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Supplementary file 1. Amino acid sequence alignment of plant F3'Hs. Amino acid site is numbered according to
HORV U6Hr1G002400.1 without the first 35 amino acids. The positively selected sites were indicated by solid black triangle.
Amino acid siteswithin 5 A of the substrates were indicated by the blue star symbol. Substrate recognization site (SRS) was boxed
in black line rectangle. Two amino acid residues known to reverse the enzyme activity between F3'H and F3'5'H were highlighted

inyellow.
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Brara.J02462

PGSC0003DMG400024643

Solyc03g115220.2
ThecclEG014241
MDP0000190489
gene25801_hybrid
Potri.013G073300
Glyma.05G021800
Glyma.05G021900
Glyma.05G022100
Glyma.17G077700
Medtr4gl09470
Glyma.06G202300
Medtr3g024520
Medtr3g025230
Medtr3g025260

310
VLESPLP
LSESPIL S|

VSDLPILP
ITESWLP
VTEPPLP
VTELPIL A

VTELpPILP
VTELpPILP

VTEQRLT
VKEEPIL A

VKEDpPITP

VKEEPTLP

439

h
IOHL—‘L—‘hl—'r‘r‘L—‘L—‘:zzr‘:z:zt—‘rzz:zZzzzzz:z:z:zzz:z:z:z:z:zz»—l»—1»—1»—1»»—1»—1::»—1»—1»—|»—1»—1»—1»—1»—1»|»—1r<»—1»—1»—1»|»—1

