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What you will have to listen about
• Introduction: orthologs, paralogs, COGs, and KOGs
• Public KOG db: curated clusters for 7 species
• Orthology domains
• Relative vs. absolute KOGs
• Impossibility to continue the way KOGs were made before
• A semi-automatic approach to create curated KOGs
• Current status of KOG project for 50 eukaryotic species
• Efficient editing interface is a necessary prerequisite for accurate KOGs
• Problem of proteome updates in KOGs
• Features of new KOGnitor
• A way to improve gene predictions in available proteomes
• HMMs for KOGs – the way to save time on a long run
• Superfamilies and KOGs
• KOG applications
• Phylogenetic profile search
• What you need to be a real parasite
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Examples of simple COGs based on BeTs

BeTs are best hits of a query protein in 
a particular proteome

solid lines – symmetrical BeTs

broken lines – asymmetrical BeTs

from Tatusov et al., 1997



COG
Clusters of Orthologous Groups

KOG
Eukaryotic Clusters of Orthologous Groups



Public version of KOG database was created as a 
result of 2+ years of hard work by 20 programmers 
and computational biologists at NCBI. It included 
protein sequences from 7 eukaryotic species
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Public KOG db has been 
edited extensively:
BLAST outputs for every
protein in clusters have been
inspected by curators in 
search of errors



All precomputed BLAST
output files were stored.
With the number of proteins
approaching 1,000,000 it
is no more possible



PUBLIC KOG database contains three types of clusters
sequences         in KOGs/LSEs KOG           TWOGs LSEs total clusters

H.sapiens 38,638 26,324 68%              K 4,597       T 602       L 1,373  =6,572
D.melanogaster 13,703 10,517 77%              K 4,351       T 491       L    303  =5,145
C.elegans 20,751 17,101 82%              K 4,235       T 225       L    845  =5,305
S.pombe 5,035 4,233 84%              K 2,668       T 296       L      40  =3,004
S.cerevisiae 6,387 4,841 76%              K 2,762       T 293       L    132  =3,187
E.cuniculi 2,000 1,443 72%              K 1,073       T     6       L      29  =1,108
A.thaliana 26,406 24,154 91%              K 3,285       T 129       L 1,458  =3,872

Total 112,920 88,613 78%          4,952 KOGs 1,021 TWOGs 4,180 LSEs



Interface for KOG editing
- Changes are implemented on the fly
- No precomputed BLASTP results for all proteins, but only for a small

selection AND only temporarily
- Real time BLASTP
- Precomputed RPS BLAST results
- Precomputed HMM search results
- Easy ways to switch to multiple alignments



KOG db deals not with orthologs but with 

ORTHOLOGY DOMAINS



ORTHOLOGY DOMAINS
here should form two KOGs:
KOG01324 Dihydrofolate reductase
and
KOG00673 Thymidylate synthase

Bifunctional enzymes occuring in 
Apicomplexans,
Kinetoplastids,
Red Algae,
Green Algae, and
Flowering Plants
should be split into orthology
domains along the vertical line

In Metazoa,
Fungi,
Diatoms,
Mycetozoa, and 
Microsporidia these 
orthology domains are represented 
by separate polypeptides



Current status of KOG db: 50 Eukaryotic species; 46 species KOGnitorized, 1 updated; 
712,427 protein sequences; two versions are present for 5 proteomes (+ 123,981 sequences)
21,816 clusters: 18,628 KOGs, 3,188 LSEs+mixed clusters                                                 sequence data  

species name                  Taxa sequences In KOGs/LSEs %   KOGs published  source
Chlamydomonas reinhardtii Chlorophyta (green algae)               19,922  10,194   51%   4,653      No     JGI
Cyanidioschyzon merolae Rhodophyta (red algae)                   5,040   3,769   74%   2,735      JGI
Dictyostelium discoideum Mycetozoa 13,677   9,162   67%   4,573     GB 
Encephalitozoon cuniculi OLD Microsporidia 2,003   1,459   73%   1,132         GB
Entamoeba histolytica Entamoebidae 10,088   7,728   77%   2,930        TIGR
Giardia lamblia Diplomonadida group                      6,573   2,105   32%   1,242      No GB
Leishmania major              Euglenozoa 8,071   7,558   93%   4,502      TIGR
Trypanosoma brucei Euglenozoa 8,291                            GB
Trypanosoma cruzi Euglenozoa 19,666  16,844   86%   5,023      GB
Thalassiosira pseudonana Bacillariophyta (diatoms)               11,406   9,311   81%   4,033           JGI
Cryptosporidium parvum Apicomplexa 3,410   2,212   66%   1,780       GB
Plasmodium berghei Apicomplexa 11,782   7,004   59%   3,461      No      GB
Plasmodium falciparum Apicomplexa 5,279   3,365   64%   3,403       GB
Plasmodium yoelii Apicomplexa 7,868                             GB
Theileria parva Apicomplexa 4,080                             GB
Arabidopsis thaliana      NEW Viridiplantae 26,759  25,781   96%   6,953         GB
Arabidopsis thaliana      OLD Viridiplantae 27,138  25,410   94%   6,925         GB
Oryza sativa                  Viridiplantae 57,272  38,260   67%   6,701         TIGR
Aspergillus fumigatus Fungi; Ascomycota; Pezizomycotina 10,029   8,959   89%   5,232      No      GB
Aspergillus nidulans Fungi; Ascomycota; Pezizomycotina 10,317   9,629   93%   5,283      No      GB
Gibberella zeae Fungi; Ascomycota; Pezizomycotina 12,221  11,153   91%   5,910      No      GB
Magnaporthe grisea Fungi; Ascomycota; Pezizomycotina 11,381   9,043   79%   5,397              GB
Neurospora crassa Fungi; Ascomycota; Pezizomycotina 10,478   8,206   78%   5,559              GB
Candida albicans Fungi; Ascomycota; Saccharomycotina 14,274  10,952   77%   4,094              GB
Candida glabrata Fungi; Ascomycota; Saccharomycotina 5,216   4,992   96%   3,790      No      GB
Debaryomyces hansenii Fungi; Ascomycota; Saccharomycotina 6,350   5,700   90%   4,048              GB
Eremothecium gossypii Fungi; Ascomycota; Saccharomycotina 4,757   4,619   97%   3,810      No      GB
Kluyveromyces lactis Fungi; Ascomycota; Saccharomycotina 5,366   5,058   94%   3,980              GB
Kluyveromyces waltii Fungi; Ascomycota; Saccharomycotina 5,240   5,055   96%   3,919      No     MIT
Yarrowia lipolytica Fungi; Ascomycota; Saccharomycotina 6,596   5,728   87%   4,018              GB
Saccharomyces bayanus Fungi; Ascomycota; Saccharomycotina 12,040   8,488   70%   5,879             MIT
Saccharomyces cerevisiae OLD Fungi; Ascomycota; Saccharomycotina 6,387   6,146   96%   4,427              GB
Saccharomyces mikatae Fungi; Ascomycota; Saccharomycotina 10,350   8,481   82%   5,828             MIT
Saccharomyces paradoxus Fungi; Ascomycota; Saccharomycotina 10,601   8,375   79%   6,005             MIT
Schizosaccharomyces pombe OLD Fungi; Ascomycota; Schizosaccharomycetes 5,064   4,461   88%   3,360              GB
Cryptococcus neoformans Fungi; Basidiomycota; Hymenomycetes 6,640   5,471   82%   3,702      No      GB
Ustilago maydis Fungi; Basidiomycota; Ustilaginomycetes 6,685   5,221   78%   3,779      No      GB
Anopheles gambiae Metazoa; Insecta; Diptera; Nematocera 13,895  12,405   89%   5,946              GB
Apis mellifera Metazoa; Insecta; Hymenoptera           16,997  14,785   87%   4,906      No    EMBL
Drosophila melanogaster NEW Metazoa; Insecta; Diptera; Brachycera 18,873                                    GB
Drosophila melanogaster OLD Metazoa; Insecta; Diptera; Brachycera 13,936  11,552   83%   6,241              GB
Caenorhabditis briggsae Metazoa; Nematoda 19,523  17,963   92%   6,938             GB
Caenorhabditis elegans NEW Metazoa; Nematoda 21,193                                   GB
Caenorhabditis elegans OLD Metazoa; Nematoda 21,246  20,461   96%   7,175             GB
Ciona intestinalis Metazoa; Chordata; Ascidiacea 16,139  12,101   75%   5,684             JGI         
Danio rerio Vertebrata; Teleostomi 19,893  19,676   98%   4,426              GB
Gallus gallus Vertebrata; Aves                        28,751 26,613   93%   6,894      No    EMBL
Homo sapiens              NEW Vertebrata; Mammalia 27,524                                    GB
Homo sapiens              OLD Vertebrata; Mammalia 39,436  29,835   77%   9,304              GB
Mus musculus Vertebrata; Mammalia 26,464  24,784   94%   9,284              GB
Pan troglodytes           GB  Vertebrata; Mammalia 22,225                                    GB
Pan troglodytes           EMBLVertebrata; Mammalia 38,845  36,984   95%   8,923            EMBL
Rattus norvegicus Vertebrata; Mammalia 21,531                                    GB
Takifugu rubripes Vertebrata; Teleostomi 33,357  31,879   96%   6,909              GB
Tetraodon nigroviridis Vertebrata; Teleostomi 28,262  25,520   90%   7,033      No      GB

These are the results
of ongoing research 
KOG project. These 
results should be
considered preliminar



Absolute KOGs are not possible

KOGs are relative to the set of proteomes 
used in their construction

This sad truth constitutes the major difficulty
in creating algorithms that would allow to add 
proteomes to KOGs automatically



5 related KOGs

#At1g06050

Orysa 18097

#At5g35180

Orysa 60068

#At2g28320

#At3g54800
Orysa 57180 Orysa 10016

#At4g19040

#At5g45560

Orysa 62282

Orysa 17249

#At5g10750

#At5g25010

#At5g24990

#At5g25020
Orysa 58559



1 KOG rooted by one sequence from a new
genome

5 KOGs
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Even dividing sequences into orthology domains depends
on the proteome set

A chimeric sequence from M.grisea was divided between two KOGs when 
its proteome was added to KOGs with just two fungal species. It was not 
possible to find division point accurately

Neucr

Subsequently, N.crassa proteome is added. KOGnitor suggests to divide 
non-chimeric protein according to BLAST hits to divided Maggr sequence

Maggr

Sacce

Schpo

Arath

Sacce

Schpo



Due to extensive manual curation the public
KOG db project contains substantial added
value if compared with results of automatic
clustering using BeTs.

It would be unwise and even silly to discard 
these results.

One of important features of public KOGs
were LSEs.



