 1 e
50788718 Stemar-13-en synthase [Oryza sativa] Os stemarene syn e
73532938 stemodene synthase [Oryza sativa] Os stemodene syn e
111607676 ent-sandaracopipmaradiene synthase [Oryza sativa] Os ent-sandaracopimaradiene syn e
28201163 ent-cassa-12-15-diene [Oryza sativa] Os cassadiene syn e
34452214 ent-kaurene synthase 1A [Oryza sativa] Os ent-kaurene syn e
51537819 syn-pimara-7,15-diene synthase [Oryza sativa] Os syn-pimaradiene syn e
3056725 ent-kaurene synthase [Arabidopsis thaliana] At ent-kaurene syn e
4959239 kaurene synthase [Stevia rebaudiana] Sr ent-kaurene syn e
62900385 Ent-kaurene synthase B [Cucurbita maxima] Cm ent-kaurene syn e
1491939 S-linalool synthase [Clarkia breweri] Cb S-linalool syn f



Supplemental Table 4. List of oligonucleotide primers and probes used in this study. 

Name Sequence (5' to 3') Dyes 
7C06 GGGGACAACTTTGTATAGAAAAGTTGACGCCAGGGTTTTCCCAGTCACG   
7C07 GGGGACTGCTTTTTTGTACAAACTTGTGTGGAATTGTGAGCGGATAACAATTTCA   
7C08 GGGGACAAGTTTGTACAAAAAAGCAGGCTACGCCAGGGTTTTCCCAGTCACG   
7C09 GGGGACCACTTTGTACAAGAAAGCTGGGTTGTGGAATTGTGAGCGGATAACAATTTCA   
7D01 GGGGACAGCTTTCTTGTACAAAGTGGACGCCAGGGTTTTCCCAGTCACG   
7D02 GGGGACAACTTTGTATAATAAAGTTGTGTGGAATTGTGAGCGGATAACAATTTCA   
7E06 AGTCTAGACGTTGTAAAACGACGGCCAGTGA   
7E07 AGTCTAGAGGAAACAGCTATGACCATGATTACG   
7F05 TCCATGGTAGTTGGCTATAGAAGCACAATCA   
7I06 CTTTTAGTAAGCCGGATCCACTAGATTACGCCCCGCCCTG   
7I07 CAGGGCGGGGCGTAATCTAGTGGATCCGGCTTACTAAAAG   
8D05 TCTCGAGCATAAATTCAAATTGAGGGATTAATGA   
8D06 GCTGCTCGAGATGATTGAGTGGTTTGTAAAAGACTTCA   
8D08 CTGGTAAGCATATGATAGTTGGCTATAGAAGCACAATCA   
8G01 TTTCATCTAGAGCTTTCTTTATTTCTGA   
8H08 GAAGAACATTTTTTTGCAACAAGTGGGAAATATACAAG   
8H09 CTTGTATATTTCCCACTTGTTGCAAAAAAATGTTCTTC   
9I01 ACATATGAGTTCTTTGGTTCTTCAATGTTGGA   
9I02 ACTCGAGATATGTGTGTCCACCAAAACGTCTATG   
10D01 TCCATGGGTATGAGTTCTTTGGTTCTTCAATGTTG   
10D02 TCTCGAGTCAATATGTGTGTCCACCAAAACGT   
14F02 CGGGGTACCATGAGTTCTTTGGTTCTTCA   
14F03 CGGGGTACCTAAGCTGAGTGAGCATGAA   
14F04 CGGGGTACCATGATAGTTGGCTATAGAAGCA   
14F05 CGGGGTACCTACTTTCCCAAAACTTTCCCT   
SBS-For TTGTCCCCGAGCCTGAATT   
SBS-Rev CATCGACAATAGTCAGGAGCAAGA   
SBS-Pr TCCGATGCTCGTCTCTTGTACGCG FAM/TAMRA
Actin-For TCATCACAATCGGTGCTGAGA   
Actin-Rev ATTCCTACTGCTTCCATTCCAATAAAT   
Actin-Pr TGCCCTGAGGTTCTCTTCCAGCCA VIC/TAMRA 


