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Supporting methods
Detailed process for assembly and binning

Reads obtained from biogas reactors inoculated with the same inoculum were co-assembled, as well
as those collected from primary and secondary reactors of the same biogas plant. On contrary,
samples derived from reactors using different inocula and those collected once from a specific
biogas plant were assembled individually. Before performing the co-assembly of reads obtained
from different reactors, the similarity of the microbial composition among different samples was
verified running MetaPhlAn2 (v2.2.0) on one million unassembled reads, randomly collected from
each sample [1]. This preliminary check confirmed that samples collected from the same reactor, or
collected from reactors using the same inoculum had on average similar microbial composition. The
high diversity between groups indicated the need for a separate assembly of each group in order to
minimize computational requests, as well as to avoid co-assembly of different strains belonging to
the same species, a process resulting in lower quality of the assembled MAGs [2].

Reads were assembled using Megahit (v1.1.1) with “--sensitive” mode for samples having less than
40 Gb of sequenced bases and with “--large” for the remaining assemblies [3]. After the assembly
process, a trial alignment with Bowtie 2 program (v2.2.4) [4] was performed using 100,000
randomly selected reads per each sample in order to calculate the fraction of reads aligned on each
assembly. This allowed the identification of all samples having a reasonable alignment rate on each
assembly (higher than 25%) and to select them for the subsequent binning step. Samples having less
than 25% aligned reads were considered as being not informative and not used to determine the
coverage profile of the scaffolds. Based on these preliminary results, the number of experiments
considered for coverage calculation and subsequent binning ranged from 11 to 89 depending on
assembly.

After assembly and binning, contaminating scaffolds for each MAG were identified considering
their genomic characteristics (GC content and tetranucleotide composition). After the filtering step
performed with RefineM [5], the “CC3 value” [CC3=Cp-(Ct*3)] (where Cp is completeness and Ct
contamination determined using checkM) of each MAG was calculated again leading to only 159
MAGs showing an improved “CC3 value” after contamination removal; all the remaining MAGs
were maintained in their initial condition (without performing the filtering step).

During the redundancy removal, a single representative MAG was collected for each cluster. To
determine the representative MAG, after ANI calculation, from each cluster of MAGs which belong
to the same species, a representative one with the highest CC3 value was selected. These MAGs
were classified in three groups according to their quality and contamination levels: High Quality
“HQ” (Cp>90%, Ct<5%), Medium-High Quality “MHQ” (90%>Cp>=70%; 5%<Ct<10%) and
Medium Quality “MQ” (70%>Cp>=50%; 5%<Ct<10%).

Details regarding taxonomic assignment

Taxonomic assignment reported in the text is reported in [6] with small modifications: (1) The
highest priority for taxonomy assignment has been given to the ANI results obtained comparing
MAGs with genomes from NCBI database. gANI calculation was performed as described in the
main text comparing MAGs and the genomes downloaded from NCBI microbial genome database



(last accessed date: May, 2018). 56 MAGs showed an ANI value higher than 95% and more than
70% of genes in common with the reference species. Other 149 MAGs were also highly similar to
known species deposited at the NCBI microbial genome database, but these reference genomes
were not taxonomically assigned at species level. Other 38 MAGs had average similarity which was
higher than 95%, but the percentage of common genes ranged between 50% and 70%. Furthermore,
affiliation of these microbes to the genus level was doubtful. (2) Intermediate priority for taxonomy
classification was given to MAGs encoding the 16S rRNA genes longer than 300 bp. The 16S
rRNA genes were identified for each MAG with in-house developed perl script using Hidden
Markov Models obtained from RNAmmer [7] and taxonomy assessment was determined using
RDP classifier trained on SILVA 132 ribosomal RNA (rRNA) database [8]. Taxonomy results were
compared with those obtained from ANI and from taxonomically informative proteins (PhyloPhlAn
and CheckM, “step 3” below) [9,10]. Five discordant results were manually verified and corrected
removing possibly misassigned 16S rRNA genes. (3) Results obtained from taxonomically
informative proteins (PhyloPhlAn and CheckM) were used for taxonomic classification of the
remaining MAGs. Finally, results obtained applying all three methods were compared with each
other in order to discover discrepancies, which were identified and manually corrected only for the
MAG Candidatus Fermentibacter daniensis_ AS4DgIBPLU_32. An additional verification was
performed on MAGs assigned to CPR, DPANN and some other hypothetical taxa by selecting 5278
representative genomes from NCBI microbial genomes database as described previously [6],
building a tree using PhyloPhlAn [9] and performing a manual inspection assisted by Dendroscope
(v1.4) [11].

