Supplementary Figure 1: Unlabeled standards analysed with TLC
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Al fresh vanilla pod discs samples administrated with **C precursors were spotted on a TLC plate with
non-*“C labeled standards. The ascending patterns were compared under UV light wavelength 254nm.
Radioactively labeled compounds are too dilute to be visualized by UV, yet it is possible to visualize
the metabolite profile of aromatic compounds in the inner and outer parts of the vanilla pod.
Supplementary figure 1 shows that there is a large quantity of endogenous vanillin glucoside present in
all vanilla pod samples and as expected, the inner part of the pod contains a significantly larger amount
of vanillin glucoside than the outer part. The figure (to the right) shows that p- hydroxybenzaldehyde
glucoside migrates above vanillin glucoside on the TLC with the solvent system used.



Supplementary Figure 2:
a) VpVAN gene sequence

ATG GCA GCT AAGCTCCTCTTCTTC CTACTC TTC CTG GTC TCC GCC CTC TCC GTC
GCG CTC GCC GGT TTC GAA GAA GAC AAT CCA ATC CGG TCC GTT ACA CAA AGG CCT
GAC TCG ATT GAG CCT GCC ATC CTC GGC GTC CTT GGC AGT TGC CGC CAC GCC TTC
CAC TTC GCA CGG TTC GCC CGC AGG TAC GGG AAG AGC TAC GGA TCG GAG GAG
GAG ATC AAG AAG AGG TTC GGG ATC TTC GTG GAG AAT CTAGCG TTT ATC CGG TCC
ACT AAT CGG AAG GAT CTG TCG TAT ACC CTA GGA ATC AAC CAATTC GCC GAC CTG
ACC TGG GAG GAATTC CGG ACC AAT CGC CTT GGT GCG GCG CAG AAC TGC TCG GCG
ACT GCG CAT GGA AAC CACCGG TTT GTC GAT GGC GTG CTT CCT GTA ACG AGG GAT
TGG AGG GAG CAA GGG ATA GTG AGC CCT GTA AAG GAC CAA GGA AGC TGT GGA
TCT TGC TGG ACT TTC AGT ACT ACT GGA GCA CTA GAG GCT GCA TAT ACA CAG CTA
ACT GGA AAG AGC ACATCATTATCT GAACAG CAACTT GTG GAC TGT GCC TCA GCA
TTC AAT AAC TTT GGA TGC AAT GGA GGT TTG CCT TCC CAAGCC TTT GAA TAC GTT
AAG TAC AAT GGA GGC ATC GAC ACA GAA CAG ACT TAT CCATAC CTT GGT GTC AAT
GGT ATC TGC AAC TTC AAG CAG GAG AAT GTT GGT GTC AAG GTC ATT GAT TCG ATA
AAC ATC ACC CTG GGT GCT GAG GAT GAG TTG AAG CAT GCA GTG GGC TTG GTG CGT
CCAGTT AGC GTT GCATTT GAG GTT GTG AAA GGT TTC AAT CTG TAC AAG AAA GGT
GTATAC AGC AGT GAC ACC TGT GGA AGA GAT CCA ATG GAT GTG AAC CACGCAGTT
CTT GCC GTC GGT TAT GGA GTC GAG GAC GGG ATT CCT TAT TGG CTC ATC AAG AAC
TCATGG GGT ACA AAT TGG GGT GAC AAT GGC TAC TTT AAG ATG GAA CTC GGC AAG
AAC ATG TGT GGT GTT GCA ACT TGC GCATCT TAT CCC ATT GTG GCT GTG TAG

