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Supplementary Table S1. Summary of the number of bacterial genome sequences used in this 
study 
 

A. CPR bacteria 

Subgroup Phyla Complete genomes Draft genomes 

Microgenomates (MG) 14 9 222 

Parcubacteria 1 (PB1) 9 2 117 

Parcubacteria 2 (PB2) 5 0 59 

Parcubacteria 3 (PB3) 5 1 44 

Parcubacteria 4 (PB4) 9 6 160 

Other Parcubacteria (Other PB) 9 5 119 

Katanobacteria (WWE3) 1 1 25 

Saccharibacteria (Sa) 1 32 11 

Peregrinibacteria (Pe) 1 7 22 

Others 11 6 49 

Total 65 69 828 

 

 
B. non-CPR bacteria 

Lifestyle Phyla Complete genomes Draft genomes 

Symbiotic 10  167 0 

Free-living 31  1,494 0 

Total 32* 1,661 0 

* Nine phyla were common between Symbiotic and Free-living. 
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Supplementary Table S2. List of complete genomes of CPR bacteria used in this study 
 

Accession # Subgroup Phylum Organism name 
Genome 

size (base) 
GCA_001029675.1 MG Beckwithbacteria Candidatus Beckwithbacteria bacterium 

GW2011_GWC1_49_16 
1,049,888 

GCA_016699265.1 MG Roizmanbacteria Candidatus Roizmanbacteria bacterium 928,688 

GCA_016700135.1 MG Roizmanbacteria Candidatus Roizmanbacteria bacterium 1,448,136 

GCA_013374835.1 MG Woesebacteria Candidatus Woesebacteria bacterium 901,682 

GCA_013374855.1 MG Woesebacteria Candidatus Woesebacteria bacterium 802,554 

GCA_013426185.1 MG Woesebacteria Candidatus Woesebacteria bacterium 818,817 

GCA_016700095.1 MG Woesebacteria Candidatus Woesebacteria bacterium 1,274,238 

GCA_001029755.1 MG Woesebacteria Candidatus Woesebacteria bacterium 
GW2011_GWF1_31_35 

819,458 

GCA_009936135.1 MG unclassified * Candidatus Chazhemtobacterium aquaticus 801,504 

GCA_016699775.1 PB1 Falkowbacteria Candidatus Falkowbacteria bacterium 938,851 

GCA_016699205.1 PB1 Uhrbacteria Candidatus Uhrbacteria bacterium 1,082,254 

GCA_001029635.1 PB3 Wolfebacteria Candidatus Wolfebacteria bacterium 
GW2011_GWB1_47_1 

984,447 

GCA_016699465.1 PB4 Campbellbacteria Candidatus Campbellbacteria bacterium 811,376 

GCA_001029775.1 PB4 Campbellbacteria Candidatus Campbellbacteria bacterium 
GW2011_OD1_34_28 

752,630 

GCA_016699245.1 PB4 Kaiserbacteria Candidatus Kaiserbacteria bacterium 1,054,716 

GCA_017134395.1 PB4 Kaiserbacteria Candidatus Kaiserbacteria bacterium 687,746 

GCA_016699085.1 PB4 Nomurabacteria Candidatus Nomurabacteria bacterium 808,221 

GCA_016699365.1 PB4 Nomurabacteria Candidatus Nomurabacteria bacterium 705,143 

GCA_016699385.1 Other PB Moranbacteria Candidatus Moranbacteria bacterium 1,111,322 

GCA_016699425.1 Other PB Moranbacteria Candidatus Moranbacteria bacterium 1,217,328 

GCA_016699795.1 Other PB Moranbacteria Candidatus Moranbacteria bacterium 1,186,598 

GCA_016699875.1 Other PB Moranbacteria Candidatus Moranbacteria bacterium 1,088,644 

GCA_016699975.1 Other PB Moranbacteria Candidatus Moranbacteria bacterium 1,048,819 

GCA_001007975.1 Others Absconditabacteria candidate division SR1 bacterium Aalborg_AAW-1 1,044,756 

GCA_000503875.1 Others Absconditabacteria candidate division SR1 bacterium RAAC1_SR1_1 1,177,760 

GCA_001029735.1 Others Berkelbacteria Berkelbacteria bacterium GW2011_GWE1_39_12 915,059 

GCA_004563595.2 Others Gracilibacteria Candidatus Gracilibacteria bacterium 28_42_T64 1,343,103 

GCA_002761215.1 Others Gracilibacteria Candidatus Gracilibacteria bacterium HOT-871 1,184,529 

GCA_001029795.1 Others Kazan candidate division Kazan bacterium 
GW2011_GWA1_50_15 

602,646 

GCA_016699145.1 Pe Peregrinibacteria Candidatus Peregrinibacteria bacterium 1,338,973 

GCA_016699515.1 Pe Peregrinibacteria Candidatus Peregrinibacteria bacterium 1,338,661 

GCA_016699755.1 Pe Peregrinibacteria Candidatus Peregrinibacteria bacterium 1,560,578 

GCA_001430755.1 Pe Peregrinibacteria Candidatus Peribacter riflensis 1,248,026 

GCA_001430845.1 Pe Peregrinibacteria Candidatus Peribacter riflensis 1,248,112 

Supplementary Table S2. List of complete genomes of CPR bacteria used in this study



