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Fig. S1. GC-MS analysis of Nepeta cataria tissues.
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Fig. S2. GC-MS analysis of Nepeta mussinii tissues.
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Fig. S3. GC-MS analysis of Hyssopus officinalis tissues.
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N. mussinii N. cataria
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Fig. S4. Nepetalactone content of Nepeta tissues. Analysis conducted by GC-MS analysis, with
the total ion chromatograms (TICs) depicted. Pink peak: cis-trans-nepetalactone; green peak:
trans-cis-nepetalactone; lilac peak: cis-cis-nepetalactone.
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Fig. S5. LC-MS analysis of N. cataria tissues.Untargeted tandem mass LC-MS (-ESI) analysis
of N. cataria tissues resulted in the tentative identification of an iridoid glucoside 1,5,9-epi-
deoxylaoganic acid (D; highlighted in grey). The MS/MS spectra of peak K (m/z 359) was
different from that of D and observed to be of a typical flavonoid glucoside. Chromatograms are
total ion chromatograms (TICs).
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Fig. S6. LC-MS analysis of N. mussinii tissues.Untargeted tandem mass LC-MS (-ESI)
analysis of N. mussinii tissues resulted in the tentative identification of two iridoid glucosides
(highlighted in grey), 2-O-methyl-1,5,9-epi-deoxyloganic acid (C) and 1,5,9-epi-deoxyloganic
acid (F). MS/MS spectra of C and F were similar to N. cataria compound D (fig. S5). An isomer
of the N. cataria flavonoid glucoside K (Fig S5) was tentatively observed in peak L with similar
MS/MS spectra. Chromatograms are total ion chromatograms (TICs).
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Fig. S7. LC-MS analysis of H. officinalis tissues.Untargeted tandem mass LC-MS (-ESI)
analysis of H. officinalis tissues failed to identify any iridoid glucosides. MS/MS spectra of peak
U (m/z 359) was observed as a flavonoid glucoside with similar MS/MS to N. cataria peak K
(Fig. S5), and N. mussinii peak L (Fig. S6). Chromatograms are total ion chromatograms (TICs).
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Fig. S10. 8-Hydroxygeraniol oxidoreductase A (HGOA) phylogeny. Lamiaceae sequences in
bold; assayed sequences underlined. Sequences obtained by orthogroup analysis (OG0003405)
and supplemented with sequences from the genomes. Catharanthus roseus HGOA has
previously been functionally characterised. Tree inference with iQTree. Support values are SH-
aLRT support (%) / ultrafast bootstrap support (%). Outgroups is a sequence from Selaginella
moellendorffii. Active HGOA genes in Nepeta are orthologous to the C. roseus gene
(CRO_T107879). Species acronyms can be found in Table S5.
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Self-organizing map of entire tissue atlas gene expression with iridoid related genes highlighted.
Each circle contains a group of genes with very similar expression patterns; these circles are
organised into clusters (separated by black lines) with somewhat similar expression patterns.
Most of the selected biosynthetic genes are enriched within the same cluster (p < 1.8x10).



SISY g14138 I 8
sGES g13037 6
GES-like g14013

NEPS1 g28058

(L+W>id=)Boj

NEPS4 g28057 2

NEPS2 g11322

G8H-like3 g16502

- G8H-like1 g16501

G8H-like2 g23440

P5@R g14139

MLPL1 g19207

NEPS5 g19208

G8H g16504

ISY g19210

GES g19203

HGOA 922133

100y
weig
ajonad

Q E) o =
@ 3 @ 5
I 3
2 = = 3
=3 @ @
5 T % 2

Z

NEPS1 and NEPS4:
present on genome
but not expressed

NEPS3 absent from genome

Fig. S12. Expression of iridoid related genes in N. mussinii. (A) Tissue specific gene
expression patterns of selected iridoid related genes and homologs, hierarchically clustered (B)
Self-organizing map of entire tissue atlas gene expression with iridoid related genes highlighted.
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Fig. S18. Enzymatic formation of cis-cis-nepetalactone. (A) Coupled assays with 8-
oxogeranial, ISY and NEPS from Nepeta mussinii and N. cataria. Standards can be found in fig.
S16. Assays were performed independently three times with similar outcomes. Total ion
chromatograms (TICs) depicted. (B) Electron impact (EI) spectrum for cis-cis-nepetalactol
product from N. mussinii ISY + NEPS3 (4 uM) (starred peak). (C) EI spectrum for cis-cis-
nepetalactone product from N. mussinii ISY + NEPS3 + NEPS1 (peak label °).
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S16. Assays were performed independently three times with similar outcomes. (B) Electron
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NEPS4 (4 uM) + NEPS1 (peak label °). (D) Compound peak areas relative to an internal
standard for N. mussinii enzyme assays. Data points are means of 4 independent measurements
and show standard errors.