Lineage Specific Expansions (LSE)



Membership in LSEs [from the public KOG database] helped enormously
in editing newly created KOGs. In cases with numerous paralogs all of 
them were first assigned to a preexisting LSE which was subsequently

split into KOGs by phylogenetic analyses. 
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With the number of protein sequences approaching 
1,000,000 BLAST all-against-all does not seem to be 
possible



New KOGnitor

Proteomes, one at a time are added to 
KOGs with KOGnitor program (Y.Wolf, 
unpublished) which uses BLASTP 
computed for every protein in the 
proteome against a selected set of 
KOGnitorized proteomes. 



KOGnitor creates a list of sequences that 
potentially should form new KOGs

and
a list of sequences that are potentially
chimeric and have to be split into separate
orthology domains



Unfortunately, due to unidirectional hits and
necessarily relaxed BLAST score cutoffs
KOGnitor produces high rate of false positives.
We checked completely one proteome,
Cryptosporidium parvum and found 14% of
false positives. This rate is unacceptable and we
developed a plan to fix it by simultaneously 
applying two independent methods of sequence
analysis – KOGnitor and HMM search



A plan to create curated set of KOGs semi-automatically by 
constructing expanding KOG_HMM profiles:

1. Build HMM profiles for previously curated KOGs
2. Add proteomes to KOGs, one at a time with KOGnitor
3. Confirm suggested new KOGs and divisions of potentially chimeric

sequences into separate orthology domains by manual curation
4. Run HMM search using KOG_HMM profiles in KOG db 
5. Compare results of KOGnitor and HMM search and manually 

check ONLY conflicting sequences. The great majority of 
sequences would not require checking.

6. Whenever necessary, add the new sequences to HMM profiles 
such that all legitimate members of KOGs are recognized by 
updated HMM profiles 

7. Such an approach would result not only in curated set of KOGs, 
but also in creating a library of KOG_HMM which presumably will 
be used more and more with accumulation of new genomes. We 
anticipate that BLAST searches will be largely replaced in the 
future by profile seaches when new proteomes are KOGnitorized.



Aspni_03797 was predicted
by KOGnitor to be chimeric.
BLASTP and RPS BLAST in 
CDD demonstrate that this is 
the case. The sequence needs 
to be split between KOG02819
and KOG00433 

KOGnitor creates a list of
potentially chimeric
sequences



KOG db contains comprehensive records 
about potentially chimeric (misassembled) 
protein sequences which can be used to 
improve gene predictions in numerous 

proteomes ☺.
There are thousands of such sequences /

Is there a way to automatically confirm 
predicted break points?



An independent way to confirm predicted chimeric sequences: 
TBLASTN in dbEST

PREDICTED BREAK POINTChimeric Aspni_03797
sequence was used as
query in TBLASTN in
dbEST



HMM profiles were built for curated versions 
(containing less than 50, typically a set of 12+
proteomes) of ca. 15,000 KOGs.

HMM search results in KOG db with HMM 
profiles as queries provide a new tool to 
detect conflicts between KOGnitor and HMM
search and thus sort out false positives



HMM search results are
imported into KOG db.
Cutoff point is set manually
for the score

How the HMM search
results work in 
the context of
editing interface



Setting the score cutoff triggers 
creation of a list of potential 
false positives which have to 
be checked by a human curator



And now do the same with 
the local hmm search result…





Setting global and local hmm 
search cutoffs allows to get 
an automatic list of potential 
fragments



What trouble did KOGnitor make
to KOG00433?

We take the list of potential false positives and potential false negatives
and compute BLASTP with output in xml format. The resulting files are loaded 
into KOG db temporarily to check all the sequences in question.



Aspfu_09358 was predicted
by HMM search to be false
negative. These BLASTP and
RPS BLAST results 
demonstrate that it has been 
indeed missed and needs to 
be added to KOG00433



Caebr_08775, nCaeel_05820,
and CE08373 are ca. 10 times 
shorter than true members of 
KOG00433 and are likely to be 
either incorrectly predicted or, rather, 
should form a separate KOG:
their C-termini are totally different 
from KOG00433



Action after checking potential false positives list in KOG00433:
• 10 sequences are removed, 7 of which formed three new KOGs;
• 4 sequences must be added to the HMM profile

NEW KOG
Leima_03326 and Trycr_17705 were false positives, were removed and formed a new KOG
which also includes "XP_823314 71748518 hypothetical protein Tb10.26.1000 [Trypanosoma brucei]"
which is now present in the GeneBank but was absent from the downloaded T.brucei proteome

NEW KOG
Thaps_08507 was added to KOG00433 by a spurious unidirectional hit, it dragged Sacba_06308 into
KOG00433; both were removed and formed a new KOG

NEW KOG
Caebr_08775, nCaeel_05820, and CE08373 are ca. 10 times shorter than true members of 
KOG00433 and are likely to be either incorrectly predicted or, rather, should form a separate KOG: 
their C-termini are totally different from KOG00433

REMOVE
Tetni_05919, Tetni_15833, Gibze_09654 were false positive dragged into KOG00433 by spurious BLAST hits;
they were removed from KOG00433 and were made free

ADD TO HMM
Plabe_04226, Playo_05169, Plabe_09243, and Plafa_01680 are legitimate members of KOG00433 and MUST be
added to the HMM profile

Plabe_11680, Apime_11855, Chlre_10737, and Takru_19036 are fragments and are legitimate members of KOG00433

With precomputed XML BLAST files it takes a few minutes



Superfamilies and KOGs



Giala_03726 is a protein
kinase which cannot be 
placed to either KOG00197 or
KOG00032 with any confidence 
and is left as a free member of 
protein kinase superfamily



Most important practical application of 
KOG db would be transfer of gene 

annotation across species 



Animal proteins from KOG04771 are not annotated;
There are no hits to fungal proteins