GCA_001430885.1 Pe Peregrinibacteria Candidatus Peribacter riflensis 1,247,854 

GCA_001430905.1 Pe Peregrinibacteria Candidatus Peribacter riflensis 1,248,180 

GCA_003516025.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 1,005,782 

GCA_016699065.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 979,137 

GCA_016699895.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 749,073 

GCA_016699935.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 1,226,308 

GCA_016699955.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 1,211,496 

GCA_016700015.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 1,011,181 

GCA_016700315.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 988,272 

GCA_016700355.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 1,006,672 

GCA_016700375.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 1,256,494 

GCA_016700395.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 936,132 

GCA_001029695.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 

GW2011_GWC2_44_17 

1,038,683 

GCA_005697215.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 889,964 

GCA_010202115.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 931,438 

GCA_010202465.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 831,234 

GCA_010202645.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 848,784 

GCA_010202845.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 853,179 

GCA_013098515.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 839,600 

GCA_013098855.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 835,009 

GCA_013099015.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 877,855 

GCA_013099195.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 856,991 

GCA_013100805.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 858,111 

GCA_013100825.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 893,660 

GCA_013394755.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 488 847,999 

GCA_005697055.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 955 842,202 

GCA_010201925.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 955 885,960 

GCA_010202265.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 955 873,056 

GCA_013098655.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 955 841,891 

GCA_005697565.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium oral taxon 957 782,344 

GCA_000503915.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium RAAC3_TM7_1 845,464 

GCA_002952755.1 Sa Saccharibacteria Candidatus Saccharibacteria bacterium 

YM_S32_TM7_50_20 

1,450,269 

GCA_000392435.1 Sa Saccharibacteria Candidatus Saccharimonas aalborgensis 1,013,781 

GCA_005697395.1 Sa Saccharibacteria TM7 phylum sp. oral taxon 952 705,178 

GCA_000503835.1 WWE3 WWE3 candidate division WWE3 bacterium RAAC2_WWE3_1 878,109 

* Candidatus Chazhemtobacterium aquaticus is not a member of any candidate phyla described in NCBI taxonomy database. 
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6XSSOHPHQWDU\�7DEOH�6���/LVW�RI�UHSUHVHQWDWLYH�JHQRPHV�RI�QRQ�&35�IUHH�OLYLQJ�EDFWHULD 

 

Accession # Phylum Organism name 
Genome 

size (base) 