A 0.5 mM 80G o] OH OH o

250 nM ISY | B spont Z l'_'i 2 r_i

1 mM NADPH == (Q ISY.NADPH o MLPL T\Q  NEPSSorNEPS1 =g

5 mM WA = l e ! (NEPS1) N T N
2 4M NEPSIMLPL Neres, - E

0.1 MMOPS pH 7.5

80G cis-trans cis-trans
nepetalactol nepetalactone
N. mussinii N. cataria
N No NAD' ] No NAD®
o8 28
&
- ,\_ O: _A_'l M " h
T T T T T T T T T T T T
1 12 13 14 15 16 1 12 13 14 15 16
ISY / time (min) ISYA / time (min}
o
[3=1
o of
’ % M 3 ‘k s
! T T T s P T S 11 S 12 ) 4 15 16
" 12 L — Hlmt;(‘mm) 13 . ISYA + NEPS1 /time (min)
= o]
g 4 M S
N A o T :
¥ T

13 14 13 a
ISY + NEPS2 /time (min) ISYA + NEPS2 /time (min)

T I D

15909

TIC

TIC
1109009

T
T T T T T 11 12 13 14 15 16
" 12 13 14 15 16 i
ISY + NEPS5 /time (min) ISYA + NEPSS5 / time (min)
*

= ]
o H o8]
Fad '_‘C,!,_

; T T T T

1 12 15 16 11 p

13 14 13 )
ISY + NEPSS5 + MLPL / time (min) ISYA + NEPS5 + MLPLA [ time (min)

3084 b 12000 [k
T
L s00 1z

13 4
ISYA + NEPSS + MLPLB { time (min)

TIC
10909

T T
15 16

Intensity [%]

Intensity

1.0E4 4

60.0 80.0 1000 1200 1400 160.0 180.0
m/z
C 5, _ oo
15 @
g 5 84 0.06
86 1 sC
&g - 5004
o® 25
E8o0s o 5002
3s 23
gz, | M B R 1 -
8~ cis-trans-iridodial 1 cls-tran cis-trans-r H cis-cis-nepetalactone  trans-cis-nepetalactone
o
@ISY @ISY+MLPL @ISY+NEPSS OISY+NEPS5+MLPL @ISY+NEPS5 BISY+NEPS5+MLPL

Fig. S20. Enzymatic formation of cis-trans-nepetalactone. (A) Coupled assays with 8-
oxogeranial, ISY and NEPS from Nepeta mussinii and N. cataria. Standards can be found
in fig. S16. Assays were performed independently three times with similar outcomes. Total
ion chromatograms (TICs) depicted. (B) Electron impact (EI) spectrum for cis-trans-
nepetalactone product from N. mussinii ISY + MLPL + NEPS5 (starred peak). (C)
Compound peak areas relative to an internal standard for N. mussinii enzyme assays. Data
points are means of three independent measurements and show standard errors. For
ISY+NEPS5 reactions, addition of MLPL slightly increases cis-trans-nepetalactone, and



reduces other nepetalactone isomers, indicating it promotes cis-trans-nepetalactone at the
expense of other isomers.
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Fig. S21 NEPS5, MLPL and cis-trans-nepetalactone correlation in N. mussinii. (A)
Expression of NEPS5 and MLPL genes compared to cis-trans-nepetalactone ratios in plant.
Straight lines are linear models. Spearman’s rank correlation results are inset. MLPL and NEPS5
expression levels are positively correlated with cis-trans-nepetalactone ratios, though the
correlation is greater and more significant for MLPL. (B) Correlation between NEPS5 and MLPL
gene expression. Straight line is linear model. Spearman’s rank correlation result is inset: the
expression of the two genes are very significantly positively correlated. Overall this figure
indicates that MLPL, NEPS5 and cis-trans-nepetalactone accumulation are significantly
correlated.
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Fig. S22. Sequence alignment of PRISE genes from Nepeta and hyssop. Continued on next

