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Supplementary Table 1. List and PFAM accessions of ribosomal protein domains searched for in viral proteomes. 

Domain ID Length (aa) Accession Description 

Img2 87 PF05046.9 Mitochondrial large subunit ribosomal protein (Img2) 

L31 103 PF09784.4 Mitochondrial ribosomal protein L31 

L51_S25_CI-B8 52 PF05047.11 Mitochondrial ribosomal protein L51 / S25 / CI-B8 domain 

Mit_ribos_Mrp51 315 PF11709.3 Mitochondrial ribosomal protein subunit 

Mitoc_L55 116 PF09776.4 Mitochondrial ribosomal protein L55 

MRL1 134 PF13003.2 Ribosomal protein L1 

MRP_L53 51 PF10780.4 39S ribosomal protein L53/MRP-L53 

MRP-L20 164 PF12824.2 Mitochondrial ribosomal protein subunit L20 

MRP-L27 113 PF09809.4 Mitochondrial ribosomal protein L27 

MRP-L28 157 PF09812.4 Mitochondrial ribosomal protein L28 

MRP-L46 111 PF11788.3 39S mitochondrial ribosomal protein L46 

MRP-L47 87 PF06984.8 Mitochondrial 39-S ribosomal protein L47 (MRP-L47) 

MRP-S22 243 PF10245.4 Mitochondrial 28S ribosomal protein S22 

MRP-S23 128 PF10484.4 Mitochondrial ribosomal protein S23 

MRP-S25 231 PF13741.1 Mitochondrial ribosomal protein S25 

MRP-S27 417 PF10037.4 Mitochondrial 28S ribosomal protein S27 

MRP-S32 96 PF10210.4 Mitochondrial 28S ribosomal protein S32 

MRP-S35 105 PF10246.4 Mitochondrial ribosomal protein MRP-S35 

PDCD9 428 PF07147.7 Mitochondrial 28S ribosomal protein S30 (PDCD9) 

PSRP-3_Ycf65 49 PF04839.8 Plastid and cyanobacterial ribosomal protein (PSRP-3 / Ycf65) 

