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Abstract 

The rapid expansion of genome sequence data is increasing the discovery of protein-coding 

genes across all domains of life. Annotating these genes with reliable functional information is 

necessary to understand evolution, to define the full biochemical space accessed by nature, and 

to identify target genes for biotechnology improvements. The vast majority of proteins are 

annotated based on sequence conservation with no specific biological, biochemical, genetic, or 

cellular function identified. Recent technical advances throughout the biological sciences enable 

experimental research on these understudied protein-coding genes in a broader collection of 

species. However, scientists have incentives and biases to continue focusing on well 

documented genes within their preferred model organism. This perspective suggests a research 

model that seeks to break historic silos of research bias by enabling interdisciplinary teams to 

accelerate biological functional annotation. We propose an initiative to develop coordinated 

projects of collaborating evolutionary biologists, cell biologists, geneticists, and biochemists that 

will focus on subsets of target genes in multiple model organisms. Concurrent analysis in 

multiple organisms takes advantage of evolutionary divergence and selection, which causes 

individual species to be better suited as experimental models for specific genes. Most 

importantly, multisystem approaches would encourage transdisciplinary critical thinking and 

hypothesis testing that is inherently slow in current biological research. 
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Introduction 

In the last 20 years, our capacity to sequence genomes has grown exponentially. NCBI 

includes well over 200,000 genomes that have discovered more than 150 million non-redundant 

protein sequences (Li et al. 2021). Despite this rich catalog of information, the biological function 

of most genes remains unknown. Currently, we consider a protein sequence to be “functionally 

annotated” when the sequence shows homology to other protein-coding genes that have an 

assigned function or if the protein contains a conserved domain. These annotations often take 

the form of Gene Onotology (GO) terms (Ashburner et al. 2000; Gene Ontology Consortium 

2021). While the number of protein sequences in UniProtKB has grown exponentially, the 

number of entries with experimentally supported GO terms has grown linearly (Cozetto and 

Jones 2016). As a consequence, many genomes remain only partly annotated, even when 

considering a fairly low bar for defining function. For example, one recent study found that 

between 52-79% of the average bacterial proteome could be functionally annotated through 

sequence homology based searches (Lobb et al. 2020). 

The predicted proteome of the human genome is arguably the most intensely studied of 

all organisms, yet 9.6% of the Human Proteome Project’s entries have no direct evidence that 

the protein is expressed (Adhikari et al. 2020). Intrinsically Disordered Proteins are estimated to 

comprise 15-40% of the human proteome, but variations in sequence length and composition 

often preclude alignment, while the lack of a folded domain prohibits the use of structural 

information to propose annotations based on conservation (Tompa 2012). The genome 

sequence for the most intensely studied model plant, Arabidopsis thaliana, was released more 

than 20 years ago, yet nearly 10% of the protein coding genes (2,253 total) lack functional 

annotation (Cheng et al. 2016). . 

Providing accurate functional information for individual proteins is critical to discover new 

chemical, biochemical, and cellular processes. It is also fundamental to understand genotype to 

phenotype relationships resulting from variation in protein expression or sequence. Traditionally, 
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protein function is defined through a one-gene-at-a-time approach requiring years of intensive 

research to associate a biochemical, cellular, or organismal role. The conventional approach of 

studying protein function suffers from our own human tendencies to focus attention and effort on 

a small fraction of the proteome. Well-known proteins are over-studied, while proteins of 

unknown or poorly defined function are relegated to supplementary tables in -omics 

publications. This “Matthew effect,” in which the information rich proteins get richer, is illustrated 

by the distribution of papers that document protein function from NCBI’s gene2pubmed 

database (Carter et al., 2019). Publications showing functional attributes of genes have a power 

law distribution with >22% of papers focused on only 1% of human genes (Zwick et al. 2019). 

The bias in annotation in multiple model species impedes identification of promising drug targets 

associated with human disease (Haynes et al. 2018). 

A related problem is that when biologists do investigate genes of unknown function, 

consensus may be difficult to achieve for an individual protein’s function. For example, over the 

last decade multiple groups have studied genes that encode proteins containing the conserved 

“Domain of Unknown Function 490,” which has been renamed TamB. Despite extensive study 

in two domains of life, TamB protein function is only partially resolved. The NCBI Conserved 

Domain Database, annotates the TamB domain as limited to bacteria, yet at least 119 plant 

species have proteins with the complete domain.  