b) VpScVAN codon optimized for yeast expression

ATG GCT GCT A AATTG CTT TTC TTC CTT TTG TTT CTG GTG TCT GCA CTA TCG GTC
GCT TTA GCT GGT TTT GAG GAA GAT AAC CCT ATA AGG AGT GTT ACT CAA AGA CCA
GAC AGC ATA GAA CCA GCT ATATTG GGA GTT CTA GGT TCT TGC AGA CAT GCG TTT
CACTTC GCC AGATTT GCT AGA AGA TAT GGT AAATCG TAT GGT AGT GAA GAA GAG
ATC AAG AAA CGT TTT GGG ATATTT GTG GAA AAT TTG GCC TTC ATC AGG TCT ACT
AAC AGA AAG GAC CTG AGC TACACATTG GGG ATT AAT CAG TTT GCC GAC TTG ACT
TGG GAG GAA TTT AGA ACC AAT CGT CTA GGT GCA GCA CAA AAT TGC TCT GCG ACT
GCA CAT GGA AAC CAC AGATTT GTG GAT GGA GTG TTA CCT GTT ACT AGA GAT TGG
AGA GAA CAG GGT ATC GTT TCT CCC GTC AAA GAT CAA GGT TCATGT GGC TCA TGT
TGG ACG TTC TCT ACA ACA GGA GCC TTA GAA GCT GCC TAT ACC CAATTG ACA GGG
AAA TCC ACA AGT CTA AGC GAA CAACAACTG GTT GAT TGT GCT TCC GCATTT AAC
AAC TTT GGC TGT AAT GGT GGT TTA CCA AGT CAA GCT TTT GAA TAT GTC AAG TAT
AAT GGA GGT ATT GAT ACA GAA CAA ACG TAT CCG TAT TTA GGC GTA AAC GGC ATT



TGC AAT TTC AAA CAG GAA AAT GTT GGG GTT AAA GTG ATT GAC TCC ATT AAC ATC
ACG TTG GGT GCA GAG GAC GAG TTA AAA CAT GCT GTG GGT TTAGTT AGG CCT GTT
TCA GTT GCC TTC GAA GTA GTC AAA GGT TTC AAC CTT TAC AAG AAA GGC GTT TAC
TCT TCC GAC ACT TGT GGA AGA GAT CCA ATG GAT GTT AAT CAT GCAGTC TTG GCA
GTA GGT TAC GGT GTA GAA GAT GGC ATT CCC TAT TGG CTT ATT AAG AAT TCA TGG
GGT ACC AAT TGG GGC GAT AAC GGT TAC TTC AAG ATG GAG TTA GGA AAG AAT ATG
TGC GGA GTA GCT ACC TGT GCC TCATAC CCAATT GTAGCG GTC TAA

c) VpHVVAN codon optimized for barley expression

ATG GCA GCT AAG CTC CTC TTC TTC CTGCTG TTT CTA GTG TCC GCC TTG TCC GTA
GCG CTT GCT GGT TTC GAG GAG GAC AAC CCG ATT CGG TCG GTT ACC CAG AGG CCG
GAT AGC ATT GAG CCT GCC ATC CTC GGT GTT CTA GGG TCA TGT CGG CAT GCC TTT
CACTTC GCT CGC TTT GCT CGC CGT TAT GGG AAG AGC TAT GGC TCC GAG GAA GAG
ATC AAG AAG CGC TTC GGT ATC TTC GTA GAG AAC CTC GCC TTC ATT CGC TCG ACC
AAT AGG AAG GAC CTT TCC TAC ACT CTC GGC ATC AAT CAG TTT GCC GAC CTC ACT
TGG GAA GAG TTC AGG ACG AAC CGC TTG GGA GCC GCA CAA AAC TGC AGC GCT
ACA GCG CAT GGC AAC CACCGG TTC GTG GAT GGA GTT CTG CCT GTG ACA CGT GAT
TGG AGA GAG CAA GGC ATC GTG TCT CCG GTT AAG GAT CAG GGATCT TGC GGG TCT
TGC TGG ACC TTT AGC ACG ACT GGG GCT CTG GAA GCC GCG TAC ACC CAACTC ACA
GGT AAATCC ACG AGT CTC AGC GAA CAG CAACTC GTC GAC TGT GCC AGT GCG TTC
AAC AAT TTC GGC TGC AAT GGT GGG CTG CCA AGT CAG GCG TTC GAG TAC GTC AAG
TAC AAT GGT GGA ATA GAC ACC GAA CAG ACC TAC CCC TAT CTC GGC GTC AAT GGC
ATC TGC AAC TTC AAA CAG GAG AAC GTG GGC GTC AAG GTC ATAGAC TCC ATC AAC
ATA ACG CTC GGA GCC GAG GAT GAG CTG AAG CAC GCA GTG GGC TTG GTC AGA
CCAGTGTCAGTT GCATTC GAG GTC GTG AAG GGC TTT AAC CTC TAC AAG AAA GGG
GTG TAC TCG AGC GAT ACC TGT GGC AGG GAC CCA ATG GAC GTC AAT CAC GCG GTC
CTT GCA GTG GGT TAT GGC GTC GAG GAT GGC ATC CCC TAC TGG CTG ATC AAG AAC
TCT TGG GGC ACC AAC TGG GGT GAC AAC GGG TAC TTC AAG ATG GAG CTT GGC AAG
AAC ATG TGC GGA GTAGCC ACATGC GCG TCATACCCCATT GTGGCT GTT TGA

