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Figure 6-figure supplement 4. Drosophila behavior toward metabolite
mixtures and their component parts (A) Drosophila behavior toward 21
metabolite mixtures versus AJM (50% in water). Methods Table 4
contains the concentrations of all mixtures (in 50% AJM). The co-culture
(S. cerevisiae and A. malorum, purple bar) was grown for 96 h. The pink
bar is metabolite mixture #21 and most closely resembled the co-culture.
Mean + SEM of 4-6 replicates per experimental group. Groups were run
over five different days. (B) Relative Drosophila attraction to a co-culture
grown for 96 h and metabolite mixture #21. Mean + SEM of three
experiments with 17-18 replicates per group. One-way ANOVA assessed
whether the groups were different. A Tukey’s multiple comparison test
was used to assess significant differences between groups (p<0.05), as
indicated by unique letters. (C) The sufficiency of individual groupings
within metabolite mixture #21 to attract Drosophila. The individual
grouping are as follows: acetaldaldehyde metabolic derivatives (1,1-
diethoxyethane; acetoin; 2,3-butanedione); alcohols (ethanol; isobutanol;
isoamyl alcohol; 2-methyl, 1-butanol; benzeneethanol); esters (isoamyl
acetate; ethyl acetate; isobutyl acetate; 2-phenethyl acetate; butyl
acetate; 2-methylbutyl acetate; methyl acetate; phenethyl benzoate;
propyl acetate; ethyl isobutyrate; ethyl hexanoate; isovaleric acid; butyl
ester; ethyl octanoate; ethyl decanoate; ethyl laurate); and acetic acid
(acetic acid). Concentrations are in Methods Table 4. Mean + SEM of six
replicates of one experiment (except the acetaldehyde metabolic
derivative group which is 12 replicates from 2 experiments). A t-test
against a hypothetical value of 0 was performed. p >0.05; * p <0.05; ** p
<0.01; *** p <0.001; **** p <0.0001 (D) The same groups used in C
were used and removed from metabolite mix #21. The difference
between the co-culture (Sc-Am) and each group was assessed by one-
way ANOVA. A Tukey’s multiple comparison test was used to assess
significant differences between groups (p<0.05), as indicated by unique

letters. Mean + SEM of six replicates of one experiment are shown.
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Control Arm Test Arm

Empty tube

Empty tube
Water 9-metabolite mixture Fhkk
Apple Cider Vinegar (25%, Pastorelli) 9-metabolite mixture

Apple Cider Vinegar (25%, Heinz) »x 9-metabolite mixture

Apple Cider Vinegar (25%, Bragg) =+ 9-metabolite mixture

Co-culture (Sc-Am) **  g-metabolite mixture

Tri-culture (Sc-Am-Lp) 9-metabolite mixture

Apple Cider Vinegar (25%, Bragg) **  Tri-culture (Sc-Am-Lp)

1.0 05 0.0
Response Index

05 1.0

Figure 6-figure supplement 5. Drosophila behavior toward water amended with 9 metabolites (9-
metabolite mixture) versus 3 different apple cider vinegars (ACV), a co-culture (Sc-Am = S. cerevisiae
and A. malorum), or tri-culture (Sc-Am-Lp = S. cerevisiae, A. malorum, L. plantarum cs). Cultures were
grown for 72 h and mixed 1:1 with water, as in all other experiments. Data points represent the Mean +
SEM of two experiments with twelve total replicates. A one-way ANOVA assessed whether each group
was different from the mock condition (empty tube versus empty tube). p >0.05; * p <0.05; ** p <0.01; ***
p =0.001; *** p <0.0001. The acetoin concentration was similar to that calculated from the tri-culture

(Figure 6A, 0.3%). The concentrations of all 9 metabolites can be found in the materials and methods.
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MATERIALS AND METHODS

Fly maintenance
Fly stocks, genotypes, and sources are listed in Methods Table 1. Drosophila melanogaster was reared at
25°C on a 12h:12h light: dark cycle on autoclaved food (5% yeast, 10% dextrose, 7% cornmeal, 0.6%

propionic acid, 0.7% agar).