In E. coli and other bacteria, tamB and related genes have been associated with outer 

membrane protein biogenesis and the protein has a partial crystal structure (Selkrig et al., 2012; 

Selkrig et al. 2015; Josts et al. 2017; Yu et al. 2017; Iqbal et al. 2016; Bialer et al. 2019; Li et al. 

2020). TamB proteins have also been studied experimentally in rice, Arabidopsis thaliana, and 

maize. Plant mutants show defects in chloroplasts and other plastid types. In maize, the TamB 

domain protein appears to have similar function to E. coli by promoting outer envelope 

biogenesis in plastids (Zhang et al 2019). The protein is hypothesized to function in plastid 

division in rice (Matsushima et al. 2014), and in the chloroplast protein import machinery in 
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Arabidopsis (Chen et al. 2018). Remote homology predictions of the N-termini of TamB proteins 

suggest yet another conserved domain that argues for a function in lipid transfer between 

membranes instead of a direct role in outer membrane protein assembly (Levine, 2019).  

Like the parable of the blind men and the elephant, these independent discoveries in 

multiple model systems led to conflicting interpretations. Nevertheless, all proteins containing a 

TamB domain in more than 2,500 species are currently counted as “functionally annotated.” 

This example illustrates the challenge of assigning a biochemical and cellular role to just one of 

the thousands of conserved domains with limited experimental evidence.  

TamB proteins are not unique. The vast majority of protein functional annotations are 

based solely on sequence homology, often derived from superfamilies of conserved domains 

(Lu et al., 2020). Automated, homology-based predictions of biological function can give a 

reasonable hypothesis for gene function, but often there are significant annotation errors that 

are propagated from genome to genome (Promponas et al. 2015). Therefore, it is imperative to 

develop approaches to determine the biological functions of understudied genes more rapidly. 

 

Recent advances in defining gene function 

Biologists take diverse approaches to defining protein-coding gene functions. 

Historically, scientists considered a gene function to be defined once the DNA corresponding to 

a trait was cloned into a recombinant DNA vector and proven to control the trait (Cohen et al. 

1973). Genetics, biochemistry, molecular biology, or cell biology experiments are used to 

provide the experimental evidence supporting the role of the cloned DNA in top level Gene 

Ontology classes of molecular function, biological process, and cellular component. 

More recently, improvements in DNA sequencing technologies have transformed 

quantitative genetics by enabling genome-wide association studies (GWAS) in virtually any 

organism (Tibbs Cortes et al. 2021). GWAS takes advantage of large-scale genotyping and 

phenotyping of populations to statistically associate molecular markers with a quantitative trait. 
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Based on PubMed searches, over 30,000 human GWAS studies have been published in the 

last ten years and hundreds of studies have been published for each model organism. Each 

study produces a series of candidate genes that are associated with diverse traits like forage 

digestibility or sleep disorders. Validating a GWAS association still requires additional 

experimental evidence, and regrettably associations with understudied genes are typically low 

priority for researchers (Haynes et al. 2018). 

Advances in experimental and computational technologies have greatly increased the 

capacity for experimental validation of gene-phenotype associations. Here we overview several 

key disciplines for defining protein function and highlight promising advances and challenges for 

coordinated transdisciplinary projects to dissect roles of understudied gene families. 

Informatics: The rapid increase in genomic “big data” provides rich opportunities for 

improving prediction of function by statistically-driven evolutionary analyses and machine 

learning. While a complete discussion of the rich literature on computational function prediction 

is outside the scope of this review, there are many well established signals of conserved 

function beyond primary protein sequence. Synteny or conserved chromosomal proximity, 

phylogenetic profiling for the presence/absence of genes, and protein sequence co-evolution 

can all aid in predictions of function and functional interactions (Pellegrini et al. 1999; Junier and 

Rivoire 2016; Rivoire 2013; Kim et al. 2011; Engelhardt et al. 2011; Janga et al. 2005; Huynen 

et al. 2000; Snel et al. 2002; Szklarczyk et al. 2019). For more than 25 years, Critical 

Assessment of protein Structure Prediction experiments have gauged the state of the art in 

protein modeling (Kryshtafovych, 2019). The steady increase in protein structural data has 

enabled homology-based structural and predictions of inter-residue distances approaches to 

become increasingly powerful (Yang et al. 2015; Zimmermann et al. 2018). Advances in 

machine learning and artificial intelligence methods are also dramatically increasing the 

potential of computational annotation prediction of accurate protein structures (Bileschi et al. 