Blink search with the human protein
does not help much either



KOG04771 Nucleolar protein (NOP16) involved in 60S ribosomal subunit biogenesis

                                                                                                                                                                                                                                                             
                      *        20         *        40         *        60         *        80         *       100         *       120         *       140         *       160         *       180         *       200         *       220         *          
Anoga_0538 : ------------RLRKTKKNQKYNYNCNRKR-LGKKNRRN----GHIND----PEIRA------AYDEKKKPANNIREMGLAYDVN-RAIPIPNVKQQIK-------------AMELELSGQKARPSRGNSSKEQ-----------------------------------------------------------------------------------PKQYVAARLEEDANE : 109 
Apime_0619 : ------------------------------------------------------QIKQ------SWDITKSTRTNLNQMGLAYDPN-ETLKIPNTKK----------------ELIDKVSKWKVEENDENKLQNE-----------------------EDIEMTS-----------------------------------------------------VKIHVAEELETEAKA :  80 
Caebr_1931 : ----------MARDVKKRGKPSYTNRRNRQK-NLKKKQEK--KKLSKSAV---KIIKS------KWDETKTPRENVRDMGIAFNPN-EAVPIREQR-----------------KDIIDAVPIDGVSIEVPKPAKK-----------------ITGRKKNEKQAEFVISN-------------------------------------------------LEQQVKDEEEARANE : 127 
Cioin_0441 : -----------MPSAKKHRRQTLNYKQNKKR-LWKKVKRK--TEVHIPC----KQIKG------SWDSTKSMKQNLSEMGIAVDPN-AVMPLP--------------------KPNLVFPTLITDIEREKKKPGI-----------------------------------------------------------------------------------QKPNVVKEMEVEADL : 105 
Danre_0717 : ----------MGKIKKSRKRNTFNYNKNKKK-LKKKLRRK--EKPHIEC----PQIRK------AWDEHKTVKQNLQDMGLAPG-----------------------------TKGMLPIKPKKNTKVEPMETNV-----------------------------------------------------------------------------------LKPYVIEEMEAEASV :  98 
Galga_0582 : ----------MPKAKGKNRRQKFAYGLNRKR-LYRSARRK--AAPRIEC----SHIRH------AWDATKSVAQNLAEMGLAGDPN-KAVPIAKRRL----------------QVSAGGTGW------------------------------------------------------------------------------------------------SASTLCLEMEFEASL :  97 
Homsa_2590 : ----------MPKAKGKTRRQKFGYSVNRKR-LNRNARRK--AARGIEC----SHIRH------AWDHAKSVRQNLAEMGLAVDPN-RAVPLRKRK----------------------VKAMEVDIEERPKELVR------------------------------------------------------------------------------------KPYVLNDLEAEASL : 103 
Musmu_0888 : ----------MPKAKGKTRRQKFGYNVNRKR-LNRNARRK--AAPRIEC----SHIRH------AWDHTKSVRQNLAEMGLAMDPN-KAVPLRKKK----------------------VKAMEVDTEERPRDLVR------------------------------------------------------------------------------------KPYVVNDLEAEASL : 103 
Musmu_2137 : MPTELGFLVLMPASHKKALVSPGPCLVADLK-LSFLLLPHLSRLVDLSSALEVGVGVH------GGRLVDLQCRNLAEMGLAVDPN-RAVPLRKRK----------------------VKAMEVDTEERPKDLVR------------------------------------------------------------------------------------KPCVVKDLEAEASL : 119 
Pantr_0642 : ----------MPKAKGKTRRQKFGYSVNRKR-LNRNARRK--AAPRIEC----SHIRH------AWDHAKSVRQNLAEMGLAVDPN-RAVPLRKRK----------------------VKAMEVDIEERPKELVR------------------------------------------------------------------------------------KPYVLNDLEAEASL : 103 
Ratno_0355 : ----------MPKAKGKTRRQKFGYNVNRKR-LNRNARRK--AAPRIEC----SHIRH------AWDHTKSVRQNLAEMGLAMDPN-KAVPLRKRK----------------------VKAMEVDTEERPKDLVR------------------------------------------------------------------------------------KPYVVNDLEAEASL : 103 
Takru_2305 : ----------MPKAKKSGRKKKYNYEQDRKK-LKKKLLKK--YNPRIEN----PQIRN------AWDNRKTMARNLQDMGLAFDPN-RSLPLKK------------------------ASFFSGETEAKPSGSIV-----------------------------------------------------------------------------------IKPYVLNQLEQEASL : 102 
Tetni_0936 : ----------MPKAKKSGRKKKYNYEQDRKK-LKKKFIKK--SNPRIEN----PQIRN------AWDNRKSTARNLQDMGLAFDPN-RALPLKKTS------------------------LFSGEIEPKPSTNIV-----------------------------------------------------------------------------------IKPYVLNQLEEEASR : 102 
Thaps_0049 : ---------MVKHGHTKKRRSGR--KGKSKL-VNRNYQFY--KPPQIND----PNIRA------VWDPKKSPAHNMAAIGLQSSVN-SA------------------------IDARGAIQLAAAKQKDPTLGTD-----------------------------------------------------------------------------------GEKKAVELFDIPD-- :  99 
nCaeel_056 : ----------MARDVKKRGKPAYTNRRNRQK-YLKKKDNK--KKLSKSAV---PIIKY------TWDETKTPRENVRDMGIAFNPN-DAVPIAEHR-----------------KEIIDAEPIDGVSIVVPKPEKK-----------------VTGRKKNEKQAAHIISN-------------------------------------------------LEQQVKEEEEARAGQ : 127 
nDrome_060 : -----------MKIRKNHARKRYRYNVNRKT-MNKTRSST----GKIKD----PRMKK------MWMEDQRVGTNFSEMGLAKDVN-KAIAIPSYKK----------------DRLLAARVVNGFLEEELDEDER-----------------RVLGLKKPVVEEGP----------------------------------------------------KRGHVVQELEQLASE : 121 
Aspfu_0686 : ---------MGRVLQKKKNRSSTPKQRPKRTGQLKSGKKK----INVLGN---AIIAQ------NWDRKLTLTQNYRRLGLVHKLN-APTGGSEKKPTKDGRIE---------ELPEDPLHIRSSAKASAKQAAM-----------------GETRVERDPETGKIIRVIRDEEEIEIAGRKVKPSNPLNDPLNELSEDEAARQPASQRTN-------AKSAVVQQLERQADQ : 177 
Aspni_0526 : ---------MGNIRQAKKNRSSAPKQRMKRK-GVLKSGKK---KINVLGN---AIIAE------NWDRKATLTQNYRRLGLMHRLN-APSGGSEKRKTEN-------------GLEEVASSLHIKGSVDAMKDSA----------------ISETLVERDPKTGKIIRVIRKDDEQVEIAGRKVRSSNPLNDPLNDLSDNEPEIKPQVKK--------AANQIVQQLEIQADN : 173 
At1g02870  : --------MARSRRKYRNSRAKVRVALPKKN-PNIFKPAF--NFPPKLR----ALMGD---DVPEWDDQASVIQNYKSFGVISNPN--LLGIRART-----------------DHMIQDDSLNVPPPVEPPTDDP------------------IAKEFEPIDSGSEL---------------------------------------------------EEDDLKTALGKQRKD : 127 
Canal_0939 : ---------MTSVRKRKMARSSVK-KNTRRT-KDKQRNIN------IHSN---PIIEA------NWDKSLTLKQNYKRLGLRAKLG-RSAGGDERKVESLSELQAKREKNQKNQSKHVPTVSEIENLDDPSRIPE-----------------GEARLIRDPETNEVIKVIYGTMKVDDNDESEEEI--------------------------------ENPSVIKQLEEYAEK : 157 
Cangl_0334 : ---------MTSVRKRKMNRSSVK-KVSRRN-KDKQKKKL------IACN---PIIAK------NWDYSLTLAQNYEKLGLKAKLQ-TPAGGQEAKYDTVIKKEATID-----PVTQFGEDSDSDSEEDSSNSQEDNEGQNVEDIDENEIPEGEARIIRD-AEGNVVKVVYGKKKVFDIDDDIDTIKAKLADQQK-----------------------EETEVVKQLEAFASR : 177 
Chlre_0666 : --------MAGSRRRLKRNAPKVKVALVKKK-RDEKTTLP--KEISFGSGM--PELQKRLKQSVDWDEKDTLDENYARNSLVADPN-LLLGRKAKQ-----------------TPLVDPEQRRAAGEETYSDDDE------------------------------------------------------------------------------------QRAALKQPRKSGKA : 118 
Cryne_0367 : ------MANPRQRNKAKSSRTQKPSLNAKRR-MHQKLRKA----PPLKGP---EVLQE------KWDKKKTVFQNYAALGLLPSIP-VSKGASTSR-----------------SQRVKLPEVPAEAEAQNVKVGF-------------------GRIIRD-EEGNVIDIIIDEDEEKQEEEQIEVDEEKELEPVE-----------------------AKTEVVKRLEELAAS : 152 
Debha_0087 : ---------MTSVRKRKMNRSSVR-KNTRRV-KDKKKNIN------IHSN---PIIAA------NWDKSLTLQQNYKKLGLRAKLG-TLAGGKEQDVKTLSEIKAA-------DAASKPSLADIEQTTDPAKIPE-----------------GEARIIRDPETNEVTSVIYGTMKVGPKAETEG----------------------------------ESSSVIKQLEEYAQK : 148 
Dicdi_0057 : -------------------MTGMNNKIDRKR-RKEGTLKKQFNFGRVDE----EVMKR-------WDNNKTALENFALMGLQYSNKFECDNKKALN-----------------KLGMEAKPVDLTLPKEVKAKDR-----------------GINAHLQQYTKALIIKYKD---------DYEKMKMDHKLNFYQKTAGELEKLCNKYTVLYGHP---LMGDVYKQQQQQKEK : 156 
Enthi_0470 : ---------KRKSFVQDMENKPVRIAKTAST-IDKREETN----PKSISLEMIWYMRA------LYQKHGNNVTAMFRDGKLNYLQYTKSKLQKL------------------LQQYLAVETRIQVEEEIGDIDQ---------------FNGKTNVDRELDGLEEELKALGIDDISSDEELEKQIMNEC----------------------------NVPEIPEVSEEENEQ : 152 
Erego_0308 : ---------MASVRKRKMARSSVR-KVTRRN-RDKQRKVN------IACN---PIIEK------NWDYNLTLAQNYKRLGLTAKLA-PRAGGEEIDLSKVIQKSVPICSAFEDYDSESDVEQEKRNNDDALEDGE---------YDPAKIPEGEARIQRD-ENGDVVKVVYGTMKTVDVDEDISELKQKLEQDK------------------------VKTEVVQELESYASR : 172 
Giala_0656 : --------MPLRVGQKRMRARKIYRGKEPKR---------------------------------LKKQGLSVHEFYKANGLLAMVNPKKACQRTTKVTDHFV-----------DSRSAMYQDRMNPARCAAPLPE-----------------------------------------------------------------------------------EKQEKVGTIENKGIR :  98 
Gibze_0500 : ---------MGRELQKKKARSG---RQPVRQ-LNRSK-----KILNPRGN---DAIAK------SWNKKETLSQNYRRLGLVARLK-APAGGTEK------------------QLGATTTSAYANDPFAIATIEN--------------AVVSEARVERD-ADGKIIRIIG---------SAKPNPLNDPLNDLDEGSDAEDKPAEEWGGIADNADDEETTDVVKQLLEQAKQ : 163 
Klula_0294 : ---------MASVRKRKMAKSSVK-KVSRRN-KDKQKQVN------IKGN---PIIAE------NWDYSLTLAQNYKKLGLKVKMG-KFAGGEEADLSKVIKKDVYEHSAFSDDESEDEKDSQGEEDEDDVNLEE---LNSDGEYDESKIPEGEARIKRD-DDGNIVKVYYGKRKAIDIDMDVEELRRENEKNE------------------------VKTEVVKKLEAYASR : 178 
Kluwa_0251 : ---------MASVRKRKMAKSSVK-KASRRQ-KDKFRKVN------ITSN---PIIAD------NWDYSLTLSQNYEKLGLKSKLQ-AVSGGKEADLEKVVKREPLVKTQILDDDENEFDSDDNEPQVSEPEGEV----------DEKDIPEGEARILRD-NKGNIVKVVYGKRKSSETEAAEPEEVHSTS---------------------------SKTKAVKELEAFASR : 168 
Leima_0783 : -------MGRIKVTPKGKVKKNIPITRVGKK-QYLKRRFAHVRAVDVAGANN-RFTQK------YFEGNNTAEQTFTRLGLAIDPS-APKSVAEKR-----------------KAKVRPQTRRVFEEQNELAEHE--------------------------------------------------------------------------------------KMVKETKIGRPV : 114 
Maggr_0731 : --------MGRTVRQKRKNRSSRPKVKQTNR-PKKALNPL--------GN---DLIAK------NWNKKETLTQNYRRLGLLTRLQ-APTGGVEPGLRGAAD-----------DKSNAHAPLGLSERKSTASSAV-----------------REVRVKRD-AEGRIVSVINEEASAAANPLDDPLNELETDSDWEGFGSDDEAP--------------TGDRVVDQLERMARV : 163 
Neucr_0886 : ---------MGRELQKRKKRSSRAKVQTHTI-KKKVLNPQ--------GS---GIVAK------AWNKKETLSQNYSRFGLVAKLG-TAAGGMAKK-----------------SAAANYAGITKDDPLAVKSADR----GLFEVREVKVERDASGKIVKVLRSDNPLNDPLNEIESDSESEEPKPKNPTHDIEWHGISDDRQEMIAQS----------SRPEVVRMLEEEASR : 174 
Orysa_4323 : --------MGGSRRKLKRSRAQVKVGLPRKK-PREFKPAF--DLPEALAA---AAAAEGGGHAPSWDAEGSVVKNYAAFGVVANPNLLGAHARGTP-----------------RLVQSAPLQAPDIDAARAPVDE----------------------FEPVDSGSDL---------------------------------------------------ESDDLKSALGKQRRD : 129 
SPBC1539.1 : ---------MANPRQRNKQRSGKP-RLTRRN-ANKKAKAK------IYGN---FVIQQ------NWDKHATLRQNYARLGLLATPNYVTGGVEKLYPDPKRE-----------NEDRELTSEELDELKKSLPPGQ--------------------AIVRRDDDGNIIEIIHGEAKTLDDVLDKEISIAP-----------------------------AKTEVVRQLEEEAVK : 147 
Sacmi_0835 : ---------MTSVRKRKMKRSSVG-KATRRT-KDKQRKIN------IQSN---PIIAA------NWDYSLTTAQNYKRLGLRAKLQ-TPTGGKEADLSKVVKRI---------PLTKSMLDEDEDEDEDQDEDKQHDHVTASVEVDENEIPEGEARIQRD-ENGDVVGVVYGKKKNYDVDDDVDTIKAKEIS--------------------------EGTEVVKQLEAFASR : 170 
Sacpa_0860 : ---------MTSVRKRKMNRSSVG-KATRRT-KDKQRKIN------IQSN---PIIAA------NWDYSLTMAQNYKKLGLRAKLQ-TPAGGKEADLSKA-------------VKRVPLTKSVLDEDEDEDEDKQNDYIGASVELDENEIPEGEARIQRD-KNGDVVRVVYGKKKIFDVDEDVDKIKARDAT--------------------------KGTEVVRQLEELAAR : 166 
Trybr_0054 : -------MGRIRVTPKGKAKKNIPITRSGRK-KYLKRRFAHLHQIDKAGSNN-YFTKK------YFKRFSTASSNFKSLGLAKDPSITPKKIVD-------------------EPSQPTRRLEEENELEELRQQR-----------------------------------------------------------------------------------KGTLQVRRI------ : 110 
Trybr_0600 : -------MGRIRVTPKGKAKKNIPITRSGRK-KYLKRRFAHLHQIDKAGSNN-YFTKK------YFKRFSTASSNFKSLGLAKDPSITPKKIVD-------------------EPSQPTRRLEEENELEELRQQR-----------------------------------------------------------------------------------KGTLQVRRI------ : 110 
Trycr_0068 : -------MGRLRVTPKGKVKKNIPVTRVGKK-QYLKRRFAHVRRVDVAGANN-HFTQK------YFDGSNTAAQNFTRLGLTTDPS-APKSVVELR-----------------KKQVRPKSRRRLEEEDTIAEQK---------------------------------------------------------------------------------------ALRQKSRIARP : 113 
Trycr_1415 : -------MGRLRVTPKGKVKKNIPVTRVGKK-QYLKRRFAHVRRVDVAGANN-HFTQK------YFDGSNTAAQNFTRLGLTTDPS-APKSVVELR-----------------KKQVRPKSRRRLEEEDTIAEQK---------------------------------------------------------------------------------------ALRQKSRIARP : 113 
Ustma_0582 : ---------MANPRQRRKARSGST-LKPSLN-AKKQMKKKLARAPTIHGA---DVLKD------NYDPKLTLRQNYARLGLVPSLDVRPNTG---------------------GTERAPSSISASSSKEGQAAVR----------------KGMARVIRD-DAGNIVDIIE---------ADEHDQDETAWGKPLPSSIADRSDVPTFMPVSQPA---SNPDALQQLEQIASQ : 163 
YER002w    : ---------MTSVRKRKMNRSSVG-KATRRN-KDKQRKIN------IQSN---PIIAA------NWDYSLTMAQNYKKLGLRAKLQ-TPAGGKEADLSKVVK-----------RIPLTKPVLDEDEDEDEGEDEQNDYNAATVELDENEIPEGGARIQRD-KNGDVVRVVYGKKKNFDADEDVNEIKARDTT--------------------------EETEVVKKLEELASR : 168 
Yarli_0652 : --------MPSGVRRRKMNRSSIT-KVTRKD-KDNHKRIV------VTGS---DIIRQ------RWDKNLSMAQNYKKLGLATKTGSRKIRGLEEDLREKSLRLTIQQGKN--PHDQELRDLMEQQEQEELEKSN----LVVNERKIPKLGAGEAFIVRD-DKGEVVEVIYGKDHQTGSDEEDEEEWTGFEDKPEE----------------------EETETIKILQERAKR : 179 
                                                                                       n    g                                                                                                                                                                
                                                                                                                                                                       
