Supplemental Table S3: Up- and downregulation of VOCs produced by S. plymuthica HRO-C48 due
to the incubation with volatiles of R. solani AG2, L. maculans MB 158 and V. longisporum ELV 43.

R.T Predicted Regulation following interaction with Predicted function
[min] compound
L.
maculan | R.solani | V. longisporum
s MB AG2Y ELV 43Y
158Y
Substances with predicted antimicrobial properties
. Antimicrobial (especially against C.
0, 0, 0,
148 Methanethiol L10% 14% 1322% albicans) (Lewis, 1985; Chen et al., 2016)
Antimicrobial and negative impact on
1,52 Ethanol 144% 140% 1166%* biofilm formation (Morton, 1950; Audrain
etal., 2015b)
Antimicrobial (Saksena and Tripathi,
2,12 Ethyl Acetate 14%3 |OFF 1182%? 1987; Fredlund et al., 2004; Toffano et al.,
2017)
Antifungal (Pimenta et al., 2012)
2,19 Acetic acid TON TON TON
Methylthiolac Antifungal, especially against R. solani
2,94 etate TON TON TON (Ossowicki et al., 2017)
Antimicrobial; partially active against
>-methvl-1- wood-decaying fungi (Saksena and
3,53 Butar)llol 18% 18% 142% Tripathi, 1987; Linton and Wright, 1993;
Humphris et al., 2001; Toffano et al.,
2017)
Isovaleric acid . . . .
6.47 (3-methyl- 129% +160% |OFF Putatively antifungal (Hayashida-Soiza et
L al., 2008)
butanoic acid)
2-methyl- 0/) 0 56 Putatively antifungal (Hayashida-Soiza et
6,69 butanoic acid 141% 2% [ al., 2008)
Isoamyl
acetate (3- Antimicrobial (Strobel et al., 2001; Ando
673 methylacetate- TON i TON etal., 2015)
1-Butanol)
Antibacterial (Popova et al., 2014; Farh
_ 0 0 0/ %
7,08 2-Heptanone 113% 134% 1466% and Jeon, 2020)
Antimicrobial (Kato and Shibasaki, 1980;
_ 0 0/ % 0/ %
12,51 1-Octanol L18% 143% 1162% Kubo et al., 1995; Togashi et al., 2007)
13,14 2-Nonanone 127% 139% 1419%* Antimicrobial (Popova et al., 2014)
13.39 >-Nonanol £40% 123% +730% /:;ntlzn(;lz%r)oblal (Kubo et al., 1995; Reese et




Phenylethyl

13,80 Alcohol 154% 1179% |OFF Antimicrobial (Reese et al., 2020)

16,27 O(;’ttir;?igszt:\;id, i i 1ON ,:;Ttizfgf%al (Fialho et al., 2011; Toffano et
o | towamol |- |- | jON | ol e s s
18,51 Undetzzz-;mone - - TON Antimicrobial (Popova et al., 2014)

VOCs with predicted mixed functions (antimicrobial, effect on bacterial mobility and/or on plants)

2,20

Isobutanol

(2-methyl-1-
Propanol)

14%%

|OFF

1105%?

Antibacterial and plant growth promoting
(PGP) (Akpata and Akinrimisi, 1977
Naznin et al., 2013; Farh and Jeon, 2020)

2,54

1-Butanol

143%?

|OFF

1211%

Antibacterial effect and a species-specific
effect on biofilm formation in some
bacteria and fungi (Létoffé et al., 2014;
Audrain et al., 2015a)

2,80

2-Pentanone

122%

136%

1459%*

Interferes with plants (Kanchiswamy et al.,
2015)

3,12

Acetoin

19%

1%

163%*

Negative effect on biofilm formation
(enhances motility) in bacteria.