page.
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Fig. S22. Sequence alignment of PRISE genes from Nepeta and hyssop. Codon alignment of
PRISE genes from Nepeta and hyssop. The delta (A) represents the N-terminal truncation for
recombinant proteins. The NcSISY pseudogenes were absent from phylogenetic analyses as they
destabilized the tree topology. With the exception of the ancestral genes, and SISYs which could
not be cloned, all sequences here are the cloned sequence verified genes used in assays. The
phylogenies (figs. S15 and S23) were constructed with genomic sequences from hyssop. The
boxed codon in Anc3 shows the location of the equivocal TTG-TTC (see methods for details)
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Fig. S23. Phylogeny of sub-sampled PRISE enzyme family. Tree phylogeny recalculated to
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Lamiaceae most recent common ancestor (MRCA) node labelled. The NEPS clade is highlighted
in red. Species acronyms can be found in Table S5.
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Fig. S26. Species chronogram. Divergence times (millions of years ago, Mya) were estimated
assuming a relaxed molecular clock, as implemented in treePL with a penalized likelihood
approach. Shown here is a summary of estimated ages from 100 dated bootstrap trees, with blue
bars showing 95% confidence intervals. Open red circles denote nodes with age calibrations and
an open blue circle indicates the confidence interval extracted for use as a secondary calibration
in the PRISE and NEPS divergence times analyses. Subfamilial classifications for all species are
color coded according to the key provided, and tribal and subtribal are indicated for Nepetoideae
(75, 76).
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Fig. S27. Chronogram of Progesterone 5f-reductase/iridoid synthase (PRISE) evolution.
Divergence times (millions of years ago, Mya) were estimated assuming a relaxed molecular
clock, as implemented in treePL with a penalized likelihood approach. Shown here is a summary
of estimated ages from 1000 dated bootstrap trees, with blue bars showing 95% confidence
intervals. Red circles denote calibrated nodes. Species acronyms can be found in Table S5.
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Fig. S28. Chronogram of NEPS and NEPS-like evolution. Divergence times (millions of
years ago, Mya) were estimated assuming a relaxed molecular clock, as implemented in treePL
with a penalized likelihood approach. Shown here is a summary of estimated ages from 1000

dated bootstrap trees, with blue bars showing 95% confidence intervals. Red circles denote
calibrated nodes. Species acronyms can be found in Table S5.



Table S1. Libraries used in assembly and annotation of H. officinalis and N. cataria

Library ID Library T LRea(tjh Type of Library = a1 Read Bioproject Bi !
ibrary ibrary Type e(l;g Sequencing  Size (bp) otal Reads ioprojec iosample

Hyssopus officinalis

HYS_AA Whole genome sequencing 150 Paired end 362 92,937,185 PRJINA529676 SAMN11466421
HYS_AF Mate pair 2kb 150 Paired end 778 39,475,350 PRJINA529676  SAMN11466421
HYS_AH Mate pair 4kb 150 Paired end 594 50,761,467 PRJINA529676  SAMN11466421
HYS_Al Mate pair 6kb 150 Paired end 548 50,176,401 PRJINA529676 SAMN11466421
HAY_AJ Mate pair 10kb 150 Paired end 570 44,717,692 PRJINA529676 SAMN11466421
HYS_AB_Runl Pacific Biosciences Selection >20kb - - - 3.4Gb PRJINA529676  SAMN11467189
HYS_AB_Run2  Pacific Biosciences Selection >15kb - - - 6Gb PRJINA529676  SAMN11467189
MINT_FM RNAseq: closed flower buds 150 Paired end 252 40,282,518 PRINA529676  SAMN11466428
MINT_FH RNAseq: immature leaf 150 Paired end 259 42,372,404 PRINA529676  SAMN11466423
MINT_FG RNAseq: mature leaf 150 Paired end 264 43,763,710 PRINA529676  SAMN11466422
MINT_FL RNAseq: open flower buds 150 Paired end 250 42,485,284 PRINA529676  SAMN11466427
MINT_FJ RNAseq: petiole 150 Paired end 263 42,850,202 PRINA529676  SAMN11466425
MINT_FK RNAseq: root 150 Paired end 254 52,057,979 PRINA529676  SAMN11466426
MINT_FlI RNAseq: stem 150 Paired end 257 44,804,481 PRJINA529676 SAMN11466424
Nepeta cataria

