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Sl 1: List of EOs (n = 175) used in this study, indicating the different EO subsets used for the robustness check. The EO-
subsets are (A) EOs of conventional cultivation (n=101), (B) EOs of certified-organic cultivation (n=74), and (C) all EOs of
conventional cultivation, complemented with those EOs of certified-organic cultivation that originated from other plant species, the
same plant species but from other plant parts, or the same plant species but a different chemotype (n=141). AP = aerial parts;
AP-S = aerial parts - seeds; B = bark; BB = berry branches; F = fruits; FB = flower buds; FL = flowers; FT = flowering tops; H =
herbs; L = leaves; LT = leafy twigs; N = needles; O = oleoresin; P = peels; R = roots; RH = rhizome; T = twigs; T + B = twigs +
bark; TF = twig flowers; W = wood. # = organic EO; ct = chemotype; ssp = subspecies; cv = cultivar; var = variety.

Plant species Part of Origin Lot EOin
plant number subset(s)

Abies alba N Balkans OF11341 AandC
Abies balsamea” N Canada OF11276 Band C
Abies sibirica N Siberia OF10586 AandC
Achillea millefolium FT Balkans OF10749 AandC
Ammi visnaga® S Morocco OF8569 BandC
Anethum graveolens F Ukraine OF8420 Aand C
Angelica archangelica R Slovenia OF1127 AandC
Apium graveolens F India OF10289 AandC
Artemisia dracunculus FT France OF10105 Aand C
Artemisia herba alba FT Morocco OF11480 Aand C
Cananga odorata extra FL Comoros OF10390 Aand C
Cananga odorata totum® FL Madagascar OF9867 B
Canarium luzonicum 0] Philippines OF9870 AandC
Carum carvi F Hungary 000027 AandC
Cedrelopsis grevei? W Madagascar OF9859 Band C
Cedrus atlantica w Morocco OF10992 Aand C
Cedrus atlantica® w Morocco OF10799 B
Cedrus deodara w India OF10214 AandC
Chamaemelum nobile FL France OF10863 Aand C
Chamaemelum nobile” FL Hungary OF11255 B
Cinnamomum camphora ct cineole” L Madagascar OF11065 Band C
Cinnamomum camphora ct linalool W China OF10369 AandC
Cinnamomum cassia T China OF10584 AandC
Cinnamomum cassia® T Vietham OF10588 B
Cinnamomum zeylanicum B Madagascar OF10850 Aand C
Cinnamomum zeylanicum L Madagascar OF9780 Aand C
Cinnamosma fragrans* L Madagascar OF10651 BandC
Cistus ladaniferus ct pinene® T Morocco OF10502 Band C
Citrus aurantifolia F Mexico OF10400 Aand C
Citrus aurantium ssp amara L Paraguay OF10467 AandC
Citrus aurantium ssp amara P Tunisia OF10404 AandC
Citrus aurantium ssp amara® FL Morocco OF10993 Band C
Citrus aurantium ssp amara® L Paraguay OF11484 B
Citrus aurantium ssp bergamia P Italy OF10862 AandC
Citrus aurantium ssp bergamia® P Italy OF11052 B
Citrus limon L Spain OF3114 AandC
Citrus limon P Spain OF11188 AandC