Triggers induced systemic resistance (ISR)
and PGP, regulates auxin homeostasis.
Product of the fermentation of glucose
under low-oxygen conditions (Ryu et al.,
2003, 2004; Han et al., 2006; Audrain et
al., 2015a)

3,48

Isoamyl
alcohol (3-
methyl-1-
Butanol)

14%

115%

15%

Antimicrobial, may inhibit fungal spore
germination, negative effect on biofilm
formation, phytotoxic (Wright et al., 1991,
Linton and Wright, 1993; Ando et al.,
2015)

4,62

2,3-Butanediol

162%*

1103%*

1422%*

Increases virulence factor production,
antimicrobial activity, and biofilm
formation of P. aeruginosa. Triggers ISR
& PGP regulates auxin homeostasis.
Product of the fermentation of glucose
under low-oxygen conditions (Ryu et al.,
2003, 2004; Zhang et al., 2007;
Venkataraman et al., 2014; Audrain et al.,
2015a)

6,53

1-Hexanol

113%

|OFF

1565%2

Antimicrobial, phytotoxic activity, induce
plant responses (Kubo et al., 1995;
Splivallo et al., 2007)

7,37

2-Heptanol

1ON

Interferes with plants (Kanchiswamy et al.,
2015)




Dimethyl

1,38 ether

114% 122% 1154%* N/a

2-methyl-3-
6.23 hexanol ) TON i N/a

Hexyl-pentyl

18,19 Ether

1ON 1ON - N/a

1) In order to assign the regulation of S. plymuthica HRO-C48 volatiles, the controls were subtracted from
the detected substances as explained in the methods section. An asterix (*) indicates that a substance was
significantly up- or downregulated; values which are strongly (significant or over 100% compared to the
control) upregulated are highlighted in green, substances which are strongly (significant or over 100%
compared to the control) downregulated in red. @ Indicates that no significance could be determined
because the substance was only detected in 2 out of 3 samples. “— means that the substance was produced
neither by S. plymuthica HRO-C48 with the respective fungi nor in the control. The complete up or
downregulation of a substance compared to the untreated control is signified with the signs “ON” or
“OFF”. “ON” means that the substance was not detected in the control of S. plymuthica HRO-C48 but
was found in the samples incubated with the respective fungi. “OFF” means that the substance was
detected in the untreated control of S. plymuthica HRO-C48 but not found within the volatiles of the
bacterium that was incubated with the respective fungus. The VOCs highlighted in bold letters were also
detected in the volatilomes of six other Serratia species as stated by Weise and colleagues (Weise et al.,
2014). N/a means that no function was identified. Please see Supplementary Table S1 for complete data
on the identified substances.

References

Akpata, E., and Akinrimisi, E. (1977). Antibacterial activity of extracts from some African chewing
sticks. Oral surgery, oral medicine, oral pathology 44, 717-722.

Ando, H., Kurata, A., and Kishimoto, N. (2015). Antimicrobial properties and mechanism of volatile
isoamyl acetate, a main flavour component of Japanese sake (Ginjo-shu). Journal of Applied
Microbiology 118, 873-880. doi: 10.1111/jam.12764.

Audrain, B., Farag, M. A., Ryu, C. M., and Ghigo, J. M. (2015a). Role of bacterial volatile compounds in
bacterial biology. FEMS Microbiology Reviews 39, 222-233. doi: 10.1093/femsre/fuu013.

Audrain, B., Farag, M. A,, Ryu, C.-M., and Ghigo, J.-M. (2015b). Role of bacterial volatile compounds
in bacterial biology. FEMS Microbiology Reviews 39, 222-233.

Chen, J.-L., Sun, S.-Z., Miao, C.-P., Wu, K., Chen, Y.-W., Xu, L.-H., et al. (2016). Endophytic Trichoderma
gamsii YIM PH30019: a promising biocontrol agent with hyperosmolar, mycoparasitism, and
antagonistic activities of induced volatile organic compounds on root-rot pathogenic fungi of
Panax notoginseng. J Ginseng Res 40, 315-324. doi: 10.1016/j.jgr.2015.09.006.

