Text S1. Supplemental Analysis of Genetic Elements and Defense Systems

The four predicted D. pigrum prophage have few and dissimilar matches to known
phages. We found four predicted mostly intact prophages in three of the D. pigrum
genomes (Fig. 5) as defined by PHASTER’s scoring system (Intact: score > 90;
Questionable: score 70-90; Incomplete: score < 70): L1 in KPL3069 (score of 150; C4);
L4 in KPL3256 (score 130; C3); and L2 and L3 in KPL3090 (score 130 and 100,
respectively; C4). CDS from prophages L1-L4 displayed few and disparate matches to
known phage genes. For example, prophage L1 had similarity to up to 30 different phage
species among 56.3% (40/71) of its non-hypothetical proteins. The most common of these
phage elements in L1 each only covered 11.3% (8/71) of the CDS in the phage region
and were from a Streptococcus pyogenes host: temperate phage phiNIH1.1
(NC_003157) (1), and Streptococcus prophage 315.4 (NC_004587) (2). Temperate
phage phiNIH1.1, which is integrated in the Streptococcus pyogenes M3/T3/subtype
emm3.1 genome, is known for infecting lactic acid bacteria (1). Similarly, L4’s most
common match to known phages only had a 9.3% (7/75) CDS identity match to the
temperate Enterococcus phage EFC-1 from Enterococcus faecalis KBL101 (NC_025453)
(3). The most common phage hits for L2 and L3 were to Streptococcus phage phi 01205
(NC_004303) (4) and Streptococcus phage SMP (NC_008721) (5) with a 7.6% (6/79) and
15.8% (12/76) CDS percent identity, respectively. Streptococcus phage SMP is integrated
in the genome of a Streptococcus suis type 2 strain, which was isolated from the nasal

swab of a healthy Bama pig (5).



A subset of D. pigrum isolates encode for innate antibiotic resistance to kanamycin
and/or erythromycin. Harmless members of human microbiota can serve as reservoirs
of antibiotic resistance. Therefore, we searched for antibiotic resistance genes in these
28 D. pigrum genomes finding that six of the isolates encode predicted antibiotic
resistance genes. Prediction of antibiotic resistance was determined by querying the
genomes in parallel through the Comprehensive Antibiotic Resistance Database (CARD)
in the Resistance Gene Identifier (RGI, version 3.1.0) API platform using default settings
(6, 7). Results were considered significant if either a perfect or strict match based on a
protein homolog AMR detection model was detected. Four genomes had a 100% identity
match based on the RGI (6, 7) to a kanamycin nucleotidyltransferase ANT(4’)-Ib that is
encoded in integrated sequence homologous to pUB110 (CDC 4709-98, KPL3043, and
KPL3065/KPL3086, the latter two having nearly identical genomes) (Fig. S2B). The latter
three of these along with another clade 4 isolate (KPL3050) and a clade 1 isolate
(KPL3250) also encoded an rRNA adenine N-6-methyltransferase (ErmT). With a strict
identity match in the RGI of 86.53%, the predicted ermT gene is located within the
CRISPR array of a subtype II-A system (Fig. 8A-B) in a different location in the genome

than the kanamycin nucleotidyltransferase (CS1 vs. pUB110 in Fig. S2A).

Detailed description of D. pigrum restriction-modification (RM) systems. We
identified Type I-IV RM systems across the 28 D. pigrum genomes located in three RMS
insertion sites (Fig. 7). Type | RM systems typically consist of three separate genes
encoding a restriction subunit (hsdR), a modification subunit (hsdM) and a
recognition/specificity (hsdS) subunit. These three form a multi-subunit complex to

catalyze both restriction and modification activities that generally target bipartite DNA



motifs comprising two half-sequences separated by a gap (8). Two D. pigrum isolates,
KPL3246 and KPL3264, were found to contain individual Type | systems and as each
methylome contained characteristic bipartite motifs, CRTAN7TCNNC and CTAN7TGC

respectively, associated with m6A modifications they were assigned as active.

