Accumulation of detached kelp biomass in a subtidal temperate coastal ecosystem induces succession of epiphytic and sediment bacterial communities.
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SUPPLEMENTARY MATERIAL

Supplementary Methods

Measurements of contextual parameters
Detailed procedures are described in (de Bettignies, Dauby, Thomas, et al., 2020). Water temperature, light intensity and water motion were measured continuously during the experiment using sensors. Community respiration was measured by measuring oxygen consumption from each cage, during in situ incubations in benthic chambers. Further analyses of the cage content were performed in the laboratory. The remaining kelp biomass was estimated by dividing the final wet mass by the initial wet mass measured at the beginning of the experiment. Phlorotannins were extracted in a 70% ethanol buffer (pH 2.6) and quantified using a modified Folin-Ciocalteu method. C:N mass ratio of the tissues was determined on an elemental analyser (Flash EA1112, ThermoScientific) coupled to an isotope ratio mass spectrometer (IRMS Delta plus, ThermoScientific) via a gas interface (Conflo III, ThermoScientific). In vivo chlorophyll a fluorescence of photosystem II (PSII) was measured using a fluorometer (Diving-PAM; Heinz Walz, Effeltrich, Germany) to assess the photosynthetic capacity of the tissues (expressed as quantum efficiency of PSII (Fv/Fm)). The proportion of organic matter in sediment was determined by measuring the weight loss from dry sediment samples (48h at 60°C) when ignited at 500°C for 6 h.
[bookmark: _et4zhpcuzkzv]DNA extraction
Three different protocols were adapted to extract DNA from each type of sample (algal pieces, sediment and water). For each cage, five algal pieces (total surface of 13.3 cm2) were incubated in 4.5 ml of lysis buffer (750 mM Sucrose, 50 mM TRIS pH 8, 40 mM EDTA, 0,014 mM lysozyme) for 45 min at 37°C. SDS and proteinase K were added to a final concentration of 11.6 mg.ml-1 and 230 μg.ml-1, respectively, and samples were incubated for 1 h at 55°C. Nucleic acid extraction was performed by adding one volume of phenol:chloroform:isoamyl alcohol (25:24:1) to the lysate volume. After centrifugation (4500 rpm, 15 min, 19°C) the aqueous phase was recovered, polysaccharides were precipitated with 0.3 volume of 96% ethanol followed by a new extraction with phenol:chloroform:isoamyl alcohol. The resulting extracted DNA was purified with the NucleoSpin Plant II kit (Macherey Nagel) following the manufacturer's instructions. DNA was eluted in 100 μl of 5 mM Tris/HCl buffer pH 8.5. For water samples, DNA was extracted from Sterivex filters following a similar protocol as used for the algal samples with addition of 1.5 ml of lysis buffer to the filter and no precipitation of polysaccharides. For sediment samples, DNA was extracted from 0.5 g of sediment using the DNeasy PowerLyzer PowerSoil Kit (Qiagen) according to the manufacturer's instructions, and eluted in 100 μl of 10 mM Tris/HCl buffer pH 8.5.
[bookmark: _ehti83fne7zx]16S rRNA copies quantification
The total number of bacterial 16S rRNA copies in each sample was assessed by quantitative real-time PCR using the universal primers 926F/1062R (Bacchetti De Gregoris et al., 2011). Amplification and detection were carried out in a 384-multiwell plate on a LightCycler 480 Instrument II. Each reaction was conducted in technical triplicate for each sample with 2.5 μl of the LightCycler 480 SYBR Green I Master mix 2X (Roche Applied Science), 0.5 μl of each primers (3 µM), 0.5 μl of 10X TBT-PAR additive (1.5 M Trehalose, 2 mg.ml-1 Invitrogen BSA UltraPure, 2% Tween-20, 17 mM Tris-HCl pH8) (Samarakoon et al., 2013) and 1 μl of DNA template normalized at 0.01 ng.μl-1 for a final volume of 5 μl per reaction. The targeted 16S rRNA gene sequence was amplified with an initial hold of 95°C for 10 min followed by 45 cycles of 95°C for 10 s, 60°C for 20 s, and 72°C for 10 s. After the amplification step, dissociation curves were generated by increasing the temperature from 65°C to 97°C. Serial dilutions of Zobellia galactanivorans DsijT purified genomic DNA ranging from 103 to 108 16S rRNA gene copies equivalent were used as a standard curve and were amplified in triplicate in the same run as the environmental samples. A Non-Template Control (NTC) was included in the run. The LightCycler 480 Software (version 1.5) was used to visualize the results and determine the threshold cycle of each sample. The resulting standard curves were analyzed to assess the amplification efficiency and to calculate the linear regression between the threshold cycle and the number of 16S rRNA gene copies. ANOVA analyses were conducted to assess differences between samples, followed by a post-hoc Tukey HSD test for pairwise comparisons. Details on qPCR assays are given in Table S8, following the MIQE guidelines (Bustin et al., 2009).  
[bookmark: _lmg0j78azsk7]Library preparation and sequencing
The concentration of DNA samples was normalized at 0.1 ng.μl-1. As a positive control, we constructed a mock community based on the genomic DNA of 32 pure marine bacterial isolates as reported previously (Thomas et al., 2020). Libraries were prepared in parallel for the 94 samples (24 algal samples, 24 water samples, 3 initial sediments, 21 underlying sediment, 20 external sediment, one mock community and one negative control (PCR grade water)). Library were prepared using the primers S-D-Bact-0341-b-S-17 (5’ CCTACGGGNGGCWGCAG 3’) and 799F_rc (5’ CMGGGTATCTAATCCKGTT 3’) ﻿and sequenced on a MiSeq paired-end sequencing run (300 cycles x 2) as described previously (Thomas et al., 2020). 