Farh, M. E. A., and Jeon, J. (2020). Roles of fungal volatiles from perspective of distinct lifestyles in
filamentous fungi. Plant Pathology Journal 36, 193-203. doi: 10.5423/PPJ.RW.02.2020.0025.

Fialho, M. B., Ferreira, L. F. R., Monteiro, R. T. R., and Pascholati, S. F. (2011). Antimicrobial volatile
organic compounds affect morphogenesis-related enzymes in Guignardia citricarpa, causal
agent of citrus black spot. Biocontrol science and technology 21, 797-807.




Fredlund, E., Druvefors, U. A., Olstorpe, M. N., Passoth, V., and Schniirer, J. (2004). Influence of ethyl
acetate production and ploidy on the anti-mould activity of Pichia anomala. FEMS
microbiology letters 238, 133-137.

Han, S. H., Lee, S. J., Moon, J. H,, Park, K. H., Yang, K. Y., Cho, B. H., et al. (2006). GacS-dependent
production of 2R, 3R-butanediol by Pseudomonas chlororaphis 06 is a major determinant for
eliciting systemic resistance against Erwinia carotovora but not against Pseudomonas
syringae pv. tabaci in tobacco. Mol Plant Microbe Interact 19, 924-930. doi: 10.1094/MPMI-
19-0924.

Hayashida-Soiza, G., Uchida, A., Mori, N., Kuwahara, Y., and Ishida, Y. (2008). Purification and
characterization of antibacterial substances produced by a marine bacterium
Pseudoalteromonas haloplanktis strain. Journal of applied microbiology 105, 1672-1677.

Humpbhris, S. N., Wheatley, R. E., and Bruce, A. (2001). The effects of specific volatile organic
compounds produced by Trichoderma spp. on the growth of wood decay basidiomycetes.
Holzforschung 55, 233-237.

Kanchiswamy, C. N., Malnoy, M., and Maffei, M. E. (2015). Chemical diversity of microbial volatiles
and their potential for plant growth and productivity. Frontiers in Plant Science 6. doi:
10.3389/fpls.2015.00151.

Kato, N., and Shibasaki, 1. (1980). The antimicrobial characteristics of 1-alkanols. J. Antibact. Antifung.
Agents 8, 325-331.

Kubo, I., Muroi, H., and Kubo, A. (1995). Structural functions of antimicrobial long-chain alcohols and
phenols. Bioorganic & medicinal chemistry 3, 873—-880.

Létoffé, S., Audrain, B., Bernier, S. P., Delepierre, M., and Ghigo, J.-M. (2014). Aerial Exposure to the
Bacterial Volatile Compound Trimethylamine Modifies Antibiotic Resistance of Physically
Separated Bacteria by Raising Culture Medium pH. mBio 5. doi: 10.1128/mBi0.00944-13.

Lewis, B. (1985). Inhibition of Candida albicans by methanethiol produced by Brevibacterium linens.
Microbiologica 8, 387-390.

Linton, C. J., and Wright, S. J. L. (1993). Volatile organic compounds: microbiological aspects and
some technological implications. Journal of Applied Bacteriology 75, 1-12. doi:
10.1111/j.1365-2672.1993.tb03400.x.

Morton, H. E. (1950). The Relationship of Concentration and Germicidal Efficiency of Ethyl Alcohol.
Annals of the New York Academy of Sciences 53, 191-196. doi: 10.1111/j.1749-
6632.1950.tb31944 x.

Naznin, H. A., Kimura, M., Miyazawa, M., and Hyakumachi, M. (2013). Analysis of volatile organic
compounds emitted by plant growth-promoting fungus Phoma sp. GS8-3 for growth
promotion effects on tobacco. Microbes and environments 28, 42—49.

Ossowicki, A., Jafra, S., and Garbeva, P. (2017). The antimicrobial volatile power of the rhizospheric
isolate Pseudomonas donghuensis P482. PLoS ONE 12. doi: 10.1371/journal.pone.0174362.

