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Table S1. Primers used to resolve sequence ambiguities in the CeV MutS7 region. Five 

sets of overlapping DNA primers were designed to resolve sequence ambiguities within a 

CeV contig containing a MutS7 homolog. Amplification reactions (50µl) contained 1X Hot 

Star Taq Plus Master Mix (Qiagen, Hilden, Germany), 0.4 µM each of forward and reverse 

primers, 0.2 mg ml-1 BSA (Promega, Madison, Wisconsin), 3 mM MgCl2 and1X Coralload 

buffer (Qiagen). CeV lysates were diluted 10-fold with sterile MQ water and subjected to 2 x 

2min incubation at 99°C with an intervening 2min incubation on ice. Template for PCR 

amplification reactions consisted of 2µl of the freeze-thaw diluted CeV lysate. The thermal 

cycling program consisted of an initial 5min denaturation at 95°C, 30 cycles of 95°C for 

30sec, 55°C for 30sec and 72°C for 90sec, and a final 10min elongation at 72°C. When 

necessary, PCR products were stored overnight at 4°C until analysis by agarose gel 

electrophoresis to confirm amplification specificity. Correct molecular weight bands were 

excised from agarose gels and purified using the illustra GFX PCR purification kit (GE 

Healthcare, Amersham, UK) according to the manufacturer's protocol. 30-40ng of purified 

PCR product was used as template for forward and reverse sequencing reactions using the 

BigDye Terminator v3.1 cycle sequencing chemistry (Applied Biosystems, Carlsbad, 

California) and 3.2pmol primer. Sequencing was performed at the DNA Sequencing Facility 

at the University of Bergen, Norway. 

 

Primer name 5'-3' sequence 

cev_002_181-200 TGGCCTGGGCCACCAAATCC 

cev_002_1010-989 AAACAATGGGTGCGTGTCC 

cev_002_697-716 TGGGGTAATCCAAATCCTGCCA 

cev_002_1807-1784 ACTCACGTTTACCCATAGGTGTT 

cev_002_1779-1806 TGTTTAACACCTATGGGTAAACGTGAG 

cev_002_2844-2821 ACCATTAATTCATAACCATTAGTCACC 

cev_002_2388-2413 ATAAGAGCGTGTCTTAGTCCCGT 

cev_002_3405-3379 TTCCAGGAACTGAAAGTGATTCGGCA 

cev_002_3179-3204 GCAACATTACAAGCAACAAAACGACG 

cev_002_3782-3756 CCATACATACTTTCTCCAGCTCCTGGT 

 



Table S2. MutS homologs in UniProt, girus genomes and NCBI/Env_Nr. 

MutS 

subfamily 

UniProt and girus MutS homologs 

NCBI 

EnvNr 
Total 

BLAST 

hits 

Bacteria Archaea Eukaryota Virus 

MutS1/MSH1 1803 1680 38 85 
 

976 

MSH2 176 
  

176 
 

7 

MSH3 102 
  

102 
 

4 

MSH4 93 
  

93 
  

MSH5 103 
  

103 
 

2 

MSH6/7 174 
  

174 
 

11 

plt-MSH1 29 
  

29 
 

4 

MutS2 1070 1037 
 

33 
 

237 

MutS3 304 304 
   

6 

MutS4 51 47 4 
   

MutS5 42 
 

42 
  

34 

MutS6 24 24 
   

5 

MutS7 28 8 
 

15 5* 176 

MutS8 4 2 
  

2 106 

MutS9 25 25 
    

Total 4028 3127 84 810 7 1568 

* A recently reported viral MutS7 (CroV MutS) is not included in this table. 
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Table S3. GOS reads related to MutS7/MutS8
ID Habitat 

Type

Geographic 

Location

Sample Location Sample 

Depth (m)

Water 

Depth (m)

T (oC) S (ppt) Size 

Fraction 

(?m)

Chl a 

Sample 

Month 

(Annual±SE

)            mg 

m-3

Reads MutS7 

Reads

MutS8 

Reads

JCVI_SITE_GS000_S13 Open Ocean Sargasso 

Sea

Sargasso Sea, 

Station 13

5 >4200 20 36.6 0.1-0.8 0.17 

(0.09±0.02)