                 240         *       260         *       280         *       300         *       320         *       340         *       360         *       380       
Anoga_0538 : ----YAGSRFRM-----ARSMVRVITDMIDRHG-FNYKAMSLDWR-NYEQVTWRQFRTKI---R-KFL---------------------------------------RIPEQCTPYLEQKGWLDCDMNDPNDPRWKEYSTDDES--- : 199 
Apime_0619 : ----PRKRMFRL-----PNSQVHFLTYLMDKYG-ENYKAMALDRK-NYNQLTWKQIRAKI---K-IFK---------------------------------------GIPEQYNEYLQNK--------------------------- : 146 
Caebr_1931 : ------GRKFKL-----FHRETELCIYMLARHG-EDFQAMTRDPK-NLWQYTPKQWAKKI---R-THK-----------------------------------------ESEMHKFLETA--------------------------- : 189 
Cioin_0441 : ---GEREKKFQL-----PVDDVFFCTYMLDKYK-EDYKAMARDSR-NAYQLTPKQVRNKIREFK-RSK------------------------------------------LQYQKYLDSKQDKTVNKD--------------SMETX : 185 
Danre_0717 : ----RGNDRTTC-----STDMIEYVQHMVKEHN-EDYKAMARDEK-NYYQDTPKQIKRKVELYK-RCH-----------------------------------------PEQYAAFIASLQSQKST--------------------- : 171 
Galga_0582 : ----PEKKSNTL-----SRDLIDYVRYMIQNHG-ENYKEMARDEK-NYYQDTPKQIKRKISVYK-NFY-----------------------------------------PEEYKDFVASLKQEKMDVQ------------------- : 172 
Homsa_2590 : ----PEKKGNTL-----SRDLIDYVRYMVENHG-EDYKAMARDEK-NYYQDTPKQIRSKINVYK-RFY-----------------------------------------PAEWQDFLDSLQKRKMEVE------------------- : 178 
Musmu_0888 : ----PEKKGNTL-----SRDLIDYVRYMVENHG-EDYKAMARDEK-NYYQDTPKQIRNKINVYK-RFY-----------------------------------------PTEWQAFIDSLQSKKMEVD------------------- : 178 
Musmu_2137 : ----PEKKGSTLS----LDLLIDYVHYMVENHE-EDDKAMARDKK-NYYQETPKRIPNKVDVYK-PFY-----------------------------------------PMECQAFIDDSLQNKKMGVD------------------ : 196 
Pantr_0642 : ----PEKKGNTL-----SRDLIDYVRYMVENHG-EDYKAMARDEK-NYYQDTPKQIRSKINVYK-RFY-----------------------------------------PAEWQDFLDSLQKRKMEVE------------------- : 178 
Ratno_0355 : ----PEKKGNTL-----SRDLIDYVHYMVENHG-EDYKAMARDEK-NYYQDTPKQIRNKINVYK-RFY-----------------------------------------PTEWQVFVASLQNKKMEVD------------------- : 178 
Takru_2305 : ----PEKDSKTL-----SSDLIEYVQHMIREHG-DNYKAMARDEK-NYYQDTPKQIRRKVGEYR-RCH-----------------------------------------PEQFNTFVESL--------------------------- : 169 
Tetni_0936 : ----PEKDTKTL-----SSDLIEYVQHMIREHG-DNYKAMARDEK-NYYQDTPKQIRRKVAEYK-RCH-----------------------------------------PQQFDAFLESLG-------------------------- : 170 
Thaps_0049 : -----------------SDNMSNNNNNITTLPG-----KTFAQRKLPLSIEDQTYIRKCL---A-NTE-------------------------------------------TITMPX------------------------------ : 147 
nCaeel_056 : ------DRKFRL-----FHRETELCVYMLARHG-EDFQAMTRDPK-NLWQYTPKQWAKKI---R-THK-----------------------------------------ESEMCKFLETA--------------------------- : 189 
nDrome_060 : ----RADPEFRL-----PKGVVKELSYFLNKHK-FNYKAMVADRK-NFGQWTWRQFRLKI---R-RFM---------------------------------------SIPEQFNVYLEQKKLPVGVKPDWEEYESDSEWK------- : 207 
Aspfu_0686 : EGKAVKAKKPRHQ----SKREEEWIMRLIERHG-ENYSAMARDRKLNPMQQSEGDLKRRI---R-KWK-------------------------------------------ANHSS------------------------------- : 241 
Aspni_0526 : ----VAPKKPRHQ----SKREEEWITRLIEKHG-DNYAAMARDRKLNPMQQTEGDLRRRI---N-KWK------------------------------------IYTTIPSQYEVCFLILALWT----------------------- : 248 
At1g02870  : ---GKSAPLQPL-----TTMQRTHIRRLVEKHG-DDIEGMYRDRKLNSMQHSVATLRKLCTRYQ-IYK-------------------------------------------DKNPILVS---------------------------- : 193 
Canal_0939 : ---NSKIKKERHQ----SERENDWIKSLYEKYG-DDYDKMKWDKKLNIYQQSAGDLKRRI---I-KWK-------------------------------------------KANGI------------------------------- : 218 
Cangl_0334 : ----PIVKKERVQ----SPREVEWLEKLYKKHG-DNYKAMFFDRKLNIYQQSEGEIKRKM---R-KWK-------------------------------------------SENNIA------------------------------ : 238 
Chlre_0666 : -------PPPRI-----TSTQREVIKALMDKHG-DDTKAMMLDTKLNKMQHSQGELKRLIEAFH-FWG-----------------------------------------PNSKHDFWSEKKPPKKLLNCRILAX------------- : 197 
Cryne_0367 : -----AAPVKRHS----SMSERTWLQQLVDKYG-DDTERMARDRKLNVWQKTEGEIKRMI---K-KAG-------------------------------------------GVQMLRK----------------------------- : 213 
Debha_0087 : ---HAQVKKERKP----SARENEWLEKLHEKHG-DDYDKMMWDKKLNIYQQSAGDLRRRI---T-KWK-------------------------------------------KAHNVE------------------------------ : 210 
Dicdi_0057 : ---EEKEEQERLEKEKQRLEQEKLEKERLEKEKLEKAAAAAQKKTTTPTAASTKKVVSKKATTT-TTP-----------TTEA----------------TEVKKVVKKTPTTTTKKISKK--------------------------- : 245 
Enthi_0470 : QKEDEGNEKEEQ-----QMEEEEKVDKENEKQQ-EESNKEEENKQKEKTIKKPKIKKQQINKRKLAKK------------------------------------------------------------------------------- : 214 
Erego_0308 : ----PVNRRVRYQ----SSREEEWLGRLYEKHG-EDYNSMARDLKLNIYQQSVGDLKRRM---K-KWL-------------------------------------------KAHHIDERQ--------------------------- : 236 
Giala_0656 : CSIYEEVKRVAM-----FRPYREFVEAAMAKYG-EDYAAIARDIELNDLQHSEGEVRQLFARYN-DYKKGYQVKPCLRTHVESITKALESNTDADTLVNIDALMDAKTSPSQLRVTQLKHEWAHKTQQMSVDEAIYQARLLERMAS- : 237 
Gibze_0500 : ----PDLPKKRHQ----SAREIEWLEKLVAKYG-DDTGAMSRDRKLNPMQQTSANIAKRL---R-KMQ------------------------------------------KESQE-------------------------------- : 223 
Klula_0294 : ----PVAKKERGL----SQREDQWLEQLYKKHG-DNYKKMFFDKKLNVYQQTENVLRRKI---L-KWK-------------------------------------------ELHNIE------------------------------ : 239 
Kluwa_0251 : ----PTVKKERVP----SEREEAWLKALYTKHG-DNYRKMFYDKKLNINQQTEADIKRRI---S-NWK--------------------------------------------LRNHID----------------------------- : 229 
Leima_0783 : -----------------SEQEGSTIANLIERYG-TDLKRMTLDRKLNPFQLNMRQLQRQIVNYL-KWE-----------------------KAAFPKQFAEAEEKGLFSVEQFADPHLRSGQRT----------------------- : 196 
Maggr_0731 : ----PRVKTVRGL----SEREVEWLESLVAKHG-DNVKAMERDHRLNPMQQTAADISRRLRRLRGVWRSLGWIKSKDSSSITVGDRVLELTRCLGFLGVRNEKCQDHPPTRAYRRPTV----------------------------- : 272 
Neucr_0886 : ----PVEKTVRYQ----SERELEWLQRLVAKHG-DDVAAMVRDIKLNPMQQTKGDITKRLRKAG-LLQ------------------------------------------------------------------------------- : 232 
Orysa_4323 : ---GKSAPLEPL-----TKVQRIYIGRLIEKHG-DDYKAMFMDIKLNTMQHSVGTLKKLC---E-RYH--------------------------------------VVGKSIIHPLK------------------------------ : 195 
SPBC1539.1 : KAARQSNKMLPL-----SAFEHAYIQRLINKYGTEDFESMAKDVKLNSKLFNGSKLKNLYIRMK-ATK------------------------------------------------------------------------------- : 209 
Sacmi_0835 : ----PVIKKERYQ----SEREEEWLEKLYNKYG-DDYKKMFFDKQLNIYQQSKGDLKRRL---L-KWK-------------------------------------------KRSSTISK---------------------------- : 233 
Sacpa_0860 : ----PVIRKERCQ----SEREEEWLERLYKKHG-DDYKKMFFDKKLNIYQQSEGDLKRRL---L-KWK-------------------------------------------KRNGIVSK---------------------------- : 229 
Trybr_0054 : -----------------SEEEAVTMANLIRKHQ-TDFKAMSLDRKLNPYQLNPRQLQRQVVNYL-RWE-------KAAFPEAF----------------AEAEANGWLSIEEYANPKNRHRKE------------------------ : 191 
Trybr_0600 : -----------------SEEEAVTMANLIRKHQ-TDFKAMSLDRKLNPYQLNPRQLQRQVVNYL-RWE-------KAAFPEAF----------------AEAEANGWLSIEEYANPKNRHRKE------------------------ : 191 
Trycr_0068 : I----------------SEAEATTIVSLIKKHG-TDFRAMSFDRKLNPFQLNPRQLQRQVVNYL-RWE-------QAAFPEAF----------------MEAEAKGWFSIAEYSDPKNRLGKK------------------------ : 195 