MINT_EK Whole genome sequencing 150 Paired end 385 78,581,091 PRJINA359989 SAMNO06200307
MINT_EL Whole genome sequencing 150 Paired end 388 104,966,807 PRJINA557218 SAMN12391618
MINT_EB Mate pair 4kb 150 Paired end 607 39,971,767 PRJINA557218 SAMN12391618
MINT_EC Mate pair 7kb 150 Paired end 595 44,574,956 PRJINA557218 SAMN12391618
MINT_ED Mate pair 10kb 150 Paired end 632 43,738,395 PRINA557218 SAMN12391618
MINT_EN RNAseq: closed flower buds 150 Paired end 290 29,523,126 PRINA529674  SAMN11475949
MINT_EO RNAseq: immature leaf 150 Paired end 349 30,998,008 PRINA529674  SAMN11475950
MINT_EP RNAseq: mature leaf 150 Paired end 332 31,767,798 PRINA529674 SAMN11475951
MINT_EQ RNAseq: open flowers 150 Paired end 240 27,980,687 PRINA529674  SAMN11475952
MINT_ER RNAseq: petiole 150 Paired end 291 39,296,506 PRINA529674  SAMN11475953
MINT_ES RNAseq: root 150 Paired end 362 38,808,562 PRJINA529674  SAMN11475954
MINT_ET RNAseq: stem 150 Paired end 302 39,126,095 PRJINA529674  SAMN11475955




Table S2. Libraries used in assembly and annotation of N. mussinii

Library ID Library Type Ler?getﬁoént) Se-lt-qnpeengifng Sli_zlzr?t%) Total Reads Bioproject Biosample

Nepeta mussinii (reference genotype)

MINT_EI Whole genome sequencing 150 Paired end 381 42,485,828 PRJINA359989 SAMNO06200308
MINT_EJ Whole genome sequencing 150 Paired end 367 49,147,531 PRJINA557218 SAMN12391619
MINT_CI Whole genome sequencing 150 Paired end 387 15,987,403 PRJNA359989 SAMN06200308
MINT_EE Mate pair 2kb 150 Paired end 631 46,999,157 PRJINA5S57218 SAMN12391619
MINT_EF Mate pair 4kb 150 Paired end 616 37,746,807 PRJINA557218 SAMN12391619
MINT_EG Mate pair 7kb 150 Paired end 578 46,191,916 PRJINA5S57218 SAMN12391619
MINT_EH Mate pair 10kb 150 Paired end 575 51,733,959 PRJINA557218 SAMN12391619
MINT_EU RNAseq: closed flower buds 150 Paired end 274 28,507,931 PRJINA529674 SAMN11475956
MINT_EV RNAseq: immature leaf 150 Paired end 311 32,035,293 PRJINA529674 SAMN11475957
MINT_EW RNAseq: mature leaf 150 Paired end 325 35,098,168 PRJINA529674 SAMN11475958
MINT_EX RNAseq: open flowers 150 Paired end 325 36,437,355 PRJINA529674 SAMN11475959
MINT_EY RNAseq: petiole 150 Paired end 339 39,058,249 PRJINA529674 SAMN11475960
MINT_EZ RNAseq: root 150 Paired end 326 41,021,013 PRJINA529674 SAMN11475961
MINT_FA RNAseq: stem 150 Paired end 310 36,866,609 PRJINA529674 SAMN11475962




Table S3. Genome assembly and quality assessment metrics

Hyssopus officinalis

Nepeta cataria

Nepeta mussinii

Assembly metrics

N50 scaffold Size (bp)

Total Assembly Size (bp)
Number of Scaffolds
Maximum Scaffold Length (bp)
Minimum Scaffold Length (bp)

BUSCO metrics
C - Complete BUSCOs
S - Complete and single-copy BUSCOs
D - Complete and duplicated BUSCOs
F - Fragmented BUSCOs
M - Missing BUSCOs

Total BUSCOs

29,954,448
341,469,530
1,464
50,735,408
895

1316 (91.4%)
1245 (86.5%)
71 (4.9%)
33 (2.3%)
91 (6.3%)
1440

296,091
494,912,498
7,710
2,006,709
897

1316 (91.4%)
408 (28.3%)
908 (63.1%)
25 (1.7%)
99 (6.9%)
1440

503,797
233,432,308
3,615
4,040,511
891

1299 (90.2%)
1199 (83.3%)
100 (6.9%)
43 (3.0%)
98 (6.8%)
1440




Table S4. Genome annotation metrics.

