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Supplementary Figure 1. In planta silencing of CrNPF2.9 using additional VIGS vectors
harbouring alternative gene fragment. To ensure that the response to silencing was specific, an
additional gene region was selected and tested for CrNPF2.9. Alkaloid profile for leaf tissue
transformed with vector VIGS-CrNPF2.9 Region1, VIGS-CrNPF2.9 Region 2 relative to empty
vector control tissue in Little Bright Eyes (VIGS-CrNPF2.9 Region1 (n= 10), VIGS-CrNPF2.9
Region2 (n=11), VIGS-EV (n=9)) ** p<0.01. All data show are mean + SEM.
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Supplementary Figure 2. Confocal microscopy of VIGS-EV leaf tissue and VIGS-
CrNPF2.9 leaf tissue displaying the black phenotype. A. DAPI and propidium iodide
staining of VIGS-EV leaf tissue B. DAPI and propidium iodide staining of VIGS-CrNPF2.9 leaf
tissue.
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Supplementary Figure 3. Combinatorial (simultaneous) in planta silencing of CrNPF2.9,

CrMATE1 and CrMATE2.
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Supplementary Figure 3. Combinatorial (simultaneous) in planta silencing of CrNPF2.9,
CrMATE1 and CrMATE2.



Supplementary Figure 3. Combinatorial (simultaneous) in planta silencing of CrNPF2.9,
CrMATE1 and CrMATE2. A. Alkaloid profile for tissue that has been transformed with a VIGS
vector that targets both-CrNPF2.9 (Region 1) and CrMATE1 (Region 1) relative to empty vector
control tissue, and tissue transformed with only VIGS-CrNPF2.9 (Region 1) (VIGS-CrNPF2.9
Region1 (n = 10), VIGS-CrNPF2.9-CrMATE1 double (n =11), VIGS-EV (n =9)) ** p < 0.01. B.
Alkaloid profile for tissue that has been transformed with a VIGS vector that targets the three genes
CrNPF2.9 (Region 1), CrMATE1 (Region 1) and CrMATEZ2 relative to empty vector control tissue
and tissue transformed with only VIGS-CrNPF2.9 (Region 1) (VIGS-CrNPF2.9 Region1 (n = 12),
VIGS-CrNPF2.9-CrMATE1-CrMATEZ2 triple (n = 15), VIGS-EV (n = 11)) ** p <0.01. C. Normalized
expression levels of the CrNPF2.9 and CrMATE1 genes in empty vector control tissue and the
double silenced CrNPF2.9_CrMATE1 tissue as measured by gPCR (VIGS-CrNPF2.9_CrMATE1 (n
=8) VIGS-EV (n = 8)). All data shown are mean + SEM. D. Normalized expression of CrNPF2.9,
CrMATE1 and CrMATEZ2 genes in empty vector and the triple silenced CrNPF2.9-CrMATE1-
CrMATEZ2 tissue (VIGS-CrNPF2.9-CrMATE1-CrMATEZ2 (n = 8), VIGS-EV (n = 8)). All data shown
are mean + SEM.
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MGDTEAQLLOPGHKQKGGWITFPFILATRTLLTLAVAGFSSNLIVYLINEFNVNRIDSAQIYNVVNGCMALFPLLLA
ITIADTFLGCFNVIWISTLISLMGMALLTLTSSITSLRPQPCAEGSTFCQQPSAYQSSILFLALALPSIGFAGTSETV
GTMGAHQLDDPKHQENFEFNWELF IWNAASVISGIGIVYVQDNVSWSWGFGICVASNLLGLI IFLAGKRLYRDVQPQK
SSPFKDLACVVVAALSKKKLSLSNKEEDYYSELPDNAEEQQQQEGVTLLPATVPDESFKFLNHAALVTSADIQPDGS
IKKSWKLCTVKQIEDLKTLIRLFPLWTTGFLLTIPMGVLSSLTTLQALTMDCSTFWGLKY PVGSMSVEFTLLAGAISL
TFIDRLIFPICRKMAKPIRPLQRIAIGHIINVISVVIAAIVEHKRLOQLARAQKFQGKTDSVVVPMSVFWLIPQLALS
GTGEAFHFPGQALLYYKEFPASLKSTSTAMLAILIAIGYYMGTFVIDVVRKVTDWLPEDINHGRLDNLYWLVAVLGV
LNFVYYLACAGAYEYSSVMEDEDETNDNKIYM