d) Nicotiana benthamiana, cysteine proteinase

ATG TCT CGT TTC TCA CTC CTA TTG GCT CTC GTC GTC GCC GGT GGC CTT TTC GCC
TCC GCA CTC GCC GGA CCG GCG ACC TTT GCC GAT GAG AAT CCG ATC AGA CAA GTC
GTT TCT GAC GGT TTA CAT GAG CTG GAG AAC GCA ATT CTC CAA GTC GTC GGC AAG
ACC CGC CAT GCT CTC TCC TTC GCT CGC TTT GCT CAC AGG TAT GGG AAG AGG TAC
GAG TCA GTT GAG GAG ATA AAG CAAAGG TTC GAG GTATTT TTG GAC AAT TTG AAG
ATG ATT CGA TCG CAC AAC AAG AAA GGA CTATCATAC AAACTC GGT GTC AAT GAG
TTT ACC GAC CTA ACA TGG GAC GAG TTC CGG AGA GAC AGG TTG GGG GCA GCT CAA



AAC TGT TCA GCC ACC ACA AAG GGC AAT CTC AAAGTC ACT AACGTT GTT CTG CCG
GAG ACG AAA GAC TGG CGG GAA GCT GGG ATT GTC AGC CCA GTC AAG AAC CAG
GGC AAG TGC GGA TCT TGC TGG ACA TTC AGC ACT ACT GGT GCA CTA GAA GCA GCA
TAT AGC CAA GCATTT GGG AAG GGA ATC TCT CTA TCT GAG CAG CAG CTT GTG GAC
TGT GCT GGA GCT TTT AAT AAC TTT GGC TGC AAT GGT GGG CTC CCA TCA CAA GCC
TTT GAG TAT ATT AAA TCC AAT GGT GGT CTT GAC ACT GAA GAA GCA TAT CCATAC
ACT GGC AAG AAT GGC TTATGT AAATTC TCA TCA GAA AAT GTT GGT GTC AAA GTC
ATC GAT TCC GTC AAT ATT ACC CTG GGT GCT GAA GAT GAA CTA AAATAC GCG GTT
GCATTG GTT AGG CCC GTT AGT ATAGCT TTT GAG GTG ATA AAA GGT TTC AAA CAA
TAC AAG AGT GGT GTT TAC ACC AGC ACC GAA TGC GGC AAC ACT CCC ATG GAT GTA
AAC CAT GCT GTT CTT GCT GTG GGT TAC GGT GTT GAA AAT GGT GTT CCC TAT TGG
CTC ATC AAG AAT TCATGG GGA GCA GAT TGG G