Hyssopus officinalis

Nepeta cataria

Nepeta mussinii

High High High
Working Confidence Working Confidence Working Confidence
Models Models Models Models Models Models
Number of Gene Models 61,330 50,669 87,501 78,876 47,924 42,887
Number of Loci 40,752 30,421 54,395 46,187 30,147 25,403
Maximum Transcript Length (bp) 17,511 17,511 16,296 15,707 16,657 15,706
Maximum CDS Length (bp) 17,511 17,511 16,158 15,210 16,233 15,210
Average Transcript Length (bp) 1,597.3 1,819.4 1,730.0 1,841.0 1,802.3 1,920.3
Average CDS Length (bp) 1,162.3 1,299.9 1,251.3 1,319.6 1,280.9 1,350.6
Average Exon Length (bp) 293.5 297.0 283.2 285.9 299.3 302.2
Average Intron Length (bp) 335.7 326.0 352.0 346.2 340.6 335.5
Single Exon Transcripts 22,650 14,268 20,292 16,162 12,370 9,696




Table S5. Species acronyms and sequence origins. Acronyms of species used in phylogenetic

analyses, and origins of sequence data. Sequences labelled “Mint Genome Project” sequences are

those reported in (Mint Evolutionary Genomics Consortium, 2019 (7)).

Acronym Taxon Origin
AGFO Agastache foeniculum (Pursh) Kuntze Mint Genome Project
AJRE Ajuga reptans L. Mint Genome Project
AmTr Amborella trichopoda Baill. Mint Genome Project (Phytozome)
Am Antirrhinum majus L. NCBI/EBI GenBank
At Arabidopsis thaliana(L.) Heynh. NCBI/EBI GenBank
AUPE Aureolaria pectinata (Nutt.) Pennell Mint Genome Project
BAPS Ballota pseudodictamnus (L.) Benth. Mint Genome Project
BEOF Betonica officinalis L. Mint Genome Project
[syn. Stachys officinalis (L.) Trevis.]
CAAM Callicarpa americana L. Mint Genome Project
Cr Catharanthus roseus (L.) G.Don Mint Genome Project (Medicinal Plant
Genomics Resource)
CLBU Clerodendrum bungei Steud. Mint Genome Project
COCA Collinsonia canadensis L. Mint Genome Project
COTO Congea tomentosa Roxb. Mint Genome Project
COPY Cornutia pyramidata L. Mint Genome Project
ERGU Erythranthe guttata (DC.) G.L. Nesom NCBI/EBI GenBank
[syn. Mimulus guttatus DC. ]
GLHE Glechoma hederacea L. Mint Genome Project
GMPH Gmelina philippensis Cham. Mint Genome Project
HOSA Holmskioldia sanguinea Retz. Mint Genome Project
HYSU Hyptis suaveolens (L.) Poit. Mint Genome Project
HYOF Hyssopus officinalis L. This work
ISRU Isodon rubescens (Hemsl.) H.Hara NCBI/EB SRA
JURE Juglans regia L. NCBI/EBI GenBank
LAAL Lamium album L. Mint Genome Project
LATI Lancea tibetica Hook.f. & Thomson Mint Genome Project
LAAN Lavandula angustifolia Mill. Mint Genome Project
LELE Leonotis leonurus (L.) R.Br. Mint Genome Project
LECA Leonurus cardiaca L. Mint Genome Project
LYAM Lycopus americanus Muhl. ex Mint Genome Project
W.P.C.Barton
MAVU Marrubium vulgare L. Mint Genome Project
MEOF Melissa officinalis L. Mint Genome Project
MEPI Mentha x piperita L. Mint Genome Project
MEAQ Mentha aquatica L. Mint Genomics Resource (Lange lab)
MELO Mentha longifolia (L.) L. Mint Genomics Resource (Lange lab) (77)
MESP Mentha spicata L. Mint Genome Project
MEPI_B Mentha x piperita L. Mint Genomics Resource (Lange lab)
Mp Mentha x piperita L. NCBI/EBI GenBank
MODI Monarda didyma L. Mint Genome Project




Table S5. Continued.

Acronym Taxon Origin
NECA Nepeta cataria L. This work
NEMU Nepeta mussinii Spreng. ex Henckel. This work
OCAM Ocimum americanum L. NCBI/EB SRA
OCBA Ocimum basilicum L. Mint Genome Project
OCTE Ocimum tenuiflorum L. NCBI/EB SRA

Oe Olea europaea L. NCBI/EBI GenBank
ORMA Origanum majorana L. Mint Genome Project
ORVU Origanum vulgare L. Mint Genome Project
PATO Paulownia tomentosa (Thunb.) Steud. Mint Genome Project
PEFR Perilla frutescens (L.) Britton Mint Genome Project
PEAT Perovskia atriplicifolia Benth. Mint Genome Project
PEBA Petraeovitex bambusetorum King & Mint Genome Project

Gamble
PEVO Petrea volubilis L. Mint Genome Project
PHFR Phlomis fruticosa L. Mint Genome Project
PHPU Phlomis purpurea L. NCBI/EB SRA
Pp Physcomitrella patens (Hedw.) Bruch & Mint Genome Project (Phytozome)
Schimp.