1&B������ $FWLQREDFWHULD $P\FRODWRSVLV�PHGLWHUUDQHL�8�� ���������� 

1&B������ $FWLQREDFWHULD %LILGREDFWHULXP�ORQJXP�1&&���� ��������� 

1&B������ $FWLQREDFWHULD %UDFK\EDFWHULXP�IDHFLXP�'60����� ��������� 

1&B������ $FWLQREDFWHULD &RU\QHEDFWHULXP�JOXWDPLFXP�$7&&������ ��������� 

1&B������ $FWLQREDFWHULD 0\FREDFWHULXP�VPHJPDWLV�VWU��0&����� ��������� 

1&B������ $FWLQREDFWHULD 0\FREDFWHURLGHV�DEVFHVVXV ��������� 

1&B������ $FWLQREDFWHULD 6WUHSWRP\FHV�FRHOLFRORU�$���� ��������� 

1&B������ $TXLILFDH $TXLIH[�DHROLFXV�9)� ��������� 

1&B������ %DFWHURLGHWHV %DFWHURLGHV�IUDJLOLV�<&+�� ��������� 

1&B������ %DFWHURLGHWHV )ODYREDFWHULXP�SV\FKURSKLOXP�-,3����� ��������� 

1&B������ %DFWHURLGHWHV 6DOLQLEDFWHU�UXEHU�'60������ ��������� 

1&B������ &KORUREL &KORURELXP�WHSLGXP�7/6 ��������� 

1&B������ &KORURIOH[L &KORURIOH[XV�DXUDQWLDFXV�-����IO ��������� 

1&B������ &\DQREDFWHULD *ORHREDFWHU�YLRODFHXV�3&&����� ��������� 

1&B������ &\DQREDFWHULD 3URFKORURFRFFXV�PDULQXV�VXEVS��PDULQXV�VWU��&&03���� ��������� 

1&B������ &\DQREDFWHULD 7KHUPRV\QHFKRFRFFXV�HORQJDWXV�%3�� ��������� 

1&B������ 'HLQRFRFFXV�7KHUPXV 'HLQRFRFFXV�UDGLRGXUDQV�5� ��������� 

1&B������ 'HLQRFRFFXV�7KHUPXV 7KHUPXV�WKHUPRSKLOXV�+%� ��������� 

1&B������ 'LFW\RJORPL 'LFW\RJORPXV�WXUJLGXP�'60����� ��������� 

1&B������ )LUPLFXWHV %DFLOOXV�VXEWLOLV�VXEVS��VXEWLOLV�VWU����� ��������� 

1&B������ )LUPLFXWHV %DFLOOXV�FHUHXV�$7&&������ ��������� 

1&B������ )LUPLFXWHV &ORVWULGLXP�DFHWREXW\OLFXP�$7&&���� ��������� 

1&B������ )LUPLFXWHV &ORVWULGLXP�ERWXOLQXP�$�VWU��$7&&����� ��������� 

1&B������ )LUPLFXWHV (QWHURFRFFXV�IDHFDOLV�9��� ��������� 

1&B������ )LUPLFXWHV (QWHURFRFFXV�IDHFLXP�'2 ��������� 

1&B������ )LUPLFXWHV /DFWREDFLOOXV�SODQWDUXP�:&)6� ��������� 

1&B������ )LUPLFXWHV /DFWREDFLOOXV�SDUDFDVHL�$7&&���� ��������� 

1&B������ )LUPLFXWHV /DFWRFRFFXV�ODFWLV�VXEVS��ODFWLV�,O���� ��������� 

1&B������ )LUPLFXWHV /LVWHULD�PRQRF\WRJHQHV�(*'�H ��������� 

1&B������ )LUPLFXWHV 6WDSK\ORFRFFXV�HSLGHUPLGLV�$7&&������ ��������� 

1&B������ )LUPLFXWHV 6WDSK\ORFRFFXV�DXUHXV�VXEVS��DXUHXV�1&7&����� ��������� 

1&B������ )LUPLFXWHV 6WUHSWRFRFFXV�SQHXPRQLDH�5� ��������� 

1&B������ )LUPLFXWHV 6WUHSWRFRFFXV�PXWDQV�8$��� ��������� 

1&B������ )LUPLFXWHV 6WUHSWRFRFFXV�VXLV�%0��� ��������� 

1&B������ )LUPLFXWHV 6WUHSWRFRFFXV�PLWLV�%� ��������� 

1&B������ )LUPLFXWHV >%DFLOOXV�WKXULQJLHQVLV@�VHURYDU�NRQNXNLDQ�VWU������� ��������� 

1&B������ )XVREDFWHULD )XVREDFWHULXP�QXFOHDWXP�VXEVS��QXFOHDWXP�$7&&������ ��������� 

1&B������ 1LWURVSLUDH 7KHUPRGHVXOIRYLEULR�\HOORZVWRQLL�'60������ ��������� 

1&B������ 3ODQFWRP\FHWHV 5KRGRSLUHOOXOD�EDOWLFD�6+�� ��������� 

Supplementary Table S3. List of representative genomes of non-CPR free-living bacteria