Plant species Ppa;gnctxf Origin nul;nol;er suigel'?(s)
Citrus limon* P Italy OF11178 B
Citrus paradisii P Argentina OF9436 AandC
Citrus paradisii® P South Africa OF9722 B
Citrus reticulata L Egypt OF9239 AandC
Citrus reticulata P Argentina OF3457 AandC
Citrus reticulata® P Brazil OF10644 B
Citrus sinensis P Brazil OF9238 Aand C
Citrus sinensis” P Mexico OF11321 B
Copaifera officinalis @] Brazil OF10996 AandC
Coriandrum sativum F Rusia OF11183 Aand C
Corydothymus capitatus FT Spain OF11481 AandC
Crithmum maritimum?® FT France OF9373 BandC
Cuminum cyminum F India OF9607 AandC
Cupressus sempervirens var stricta T France OF10218 AandC
Cupressus sempervirens var stricta® T France OF10846 B
Curcuma longa® R Madagascar OF10876 BandC
Cymbopogon citratus AP Guatemala OF10881 AandC
Cymbopogon flexuosus H India OF9994 Aand C
Cymbopogon giganteus” L Madagascar OF9770 BandC
Cymbopogon martinii var motia AP India OF10011 AandC
Cymbopogon martinii var motia® AP India OF9950 B
Cymbopogon nardus AP Sri Lanka OF2106 AandC
Cymbopogon winterianus AP Indonesia OF10851 AandC
Daucus carota var sativus F France OF11585 AandC
Daucus carota var sativus® AP France OF4113 Band C
Elettaria cardamomum F Guatemala OF12267 AandC
Eucalyptus citriodora ct citronellal” L Madagascar OF10647 BandC
Eucalyptus dives ct piperitone® L South Africa OF10872 Band C
Eucalyptus globulus L China OF10646 Aand C
Eucalyptus globulus” L Portugal OF11274 B
Eucalyptus polybractea ct cryptone” L France OF11142 Band C
Eucalyptus radiata ssp radiata L Australia OF10865 AandC
Eucalyptus radiata ssp radiata” L Madagascar OF10720 B
Eucalyptus smithii# L Australia OF9370 BandC
Eugenia caryophyllus FB Madagascar OF9948 AandC
Eugenia caryophyllus® FB Madagascar OF10583 B
Ferula gummosa O Iran OF12273 Aand C
Foeniculum vulgare® AP- S Egypt OF10796 Band C
Fokiena hodginsii BB Vietnam OF11589 Aand C
Gaultheria fragrantissima® L Nepal OF11051 Band C
Gaultheria procumbens L China OF11068 AandC
Helichrysum italicum ssp serotinum FT Italy 0OF9441 AandC
Helichrysum italicum ssp serotinum?* FT Italy OF10622 B
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Hyssopus officinalis var officinalis FT France OF11287 AandC
lllicium verum?# F Vietnam OF10399 BandC
Inula graveolens?” FT France OF11143 Band C
Juniperus communis ssp communis® T+B Bulgaria OF10654 Band C
Juniperus communis var alpina® T France OF4120 Band C
Juniperus oxycedrus T France OF9732 AandC
Juniperus virginiana W USA OF9364 Aand C
Laurus nobilis L Slovenia OF11039 Aand C
Lavandula angustifolia spp angustifolia FT France OF10864 Aand C
Lavandula angustifolia spp angustifolia® FT France OF10951 B
Lavandula latifolia FT Spain OF10007 AandC
Lavandula latifolia® FT Spain OF9693 B
Lavandula stoechas” FT France OF11591 Band C
Lavandula x burnatii clone abrialis” FT France OF10059 Band C
Lavandula x burnatii clone grosso FT France OF1743 AandC
Lavandula x burnatii clone grosso® FT France OF6689 B
Lavandula x burnatii clone reydovan FT France OF9108 Aand C
Lavandula x burnatii clone super FT France OF10869 Aand C
Lavandula x burnatii clone super? FT France OF10745 B
Ledum groenlandicum® TF Canada OF9694 Band C
Leptospermum petersonii L Australia OF10212 AandC
Levisticum officinale R France OF9237 Aand C
Lippia citriodora L Morocco OF9771 AandC
Litsea citrata F China OF10225 AandC
Litsea citrata” F Vietnam OF11261 B
Matricaria recutita FL Slovenia OF10999 Aand C
Melaleuca alternifolia L Australia OF11248 AandC
Melaleuca alternifolia” L Australia OF10388 B
Melaleuca cajeputi L Vietnam OF10662 AandC
Melaleuca cajeputi® L Vietnam OF11405 B
Melaleuca quinquenervia ct cineol L Madagascar OF10731 AandC
Melaleuca quinquenervia ct cineol” L Madagascar OF10956 B
Melissa officinalis AP Bulgaria OF10300 AandC
Mentha arvensis AP India OF10883 AandC
Mentha arvensis” AP India OF9728 B
Mentha citrata AP India 0OF9449 AandC
Mentha pulegium AP Morocco OF9582 Aand C
Mentha spicata” AP Morocco OF12639 BandC
Mentha x piperita AP India OF10867 Aand C
Mentha x piperita® AP India OF11594 B
Myristica fragrans F Indonesia OF10590 AandC
Myrtus communis ct cineole” L France OF9864 Band C