Microbial strains

Microorganisms used in this study are listed and described in table S1. Microorganisms were streaked
onto yeast-peptone dextrose (YPD; 1% yeast extract (Becton Dickinson, and Company, Franklin Lakes,
NJ, USA), 2% peptone (Becton Dickinson, and Company, Franklin Lakes, NJ, USA), and 2% dextrose
(Avantor Performance Materials, Center Valley, PA, USA)) or Man, de Rosa, Sharpe (MRS, Fisher

Scientific, Waltham, MA, USA) plates from a freezer stock.

T-maze olfactory attraction assays

The T-maze apparatus was a kind gift of the Carlson Laboratory. Flies were wet-starved for 15-26 hours
prior to T-maze olfactory experiments by placing flies into vials containing Kimwipes (Kimberly Clark,
Dallas, TX, USA) soaked with 2 mL of milliQ water. Flies were collected within 4 days (<65 flies per vial)
of emergence and matured on autoclaved food. Flies between 3 and 10 days-old were used in

experiments.

Single microbial colonies were picked from rich media (MRS and YPD) plates and grown overnight.
Cultures were washed 1X in PBS, diluted 100-fold, and 10yl was aliquoted into 3mL of apple juice media
(AJM, apple juice (Martinelli’'s Gold Medal, Watsonville, CA, USA), pH adjusted to 5.3 with 5M NaOH, with
0.5% yeast extract). Media was filtered with a 0.22 yM-size pore attached to a 250-mL polystyrene bottle
(Corning, NY, USA). For co-culture experiments, 1e3-1e5 CFU of each microorganism was placed
simultaneously into AJM. Microorganisms were grown in 14-mL round bottom polypropylene tubes

(Corning Science, Tamaulipas, Mexico) at 28°C, 200rpm for the time noted in individual experiments. The
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microbial culture was diluted 1:1 with sterile milliQ water (0.22 uyM filter (Millipore, Billerica, MA, USA))
and placed directly onto autoclaved 10 mM round Whatman filter paper (GE Healthcare Life Science,
Pittsburgh, PA, USA) placed near the bottom of 15mL CentriStar centrifuge tubes (Corning, NY). A total

volume of 10 ul was used for all experiments.

Tubes containing microorganisms and Drosophila were placed into the behavioral room (20-25°C, 50-
70% humidity maintained by a humidifier (Sunbeam Tower Humidifier, Boca Raton, FL, USA) and
equilibrated for 10 minutes prior to the beginning of the experiment. Flies (~40-130) were knocked into the
T-maze apparatus, rested for ~1 min, and then allowed to choose from the test and control arms for 2 min
in the dark. The test arm was alternated from one side of the apparatus to the other every experimental
replicate. A Response Index (RI) was computed to analyze preference for the test arm (flies in test arm-

flies in control arm)/(total flies).

Chemicals

Chemicals can be found in Methods table 2.

Microbial populations and pH

Selective plates were used to distinguish S. cerevisiae from A. malorum. MRS containing 50 pg/mL
cycloheximide selected for A. malorum while MRS containing 10 pg/mL chloramphenicol and 20 pyg/mL
tetracycline selected for S. cerevisiae. pH of filtered cultures (0.22 yM) was measured using a Beckman

Coulter pH meter (Model Phi510, Fullerton, CA, USA).

Gas chromatography- Mass spectrometry

Microbial samples were grown in AJM for a specified amount of time in 14-mL round bottom tubes fitted
with an autoclaved tissue strainer (250 yM nylon mesh (Thermo Scientific Pierce, Grand Island, NY)
holding between 0.03 and 0.05 grams of autoclaved Amberlite XAD-4 resin (Sigma-Aldrich, St Louis, MO,

USA) prewashed in water and methanol. After microbial growth, XAD-4 from two cultures was dumped
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into an autoclaved glass vial. XAD-4 was swirled with 900yl methanol for 30 seconds. 500-750ul of
methanol was removed for GC-MS analysis. Quantification for table S2 was derived from beads
suspended above the cultures from 84-96 h of growth. Quantification for Fig. 2D was derived from beads
suspended above the culture every 12 h; time points on the graph refer to the end point of the 12-h span

(e.g. 84 h corresponds to beads suspended from 72-84 h of growth).