From the results obtained, 1,233 MAGs were taxonomically assigned using selected marker genes,
an additional 212 MAG were characterized based on results obtained from 16S rRNA gene
sequences, the taxonomy of the 121 remaining MAGs (mainly belonging to candidate taxa) has
been refined by manual inspection of their placement into a phylogenetic tree as previously
described. Only 69 out of 1,635 MAGs were assigned to known species based on ANI comparison
performed considering the genomes deposited in NCBI
(https://www.ncbi.nlm.nih.gov/genome/microbes/) (Data set S6).

Taxonomic assignment obtained from the combined evidences mentioned above (marker genes, 16S
rRNA, ANI and manual inspection) was compared with that obtained from MIGA [12] and results
obtained were in good agreement; the fraction of MAGs consistently assigned to already existing
taxa varied from 68% (family) to 88% (genus) depending on the taxonomic level.

Two additional taxonomic analyses were performed using Bin Annotation Tool (BAT) [13] and
GTDB-Tk toolkit [14]. Results are available in Additional File 4.
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Fig. S1 Relative abundance of all the MAGs associated to the phyla identified is represented as a
heatmap (see color scale at the bottom of the figure). On top of the figure color codes are associated

to the different experiments considered. From top to bottom, phyla are ordered considering their

Il the experiments.
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plants.
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Fig. S3 Cluster analysis of the MAGs relative abundance values. White

to red (see color scale at the bottom). In the right part of the figure colors refer to the taxonomic
assignment of the MAG at phylum level. Clusters of MAGs (G1, G2) and clusters of experiments

(C1-C3) are discussed in the text.



B biogas plants
® |ab-scale reactors

O thermo
Omeso
0.15004
Lo}
0.1000{
o © 0.05001
- E
z 7
&
g £ Q
o -
02000 01500 @ -0.1000 n} -0.0500 0.0500 0.1000 0.1500 0.2000
3 >
§ 0,000
-0.1000
-0.1500
0.2000
-0.2500-
Coordinale 1 (24.04%)
m biogas plants
® |ab-scale reactors
O carbohydrate, carbon monoxide
O carbohydrate, protein
O protein
O VFA
O lactose, protein, hydrogen
lactose, protein
carbohydrate, hydrogen P
carbohydrate, LCFA 015001 1
acetate
2 Carbohydrate, lid, protei & .
carbohydrate, lipid, protein 0.1000]
O carbohydrate o
' o.0s00{
g o o
< r T - T ~ Lt 0000- T g T J
2 02000 01500 |k -0.106d () ~0.0500 0.0500 0.1000 0.1500 02000
]
g
£ -0.0500
g
o
-0.1000
-0.4500{
o]
o]
-0.20004
-0.2500{
Coordinale 1(24.04%)
Samples examined
. Bremges Aet al. 2015 doi: 10.1186/513742-015-0073-6
Campanaro $, et al. 2018 doi:10.1016/j.watres.2018.04.043
Fontana A, et s, 2018 doi: 10.1016/jwatres 2018,02.001
Frank JA, et al. 2016 d0i:10.1038/srep25373
GUllert 5, 2016 doi: 10.1186/513068-016-0534-x
Jing Y, et al. 2017 dol: 10,1016/} watres.2017.09.018
[l Kougias PG, 2018 doi: 10.1128/AEM 01244-18
Kougias PG, 2016 doi: 10.1038/srep28810
Kouzuma A, et al. 2017 doi: 10.1038/541598-D17-01752-x
Maus |, et al. 2016 dol: 10.1186/513068-016-0581-3
Wosbaek , et al. 2016 doi: 10.1038/ksmej 2016.39
Zhu X, et al. 2019 doi: 10.1016/] watres. 2018.12 041
Ruiz-Sanchez , et al. 2018 doi:10.1016/j.biortech.2017.11.068
Stolze'Y, etal. 2016 doi: 10.1186/513068-016-0565-3 015001 W
Sun L, et al. 2014 dol:10.1016/j jbiotec 2013.11.016. 0
Frank JA, et al. 2016 doi: 10.1128/mSystems.00092-16 o
Treu L, et al. 2018 doi:10.3389/fmicb.2018.01079 0.10004 [m]
. Ziels RM, et al. 2018 doi: 10.1038/isme}.2017.143 o
0.0500{
z
o
g
2 02000 -0.1500 01008 [P 00500 0.0500 6.1000 0.1500 02000
e
g
£ 0.0500
g
S
0.1000-
0,1500 5
o o
[}
0.2000
0.2500