TATLVQ
TATLVH

240 250 260 300
KPLLALTL|AMVOEDEEDKIRDIDVKALILNL 9 AV DRL
KPLLGLLLAMVOEQEDDRITPTEIKALILN 9 v DR L
KPLIGLLLAMVQEDEENKITDTDVKALILN 9 A E
KPLIGLLLAMVQEDEENKI D TEVKALILNLE [ AT E
KPLLGLLLAMVQEDEENKI D TDVKALILNLIJ 9 AL E
KPLLGLLLAMVOEDEENKITDTDVKACIHNLI 9 2 E
KPLLIC[LLLAMVOED|SEDRMTD TDVKALILNLE] 9 AV D
KD LLGLLLAMVOEDISEDRRIPTDVKALILNL 9 A D
KPLLGLLLAMVQEDEEDRITDPTDVKALILN 9 A G
KPLLGLLLAMVQEDEEDRI D TDVKALILN [ AV G
KDLLGLLLAMVQEDEEDRITDTDVKALILNL 9 AL D
KPLLGLLLAMVQEDEEDRITDTDVKALILNL X6} 2 G
KPLLGLLLAMVOEDEEDRITDTDVKALILN A Q) AV D
KD LLGLLLAMVOEDEEDRITDPTDVKALILNL N6} A D
KPLLGLLLAMVQEDEEDRITPTDVKALILN AQ A D
KPP LLGLLLAMVQEDEEDKI D TDVKALILN A 0] AV D
KPLLGLLLAMMKEDEE|.[. LTJHTDIKALILNLE] 9 AL AR
KPLLGLLL|GMMQEEEEDKITJHTDIKALVLNLE] X6} 2 1N
KDLLGLLLAMVHDEEEDRITETDAKALILN X6} AV G
KD LLGLLLAMVKDAEEDRITETNAKALILN N6} A G
KPLLGLLLSMVEDEDDVRITETDVKALILN AQ T) G
KPLLGLLL|SMV.DEEEVRITETDVKALILN A 0] A G
N LL[SVML|GMMRQSED|IKFNJETDIKALLLNL LQ D\ G
NP LL[SVML|GMMRQSED|IKFNETDIKALLLNLE] LQ D) G
NDLL[S[VMLGMMRQSED|IKFNETDIKALLLN LQ D[V G
NDLL[S[VML|GMMRQSED|IKFNETDIKALLLN LQ D) G
NDLL[S[VMLIGMMRQSEDIKFNETDIKALLLNL LQ D) G
NDLL[SVMLGMMRQSED|IKFNETDIKALLLNL L Q| D[V G
NP LL|S[VML|GMMRQS[ED|IKFNETDIKALLLNLE] LQ DI\ G
NP LL|S[VML[A|TMRQPED|IKFNETDIKALLLNLE] LQ D) D
NDLLS[VML|GMMRHSDQINFNDTDIKALLLN LQ D[V E
KD LL[S[IMLAKMRQPED|IKFTJETNIKALLLN LH D) s
KD LL[S|IMLAKMRQPED|IKFTJE TNIKALLLNLI| LQ D) SR
KPLLS[IMLAKMRQPED|IKF TJE TNIKALLLNLI| L Q| D[V s
KPLL[SVMLKMRELGGE|GEF TJEVDIKALLLNLE] LQ AL D
KD LL[SVMLVKMREQEE|GKLTNTDIKALLLNL VOl v D
NDLL[SVLLARMOEEGE|.KITJETDIKALLLNL X6} TV G
KPP LL[S|VLLARMRDOQED|GTINETDIKALLLNL N6} A G
NP LLGVLL|TRMREHED|GTINETDIKALLLN AQ A G
KDLLSVLLARTREQEDSRITETEIKALLLNL A 0] AV N
KDLL[SVLLARTREQED|SRITETEIKALLLNL 2 0] AL N
KPLL[SVLLARMREQED|SRINETGIKALLLDL 1¥e} 2 D
KDLL[S[VLLARMREQED|SMINETDIKALLLN X6} AV D
KDLL[S[VLLARMREQDDTRFNETDIKALLLN N6} A D
T|DML|S|T L I|S[LKGTD|GD|GISLIDTEIKALLLN AQ I D
T|DML|S|T L I|S[LKGTD|GEGTLIDTEIKALLLN A 0] S|V G
GPLLN[TLI|S|LKNEEDN|GKLTDTEIKALLLNLE] 2 0] K\ N
GDLLNTLI|S|LKNEEDNGKLTDTEIKALLLNLE] RO K| N
KD LL[S|TFI|S|LIEDADGE|GKLT] y VR| s|v DR L
VDML[T|TLL|S|LITDDAGEAKLTDTEIKALLLNM LQ 0 DR L
VP ML[T|TLL|S|LIQEDAGEAKLTDTEIKALLLN LR D) DIR L
T|D LL|S|T L T|A[LKE Q Q|G E[G[K L 1] KALLLN VK S|V DIR L
QGLL[SRLL|S|LITKDPQEH IKAILANMI| v ol VL DR
QD LL[S|VFL|S|LIKE TP|QG|H Vol v DR L
O LL[S|VLL[S|LIKE TPQEH TARPAT KNP KIMIKVOQ | NRL
O LL|T|TLL|S|LIKEAPQE|Y 21 ARBAT RNPRVMVRVO) I D
N[D L L|S|T L L|S|L|K E K L|E D|D 21 SpRAT KNP KLMAC|O) | DIR L
KINF L[S|T L L|S|LIK D VRID H[N TAPBATKNP QT LIAK|LQ TV D|R S
KD LL[S|TLL|L|LIKEE TV D[N TARBATRNPRILAQVO N[L D
KD LL[S|TLL[L|LIKEE TV DN T ARRATRNPRILAKVO K| DR N
KD LLls|ITLL|S|ILKEETEDN TAPPALRNKR I MT Q[V Ol TV DRRN