Ribos_L4_asso_C 80 PF14374.1 60S ribosomal protein L4 C-terminal domain 

Ribosomal_60s 88 PF00428.14 60s Acidic ribosomal protein 

Ribosomal_L1 221 PF00687.16 Ribosomal protein L1p/L10e family 

Ribosomal_L10 100 PF00466.15 Ribosomal protein L10 

Ribosomal_L11 69 PF00298.14 Ribosomal protein L11, RNA binding domain 

Ribosomal_L11_N 60 PF03946.9 Ribosomal protein L11, N-terminal domain 

Ribosomal_L12 68 PF00542.14 Ribosomal protein L7/L12 C-terminal domain 

Ribosomal_L13 128 PF00572.13 Ribosomal protein L13 

Ribosomal_L13e 179 PF01294.13 Ribosomal protein L13e 

Ribosomal_L14 122 PF00238.14 Ribosomal protein L14p/L23e 

Ribosomal_L14e 77 PF01929.12 Ribosomal protein L14 

Ribosomal_L16 133 PF00252.13 Ribosomal protein L16p/L10e 

Ribosomal_L17 97 PF01196.14 Ribosomal protein L17 

Ribosomal_L18e 129 PF00828.14 Ribosomal protein L18e/L15 

Ribosomal_L19 113 PF01245.15 Ribosomal protein L19 

Ribosomal_L19e 148 PF01280.15 Ribosomal protein L19e 

Ribosomal_L2 77 PF00181.18 Ribosomal Proteins L2, RNA binding domain 

Ribosomal_L2_C 130 PF03947.13 Ribosomal Proteins L2, C-terminal domain 

Ribosomal_L20 108 PF00453.13 Ribosomal protein L20 

Ribosomal_L21e 99 PF01157.13 Ribosomal protein L21e 

Ribosomal_L22 105 PF00237.14 Ribosomal protein L22p/L17e 

Ribosomal_L23 92 PF00276.15 Ribosomal protein L23 

Ribosomal_L23eN 54 PF03939.8 Ribosomal protein L23, N-terminal domain 

Ribosomal_L24e 71 PF01246.15 Ribosomal protein L24e 

Ribosomal_L3 263 PF00297.17 Ribosomal protein L3 

Ribosomal_L30 52 PF00327.15 Ribosomal protein L30p/L7e 

Ribosomal_L31 69 PF01197.13 Ribosomal protein L31 

Ribosomal_L31e 83 PF01198.14 Ribosomal protein L31e 

Ribosomal_L32e 110 PF01655.13 Ribosomal protein L32 

Ribosomal_L33 48 PF00471.15 Ribosomal protein L33 



Ribosomal_L34 44 PF00468.12 Ribosomal protein L34 

Ribosomal_L34e 
Ribosomal_L35Ae 

94 
95 

PF01199.13 
PF01247.13 

Ribosomal protein L34e 
Ribosomal protein L35Ae 

Ribosomal_L35p 61 PF01632.14 Ribosomal protein L35 

Ribosomal_L36 38 PF00444.13 Ribosomal protein L36 

Ribosomal_L36e 99 PF01158.13 Ribosomal protein L36e 

Ribosomal_L37 85 PF08561.5 Mitochondrial ribosomal protein L37 

Ribosomal_L37e 55 PF01907.14 Ribosomal protein L37e 

Ribosomal_L4 192 PF00573.17 Ribosomal protein L4/L1 family 

Ribosomal_L41 25 PF05162.8 Ribosomal protein L41 

Ribosomal_L44 77 PF00935.14 Ribosomal protein L44 

Ribosomal_L5 56 PF00281.14 Ribosomal protein L5 

Ribosomal_L6 77 PF00347.18 Ribosomal protein L6 

Ribosomal_L6e 108 PF01159.14 Ribosomal protein L6e 

Ribosomal_L6e_N 59 PF03868.10 Ribosomal protein L6, N-terminal domain 

Ribosomal_L7Ae 95 PF01248.21 Ribosomal protein L7Ae/L30e/S12e/Gadd45 family 

Ribosomal_L9_C 87 PF03948.9 Ribosomal protein L9, C-terminal domain 

Ribosomal_L9_N 48 PF01281.14 Ribosomal protein L9, N-terminal domain 

S1 75 PF00575 S1 RNA binding domain 

Ribosomal_S10 97 PF00338.17 Ribosomal protein S10p/S20e 

Ribosomal_S11 110 PF00411.14 Ribosomal protein S11 

Ribosomal_S12 122 PF00164.20 Ribosomal protein S12 

Ribosomal_S13 106 PF00416.17 Ribosomal protein S13/S18 

Ribosomal_S14 55 PF00253.16 Ribosomal protein S14p/S29e 

Ribosomal_S15 83 PF00312.17 Ribosomal protein S15 

Ribosomal_S16 62 PF00886.14 Ribosomal protein S16 

Ribosomal_S17 69 PF00366.15 Ribosomal protein S17 

Ribosomal_S18 54 PF01084.15 Ribosomal protein S18 

Ribosomal_S19 81 PF00203.16 Ribosomal protein S19 

Ribosomal_S19e 140 PF01090.14 Ribosomal protein S19e 

Ribosomal_S2 211 PF00318.15 Ribosomal protein S2 

Ribosomal_S20p 84 PF01649.13 Ribosomal protein S20 

Ribosomal_S21 57 PF01165.15 Ribosomal protein S21 

Ribosomal_S21e 81 PF01249.13 Ribosomal protein S21e 

Ribosomal_S22 45 PF08136.6 30S ribosomal protein subunit S22 family 

Ribosomal_S23p 110 PF05635.6 S23 ribosomal protein 

Ribosomal_S24e 84 PF01282.14 Ribosomal protein S24e 

Ribosomal_S25 105 PF03297.10 S25 ribosomal protein 

Ribosomal_S26e 114 PF01283.14 Ribosomal protein S26e 

Ribosomal_S27 47 PF01599.14 Ribosomal protein S27a 

Ribosomal_S27e 55 PF01667.12 Ribosomal protein S27 

Ribosomal_S28e 69 PF01200.13 Ribosomal protein S28e 

Ribosomal_S3_C 85 PF00189.15 Ribosomal protein S3, C-terminal domain 

Ribosomal_S30 59 PF04758.9 Ribosomal protein S30 

Ribosomal_S30AE 94 PF02482.14 Sigma 54 modulation protein / S30EA ribosomal protein 