1&B������ 3URWHREDFWHULD $FLQHWREDFWHU�SLWWLL�3+($�� ��������� 

1&B������ 3URWHREDFWHULD $JUREDFWHULXP�IDEUXP�VWU��&�� ��������� 

1&B������ 3URWHREDFWHULD %RUGHWHOOD�SHUWXVVLV�7RKDPD�, ��������� 

1&B������ 3URWHREDFWHULD %RUGHWHOOD�EURQFKLVHSWLFD���� ��������� 

1&B������ 3URWHREDFWHULD %XUNKROGHULD�PDOOHL�$7&&������ ��������� 

1&B������ 3URWHREDFWHULD %XUNKROGHULD�SVHXGRPDOOHL�.����� ��������� 

1&B������ 3URWHREDFWHULD &DXOREDFWHU�FUHVFHQWXV�&%�� ��������� 

1&B������ 3URWHREDFWHULD 'HVXOIRYLEULR�YXOJDULV�VWU��+LOGHQERURXJK ��������� 

1&B������ 3URWHREDFWHULD (QWHUREDFWHU�FORDFDH�VXEVS��FORDFDH�$7&&������ ��������� 

1&B������ 3URWHREDFWHULD (VFKHULFKLD�FROL�VWU��.����VXEVWU��0*���� ��������� 

1&B������ 3URWHREDFWHULD )UDQFLVHOOD�WXODUHQVLV�VXEVS��WXODUHQVLV�6&+8�6� ��������� 

1&B������ 3URWHREDFWHULD *HREDFWHU�VXOIXUUHGXFHQV�3&$ ��������� 

1&B������ 3URWHREDFWHULD +HOLFREDFWHU�S\ORUL������ ��������� 

1&B������ 3URWHREDFWHULD .HWRJXORQLFLJHQLXP�YXOJDUH�:6+���� ��������� 

1&B������ 3URWHREDFWHULD .OHEVLHOOD�SQHXPRQLDH�VXEVS��SQHXPRQLDH�+6����� ��������� 

1&B������ 3URWHREDFWHULD /HJLRQHOOD�SQHXPRSKLOD�VXEVS��SQHXPRSKLOD�VWU��3KLODGHOSKLD�� ��������� 

1&B������ 3URWHREDFWHULD 1HLVVHULD�JRQRUUKRHDH�)$����� ��������� 

1&B������ 3URWHREDFWHULD 3VHXGRPRQDV�DHUXJLQRVD�3$2� ��������� 

1&B������ 3URWHREDFWHULD 3VHXGRPRQDV�SXWLGD�.7���� ��������� 

1&B������ 3URWHREDFWHULD 3VHXGRPRQDV�V\ULQJDH�SY��WRPDWR�VWU��'&���� ��������� 

1&B������ 3URWHREDFWHULD 5KRGRVSLULOOXP�UXEUXP�$7&&������ ��������� 

1&B������ 3URWHREDFWHULD 6DOPRQHOOD�HQWHULFD�VXEVS��HQWHULFD�VHURYDU�7\SKLPXULXP�VWU��/7� ��������� 

1&B������ 3URWHREDFWHULD 6KHZDQHOOD�RQHLGHQVLV�05�� ��������� 

1&B������ 3URWHREDFWHULD 6KLJHOOD�IOH[QHUL��D�VWU����� ��������� 

1&B������ 3URWHREDFWHULD 6LQRUKL]RELXP�PHOLORWL����� ��������� 

1&B������ 3URWHREDFWHULD 6LQRUKL]RELXP�IUHGLL�1*5��� ��������� 

1&B������ 3URWHREDFWHULD ;DQWKRPRQDV�FDPSHVWULV�SY��FDPSHVWULV�VWU��$7&&������ ��������� 

1&B������ 3URWHREDFWHULD <HUVLQLD�SHVWLV�&2�� ��������� 

1&B������ 6SLURFKDHWHV /HSWRVSLUD�LQWHUURJDQV�VHURYDU�/DL�VWU������� ��������� 

1&B������ 6SLURFKDHWHV 7UHSRQHPD�GHQWLFROD�$7&&������ ��������� 

1&B������ 7KHUPRWRJDH 7KHUPRWRJD�PDULWLPD�06%� ��������� 

 
6XSSOHPHQWDU\�7DEOH�6���&RQWLQXHG 
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6XSSOHPHQWDU\�7DEOH�6���/LVW�RI�UHSUHVHQWDWLYH�JHQRPHV�RI�QRQ�&35�V\PELRWLF�EDFWHULD 

 

Accession # Phylum Organism name 
Genome 

size (base) 