Samples (5 pl of methanol-extracted samples) were injected into the GC-MS (Agilent 7890A/5975C) at
250 °C using helium as the carrier gas at a flow rate of 1.1 mL per minute (column head pressure 13 psi).
The following chromatography temperature program was used for experiments to initially identify
metabolites in the co-culture and individually grown microorganisms: 40°C for 3 min ramped at 1.7°C per
minute to 200 °C (held for 3 min) then to 220°C at 3 °C per min and held for a further 5 min. The total run
time was 111.78 min. For experiments focused on the five major metabolites, a shorter program was used
that maintained the same first 10 min of the previous method (all 5 volatiles eluted within 9 min). The
chromatography temperature program was 40°C for 3 min, ramped at 1.7°C per min to 46.8°C and held

for 3 min, then ramped at 60°C per min until 220°C and held for 5 min. The total run time was 17.9 min.

The mass spectrometer was run in electron-impact (EI) mode at 70 eV. The temperatures of the transfer
line, quadrupole, and ionization source were 220°C, 180°C, and 230°C respectively. The ionization was
off during the first 4 min to avoid solvent overloading with a source temperature of 230°C. Mass spectra
were recorded in the range of 35-300 m/z. Full scan mode was used at a scan rate of 6 scans/sec. The

electron multiplier voltage was set in the relative mode to autotune procedure.

In the initial experiments peaks were manually picked using Agilent Chemstation Software. Volatiles
associated with peaks were searched against the National Institute of Standards (NIST) 11 database.
Subsequent experiments focused on the 5 major volatiles identified in the initial experiments by
performing extracted ion chromatograms using an ion that successfully identified a standard at a specific

retention time. Quantification was performed by tabulating the maximum abundance of the ion at a
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characteristic retention time and using a linear regression equation from a dose-response of the

standards (fig. S6).

Headspace solid phase microextraction (SPME) Gas chromatography- Mass spectrometry

A Waters GCT Premier gas chromatography time of flight mass spectrometer (Milford, MA) with a DB-
5MS column (30m x 0.25 mm ID x 0.25 pm film thickness; Agilent) was used. Live cultures were
transferred to autoclaved glass vials (20 mL, 23 X 75 mm, Supelco, Bellefonte, PA, USA) with screw caps

(18mm, 35 Shore A, Supelco, Bellefonte, PA, USA) after growing for 72 h.

The glass vials containing live microbial cultures were analyzed via a 50/30pm
carboxen/divinylbenzene/polydimethylsiloxane Stableflex solid-phase micro-extraction (SPME) fiber. The
extraction methodology was based on previous studies using SPME to extract volatiles form vinegars (65,
66). The syringe was inserted through the membrane of the caps and sampled the volatiles for 30 min at
45°C; subsequently, metabolites were desorbed for 30 sec at 240C and baked for an additional 4.5 min in
the injection port. The gas chromatograph was fitted with a microchannel plate (MCP) detector. The
temperature program of the column was as follows: 40°C for 5 min, 2°C a min for 17.5 min followed by
25°C a min for 10 min. A final hold time of 5 min at 325°C was used. The carrier gas was helium. A split
ratio of 250 was used based on better peak resolution. An internal standard of cineole (Sigma-Aldrich, St.
Louis, MO, USA) was run with each sample and used to compute relative abundances. The mass

detector was in the range of 40 to 650 m/z.

To analyze the data, MassLynx software was used. The response threshold was set to an absolute area
of 10.00. The software automatically picked out peaks and computed peak areas. To obtain a relative
quantification, peaks were compared across samples and normalized to the internal standard. Peaks
were first searched against the NIST5 database to identify potential hits. Most potential metabolites were

confirmed by a standard mixture in 50% AJM. The standard mixtures are in Methods Table 3.
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Chemical complementation of co-culture containing A. pomorum PQQ-ADH-I

A co-culture containing S. cerevisiae and A. pomorum WT or A. pomorum PQQ-ADH-I was grown for 72
h before use in the T-maze. For the physiological concentrations of acetate-derived metabolites,
concentrations were added as in table S3 and then mixed 1:1 with water prior to behavioral analysis. For
the acetaldehyde metabolic derivatives chemical complementation group, a 1:1 mixture of the mutant co-
culture: water was supplemented with 1,1-diethoxyethane, 2,3-butanedione, and acetoin at final
concentrations of 0.01%, 0.15% and 0.15%, respectively and used immediately in the T-maze. Acetic
acid and/or acetaldehyde were added to the culture, allowed to sit at RT for 35 min, mixed 1:1 with water

and then placed into the T-maze vials.