2019; Senior et al., 2020; Callaway et al., 2020). Co-evolutionary analyses suggest the 
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possibility that cellular systems might be decomposed into small multi-gene functional units 

(Rivoire et al. 2013; Schober et al. 2019). In this sense, we might recognize or annotate a small 

group of genes as a physical complex or the unit underlying a particular phenotypic trait.  

To take full advantage of these computational approaches, gold-standard training and 

test set data need to be improved. Expanding the availability of high-quality experimental 

functional annotations is important to refining and validating the performance of many 

computational algorithms. For example, the community-driven Critical Assessment of Functional 

Annotation challenge has been valuable in benchmarking progress and identifying directions 

requiring further work (Zhou et al. 2019). Increasing the annotations available would further 

accelerate progress. The highest quality gene annotations are often within a species-centric 

community database that does not interface well with Genbank, EMBL, and DDBJ. Improving 

communication between smaller research communities and large clearing house databases 

would help annotation problems. Automated text processing of peer-reviewed scientific literature 

to assign GO terms to genes or even to categorize scientific literature is an area of research that 

has been attempted but has not yet been accepted broadly (Di Len et al. 2015; Van Auken et al. 

2014). Further research in natural language processing may be able to reduce the need for 

manual curation of gene functions. 

An additional limitation is that computational annotation methods are typically used by a 

limited set of expert practitioners. Both the code and analysis results are sometimes 

inaccessible or restricted in scope to experimental biologists. Like other statistical methods, it is 

often difficult for experimental biologists to know which tools are the most reliable and 

appropriate for their application. Therefore, more direct collaboration between experts in 

computation and experimental biologists is needed. Usage of well-established methods could 

be further democratized through open-access initiatives that develop consistent standards and 

interfaces for web-based annotation tools.  
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Genetics: Mutant alleles allow powerful insights into gene function through observation 

of the contrasting phenotypes of normal and mutant organisms. Generating knockout collections 

for individual organisms is a mature technology. Large-scale collections are available for a 

diversity of model organisms (e.g. Giaever et al. 2002; Bolle et al. 2012; Ramírez-Solis et al. 

2012; Varshney et al. 2013; McCarty et al. 2013; Li et al. 2019).  

The standard paradigm for microbes and cell cultures has been to measure fitness 

phenotypes for all knockouts across a gauntlet of controlled environmental conditions. In these 

types of studies, phenotypes are measured across many growth conditions with the goal of 

exposing as many slow growth phenotypes as possible (Deutschbauer et al. 2014; Hillenmeyer 

et al. 2008; Price et al. 2018; Jaffe et al. 2019). However, most genome-wide fitness 

experiments focus on only one species. Cross species comparisons could provide additional 

power to detect phenotypes for conserved protein sequences. To this end, recent advances in 

multiplexed continuous culture devices provide one avenue for broad taxonomic sampling of 

microbial mutant responses to well-controlled environments (Wong et al. 2018; Toprak et al. 

2013).  

Single gene and whole genome duplications allow evolution of neo-functionalized genes 

but also create genetic redundancy. When paralogs retain identical or similar functions, 

phenotypes may only be observed when two or more genes are simultaneously mutated. 

Synthetic screens for viability, fitness, or growth have been developed to identify multi-gene 

knockout phenotypes in microbes, multicellular organisms, and in tumor cells (Klobuchar and 

Brown 2018; Kuzmin et al. 2020; Zhan and Boutros, 2016). Synthetic screens can reveal 

phenotypes for genes that are not obvious paralogs allowing high throughput, unbiased 

discovery of functional redundancy. 

Heterologous expression of proteins across species also provides insight on protein 

function. Since many organisms cannot be grown in a laboratory, it is not possible to study 

genes with unknown or understudied functions from non-culturable species through direct 
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genetic manipulation. Expression of understudied and unknown function genes can be used to 

rescue loss-of-function phenotypes in model organisms (Thiaville et al. 2016; Kim et al. 2010). 

The throughput of gene complementation studies with heterologous protein expression could be 

increased by developing libraries of unique genes discovered solely through sequencing diverse 

and non-culturable species.  