644551 16 8

JCVI_SITE_GS000_S13 Open Ocean Sargasso 

Sea

Sargasso Sea, 

Station 13

5 >4200 20 36.6 0.22-0.8 0.17 

(0.09±0.02)

317180 16 8

JCVI_SITE_GS000_S11 Open Ocean Sargasso 

Sea

Sargasso Sea, 

Station 11

5 >4200 20.5 36.7 0.1-0.8 0.17 

(0.09±0.02)

644551 9 0

JCVI_SITE_GS000_S11 Open Ocean Sargasso 

Sea

Sargasso Sea, 

Station 11

5 >4200 20.5 36.7 0.22-0.8 0.17 

(0.09±0.02)

317180 9 0

JCVI_SITE_GS000_S03 Open Ocean Sargasso 

Sea

Sargasso Sea, 

Station 3

5 >4200 19.8 36.7 0.22-0.8 0.17 

(0.09±0.02)

368835 4 4

JCVI_SITE_GS000_S13 Open Ocean Sargasso 

Sea

Sargasso Sea, 

Station 13

5 >4200 20 36.6 0.22-0.8 0.17 

(0.09±0.02)

332240 16 8

JCVI_SITE_GS001 Open Ocean Sargasso 

Sea

Sargasso Sea, 

Hydrostation S

5 >4200 22.9 36.7 3.0-20 0.10 

(0.10±0.01)

142352 8 4

JCVI_SITE_GS001 Open Ocean Sargasso 

Sea

Sargasso Sea, 

Hydrostation S

5 >4200 22.9 36.7 0.8-3.0 0.10 

(0.10±0.01)

90905 8 4

JCVI_SITE_GS001 Open Ocean Sargasso 

Sea

Sargasso Sea, 

Hydrostation S

5 >4200 22.9 36.7 0.1-0.8 0.10 

(0.10±0.01)

92351 8 4

JCVI_SITE_GS002 Coastal North 

American 

East Coast

Gulf of Maine 1 106 18.2 29.2 0.1-0.8 1.4  

(1.12±0.19)

121590 48 13

JCVI_SITE_GS003 Coastal North 

American 

East Coast

Browns Bank, Gulf of 

Maine

1 119 11.7 29.9 0.1-0.8 1.4 

(1.12±0.19)

61605 27 55

JCVI_SITE_GS004 Coastal North 

American 

East Coast

Outside Halifax, Nova 

Scotia

2 142 17.3 28.3 0.1-0.8 0.4 

(0.78±0.17)

52959 4 0

JCVI_SITE_GS005 Embayment North 

American 

East Coast

Bedford Basin, Nova 

Scotia

1 64 15 30.2 0.1-0.8 6 

(6.76±0.98)

61131 5 3

JCVI_SITE_GS006 Estuary North 

American 

East Coast

Bay of Fundy, Nova 

Scotia

1 11 11.2  0.1-0.8 2.8 

(1.87±0.18)

59679 15 0

JCVI_SITE_GS007 Coastal North 

American 

East Coast

Northern Gulf of 

Maine

1 139 17.9 31.7 0.1-0.8 1.4 

(1.12±0.19)

50980 7 4

JCVI_SITE_GS008 Coastal North 

American 

East Coast

Newport Harbor, RI 1 12 9.4 26.5 0.1-0.8 2.2 

(1.59±0.17)

129655 6 0
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JCVI_SITE_GS009 Coastal North 

American 

East Coast

Block Island, NY 1 32 11 31 0.1-0.8 4.0 

(2.72±0.24)

79303 10 6

JCVI_SITE_GS010 Coastal North 

American 

East Coast

Cape May, NJ 1 10 12 31 0.1-0.8 2.0 

(2.75±0.33)

78304 4 7

JCVI_SITE_GS011 Estuary North 

American 

East Coast

Delaware Bay, NJ 1 8 11  0.1-0.8 4.8 

(9.23±1.02)

124435 22 10

JCVI_SITE_GS012 Estuary North 

American 

East Coast

Chesapeake Bay, MD 13.2 25 1 3.5 0.1-0.8 21.0 

(15.0±1.01)

126162 15 16

JCVI_SITE_GS013 Coastal North 

American 

East Coast

Off Nags Head, NC 2.1 20 9.3  0.1-0.8 3.0 

(2.24±0.25)