Standard curves were used to calculate the concentrations of individual metabolites (fig. S10). The
standard curves were generated on 2 separate experiments in which 3 concentrations of each standard
was used. The concentrations of the metabolites were independently calculated from the standard curve
equations generated on the two separate days. Estimated concentrations from each standard curve
equation were averaged (table S3). The experimental data is based on the peak areas of the

S.cerevisiae-A. malorum co-culture.

Ester, acid, and acetaldehyde metabolic derivative mixture
The 9-metabolite mixture contains 1.5% acetic acid, 0.0003% isoamyl acetate, 0.0003% 2-phenethyl
acetate, 0.01% ethyl acetate, 0.002% ethyl lactate, 0.3% 1,1-diethoxyethane, 0.3% 2,3-butanediol, 0.3%

2,3-butanedione, and 0.3% acetoin in filtered milliQ water.

Drosophila survival in the presence of ethanol and acetic acid

Adult male flies (0-3 d-old) were collected and matured for 1 day on fly food. Flies were then placed into
vials containing kimwipes with 5 mL of either Shields & Sang Insect Medium (Sigma, St. Louis, MO;
positive control), MilliQ water (negative control), or MilliQ water with ethanol (9.4%), acetic acid (3.42%),

or ethanol and acetic acid (1.4 and 2.8% respectively). Survival was assessed every 12 h for 7 d. For
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each condition 5 mL was given at 0 and 12 h and every 24 h thereafter. Experimental replicates were

considered separate vials (5-6 per group). Each replicate contained 8-31 flies.

Egg-laying preference assay

Egg-preference assay was adapted from Joseph et al 2009 (67). Microbial cultures grown for 96 h were
heated to 65°C for 10 min, mixed 1:1 with 1.6% agarose and poured into a 35 mm petri dish separated in
two by a straight-edge razor blade. Flies were starved for ~18 h prior to the experiment. The 35 mm petri
dish was placed within clear flat top boxes with dimensions 2 5/16” X 2 5/16” X 5 1/16” (TAP plastics, San
Leandro, CA, USA). The test and control sides were alternated for each replicate. Drosophila aged 4-10
days (n=50-100) was allowed to lay eggs for 8 h. After the assay, the number of eggs on deposited on
each choice was tabulated and an egg-laying index was computed analogously to the olfactory response

index.

Data analysis

Data analysis was performed in Prismv6.0b. Specific statistical tests are noted for individual experiments.
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Methods Table 1. Drosophila melanogaster stocks used in experiments

It is made available under a CC-BY 4.0 International license.

Gene
Notation Genotype Source

Mutant
CS NA w+-Canton-S John Carlson Laboratory
Or83b 0Or83b w-Canton-S;;orco2 John Carlson Laboratory
Ir64a Ir64a w[1118]; M{ET1}Ir64a[MB05283] Bloomington Stock Center
Ir75a Ir75a y[1] w[67¢c23]; Mi{ET1}Ir75a[MB00253] Bloomington Stock Center
W-CS NA w-Canton-S John Carlson Laboratory
Balancer NA w-CS;Sp/Cyo;Dr/TM3B John Carlson Laboratory
Ir25a Ir25a w''e; Mi{ET1}Ir25a'\"B°g568 Bloomington Stock Center
Ir8a Ir8a Irga’; BI' L2/CyO Bloomington Stock Center
Ir76b Ir76b y1 w67¢c23; M{ET1}r76bMB00216 Bloomington Stock Center
Or42b Or42b w; ord2b/ord2b; +/+ John Carlson Laboratory
Or35a Or35a W; or35a/or35a; +/+ John Carlson Laboratory
Chemical Company Location
Paraffin QOil EMD chemicals Gibbstown, NJ, USA

Apple Cider Vinegar

Apple

Cider

(unpasteurized)

Apple Cider Vinegar

Benzaldehyde

Heinz

Vinegar
Bragg (Fig. 3C only)
Pastorelli (Fig. 3C only)