Multicellular organisms increase the complexity for genetic manipulation and phenotypic 

analysis of mutants. The multiple cell types, organs, and complex responses to environment 

require specialized expertise to adequately interpret phenotypes of homologous genes from 

divergent species. In addition, there are currently few multicellular organism models that 

approach genome-wide saturation of gene knockout collections.  

The development of CRISPR-based tools has greatly enhanced genetic studies by 

allowing site-directed mutagenesis (Doudna and Charpentier 2014). In model systems, CRISPR 

has been adapted to a wide variety of genetic problems, from genome-scale forward genetic 

screens in human tissue culture to targeted saturation mutagenesis of individual genes in in the 

crop model rice (Joung et al., 2017; Li et al., 2020). Moreover, CRISPR technologies are 

applicable broadly to non-model species from marine animals like sea anemones to horticultural 

crops (Nakanishi and Martindale 2018; Erpen-Dalla Corte et al. 2019). This enables genetic 

analysis of understudied genes that can be based on levels of genome redundancy as well as 

developmental and physiological characteristics that make a species a better model for 

understanding a specific biological process. Genetic redundancy within individual species can 

require multiple members of gene families to be mutated before any discernible phenotype can 

be observed, such as the highly redundant families of ethylene and abscisic acid hormone 

receptors (Hall and Bleecker 2003; Zhao et al. 2018). For gene families, a species with fewer 

redundant copies would be more accessible for subsequent genetic analysis. 

Similarly, developmental differences can allow some species to be better models for the 

study of conserved molecular processes. For example, maize endosperm is more tolerant of 
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minor intron splicing defects than human cell cultures or the model plant, Arabidopsis (Gault et 

al. 2017; Bai et al. 2019). Multispecies comparisons across domains of life would take full 

advantage of the power of gene editing technologies. Interpreting phenotypes from diverse 

organisms requires experts who have familiarity with individual or phylogenetically related 

species. The rapid expansion of technologies enabling genetic studies in almost any organism 

is both an opportunity to increase interdisciplinary collaborations and a challenge due to the 

historic isolation of biological research communities. A major barrier for communicating genetic 

results is developing species agnostic terminology and databases to make gene to phenotype 

relationships machine readable and more accessible across disciplines. 

Biochemistry: Annotation of biochemical function should go beyond vague predictions of 

potential top-level Enzyme Commission numbers. Even within yeast and human genomes, 

>30% of proteins are estimated to be lacking a clear biochemical function (Ellens et al. 2017). 

Specific knowledge of reactions catalyzed, associated catalytic parameters, and substrate 

specificity or ligand binding affinities are fundamental to identifying new chemistry, defining 

metabolic pathways, and discovering drug targets. Nonetheless, expressing, purifying and 

biochemically characterizing individual proteins is labor-intensive and typically low throughput. 

Combining comparative genomics, structural modeling and high-throughput biochemical assays 

suggests a path towards broadly defining enzyme function (Bastard et al. 2014; Zhao et al. 

2013), but requires additional scaling to keep pace with the expansion in genomic datasets. 

Recent advances in microfluidics-based assays, which can enable measurements of 

catalytic parameters for tens of thousands of enzyme variants, provide one strategy for rapid 

characterization of homologs or mutants. In these systems, proteins are often transcribed and 

translated in vitro, and measurements of catalytic activity, binding affinity and substrate 

specificity are collected within isolated microfluidic chambers or droplets (Maxutis et al. 2013; 

Fordyce et al. 2010). However, these systems are presently limited to relatively well-behaved 

model enzymes, and typically require known fluorescent substrates. Expanding the utility of 
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microfluidics approaches would be an enabling technology for annotation of biochemical 

function and protein engineering. 

As throughput is increased and novel enzymatic activities are defined, it becomes 

imperative that database management expand to allow biochemists to analyze larger data sets. 

Similar to sequence data, public databases for enzyme properties should be in machine 

readable format with appropriate meta-data. The BRENDA database (https://www.brenda-

enzymes.org/) provides one existing platform for accomplishing this, but the data are not easily 

searched or downloaded in a readily machine readable format. KEGG provides an organized 

view of metabolic enzymes and pathway structure (https://www.genome.jp/kegg/), but does not 

make biochemical parameters for enzyme orthologs readily available.  