Ribosomal_S4 94 PF00163.14 Ribosomal protein S4/S9 N-terminal domain 

Ribosomal_S5 67 PF00333.15 Ribosomal protein S5, N-terminal domain 

Ribosomal_S5_C 74 PF03719.10 Ribosomal protein S5, C-terminal domain 

Ribosomal_S6 92 PF01250.12 Ribosomal protein S6 

Ribosomal_S6e 127 PF01092.14 Ribosomal protein S6e 



Ribosomal_S7 148 PF00177.16 Ribosomal protein S7p/S5e 

Ribosomal_S7e 190 PF01251.13 Ribosomal protein S7e 

Ribosomal_S8 129 PF00410.14 Ribosomal protein S8 

Ribosomal_S8e 132 PF01201.17 Ribosomal protein S8e 

Ribosomal_S9 121 PF00380.14 Ribosomal protein S9/S16 
VAR1 350 PF05316.7 Mitochondrial ribosomal protein (VAR1) 

 
 
Supplementary Table 2. Detection of ribosomal proteins in uncultivated viral genomes. Metagenomes 

were classified as “Environmental”, “Engineered”, or “Host-associated” according to the GOLD database 

(https://gold.jgi.doe.gov). Values of pN/pS were calculated for all ribosomal proteins in a contig covered 

> 10x and with at least 1 SNP detected.  

Domain Protein In isolates Total 
With  host 
prediction 

Sample type pN/pS 
(Average) Environmental Engineered Host-associated 

Ribosomal_S21 bS21 x 1310 65 1289 9 8 0.10 
Ribosomal_L12 bL12 x 30 2 22  8 0.35 

Ribosomal_S30AE HPF x 15  2  13 N/A 

Ribosomal_L31 bL31  15  15   0.14 

Ribosomal_L33 bL33  12 3 12   0.09 

Ribosomal_S9 uS9  6    6 0.08 

Ribosomal_S6 bS6  5    5 N/A 

Ribosomal_L11_N uL11  3  2  1 0 

Ribosomal_S15 uS15  3    3 N/A 

Ribosomal_L19 bL19  3    3 0 

Ribosomal_S20p bS20  2   1 1 N/A 

Ribosomal_L10 uL10  1  1   0.23 

Ribosomal_L2 uL2  1  1   0.14 

HPF, ribosome hibernation promoting factor.  

 
Supplementary Table 3. Fraction of ribosomal proteins encoded within predicted temperate viruses. 
 

Protein Total 
# predicted 
temperate 

Ratio 

Ribosomal_S21 1310 2 0,15% 

Ribosomal_L12 30 2 6,67% 

Ribosomal_S30AE 15 1 6,67% 

Ribosomal_L31 15 
 

0,00% 

Ribosomal_L33 12 
 

0,00% 

Ribosomal_S9 6 1 16,67% 

Ribosomal_S6 5 2 40,00% 

Ribosomal_L11_N 3 
 

0,00% 

Ribosomal_S15 3 1 33,33% 

Ribosomal_L19 3 2 66,67% 

Ribosomal_S20p 2 2 100,00% 

Ribosomal_L2 1 
 

0,00% 

Ribosomal_L10 1 1 100,00% 

 

https://gold.jgi.doe.gov/
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Supplementary Figure 1. Genomic context of the ribosomal protein genes identified in viruses. Genes coding for ribosomal protein 
domains are shown in red. The exact positions of the domains are marked by a black line on top of the gene. tRNAs are colored in purple. 
All comparisons were done at the amino acid level. A color scale for the % identity is shown at the bottom right.
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Supplementary Figure 2. Multiple sequence alignment of the phage-encoded ribosomal proteins eS30 (a) and bL9 (b) with 
homologous sequences encoded by cellular organisms. Taxonomic affiliations are represented by colored circles (see legend at the 
bottom right). Positions of the ribosomal protein domains (red arrows) within the full proteins (black lines) are shown at the right side of 
the alignment.

