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Extended Data Fig. 6 | Reconstitution of protoemetine biosynthesis network gene combinations. Additionally, expression was combined with Catharanthus
by expression of A. salviifolium pathway genes. Data is from the same roseus strictosidine exporter CrNPF2.9. LC-MS peak areas are shown as bars of the
experiment shown in Fig. 3. This figure includes the data for Fig. 3 and additional mean of three biological replicates, error bars are standard error of the mean.
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7| Expression of the C. roseus strictosidine exporter gene ipecoside. ¢, when C. ipecacuanha protoemetine pathway genes are expressed
CrNPF2.9boosts C. ipecacuanha protoemetine biosynthesis and enables and uncoupled secologanin and dopamine are fed for 48 hours, only traces of
biosynthesis from dopamine and secologanin directly. a, comparison of protoemetinol can be detected (indicated with an asterisk). When CrNPF2.9is co-
protoemetinol accumulation upon expression of indicated C. ipecacuanha overexpressed protoemetinol is formed to detectable levels. d, it is hypothesized
biosynthesis genesin N. benthamiana with or without co-expression of that spontaneous in planta coupling occurs in the vacuole and the resulting
transporter CrNPF2.9. Exogenous DAI/DAIl are infiltrated as substrate and formed DAIlis only accessible to the cytosolic pathway enzymes if it is exported
allowed to react for 24 hours before the leaf was harvested. Data was extracted by a vacuolar exporter. CrNPF2.9 appears to export DAIL. These results suggest
from experiment shown in Supplementary Fig. 10. Peak areas are shown here the presence of a yet to be identified vacuolar exporter in C. ipecacuanha and A.
relative to areas from samples where CrNPF2.9 was not expressed as bars of the salviifolium.1.C-MS peak areas are shown as bars of the mean of three biological

mean of three replicates. b, expression of Cilps with or without co-overexpression  replicates, error bars are standard error of the mean.
of CrNPF2.9 did not lead to enhanced accumulation of the R-epimer derivative
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Extended Data Fig. 8| Feeding of ipecac alkaloid glucosides to leaf disks
expressing DGDs or S6DGDs. Consumption of glucosides was measured because
the unstable aglycone products cannot be reliably detected. a, agroinfiltration of
N. benthamiana with strains harbouring constructs for overexpression of CiDGD
or Ci6SDGD or empty vector (EV) respectively. Leaf disks were cut and incubated
separately withindicated substrates. Note that 7-O-Me-DAIA and 7-O-Me-

DAIIA are not detected in native C. ipecacuanha plants. b, agroinfiltration of N.
benthamiana with strains harbouring constructs for overexpression of ASDGD1
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or2or As6S6DGD or EV respectively. Leaf disks were cut out and incubated