Pimenta, R. S., Moreira da Silva, J. F., Buyer, J. S., and Janisiewicz, W. J. (2012). Endophytic fungi from
plums (Prunus domestica) and their antifungal activity against Monilinia fructicola. Journal of
Food Protection 75, 1883—-1889.



Popova, A. A., Koksharova, O. A, Lipasova, V. A., Zaitseva, J. V., Katkova-Zhukotskaya, O. A., Eremina,
S. 1., et al. (2014). Inhibitory and toxic effects of volatiles emitted by strains of Pseudomonas
and Serratia on growth and survival of selected microorganisms, Caenorhabditis elegans, and
Drosophila melanogaster. BioMed Research International 2014.

Reese, K. L., Rasley, A., Avila, J. R., Jones, A. D., and Frank, M. (2020). Metabolic Profiling of Volatile
Organic Compounds (VOCs) Emitted by the Pathogens Francisella tularensis and Bacillus
anthracis in Liquid Culture. Scientific Reports 10, 9333. doi: 10.1038/s41598-020-66136-0.

Ryu, C.-M., Farag, M. A,, Hu, C.-H., Reddy, M. S., Kloepper, J. W., and Paré, P. W. (2004). Bacterial
volatiles induce systemic resistance in Arabidopsis. Plant physiology 134, 1017-1026.

Ryu, C.-M., Farag, M. A, Hu, C.-H., Reddy, M. S., Wei, H.-X., Paré, P. W., et al. (2003). Bacterial
volatiles promote growth in Arabidopsis. Proceedings of the National Academy of Sciences
100, 4927-4932.

Saksena, N., and Tripathi, H. (1987). Effect of organic volatiles from Saccharomyces on the spore
germination of fungi. Acta Microbiologica Hungarica 34, 255-257.

Splivallo, R., Novero, M., Bertea, C. M., Bossi, S., and Bonfante, P. (2007). Truffle volatiles inhibit
growth and induce an oxidative burst in Arabidopsis thaliana. New Phytologist 175, 417—-424.

Strobel, G. A., Dirkse, E., Sears, J., and Markworth, C. (2001). Volatile antimicrobials from Muscodor
albus, a novel endophytic fungus. Microbiology 147, 2943—-2950.

Toffano, L., Fialho, M. B., and Pascholati, S. F. (2017). Potential of fumigation of orange fruits with
volatile organic compounds produced by Saccharomyces cerevisiae to control citrus black
spot disease at postharvest. Biological Control 108, 77-82.

Togashi, N., Shiraishi, A., Nishizaka, M., Matsuoka, K., Endo, K., Hamashima, H., et al. (2007).
Antibacterial activity of long-chain fatty alcohols against Staphylococcus aureus. Molecules
12, 139-148.

Venkataraman, A., Rosenbaum, M. A., Werner, J. J., Winans, S. C., and Angenent, L. T. (2014).
Metabolite transfer with the fermentation product 2, 3-butanediol enhances virulence by
Pseudomonas aeruginosa. The ISME journal 8, 1210-1220.

Weise, T., Thiirmer, A,, Brady, S., Kai, M., Daniel, R., Gottschalk, G., et al. (2014). VOC emission of
various Serratia species and isolates and genome analysis of Serratia plymuthica 4Rx13.
FEMS microbiology letters 352, 45-53.

Wright, S. J. L., Linton, C. J., Edwards, R. A., and Drury, E. (1991). Isoamyl alcohol (3-methyl-1-
butanol), a volatile anti-cyanobacterial and phytotoxic product of some Bacillus spp. Letters
in Applied Microbiology 13, 130-132. doi: 10.1111/j.1472-765X.1991.tb00589.x.

Zhang, H., Kim, M.-S., Krishnamachari, V., Payton, P., Sun, Y., Grimson, M., et al. (2007).
Rhizobacterial volatile emissions regulate auxin homeostasis and cell expansion in
Arabidopsis. Planta 226, 839—-851.



