VVCCD4a
VVCCD4b
AtNCED4
VVCCD4c
VvCCD1.1
VVCCD1.2
AtCCD1

VVCCD4a
VVCCD4b
AtNCED4
VVCCD4c
VvCCD1.1
VVCCD1.2
AtCCD1

VVCCD4a
VVCCD4b
AtNCED4
VVCCD4c
VvCCD1.1
VVCCD1.2
AtCCD1

VVCCD4a
VVCCD4b
AtNCED4
VVCCD4c
VvCCD1.1
VVCCD1.2
AtCCD1

VVCCD4a
VVCCD4b
AtNCED4
VVCCD4c
VvCCD1.1
VVCCD1.2
AtCCD1

VVCCD4a
VVCCD4b
AtNCED4
VVCCD4c
VvCCD1.1
VVCCD1.2
AtCCD1

VVCCD4a
VVCCD4b
AtNCED4
VVCCD4c
VvCCD1.1
VVCCD1.2
AtCCD1

VVCCD4a
VVCCD4b
AtNCED4
VVCCD4c
VvCCD1.1
VVCCD1.2
AtCCD1

VVCCD4a
VVCCD4b
AtNCED4
VVCCD4c

MDAFSSS-FLSSTFTFPSLTTRP---PIAPSSLPQIPSLNISAVRIEEKQPQSLTAETSS
MNPLFCP-FLSSTLPHPKPLVSPSLTTTRPSSSPYPPFLHISAIRNVEDKLHSTEFYATPT
MDSVSSSSFLSSTFSLHHSLLRR-—--—— RSSS---PTLLRINSAVVEERSPITNPSDNND
---MITP-MVSFAFFQIQPLQRS----NQPNSPISFFNGNIAQYCSLPKKNMIIASELST

OSSKTQVHKPPPPPPRRAALPTRNIPKKGAAEPSLPVTIFNALDDVINNFIDPPLRSSVD
TS—=—=—————==== QFPEIPTTVITAKKRPVPSLLVTIFNGLDDFINNFIGPPLPPSID
RRNK---——-- PKTLHNRTNHTLVSSPPKLRPEMTLATALEFTTVEDVINTFIDPPSRPSVD
SERAP----SPPKLPNIGSDRDTNSEGLGKGALEFLESFLSFFSTSLLYFINPPLHPSVD

———————————————— MAEKEEQGGTGVVVVDPKPSKGFTSKAVDWLEKLIVKLMYDSSQ
———————————————— MAEKEEQGGAGVVVVDPTPSKGFTSKAVDWLEKLIVKLMHDSSQ
———————————————— MAEKLSDGSS-IISVHPRPSKGFSSKLLDLLERLVVKLMHDASL

PRYVLSQNFAP-VEELPPTECEVTDGSLPPWLDGAYIRNGPNPQFLPRGPYHLFDGDGML
PKHVLSGNFAP-VDELPPTECEVIEGSLPPCLDGAYIRNGPNPQFYPRGPHHLFDGDGML
PKHVLSDNFAPVLDELPPTDCEIIHGTLPLSLNGAYIRNGPNPQFLPRGPYHLFDGDGML
PKHVLTGNFAQ-VDELPPIDCLVVEGELPQSLNGTYIRNGPNPLHQPRGPHHLFEGDGML
PLHYLSGNFAPVRDETPPCKNLPVIGYLPECLNGEFVRVGPNPKFSPVAGYHWEDGDGMI
PLHYLSGNFAPVRDETPPCKNLPVIGYLPECLNGEFVRVGPNPKFSPVAGYHWEDGDGMI
PLHYLSGNFAPIRDETPPVKDLPVHGFLPECLNGEFVRVGPNPKFDAVAGYHWEFDGDGMI

Kk e ke KokKk ek Kk * Kk k Kook e ek kkkk ek ke khkkhoKk .