each withindicated substrates. AsDGDs deglycosylate all derivatives whereas
AsS6DGD only shows activity towards 6-0O-Me-DAIIA. 6-O-Me-DAIIA and 6-O-Me-
DAIA cannot be obtained readily by Pictet-Spengler chemical reaction and were
thus produced in vitro by recombinant CiDOMT1and AsDOMTS3, respectively
(see methods). Bars are mean peak areas of three biological replicates relative to
peak areas measured in EV, error bars are standard error of the mean SEM.
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Extended Data Fig. 9| Parallel evolution of A. salviifolium versus C. ipecacuanha DRs. Maximum likelihood phylogenetic tree of DR amino acid sequences and
homologs from other Cornales and Gentianales species. Alphafold3 models indicate same folds for all DRs.
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Data analysis All data analysis was done using routinely used software. Multiple sequence alignments not for phylogeny were made with MUSCLE 5.1
implemented in Geneious Prime 2024.0.3. For phylogenetic trees sequences were aligned with webPRANK (https://www.ebi.ac.uk/goldman-
srv/webprank/; version updated 8 Oct 2017). Phylogenetic trees were constructed using 1Q-Tree 2.3.6 (http://igtree.cibiv.univie.ac.at/).
Protein structural models were predicted using AlphaFold 3 (https://alphafoldserver.com). LC-MS data was analysed using MZmine 3.6.0 or
4.1.0 and Sirius v5.8.6. NMR data was analyzed with Bruker TopSpin 3.6.1. Chemical structures were generated in ChemDraw Professional
20.1.0.112. RNA-seq data was quality checked with FastQC (Galaxy Version 0.73), quality trimmed with Trimmomatic (Galaxy Version 0.38.1)
and assembled with rnaSPAdes (Galaxy Version 3.15.4) all implemented on an in-house Galaxy server. Functional annotation of transcripts
was performed on OmicsBox 3.1 (Biobam) using the SwissProt 2021 database and eggNOG-mapper. RNA-seq expression values were
generated in CLC Genomics Workbench 21.0.4 (Qiagen). Confocal images were processed with Image) 1.54i. All graphs and heatmaps were
prepared with GraphPad Prism 10.2.3 or 10.3.0. Main figures were assembled in Adobe lllustrator 27.8. Supplementary figures were
assembled in PowerPoint 16.89.1.
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There are no restrictions on the availability of the data. lllumina RNA-seq raw reads have been uploaded in fastq format to NCBI Sequence Read Archive under
BioProject PRINA1169657 (https://www.ncbi.nlm.nih.gov/sra/PRINA1169657). All reported gene sequences were deposited to NCBI Genbank under the accession
numbers listed in Supplementary Table 2: AsDGD1 (PQ363556), AsDGD2 (PQ363557), AsDOMT1 (PQ363558), AsDOMT2 (PQ363559), AsDOMT3 (PQ363560),
AsDOMT4 (PQ363561), AsDOMTS (PQ363562), AsDOMT6 (PQ363563), AsDOMT7 (PQ363564), AsDPOMT1 (PQ363565), AsSDPOMT2 (PQ363566), AsDR1
(PQ363567), AsDR2 (PQ363568), AsS6DGD (PQ363569), CiDE (PQ363570), CIDGD (PQ363571), CIDOMT1 (PQ363572), CIDOMT2 (PQ363573), CIDPOMT (PQ363574),
CiDR1 (PQ363575), CiDR2 (PQ363576), CilpS (PQ363577), CiS6DGD (PQ363578). Source data are provided with this paper. Sequences to construct phylogenetic
trees were retrieved from public databases (https://blast.ncbi.nlm.nih.gov/Blast.cgi; https://db.cngb.org/onekp/); accession numbers and amino acid sequence are
listed in Supplementary Dataset 1.
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Sample size Prior determination of sample size is not applicable to this study. Nicotiana benthamiana pathway reconstitution experiments were done on
three independent biological replicates which is standard for this type of experiments. Metabolite profiling by LC-MS analysis of Alangium
salviifolium and Carapichea ipecacuanha was done on three biological replicates which is standard. RNA-seq was performed on one replicate
which is sufficient for gene discovery as no statistics were applied. These standard sample sizes were similar as in other published studies for
example https://www.nature.com/articles/s41586-022-04950-4.

Data exclusions  No data was excluded from the analyses.

Replication Details about biological replicates are provided in the figure legends. Pathway reconstitution experiments were conducted on three biological
replicates that correspond to three independent individual plants. All attempts of replication were successful.

Randomization  The order of all LC-MS samples was randomized prior to the runs. For pathway reconstitution Nicotinana benthamiana three biological
replicates (=three independent individual plants) were used. Of each individual plant the youngest fully expanded leaf was used. Plants were
grown in randomized order. Experiments were successfully repeated on other days. For other types of experiments of this study
randomization is not relevant.

Blinding Blinding was not relevant for this study; characterization of pathway genes and enzymes requires insight into the experimental conditions and
characteristics of the samples.
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Seed stocks

Novel plant genotypes

Authentication

Nicotiana benthamiana seeds were obtained from seed stocks maintained by the greenhouse team at Max Planck Institute for
Chemical Ecology, Jena. All other plants were obtained as plantlets, no seed stocks were obtained.

No stable transformation was carried out. Heterologous overexpression in N. benthamiana was done transiently through leaf
agroinfiltration as described in the methods paragraph "A. tumefaciens mediated transient expression in N. benthamiana".

Transient transformation of N. benthamiana through leaf agroinfiltration was done as described in the methods paragraph "A.
tumefaciens mediated transient expression in N. benthamiana". No stable transformation was carried out.
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