Sequence filtering and taxonomic assignation
Raw sequence reads were trimmed to remove low quality bases and Illumina adapters using Trimmomatic v0.38 with the following options: ILLUMINACLIP:Adaptaters.fasta:2:30:10 SLIDINGWINDOW:4:25 LEADING:25 TRAILING:25 MINLEN:150 (Bolger et al., 2014). Overlapping paired-end sequence reads were assembled using PANDAseq v2.11 and assembled sequences between 400 and 500 bp long were kept (Masella et al., 2012). ﻿All the following steps for sequence processing were performed in the pipeline FROGS (Find Rapidly OTU with Galaxy Solution) developed for the Galaxy platform (http://galaxy3.sb-roscoff.fr, Escudié et al., 2017). Sequences were clustered into OTUs using SWARM v2 (Mahé et al., 2015), with local clustering threshold d=1. PCR chimera detected with VCHIME from VSEARCH v1.1.3 (Rognes et al., 2016) and singletons were filtered out and OTUs were taxonomically assigned using the ﻿RDP classifier (Wang et al., 2007) on the Silva 16S rRNA (v132) database.
[bookmark: _iwr9coq7oqkq]
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Supplementary tables
Supplementary table 1 (Excel file) Characteristics of the 92 samples collected and analyzed in the study. Sample AA_T0_C2 was removed from the sequence analysis due to a low number of sequences. DNA yield after extraction, 16S rRNA gene copy number, sequence abundance and OTU numbers of the non-rarefied dataset and PICRUSt weighted NSTI are mentioned for each sample, as well as measurements of the 10 contextual parameters used in the study, including 2 alpha diversity indices (OTU numbers after rarefaction and Shannon index) and 8 environmental factors. OM : Organic Matter; WW: wet weight; DW: dry weight. C/N ratio: carbon to nitrogen ratio.

Supplementary table 2: Average Bray-Curtis dissimilarities between bacterial community from each compartment (KA: kelp-associated; SW: seawater; US: underlying sediment; ES: external sediment). All pairwise ANOVA comparisons were significant (P = 0.001, Benjamini-Hochberg correction).
[bookmark: _GoBack]

	 
	KA
	SW
	US

	SW
	7.84
	-
	-

	US
	5.94
	7.85
	-

	ES
	6.12
	7.99
	0.92


 

Supplementary table 3 (Excel file). Associated taxonomy and relative sequence abundance ± s.d. (n = 3, except n = 2 for kelp-associated at T0) of the 249 kelp-associated OTUs whose relative sequence abundance vary significantly during kelp degradation (GLM, P < 0.05). 

Supplementary table 4. Characteristics of clusters detected in the network of kelp-associated bacterial communities (Fig. 4).