Myrtus communis ct myrtenyl acetate L Morocco OF9391 AandC




Plant species Ppa;gnctxf Origin nul;nol;er suigel'?(s)
Myrtus communis ct myrtenyl acetate” L Morocco OF10882 B
Nardostachys jatamansi® R Nepal OF11047 Band C
Ocimum basilicum ssp basilicum* FT India OF10861 Band C
Ocimum sanctum L India OF11260 AandC
Origanum compactum FT Morocco OF10299 AandC
Origanum compactum? FT Morocco OF11283 B
Origanum heracleoticum FT France OF11288 Aand C
Origanum majorana FT Egypt OF10217 Aand C
Origanum majorana ct thujanol FT Egypt OF10871 Aand C
Origanum majorana® FT Egypt OF9776 B
Pelargonium x asperum L Egypt OF9858 AandC
Pelargonium x asperum cv Bourbon* L Congo OF12053 Band C
Petroselinum crispum L Serbia OF11587 AandC
Picea mariana” N Canada OF10298 Band C
Pimenta racemosa F U.S. Virgin Islands OF9871 AandC
Pinus pinaster 0] France OF11277 Aand C
Pinus ponderosa N Patagonia OF11050 Aand C
Pinus sylvestris N Austria OF11339 Aand C
Pinus sylvestris® N Bulgaria OF2115 B
Piper nigrum F Madagascar OF9540 AandC
Pistacia lentiscus” LT Morocco OF9359 BandC
Pogostemon cablin FT Indonesia OF10211 AandC
Pogostemon cablin® FT Indonesia OF9954 B
Ravensara aromatica B Madagascar OF9044 AandC
Ravensara aromatica® L Madagascar OF11431 Band C
Rosmarinus officinalis ct camphor® FT Spain OF11044 BandC
Rosmarinus officinalis ct cineole FT Morocco OF10655 Aand C
Rosmarinus officinalis ct cineole® FT Morocco OF10408 B
Rosmarinus officinalis ct verbenone* FT France OF10075 BandC
Salvia lavandulifolia FT Spain OF11046 AandC
Salvia officinalis FT France OF10880 Aand C
Salvia officinalis* FT Albania OF9241 B
Salvia sclarea® FT France OF9454 BandC
ijgttﬂg;ezl;iﬁzoucrﬁledonlcum var w New Caledonia  OF11042 Aand C
Satureja hortensis FT France OF3340 AandC
Satureja montana FT France OF11247 AandC
Solidago canadensis® AP Canada OF10723 Band C
Tanacetum annuum L Morocco OF10287 Aand C
Thuya occidentalis T France OF9451 AandC
Thymus mastichina FT Spain OF9049 AandC
Thymus satureioides FT Morocco OF10106 Aand C
Thymus satureioides” FT Morocco OF10589 B
Thymus serpyllum FT Balkans OF10659 Aand C




Plant species Part of Origin Lot EQin

plant number subset(s)
Thymus vulgaris ct geraniol FT France OF9453 AandC
Thymus vulgaris ct linalool” FT Spain OF12998 Band C
Thymus vulgaris ct thymol* FT Spain OF10842 Band C
Thymus zygis FT Spain OF9050 AandC
Trachyspermum ammi F India OF9576 AandC
Tsuga canadensis® N Canada OF10884 Band C
Valeriana officinalis R Korea OF9234 AandC
Vetiveria zizanoides R Indonesia OF10233 Aand C
Zingiber officinalis® RH Madagascar OF11621 Band C

The chemical composition, including metadata, of the EOs used in this study was reported previously; see
www.hature.com/articles/s41598-018-22395-6 under the heading electronic supplementary material °*.