Sigma Aldrich

2-Methyl-1-Propanol (Isobutanol) Sigma Aldrich

Isopentyl Acetate (Isoamyl Acetate)  Sigma Aldrich

Pittsburgh, PA, USA

Santa Barbara, CA, USA
Chicago, IL, USA

St. Louis, MO, USA

St. Louis, MO, USA

St. Louis, MO, USA
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Isoamyl Alcohol Avantor Performance Materials  Center Valley, PA, USA

Acetic Acid, glacial Avantor Performance Materials  Center Valley, PA, USA

Methanol Avantor Performance Materials  Center Valley, PA, USA

Ethanol, 200 proof Decon Laboratories King of Prussia, PA, USA

Acetal (1,1, diethoxyethane)

Fisher

Pittsburgh, PA, USA

Acetaldehyde Acros Organics Grand Island, NY
Ethyl acetate Sigma Aldrich St. Louis, MO, USA
1-pentanol Sigma Aldrich St. Louis, MO, USA
Benzeneethanol (2-phenylethanol) Fisher Pittsburgh, PA, USA
Isobutyl acetate Sigma Aldrich St. Louis, MO, USA
2-phenethyl acetate Sigma Aldrich St. Louis, MO, USA
Butyl acetate Sigma Aldrich St. Louis, MO, USA
2-methylbutyl acetate TCI Tokyo, Japan
Methyl acetate Sigma Aldrich St. Louis, MO, USA
Acetoin acetate Sigma Aldrich St. Louis, MO, USA
Phenethyl formate Sigma Aldrich St. Louis, MO, USA
Phenethyl benzoate Sigma Aldrich St. Louis, MO, USA
acetoin Sigma Aldrich St. Louis, MO, USA
2,3-butanedione Sigma Aldrich St. Louis, MO, USA
2-methyl-1-butanol Sigma Aldrich St. Louis, MO, USA
Ethyl lactate Sigma Aldrich St. Louis, MO, USA
1-hexanol Sigma Aldrich St. Louis, MO, USA
Phenylacetic acid Sigma Aldrich St. Louis, MO, USA
2,3-butanediol Sigma Aldrich St. Louis, MO, USA
Ethyl octanoate Sigma Aldrich St. Louis, MO, USA
Ethyl decanoate Sigma Aldrich St. Louis, MO, USA
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Ethyl hexanoate
Ethyl laurate

Ethyl isobutyrate
phenylacetaldehyde
Butyl isovalerate TCI

Propyl acetate

Sigma Aldrich
Sigma Aldrich
Sigma Aldrich

Sigma Aldrich

Sigma Aldrich

St. Louis, MO, USA

St. Louis, MO, USA

St. Louis, MO, USA

St. Louis, MO, USA

Tokyo, Japan

St. Louis, MO, USA

Methods Table 3. Metabolite mixture concentrations used for identification and quantification in SPME GC-

MS

Metabolite Met mix 1 Met mix 2 Met mix 3
Ethanol 0.20% 1.00% 2.00%
Isobutanol 0.0040% 0.0010% 0.000250%
Acetic acid 2.80% 4.320% 1.920%
Isoamyl alcohol 0.00150% 0.0030% 0.0060%
Isoamyl acetate (1-butanol, 3-methyl acetate) 0.00050% 0.000167% 0.00150%
Acetal (1,1-Diethoxyethane) 0.020% 0.10% 0.0050%
Acetaldehyde 0.020% NONE 0.0040%
Ethyl acetate 0.0050% 0.10% 0.020%
Benzeneethanol (2-phenylethanol) 0.00360% 0.00040% 0.00120%

Isobutyl acetate

2-Phenethyl acetate

2-Methylbutyl acetate (1- butanol 2-methyl acetate)

Methyl acetate
2-Methyl, 1-butanol
2,3-Butanedione

Acetoin (1g/10mL h20, 10%)

0.000260%

0.000260%

0.0010%

0.0000867%

0.00030%

NONE

0.01%

0.0000867%

0.0000867%

0.00033%

0.0000289%

0.00150%

0.010%

0.020%

0.0000289%
0.0000289%
0.00011%
0.000260%
0.00450%
0.0020%

0.040%
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2,3-Butanediol NONE 0.10% 0.020%

Propyl acetate 0.000020%  0.0000020% NONE*

1108  *1/2 experiments had a concentration of 0.0000
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1109

1110

Methods Table 4. Composition of metabolite mixtures

1-21 used in figure S14

Volatile Metabolite mixture
2 3 a4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21