	Cluster
rank
	Score
	Nodes
	Edges

	1
	10.09
	48
	237

	2
	9.23
	45
	203

	3
	5.69
	33
	91

	4
	5.33
	16
	40

	5
	4.71
	15
	33

	6
	4.00
	15
	28

	7
	3.50
	5
	7

	8
	3.00
	3
	3







Supplementary table 5. Taxonomic affiliation within clusters 1 and 2 in the kelp-associated network (shown in Fig. 4).

	Class
	Cluster 1
	Cluster 2

	Acidimicrobiia
	4
	0

	Alphaproteobacteria
	20
	34

	Bacteroidia
	5
	3

	Gammaproteobacteria
	12
	7

	Deltaproteobacteria
	0
	1




Supplementary table 6 (Excel file). Associated taxonomy and relative sequence abundance ± s.d. (n = 3) of the 177 underlying sediment-associated OTUs whose relative sequence abundance vary significantly during kelp  degradation (GLM, P < 0.05). 


Supplementary table 7 (Excel file). Associated taxonomy and relative sequence abundance ± s.d. (n = 3, except n = 2 at 11 weeks) of the 27 external sediment-associated OTUs whose relative sequence abundance vary significantly during kelp  degradation (GLM, P < 0.05). 

Supplementary table 8 (Excel file). Details of the qPCR assay, following the Minimum Information for publication of Quantitative real-time PCR Experiments (MIQE) guidelines.


Supplementary Figures

Supplementary figure 1. Fluctuations of the number of detected OTU in the kelp-associated (A), the water column (B), and the underlying and external sediment (C) compartments during the 6 months-experiment. Different letters indicate significant differences between sampling dates. ANOVA analysis was conducted to compare diversity indices over time. When significant ANOVA results were found (P < 0.05), a post-hoc Tukey HSD test was calculated. Accordingly, different letters indicate significant differences between sampling dates. Values are mean ± standard deviation (n = 3,  except n = 2 for 0 week in kelp-associated and 11 weeks in external sediment).
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Supplementary Figure 2. Mean relative sequence abundance and taxonomic affiliation of the 10 most abundant OTUs at each sampling date in kelp-associated bacterial communities. All least abundant OTUs were omitted from the pie charts. 
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Supplementary Figure 3. Relative sequence abundance of bacterial classes in seawater (A) and external sediment (B) samples during the 6 month-experiment. Sequence relative abundances of classes representing less than 0.5% of all sequences at each sampling time were summed into the “Other” category. Values are mean ± standard deviation (n = 3, except at week 11 for external sediment n = 2). 
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Supplementary Figure 4. Subnetworks of kelp-associated bacterial communities centered on "Temperature" (A) “C/N ratio” (B) and “Respiration” (C). OTU nodes are color-coded based on taxonomy, and their size is proportional to the median relative sequence abundance during the experiment. Positive and negative associations are depicted by light-blue and light-red lines, respectively. Arrows indicate delayed associations (maximum delay = 1 sampling date).
[image: ]



Supplementary Figure 5. Changes in relative sequence abundance over time for OTUs from cluster 2 in the kelp-associated association network. Values are means of relative sequence abundance (n = 3, except for T0 n = 2). The most detailed taxonomic affiliation is given for each OTU.
[image: ]
Supplementary Figure 6. Changes in relative sequence abundance over time for OTUs from cluster 1 in the kelp-associated association network. Values are means of relative sequence abundance (n = 3, except for T0 n = 2). The most detailed taxonomic affiliation is given for each OTU.
[image: ]
Supplementary Figure 7. Predicted relative sequence abundance over time for glycoside hydrolases obtained after running PICRUSt2 metagenome predictions on 16S rRNA data from kelp-associated bacterial communities. Only enzymes with a relative sequence abundance varying significantly with time (GLM, P < 0.05) and representing more than 0.01% of the predicted metagenome for at least one sampling date are shown. Values are means ± standard deviation of predicted relative sequence abundance (n = 3, except for T0 n = 2).
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Supplementary Figure 8. Relative abundance of the 11 OTUs that vary significantly with time in both underlying (red) and external (orange) sediments. Values are mean of n = 3, except at week 11 for external sediment n = 2. The most detailed taxonomic affiliation is given for each OTU.
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