http://www.nature.com/articles/s41598-018-22395-6
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Sl 2: Numbered (top) list with chemical structure (center) of the u-cmcEOCs (n=627; Box 2) and their
respective InChlKeys-14 (bottom). The InChlKeys-14 (for a definition, see Box 1) can be complemented with an
information-neutral second InChlKey block, i.e. UHFFFAQY SA, to re-establish a full InChiKey
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S| 3. Frequency rank order of u-cmcEOC in EO (sub)sets. Subset of (A) EOs from conventional cultivation
(neo=101); (B) EOs from certified-organic cultivation (neo=74); (C) all EOs of conventional cultivation,
complemented with those EOs of certified-organic cultivation that originated from other plant species, the same
plant species but from other plant parts, or the same plant species but a different chemotype (neo=141). (D)
complete EO sample (neo=175). See Sl 1 for list with EOs

u-cmcEOC rank order in (sub)set X of the
EO collection according to frequency of occurrence

A B C D

(nu-cmcEOC:518) (nu-cmcEOC:447) (nu-cmcEOC:616) (nu-cmcEOC:627)
limonene 1 1 1 1
alpha-pinene 2 2 2 2
beta-myrcene 3 3 3 3
beta-caryophyllene 4 4 4 4
beta-pinene 5 5 5 5

47



Sl 4: Correlations between the Drug Discovery Parameters used in the Drug Discovery Filters. (a) Table with
Spearman correlations and their corresponding (b) p-values. ns = not significant (p-value > 0.05)
a.

molar , fused
Spearman correlation :z;esca;l:; log P ;I(—)c::sn(c;) H;; :12 p(;gr Iog7D4§pH T;IZ?:I:; L(;‘::;:b(f) atoms (#) refractivity | C atoms (#) A:tlj)emgg (e#)s zﬁ: (51:r110a (:) aromatic
) (m3 mol-1) rings (#)
molecular mass (Da) 0.68 0.10 0.01 0.67 0.34 0.10 0.94 0.94 0.92 0.03 0.07 -0.05
log P 0.68 0.24 -0.53 0.99 0.16 0.09 0.75 0.80 0.81 0.44 0.44 0.01
H-donor atoms (#) 0.10 0.24 0.37 -0.26 0.03 -0.08 0.11 0.04 0.01 0.11 0.33 -0.05
H-acceptor atoms (#) 0.01 0.53 0.37 -0.54 0.26 0.30 0.17 -0.19 -0.30 0.85 0.84 -0.08
log D (pH 7.4) 067 0.99 0.26 -0.54 0.16 0.09 0.74 0.79 0.80 0.45 -0.46 0.01
molecular rings (#) 0.34 0.16 0.03 -0.26 0.16 074 0.32 0.27 0.48 0.39 037 0.06
rotatable bonds (#) 0.10 0.09 -0.08 0.30 0.09 0.74 0.05 0.11 -0.07 0.49 0.46 -0.08
atoms (#) 0.94 0.75 0.11 0.7 0.74 0.32 0.05 0.92 0.92 0.17 0.11 -0.07
molar refractivity (m3 mol-1) 0.94 0.80 0.04 -0.19 0.79 0.27 0.11 0.92 0.96 -0.18 -0.13 -0.04
C atoms (#) 0.92 0.81 -0.01 -0.30 0.80 0.48 -0.07 0.92 0.96 -0.30 -0.26 -0.03
Muegge's atoms (#) 0.03 0.44 0.11 0.85 -0.45 0.39 0.49 0.7 -0.18 -0.30 0.95 -0.03
polar surface area (10*° m) 0.07 0.44 0.33 0.84 -0.46 -0.37 0.46 -0.11 -0.13 -0.26 0.95 -0.05
fused aromatic rings (#) -0.05 0.01 -0.05 -0.08 0.01 0.06 -0.08 -0.07 -0.04 -0.03 -0.03 -0.05
b.
molar 5 fused
p-values :iesc(lg:; log P :::::?;) H:; r:‘: p(;gr Iog7D4;pH r:‘unlzzlézr l;(;:‘a(;aslv(tie) atoms (#) refractivity | C atoms (#) A::;erfsg ;t)s ;;:::r (slzr]fna (:; aromatic
) (m3 mol-1) rings (#)
molecular mass (Da) 0.0000 0.0118 n 0.0000 0.0000 0.0143 0.0000 0.0000 0.0000 ns 0.0902 ns
log P 0.0000 0.0000 0.0000 0.0000 0.0001 0.0185 0.0000 0.0000 0.0000 0.0000 0.0000 ns
H-donor atoms (#) 0.0118 0.0000 0.0000 0.0000 ns ns 0.0076 ns ns 0.0081 0.0000 ns
H-acceptor atoms (#) ns 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0352
log D (pH 7.4) 0.0000 0.0000 0.0000 0.0000 0.0001 0.0292 0.0000 0.0000 0.0000 0.0000 0.0000 ns
molecular rings (#) 0.0000 0.0001 ns 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 ns
rotatable bonds (#) 0.0143 0.0185 ns 0.0000 0.0292 0.0000 ns 0.0074 ns 0.0000 0.0000 ns
atoms (#) 0.0000 0.0000 0.0076 0.0000 0.0000 0.0000 ns 0.0000 0.0000 0.0000 0.0085 ns
molar refractivity (m3 mol-1) 0.0000 0.0000 ns 0.0000 0.0000 0.0000 0.0074 0.0000 0.0000 0.0000 0.0008 ns
C atoms (#) 0.0000 0.0000 ns 0.0000 0.0000 0.0000 ns 0.0000 0.0000 0.0000 0.0000 ns
Muegge's atoms (#) ns 0.0000 0.0081 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 ns
polar surface area (10™° m) ns 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0085 0.0008 0.0000 0.0000 ns
fused aromatic rings (#) ns ns ns 0.0352 ns ns ns ns ns ns ns ns
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SI 5. Summary of u-cmcEOCs in EO set (n=175) that correspond with u-cmcADs in DrugBank (n=2,359)
including their status %4,