Cyanobacteria

Gammaproteobacteria
Firmicutes

Tenericutes
Deltaproteobacteria

Actinobacteria

Mycobacterium phage 32HC (AHJ86298)
Mycobacterium smegmatis (ABK76149)
Mycobacterium abscessus (EIV73821)

Mycobacterium tuberculosis (AAK44284)

1
1
1
1

56/86
74/151
74/151
74/152

MKVILTKPIRSR-QAGEVLDVDSGSAKNMV-----------------EKRKVAQYFDPDKHKQTAERTAPRRGN
MKLILTAEVEHLGAAGDTVEVKDGYGRNYLLPRGLAIVASRGAERQAEEIRRARESKVIRDIEHANELKTALEG
MKLILTTEVEHLGTAGDAVEVKDGYGRNYLLPRGLAIVATRGAERQANDIRRAREAKEIRGVEHANEIKQAIEG
MKLILTADVDHLGSIGDTVEVKDGYGRNFLLPRGLAIVASRGAQKQADEIRRARETKSVRDLEHANEIKAAIEA

Lactobacillus jensenii 27-2-CHN (EEU20831)
Lactobacillus sp wkB8 (AIS08334)

Arthrobacter sp H20 (WP_026552610)
Ornithinimicrobium pekingense (WP_022920098)

Serinicoccus profundi (WP_010147232)
Nocardiopsis dassonvilleigi DSM43111 (ADH70224)

Arcanobacterium haemolyticum DSM20595 (ADH93477)
Desulfarculus baarsii DSM2075 (ADK85095)

Selenomonas sputigena ATCC35185 (AEC00999)
Desulfatibacillum alkenivorans AK-01 (ACL02621)

Thermovirga lienii DSM 17291 (AER67051)
Shewanella baltica OS183 (EHQ16389)

Enterobacteriaceae bacterium
Rubidibacter lacunae KORDI 51-2 (ERN42890)

Cyanothece sp PCC 8802 (ACV02082)
Mycoplasma anseris (WP_033178508)

Mycoplasma cloacale (WP_029330539)
Mycoplasma spumans (WP_027122970)

*Geobacillus stearothermophilus (1DIV-A)

1
1
2
1
1
1
1
1
1
1
1
1
1
6
5
1
1
1
1

74/150
74/151
75/149
74/148
74/150
74/148
74/148
74/169
74/148
74/148
74/148
74/150
74/149
79/154
78/152
73/145
73/145
73/145
74/149

MKVIFVQDVRGRGKRGEVKNVPDGYAQNYLIKRGLAKEANKGNLNTLKRVEANEKAAYEAEKADAIKIKKQLES
MKVIFTKDVKGRGKRGEVKNVPDGYAQNFLFKRGLAKAATKANMHTLERVAANEKAAYESEKAEAEKIKSELDK
AKLILTHEVTGLGAAGDIVEVKNGYARNFLLPRGFALTWTKGGEKQVESIKAARVARVHSTLEEAQNQAAALSA
MKLILTQPVSGLGSAGDVVDVKDGYARNFLLPRKVATPWTKGGQKQVDAITQGRAKRALKSAEDAAAAKDRLEG
MKIILTQPVTGLGDAGDVVDVKDGYARNFLLPRKVATPWTKGGQKQVDSIKAARDKRAVRSAEDAAAAKARLES
MKLILTHEVNGLGAPGDVVEVKNGYGRNYLLPRGFAIRWTRGGQKQIDLIQRARSARDIRTLDEAQQVAGRVNA
MKIILTHEVENLGAAGEVVVVKDGYARNFLLPRGYATVWTKGAQRQIDQIAESRRKRATEDIEAAREIREALES
MQVILIKEVLGLGDPGELVEVKRGYARNFLVPQGLAVLATKKNMAAVEAERKRIAVQQAKEAARIRQEAAGVSG
MKVILQQDVKKVGSKGDIVEVSEGYGRNFLLPKKLAVEATAANLETAKQKANSAARKKQQATDEARLLAAQLEK
MKVILTENIDSLGLIGSEVAVADGYARNYLLPKKKAVLATEANRKVVELKRVKWEAKIAKEKALAEEMAKRIEG
MKCILLSDVSKLGKKGELIEVSDGYARNYLIPRGLAEEATPAKLAEWKQKQKSMEIREKKLKEEALALQKKLNG
MNVILLDKIANLGNLGDQVSVKAGYARNFLLPQGKAVVANESNVKVFEARRAELEAKLAAELAAANLRAEKITA
MQVILLDKVANLGSLGDQVNVKAGYARNFLVPQGKAVPATKKNVEFFEARRAELEAKLADVLAAANARAEAINA
QQVVLRHDVKKLGSTDDVVDVAPGYARNYLIPQGLAAVATPGLLRQVEQRKEKERQAQLALLKDAQDRKTALAT
VQIVLNKTINKLGQTGDLVEVAPGYARNYLIPQGMGVIATPGILRQVEQRKEKEMQRLLAEKQAAEARKVALST
MKVILIKDFQ-KNKANEIIEVADGYAKNFLIKNGIAQPVNKQTLENLKRIKQNIANDVANQIFEAKLVKAEIEK
MKVILIKDFN-KHKANEIIEVADGYAKNYLIKNGIAQPINKQTMENLNRIKQNIADDLEQQIYQATLLKQEIEK
MKVILIKNYE-KHKANEIIEVNDGFGKNFLIKKGIAQPVNEKTLANLQRVKNNIAENLAREIADANLIKEEIEK
MKVIFLKDVKGKGKKGEIKNVADGYANNFLFKQGLAIEATPANLKALEAQKQKEQRQAAEELANAKKLKEQLEK