KOG analyses help to fill in multiple
gaps in proteome annotations:
Neither of animal, plant, or protozoan 
proteins in KOG04771 is reasonably 
annotated in public databases



KOG04771 Nucleolar protein (NOP16) involved in 60S ribosomal subunit biogenesis
Conserved residues

                                                                                                                                                                                                                                                             
                      *        20         *        40         *        60         *        80         *       100         *       120         *       140         *       160         *       180         *       200         *       220         *          
Anoga_0538 : ------------RLRKTKKNQKYNYNCNRKR-LGKKNRRN----GHIND----PEIRA------AYDEKKKPANNIREMGLAYDVN-RAIPIPNVKQQIK-------------AMELELSGQKARPSRGNSSKEQ-----------------------------------------------------------------------------------PKQYVAARLEEDANE : 109 
Apime_0619 : ------------------------------------------------------QIKQ------SWDITKSTRTNLNQMGLAYDPN-ETLKIPNTKK----------------ELIDKVSKWKVEENDENKLQNE-----------------------EDIEMTS-----------------------------------------------------VKIHVAEELETEAKA :  80 
Caebr_1931 : ----------MARDVKKRGKPSYTNRRNRQK-NLKKKQEK--KKLSKSAV---KIIKS------KWDETKTPRENVRDMGIAFNPN-EAVPIREQR-----------------KDIIDAVPIDGVSIEVPKPAKK-----------------ITGRKKNEKQAEFVISN-------------------------------------------------LEQQVKDEEEARANE : 127 
Cioin_0441 : -----------MPSAKKHRRQTLNYKQNKKR-LWKKVKRK--TEVHIPC----KQIKG------SWDSTKSMKQNLSEMGIAVDPN-AVMPLP--------------------KPNLVFPTLITDIEREKKKPGI-----------------------------------------------------------------------------------QKPNVVKEMEVEADL : 105 
Danre_0717 : ----------MGKIKKSRKRNTFNYNKNKKK-LKKKLRRK--EKPHIEC----PQIRK------AWDEHKTVKQNLQDMGLAPG-----------------------------TKGMLPIKPKKNTKVEPMETNV-----------------------------------------------------------------------------------LKPYVIEEMEAEASV :  98 
Galga_0582 : ----------MPKAKGKNRRQKFAYGLNRKR-LYRSARRK--AAPRIEC----SHIRH------AWDATKSVAQNLAEMGLAGDPN-KAVPIAKRRL----------------QVSAGGTGW------------------------------------------------------------------------------------------------SASTLCLEMEFEASL :  97 
Homsa_2590 : ----------MPKAKGKTRRQKFGYSVNRKR-LNRNARRK--AARGIEC----SHIRH------AWDHAKSVRQNLAEMGLAVDPN-RAVPLRKRK----------------------VKAMEVDIEERPKELVR------------------------------------------------------------------------------------KPYVLNDLEAEASL : 103 
Musmu_0888 : ----------MPKAKGKTRRQKFGYNVNRKR-LNRNARRK--AAPRIEC----SHIRH------AWDHTKSVRQNLAEMGLAMDPN-KAVPLRKKK----------------------VKAMEVDTEERPRDLVR------------------------------------------------------------------------------------KPYVVNDLEAEASL : 103 
Musmu_2137 : MPTELGFLVLMPASHKKALVSPGPCLVADLK-LSFLLLPHLSRLVDLSSALEVGVGVH------GGRLVDLQCRNLAEMGLAVDPN-RAVPLRKRK----------------------VKAMEVDTEERPKDLVR------------------------------------------------------------------------------------KPCVVKDLEAEASL : 119 
Pantr_0642 : ----------MPKAKGKTRRQKFGYSVNRKR-LNRNARRK--AAPRIEC----SHIRH------AWDHAKSVRQNLAEMGLAVDPN-RAVPLRKRK----------------------VKAMEVDIEERPKELVR------------------------------------------------------------------------------------KPYVLNDLEAEASL : 103 
Ratno_0355 : ----------MPKAKGKTRRQKFGYNVNRKR-LNRNARRK--AAPRIEC----SHIRH------AWDHTKSVRQNLAEMGLAMDPN-KAVPLRKRK----------------------VKAMEVDTEERPKDLVR------------------------------------------------------------------------------------KPYVVNDLEAEASL : 103 
Takru_2305 : ----------MPKAKKSGRKKKYNYEQDRKK-LKKKLLKK--YNPRIEN----PQIRN------AWDNRKTMARNLQDMGLAFDPN-RSLPLKK------------------------ASFFSGETEAKPSGSIV-----------------------------------------------------------------------------------IKPYVLNQLEQEASL : 102 
Tetni_0936 : ----------MPKAKKSGRKKKYNYEQDRKK-LKKKFIKK--SNPRIEN----PQIRN------AWDNRKSTARNLQDMGLAFDPN-RALPLKKTS------------------------LFSGEIEPKPSTNIV-----------------------------------------------------------------------------------IKPYVLNQLEEEASR : 102 
Thaps_0049 : ---------MVKHGHTKKRRSGR--KGKSKL-VNRNYQFY--KPPQIND----PNIRA------VWDPKKSPAHNMAAIGLQSSVN-SA------------------------IDARGAIQLAAAKQKDPTLGTD-----------------------------------------------------------------------------------GEKKAVELFDIPD-- :  99 
nCaeel_056 : ----------MARDVKKRGKPAYTNRRNRQK-YLKKKDNK--KKLSKSAV---PIIKY------TWDETKTPRENVRDMGIAFNPN-DAVPIAEHR-----------------KEIIDAEPIDGVSIVVPKPEKK-----------------VTGRKKNEKQAAHIISN-------------------------------------------------LEQQVKEEEEARAGQ : 127 
nDrome_060 : -----------MKIRKNHARKRYRYNVNRKT-MNKTRSST----GKIKD----PRMKK------MWMEDQRVGTNFSEMGLAKDVN-KAIAIPSYKK----------------DRLLAARVVNGFLEEELDEDER-----------------RVLGLKKPVVEEGP----------------------------------------------------KRGHVVQELEQLASE : 121 
Aspfu_0686 : ---------MGRVLQKKKNRSSTPKQRPKRTGQLKSGKKK----INVLGN---AIIAQ------NWDRKLTLTQNYRRLGLVHKLN-APTGGSEKKPTKDGRIE---------ELPEDPLHIRSSAKASAKQAAM-----------------GETRVERDPETGKIIRVIRDEEEIEIAGRKVKPSNPLNDPLNELSEDEAARQPASQRTN-------AKSAVVQQLERQADQ : 177 
Aspni_0526 : ---------MGNIRQAKKNRSSAPKQRMKRK-GVLKSGKK---KINVLGN---AIIAE------NWDRKATLTQNYRRLGLMHRLN-APSGGSEKRKTEN-------------GLEEVASSLHIKGSVDAMKDSA----------------ISETLVERDPKTGKIIRVIRKDDEQVEIAGRKVRSSNPLNDPLNDLSDNEPEIKPQVKK--------AANQIVQQLEIQADN : 173 
At1g02870  : --------MARSRRKYRNSRAKVRVALPKKN-PNIFKPAF--NFPPKLR----ALMGD---DVPEWDDQASVIQNYKSFGVISNPN--LLGIRART-----------------DHMIQDDSLNVPPPVEPPTDDP------------------IAKEFEPIDSGSEL---------------------------------------------------EEDDLKTALGKQRKD : 127 
Canal_0939 : ---------MTSVRKRKMARSSVK-KNTRRT-KDKQRNIN------IHSN---PIIEA------NWDKSLTLKQNYKRLGLRAKLG-RSAGGDERKVESLSELQAKREKNQKNQSKHVPTVSEIENLDDPSRIPE-----------------GEARLIRDPETNEVIKVIYGTMKVDDNDESEEEI--------------------------------ENPSVIKQLEEYAEK : 157 
Cangl_0334 : ---------MTSVRKRKMNRSSVK-KVSRRN-KDKQKKKL------IACN---PIIAK------NWDYSLTLAQNYEKLGLKAKLQ-TPAGGQEAKYDTVIKKEATID-----PVTQFGEDSDSDSEEDSSNSQEDNEGQNVEDIDENEIPEGEARIIRD-AEGNVVKVVYGKKKVFDIDDDIDTIKAKLADQQK-----------------------EETEVVKQLEAFASR : 177 
Chlre_0666 : --------MAGSRRRLKRNAPKVKVALVKKK-RDEKTTLP--KEISFGSGM--PELQKRLKQSVDWDEKDTLDENYARNSLVADPN-LLLGRKAKQ-----------------TPLVDPEQRRAAGEETYSDDDE------------------------------------------------------------------------------------QRAALKQPRKSGKA : 118 