Coordinate 1 (24 04%)

Fig. S4 Principal Coordinate Analysis (PCoA) performed considering MAGs abundance in the
samples examined. Samples are colored according to the temperature (A), to the feedstock (B) and
to the experiment (C). Feedstock composition was summarized according to the data reported in

Supplementary data 1. Full-scale biogas reactors are reported as small squares, while laboratory-
scale reactors as circles.



08

sajdwes Jo Jaquiny

0o SL 0s s2

(%) @ouepunge anjejay
09 of

o
Q

-ﬁ-&‘iilktio

S gnP@hal” JEde Junrghe 8

i

»
-

J_ |

— -

| deenesdnes '

Iir

i

(B)

€/qOID|WOdNLIBA
aeBojowsey |
sejnoliaua]
sajaisiblaulsg
sajgeyooNds
B1ISJ0BC08]01d
sejaofwojoueld
BLIBJOBCI0SE]Ed
BLBIOBANAIEL K
aeudsonN

EU
seieeydspuen
EETE R R
BLSJOBGOSN

sanojuy

sajue1sydelq ¥
SNWIBY | -SN22030UR(
BusjoRqOUBAD

B|0SBLIBUSID
ejoI8j0eqOULIBLI0Id0D)
Ixajjololud

aeipAwelyy

(9-H3AHQ) EI08EYIIESSIOM SNIEPIPUED K
BUSJOBCLIEYDIES SNIEPIPUED K
EUSIOEGUEWZIOY SNJEPIPUEY) X
BUS|OBCR|IY SNIEPIpUBD
eusEGIULbSISY SNEPIPUED) K
BLBJOBQEJEH SNIEPIPUBD K
EBUBIOEGEINWON SNIEpPUED
BIBI0BGURIOL SNIEPIPUBD &
sajewousboIly SMEPIPUED K
BIQOIOIWIULIE)N SNIEPIPUBD
eLsloEgY|UESEDR)Y SNIEPIPUBD %
B]08ELOIENOT STIEPIDUED
ELBIOEQUaUSNY SNIERIPUEBY
sajuapausBoipiH snyepipuen
ElSOECNUSWIDS SNIEPIPUED
BLSJOBGMON[B- SNJEPIpURD K
El2)0BCRY[0Q SNIEPIPURD K
S8]8UOLWIJB0ID SN|EPIPUBD
ELIBJOBGUIMYORE SMEPIPUED
ejoseyDIRAYIEY SNBPIPUERD
BSIOBCLIY SNIEPIpUBD
BUIBJOBGIXIZ UOISIND @]EpIpUed
£3MM UOISIAID SjepipuED K
LSM UOISIAIp 81EPIPUBO

DY uoisIAIp slepIpued
eouasIplen)

ssleplossloeg
S3JoPEUOW|BWIY
BLBIOBGOUIOY
BLIBIOBGOPIOY

Fig. S5 MAGs relative abundance and their distribution in different samples. (A) Dots represent

MAGs relative abundance in the samples examined. Dots are colored according to the taxonomic

assignment of the MAGs at phylum level. (B) Number of samples where each MAG was identified

at relative abundance higher than 0.001%. Each dot is representative of a single MAG and the
number of samples where it was identified is reported in y axes (CPR are marked with asterisks).



