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A Guide to LUCApedia 
 
 
Why use LUCApedia 
 
Many topics within the study of the origin and early evolution of life are amenable to 
computational research strategies. LUCApedia was established to aggregate data from 
studies and hypotheses about the Last Universal Common Ancestor (LUCA) and its 
predecessors. These data are unified onto a common framework so that they can be 
compared and corroborated. The most recent update of the LUCApedia database (July 
2025) is available via the web server https://lucapedia.org/, where it can be searched, 
browsed, and downloaded. 
 
What is in LUCApedia 
 
Underlying database framework 
 
The LUCApedia database consists of seventeen datasets that can be categorized as 
representing four distinct stages of early evolution: Prebiotic Chemistry, the RNA World, 
LUCA Protein Domains, and LUCA Protein Families. Each dataset within the four 
categories represents either the results of a single empirical study or a previously published 
hypothesis about the origin or early evolution of life. Each of these studies or hypotheses 
is mapped onto UniProt database accessions1 (representing single proteins). A separate 
version of the LUCApedia database is created by aggregating these individual proteins into 
protein families represented by the EggNOG database2. Either of these versions of the 
database can be searched, browsed, or downloaded from the LUCApedia web server. 
 
Descriptions of individual datasets 
 

Prebiotic Chemistry Datasets 
 

Iron-Sulfur Cluster (7296 Uniprot accessions, 351 EggNOG accessions): Iron-sulfur 
cofactors have been previously proposed to reflect the potential role of iron-sulfur 
mineral surfaces as a possible setting for the origin of life and an important catalyst for 
very early life forms3,4. This dataset is composed of all proteins that use an iron-sulfur 
cofactor. 
 
Zinc Cofactor (13948 Uniprot accessions, 586 EggNOG accessions): Previous 
publications have proposed that zinc and zinc-sulfide catalysts may have played an 
important role in early nucleic acid chemistry and energy metabolism5 and that the use 
of zinc cofactors in extant proteins reflects this early role in prebiotic chemistry6. This 
dataset is composed of all proteins that use an iron-sulfur cofactor. 
 
Goldford (5249 Uniprot accessions, 280 EggNOG accessions): A previous study by 
Goldford and colleagues7 generated a phosphate-free metabolic network by starting 
with simple prebiotically available compounds and using a network expansion 
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algorithm that assumed the evolution of catalysts or enzymes that could convert 
available metabolites into new metabolites. The dataset is composed of all proteins with 
enzymatic functions matching those present in this hypothetical metabolic network. 
 
Goldford-thio (15723 Uniprot accessions, 699 EggNOG accessions): The minimal 
phosphate-free metabolic network developed by Goldford and colleagues assumed that 
only energetically favorable reactions could take place without the presence of ATP as 
an energy currency. The Goldford-thio dataset is composed of a larger network in 
which prebiotically-plausible thioesters are used as an energy currency that predated 
ATP. The dataset is composed of all proteins with enzymatic functions matching those 
present in this expanded hypothetical metabolic network. 

 
RNA World Datasets 

 
Ribozyme function analogs (3730 Uniprot accessions, 100 EggNOG accessions): The 
RNA World hypothesis8 has motivated synthetic biochemists to develop an 
increasingly broad array of ribozymes (i.e., catalytic RNAs) that can perform 
enzymatic functions now performed by proteins. This dataset is composed of proteins 
that perform a function that can also be performed by a natural or artificial ribozyme. 
The dataset was created by reviewing ribozyme literature, assigning Enzyme 
Commission (EC) numbers9 to the ribozyme function, and identifying protein enzymes 
associated with the same EC number. 
 
Nucleotide Cofactor (5059 Uniprot accessions, 294 EggNOG accessions): Many of the 
most important coenzymes in metabolism, e.g., ATP, NADH, Coenzyme A, and S-
Adenosyl Methionine, are composed of or derived from nucleotides10. This observation 
led to the hypothesis that these coenzymes are remnants of earlier RNA World 
catalysts. This dataset is composed of all proteins that use these coenzymes. 
 
Amino Acid Cofactors (894 Uniprot accessions, 109 EggNOG accessions): The use of 
amino acids as ribozyme cofactors was previously proposed as a preadaptation that 
facilitated the origin of the genetic code. Specifically, sequences of nucleotides that 
bound amino acid cofactors could have evolved into the codons and anticodons that 
now comprise the genetic code11. This dataset is composed of all proteins that use 
cofactors derived from amino acids. 
 
RNA Aptamer (10 Uniprot accessions, 10 EggNOG accessions): Blanco and 
colleagues12 identified proteins with known structures that bound artificial RNA 
aptamers and used these data to better characterize RNA-protein binding and the types 
of amino acids that are typically found in such interactions. This dataset is composed 
of the proteins used in this study. 