Cell biology: Cellular imaging and fractionation are critical for determining protein 

function in the larger context of the cell and organism. The subcellular localization of a protein 

gives some of the most informative clues about an unknown or understudied protein’s molecular 

function and biological process. Imaging technologies can reveal incredible detail and resolution 

with the power to test protein-protein interactions. For example, protein-protein interaction 

imaging using Förster resonance energy transfer (FRET) and fluorescence cross-correlation 

spectroscopy have been developed into a vast array of applications such as single-molecule 

FRET; FRET-fluorescence lifetime imaging microscopy; single-molecule protein proximity index; 

concentric FRET; homogeneous time resolved fluorescence; acceptor photo-bleaching FRET, 

and correlative acceptor photo-bleaching FRET (Periasamy and Day 1999; Zaccolo 2004; 

Ciruela 2008; Bucherl et al. 2010; De Los Santos et al. 2015; Shrestha et al. 2015; Geißler and 

Hildebrandt 2016; Chenab et al. 2019; Tsai et al. 2019). However, most imaging reagents and 

technologies have been developed for highly abundant, well characterized proteins with stable 

interaction partners in a limited number of model systems (Daniels et al. 2003; Costes et al. 

2004; Bolte et al. 2006; Snapp and Hedge 2006; Comeau et al. 2008). Imaging understudied 

proteins and intrinsically disordered proteins pose significant challenges due to limitations in 
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readily available, protein-specific reagents (Perdigão et al. 2015; Lieutaud et al. 2016; Perdigão 

and Rosa 2019). 

There has been massive effort to develop antibody reagents to characterize the human 

proteome with many antibodies developed commercially (Uhlén and Ponten 2005; Uhlén et al. 

2010, 2015). Consequently, the Human Proteome Project tracks more than 4 million antibodies 

against human proteins (Adhikari et al. 2020). However, few other organisms have garnered as 

much attention, and there are in fact no organized antibody databases for any plant system. In 

many organisms, and for understudied proteins in virtually all organisms, antibody reagents are 

simply not available. In addition, antibodies show significant variation by nature and the quality 

of an antibody required for different methodologies and workflows can also be variable (Burry 

2011; Hewitt et al. 2014; Gautron 2019).  

Epitope and fluorescent tags enable studies for proteins without antibody reagents, but 

most established technologies are labor intensive and poorly scalable. Moreover, efficient 

methods for tagging proteins and imaging cells with light microscopy are only available for a few 

model species. For mammalian cells, recent advances in CRISPR-mediated gene editing to 

insert tags is promising (Thöne et al. 2019). By contrast, genetic lines with fluorescent protein 

tags are limiting in systems with poor transformation, such as maize (Wu et al. 2013). Better 

probe design and tagging methods are clearly needed to enable protein assignments to cellular 

compartments in diverse species.  

Enzyme catalyzed proximity labelling is a promising approach to study protein interaction 

networks at the subcellular level (Branon et al., 2018; Mair et al., 2019; Cho et al., 2020). 

Proximity labelling uses an engineered biotin ligase fused to a protein of interest, which then 

labels interacting proteins. Biotinylation allows the purification of labelled proteins with 

streptavidin for identification with standard proteomic methods (Branon et al., 2018). This 

technology can be applied to any species that supports expression of recombinant proteins and 
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would enable comparisons of interacting partners across species to give insight on conserved in 

vivo protein-protein interactions. 

 

A multidisciplinary, multispecies initiative 

Annotating protein function is a long-standing problem in biology (Roberts 2004; Gerlt et 

al. 2011; Earnshaw et al. 2013). As the Arabidopsis genome was nearing completion in 2000, 

the National Science Foundation initiated the Arabidopsis 2010 program with the goal of 

discovering the function of every gene in this model plant’s genome (Somerville and Dangl 

2000). Nevertheless, the scientific community has still not accomplished the goal of 

understanding all gene functions in any genome, yet this basic information is critical to advance 

all fields of biology.  

Given the large scope and complex nature of the problem, we suggest public research 

initiatives that promote collaborations between experimentalists specializing in different species 

and disciplines. We envision inter-species projects that would collect data testing the function of 

understudied proteins at scales greater than one gene at a time, but lower than traditional high-

throughput functional genomics studies. This mid-level scale would help customize reductionist 

experiments to align with understudied protein types. Requiring multispecies studies would 

engage experts from different scientific communities to evaluate data from diverse fields as it is 

being generated allowing faster iterations between generating a hypothesis, testing, and 

revising to the next experiment. This type of structure would also pair scientists who can make 

genetic progress in one model species with scientists who can make cell biology or biochemistry 

progress in another species. 