Cryne_0367 : ------MANPRQRNKAKSSRTQKPSLNAKRR-MHQKLRKA----PPLKGP---EVLQE------KWDKKKTVFQNYAALGLLPSIP-VSKGASTSR-----------------SQRVKLPEVPAEAEAQNVKVGF-------------------GRIIRD-EEGNVIDIIIDEDEEKQEEEQIEVDEEKELEPVE-----------------------AKTEVVKRLEELAAS : 152 
Debha_0087 : ---------MTSVRKRKMNRSSVR-KNTRRV-KDKKKNIN------IHSN---PIIAA------NWDKSLTLQQNYKKLGLRAKLG-TLAGGKEQDVKTLSEIKAA-------DAASKPSLADIEQTTDPAKIPE-----------------GEARIIRDPETNEVTSVIYGTMKVGPKAETEG----------------------------------ESSSVIKQLEEYAQK : 148 
Dicdi_0057 : -------------------MTGMNNKIDRKR-RKEGTLKKQFNFGRVDE----EVMKR-------WDNNKTALENFALMGLQYSNKFECDNKKALN-----------------KLGMEAKPVDLTLPKEVKAKDR-----------------GINAHLQQYTKALIIKYKD---------DYEKMKMDHKLNFYQKTAGELEKLCNKYTVLYGHP---LMGDVYKQQQQQKEK : 156 
Enthi_0470 : ---------KRKSFVQDMENKPVRIAKTAST-IDKREETN----PKSISLEMIWYMRA------LYQKHGNNVTAMFRDGKLNYLQYTKSKLQKL------------------LQQYLAVETRIQVEEEIGDIDQ---------------FNGKTNVDRELDGLEEELKALGIDDISSDEELEKQIMNEC----------------------------NVPEIPEVSEEENEQ : 152 
Erego_0308 : ---------MASVRKRKMARSSVR-KVTRRN-RDKQRKVN------IACN---PIIEK------NWDYNLTLAQNYKRLGLTAKLA-PRAGGEEIDLSKVIQKSVPICSAFEDYDSESDVEQEKRNNDDALEDGE---------YDPAKIPEGEARIQRD-ENGDVVKVVYGTMKTVDVDEDISELKQKLEQDK------------------------VKTEVVQELESYASR : 172 
Giala_0656 : --------MPLRVGQKRMRARKIYRGKEPKR---------------------------------LKKQGLSVHEFYKANGLLAMVNPKKACQRTTKVTDHFV-----------DSRSAMYQDRMNPARCAAPLPE-----------------------------------------------------------------------------------EKQEKVGTIENKGIR :  98 
Gibze_0500 : ---------MGRELQKKKARSG---RQPVRQ-LNRSK-----KILNPRGN---DAIAK------SWNKKETLSQNYRRLGLVARLK-APAGGTEK------------------QLGATTTSAYANDPFAIATIEN--------------AVVSEARVERD-ADGKIIRIIG---------SAKPNPLNDPLNDLDEGSDAEDKPAEEWGGIADNADDEETTDVVKQLLEQAKQ : 163 
Klula_0294 : ---------MASVRKRKMAKSSVK-KVSRRN-KDKQKQVN------IKGN---PIIAE------NWDYSLTLAQNYKKLGLKVKMG-KFAGGEEADLSKVIKKDVYEHSAFSDDESEDEKDSQGEEDEDDVNLEE---LNSDGEYDESKIPEGEARIKRD-DDGNIVKVYYGKRKAIDIDMDVEELRRENEKNE------------------------VKTEVVKKLEAYASR : 178 
Kluwa_0251 : ---------MASVRKRKMAKSSVK-KASRRQ-KDKFRKVN------ITSN---PIIAD------NWDYSLTLSQNYEKLGLKSKLQ-AVSGGKEADLEKVVKREPLVKTQILDDDENEFDSDDNEPQVSEPEGEV----------DEKDIPEGEARILRD-NKGNIVKVVYGKRKSSETEAAEPEEVHSTS---------------------------SKTKAVKELEAFASR : 168 
Leima_0783 : -------MGRIKVTPKGKVKKNIPITRVGKK-QYLKRRFAHVRAVDVAGANN-RFTQK------YFEGNNTAEQTFTRLGLAIDPS-APKSVAEKR-----------------KAKVRPQTRRVFEEQNELAEHE--------------------------------------------------------------------------------------KMVKETKIGRPV : 114 
Maggr_0731 : --------MGRTVRQKRKNRSSRPKVKQTNR-PKKALNPL--------GN---DLIAK------NWNKKETLTQNYRRLGLLTRLQ-APTGGVEPGLRGAAD-----------DKSNAHAPLGLSERKSTASSAV-----------------REVRVKRD-AEGRIVSVINEEASAAANPLDDPLNELETDSDWEGFGSDDEAP--------------TGDRVVDQLERMARV : 163 
Neucr_0886 : ---------MGRELQKRKKRSSRAKVQTHTI-KKKVLNPQ--------GS---GIVAK------AWNKKETLSQNYSRFGLVAKLG-TAAGGMAKK-----------------SAAANYAGITKDDPLAVKSADR----GLFEVREVKVERDASGKIVKVLRSDNPLNDPLNEIESDSESEEPKPKNPTHDIEWHGISDDRQEMIAQS----------SRPEVVRMLEEEASR : 174 
Orysa_4323 : --------MGGSRRKLKRSRAQVKVGLPRKK-PREFKPAF--DLPEALAA---AAAAEGGGHAPSWDAEGSVVKNYAAFGVVANPNLLGAHARGTP-----------------RLVQSAPLQAPDIDAARAPVDE----------------------FEPVDSGSDL---------------------------------------------------ESDDLKSALGKQRRD : 129 
SPBC1539.1 : ---------MANPRQRNKQRSGKP-RLTRRN-ANKKAKAK------IYGN---FVIQQ------NWDKHATLRQNYARLGLLATPNYVTGGVEKLYPDPKRE-----------NEDRELTSEELDELKKSLPPGQ--------------------AIVRRDDDGNIIEIIHGEAKTLDDVLDKEISIAP-----------------------------AKTEVVRQLEEEAVK : 147 
Sacmi_0835 : ---------MTSVRKRKMKRSSVG-KATRRT-KDKQRKIN------IQSN---PIIAA------NWDYSLTTAQNYKRLGLRAKLQ-TPTGGKEADLSKVVKRI---------PLTKSMLDEDEDEDEDQDEDKQHDHVTASVEVDENEIPEGEARIQRD-ENGDVVGVVYGKKKNYDVDDDVDTIKAKEIS--------------------------EGTEVVKQLEAFASR : 170 
Sacpa_0860 : ---------MTSVRKRKMNRSSVG-KATRRT-KDKQRKIN------IQSN---PIIAA------NWDYSLTMAQNYKKLGLRAKLQ-TPAGGKEADLSKA-------------VKRVPLTKSVLDEDEDEDEDKQNDYIGASVELDENEIPEGEARIQRD-KNGDVVRVVYGKKKIFDVDEDVDKIKARDAT--------------------------KGTEVVRQLEELAAR : 166 
Trybr_0054 : -------MGRIRVTPKGKAKKNIPITRSGRK-KYLKRRFAHLHQIDKAGSNN-YFTKK------YFKRFSTASSNFKSLGLAKDPSITPKKIVD-------------------EPSQPTRRLEEENELEELRQQR-----------------------------------------------------------------------------------KGTLQVRRI------ : 110 
Trybr_0600 : -------MGRIRVTPKGKAKKNIPITRSGRK-KYLKRRFAHLHQIDKAGSNN-YFTKK------YFKRFSTASSNFKSLGLAKDPSITPKKIVD-------------------EPSQPTRRLEEENELEELRQQR-----------------------------------------------------------------------------------KGTLQVRRI------ : 110 
Trycr_0068 : -------MGRLRVTPKGKVKKNIPVTRVGKK-QYLKRRFAHVRRVDVAGANN-HFTQK------YFDGSNTAAQNFTRLGLTTDPS-APKSVVELR-----------------KKQVRPKSRRRLEEEDTIAEQK---------------------------------------------------------------------------------------ALRQKSRIARP : 113 
Trycr_1415 : -------MGRLRVTPKGKVKKNIPVTRVGKK-QYLKRRFAHVRRVDVAGANN-HFTQK------YFDGSNTAAQNFTRLGLTTDPS-APKSVVELR-----------------KKQVRPKSRRRLEEEDTIAEQK---------------------------------------------------------------------------------------ALRQKSRIARP : 113 
Ustma_0582 : ---------MANPRQRRKARSGST-LKPSLN-AKKQMKKKLARAPTIHGA---DVLKD------NYDPKLTLRQNYARLGLVPSLDVRPNTG---------------------GTERAPSSISASSSKEGQAAVR----------------KGMARVIRD-DAGNIVDIIE---------ADEHDQDETAWGKPLPSSIADRSDVPTFMPVSQPA---SNPDALQQLEQIASQ : 163 
YER002w    : ---------MTSVRKRKMNRSSVG-KATRRN-KDKQRKIN------IQSN---PIIAA------NWDYSLTMAQNYKKLGLRAKLQ-TPAGGKEADLSKVVK-----------RIPLTKPVLDEDEDEDEGEDEQNDYNAATVELDENEIPEGGARIQRD-KNGDVVRVVYGKKKNFDADEDVNEIKARDTT--------------------------EETEVVKKLEELASR : 168 
Yarli_0652 : --------MPSGVRRRKMNRSSIT-KVTRKD-KDNHKRIV------VTGS---DIIRQ------RWDKNLSMAQNYKKLGLATKTGSRKIRGLEEDLREKSLRLTIQQGKN--PHDQELRDLMEQQEQEELEKSN----LVVNERKIPKLGAGEAFIVRD-DKGEVVEVIYGKDHQTGSDEEDEEEWTGFEDKPEE----------------------EETETIKILQERAKR : 179 
                                                                                       n    g                                                                                                                                                                
                                                                                                                                                                       