1&B������ $FWLQREDFWHULD 7URSKHU\PD�ZKLSSOHL�VWU��7ZLVW ������� 

1&B������ %DFWHURLGHWHV %ODWWDEDFWHULXP�VS���&U\SWRFHUFXV�SXQFWXODWXV��VWU��&SX ������� 

1&B������ %DFWHURLGHWHV %ODWWDEDFWHULXP�FXHQRWL�%3$$ ������� 

1&B������ %DFWHURLGHWHV &DUGLQLXP�HQGRV\PELRQW�F(SHU��RI�(QFDUVLD�SHUJDQGLHOOD ������� 

1&B������ &KODP\GLDH &KODP\GLD�WUDFKRPDWLV�'�8:���&; ��������� 

1&B������ &KODP\GLDH &KODP\GLD�PXULGDUXP�VWU��1LJJ ��������� 

1&B������ &KODP\GLDH &KODP\GLD�IHOLV�)H�&��� ��������� 

1&B������ &KODP\GLDH &KODP\GLD�WUDFKRPDWLV�����%X ��������� 

1&B������ &KODP\GLDH &KODP\GLD�SVLWWDFL��%& ��������� 

1=B&3������ &KODP\GLDH &KODP\GLD�DYLXP���'&�� ��������� 

1=B&3������ &KODP\GLDH &KODP\GLD�JDOOLQDFHD���������� ��������� 

1=B/7������ &KODP\GLDH &KODP\GLD�VXLV ��������� 

1&B������ &KODP\GLDH &KODP\GRSKLOD�SQHXPRQLDH�&:/��� ��������� 

1&B������ &KODP\GLDH &KODP\GRSKLOD�FDYLDH�*3,& ��������� 

1&B������ &KODP\GLDH &KODP\GRSKLOD�SHFRUXP�(�� ��������� 

1&B������ (OXVLPLFURELD XQFXOWXUHG�7HUPLWH�JURXS���EDFWHULXP�SK\ORW\SH�5V�'�� ��������� 

1=B&3������ )LUPLFXWHV 'LDOLVWHU�SQHXPRVLQWHV ��������� 

1=B&3������ )LUPLFXWHV :HLVVHOOD�FHWL ��������� 

1=B&3������ )LUPLFXWHV HQGRV\PELRQW�
7&�
�RI�7ULP\HPD�FRPSUHVVXP ��������� 

1=B&3������ )XVREDFWHULD 6QHDWKLD�DPQLL ��������� 

1&B������ 3URWHREDFWHULD $QDSODVPD�SKDJRF\WRSKLOXP�VWU��+= ��������� 

1&B������ 3URWHREDFWHULD $QDSODVPD�PDUJLQDOH�VWU��)ORULGD ��������� 

1&B������ 3URWHREDFWHULD $QDSODVPD�FHQWUDOH�VWU��,VUDHO ��������� 

1=B&3������ 3URWHREDFWHULD $UVHQRSKRQXV�V\PELRQW�RI�/LSRSWHQD�IRUWLVHWRVD ������� 

1&B������ 3URWHREDFWHULD %DUWRQHOOD�EDFLOOLIRUPLV�.&��� ��������� 

1=B&3������ 3URWHREDFWHULD %DUWRQHOOD�DQFDVKHQVLV ��������� 

1=B&3������ 3URWHREDFWHULD %ORFKPDQQLD�HQGRV\PELRQW�RI�3RO\UKDFKLV��+HGRP\UPD��WXUQHUL ������� 

1=B&3������ 3URWHREDFWHULD %ORFKPDQQLD�HQGRV\PELRQW�RI�&DPSRQRWXV��&RORERSVLV��REOLTXXV ������� 

1&B������ 3URWHREDFWHULD %XFKQHUD�DSKLGLFROD�VWU��$36��$F\UWKRVLSKRQ�SLVXP� ������� 

1&B������ 3URWHREDFWHULD %XFKQHUD�DSKLGLFROD�%&F ������� 

1&B������ 3URWHREDFWHULD %XFKQHUD�DSKLGLFROD�VWU��$N��$F\UWKRVLSKRQ�NRQGRL� ������� 

1=B&3������ 3URWHREDFWHULD %XFKQHUD�DSKLGLFROD��6FKOHFKWHQGDOLD�FKLQHQVLV� ������� 

1=B/7������ 3URWHREDFWHULD %XFKQHUD�DSKLGLFROD��&LQDUD�SVHXGRWD[LIROLDH� ������� 

1=B&3������ 3URWHREDFWHULD &DPS\OREDFWHU�LQVXODHQLJUDH�1&7&������ ��������� 

1&B������ 3URWHREDFWHULD &DQGLGDWXV�9HVLFRP\RVRFLXV�RNXWDQLL�+$ ��������� 

1&B������ 3URWHREDFWHULD &DQGLGDWXV�.LQHWRSODVWLEDFWHULXP�EODVWRFULWKLGLL��H[�6WULJRPRQDV�FXOLFLV� ������� 

1&B������ 3URWHREDFWHULD &R[LHOOD�EXUQHWLL�56$���� ��������� 

1=B&3������ 3URWHREDFWHULD &R[LHOOD�HQGRV\PELRQW�RI�$PEO\RPPD�DPHULFDQXP ������� 

1&B������ 3URWHREDFWHULD 'LFKHOREDFWHU�QRGRVXV�9&6����$ ��������� 

Supplementary Table S4. List of representative genomes of non-CPR symbiotic bacteria



1&B������ 3URWHREDFWHULD (KUOLFKLD�FDQLV�VWU��-DNH ��������� 

1&B������ 3URWHREDFWHULD (KUOLFKLD�FKDIIHHQVLV�VWU��$UNDQVDV ��������� 

1&B������ 3URWHREDFWHULD (KUOLFKLD�PXULV�$6��� ��������� 

1&B������ 3URWHREDFWHULD /DZVRQLD�LQWUDFHOOXODULV�3+(�01���� ��������� 

1&B������ 3URWHREDFWHULD 1HRULFNHWWVLD�VHQQHWVX�VWU��0L\D\DPD ������� 

1&B������ 3URWHREDFWHULD 1HRULFNHWWVLD�ULVWLFLL�VWU��,OOLQRLV ������� 

1=B&3������ 3URWHREDFWHULD 1HRULFNHWWVLD�KHOPLQWKRHFD�VWU��2UHJRQ ������� 

1&B������ 3URWHREDFWHULD 5LFNHWWVLD�SURZD]HNLL�VWU��0DGULG�( ��������� 

1&B������ 3URWHREDFWHULD 5LFNHWWVLD�FRQRULL�VWU��0DOLVK�� ��������� 

1&B������ 3URWHREDFWHULD 5LFNHWWVLD�IHOLV�855:;&DO� ��������� 

1&B������ 3URWHREDFWHULD 5LFNHWWVLD�MDSRQLFD�<+ ��������� 

1&B������ 3URWHREDFWHULD :LJJOHVZRUWKLD�JORVVLQLGLD�HQGRV\PELRQW�RI�*ORVVLQD�EUHYLSDOSLV ������� 

1&B������ 3URWHREDFWHULD :ROEDFKLD�HQGRV\PELRQW�RI�'URVRSKLOD�PHODQRJDVWHU ��������� 

1&B������ 3URWHREDFWHULD :ROEDFKLD�HQGRV\PELRQW�RI�'URVRSKLOD�VLPXODQV�Z1R ��������� 

1&B������ 6SLURFKDHWHV %RUUHOLD�EXUJGRUIHUL�%�� ������� 

1&B������ 6SLURFKDHWHV %RUUHOLD�DI]HOLL�+/-�� ������� 

1=B&3������ 6SLURFKDHWHV %RUUHOLD�PD\RQLL ������� 

1=B&3������ 6SLURFKDHWHV %RUUHOLHOOD�YDODLVLDQD�7RP���� ������� 

1=B&3������ 6SLURFKDHWHV %RUUHOLHOOD�JDULQLL ������� 

1&B������ 7HQHULFXWHV 0HVRSODVPD�IORUXP�/� ������� 

1&B������ 7HQHULFXWHV 0\FRSODVPD�JHQLWDOLXP�*�� ������� 

1&B������ 7HQHULFXWHV 0\FRSODVPD�SQHXPRQLDH�0��� ������� 

1&B������ 7HQHULFXWHV 0\FRSODVPD�P\FRLGHV�VXEVS��P\FRLGHV�6&�VWU��3*� ��������� 

1&B������ 7HQHULFXWHV 0\FRSODVPD�ERYLV�3*�� ��������� 

1&B������ 7HQHULFXWHV 0\FRSODVPD�SDUYXP�VWU��,QGLDQD ������� 

1&B������ 7HQHULFXWHV 2QLRQ�\HOORZV�SK\WRSODVPD�2<�0 ������� 

1&B������ 7HQHULFXWHV 6SLURSODVPD�V\USKLGLFROD�($�� ��������� 

1&B������ 7HQHULFXWHV 6SLURSODVPD�WDLZDQHQVH�&7�� ��������� 

1=B&3������ 7HQHULFXWHV 6SLURSODVPD�PLUXP�$7&&������ ��������� 

1=B&3������ 7HQHULFXWHV 6SLURSODVPD�WXURQLFXP ��������� 

1&B������ 7HQHULFXWHV 8UHDSODVPD�SDUYXP�VHURYDU���VWU��$7&&������ ������� 
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Supplementary Table S5. List of query sequences (COG sequences) for ribosomal proteins 
 