138033 10 6

JCVI_SITE_GS014 Coastal North 

American 

East Coast

South of Charleston, 

SC

1 31 18.6  0.1-0.8 1.70 

(1.92±0.25)

128885 2 4

JCVI_SITE_GS015 Coastal Caribbean 

Sea

Off Key West, FL 1.7 47 25 36 0.1-0.8 0.2 

(0.27±0.09)

127362 15 4

JCVI_SITE_GS016 Coastal Sea Caribbean 

Sea

Gulf of Mexico 2 3333 26.4 35.8 0.1-0.8 0.16 

(0.11±0.01)

127122 12 8

JCVI_SITE_GS017 Open Ocean Caribbean 

Sea

Yucatan Channel 2 4513 27 35.8 0.1-0.8 0.13 

(0.09±0.01)

257581 32 23

JCVI_SITE_GS018 Open Ocean Caribbean 

Sea

Rosario Bank 1.7 4470 27.4 35.4 0.1-0.8 0.14 

(0.09±0.01)

142743 6 2

JCVI_SITE_GS019 Coastal Caribbean 

Sea

Northeast of Colón 1.7 3336 27.7 35.4 0.1-0.8 0.23 

(0.15±0.02)

135325 13 2

JCVI_SITE_GS020 Fresh Water Panama 

Canal

Lake Gatun 2 4.2 28.6 0.1 0.1-0.8  296355 21 11

JCVI_SITE_GS021 Coastal Eastern 

Tropical 

Pacific

Gulf of Panama 1.6 76 27.6 30.7 0.1-0.8 0.50 

(0.73±0.22)

131798 3 4

JCVI_SITE_GS022 Open Ocean Eastern 

Tropical 

Pacific

250 miles from 

Panama City

2 2431 29.3 32.3 0.1-0.8 0.33 

(0.28±0.02)

121662 6 4

JCVI_SITE_GS023 Open Ocean Eastern 

Tropical 

Pacific

30 miles from Cocos 

Island

2 1139 28.7 32.6 0.1-0.8 0.07 

(0.19±0.02)

133051 4 8

JCVI_SITE_GS025 Fringing 

Reef

Eastern 

Tropical 

Pacific

Dirty Rock, Cocos 

Island

1.1 30 28.3 31.4 0.8-3.0 0.11 

(0.19±0.01)

120671 0 4

JCVI_SITE_GS026 Open Ocean Galapagos 

Islands

134 miles NE of 

Galapagos

2 2386 27.8 32.6 0.1-0.8 0.22 

(0.28±0.02)

102708 0 2

JCVI_SITE_GS027 Coastal Galapagos 

Islands

Devil's Crown, 

Floreana Island

2.2 2.3 25.5 34.9 0.1-0.8 0.40 

(0.38±0.03)

222080 16 2

JCVI_SITE_GS028 Coastal Galapagos 

Islands

Coastal Floreana 2 156  0.1-0.8 0.35 

(0.35±0.02)

189052 17 11
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JCVI_SITE_GS029 Coastal Galapagos 

Islands

North James Bay, 

Santigo Island

2.1 12 26.2 34.5 0.1-0.8 0.40 

(0.39±0.03)

131529 4 4

JCVI_SITE_GS030 Warm Seep Galapagos 

Islands

Warm seep, Roca 

Redonda

19 19 26.9 0.1-0.8  359152 2 2

JCVI_SITE_GS031 Coastal 

upwelling

Galapagos 

Islands

Upwelling, 

Fernandina Island

12 19.6 18.6  0.1-0.8 0.35 

(0.39±0.03)

436401 25 12

JCVI_SITE_GS032 Mangrove Galapagos 

Islands

Mangrove on Isabella 

Island

0.1 1.6 25.4 0.1-0.8  148018 19 2

JCVI_SITE_GS033 Hypersaline Galapagos 

Islands

Punta Cormorant, 

Hypersaline Lagoon, 

Floreana Island

0.2 0.3 37.6 63.4 0.1-0.8  692255 8 3

JCVI_SITE_GS034 Coastal Galapagos 

Islands

North Seamore Island 2.1 35 27.5 0.1-0.8 0.36 

(0.35±0.02)