Supplementary Figure 4. Sequence of CrNPF2.9. A. Sequence alignment of AtNRT1.1/AtNPF6.3,
AtGTR1/AINPF2.10, NAXT1/AtNPF2.7 and CrNPF2.9. Highlighted in yellow is the conserved
EXXE(R/K) motif implicated in proton coupling that is present in AtNRT1.1/AtNPF6.3 and
AtGTR1/AtNPF2.10 and absent in both the NAXT/AtNPF2.7 and CrNPF2.9 transporters. B. Protein
sequence of CrNPF2.9. Highlighted in yellow is the putative (D/E)X5.sL(L/I) motif that is predicted to
act as a tonoplastic targeting sequence.
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Supplementary Fig. 5. CrNPF2.9 is mainly expressed in leaf epidermis. Relative expression of
HDS, CrNPF2.9, STR and SGD in epidermis enriched fractions of C. roseus leaves compared to
the whole leaf fraction (HDS, hydroxymethylbutenyl 4-diphosphate synthase; STR, strictosidine
synthase; SGD, strictosidine glucosidase). Epidermis enriched transcript fractions were generated
by a carborundum abrasion and both fraction types were retro-transcribed before determination of
gene expressions by gPCR. Transcript copy numbers were normalized using CrRPS9 and
expressed relatively to the amount of transcript measured in the whole leaf fraction. Each assay
was performed in triplicate, and expression measurements were performed at least twice with
independent experimental replicates.



VIGS
vectors

Primer Sequence (5'-3')

Single VIGS-CrNPF2.9 CrNPF2.9 Fwrd GGCGCGAUCGCTTGCGGTAGCTGGATTTA
Vectors Regionl
Rev GGTTGCGAUCCCATGACCAACTCACATTATCTTGAAC
VIGS-CrNPF2.9 CrNPF2.9 Fwrd GGCGCGAU GAA TAG CCATTG GTC ACA TCA TCA ACG
Region 2
Rev GGTTGCGAU CAA CAT CAA TAA CGA AAG TTC CCA TAT AAT ACC GAA
TG
VIGS-CrMATE1 CrMATE1 Fwrd GGCGCGAU CCAAACAAAACTATGAAATAAACCAACCACTGT
Regionl
Rev GGTTGCGAUGTTTTGAGAATATGTAAACAAACATAATAACAATGCCTGTTA
Fusion VIGS-CrNPF2.9- CrNPF2.9 Fwrd GGCGCGAUCGCTTGCGGTAGCTGGATTTA
Vectors CrMATE1 double
Rev ATTCCAAU GCCACTGATTACTGAAGCAGCATT
CrMATE1 Fwrd ATTGGAAUCCAAACAAAACTATGAAATAAACCAACCACTG
Rev GGTTGCGAUGTTTTGAGAATATGTAAACAAACATAATAACAATGCCTGTTA
VIGS-CrNPF2.9- CrNPF2.9 Fwrd GGCGCGAUCGCTTGCGGTAGCTGGATTTA
CrMATE1-
CrMATE2 triple
Rev ATTCCAAU GCCACTGATTACTGAAGCAGCATT
CrMATE1 Fwrd ATTGGAAUCCAAACAAAACTATGAAATAAACCAACCACTG
Rev ACAAACAU AAT AAC AAT GCC TGT TAG GGT TAG AAG AAT TG
CrMATE2 Fwrd ATGTTTGU TGG ACA GAC CTT GAA GCT GG
Rev GGTTGCGAU ATCCCCTGGCAACACCTG

Supplemental Table 1. Primers for VIGS constructs.