e) vpnbAspA137van

ATG TCT CGT TTC TCA CTC CTATTG GCT CTC GTC GTC GCC GGT GGC CTT TTC GCC
TCC GCA CTC GGT TTC GAA GAA GAC AAT CCA ATC CGG TCC GTT ACA CAA AGG CCT
GAC TCG ATT GAG CCT GCC ATC CTC GGC GTC CTT GGC AGT TGC CGC CAC GCC TTC
CAC TTC GCA CGG TTC GCC CGC AGG TAC GGG AAG AGC TAC GGA TCG GAG GAG
GAG ATC AAG AAG AGG TTC GGG ATC TTC GTG GAG AAT CTAGCG TTT ATC CGG TCC
ACT AAT CGG AAG GAT CTG TCG TAT ACC CTA GGA ATC AAC CAATTC GCC GAC CTG
ACC TGG GAG GAATTC CGG ACC AAT CGC CTT GGT GCG GCG CAG AAC TGC TCG GCG
ACT GCG CAT GGA AACCACCGG TTT GTC AAC GTT GTT CTG CCG GAG ACG AGG GAT
TGG AGG GAG CAA GGG ATA GTG AGC CCT GTA AAG GAC CAA GGA AGC TGT GGA
TCT TGC TGG ACT TTC AGT ACT ACT GGA GCA CTA GAG GCT GCA TAT ACA CAG CTA
ACT GGA AAG AGC ACATCATTATCT GAA CAG CAACTT GTG GAC TGT GCC TCA GCA
TTC AAT AAC TTT GGA TGC AAT GGA GGT TTG CCT TCC CAAGCC TTT GAA TAC GTT
AAG TAC AAT GGA GGC ATC GAC ACA GAA CAG ACT TAT CCATAC CTT GGT GTC AAT
GGT ATC TGC AAC TTC AAG CAG GAG AAT GTT GGT GTC AAG GTC ATT GAT TCG ATA
AAC ATC ACC CTG GGT GCT GAG GAT GAG TTG AAG CAT GCA GTG GGC TTG GTG CGT
CCAGTT AGC GTT GCATTT GAG GTT GTG AAA GGT TTC AAT CTG TAC AAG AAA GGT
GTA TAC AGC AGT GAC ACC TGT GGA AGA GAT CCA ATG GAT GTG AAC CACGCAGTT
CTT GCC GTC GGT TAT GGA GTC GAG GAC GGG ATT CCT TAT TGG CTC ATC AAG AAC
TCA TGG GGT ACA AAT TGG GGT GAC AAT GGC TAC TTT AAG ATG GAA CTC GGC AAG
AAC ATG TGT GGT GTT GCA ACT TGC GCA TCT TAT CCC ATT GTG GCT GTG TAG