HSIRISQGRAILCSRYVKTYKYTIERRAGSPILPN-—---—-—-———————————————————
HSIRISHGRPIFCSRYVKTYKYIIEKRAGSPVIPNLEFSSYR----SFARSAVAIARLLTG
HAIKIHNGKATLCSRYVKTYKYNVEKQTGAPVMPNVESGFNGVTASVARGALTAARVLTG
HSIRLSDGRATFCSRYVKTYKYALEDNVGFPIFPNILSGFHS-VVDLGRCAIAIGRVMKG
HGLRIKDGKATYVSRYVRTSRLKQEEYFGGAKFTRFGDLKG--LFGLLMVNMOMLRAKLK
HGLHIKDGKATYVSRYVRTSRLKQEEYFGGAKFMRIGDLKG--LFGLLMVNMOMLRAKLK
HGVRIKDGKATYVSRYVKTSRLKQEEFFGAAKFMKIGDLKG——FFGLLMVNVQQLRTKLK

K e e * . KKK K * . * *

—~FNPVNGIGLANTSLALFGGRLYALGESDLPYSLRLKPDGDIETLGRHDEFDGKLVMSMTA
QFDPVNGVGLANTSVAFFCGHLYALAESDLPYAVRLTPDGDIKTLGRYDFDGKLSMSMTA
QYNPVNGIGLANTSLAFFSNRLFALGESDLPYAVRLTESGDIETIGRYDFDGKLAMSMTA
QIDLRKGFGLANTSLSLEFSNRLFALGESDLPYSIHLSEEGDIETIGRCDFDGKAFINMTA
ILDVSYGTGTGNTALVYHHGKLLALSEVDKPYVLKVLEDGDLOQTLGLLDYDKRLTHSFTA
ILDVSYGTGTGNTALVYHHGKLLALSEADKPYVLKVLEDGDLQTLGMLDYDKRLTHSFTA
ILDNTYGNGTANTALVYHHGKLLALQEADKPYVIKVLEDGDLOQTLGIIDYDKRLTHSFTA

*  Kx KK e . sk kk Kk ok kk e e e KK e ek oKk K ek . . KK

;EPKVDPETGEAFAFRYGPVPPFLTYFRFDAQGRKQPDVPIFSLTSPSFLHDFGITKKYAI
{HPKIDPSTGEAFAFRYSPVRPFLTYFRFDAQGKKQPDVPIFSLSCPSFFHDFATITNRYAT
PKTDPITGETFAFRYGPVPPFLTYFRFDSAGKKQRDVPIFSMTSPSFLHDFAITKRHAT
HPKIDPETGETFAFRCSPIPPYITFFSIDKEGSKQQDVPIFSMTDPTFVHDEFSITKQYIV
PKVDPFTGEMFTFGYSHTPPYITYRVISKDGFMHEPVPIT-ISDPIMMHDFAITENYAT
iHPKVDPFTGEMFSFGYSHTPPYITYRVISKDGFMHEPVPIT—ISDPIMMHDFAITENYAI
;HPKVDPVTGEMFTFGYSHTPPYLTYRVISKDGIMHDPVPIT—ISEPIMMHDFAITETYAI

KKk KKk KKK K ek Kook . . * . * Kk se K e KKK KK e

FADIQIGM--NPVEMVT-GGSPVGTVPNKVPRLGIIPRYAKDESEMRWENVPGFNIVHSI
FPDIQOMWM--NPVKMITIRGGSPVGTDPTKVPRVGITIPRYAKDESEMRWIDVPGENT
FAETQLGMRMNMLDLVLEGGSPVGTDNGKTPRLGVIPKYAGDESEMKWFEVPGFNIT
FSESQIEM——NPLRLMMCKGMPVSAELDKVPRIGVLPRYASTDSEIRWFEAPGFNAMH%I
FMDLPLYFR--PKEMVKEKKLIFTFDATKKARFGVLPRYAKNELHIKWFELPNCF I FHNA
FMDLPLYFR--PKEMVKEKKLIFTFDATKKARFGVLPRYAKNELHIKWFELPNCEFIEFHNA
FMDLPMHFR--PKEMVKEKKMIYSFDPTKKARFGVLPRYAKDELMIRWFELPNCF I HHNA

o HE HH R : HE R

NAWDEED--AIIMVAPNILSVEHT----LERLDMIHASVEMVRIDLKTGMVTRHPLSTRN
NAWDEEDGDAIVMVAPNILPIEHA----LERMDLVHGSLEKVRIDLKTGTVTRHRLSQWN
NAWDEDDGNSVVLIAPNIMSIEHT----LERMDLVHALVEKVKIDLVTGIVRRHPISARN
NAWEEGD-EEIILVAPNAISIENL----FHSIEKVHFSLEKVRINLRSGSVTRTTLSQKN