Primer Name PCR Target Sequence (5'-3')
qPCR qCrNPF2.9_ Fwrd CrNPF2.9 AAGAAGCTCTCCTTGTCAAACAAAGAAGAAG
primers
qCrNPF2.9_Rev CrNPF2.9 CTTGAAACTTTCATCAGGTACAGTAGCAGG
qCrMATE1_ Fwrd CrMATE1 CCG GTG TTG CTG TTG GAT GT
qCrMATE1_ Rev CrMATE1 CAAGTT TGA AGT AGA ACC CAA GAA GTG CA
qCrMATE2_ Fwrd CrMATE2 CTT GAA CTT GCC GCT GCA AAT CTT
qCrMATE2_ Rev CrMATE2 CCT TGT CCA CAC AAACTT TCC AGT GC
gRps9_ Fwrd 40S ribosomal protein 9 TTG AGC CGT ATC AGA AAT GC
qRps9_ Rev 40S ribosomal protein 9 CCCTCATCAAGCAGACCATA

Supplemental Table 2. Primers for qPCR.




Oocyte primers Primer Name Sequence (5'-3')

pNB1u vector CrNPF2.9_pNB1lu_Fwrd CrNPF2.9 GGCTTAAU ATG GGA GACACC GAAGCAC
CrNPF2.9_pNB1u_Rev CrNPF2.9 GGTTTAAU TTA CAT ATATAT TTT ATT ATC ATT TGT TTC ATC
TTC ATC CTC CAT
Primers to generate T3T7_pNBlu_Fwrd CrNPF2.9 AATTAACCCTCACTAAAGGGTTGTAATACGACTCACTATAGGG
template for cRNA synthesis
3'UTR_pNBlu_Rev CrNPF2.9 TTTTTTTTITTTTTTITTTTTITTITTITTITTTTATACTCAAGCTAGCCTCGA
G

Supplemental Table 3. Primers for Xenopus laevis expression constructs.



Localization  Primer Name PCR Target Sequence (5'-3')

primers
pSCA_YFP CrNPF2.9_YFP_Fwrd CrNPF2.9 CTGAGAACTAGTATGGGAGACACCGAAGCACA
vector
CrNPF2.9_YFP_Rev CrNPF2.9 CTGAGAACTAGTTTACATATATATTTTATTATCATTTGTTTCATCTTCATCCT
CrMATE1_YFP_Fwrd  CrMATE1 CTGAGAACTAGTATGGGTTCCAAACAAAACTATGAAATA
CrMATE1_YFP_Rev CrMATE1 CTGAGAACTAGTTTCATTGGACAAAGATTTTGGCT
pSCA_CFP TPK_Fwrd AT5G55630 CTGAGAACTAGTATGTCGAGTGATGCAGCTCGTAC
vector
TPK_Rev AT5G55630 CTGAGAACTAGTTCCAGATCCCCTTTGAATCTGA
qPCR gCrMATE1_loc_Fwrd  CrMATE1 CGGTATGATTGGTGGGACATTGAT
primers
gqCrMATE1_loc_Rev CrMATE1 ATTCGGGGATATCTGTTGAAAAACTT
qCrMATE2_loc_Fwrd  CrMATE2 GCTTGTGGGCTCTTGTTACTTTCAT
gqCrMATE2_loc_Rev CrMATE2 TGTCCCCTTAAAAATCCCAACAAATA
gCrNPF2.9 loc_Fwrd CrNPF2.9 TGTATTATCTTGCTTGTGCTGGGG
gCrNPF2.9_loc_Rev CrNPF2.9 GAAATTGGGATAGTATAACTATATAACC
gSTR_loc_Fwrd Strictosidine  CATAGCTCTGTGGGTATATTAGTGT
synthase
gSTR_loc_Rev Strictosidine  CATAGCTCTGTGGGTATATTAGTGT
synthase
gSGD_loc_Fwrd Strictosidine  CTTCGACAACTTCGAATGGAA
glucosidase
gSGD_loc_Rev Strictosidine  CTTCTTGACTAACTCAACTAGT
glucosidase
gHDS_loc_Fwrd HDS (MEP GTCCCTTACTGAACCTCCAGAG
pathway)
gHDS_loc_Rev HDS (MEP AATCACCTGTCCTGCGTTGG
pathway)
qRps9_loc_Fwrd 405 TTACAAGTCCCTTCGGTGGT
Ribosomal
protein S9
gRps9_loc_Rev 40S TGCTTATTCTTCATCCTCTTCATC
Ribosomal
protein S9

Supplemental Table 4. Primers for Catharanthus roseus localization constructs and
analysis of transcript distribution.