f) GhVAN



ATG GCT CGC CTT CTG CTG CTC CTC GTC GGA GTT CTG ATC GCC TGC GCC GCC GGC
GCA AGA GCC GGA TCG GAG TTC CTC GCC GAG GAT AAT CCG ATC AGG CAAGTC GTC
GAC GGT ATG CAC GAACTC GAG TCG TCT ATT CTC AAA GCA GTC GGC AAC TCG CGC
CGC GCC TTC TCC TTC GCT CGC TTT GCT CAT AGA TAC GGG AAG AGC TAC GAG AGT
TCG GAG GAG ATA CAG AAG AGG TTC CAAGTT TAC TCT GAG AAT TTG AGG ATG ATC
CGA TCG CAT AAC AAG AAA GGACTA TCC TAT TCC ATG GGC GTT AACGAG TTC TCT
GAT CTG ACA TGG GAC GAG TTC AAA AAG CAT AGA TTG GGA GCT GCT CAA AAT TGC
TCC GCT ACA AGA AGG GGC AAT CAT AAG CTC ACC AGT GCT ATC CTT CCG GAC TCG
AAA GAC TGG AGG GAA AGT GGC ATT GTT AGC CCA GTG AAA AGT CAA GGT AGC
TGT GGA TCT TGC TGG ACA TTC AGT TCA ACT GGA GCA CTG GAG GCA GCT TAT GCA
CAA GCA TTC GGA AAG GGT ATT TCT CTG TCT GAG CAG CAG CTC GTT GAT TGT GCT
GGA GCT TTC AAC AAC TTT GGC TGC AAT GGT GGA TTG CCC TCT CAA GCC TTC GAA
TAC ATC AAA TAT AAC GGT GGT CTT ATG ACT GAG GAG GCA TAT CCA TAT ACT GGT
CAT GAT GGA GAA TGC AAG TAT TCC TCT GAA AAT GCT GCC GTC CAAGTACTT GAC
TCT GTC AAT ATC ACC CTG GGT GCT GAA GAT GAA CTT AAG CACGCAGTT GCATTG
GTT CGG CCA GTA AGT GTG GCATTT GAG GTT GTT GAT GGA TTC CGA TCA TAC AAT
GGT GGA GTT TAC ACT AGC ACT ACT TGT GGC AGC GAT CCA ATG GAT GTA AAC CAT
GCT GTT CTT GCT GTT GGT TAC GGA GTT GAA GGT GGC GTG CCG TAC TGG CTA ATC
AAG AAT TCA TGG GGA GCT GAC TGG GGG GAC CAA GGC TAC TTC AAA ATG GAG
ATG GGC AAG AAC ATG TGT GGT GTT GCA ACA TGT GCA TCA TAC CCT GTAGTT GCT
TAA



g) VpVAN amino acid sequence
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v :Putative protease cleavage site
*: Amino acid residues involved in stabilizing the oxyanion hole
Amino acid residues in bold: A putative ER-targeting signal peptide

Amino acid residues in blue: Conserved residues known to contribute to the formation of the active site in
cysteine proteinases

Amino acids with wavy underline: GCxGG domain found in papaine-like cysteine proteinases
Amino acid residues in gray: Conserved cysteins involved in disulfide bridge formation in cysteine proteinases
Underlined amino acid residues: ERFNIN motif

Boxed amino acids: Putative sumoylation site



Supplementary Figure 3: Enzyme activity of VpUGT72U1 and AtUGT72E2 with ferulic acid

Yeast strains integrated with VpUGT72U1 and AtUGT72E2 were grown on synthetic complete (SC)
medium supplemented with 2.5mM of ferulic acid and after 72h cells were harvested for LC-metabolic
profiling.
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(@) VpUGT72UL stably integrated yeast was grown on SC medium supplemented with 2.5mM of
ferulic acid EIC 195: Extracted ion chromatogram m/z (ferulic acid mw + H™) and EIC 379: Extracted
ion chromatogram m/z (ferulic acid glucoside mw + Na*)

(b) AtUGT72E2 stably integrated yeast were grown on synthetic media with 2.5mM of ferulic acid.
EIC 195: Extracted ion chromatogram m/z (ferulic acid mw + H") and EIC 379: Extracted ion
chromatogram m/z (ferulic acid glucoside mw + Na®)

VpUGT72U1 is not able to glycosylate ferulic acid (a) while AtUGT72E2 is very efficiently
glycosylate ferulic acid to ferulic acid glucoside (b).



Supplementary Figure 4: Substrate specificities of VpScVAN and vpscAspvan were assayed in S.
cerevisiae.

Yeast harbouring stably integrated VpVAN, VpScVAN codon optimized for yeast expression, truncated
VpVAN devoid of the signal peptide (vp 4sp van)or truncated VpScVAN codon optimized and devoid of
the signal peptide (vpscAsp van) were tested in combination with a stably integrated AtUGT72E2. The
strains were incubated with ferulic acid for 72 h in synthetic complete medium before metabolite
profiles were determined by LC-MS.
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Formation of vanillin glucoside was observed with yeast fed with ferulic acid (RT 6 min) in all strains
except the negative control where no vanillin or vanillin glucoside observed. Administrating yeast with
ferulic acid resulted in production of aroma compound 4-vinylguaiacol glucoside in high
concentrations due to yeast ferulate decarboxylase activity (RT 8.2 m). EIC 337: m/z Vanillin
glucoside (M + Na+)