*1DIV-A
2HBA (N-terminal)

alpha
helix

beta
strand

3/10
helix

a

b

FBR-MuSV(NP_598374)

Mus musculus domesticus (BAB68608)
Mus musculus (AAH81463)

Rattus norvegicus (EDM12555)
Bos taurus (DAA29636)
Sus scrofa (AHG94954)

1
5
1
24
1
1

133/133
137/137
133/133
156/156
130/130
133/133

MQLFVRAQELHTLEVTGQGTVAQIKDHVTSLEGIAPDDQVVLLAGSPQEDEATLGQCGVEALTTLEVAGRMLGGKVHGFLARAGKVRGQTPKVAKQEKKKKKTGRAKRRMQYNRRFVNVVPTLGKKKGPNANF
MQLFVRAQELHTLEVTGQETVAQIKDHVASLEGIAPEDQVVLLAGSPLEDEATLGQCGVEALTTLEVAGRMLGGKVHGSLARAGKVRGQTPKVAKQEKKKKKTGRAKRRMQYNRRFVNVVPTFGKKKGPNANS
MQLFVRAQELHTLEVTGQETVAQIKDHVASLEGIAPEDQVVLLAGSPLEDEATLGQCGVEALTTLEVAGRMLGGKVHGSLARAGKVRGQTPKVAKQEKKKKKTGRAKRRMQYNRRFVNVVPTFGKKKGPNANS
MQLFVRAQELHTLEVTGQETVAQIKAHVASLEGIAPEDQVVLLAGSPLEDEATLGQCGVEALTTLEVAGRMLGGKVHGSLARAGKVRGQTPKVAKQEKKKKKTGRAKRRMQYNRRFVNVVPTFGKKKGPNANS
MQLFVRAQELHTLEVTGQETVAQIKAHVASLEGIAPEDQVLLLAGSPLEDEATLGQCGVEALSTVEVAGRMLRGKVHGSLAHAGKVRGQTPKVAKQE---KKTGRAKRRMQYNRRFVNVVPTFGKKKGPNANS
MQLFVRAQELHTLEVTGQETVAQIKAHVASLEGIAPEDQVLLLAGTPLEDDAILGQCGVEALSTLEVAGRMLGGKVHGSPARAGKVRGQTPKVAKQEKRKKKTGRAKRRMQYNRRFVNVVPTFGKKKGPNANS