Pm Plantago major L. NCBI/EBI GenBank
PLBA Plectranthus barbatus Andrews Mint Genome Project
POCA Pogostemon cablin (Blanco) Benth. Mint Genome Project
PRMI Premna microphylla Turcz. Mint Genome Project
PRLA Prostanthera lasianthos Labill. Mint Genome Project
PRVU Prunella vulgaris L. Mint Genome Project

Ro Rosmarinus officinalis L. NCBI/EBI GenBank
ROOF Rosmarinus officinalis L. Mint Genome Project
ROMY Rotheca myricoides (Hochst.) Steane & Mint Genome Project

Mabb.
SAHI Salvia hispanica L. Mint Genome Project
SAMI Salvia miltiorrhiza Bunge NCBI/EB SRA (78)
SAOF Salvia officinalis L. Mint Genome Project
SASC Salvia sclarea L. NCBI/EB SRA
SCBA Scutellaria baicalensis Georgi Mint Genome Project

Sm Selaginella moellendorffii Hieron. Mint Genome Project (Phytozome)
SEIN Sesamum indicum L. NCBI/EBI GenBank
TEGR Tectona grandis L.f. Mint Genome Project (41)
TECA Teucrium canadense L. Mint Genome Project

Ts Thymus serpyllum L. NCBI/EBI GenBank
THVU Thymus vulgaris L. Mint Genome Project

Tv Thymus vulgaris L. NCBI/EBI GenBank

Tc Thymus x citriodorus (Pers.) Schreb. NCBI/EBI GenBank
VIAG Vitex agnus-castus L. Mint Genome Project
WEFR Westringia fruticosa (Willd.) Druce Mint Genome Project




Table S6. Libraries used in Nepeta mussinii diversity panel

Read T f Library
Library ID Library Type Length S ype o Size Total Reads Bioproject Biosample
equencing
(nt) (bp)
Nepeta mussinii Diversity Panel
NEP_AF RNAseq: young leaf replicate A, plant B1B 50 Single end 301 30,482,538 PRJINA557218  SAMN12391686
NEP_AG RNAseq: young leaf replicate B, plant B1B 50 Single end 339 36,076,107 PRJINA5G57218 SAMN12391686
NEP_AH RNAseq: young leaf replicate C, plant B1B 50 Single end 247 35,574,798 PRJNA5L57218 SAMN12391686
NEP_AI RNAseq: young leaf replicate A, plant B1C 50 Single end 282 45,257,016 PRJINA5G57218 SAMN12391687
NEP_AJ RNAseq: young leaf replicate B, plant B1C 50 Single end 301 53,673,445 PRJNA5L57218 SAMN12391687
NEP_AK RNAseq: young leaf replicate C, plant B1C 50 Single end 281 42,400,576 PRJNA5L57218 SAMN12391687
NEP_AL RNAseq: young leaf replicate A, plant B1E 50 Single end 317 25,879,664 PRJINA5G57218 SAMN12391688
NEP_AM  RNAseq: young leaf replicate B, plant B1E 50 Single end 275 33,983,367 PRJINA557218 SAMN12391688
NEP_AN RNAseq: young leaf replicate C, plant B1E 50 Single end 281 38,554,164 PRJINA557218 SAMN12391688
NEP_BA  RNAseq: young leaf replicate A, plant 5 50 Single end 278 31,832,160 PRJINA557218 SAMN12391689
NEP_BB RNAseq: young leaf replicate B, plant 5 50 Single end 277 46,535,207 PRJINA557218 SAMN12391689
NEP_BC  RNAseq: young leaf replicate C, plant 5 50 Single end 283 29,930,382 PRJINA557218  SAMN12391689
NEP_BD  RNAseq: young leaf replicate A, plant 7 50 Single end 291 44,028,302 PRJINA557218 SAMN12391690
NEP_BE RNAseq: young leaf replicate B, plant 7 50 Single end 270 33,053,357 PRJINA557218 SAMN12391690
NEP_BF RNAseq: young leaf replicate C, plant 7 50 Single end 291 33,222,611 PRJINA557218 SAMN12391690
MINT_EU* RNAseq: closed flower buds 150 Paired end 274 28,507,931 PRINA529674  SAMN11475956
MINT_EV*  RNAseq: immature leaf 150 Paired end 311 32,035,293 PRINA529674  SAMN11475957
MINT_EW* RNAseq: mature leaf 150 Paired end 325 35,098,168 PRINA529674  SAMN11475958
MINT_EX* RNAseq: open flowers 150 Paired end 325 36,437,355 PRJINA529674  SAMN11475959
MINT_EY* RNAseq: petiole 150 Paired end 339 39,058,249 PRJINA529674  SAMN11475960
MINT_EZ* RNAseq: root 150 Paired end 326 41,021,013 PRJINA529674 SAMN11475961
MINT_FA* RNAseq: stem 150 Paired end 310 36,866,609 PRJINA529674  SAMN11475962