Supplementary Figure 5: The biological activity of vanillin synthase was also assessed by a stable
expression in barley
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VpHWWAN gene sequence was modified to encode a D-hordein signal peptide as a replacement for the original
vanilla ER-targeting signal peptide (vphvAspvan). A constitutive ubiquitin promoter was used to drive the
expression of both genes. Leaf samples from successfully transformed plants were collected 6-8 weeks after
transfer of plantlets to the greenhouse and metabolic profiling was carried out by LC-MS. Barley plants
transformed with vphvAspvan were found to accumulate vanillyl alcohol glucoside in higher levels than control
plants (b) EIC 339: m/z vanillyl alcohol glucoside (M + Na+)



Supplementary Table 1: Plasmids constructed in this study

Plasmid Backbone Gene content Plasmid type Sr?::fliorn
VpVAN from V. planifolia made with PCR 2 micron (S. URA3
PNG1 p426-GPD from cDNA lib with Spel and BamHI sites cerevisiae)
et e VLT e e
ONG5 0426-GPD OMT1 V. planifz:;all\ln;aﬁs with PCR from ZanrL(i/ric;?aS. URA3
ONG6 0426-GPD OMTla V. planifcoéiz;\nzilic:)e with PCR from chg(i/r;?as. URA3
ONG7 0426-GPD OMT3 V. planifz:;a;\lrzalciiz with PCR from chg(i/r;?as. URA3
ONGS 0426-GPD OMT3a V. planiiolgiz;nz;liclije with PCR from 2cemr:i/rio;aS. URA3
NG9 0426-GPD OMT3b V. planiiog;:?ie with PCR from 2C$L(i/ri05ina$. URA3
ONG10 0426-GPD OMT3c V. planiicl):l)isrﬁ(;e with PCR from 2021r:e(i/ri2ina$. URA3
ONG11 0426-GPD OMT4 V. planiiotl)isz?sje with PCR from 2021r:e(i/ri2ina$. URA3
ONG12 0426-GPD OMT5a V. planiic;issﬁ(;e with PCR from 2c2;:i/ri2ina$. URA3
ONG13 0426-GPD OMT5b V. planii(;EAmﬁS,e with PCR from ZCQ::ilriz?aS. URA3
ONG14 0426-GPD OMT5¢c V. plani:‘:(;islzwzcti)e with PCR from ZC?rL(i/rios?aS. URA3
ONG15 PA16TEF OMT5¢c V. plani:‘:(;islzwzcti)e with PCR from Ce(rjeEvl;lS-i,:;EéSAS URA3
ONG16 PA16TEF OMT1 V. planifz:;e:\ln;alciiz with PCR from CCEeNr;j;zie()S. URA3
PNG17 PAIGTEF OMT1a V. planifolia made with PCR from CEN-ARS (S. URA3




pNG18

pNG19

pNG20

pNG21

PNG22

pNG23

pNG24

pNG25

pNG26

pNG27

pNG28

pNG29

pNG30

pNG31

PNG32

pNG33

P416TEF

PA16TEF

PA16TEF

P4A16TEF

P416TEF

P416TEF

P416TEF

P416TEF

topo blunt end

PYES2-Des52

pVANT714

PVAN714

PVAN714

PVAN714

pVAN714

PVAN714

cDNA lib

OMT3 V. planifolia made with PCR from
cDNA lib

OMT3a V. planifolia made with PCR from
cDNA lib

OMT3b V. planifolia made with PCR from
cDNA lib

OMT3c V. planifolia made with PCR from
cDNA lib

OMT4 V. planifolia made with PCR from
cDNA lib

OMT5a V. planifolia made with PCR from
cDNA lib

OMT5b V. planifolia made with PCR from
cDNA lib

OMT5c¢ V. planifolia made with PCR from
cDNA lib

CYP98A3 cloned from V.planifolia cDNA
lib

VpVAN with his tag gateway cloning from
cDNA to des vector

pTEF1-VpVAN + pPGK1-AtUGT72E2

pTEF1-VpScVAN codon opt. + pPGK-
AtUGT72E2

pTEF1-VpVAN codon opt.