                 240         *       260         *       280         *       300         *       320         *       340         *       360         *       380       
Anoga_0538 : ----YAGSRFRM-----ARSMVRVITDMIDRHG-FNYKAMSLDWR-NYEQVTWRQFRTKI---R-KFL---------------------------------------RIPEQCTPYLEQKGWLDCDMNDPNDPRWKEYSTDDES--- : 199 
Apime_0619 : ----PRKRMFRL-----PNSQVHFLTYLMDKYG-ENYKAMALDRK-NYNQLTWKQIRAKI---K-IFK---------------------------------------GIPEQYNEYLQNK--------------------------- : 146 
Caebr_1931 : ------GRKFKL-----FHRETELCIYMLARHG-EDFQAMTRDPK-NLWQYTPKQWAKKI---R-THK-----------------------------------------ESEMHKFLETA--------------------------- : 189 
Cioin_0441 : ---GEREKKFQL-----PVDDVFFCTYMLDKYK-EDYKAMARDSR-NAYQLTPKQVRNKIREFK-RSK------------------------------------------LQYQKYLDSKQDKTVNKD--------------SMETX : 185 
Danre_0717 : ----RGNDRTTC-----STDMIEYVQHMVKEHN-EDYKAMARDEK-NYYQDTPKQIKRKVELYK-RCH-----------------------------------------PEQYAAFIASLQSQKST--------------------- : 171 
Galga_0582 : ----PEKKSNTL-----SRDLIDYVRYMIQNHG-ENYKEMARDEK-NYYQDTPKQIKRKISVYK-NFY-----------------------------------------PEEYKDFVASLKQEKMDVQ------------------- : 172 
Homsa_2590 : ----PEKKGNTL-----SRDLIDYVRYMVENHG-EDYKAMARDEK-NYYQDTPKQIRSKINVYK-RFY-----------------------------------------PAEWQDFLDSLQKRKMEVE------------------- : 178 
Musmu_0888 : ----PEKKGNTL-----SRDLIDYVRYMVENHG-EDYKAMARDEK-NYYQDTPKQIRNKINVYK-RFY-----------------------------------------PTEWQAFIDSLQSKKMEVD------------------- : 178 
Musmu_2137 : ----PEKKGSTLS----LDLLIDYVHYMVENHE-EDDKAMARDKK-NYYQETPKRIPNKVDVYK-PFY-----------------------------------------PMECQAFIDDSLQNKKMGVD------------------ : 196 
Pantr_0642 : ----PEKKGNTL-----SRDLIDYVRYMVENHG-EDYKAMARDEK-NYYQDTPKQIRSKINVYK-RFY-----------------------------------------PAEWQDFLDSLQKRKMEVE------------------- : 178 
Ratno_0355 : ----PEKKGNTL-----SRDLIDYVHYMVENHG-EDYKAMARDEK-NYYQDTPKQIRNKINVYK-RFY-----------------------------------------PTEWQVFVASLQNKKMEVD------------------- : 178 
Takru_2305 : ----PEKDSKTL-----SSDLIEYVQHMIREHG-DNYKAMARDEK-NYYQDTPKQIRRKVGEYR-RCH-----------------------------------------PEQFNTFVESL--------------------------- : 169 
Tetni_0936 : ----PEKDTKTL-----SSDLIEYVQHMIREHG-DNYKAMARDEK-NYYQDTPKQIRRKVAEYK-RCH-----------------------------------------PQQFDAFLESLG-------------------------- : 170 
Thaps_0049 : -----------------SDNMSNNNNNITTLPG-----KTFAQRKLPLSIEDQTYIRKCL---A-NTE-------------------------------------------TITMPX------------------------------ : 147 
nCaeel_056 : ------DRKFRL-----FHRETELCVYMLARHG-EDFQAMTRDPK-NLWQYTPKQWAKKI---R-THK-----------------------------------------ESEMCKFLETA--------------------------- : 189 
nDrome_060 : ----RADPEFRL-----PKGVVKELSYFLNKHK-FNYKAMVADRK-NFGQWTWRQFRLKI---R-RFM---------------------------------------SIPEQFNVYLEQKKLPVGVKPDWEEYESDSEWK------- : 207 
Aspfu_0686 : EGKAVKAKKPRHQ----SKREEEWIMRLIERHG-ENYSAMARDRKLNPMQQSEGDLKRRI---R-KWK-------------------------------------------ANHSS------------------------------- : 241 
Aspni_0526 : ----VAPKKPRHQ----SKREEEWITRLIEKHG-DNYAAMARDRKLNPMQQTEGDLRRRI---N-KWK------------------------------------IYTTIPSQYEVCFLILALWT----------------------- : 248 
At1g02870  : ---GKSAPLQPL-----TTMQRTHIRRLVEKHG-DDIEGMYRDRKLNSMQHSVATLRKLCTRYQ-IYK-------------------------------------------DKNPILVS---------------------------- : 193 
Canal_0939 : ---NSKIKKERHQ----SERENDWIKSLYEKYG-DDYDKMKWDKKLNIYQQSAGDLKRRI---I-KWK-------------------------------------------KANGI------------------------------- : 218 
Cangl_0334 : ----PIVKKERVQ----SPREVEWLEKLYKKHG-DNYKAMFFDRKLNIYQQSEGEIKRKM---R-KWK-------------------------------------------SENNIA------------------------------ : 238 
Chlre_0666 : -------PPPRI-----TSTQREVIKALMDKHG-DDTKAMMLDTKLNKMQHSQGELKRLIEAFH-FWG-----------------------------------------PNSKHDFWSEKKPPKKLLNCRILAX------------- : 197 
Cryne_0367 : -----AAPVKRHS----SMSERTWLQQLVDKYG-DDTERMARDRKLNVWQKTEGEIKRMI---K-KAG-------------------------------------------GVQMLRK----------------------------- : 213 
Debha_0087 : ---HAQVKKERKP----SARENEWLEKLHEKHG-DDYDKMMWDKKLNIYQQSAGDLRRRI---T-KWK-------------------------------------------KAHNVE------------------------------ : 210 
Dicdi_0057 : ---EEKEEQERLEKEKQRLEQEKLEKERLEKEKLEKAAAAAQKKTTTPTAASTKKVVSKKATTT-TTP-----------TTEA----------------TEVKKVVKKTPTTTTKKISKK--------------------------- : 245 
Enthi_0470 : QKEDEGNEKEEQ-----QMEEEEKVDKENEKQQ-EESNKEEENKQKEKTIKKPKIKKQQINKRKLAKK------------------------------------------------------------------------------- : 214 
Erego_0308 : ----PVNRRVRYQ----SSREEEWLGRLYEKHG-EDYNSMARDLKLNIYQQSVGDLKRRM---K-KWL-------------------------------------------KAHHIDERQ--------------------------- : 236 
Giala_0656 : CSIYEEVKRVAM-----FRPYREFVEAAMAKYG-EDYAAIARDIELNDLQHSEGEVRQLFARYN-DYKKGYQVKPCLRTHVESITKALESNTDADTLVNIDALMDAKTSPSQLRVTQLKHEWAHKTQQMSVDEAIYQARLLERMAS- : 237 
Gibze_0500 : ----PDLPKKRHQ----SAREIEWLEKLVAKYG-DDTGAMSRDRKLNPMQQTSANIAKRL---R-KMQ------------------------------------------KESQE-------------------------------- : 223 
Klula_0294 : ----PVAKKERGL----SQREDQWLEQLYKKHG-DNYKKMFFDKKLNVYQQTENVLRRKI---L-KWK-------------------------------------------ELHNIE------------------------------ : 239 
Kluwa_0251 : ----PTVKKERVP----SEREEAWLKALYTKHG-DNYRKMFYDKKLNINQQTEADIKRRI---S-NWK--------------------------------------------LRNHID----------------------------- : 229 
Leima_0783 : -----------------SEQEGSTIANLIERYG-TDLKRMTLDRKLNPFQLNMRQLQRQIVNYL-KWE-----------------------KAAFPKQFAEAEEKGLFSVEQFADPHLRSGQRT----------------------- : 196 
Maggr_0731 : ----PRVKTVRGL----SEREVEWLESLVAKHG-DNVKAMERDHRLNPMQQTAADISRRLRRLRGVWRSLGWIKSKDSSSITVGDRVLELTRCLGFLGVRNEKCQDHPPTRAYRRPTV----------------------------- : 272 
Neucr_0886 : ----PVEKTVRYQ----SERELEWLQRLVAKHG-DDVAAMVRDIKLNPMQQTKGDITKRLRKAG-LLQ------------------------------------------------------------------------------- : 232 
Orysa_4323 : ---GKSAPLEPL-----TKVQRIYIGRLIEKHG-DDYKAMFMDIKLNTMQHSVGTLKKLC---E-RYH--------------------------------------VVGKSIIHPLK------------------------------ : 195 
SPBC1539.1 : KAARQSNKMLPL-----SAFEHAYIQRLINKYGTEDFESMAKDVKLNSKLFNGSKLKNLYIRMK-ATK------------------------------------------------------------------------------- : 209 
Sacmi_0835 : ----PVIKKERYQ----SEREEEWLEKLYNKYG-DDYKKMFFDKQLNIYQQSKGDLKRRL---L-KWK-------------------------------------------KRSSTISK---------------------------- : 233 
Sacpa_0860 : ----PVIRKERCQ----SEREEEWLERLYKKHG-DDYKKMFFDKKLNIYQQSEGDLKRRL---L-KWK-------------------------------------------KRNGIVSK---------------------------- : 229 
Trybr_0054 : -----------------SEEEAVTMANLIRKHQ-TDFKAMSLDRKLNPYQLNPRQLQRQVVNYL-RWE-------KAAFPEAF----------------AEAEANGWLSIEEYANPKNRHRKE------------------------ : 191 
Trybr_0600 : -----------------SEEEAVTMANLIRKHQ-TDFKAMSLDRKLNPYQLNPRQLQRQVVNYL-RWE-------KAAFPEAF----------------AEAEANGWLSIEEYANPKNRHRKE------------------------ : 191 
Trycr 0068 : I----------------SEAEATTIVSLIKKHG-TDFRAMSFDRKLNPFQLNPRQLQRQVVNYL-RWE-------QAAFPEAF----------------MEAEAKGWFSIAEYSDPKNRLGKK------------------------ : 195