Type Il RM systems generally consist of independent restriction endonuclease (REase)
and modification methyltransferase (MTase) proteins that do not form a complex, but
instead recognize the same target motif and compete for activity. We identified 20
individual Type Il systems across the 28 D. pigrum isolates and assigned the target motif
to 15 of these based upon methylome analysis and/or REBASE homology to empirically
characterized RM systems from other species (Fig. 7A, Table S4). A candidate motif was
not detected for an mb5C-associated RM system that co-occurred immediately
downstream of the G™CNGC system in four isolates (KPL3264, KPL3911, KPL3084, and
KPL3070). Additionally, we were unable to unambiguously assign motifs to two Type IIG
RM systems that occurred in KPL3256 (REBASE assignments: Dpi32560RF5220 and
Dpi32560RF1810), although well-informed guesses could be made (CCAGT and
GACAG, respectively). Type IIG systems are defined by the presence of a single
polypeptide including an REase and an MTase domain that share a target recognition
domain. A single candidate modified motif for one of these systems was identified during

SMRTseq (CC™AGT).

Type Il RM systems consist of two genes (mod and res) encoding protein subunits that
function either in DNA recognition and modification (MTase) or restriction (REase)

activities. All Type Ill REases recognize asymmetrical DNA sequences and the modified



DNA bears methyl groups on only one strand of the DNA recognition motif. We found
three D. pigrum isolates (KPL3274, KPL3052 and KPL3070) harbored characteristic Type
[ll systems and assigned these to specific hemi-methylated recognition motifs (CAACA,
GTCAT, YACAG) detected during methylome analysis (Table S4). In such systems, the
REase must interact with two copies of its nonpalindromic recognition sequence and the
sites must be in an inverse orientation within the substrate DNA molecule for cleavage,

which occurs at a specific distance away from one of the recognition sequences.

Type IV restriction enzymes are technically not true RM systems since they comprise only
a restriction enzyme and have no accompanying methylase. These restriction enzymes
recognize and cut only modified DNA, including methylated, hydroxymethylated and
glucosyl-hydroxymethylated bases. We identified a largely conserved single gene Type
IV system in 10 D. pigrum isolates (Fig. 7; Table S4). However, the targets of Type IV
systems cannot be determined through SMRT sequencing and methylome analysis and,
therefore, exact determination of its target recognition motif was not possible here.
Nevertheless, there are three well characterized Type IV systems to date each with
defined sequence preference and cleavage position (9). The D. pigrum Type IV system
is most homologous (99% coverage, 42% identity) to the SauUSI of Staphylococcus
aureus; a modified cytosine restriction system targeting SS™CNGS (where Sis C or G),
but this level of homology is insufficient to confirm the exact modified motif targeted in the

D. pigrum system (10).

D. pigrum CRISPR spacers have few matches to known MGEs. Two short-branched

terminal clades (KPL3070, KPL3084, KPL3911 and KPL3043, KPL3065, KPL3086)



shared the most spacers among all the isolates. However, only 9 of their spacers had
significant (cut-off score > 15) matches to known MGEs. The KPL3070-containing clade
(Fig. 8) had spacers with similarity to Prochlorococcus phage P-HM2 (GU075905; spacer
123) (11), Lactobacillus plantarum bacteriophage phiJL-1 (AY236756; spacer 131) (12),
Citrobacter phage Moon (KM236240; spacer 136) (13), Vibrio phage
1.033.0._10N.222.49.B8 (MG592417; spacer 137) (14), Pseudomonas sp. Leaf58
plasmid pBASL58 (NZ_CP032678.1; spacer 142) (15), and the Cupriavidus metallidurans
CH34 megaplasmid (NC_007974.2; spacer 143) (16). The KPL3043-containing clade
had spacers with similarity to Enterococcus phage 156 (LR031359; spacer 7) (17),
Pectobacterium phage CBB (KU574722; spacer 11) (18), and the Bacillus phage Page
(KF669655; spacer 22) (19). Besides these two sets of closely related isolates, other less
closely related isolates also shared more than three spacers. KPL3090 and KPL3052
both further apart in Clade 4 shared 7 spacers, which included matches to Enterobacteria
phage RB49 (AY343333; spacer 39) (20) and the JP555 plasmid pJFP55H from
Clostridium perfringens JP55 strain (NZ_CP013043.1; spacer 47) (21). All spacers

sequences with their genome matches can be found in Table S5B.

Characterization of Virulence Factors. We found no matches when searching for
predicted virulence factors among the 28 D. pigrum genomes by comparing to those
encoded by S. aureus and Enterococcus using the VirulenceFinder2.0 online software

(https://cqe.cbs.dtu.dk/services/VirulenceFinder/) on 12/13/2020 (22).



https://cge.cbs.dtu.dk/services/VirulenceFinder/
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