Fubi (UBQ superfamily) Ribosomal_eS30



Supplementary Figure 3. a) Structure of the Thermus Localization of virus-encoded proteins in the context of the 70S ribosome. 
thermophilus ribosome (PDB id: 4V6F). b) Structure of the E. coli ribosome (PDB id: 5AFI). The 30S subunit is colored white and 
the 50S is in dark grey. Ribosomal RNAs are shown as ribbons (16S: blue, 23S: cyan, 5S: green). Ribosomal proteins found in 
viruses and environmental virus contigs are colored and indicated with arrows. The HPF (Ribosomal_S30AE) is not present in the 
depicted structures
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Supplementary Figure 4. a) Multiple sequence alignment of ribosomal protein bL12 identified in seven distinct phage genomes with 
cellular homologs. Conserved residues involved in the interaction with bL11 and elongation factors EF-G and EF-Tu are indicated by (*). 
b) Positions of the ribosomal protein domains (red arrows) within the full proteins (black line) are indicated. Taxonomic affiliations are 
represented by colored circles (see legend at the bottom right).
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--- ----- ----- - ------
68/68

123/123
126/126
125/125
121/121
124/124
126/126
122/122
125/125
125/125
95/95
123/123
123/123
128/128
127/127
129/129
123/123
121/121

TVELK
VVQVK
KADVK
SAGLK
KAELK
KAELK
KVEIK
EVELK
EVELK
SVEIK
EVEVK
EVEVK
KVTLK
SVEVK
SVTLK
KVELK
SVTLK
EVEVK

Erwinia phage Ea9-2 (AHI60108) 145 -WQVILTGNNSNSLQKVAAIKLLRTVGGFDLSKAKTVLEQR----VPAVILAGYD-----EQTA-FTICQWLEEFG------Y 215/724KANTN

Roseophage DSS3P2 (ACL81275)
Dinoroseobacter phage DFL12phi1 (AHX01035)

Ralstonia phage RSB3 DNA (BAN92321)

14
14

2 KIKATIQLTG---NNKVAQIKAIREATALGLKDAKDLVDHI-----HNRLSRSAP------------LILTPHQYG------V
---MSVDVSS---SQKINCIKLLRQITGEGLKETKDFFEQE----WMPFVLEGQRFGKPTMTPP-AQSLELVDIMDRLQALEN
---MNPEYVN---SKKINCIKHIRSLSGEGLKEAKDFFEQE-----WLPFVNGD------RKPP-ETIRELIEDTPD----FQ

Salmonella phage FSL SP-076 (AGF88397)
Salmonella phage FSL SP-058 (AGF88198) 345/418

345/418
278
278

PYPITITKVS--KENPVACIKAIRTATGLGLYEAKQAYDFVRDNEEPYSLQIIIS-----KG----ELTHLFTEAG------IEY---
PYPITVTKVS--KENPVACIKAIRTATGLGLYEAKQAYDFVRDNEEPYNLQIIIS-----KG----ELTHLFAEAG------IEY---

Sulfitobacter phage phiCB2047-B (AGH07436) 123/12380 -RMFDLDHVN---DHKISFIKNVRNMTGCGLREAKTVLDTF-----TQNHVKI-----------------------------------

63/98
90/107
77/106

LVALW
IVS--
A----

** ** * ** *
* ** *
* * * ** *L11 interface

putative EF-G interaction site
putative EF-Tu interaction site

b



Supplementary Figure 5. Multiple sequence alignment of the bL12 domain containing protein found in Salmonella phages FSL-SP-058 
and FSL-SP-076 with the homologous protein encoded by Escherichia phage Pollock. The position of bL12 domain is identified by a 
black like.  
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bL12 domain



