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Introduction
Fermented vegetables are usually produced using the natural microorganisms present in the raw material. The inf\;;?bi?sis Cabbage fermentation
. : . : : . t
process is characterized by a first heterofermentative step, generally carried out by Leuconostoc mesenteroides, actic acid clatication
which acidifies the medium and creates anaerobic conditions. The second homofermentative step is mainly carried production t gggii?jrmis f zgae);ﬁnum
out by Lactiplantibacillus plantarum. The composition of bacterial and fungal communities present in fermented (Egthiigﬁiiﬁs ' f Lb. brevis P pentosaceus
: : : : : : 2 ' t tati L. lant
vegetables (cabbage, carrot, turnip) have been widely characterized, whereas only few studies described the viral mannitol SreroTermentation parapiantari
. th th
communities of these ecosystems. /" day 14)day
Several phages infecting different bacterial species were previously isolated from sauerkraut during the L. mesenteroides L. plantarum

Weissellasp L. fallax

L. curvatus Lb. brevis Homofermentation

fermentation process, which revealed for the first time the complex ecology of phages in this ecosystem?. Later, viral

metagenomic analysis performed on different fermented foods including sauerkraut and kimchi highlighted again L. plantarum L. citreum P'”fd?diof‘do‘c
[ [ . ) . . . . ac IC aCI
that complexity and showed that the vast majority of the sequences originated from uncharacterized phages®. Bacteria and yeasts communities well known
The objective of the present study was to describe the viral composition of commercial fermented vegetables . > Sugar Degradation
. . . What about bacteriophages * Acidification
(sauerkraut, fermented carrots and fermented turnips) as a first stone to build future research on the phage ecology
in this peculiar ecosystem.
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i Bmducer B roducer B : (cabbage DNA)
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amplification epifluorescence microsco . . :
] P Py Virome beta-diversity
Metagenomic
. . A BRAY-CURTIS B JACCARD
Microbiology 7 , Viral metagenomic data Permanova, R2 = 0.48, p = 0.003 ** Permanova, R2 = 0.419,p=0.017*
Bioinformatic
. Final dataset 2® 0.254 :_
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. . Samples assembled conti 2| Cé[ Sample
Epifluorescence microscopy >2kb g No. No. No. Ct30 )
Contigs  Clustered Predicted ® Cabbage
: : : v C1_1D 308 31kb  >2kb contigs viral 4 ® Carot
Epifluorescence microscopy - | Viral load estimation — contigs — — 0.0041®11 o Tum
viral load estimation (phages/mL) C2_1D N 35 27 kb & 0.00- % " e
Eau_CD 307 5 kb o o Producer
Cabbage batch 2 (pH 3,36) 1.02E+08 - P » ® A
Cabbage batch (pH 3,53) 4.47E+07 Tampon_(D 213 8 kb < N < ) 5- A B
N1D ) 611 33 kb -0.25- N2D "
S N2D 194 18kb N3D and CtlD samples: g
1.43E+08 — : : o
B N3D 0 - low sequencing quality and
.70E+ L
. CtlD 21 3kb poor assembly statistics A 0.50- NTD _A
Turnip batch 1 (pH 3,67) 1.27E+08 Ct2D 169 49 kb , _Ct1D . . | | CtiD
, ﬁ compared to other 02 00 02 04 06 0.4 0.2 0.0 0.2 0.4
Turnip batch 2 (pH 3,55) 6.93E+07 Ct3D 40 10 kb | Axis.1 [32.5%)] Axis.1 [26%]
: sampies.
Turnip batch 3 (pH 3,30) NA WD (water control) 11 2 kb P : : . .
» The first axis helps discriminating samples according to the vegetable
Control buffer 4.01E+04 BD (buff | 179 6 kb
(buffer control) ,
» Samples N3D and Ct1D cluster together (low quality samples)
i - Viral composition depending on the plant matrix
Viral composition
Most abundant viral contigs
_‘ 3 contig groups Contigs identity Infection Contig quality Host order Host family Host genius score_iphop
Host_genus cycle
B serratia CtlD_125k NODE_1 length 2064 : - Lactobacillales Lactobacillaceae  Lactiplantibacillus 94.0
Companilactobacillus @Conﬁgs unique to two Ct2R 125k NODE 1 length 41237 | Temperate High quality = Enterobacterales Enterobacteriaceae Rahnella 91.4
-2 GCF'Q"“?G”‘?“ C1 _1D_25k NODE_2 length 23337  Virulent low quality Lactobacillales Lactobacillaceae  Lentilactobacillus 91.4
\ ] o carrots samples (cluster 3) Ct2D_250k_NODE_59_length_2554 : : : - :
Lentilactobacillus C2_1D 250k _NODE_1 length 27078| Virulent high quality Lactobacillales Lactobacillaceae  Lacticaseibacillus 99.4
. Leuconostoc @ Contigs common to C3_1D_25k_NODE_2_length_16738| Virulent medium quality Lactobacillales Lactobacillaceae  Lacticaseibacillus 99.4
}@ Levilactobacillus N2D_125k_NODE_42_length 2495 . . - - - .
| l e most samples C3_1D_25k_NODE_3_length_5026 - - - : : :
.,5 Secundilactobacillus C2_1D 250k _NODE_2 length 13954 Virulent low quality Lactobacillales Lactobacillaceae  Lentilactobacillus 91.1
 serratia @ . C1_1D_25k_NODE_1_length_31726 | Virulent high quality Lactobacillales Lactobacillaceae Lacticaseibacillus 96.6
Streptococcus Contlgs mOStly C3_1D_125k_NOD 58 length_3209 - - Lactobacilles Lactobacillaceae  Lentilactobacillus 91.6
ndant in : :
ﬁ@ et abundant in cabbage The most abundant contigs are different between samples

| samples (cluster 1
‘e“Q e‘s"om’>° 0.\’>° C;,,ZS’ virdten ples | ) The hosts for these contigs, when predicted, correspond to bacteria usually found during the late
stage of the fermentation process. Phages infecting Leuconostoc were also detected but at a
lower abundance (not present in the top 10)

Cluster 3 Carrots Cluster 2 Turnips | | Cluster 1 Cabbages

Cluster 4: 1 batch carrot et 1 batch turnip

Conclusion and perspectives

This study provides an overview of the composition of viral communities in different commercial fermented vegetables, with a particular focus on extracellular particles (virion forms). We
identify phages in high abundance that infect bacteria belonging to genera found in the late stage of the fermentation process (e.g. Lactiplantibacillus, Lentilactobacillus,...), and at a lower
abundance phages infecting bacteria of the early stage (e.g. Leuconostoc) or spoilage bacteria (e.g. Enterobacter). Our results suggest that several phages infect most of the dominant lactic
acid bacteria involved in the fermentation process and, therefore, may impact the bacterial successions occurring in this system. Since phages are likely to modify fermentation kinetics and
consequently the quality of end-products, it is now necessary to better understand their individual ecological roles and ultimately set-up technological strategies to better control their
activity and secure fermentation.
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