pTEF1-VPVAN + pPGK1-VpUGT72U1

PTEF1- vpdsp van + pPGK1-AtUGT72E2

pTEF1- vpsc Aspvan + pPGK1-
AtUGT72E2

cerevisiae)

CEN-ARS (S.
cerevisiae)

CEN-ARS (S.
cerevisiae)

CEN-ARS (S.
cerevisiae)

CEN-ARS (S.
cerevisiae)

CEN-ARS (S.
cerevisiae)

CEN-ARS (S.
cerevisiae)

CEN-ARS (S.
cerevisiae)

CEN-ARS (S.
cerevisiae)

Plant gateway vector

Integration (S.
cerevisiae)

Integration (S.
cerevisiae)

Integration (S.
cerevisiae)

Integration (S.
cerevisiae)

Integration (S.
cerevisiae)

Integration (S.
cerevisiae)

URA3

URA3

URA3

URA3

URA3

URA3

URA3

URA3

Kan, carb,
Rif

URA3

URA3

URA3

URA3

URA3

URA3




pNG34

PNG27

pNG35

PNG36

pNG37

pNG38

pNG39

pNG40

pPEAQ-HT-DEST3

PYES2-Des52

pPEAQ-HT-DEST3

PEAQ-HT-DEST3

PEAQ-HT-DEST3

PEAQ-HT-DEST3

pWBVecs8-
UbiUSERNOS

pWBVecs8-
Ubi::HorDSP-
USERNOS

VpVAN cloning from cDNA to des vector
VpVAN with his tag gateway cloning from

cDNA to des vector

vp 461 van

Vp 4137 van

vp nb Asp 4137 van

GhVAN

VpHVVAN codon optimized for barley

expression

vp hv4sp van codon optimized for barley
expression

Plant gateway
destination vector

Plant gateway vector

Plant gateway
destination vector

Plant gateway
destination vector

Plant gateway
destination vector

Plant gateway
destination vector

Barley stable gene
expression vector

Barley stable gene
expression vector

Kan

Kan, carb,

Rif

Kan

Kan

Kan

Kan

spectinomyci

spectinomyci




Supplementary Table 2: Yeast strains constructed in this study

Species strain name Relevant genotype
MATa his3-D1 leu2-D0 met 15-d0 ura3-DO0
Saccharomyces Y06460:: VpVAN:: YMR318C (adh6)::KanMX4 (exgl-
cerevisiae AtUGT72E2 d0)::(pNG28)::URA3
y MATa his3-D1 leu2-D0 met 15-d0 ura3-D0
Saccharomyces ;)%%L:]Gg&YpSCVAN YMR318C (adh6)::KanMX4 (exgl-
cerevisiae AtUGT72E2 d0)::(pNG29)::URA3
MATa his3-D1 leu2-D0 met 15-d0 ura3-DO0
Saccharomyces . YMR318C (adh6)::KanMX4 (exg1-
cerevisiae Y06460:: VpSCVAN d0)::(pNG31)::URA3
y MATa his3-D1 leu2-D0 met 15-d0 ura3-D0
Saccharomyces ;)%%L:]Gg&YpSCVAN YMR318C (adh6)::KanMX4 (exg1-
cerevisiae VpUGT72U1 d0)::(pNG30)::URA3
MATa his3-D1 leu2-D0 met 15-d0 ura3-DO0
Saccharomyces  Y06460:: VpASP YMR318C (adh6)::KanMX4 (exg1-
cerevisiae VAN:: AtUGT72E2 d0)::(pNG32)::URA3
Y06460: MATa his3-D1 leu2-D0 met 15-d0 ura3-D0
Saccharomyces VpSc AS-F.’V AN codon YMR318C (adh6)::KanMX4 (exgl-
cerevisiae P d0)::(pNG33)::URA3

