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SUPPLEMENTARY METHODS

1. Construction of 16S rRNA gene-based trees

The 16S rRNA gene trees of C. acidurici, C. purinilyticum, and E. angustum and their neighbors
from clusters |, XI, XIl, and XIll were constructed using the neighbor-joining (Fig. 1) and maximum
likelihood methods (see Fig. S1 below). The 16S rRNA gene sequences of the type strains were
obtained either from GenBank or from the NCBI RefSeq Targeted Loci project (Federhen, 2015),
as specified in the List of Prokaryotic Names with Standing in Nomenclature (Parte, 2014).
Specifically, for the 16S rRNA gene sequence of the C. acidurici type strain 9a’ (=DSM 604), we
have chosen the RefSeq entry NR_117601, which is 100% identical to three out of six 16S rRNAs
encoded in its complete genome (GenBank accession no. CP003326, positions 11128-12640,
2471929-2473441, and 3033096-3034608) and 99% identical to three other rRNAs (positions
992015-993528, 1003103-1004615, and 3020878-3022390). It is also 100% identical but longer
than GenBank accession HE582772 and lacks the ambiguous nucleotide assignments found in the
accession M59084, the current entry in the LPSN (Parte, 2014). For the 16S rRNA gene sequence
of the C. purinilyticum type strain DSM 13847 (=ATCC 33906'), we have chosen GenBank
accession FR749894, which is 100% identical to the RefSeq entry NR_117121, 99% identical to
four partial 16S rRNA genes encoded in its current genome assembly (GenBank accessions
LGSS01000012, LGSS01000054, LGSS01000056, and LGSS01000064), and contains fewer

ambiguous nucleotides than GenBank accession M60491. For E. angustum type strain DSM 19897



(=ATCC 437377), we used its canonical 16S rRNA gene sequence (GenBank accession L34612),
which is 99% identical to the gene found in its recently sequenced genome (Poehlein et al., 2017),
GenBank accession MKIEO0O000000. Sequences were aligned with ClustalW (Thompson et al.,
1994), as implemented in the MEGA7 software suite (Kumar et al., 2016), and the neighbor-

joining and maximum likelihood trees were constructed using MEGA?7.

2. Construction of the ribosomal proteins-based tree

The ribosomal proteins-based phylogenetic tree (Fig. 2) was constructed from a concatenated
alignment of 50 widespread ribosomal proteins (L1-L7, L9-L11, L13-L24, L27-L29, L31-L36 and
$2-S520), as described earlier (Yutin et al., 2012; Yutin & Galperin, 2013). Protein sequences were
taken from selected organisms with completely or partially sequenced genomes, where available
(see Table S1 below). The missing 50S ribosomal protein L9 of C. acidurici was translated from
the genome entry CP003326:3004005..3004453 by correcting a frameshift in the middle of its
open reading frame. In those cases when the respective genomes had two rpsD genes encoding
two different S4 proteins, we selected the protein encoded in the rps operon, between rpsk and
rpoA genes (the topology of the final tree did not change upon inclusion or excluson of S4
proteins). The missing 50S ribosomal proteins L36 from Sporanaerobacter acetigenes DSM
13106", Tepidimicrobium xylanilyticum DSM 23310", Tissierella praeacuta DSM 18095', and
Tissierella creatinophila DSM 69117 have been translated from the respective genomic
sequences; all of them proved identical to the NCBI RefSeq entry WP_041701799.1. Ribosomal
protein sequences were aligned by MUSCLE (Edgar, 2004), these alignments were concatenated,
and the resulting 6,222-position alignment was used to construct a phylogenetic tree using the

PhyML program (Guindon et al., 2010).

3. Trees for Individual ribosomal proteins

Approximately maximum-likelihood trees for individual ribosomal proteins were constructed
using FastTree2 (Price et al., 2010). Examination of those trees showed that in 37 out of 50 trees
C. acidurici, C. purinilyticum, and E. angustum were grouped together in a single cluster; in 28 of

these trees, those clusters had local support values of at least 70% (data not shown).