134347 12 4

JCVI_SITE_GS035 Coastal Galapagos 

Islands

Wolf Island 1.7 71 21.8 34.5 0.1-0.8 0.28 

(0.31±0.02)

140814 2 2

JCVI_SITE_GS036 Coastal Galapagos 

Islands

Cabo Marshall, 

Isabella Island

2.1 67 25.8 34.6 0.1-0.8 0.65 

(0.45±0.05)

77538 4 0

JCVI_SITE_GS037 Open Ocean Eastern 

Tropical 

Pacific

Equatorial Pacific 

TAO Buoy

1.8 3334 28 0.1-0.8 0.21 

(0.24±0.02)

65670 0 6

JCVI_SITE_GS038 Open Ocean Tropical 

South Pacific

Tropical South Pacific 1.8 >4000 28.4 0.1-0.8 741 0 0

JCVI_SITE_GS039 Open Ocean Tropical 

South Pacific

Tropical South Pacific 2 >4000 28.6 0.1-0.8 759 0 0

JCVI_SITE_GS040 Open Ocean Tropical 

South Pacific

Tropical South Pacific 2.2 >4000 27.8  0.1-0.8 736 0 0

JCVI_SITE_GS041 Open Ocean Tropical 

South Pacific

Tropical South Pacific 2 >4000 28 35 0.1-0.8 678 0 0

JCVI_SITE_GS042 Open Ocean Tropical 

South Pacific

Tropical South Pacific 1.7 >4000 27.6  0.1-0.8 699 0 0

JCVI_SITE_GS043 Open Ocean Tropical 

South Pacific

Tropical South Pacific 1.9 >4000 27.6 35.9 0.1-0.8 711 0 0

JCVI_SITE_GS044 Open Ocean Tropical 

South Pacific

600 miles from F. 

Polynesia

2 >4000 27.6 0.1-0.8 678 0 0

JCVI_SITE_GS045 Open Ocean Tropical 

South Pacific

400 miles from F. 

Polynesia

1.7 >4000 28.3 37 0.1-0.8 730 0 0

JCVI_SITE_GS046 Open Ocean Tropical 

South Pacific

300 miles from F. 

Polynesia

1.9 >4000 28.7 35.3 0.1-0.8 626 0 0
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JCVI_SITE_GS047 Open Ocean Tropical 

South Pacific

201 miles from F. 

Polynesia

30 2400 28.6 37.3 0.1-0.8  66023 4 2

JCVI_SITE_GS048 Coral Reef Polynesia 

Archipelagos

Moorea, Cooks Bay 1.4 34 28.9 35.1 0.1-0.8 744 0 0

JCVI_SITE_GS049 Coastal Polynesia 

Archipelagos

Moorea, Outside 

Cooks Bay

1.4 900 28.8 32.6 0.1-0.8 735 0 0

JCVI_SITE_GS050 Coral Atoll Polynesia 

Archipelagos

Tikehau Lagoon 1.2 24 27.8  0.1-0.8 715 0 0

JCVI_SITE_GS051 Coral Reef 

Atoll

Polynesia 

Archipelagos

Rangirora Atoll 1 10 27.3 34.2 0.1-0.8  128982 4 0
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Legend for supplementary figures 

 

Figure S1. Multiple sequence alignment of HNH endonuclease domains of the MutS7 

subfamily proteins. The positions of four conserved residues around the endonuclease active 

site are marked by red triangles. 

 

Figure S2 Maximum likelihood phylogenetic tree of MutS family proteins. The tree is 

based on the conserved MutS domain V sequences. The tree is mid-point rooted. Bootstrap 

values < 50% are not shown. Taxon names are composed of a MutS family name, a sequence 

identifier, a domain classification (B for Bacteria, A for Archaea, E for Eukaryote, V for 

Viruses), followed by the species name. Color code for branches are as follows: Bacteria 

(blue), Archaea (light blue), Eukaryotes (green), Giruses (Red). MutS subfamilies introduced 

in this study (MutS6, MutS7, MutS8, MutS9) are indicated in red. 

 

Figure S3 Domain architecture of MutS family proteins. Sequence domains were 

identified using NCBI/Cdd profiles and PSI-BLAST (E-value<0.01). This diagram is drawn 

to scale. For MutS domains (I, II, III, IV, V), PSI-BLAST was used with four iterations. 

