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ABSTRACT Fermentative microbial communities can be utilized for the conversion
of various agroindustrial residues into valuable chemicals. Here, we report 34 meta-
genomes from anaerobic bioreactors fed lactose-rich ultrafiltered milk permeate
and 278 metagenome-assembled genomes (MAGs). These MAGs can inform future
studies aimed at generating renewable chemicals from dairy and other agroindustrial
residues.

The metagenomes reported here originate from two anaerobic bioreactors, i.e., a
continuously stirred tank reactor (CSTR) and an upflow sludge blanket reactor

(USB), operated to investigate the valorization of agroindustrial residues via fermen-
tation. Both bioreactors were inoculated with acid-phase anaerobic digester sludge
from the Nine Springs Wastewater Treatment Plant (Madison, WI, USA) and fed
ultrafiltered milk permeate amended with ammonium chloride as a nitrogen source.
The CSTR was operated at pH 5.5 and 35°C, whereas the USB was operated at pH
5.5 and 21°C. DNA was periodically extracted from the bioreactors using a phenol-
chloroform extraction procedure described by Scarborough et al. (1) but omitting
the bead-beating step. DNA aliquots of 500 ng (27 samples) and 3,000 ng (7 sam-
ples) were submitted to the Joint Genome Institute (JGI) (Berkeley, CA, USA) for
paired-end 2 � 150-bp NovaSeq S4 sequencing (Illumina, Inc., San Diego, CA, USA)
and single-molecule real-time (SMRT), long-read sequencing using a Sequel II plat-
form (Pacific Biosciences, Inc. [PacBio], Menlo Park, CA, USA), respectively. Illumina
libraries were end repaired, A tailed, and ligated with Illumina adapters using the
KAPA HyperPrep kit (Roche, USA) as described (2). PacBio library construction
included shearing of genomic DNA to 6 to 10 kb (size selection with BluePippin;
Sage Science, USA) and ligation using the SMRTbell Express template preparation
v2.0 kit following the standard protocol (PacBio). All software used default param-
eters unless otherwise noted. Illumina reads were filtered and error corrected
using bbcms (v38.86) (mincount=2, highcountfraction=0.6) (3), assembled with
metaSPAdes (v3.14.1) (4), and mapped with BBMap (v38.86) (ambiguous=
random) (3) following the JGI Metagenome Workflow (2). PacBio reads were fil-
tered using BBtools (v38.87/38.88, rqc.filter2.sh) (3), and CCS reads were
assembled using metaFlye (v2.8.1-b1676) (5), polished with subreads using GCpp
(v1.0.0-SL-release-8.0.0) (https://github.com/PacificBiosciences/gcpp), and mapped
using minimap2 (v2.17-r941) (6). For all libraries, contigs were binned with MetaBAT
(v2:2.15) (7). The resulting Illumina libraries contained between 71 and 126 million
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FIG 1 Phylogenic tree of dRep representative bacterial MAGs and their presence in two bioreactors
(CSTR and USB) fermenting ultrafiltered milk permeate. ACET, Acetobacter; ACID, Acidaminococcaceae;
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150-bp reads, and the PacBio libraries contained between 21,000 and 1,122,000
reads, 5 to 8 kb in average length. The resulting metagenome-assembled genomes
(MAGs) were annotated using the JGI Metagenome Annotation Pipeline (MAP)
(v5.0.23) (8) and the NCBI Prokaryotic Genome Annotation Pipeline (PGAP) (v6.0)
(9). To improve MAG quality, contaminant contigs from all MAGs were identified
and removed using ProDeGe (v2.3) (10) and custom tetranucleotide frequency anal-
ysis scripts (run.GC.sh and Calculating_TF_Correlations.R [https://github.com/GLBRC/
metagenome_analysis]). All refined MAGs were dereplicated using dRep (v3.2.2)
(dereplicate command with –conW 0.5 and –N50W 5 custom parameters) (11) by
clustering MAGs by identity and selecting the highest-quality MAG as a representa-
tive for each cluster (Table 1). Quality statistics were obtained using CheckM (v1.0.11) (12),
and MAGs with over 75% completeness were retained for further analysis. Taxonomy was
assigned for dRep representative MAGs using GTDB-Tk (v1.5.1, database release 202) (13).
RAxML-NG (v0.9.0) (14) and TreeViewer (v2.0.1) were used to generate and visualize a phylo-
genetic tree containing dRep representative MAGs (Fig. 1). We report 278 annotated MAGs
from 34 samples, grouped into 123 dereplicated clusters that describe the microbial commu-
nity composition of the two bioreactors (Table 1). These data contribute to the knowl-
edgebase of microbial communities bioconverting agroindustrial residues (1, 15–25).

Data availability. Raw metagenomic sequence data and MAGs for each sample are
available at NCBI GenBank under BioProject accession number PRJNA768492. NCBI
genome accession numbers for all 278 MAGs are displayed in Table 1. All information
on library construction and sequencing can be found at https://img.jgi.doe.gov using
JGI GOLD Study identification number Gs0150020. All custom scripts are available on
GitHub (https://github.com/GLBRC/metagenome_analysis).
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