4. Construction of the RpoB and GyrB trees

The sequences of DNA-directed RNA polymerase beta subunit (RpoB) and DNA gyrase subunit B
(GyrB) from various members of clostridial clusters I, XI, XII, and Xl with completely or partially
sequenced genomes (Table S1), were extracted from the NCBI protein database. The sequences
were aligned with MUSCLE (Edgar, 2004), as implemented in the MEGA7 software suite (Kumar
et al., 2016). The evolutionary history was inferred by using the maximum likelihood method
based on the JTT matrix-based model (Jones et al., 1992) and the trees with the highest log
likelihood are shown in Fig. S2 (a) and (b). The percentage of trees in which the associated taxa
clustered together is shown next to the branches. Initial tree(s) for the heuristic search were
obtained automatically by applying neighbor-join and BioNJ algorithms to a matrix of pairwise
distances estimated using a JTT model, and then selecting the topology with superior log
likelihood value. The tree is drawn to scale, with branch lengths measured in the number of
substitutions per site. In both cases, the analysis involved 23 amino acid sequences. All positions
containing gaps and missing data were eliminated. There were a total of 1159 positions in the
final dataset for RpoA and 627 positions for GyrB. Evolutionary analyses were conducted in

MEGA7 (Kumar et al., 2016).

5. Search of metagenomic sequence data

Searches for C. acidurici-related 16S rRNA gene sequences were performed using BLASTn against
the NCBI’s nucleotide collection and the whole-genome shotgun contigs (WGS) database. The
high-scoring hits were individually tested by reverse BLAST against the NCBI’s database of 16S
rRNA sequences (to ensure that they fall within the radiation of the proposed family
Gottschalkiaceae) and checked for the presence of an associated publication and/or information
on sampling location. We also checked selected entries from Clostridiales Family Xl in the SILVA

database (https://www.arb-silva.de/browser/ssu-128/HE582772) (Yilmaz et al., 2014).



https://www.arb-silva.de/browser/ssu-128/HE582772

Table S1. Source data for the phylogenetic trees

Organism name®®

GenBank accession number

Genome reference or
sequencing center

16S rRNA Genome
Proposed family Gottschalkiaceae
Proposed Gottschalkia spp.
Clostridium acidurici DSM 6047 NR_117601 | CP003326 Hartwich et al. (2012)
Clostridium purinilyticum DSM 13847 FR749894 LGSS00000000 Poehlein et al. (2015a)
Proposed Andreesenia sp.
Eubacterium angustum DSM 19897 L34612 MKIEOO000000 | Poehlein et al. (2017)
Clostridial cluster | (family Clostridiaceae)
Clostridium butyricum DSM 107027 AJ458420 AQQF00000000 | Xin et al. (2013)
Clostridium cylindrosporum DSM 605" Y18179 LFVU00000000 | Poehlein et al. (2015b)
Clostridial cluster Xl (family Peptostreptococcaceae)
Clostridioides difficile® DSM 12967 AB075770 CP011968 Riedel et al. (2015)
Acetoanaerobium sticklandii® DSM 5197 NR_102880 | FP565809 Fonknechten et al. (2010)
Paeniclostridium sordellii ATCC 97147 AB075771 APWRO00000000 | Sirigi Reddy et al. (2013)
Paraclostridium bifermentans ATCC 638" AB075769 AVNC00000000 | Univ. Maryland Sch. of
Medicine, unpublished
Peptoclostridium litorale® DSM 53887 X77845 JJMMO00000000 | Poehlein et al. (2014)
Peptostreptococcus anaerobius DSM AY326462 ARMAO00000000 | DOE-JGI, unpublished
29497
Clostridial cluster XII (family Tissierellaceae)
Anaerosalibacter massiliensis® HG315673 CCEZ00000000 Dione et al. (2016)
(Anaerosalibacter sp.) ND1™ = DSM 27308
[Clostridium] ultunense® DSM 105217 GQ461825 AZSU00000000 | Weietal. (2014)
Soehngenia saccharolytica DSM 128587 GQ461828 n/a¢ n/a
Tissierella creatinophila DSM 69117 GQ461823 LTDMOO0000000 | Nacke et al. (2017)
Tissierella praeacuta ATCC 255397 X80833 FQTY01000000 | DOE-JGI, unpublished
Clostridial cluster XllI (family Peptoniphilaceae)
Anaerococcus prevotii DSM 205487 NR_074575 | CP001708 Labutti et al. (2009)
Anaerosphaera aminiphila DSM 211207 AB298735 FQXI00000000 DOE-JGI, unpublished
Finegoldia magna ATCC 29328T NR_074677 | AP008971 Goto et al. (2008)
Helcococcus kunzii ATCC 51366" X69837 AGEI0O0000000 Broad Inst., unpublished



http://www.ncbi.nlm.nih.gov/nuccore/FP565809.1
http://www.ncbi.nlm.nih.gov/nuccore/ARMA00000000.1
https://www.ncbi.nlm.nih.gov/nuccore/1129828931