NAWEEEDEVVLITCRLENPDLDLVGRNVKEKLENFANELYEMREFNMKTGIASQRKLSASS
NAWEEEDEVVLITCRLENPDLDLVGGDVKEKLENFGNELYEMREFNMKTGIASQRKLSASS
NAWEEEDEVVLITCRLENPDLDMVSGKVKEKLENFGNELYEMRFNMKTGSASQKKLSASA

Kk Kk ek Kk ce e e e ee e e e e e

LDFAVINPGYVGKKNKYVYAAVGNPMPKISGVVKLDVSQTERK-ECIVGSR-——-—-—--— MY
LEFAVINPGYLGKKNRYVYSAVGDPLPKISGIVKLDVSRSDRRQECIVAKR-—————— MY
LDFAVINPAFLGRCSRYVYAAIGDPMPKISGVVKLDVSKGDRD-DCTVARR-—————~— MY
LELGSINPSYVGKRNRYGYMGIGKMIPKMSGVVKIDL----- ELECEVSRR-—---——-— LY

56

52
52

116
106
106
108
44
44
43

175
165
166
167
104
104
103

210
221
226
226
162
162
lel

269
281
286
286
222
222
221

329
341
346
346
281
281
280

386
399
406
404
339
339
338

440
455
462
459
399
399
398

492
508
514
507



VvCCD1.1 VDFPRVNESYTGRKQRYVYGTILDSIAILDSIAKFDLHAEPDTGKSKLEVGGNVQGIFDL 459

VVCCD1.2 VDFPRVNESYTGRKQRYVYGTILDSIAKVTGIIKFDLHAEPDTGKSKLEVGGNVQGIFDL 459
AtCCD1 VDFPRINECYTGKKQRYVYGTILDSIAKVTGIIKFDLHAEAETGKRMLEVGGNIKGIYDL 458
.. . % * . % * . . . Ko k. .

VVCCD4a GPGCYGGEPFFVAREPDNPEAEEDDGYIVSYVHEDEKSGESKFLVMDAKTPNLDIVAAVRL 552
VVCCD4b EPGCYGGEPFFVAKEPDNPEAEEDDGYVLSY%HDEQSGKSRFIVMDAQSPDLDIVAAVKL 568
AtNCED4 GSGCYGGEPFFVARDPGNPEAEEDDGYVVTYVHDEVTGESKFLVMDAKSPELEIVAAVRL 574
VVCCD4c GAGCFGGEPLFVAKDG———ASEEDDGYIVSYVHDEKSGASRFVVMDAKSQTLDVVAAVKL 564
VvCCD1.1 GVGRFGSEAVFVPREPGI—TSEEDDGYLIFFVHDEKTGKSYVNVINAKTMSPDPVAIVEL 518
VVCCD1.2 GVGRFGSEAVFVPREPGIfTSEEDDGYLIFFﬁHDEKTGKSYVNVIDAKTMSPDPIAIVEL 518
AtCCD1 GEGRYGSEAIYVPRE*fffTAEEDDGYLIFFVHDENTGKSCVTVIDAKTMSAEPVAVVEL 514

* ek Kk ek .. ckk kKA Kk oo ek K Koo ek e ek Kk K

VVCCD4a PRRVPYGEHGLFVRERDIKGL--~ 573
VVCCD4b PTRVPYGFHGLFVKGCDLKMD--- 589
AtNCED4 PRRVPYGEHGLFVKESDLNKL--- 595
VVCCD4c PRRVPYGEHGLFVKDGDIREIH-— 586
VvCCD1.1 PNRVPYGEHAFFVTEEQLKEQAKL 542
VVCCD1.2 PNRVPYGEHAFFVTEEQLKEQAKL 542

AtCCD1 PHRVPYGFHALFVTEEQLQEQTLI 538

. kK .

Additional file 5. Clustal multiple protein alignments of carotenoid cleavage dioxygenase
encoding sequences of A. thaliana and (At-) and V. vinifera (Vv) orthologues. Arrows indicate

the conserved histidine residues.



