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Fig. S1. A comparison between protein sets from 10 well-studied genomes (A) and 10 poorly studied 
genomes (B) which were assigned to at least one COG with different methods. See the full description above.
Protein sets were visualised with supervenn (https://github.com/gecko984/supervenn).
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Fig. S1. A comparison between protein sets from 10 well-studied genomes (A) and 10 poorly studied genomes (B) 
which were assigned to at least one COG by different methods. Protein sets were visualized with supervenn  
(https://github.com/gecko984/supervenn).
The following well-studied genomes were used: Bacillus subtilis subsp. subtilis str. 168 (GCF_000009045.1),  
Escherichia coli str. K-12 substr. MG1655 (GCF_000005845.2), Chlamydia pneumoniae CWL029 
(GCF_000008745.1), Chlorobaculum tepidum TLS (GCF_000006985.1), Treponema pallidum subsp. pallidum str. 
Sea 81-4 (GCF_000604125.1), Halobacterium salinarum NRC-1 (GCF_000006805.1), Methanosarcina acetivorans 
C2A (GCF_000007345.1), Aciduliprofundum boonei T469 (GCF_000025665.1), Methanocaldococcus jannaschii 
DSM 2661 (GCF_000091665.1), and Thermoproteus tenax Kra 1 (GCF_000253055.1).
The following poorly studied genomes were used: Deinococcus radiodurans R1 (GCF_000008565.1),  
Thermotoga maritima MSB8 (GCF_000008545.1), Aquifex aeolicus VF5 (GCF_000008625.1), Rhodopirellula bal-
tica SH 1 (GCF_000196115.1), Dictyoglomus thermophilum H-6-12 (GCF_000020965.1), Candidatus Lokiarchaeum 
ossiferum (GCA_025839675.1), Candidatus Aenigmatarchaeota archaeon (GCA_016432325.1), Candidatus Metha-
noliparum sp. LAM-1 (GCF_020885915.1), Candidatus Bathyarchaeum sp. (GCA_020344315.1), and Fervidicoccus 
fontis Kam940 (GCF_000258425.1).
First, our assignment (blue bars) is mostly similar to the original assignment to COGs (orange bars). This is not surprising, 
as we based our profile HMM set on the same data; however, our profile HMMs usually identify slightly more proteins, 
which could either be an overprediction or a positive result of the HMM model selection.
Comparison of both our prediction and data from the original COG database with the result of an eggNOG 5.0 predic-
tion (green bar) shows that eggNOG performs slightly better on well-studied organisms (A), but concedes on poorly 
studied organisms (B). Also, if we remove the assignment to arCOGs (an archaeal-specific set of proteins that is not fully 
incorporated into the COG database) from the eggNOG data (a red bar vs. the green bar), its better performance on 
well-studied organisms would not be as pronounced.
Proteins missing from the eggNOG 5.0 prediction frequently belong to the new COGs that were formed in the 2021 and 
2025 releases of the COG database; thus, this is no surprise. From all these data, we assume that all three tools are valid 
for the assignment of proteins to COGs and our profile HMM set is no worse than established methods.
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Fig. S1. A comparison between protein sets from 10 well-studied genomes (A) and 10 poorly studied 
genomes (B) which were assigned to at least one COG with different methods. See the full description above.
Protein sets were visualised with supervenn (https://github.com/gecko984/supervenn).
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Fig. S2. DomainAnalyser (https://boabio.belozersky.msu.ru/en/DomainAnalyser) output for proteins from COG1596 
that are identified as weak hits by the COG1894 profile HMM. The e-value threshold: 1.0 (used to show even poor 
hits), overlap threshold: 100% (used to show all hits by disabling any domain filtering)
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140 COG1596 Periplasmic protein Wza involved in polysaccharide export, contains SLBB domain of the beta-grasp fold
140 COG1894 NADH:ubiquinone oxidoreductase, NADH-binding 51 kD subunit (chain F)
13 COG4656 Na+-translocating ferredoxin:NAD+ oxidoreductase RNF, RnfC subunit