233107

Murdochiella asaccharolytica ATCC BAA- EU483153 n/a‘ n/a
16317
Parvimonas micra ATCC 332707 AY323523 ABEEO0000000 Washington Univ.,

St. Louis, unpublished
Peptoniphilus lacrimalis DSM 74557 AF542230 ARKX00000000 | DOE-JGI, unpublished

Unclassified Tissierellia

Sporanaerobacter acetigenes DSM 13106" | AF358114 FQXR00000000 | DOE-JGI, unpublished
Tepidimicrobium xylanilyticum DSM EF522948 FNNG01000000 | DOE-JGI, unpublished

a— As of February 1%, 2017. Assignments to Clostridium clusters are from Collins et al. (1994), family
assignments are from Alauzet et al. (2014), Galperin et al. (2016), and Johnson et al. (2014).

b — Clostridioides difficile, Acetoanaerobium sticklandii, and Peptoclostridium litorale are recently
renamed former Clostridium species (Galperin et al., 2016; Lawson et al., 2016). [Clostridium]
ultunense is a misclassified but validly described organism. The name Anaerosalibacter massiliensis

has not been validly published at the time of this writing.

¢ — Soehngenia saccharolytica and Murdochiella asaccharolytica have been included in the 16S rRNA
gene-based trees (Fig. 1 and S1) but not in protein-based trees (Fig. 2 and S2). On protein trees,
“Murdochiella massiliensis” strain SIT12 and Murdochiella sp. Marseille-P2341, neither of which has
been validly described, clustered with Helcococcus kunzii ATCC 51366".



https://www.ncbi.nlm.nih.gov/nuccore/157073726

Table S2. Sporulation genes in C. acidurici, C. purinilyticum and E. angustum?®

Gene name Clostridium BLAST Clostridium pu-  BLAST Eubacterium BLAST
(B. subtilis) acidurici ORF E-value rinilyticum ORF  E-value angustum ORF  E-value
spo0A Curi_c13920 1.4E-119 CLPU_17c00380 3.0E-93 EUAN_05540 6.0E-15
sigE Curi_c13090 3.1E-118 CLPU_1c00780 1.0E-87 EUAN_11380 1.0E-12
sigF Curi_c10310 1.5E-90 CLPU_3c00440 4.0E-72 EUAN_23280 2.0E-39
spollQ Curi_c28430 6.9E-15 CLPU_32c00040 9.0E-11 EUAN_08450 1.0E-10
spolllE Curi_c15450 1.0E-200 CLPU_5c01850 1.0E-155 EUAN_05950 2.0E-154
spolll) Curi_c29550 2.3E-30 CLPU_19c00300 7.0E-21 EUAN_23410 5.0E-20
spoVB Curi_c07380 1.4E-53 CLPU_12c00810 2.0E-41 EUAN_17640 1.0E-48
spoVC Curi_c23840 2.4E-48 CLPU_12c00770 8.0E-45 EUAN_17670 8.0E-42
spoVD Curi_c12960 2.5E-124 CLPU_1c00910 5.0E-127 EUAN_08190 1.0E-102
spoVE Curi_c13000 4.7E-95 CLPU_1c00870 1.0E-74 EUAN_08150 2.0E-64
spoVK Curi_c15210 3.2E-99 CLPU_5c02260 2.0E-82 EUAN_13590 6.0E-51
spoVsS Curi_c15390 2.0E-54 CLPU_5c01920 3.0E-34 EUAN_06010 2.0E-34
spoVT Curi_c23810 7.1E-71 CLPU_12c00800 7.0E-61 EUAN_21930 8.0E-14
bofA Curi_c01030 2.7E-04 CLPU_15c00040 6.1E-02 EUAN_20560 5.0E-04
dapA Curi_c11790  2.9E-90 CLPU_1c01850 4.0E-71 EUAN_18870 6.0E-64
dapB Curi_c11780 8.3E-24 CLPU_1c01860 5.0E-20 EUAN_18860 4.0E-16
germ Curi_c03250 1.8E-20 CLPU_20c00080 6.0E-23 EUAN_16680 2.0E-05
SpmA Curi_c01200 1.0E-42 CLPU_2c02710 7.0E-43 - -
spmB Curi_c01210 2.0E-41 CLPU_2c02700 3.0E-44 - -
spollD Curi_c02090 8.0E-50 CLPU_2c01570 2.0E-50 - -
spollM Curi_c14030 3.0E-29 CLPU_17c00460 5.0E-25 - -
spollP Curi_c18350 3.0E-24 CLPU_3c01440 2.0E-18 - -
spollR Curi_c01580 8.0E-33 CLPU_2c02290 8.0E-35 - -
spolllAA Curi_c13720 2.0E-66 CLPU_17c00160 2.0E-70 - -
spolllAB Curi_c13730 1.0E-21 CLPU_17c00170 1.0E-13 - -
spolllAC Curi_c13740 8.0E-08 CLPU_17c00180 1.0E-12 - -
spolllIAD Curi_c13750 5.0E-26 CLPU_17c00190 9.0E-32 - -
spolllIAE Curi_c13760  2.0E-53 CLPU_17c00200 1.0E-55 - -
spolllAF Curi_c13770  9.0E-05 CLPU_10c00130 2.0E-14 - -
spollIAG Curi_c13780 1.0E-08 CLPU_17c00220 2.0E-08 - -
spolllIAH Curi_c13790 3.0E-05 CLPU_17c00230 2.0E-07 - -
spolllD Curi_c02110 1.0E-25 CLPU_2c01550 7.0E-26 - -
spolVA Curi_c17050 8.0E-149 CLPU_5c00240 5.0E-152 - -
spolVB Curi_c13910 1.0E-82 CLPU_17c00370 7.0E-92 - -
spoVAC Curi_c10320 2.0E-27 CLPU_3c00390 1.0E-26 - -
spoVAD Curi_c10330 2.0E-60 CLPU_3c00380 2.0E-78 - -
spoVAEB Curi_c10340 3.0E-17 CLPU_3c00370 2.0E-18 - -
spoVAF Curi_c18660 3.0E-100 CLPU_3c00350 6.0E-113 - -
spoVG Curi_c23870 1.0E-27 CLPU_12c00740 2.0E-28 - -