Identified domains were represented as follows: MutS domain I (pfam01624), light blue 

rectangle; MutS domain II (pfam05188), orange rectangle; MutS domain III (pfam05192), 

light green rectangle; MutS domain IV (pfam05190), dark green rectangle; MutS domain V 

(pfam00488), red rectangle; Smr domain (pfam01713), orange oval; GIY-YIG domain 

(pfam01541), pink oval; HNH domain (pfam01844), green oval. MSH1p corresponds to plant 

specific MSH1 (plt-MSH1). 

 

Figure S4. Multiple sequence alignment of the N-terminal part of the domain I 

sequences from MutS7 and E. coli MutS1. The conserved “F(X)E” residues are highlighted 

by a red rectangle. 

 

Figure S5. Correspondence analysis of codon usages of MutS7 and MutS8 homologs. The 

number of GOS environmental sequences is 176 for MutS7 and 106 for MutS8. 
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 MutS1 MUTS NATPD A Natronomonas pharaonis

 MutS1 C7NS38 HALUD A Halorhabdus utahensis

 MutS1 D3SXA0 NATMA A Natrialba magadii

 MutS1 MUTS2 HALMA A Haloarcula marismortui

 MutS1 MUTS2 HALSA A Halobacterium salinarium

 MutS1 C1VA99 9EURY A Halogeometricum borinquense

 MutS1 MUTS HALWD A Haloquadratum walsbyi

 MutS1 D3SSD8 NATMA A Natrialba magadii

 MutS1 MUTS1 HALSA A Halobacterium salinarium

 MutS1 C1V6F2 9EURY A Halogeometricum borinquense

 MutS1 MUTS1 HALMA A Haloarcula marismortui

 MutS1 C7NS73 HALUD A Halorhabdus utahensis

 MutS1 MUTS METTP A Methanosaeta thermophila

 MutS1 B5ICV6 9EURY A Aciduliprofundum boonei

 MutS1 MUTS METMA A Methanosarcina mazei

 MutS1 MUTS METBU A Methanococcoides burtonii

 MutS1 Q2FU04 METHJ A Methanospirillum hungatei

 MutS1 A3CWX6 METMJ A Methanoculleus marisnigri

 MutS1 MUTS ECOLI B Escherichia coli

 MutS1 MUTS BUCAT B Buchnera aphidicola

 MutS1 MUTS OCHA4 B Ochrobactrum anthropi

 MutS1 Q552L1 DICDI E Dictyostelium discoideum

 MutS1 MSH1 SCHPO E Schizosaccharomyces pombe

 MutS1 MSH1 YEAST E Saccharomyces cerevisiae

 MutS1 A9VCG8 MONBE E Monosiga brevicollis

 MutS1 B8GB04 CHLAD B Chloroflexus aggregans

 MutS1 MUTS BACSU B Bacillus subtilis

MutS1/MSH1 (Bacteria/Archaea/Eukaryotes)

 MSH6 MSH6 DICDI E Dictyostelium discoideum

 MSH6 MSH6 YEAST E Saccharomyces cerevisiae

 MSH6 MSH7 ARATH E Arabidopsis thaliana

 MSH6 MSH6 ARATH E Arabidopsis thaliana

 MSH6 MSH6 HUMAN E Homo sapiens

 MSH6 A0DMV3 PARTE E Paramecium tetraurelia

MSH6/MSH7 (Eukaryotes)

 MSH3 MSH3 YEAST E Saccharomyces cerevisiae

 MSH3 MSH3 LODEL E Lodderomyces elongisporus

 MSH3 MSH3 SCHPO E Schizosaccharomyces pombe

 MSH3 MSH3 DICDI E Dictyostelium discoideum

 MSH3 MSH3 CRYNE E Cryptococcus neoformans

 MSH3 MSH3 HUMAN E Homo sapiens

 MSH3 MSH3 ARATH E Arabidopsis thaliana

MSH3 (Eukaryotes)

 MSH2 A5KA73 PLAVI E Plasmodium vivax

 MSH2 MSH2 YEAST E Saccharomyces cerevisiae

 MSH2 A2EP54 TRIVA E Trichomonas vaginalis

 MSH2 MSH2 ARATH E Arabidopsis thaliana

MSH2 (Eukaryotes)