Ethanol 5700 0.5700 0.5700 0.5700 0.5700 0.5700 0.5700 0.5700 0.5700 0.5700 0.2850 0.2850 0.2850 0.2850 0.2850 0.2850 0.5700 0.5700 0.5700 0.5700 0.5700
Isobutanol 0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0004 0.0004 0.0004 0.0004 None 0.0004 0.0005 0.0007 0.0007 0.0007 0.0007
Acetic acid 4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400 1.4400
Isoamyl alcohol 0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0005 0.0005 0.0005 0.0005 0.0005 0.0002 0.0005 0.0005 0.0010 0.0010 0.0010 0.0010
Isoamyl acetate 0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0010 0.0007 0.0005 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007
1 ’1- 'hoxve'ha"e 0100 0.0300 0.0100 None 0.0033 0.0100 0.0100 0.0010 0.0200 0.0100 0.0050 0.0100 0.0300 0.0500 0.0500 0.0030 0.0030 0.0030 0.0100 0.0100 0.0100
acetaldehyde 0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0010 0.0100 0.0100 0.0050 0.0050 0.0050 0.0050 0.0025 0.0025 None None None None None
ethyl acetate 0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0020 0.0010 0.0005 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0007 0.0007 0.0007 0.0007
1-pentan°| 0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0005 0.0003 0.0005 0.0005 0.0005 0.0002 None None None None None None
benzeneethanol 0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0005 0.0003 0.0005 0.0005 0.0005 0.0002 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
isobutyl acetate 0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0005 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0007 0.0007 0.0007 0.0007
z-phene'hyl acetate 0010 0.0010 0.0010 0.0010 0.0010 0.0010 None 0.0010 None None 0.0005 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0007 0.0007 0.0007 0.0007
bl.ltyl acetate 0010 0.0010 0.0010 0.0010 0.0010 0.0010 None 0.0010 None None 0.0005 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0007 0.0007 0.0007 0.0007
z-methylbu'yl acetate 0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0020 0.0010 0.0005 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0007 0.0007 0.0007 0.0007
me'hyl acetate 0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0005 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0007 0.0007 0.0007 0.0007
z-acetoxv-a-bu'anone lone None 0.0010 0.0010 0.0010 0.0010 None 0.0010 None None 0.0005 0.0010 0.0010 0.0010 0.0010 None None None None None None
phenethyl formate lone None 0.0010 0.0010 0.0010 0.0010 None 0.0010 None None 0.0005 None None None None None None None None None None
phenethyl benzoate lone None 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010 0.0005 0.0010 0.0010 0.0010 0.0002 0.0010 0.0010 0.0007 0.0007 0.0007 0.0007
z-methy’ 1-butanol lone None None None None 0.0010 0.0010 0.0010 0.0010 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
2,3butanedione lone None None None None 0.001 0.0010 0.0010 0.0010 0.0010 0.0005 0.0010 0.0030 0.0050 0.0050 0.0030 0.0030 0.0030 0.0100 0.0500 0.1500
acetion (1 0% m/V, H;O) lone None None None None 0.001 0.001 0.0010 0.0020 0.0010 0.0005 0.0010 0.0030 0.0050 0.0050 0.0030 0.0030 0.0030 0.0100 0.0500 0.150
propyl acetate lone None None None None None None None None None None None None None None None 0.0010 0.0007 0.0007 0.0007 0.0007
ethyl iSObUtyra'e lone None None None None None None None None None None None None None None None 0.0010 0.0007 0.0007 0.0007 0.0007
ethyl hexanoate lone None None None None None None None None None None None None None None None 0.0010 0.0007 0.0007 0.0007 0.0007
isovaleric aCid’ bu'yl ester lone None None None None None None None None None None None None None None None None None 0.0007 0.0007 0.0007
ethyl octanoate lone None None None None None None None None None None None None None None None 0.0010 0.0007 0.0007 0.0007 0.0007
ethyl decanoate lone None None None None None None None None None None None None None None None 0.0010 0.0007 0.0007 0.0007 0.0007
ethyl laurate lone None None None None None None None None None None None None None None None 0.0010 0.0007 0.0007 0.0007 0.0007

The percent composition (v/v) of the metabolite mixtures used in fig. S1
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