@ — Best hits and expectation values of these hits being obtained solely by chance in the BLASTp searches
of the protein databases of C. acidurici, C. purinilyticum, and E. angustum with proteins from Bacillus
subtilis used as queries. A dash indicates the absence of the respective gene (protein) in E. angustum.
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Figure S1. 16S rRNA gene-based phylogenetic tree of proposed Gottschalkiaceae species, related
organisms and uncultured metagenomic samples. Members of the proposed new genera Gottschalkia and
Andreesenia are shown in bold. The sequences from type strains (indicated with T) were used and listed under
their DSM accession numbers, where available. GenBank accession numbers are listed in parentheses.
Roman numerals on the right indicate clostridial cluster assignments of Collins et al. (1994). The evolutionary
history was inferred by using the maximum likelihood method based on the Tamura-Nei model (Tamura & Nei,
1993) as implemented in MEGA7 (Kumar et al., 2016). The percentage of trees in which the associated taxa
clustered together is shown next to the branches. The tree is drawn to scale, with branch lengths measured in
the number of substitutions per site. All positions containing gaps and missing data were eliminated. There
were a total of 1273 positions in the final dataset. The tree was rooted using sequences from C. butyricum and
C. cylindrosporum, members of Clostridium sensu stricto (cluster I). The name Anaerosalibacter massiliensis
has been effectively published (Dione et al., 2016) but not validly published at the time of this writing.
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Figure S2. Phylogenetic trees of RpoB (A) and GyrB (B) sequences from Clostridium acidurici and related
organisms.

Members of the proposed family Gottschalkiaceae (genera Gottschalkia and Andreesenia) are shown in bold. The
sequences were taken from the respective genome entries, listed in Table S1. The protein accession numbers in the
NCBI protein database are shown in parentheses. The sequences from type strains (indicated with T) were used and
listed under their DSM accession numbers, where available. Roman numerals on the right indicate clostridial cluster
assignments of Collins et al. (1994). The dashed lines indicate the boundaries between the family Tissereliaceae (in
cluster XII), Peptonophilaceae (cluster Xlll), Peptostreptococcaceae (cluster XI) and Clostridiaceae (cluster ), see
Alauzet et al. (2014), Johnson et al. (2014), and Galperin et al. (2016). The alignments were constructed using MUSCLE
(Edgar, 2004) and the evolutionary history was inferred by using the maximum likelihood method based on the Tamura-
Nei model (Tamura & Nei, 1993). The trees with the highest log likelihoods are shown. The percentage of trees in which
the associated taxa clustered together is shown next to each branch. The trees are drawn to scale, with branch lengths
measured in the number of substitu-tions per site. The trees were rooted using sequences from C. butyricum and

C. cylindrosporum, members of Clostridium sensu stricto (cluster I). Evolutionary analyses were conducted in MEGA7
(Kumar et al., 2016).
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