*Read 1 was clipped to 50bp for use in comparison with diversity panel data




Table S7. P5R locus synteny. Synteny between H. officinalis (ho), N. cataria (nc), and N.
mussinii (nm) at the P5SR locus. Syntenic region identified using MCScanX; only a portion of
the syntenic block is shown. The synteny between SISYs and P55Rs was adjusted manually
based on phylogenetic relationships. The SISY genes are in bold; the P5BR genes are underlined.
The N. cataria SISYB pseudogene was identified using blast/homology but does not have a gene
model name. Hyssop P5SRB may be syntenic to either Nepeta SISYs or P5SRs.

nc_g2187.t1 (P5BRA)

nc_g3323.t1 (P5BRA)

nm_g14139.t1 (P58R)

nc_g2188.t1 nc_g3322.t1 nm_g14140.t1 ho_g31860.t1
nc_g2189.t1 nc_g3319.t1 nm_g14142.t1 ho_g31862.t11
nc_g2190.t1 nc_g3318.t1 nm_gl14143.t1 ho_g31871.t1
nc_g2191.t1 nc_g3317.t1 nm_g14144.t1 ho_g31873.t11
nc_g2192.t1 nc_g3315.t1 || ho_g31874.t1
nc_g2193.t1 || nm_gl14145.t1 |

nc_g2194.t1 || || |

nc_g2196.t1 nc_g3314.t1 nm_g14148.11 ho_g31877.t11
nc_g2197.t1 nc_g3312.t1 nm_g14150.t1_g14151.t1 ho_g31880.t1.
nc_g2198.t1 nc_g3311.t1. nm_g14152.t1 ho_g31881.t11

nc7 ncl2 nme64 ho8
nc_g2176.t1 nc_g3337.t1 nm_gl14127.t1_g14128.t1
nc_g2177.t1 nc_g3336.t1 nm_g14129.t11
nc_g2178.t1 nc_g3335.t1 nm_g14130.t1 ho_g31829.t11
nc_g2179.t1 || || |
nc_g2180.t1 nc_g3334.t1 nm_g14131.t1 |
nc_g2181.t1 nc_g3333.t1 nm_gl14132.t1 |
nc_g2182.t1 nc_g3330.t1 nm_g14133.t1 |
nc_g2183.t1 nc_g3329.t1 nm_gl4134.t1 |
nc_g2184.tl nc_g3327.t1 nm_g14136.t1 |
nc_g2185.t1 nc_g3326.t1 nm_gl14137.t1 |
nc_g2186.t1 (SISYA) (SISYB) nm_g14138.t1 (SISY) |

ho g31854.t1 (P5BRB)




Table S8. Kinetic analysis of iridoid synthase (ISY) reaction for selected PRISE enzymes.
Initial rates were obtained by measuring reduction of 8-oxogeranial through depletion of
NADPH (absorbance at 340 nm). Rates at 1.5625, 3.125, 6.25, 12.5, 25, 50 or 100 uM 8-
oxogeranial were measured. Michaelis-Menten or substrate inhibition models were fit to initial
rate data; estimated parameters and associated significance (p-value) is presented.

Enzyme et () p Ko (M) p K (M) P | ity | 0 | ELom
Ancl 0.155 + 0.008 <0.001 25 + 06 <0.001 62.0 22 25 or 100
Anc2 0.079 + 0.004 <0.001 07 =+ 03 0.032 113 24 200

NmP5BR 0.0075 + 0.0004 <0.001 19 + 05 0.0015 3.95 32 250 or 300
Anc3 1.00 =+ 0.07 <0.001 09 =+ 04 0.047 229 + 86 0.016 1110 21 10

NmSISY 0.277 + 0.015 <0.001 36 + 08 <0.001 76.9 32 50

NmISY 350 =+ 048 <0.001 21 + 1.0 0.05 77+ 28 0.01 1670 26 10




Table S9. Positive selection analysis of PRISE genes.