* Kk kkk  kk Kk

350 360 379 380 390 409 4109 429
RIPKGT|QLLVNVWG[ITARDP 5|s[Aa GV D VKEGP Flo L NI [ [ AL s W T RM VT V]
RIPKGAELLVNVWG|IARDP 5| T|H|T D[V D V K[EN[D F|G|L plBNeFNePBA T [o] A [e] 1. S Wife] L R MV T M
CIPKGT[E[LLVNVW[G|IARDP| S|E|a DV DV K[EG|D FIG|L RSB AENRBA T (ol [e]1. s wife] 1 RV AY
CIPKGT[E[LLVNVWGIARDP| S|E|a DV DV K[EG|D F|G|L RSB AFNRBA T [of~ [e] 1. S wife] I RV AY
. e . VW|G|IARD P| S|E|a DV DV K[EG|D FIG|LpSBAFNIIA T [of 2 [e] 1. 5 wife] I RMV TV
CIPKGT[ELLVNVWG|IARDP| S|H|a DV DV K[EG|D FIG|L pSRAINIIA T [of 7 [e] 1. s e RR LKL Q
RIPKGT|E[LLVNVWG|IARDP 5|s|H[AD(T D TK[EGD FIGILpSRAeP B 1 [el A el s e T RM VAV
RIPKGT|E[LLVNVWG|IARDP 3|S|H|T DIV NV K[EG[D F|G|L pBBHeFNePBA T [o] A [e] 1. S ife] T R 1MV T M
RIPKGT|ELLVNVWG|IARDP TIH[ADV D VK[EGD F|GL iSRRI B T [l [ef 1. s w[d LRV VTV
RIPKGT[E[LLVNVWGIARDP| DPLEFRIAA TIH[ADV D VK[EGD F|GLERBEPNRBA . [ [e 1 s w[dLRVV TV
RIPKGT[E[LLVNVWG|IARDP| DPLEFRIAA TIH[ADV D VK[EGD F|GLERBRINIBAT [l el s w[e LRV VTV
RIPKGT[E[LLVNVWG|IARDP| DPLEFRIZA TIH[ADV D VK[EGD F|GL SR RP eI BT el [el 1. s e LRV VTV
RIPKGT|E[LLVNVWG|IARDP 5|T|H[A DV D VK[EGD FIGILpSRleh e B 1 [el A el 1. s w[e LRV VTV
RIPKGT|E[LLVNVWG|IARDP 5| T|H[A D[V D V K[EG[D F|G|L pBBHFNPBA T [o] A le] 1. S Wil LRV VTV
RIPKGT|ELLVNVWG|IARDP TIH[ADV D VK[EGD F|GL iSRRI BA T [~ [ef 1. s w[d LRV VTV
RIPKGT[E[LLVNVWGIARDP| DPLEF R TIH[ADV D VK[EGD F|GLERBEINIBA T [l (el s [ LRV VTV
RIPKGT[E[LVVNVWG|IARDP| DPLEFRIAA S[N|S V[VD LK[ES|NFIE|LpERXeFNI B T [ofn[e] 1 s wfe| LRI vMI
RIPKGT[E[LLVNIWG|IARDP| DPLEFRIAS S|H|a DV D LK[EAD FIG|LpSRXeFNIBA 1 [of 2 [e] 1. 5 wfe] LR MV T I
RIPKGS|E[LLVNVWG|IARDP 5|s|HANV D VK[EGD FIGILpSRAeh e BA 1 [l el 1 s Wl L RMV T L
RIPKGS|ELLVNVWG|IARDP 3|S|H[A DIV D V K[EG[D F|G|L plBNeFNePBA 1 [of A le] 1. S Wife LR MV T L
SIPKGC|ELLVNVWG|IARDP DPLEF R S|E|s DV DV K[EGN F(G|L RSB AFNRBA T [of ~ [e] 1. s wife LR MV T L
RVPRGS[E[LLVNVWG|IARDP| DPLEFRIAA S|E|a DV DV K[EAD FIG|LpSRAFNRBA T [of 2 [e] 1. s wfe LR MV T L
RIPKDT[T|LLVNVWALARDP| DVLEFRIAT S|H[E S|V D VK[EG|D Y[E|LpERAFNIIA T [of 2 [e]1. s wle| LR MV T L
RIPKDT|T|LLVNVWAIARDP| DVLEFRIZT S|H[E S|V D VK[EG|D Y[E|LpSRAFNIIA T ol [e]1. s wle| LR MV T L
RIPKDT|T|LLVNVWAIARDP DVLEFRET|E 5|LIHE S|V D VK[EGD Y|E L pSRleh Ne-BA 1 [l el 1 s w[e L RMV T L
RIPKDT|T|LLVNVWA|IARDP S|LHE S|V D VKO Vel RE NI T AL S WELRMV T L
RIPKDT|TILLVNVWAIARDP LIH[E S|V D VK[EGD v[E[L