 MSH4 Q4P0K2 USTMA E Ustilago maydis

 MSH4 MSH4 YEAST E Saccharomyces cerevisiae

 MSH4 Q6CKF7 KLULA E Kluyveromyces lactis

 MSH4 A7TJR9 VANPO E Vanderwaltozyma polyspora

 MSH4 A5DRZ1 LODEL E Lodderomyces elongisporus

 MSH4 HIM14 CAEEL E Caenorhabditis elegans

 MSH4 A8PJN5 BRUMA E Brugia malayi

 MSH4 MSH4 HUMAN E Homo sapiens

 MSH4 C1M0C9 SCHMA E Schistosoma mansoni

MSH4 (Eukaryotes)

 MSH5 C4M0Z9 ENTHI E Entamoeba histolytica

 MSH5 MSH5 HUMAN E Homo sapiens

 MSH5 MSH5 CAEEL E Caenorhabditis elegans

 MSH5 C1EEU6 9CHLO E Micromonas sp

 MSH5 Q011M5 OSTTA E Ostreococcus tauri

 MSH5 Q7Z7S7 COPCI E Coprinopsis cinerea

 MSH5 A7EN13 SCLS1 E Sclerotinia sclerotiorum

 MSH5 A7TR47 VANPO E Vanderwaltozyma polyspora

 MSH5 Q6CT05 KLULA E Kluyveromyces lactis

 MSH5 MSH5 YEAST E Saccharomyces cerevisiae

MSH5 (Eukaryotes)

 MSH1p Q0JBW2 ORYSJ E Oryza sativa

 MSH1p Q84LK0 ARATH E Arabidopsis thaliana

 MSH1p Q1XBQ8 SOYBN E Glycine max
plt-MSH1 (Plant)

 MutS7 B3FNN3 RENRE E Renilla reniformis

 MutS7 MSHM SARGL E Sarcophyton glaucum

 MutS7 MUTSL MIMIV V Acanthamoeba polyphaga

 MutS7 CeV V CeV 

 MutS7 PpV V PpV 

 MutS7 HcDNAV V HcDNAV 

 MutS7 PoV V PoV 

 MutS7 A6Q2C2 NITSB B Nitratiruptor sp

 MutS7 D1B043 SULD5 B Sulfurospirillum deleyianum

 MutS7 B9L925 NAUPA B Nautilia profundicola

 MutS7 A8ES10 ARCB4 B Arcobacter butzleri

 MutS7 B6BMZ0 9PROT B Campylobacterales bacterium

 MutS7 Q30QK8 SULDN B Sulfurimonas denitrificans

MutS7 (Girus/Epsilonproteobacteria/Octocorals)

 MutS8 B3EST0 AMOA5 B Amoebophilus asiaticus

 MutS8 B3ERM5 AMOA5 B Amoebophilus asiaticus

 MutS8 PoV V PoV 

 MutS8 PpV V PpV 

MutS8 (Girus/Amoebophilus)

 MutS6 A6E7L8 9SPHI B Pedobacter sp

 MutS6 C2FUZ9 9SPHI B Sphingobacterium spiritivorum

 MutS6 C7PSP9 CHIPD B Chitinophaga pinensis

 MutS6 B3C7Q8 9BACE B Bacteroides intestinalis

MutS6 (Bacteria)