Phylogenetic pattern searches

Among eukaryotes17,425 KOGs
are present only in the crown group



Only 157 KOGs are represented in all KOGnitorized proteomes
KOG00010 OR Ubiquitin-like protein
KOG00032 T Ca2+/calmodulin-dependent protein kinase; EF-Hand protein superfamily
KOG00034 T Ca2+/calmodulin-dependent protein phosphatase (calcineurin subunit B); EF-Hand superfamily protein
KOG00050 AD mRNA splicing protein CDC5 (Myb superfamily)
KOG00070 U GTP-binding ADP-ribosylation factor Arf1
KOG00077 U Vesicle coat complex COPII; GTPase subunit SAR1
KOG00084 TU GTPase Rab1/YPT1; small G protein superfamily; and related GTP-binding proteins
KOG00101 O Molecular chaperones HSP70/HSC70; HSP70 superfamily
KOG00102 O Molecular chaperones mortalin/PBP74/GRP75; HSP70 superfamily
KOG00131 A Splicing factor 3b; subunit 4
KOG00166 U Karyopherin (importin) alpha
KOG00173 O 20S proteasome; regulatory subunit beta type PSMB7/PSMB10/PUP1
KOG00175 O 20S proteasome; regulatory subunit beta type PSMB5/PSMB8/PRE2
KOG00188 J Alanyl-tRNA synthetase
KOG00190 O Protein disulfide isomerase (prolyl 4-hydroxylase beta subunit)
KOG00191 O Thioredoxin/protein disulfide isomerase
KOG00206 R P-type ATPase
KOG00211 T Protein phosphatase 2A regulatory subunit A and related proteins
KOG00213 A Splicing factor 3b; subunit 1
KOG00219 L Mismatch repair ATPase MSH2 (MutS family)
KOG00232 C Vacuolar H+-ATPase V0 sector; subunits c/c'
KOG00242 Z Kinesin-like protein
KOG00264 B Nucleosome remodeling factor; subunit CAF1/NURF55/MSI1
KOG00270 S WD40 repeat-containing protein
KOG00284 A Polyadenylation factor I complex; subunit PFS2
KOG00304 A mRNA deadenylase subunit
KOG00307 U Vesicle coat complex COPII; subunit SEC31
KOG00328 J Predicted ATP-dependent RNA helicase FAL1; involved in rRNA maturation; DEAD-box superfamily
KOG00331 A ATP-dependent RNA helicase
KOG00335 A ATP-dependent RNA helicase
KOG00355 B DNA topoisomerase type II
KOG00358 O Chaperonin complex component; TCP-1 delta subunit (CCT4)
KOG00360 O Chaperonin complex component; TCP-1 alpha subunit (CCT1)
KOG00361 O Chaperonin complex component; TCP-1 eta subunit (CCT7)
KOG00362 O Chaperonin complex component; TCP-1 theta subunit (CCT8)
KOG00366 O Protein geranylgeranyltransferase type II; beta subunit
KOG00371 T Serine/threonine protein phosphatase 2A; catalytic subunit
KOG00374 TR Serine/threonine specific protein phosphatase PP1; catalytic subunit
KOG00397 J 60S ribosomal protein L11
KOG00417 O Ubiquitin-protein ligase
KOG00425 O Ubiquitin-protein ligase
KOG00446 UR Vacuolar sorting protein VPS1; dynamin; and related proteins
KOG00469 J Elongation factor 2
KOG00481 L DNA replication licensing factor; MCM5 component
KOG00531 T Protein phosphatase 1; regulatory subunit; and related proteins
KOG00580 D Serine/threonine protein kinase
KOG00583 T Serine/threonine protein kinase
KOG00594 R Protein kinase PCTAIRE and related kinases
KOG00657 G Glyceraldehyde 3-phosphate dehydrogenase
KOG00676 Z Actin and related proteins
KOG00706 T Predicted GTPase-activating protein
KOG00712 O Molecular chaperone (DnaJ superfamily)

Because it is really hard to believe
that some organisms do not have
conventional ribosomal proteins 
we have to assume that analysis 
of phylogenetic profiles is the way
to detect potentially missed 
genes



Giardia lamblia, Plasmodium falciparum, Plasmodium bergeri,
Cryptosporidium parvum, Encephalitozoon cuniculi, Leishmanija major, 
and Trypanosoma cruzi share only 413 KOGs:

Functional categories in KOG db
102 Translation
64 Posttranslational modification, protein turnover, chaperones
43 RNA processing and modification
31 Replication
30 General function prediction only
26 Transcription
24 Intracellular trafficking, secretion
15 Signal transduction mechanisms
12 Energy production and conversion
11 Unknown function
11 Chromatin structure and dynamics
9 Cytoskeleton
7 Cell cycle control, cell division, chromosome partitioning
6 Lipid transport and metabolism
5 Amino acid transport and metabolism
5 Nucleotide transport and metabolism
3 Cell wall/membrane/envelope biogenesis
2 Coenzyme transport and metabolism
1 Inorganic ion transport and metabolism
1 Secondary metabolites biosynthesis, transport and catabolism



Detection of complementary phylogenetic
profiles in related KOGs will allow to make
more aggressive hypotheses about 
orthology relationships and thus predict 
functions for greater number of proteins



This is a fungal KOG. Although
there are two groups of sequences
that barely hit each other in BLAST
they can be aligned AND have 
complementary phylogenetic profiles



One KOG. No kidding.



Current status of KOG db: 50 Eukaryotic species; 46 species KOGnitorized, 1 updated; 
712,427 protein sequences; two versions are present for 5 proteomes (+ 123,981 sequences)
21,816 clusters: 18,628 KOGs, 3,188 LSEs+mixed clusters                                                 sequence data  

species name                  Taxa sequences In KOGs/LSEs %   KOGs published  source
Chlamydomonas reinhardtii Chlorophyta (green algae)               19,922  10,194   51%   4,653      No     JGI
Cyanidioschyzon merolae Rhodophyta (red algae)                   5,040   3,769   74%   2,735      JGI
Dictyostelium discoideum Mycetozoa 13,677   9,162   67%   4,573     GB 
Encephalitozoon cuniculi OLD Microsporidia 2,003   1,459   73%   1,132         GB
Entamoeba histolytica Entamoebidae 10,088   7,728   77%   2,930        TIGR
Giardia lamblia Diplomonadida group                      6,573   2,105   32%   1,242      No GB
Leishmania major              Euglenozoa 8,071   7,558   93%   4,502      TIGR
Trypanosoma brucei Euglenozoa 8,291                            GB
Trypanosoma cruzi Euglenozoa 19,666  16,844   86%   5,023      GB
Thalassiosira pseudonana Bacillariophyta (diatoms)               11,406   9,311   81%   4,033           JGI
Cryptosporidium parvum Apicomplexa 3,410   2,212   66%   1,780       GB
Plasmodium berghei Apicomplexa 11,782   7,004   59%   3,461      No      GB
Plasmodium falciparum Apicomplexa 5,279   3,365   64%   3,403       GB
Plasmodium yoelii Apicomplexa 7,868                             GB
Theileria parva Apicomplexa 4,080                             GB
Arabidopsis thaliana      NEW Viridiplantae 26,759  25,781   96%   6,953         GB
Arabidopsis thaliana      OLD Viridiplantae 27,138  25,410   94%   6,925         GB
Oryza sativa                  Viridiplantae 57,272  38,260   67%   6,701         TIGR
Aspergillus fumigatus Fungi; Ascomycota; Pezizomycotina 10,029   8,959   89%   5,232      No      GB
Aspergillus nidulans Fungi; Ascomycota; Pezizomycotina 10,317   9,629   93%   5,283      No      GB
Gibberella zeae Fungi; Ascomycota; Pezizomycotina 12,221  11,153   91%   5,910      No      GB
Magnaporthe grisea Fungi; Ascomycota; Pezizomycotina 11,381   9,043   79%   5,397              GB
Neurospora crassa Fungi; Ascomycota; Pezizomycotina 10,478   8,206   78%   5,559              GB
Candida albicans Fungi; Ascomycota; Saccharomycotina 14,274  10,952   77%   4,094              GB
Candida glabrata Fungi; Ascomycota; Saccharomycotina 5,216   4,992   96%   3,790      No      GB
Debaryomyces hansenii Fungi; Ascomycota; Saccharomycotina 6,350   5,700   90%   4,048              GB
Eremothecium gossypii Fungi; Ascomycota; Saccharomycotina 4,757   4,619   97%   3,810      No      GB
Kluyveromyces lactis Fungi; Ascomycota; Saccharomycotina 5,366   5,058   94%   3,980              GB
Kluyveromyces waltii Fungi; Ascomycota; Saccharomycotina 5,240   5,055   96%   3,919      No     MIT
Yarrowia lipolytica Fungi; Ascomycota; Saccharomycotina 6,596   5,728   87%   4,018              GB
Saccharomyces bayanus Fungi; Ascomycota; Saccharomycotina 12,040   8,488   70%   5,879             MIT
Saccharomyces cerevisiae OLD Fungi; Ascomycota; Saccharomycotina 6,387   6,146   96%   4,427              GB
Saccharomyces mikatae Fungi; Ascomycota; Saccharomycotina 10,350   8,481   82%   5,828             MIT
Saccharomyces paradoxus Fungi; Ascomycota; Saccharomycotina 10,601   8,375   79%   6,005             MIT
Schizosaccharomyces pombe OLD Fungi; Ascomycota; Schizosaccharomycetes 5,064   4,461   88%   3,360              GB
Cryptococcus neoformans Fungi; Basidiomycota; Hymenomycetes 6,640   5,471   82%   3,702      No      GB
Ustilago maydis Fungi; Basidiomycota; Ustilaginomycetes 6,685   5,221   78%   3,779      No      GB
Anopheles gambiae Metazoa; Insecta; Diptera; Nematocera 13,895  12,405   89%   5,946              GB
Apis mellifera Metazoa; Insecta; Hymenoptera           16,997  14,785   87%   4,906      No    EMBL
Drosophila melanogaster NEW Metazoa; Insecta; Diptera; Brachycera 18,873                                    GB
Drosophila melanogaster OLD Metazoa; Insecta; Diptera; Brachycera 13,936  11,552   83%   6,241              GB
Caenorhabditis briggsae Metazoa; Nematoda 19,523  17,963   92%   6,938             GB
Caenorhabditis elegans NEW Metazoa; Nematoda 21,193                                   GB
Caenorhabditis elegans OLD Metazoa; Nematoda 21,246  20,461   96%   7,175             GB
Ciona intestinalis Metazoa; Chordata; Ascidiacea 16,139  12,101   75%   5,684             JGI         
Danio rerio Vertebrata; Teleostomi 19,893  19,676   98%   4,426              GB
Gallus gallus Vertebrata; Aves                        28,751 26,613   93%   6,894      No    EMBL
Homo sapiens              NEW Vertebrata; Mammalia 27,524                                    GB
Homo sapiens              OLD Vertebrata; Mammalia 39,436  29,835   77%   9,304              GB
Mus musculus Vertebrata; Mammalia 26,464  24,784   94%   9,284              GB
Pan troglodytes           GB  Vertebrata; Mammalia 22,225                                    GB
Pan troglodytes           EMBLVertebrata; Mammalia 38,845  36,984   95%   8,923            EMBL
Rattus norvegicus Vertebrata; Mammalia 21,531                                    GB
Takifugu rubripes Vertebrata; Teleostomi 33,357  31,879   96%   6,909              GB
Tetraodon nigroviridis Vertebrata; Teleostomi 28,262  25,520   90%   7,033      No      GB



Some conclusions
• Clusters of orthology domains (KOGs) will form a platform for 

comparative genomics and evolutionary studies 
• At present KOG db cannot be updated completely automatically
• A new version of eukaryotic clusters of orthology domains is being 

developed; it will contain ca. 25,000 clusters for 50 proteomes and 
HMM profiles for all clusters 

• An approach to add proteomes semi-automatically is developed  
which is based on picking conflicts between BLASTP (KOGnitor) 
and HMM searches

• KOG db will serve as a tool for annotation of newly sequenced 
genomes, for fixing errors and filling in gaps in existing annotations, 
for detecting incorrect gene models and genes missed by gene 
predictions
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