RIPKDT[TLLVNVWAIARDP| DVLEF RV S|H[E TV D VK[EG[D Y[E|L
RIPKDT[T|LLVNVWALARDP| DVLEFRIZA S|H[E TV D VK[EG[D Y[E|L
RVPKGT|T|LLVNVWA[IARD P| DALEFRIZA S|H[E TV DV K[EG[D Y[E|L
RVPKGT|T|LLVNVWAIARDP 5|s|HE S[VD VK[EAD Y|E|LpSBAeh e BA 1 [l el 1 5wl L RMV T L
HVPKGT|T|LLVNVWA|IGRDP 3|S|H[E T|vV D VK[EG[D Y|E|L pBBNeFNePBA 1 [o] A le] 1 S Wi LRI VTL
HVAKGT|TILLVNVWA|I SRDP S[HIE TV D VK[EG[D Y[E|L pSBAFNRIA v (ol [e] 1 s e LRIV TL
HVAKGT|TLLVNVWA|I SRDP DALEF R S[E[E TV D VK[EG[D Y[E|LpSRAFNRI A [of 2 [e] 1 s e LRIV TL
RIPKGT[T[LLVNVWAIARDP| DPLEFRIAA S|H|E GV D VK[EG|D Y[E|LpSBAFNIIA T ol [e] 1. s wle| LR MV T L
HIPKGT|TLLVNVWAIARDP HP LEF RIZQV S|H[E S|LDVK[ES|D Y[E|LpSRAFNIIA 1 [of 2 [e] 1 Gife T 01V T L
RIPKGA|T|LLVNVWAIARDP MIEA DV D VK[EAD F|G|Lp8BRep Xed-BA 1 el fel 1. s [ L RMV T L
RIPRGA|TILLVNVWA[IARDP 3|S|H[D G|v D VK[ES|D F|E|L plBNeFNePBA T [of A le] 1. S Wil LR MV T L
LVPAGT|TILLVNVWAIARDP PlHAGVD VKfESD F|ELERBRP b BT el [ef 1 s w[dLRMV T L
RIPAGT[T[LLVNVWAIARDP| EPLOF R[gD S|/ GV D VK[ES|D FIE|LRSRAFNRBA T [of 2 [e] . s wfe LR MV T L
RIPAGT[T[LLVNVWAIARDP| EPLOFRIAD S|E|a GV D VK[ES|D FIE|LRERAFNIIA T ol [e] 1. s wle| LR MV T L
RIPAGT[T|[LLVNVWAIARDP| EPLOQF RIZD S|H|a GV D VK[ES|D FIE|LRSRAFNIIA T [of 2 [e] 1 S wle LR MV T L
RIPAGT|TILLVNVWAIARDP 5|s|HA GV D VK[ES|D FIE|LpSRAeh e BA 1 [l el 1 s Wl L RMV T L
...... P Y i 3|S|H[A G|V D VK[ES|D F|E|L plBNeFNePBA T [of A le] 1. S Wife LR MV T L
HIPKGS|TLLTNIWAIARDP DPLAFKIIE E|SGVD VKfSD FEL iSSP BN [l S LLRTIOF
HIPKGS|TLLTNIWAIARDP DPLTFRIJE EK[AGVDVK[END F|E LRSI NI BA T [ [ S LLRTIOL
FIPKGS|T[LLVNVWA|ISRDP| DPLEFRIZE EK[P K[VD VK[END F|E|VESBRP NI BT [l el s L TRMVOL
FIPKGS|T|LLVNVWAIARDP| DP IEFRIAE E[K[P K[VD VK[END F|E|VESSAPXed-BA 1 [ [efv s LT RMVOL
HIPKGA|TLLVNVWAIARDP 5|E[R[P N[A D VR[END FIE
HIPKGA|TILLVNVWA|ISRDP S|EK[P NIV D VK[END FIE
HIPKGS|TILLVNVWA|ISRDP E[K[P N[VD IRfEND F|E
HIPKGS|TVLVNVWAIARDP KPLEFR[QE D[X[A D[V D VK[END FIE[L
HIPKGA|TLLVNVWAIGRDP DPLEFKIJE E[K|VD[VD VK[ENN F|E[L
HIPKGA|TLLVNVWAIGRDP DPLEFK|JE E[X[D DV D VK[ENN F|E|L
HIPKGA|T|LLVNVWA|IGRDP 5[E[K[ADV D IR[ENNF|E
HIPKGT|T|LLVNIWA|IGRDP SEK|AGVDVMETNFIE
HIPKGA|TLLVNVWA|ISRDP E[X[F D[V D VRfEND F|E
HIPKGA|TLLVNIWAIARDP E[K[AD[VDVRfEND F|E
HIPKGS|TLLVNVWAIARDP E[K|CD[VD VK[END F|E
HIPKGS|TLLVNVWAIARDP E[K|CD[VDVK[END F|E
HIPKDS|TILLVNVWA[IARDQE s|ENjc plv D v K[END FIE|V]
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