opt.:: AtUGT72E2



Supplementary Table 3: Primers used in this study

Candidate genes

Oligo nucleotide used for cloning

pYes2 Forward

pYes2 Reverse

VpVAN Forward

VpVAN Reverse

In situ VpVAN Forward

In situ VpVAN Reverse

TNT VpVAN Forward

TNT VpVAN Reverse

VpVAN gateway Forward

VpVAN gateway Reverse

VpHVVAN forward

VpHVVAN reverse

VpHVASPVAN forward

ATG CAAAAACTGCATAACC

TAG ATG CAT GCT CGA GCG G

ATT TAC TAG TAA AAT GGC AGC TAAGCT C

ATT TAG GAT CCC TAC ACAGCC ACAATG

AAG CCT TTG AAT ACG TTAAGT ACAATG GA

GTGTCACTGCTGTATACACCTTTCTT

GAT CCT AAT ACG ACT CAC TAT AGG GAA CAG CCA CCATGG CAG
CTAAGCTCCTCTT

[TTTTTTTTTTITTTITTITTITTTT ACT ACA CAG CCA CAATGG GAT
AAG ATGCGCAAGTTGC

GGG GAC AAG TTT GTA CAA AAA AGC AGG CTA AAAATGTCT ATG
GCA GCT AAGCTCCTCTTC

GGG GACCCAGCTTTCTTG TAC AAAGTG GTC ACA GCC ACAATG
GGATAAGAT G

GGTCTTAAUATGGCAGCTAAGCTCCTC

GGCATTAAU TCAAACAGCCACAATGGGGTATG

GGTCTTAAUATGTTCCTGCTGTTTCTAGTGTCCG



TNT VpA61VAN forward

TNT VpA61VAN reverse

VpA61VAN gateway
forward

VpA61VAN gateway
reverse

TNT VpA137VAN
forward

TNT VpA137VAN
reverse

VpA137VAN gateway
forward

VpA137VAN gateway
reverse

GhVAN gateway forward

GhVAN gateway reverse

VpUGT72U1 Forward

VpUGT72U1 Reverse

GGATCCTAATACGACTCACTATAGGGAACAGCCACC ATG
AGATATGGTAAATCGTATGGTAGTG

[TTTTTTTTTTTTTITTTITTITTTITTITTITTTTTTTTAGACCGCTACAATTGGG
TATG

GGG GAC AAG TTT GTA CAA AAA AGC AGG CTT CAAAAATGTCTT
CGA TGA GGT ACG GGA AGA GCT ACG GAT CGG AG

GGG GAC CACTTT GTACAA GAA AGC TGG GT
CTACACAGCCACAATGGGATAAG

GGATCCTAATACGACTCACTATAGGGAACAGCCACC ATG
TTACCTGTTACTAGAGATTGGAG

[TTTTTTTTTTTTTTTTTTTTITTTTTTTITTTTTTAGACCGCTACAATTGGG
TATG

GGGG ACA AGT TTG TAC AAA AAA GCA GGC TTC AAAAATGTCT
TCGATGGCGTGCTTCCTG TAACGA GGG A

GGG GACCACTTT GTA CAAGAA AGC TGG GT
CTACACAGCCACAATGGGATAAG

GGG GAC AAGT TTG TAC AAA AAA GCAGGC TTC AAAA
ATGGCTCGCCTTCTGCTGCTC

GGG GAC CACTTT GTACAA GAA AGC TGG GT
TTAAGCAACTACAGGGTATGATG

ATCAACGGGUAAAATGGAGAGCAATCCCAACCG

CGTGCGAUTCACTTGCCACTGAGAACCG