Selection analysis conducted with codeml software using subsampled PRISE tree. Tree and
branch annotations can be found on fig. S23. The M0 model was used to select codon model via
Bayesian information criterion (BIC), using number of informative codon patterns as n (376).
The branch-site model MA was used to test for positive selection on selected branches. P-values
were calculated using the ¥? distribution and adjusted with Benjamini-Hochberg multiple test

correction.
Model Codon model  Branch InL df BIC 2AInL p p-corrected
MO equal NA -23324.59 167 47639.41
MO F1X4+F NA -23471.90 167 47934.05
MO F1X4 NA -23302.31 170 47612.64
MO F3X4+F NA -23483.61 167 47957.45
MO F3X4 NA -23192.69 176 47428.99
MO Fcodon+F NA -23696.63 167 48383.51
MO Fcodon NA -23059.02 227 47464.06
MO fMutSelO+F NA -23117.37 170 47242.77
MO fMutSel0 NA -23094.45 189  47309.59
MO fMutSel+F NA -23005.95 170 47019.93
MO fMutSel NA -22903.77 230 47171.35
MA_HO fMutSel+F c -22455.28 172 45930.45
MA H1 fMutSel+F c -22451.25 173 45928.32 8.06 0.00453 0.023
MA_HO fMutSel+F a -22460.71 172 45941.3
MA_ H1 fMutSel+F a -22460.71 173 45947.23 0.00 1 1
MA_HO fMutSel+F b -22460.71 172 45941.3
MA_ H1 fMutSel+F b -22459.85 173 45945.52 1.71 0.1908 0.318
MA_HO fMutSel+F e -22459.65 172 45939.2
MA_ H1 fMutSel+F e -22458.11 173 45942.04 3.09 0.0788 0.197
MA_HO fMutSel+F d -22458.68 172 45937.25
MA_ H1 fMutSel+F d -22458.68 173 45943.18 0.00 1 1




Table S10. GES locus synteny. Synteny between H. officinalis (ho), N. cataria (nc), and N.
mussinii (nm) at the geraniol synthase (GES) locus. Syntenic region identified using MCScanX;
only a portion of the syntenic block is shown. The GES genes are in bold. The N. mussinii SGES
(913037) is a pseudogene, whilst the active GES is in the NEPS locus (Fig. 3A).

ncl nc238 nmb54 ho9
nc_g409.t1 nc_g26145.t1 nm_g13049.11 ho_g33517.t1
nc_g410.t1 nc_g26144.t1 nm_g13048.t1 ho_g33510.t1
nc_g41l.tl nc_g26143.t1 nm_g13047.t11 ho_g33509.t1
nc_g412.t1 g413.t1 nc_g26141.t1 nm_g13046.t1 ho_g33508.t1
nc_g414.t1 nc_g26140.t1 || ho_g33506.t1
nc_g415.t1 nc_g26139.t1 || ho_g33505.t1
nc_g416.t1 [ nm_g13044.11 ho_g33504.t1
nc_g417.t1 [ nm_g13043.11 ho_g33503.t1
nc_g418.tl [ nm_g13042.t1 ho_g33502.t1
nc_g419.tl | | ] |
nc_g420.t1 [ nm_g13041.t1 ho_g33500.t1
nc_g421.t1 nc_g26134.t1 nm_g13038.t1 ho_g33497.t11
nc_g422.t1 [ || [
nc_g424.t1 [ || [
nc_g426.t1 (GESB) nc_g26133.t1 (GESA) nm_g13037.t1 (SGES) ho_g33496.t1 (GES)
nc_g427.t1 nc_g26131.t1 nm_g13036.t1 ho_g33494.t1
nc_g428.t1 [ || [
nc_g429.t1 nc_g26128.t1 || [
nc_g430.t1 [ || ho_g33491.t11
nc_g431.tl nc_g26127.t1 || ho_g33489.t1
nc_g432.t1_g433.t1 nc_g26126.t1 nm_g13034.t1 ho_g33488.t12
nc_g434.t1 nc_g26124.t1 nm_g13033.t1 ho_g33487.t1
nc_g435.t1 nc_g26123.t1 nm_g13032.t1 ho_g33486.t1
nc_g436.t1 nc_g26122.t1 nm_g13031.t11 ho_g33481.t1
nc_g437.tl nc_temp_model 24.2.5b2 nm_g13030.t1 ho_g33480.t1

d6aea
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