Protein name COG ID Number of 
sequences 

 Protein name GOG ID Number of 
sequences 

bS1 COG0539 729  uL1 COG0539 709 
uS2 COG0052 709  uL2 COG0052 707 
uS3 COG0092 707  uL3 COG0092 710 
uS4 COG0522 744  uL4 COG0522 709 
uS5 COG0098 709  uL5 COG0098 710 
bS6 COG0360 628  uL6 COG0360 707 
uS7 COG0049 712  bL9 COG0049 640 
uS8 COG0096 709  uL10 COG0096 623 
uS9 COG0103 712  uL11 COG0103 707 
uS10 COG0051 723  bL12 COG0051 716 
uS11 COG0100 704  uL13 COG0100 707 
uS12 COG0048 711  uL14 COG0048 709 
uS13 COG0099 717  uL15 COG0099 709 
uS14 COG0199 663  uL16 COG0199 710 
uS15 COG0184 710  bL17 COG0184 628 
bS16 COG0228 624  uL18 COG0228 703 
uS17 COG0186 706  bL19 COG0186 625 
bS18 COG0238 631  bL20 COG0238 627 
uS19 COG0185 704  bL21 COG0185 624 
bS20 COG0268 611  uL22 COG0268 709 
bS21 COG0828 505  uL23 COG0828 706 

    uL24 COG0539 703 
    bL25 COG0052 563 
    bL27 COG0092 635 
    bL28 COG0522 634 
    uL29 COG0098 659 
    uL30 COG0360 594 
    bL31 COG0049 688 
    bL32 COG0096 579 
    bL33 COG0103 673 
    bL34 COG0051 468 
    bL35 COG0100 598 
    bL36 COG0048 559 

 
 

See the following URL for each COG ID: 

https://www.ncbi.nlm.nih.gov/research/cog-project/ 
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See the following URL for each COG ID:
https://www.ncbi.nlm.nih.gov/research/cog-project/



Supplementary Table S6. List of queries (Pfam domain data) for ribosomal proteins 
 
Protein name Pfam ID Domain name  Protein name Pfam ID Domain name 

bS1 PF00575 S1  uL1 PF00687 Ribosomal_L1 
uS2 PF00318 Ribosomal_S2  uL2 PF00181 Ribosomal_L2 
uS3 PF00189 Ribosomal_S3_C  uL2 PF03947 Ribosomal_L2_C 
uS4 PF00163 Ribosomal_S4  uL3 PF00297 Ribosomal_L3 
uS5 PF00333 Ribosomal_S5  uL4 PF00573 Ribosomal_L4 
bS5 PF03719 Ribosomal_S5_C  uL5 PF00281 Ribosomal_L5 
bS6 PF01250 Ribosomal_S6  uL5 PF00673 Ribosomal_L5_C 
uS7 PF00177 Ribosomal_S7  uL6 PF00347 Ribosomal_L6 
uS8 PF00410 Ribosomal_S8  bL9 PF03948 Ribosomal_L9_C 
uS9 PF00380 Ribosomal_S9  bL9 PF01281 Ribosomal_L9_N 
uS10 PF00338 Ribosomal_S10  uL10 PF00466 Ribosomal_L10 
uS11 PF00411 Ribosomal_S11  uL11 PF00298 Ribosomal_L11 
uS12 PF00164 Ribosom_S12_S23  uL11 PF03946 Ribosomal_L11_N 
uS13 PF00416 Ribosomal_S13  bL12 PF00542 Ribosomal_L12 
uS14 PF00253 Ribosomal_S14  bL12 PF16320 Ribosomal_L12_N 
uS15 PF00312 Ribosomal_S15  uL13 PF00572 Ribosomal_L13 
bS16 PF00886 Ribosomal_S16  uL14 PF00238 Ribosomal_L14 
uS17 PF00366 Ribosomal_S17  uL15 PF00828 Ribosomal_L27A 
bS18 PF01084 Ribosomal_S18  uL16 PF00252 Ribosomal_L16 
uS19 PF00203 Ribosomal_S19  bL17 PF01196 Ribosomal_L17 
bS20 PF01649 Ribosomal_S20p  uL18 PF00861 Ribosomal_L18p 
bS21 PF01165 Ribosomal_S21  bL19 PF01245 Ribosomal_L19 

    bL20 PF00453 Ribosomal_L20 
    bL21 PF00829 Ribosomal_L21p 
    uL22 PF00237 Ribosomal_L22 
    uL23 PF00276 Ribosomal_L23 
    uL24 PF17136 ribosomal_L24 
    bL25 PF01386 Ribosomal_L25p 
    bL25 PF14693 Ribosomal_TL5_C 
    bL27 PF01016 Ribosomal_L27 
    bL28 PF00830 Ribosomal_L28 
    uL29 PF00831 Ribosomal_L29 
    uL30 PF00327 Ribosomal_L30 
    bL31 PF01197 Ribosomal_L31 
    bL32 PF01783 Ribosomal_L32p 
    bL33 PF00471 Ribosomal_L33 
    bL34 PF00468 Ribosomal_L34 
    bL35 PF01632 Ribosomal_L35p 
    bL36 PF00444 Ribosomal_L36 