InChiKey-14 u—cmF:EOC code u.—cchD code status in DrugBase
inSI2 in DrugBase approved § withdrawn £
1 BJIOGJUNALELMI 29 DB14188 yes no
2 DSSYKIVIOFKYAU 77 DB14156 yes no
3 GLZPCOQZEFWAFX 130 DB14183 yes no
4 KIPRLNWUNMBNBZ & 227 DB14184 yes no
5 LFQSCWFLJIHTTHZ 254 DB00898 yes no
6 MGSRCZKZVOBKFT 277 DB02413 yes no
7 NOOLISFMXDJSKH 315 DB00825 yes no
8 OOCCDEMITAIZTP 341 DB14186 yes no
9 OSWPMRLSEDHDFF 346 DB09543 yes no
10 RGZSQWQPBWRIAQ 403 DB13153 yes no
11 RRAFCDWBNXTKKO 415 DB09086 yes no
12 SESFRYSPDFLNCH 428 DB00676 yes no
13  WVDDGKGOMKODPV 530 DB06770 yes no

& This InChIKey-14 corresponds with ethanol; for more details, see the discussion section. § approved: “In DrugBank the status of
approved is given to the drugs that have been officially accepted for commercialization in at least one jurisdiction at a given time.
Due to the presence of different regulatory agencies around the world, once a drug is approved, this status will remain in the drug
card even if the drug is later [withdrawn] from the market in a particular jurisdiction or under investigation for a different indication.”
£ Withdrawn: “In DrugBank this state is given to the drugs that have been discontinued. Although the reason as to why such drugs
are withdrawn can range from patient safety and toxicity issues to limited commercial viability, the formal rationale behind such
decisions lies typically with the regional or national public health administration that issued the withdrawal”
https://dev.drugbankplus.com/quides/terms/approved-drug
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S| 6: Summary of selected characteristics related to quality control of the EOs we used. Tukey boxplot
[minimum; 25th percentile; median; 75th percentile; maximum] (unit of measurement) of: (a) density [0.85; 0.89;
0.90; 0.93; 1.18] (g/cm?) , (b) refractive index [1.439; 1.467; 1.476; 1.495; 1.614], (c) flashpoint [36.4; 49.6; 58.4;
76.3; 139.4] (°C), and (d) optical rotation [-74.0; -11.5; -0.5; 10.5; 103.5] (°).
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S| 7: World map visualizing percentage world (a) export and (b) import value of EOs per country (2017) 5°.
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