 MutS3 A8UFC0 9FLAO B Flavobacteriales bacterium

 MutS3 A4BXL0 9FLAO B Polaribacter irgensii

 MutS3 B6W5I8 9BACE B Bacteroides dorei

 MutS3 C2FWF5 9SPHI B Sphingobacterium spiritivorum

 MutS3 A9FC19 SORC5 B Sorangium cellulosum

 MutS3 A9B626 HERA2 B Herpetosiphon aurantiacus

 MutS3 Q04P59 LEPBJ B Leptospira borgpetersenii

 MutS3 C6W3D3 DYAFD B Dyadobacter fermentans

 MutS3 Q24UR6 DESHY B Desulfitobacterium hafniense

 MutS3 Q0AVD3 SYNWW B Syntrophomonas wolfei

 MutS3 C9KM00 9FIRM B Mitsuokella multacida

 MutS3 A7VIS8 9CLOT B Clostridium sp

MutS3A

 MutS3 A7V876 BACUN B Bacteroides uniformis

 MutS3 C6W1B1 DYAFD B Dyadobacter fermentans

 MutS3 A4BZM7 9FLAO B Polaribacter irgensii

 MutS3 A4A8G2 9GAMM B Congregibacter litoralis

 MutS3 C1IAL3 9CLOT B Clostridium sp

 MutS3 C4GEA1 9FIRM B Shuttleworthia satelles

 MutS3 C0BZP4 9CLOT B Clostridium hylemonae

 MutS3 C0CIA6 9FIRM B Blautia hydrogenotrophica

 MutS3 B0KBI4 THEP3 B Thermoanaerobacter pseudethanolicus

 MutS3 B1RKN9 CLOPE B Clostridium perfringens

 MutS3 B9E9P8 MACCJ B Macrococcus caseolyticus

 MutS3 Q49Z02 STAS1 B Staphylococcus saprophyticus

 MutS3 A3CKY5 STRSV B Streptococcus sanguinis

 MutS3 B3W7H4 LACCB B Lactobacillus casei

MutS3B

MutS3 (Bacteria)

 MutS9 A9BG46 PETMO B Petrotoga mobilis

 MutS9 C5CH03 KOSOT B Kosmotoga olearia

 MutS9 A8MLR5 ALKOO B Alkaliphilus oremlandii

 MutS9 A6TWQ4 ALKMQ B Alkaliphilus metalliredigens

MutS9 (Bacteria)

 MutS2 D2QDA3 SPILD B Spirosoma linguale

 MutS2 B3ELF9 CHLPB B Chlorobium phaeobacteroides

 MutS2 C1D0G1 DEIDV B Deinococcus deserti

 MutS2 A9NGE8 ACHLI B Acholeplasma laidlawii

 MutS2 A8UZQ9 9AQUI B Hydrogenivirga sp

 MutS2 B5Y861 COPPD B Coprothermobacter proteolyticus

 MutS2 B7C7S5 9FIRM B Eubacterium biforme

 MutS2 A9BJX8 PETMO B Petrotoga mobilis

 MutS2 B1C132 9FIRM B Clostridium spiroforme

 MutS2 A1AT62 PELPD B Pelobacter propionicus

 MutS2 B5YHF6 THEYD B Thermodesulfovibrio yellowstonii

 MutS2 MUTS2 BACSU B Bacillus subtilis

 MutS2 B7GGY7 ANOFW B Anoxybacillus flavithermus

 MutS2 D2Z2Q5 9BACT B Dethiosulfovibrio peptidovorans

 MutS2 C1MLV8 9CHLO E Micromonas pusilla

 MutS2 Q7XKD3 ORYSJ E Oryza sativa

 MutS2 A0YID1 9CYAN B Lyngbya sp

 MutS2 Q9LVW1 ARATH E Arabidopsis thaliana

 MutS2 B0VJJ4 9BACT B Candidatus Cloacamonas

 MutS2 B8DKM4 DESVM B Desulfovibrio vulgaris

 MutS2 A6G6E8 9DELT B Plesiocystis pacifica

 MutS2 D0LH43 HALO1 B Haliangium ochraceum

 MutS2 Q1D4Q8 MYXXD B Myxococcus xanthus

 MutS2 Q30SJ7 SULDN B Sulfurimonas denitrificans

 MutS2 C3XIF0 9HELI B Helicobacter bilis

 MutS2 MUTS2 HELPY B Helicobacter pylori

MutS2 (Bacteria/Eukaryotes)

 MutS5 Q12WC4 METBU A Methanococcoides burtonii

 MutS5 Q18E65 HALWD A Haloquadratum walsbyi

 MutS5 Q5JEZ3 PYRKO A Pyrococcus kodakaraensis
MutS5 (Archaea)

 MutS4 C6PBK5 CLOTS B Thermoanaerobacterium thermosaccharolyticu

 MutS4 Q97AY6 THEVO A Thermoplasma volcanium MutS4B
 MutS4 Q8R8T8 THETN B Thermoanaerobacter tengcongensis

 MutS4 Q97AY7 THEVO A Thermoplasma volcanium MutS4A
MutS4 (Bacteria/Archaea)
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Fig. S4
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