See the following URL for each Pfam ID: 

http://pfam.xfam.org/  

Supplementary Table S6. List of queries (Pfam domain data) for ribosomal proteins

See the following URL for each COG ID:
http://pfam.xfam.org/



Supplementary Table S7. Statistical comparison of ribosomal protein length in CPR and non-
CPR bacteria. 
 

Protein name Length in CPR 
(aa) 

Length in non-CPR 
(aa) 

p-value 
(Mann–Whitney U test) 

bS1 389.7 ± 46.5 519.9 ± 90.0 < 0.001 
uS2 260.1 ± 33.0 266.9 ± 27.7 < 0.001 
uS3 226.3 ± 19.6 239.7 ± 22.6 < 0.001 
uS4 210.4 ± 20.4 204.4 ± 6.8 < 0.001 
uS5 185.9 ± 28.9 181.4 ± 23.9 < 0.001 
bS6 153.5 ± 43.0 119.5 ± 28.5 < 0.001 
uS7 162.4 ± 27.5 156.4 ± 2.7 < 0.001 
uS8 137.8 ± 19.1 130.9 ± 7.7 < 0.001 
uS9 153.5 ± 22.1 140.4 ± 19.3 < 0.001 
uS10 120.1 ± 24.2 103.3 ± 8.5 < 0.001 
uS11 144.9 ± 19.9 130.7 ± 5.4 < 0.001 
uS12 149.0 ± 15.5 127.5 ± 6.2 < 0.001 
uS13 134.2 ± 10.4 121.7 ± 4.2 < 0.001 
uS14 69.0 ± 13.4 83.1 ± 18.7 < 0.001 
uS15 102.4 ± 21.4 89.1 ± 2.3 < 0.001 
bS16 126.1 ± 35.7 109.3 ± 34.9 < 0.001 
uS17 91.8 ± 17.0 88.6 ± 8.7 0.9958 
bS18 77.8 ± 13.1 83.0 ± 11.5 < 0.001 
uS19 110.2 ± 19.5 92.2 ± 3.9 < 0.001 
bS20 99.9 ± 19.3 88.5 ± 7.4 < 0.001 
bS21 81.1 ± 20.2 67.1 ± 8.7 < 0.001 
uL1 265.9 ± 47.9 232.2 ± 4.6 < 0.001 
uL2 274.9 ± 18.8 276.5 ± 5.6 < 0.001 
uL3 219.3 ± 38.4 217.9 ± 16.5 0.0108 
uL4 229.3 ± 25.9 210.2 ± 16.5 < 0.001 
uL5 187.7 ± 17.3 183.3 ± 7.2 < 0.001 
uL6 187.9 ± 15.4 178.9 ± 3.0 < 0.001 
bL9 153.0 ± 17.2 159.6 ± 44.0 0.0561 
uL10 183.6 ± 19.3 173.1 ± 21.2 < 0.001 
uL11 146.1 ± 13.1 143.7 ± 7.8 0.3477 
bL12 141.0 ± 21.7 125.5 ± 23.6 < 0.001 
uL13 136.0 ± 18.2 146.5 ± 6.7 < 0.001 
uL14 126.4 ± 10.8 122.1 ± 1.6 < 0.001 
uL15 150.5 ± 24.1 150.4 ± 12.4 < 0.001 
uL16 140.7 ± 13.6 139.7 ± 3.6 0.0671 
bL17 132.9 ± 21.0 141.5 ± 27.3 < 0.001 
uL18 121.4 ± 13.9 120.1 ± 4.9 0.0076 

Supplementary Table S7. Statistical comparison of ribosomal protein length in CPR and 

non-CPR bacteria.



bL19 145.5 ± 32.5 121.8 ± 12.4 < 0.001 
bL20 116.7 ± 9.3 120.9 ± 10.3 < 0.001 
bL21 115.5 ± 17.1 112.0 ± 26.5 < 0.001 
uL22 149.9 ± 28.9 120.6 ± 16.6 < 0.001 
uL23 121.5 ± 26.8 100.2 ± 10.3 < 0.001 
uL24 110.2 ± 21.4 105.6 ± 11.7 0.0013 
bL25 238.7 ± 27.5 194.4 ± 37.7 < 0.001 
bL27 93.7 ± 15.1 89.0 ± 6.9 < 0.001 
bL28 83.4 ± 24.1 74.8 ± 11.9 < 0.001 
uL29 73.4 ± 11.7 71.7 ± 28.0 < 0.001 
bL31 103.7 ± 24.5 78.6 ± 15.9 < 0.001 
bL32 78.5 ± 23.3 60.0 ± 5.9 < 0.001 
bL33 60.8 ± 11.1 53.2 ± 5.1 < 0.001 
bL34 54.6 ± 14.6 45.7 ± 4.4 < 0.001 
bL35 70.2 ± 11.3 65.6 ± 11.3 < 0.001 
bL36 44.0 ± 12.9 38.6 ± 2.6 < 0.001 

 
  

Supplementary Table S7. Continued



Supplementary Table S8.  Ribosomal protein sequence alignments (FASTA format) used to 

generate Supplementary Figure S4.

