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Supplementary Figure 1

A syntenic block of homologous genes between a Zeta family crAss-like phage and Bacteroides phage DAC16. Homologous 
ORFs are color-coded and the amino acid sequence similarity is indicated in the middle.
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Supplementary Figure 3

Phylogenetic tree of the DnaG family primase. 
Previously analyzed crAss-like sequences are highlighted in yellow. 
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Phylogenetic trees of PolA and PolB. 
Previously analyzed crAss-like sequences are highlighted in 

yellow.  



crAss001_MH675552 74007..66528

OQVN01000003 91262..96900

OHUS01000015 5872..636

OLVX01000015 44221..51208

OLRF01000054 13237..7991

OGYM01000002 11715..6244

1000 nt

PolA

PolB

aspartyl protease

DUF3310

polynucleotide kinase

thymidylate synthase

uncharacterized zeta group protein 11z110

uncharacterized zeta group protein 12z003

uncharacterized zeta group protein 11z031

beta

zeta

A

Supplementary Figure 5 Two examples of in situ DNAP replacement in crAss-like phages.
A, Genomic organization around the DNAP genes
B, Nucleotide sequence alignments of the 5'-terminal regions of 
DNAP genes and the upstream regions
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Supplementary Figure 6

Genomic features of the Zeta group crAss-like phages (DNAP type, recoding, 
Sup tRNAs detected) mapped to the TerL phylogenetic tree. 
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TAG, TGA, and TAA codons in the genomes of crAssphage and contig Eld241-t0_s_1 of Ref. 13
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Three zeta group phage genomes, OLOE01000004 (A), OKSX01000010 (B), and OIXA01000019 (C), translated with standard 
bacterial code (top row), standard bacterial code with TAG read-trough (middle row), and standard bacterial code with TGA read-
trough (bottom row). Accounting for read-trough TAG and TGA results in longer ORFs and higher coding density in parts of the 
OKSX01000010 and OIXA01000019 genomes.
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Supplementary figure 9

Genome size, number of tRNAs and suppressor tRNAs in crass-like cMAGs compared to other gut phage cMAGs (4-300 kb).

A. Distribution of genome sizes of alpha_gamma (n=190), beta (n=57), delta (n=233), epsilon (n=36), zeta (n=79) crass-like phages 
and other gut cMAGs (n=3344). Box boundaries correspond to the interquartile range (median indicated); whiskers indicate the 
lowest and the highest values within the range of 1.5 times the interquartile distance from the median; all points are shown.
B. Genome features of gut cMAGs.
C. Distribution of the number of tRNAs in the genomes of alpha_gamma (n=190), beta (n=57), delta (n=233), epsilon (n=36), zeta 
(n=79) crass-like phages and other gut cMAGs (n=3344). Box boundaries correspond to the interquartile range (median indicated); 
whiskers indicate the lowest and the highest values within the range of 1.5 times the interquartile distance from the median; all points 
are shown.
D. Frequency of suppressor tRNA occurrence in gut cMAGs.
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A, TerL phylogenetic tree of alpha/gamma group phages. 
B, a fragment of multiple sequence alignment of tRNA genes of 6 closely related genomes.
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C, Emergence of alternative coding in OFRY01000050 genome. Four closely related genomes were translated 
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Supplementary Figure 13 The transcription gene block in the Zeta group crAss-like phages. Conserved domains were identified with translating blast searches against a custom set of profiles 
and superimposed on genome map constructed with Prodigal.
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