 
LUCA protein domains 

 
Yang (1936 Uniprot accessions, 1141 EggNOG accessions): Yang and colleagues13 
developed a species phylogeny based on patterns of the presence or absence of protein 
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folds as catalogued in the SCOP database. They identified 66 SCOP superfamilies that 
were present in all proteomes, which they consider to be the set of protein folds 
inherited from the proteome of the LUCA. 
 
Wang (6318 Uniprot accessions, 3304 EggNOG accessions): Wang and colleagues14 
created a phylogeny of protein folds based on accessions in the SCOP database15. 
Phylogenetic relationships were determined based on both the taxonomic breadth of 
each fold and its frequency within individual proteomes. This phylogeny was used to 
identify 165 SCOP folds that emerged prior to the LUCA. 
 
Delaye (2375 Uniprot accessions, 719 EggNOG accessions): Delaye and colleagues16 
identified protein domains and motifs, as defined by the Pfam database17, that were 
found to be universal across bacterial and archaeal proteomes. The study identified 115 
such universal Pfam domains and motifs. 
 
Ranea (10343 Uniprot accessions, 3861 EggNOG accessions): Ranea and colleagues18 
used structural comparisons of proteins across bacteria and archaea to identify universal 
ancestral domain architectures as defined by the CATH database19. The study identified 
114 CATH domain superfamilies to have been present in the LUCA proteome. 

 
LUCA protein families 

 
Harris (29085 Uniprot accessions, 104 EggNOG accessions): Harris and colleagues20 
surveyed clusters of proteins defined by the now defunct COG database21 to identify 
protein families that were both universal and vertically inherited. Vertical inheritance 
was determined by comparison to an rRNA-based species tree. The study identified 80 
such COGs that were attributed to the LUCA. 
 
Mirkin (97814 Uniprot accessions, 809 EggNOG accessions): Mirkin and colleagues22 
performed an analysis similar to that of Harris et al., but included a model for gene loss, 
which led to a more permissive set of COGs being attributed to the LUCA. While 
several LUCA proteome models were reported in the study based on different gene 
gain/loss parameters, this dataset is based on the set of 572 COGs that was determined 
in the study to approximate a viable organism. 
 
Srinivasan (38262 Uniprot accessions, 1089 EggNOG accessions): Srinivasan and 
Morowitz23 compared enzymatic reactions across several bacterial and archaeal 
metabolic networks cataloged in the KEGG database24 to identify 286 shared reactions, 
deemed by this study to be universal metabolic reactions. 
 
Weiss (6318 UniProt accessions, 3304 EggNOG accessions): Weiss and colleagues25 
identified 355 protein families predicted to have been present in the proteome of the 
LUCA. Protein families were defined based on clusters of homologous proteins 
represented in the EggNOG database. LUCA ancestry was determined based on 
whether members of the protein family were found in multiple phyla of both archaea 
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and bacteria, and also had tree topologies in which the bacterial clades and archaeal 
clades were respectively monophyletic.  

 
Moody (399 Uniprot accessions, 354 EggNOG accessions): Moody and colleagues26 
identified 399 protein families predicted to have been present in the proteome of the 
LUCA. Protein families were defined by the KEGG Orthology (KO) database27, and 
LUCA ancestry was determined by gene-tree species tree reconciliation based on the 
Amalgamated Likelihood Estimation algorithm67. 

 
Using the Web Server 
 
The web server has both a search function and a browse function. The search function 
allows users to search for complete or partial protein names, UniProt IDs, EggNOG IDs, 
or Gene Ontology IDs28. Either the UniProt-based version of the database or the EggNOG-
based version of the database can be searched separately. While a default search shows 
results for all seventeen datasets, these datasets can be individually selected either on the 
search page or the search results page. The results of a search are shown on a separate page 
and can be downloaded as a TSV file. 
 
In addition to searching the LUCApedia database, users can also browse the database by 
the associated function of the proteins or protein families. These functions are based on the 
Gene Ontology IDs linked to each LUCApedia entry. The Gene Ontology Database 
characterizes proteins with respect to their molecular function, cellular location, and the 
biological process that they participate in. Gene Ontology terms describe these features of 
proteins at different levels of specificity and terms that are nested within other terms. The 
LUCApedia web server allows users to browse Gene Ontology terms from the most general 
level to the most specific level in a manner similar to the AmiGO web server29. When a 
user clicks on a GO term, they are presented with LUCApedia results associated with that 
GO term. 
 
The web server also features a Download page where the UniProt-based version of the 
database and the EggNOG-based version of the database can be downloaded as TSV files. 
The list of ribozymes, their associated EC numbers, and the studies that report their 
functions, comprising the information that was used to make the Ribozyme Function 
dataset, can also be downloaded from this page. The legacy version of the LUCApedia 
database (2013) can also be downloaded from this page. 
 
LUCApedia Citation 
 
When using the LUCApedia database or web server, please cite… 
 

Goldman AD, Bernhard TM, Dolzhenko E, Landweber LF (2013) LUCApedia: a 
database for the study of ancient life. Nucleic Acids Res. 41(Database issue):D1079-
82. doi: 10.1093/nar/gks1217. 
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