Fig. S2. DomainAnalyser (https://boabio.belozersky.msu.ru/en/DomainAnalyser) output for proteins from 
COG1596 which are identified as weak hits by the COG1894 profile HMM. The e-value threshold: 1.0 (used to 
show even poor hits), overlap threshold: 100% (used to show all hits by disabling any domain filtering)
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Fig. S3. COGcollator (https://boabio.belozersky.msu.ru/en/COGcollator) output for COG1596 (A) and COG4656 
(B) whose members were identified as weak hits by the COG1894 (NuoE) profile HMM. 
The COGcollator graph for COG1596 in panel (A) does not show any proteins from COG1894, thus questioning any 
relation between these two COGs. In contrast, the COGcollator graph for COG4656 (RnfC) (B) does indeed show a 
long “tail” of hits belonging to the COG1894, as well as hits belonging to COG1726 (NqrA) and to COG1143 (NuoI, 
small subunit of the Q-module of NDH1). Notably, the COGcollator plot for COG1894 does not show any hits belonging 
to COG1726 (NqrA); thus, it is likely that COG4656 (RnfC) was an ancestor for both the NqrA and NuoE subunits.
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Fig. S4. Structural organization of the 
sodium-pumping Rnf complex from 
Acetobacterium woodie (Kumar et al., 
2025) (PDB ID: 9ERJ) and an assignment 
of its subunits to the COGs with the 
DomainAnalyser tool (https://boabio.
belozersky.msu.ru/en/DomainAnalyser). 
(A) Rnf structure with the cytosolic n-side 
of the membrane shown upward and its 
schematic representation. (B) Hits of COG 
profile HMMs identified in its subunits with 
DomainAnalyser. Colors correspond to 
those in panel (A)
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Fig. S4. Structural organization of sodium-pumping Rnf complex from Acetobacterium woodie 
(Kumar et al., 2025) (PDB ID: 9ERJ) and an assignment of its subunits to the COGs with the DomainAnalyser 
tool (https://boabio.belozersky.msu.ru/en/DomainAnalyser). (A) Rnf structure with the cytosolic n-side of the 
membrane shown upward and its schematic representation. (B) Hits of COG profile HMMs identified in its 
subunits with DomainAnalyser. Colors correspond to those in panel A.
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Fig. S3. COGcollator (https://boabio.belozersky.msu.ru/en/COGcollator) output for COG1596 (A) and 
COG4656 (B) whose members were identified as weak hits by the COG1894 (NuoE) profile HMM. 
The COGcollator graph for COG1596 in panel (A) does not show any proteins from COG1894, thus questioning 
any relation between these two COGs. In contrast, COGcollator graph for COG4656 (RnfC) (B) does indeed show a 
long “tail” of hits belonging to COG1894 as well as hits belonging to the COG1726 (NqrA) and to the COG1143
(NuoI, small subunit of the Q-module of NDH1). Notably, the COGcollator graph of the COG1894 does not show
any hits belonging to the COG1726 (NqrA); thus, it is likely that COG4656 (RnfC) was an ancestor for both NqrA
and NuoE subunit.

A B

https://boabio.belozersky.msu.ru/en/DomainAnalyser
https://boabio.belozersky.msu.ru/en/DomainAnalyser


S-4 | ACTA NATURAE | VOL. 18 № 2 (69) 2026

RESEARCH ARTICLES

Fig. S5. An example of the COGcollator prokaryotic graphical output for the membrane (top row) and cytoplasmic 
(bottom row) subunits of the Rnf complex. Filtration of fusions was activated, thus non-relevant COGs are mostly not 
shown. The e-value threshold was set to 1e-5.
Our analysis with COGcollator is in agreement with the well-established connection between the membrane subunits 
of the Rnf and Nqr complexes [1]; for a recent review, see [2]. Namely, RnfE (COG4660) is closely related to NqrD 
(COG1347), and they are both homologous to another pair of closely related subunits: RnfA (COG4657) and NqrE 
(COG2209). The large membrane subunit RnfD (COG4658) is closely related to NqrB (COG1805).
The COGcollator plots for the cytoplasmic subunits are much less clear (Fig. S5, Supplementary). A homologous re-
lationship between RnfC (COG4656) and NqrA (COG1726) is still observed; however, it seems that the NuoF subunit 
(COG1894) is much more closely related to RnfC, as also noted in the main text. RnfB (COG2878) is not related to 
any of the Nqr-specific subunits but has many other related enzymes containing ferredoxin-like domains. Finally, RnfG 
(COG4659) is related to NqrC (COG2869).
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Fig. S5. An example of the COGcollator prokaryotic graphical outputs for membrane (top row) and 
cytoplasmic (bottom row) subunits of the Rnf complex. Filtration of fusions was turned on, thus non-relevant 
COGs mostly not shown. The e-value threshold was set to 1e-5.
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