Supplementary Table S9.  rRNA gene sequence alignments (FASTA format) used to 

generate Supplementary Figure S5.

These datasets are supplied as the separate files.



Supplementary Figure S1. Phylogenetic relationships of CPR bacteria. The phylogenetic tree data

were acquired from a previous report (Jaffe et al. 2020). Parcubacteria 1-4 (PB1-4), which are

monophyletic subgroups within the Parcubacteria superphylum, are highlighted in different colors, as is

the Microgenomates superphylum (MG). Three representative phyla outside Parcubacteria and

Microgenomates are also highlighted: Katanobacteria (formerly known as WWE3); Saccharibacteria

(Sa); and Peregrinibacteria (Pe). Phyla with complete genomes included in our study are marked with

black dots.
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Supplementary Figure S2. Distribution of lengths of proteins encoded in 897 CPR and 1,661 non-

CPR bacterial genomes. (A) Distribution of the lengths of proteins encoded in 897 CPR genomes (69

complete and 828 draft genomes). (B) Distribution of the lengths of proteins encoded in 1,661 non-CPR

genomes (167 symbiotic [pink lines] and 1,494 free-living [black lines] species). Distributions of the

lengths of proteins are shown as density curves based on the deduced amino acid sequences of the

protein genes in each genome.
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Supplementary Figure S3. Phylum-level distribution of each ribosomal protein in CPR bacteria.

The distributions of 21 SSU and 33 LSU ribosomal proteins (columns) across 59 CPR phyla (rows) for

which at least three genomes were available. The white-to-black gradient indicates the frequency of the

lack of a ribosomal protein in each phylum. The rows were sorted based on a phylogenetic tree (Jaffe et

al. 2020), and the number given to the right of each phylum name is the number of genomes belonging

to that phylum. Left panel indicates CPR subgroups, with the colors corresponding to those in

Supplementary Figure S1. MG: Microgenomates; Sa: Saccharibacteria; Pe: Peregrinibacteria; PB:

Parcubacteria.
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Supplementary Figure S4. Amino acid sequence alignments

of another 50 ribosomal proteins (completion of Figure 3).

Density curves in the top panel show the distributions of ORF

lengths (CPR, light red; non-CPR, light blue). See Figure 3

legend for details. Aligned sequences are ordered based on their

phylogenetic relationships (Jaffe et al. 2020).



The legend for this figure is placed on the next page.
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Supplementary Figure S5. Nucleotide sequence alignment of the three types of rRNA genes in

CPR and non-CPR bacteria. Multiple alignments of (A) 16S, (B) 23S, and (C) 5S rRNA gene

sequences from CPR and non-CPR bacterial genomes. Gene sequences of each type of rRNA (16S, 23S,

and 5S) are clustered by sequence identity, and representative sequences for 16S (CPR: n = 278; non-

CPR, n = 191), 23S (CPR, n = 256; non-CPR, n = 176), and 5S rRNA genes (CPR, n = 250; non-CPR, n

= 237) were aligned with MAFFT (L-INS-i algorithm). Insertion sequences with respect to the

Escherichia coli K-12 genes were removed. Aligned sequences are shown in the order based largely on

the phylogenetic relationships (Jaffe et al. 2020). ΔGap frequency (ΔGap freq.) is defined as follows:

(gap frequency in CPR bacteria) − (gap frequency in non-CPR bacteria). ΔGap freq. at each site was

calculated based on all the sequences before clustering and is shown at the bottom. Black inverted

triangles at the top of each alignment indicate regions with higher ΔGap freq. values. A white inverted

triangle indicates a region highly conserved in CPR bacteria. Bases are colored as follows: adenine (A),

light green; thymine (T), blue; guanine (G), red; cytosine (C), orange. Panels on the left side of the

alignment are colored according to the taxonomic group of each sequence (see Supplementary Figure

S1). MG: Microgenomates; Sa: Saccharibacteria; Pe: Peregrinibacteria; PB: Parcubacteria.
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The legend for this figure is placed on the next page.
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Supplementary Figure S6. Mapping the lost rRNA regions and lost ribosomal protein-binding

regions in CPR bacteria to 2D Escherichia coli ribosomal structures (supplementary analysis of

Figure 6). The regions were were mapped with the RiboVision2 server

(http://apollo.chemistry.gatech.edu/RiboVision2/) (Bernier et al. 2014), based on E. coli ribosome

structure data (PDB ID: 4V9D). Ribonucleotides contacting the ribosomal proteins bS21, bL9, bL25,

bL28, uL29, uL30, bL32, and bL33, which are lost in all or some CPR bacteria, are shown with green

circles on the secondary structures of E. coli rRNAs. The approximate binding regions on the rRNAs for

each ribosomal protein are surrounded by a broken line. The rRNA regions lacking in CPR bacteria (see

Figure 5) are highlighted with red circles.