Enterobacteria phage vB_EcoM-FV3

Escherichia coli bacteriophage rv5

Escherichia phage 2JES-2013

Escherichia phage vB_EcoM-FFH2

Escherichia coli O157 typing phage 14

Supplementary Figure 6. Genome comparison of related viral genomes carrying ribosomal protein HPF (S30AE). All comparisons 
were done at the nucleotide level. A color scale for the % identity is shown at the bottom right. The position of the ribosomal protein-
encoding genes is indicated by a red arrow.
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Supplementary Figure 7. Multiple sequence alignment of ribosomal protein HPF (S30AE) identified in six phage genomes with cellular 
homologs. Taxonomic affiliations are represented by colored circles (see legend at the bottom). Positions of the ribosomal protein 
domains (red arrows) within the full proteins (black line) are shown at the right side of the alignment.
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MQIEITG-NVEITEGMVSFISHKMS-KLERLHPSA----NYARVSVKVEND-----HQEVMAFIFDNSGKEVIAKAKGSDAYEATDRMVDVAARQLAKCGGKKGKG
MQLNITGHNVEITEALREFLNSKFS-KLEQYFDRI----NQVYIVLKVEKV-----THVSDATLHVN-GGEIHASAEGQDMYAAIDGLIDKLARQLNKHKDKLKQH
MQLNITGHNVEITEALREFVNTKFA-KLEQYFERI----NQVYIVLKVEKV-----TQIADATLHVN-GGELHASSEGQDMYAAIDGLIDKLARQLTKHKDKLKQH
MQLNITGNNVEITEALREFVTSKFA-KLEQYFDRI----NQVYVVLKVEKV-----THTSDATLHVN-GGEIHASAEGQDMYAAIDGLIDKLARQLTKHKDKLKQH
MQLNITGNNVEITEALREFVTAKFA-KLEQYFDQI----NQVYVVLKVEKV-----THTSDATLHVN-GGEIHASAEGQDMYAAIDGLIDKLARQLTKHKDKLKQH
MEFQITGHNIEVTPALRETVEKKLK-KLEQLFDRI----NGIQVVLKVEKV-----QQIAEATVQVN-GAELHASAEENDMYAAIDLLVDKLSRQLTKHKEKLRQH
MNLNITGRHVEVTPAIRDYVSTKLD-RVIRHFDNV----TSVAVILSVEKL-----KQKAEVTLHVR-GKDLFVESDDADMYAAIDSMADKLDRQVQKYKQKMADH
MNLTITGHHLEVTPAIREYIETKLD-RVIRHFDHV----TSVSVILSVEKL-----RQKAEVTLHVR-GKDIFVEAESEDMYATLDNLIDKLDRQVLKHKEKTGDH
MNLNVTGHHVEVTPAIRDYVTDKLG-RVTRHFDHV----IDVNVILAVEKL-----VQKAEVNVHVS-GKDIFVKSEDADMYAAIDSLVDKLDRQIVKHKEMNGGP
MKLLIHGRNLEITPSLRDYTQTKLE-RATSHFGDA---VREADVHLSVARNP-RVPQQTAEVTVFAN-GTVIRAQERSENLYASIDLAAGKLARQLRRWKERHSDH
MKFSIQGKNVNVTSAVRDHIEKKMH-HAIEHFQGM---TSKVDVNLSVERNPRIEAKHITEVTVRAN-GKVIRACVDHGNLYASIDLAADKISRQLRKYKERNLAK
MTINISSKQMEVTPAIRTHIEERLA-KLNKWQTQL----INPHFIIHKLPN-----GYEVEASIGTP-VGDLFAKAHDEDLYKAINEVESKLETQLNKQKHKGEAR
MKVTVSGKNFEVTPALREYAEKKIG-KLGRHFNHLNNDNLEAQVTLHVEKD-----RHIVEVTIPVN-DIILRGEEETQDMYSSIDLVVDKLNRQIEKYKTKLTKA
MKMDIRGRNIEITDALKDYTTKRLS-KLEKYIDDA----STAQVVLSVEGE-----RHKVEVTIPLN-GVILRGEVAGEDMYASIDLVVEKLEKQIEKHKTKLYRS
MKISVRGKNIEITEAIESKISDKLS-KLDKYFIVSD--NVEAKVLCRVYPY-----GQKLEVTIPTE-YVLLRAEVVDSDLYTAMDLVVDKLEGQIRKYKTRLSRK
IKFSIRGENLEVTEALRTYVEEKVA-KIEKYFNEE----QELNAKVNLKVY--RDKRAKVEVTIPVG-AVTLRAEDISQEMYGSIDLVVDKIERQIRRNKTKIERK
LKYNIRGENIEVTEPIRDYVEKKID-KLERYFTET----PDANVHVNLKVY--SDKNAKVEVTIPLP-NLVLRAEETSGDLYASIDLIVDKLERQIRKHKTKVNRK
IRFEIHGDNLTITDAIRNYIEEKIG-KLERYFNDV----PNAVAHVKVKTY--SNSATKIEVTIPLK-NVTLRAEERNDDLYAGIDLINNKLERQVRKYKTRINRK
MNYNIRGENIEVTPAIRDYVEKKVN-KLDRYFVET----PDTSVNVKLKVN--PDKTSKVEITIPMP-QLVLRAEETNEDMYAAIDLIADKLERQIRKHKTKVNRK
MQITVIGKQLDVGNALRQHVVETLDPAVEKYFDHA----IEATVTITKEAH-----LYITQISVHVGKGMLVQAKASANEVYPAFDSACDRVAKQLRRYKRRLRDH
MSVRVSGKHMEIGESFRQKIEDQIGMAITKYFDGG----YSGQVTVVKASS-----RFSADCKLHLDSGVVLHAAGEATDPQLAFDAASERIEKRLRRYKRKLKDH
MNLRISGKHMDIGDAFRTRINDRVGEAIGKYFDRG----FAGHVTVIKSGS-----RYSADCMIRLDSGASLQATGDAQDPTLAFEAAADRLETRLRRYKRRLKSH
MRVSTIAKNTTVTPALKEMIEKKLS-KVKRYFDPE----VEAKATLSVQRN-----KQKVEITIPFN-GIILRAEEATEDMYKSIDLVVAKLERQIRKQRTKLSRR
MQINIQGHHIDLTDSMQDYVHSKFD-KLERFFDHI----NHVQVILRVEKL-----RQIAEATLHVN-QAEIHAHADDENMYAAIDSLVDKLVRQLNKHKEKL---
MHIQMTGQGVDISPALRELTEKKLH-RIQPCRDEI----SNIHIIFHINKL-----KKIVDANVKLP-GSTINAQAESDDMYKTVDLLMHKLETQLSKYKAK----
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Supplementary Figure 8. Maximum likelihood phylogenetic tree of ribosomal protein HPF (S30AE). Nodes 
corresponding to viral sequences are shown in bold. Both viruses and hosts are highlighted with the same color. 
Taxonomic affiliations are represented by colored circles (see legend at the bottom).