The collected experimental information should be compiled in a publicly accessible, 

searchable database. Making these data available in machine-readable formats with 

appropriate metadata is important for the training and validation of computational algorithms to 

propagate conclusions about gene function accurately throughout other genome sequences. 
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Existing pipelines like the Enzyme Function Initiative provide an exemplar for extending and 

refining annotation efforts (Zallot et al. 2018; Zallot et al. 2019). 

Even at this intermediate scale, deciding which of the vast number of functionally 

unknown or understudied genes to pursue is challenging. Several types of annotation data that 

are currently available could be used to narrow the focus of individual projects. For example, 

evolutionary conservation and genetic redundancy can be used to prioritize subsets of 

understudied genes. Genes that are found in organisms from multiple domains of life are likely 

to have more fundamental scientific impact, whereas avoiding genetic redundancy expedites 

experimental analysis. Moreover. genes that have been identified as essential in more distantly 

related taxa are more likely to have critical biological functions. We provide a few examples of 

additional annotation types that could be used to bring realistic scale projects together. 

Co-evolution: Understudied protein families are found at different scales of phylogenetic 

conservation. It is possible to sort conserved proteins by taxa to identify proteins that should 

function in a cell compartment or metabolic process that is uniquely conserved among the 

subset of species. As an example, proteins conserved only in bacteria and plants, like the TamB 

family, generally point to functions conserved in the plant endosymbiotic organelles and in 

bacteria. A research project to accelerate gene function definition for this pattern would need to 

have biologists familiar with representative bacterial and plant species. Other co-evolutionary 

patterns would require different subsets of representative species depending upon unique 

patterns of taxonomic group co-evolution. 

Genetic associations: The massive number of GWAS studies has generated hypotheses 

for an unknown number of understudied genes that have been relegated to supplementary data 

in publications. Capturing and analyzing these associations across taxa would provide new 

targets that show consistent phenotypes in multiple species. Initially data scientists are needed 

to extract the associations with understudied genes to find gene families that show evidence of 
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genetic phenotypes in multiple species. Collaborative research teams would focus on analyzing 

the understudied genes in multiple systems in parallel. 

Correlative -omics data: Combining existing co-expression networks, yeast two-hybrid 

interaction data, and subcellular targeting predictions would identify understudied proteins that 

show associations with known proteins. Model systems that are best suited to study the 

implicated processes would identify collaborative research groups. 

 

Broader Impacts and Educational Outcomes: 

Many experiments in biology are amenable to science crowd-sourcing and 

undergraduate laboratory curricula. For example, there are several examples of successful GO 

term annotation from science community-based efforts as well as undergraduate bioinformatics 

courses (Antonazzo et al. 2020; Lovering 2017). We envision the possibility of nationwide 

laboratory courses that assign small groups of students to gene products or protein domains of 

interest. These proteins can then be characterized using a small set of pre-defined and 

relatively straightforward assays, including growth rate complementation studies, microscopy-

based characterization of localization, assays of cellular phenotypes for knockouts or 

knockdowns, as well as expression and purification trials. Importantly, these experimental 

efforts can be combined with informatics and comparative genomics analyses, providing a rich 

opportunity for interdisciplinary cross-training.  

 

Summary and Potential Impacts 

Increasing the throughput and information content of protein annotations is essential to 

enabling synthetic biology and metabolic engineering, discovering new drug targets, and most 

fundamentally, understanding the molecular basis of phenotype. Recent advances in high 

throughput phenotyping, imaging, and biochemistry indicate the potential for high-dimensional 

annotations of function. Twenty years of large-scale genomics studies has made amazing 
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progress in understanding gene function, but there is still a significant fraction of the biological 

universe that is essentially unknown. It is time to go beyond simple classifications or categories 

for proteins that can be achieved by traditional computational and functional genomics 

strategies. However, single gene studies in individual model organisms are too slow and 

narrowly focused to adequately address the explosion of genome sequence. A research 

initiative that encourages greater integration of experimental research on understudied genes 

would provide rich annotations of protein localization, physiological roles in multiple species, 

and quantitative biochemical parameters. Collecting these data into a single well-maintained 

and well-organized database would greatly improve computational efforts to predict function. 
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