Supplement methods: Functional strain
redundancy and persistent phage

infection in Swiss hard cheese starter
cultures



Genotyping

For genotyping, DNA from 100 pL of culture was extracted using the EtNa DNA isolation
method (Vingataramin and Frost 2015) and diluted 10x before PCR amplification. Multiplex
amplification was performed in 25 pL reactions containing 2.5 pL of GeneAmp® 10X PCR
Buffer | containing 15 mM MgCl, (Thermo Fisher, Waltham, MA, United States), 0.9 mL
MgCl, (60mM), 0.5 mL PCR nucleotide mix (10 mM; Promega AG, Dubendorf, Switzerland),
0.5 yL Q-Solution (Qiagen, Hombrechtikon, Switzerland), 2.5 pyL primer mix (2 mM of each
primer listed in SupplementTable1), 0.4 yL AmpliTag Gold DNA polymerase (Thermo
Fisher) and 2 pyL of DNA.

After the initial heat activation at 95°C for 10 min followed 35 cycles at 94°C for 1 min, 58°C
for 30 s, 72°C for 30 s, and a final extension at 72°C for 7 min. The amplification products
were separated using the DNF-905-K0500 dsDNA 905 Reagent Kit (separation range 1-500
bp) on a Fragment Analyzer™ (Advanced Analytical Technologies, Ankeny, IA, USA)
according to the manufacturer's instructions. The results were evaluated and compared with
the PROSize software (V.3, Advanced Analytical Technologies).

GC-MS analysis

Samples for DHS-VTT-GC-MS analyses were prepared as follows: 250 mg of cheese starter
culture were weighed in 20 mL headspace crimp glass vials. 25 pL of an internal standard
solution composed by 0.5 ppm of paraldehyde, 0.25 ppm of tetradecane and 0.5 ppm of d4-
O-decalactone were added to the samples for analytical deviation correction.

Volatiles were extracted by dynamic headspace vacuum ftransfer in trap extraction (DHS-
VTT) (Fuchsmann et al. 2019) and analyzed by gas-chromatography mass spectrometry
(GC-MS). Volatile were adsorbed on a Tenax TA/Carbosieve Il ITEX (in tube extraction)
trap (BGB Analytik AG, Bockten, Switzerland) which was conditioned according to the
supplier’s temperature recommendations (320°C for 1 h) under a nitrogen stream of 100 mL
min-1. During extraction, the syringe temperature was fixed at 100°C and the ITEX trap at
35°C. Samples were incubated for 10 min at 60°C and volatiles were extracted for 5 min at 5
mbar using a vacuum pump Buchi V-300 (Buchi, Flawil, Switzerland). After extraction, the
sorbent and syringe were dried under a nitrogen stream for 5 and 20 min, respectively, at
220 mL min-1 to avoid injection of water in the column. Bound volatiles were desorbed for 2
min with a nitrogen flow of 100 mL min-1 at 240°C in a programmed temperature vaporizer
(PTV) injector of type CIS4 (Gerstel AG, Sursee, Switzerland) in the vent mode at 50 mL
min-1 and 0 kPa for 30 s. The injector containing a Tenax TA filled glass cooled to 10°C
using liquid nitrogen trapped the compounds again. The volatiles were then released by
heating the injector at a rate of 12°C sec-1 to 240°C. After injection, the trap was
reconditioned according to the supplier's temperature recommendation (300°C) for 15 min
under a nitrogen flow of 100 mL min-1.

The analyses were completed using an MPS2 autosampler (Gerstel AG) on an Agilent
7890B GC system coupled to an Agilent 5977B mass selective detector (MSD) (Agilent
Technologies, Basel, Switzerland). Volatile compounds were separated on a OPTIMA
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FFAPplus fused silica capillary column (polyethylene glycol nitroterephthalate, crosslinked,
60 m x 0.25 mm % 0.5 ym film; MACHEREY-NAGEL, Diren, Germany) with helium as the
carrier gas at a constant flow of 1.5 mL min-1 (25.312 cm sec-1).

The oven temperature was programmed as follows: 5 min at 40°C, then heated to 240°C at
a rate of 5°C min-1 with a final hold time of 20 min to make a total run time of 65 min.

The MS settings were as follows: transfer line at 250°C, source temperature at 230°C, and
the analytes monitored in SCAN mode between 30 amu and 350 amu with 4 min solvent
delay. The autosampler was controlled with a Cycle Composer V.1.5.4 (CTC Analytics,
Zwingen, Switzerland) and PTV injector with Maestro1 software V.1.4.8.14/3.5 (Gerstel AG).

Peak extraction and grouping was obtained using MassHunter Profinder software version
10.0 (Agilent Technologies). A batch recursive feature extraction (small molecules/peptides)
was performed on all data. For the molecular feature extraction (MFE), peaks with a height
lower than 2000 counts were filtered out. Alignment parameters were set with a 0.30 min
retention time tolerance and a 0.40 minimal dot-product value. A post-processing filter was
set for the MFE with a score of minimum 50.0 with the requirement that a compound must
satisfy the condition in at least one file across all sample files. For the Find by lon
parameters, a mass tolerance was set at £ 200 mDa and a retention time window of + 0.30
min. Agile 2 integration was chosen and the chromatograms were smoothed using the
Gaussian function with the function and Gaussian width both at 7 points. Spectra extraction
was set to include spectra at apex of peak.
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