Table S1. Number of replication origins identified in the archaeal genomes.

Species

Number of
origins

Methanomicrobiales sp. AS06rmzACSIP_62

Candidatus Lokiarchaeota sp. AS27yjCOA_147

Crenarchaeota sp. AS06rmzACSIP_525

Diapheraotrites Incertae Sedis sp. AS22ysBPME_79

Euryarchaeota sp. AS06rmzACSIP_150

Methanocorpusculum parvum ASO7pgkLD 39

Methanomicrobiales sp. AS06rmzACSIP_125

Methanomicrobiales sp. ASO6rmzACSIP_486

Methanomicrobiales sp. AS19jrsBPTG_12

Methanosarcina sp. ASO05jafATM_20

Methanosarcina sp. AS10tIH2TH 61

Methanothermobacter sp. AS27yjCOA 93

Arc | group sp. AS22ysBPME_302

Arc | group sp. AS27yjCOA_88

Bathyarchaeota sp. AS0O6rmzACSIP 217

Crenarchaeota sp. AS06rmzACSIP_615

Euryarchaeota sp. AS06rmzACSIP_582

Euryarchaeota sp. ASO08sgBPME_366

Euryarchaeota sp. AS21ysBPME 342

Euryarchaeota sp. AS22ysBPME_74

Euryarchaeota sp. AS23ysBPME_60

Methanoculleus thermophilus AS20ysBPTH_14

Methanomassiliicoccus sp. AS06rmzACSIP 208

Methanomicrobiales sp.

AS06rmzACSIP_503

Methanomicrobiales sp.

AS10tIH2TH_381

Methanomicrobiales sp.

AS19jrsBPTG_18

Methanomicrobiales sp.

AS21ysBPME_11

Methanomicrobiales sp.

AS22ysBPME_16

Methanomicrobiales sp.

AS22ysBPME_199

Methanomicrobiales sp.

AS27yjCOA_146

Methanomicrobiales sp.

AS2HgIBPFA_19

Methanomicrobiales sp.

AS4DgIBPLU 14

Methanosaeta sp. AS06rmzACSIP_595

Methanosaeta sp. AS27yjCOA 18

Methanosaeta sp. AS27yjCOA 204

Methanosaeta sp. AS3CgIBPFA 17

Methanothermobacter wolfeii AS20ysBPTH_ 75

Methanothermobacter sp. ASO6rmzACSIP_462

Methanothrix soehngenii AS27yjCOA_ 157

Thermoplasmatales Incertae Sedis sp. AS10tIH2TH 373

Woesearchaeota DHVEG-6 sp. AS27yjCOA 155

Woesearchaeota DHVEG-6 sp. AS27yjCOA 212

Methanoculleus bourgensis AS23ysBPME_211

Arc | group sp. AS27yjCOA 5

Candidatus Methanoculleus thermohydrogenotrophicum AS20ysBPTH 159

Methanobacterium sp. AS08sgBPME_337

Methanomicrobiales sp. AS06rmzACSIP_125

Methanomicrobiales sp. ASO6rmzACSIP_358

Methanomicrobiales sp. AS19jrsBPTG_32

Methanosarcina flavescens AS22ysBPME_46

Methanosarcina mazei AS10tIH2TH_ 287

Methanothermobacter sp. ASOlafH2WH_50

Methanothermobacter sp. ASO4akNAM_23

Thermoplasmatales Incertae Sedis sp. AS0O6rmzACSIP_286

Methanothermobacter sp. ASO4akNAM_25
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Euryarchaeota sp. AS22ysBPME_74

Methanosarcina thermophila AS02xzSISU_89

Methanosarcinaceae sp. AS23ysBPME_4

Thermoplasmatales Incertae Sedis sp. AS21ysBPME_157

Crenarchaeota sp. AS10tIH2TH_146

Methanothermobacter sp. AS05jafATM_76
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