Supplementary Figure 9. Ribosomal proteins bL12 identified in uncultivated viral genomes. Top: Phylogenetic tree of 
ribosomal protein bL12. Viral clades are highlighted with blue branches. All branches with support < 50% were collapsed, and 
branches with support ≥ 80% are noted with a black dot. The position of the sequences presented in the bottom panel is shown 
with colored circles. Bottom: Genome comparison of viral contigs encoding ribosomal protein bL12. Comparisons were done at 
the amino acid level, with the %identity displayed with a color scale. The predicted gene encoding ribosomal protein bL12 is 
indicated in red.



Supplementary Figure 10. Ribosomal proteins bL31 identified in uncultivated viral genomes. Top: 
Phylogenetic tree of ribosomal protein bL31. Viral clades are highlighted with blue branches. All branches with 
support < 50% were collapsed, and branches with support ≥ 80% are noted with a black dot. The position of the 
sequences presented in the bottom panel is shown with colored circles. Bottom: Genome maps of viral contigs 
encoding ribosomal protein bL31. The predicted gene encoding ribosomal protein bL31 is indicated in red.



Supplementary Figure 11. Ribosomal proteins bL33 identified in uncultivated viral genomes. Top: Phylogenetic tree of 
ribosomal protein bL33. Viral clades are highlighted with blue branches. All branches with support < 50% were collapsed, 
and branches with support ≥ 80% are noted with a black dot. The position of the sequences presented in the bottom panel 
is shown with colored circles. Bottom: Genome comparison of viral contigs encoding ribosomal protein bL33. Comparisons 
were done at the amino acid level, with the %identity displayed with a color scale. The predicted gene encoding ribosomal 
protein bL33 is indicated in red.



Supplementary Figure 12. Genome map comparison of uncultivated viruses encoding distinct ribosomal proteins. 
Comparisons were done at the amino acid level, with the %identity displayed with a color scale. Predicted genes 
encoding ribosomal proteins are indicated in red.



70S 70S + viral bS21 70S + viral HPF70S + viral bL12

Supplementary Figure 13. Verification of the effect of viral protein expression on ribosome stability. Electron 
micrographs show negatively stained 70S ribosomes purified from either wilde type NM522 E. coli cells (black) or NM522 
E. coli expressing viral bS21 (red), bL12 (green) or HPF (blue). Scale  bars:  50  nm.  


